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INTRODUCTION 
% '  

. . ....,.-, .. .z .. 
, , . . . . . .  . i . . 

The a b s t r a c t s  c o n t a i n e d , i n  t h i s  bibl iography were taken from NUCLEAR . 

SCIENCE.-ABSTRACTS o i l y .  - ~ o l b e s  f o r  the  year  199 through1966 were 
searched. Though t h e  subj,ect i s  r e s t r i c t e d  t o  experiments,, ,abstract 's  of 
l a rgd ly  'thedretitial- "orksl'''8re included when is  fndicat'ed thyat'-&cpki;i- 
ments a r e  performed " t o  'valid'ate:'.tli& ' thebry d'r when it' is- .kot  c-lear 'from " '  

t he  abs t rac t  whether t h e  paper is  t h e o r e t i c a l  o r  experimental.  

Abst rac ts  0 through 785 Pa 3 - 1 2 9  

a r e  a b s t r a c t s  of  journal  a r t i c l e s ,  conference papers, re-  
p o r t s  and theses  and a r e  arranged a lphabe t i ca l ly  by f i r s t  
author, second author, etc . ,  and then by t i t l e  i f  t h e r e  i s  
more than one by t h e  same authors.  

Abst rac ts  786 through 823 PO 129 - 133 

are a b s t r a c t s  of f u l l  conference proceedings and a r e  a r -  
ranged chronological ly by year. 

Abst rac ts  824 thrnt~gh 839 P. 133 - 134 

a r e  a b s t r a c t s  of b ib l iographies .  

Abst rac ts  830 through 853 p. 134 - 138 

a r e  a b s t r a c t s  of progress r e p o r t s  and a r e  arranged alpha- 
b e t i c a l l y  by the  corporate author. 

Following the  a b s t r a c t s  on page ' lgg  i s  a KWIC-index of the  t i t l e s  
appearing i n . t h e  abs t rac t s .  A few t i t l e s  were ed i t ed  t o  make them more 
e a s i l y  indexed, p a r t i c u l a r l y  those of t h e  f u l l  conference proceedings 
and t h e  b ib l iographies .  The progress r e p o r t s  ar.e indexed only once under 
the  term "Progress Reports". I n  t h e  Index when t h e r e  a r e  many e n t r i e s  
l i s t e d  under one word such a s  p i o n , - t h e  e n t r i e s  a r e  arranged numerically 
by t h e  abs t rac t  number.. The ' l i s t  of words prevented from indexing was 



taken from t h a t  of CHEMICAL TITLES, January 31, 1966, but a l t e r e d  t o  ex- 
c lude  t h e  words gamma, negat ive  and pos i t ive .  The following a r b i t r a r y  
symbols were used f o r  punctuat ion marks not ava i l ab le  t o  t h e  machine6 
used t o  prepare t h e  Index: 

Symbo 1 : Replaced ' by: 

" (quotes.) ,, (two c o m a s )  

: (colon) .* (period, a s t e r i s k )  

' (apostrophe) / ( s l a s h )  

a ? (ques t ion  mark) . (do l la r  ~ i g n ,  ~ e r l u d )  

The permuted Index was produced by t h e  Data Processing Group of the  . 
Los Alamos S c i e n t i f i c  ~ a b o r a t o r y ' s  Accounting Department. 



ABSTRACTS 

15679 INT-ERACTIOXS OF. n--MESONS OF KINETIC 
ENERGY 915 hfeV h'ITH CARBOF NUCLEI. N. Abbattista 
(Universitl. Bari, Italy), hI. Biasco, S..i\.lnngelli; A. Ilo- ' . 
mano, P.  Waloschek, and E. Perez-Ferreira.  Nuovo 
cimento (10). 23: 1-12(Jan. 1,  1962). (In English) 

Interactions of n- mesons with caibon nuclei were stud- 
ied using a propane bubble chamber. The total crose- 
.Ecction on carbon was (393 a 20) mb of which (99 a 12) mb 
corresponded to'elastic scattering. A description of the . 
events with re-emission of a n' i s  made. The diffraction 
scattering angular distribution and the total c ross  section 
obtained were described by an optical model using an im- 
aginary gaussian pot.entia1; the rms  radius of this potential 
obtained was 3.0 x 10-Is cm, which i s  considerably greater 
than the corresponding radius obtained for the electric . 

charge distribution. (auth) 

,40395 A FEASIBILITY STUDY OF THE THERA- 
PEUTIC POSSIBILITIES OF n- MESONS. Aceto, Henry J r .  
Austin, Tex., Univ. of Texas, 1964. 123p. 
. The feasibility of extending the arsenal of heavy particles 

.. available in radiotherapy to include mesons (n-), produced 
in the Berkeley 184-inch synchrocvclotrnn was invcotigated 
'by e~.r~pluylng Several dosimetric techniques. On the basis 

. , of the data obtained, a preliminary assessment of the use of 
" mesons' (7-) i s  discussed. The results a r e  indicative of 

many possible advantages, both in improving radiothera- 
peutic techniqlles and in offering new. areas for basic radio- 
biologic investigation. (Dissertation Abstr.). 

3329 DEPOLARIZATION OF p- MESONS IN NIKFI ' 

EMULSIONS PLACED IN A MAGNETIC FIELD OF 10' Oe. 
neana Adreescu, Tatiana Angelescu, Calln Besliu, Virginia 
Codit&. Nicolae Martalogu. Victoria pit%, and Nicolae 
Gheordanescu (Universitatea, Bucharest). Compt, rend. 
251, 1496-8(1960) Oct. 10. (In French) - 

-The depdlarization coefficients of the p'meson was . 

mqasured with the qtd of two nuclear emulsions under the 
effect 'of two magnetic'fields. One field of 150 Oe is,capable 

of negating the parasitic effects, and the other of 10' Oe i s  
intended to break one of the mrignetic couplings and to re-  
vive partially the polarization of the p- mesnn. Therefore, 
the angular distribution of electrons from the disintegration 
11'- e- + v + i; in nuclear emulsions was studied. The ' . 

, comparison of the values obtained with.those previously 
reported led to the conclueton that in the absence of mag- 
netic fields the depolarization of p' mesons i s  almost 
complete. In a mngnetic field 0f.10' Oe a residual'polari- 
zation of 38% is found w h i h  indicates the destruction of 
one of the magnetic couplings. (J.S.R.) 

12617 THE '016(n,$) 4a.REACTION FOR 80 Mev n+ 
MESONS. B. P.  ~ fanasev ;  V. E. Kosmach. and V. I. 
Ostroumov (Leningrad Polytechnic Inst.). Zh. Eksperim. 
i Teor. Fiz., 47: 1687-92(Nov. 1964). (In Russiaa) 

Disintegration of '$0 nuclei into four a! particles as a 
reslilt of inelastic scattering of 80-Mev mesons (n+) on 
the nuclei was investignted with aid of photographic emul- 
eions.. The'cross section for the reaction was found to be 
7.3 i 1.7 inb. A kinematic analysis of the s t a r s  revealed 
that in more than'half of the reactions direct  emtssion of 
the a particles occurs with formation of an intermediate 
1% nucleus with an excitation energy of 9.6 and 1.7 W ~ V .  
(nuth) 

21279 CROSS SECTIONS FOR CERTAIN REACTIONS 
IN WHICH FAST a+ MESONS ARE ABSORBED BY LIGHT 
NUCLEI. B. P.  Afanasev q d  V. I. Ostroumov (Leningrad 
Polytechnic Inst.). Doq,  Akad Nauk SSSR, 159: 1255-6 
(Dec. 2i, 1964). (In Russian) 

Photoemulsion s tars  formed during meson ( n 3  absorption 
by C, N, and 0 nuclei were examined in a fine grain emul- 
sion irradiated in 'a kynchrocyclotron by 80 i 6 Mev meson 
(n+) beams.. Seven.hundfed and eighty nine events of spaU- 
ation with one or two gray.tracks belonging to ~ 2 0 - M e v  
protons and 2 to 4 tracks of heavy particles (probably a! . 

particles) were observed in the 1.32 cm3 emulsion. An 
analysis was made of the possible reactions in the selected 
events: ~ + ~ " - 2 p + 3 a ,  n + l ' ~ - p + d + 2 a + ~ ~ e ,  
r + l % - n ' + d + + a .  n + 1 6 0 - 2 p + 2 a + 6 h ,  n + 1 6 0 -  . 
p + % ~ e  + 3 a ,  and + ''c - P + ' ~ e  + 2 ~ .  Tho energy of 



gray  t rack  part icles was determined by the method of 
least  squares  using 4 conservation equations, the energy 
of other part icles was est imated by the i r  paths in the nu- 
clen:. emulsion. Cross sect ions of examined react ions 
were determined using the known bombarding meson (R) 
f lus with consideration for meson 01) admixtures in i t  and 
by the number of observed spallation events. The content 
of C. N, and 0 in the emulsion'was 0.277. 0.087, and 
0.283 g icm3,  respectively. (R.V.J.) 

33385 THE N1VT2p) 3 a  REACTION.WITH 80 Alev H+- 
Alf S O X S  AI#l~aatv,  B. 9.; Ostrnumov, V.  I. Yadern. 
F iz . ,  1: 6 4 7 - 5 l i ~ p r .  1963). ( in Russihlr) 

The reaction ' . '~(r ,2p)3ff  was investigated f o r  80 hlev 
?+-mesons us i~ ig  thc nuclear  emulsion method. The effec- 
tive c r o s s  section i s  found to be equal to 27.4 i 7.2 mb. I1 
follo\vs from the proton angular and cuergy diotributinns 

.that the mechanism of the meson absorption is quasideu- 
teron and i s  realized mostly on p-shell  nucleons. Possible 
energy s ta tes  of three and two a-par t ic les  a r e  investigated 
The probability of thc excitatinn of the I2c nucleus to the 
enrl.gy 13 Alov i s  fol.lnd to be quite considerable. (nuth) 

25831 ' INVESTI6ATION OF FLUCTUATION AND 
IOATZATION IN PROPORTIONAL LOW-PRESSURE DE- 
TECTORS. E. 0 .  Agasyan and G. A. blarikyan. Izv. 
Akad. Nauk Arm. SSR. Ser.  Fiz.-Mat. Nauk, 16: 125-30 
(1963). (In Russiail) 

The  spread of ionization fluctuations was studied a s  a 
function of filling g a s  mixture in proportional Counters. , 

Correidtiano of o x p ~ r i m c n t a l  and theoret ical  ionization 
ourves r ~ s l i l t e d  in m o r e  exact c r i t e r i a  for selecting layer 
thicknesses for  casczde  measurenienLs. A O-M tolo- 
scope with two propo.diona1 c u u ~ ~ l t r : ,  and radinmetric  
apparatus was installed for  measuring p meson trajectories.  

.A s e r i e s  of five coincidence and one anticoincidence G-hl 
counters  with 1350 g/cm2 and 283 g/cm2 absorbers  between 
them were used f o r  measur ing  two groups of p mesons with 
momenta (3 5 p/p C' 7) and (p/p > 7). Argon (25%) and 
methane (75%) a t  40 C I ~ I  IIg PressIIrF! was used. The ex- 
perimental  curve  spread  was wider than the theoretical; 
half widths 48 & 2.5 u d  31%; respectively. The curve  
spread  for p mesons  with p/p r 7 was 0.53%. Differentia! 
,ionization fluctuation curves  for p mesons (3 to 7) ~ / p  in 
propane-filled counters  had relat ive widths of (42 i 3). 
(49 & 2.5), and (65 i 5)%. (R.V.J.)  

31008 (LA-3171) EXPERIMENTS ON THE REACTION 
rr + N - i~ + n + N AT THE PROPOSED LOS ALAhlOS 
MESON PHYSICS FAClLl'I'Y. Lewls Agnew (lms Alarnos 
S c ~ e n t ~ f ~ c  Lab.. Univ. of Cal~forn ia ,  N. kIex.). Sept. 1. 
1964. contract  W-7405-eng-36. 27p. Dep.; $ 2 . 0 0 ( c j ~ ,  
l (mn)  CFSTI. 

A survey of experimental work on the rr + N - n + R + N 
reaction at  incident pion energies below 1 Bev is  reported. 
The feasibility of using a bubble chamber to ytudy this re -  

action a t  LAhIPF i s  discussed, including the experimental 
layout', the composition of the target ,  beam, and bubble 
chamber,  data collection and analysis, and necessary : 
quantity and precision of data. Possible experiments using 
electronic counters a r e  considered in con~par i son  with a 
previously performed analogous experimcnt; c r o s s  sec- 
tions and analyzing powers for measuring the distribution 

' 

and polarization of the recoil  proton a r e  discussed. 
(M.J.T.) . 

12886 
SCATTERING O F  c(-MESONS IN LEAD. A. I. Alikhanyan 
(Alivnanl;ruJ and F. El. Brutyunyan (Ar~tyunian) (Physical 
Inst.. ~ c a d e m ~ h f  sc iences ,  lircvltu. Armonion S S. H.). 
Nuclear ~ h ~ s r s .  244-55(1959) Mar. 

Scatterimg of p-mesons with momcnia between 1.0 and 
1.8 x lo0  ev/c wuu studicd in 7 m m  lead pla!es. T h e  ex- 
perimental angular distribution i s  compared with the 
theoretical curve for multiple scat ter ing which takes 
into account the Flnite dimensions of the nucleus. It i s  
shown'that a f te r  introduction of a l l  relevant correct ions 
the experimental dala sntiofactori.ly agree  with the cal- 
culations. (auth) 

14322 
SINGLE SCATTERING OF 10-30 M ~ V  p--MESONS ON 
ChRBON. A .  I. AlIkhmyan, V. G: Kirillov-Ugryumov. 
L. P. Kotenko; E. P. Kuznetsov, and A. V .  Samulluv. Z&. 
Eksptl'. I ' reoret .  Fiz. 38, 387-93(1960) Feb. (In ~ d e e i a n )  

Slnglc ~ c a t t e r i n g  of p--mesons in a propane bubble 
chamber was measured for  p--iiiesona posacooiag energlee 
betwecn 10 and BU Mev. Tlie dlfforenti~.! ,nngular distribu- 
Uon wa6 found .b  b entiofactorfly described by a Molt 
scat ter ing curve if the finite s ize  of the nucleus wae taken 
into account. The e-riment showed that the c r o s s  section 
for  anomalous scat ter ing (if i t  exists)  through an angle of 
>45" cannot exceed 1.25 x lo-'' cm2 p e r  nucleon for  the en- 
e rg iee  under con~ldera t ion  and does not exceed 0.7 x lo-" 
CIU' per nuoleon for scat ter ing through 8x1 angle >9V. Not 
one c a s e  of p--decay of the g- - e+ + e- + e- type wan de- 
tected in the 60000 stoppege events. (auth) 

33122 NEti' ESPI?I\II\IL.:?:T:\L D.AT?. OM p-I\IESONS. 
..A. 1. Alikhanian and A. 0. \Vnis;.nl>crg. Izv. Al;ntl. Saul; 
SSSR, Sec. Fiz.. 26:  G98-701(June I%.'). (In Russilu~) 

The accumulated espCk.i~nc~~tat  data on 0-nlcsons \\.:(j es- 
;mined. The elcctr.onlilgnctic interilctions or mllons arc  
discussed. The c r o s s  sections luc the pi.t,duction or ,lirt- 
pairs f rom high enel.yy pllotons a c r e  Co:lnCl m agree. wirnin 
experimental e r r o r s ,  with the predi,cted values. From the 
scattering of n1iiOn.S on nuclci thc characteris t ic  length. 
!hat en te rs  into the muon formfactor, :\,as found to be ap- 
proximately 0.5 fernl is .  The gyromaghetic i ~ c t o r  for the 

. . 



muon agrees to within 2% of the theoretical value. The 
weak interactions of p-mesons were also considered. The 
e x ~ r i m e n t a l  mean 1ifetime.of the nuon agreed with the ', ' 

caFulated value and thus supported the eilstence of a uni- 
versal we* interaction. The polarization of the muon at  
the time of .r - p decay also agreed with that calculated . 

from theory. The helicity of particles emitted in the decay, 
p- e + v + V;is a lso  described. (TTT) 

10817 (SP-11301) DAL'XEISHIE POISKI p - e + y 
R.4Sl'ADA. (Further Se:trch for the Decay p - e -+ y). 
A. S. Alikhanov, A. I. B;~b:lev, 11. Ya. Bslats, V. S. 
Kaftanov, L. G. Landsberg, V. A. Lyubimov, and Yu. V. 
Obulihov (&ademiya Sauk S.S.S.R. Institut Teoreticheskoi 
i ~ks~ ,e r i rne~~ la l ' no i  'Fiz'iki). 1361. 7p. (ITEP;30-61) 
. ' A searoh.for p - e + )' decay was mndc by correlating 
spark chambers With last.electronics. The scheme of the' 
installation i s  given. A beam of 70 Mev n+ mesons pro- 
duced by a 680->lev proton synchrotron was separated by 
monitor coi~>citlences 1, 2, and 0. The beam intensity cor- 
rc?spontlerl 1.0 2300 t+ stops per second. .The coincidence 
count 0A (4, 5, 6 + 7; 8;.9 + 1, 2, 3 + 10, 11, 12) corre- 
sponded to the number of p - e + v + i; decays. The meas- 

.' urements sho\v the upper boundary of p - e + y decay i s  
p c , , < l . 5 x 1 ~ - '  (\vilh 500accuracy)andp <5x10- '  

exp , 
(\vilh 90% accuracy). (H.V.J.) 

# 

lla 

17056 FURTHER SEARCHES FOR THE DECAY p - 
c + y. A. I. Alikhanov, A. I. Babaev, M. Ya. Balats, V. S. .  
liaftanov. L. G. Landsberg, v'. A. ~yubimov,  and Yu. V. 
aukhov (Inst. for  Experimental and Theoretical Physics, 
USSR). Zhur. Eksptl'. i Teoret. Fiz.. 42: 630-l(Feb. 
1962). (In Russian) 

The decay of a muol? into an electron and a ray 
. was investigated with the aid of a spark chamber and fast 

electronics. The muons were crtialed by a beam of 70-Mev 
r+ mesons; the beam intensity was 830iJ mesons per 
second.. The efficiency for  the registration of 5 3 - ~ e v  . 
electrons, resulting from the s ~ u g h t  decay mode, was 
40%. The efficiency for the detection of gamma quanta 
of 53 Mev was 15%. The over-all, efficiency of the experi- 
mental set-up for  the detection of p - e + y occurrences,' 
bearing in mind the applicable cri teria,  was 0.8%. During 
66 h r  of running time 5.5 x 10' n+ mesons were registe.red. 
In that time six electron-gamma occurrences were 05- 
tained with angles betwe'en the e and y quanta ranging from 
174 to 144' in the f i rs t  projection (the direction perpen- 
dicular to the beam) and- from 180 to 140' in the second 
projection,(+e depth camera). From the measurements 
it i s  concluded, that the ratio of the decay sought for to that 
of the ordinary muon decay i s  5 x lo-'. (TTT) 

. 32688 THE INTERACTIONS OF *-:MESONS WITH 
COMPLEX NUCLEI IN THE ENERGY RANGE (100-800) 
MEV. 11. THE INTERACTION LENGTHS AND ELASTIC 
SCATTERING OF 750 MEV n--MESONS IN G5 EMULSION. 
.J .  E. Allen, A. J .  Apostolakis,. Y. J .  Lee. J. V. Major, and 
E. Perez Ferre i ra  (Univ. of Durham. Eng.). Phil. Mag. 
(8); 6: 833-8(July 1961). 

A total of 100.5 m of track was scanned in a block of 
emulsion exposed to the 750 Mev n'-meson beam of the 
Brookhaven cosmotron. Allowing for the beam contami- 
nation of 7%, the interaction lengths for the production of 
inelastic events and for elastic scattering with projected 
angles of 2 5 @ c 10" a r e  (43.6 t 2.9) cm and (66.8 t 5:6) 
cni respectively. The geometrical interaction length i s  . 
29.3 cm. A comparison with the optical model of the pu- 

.cleus gives a value'for the absorption coefficient K = 
(1.5 a 0.2) 10l2 cm-' and for the change in wave number 

' kl = (1.84 t 0.06) 10" cm-'. The absorption coefficient 
corresponds to a mean frec path in nuclear mattcr A, = 
(6.7 i 0.9) lo-'' cm, to an imaginary component of po- 

,tentin1 Vl = (15 i 2) Mev and with the value of the change 
in wave number to a real potential V, = (36 1) Mev. 
(auth) 

31013 . . (UCID-116S(Rev.)) DATA ANALYSIS FOR AS- . 
SOCIATED PRODUCTION EXPERIMENT. M. Alston and , 

H. Monteros (Lawrence Radiation Lab., Univ. of California, 
Berkeley). Mar. 29. 1960, Revised May 1; 1961. Contract 
[W-7405-eng-481. 29p. Dep.(mn); $2.00(cy). l(mn) CFSTI. 

An experiment is planned to investigate the production . . 
and subs.equent interactions of the particles produced in the 
n- +.p reaction; production reactions considered a r e  n- + 
p - @ + A .  @ +  xo, K++ 2-, andn-+  # + p .  P ionbeah  
momenta of 800 to 1600 Mev/c will be used. Possible in- 
teractions of the strange particles produced in the above 
reactions a r e  considered, and cri teria for their identifica- 
tion and analysis a r e  discussed, including kinematics of 
production and decays and sketching of various event types. 
(M.J.T.) 

28364 EXPERIMENTAL TEST OF A DISPERSION 
RELATION IN THE Gev REGION. B. Amblard (CE.N, 
Saclay, France). P. Borgeaud; Y. Ducros, et al. Phys. 
Letters, 10: 138-41(May 15. 1964). 

The measurement of the n-N charge exchange scattering ' 
at zero degrees, provides a test  of the dispersion relations 
for forward scattering amplitudes. 'calculated values of the 
real part of the scattering amplitude a r e  compared with 
experimental values derived fmm the forward charge ex- , 

'ch:111l:c dlfl'crc11tl:11 C ~ O R R  Rccl.io~~u :~ncl l1)1:1l crofiu k c l l o n ~  
for  n ' - ~ ~  inlc~~.:tclion.q $11 7 G 0  lo IGGG Mov. (C.14.S.) 



1761 1 MEASUREMENT OF THE RATE p' + C" - Bt2 + 
v. E. J. Amier, B. L. Bloch, R. M. Edelstein, and R. T. 
Siege1 (Carnegie Inst. of Tech., Pittsburgh). Phys. Rev. 
Letters, 6: 417-19(Apr. 15, 1961). 

The p' meson absorption reaction c '~(~-,v)B" i s  studied. 
A pulsed 45 Mev p- beam i s  absorbed in a plastic scintillant. 
Counters a r e  arranged so  the electrons produced in p- decay 
and in B ' ~  p decay can be m e a h r e d  separately. The ratio of 
the total number of decay particles observed from the two 
decay processes, combined with the p' decay rate in C, yields 
the reaction rate. The presence of a weak magnetic effect in 
the interaction is discussed. (T.F.H.) 

38064 RADL.\Tn7E PION .ZRSORPTlON IN COIIIPLEX 
NUCLEI. Anderson, D. K.; Eisenberg, J. 31. (l!niv. of 

.Virginia, Chnrlottesville). Phys. Lett., 22: 164-6(.Aug. I .  
19GE). (OR0 3016-60). 

I t  is  sho\v~i 111:11 ~.:iili:~livc : ~ I I S I ) I * ~ I ~ ~ I ~  , I [  11io1is 1ii:ay IJL, i1st.11 
lo slutl!. spin-isuspin moclcs 01' e s c i l :~ l i r~~ i  i l l  nuclci. 1:1i11IiI 

. . '9389 - COMPARISON OF THE LIFETIMES OF POSI- 

TIVE AND NEGATIVE MUONS IN LIQUID HYDROGEN. 
E: W. Anderson. E. Bleser, S. Meyer. J. Rosen, J. Roth- . 

berg, and I. T. ~ a n g  (Columbia Univ., New York). p.417- 
18 of "1962 International Conference on High-Energy Phys- 
i c s  at  CERN." Geneva. European Organization for Nuclear 
~e'$eareh. 1~62,, . .  , 

Measurement of p+ ahd p: lifetimes in ve& pure hydro- 
gen gave'a result of.rT/r' = 1.000 with an uncertainty of 

. . 0.2%. (A.G.W.) . ' . . . . 

,by43 (NP-11592(Vol.Q(p.l41)) THE CAPTURE RATE 
FOR SfUONS IN HELIUM. H. L. Anderson. E. P. Hinks, 
C. S. Johnson. C. Rey. and A. M. Segar (Chicago. Ualv. 
EnricO Fermi Inst. for Nuclear Studies). 

hlcasurements a r e  reported on the relative number of 
tnpture neutrons and decay electrons observed from muons 

In Hguid He. A capture ra te  of 1.3 x ld sec-' i s  
(9.8.D.) 

7769 ENERGY SPECTRA OF XEUTROKS'EMITTED 
F0LLO;VING T- CAPTURE IN C, Al. Cd. Pb ,  AND U. HI L. 
Anderson, E. P. Hincks, C. S. Johnson, C. Rey, and A. M. 
Segar (Univ. of Chicago). Phys. Rev., 133: B392403 
(Jan. 27, 1964). . . 

The neutroir emission from the capture of s t6pkd  
mesocs(~-) in C, Al, Cd, Pb, and U was studied using a 

time-of-flight detector. The energ?, spectra a r e  charac- 
terized by a'low-energy evaporation part, and a high-eners\. 
component due to the direct neutron emission. The generd 
features of the direct neutron emission a r e  similar for all. 
the substances studied, ~ : i t h  approximately 2 neutrons per 
-n* capture. In contrasti'fhe relative yield of the low-enero 
component increases markedly in the,heavier nuclei. The 
neutron multiplicities in energy range from about 1.8 to 
150 hlev were2.8 0.3, 3.2 t 0.3, 3.6 t 0.4, 3.5 i 0 .4 ,  and 
5.0 * 0.5, for C, ~ l ; . C d ,  Pb, and U, respectively. The h a 1  
kinetic ener iy  in neutron emission was about 68. 74. 80. 
69, and 100 Mev for C, Al, Cd. Pb, and U. respectively. In . 
the case of Cd the data a r e  sufficiently complete to give a 
good account of the energy balance. (auth) 

9784 EXPERIMENTAL DATA FOR DETERMINING 
THE' PION-PION CROSS SECTION. J. A. Anderson. P. G. 
Burke. D. D. Carmony,,and N. Schmitz (University of Cali-' 
fornia. Berkeley). y.58-01 01 "Proatedings of the 1060 
Annual International Conference on High E n e r u  Physics a t  
~ o c h c o t c r ,  Tho University of Rochester. Rochester, N. Y.. 
August 25-September 1, 1960." 

The reaction n- +'p - n- + p +' 2 was studied. For each 
event the p:ototl momentum and angle wcrc measured. ex- 
perimental distributions F@', wl) a r e  given a s  fuhctions of 
p!, where p is the difference in proton momentum before 
and after the Interaction and w i s  the total energy of the two 
resulting pions. A me+od for extracting pion-pion cross  
section from thcoe functions by an extrapolation procedure 
i s  discussed. The values obtained for the cross  section de- 
pend an the kind of expresei~n used for F@', w'). (M.C.G.) 

45274 (NEWS-136) ASYRIMETRY IN ANGULAR 
DISTRIBUTION OF NEUTRONS FROM MUON CAPTURE IN 
SP.fi 0 NUCLEI (U~esis). Al~dersoa, E. Walter (Heois 
Labs.; Columbia Univ., IWgton-on-Hudson. N. Y.). May 
1965. . Contract Nora-266(72). 80p. (CU-242; R-606). 

\\'hen muons a r e  captured by protons in the process + . 
p - n + v ,  there exists a correlation between the momen- 
tum of th'e neutron and the spin of the, muon. With a 
p lnr ized muon beam, this correlation establishes a 
epntinl asymmetry in the direction of emission of the ' - 

ncLutron relative to the direction of muon polarization. 
.an oxparimant designed to mea.sure this asymmetry was 
performed at  the Nevis Laboratory of Columbia Univer- 
sity. A pure muon beam from the Nevis synchrocyclotroa 
was stopped in 'OCa and I2C targets located in a uniform 
trans\.erse nlsgnetic field. The resulting uniform pre- 
cession of the muon spin transforms the spatial asym- 
mctry to a time interval distribution a s  recorded by a 
fi.cd detector. The time interval distributions were 
nli,ssurcd both with a digital time analyzer and with photo- 
graphs of an osci.lloscope trace. The muon polarization 
\r.:ls determined from measurements on the muon-elec- . 
tron dccny asynlmetry, and neutron-gamma ray discrirnina- 
tion was performed by a pulse shape analysis technique. 
hlcnsuremcnts were made at  several neutron energy 
threshold levcls, .with the expectation that at high neutron 



c n c r ~ i c s ,  Llic complications due to nuclear physics effects 
\vou!d bc lcss significant. The results for 'OCa a t  high neu- 
Iron rmcrgics givc a value of the asymmetry which i s  sig- 
niJic:tntly larger lhan the theoretical value calculatcd for 
3 V-A.  C and T invariant form,of the interaction. The re-  
sulls for  I2C 6uggest a similar behavior but because of a 

' lower st3tistic31 level, the results a r e  consistent with 
zcro nsgnlmctry. (auth) 

31891 (CERN-64-30(p.221-7)) A-PALR SPEC- 
TROMETER USING ACOUSTIC SPARK CHAMBERS AND 
OTHER EXPERIMENTS IN PREPARATION. P. T. 
Andrews, P. G. Butler. N. Cohen. A. N. James. B; G. 
Lowe, and J. P. Nicholson (Liverpool. Univ.). ' 

The microphones and electronics for use in spark 
chamber studies of photon energies from a- + D. - N + N , 
y and in quasielastic scattering of 400-hfev protons by nu- 
clei a r e  described. (R.E.U.) 

37665 THE K - 3 a DEC'AY AND n-MESON LOW EN- 
ERGY INTERACTIONS. Anisovich, V. V. pp 375-89 of 
Voprosy Fiziki E'lementarnykh Chastits. Erevan, Publish- 
ing House of Academy of Sciences. 1964. (In Russian) 

The theoretical determination of the meson (r)  scattering 
length from the K-3n decay data i s  reviewed. The theoreti- 
cal results agree with experimental data if either oae as- 
sumes that a, and al < 1 (aI - scattering length of mesons(n) 
with isospin I) and then aoa2 = -0.2 * 0.2; or  one assumes 
that a. is  large (ao = 1 - 3) and then the agreement is good 
for % - 1. At present, due to the large e r r o r s  in experi- 
mental data one can not deduce more accurate conclusions 
about the meson.(n) scattering length. (CFSTI) 

24474 THE PROBLEBI OF DETERMINING THE NA- 
TURE OF THE LOW-ENERGY INTERACTION OF n . 
MESONS ON THE BASIS, OF THE'p + d - 3 ~ e  + 2tr.AND 
n + N + 2n REACTIONS. .V. V. Anisovich and L. G. Dakhno' 

- (Ioffe Inst. of P h p i c s  and Tech.. Leningrad). Zh. 
Eksperim. i Teor. Fiz.. 46: 1152-S(hlar. 1964). nn 
Russian) . 

Data on low-energy. interactions. of n mesons were 
found to lead to contradictory conclusions.' Study of the 
eneigy spectrum of 3 ~ e . i n  the p + d - 3 ~ e  + 2n reaction 

, revealed an energy distribution mzximum, which was , . 
., attributed,to the W g e  scattering length of the tr mesons. 

Indications .of a strong.interaction at  low. energies. were 
. found in the y,+ p - p + 27 and the p + ,j5 - 611 reactions; 

however in the R'+ N - N + 2n reactions no resonance in- 
teraction of the r-mesons was observed. The study re-  
vealed that the divergence in the energy distribution a s  
a function of 6, where 6 is the total energy of the n . . 
mesons formed in their center-of-mass syztern, i t .  $2 = - 2 i n t h e p + d d  ' ~ e + 2 n a n d n + h ' -  ~ + ~ ; r r e s c t i o n s  
may be due to logarithmic singularities a t  the amplitudes 

,. 

& (heir generation. In the latter reaction the logarithmic 
singularity was close to the physical region of an inc ide~ t  
meson energy from 300 to 600 hlev. .The logarithn;ic 
singularity could be used to explain the increase in the . 
generation of a mesons at s E 4 in the p + d - ' ~ e  + 2a ' 

,reaction. (TTT) . 

10854 ' (LNF-63/44(p.l-35)) ' RELAZIONE RIAS- 
SUNTIVA DEI RECENT1 RISULTATI SPERIMENTALI 
OTTENUTI CON L'ELETTROSINCROTRONE~DI 
FRASCATI. (Report Summarizing Recent Experimental 
Results Obtained with the Frascati ~ l ec t ros~nchro t ron ) .  
P. Argan and G. Dlambrini-Palazii. ... 

An attempt i s  ,made to present a panoramic view of the . 

1aboratorL experiments carried out with the Frascati elec- 
trosynchrotron. In the study of new resonances two experi- 
ments were carried out: photoproduction of the q particle 
and study of its decay and photoproduction of the ABC 
particle. In the area  of electrodynamics, the photoproduc- 

.tion of pairs and the annihilation in flight of 800-Mev 
positrons were studied. The results of experiments on 
coherent bremsstralilung were also included. Studies on 
the photoproduction of neutral and singly charged pions 
on hydrogen, of K mesons on hydrogen, of iro in the Cou-' 
lomb field of the.nucleus. and of singly and multiply 

' 

charged pions on complex nuclei a r e  described. In con- 
clusion. the absorption of n' on copper, lead, and tin is  
considered. The experimental apparatus used and the re- 
sults obtained in all the studies a re  discussed. (J.S.R.) . 

17254 ' . ' . . ,  

ABSORPTION OF p' MESONS IN c'? H. V. -Argo, 
F. B. Harrison, H. W. Kruse, and A. D. McGuire W S  
Alamos Scientific Lab., ,N. 'Mex.). . Pbys.. Rev. 114. 626- 
33(1959) Apr, 15. . 

It i s  known that  there i s  a strong similarity between 
the electron-nucleon and electron-muon weak interac- 
tions. This paper i s  a report on' an experimental inves- 
tigation of the third leg of the triangle. the muon-nucleon 
interaction. The absorption of negative cosmic-ray 
muons stopped in C" was studied, and the probability 
per  second of absorption resulting in the formation of 
B" in the ground state was measured and found to be  
9050 * 950 sec". This i s  compared to the lmown ra te  of 
B decay of B"' to the ground state of c", 33.2 i 0.65 
sec". The ratio of the rates is  273 29.. In the allowed 

. approximatlon, the nuclear matrix elements for the two 
processes a r e  the same, and the ratio of the rates can 

.be  calculated in t e r n s  of the ratio of the coupling con- 
stants without assuming xnuclear model. The short 

. 

wavelength of the neutrino emitted in p absorption (IS 
fermis) causes forbidden matrix elements to make an 
important contribution to the p-absorption rate. so  that 
the theoretical prediction is  dependent on the nuclear 
model. Within the uncertainties of the calculation, the 



electron-nucleon and muon-nucleon axial  vec tor  coupring 
constants  a r e  the  same.  (auth) 

14748 
SCATTERING AND RESIDUAL RANGE DETERMINA- 
TIONS O F  THE MASSES O F  CHARGED PARTICLES IN 
MULTLPLATE CLOUD CHAMBERS. ' F. R. Arutyunyan 
(lest, of Physics,  Academy of Sciences, ~ r m e n i a n  SSR). 
Zhur. Eksptl'. i Teoret. Fiz. 36, Yy5-91(1959) A ~ P .  Un 
nuastan) 

n e  method of determlning tae m a w  ur a ~ h a ~ g c d  
part icle from i t s  sca t te r ing  and residual  range iu n~ul t i -  
plate cloud chambers  i s  experimentally chcclced by 
using i t  fo r  determining the m a s s e s  of protons and p and 
a mesons identified independently (from rnuiuenturn- ' 

range data). The proton and p- and n-meson m a s s e s  
derlved from the corresponding' multiple Coulomb scat- 

. 

ter ing curves  w e  In good agreement with the c o r r e c t  
values. bud) 

9758 PRODUCTION O F  NUCLEAR FRAGMENTS'IN 
NUCLEAR EMULSIONS BY 80 MEV rr+-MESONS. A. S. 
Assovskaya and N. S. Ivanova (Radlum Inst., Academy of . 

, S ~ i e n c o a ,  T.JSSR). Zhur, Eksptl'. i Teoret . .Fiz. ,  39: 1511- 
. 16(Dec. 1960). (In Russian) 

The production of multl-charged part icles by compara- ' 

' t lvely low energy (80 Mev) n+ mesons was investigated wlth 
nuclear  emulsions. An analysis of the charge,  energy, and 
angular distributions of , the fragments and a comparison of 
the experimental data with the resu l t s  of calculations indl- 
cated that for  such incident meson energies the fragments 
a r e  produced only by fast protons formed within the nu- 
cleus a s  a result  of absorption of the n+ meson by a nu- 
cleon pa i r  (n,p). The experimental data did not contradict 
the possibility that the fragments a r e  ejected by these 
protons. (auth) 

,38131 31UON CAPTURE Ih' OXYGEN. A.  Astbury, 
L. B. .Auerbnch, D. Cults. R. J .  Esterling, D. 4. Jenkins, 
N. H. L ~ ~ I I I : I I I ,  .1116 11. L. t;hnlcr iUr l l v ,  of C ~ ~ ~ ~ U I . I I ~ : I ,  nwkc 
Icy): Kuo\.o Cilncnto (10). 33: 1020-4(Aug. 16,  1964). 
(UCRL-11299) 

Muon capture in oxygen was studied at the  184-inch 
cyclotron. Muons \r8erc identified by time-of-flight sys -  , 

teln anci brought to res t  in a \r*:l~er-cell, w h e r e  some of 
them were c a l ~ ~ u r c c l  by Lllc; "0 I~UCICUS. In thc procent stntr! 

of the thcory, the only f i rm conclusion i s  that  the pseudo- 
s c a l a r  coupling constant i s  positive. (auth) 

21426 THE ANGULAR DISTRIBUTION O F  THE NEU- 
TRONS ARISING FROM THE NUCLEAR CAPTURE OF 
POL.ARIZED IyIUONS. A. Astbury, J. H. Bartley, I. M. 
Blair, M. A. R. Kemp, H. Muirhead, arid T..Woodhead (Univ. 
of Liverpool). P r o c .  Phys. Soc. (London), 79: 1011-16 
(May 1. 1962). 

An experiment designed to measure  the angular asym-'  
metry of the neutrons emitted when polarized muons a r e  
captured by nuclei i s  described. The element used i s  S. 
After correct ing for  the depolarization of the muon beam, 

, 

a value'of -0.22 * 0.07 i s  obtained !or the asymmerry pa- 
rameter. The nrtn-zern result  c ~ r l f i r m s  the violation of 
Parity conservation in the muon capture process,  au~l Ll~e 

magnitude of the effect suggests the presence of an effec- 
rive pseudoscalar t e rm in the. Lransiliun amplitude for  thc 

.lundamental p rocess  1- + p - n +. v .  (auth) 

3947 
ANGULAR DISTRIBUTION OF NEUTRONS FOLLOWlNCi 
THE NUCLEAR CAPTURE OF POLARIZED MUONS. 
A. Astbury. I. M. Blalr ,  M. Hussrun, M. A. R. Keiup. 
H. Muirhead, and R. G. P. Voss (Univ. of Liverpool). 
Phys. Rev. Le t te rs  3, 476-8(1959) Nov. 15. 

The angular  distribution of neutrons following the nu- 
c l e a r  capture of polarized mesons b-) in  S" was deter-  
mlned f o r  the process:  1- + p - n + v .  The Or-) lifetime in  
urn wan dotorminod Lu be 0.10 t 0.06 Irnna. (C.J.G.) 

8230 THE DEPOLARlZATION OF NEGATIVE MUONS 
L'I' LIGHT ELEMENTS. A. Astbury, P .  M.  Hattersley. 
.\I. Hussain, M. A. R. Kemp. H. Muirhead, and T: Woodhead 
(Univ. of Liverpool): Proc .  Phys. Soc. (London), 78: 
1144-8(Dec. 1, 1963,). 

A measurement of the polarization retained by g- in light 
elements i s  described. F o r  elements with spin 0 L.he 1- re- 
hilly about 1'7% of ita initial polariootion. (3.uthJ 

9889 . A DETERMINATION O F  THE LIFETIME OF 
TllR 1,' hfEEOW. A. hotbury, P. M. H~.?ter?~ley, M. Hus- 
sain,  A. Kemp, and H. Muirhead (Univ. of l v e r p o o l .  Eng- 
land). p.5424 of "Proceedings of the 1960 Annual Inter- 
national Conference on High ~ n e r g y  Physics a t  Rochester, 
The University of Rochester. Rochester, N. Y.. August 25- 
September 1, 1060." 

The lifetime nf I ,+ mesons was measured by stopping ' 

pions in a sulfur target and detecting the electronb 
from the' decay sequence n+ - p+ - e. A value of 2.225 t 
0.006 psec was obtained for the lifetime. (M.C.G.) 



. 28342 (NP-10305) CONTRIBUTION A L ' ~ T U D E  DE 
LA DIFFUSION (n*p) A 120 MeV. PAR L'EXPLOITATIOS 

DES CLICHES DE CHAMBRE A BULLES (THESE). (Con- 
tribution to the Study of (n*p) Scattering at  120 hlev by 
Utilization of Photographic P l a t e s  in Bubble Chambers 
(thesis)). B. Aubert (Grenoble. France. Universite). 
June 18, 1960. 86p. 

The.results of an investigation of (n+,p) scattering ma& 
on 20000 photographs of a propane bubble chamber a r e  re- 
ported. Before giving a report  of the experimental resullg. 

. the theoretical bases a r e  reviewed. and the apparatus usd 
i s  described. Results obtained previously relative to the 
a3 phase a r e  not in agreement with theoretical predictions 
The aim of the present investigation was to study the scat- 

. ter ing with good precision. The bubble chanlbr~ .  perr~~itted 
the materialization of (H'.~) collisions by visible tracks 
forming a s t a r  with three branches. Alter the d r t e r ~ n i n l -  . 
tion of  the proton branch, the angular distribution in the 

vector current .  They also Indicate that the induced- 
pseudoscalar-coupllng coefficient Is  poeitlve. Interpre-  
tation of these results  In t e r m s  of the fundamental muon- 
capture process I s  somewhat ambiguous because of the 
uncertainty in the structure of the helium nucleus. (auth) 

773 ' ( L A I , - I ~  14) TRACES ET PARCOURS D'E LEC- 
TRONS, MUONS ET PIONS QANS UNE CHAATBRE A 
ETMCELLES A PLAQUES EPAISSES. (Tracks and Course  
of Electrons,  hIuons, and Pions, in a Spark Chamber With 
Thick Plates). J .  E. Augustin. P.  ivlarin, and F .  Rumpf 
(Paris .  ~ n i v e r s i t ; ,  Orsay.  Ecole'Normale ~ u p 6 r i e u r e .  
Lahoratoire d e  I'Acc616rateur Li'n6aire). Sept. 1964. 40p. 
Dep.(mn). 

An experimenta1:apparatus' td' be used f o r  e+e- collisioii 
s tudies up.to 600 Mev a t  the Orsay  l inac i s  described.  A 
spark chamber  with thick plates i s  used f o r  the detection 
of .electrons,  milons, and pions. Par t ic le  t racks  and ' 

ranges in the  chamber a r e  discussed.  '(R.E.U.) 
center-of-mass system was studied, and the dephasing 
13s deduced. (J.S.R.) 

31529 . MEASUREMENT OF THE p- CAPTURE RATE 
' IN ~ e ' .  Lconard B. Auerbach, Robert J. Esterl ing,  Roger 

E. Hill, David A. Jenkins, Joseph T. Lach, and Norman H. 
Lipman (Univ. 'of California, Berkeley). Phys. Rev. . 
Let te rs .  10: 23-6(July 1. 1963). (UCRL-10836) . .  

The ra te  \<as measurcd to  an 'accuracy of a few.percent, 
using high-pressure ~ e '  gas  both a s  a target  and a s  a 
scintiliation detector  for  the recoil  triton. The measured 
r a t e  (average value, 1520 50 sec-l) agrees  quite well with 
the 1450 sec" obtained on the bas i s  of the universal Fermi .  
interaction. (D.C.W.) , . 

19198 MEASUREMENTS OF.THE MUON-CAPTURE 
RATE IN ~e~ AND ~ e ' .  Leonard B.'Auerbach, Rbbert J. ' 

Esterling. Roger E. Hill. David A. Jenkins; Joseph T. Lach. 
and Norman H. Lipman (Univ. of California, Berkeley). 
Phys. Rev.. 138: B127-44(Apr. 12. 1965). (UCRL-11.004 
(Rev.)) 

In order ' to  test  the univ&reality of the V-A Fermi  inter- 
action and the presence,of the induced pseudoscalar tern1 in 
the hamiltonian, the ra te  of the reaction p- + +He - + up . 
was measured. This r e a c t i 0 n . i ~  closely analogous to the 
fundamental muon-capture interaction p- + p - n + ~ b .  
The total muon-capture ra tes  in $HC and dHe; the ra tes  for  
the reactions p- + 3 . ~ e  - a l l  final s ta tes  and p- + dHe - all  . 
final s tates,  were  measured. Negative muons were brought 
to r e s t  in ah igh-pressure  helium-gas target. The capture 
processes a l l  yield a charged particle, whose e n e r a  \was 
measured by observation of scintillation in the helium gas. 
Captures into the 3~ channel were recognized by the unique. 
energy (1.9 Mev) of the triton recoil. The total capture 
ra tes  obtained'were: A ( ~ H ~ )  = 2170 sec-I; and ~ l ( ~ H e )  ='375 
sec-'. The partial capture ra te  to the t r i to i~  ground state 
was measured a s  A(JHe - OH) = 1505 a 46 sec-I. These 
results  a r e  in good agreement with theoretical predictions 
based on a universal Fermi  interacticn, and on a conserved 

36291 w PHENOMENOLOGY, (300 TO 1300) MEV. 
P. Auvil and C. Lovelace (Imperial Coll. of Science and 
Tech.. London). Nuovo Cimento (10). 33: 473-519(July 16. 
1964). 

Elastlc scattering experiments f rom 300 to 1300 hlev are 
analyzed by various techniques. The usual DIS and Fl, as- 
signments for  the second and third resonances a r e  sup- 
p- ted .  The fourth rcsonance i s  found to be F3,, and the  
j90-Mev r*-p shoulder to be DSS inelastic. There a r e  a l so  
idicat ions 01 four more inelastic shoulders: .  in Pll(-400, 
)lev), Sll(--600 Mev), D!5(-700 Mev), and GI,(-1200 Mev). 

. 

mth S waves increase  steadily with energy, indicating a 
,trong repulsive core. The background at  the fourth reso- 
nance is.strongly spin-dependent, in contradiction to the 

diffraction model. The imaginary par t s  of the part ial  
a~nplitudes a r e  obtained quantitatively over much of this  
,eion.  The mos t  powerful new condition is  the require-, 
ment that the elast ici t ies  of the resonances,  a s  determined 

' 

from total cross-sect ions and forward dispersion relations, 
be compatible with the differential cross-sect ions there. 

40307 . PION-NUCLEON PHASE SHIFTS AND RESO- 
NANCES. P.  Auvil (Imperial  Coll. of Scicnce and Tech., 
London). C. Lovelace, A. Donnachie, and A. T. Lea. Phys.  
Letters ,  12: 76-80(Sept. 1-, 1964). 

A phase shift analysis of a -p  scat ter ing a t  300 to 700 
Mev was performed. A phase s e t  in excellent agreement 
with practically al l  the experiments and with predictions . 
from partial-wave dispersion relations was obtained. The . 
Dt3 resonance appeared at 620 Mev,. but with a width of 
unly 90 Mev. The Ball-Yrazer mechaaism in St, was con- 
f irmed,  and peculiarities &ere  noted in the Pll  resonance. 
(D.C.W.) . 



16217 REALIZATION OF VARIED TARGETS INCOR- 
PORATED IN NUCLEAR EAIULSIONS. Madeleine Avan 
(Fnculte des Sciences, Clermont-Ferrand, France). Inds: 
atorniques, 4: Nos. 11/12, 61-9(1960). (In French) . 

The practical realization of targets incorporated in nu- 
clear emulsions requires the elimination of various diffi- 
culties: pseudophotographic actions of metals, local dis- 
tortions in the vicinity.of the targets,  slight generalized . ' 
deformations of the sensitive layer, and study of a method 
of appropriate development. The methods of incol-poratroii 
of wires o r  powders a r e  described. The first  results  ob- 
Lai~ied with the scattering of mesons by a SllVeP wlru i l l -  

corporated in the emulsion a r e  given to illustrate the 
method. (J.S.R.) 

27908 (NP-11634) POISKI p+ - e+ + e+ + e'. (A 
Search for the Decay p+ - e+ + e* + e'). A. I. Babaev, 
hl. Ya. aalatz, V. S. Kaftanov. L. G. Landsberg, V. A 
Lyubimov, and Yu. V. Obukhov (Akademiya Nauk S.S.S.R. : 

Institut Teoreticheskoi i Eksperimental'noi Fiziki). 1962. 
1lp. 
" A search was made for the P - 3e process using an in- 

stallation previously used by A..I. Alikhanov, et al. , 

.(Z. Eksp. i ~ e o r e t .  Fiz. v. 42, No. 6, 630, 1962). The in- 
stallation for recording p+ - e+ + e* + e- consisted of a 

* .six-layer cylilidricd spark chamber, a single-layei plane 
spark chamber, a camera,  a mir ror ,  and se r i e s  of scintil- 
lation counters. The Dalitz diagram was used lor deter- 
mining Ibe recording efficiency. 'After 70 hours. 6.98 x ld 
meson slops were recorded, however, none could be  con- 

'sidered a- - 3e according to formulated criteria. The 
anticipated number of p - 3e decays was M = pN,cf (where ' 
p i s  the probability of p - 3e decay in relation to ordinary 
decay. N,, = 6.98 x id. r is  the efficiency of the instalia- 
tlon = 0.0185, f is a correction factor = 0.76. Calculations 
m& with the Poisson formula show p < 2.6 x 10" 
(with 9% accuracy), considering matr&?iements con- ' 

stant; with corrections for efficiency, p r d e , <  2.0 x ill-'. 
1u.v.J.1 

9283 FURTHER STUDIES nN THE u+ - e+ + e+ + e- 
DECAY. A. I. Babaev, M. Ya. Balats, V. S. Kaftanov, 
L;. G. Landsberg, V. A. Lyubimov, and Yu. V. Obukhov. 
Zh. Eksperim. i Teoret. Fiz., 43: 1984(Nov. 1962). (In ' 

Russian) . . 
. In a previous work on this subject (Zhur. Eltsper. i 
Teoret. Fiz. 42, 1685 (1962)) a spark chamber with a fast  
electronic system was qsed for studying the it .- c+ + e+ + 

e- decay reaction.. The experimental arrangement was im- 
proved because in the first  study not a single case  of the 
p - 3e decay could be established. The statistics ,of the 
system was doubled, corresponding to 1.38 x 10' incidences 

of p-mesons on the target. The ability'of the system for 
.recording these events was,fur%er improved by means'of 
additional ca l ib~at ions  and by making use of new computa- 
tional techniques. In order  to be recorded a s  a p - 3e de- 
cay, the event has to satisfy all the previously established 
cri teria.  During the 150 hours of the experiment, not a ,  
single such event was recorded. (TTT) . . 

41.17.) ..a (N64-.734(12) DANGER CAUSED BY RADIATION 
IN THE BEAMS AND BEAM ZONES OF THE SYNCHROCY- 
CLOTRON. . Baarli. J. Translation of Dangers dus aux 
Radiations dan6 les  r aisceaw el  les Zrjrlis dc Pdaeonws nu 
Synchrocyclotron. from a report of the MSC (Synohrocy- . 

clotron Machine) Meeting, June 21. 1963. 6p. (NASA-TT- 
F-9136). CFSTI, $1.00 fs, $0.50 mn. 

The danger caused by synchrbcyclotron rudialiuas 'varieo . 
with the nature of the beams, their intensities, pai'ticle . 
energies, and the extent of scattering. The biological ef- 
fects and damage due to radiations.are discussed; and do6e 
limits a r e  defined. The,maximum permissible particle . 
flux is given for various regions in the proton and neutron 

.rooms for 600-Mev protons, 400-Mev neutrons; 50-Mev 
n--mesons, and p mesons. (CFSTI) 

41275 DETECTION OF TWO PARTICLES IN SPARK 
CHAMBER. A.  I. Babaev and V. S. Kaftanov. Pribory i 
Tekhn. Rkspcrim., No. 4, 18X-2(July-Aug. 1963). (In Rus- 
sian) ' 

The efficiency of a six-layer cylindrical spark chamber 
for detection of tu70 particles in the decay u - e + y and 
CI - 3 e was investigated. The outside diameter of the 
chamber is  203 m m  and i ts  electrodes were constructed 
of duralun~inum with a gnp of 7 mm. T ~ Q  chamber was 
filled with neon at  a pressure of 1.1 atm. An exponential 
pulse with, an anlplitude of 11 kv was supplied to  the clcc- 
trodes. The efficiency of the chnmlwr la dependent on the 
delay tinle of the volt:lge impulse. (C.E.S.) ' 

35149 MEASUREMENT OF PION BETA-DECAY 
BRANCHING RATIO. Bacastow, Robert B. (Univ. of 
California, Dcrlrclcy); Chcoquiore, Claude; Wiegand, 
Clyde E.; Larsen, Rudolf R. Phys. Rev., 139: B4M- 
'18(July 26, 1865). . 

The branchin ratio for  pion beta decay, R = (s+- no + 
e+ + u)/(r+- pP + u), was measured. Arrays of lead sheets, 
scdntillators, and spark chambers were used to  measure 
the angular distribution of the y rays in delayed coincidence 
with stopping pions. Thirty-eight events remained after 
subtraction of a background of eight, leading to a,branching 
ratio of (1.07 t 0.21) x This result i s  in  good agree- ' 

ment with conserved vector-current theory and with'the re- 
sults of other experiments. (auth) 



9386, EXPERIMENTAL EVIDENCE FOR PION /3 DE- 
CAY. R. B. Bacastow, T. Elioff, R. R. Larsen ,  C. Wiegand, 
and T, Ypsilantis ( ~ n i v .  of California, Berkeley). p.409-10 
of "1962 International Conference on High-Energy Physics 
a t  CERN." Geneva, European Organization for  Nuclear 
Resqarch, 1962. 

An attempt to measure experimentally the pion P-decay 
branching rat io i s  described. The basic plan of the experi-  
ment i s  the detection of all the decay products except the 
neutrino. Prel iminary analysis of the data indicates a 
branching rat io consistent with lo-' (the value previously 
estimated and predicted by theory). (A.G.W.) 

9252 MEASUREMENT OF THE BRANCHING RATIO 
FOR PION BETA DECAY. Robert Bacastow, Tom Elloff, 
Rudolph Larsen,  Clyde Weigand, and Thomas Ypsilantis 
(Univ. of California. Berkeley). Phys. Rev. Letters. 9: 
400-2(Nov. 1. 1962). (UCRL-10486) 

Positive pions at  175 Mev/c were used to investigate the 
decay process n+ - no + e+ + v .  The experiment was de- 

. signed to detect the two mo gamma rays ,  the positron, and . . 
the positron annihilation radiation. Ten events were identi- 
fled a s  the desired process and analyzed. The beaching ra- 
tio was determined to be 2.0 + 0.6 x lua, which i s  com- 
parable with the prediction of the conserved vector current  
hypothesis. (H.D.R.) 

2246 (UCRL-10429) ATOMIC CAPTURE OF p- MES- 
ONS IN CHEkIICAL COhlPOUNDS AND TIIE "FERMI; 
TELLER Z LAW" (thesis). Jagdish S. Baijal (California. . , 
Univ., Berkeley. Lawrence Radiation Lab.). Aug. 20, 19'62. 
Cunlracl W-7405-eng-48. 76p. 

, Bxperiment.al s t , ~ d i a s  of the relative atomic p'-meson 
capture probabilities in the constituents of chemical com- 
pounds a r e  described. F e r m i  and Teller  had predicted that 
the atomic-capture.probability i s  proportional to the nu- . 

c lear  charge of the atomic species weighted by i t s  atom'ic 
concentration. This  i s  sometimes re fe r red  to  a s  the 
" Fermi-Teller  Z law." Previous experiments indicated no 
c lear  systematics to  this  capture process,  and there  a r e  ' 
conhicts  between the resu l t s  of several  measurements made 
wllh Lllr sai~le or s imi la r  compounds. In thcso oxperiments 
the capturing atom was identified by detection of ei ther  
mesic x ?ays o r  decay electrons f rom p- mesons bound in 
the mesic K shell in the atoinic cpecies. In these experi- 
ments oxides and sulfides of some medium- and high-Z ele- 
ments a s  well a s  two metallic solutions were  ~ ~ s e d ,  and a 
nuclear capture product (neutron) ra ther  than the decay 
electrons was detected. Results show that among the sub- 
stances examined, namely CuO, Sb203, PbO, CuS, Sb2Ss, PbS, 
AgLi, and'CuAu, the "2 law" behavior i s  not indicated 
ei ther  in insulators o r  in metals, although in al l  cases  there  
i s  a prcfcrence for  capturing in the atom of higher Z. If the .  

.atomic-capture probability i s  proportional to  Zn (n being 
any positive o r  negative number), then it i s  found that the  . 
experimental resu l t s  fall approximately in the range n = '/9 
to n = 1.4, where n = 1 would define the prediction by F e r m i  - 

and Tel le r .  The measured atomic-capture rat ios a re :  
Cu/O = 6.14 0.85; Sb/O = 1.86 + 0.096; Pb/O = 4.56 0.53; 
CU/S = 1.89.* 0.18; Sb/S = 1.64 a 0.10; Pb/s  = 2.87 * 0.35; 
A g / ~ i  = 11.66 * 3.39; Au/Cu ='0.34 0.032. In connection 
with this  experiment it was a l so  necessary to  measure  the 
p--meson l i fet imes in a number of elements (including Au, 
which was not reported before). The measured lifetimes 
a r e  (in nsec): S = 498 * 17; Cu.= 162.6 * 1.9; Ag = 84.4 * 
1 . 0 ; S b = 9 1 . 3 i 1 . 4 ; A u = 6 8 . 6 * 1 . 3 ; P b = 7 4 . 1 * 1 . 0 .  (auth) 

9109 ' ATOMIC CAPTURE O F  p--MESONS IN CHEMI- 
CAL COMPOUNDS. J. S. Baijal, J. A. Dinz, S. N. Kaplan, 
and R. V. Pyle (Univ. of California, Berkeley). Nuovo 
Cimento (10). 30: 7 1 1 - ~ ~ ( N o v .  1, 1963). (UCRL-10671) 

Experimental studies (NSA 17: 2?46) of the relative p-- 
nieson atomic,-capture probabilities in  the compounds 
CuO, S q G ,  PbO. CuS, Sb2SS, and PbS and in the metallic 
solutions Ago.58Li and C U A U ~ . ~ ~  were made to test the pre-  
dictions of the "Fermi-Teller  Z-law." In the experinlent 
the capturing a tom was identified by decomposing a com- 
pound lifetime curve obtained by detecting neutrons f rom 
p'-capture. T h e  measured atomic-capture rat ios a re :  

Assuming the Z-dependence of the atomic-capture proba- 
bility can be expressed a s  proportional to Zn (n being any 
positive o r  negative number), it  i s  found that the experi- 
mental r e s d t s  fall approxinlately in the r a n g e  n = 'h to 'h, 
where n = 1 corresponds to the theoretical prediction of 
Fermi  and Teller .  (auth) 

32467 MUONIUM AND POSITRONIUhI PHYSICS. J .  M. 
' ~ a i l e j   and,^. HI.' Hughes   ale Univ., New Haven). p.839-46 . 
of "Atomic collision Processes. ' :  Amsterdam, North- ' 

Holland Publishing Cu.. 1964. 
Experiments on muonium ?nd posltronium 'give'the most  

unambiguous and prec ise  values of the fundamental constant 
a, and a l so  give valuable'inforrnation about many atomic 
collision processes.  (auth) . . 

20553 . . . 
NEUTRON ASYMMETRY FROM MU CAPTURE IN 
MAGNESIUM. W. F. ~ a k e r  and C. Rubbla (Columbia 
Univ., New Yo*). Phys. Rev. Le t te rs  3. 179-81(1959) . ' 

Aug: 15. 



It has previously'been pointed out that a measurement 
of the angular ,distribution of neutrons emitted after the 
capture of polarized mesons by complex nuclei may 
give information on the nature of the coupling constants 
in the process p' + p - n + v. A spatial asymmetry 
with respect to the p spin direction would also be evi- 
dence for parity nonconservation in the reaction. The 
neutron a ~ ' ~ m m e t r ~  was measured by processing the 
negative muons stopped In a magnesium target through 
90" by a constant magnetic field which was reversed 
every 30 min. (W.D.M.) 

38081 (JINR- P- 1286) ISSLEDOVANIE POGIh- 
SHCHENIYA n+ I a--MEZONOV PRI ENERGU 40-70 hlev V 
YADRAKH UGLEROD'A S P,0MOSHCH1W PROPANOVOI 
PUZYR'KOVOI KAhfERY. (Investigation of Pion Absorp- 
tion by Carbon Nuclei a t  40-70 hlev by Means of a Propane 
Bubble Chamber). M. P. Balandin, 0. I. Ivanov., V. A. 
hloiseenko, and G. L. Sokolov, (Joint Inst., for Nuclear Re- 
search, Dubna, U.S.S.R. I ab .  of Nuclear Problems). . . . 

. 

1963. 25p. . . .  . 
The absorption of meson (n') of equal energy by C nuclei . 

was studied. The total cross sections for T+ and n- absorp- 
tion and charge exchange were found to be 98.x 10-," and 

' 

99 x cm2, respectively. The angular distribution of ,  
charged particles with respect to the incident meson direc- 
tion proved to be isotropic in meson (H-) absorption and' 
anisotropic in meson (7') absorption. The distributions of . 

absorption $vents indicate that absorption occurs only .in 
nucleon pairs. The parameter r),that determines the prob- 
ability of n* absorption in neutron-proton pairs was found . 

to be 0.65 i 0.10. (auth) 

'1 0356 
INVESTIGATION OF ~ + - ~ + - e +  DECAY WITH HELP 
OF A PROPANE BUBBLE CHAMBER AND SCINTILLA- 
TION COUNTERS. ' M. P. Balandin, V. A. Moieeenko. 
A. I. Mukhin, and S. Z. ~tvinovskl i  (Joint Inst. of Nu- 
clear les&rch,  f ibna .  u.s.s.R.). Zhur. Eksptl'. i . 
Teoret. Fiz. 3 424-32(1959) Feb. (In Russian) . 

It was found that the angular distribution of the u+ . 
mesons i s  isotropic, whereas the positron angular die- 
tribution, if described by the expression (1/4r) (I-a 
coe O ) ,  i s  characterized by the quantity a = 0.116 t 

' 

0.035. This value fo r  a is, much.srnaller than the values 
obtained in other works in which propane bubble cham- 
ber s  were employed. Scintillation counter experiment8 
carried out with the purpose of ascertaining the cause 
of this discrepancy showed that the magnitude of the 
anisotropy significantly depende on the degree of puri- 
ficatlon of the commercial which i s  sometlmea 
employed in bubble chambere. A simultaneous analysis ' 

of the data obtained with propane of a glven composition 
with aid of a bubble chamber and ecfntfflation copmters 
showed that the quantity A(1-WC) i s  equal to 0.78 t 0.26 

where Wc is the probability for depolarizaticm of #+ 
mesons in graphite and A i s  a fundamental parameter 
in neutrino theory. (auth), . . 

I5196 (JINR-P-1530) REZONANSNII MEKHANIZM 
ISPUSKANIYA NEITRONOV PRI ZAKHVATE /L--MEZONOV 
KISLORODOM. (A Resonance Mechanism of Neutron Emis- 
sion in Muon Capture by Oxygen). V. V. Bslashov, V. B. 
Belyaev. N. M. Kabachnik, and R. A. Eramzhyan (Joint 
Inst. for Nuclear Research, Dubna, U.S.S.R. Lab. of The- 
oretical Physics). 1964. .7p. 

A resonance mechanism of neutron emission in the pro- 
cesses of muon capture by light nuclei i s  investigated. De- 
tailed calculations a r e  given for the reaction P + 016 - 
N ' ~  + n + v. It is shown that up to E, = 10 Mev the reso- 
nance capture mechanism plays the main role in producing 
the neutron spectrum. (auth) 

. 18560 
ENERGY OF NEUTRONS FROM CAPTURE OF NEGA- 
TIVE p-MESONS 1N LEAD NUCLEI. W. Dall and K. B. 
Lauterjung (Max-Planck-Institut fur Kernphysik, Hel- 
delberg, Ger.). 2. Naturforsch. E. 581-2(1959) May- 
June. (In German) 

Experiments a re  described in which neutrons pro- 
duced by p- capture in Pb were detected by paraffin 
recoil protons causing fluorescence In ZnS(Ag). The 
experimental set-up is  described. The data show that 
Illoat of the neutron8 have energles below 3 Mev. Gince 
the aec~lronq. nccordlng !o thcir w!nt of or i en ,  hpvc 
traveled great distances In the p-meson.absorber and 
have been lefl a s  lower-energy neutrons on the basis of 
thelr energy loss through inelastic scattering in the Pb. 
the total intensity of'recoll protons is  very small. 
though 25 captures/mlnute were recorded. An even 
larger recoll-proton count rate would be expected If 
neutron8 wlth energles greater than 25 Mev were 
selected. (T.R.H.) 

12903 (JLNK-P-1490) 'VZAIMODEISTVIYA REZONOV. 
(Interactions Between ~ e s o n s ) . '  V. S. Barashenkov (Joint 
lnst. for Nuclear Research, Dubna. U.S.S.R. Lab. of 
Theoretical Physics). 1963. 56p. 

A review i s  given of the e ~ p r i m e n t a l  and theoretical 
data on K-r, K-x. and K-K interactions. (auth) 

13345 .(JKNR-P-1132) SECHENIYA ROZHDENIYA 
ANTINUKLONOV, (Cross Sections for Antinucleon Pro- 
duction). V. S. Barashenkov and I. Patera (Joint Inst. for 



Nuclear Research, Dubna, U.S.S.R. Lab. of'Theoretica1 
Physics). 1962. 14p. 

The available experimental data on the cross sections . 
for antinucleon production in N-N, R-N, and n-N interac- 
tions a r e  discuised. ~ r a ~ h s  and tables of data a r e  included. 
46 references. (auth) 

4756 
460 Mev NEGATIVE PION SCATTERING FROM NEU- 
TRONS IN A PROPANE BUDBLE CHAMBER. J. Ballam 
k d  J. Hang (Michigan State Univ., East  Lansing) and J. H. 
Scandrett and W. D. Walker (Univ. of Wisconsin, Madison). 
Nuovo cimento (10) 4, 240-4(1959) Oct. 1. (In English) 

n- scattering a t  460 Mev by neutrons bound in a carbon 
nucleus in a propane bubble chamber was examined. The 
total and differential c ross  sections were determined. The 
angular distribution was determined and compared with the 
angular distribution obtained from (=+,PI scattering. 
(C.J.G.) 

24747 MOTT SCATTERING O F  POLARIZED MUONS. 
Marcel Bardon. Paolo Franzini, and Juliet Lee (Columbia 
Univ., New York).' Phys. Rev., 126: 1826-35(~une 1, 1962). 

~n 'exper imenta l  determination was made of the helicity of 
muons from n- decays and the c ros s  sections for scattering 
from lead by.Alott scattering. With (2.0 * 0.3) x 10' muons 
incident on the scatterers,  a left-right asymmetry o f .  

' 

-0.090 + 0.031 was'measured for 1163 * 60 scattering . ' 

events. Checks indicated negligible systematic asymme- . 
tr ies.  The sign of the asymmetry shows a positivc helicity 
for the negative muon in pion decay in agreement with V-A 
theory. Agreement of the magnitude of the asymmetry and 
of the number of events with the. ones predicted for the ex- 
perimental arrangement (0.081.* 0.001 and 1210 * 220, 
respectively) confirms ihe results of exper lm~nls  111Jlcull11y 
a purely electi-omagnetic behavior for  muon scattering. 
The average momentum transfer was 110 Wev/c. Mott scat- 
tering of transversely polarized fermions was measured. . 
(auth) 

.'I5373 RECOIL PROTON POLARIZATION MEASURE- 
MENTS.IN PION-NUCLEON ELASTIC SCATTERING. 
Bareyre, P. (C.E.N.. Saclay. France). Roc .  Roy. Soc. 
(London), Ser. k, 289: 463-70(Jan. 25.19661.. 

The angular distributions of the recoil proton polarizatioll 
' in r+p clnstic scattering were measl~red at 410 and 492 bIec 
incident pion kinetic energy by using a carbon plate spark 
chamber. (C.E.S.) . 

35164 BIEASUREBIENT OF THE RECOIL PROTON 
POLARIZATION IN ELASTIC n-p SCATTERING AT T, = 
410 AND 492 Mev. Bareyre, P. (Centre d'Etudes Nucle- 
aires,  Saclay, France); Bricman, C.; Longo, M. J. (and 
others). Phys. Rev. Letters, 14: 878-80(Alay 24, 1965). 

The results for the recoil proton polarization in negative 
pion-proton elastic scattering a s  measured with a carbon 
plate spark chamber a r e  given. Also sho~vn a r e  the pre- 

. liminary results of a calibration run made to verify the 
values adopted for the analyzing power of the chamber. 
(J.F.P.) 

16617 MEASUREMENT OF THE RECOIL PROTON 
POLARIZATION IN ELASTIC n+p SCATTERING AT Tn 
EQUALS 410 AND 492 Mev; P.  Bareyre, C. Bricman, 
M. J. Longo, et al. (Centre d'Etudes Nucleaires. Saclay. 
France). Phys.' Rev. Zetters. 14: 198-201(Feb. 8, 1965). 

The angular distribution of the recoil proton polarization 
in elastic n+-p scattering at  410 and 492 Mev was mea- 
sured. (D.C.W.) 

. . 

16618 - PHASE-SHIFT ANALYSIS IN n? SCATTERING 
AT Tn LAB EQUALS 410 AND 492 Mev. P. Bareyre, C. 
Bricman, J .  Sequinot,,and G. Villet (Centre d ' ~ t u d e s  Nu- 
cleaires, Saclay, France). Phys. Rev. Letters, 14: 201-5 
(Feb. 8. 1965). 

The results.of phase shift'analyses of n+-p scattering a t  
410 and 492 Mev a r e  presented and a r e  compared with ex- 
perimental data and theoretical predictions using partial-' 
wave dispersion relations. SPD and SPDF analyses were 
made for both 410 and 492 Mev, and an SPDFG analysis 

w a s  alsoniade for 492 Mcv. (D.C.W.) .. , . 

. . 
45100 PION-NUCLEON PHASE SHIFT ANALYSIS 

' BELOW 1 Cev. Bareyre, P.; Brickman. C.; Stirling, . 
A. V.: Villet, G. (CEN, Saclay, France). Phys. Let- 
ters, 18: 342-5(Sept. 1. 1965). 

A new analysis was made at  310 ~ e v  of the meson (n)- 
nucleon phase shift using the I-p polarization data previ- 
ously obtained. For all other energies no selection was 
made in the experimentd data except 'for slightly increasing 
the e r r o r s  in nON differential cross sections also given 
previously. For  each energy, starting from a random set  
of phase shift and varying it in order to minimize the total 
chi square of.the various experimental data, a set  of phase 
shifts corresponding to a relative minimum of the chi 
square; this operation was repeated many times. (J.F.P.) 

35165 PION-PIIOTON PHASE-SHIFT ANALYSIS AT 
T ,  = 410 AND 492 Mev. Bareyre, P.; Bricn~an, C.; Villet, 
O. (Centre dlEtudes Nucleaires. Saclny, France). Phys. 
Rev: Letters, Y4: 881-4(i\Iay 24, 1965). 



A recent phase-shift nnalpsis of the n+p scattering at  
T. = 410 and 492 Mev and the recoil proton palarization 
fo r  n--proton scattering results permit the achievement 
of a complete phase-shift analysis for the I = 3/* and I = '/2 
isospin states.  With those polarization measurements, the 
total c ross  sections, elastic differential c ros s  .sections. 
fo i~vard  elastic c ros s  sections, and total inelastic cross  . 
sections were  used. The search rogram minimizes the P total ,y2 of these quantities, for n p and n-p data, using a 
gradient method. (J.F.P.) 

9203 (UCRL-10470) A STUDY OF THE REACTION 
n- + p - n' + no + p AT 310 AND 377 Mev (thesis). Barry 
C. Barish (California. Univ., Berkeley. Lawrence Radia- 
tion Lab.). Aug. 20, 1962. Contract W-7405-eng-48. 65p. 

. . Proton distributions for the reaction n- + p - ri + no + p 
. a r e  measured at  incident-pion energies of 310 and 377 Mev. 

The protons from this reaction a r e  identified in a scintilla- 
tion counter'telescope by a combination of dE/dx, range, 
and time-of-flight methods. At 310 Mev, selected'proton 
energy intervals a r e  taken at laboratory-system angles of 
15  and 22.5 deg. ,At 377 Mev, distributions in energy from 
60.5 to 163.5 Mev a t  angles from 10 deg to the kinematic 
limit a r e  measured. The total c ross  sections obtained 
are :  0.14 * 0.07 mb at  310 Mev, and 0.37 * 0.03 mb at  377 
Alev. These values a r e  in good agreement with the theo- , 

retical  predictions of a nn interaction model by Schnitzer 
in which his parameters are  chosen to fit the total c ross  
section and the r+ angular distribution in the reaction 
n- + p -'r+ + n- + n. (32 references.) (auth) 

14994 PION PRODUCTION BY NEGATIVE PIONS. 
Barry C. Barish, Richard J .  Kurz, Paul G. ~cManiga1,  
Victor Perez-Mendez, and Julius Solomon (Univ. of 
California. Be rke lq ) .  Phys. Rev. Letters,  6: No. 6. 297- 
300(Mar. 15. 1961). 

The reaction n-+ p - n+ + n' + n i s  studied for incident 
T,- = 365 and 432 Mev. The energy spectra of the emergent 
n+ mesons a r e  measured at various angles with respect to 
the incident r' beam. The differential c ros s  sections a r e  
analyzed in t e rms  of pion-pion interactions and pion- 
nucleon resonances. (T.F.H.) 

30580 INELASTIC u--p INTERACTIONS IN THE EN- 
ERGY REGION OF 310 TO 454 Wev. Barry C. Barish, 

. 

Richard J. Kurz. Victor Perez-Alendez, and Julius ~olomori 
(Univ..of California. Be1:keley). Phys. Rev.. 135: B416-31 
(July 27, 1964). (UC.RL-11257) 

The differential c ross  sections for positive pions, pro- . 
tons, and neutrons from inelastic n--p interaction's at 310 
to 454 Mev were measured. The data were  obtained With 
electronic counter systems;which m e a w e d  the energy 

distribution of the final-state particle of interest a t  a 
ser ies  of fixed angles. The results  were  interpreted in 
te rms of the final states n+n-n, #ffn, and n-#p. The total 
c ross  sections'for these three modes a s  a function of inci- 
dent pion energy a r e  in qualitative agre,emtnt with the pre- 
dictions by ~c'hnitzer. A preference is sbown for his set  of 
n- n scattering lengths: a. = 0.65, a l  = 0.07. and a2.= 0.14 
1.1-l. The obser;ed neutron distributions correspond to a 
strong preference for low center of mass system neutron . 
energies ih both ihe n+n-n .and no& final states.  The pffect 
i s  not present in the observed proton, distributions from the 
n-ROp roaotion, which ouggooto that i t  io duo to cr I - 0, n . t: 
interaction. The n+.data show the formation of the (3,3) 
isobar combination of the n--n system m the, ;r+n-n final 
state. Analysis in te rms of isobar model indicates the  
predominance of I = '4 incident state. (auth) 

3029 (UCRL-11518) RANGE DIFFERENCES BE- 
TWEEN POSITIVE AND NEGATIVE PIONS IN EMULSION. 
Walter H. Barkas, W. Z. Osborne, William G. Simon, and 
F. M. Smith (California. Univ., Berkeley. Lawrence Ra- 
diation Lab.). June 1964. Contract W-7405-eng-48; 9p. 
(CONF-787-2). Dep.(mn); $l.OO(cy), l(mn) OTS. 

From -5th International Conference on Nuclear Photog- 
raphy, Geneva, Sept. 1964. 

The velocity ciependence of the range difference, which 
should s tar t  a t  zero m d  approach plateau at some mod- 
era te  velocity, was measured for a pion range of about 
100 1.1. (auth) 

15128 PION,.PnOTON ECATTEI~INC AT G O O  &lev. 
R. ~ar loutaud.  L. Cardin. A. Derem, C. Censollen, A. Lev& 
que, C. Louedec, J.. Meyer, and D. Tycho (Centre d'Etudes 

Nucle.aire, Saclay, France). Nuovo Cimento (10). 26: 
1409-ll(Dec. 16, 1962). (In English) 

' 

A n+-p scattering experiment was performed at  600 Mev 
' 

incident pion kinetic energy with the 35 cm hydrogen bubble 
chamber. The total elastic and inelastic cross sections .. 

were determined by comparing the number of elastic and 
Inelastic events and using a value for the total c ross  sec- 
tion. (C.E.S.) 

19090 EVIDENCE FOR GIANT RESONANCE EXCITA- 
TION INDUCED BY THE CAPTURE OF MUONS M 0". 
J. Barlow (CERN. Geneva). J. C. Sens.-P. J. Duke, and 
M. A. R. Kemp. Phys. Letters,  9: 84-8(hIar. 15. 1964). 

A measurement of the, t d a l  rate of capture of mesons 
(Cc-) IR laO is reported. Tbe result Is in strong dlsagree- 
ment with the predictions based on an independent particle 
shell model. An alternative interpretation is discussed in 
te rms of a collective excitation of the giant dipole reso- 
nance in 'ON. The interpretation appears to be in agree- 
ment with experiment. (C.E.S.) 



PION-PROTON SCATTERING BELOW 150 MEV. [ P A R g  
1. 8. W. Barnes. 8. Rose. 0. Olacornelll. J. Rlng. 
K. Mlyake, and K. Klnsey (Unlv. of Rochester. N.. Y.). 
Phyn. Rev. 117. 226-37(1960) Jan. 1. . 

Posltlve-plon p r o m  dlfferentlal c r o s s  sect lons were  
measured a t  41.5 Mev f o r  alx angles. The angles In the 
center-of-mass ays tem a r e  6T.  69.1°, 100.4", 128.. l 4 l . f ,  
and 1 6 3 3  and the correepondlne c r o s s  sect tons In mb/ 
s te rad  In tbe center-of-mass system a r e  0.252' t 0.020. 
0.364 i 0.026. 0.777 i 0.038. 1.146 4 0.067, 1.485 t 0.084. 
and 1.760 t 0.1 In.  Nnpl lve  pion elrrstlo c r o s s  snatlons 
were  m e s s u y d  for  the f l r s t  flvs of tbe above annlrm 
and n r r ,  rrnprctlvcly, In rnb /~ te rnd  In the c.m. system: 
O.R.3R 4 0.047. 0.281 t 0.038, 0.148 0.029, 0.112 t 0.042, 
2nd 0.0A5 t. 0.25. Phnne-shlfl analyses of these data and 
t h w r  of o thr r  nuthots lcnd to  the following expresslone 
fcr thr low-rnergy hrhnvlor of the T = % phases: 
R ~ , N  - - (o.o.iia * o . o o ~ ) ~ ~ ,  asN = - ( o . i i r s  t o.ooza),,. 
nn~l rntnS,N - %q1.(0.0877 * 0.0014)/lw*(l-w*/2.17)1. . (nuth) 

11022 
PION-PROTON SCATTERING P E W  150 i ~ ~ .  [PARTI 
11. S. W. Bnrncs. H. Wlnlck. K. Mlyake, and K. Klnsey 
(rlnir. of Rochester. N. Y.). Pbya. Rev. 117. 238-42 
(1960) Jnn. 1. 

Valurs found for  30-Mev scattering a t  the two center-  
of-mass angles 116.V and 155. a r e ,  respectively; for  
po~l t lve  plona 0.849 * 0.048 and 1.098 0.075 m b  sterad-I, 
end for negative pions of the s a m e  energy 0.187 t 0.020 
and 0.165 * 0.022 m b  serad-'.  Phase-shlft analyses a r e  
made of recent  publlshed rr- dlstrlbutlons in the above 
energy range and s e r v e  to furnish prescrlptlons for  the 
low-energy behavior of the T = 'A phases. Calculations 
of a'-. (r.", and ntmml- a t  varlous energiee agree  wlth 
measurements found In the I l terahue.  An essential  agree-  
ment Is found between < + p lorward a u a l k r l y  amplllubss 
and a d i s ~ r s l o n  equatlon over  thls  energy reglon. (auth) 

37930 (CERN-,63-27) INTERACTlONS OF' POSITIVE 
PIONS WITH PROTONS NEAR THRESHOLD FOR SINGLE 
PION PRODUCTION. V. E.  Barnes (cambridge Univ., 
England. Cavendish Lab.); I. Derado (European Organiza- 
tion for  Nuclear Research. Geneva); R. Car ra ra ,  e t  al. 
(Padua. ' Universita; Istituto di F i ~ i o a ;  rind Italy. Ictituto 
Nazionale di Fisica Nucleare, Padua). July 22, 1963. 15p. 

The s+-p interaction in the 300 Me\! kinetic energy re-  
gion was studied in a hydrogen bubble chamber. T h r e e  
types of events were considered: elast ic  scattering, single 
pion production and single photon production. In the elast ic  
scat ter ing the phase shifts of the F e r m l  I solution a r e  sub- . 
stantially compatible with previous results. C r o s s  sections 

a r e  determined f o r  the in elast ic  p rocesses  and, although 
stat is t ics  a r e  very low, the resu l t s  a r e  compared with cal- 
culations based on the peripheral and the isobaric models. 
(auth) 

. ..- 
'10341 
CAPTURE AND DECAY OF g-MESONS IN Fe.  W. A' 
Barre t t ,  F. E. Holmstrom, and J. W. Keuffel (Unlv. of 
Utah, Salt Lake City). ~ h y s .  Rev. 113, 661-5(1959) 
Jan. 15. 

The mean life.of p' mesons in  P e  w a s  measured using 
an improved cosmic-ray apparatus. A positive identi- 
fication of the stopped muon was made using Cherenkov ' 

velocity; se lec tors , in  the incident telescope. .The 2.2- 
psec  background f rom positive muons was reduced by a 
factor  of 3 with a 3-layer s a n e i c h  of Fe and thin plas- 
t ic  scin,tillators. s o  arranged that electrons emitted in  
the '@rget were  mostly detected as sucb' by the  scintll- 
lators .  The mean l i fe  i s  196 t 8 inpsec. By comparLng 
this  result.wlth the electron-counting r e s u l t 8 . d  Wer- 
man and Weinrich, the  ra t io  of the decay rate o f f  
'bound in Fe to  the  f r e e  I$-decay r a t e  i s  found to be 
1.15 a 0.06. (auth) ' 

33311 EXCITATION O F  AT, = 2 ANALOG STATES 
BY DOUBLE CHARGE EXCHANGE SCATTERING OF . 
PIONS. S. Barshay (Rutgers State Univ.; New Brunswick, 
S. J.) and G. E, Brown. Phys. Letters ,  16: 165-7(May 15, 
13653.. . 

Detailed calculations.and angular'distributions for  r e -  
actions leading to the analog state in double charge ex- . .  
change scattering of pions f rom nuclei a r e  reported. The 
process of collective excitation by a high-energy pion of, 
rhe member of a high-isotopic-spin nuclear multiplet with 
2-component, T, .+ 2, start ing f rom the lower-energy mem- " 

.kr  with.2-component; T,, i s  analyzed.' Calculations were  
carried out  for '"a, the hvo neutrons in the j = f shel l  
transforming into protons; for  incident m e s o i s  oP210 Mev . 
laboratory klnetic energy, and the resu l t s  a r e  shown. 
(I..B.S.) 

3086 hlEASUREhlENTS O F  THE RATES O F  THE 
DECAY n+- no + e+ + v AND OF s- CAPTURE IN LiH, 
CH2, AND CH. D.Bar t le t t ,  S. Uevons, 8. L. Meyer, and 
J. L.'Rosen (Columbia Univ.. New York). Phys. Rev,, 136: 
B1452-63(Dec. 7, 1964). . 

The branching rat io for  s+ - so + e +  + v was measured ; 
using the near  anticollinearity of the two y rays  f rom the 
subsequent decay of .the meson (no). On the bas i s  of 39 

' 

events, of which 3 a r e  attributed to background, and an 
independent calibration of the overall efficiency of the  
apparatus,  'the branching rat io was determined -to be (0.97 * 
0.020) x in agreement with previous measurements 
and the prediction of the conserved-vector-current hypoth- 
es i s .  Using the s a m e  apparatus,  W, the fraction of stopped 



mesons  (n-) captured by hydrogen nuclei bound in chemical 
compounds was  measured  with the  following results :  
WLiH = 40 f 4 X 10-3, WCH = 17.9 1. 1.9 x and Wa = 

C 5.5 * 0.7 X Meson (n ) capture  in Hz-N2 and Hz-He 
g a s  mix tures  was  a l so  briefly studied. (auth) 

14312 ' (CU-233) THE BR4NCHING RATIO FOR PION 
BETA DECAY (thesis). David Bart let t  (Columbia Univ., 
Irvington-on-Hudson, N. Y. Nevis Labs.). Nov. 1964. , . , 

Contract  Nonr-266(72). 167p. (NEVIS-127; R-468). 
The conserved vector  cur ren t  theory predicts  that ' the 

branching rat io for  the decay of a charged pion into a neu-, 
t r a l  pion i s  (1.05 a 0.02) x 10-$, if the coupling constant i s  
derived f rom muon decay, o r  (1.00 * 0.02) x 10-~, if the 
coupling constant i s  derived f r o m  nuclear  beta decay. 
Using s p a r k  chambers  to  distinguish the nearly b t i c o l l i n - .  
e a r  gamma rays  f rom n+ beta decay from a background of 
o ther  gamma rays ,  36 events a r e  found and the branching . 
r a t i o  i s  measured to,be (0.97 0.20) x 1 w 8 ,  in agreement 
with the theoretical prediction and previous measurement€ 

.The  method of background subtraction (~lCf?b) depends onl: 
on knowing that the background i s  isotropic for  gamma 
r a y s  having opening angles between 160 and 180". (auth) 

10889 SEARCH FOR THE DECAY MODE: p - e + y. 
D.' Bart let t ,  S. Devons, and A. M. Sachs (Columbia Univ., . 
New York). Phys.  Rev. ,Letters ,  8: 120-3(Feb. 1, 1962). 

A search  for t h e  decay mode p - e + y using spark  
chamber techniques i s  reported. Limits  for  the  r a t e  a r e  . 
l e s s  than 6 x lo-' of the normal decay ra te .  (L.N.N.) 

4966 ' A SEARCH .FOR NEUTRINOLESS DECAY , 

MODES O F  THE NEGATIVE AlUON. J. H. Bartley, 
H. Davies, H. Muirhead, and T. Woodhead (Univ. of ~ i v e r -  ' 
pool). Phys. Letters ,  13: 258-9(Dec. 1. 1964). 

An experiment was performed to  search  for  the pro- 
c e s s e s  i' + Cu - Cu + e- and p- + Cu - Cu + e' + y. No . 
event  satisfying the c r i te r ia  f o r  e i ther  reaction w a s  found. ' 

From the number of mesons (p-) stopped, the overal l  detec- 
tion efficiencies, and the absence of events  branching ra t ios  
of l e s s  than 2.2 ~ ' 1 0 - ~  and 7.8 x lo-'. respectively, each 
y i t h  90% confidence, a r e  determined. The resu l t s  a r e  in- 
t e rpre ted  a s  an absence of'neutral cur ren ts  ia strangeness-  
conserving weak interactions. (C.E.S.) 

32989 A SEARCH FOR THE PROCESS p - e + y + y. . 

Bartley,  J. H.; Davies, H.; Muirhead, H.;,Woodhead. T. 
(Univ.'of Liverpool, Eng.). Phys. Le t te rs ,  16: 187(May 15, 
1965). 

Positive pions were  stopped In a plastic'scintillator and 
the  process  p -'e +,y + y was  sought during the t ime inter-  
val 100 n s  to 5 ps following the a r r iva l  of the pion. No . 
events were recorded in the NaI c rys ta l s  and the scintilla- 
tion telescope. An upper l imit  of 2.4 x 10" was deduced 

for  the branching ra t io  of p - e + y.+ y relat ive to P - e + 
v + i3. (L.B.S.) 

7734 RATE OF TRANSFER OF MUONS FROAT pp 
ATOMS TO THE NUCLEI OF OTIIER ELEMENTS. Basi- 
ladze, S. G.; Ermolov, P.  F.; Oganesyan, K. 0. (Joint Inst. 
for Nuclear Research,  Dubna, USSR). Zh. Eksp. Teor .  
Fiz.. 49: 1042-8(0ct. 1965). (In Russian). 

The r a t e  of t ransfer  on a negative muon from a pp atom 
to the nuclei of carbon.'argon, 'and xenon is  measured with a 
gas target  arrangement filled with hydzogen up to 45 atm. 
The t ransfer  r a t e s  obtained (referred to  the density of nor- 
mal liquld hydro en) a r e  k= (5.1 * 1.0) x 10ld sec-';'hA = P (12.0 + 1.9) x 10 0 sec-i and AX,= (44.6 3.6) x l o t d  sec-I 
can be satisfactorily approximated by the dependence hZ - 
'2. (auth) 

35384. (Jlhq-P-2153) IZMERENIE SKORCSTI PER- 
EKHODA nPPUONA OT pp-ATOn,IA K YADRAM DRUCIKH 
ELEMENTOV. (A Measurement of the Muon Transition 
Rate From a pp-Atom to the Nuclei of Other Elements). 
Basiladze, S. G.; Ermolov. P. F.; Uganesyan. K. O. (Join1 
Inst. fo r  Nuclear Research, Dubna (USSR). Lab. of Nucleai 
Problems). 1965. 16p. Dep.(mn). 

The ra tes  of transfer of a negative muon from a p p  atom . 
to nuclei of C, A r ,  and Xe were measured. using an a r -  
rangement with a gaseous target, filled with H to 45-a& 
pressure ,  and scintillation counters. Tlre values obtained 
f u r  the rnlea are ivcll f i t t ~ d  by hi - t .  (auth) 

16930 (~~-11~92(~ol.1)(p.27-3~)), PION PRODUCTION 
BY POGITn'E PION8 AT 830 AND 900 Iaev. R. Barlolrtn~rd, 
C. Choquet, C. Gensollen. J. Heughebaert, A. Leveque. 
J. Meyer, and G. Vial! ([France. Commissariat  2 1'Energie 
ktomique. Centre &Etudes Nucl6aires. Saclay]). 

. . An analysis of scattering events concerning 800- to 900- 
hlev incident pions observed in a 35-cm hydrogen bubble 
chamber i s  presented. Results indicate but do not confirm 
the existence.of T = 2 pion-pion interaction. (J.R.D.) 

26120 T+-P ELASTIC SCATTERING AT 820, 900 AND 
ION MeV. R. Barluulaud. @. Cl~uquet-Louedec, A. Dercm, 
J. Heughebaert. A. Leveque, and J. Meyer (Centre d16tudes 
Nucl&ires. Saclay, France). Phys. Letters .  1: 207-8 ' 

(Juae 15. 1962). . (In English) 
Elastic and inel&stic c r o s s  sections were measured, nnd 

angular distributions in elast ic  interactions were de.kr-  
mined a t  820, 900.,and 1050 Mev. The experiment was per-  
iormed using a 35-cm hydrogen bubble chamber producing. 
a 14700-gauss magnetic field. Calculations and data a r e  
presented in graphical and tabular forms .  (L.N.N.) 



10828 TWO-PION RESONANT STATE AT 575 Mev. . 
Roland Barloutaud; Jacques Heughebaert, Antione Lgvgque, 
Joao Meyer, and Roland Omnds (Centre d'Etudes Nucleaires, 
Saclay, France).  Compt. rend., 254: 252-4(Jan. 8 ,  1962). ' 

(In French) . . 
Evidence i s  found for.the existence of a dipion (mass  

575 20 Mev, isobaric spin 1) by studying the inelastic ' 

n+-p interaction a t  IT+ energies of 820, 900;and 10510 Mev. 
(tr-auth) 

33062 THE IT- + p - n' + lr + n MACTION NEAR 7111 
THRESHOLD. I. TOTAL CROSS-SECTIONS AND ANGU- 
LAR DISTRIBUTIONS O F  SECONDARY PARTICLES. 
Bgtusov, Yu. A.; Bunyatov, S. A.; Sidorov, V. M.'; Yarba. 
V. A. (Joint Inst. for Nuclear Research,  Dubna. USSR). 
Yadern. Fiz., 1:  526-32(Mar. 1965). (In Russlan) 

Total c r o s s  sections for six energy values and angular 
distributions of secondary part icles from the reaction 8' 
p - n+ + Ir + n,  in the energy region200-300 hlev; Were 
measured. (auth) 

903 
THE CROSS SECTION O F  n MESON RECHARGE BY n- . 
MESON IN THE REACTION ANALYSIS n- + p - r- + n+ + N 
AT THE ENERGY OF 290.Mev. , YU. A. Batusov, S. A,. 
Bunyatov, V. M. Sidorov, and V. A. Yarba (Joint Inet. f o r  
~ u c l e a r  Research,  Dubna, USSR). Zhur. Eksptl'.' i Teoret. 
Fiz. 39, 506-9(1960) Aug. (In Russian) . .. . . - 

Data on n-n Interaction c r o s s  sect ions a r e  tabulated and 
reactions R- + p - n- + n+ + n in the photoemulsion (200 ' 

. events) a r e  atudied. The  emuleions were  irrqdiated by a n- 
meson beam f rom a cyclotron; the mean energy of the pri-  
m a r y  n mesons,  consldering bremsetrahlung in the emul- 
sion, was 290 t 16 Mev. The data on n-n scat ter ing 8-wave 
lengths (in R/pn c units) a r e  tabulated and cor re la ted  with 
pi~blished data. h ' h g  to discrepanciee between'the ob- 
tained da ta  and various published data,  new experiments 
a r e  p l b d  a t  240 t o  250 Mev. (R.V.J.) . 

' 

47298 (ADb13934) NATURE OF T H ~  RESONANCE 
IN THE STATIC PION-NUCLEON SCATTERING IN ONE- 
MESON APPROXIhLATION. Barut, A. O.;.Ruei. K. H. . . 
(Syracuse Univ.. N. Y.). 1961. Contract AF49(638)-801. 
12p. (AFOSR-880). CFSTI $1.00 cy. $0.50 mn. 

Solution of the Chew-Low integral equation for  the stat ic  
p-wave meson-nucleon scat ter ing was  studied a s  a function 
of the coupling constant to deduce the nature of the 33- ,' . 
resonance. It i s  shown that a dynamical resonance must  
occur in association with either a bound state o r  with a t  
l eas t  one.more p-wave resonance. The possibility of a . 

kinern3ticnl rcsonance i s  also discussed and t h e  effective 
range formula \\.as derived directly from the ,dispersion 
relation. (auth) 

47357 ANALYS~S OF EXPERIMENTAL DATA CON- 
CERNED WITH' PION-PION SCATTERING. Baton. J. P.; 
Regnier, J. (CEN. Saclsy, France). Nuovo Cimento (10). 
36: 1149-63(Apr. 16, 1965). (In French). . 

Experimental information concerning the r# and re 
elastic scatterings a r e  annlyzed \rSith the goal of making . 
prec ise  the phase shifts of the f i r s t  partial waves and in 
part icular  that of the I = 1, 1 = 1 state. It i s  shown that 
the results,depend critically on the hypothesis made a s  to 
the connections between the actual ar scattering and the 
observed phenomenon. As an example, two s e r i e s  of phase 
shlfts a r e  given, one corresponding to  the approximation 
said to be of the physical r.cglon, the other corresponding 
to the assumption that the p i s  a resonance in the I = 1 ,  
1 = 1 state. (tr-au*) 

2621 1 
FORMATION OF CHARGE-CARRYING MESONS BY 290- 
Mev NEGATIVE PION8 ON HYDROGEN. Yu. A. Batusov. 
N. P.  Bogachev. 8. A. Buayatov. V.'M. Sldorov, and V. A. 
Yarba (Jolnt Inet. fo r  Nuclear Research. Dubna, u*R). 
Doklady Akad; Nauk 8.S.S.R. 133, 62-6(1960) July 1. (Lo 
Ruaslan) 

Thc nngular and energy characteris t ics  of secondary , 

part icles from n' + p - n' + n++ n a t  a primary n energy 
of 290 Mev were etudied. The obtained dlstrlbutione were 
correlated with those'predicted by the Ferml  atatlstical 
theory and the Lindenbaum and S t e r n h e h e r  isobar model; 
good agreement wae obtained for  the energy distributions. 
However, the angular dlstributlons do not agree.  (R.V.J.) 

a 9 3  
FORMATION O F  n MESONS BY POSITIVE 280 Mev PIONS 
ON NUCLEI IN PHOTOEMULSION. Yu. A. Batusov, N. P. 
Bogachev. V. M. Sldorov. and I. ~ h u l l i .  DoklaaY_Akad. 
Nauk S.S.S.R. 128, 491-4(1959) Sept. 21. (In Russian) 

~ e a c t l o n e  r + + p  - - r + +  n+ + N a n d a + +  N- a + + ~ - + , ~  
In East r* interact ions with nuclei in photoemulsions w e r e  . 

Inveetlgated. The r+ + N - n+ + u- + p reaction c r o s s  
a e c t i w  estimated using data p n  u- mdson production and 
considering the meson'absorption in nuclel I s  equal to 
(0.3 * 0.2)mb. The a- + p - n- + n+ + N reaction c r o s s  
section wlth the incomlng n meson of 280 Mev energy i e  
equal to 0.1 mb. T h r e e  events of n+ + p - a+ + a+ + N and 
two events of ~r+ + p - a+ + p were  observed in 106 spalla-  
tione containing a t  l e a s t  one n* meson. The c r o s s  section 
of the "ceases ai 28u Mev Is  nearly 10S'' cm'. W.V.J.) 

38012 (JINR-P-2806) DVOINAYA PEREZARYADKA 
n--MEZONOV S ENERGIEI 50-176 Mev V FOTOEMUL'SII. 
(Double Charge Exchange of 50- to 176-Mev a- Mesons in 
Photo Emulsion). Batusov, Yu. A, ;  Bunya'.ov, S, A.; 



Ionitse, G.; Loznyanu, E.; Mikhul. V.; Sidorov, V. M.; 
Yarba, V. A (Joint Inst. for  Nuclear Research,  Dubna 
(USSR). Lab. of Nuclear Problems).  1966. 5p. Dep. 
mn. 

Total  c r o s s  sect ion measurements w e r e  made for  double 
charge  exchange of 50 to 176 Mev n- meso,ns in photo . 
emulsions. (tr-auth) 

9790 ' DETERMlNATION OF THE CHAR~E-EXCHANGE 
CR088 BECTION OF rrMEsONB INTO *-MESON8 FROM 
'TIIE AN, \  I , l F l f l  OF THE REACTION n- + p - r-- + rt + n 
h T  :!go Lie-V. Yu. A .  B ~ t u s o v ,  8. A. Dunybtov, V. M. 
Pl~lorov.  nnd V.  A. Ynrba (Jolnt Inat. for  Nuclear.Reeeamh, 
Drbnn. IISSH). , p.79-82 of "Proceedings of the 1860 Annual 
Int~rnntlonnl  Conference on High Energy Physlcs at Roch- 
r a t e r .  The Unlverelty of Rochester, Rocheebr ,  N. Y.. Au-' 
pant 25-SPptember 1, lD6O." 

The reactlon n- + p - n- t r+ + n wae studied Ln order  to 
tent the valldlty of eome of the theorles about the amplitude 
and c r o s s  sectlon of the charge exchange process. Data an 
n-n Interactton c r o s e  sectlons and s-wave scat ter ing 
lengths a r e  glven. (M.C.O.) 

43273 (JINR-P-2238) DVOINAYA PEREZARYADKA 
n-3IEZONOV NA YADRAKH Bi, C, Al, 1 Pb. (Double 
Charge Exchange of Pions on Be, C, Al, and P b  Nuclei). 
Batusov. Yu. A.: Bunyatov, S. A.; Sidorov, V. M.; Yarba, 
V. A. (Joint Inst. for Nuclear Research,  Dubna (USSR). 
Lab. of Nuclear Problems;. 1965. . 8p. Dep. mn. 

The total c r o s s  sections of double 80 l i e v ' a +  meson 
charge. exchange on Be, A1 and P b  nuclei and 140 Mev n- 
mesons on Be, C and P b  nuclei were  neasured .  (auth) . 

96 
10243 (JINR-P-1837) DVOINAYA PEREZARYADKA 
n--i\lEZONOV. (Double Charge of f Mesons). Yu. A.. 
Ratusov. S. A. Bunyatov, V. M. Sidorov, and V. A. .Yarba 
(Joint Inst. for  Nuclear Research,  Dubna, U.S.S.R. Lab. 
of Nuclear Problems).  1964. 5p. Dep.(mn). 

A double charge exchange of mesons (n+) a t  30 to  80 
hIev \vith 0.5 x cnlZ nuclear c r o s s  section w a s  used 
in investigations of double meson (n) charge exchange in 
various nuclei. It i s  shotvn that the probability of double 
charge exchange of mesons (n+) increased with a n  in- 
c r e a s e  ot p r ~ m a r j i  meson energy. All recurded evelils 
were related to the primary 40 to 87 Mev mesons with a 
meson (F )  double char  e exchange c r o s s  section of 
(0.09 0.03) x cm8, which i s  smal le r  than the c m F s  
section for meson (n+) double charge exchange c r o s s  ' 

sect ions a t  identical energics. S ta rs  with a smal l  number . 

of prongs a r e  characteris t ic  of nuclear spallatlons pro- 
duced in meson(n-) double charge exchange. Most of such 
s t a r s  (85%) have only secondary r+ meson tracks.  The 
mean number of charged'part icles per  one s t a r  (not 
counting mesons (n) and electrons)  i s  0.18. A correspond- 
ing number of s t a r s  in double charge exchange of mesons 

40071 ( ~ 1 k ~ - ~ : 2 7 7 4 )  . 8 ~ e  PRODUCTION IN NEG- 
ATIVE PION CAPTURE BY CARBON AND OXYGEN NU- 

' 

CLEI. Batus0.v. Yu. A.; Bunyatov. S. A.; Sidorov, V. M,; 
Yarba. V. A. (Joint Inst. fo r  Nuclear Research,  Dubna , 

(USSR). Lab. of Nuclear Problems). 1966. 8p. Dep. 
mn. 

The events of 8He and decay in negative pion 
capture by carbonand oxygen nuclei were detected in photo 

cn~ulsion.. The probability of 8 ~ e  production i s  (2-3) 
The m a s s  of 8 ~ e  was measured to %,a = (7481,3 * 0.9) 
Mev. (auth) 

44770 8 ~ e  PRODUCTION IN NEGATIVE PION CAP- 
TURE BY CARBON AND OXYGEN VUCLEI. ,Batusov. 
Yu. A.; Bunyatov, S. A.; Sidorov. V. M.; Yarba, V. A. 
(Joint Inst. for  Nuclear Research,  Dubna. ,USSR). Phys. 
Lett.. 22: 487-9(Sept. 1, 1966). . . 

The events of 8He production and decay in negative pion 
capture by carbon and oxygen were detected in photo- 
emulsion. The probability of 8He production i s  (2-3) x 

The m a s s  of 8He was measured to. be 7481.3 * 0.9 
Mev. (auth) 

10016 (JINR-P-1823) REAKTSNA n-p - n+n-n . . 
YBLIZI POROGA. 1. POLNYE SECHENIYA, U G L O V ~ '  
RASPREDELENIYA VTORICHNYKH CHASTITS. (The . 
Reaction n-p - n+n-n Near the Threshold. I. The Total 
C r o s s  Sections, Angular Distributions of Secondaries). 
Yu.'A: Batusov, S. A. Bunyatov, V. M. Sidorov, and V. A..  
Yarba (Joint Lmt. for.Nuclear Research,  Dubna, U.S.S.R. 
Lab. of Nuclear Problems).  1964. l l p .  Dep.(mn) 
The total aroon sections hnve hsen rns$surerl for  Rix 

values of energy, in addition to measurements of the angu- 
l a r  distributions of secondaries, from'the reaction n-p - 
r + h n  in  the energy range of 200 to 300 bIev. (auth) . . 

8138' (JINR-P-1838) REAKTSIYA f p -  atn-n 
VBLIZI POROGA I1 SPEKTRY EFFEKTNNYKH MASS 
n+n- I nin-SISTEM. OPREDELENIE DLIN o-n-RASSEY- 
ANIYA V. S-SOSTOYANII. (The Reaction n-p - ntn-n Nm 
the Threshold. II. The Effective Mass Spectra for  n+r- pad 
n'n-Systems. A Determination of nn Scattering Lengths in 
the S-State). Yu. A. Batueov; S. A. Hunyhtov, V. M. S i b  
rov, and V. A. Yarba (Joint Inst. l o r  Nuclear Research. 
Dubna, U.S.S:R. Lab. of Nuclear Problems). 19ti4. I@. 
Dep.(mn). 

The  m a s s  spec t ra  of (a+a-) and (r*n) systems from the' 
reactlon R-p - n+n-n in the  280 to  350 Mev energy range 
a r e  Investigated. The analysis of the energy and angular 
dlstrlbutions of secondary part icles with a n  accuracy up 10 

, 

the  l inear  t e r m s  in relat lve momenta shows that the differ- 
ewe between the (nn) scat ter ing lengths i s  equal to +(0.25 * 
0.05) h/pc. (auth) 

(ni) i s  1.65. A picture of typical events 0f.n' and n- 
double chargc exchange in nuclear  emulsions i s  included. 

. (11,V:J.) 
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33070 THE n-p - n+n-n REACTION NEAR THE 
THRESHOLD AND nn-INTERACTION. Batusov, Yu. A.; 
Bunyatov, S. A.; Sidorov, V. ,M.; Yarba, V. A. (Joint Inst. 
for  Nuclear Research,  Dubna. USSR). Yadern. Fiz.,.l: 
687-92(Apr. 1965). (In Russian) 

The n+n- and n+n-systems m a s s  spectra f rom the reac- 
tion T p  - n+n-n were investigated. The energy and angu- 
l a r  distributions of secondary part icles were analyzed with 
accuracy up to l inear  t e r m s  in the  relative momenta, and 
the difference of the lengths %- a2 for  nn-scattering was, 
found to be +(0.25 t 0.05)K/pc. (auth) 

9284 THE n- + p - n+ + n- + n REACTION AT AN 
ENERGY 240 Mev, AND nn-INTERACTION. Yu. A. Batu- 
sov, S. A. Bunyatov, V. M. Sidorov. and V. A. Yarba (Joint 
Inst. for Nuclear ~cscnrch ,%bna ,  USSR). Zh. Eksperim. 
i Teor. Fiz.. 43: 2015;18(Dec:.'1962). (In Russian) 

The mass  spectrum of a f in -  system is  investigated in. 
the 280 to 350 Mev energy range. The spectrum i s  shifted 
with respect to phase volume towards large m a s s  values, 
but no peculiarities of a resonance bature have been ob- 
served.  Some arguments a r e  pi-esented to prove that the 
cause of the spectrum shift i s  nn interaction in the final 
state. Possible causes of appearance of the anomaly in n- 
meson formation in the p + d - ~e~ + n t n reaction a r e  
discussed. (auth) . . . . 

. . 
6038 INVESTIGATION OF i 0 w  ENERGY r*r' INTER. 
ACTION BY THE CHEW AND LOW METHOD. Yu. A; 
Batusov. 5. A. Bunyatov, Ying-seb.To, V. M. Sidorov, and 
V. A. Yarba, (Joint Inst. for  Nuclear Research, Dubna, 
USSR). Zh. Eksperim. i Teor. Fiz.', 45: 913-20(0ct. 1963) 
(In Russian) 

The n- + p - r+ .+ n- + n reaction in the 210- to'310-Mev 
range i s  analyzed. For  events involving smal l  momentum 
t ransfer  Lo nucleons,,the experimental data a r e  linearly 
extrapolated to the nonphysical region by the Chew and LOU 

method. The ?i' + n-- n+ + r- elast ic  scattering c r o s s  st\". 
tion,for w2 = 4- 7 obtained by l inear  extrapolation i s  34 i 
9 mb. (auth) 

22435 . (NP-12730). ON THE ELASTIC SCATTERING 
OF PROTONS AND PIONS.ON NUCLEONS WITH LARGE. 
MOMENTUM TRANSFERS. Yu. Bayukov..N.'G. Birger,. ' . 

G. A. Leksin. and D. A. Suchkov (Akademiya Nauk S.S.S.R.. 
(Imtitut Taoreticheskoi i Eksperimen+l'noi Ffiiki). 1962. 

L .  . . .  . . .  
12p. . . .  . .. . 

M o m d u m  t ransfer  ae a function of energy was studied::, 
for  pion-nucleon, nucleon-nucleon; and antiproton-proton 
scattering. An expression for  the four-momentum t ransfer  
function was obtained f r o m  a c r o s s  section expression. 
Cross sections for  the above interactions were studied:as 
a function of incident energy; values obtained were used to 
evaluate the  momentum function in a few.intervals of four- . . . 
momentum transfer.. Results  a r e  graphically displayed. 

9788 PRODUCTION OF CHARGED MESONS BY. 245 (D.C.W.) 
. ' MeV n- MESONS ON HYDROGEN. Yu. A. Batusov, S. A. 

Bunyatov, V. M. Sidorov, and V. A. Yarba (Joint Inst. for 
Nuclear Research,  Dubna, USSR). p.74-5 of "Proceedlags 107 
of the 19GO Annual ~nternatibnal  Conferenec on High E n e r ~  

30875 SPARK CHANRER WITH SMALL NUMBER OF 
Physics a t  Rochester, The University of Rochester, Rocb- 

'OBSTACLES ALONG PARTICLE TRAJECTORY. YU. D. e s t e r ,  N. Y., August 25-September 1, 1960." 
-Ba)ukov, G. A. ~ e k s l n , ' ~ .  A.  Suchkov, and.V. V. Telenkov. 

Prel iminary rcsults  of a study of the reaction u- + p - 
Pribory i Tekhn. Eksperim., No. 2, 45-7(RIar.-AFT 1963). n+ + n- + n at  a p r imary  meson'energy of 245 15 Mev are 
(In Hussian) . 

glven. M o m e i i l ~  and angular distributimw were compared 
A spark chamber and i t s  high-voltage supply system are 

with data obtained a t  290 Mev. (M.C.G.) . described. 'The chamber  i s  par t  of an arrangement for  the ' 

' 

detection .if secondary mesons in the reaction n- + p - 
104 ' 

n-.+ % + n. The main feature of the chamber i s  the smal l  
'number of ,obstacles along the part icle trajectory. The 

9789 PRODUCTION OF CHARGED MESONS BY 290 
MeV n--MESONS ON HYDROGEN. Yu. A. Batusov, S. A. 
Bunyatov, V. M. Sidorov, md V, A. Yarba (Jolut h a t .  for 
Nuclear Research. Dubna, USSR). p.76-8 of " P r o c e e d W  
of the 1960 Annual International Conferenoe oa High Enem 
Pllyrics at Rochestet. 'Ihe University of Rochester. R?h- 
es te r .  N. Y., August 25-September 1, 1960.'' 

Momenhlm spectra ~ n d  angular distributions wcre  deter- 
mined for  the reaction rr- + p - n+ + a- + n at 290 i 15 
Mev. Results were compared to calculations made accord- 
ing to the statistfcal theory and the i sobar  model. (M.C.6 ' 

c h a m b e r ' e l e c t ~ d e s  were made of aluminum foil of 7 p 
t!lickness and formed four spark  gaps. The chamber works 
well with meson' (n) heams. (tr-nuth) 

' '  \ 
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21323 POLARIZATION IN n--p SCATTERING BE- 
f\h?Eh' 500. AND 940 Mev. ' E., F. Beall (Univ. of Califor- 
nia, Berkeley), B. Cork, P.  G. Murphy. W. A. Wenzel, 
2.. hl. P. Johnson, and L. J. Koester, Jr. Phys. Rev., 126: 
1554-6O(May 15, 1962). 
. ,A graphite-plate spark chamber has been used to  analyze 



the polarization of protons recoiling from n--p scattering. 
The observations were made at  90" (cm system) pion scat- 
tering a n ~ l e  for seven incident pion energies between 500 
and 940 hlev, at  120" o r  135" for five energies in this inter- 
val, and also at 75' for 500 Mev only. The results  a r e  com- 
pared with predictions of several models,used to explain 
the rnmima in the n--p scattering cross  section. Qualita- 
tive arguments show that the energy intervals between 
these maxima a r e  not completely dominated by neighboring 
single-state resonances. phase shifts found to be large in 
scattering also seem to  be large In polarization. (auth) 

26555 (OFLNL-3582@.130)) WAVE FUNCTIONS FOR 
MUON CAPTURE 1N THE HYJlROGEN MU-MOLECULAR 
ION. R. L. Becker (Oak Ridge National h b . ,  Tenn.). 

In order to determine the coupling cpnstants for the 
muon capture interaction from experimental capture rates 
in liquid hydrogen, an accurate muon wave function in the 
p - p - p molecule is  needed. A calculation is described. 
(autb) 

23704 ELECTRON AND IP MEASUREMENTS IN A 
HEAVY LIQUID BUBBLE CHAMBER. L. Behr and , 

P. Mittner (Ecole Polytechnique, Paris) .  Nucl. Instr. 
Methods, 06: 446-7(Jan. 1963). . (In E ~ ~ g l l s h )  

A method i s  described for determining the.ener$ of 
electrons by curvature, based on simple trajectory param- 
e t e r s ,  the total.length and tbe, sagitta (measured at  the 
middle p i n t ) .  The e f f e c t . ~ f  bremsstrahlung .on sagitta 
measurement i s  analyzed. Measurement of thc momentum 
and mass  of a 4 i s  discussed briefly. (A.G.W.) 

16242 
ON THE APPI.!CARILITY OF FERMI-TELLER "Z LAW'' 
TO URANIUM CONTAINING PHOTOEMULSION. G. E. + ' 

Belovetskir (Lcbcdev Inst. of Physics, Academy of Sci- 
ences, USSR). Zhur. Eksptl'. i Teoret. Fiz. 2, 658-60 
(l960) Feb. (In Russian) 

. . 
' 

Experimental studies were made of uranium fisslon by 
olow r mesons In o r d e ~  to v e d f y t h e  previously obtained 
PI value of Oil8 to 0.5. Evaluations of Pf With various as- 
sumptions show that n-meson capture by various atoms in 
emulsions containing uranium has. a tendency. to follow the 
Permi-Teller law. 200-fi MKF-B photoplates filled with 
trranyl acetate were used in the experiments. ~ h e ' n u m b e r  ' 
of uranlum nuclei was determined by a emission. The ad- 
mixture of p- mesons was' equal to 20%. The Pf of ura- 
nium nuclei by p- mesons did not exceed 3% and was in- 

. corporated in the final results. The results  show that the . 
probability.of a-meson capture has a.tendency of following 
the ''2 law" in  proportiori to the number of atoms. The 

. data,hold also f o r  other mesons a s  atomic shell capture of 

mesons does not depend on the properties of the mesons. 
Consequently. the data obtained correlated with published 
data indicate.thzt the probability of meson capture by vari- 
ous atoms in heterogeneous media depends on the structure 
of the medium; (R.V.J.) 

39211 (JIhq-P-2842) IDENTIFIKATSNA ZMYA- 
ZHENNYKH CHASTITS PO IOKIZATSII I 6-ELEKTRONAhf 
V PROPANOVOI PUZYR'KOVOI KAhIERE. . (Identification 
of Charged Pa~r1cle.s Ly Iulriiation nnd 6-Elect rn~s  in a 
Propane Bubble Chainber). Bern. Ya.; Grishin, V. 0.; 
Kriventsova, A. G.; hfuminov, M. hl.; Trka, Z. (Joint 
Inst. for Nuclear Research, Dubna (USSR). Lab. of High 
Energy). 1966. 13p. Dep: mn. 

The results  of ionization lneasure~r~ents of positive 
particles in n 24-liter propane chamber a r e  given. I t  i s  
found,that for the particlqs with pc -( 1 Bev, by this 
method it i s  possible to distinguish between protons and 
n+ mesons. A computer program i s  worked out and the 
method of the identification of the particles with pc 2 1 
Bev by 6 elect.rons i s  tested.. The ranges of electrons 
and positrons with E 5 8 hlev in propane a r e  calculated. 
(auth) 

16223 
SEARCH FOR AN ELECTRIC DIPOLE MOMENT SI'RUC- 
TURE OF THE MtlnN. David k r l e y  and George Cldal 
(Columbia Univ., New York). Phys. Rev. 118. 1086-91 . 
(1960) May 15. 

A search was made for an electric dipole moment in the 
muon with a sensitivity of 9.1% of a muon Compton wave- 
length time6 me e l e c t r o ~ ~ l c  clriii.gt. The motivetien for 

, 
this LlveiLigrtion iu p~.uvidod by !hr internfit in find!n~ 
some property of the muon which wduld indicate a structure 
different from that of the electron, even though such a 
strccture would violate both pnrfty conservation and time 
mvnrsat InvaFt@ce. The muons pass through the 'fringe 
field of thc ayclotron and an additional system of magnets 
p r c d u c h  an electric field Ln their rest  fr'ame. Any elec- 
tric dlpole moment would precess about this field produc- 
ing a vertical plane component of spin transverse to the 
momentum. This Is detected by measuring the electron 
asymmetry in the plane perpendicular to the momentum. 
The absence uf such a component within the stated 
pensitlofty give$ an upper lImit to the electric dipole mo- 
ment of the muons as 2 x 10""~ cm * the charge of t l ~ e  elec- 
tron. ( d h )  

39780 r--p INTERACTIONS AT 775 hlev. ~ e r i a n z a ,  
L.; Bigi, A.; Carrara ,  R.; Casali. R. (Univ., Pisa,  Italy. 
Istituto Kazionale de  Fisica Nucleare, P isa ,  Italy). NUOVO 
Cimento (lo), 44A: 712-25(Aug. 1, 1966). 

The i~~terac t ions  of 775 nfev (kinetic energy) r mesons . .  . 



in a hydrogen- bubble chamber were studied. Total and 
partial c ross  sections were determined with the following 
results :  o (total) = (39.0 1.6) mb, o (elastic) = (14.8 0.7) 
mb, o (a- + p -.all neutrals) = (9.0 * 0.5) mb, o (n- + p = 
; I - +  r++  n) = (9.8*.0.5) mb, a n d o  ( n - + p =  n-+ p +  no) = 
(4.8 * 0.3) mb. The elastic-scattering angular distribution 
was fittcd with a Legendre polynomial s e r i e s  terminated a t  
tile fifth order.  Various angular and effective-mass. distr i-  
butions of single-;r production a r e  presented and discussed 
in te rms  of the Olsson-Yodh and O.P.E. models. (auth) 

' I  
15592 ,A'-:@ PROGUCTION BY PICNS ON PROTONS. 
L. Bertanza, P. L. Ccmolly, B. B. ~ u l w i c k , ' F .  R. E i s l e r ,  
T. b!orris', R. Pa lmer ,  A. Prodell, and N. P.  Earnios 

# 

(Brookhaven National Lab., Upton, N. Y.). Phys. Rev: 
Le t te rs ,  8: 332-5(Apr. 15, 1962). 

Ir! the Brookheven 20-in. hydrogen bubble chnmber, p-n- 
interactions a t  775, 791, @29, 871 Mev were observed in  
the f o r m  n- + p - 11' + d ,  in which A' - R- + p and KO - 
ir-+ a+. Cross  sections, engular distributions, acd polar- 
izations of A' a s  a function of energy were determined; 
Resuits agreed with previous data. The partial-wave 

, 

amplitudes exhibit an energy behavior such that the , . 
d-wave' amplitude became finite and significant a t  829 
Mev but was consistent with zero a t  871 Mev. A AK reso- 
Eance ui:h mass =I650 Mev wns suggested. (L.N.N.) 

25504 THE INDUCED PSEUDOSCALAR AND TENSOR 
COUPLINGS IN THE PROCESS p' + $ ~ e  - SH + v.  A. Bielti 
(California Inst. of Tech., Pasadena). Nuovo C h e n t o  (10). 
37: 337-41(hIay 1 ,  1965). 
The induced pseudoscalar a.t~d tensor coupling constants 

in the process p- + 3 ~ e  '- 3H + v a r e  calculated and com- 
pared with the Goldberger-Treiman relations. The calcula- 
tions take into account the Gaussian and ~rving wave func- 
tinns. (C.E.S.) 

39368 (NP-15089) ETUDE DES EFFETS.QUADRU- . 
POLAIRES SUR LES NIVEAUX D'ENERGIE DANS UN 
ATOME DE MANGANESE p-MESIQUE ( thcsc) .  (Study of 
the Quadrupolar Effects on the Energy Lecels in a p-Mesic 
Manganese Atom (thesis)). Berthier;.Louis (Lyon Univ: 
(France)) .  June 1965. 36p. Dep.(mn). 

The energy levels Oi ri ie  g-i i~esic atom caused by the 
monopolar potential a r e  calculated for  the case  of ti 

manganese atom that has captured a negative p meson. 
It i s  shown that the existence of a quadrupolar potential 

:causes a modification of these.calculated energy levels .  
.This perturbation i s  a method that can he u ~ e d  to define 
t h e  s ize 'of  thc quadrupole moment of the nucleus. (J.S.R.) 

9391 DETERMINATION OF THE p- TOTAL CAPTURE 
RATE N LIQUID HYDROGEN. E. ~ e r t b l i a i .  A. Citron; . 

G. Gialanella, S. Focardi, A. ~ u k h i n ;  C, Rubbia, and S. Sa- 
poretti (Istituto Nazionale di  Fisica Nucleare. Rome and 
Bologna CERN; Geneva). p.421-3 of "1962 Interna- 
tional Conference on High-Energy Physics at  CERN." . 
Geneva, European Organization for Xuclear F.esearch. 1962. 

The total @- capture ra te  in liquid hydrogen was meas-  
ured In a hydrogen bubble chamber. The result  was Ry = 
420 t 76 sec". (A.G.W.) 

31012 (TID-21806) A M E A S U R E ~ ~ E N T  OF THE 
BRANCHING RATIO FOR PION-$ETA DECAY: R = 
(n+- no,+ e+  + v,)/(n+- p+ + v $  (thesis). H1illiam . , 

Keith Ber t ram (h.1ichigan Univ., Ann Arbon): 119641. 
Contract AT(l1-1)-1112. 57p. Dep.(mn); S3.OO(cy), .. 
2(mn) CFSTI. . .  . . 

The pion beam i s  disdussed, including beam.optics and ' '  

determination of electron and miron contamination. T h e  
detection system i s  described in detail,  .considering the . . 
scintillator-spark chamber gamma' detectors ,  the b e a m .  
counter telescope.and spark  chamber to  record the stop-. . 
ping pion; the optics1 system for  viewing and photographing 
the spark  chambers,  and the  fas t  electronics and ,oscillo- 
scope with camera  to record the timing between the strip- 
ping pion and the gamma pulses from the no decay. About 
40,000 pictures were  taken during two experimental runs: 
The processes  used for  data scanning and reconstruction, 
correct ing for  detection efficiency, gate efficiency, effec- 
tive number of stopping pions, and scanning efficiency, and 
background subtraction a r e  described. The branching rat io,  
calculated using 35 * 3 events, was found to be (1.10 * 
0.26) x 10-8, in agreemefit with the CVC and Cabibbo prc-  
dictions and with other  csperimental results ;  (M.J.T.) 

15042 (NYO-2243) MEASUREhlENT O F  THE "ISO- ' 

TOPE EFFECT'' .IN THE NUCLEAR CAPTURE O F  NEGA- 
T N E  MUONS BY CHLORINE AND INVESTIGATION O F  
THE VALIDITY O F  THE FERMI-TELLER "2-LAW" IN 
AgCI. (thesis). Walter  J .  ~ d r t r a m ,  Jr. (Carnegie Inst. of 
Tech.. Pittsburgh). Sept. 1960. Contract AT(30-1)-882. 
55p. 

Negative muons were used to 's'tudy. some.of the interac-  
tions of these part icles in various materials .  Information 
on the  interactions was obtained by analysis of the t ime  , 
distribution of  the  electrons resulting from the decay of 
muons brought to r e s t  in the material. The isotope effect 
in the nuclear capture of negative muons was studied in 
separated isotopes of chlorine. The rat io of the capture 
r a t e s  in  the two stable isotopes was determined to  be 
A , ( c ~ ~ ) / A ~ ( c ~ ' B )  = ' 0.694 5 0.034. This  effect i s  l a r g e r  ' 

than that  of the rat io of 0.782 predicted by the general  the- 
o ry  of Primakoff. Studies were also made of .the validity 
of the Fermi-Teller  2-law, which pre,dicts the probability. 
of a negative meson becoming bound to a particular atomic 
species wheri the mesons a r e  brought to r e s t  in a chemical 
compound. These studies indicate that in AgC1, the muons. 
a r e  captured in equal numbers by the .4g and Cl a toms and 
not in  the.proportions predicted by the 2-law. The life- 

' 

t imes of negative muons were measured In Ag, C1, and F 



and found to be 91.5 i 2.3 nsec. 0.437 0.022 psec, and 
1.217 + 0.080 psec,  respectively. ,(D.L.C.) 

20836 
OBSERVATION OF THE u~~~~~~~ EFFECT;; IN THE NU-. 
CLEAR CAPTURE .OF NEGATNE MUONS BY CHLORINE. 
W. J. Bertram, Jr., R .  A. ~ e i t e r ,  T .  A. Romanowslii,and 
R. B. Sutton (Carnegie lnst.'of Tech., Pittsburgh). Phys. 
Rev. Letters 5. '61-2(1960) July 15. , . 

The isotope effect in meson (lr3 capture by chlorine 
Isotopes was determined with the f~l lowlng experimental 
arrangement: a 43-Mev @' beam'from the CIT eynchro- 
cyclotron was  passed through an  aperture Into Helmholtz 
coils  containing enriched AgCl targets.  Mebone ((r') and 
electrons stopped in the target were  indicated by a m p  of 
coincidence-anticoincidence counters. .The data were ana- 
lyzed on an IBM-650 computer, giving disappearance rates 
of 22.54 t 0.52 x 10' aqd 17.03.i 0.49 x 10' eec" and cap- . 
ture  rates.of 18.02 a 0.49 x lo6 and 12.51 0.52 x 10' sec-I 
fo r  mesons @-) in c lS6 and ~l '~ . , respect lve ly .  Thie gives 
a ratlo of capture ra tes  of 0.694 0.034, confirming the 
theoretical expectation of a strong Isotope effect in meoon 
@) capture. (D.L.C.) 

40280 DO MEUTRINGS INTERACT BETWEEN THE?T-, 
SELVES? 2. Bialynicka-Birula (Inst. of Physics, Warsaw). 
Nuovo Cimento (10). 33: 1464-7(Scpt. 1, 1964). 

The question of whether present experimental data aliow 
for the existence of interactions between neutrknos much 
stronger than their \=leak interactions. It i s  found that suull 
interactions even if they were lo6  times stronger than weak 
interactions a u l d  not be detected with the present experi- 
mental accuacy.  The existence of Fermi-type4nteractions 
between various neutrinos i s  assumed. The influence of ' . 
such an interaction on the properties of several processes 
is  investigated The meson b) decay, meson ( a f )  and (K*) . 

.decay into a meson b )  and three  neutrinos', and the produc- 
tion of electrons by mesnn (ti)-associated r~eutrinos on nu- 
cleons a r e  considered. h e  comparison of the theoretical 
calculations with experimental results  gives the upper limit ' 
for the coupl iq  constant in the assumed neutrino interac- 
tinn. (C.E.S.)  

34915 SPECTRUM OF SMALL BURSTS CREATED - . 
BY p-MESONS AT THE DEPTH OF 200m w.e. UNDER- 
GROUND. Bibilashvili, M. F.; Barnaveli. T. T.; Grubel- 
ashvili, C;. A.; Muradova, N. A. (Inst. of Physics. Acad- 
emy of Sciences, Tbilissi, USSR). Phys. Letters. 17: 
175-6(July 1. 1965). 

A spark  calorimeter was found to be advantageous in the 
detection of small  bursts created by mesons (p). Such a 
calorimeter containing five rows of spark chambers sepa- 

rated with lead fi l ters was placed underground at  a depth 
of 200 mwe. Ench chamber was filled with neon of high 
purity a t  a pressure of one atmosphere. The obtained inte- 
gral spectrum of bursts can be described by an exponential 
law with the exponent y = -2.3+8:4. (J.F.P.) , 

12433 - (NEVIS-102) THE SCATTERING OF 6-24 MEV 
NEGATIVE PIONS BY HYDROGEN. Enid Bierman (Colum- 
bia Univ., Irvington-on-~t~dson, N Y. 'Nevis Cyclotron 
Labs.). Feb. ,1962. ' Contract AT(30-11-1932. 29p. 

The ~oa t t e r ing  of negative pionsat. laboratory energies 
bctwoen.6 nnd 24 Mev was observed in a. liquid H bubble 
cha.mher, The energy of each scattering .was deduced from 
the ranges a i d  angles of the scattered pion and recoil pro- 
ton. Flux wan measured by direct  cnunt of tracks of , . 
stopped pions. A maximum likelihood analysis was per- 
formed treating the strength of the small  P-wave contribu- 
tion a s  known. Based on 246 scattering events at  a median 
,energy of 13  Mev, thc S'wnve scattering length a = (213, + 
ag)/31) i s  found to be 0.090 * 0.005 when the large Coulomb 
contribution i s  assuined to be the non-relativistic ampli- 
tude for pure Coulomb scattering. Results a r e  also pre- 
sented with further Coulomb corrections. Values of crl a r e  
computed from the combination of this experimental result 
with experiments on R+ - p  scattering. (auth) 

26561 ABSORPTION TIME OF NEGATIVE PIONS IN 
LIQUID HYDROGEN.. E. Bierman. S. Taylor. E. L. 
Koller, P. Stamer, and.T. Huetter (Stevens Inst. of Tech., 
Hoboken, N. J.). -Phys. Letters, 4: 351-NMay 15, 1963). 
(In English) 

Measurements of mesons (n-).stopping in liquid hydro- 
gen a r e  reported.: The mean time for the meson (n3 to go 
from v/c = 0.006 to nuclear capture i s  found to be (2.0 t 
0.6) x lo-" sec. The depth of the decay point, the meson 
(Cc) range, and the decay angle, t o ~ e t h e r  with their e r rors ,  
are calculated. (C.E.8.) 

19338 ASYMMETRY PARAMETER OF NEUTRONS 
AND TRITONS PROM THE CAPTURE OF POLA R!SFn 11- 

IN ' ~ e .  A. Bietti (UniversitA, Rome Inetituto Nazlonale 
dl  Flelca Nucleare. Rome). Phys. Letters, 4: 63-4 (Mar. 1, 
1963). (In English) 

The asymmetry parameters of the recoil nuclei and the 
emitted neutrons were measured $07 polarized mesons@) 
capture by spin zero nuclei, In p-+ ~ e '  - H' + n + I.. The 
triton and neutron spectra give Information about the 
coupling coliatllnts of the process, thc ~~seuctosc:~lar term, 
untl Ll~o w c ~ ~ ~ k  l ~ i : ~ ~ n c ~ t l s ~ ~ l  tc!-nl. (C.I.:.S.) 



6533 DIFFERENTIAI~ CROSS-SECTION O F  THE n- + 
p - rO, + n I'IIOCESS AT 930 hlev. A. Digi, R. C a r r a r a ,  
and D. Znnrllo (Univcrsi t l ,  Pisa,  1t:lly; Istituto Naz.lonale 
d r  F is ic :~  Nuclc:~rr ,  Pisa,  1t:rly; and Scuola Normale Supe- 
r i o r  s 1 : y  Nuovo Cinlcnto ( lo ) ,  34: 878-82 
(Nov. 16. 19G4). 

A bubble c h a n ~ b c r  study of n-p charge-exchange scat ter-  
ing at  930 itlev is reported. The forwakd dilfcrcnlial c ross -  
section i s  derived and compared with the result  obtained on 
the basis  of dispersion relations and tllc charge-indcpen- 
dclrcc hypolllcsis. S:~tisf:lctory agrecluenl is ol>tainctl. (auth) 

19104 ' MEASUREMENT O F  g/m FOR MUONS. . , 

G. McD. Bingham (Univ. of C a l i f ~ r n i a .  Berkeley).. Nuovo 
Cimento (lo), 27: 1352-.8(Mar. 16, 1963). (UCRL-10346) 
On English) . . 

A free-running ."muon stroboscopep' was used to meas- 
ure  the rat io of the  precession frequencies of muons (0 
and protons ( fp)  in  water  for  the s a m e  magnetic field. The . 
stroboscope frequency was 200 Mc. The results  obtained . 
were: positive muons stopping in bromoform (f/%)+ = .:, 
3.18336 a 0.00007. and negative muons stopping in w a t e r ,  
U/QGo = 3.1808 .* 0.0004. The f i r s t  ratio was assumed to  . 
be also that of the f r e e  part icles,  and led to the following ;. 
values f o r  (g/m)+ and m+: (g/m)+ = (9.6840 a 0 .0002) '~ ;  
10'~ m;', m+ = (206.766 + 0.005) me where me = the elec- 
tron m a s s .  A diamagnetic correct ion was applied to  the 
second rat io and an, equivalent value (g/m)Hto was obtained 
for negative muons stopping in water: (g/m)iIo = (9.6760 l 
0.0013) x 10'~ m?. Assuming equal masses  for  positive . 
and negative muons, (g-(H,O) - g 3 / g +  = 4 8 . 3  l 1.4) r lo4. 
Analyzing and correct ing the experimental results ,  m +  = 
(206.765.a 0.002) m e  and (g-(H20) - g3/gt = -(8.9 a.0.8) X 

10". : . . 

28654 SCATTERING OF COSMIC RAY M U O ~ S  BY 
LEAD AT A MOMENTUM BETWEEN 200 Ah?) 1500 Mev/c. 
G. Bizard, J. Duchon, J. Milliard, J. P. Patry. M. Scherer, 
a d  J. Sequinot (Faculte d e s  Sciences. Caen, France). . Nucl. 
Phys.. 56: 305-93(~ug.  1964). (In French) 

Results on muon scatte;ing 'in lead are given for  cosmic 
rays in  the momentum interval 200 to 1500 Mev/c. Two 
Wilson chambers were used, one with magnetic field, the 
other with lead screens.  Results a r e  i n  better-accord with 
Olbert's theory ?an with Moli6re's. (auth) 

33: 1497-1508(Sept. 16, 1964). 
The total ra te  for  nuclear capture of negative muons in  

' ~ e  was measured in the liquid-helium bubble chamber. A 
ra te  of (336 * 75) 6' i s  obtained in agreement with the 
theorctical prcdiclions. The nuclear  ?coil spectrum f r o m  
930 captures of negative pions i s  a l s o  given. (auth) 

9579 . A MEASUREMENT OF p- TOTAL CAPTURE 

Ci 
RATE IN ~ e ' .  R. Bizzarri ,  E..Di Capua. U. Dore, G. C. 
Gialanella, P .  Guidoni, and I. Laakso (Universita, Rome 
and Institutu Nazionale di Fisica Nucleare, Rome). Phys. 
Letters. 3: 151-2(Dec. 15, 1962). (In English) 

The total c a p t u r e r a t e  of p- mesons in Iie4 has  been ..- 
measured with a slow, high-purity muon beam and a heiium 
bubble chamber. The range spectrum of nuclear recoils  is . 
given for  the events a i d  compared to recoils  from x- s t a r s  
\Wie~ i  corrected for  n- contamination, the  number of muon 
captures in the events was determined. The capture rate 
obtained i s  950 + 90 sec-', in good agreement with theor). 
(H.D.R.) 

1661 A MEASUREMENT OF p- TOTAL CAPTURE 
U T E  IN ~ e ' .  R: Bizzar r i ,  E. d i  .Capua, U. Dore; G. Gial- 
:lnella, P. Guidoni, and I.'Laakso (Universiti,  Rome and 
Istituto Nazidnale d i  Fisica Nucleare, Romej .  p.21-3 of ' 

"Proceedings of the Sienna International Conference on 
Elementary Part icles.  Vo1:I." Bologna, Soc ieh  Ih l iana  , 

di Fisica, 1963.. 
The total capture ra te  of p- mesons in 'He was measured 

by exposing the Rome University liquid He bubble chamber 
to the CERN slow p- beam. Scanning of the picturqs gave 
123,000 decays and 304-non-decaying stopping tracks.  After 
subtraction of n- background; a capture ra te  of 340 + 65 s-I  
was obtained. Studies of proton background st i l l  in progress  
may result  in a s m a l l  correction. (A.G.W.) . 

42732 ISOTOPIC EFFECTS,IN 'P1IE X-RAY SPEC- 
TRunl OF n!uo.h?c ATOXIS OF C~'"AND caU. J. A. 
Bjorkland (Argonne National Lab.. IfL), S. Raboy. C. C. 
Trai l ,  R. D. Ehrlich, and R: J. Powers. Phps. Rev., 136: 
B341-610ct. 26, 1964). 
. The 2p - 1s transi t ions in muonic a t o m s  of " ~ a  a n d 4 0 c a  
were  compared by use  of a NaI(T1) scintillation sprtrome- 
t e r  with an anticoincidence ,annulus of NaI(T1). I t  ,was found 
that the energy of the 2p - 1s transi t ion in "ca is.0.9 *.0.3 
kev grea te r  than that in "co.  (auth). 

42715 EXPERIMENTAL DETERMWATION OF THE 
TOTAL CAPTURE RATE OF NEGATIVE MUONS 1N % ~ e .  34552 ' . RESULTS OF A SEARCH FOR R+-H- RESO- 
R .  Eiezarri .  E. ni Capua, U. Doro, G. Gialonclla, NANCE IN THE DIPION MASS REGION 280-350 Mev. 
P .  Guidoni, and I. Laakso (Universita. Rome and Istituto I. M. Blair ,  G. Conforto, C. Rubbia. G. Torel l i ,  and . 
Nazionale di Fisica Nuclenre; Rome). Nuovo C ~ m e n t o  (101. E. Zavattini (CERN. Geneva). P l~ys .  LeLLers, 11: 7 9 -  



82(July 1, 1964). 
An experiment i s  described for investigating the effects 

of the n-R final-state interaction in n- + p.- nt + rL-+ n 
at- 285 Mev. The eh, '4) 'meson (n)-nucleon resonance was 
eliminated by event selection. Triggered .spark chamber - 

photographs were used in the analysis. The existence of 
the wAnt (o++) resonance is  included. (R.E.U.) . . 

775 - A MEASURE~ILNT OF THE CAPTURE RA+E 
OF NEGATIVE hlUONS IN VARIOUS ELEMENTS. I. M. 
Rlair ,  H. Muirhead. and,T. !Voodhead (Univ: of ~ iverpool) .  
Proc.  Phys. Soc. (London), 80: 945-G(0ct. 1, 1962). 

A measurement of the lifetime and capture ra te  of nega- 
tive muons invar ious  elements is reported. The timlng 
systeni was calibrated in t e rms  of the accurately known 
positive muon lifetime. The values obtained a r e  in reason- 
able agreement with previous experimental data, and have 
a comparable accuracy. (auth) 

774 THE EFFECT OF ATOMIC'BINDING ON THE 
DECAY RATE OF NEGATIVE MUONS. I. M. Blair ,  
H. Muirhead, T. Woodhead, and J. N. Woulds (Univ. of 
Liverpool). Proc.  Phys. Soc. (London). 80: 938-44(0ct. i, 
1.06I3)z 

A measurement of the decay ra te  of bound' negative muons 
in several  elements ranging from vanadium to lead i s  re- 
g ~ f t e d .  The results  a r e  given a s  a fraction of the free 
decay rate. They contradict the anomalously high values 
previously obtained in the iron region by other workers. , 

and a r e  also in better agreement with recent theoretical 
prcdictions for the heavy elements. (auth) 

39779 SEARCH FOR A RESONANT n-n INTERAC- 
TlON IN THE PROCESS T-p - n+n-n NEAR THRESHOLD. 

'Blair ,  I. M.; Torelli, C.; Zavattini. E. (CERN, ,Geneva). 
Nuavo Citr~rulo (10). 44A: 071-97(Aug. 1 ,  1366). 

The nLn interaction in the final state of the process n-p - 
n+r-n was investigated a t  an incomlng kinetic energy of 276 
-Mev. No rcsonnnt behavior was found in the invariant-mass. 
range examined ((280 to 350) Mev). .The n-n mass  distribu- 
tion ie discussed and compnrcd with other experimental w d  
theoretloal results. (auth) 

15583 MUON CAPTURE IN LIQUID HYDROGEN. 
E.' Bleser. L. Lederman, J. Rosen, J. Rothberg, and 
E. Zavattini (Columbia' Univ., New York). .Pbys. Rev. 
Let ters ,  8: 288-90(Apr. 1, 1962). 

The reactionp- + p - n + v was studied; p- were 
, stopped in liquid H, and the 5.2 Mev neutrons were de- 

tected in liquid scintillation proton recoil counters. Re- 
sults agree with the bubble chamber capture rate (R.H. 
Hildebrand, Phys. Rev. Letters,  8: 34(1962)). The (Gp)+ 
molecular ion state was dominant over the p p  atom in the 
Is state. (L.N.N.) 

10892 ,.I-RTESONIC hIOLECULES IN LIQUID H'I'DRO- 
GEN. E. Bleser,  L. Lederman, J. Rosen, J. Rothb~jg, ,  
and E .  Zavattini (Cnl~lmhia IJniv.. New Yosk),; Phys. Rev. 
Letters, 8: 128-31(Feb. 1, 1962). 

Mllon catalysis of the reaction p + d - - ' ~ e ~  + Q (5.4.Mev) 
i s  studied in nrrIe6 tn ohtain information on the reaction 
p- +. p - n + v in liquid hydrogen. Observation of the molec- 
ular systems ppp.and ppd and measurement of the fusion 
rate initiated in.an s state a r e  thus facilitated. The yield of 
fusion y from pure hydrogen i s  measured a s  a function of 
time relative to p stopping at  six D concentrations. (L.N.N.) 

13666 (NYO-9280) EXPERIMENTS ON THE ABSORP- 
TION OFPOLARIZED .NEGATIVE MU MESONS BY c": 
Bernard L; Bloch (Carnegle h t .  of Tech., ~ i t t s b u r ~ h ) ;  
Nov. 1960. Contract AT(30-1)-882. 90p. 

~ h e r i m e n t s  performed In an effort to supply evidence 
for the universality of th0.V-A theory in weak ln t e r ac t io ,~  
oarl for ihu law of uourwrvutlou of k p f s n ~ ~  nrn dooarlbed. 
In the f i rs t  part ,  the production rate of B" by the absorp- 
tion of negative p.meeons in carbon was measured. From. 
the ampl l tud~s  of thd muon decay curve and the boron de- 
cay'curve,,'the rate'was calculated to be (5.8 *.1.3) x 10' 
se~'.~, In agreement with the hypothesis of a universal V-A 
theory. In the second part, an attempt wae mads to meas- 
u re  the hellcity of negative p mesons by stopping longitudi- 
nally polarized muone In a.carbon target and observing the 
electron asymmetry In the @-decay of the spln-1, B '~.  Tne 
re811ltR of thla part  were Inconclusive, a c~ne*ence a t -  

,hribuhed ha a ehoPt boron thermal relnrntion ti-. (auth) 

1662 EXPERIMENTAL CAPTURE RATE FOR MUONS 
IN He4. M. M.' Block (Northwestern Univ., Evanston,' Ill.). 
T. Kikuchi. D. Joetke, M. Schneeberger, C. R. Sun, 
R. Walker, G. Culligan, V. L. Telegdi, and R. Winston. 
p.26-9 or "Proceedings of the Sienna Intcrnntional Con- 
ference an Elementary Particles. Vol. I." Bologna, 
Socicta Italian1 di Fisica, 1963. 

A muon beam obtained by converting the i~lternal 400-BIev 
proton beam of the Chicago cyclotron to r- in a Be target 
was directed into a liquid He bubble chamber. Scanning of 
the film showed 136 x lo3 j ~ -  decays and 108 captures in the 
' ~ e .  The capture 'rate obtained was 364 * 46 sec-'. This 
result is consistent with other experiments within quoted . 
errors .  (A.G.W.) 



26524 (BNL837b.309-13)) . EXPERIMENTAL CAP- 
TURE RATE FOR MUONS IN ~ e ' .  M. M. Block, T.  Klku- 
chi ,  D. Koetke, M. Schneeberger, C. R. Sun, R.' Walker 
(Northwestern Univ., Evanston, Ill.); G. Culllgan. V. L. 

. 

Telegdi, and R: Winston (Chicago. Univ. Enrico F e r m i  
Inst. for  Nuclear Studies); 

The branching rat io of nuclear capture to  decay of nega- 
tive'muons stopping in a liquid helium bubble chamber was 

: . measured.  The capture ra te  i s  found to be  368 t 46 sec-'. 
(M.J.T.) . . .  

43356 MODERATION AND CASCADE TIMES O F  . 
h'EG,\TIVE PIONS AND NEGATI\'E KAONS IN LlQUlD 
HELIURI. Block, 11. 11.: Kopelman, d. B.: Slm, C. R. 
(hlorthu~estern Univ., Evanston. Ill.). Phys. Rev.. 140: 
B143-52(0ct. 11, 1965). 

hleasurements were made of the mean moderation t imes 
T;~(V*) alid T;~(V*), spent by n- and K-, respectlvely. in 
atomic orbits  before nuclear capture in the Northwestern 
helium bubble chamber. I t  was necessary-to resolve the 
velocities of r -  (or  K-) dourn to v = 0 . 0 2 ~ .  The resolution 
was obtained in the pion case  by measuring the p- range 
from n--p-..c- decays and in the karjn case  by the kinematic 
analysis of the r-decay mode. The following results  are 
obtained: TFe(0.02c) = (3.19 t 0.23) x sec,  and q e  

(0.U2c) = (2.4 t 0.4) x sec. These measured t imes a r e  
two o r d e r s  of magnitude longer than that predicted by Day ' 

assuming dominant Stark effect and thus S-state capture. 
A recent calculation by Russell reduces the ra te  of Stark . 
effect yet predicts cascade t imes st i l l  five t imes shor te r  . 
than our experinlelltal values. T h u s  the angular-momentum 
s ta tes  of K- capture in liquid helium, whose determination 

. was the motivation for the present experiments, a f e  s t i l l  
unknourn u~ithout a detailed understanding of the de-excitation 
mechanism of the I<-mesonic atom. (auth) 

901 ' . MODERATION.TIME FOR NUCLEAR CAPTURE 
O F  NEGATIVE PIONS IN LIQUID lie'. M. M. Blook 
(Northwestern LJniv., Evanston, Ill.),.T. KLkuchi, D. Koetke, 
J. Kopelman, C. R. Sun. R. Walker, G. Culligan. V. L. 
Telegdi, and R. Winston. Phys. Rev. Letters ,  11: 301-3 
(Sept. IS, 1963). 

A beam of slow mesons(n3  was intr@uced into a lie' 
bubble chamber to  measure the mean t ime spent  by a ' 

meson(a3  in  golng from an i n ~ t i a l  velocity to nuclear 
capture and t o  obtain an accurate range spectrum of the ' 

prong produced in the nuclear capture of a meson(a7  hj* 
He4.  (C.E.S.) .. 

'2682 (JMR-P-2320) ANALIZ REAKTSII n-.+ p -'n- -b 

n+ + n I n- + p - n- + ff + p PRI KINETICHESKOI ENERGII 
n--MEZONOV 338 Mev. (Analysis of n- + p - n- + n+ + n 
AND n- I p -&  n +, s" p REACTIONS AT THE n- Kinetic 
Energy of 338 Mev). Blokhintseva, T. D.; Grebinnik, V. G.; 

~ h u k o v ,  V. A:; Libman, G.; Nemenov, L. L.; Selivanov, 
G. I.; Yuang Rung-fang (Joint Inst. for Nuclear Research,  
Dubna (USSR), Lab. of Nuclear Problems). 1965.. 12p. 
Dep. mn. 

The differdnces in the c r o s s  sections of.the isobar chan- 
nels for  the n- + p - IT;+ + n(n and n- + p - n-dl + +(ID 
reactions a r e  determined a t  the n- meson kinetic energy of 
338 Mev. If the isobar transitions occur in T = % s ta te  the 
total c r o s s  section for  (11) withln the experimental e r r o r  i s  
equal to the sum of the c r o s s  sections of the isobar'chan- 
nels. Under this  assumption the.total c r o s s  section for  (I) 
i s  not described by the s u m  of the c r o s s  sections of the 
corresponding isobaric channels. The effect of nn inter-  
action manifests itself in the n + ~ -  effective m a s s  spectrum 
but not in the n-ff mass  spectrum. The presence of the 
(3/2?/2) isobar affects the angular distributions of secondary 
part icles from (I). (auth) 

43044 (JINR-P-2255) ISSLEDOVANIE REAKTSII n- + 
p - n- + y + p PRI ENERGlI 338 RIev. .(An Investigation of 
the Reattion r- + p - n- + y + p a t  338 Mev). Blokhintseva, 
T. D.; Grebinnik. V. G.; Libman, G.; Zhukov, V. A.; Neme- 
nov, L. L.; Selivanov; G. I . ;  Yuang Rung-Fang . (Joint Inst. 
fo r  Nuclear Research;Dubna (USSR). Lab. of Nuclear 
Problems). 1965. 21p. Dep. mn. 

F r o m  thc analysis of tire reaction n- + p - n- + y + p the 
constant of the pfocess + n - n .c n was determined. (auth) 

25859 ' ANALYSIS OF THE REACTIONS n- + p - n- + 
n+ + n AND n- + p - a + no + p WITH 338-Mev n- MESONS. 
Blokhintseva, T.'D.; G r e b i ~ i k ,  V. G.; Zhukov, V. A.; Lib- 
man. G.; Nemenov. L. L.; Selivanov, G. I.; Yuan. Jung-fang 
(Joint Inst. for  Nuclear Research,  Dubna. USSR). Yadern. 
Fiz.. 3: 687-92(Apr. 1966). (In Russian). ' 

The differences' of the c r o s s  section in'the n- + p - R- + 
n+ + n U) and n- + p - n- + ff t p (11) react ions were  d e t e r -  
mined f o r  the kinetic energy of the n--mesons 338 Mev. Un- 
d e r  the assumption that the isobar t ransi t ions occur in  the 
T = 1/2 state. the total c r o s s  section of the reaction (1I) is  
equal to  the sum of the isobar channel c r o s s  sect ions within 
the experimental e r r o r s .  Under the s a m e  assumption 
the total c r o s s  section of the reaction (I) i s  not described 
by the s u m  of the corresponding isobar, channel c r o s s  
sections. The influence of the nn-interaction shows up in 
the effective m a s s  spectsu'ki of the 7icn--system, but not of 

the n-ff one. The 9/2 s/2 isobar influcnces the angular d i s t r i -  
bution of secondary parti'cles.from reaction (I). (auth) 

37607 DETERMINATION OF THE CONTRIBUTION OF 
THE (3/2. 312) ISOBAR TO THE INELASTIC n- p INTER- 
ACTION PROCESSES AT 344 Mev MESON KINETIC EN- 
ERGY. Blokhintseva, T. D.; Grebinnik, V. G.; Zhukov, 
V. A.; Krave'ov, V. A.; Libman. G.; Nemenov, L. L.; Seli- 
vanov, G. I.; Yuan, Jungifang (Joint Inst. for Nuclear Re- 
search ,  Dubna, USSR).. Soviet J. Nucl. Phys. (English 

, 

Transl.), 1: No. 1, 71-7(July 19'65). 
Translated f rom kadern.' Fiz.. 1: 103-12(Jan. 1965). ' 
By analyzing t h e  difference of the distributions of the  



number of interact ions n- + p - n-.+ n* + n with r e s p e c t  
to the total center  of m a s s  energy for n- - n and n+ - n 
interact ions,  the contribution of the r 9 / 2 ,  3/2) isobar t o  the 
c r o s s  sect ion of the interact ion ' is  determined a t  an initial 
meson ( 1 7  energy of 344 Mev. An analogous analysis  is 
performed for  data obtained a t  290 and 360 Mev. It is 
shown that  the difference of the c r o s s  sect ion is related to 
the  transi t ion DK - SPg . ,The possibility of determining 
n - n scattering.lengths f6om a r a n a l y s i s  of this transition 
is indicated. (auth) 

3024 (JINR-P-17.1~) OP~EDELENIE' V K L A ~ A  '' .- ' . 
. IZOBAIIY 3/2,3/2 V PROTSESSY n--p-VZAIMODEISTVIYA ' 

FRI  KINETICHESKOI ENERGII n-ME'ZONOV 34'4.Mev. (A 
Determination of the  3/2, 3/2 I sobar  Contribution to the 
!nalast.ir: n--p Tnterac t i~n  e)rocesses a t  the KlRetic E I I M I . ~ ~  , 

of Negative Pions of 344 Mev). T .  D. Blokhintseva, V. C:. . 
Grebinnik, V. A. Zhukov, A. V. Kmvtsov,  G. Libman, L. L. 
N e n e I I o ~ ,  G .  I. Selivanov, and Jung-fang Yuan (Joint Inst. 
f o r  Nuclear Research,  Dubna, U.S.S.R. Lab. of Nuclear ' . 
Prob!ems). 1964. 19p. Dep.(mn). 

By analyzing the  difference between the  T-n and n+n 
effectixle m a s s  distributions of'the reaction n- + p - n-.+ 
n+ + n, the contribution of the  Nj3 isobar t o  the  c r o s s  s e c -  
tion of the  reaction was  dete1;mined. The energy pf prinlar)' 
negative pions was 344 Rlev. A s i m i l a r  analysis  was  made 
f o r  the  data obtained a t  negative pion energ ies  of 290 and 
360 Ale\.. The difference of 'the cr6Ss sect ions f o r  Ll~e iso- 
L a r  channels shown t o  correspond to the transi t ion D,, - sp5  
was  found. A possibility of determining t h e  rn-scat ter ing 
lengths f r o m  the  analysis  01 thrs ~ ~ . a ~ ~ s l l l u r l  is iildicntcd, 
(auth), , 

27884 EVALUATION OF CROSS SEC'I'IUNS od 
ELECTROMAGNETIC PROCESSES n- + p - n+ + a- + y + 
n ,  n - + p - e + + e - + n , n - + p - n - + p + e + + e - A T  
n- MESON KINETIC ENERGY O F  340 Mev. Blokhintseva, 
T .  D.; Grebinnik. V. G.; Zhukov, V. A.; Kravtsov, A.. V.; 
Libman. G.; Nemenov, L. L.; Selivanov, G. I.; Yuan, Jung- 
fang ' (Joint Inst. f o r  Nuclear Research. Dubna, USSR). 
Yadarn. Fiz., 3: 779-81(Apt. 19bti). (In Ruaultur). 

The interact ions were studied by scanning 250,ilOQ 
photographs obtained on a hydrogen bubble chamber ex- . 

, posed to  a 340-Mev pion beam. Upper bounds a r e  found f o r  
the differential c r o s s  sections of the reaction n- + p - 
n+ + n- + y + n,  assuming there i s  a single event of this  

type  in the region with hl2 > 1020 ~ e v ' / c ' ,  where M i s  the 
neutral  m a s s  in events  with the formation of a n+ meson, 
and of the react ion n- + p - e +  + e -  + n,  f o r  the ra t io  of 
the e--e+-pair invariant m a s s  to the pion m a s s  g r e a t e r  
than one. A c r o s s  section.of 1.6 x cm2 was found 
f o r  the  reaction n- + p - n- + p + e +  + e' f r o m  the Bdaly- 
e i s  of th ree  events .  (M.J.T.) 

2165 (JWR-P-105G) VZAIMODEISTVIE n'- . 
MEZONOV S VODORODOM PRI ENERGII 340 Mev., (In- 
teract ions of r- Mesons with Hydrogen a t  340 Mev). T. D. 
Blokhintseva. V. G. Grebinnik, V. A. Zhukov, G. Libmnn, . 

L. Nemenov. G. I. ~ e l e v a n o v ,  and Jung-fang Yiin (Joint. 
Inst. for Nuclear Research,  Dubna, U.S.S.R. Lab. of Nu- 
c lear  Problems). 1962. 28p. 

A 25-cm liquid hydrogen bubble chamber placed in a 
magnetic field,was used in  studies of n- + p - T- + n+ + 
n + + n ,  n - + p 4 r - + n O + p , a n d n - + p - n - + y + p  
reactions a t  a n- energy of 340 + 15 Mev. Measurements. 
of the total c r o s s  sect ions showed that n meson interac-  
tions a t  scat ter ing length T = 0 i s  considerably stronger 
than a t  T = 2. The a,,aular cllstributiur~s ul secondary 
part icles and the distributions at  total center-of-mass 
energy for  n+ n, n- n, and n+ n-were found. (tr-auth) 

25853 INVESTIGATION OF THE REACTION ly + p - 
n- t y + p A T  338 Mov. Blokhintseva, T. D.; Grebinnik, 
V. G.; Zhukov, V. A.; Libman, G.; Nemenov, L. L.; 
Selivanov, G. I.; Yuan, Jung-fang (Joint Inst. for Nuclear 
Research,  Dubna, USSR). Yadern. Fiz., 3: 511-20(Mar. 
1966). (In Russian). 

An nndys io  of 84 cvcnts indiontco tho oonotant for  photon 
production in n- + p interactions i s  0.5 0.3. (J.F.P.) 

18402 MEASUREMENTS OF-TOTAL n- - p REACTION 
CROSS SECTION FOR 340-Mev n- MESONS. T; D. 
l3lokhintseva, V. G. Grebinnik, V. A.. Zhukov, G. Libman, 
L. L. Nemenov, U. I. Selivanov, and Jung-fang Yuan (Joint 
Inst. fo r  Nuclear Research,  Dubna, USSR). Zhur. Eksptl'. 
i Teoret. Fiz., 42: 912-13 (Mar. 1962). (In ~ u s s i a n j  . 

'I'hc rcactiono r-  + p - r- + n+ + n, n- p - n- + ro + p, 
qnd H- + p - n- + y + p a t  a n- energy of 340 4 iji Mev 
-%ere measured with a 25-cm liquid-hydrogen chamber 
placed in a magnetic field,of 12000 gauss.. The,total cross 
sections were found to be o, =.1.24 0.14 mb', o, = 1).132:$ 
mb, 03 = 0.092::; rnb, respectively. (R.V.J.) 

,19171 TOTAL CROSS SECTIONS FOR THE n-p- . 
REACTIONS AT 276 Mev. T.'D. Blokhintseva, V. C. ,' 

Grebinnik, V; A. Zhukov, G. ~ i b m a n ,  L. L. Nemenov, G. I. 
Selivanov, and Yung-fang Yuan (Joint Inst. for Nuclear Re- 
search. Dubna, USSR). Zh. Eksperim. i Teor. Fiz., c44: 
498-9(Feb. 1963). On Russian) 

The total c r o s s  sect ions for  the n-, + p ' n' + r+ + n and 
ff' + p - ff' + no + p reactions at (276 + 10) Mev a r e  meas-  
ured  with a liquid by hydrogen bubble chamber in a mag- 
netic field. The experimental data a r e  compared with theo: 
ret ical  predlctlons. (auth) 

10948 - MEASUREMENT BY BREMSS-UNG 
TRANSMISSION O F  THE POLARIZATION O F  e+ FROM 
r+ - e+'+ v, + v-9 . .  S. Bloom, L. A. Dick, L. Feuvrais, 



C. R. Henry, P.  C. Macq, and hl. Spighel (CERN. Geneva). 
Phys. Letters. 8: 87-9(Jan. 1. 1964): 

The polarization of the posltron was m e s s r s e d  by ob- 
serving the transmission through magnetized jron of 
circularly polarized bremsstrahlung from t h e  positron. 
The positrons were  found to be  right-handed with a'polari- 
zation of 94 a 38%. in agreement with t h e  prediction of t h e  

.V-A theory. (D.C.W.) . 

15141 "I\VONEUTRMOSORONE? S.A.Bludman 
(Univ. of ~ e n n s ~ l v a n i a ;  Philadelphia). Nuo\ro Cimento (10); 
27: 751-60(Feb. 1, 1963). (UCRL-10449) (In English) 

The value i s  discussed, in the light of "t~vo-neutrino" 
esperiments,  of giving meaning to the neutrino charge o r  
lepton number independent of helicl'ty (i.e., of giving up the 
two-component neutrino theory and reverting to a single 
lour-component neutrino. whose left- and right-helicity 
states a r e  coupled to e- and p+ respectively). It i s  shown 
that, in fact., only by such experiments, involving muons 
and electrons o r  the i r  neutrinos, can a nontrivial meaning 
be given to lr l~ton conservation. 'This.Dirac neutrino theory 
i s  compared with the conventional theory of t\vo t\\,o- 
coml'onent neutrinos from thc conceptual and experinrrnlal 
points of view. Remarks a r e  made about the possibility of 
esplaining the p-e  m a s s  difference. (auth) ' 

40096 SOME REGULARITIES IN THE ANGULAR DIS-. . 
TRIBUTION OF NEUTRONS EMITTED IN POLARIZ,ED p- 
I\.IESON CAPTURE BY NUCLEI. Bobodzhanov, I. B:; 
Kashkarov, L. L. Dokl. Akad. Nauk Tadzh. SSR, 7: No. 4 ,  
12-lS(196.1). (In Russian). ,. . . 

The reaction p- + (A,Z) -.(A-1; 2-1)  + n + v with polar- 
ized mesons (@-) on Cu, 'Fe,  and P b  \\'as investigated using . 
cosmic radiation. The coefficient of nsymmctry a,= b 
(1 - C)/(l  + C),-where b accounts for  the experime.ntal . 
geometry and C i s  the rat io of neutrons cmitted in the s&le 
direction and the opposite direction a s  the mesons (p- ) ,  .. 
was -0.062 a 0.054, -0.066 i 0.81, and -0.079 * 0.010, for  
.Cu, Fe ,  and Pb, respectively. The coefficients a, a r e  ap- 
proximately the s a m e  a s  the values of the coefficient of e 
asymmetry in the kt- -  e-) decay. (D.C.W.) 

37433 APPLICATION OF THRESHOLD CHERENKOV 
D ~ ~ ~ ~ ~ ~ ~ ' ~ ~ ~  SEPARATION OF n AND p MESONS IN 
~[ESON DEAMG. V. D. B h r o v ,  V. C.  Varlamov, Yu. M. 
~ m s h i n .  B. A. Dolgoshein. V. G. Kirillov-Ugryumov, V. S. 
~{opnov.  and A. V. Samoilov. Pribory i Tekhn. Eksperim.. 
$0. 3. 55-7(May-June 1963). (In Russian) . . 

A Cherenkov detector  with aqueous radiator and diffu- 
sion deflector i s  used for  the separation of slow z.and p 
mesons. The detector has an efficiency of nearly 100% 
(or p mesons and not l e s s  than '7% for  n mesons. It i s  
passlble reduce the content of n mesons in a p meson 
beam by a factor of 10. (tr-auth) 

37896 CAPTURE O F  NEGATIVE MUONS BY ATOMS 
IN CHEMICAL COMPOUNDS. Bobrov, V. D.; Varlamov. 
V. G.; Crashin, Yu. M.; Dolgosheln. B. A.; Klrillov- 
Ugryumov. V. C.; Roganov, V. S.; Samoilov, A. V.; Somov, 
S. V. (Inst of Physics and Engineering. Moscow). Zh. 
Eksperim. 1 Teor. Fiz., 48: 1197-9(Apr. 1965). (In Rus- 
slan) 

The relat ive probabilities of meson ( p 3  capture by atom8 
in several  chemical compounds were  measured with the 
a im of extracting information necessary for  the interpre- 
tation of other  experlments with muons. The results  show 
that for  the compounds Investigated (LiCl. CsCl. ZnO. ZnS, 
and AICu) the Fermi-Teller  2-law does not descrlbe the 
experlment aatisfactorlly. An analysls of the  available data 
shows that compared wlth the prediction of the 2-law; 
mesic atoms of the elements which have relatively large "' 
electron-afflnity energy a r e  produced wlth some prefer- 
ence. The results  show that in most cases . the  tendency 
to preferred formatlon of the mesic atoms of the element 
with the la rger  electron affinity i s  violated only In five of . 
31 cases.  Four out of the five violations a r e  in compounds 
of carbon, and thls i s  apparently ~ 0 ~ e c t e d  with very corn- 
pllcated spatlal configuratlon of these molecules. (ATD) 

37897 CAPTURE OF NEGATIVE hlUOh'S BY PURE 
CHROMIUM AND NICKEL ISOTOPES. Bobrov. V. D.; 
Vnrlnmov, V. G.; Crnshin. Yu. hl.; Dolgosheln. B. A.; 
Klrlllov-Ugryumov, V. C.; Rognnov. V. S.; Samollo\.. A. V.; 
Somov. 5. V. (Inst. of Physlcn and Englnrcrlng, hloscow). 
Zh. Eksperim. 1 Tcor.  Flz., 48: 1199(Apr. 1965). (In RuS- 
slan) 

Slnce data on muon capture by nuclel can be used a s  a 
tool for the study of the structure of the nucleus, muon 
capture by nuclci with closed neutron o r  proton subshells. 
in the form of lsotopcs of i'r wlth mnss. numbers 50, 52, 
53, and 54 (%r  has n closcd ncutron subshell) and Ni iso- .  
topcs with mass  nuriibers 68, GO, and 62 (whlch have a 
closcd proton subshell) was lnvestlgated. The isotope en- 
richment runs from 78.5 to 99.5%. The muon beam f rom 
the OIYaI synchrocyclotron was used f o r  the experlmmtn.  
The total muon capture probability was determined by mea- 
suring the Hfetimes of the muons on the K orbit  of the 
corresponding atom. (ATD) 

32104 RADIATIVE DECAY O F  THE MU MESON. 
Bogart, Elliot; DiCapua. Enrico; Strelzoff. Alan; Nemethy, 
P e t e r  (Columbia Univ., New York). 41p. (CONF- 
651015-15). ORAU. Cmelin. AED-CONF-65-312-38. 

From' American Physical Society. Chicago. 
The radiative decay p+ - et  + y + v, + 'Fp was investi- 

gated. The decay products e+  and y were observed a t  
relat ive angles near  180" using scintillation counters and 
two 9 in. x 10 in. NaI c rys ta l s ,  which permitted the simul- 
taneous measurement of the positron and gamma energles.  
The two-dimensional energy spectrum was obtained for  

, approximately 900 events after subtraction of the back- 
ground. This spectrum and the measured r a t e  were com- 
pared with the prediction of n pure  V-A theory; good 
agreerriaul was obtalned within the statistical e r r o r s .  
(D.C.W.) 



7288 DISINTEGRATION OF THE C ~ ~ . N U C L E U S  INTO 

'THREE a-PARTICLES AS A RESULT OF INELASTIC 
SCATTERING OF 80 RIev n+-MESONS. V. I. Bogatin, 
2. Novak, and V. I. Ostroumov (Leningrad Polytechnic 
Inst:). Zh. Eksperim. i Teor.  Fiz., 43: 1582-91(Nov. 
1962). (In Russian) . 

The disintegration of the C" nucleus into th ree  cu part i-  
c l e s  a s  a resu l t  of inelastic scat ter ing of 80-Mev n+ 
mesons i s  studied by the photographic emulsion tech- 
nique. Excitatioli of cL2 nuclei to  the 9.63-bIev level i s  
found to dont r ih l l t~  r.nnsiderably to the c r o s s  section of 
the reaction (-20'?0). From llle observed nngulur correla-  
tion of the decay products i t  i s  concluded thal the spin of 
th i s  level  exceeds 1. The experimental dnta on the  energy 
distribution of the'cr part icles can be explained by assum- 
ing simultaneous bidakup of Llle c ' ~  ~ruclcus into three a 
par t ic les  with resonance interaction between the  particles 
in  the final s tate.  (auth) 

18507 (BNL10009) .COMPARATIVE THERAPEUTIC 
EFFICACY O F  HIGH-VERSUS LOW-LET RADIATIONS. 
Bond, V. P.; Robinson. C. V.: Fairchild. R.; Tisljar-Len- 
tulis, G. ( R r o o b a v e n  National Lab., Upton. N. Y.). 
119661. Contract  AT(30-2)-Gen-16. 37p. (CONF- 
651 143-1). Dep. om. CFSTI $2.00 cy, $0.50 mn, 

F r o m  Conference on  Radiobiology and R a d l o t h e r a ~ .  
Colorado Springs. 

Possible approaches in radiotherapy using high-LET 
radiations a r e  discussed. Included a r e  neutron capture 
therapy; acce le ra tor  beams. particularly protons and 

;negative Pi mesons;  fast  neutrons; and the  influence of 
changes in cel l  survival c u n v e s  on possible efficacy d 
high-LET radiations. An effort was made  to presen t  ob- 
jectively the advantages and difficulties of the various 
approaches. I t  is  possible, in p.rinciple, that these ap- 
proaches may provide effective nlodalities (or therapy, 

. and in part icular ,  that high-LET radiation may aid. in 
overcoming the  problem of relative protection of tumor 
ce l l s  locatcd in hypoxic a r e a s  within neoplasms. In all 
approaches. i t  i s  necessary to  consider carefully ,the 
concomitant changes in shape of dose-cell survival 

' curves  that  accompany the .chmge f rom low- to  high- 
L E T  radiation. I t  i s  c lear  that  while al l  proposed ap- 
proaches have intriguing features,  each requires con-. '  
s iderabl  . m o r e  work before i t  can be sho\\n to be  a 

.. useful a&unct in radiotherapy. (aiurhj 

28363 . FORWARD ir'p CHARGE EXCHANGE SCAT: 
TERING B E T E E N  0.8 A N D  1.9 ~ e v ;  P. Borgeaud (CEN,; 
Saclay; F m c e ) , . C .  Bruneton. Y. Ducros,  e t  al: Phys., 

' 

Letters .  10: 134-7(May 15. 1964). . 
. A,study of the  n--p charge  exchange sca t te r ing  in the . 
forward direct ion by a s p a r k  chamber  t e c k i q u e i s  dis-  , 

cussed.  A dispersion relation was  investigated in a region 
where  the imaginary part of t h e  forward scat ter ing ampli- 
tude i s  expected to  go twice through zero.  The n- + p - 

4 + n events'were detected.througb the observation of t h e  
showers produced by the two decay photons of r0 in a spark  
chamber. Measurements w e r e  car r ied  out at  15 energies 
between 0.8 and 1.9 Bev. (C.E.S.) 

281 15 ' PRODUCTION O F  3~ IN THE .4BSORPTION 
O F  n- IN 'HC. M. V. Bortblmi,  L. Lendinara, and 
L. Monari (Univcrsita, Bologna and Istituto di Fisica Nu- 
c leare ,  Bologna). Nuovo cimento ( lo) ,  25: 603-lO(Aug. 1, 
1962). (In Enelisbb 

Experimer~lal  results  a r e  given on the absorption of a' 
mesons in ~ e ' .  Using a model in which pions a r e  absorljcd 
on two nucleo~ls, the resu l t s  of this  experiment indicntc. 
that ahsoi.ptinn tnkes place essentially on a grotaa-neutron . 
palr. (auih) 

4433 (UCRL-10977) ,LOW-ENERGY NEGATIVE PION 
. INTERACTIONS IX DEUTERIUbl. ~ i 1 l i a m . c .  Bdwman 
( ~ a l i f o r n i a .  Univ., Berkeley. Lawrence Radiation Lab.). 
'Sept. 5, 1963. Contract W-7.405Leng-48. 82p. 

An attempt i s  made to resolve the discrepancy between 
the measured deuterium rat io,  S .= ((J(z- + +d - n + n)/ .. 
w(n- + d - n + n + +,,)I, and values predicted from the 
s-wave pion relations and the theoretically calculated 
ratio T [ ~ ( r r -  + d - n - n + y)/w(n- + p - 11 4 ?) I .  'the 
c r o s s  sections a(n- + d - n + n + y)  = (3.78 a 0.79) x 
cm2/steradian, o(r- + d - n + n) = (3.67 * 0.45) x 
cm2/s r ,  and o(r' + d - no + n + n) = (7.84 a 0.57) x 
r m g / s r  were  measured at 90" in the wnter-of-mass sys- 
t e m  for  51-Mev incident pion energy. The  radiative ab- 
sorption c r o s s  section and the s-wave pion relations 
indicate'the value of T .= 0.91 0.19, in agreement with . 
theoretical calculations. The calculation of S.= 1.51 a 0.40 
f r o m  the c r o s s  section measuremenis and the value S = 
1.92 0.33 ,measured by direction detection of both reac-- 
t ions i s  in agreement witin the value S = 1.71 1 0.26 calcu- 
laled frolil tlre s-wave pion relntions. An indiroot measure-  
ment comparing radiative captures in hydrogen and 
deuterium gave a value of S = 3.3'1 * 0.46, in relative 
agreement with other indirect '  measurements . ' .~h is  dis- 

, crepancy.appears to be due to difficulty in  monitoring the 
number of pions captured in hydrogen and deuterium. A 
!!zla!-r!~br'~~'i~I.if~i~ [ ~ l a s t i c  sc.intillntion counter woo ucod for  
a l l  measurements.  49 references.  (auth) 

IOI 11 LOW-ENERGY NEGATIVE PION INTERAC- 
TIONS IN DEUTERNM. \Villiam Charles Bowman. The- 
s i s .  Berkeley; Calif.. Univ. of California, 1964. 82p. 

An attempt i s  made to resolve the discrepancy between 
the measured deuterium ratio. S = Iw(n- + d - n + n)/w(n- + 
d - n + n + $1, and values predicated f rom the s-wave pion ' 

relations and the theoretically calculated rat io T = [w (n- + 



d - n + n'+ $/w(l i-  + p - n + 91; The cross  sections o(n- + 
d - n + n + y) = (3.78 0.79) x cm2/sterad, o ( U  t d - 
n + n) = (3.67 l 0.45) X 10-Z8 cm2/sterad, and o ( T  + d - ff + 
n + n) = (7.84 l 0.57) x cm2/sterad were measured at  
90" in the center-of-mass sys iem for 51-Mev incident pion 
energy. The radiative absorption c ross  section and the s- 
wave pion relations indicate the value of T = 0.91 a 0.19, in : 
agreement with theoretical. calculations. : The calculation of 
S = 1.51 i 0.40 f rom the c ross  section measurements and 
the, value S = 1.92 i 0.33 measured by.direction detection of 
both reactions i s  in agreement with the value's = 1.74 i 0.26 
calculated fro111 the s-wave pion relations. An indirect . 
measurenlcnt conlpnring radiative captures in hydrogen 
and deuterium gave a value of S = 3.37 a 0;46, in relative 
agreement with other  indirect measurements. This die- 
crepancy nppenrs to  be due to difficully in monitoring the 
number of pions captured in hydrogen and deuterium. A 
total-absorption plastic scintillation counter was used for  
all measurements. (Dissertation Abstr., 25: No. 3, Sept. 
1964) 

41442 PION-NUCLEON SCATTERING AMPLITUDES 
IN THE RANGE 300-700 Mev. kBransden, B. H. (Durham 

'Univ.. Eng.); O'Donnell, P. J.; Moorhouse, R. G. Phys. 
Rev.. 139: B1566-84(Sept. 20, 1965). (NIRL-R-79). 

The c r o s s  section for  the scattering of n+ and n- by 
nucleons in the energy range 300 to 700 Mev was  analyzed ' 

in t e r m s  of energyyindependent parameters .  The param- 
eterization i s  b a e d  un a dispersion relation satlefied by 
the partial-wave amplitudes, by replacing the left cut by 
a superposition of poles and the inelasticity function RI = 
ol(tot)/ol(el) by a rat lo of polynomials in the momentum. 
Detailed results  a r e  presented for  the rea l  and imaginary 
par t s  of the  phase shifts with 1 1 3. The structure of the 

' 

sec'ond. resonance i s  more  complicated than has heretofore 
been thought, pit, s l l ,  and d13 waves al l  playing a n  important 
part. The width of the d13 resonance Is  found to  be  consld- 
erably smal le r  than previous values from total c ross -  
section measurements.  The role of the (poeslbly resonant) 
amplitudes pll and sll 1s:discussed. (auth) 

37920. PION-NUCLEON SCATTERING IN THE 
RANGE 300-700 hl~\ . . r \XD THE WSSIBLE PI l  RESONANCE. 
B. H. ~ r i n s d e n  (Univ. of-Durham, Eng.). P:J. O'Donnell. . 
and'R. G. hloorhouse: Phys. Letters .  11: 339-41(Aug. 15, 
1964). . . . . . 

fi  2 .. The results  o f , in  energy-dependent phase shift analysis 
, of f -p scnttcring at  300 to 700 hlcv a r e  presented. The 

results  indicate that the pll  resonance i s  around 600 Mev. 
not 430 blev, if it  exists. (D.C.W.) 

37957 , DISPEHS[ON THEORY METHODS FOR PION- 
DEUTEIIOX.ELASTIC SCATTERING. John Joseph Brehm, 
Jr. Thesis. College h r k !  Md., Univ. of Maryland. 1963. 

. . 18Op. 
The problem of low-energy 'pibn-deuteron'elastic scat-  ' 

tcring i s  titidr~.Lake~~ uslrig the 'methods Of dispersion the- 

bry.. ~ o m p ~ e x  sin5ulari t ies  do not occur  if the momentum 
t ransfer  i s  used a s  the variable in a dis@?rsion'relation 
with the energy taken t o  be fived and'real .  Anomalous dis-  
continiities a r e  developed by analytic continuation in the 
deuteron mass.  subsequent analytic continuation in the 
energy provides the representation of the.physica1 ampli- 
tude. 'A sample calculation i s  made, ignoring spin. The 
cont r i l~u t io l~s  of pion-nucleon scat ter ing a r e  estimated by 
assunlinl: the donllnance ol the T = S/, resonance in the 
enerc?. cllannel ant1 of thu'ABC resonance in thc momen- 
tu111 t rans le r  channel. The angular distribution is  corn- 
puted :I( 85 Mev and some agreement with.experimenta1 ' 

, d:~ta i s  ol~tained. (Dissertalion Abstr.. 24: No. 12. Pt. I 
(Jullc. 1964)) 

4764 
MEASUREMENTS ON THE n*-p TOTAL SCATTERING . 
CROSS SECTIONS IN THE ENERGY RANGE OF 0.4 TO 
1.5 Bev. J. ~ . ~ r i s s o n ,  J. ~etoef . '  P. Falk-Valrant. 
L. van Rossum, G. Valladas; and Luke C; I;. Yuan (Centre 
d'Etudes Nuclkalres, Saclay,. France). Pbys. Rev. Le'ttere 
3, 561'-3(1959) Dec. 15. ".- - 

Total scat ter ing c r o s s  sections a r e  given f o r  the (ry.p) 
and (n',p) reactions a t  0.373 to 1.150 Bev in hydrogen. 
(C.J.G.) 

14973 MEASUREMENT O F  THE TOTAL.CROSS SEC- 
TION FOR T+-p AND n--p AT 400 Mev TO 1.5 Gev. J. C. 
Brisson, J. F. Detoeuf, P.  Falk-Vairant, L.. Van Rossum, 
and G. Valladas (Centre d'Etudes ~ u c l 6 a i r e s .  Saclay. 
France). Nuovo cimento (101, 19: 210-33(Jan. 16, 1961). 
(In Italian) - . 

The total c ross ,  sections were measured for  n'-p and 
r'-p interactions by attenuation in liquid hydrogen of a 
be& whose e n e r m  i s  known to a l %  and with a total S / P  
of .i1.8%. ' The energies and values for  the c r o s s  sections at 
the mai ima,are :  T :  .Tn = (605 a .6)  hlev, q,=,(45.8 t 1.8) . . 

mb, TnLab = (890 a.9)  Mev, qa = (58.0 i 1.8) mb, a+: Txlabi  
,11330 a.30) Mev, a,, = (38.0 a 2,O) mb. Results  a r e  compiled. . 

concerning the elast ic  and inelastic c r o s s  sections obtained 
by other  experimental techniques in  the neigh.borhwd of Ule 
second and third resonances of n'. The second and third 
rdsonances' a r e  discussed. (311th) . . 

16932 (NP-11592(Vol.D(p.45-55)). MESURE DE'LA 
SECTION EFFICACE TOTALE DES.PR0CESSU.S NEUTRES 
DANS L'INTERACTION n--p DE 300 A 1600 MeV ET DE- 
TERMINATION DU RAPPORT ENTRE LA PRODUCTION ' 

DE no E T  L ECHANGE DE CHARGE JUSQU'A 1112 MAV. 
(Measurement of the Total C r o s s  Section for  Neutral Proc- 
e s s e s  in the n--p Interaction f rom 300 to  1600 Mev and De- 
tcrminatiun of Lhe Relatioh Between re Prnduction and . ' 



Charge ~ x c l l a n ~ e  up to 1112 Mev). J. C. Brisson. P. Falk- 
Vairant, J. P.  Merlo, P. Sonderegger, R. Turlay, and 
G..Valladas (France. Commissariat a 1'Energie Atomique. 
Centre dlEtudes NuclBaires, Saclay). 

. . 

9810 MEASUREMENT OF THE TOTAL CROSS SEC- 
TION FOR R--p CHARGE EXCHANGE FROM T, = 0.4 GeV 
TO T, = 1.5 CeV. J. C. Bria$on, P. Falk-Vairant, J. P. 
Werlo, P. Sonderegger, R. Turlay, and G. Valladas (Centre 
d'ttM$es 8uclBaires, Saclay. France)., p.191-3 of "Pro- 
ceedings d the I960 Annual International Conference on 
High Energy Physics at  Rochester, The Udlversity of 
Rochester. Rochester, N. Y., August 25-September 1 ,  
1960:. 

The total c ros s  sectlon for charge exchange of mesons 
' 

(u-l on hydrogen (a- + p - d + n) was determlned. This 
was done by measuring the number of mesons ( n 3  which 
interacted in a liquid hydrogen target without trlggerlng a 
4n-scintillation counter surrounding the target. The total 
c ros s  sectlon for  neutral events showed maxlma at  energles 
close to the resonances in the n--p total c ross  sectlon. 
(M.C.G.) 

19705 ENEItGY MEASUREMENTS OF THE 2p- I s  
TRANSITIONS IN p-MESONIC ATOMS. P. Brix (Tech- 
nische Hochschule. Darmstadt, Ger.), R .  Engfer. U. Hegel, 
D. Quitmann, G. Backenstoss, K. Goebel, and B. Stadler. 
Phyd. Lettei'S, I: b b - ~ i ~ p i ' .  15 ,  19bZj. 

Measurements of p-mesonic x-ray energtes,for selected 
elements from S to Bi were performed. Special attention 
for Z < 30, where data indicated radii considerably smaller 
than obtained by electron scnttering, was given. Results 
using muons were compared with those ua'ing electrons as 
probes for nuclear electromagnetic pro&?dies.  Efforts 
were concentrated on ~orn~arison-of~~-m8sqnic x rays with 
nearby y lines of radioisotopes and determination of precise 
energy dlffeterices for mesonic x rays of similar energies. 
(L.N.N.) ,: ! 

31817. (CERN-66-16) PRECISION SERVO; .N,M,R. 
FIELD MEASURING EQUIPMENT FOR THE CERN MUON ' 
STORAGE RING. Brown. R. Armstrong (European 
Organization for  Nuclear Research, Geneva (Switzerland)). 
Mar. 28. 1966. 30p. - Dep. mn. . . .  

Nuclear magnetic resonance equipment fo r  measuring 
the muon magnetic moment in the CERN muon storage 
ring i s  described. Schematic drawings a r e  included.. ' . ' 

(M .O.W.) . . 

Kentucky, Lexington). Nuovo Cimento (lo),  29: 1162-8 
(Sept. 1 ,  1963). 

Pion-deuteron.scattering a t  330 Mev was studied in a 
hydrogen bubble chamber. The total c ross  section was . 

measured to be (55.5 t 2.97) mb, of which (13.3 i 1.17) mb 
is charged elastic, (33.9 i 2.60) mb is charged inelastic, . 

and (8.3 i 0.85) mb i s  scattering into an all-neutral final 
state. The differential c ross  section for elastic scattering 
i s  appreciably smaller thin valhes obtained by straightfor- 
ward application of the impulse approximation, suggesting 
thnt high'tr..nrdpr mr~ltiple scattering effects a r e  important 
at  this energy. (auth) . 

953 . EXCITATION OF THE. He' NUCLEUS BY 150 
Mev n--MESONS.' Yu. A. Budagov, P. F .  Ermolov, E. A. 
Kushnirenko, and V. I. Moskalev (Joint Inst. for Nuclear 

.Research, Dubna, USSR). Zhur. Eksptl'. i Teoret. Fiz. ,  
40: 1615-17(June 1961). ,' (In Russian) 

An upper limit of 3.8 mb i s  obtained for the He' excita- 
tion cross  section in reactions n- + He4 - n- + He3 + n(1) 
and n- + ~ e '  - n- + T + p (2). at  a n- energy of 150 Mev 
in a diffusion cloud chamber. ,The total c ros s  section, the 
inelastic c ros s  section, and the c;oss sections for reac- 

, tions (l).and (2). a r e  ptesented. (auth) 

22944 INTERACTION BETWEEN 153-Mev NEGATIVE 
n-MESONS AND HELIUM. Yu. A. Budagov, P. F, Yennolov, 
E. A. Ku~hnirenkn, nnd V.  1. Mnskal~v (Joint lnst. of Nu- 
c lear  Research, Dubna, U.S.S.R.). Zhur. Eksptl'. i Teoret. 
Fiz. .. 42: 1191-1208(May 1962). (In Russian) 

The interaction between 153 Mev ~r- mesons and ~ e '  
nuclei is lnvestigatcd with a high pressure diffusion cloud 
chamber operating in a magnetic field. The total n-He' 
interaction cross  section, elastic scattering cross  sectlon, 
and cross  sections for a nnrnher of inelastic processes a r e  
determined hy meaf i~~r ine  the tntal n- bmr?k !pngth. The 
angular distribution of elastic n - ~ e '  scattering ia of a dlf- 
,fractional nature with a distinct minimum (80') and a 
secondary maximum (1003. Optical model calculations 
assuming a square well complex potential V = VR + iV, 
ohow that boot ngroorncnt with the experimental data cail Irc , 
obtained for VR = -(I8 7)  Mev and Vl = -(63 t 6) Mev, r i  = 
1.5 x lo-'' cm. These values a r e  In  good agreement with 
those computed by Frank, Gammel and Watson from the 
relatlon between the optlcal potential and forward scatter-  
ing amplltude for free n-p scattering. The angular distribu- 
tion of quaeielastic n' scattering on bound nucleons is 
compared wlth the calculations of Watson and Zemach. The 
probability of multiple n- scattering in the nucleus and the 
charge exchange ecattering cross  section a r e  estimated. 
(auth) 

2612 PION-DEUTERON SCATTEFtING AT 330 Mev. 
G. Brunhart. G. S. Faughn, and V. P. Kenney (Univ. of 



24682 (JINR-P-868) VZAIhlODEISTVIE OTRIT- 
SA.TELINYKH n-MEZONOV S GEL1Eh.I PRI ENERGII 153 
Mev. (Interaction of,Negative n-LIesons with Helium a t  'an 
Energy of 153 ~ e v ) ;  Yu. A. Budagov, P. F. Ermolov, 
E. A. Kushnirenko, and V. I. Moshlev  (Joint Inst. f o r  ,Nu- 
clear Research, Dubna. U.S.S.R. Lab. of Nuclear Prob- 
lems). 1962. 32p. 

The 153-Mev a' interaction with ~ e '  nuclei was investi- 
gated using the high pressure diffusion cloud chamber op- 
erated in the magnetic field. Thc total c ross  section for ' 

n--He interaction, elastic scattering cross  section, and 
cross  section for a number of inelastic processes were de- 
termined by measuring the total length of the n- meson 
tracks in the chamber. The angular distribution of elastic 
*--He scattering has a diffraction character, the first  mini- 
mum being 80" and the second maximum 100". The optical. 
model calculations of elastic scattering with the square 
well complex potential V ,= V R +  iVI have shown that the best 
agreement with the experimental data can be obtained for 
the values of the parameters VR = 4 1 8  * 7) Mev, V1 = 

,-(63 + 6) Mev, and ro = 1.5 x lo-'' cm. These values a r e  
consistent w i t h  those calculated by Frank,,Cammel, and .  
Watson fro111 Lhe relation connecting the optlcal potential . 
with the forward scattering amplitude for free a-p scatter- 
ing. The angular distribution of the quasi-elastic n- meson ' 

scattering on the bound nucleons i s  compared with Watson's 
&nd Zemach's calculations. The probabilities of the multi- 
ple TT- meson scattering in a nucleus as well a s  the charge 
exchange scattering cross  section.are estimated. (auth) 

15263 
ELASTIC SCATTERING OF 128 AND 162 Mev n--MESONS 
BY PROTONS. Yu. A. Budagov, S. Viktor, V. P. Dzhelepov. 
P. F. Ermolovi and V; ~ ~ ' ~ o s k a l e v .  Zhur. Ekeptl'. i ' 

Teoret. Fiz. 5 714-46(1960) Mar. (Ln Russian) 
A hydrogen-filled diffusion cloud chamb'er in a ma-etic 

field was used to measure the angular distribution of 128 
and 162 Mev n--mesons elastically scattered on protons.' 
The total elastic scnttering.cross sections for' thebe ener- 
gies a r e  respectively (12.8 t 1.0) x 10"~' cm2 and (21.4 ; 

1,2) . cm2. The angular distribution has the form a +  
b cos 8 + c cos2 0 with the coefficients given. At the in&- 
cated energles the real parts of the forward scattering 
amplitudca in h/%c units a r e  respectively 0.261 0.031 
and 0.216 0.033. These values agree with those com- 
puted from the dispersion relations with coupling conatant 
f2 = 0.08. (auth) 

6851 NP-8277 
Joint .Just. for Nuclear Research, Dubna, U.S.S.R. Lab. of 

Nuclear Problems. 
ELASTIC SCATTERING OF IJEGATNE PIONS BY PRO- 
TONS AT ENERGIES 128 AND 162 Mev; Yu, A. Budqpv, 

S. WiMor. V. P. Dzhelepov, P. P. ~ e r m o l o v ,  and V. I. 
Mos@ev.. 1959. 27p. (P-402). 

The e lmt ic  scattering angular dtetribution of negative 
pions by protom was measured by means of a hydrogen- 
filled diffusion cloud chamber in a magnetic field. 344 

' 

and 941 elastfc scattering events were  recorded at the an- 
glee 68 > 10' cm. The total ckoss sections f o r  elastli: scat- ' 
tering a t  128 Mev = (12.8 1.0) x lo-'' cm2 and a t  162 
Mev = (21.4 h 1.2) x 10-" cm2 were  determined by calcu- 
l a t h g  the tohl'length of negative pion tracke in the cham- 
ber. (811th) . 

39578 (JINR-P-2807) IS SLED OVA^ STRUKTURY . .. 
K-SERII ARGONA PRI ATOMNOM ZAKHVATE OTRITSA- 
TEL'NYKH MYUONOV V CHISTOM GAZE I V SMESI S 
VODORODOM. (Investigation of the Structure of Argon 
K-Series During an Atomic Capture of Negative Muons in , 

Pure Gas and in a hlixture With Hydrogen). Budyashov. 
Yu. G.; Ermolov, P. F.; Zinov, V. G.; Konin. A. D.: Muk- 
hin, A. I. (Joint Inst. for Nuclear Research, Dubna (USSR). 
Lab, of Nuclear Problems). 1966. 7p. Dep. mn. 

The experiments showed that during the argon intercep- 
tion of the negative muon in (p-c() nucleus, the intensity of 
the hard lines in argon k-series i s  sharply increased in 
comparison to t hecase  of direct  muon capture by argon. 
(W.O.W.) 

37741 (JINR-P-2788) ZAKHVAT >IYUONOV V 
SMESYAKH GAZOV; (Muon Capture in Mixed Gases). 
Budyashov, Yu. G.; Zlnov, V. G.; Konin, A. D.; hlukhln, 
A. I. (Joint Inst. for  Nuclear Research, Dubna (USSR). 
Lab. of Nuclear Problems). 1966. 9p. Dep. mn. . 

The probability of nuclear capture of muons in mixed sin- 
gle atom (helium and neon) and multi-atom (nitrogen and 
carbon oxide) gases in relation to argon was measured using 

, C( - x radiation recordings. The study did not exhibit any 
systematical relation between the probability of capture and 
nuclear charge which is  another indication of the influence . . 
of molecular size on nuclear captlire. (tr-auih) 

91 60 A AIEASUREMENT OF TIIE 'e+ POLARISA- 
TION IN MUON DECAY: THE e* ANNIHILATION METHOD, 
A.'Buhler. N. Cabibbo, >I. Fidecaro. T. hlassam, Th. 
Muller, hl. Schneegans, and A. Zichichi (CERN, Geneva). 
Phys. Letters, 7:' 366-71(Dec. 15 ,  1963). 

. The experimental design for measuring the  e+ polariza- 
tion In r4  decay by e* annihilation in magnetized iron foil 
i s  described. From measurements based on two foil orien- 
tations, a value of P(,+) = (105 t 301% w a s  obtained. which. 
i s  consistent with predictions of the (V-A) theory of weak 
interactions. (L.B.S.) 



3097 TOTAL CROSS SECTIONS AND ANGULAR DIS- 
TRIBUTIONS FOR n- p CHARGE EXCHANGE IN THE 
SECOND AND,THIRD RESONANCE REGIONS.' 'F.  Bulos 
(Brown Univ., Providence). R. E. Lanou, A. E. Pifer,  et al. 
Phys. Rev. Letters,  13: 558-62(Nov. 2, 1964); '(MIT- 
2098-59p.) 

Data for nine different .incident meson (n) energies were  
analyzed to study the cross  sections and angular distribu- 
tions in the reaction n' + p - tro + n. The energies span 
the region of the second (600 Mev) and third (900 Mev) . 

meson (u)-nucleon resonances. The angular distributions 
indicate very l i t t le structure in the 600-Mev region, but in 
the 900-hlev region give strong evidence for  a Dx-F% : 
interference in th'e T = % state.  (C.E.S.) 

14809 (JINR-P-1494) PIONNYE REZONANSY. (Pion 
Resonances). .S. A. Bunyatov (Joint Inst. f o r  Nuclear Re- 
search,  Dubna, U.S.S.R.' Lab, of Nuclear ~ r o b l e m s i .  
1904. 39p. 

The experimental data on pion resonances a r e  discussed', 
and the main properties of these resonances a r e  tabulated. 
132 references. (auth) ; . 

23222 SHAPING OF A HIGH-ENERGY p-MESON 
BEAM. N. A. Burgov and A. G. Beda (Inst. of Theoretical 
2nd Experimental Physics, Moscow). Pribory i Tekhn. 
~lrsperim.. No. 1 ,  20-4(Jan.-Feb. 1965). (In Russian) 

The method of shaping high energy meson ( p )  beams 
(P - 1 Bev/c) was investigated with the.help of iron-free 
systems consisting of some parallel conductors. by which 
the current goes a t  high energy in one direction. It was 
shown that the systems delay. in the immediate proximity, 
i large part  of the p mesons formed by the decr~rnposition 
of n mesons. The competence of the proposed method was 
confirmed by experiments on electron models. Thermal . 

and dynamic analyses, confirming the possibllity of the 
design of efficient installations. ied to specially prepared 
isolated dodecametric sections for  the proposed system. 
(tr-auth) 

30524 (TID-20750) n--p. INTERACTIONS AT 683 
Mev/c. Technical Rcporr NO. 346. i(. A. Hurnstein, 
G. Charlton, T. B. Day, G. Quareni, A. Quareni-Vignudelli. 
and G. B. Yodh ( ~ a r ~ l a n d . . '  Univ., College Park). Jan. 
19G4. Contract AT(40-1)-2504. 38p. ' , 

Interactions of 683-Mev/c mesons (a? with protonswere,  
investigated using a 14-in. hydrogen bubble chamber in a 
17-kilogauss field. Two thousand d s s r i c  scatierings were 
analyzed yielding a cross section of 18.91 * 1.01 mb. No 
evidence for powers of cos 8 higher than lwo was observed 
in the elastic angular distribution. The angular distribution 
obtained was (do/dw) = (0.384 * 0.026) + (1.70 0.06) cos 6 + 
(3.36 * 0.11) cos28(mb/sterad). The single meson (n) pro- 
duction reactions rr- + p - IT- - no + p and,' + p,- IT- + IT' + 

n were studied in detail. A total of 441 r0 productions and 
8 3 j  rr' productions were analyzed giving a cross  section of 
3.99 t 0.21 and 7..50 t 0.40 mb, re'sptctively. The differential 
distributions, for these inelastic processes a r e  presented and 
compared with. the' predictions of the model of Olsson and 
Yodh. The distributi.0" of evenis on the Dalitz plots for no 
production i s  accounted for by the model. However; for 
the n+ reaction, the mode! (so far developed) does not de- 
s c r ibe  adequately the distribution of events on the Dalitz 
plot. The center-of-mass angular distributions for no and . 

n+ production reactions a r e  presented and compared with 
the model. (auth) 

ua97 
PION-PROTON BBSONANCX SCA'lY'EWL; NYAH 900 
Mev. .H. C. Burrowes. D. 0. Caldwell. D. 8. Frlsch. 
D. A. Hill, D. M. Ritson, R. A. Schluter, and M. A. 
Wahlig (Afassachusetts 1dst. of Tech.. Cambridge). 
Phyo. Rcv. Lottoro 3, 110. al(1060) Feb. 1. 

.The scattering of negative and positlve pions by hy- 
drogen In the laboratory energy range 470 t o  1200 M w  
was Investigated in order to clarlfy the broad resonance 
occurrlng near 900 Mev. The target was five feet of 
liquid hydrogen. Thc clrpcrimcntal setup 1s described. 
and results  a r e  glven. (W.D.M.) 

44428. (C ERN-~s--%~vo~.II) ,  pp M9-13) EMULSION 
GRAIN DENSITY.IK THE EXTREME RELATIVISTIC RE- 
GION. Buskirk. F. R. ; Dyer, J. N.; Hanson, H. D.; 
Scng. R.; Weidrnan, R. H. 

a r e  reported. Data were .gathered from four 
pellicles of 600 p nford K-5 emulsion. The experimental 
procedure is given; (M.O.W.) . 

i uv46 
MUON 
(Utah. 

(AD-2~0039) MEAN LIFE OF THE NEGATIVE 
IN'CARDON (tl~esis). Robert A1bel.t Butterfield 
Univ.. Salt Lake City). .T~lnp. 1961. 34p. 

Positive and iiegative' niuo~is a r e  stopped and their decay 
ubserved. 'I'he con~pusiLe Illearl life of these muons is  cal- 
culated and the negative mean life in carbon is coni~uted  
from the con~posite data. Results of calculations show a 
cor~~yosi le  mean Ilfe in carbon of (2.08'7 h 0.037) x 10-'sec, 
and the negative muon mean life in carbon is  (1.94 0.09) x' 
l ob  sec.  (J.R.D.) 

18347 UCRL-9048 
California..' Univ., Berkeley. Lawrence Radfatlon Lab. 
CHARGE-EXCHANGE SCATTERING OF NEGATIVE PIONS 



BY HYDROGEN AT 230, 260, 290, 317, and 371 MEV 
(thesis). John C. Caris. Mar. 18, 1860. 10Sp. Contract 
W-7405-eng-48. OTS. 

The differentlal c ross  section for  charge-exchange scat- 
tering of n- by H was observed at  230, 260, 290, 317, and 
371 Mev. The reaction was obseryed by detetllng one 
gamma ray from the no decay with,a sci+ill?ion-counter 
telescope. A least-squares analysis indlcstea that d-wave 
scattering i s  not establlshed in this energy rmge. (anth! 

194 

4601 (UCRL-9278) TOTAL CROSS SECTIONS FOR 
NEGATIVE PIONS ON PROTONS AT 230. 290, 370;427, 
AND 460 MEV. John C, Calls,  Lester K. Goodwln, 

. Robeit W.  key, Victor ~ e r e z - ~ e n d e z ,  and Walton A.. ' 

Perklns, III (California. Unlv.. Berkeley. Lawrence . . 
Radlatlon Lab.). June 16, 1960, 19p; Contract W-7406- 
eng-48. OTS. 

Total c ross  sections, for negative pion interactions with 
protons were measured at.laboratory-system energlee of 
230,, 290, 370, 427,. and 460 Mev. The. total c ros s  sections 
agree wlthfn statistical e r r o r  with other measured values, 
and with values calculated from sums of elastic,' inelastic. 
and charge-exchange measurements. (auth) . 

32689 , TOTAL CROSS SECTIONS FOR NEGATIVE 
PIONS ON PROTONS AT 230. 290. 370, 427. AND 460 Mev. 
John C. Caris, Lester K. Goodwin. Robert W. Kenney, 
Victor Perez-Mendez, and Walton A. Perkins, I11 (Univ. 
of California. Berkeley). ~ h y s .  Rev., 122: 262-4(Apr. 1, 
1961). (UCRL-9463) 

Total cross sections for negative pions on protons were 
measured at laboratory energies of 230. 290. 370. 427, and 
460 Mev. The measurements were made in the same pion 
beams as and a t  energies identical with those of our r--p 
differential scattering experiments. Comparisorls of the 
total and differential scattering can be made with the dis- 
persion theory at a given energy ~i thout ' in t roducin~ the 
systematic e r r o r s  that would normally enter due to uncer- 
tainties in the parameters of more than one pion beam. 
The measured total c ross  sections a r e  found to agree wlth- 

' 

in statistics with other measured values, and with the sums 
of'elhstic. inelastio, and charge-exchange cross sections 
measured at this laboratory. (auth) 

7715 CHARGE-EXCHANGE SCATTERING OF NEGA- 
TIVE PIONS BY HYDROGEN AT 230, 260, 290, 317; AIW 
371 Llev.. John C. Caria, Robert W; K e ~ e y ,  Victor Perez- 
hlendez, and Walton A. Perkins, III (Univ. of California, . 
~erkeley).  Pbys. Rev., 121: 893-904(Feb. 1, 1961). 

The differential c ros s  scction for charge-&change scat- 
terlng of negative pions by hydrogen was observed at 230, 

260. 290, 317. and 371 Mev. The reaction was observed by 
detecting one 7 ray from the r0 decay with a scintillation- 
c o d e r  telescope. A least squares analysis was performed 
to fit the observations to the function . 

5 
(do/&) = a , ~ , - ~ ( c o s  6) . 

LII the c.m. frame. The best fit to the experimental measure 
meats required only 8- and p-wave scattering. The least 
squares analyals Indicated that d-wave scattering was not 

. established in this energy range. (auth) 

18502 POSI'~IVE-PI,ON CROSS SECTIONS ON COM- 
PLEX NUCLEI. John C. Caris,  Edward A. Knapp, Victor,. 
Perez-Mendez, and WaltomA. Perkins (Univ. of California, 
Berkeley). Phys. Rev., 126: 295-302(Apr. 1 ,  1962). 
(UCRL-6366) 

Absorption nr. 1 diffraction cross  sections were measured 
for positive pions a t  442 Mev. The target elements used 
were C, Al, Cu, and Cd. The absorption and diffraction ' ' 

cross  sections were determined by fitting the experimental 
data (taken at  six angles) to the shape given by the optical- 
model theory. The nuclear radius and the falloff param- 
e ter  were taken to be approximately those determined 
from nuclear charge distribution measurements.' The ex- '  
perimental .data were compared with the results of the 
optical-model theory. Experimental values for the im- 
aginary part  of the potential were in agreement with the 
theoretical value. However, the experimental values for 
the real potential increased with increasing atomic num- 
ber ,  becoming far  larger than the theoretical value. (auth) 

16929 (NP-11592(Vol.D(p.25-6)) PION PRODUCTION 
BY POSITIVE PIONS ON PROTONS AT 308 Mev KE. 
R. Carrara,  M. Cresti,'A. Grigoletto, A:L~ria, L. Peruzzo, 
H. Santangelo; and D. Venchiarutti (Padua. Universit;. 
Inotituto di Fislca). ' .- , .' ' . . 

1 An analysis i s  presented concerning measurements,on 
pjctures t,aken in conjunction with exPosure of the CERN 32- 
cm hydrogen bubble chamber to a positive pion beam at.  
about 310 Mev from a synchrocyclotron. A sample of 5000 ' 
events was'studied, and a total inelastic cross  section of 
0 40+0'23 . mb at 308 Mev KE found. (J.R.D.) 

. . 

7475 (TID-19854) Ht\nlATNfE PION -NUCLEON 
SCATTERISG. P. Carri~tl iers (Cornell Univ., Ithaca, N. Y. 
Lab. of Suclenr Studles rind Cornell Unlv., Ithnca. N. Y. 
Lab, of Aton~ic nnd Solid Stnte Physlcu). Nov. 1963. Con- 
tracts AT(30-1)-2179 and NONR 401-51. 19p. 

The cross  section for bremsstrahlung in n-N interactions 
i s  calculntcd from the results of the static nucleon theory. 
The result agrees well wlth a recent measurement of the,  . 
reaction n+ + p - n+ + p + y'at an avcrogc pinn lalrurn&ry 



kinetic energy of about 300 Mev. The  theoretical resu l t  i s  
0.25 mb, conlpared to the experimental value 0.22 * 
0.05 mb. The energy distribution of the final pion i s  com- 
puted a t  laboratory energies of 200, 300, and 400 Mev. The 
3-3 i sobar  shows up c lear ly  a t  the  la t te r  two energies,  in 
agreement with experiment. Experiments a r e  suggested 
whereby the bremsstrahlung can be used a s  a. probe to ob- 
tain information about the higher resonances in r-N scat- 
tering. (auth) 

19481 n-N PIIASE SHIFTS FROh1-300 TO 700 hlcv. 
Cence,  J. (Univ. of Ha\\.aii. Honolulu). Contract  AT(O4- 
3)-511. P l ~ y s .  Lett., 20: 30G-6(Feb. 15. 1966). 

A phase shift analysis  for  71-N scat ter ing was car r ied  
out  f rom 300 to  700 Mev. The T = $/; phase shifts a r e  in 
qua l i tn tne  agreement uith p r e ~ i o u s  results .  IIo\ve\er, it 
1s found that the T = phase shif ts  11e \vithm '-45 deg up to 
700 blev. (auth) 

37963 RECENT ELASTIC-SCATTERING AND' P b -  
LARIZATION STUDIES OF THE a-N INTEMCTION I N .  
THE IiIGIiER RESONANCE REGIOY. Robert  J. Cence 
(Univ. 01 California, Eerkeley). p.131-41 of "Nucleon 
Structure." Stanford: 'Ca!if., Stanford University P r e s s ,  
,1964. . 

The resonances (peaks) nt 6tG and 'JOO 3 i e ~  in the i.'-p 
tolal c r o s s  section and at 1350 Ale\: in the f - p  total c r o s s  
section were studied by mensuring the a+-p differential 
' c r o s s  sections and the.recoi1 proton p6larizaiion a t  ener-  
g ies  near  the resonances.  Phase-shift ana lyses  of the dab. 
were  perlormed. The data a r e  consistent with a DS, '1' = 
1/2; F,, , T = 1/2; and F!,>, T = v2 resonances at 600, 900, and 
1311 hlev, respectively. (D.C.W.) 

13409 A M E A S U R E ~ E N T - O F  THE FORWARD 
CHARGE-EXCHANGE CROSS SECTIONS O F  170 Mev 
NEGATIVE PIONS I N  PIYDROGEN. C'. Cernigoi (Uni- , 

versit'a, Tr ies te ,  Italy Istituto Nazionale di Fisica 
Nucleare, Tr ies te ;  Italy), I. Gabriellt,  G. Iernett i ,  and 
'C. Villi. Phys. Le t te rs ,  3: 18-21(Nov. 15, 1962). (In 
Englioh) 

The measurement of the forward charge-exchange c r o s s  
sect ion U ~ ( O ~ , ~ )  f o r  the process  r-+ p - IT' + n was car r ied  
out a t  a R- energy of 170 3 Mev. The final result  i s  
u0(o0 + 8') = 5.023 + 0.26 mb/sterad; The meson:nucleon 
coupling constant f2 was determined using al l  available data 
on U ~ ( O ~ . ~ )  f r o m  95 to 290 Mev and i s  presented a s  a X2 fit. 
(H.D.R.) 

SPOTS' ARISING FROM PION CAPTURE IN EXPLO- 
SIVES USING THERMAL INITIATION THEORY. Joseph 
Cerny and J. V. Richard Kaufman (P ica t imy Arsenal, 
Dover, N. J.): J. Chem. Phys.. 40: 1736-44(Mar. 15, 
1964). 

The process  whereby relatively high energy density, 
spherical zones of radiation heating may a r i s e  from 
slow n--meson irradiat ions i s  described, and the effects 
of such microscale hot, spots on s ix  explosives (lead azide. 
lead styphnate, m e r c u r y  fulminate. RDX. TNT, and.PETN) 
was  investigated. No explosions o r  s igns of thermal de- 
composition w e r e  observed with any of t h e  explosives. ' , 

Andys is  of these  resu l t s  by the hot-spot model of explo- 
s ive initiation and thermal growth was attempted. The  
conclusions were:  that this  model can not explain the  
experimental resu l t s  observed for  RDX, in that  it predicts  
initiation, and that the previous experiments attempting 
explosive initiation hy the microscale thermal  effects of 
ionizing radiation have not investigated those  explosives 
most susceptible to  initiation by this  mechanism. (auth) 

29543 DETERMINATION OF THE REACTION RATE 
x;, ,,, + p - no + n IN HYDROGENOUS MATERIALS. 
&I. Chabre, P .  Depommier, J. Heintze, and V. Soergel 
(CERN, Geneva). Phys. Letters ,  5: 67-9(June 1, 1963). 
(In English) 

The fraction of mcsons(n-) .stopped. in hydrogenous 
mater ia l s  that interacts  with hydbpgen nuclei by the proc- 
e s s  x- + p - no + n was determined for  LiH, CH, and CH2 
by detecting coincidcnees between the n- and the two y 
rays  f rom no decay. Measurements were a l so  made with 
Li ,and C targets s o  the background could be subtracted. 
The " d u e s  .obtaindd a r e  about ' thrce . t imes a s  la rge  a s  ' 

thoso obtatnod in other exporimonts: A vallle obtained for 
Hz agrees  well with expqctations. (D.C.W.) 

866 (UCRL-1.0949) PION SCATTERING FROM A 
POLARIZED TARGET. Owen Chamberlain, Carson D. 
Jeffr ies ,  Claude H. Schultz, Gilbert Shapiro, and Ludwig 
Van Rossum (California. Univ., Berkeley. Lawrence Ra- 
diation Lab.). Aug. 7, 1963. Contract W-7405-eng-48. 
17pi (CONE'-46 .-106) 

From. American Physical Society 1963 Spring Meeting, 
Washington, D. C., Apr. 1963. 

The parameter  P, equivalent to that determined by ana- 
lyzing the recoil  proton polarization in scat ter ing from an 
unpolarized target ,  was measured to  an unprecedented a ~ .  
curacy at.an energy and angles inconvenient f o r  double- 
scattering techniques by detecting pion-proton coincidence, 
in 246-hfev meson (n+) scat ter ing by a ta rge t  containing w. 
larized protons. (D.C.W.) 

16026 CONSIDERATION O F  "SPHERICAL HOT 



31331 ELECTROMAGNETIC CORRECTION EFFECTS 
ON THE n+ - roe+" DECAY. Ngee-Pong Chang (Columbia 
Unlv., New York). Phys. Rev., 131: 1272-5(Aug. '1, 1963). 

Recently experiments have been done on the r a r e  decay 
of the n+ !nto the nOe+v mode as 'a  third and independent 
test of the conserved vector'current hypdthesis. This note 
reports briefly on a simple perturbation calculation of the 
radiative corrections. With a cutoff of around a nuclear 
mass, the radiative correction shortens the lifetime by 
--1.1%. (auth) 

31034 THE ANOMALOUS MAGNETIC MOMENT OF 
THE MUON. G. Charpak, F. J .  M. Farley, R. L. Garwin, 
T.  Muller, J .  C. Sens, and A. Zichichi (CERN. Geneva). 
Nuovo Cimento (10). 37: 1241-1363(June 16, 1965). 

The anomalous part of the gyromagnetic ratio, a = y2(g-2) 
of the muon was measured by determining the precession. 
0 = awoBt fcr  100-Mev/c muons a s  a function of storage 
time t in a hotvn static magnetic field of the form B = .. 
Bo(l + ay + by2 + cys + dy4). The result i s  a,,, ='(I162 i 
5) x lob.compared. with the thcoretical value a,,, = a/2n + , 

0.76 a 2 / n 2  = 1165 x lob. This agreement shows that the 
muon obeys standard quantum electrodynamics down to 
distances -0.1 fer'mi. Details are.given of the methods 
used to store. muons for -lo3 turns in the field, and of 
measuring techniques and precautions necescary to achieve 
the final accuracy. Sdme of the methods of orbit analysis, 
magnet construction shimming and measurement, polariza- 
tion analysis, and digital timing electronics may be of more 
general interest. (auth) 

5892 QUENCHING OF RUON DEPOLARIZATION BY 
WEAK MAGNETIC FIELDS. G. Charpak, F. J. M. Farley, 
R. L. ~ a r w i n ;  T.  Muller, J. C. Sens. V. L. Telegdi, C. M. 
York, and 2.. Zichichi (CERN, Geneva). Nuovo cimento 
(lo), 22: 199-202(0ct. 1, 1961). (In English) 

Il' muons a re  stopped in an electrically conducting'mate- 
rial they suffer very little depolarization. In insulators the 
resulls a r e  variable, some materials giving no depolariza- 
tion (bromoform, methylene iodide), while in others (sulfur, 
NaCl) the depolarization i s  almost complete. Depolarization 
in the case of a plastic scintillator target was measured. 
Re-establishment of polarization at  low .fields was detected. 
At ,- 150 gauss, the asymmetry reached about 50% of i ts  full 
value. Results a r e  .represented in graphical form. (L;N.N.) 

synchrocyclotron, and the summed energy spectra of the 
two protons were measured for the (n+,2p) reaction on 6 ~ i ,  
'Li. "c, and 14N. The structure expected from the two- 
hole interpretation of the final nuclear states was clearly 
displayed for the B ~ i ( n + , 2 p ) ' ~ e  reaction; the absence of thk 
structure in the spectra of the.other reactions i s  attributed 
to poor energy resolution and the natura! widths of the hole 
states. (L.B.S.) 

3970 ' . . 
THE ANGULAR DISPERSI'ON OF P A R T I C ~ E  BEAMS ' 

PASSING THROUGH NUCLEAR EMULSIONS. Brigitte . 
Chemel and Tsai-ChU. Compt. rend. 249, 1494-6(1959) 
Oct. .19. (In French) , . . . . .. 

.The measurement of the angular dtspersion of a 6-Bev 
prot0.n beam and a 300-Mev. n meson'beam has permitted . 
the deternilnation of the vector of'ddformation and the 
multiple scattering constant. The scattering constant . . 
approaches an upper l imv fo r  particles of high velocity. 
(tr-auth) . . . . 

3315 (UCRL-9028) POSSIBLE MANIFESTATIONS 
OF A PION-PION INTERACTION. ~ e o f f r e y  F. Chew. 
California. Unlv.. Berkeley. Lawrence Radiation Lab. 
Jan. 6, 1960. lop. Contract W-7405-eng-48.- OTS. 

Various experiments to verify the existence of a P-wave 
resonance in the n-r  system a r e  proposed. Topics dis- 
cussed in some detall include nucleon electromagnetic 
structure,  electromagnetic n-r production, a three-pion 
resoriance o r  bound state, and periphera1,collisions. 
(W.D.M.) 

8122 .. . 
SCATTERING OF p MESONS FROM LEAD NUCLEI. 
B. Chidley, P. Cbldstein. G. Hinman. R. Summere, aDd 
R. Adler (Carnegle Inet. of Tech.. Ftteburgh). Phye. 
Rev. 116, 1015-21(1959) Nov. 15. -- 

The angular distribution of 23-Mev p' mesone scat- 
tered hy lead nuclei was meaeured by using a camter 
arrangement and also by using a propane bubble chahber. 
The results agree,  to the accuracy of the experimente. 
with the distribution predicted by the ordinary Cmlomb 
interaction'of the p meson and the lead nucleue. (autb) 

25513 STUDY OF TWO-HOLE STATES JN,T,IGHT 25502 NUCLEAR DE-EXCITATION FOLLOWING MUON 
NUCLEI BY JLEANS OF' (n+,2p) REACTIONS. G. Charpak' CAPTURE AND THE BOUND MUON DECAY ANOMALY. 
(CERN, Geneva), G. Gregoire, L. Massonnet, J. Saudinos, 
J. Favier, M. Gusakow, and R I .  Jean. Phys. Letters, 16: Frank Chilton (Univ. of Washington, .Seattle). Phys. Rev. 

54-6(May I; 1965). Letters, 7: 31-4(July 1, 1961). 
Targets of OLi, 'Li, C&, CH,, and liquid nitrogen were The ra te  of the p- meson decay reaction p- - e- + r + .p 

bombarded with a beam of 106-klev pions from the CERN in the Coulumb field of a nucleus is  studied. It i s  suggestecl 



that discrepancies between the observed and theoretical 
r a t e s  may be  caused by the unwanted detection of the j ~ -  

capture reaction p- + p - n + v :  The neutron f rom this  re- 
action can produce gamma radiation by various processes,  
and the gamma radiation can produce electrons ei ther  by 
pa i r  production o r  by the Compton effect. Experimental 
methods for  testing the existence of this mechanism are 
proposed. (T.F.H.) 

37951 RADIATIVE CORRECTIONS FOR WEAK INTER 
ACTION PROCESSES. Cheng-jui Ching (PeUng Univ.). 
Sci. Sinica (Peking), 13: 1323-5(Aug. 1964). (In Russian) 

Radiative cor rec t ions  for photons and neulrinos in 
rnesontp) and neutron decay a r e  discussed.  (C.E.S.) 
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13458 (UCRL-1G209) PION-PROTON CHARGE- 
EXCHANGE SCATTERING. 500 T O  1300 Mev [Thesis]. 

' Chiu. Char les  Bin (Lawrence Radiation Lab.. Univ. of ' 

California. Berkeley). Nor. 2, 1965. Contract  W-7405- 
eng-48. 162p. Dep. mn. CFSTI $5.00 cy. $1.00 mn. 

Differential c r o s s  sections for  the react lon V p  - fin 
were measured a t  nine incident-pion klnetic energ les  in 
thc interval from 500 to 1300 Mev. The negatlve pion beam, 
obtained from the bevatron, ivas focused on  a liquid hydro- 
gen ta rge t  ~ u r r o u n d e d  by a cuhlc a r r a y  of s ix steel-plate 
spark chambers.  The spark chambers  were t r igge tea  On 
events with neutral  .final s ta tes .  Charge-exchange events 
were identified from the one-shower and two-shower events 
in the spark  chamber pictures. Dy the Monte Car lo  tech- 
nlque, the $ dietrihu{lons were calculated from the hlsector 
dintr ihulion~ of the two-showcr rP event8 together wlth tho 
ohserved gamma-ra)i dfstrlhutions of the one-shower fl 
events. Thc8e # dlsiributlons were fitted with both Legen- 
d r e  polynomial expanslons and power-serles expanslona by 
the method of l e a ~ t  pquares. The extrapolated forward 
dlfferentlal c r o s s  sectlona a r e  In good agreement wlth the 
dlsporslon calculatlona. The Lercndro cmff lc len ts  for the 

associated photon. The energy of the photon w a s  deduced 
f r o m  the pulse 'produced by the pair  in a large NaI crystal .  
Counter pulses displayed 0n.a fast oscilloscope gave in- 
formation on the time,distribution of events. For approxi- 
mately 3 x 10' b-stops, 100 good events were observed. 
.Extract ion of the branching rat io R of radiative capture to 
the ordinary cap ture  depcnds upon detailed assimpt.ions 
about the internal excitation of the final nucleus following 
the muon capture. However, the dependence i s  not very 
strong and the overal l  average branching rat io i s  R = 
(5.5 i 1.8) x The result  is  l a r g e r  than would be ex- 
pected theoretically fur a pula V-A eeupling and i s  con- 
sis tent  with.an es t imate  that includes an additional 
pseudoscalar interaction in the four Fcrmion coupling of, 
muon and neutrlno t o  prutu;l and neutron. 30 references.  
(auth) 

10339 RADIATIVE p' CAPTURE IN COPPER. 
William T. Chu. Irving Hadelhalt, and Julius Ashkin (Car- 
negie Inst. o l  Tech.. Pittsburgh). Phys. Rev.. 137: B352- 
66(Jan. 25, 1965). 
" 

The radiative.capture of negative muons in copper (p- + 
Cu - Ni + v + y) was measured. The muons \\.ere captured 
in the copper plates of one spark chamber and the gamma 
rays  converted in the lead plates of n second spark cham- . 
ber.  A large (8 in. x'8  in.) NaI crystal  tvas.used lu tneasure 
the gamma energy. The apparatus was sensitive to gamma 
rays  of energy la rger  than 50 RIev. The observed g:inlma 
s y e c ~ r u r n  Is c u u ~ p a r e d  iu a Ll~eule t i~ul  3lji~tru111 bilscd 011 a 
Fermi-gas model of the nucleus. The comparison gives 
branching r a t i r ~ s  l o r  radiative muon capture relative to o r .  
dinary muon capture of R = (4.6.i. 0.7) x for RI* = &Ip 
and R = (5.2 * 0.8) x f o r  R l h  ivIp/2, where hI* Is the 
effective nucleon m a s s  used in the model and > I p  is the 
mass  of the proton. An attempt i s  made to e x t r a p l a t e  illi 
observations in copper to the case  of a f ree  proton. (auth) 

- 
dlfferentlal c r o s s  sections .in a pure I = 1/2 t ~ o ~ p l n  state. 22935 RESONANCE IN'I'EI1ACTIONS OF PI hlESONS 
and for  the dlfferentlal c r o s s  sect lons due to the Inter- ' 

ference of I = % and I = amplltudcs, were ohtalned hy 
WITH STRANGE PARTICI.ES (EXPERIMENTAL DATA). 

combinlng our  resu l t s  with the available data on +p c l a ~ t t c  I. V. Chuvilo. Uspekhi Fie. Nauk, 76: 329-50(Feb. 1962). 
(In Ilussian) scattering, In the light of the exlstlng phwe-shif t  solutions, 

the behavior of these coefflclents 1s dlscunscd. The well- Experimental results  a r e  r iven which show that HZ. 
known &Fs interference t e r m  that peaks near 900 Mev Is 
verlfled to be predominantly In a pure I = s ta te .  (auth) 

,29574 (NYO-10562) OBSERVATION OF RADIATIVE 
CAPTURE OF MUONS IN COPPER. William T. chu  
(Carnsgie Inst. of Tech.. ,Pittsburgh). Jan. 1963. Con- 
t r a c t  AT(30-1)-882. 124p: . .  . 

, The radiative capture of negative 'inuons by a complex 
nucleus. j~' + Nucleus - Nucleus' + neutrino + photon, was  
observed for 'muons stopping in Cu. Events were  identified 
visually using a s p a r k  chamber with copper plates to de-  , . 
t ec t  the stopping muons and a epark chamber wlth Lead 
plates to detect t h e  pa i r  result ing f rom conversion of the ,  

- 
r h o ,  and nK interactions in the region lronl  100 to 300 hlev . 

posfiess a resonancc character. Thc tnassra a r e  given as: 
nhO-system (Y;-particle) = 1385 hlcv, hall-width 20 Rlev; 
nhO-system (YB-particle) = 1405 Mev, hiill-wldth 26 hlev; 
nK-systcm (K*-particle) = 835 hlev, half-width IG Alev. 
The half-widtl~s mean that the lifetinies of tliese particles 
a r e  of the ortlcr of 4 lo-'' sec,  longer than the well- 
known IT-nucleon ('/,,%) resonance, but s t i l l  of the same 
magnitude a s  the duration of s trong interaction processes. 
The isotopic spin of  Yf i s  1,  01 Y; i s  U, and of K* is I/,. 

It i s  further  noted that the Y; particle i s  in an Sub-state, 
although P* cannot be excluded. There  i s  no defini- 
live evidence concerning the spin and parity of the HE- ' 
Interaction, whereas the spin of the K*-partlcle i s  either 
0 o r  1. In purt lcular ,  it i s  pointed out, that the spin and 



parity determination of the Y:-particle i s  of .great sig- . of induced pseudoscalar coupling constants. (Disser- . 
tation Abstr.. 25: No. 3, Sept. 1964) niflcance to the "global symmetry" hypothesis of Gell- 

Mann. (TTT) 
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219 47350 A POSSIBLE MODEL FOR A STRONG INTER- 

27222 PION-NUCLEON COUPLING CONSTANT FROM 
n-p DIFFERENTIAL CROSS-SECTIONS OVER AN ENERGY 
RANGE. R. Cirelli (Unlversita, Milan and Istltuto Nazion- 
ale di  Fisica Nucleare, Milan) and G. Stabilini. Nuovo ' 

Cimento (10). 37: li65-90une 1, 1965). 
The pion-nucleon coupling constant i s  determined by 

extrapolation to the backward one-pion-exchange pole over 
a large energy range. Data on the neutron-proton dlfferen- 
tial cross section ranging from 62.5 to 550 Mev are used 
in the treatment. The values of g2 'obtained by this global 
deteimination turn out to be rather good. (auth) 

ACTION IN THE P,, PION-NUCLEON STATE. Clegg. 
A. B. (Oxford Univ.). Nuovo Clmento (10). 36: 1052-1 
(Apr. 1. 1965). 

An explanation for the observed rapid r i se  In the Pl1 
phase in pion-nucleon scalterlng near 500-Llev pion 
energy i s  offercd. A concelvablemodcl for n strong 
interaction of two plons wlth the nuoleon a t  the name 
t l t i~r  Is tilscrtrsrd. It It? ~iro(ririul lhnt INILII ~ilottr nlny i*11oh 
#)rend Irn np)wvch\\rlt. 11:1rt of tli\\ t l i~rc I l i  tl~t? (I ,  $1) -, (=I,, 

slntc wltlt rcelic%?t 111 this tlctclrwn. I1 I8 ~llown 1It11t It 
I$ poetllblr lo Ilnd n wnvc! fttncllon for nn (I ,  J )  - (%, '4) .- 

eL?ln of.tht! N r n  eyrlctn In wl~lch I~itlr ~ ~ l o n e  hnvc! n 111ryo 
prolu~blllly of Iic*ln~ I I i  I I I I  (I, -1) - (J,'2. a/2) r111lc wlll~ ~.cv~),cct 
to tht* nuclcoti ~ r t  thc PII I~I I :  1I1nc. (M..I.'I'.) 

33878 SCATTERING OF p MESONS BY CARBON. 223 
A. Citron, C. Delorme. D. Fr ies ,  L. Goldzahl, J. Heintze. 
E. G. Michaelis, C. Richard, and H, Oeve r l s  (CEHN, 
Geneva), Phys. Lettcrs, 1: 175-8(~une 1,'1962). 

The scattering of'180- and 240-Mev/c p' mesons by C is 
measured a t  angles up to 72.5'. Four-momentum transfers 
up to 250 ~ e v i c  (Iq12 = 1.5 fermi") a r e  thus achieved. 
Within the limits of elcperimental e r ro r ,  no deviation (other . 
than that arising frbm the mass  difference) i s  found between 
the p- and electron scattering c ros s  sections on C. Further, 
if i t  i s  assumed that the p- meson has a structure with an 
rrns charge radius %. an upper limit of ra = 0.68 fermi can 
be set with 95% confidence. (T.F.H.) 
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10373 CAPTURE OF MUONS IN HELIUM-3. Douglas. 
Roger Clay. Thesis, Salt Lake City, Univ. of Utah, 1964. 
129p. 

An experiment using negative muons from the synchrn- 
cy~10trbn'Ol the Carnegie Institute of Technology was car- 
ried out to measure the rate of the interaction p' + ' ~ e  - 
SH + v,, where the produced '11 nuclcus is  in the ground state. 
Both the stopping muons and the subsequent 1.9-.1\1ev recoil- 
tritons were measured in a ' ~ e  gas scintillation counter 
operated at 360 psi. A 10% admixture of Xe greatly en- 
hanced the scintillation efficiency and reduced Llle fraction 
of tritons leaving the target. Use of a CsI(T1) crystal above 
the photomultiplier window and a pulse-'shape discriminator 
circuit orecluded the counting of muons stopped in the glass. 
~ l t e  was contained in a tfin-walled Ag box surrounded 
by a Xe scintillation counter that detected p-decay elec- 
trons. A.two-dimensional time and pulse-height attalysis 
was perlurmed on the tritons. Simultaneously, the elec- 
trons were time-analyzed wlth the same apparatus. In a 
separate run, the Xe concentration in the target counter 
waa increased s o  thal electrons could be counted efficiently 
in it. An energy resolution of 15% was achieved for recoil 
tritons. making possible a precise background subtraction. 
The experimental result, .based on about 6800 tritons, is 
1470 i 67 sec-' and is  to be compared with 1505 a 120 sec-', 
the rate expected on the basis of muon-ele.ctron universal- 
ity, conserved veo lu~cur ren t  hypothesis, and the calculat.ed 

34960 . p CAPTURE IN OXYGEN. R. C. ,Cohen. S. De- 
vo,ns. and A. D. Kanarls (Co1umbia'~niv.. New York). 
Phys. Rev. Letters, , l l :  134-7(~ug: 1, 1963). . 

The capture rates of p- mesons by ol', leading to the 
' f irst  four bound states of N", a r e  measured. The ratio 
of capture to the 0- and 1- states of N" i s  measured as:' 
ratio (0-/1-) = 0.38 0.07. This result i s  consistent with 
an induced pseudoscalar coupling constant/induced axial 
vector coupling constant ratio of about 15 in the basic 
reaction p- + p - n + .up. (T.F.H:) 

6273 - (AD-617398). MU CAPTURE IN OXYGEN . 
[Thesis]. Cohen, R. C. (Nevls Labs., Columbia Univ., 
Irvington-on-Hudson. N. Y.). Apr. 1965. Contract 
Not~26672. 80p. (CU-236;,NEVI%l30). CFSTI S ~ : O O  
cy, SP.75 mn. 

By measuring the p induced "N beta radioactivity and " 
the low energy gamma transitions in this nucleus, estimates 
were obtained of the absolute capture rates for p- stopping 
in oxygen and producing 16N in three of the lowest lying 
stares. The results are: p- + 1 6 0  (O+) to (2(-), ground 
state) + v = 6.300 t 700/sec to I6*N (O(-j, 120 kev) + v = 
1,100 t 200/sec to '6*N (I(-). 392 kev) + v 1.730 100/sec. 
Within the limits noted in the text, the rate to the 0(-) state 
indicates the value for the pseudoscalar coupling constant 
lies between logA and 266,. (auth) 

2 8.5 

35460 SEARCH FOR THE TETRANEUTRON VIA 
THE REACTION 'k + 'Ll - '+ 3 ~ e .  Cohen, R. C. 
(Columbia Univ., New York); Kanaris, A. D.; Margulies, S.; 
Rosen, J. L. 'Phys. Letters, 16: 292-3(June 1, 1965). , 

Presented is  an investigation of two-hdy breakups 
, following b absorption a t  r e s t  in lithium. Measure- 

ments were sensitive to four neutron final-state inter- 
, 

actions and particle-unstable tetraneutrans, a s  well 
as  to particle-stible ones. (M.O.W.) 



19.177- TWO-BODY BREAKUPS FOLLOWING 2 AB- 
SORPTION IN LITHIUM: EVIDENCE FOR THE PRODUC- 
TION OF H4. R. C. Cohen. A. D. Kanaris, S. RIargu- 
lies, and J. L. Rosen (Columbia,Univ.. New York). Phys. 
Letters. 14: 242-5(Feb. 1. 1965). 

An experiment i s  described, which yields ebidence for 
the R- + 6Li - 3H,+ 3H, 1;- + 6 ~ i  - 2H + OH, and 1;- + lLi - 
3H + (H reactions. Collinear particle pairs following pion 
absorption were detected in two counter telescopes, and 
two-body reaction products were identified from their 
unique ranges by'varying the Lhickt~ess of an aluminum 
absorber in one telescope. Differential range curves a r e  
presented. It i s  concluded that the observed reactions oc- 
curring with probabilities of one in a few thousand indicate 
that capture yielding nucleon clusters is appreciable enough 
to be measured accurately, and evidence is  provided for the 
cxifitence of a d~ state which is  unstable against decay into 
3H + n. Results for  the 1;- + 'Li - 2H+ 5~ reaction were in- 
conclusive. (L.B.S.) 

38114 'THE LIFETIME OF THE NEGATIVE MUON 
IN 2 3 9 ~ ~ .  Cojocaru, V. (Inst. of Atomic Physics. Bu- 
charest);  Marinescu. L.; hlihai. I.; Petrascu. M.; 'Voi- 
culescu, Gh.; Ignatenco. I.; Omelianenco, M. Rev. Roum. 
Phys.. 11: 207-lZ(l966). . 

The t ime distribution of fission due to  the nuclear cap-. 
ture  of negative muons in plutonium was measured and the 
value 76 a 9 ns  for  the muon lifetime was obtained. There 
i s  a good agreement, wiUiln me experll~~e~llal e l l u l s ,  be- 
tween the experimental value and that calculated with the 
theoretical formula given by Primacoff. (auth) 

17028 EXPERIRlENTAL STUDY OF DOUBLE- 
. CHARGED PION PRODUCTION IN (a-,p) COLLISIONS 

AT 900 Mev. Derek C. Colley and Joseph T. Ratau 
(Colttmbia Univ., New York). Phys. Rev., 130: 357-61 . 
(Apr. 1 ,  1963). 

Eight hundred and forty events of the kind n- + p - n- + 
p + n- + 1;+ produced in the 20-in. BNL hydrogen bubble . . 

chamber by 900-Mev pions were unambiguously identified 
using spatial reconstruction and kinematic fitting programs 
a s  well a s  ionization density estimates. The a+,n- and 

' 

r-,n- combined mass  distributions can be fitted by -smooth 
curves. with QQ deviation beyond statist ical  fluctuations; no ' 
indication was found of any prominent pion-pion resonance 
in this interaction, which covers a mass  range'up to 610 
Mev. The H + , ~  combined mass  distribution differs markedly 
from the four-body phase-space curve, but can be well 
fitted by weighing the r+,p total c ross  section curve at each. 
point.+cording to the amount of phase space available for 
production of an isobar of corresponding mass.  Assuming 
that the interaction proceeds exclusively via formation of 
the ( R + , ~ )  isobar,  one can get a good fit to the n-,s- mass 
s p e c t m .  This isobar model is also consistent.with all of 
the observed angle and momentum distributions for  both 
pions and protons. The momentum distributions show no 

indication of any pion-pion-proton resonance in the range 
up to 1550 RIev, o r  of any three-pion resonance in the range 
up to 750 Mev. The c ros s  section for the events studied was 
measured and found to be (0.33 t 0.04) mb. (auth) . . 

19089 ON THE ABSORPTION OF NEGATIVE PIONS 
BY LIQUID HELIUM. G. T. Condo (Univ. of Tennessee. 
Knoxville Oak Ridge National Lab., Tenn.). Phys. - 
Letters, 9: 65-6(Mar. 15. 1964). 

A de-excitation mechanism i s  proposed for the absorp- 
tion of mesons (re) in liquid helium. It is  shown that an 
alternate cascade scheme exists that is  in accord with ex- 
periment and that does not require the absence of the 
molecular Stark effect. (CS .S . )  

24582 (AD-439331) ABSORPTION OF NEGATIVE .PI 
ME30N3.M L I ~ E I T  NUOLEI., Teohnionl Rcport No. 46. 
G. T. Condo and R. D. Hill (Illinois. Univ., Urbana). Mar. 
1964. Contract NOIriR-l'F34(05). lop.  .. 

Meson (r-) s t a r s  observed.in normal Ilfdrd G-5 emulsion 
and in water-soaked G-5 emulsion were examined. It was 
found that 57.5% of all  meson (n-) s t a r s  iu tho normal 
emulsion were caused by absorption in heay nuclei, while 
such absorption accounted for.only 43% of all meson (1-) 
etnrc in the I t~ter-snakprl  ~mulsipn. Events in the light 
nuclei were separated into captures i n  C, N. and 0 on the 
basis of the number of prongs and the  distinotion between 
proton and aipha ,prongs. Specific resul ts  are given, to- 
gother with the rcst~lt,s nf other determinations for normal 
emulsions. (U.C.W.) " 

26142 OBSERVATION OF RADIATIVE CAPTURE OF 
NEGATIVE MUONS Dl LRON. G. Conforto, 31. Conversi, 
and L. di k l l a  (CERN, Geneva). . ~ h y s .  Rev. Lettcrs, 13: 
ZZ(July 1, 1968). 

The reaction p- + N - N' + v + y was detected; rates of 
occurrenPe under given conditions were measured. Feasi- 
bility of experiments on the coupling constants, the circu- 
l a r  polarization, and the y asymmetry of gammz emission 
from radiative capture of.polarized muons by spinless 
nuclei was estimntcd. EviUonOO Par occurrence of lhw 
yrocess in Fe uith a branching ratio of about l o 4  was 
found. (L.N.N.) 

9394 ON RADIATIVE MUON CAPTURE. G. Conforto, 
M. Conversi, and L. Di Lella (CERN, Geneva). p.427-30' 
of "1962 International Conference on High-Energy Physics 
at CEW."  Geneva, European Organization for Nuclear 
Research, 1962. 



In a search for the hitherto unobserved process p- + N - 
N + v + y,  90-Mev p' were stopped in the steel plates of a 
spark chamber, and y rays with energy >60 Mev were re- 
corded. The conditions considered a s  identifying the proc- 
e s s  searched fo r  were met by 9.5 3.8 events. From this 
the branching ratio relative to ordinary j~ -  capture was 
found to be -lo-'. (A.G .W.) 

5377 SEARCH FOR NEUTRINOLESS COHERENT NU- 
CLEAR CAPTURE OF jt--MESONS. G. Conforto, M, Con- 
versi, L. Di Lella, G. Penso, C. Rubbia, and M. Toller 
(~nivers i th .  Rome;, INFN, Rome; and CERN, Geneva). 
Nuovo cimento (lo), 26: 261-82(0ct. 16, 1962). (In English) 

A high sensitivity experiment to search for the neutrino- 
less conversion of a muon into an electron (C1- + N = N + e', 
where N is  a Cu nucleus) has been carried out at the CERN 
Synchrocyclotron. The space correlation between the muon 
and the electron was seen in a spark chamber operated a s  
a target in the muoh beam. The time correlation'was ob- 
served on an oscilloscope trace which also contained the 
pulse from a large NnI(T1) crystal, used to measure the . 
energy of the electron'(l03.8 Mev in the case of the above 
mentioned process occurring coherently in the Cu plates of 
the chamber).   earl^ 2.4 billion p--mesons were stopped 
during the main run. From the scanning of the film of the 
chamber (two 90' stereo-views) and of the corresponding :'. 
oscilloscope pictures obtained in this run, four events were ' 
found fulfilling all  requirements of time correlation, space 
correlation, and correct  energy release in the NaI counter. 
It is  shown, however.. that -5 * 2 is the expected number of 

' events of spurious nature. Hence, if the neutrinoless co- 
herent nuclear capture of a meson exists at  all, its branch: 
ing ratio to the ordinary onpture i s  concluded to be less  
than 2.2 x 10" with 90% confidence level. This negative 

. 

result fits into the recent'discovery of two kinds of neu- 
trinos. (auth) 

234 
9921 ELASTIC SCATTERING OF p+ IN NUCLEAR 
EMULSION. P .  Connolly, J. G. IllcEwen, and J. Orear 
(Cornell Univ., Ithaca, N. Y.). p.796 of "Proceedings of 
Lhe 1960 Annual International Conference on Hlgh Energy 
Physips at Rochester. The [ J ~ v e r s i t y  of Rochcster. 
Rochester, N. Y., August 25- September 1, 1960." 

The crdss  sections were measured for the elastic scat- 
tering of mesons (p? on AgBr in nuclear emulsions for 
momentum transfers of up to 160 Mev/C natfl indicated 
that the p+ meson behaves the same a s  a position, but with, 
a mass 207 t imes larger.  (M.C.G.) 

21470 ELASTIC SCATTERING. OF MUONS IN NU- . 
CLEAR EMULSION. ,P. L. Cu~lnolly. J. G. hcEwen. and 
J. Orear (Cornell Univ.. Ithaca, N. Y.). Phys. Rev. Letters, 

6: 554-6(May 15, 1961). 
Mesons p+ and p-, a t  maximum energies of.43 and 60 

Mev respectively, a r e  elastically scattered by emulslon . 
npciei. For the p+ scattering,. only 14 to 40 Mev muons 
that a r e  scattered between 80 and 180' a r e  considered. .. 

The calculated and.observed number of p+ events having 
a momentum transfer greater than q, and the average dlf- 
ferential, scattering cross  sections for Ag and Br, a r e  . 
given a s  functions of q. Only prelimfnary results  a r e  given 
for p' scattering. No indication.of an anomalous p-nucleus 
interaction Is found. (T.F.H.) 

27365 USE OF A SPARK CHAMBER IN A SEARCH FOR. 
NEUTRINO-LESS CONVERSION OF MUONS INTO ELEC- 
TRONS. M. Conversi (Univ. of Rome). p.140-Il of "Pro- 
ceedings of the Symposium on Nuclear Instrummb." New 
York. Academic P r e s s  Inc., 1962. . 

A search fo r  the reaction C(' + N - N + e w e  made. Ap- 
paratus design and performance a r e  described. (L.N.N.) 

26525 (B~~-837@;3 i5 -23 ) )  RADIATIVE MUON CAP- 
TURE IN cad' AND THE INDUCED PSEUDOSCALAR .: . . 
COUPLING CONSTANT. M. Conversi, R. Diebold, and ' 

L. di  Gila (European,Organization for Nuclear Research. 
Geneva). 

A preliminary account i s  given of an experiment on the 
muon ridiative ,capture process p- +.p - n + v,, + y ,  where 
p i s  a proton on a cad' nucleus. The induced pseudoscalar 
coupling constant, g p ,  i s  determined from measurement of 
thereactinn rate. (A4.J.T;) '. ' . 

18bb8 EXPERIMENT ON THE PROCESS p- + N = 
e- + N. M. Conversi, L. di Lella, A. Egidi,, C. Rubbia, 
and hl. Toller (Universita, Rome and Istituto Nazionale di, 
Fisica Nucleare, Rome). Nuovo cimento (lo), 19: 999- 
1009(Mar. 1, 1961). , (In Italian) 

An experiment Is performed on the p' t N - ' 

N + e' making use of a low energy high intensity )re beam. 
If, as expected on theoretical ground, coherent neutrinoless 
capture of muons in copper i s  a t  least 6 times more prob- 
able than the corresponding incoherent process, the branch- 
ing ratio relative to ordinary munn capture'turns out to be 
leoo than 5.9 x lo", with YO% confidence level. (auth) 

25922 ' (NP-11977@.49-52)) MISU'RA DELLA POLAR- 
IZZAZIONE DEI NEUTRON! DA CATTURA DI MESON1 p-. 
Oleasurement of the Polarization of N e u t r o ~ s  from the 
C w r e  of p- Mesons). M. Conversi. L. di Lella, A. Egidi, 
C. Rubbia, and Mi Toller (Italy. Istituto Nazionale di 



Fisica ~ u c l e a r e ' ,  Rome). 
The experimental setup being designed for  the measure- .  

me& of neutmn polarization by p- capture i s  described.  it 
is planned to u s e  a target  of calcium for  the p- beam at  . . 

CERN. (J.S.R.) 

18667 ON THE NUCLEAR CAPTURE O F  NEGATrVE 
31UONS WITH ELECTRON EMISSION. M. Conversi, L. di 
Lella, A. Egidi, C. Rubbia, and M. Toller (Universita, 
Rome and Istituto Nazionale di  Fisica Nucleare, Rome). 
xuovo cimento i10j. 19: 987-98(Mar. i. iSGi). (In Italian) 

An experimental  search  i s  described for  the neutrino- 
less p- capture reaction p- + N - N + e-. p- mesons a t  

' 

600 Mev stop in  a copper target. The upper l imit  for  the 
branching rat io of the process searched for, relat ive to 
ordinary muon capture,  i s  improved by a factor of more  
than 20 with respec t  to previous measurements. (auth) 

16342 ON THE NUCLEAR CAPTURE O F  MUONS 
WITH ELECTRON EklISSION. M. Conversi, L. Di Lelln, 
A. Egidi, C. Rub4ia. and hl. Tol le r  (Universita, Home). 
phys: Rev.. 122: 687-95(Apr. 15. 1961); 

Two experiments car r ied  out to s e a r c h  for  the process 
of muon capture with electron emission a r e  reported.  The 
second of the two experiments i s  nearly 200 t imes  'more 
sensitive than e a r l i e r  at tempts to find this  capture mode, 
but no indication is obtained in  f ~ v o r  of the lat ter .  In both 
experiments negative muons art: made to stop in copper, 
where coherent capture i s  predominant, s o  that the "cap- 
ture electrons" should be emitted with an energy spectrum 
sharply peaked around 100 Mev.' F o r  the branching rat io 
of the process searched  for: relat ive to ordinary muon 
capture. upper l imi t s  of about 5 2 loa  a n d 5  x lod  a r e  
established through the f i r s t  and second experiment, re -  
speotively. (auth) 

11978 SEARCH'FOR ELECTRONS FROM MUON CAP- 
TURE. M. Conversl. L. dl Lella. A. Egldl. C. Rubbla, and 
M. Toller (Universlta, Rome and Istltuto Nazlonale dl 
Flslca Nuoleare, Rome). Nuovo clmento (lo),. 18: 1283- 
6mec. 16, 1960). On ~ n g l l s h )  

Experiments were  performed to  show the exiefence of 
the processes p- + p - p + e- o r  p- + n - n + e- If the 
branching ra t io  (R = ra te  of pi + Cu - Cu + e'-/rate of p- + 
Cu - NI + v)  was la rger  than a few t lmee lod. The 60- 
Mev muon beam a t  CERN was ueed with 1 2  plaetlc ecintll- 
lators In an e lec t ron  teleecope which had a detection elfi- 
clency of 0.14 for  8-fold coincidences. A value of R < 6.9 x 
1 o4 with 90% conlldence level was found, In agreement 
wth that found by Sard e t  al.. using a different technique. 
fT.H.tI.) 

10891 SEARCH FOR CONVERSION OF MUONS INTO 
ELECTRONS. M. Conversi (Universith, Rome), ' ~ . ' d i  Lella, 
G.  Penso, M. Toller ,  and C.Rubbia. Phys. Rev. Letters ,  8: 
125-7(Feb. 1, 1962). 

An investigation of the. possible existence of the process 
fie + N = N + e- i s  conducted from both the theoretical and 
the experimental point of view. Experimental equipment 

includes a monitoring telescope for the incoming p-,. a 
 ark chamber where the p- a r e  brought to  res t ,  and a 
telescope for  thc outgoing electrons.  Electron energies 
a r e  measured. Branching rat ios a r e  evaluated a t  90 to 110 
hlev, and over-all efficiencies a r e  measured.  It the proc- 
e s s  fi- + N - N + e- ex is t s  a t  all,  i t s  branching rat io can- 
'not exceed 2.4 x 10". (L,N.N.) 

25923 (NP-11977(p.53-4)) RICERCA DELLA CAT- 
TURA FtADIATIVA DEL MESONE MU. (Research on the 
Radiative Capture of Mu Mesons). M. Conversi. 
L, di Lolln, C. Ruhbin, and M. Toller  (Italy. I ~ t i t ~ ~ t n  
Nazionale dl  Fisica Nucleare. Rome). 

An experimental method for  the measurement of the ra- 
dialive caplure of lnuons i s  described. The method consists  
in the measurement of the gamma emitted by a copper tar-  
get irradiated with a pure intense beam of muons. The 
gamma rays  a r e  measured with a NaI scintillator, preceded 
by a plastic scintillator in anticoincidence, by a lead con- 
verter ,  and by a plastic scintillator telescope In coinci- 
dence. The factors  that  can reduce the background t o  im- 
prove the measurement accuracy a r e  briefly discussed. 
(J.S.R.) . *- ' 

14525 (BNL-6767) PERSONNEL WSlhlETRY OF 
VERY HIGH ENEllGY RADIATIONS. Frcdr r ick  P. Cowm 

.(Brookhaven Natlonal Lab., Upton, N. Y.). (19621. Con- 
t rac t  (AT(30-2)-Gen-161. 9p. 

Two basic methods of dosimotry applicable t o  Ugh en- 
ergy radlatlon a r e a s  a r e  brlcfly reviewed, and the problem 
of p-meson doslmetry Is  examlned theoretlcally. Experl- 
mpntul results  lndlcate that standard methods of fllm badge 
interpretutlon may be used for  rem dose determinations in 
p-meson areas.  Preliminary measuremants on doslmetry 
of prulurr bearnu Indlcale a need fur  ~ r ~ u r e  r e u e ~ r c h  a d  
careful control of exposures. (D.C.W.) 

21399 MUON CAPTURE RATES FOR ' ' ~ a  AND ' O C ~ :  

OBSERVATION OF THE ISOTOPE EFFECT. W. A. 
C r a m e r ,  V. L. Telegdi, and R. Winston (Univ. of Chicago) 
and R. A. Lundy. Nuovo cimento ( lo) ,  24: 546-8(hIay 1. 
1962). (In English) 

Time distribution of capture products was used f o i  



determining p disappearance; results a re  presented in . 

graphical form. A diagram and a description of the appa- 
ratus a r e  given. Observed and predicted values for the , 

isotope effect a re  compared, and fair  agreement i s  ob- 
tained. (L.N.N.) . 

8098 
r - p  SCATTERING BELOW 1 Bev. R 8. Crl t tendm 
J. H. Scandrett, W. D. Shephard. and W. D. Walker 
(Brookhaven NaUoad Lab., Upton. N. Y.)'= J. Bellam 
(Mlchlgan State Unlv.. East Lanslng. and Bmkhaoeo 
Natlonal Lab., Uylon, N. Y.). Phys. &v. Letter8 r. 
121-4(1959) Feb. 1. 

Measurements of .r'-p total and dlfferentlal e l d c  
cross  sections in the energy range 400 to 800 Mev were 
carried out. This work was done by exposing a propane 

.bubble chamber In a pion beam at the Brookhaven Cos- 
n~ntron. Ro~u l t e  are sbom for n total of 60,000 pl0tureO. 
(I\.. D. M.) 

12529 ' STUDY OF *-NUCLEI SCATTERING BELOW 
500 AND 1300 Mev. M. Crozon, Ph. Chavanon, A. Courau. 
Th. Leray, J. L. Narjoux, and J. Tocqueville (Coll8ge de 
France, Paris). Nucl. Phys., 64: 567-84CApr. 1965). (In 
French) 

The total elastic and inelastic (o,) cross sections 
for reactions of I-mesons with Be. C, and Al'nuclei at 
various energies around 1 Bev were measured. The counter 
experiment, made with the help of Saclay's proton synchro- 
tron, was a poor and rich'geometry one. The extrapolation 

' to zero angle of the attenuation of the beam measurements 
at different angles was made with the use of the optical 
model. It i s  assumed that the shape ,of the nuclei is  the one 
determined by electron scattering experiments, and that'the 

' inelastic products have an approximately constant distribu- 
fion. From this use of the optical model one can get not 
only 0, and u.1, but~also a value nf !.he mean fonvnrd acnt- 
tering amplitude @) of the n-nucleon system for linked 
nucleons. This value has to be compared to the mean n- 
frec nucleon amplitude at the same energy of the pion, in 
order to check the usual approximations used in the optic31 
model. The order of magnitude of the two amplitudes is the 
same and, in particular, the real parts a re  not significanllY ' 

different, as could be deduced from other experiments. To 
get a fair agreement between the imaginary parts, one has 
to take account of the Fermi momenta of nucleons and of 
second order corrections using correliltion functions of 
nucleons inside nuclei. (auth) 

41915 ANGULAR DISTRIBUTION OF r: MESONS AT 
960 Mev/c SCATTERED ON NUCL-El. M. Crozon, 
T. Leray, and J. Tocqueville (Facult6 de Sciences, Paris). 
Nuovo Cimento (lo), 29: 655-G9(Aug. 1, 1963). (In French) 

Mfferential cross-sections were measured for negative 
pion scattering on nuclei at 960 hlev/c. The target ele-- 

rnents used were C,  Al, and Cu. An.attempt was made to 
separate elastic and quasi-elastic scattering from true- 
inelastic processes. The results show a good agreement 
with the predictlons of the optical model. The nuclear 
radius andthe fall-off parameter were taken to be approxl- 
rnately those determined from nuclear charge distribution 
measurements. Some discrepancies between experimental 
and predicted values of cr a r e  discussed; (auth) . . . 

9223 
LONGITUDINAL POLARIZATION OF THE ELECTRONS 
TROM THE DECAY OF UNPOLARIZED POSITNE AND 
SEGATIVE MUONS. G. Culllgan, S. G. F. Frank, and 
J. R. Holt (Unlv. of Liverpool). Proc. Phys. Soc. 
(London) z. 169-77(1959) Feb. 

'Ihe polarlzatlon of electrons from the decay of un- 
polarized posltlve and negative muons was detected by 
[he method of transmission of bremsstrahlung through 
magnetized iron. It i s  shown that the positrons have 
positive helicity and the negatrons negative helicity. 
thus providing a clear demonstration of violation of in- 
variance under charge conjugatlon. It follows on the 
basis of the two component neutrino theory that the 
neutrino associated with the decay of the pion has nega- 
tlve heliclty and the anti-neutrino positive heliclty. The 
agreement of tbls with recent results for the neutrico in 
B decay lends support to this theory and conflrms the 
law of conservatlon.of leptons. (auth) 
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21458 THE DECAY OF NEGATIVE r-MESONS ' 

STOPPED IN LIGHT ELEMENTS AND INSULATORS. 
, 

G. Culligan, D. Harting, N. H. Lipman, L.. Madansky, and. 
G. Tibell (CERN, Geneva). Nuovo cimento (10); 20: 351- . 
B(Apr. 16. 1961). (In English) 

Beams of 170 Mev/c nC o r  n- mennns, from whioh the n 
mesons are  selected, by time-of-flight methods, a r e  
stopped in Be, B,C, Teflon, and A1 targets. The ratlo.of ' . 

the numbers of electrons produced by the negative and 
positive beams by n-p-e decay is determined for each of 
these materials. Assuming that no n- decay occurs in the . 

A1 target, an upper limit of one per cent i s  found for the 
decay probability of n- mesons stopped in either Be, B4C, . 

or Teflon. (auth) 

6975 EXPERIMENTAL PROOF OF THE SPIN DE- 
PENDENCE OF THE MUON CAPTURE .INTERACTION; 
AND EVIDENCE FOR ITS (F-GT) CHARACTER. G. Culli- 
gan (Univ. of Chicago), J. F. Lathrop, V. L. Telegdi. 
H. Winston, an'd R. A. Lundy. Phys. Rev. Letters, 7: 458- 
GO(Dec. 15, 1961). 

Observations to det mini whether the '8universal V-A'* % intcractiun, a s  yet unproved.in the case of p oapture. are  
made qualitatively. .The time dependence of the rates at 



\vhich neutral products (neutrons and/or nuclear photons) 
a r e  emitted in the capture of muons by F" \spas measured 
to determine the spin dependence. A LiF target was used. 
since lithium has a negligible capture rate. Selection of 
either y- o r  n-induced pulses could be made. Results a re  
presented in tabular form, and comparisons between ob- 
served and theoretical parameters a r e  made: Using the 
precession rate,  decay asymmetry parameters of p- bound 
to F ' ~  (UF6 target) and to c12 (graphite) are.compared. It is 
concluded that, in general, p' capture i s  spin dependent; 
for F ' ~ ,  A- > A+ (A' > 0); its magnitude i s  near the maxi- 
mum possible, i.e., that predicted for an o'' X W) intkr- 
action with x - -1; both the absolute ra tes  and their spin 
dependence agree with the "universal V-A" prediction, and 
exclude a (V + A) interaction; and there i s  a fast F+ - F- 
conversion process of the.predicled rate: (L.N.N.) 

21 315 INTERNALLY PRODUCED ELECTRON PAIRS 
FROM n--MESONS CAPTURED IN HYDROGEN. D. C. 
Cundy, R. A. Donald, W. H. Evans, D. W. Hadley, W. Hart. 
P .  Mason, R. W. Newport. D. E. Plane, J. R. Smith, and 
J. G. Thomas (Univ. of Liverpool). Phil. Mag. (8); 7: 
123-6(Jan. 1962). . . 

Internal pairs produced by n--mesons .captured in hydro- 
gen were  studied with a hydrogen bubble.chamber. The 
prnhahility that a stopped meson produces a pair was found 
to be 0.0093 0.0006. This probability, which i s  very in- 
sensitive to  the Panofsky ratio, serves  to check the theo- 
retically predicted values of the conversion coefficients of 
Joseph. (auth) 

21043 THE S-WAVE SCATTERING LENGTHS FOR 
THE PION-PROTON INTERACTION. D. C. Cundy. R. A. 
Donald, W. H. Evans, W. Hart, P i  Mason, D. E. Plane, 
J. H. Smith;and J. G. Thomas (Univ. of Liverpool). Proc. 
Phys. Soc. (London), 85: 257-SS(Feh. 1965). 

f r o m  an analysis of charge exchange and elastic scat- 
tering of 35 Mev negative pions using a liquid hydrogen : 
bubble chamber,'the charge-exchange total c ross  section . 
is found to be 5;61 0.40 mb and the s-wave scattering 
lengths a l  = +O.187 a 0.009 and a, = -0,082 0.011 in units 
of R = c = m. = 1. The quantity al-as is  found by a method 
.free f rom systematic er ror  and independent of Coulomb . 
corrections. It i s  compared with that of the analysis of 
pion-proton scattering data, using disperslon relation8. 
by Hamilton and Woolcock. The agreement i s  reasonable. 
(auth) 

16487 INEIhSTIC COLLISIONS FOR SMALL MO- 
MENTUM TRANSFERS. J. Cunningham (University Coll. 
of North Wales. Bangor, U. K.). Australian J. Phys.. 17: 
553-5(Dec. 1964). 

Inelastic meson(*)-nucleon collisions with small  nio- 
mentum transfers a r e  considered. The analytic properties 
of the amplitudes a r e  examined a s  a function of the energy 
viviables (C.E.S.) , 

16884 EXPERIMENTAL INVESTIGATION OF p - - h l ~ ~ ~ ~  
ATOM PROCESSEE.IN GASEOUS HYDROGEN. V. P. 
Dzhelepov, P .  'F.  Ermolov. E. A. Kushnirenko;V. I. Masks. 
lev, and S. 6. Gershtein (Joint Inst. for Nuclear Research, 
Dubna, USSR). Zhur. Eksptl'. i Teoret. Fiz., 42: 439-49 
(Feb. 1962). (In Russian) 

A diffusion cloud chamber in a magnetic field was em- 
ployed to study a number of p-mesic atom proccsscs in 
hydrogen. The following. quantitative data have been ob- 
tained: cross  8ectlun fur ulaslic buattel-iag of pp meeic 
atoms on'protons, rpp = (1.7?::45) X 10-l9 cm2; the ra tes  of 
the p-meson trunsfrr  fro111 a proton to deuterons ~ n d  com- 
plex nuclei (C and 0 )  recalculated for density of liquid 
hydrogen. Ad = (0.95?9:296,) X 1 0 ~ ~ . s e c "  and hZ = (1.23:8) x 1pl1 

sec-'; the rate of the formation of ppp mesic molecules in 
liquid hydrogen, April - (0,62{:3 x 10' set-I. The em-ri- 
mental \lalues of )b, A p w ,  and A* satisfactorily agree with 
the theoretical values. This confiims the correctness oI 
the mecqanisrns of the processes proposed in the theory; 
The cross section upp was found t o  be cloee t o  the theo- 
retical value computed without taking into account the 
hyperfine structure of the p i  mesic atom. However, it is  
not excluded that fast transitions to the lower state with a 
total mesic atom spin F = 0 may occur. The absolute value 
of A ddetermined opens the possibility of finding the absolut~ 
probabilities of a large number of /.I mesic molecular proc- 
esses  by ernplojing i t  a s  a ,scale. (auth) , 

25361 ?'HE \VEA.K INTEHAUTIUNS OF THE MUON. 
R.. H. Dalitz (Oxford Univ.). Proc. Roy. Soc. (London), , 

Ser. A, 285: 229-47(Apr. 20. 1965). 
A survey on meson {p) decay, meson (p-) capture by hy- 

drogen and complex nuclei, and leptonic decays of strange 
particles is presented. The accur'acy and detail with which 
the trfesk interactions of the electron and the meson b) a r e  
identical in form a r e  emphasized.' Only the hypothesis th6t 
these leptons participate in weak interactions only through 
the charged current vectors and its Hermitian conjugate -is 
considered. (D.C .W.) 

26972 ( J I N R - P - . ~ ~ ~ ~ )  UVELICHEhnE DLITEL'NOSTI 
IMPUL'SOV PUCHKOV CHASTITS SlhXHROTSIKLOTRONA 
UlYAl  NA BMU Mev. ('l'he Increase 01 the Pulse Duration 
of Particle Beams at  a 680-Mev Synchrocyclotron of the 
Joint Institute fo r  Nuclear Research). V. I. Danilov, I. B. 
Enchevi'ch. B. I. Zamolodchikov. E. A. Polferov, E. I. 
Rozanov, V. I. Smirnov, and V. G. Testov (Joint Inst. for  
Nuclear Research, Dubna (USSR). Lab. of Nuclear Prob- 
lems), 1965. 12p. Dep.(mn). 

A ~rretlluil of .lrlareaaing (he duty cycle of lltr pntliclr 
beams i s  described. It was tested at the JINR synchro- 
cyclotron. The method,ls based onan  excftation of the 
forced radial oscillations of the beam by the local inhomo- 
genelty of the magnetic field variable in time. The mag- 
netic field .perturbation i s  produced by a pair  of coils 
supplied by the current pulses with a.half-conduction angle 



of 90' and located at  a radfus of 265 cm. The pulse dura- 
tion of the meson beam was increased-5-6 times and i s  
about 2500 psec at the level of Intensity 0.5. (auth) 

1406 RELATIVE BIOLOGICAL EFFICIENCY OF 
NEGATIVE p-MESONS AND COBALT-60 y-RAYS: D. R. 

, Davies, A. H. Sparrow, R. G; Woodley. and A. Maschke 
(Brookhaven National Lab., Upton. N. Y.). Nature. 200: 
277-8(0ct. 19, 1963). (BNL-7324) 

The relative biological effectiveness of mesons (Cc7 and 
corn gamma rays in inducting somatic mutation in s t a m i d  
hair cells of a diploid clone (02) derived from a variety of 
Tradescantia occidentalis was investigated. Eight fluores- 
cences were e.xpcsed in a i r  in, the muon beam fo r  each of 
the periods of time-2, 4, 6, 8, and 10 hr. As a standard 
for the muon treatments, iufluorescences were  exposed 
in a i r  a t  a dose ra te  of 7.5 r a d s h r  to  four doses of 

s gamma rays: 30, 48.7, 71.2, and 120 rads. M u t a t i o ~ w e r e  
scored in the.staminal hairs of flowers emerging on four 
successive days and the data relating yield per flower. to 
dose LI rads, fitted to linear, y = k + FD, and quadratic. 
y = k + aD + p d ,  regressions. In all instances linear 
regressions better fitted the data.' 1 C e - i ~ ~  of muons : y i s  
given by the ratio of the a coefficients, and has a me,=: . '  
value for all days of 0.79. (P.C;H.) . 

75794 ' HIGH ENERGY y RAYS FROM PION CAPTURE. 
Davics. H.; Muirhead. H.; Woulds. J.  N. (Univ. of Liver- 
pool). Nuc~ .  Phys.. 78: 673-80(19GG). ' 

The yields and ecergy spectra of the high energy y radia- 
tion arising from meson(a) capture in coniplex nuclci were 
measured by means of a sodium iodide crystal. The y-rays 
appear to peak strongly in the region of 100-115 >lev for a 
range of nuclci from 6 ~ i  to natural copper; the. yield i s  
ahout 2% per nieson(d capture arid falls slowly witlr in- 
creasing atomic weight. Possible reaction mechanisms 
a r e  discussod. (auth) 

41770 THE POLARIZATION OF PROTONS RECOIL- 
ING FROM li' + p COLLISIONS AT 265 Mev. D. G. Davis, 
A. Ghani, R. C. Hanna. F. F. Heymann, G. Heymann, and 
A. L. Read (CERN, Geneva). Nuovo Cimento (101, 29: 507- 
~ ~ ( J U I Y  16,. i m ) .  

.The polarization of protons recoiling at  23" in the labo- 
ratory from r+ + p elastic collisions a.t $65 blev was 
measured using carbon a s  an analyzer, together with a 
sys t e~n  of large directional counters.' The polarization 
was fonnd to be -0.11 i 0.007.   he inclusion of these data 
with existing information on differential and total c ross  
sections at  this energy strengthens the case for, the inclu- . 
sion of D-waves in a phiise-shift analysis a t  this energy. 
(auth) 

18340 NP-8693 
Maryland. Univ., College Park. 
ABSORPTION MECHANISMS O F  NEGATlVE K MESONS 
AND PIONS IN LIQUID HYDROGEN. Thomas B. Day. 
Apr. 1960. 19p. Contract AF49t638)-24. ([AFOSRI-TN- 
60-501). 

Slowing down and capture of negative mesons by the 
atoms and molecules in liquid hydrogen a r e  treated. The 
results of an experiment on following 80.000 pion tracks 
stopplng in a llquid hydrogen bubble chamber a r e  dis- 
cussed. The question of from which atomic state the meson 
1s absorbed i s  considered. (W.D.M.) 

6847 AFOSR-TN-59-l295 .. . 
Maryland. Univ., College Park. . . . . . . '. 
HIGH ORBITAL S-STATE CAPTURE OF =--MESONS BY 
PROTONS. Physics Dept. Technical Report No. 159. ' . ' 
T. B. Day, G. A. Snow, and.J. Gucher. Dec. 1959; 9p. . 
Contracts AF49(638)-24 'and ~~(40-1 ) -2504 .  OT8. . . . , . 

The t ime  which elapses between that point in the slowing 
down of a n--meson in liquid H2 when It % a yelocity 
v = 0 . 0 5 ~  and the moment of capture by a proton was re- ' . 
cently measured to = 3.5 x 10"'sec. The result  is con- 
sidered from the Stark effect and capture process previ- 
ously proposed for  t he , l t , p )  atom. .It 1s concluded that the 
number is so  restrfctlve that the Stark effect procese can- 
not explain the capture rates of pions in hydrogen.,(W.D.M.) 

6966 n- p INTERACTIONS AT 224 MEV. ' J. Deahl, 
M. Derrlck. J. Fetkovich, T. Fields, and'G..,B. Yodh. ' ; . 
(Carnegle Inst. of Tech.. Pittsburgh). Phys. Rev., 124: . . 

. . 
1987-94(Dec. 15, 1961). . . 

Interactlons of 224-Mev negative pions with protons - . . 
were investigated using, a i s - cm hydrogen bubble chamber. 
in a 13-kgauss field. Seventeen hundred elastic scatterings . ' 

were analyzed yielding a cross  section of 16.0 ,: 0.8 mb for 
this process. No evidence for powers of cos 0 higher than 
two was observed in the angular distribution. The charge- 
exchange c ros s  section, based on 1200 events was 34.4 & 1.9 
mb. The results  of a random-search phase-shift analysis, 
using these data in conjunction with ear l ie r  ?+-p elastic 
scattering results and recoil proton polarization meas- 
urements (r--p):are reported. A search for pion pro- 
duotion ylelded three event$ of .the type 1' + p - r' + . 
zr++ n corresponding to a cross  section of -30 pb. No 
events of the type r- + p - nT + r0 + p were observed. , 

(auth) 

9808 8--p PSTERACTIONS AT 225 MeV. J:Denhl, 
M. Derrick. J .  Petkovlch, T. Fields, and G. B. Yodh 



(Carnegie Inst. of Tech., Pittsburgh. Penna). p.185-7 of 

"Proceedings of the 1960 Annual International Conference 
on High Energy Physics a t  Rochester. The University of 
Rdchester. Rochester. N. Y...A\igust 25-September 1, 
1960." 

Meson (r7 interactions with protons at 225 Mev were . 
studied in order  to obtain scattering data of hlgher ac- 
curacy than that previously available and to observe 
meson (d production. Total and .elastic differential c ross  
sections were determined, An.s,p phase-shift analysis 
was made on the data. (M.C.G.) 

6530 =+-PROTON INTERACTIONS AT 500 Mev INCI- 
DENT ENERGY. J. I)ehaisieux, F. Grard. J. Heugbebaert. 
R. Servranckx, and R. T. Van de Walle (Institut Inkruniver- 
si taire des  Sciences Nucleaires, Brussels). Nucl. Phys., 
63: 273-85(Mar. 1965): 

Results a r e  presented on n+-p interactions a t  500 Mev 
f rom an experiment performed with the Saclay 35-cm hy- 
drogcn bubble chnmher. A total of 1840 events was ob- 
served. The branching ratio for  elastic events is cqual to. 
0.883 * 0.008. Eight events a r e  unambiguously attributed to 
the n+p - n+py. Cross  sections fo r  the various interac- 
tions a r e  given. The elastic angular distribution was de- 
termined up to cos 9 = +0.975 and shows evidence for S, 
P, D waves, in good agreement with the results  obtained 
in other esgel.iments. Fo r  the one-pion production reac- 
tions, the ratio'of no production to n+ production is found 
to  be equal to 4 .1  * 0.8. This result  and the corresponding 
djstributions for momentum and angle of the secondaries 
a r e  compared with the prediCtlOns of t11e Isuballr: r ~ d c l o .  
(hulli) 

36302 EXPERthIENTAL ST'UDY OF THE I+ + d - . 
P + p REACTION BETWEEN 0.65 AND 1'.95 Gev/c. D. Dek- 
kers ,  (CERN, Geneva), B'. Jordan. R. Mermod, C. C. Ting, 
G. Weber, T .  R; U'illitts, K. Winter, X. De Bouard, and , 

M. Vivargent. Phys. Letters, 11: 161-4(July 15. 1964). 
The .differential and total c ros s  sections of the IT+ + d - 

p + p reaction were investigated for energies be&een 0.69 , 

and 1.95 Bev/c. '(C.E.S.) 

27601 STARS PRODUCED R Y ' ~  MESONS AT REST: 
NATURE OF UNIT CHARGE BRANCHES, hI. Dellagi 
(Faculte des Sciences, Tunis). J. Phys. (Paris) ,  26: .59- 
62(Feb. 1965). (In French) . 

The results a r e  reported of multlplc scattering mea- 
surements made on 209 tracks of length 2 l 100 p at theend, 
of their range in nuclear emulsion (constant sagitta method. 
Dilworth ser ies  of residual range), The chosen parameter 
i s  D, the arithmetic mean of the second differences relative 
to 4 times the length of the basic cell. Thc D distribution 
may be looked upon a s  one made up to two Gaussian dist i i-  
butions only, arising from the proton and deuteron contri- 
bution. The proton ratio i s  1.1 i 0.2. It i s  shown that the 
gap length distribution is different for tracks a t  very large 
o r  very small D; these tracks belong to distlnct groups of 
particles. (auth) 

34746 THE EFFECT OF A PION.,PRODUCTION ON 
THE LOW ENERGY PION-NUCLEON SCATTERING. 
A. Deloff.. Bull. Acad; Polon. Sci.,'Ser. Sci., Math., 
Astmn. P.hys;, 11: 323-6(1963). Q English). 
' 

The meson (n) prdduction c ros s  section in meson (n)- 
npcleon scattering above. the 170-Mev threshold i s  investi- 
gated to determine the effect of the meson (n) production 
process. (C.E.S.) 

5992.' (NP-13347) ETUDE DF:S I,:I..1:F:'i'S [>I.: STItUC- 
TURE HYPERFINE DANS LII CAP'rIIItb: IjES MESONS-MU. 
APPLICATION hU CAS DU LITHIUM-G (thesis). (Study of 
the Effects of Hyc.rfine.Rructure in the Capture of p 

Alesons. Applicaliun tu t l ~ e  Case of Lithium-G (thesis)). 
Jean Delorme (Lyon. Universit6). (19621. 72p. 

The effect of hyperfine structure in the capture of p 
mesons Is studicd .and extendcd to transitions leading to 
a parlictrlnr finnl StnLC. The hyperfine difference M be- 
tween states i s  cdc~llated.  and the matrix elcments of tne 
hyprrfinr structure operators in the shell model a r e  de-  
rived. Thc results a re  then npplled to the transition Li' + 
p- - ~ e '  + v .  It is  shown that this reaction has a s  great a 
hyperfine structure a s  p- capture by hydrogen. The effect 
is esse~itially due to the conservation of thc mgulw mo- 
mentum and to the predominance of orbital moment con- 

,figurations totaling zero in Li\nd ~ e ' .  (J.S.R.) 

26369 ELASTIC a- PSIEGOPI ECATTERISr'C ON CARRON 
AT 5 TO 15 Mev. V .  S. Dcmidov, V. G. Kirlllov-lJzq;ll~ov, 
A. K. Ponosov. V.  P. prorasov, an'd 1.". 1~1'. Ye~'gi6v (XPoscow 
Inst. of Engineering Physics). Zhur. Eksptl'. i Teoret. Fiz., 
42: 1687-E(June 1962). (In Russian) 

Previous studies of elastic n- scattering on C a t  less 
than 22 Mev.indicated the presence of an effective repulsion 
potential. An analysis of n- scattering at identical energies 
w a s  made In o d u r  to dotormine the n-nucleus pntential by 
the difference in the interference of electromagnetic and 
nuclcnr intoraotionst A 370 x 140 X 100 mm prapwe bubble 
chamber. irradiated by a 5 to 15 hlev n- beam was used in 
the experiment. The tabulated results, compared with the 
data for z*, revealed a region (20 to li?09 cuiglo) where the 
n- scattering i s  much weaker than the r'. Further studies 
showed that in the weaker region the contributons of Inier- 
fering Coulomb and nuclear interactions a r e  highly pro- 
nounced. The divergence in the angular distributions of f 

.and n+ permit a direct determination of the n-carbon nu- 
'cleus potential that corresponds to p-state-repulsion. The 
obtained data were used for  evaluating the phase shifts in 
n' scattering on C .and, in turn, the 8-state repulsion. The 
data a r e  in close agreement with those of N. Byers (Phys. 
Rev 107: 8?3(1957)). (R.V.J.) 



24475 ABSORPTION OF SLOWED DOWN r' MESONS 
IN 'PROPANE. V. S. Demidov,.V. S. Verebryusov, V. G. 
Kirillov-Ugryumov, A. K. Ponosov, and F. N. Sergeev. . 

, (Inst. of Engineering Physics, Moscow). . Zh. Eksperim. 
i Teor. Fiz.. 46: 1220-5(Apr. 1964): Un Rqsslan) 

The energy spectra of secondary singly charged parti- 
cles produced a s  a result of absorption of slowed down 
mesons (n-) by carbon and also the angular distribution 

. between the prongs in meson (n) s tars 'a fe  obtained with ' 

a 4 ,liter propane bubble chamber. Estimations performed 
on basis of the energy spectra show that the maximum con- 
tribution of the process of meson, (a) absorption by a',com- . 
plex consisting of several nucleons ( r 4 j  does not exceed 
20%. An'analysis of over 200 Intel-action8 'carried oul on 
an electronic computer by h e  Monte Carlo method shows 
that the experimental data a r e  in agreement with-the two- 
nucleon mechanism and, in accordance, with preliminary . 

results, the probability for meson (n) absorption by a pa i r .  
of different nucleons (np) i s  two o r  three t i i e s  greater 

' . 

than that for absorption by a pair  of identical (pp) nucleons. 
(auth) 

9229 DETERMINATION OF THE n* - m0 + e+ + v 
DECAY RATE. P. Depommier, J. Heintze. A. Mukhin. 
'C. Rubbia, V. Soergel, and K. Winter (CERN. Geneva). 
Phys. Letters. 2: 23-6(Aug. 1, 1962). (In English) 

Events of the type n+ - no + e+ + v; no - 2y, have been 
observed and analyzed. A detailed a d y s i s  of the experi- 
mental arrangement and the evaluation of events i s  pre- 
sented.. The e+ spectrum has the allowed shape with an end 
point at  EB,,, = 4.0 ~ e v . '  The experimental branching 
ratio obtained, (1.7 * 0.5) x lo-', i s  compatible within 1.3 
standard deviations with the conserved vector current . 

value. (H.D.R.) 

9387 EXPERIMENTAL EVIDENCE FOR STRUC- 
TllRF. EFFECTS IN TllE n" - r' + 11 + y I)I.:CAY I'ItQC- 
ESS. P. L)t~ponr~rllcr, .I .  Ilcint~.e, A.. Mukhin, C. Rubbia, 
V. Soergel, nnd K. Wlntcr (CERN, Geneva). p.414-16 of 
'' IgG:! l ~ ~ l t ~ r t ~ : ~ I l t ) ~ ~ : ~ l  ( ' t ~ ~ ~ f t l r t , ~ ~ t ~ t -  OII l l l ~ h - t : ~ ~ ~ ~ r g y  l ' l~ynl~~n 
,II  ('1~:lIN." (;,%III*V!I, I . : I I ~ I ~ I I I ~ I I I  O I ~ ~ : I I I I ~ . I I I I ~ I I ~  1118. N I I ~ ! I I ~ I I ~  
l t t~~ t~ l l r t~ l l ,  l!lli2. 

,\I> rxlicl.l!~>c-~rt Intrndk*d to d r t~c . t  hlgh-encrw electron- 
P : I ~ ~ R  c11ilIt~11 In ol~lrorrltt- tllrcc:llonu Iron1 thr n '  - c' + v + 
y dcc:~y procc-9.9 w:~p prrIormct1. It Is shown that thc num- 
hi-r'of such rvcnts rccordrti I R  + 2) lndlcntcs the prooonoo 
of a structure in the radiative n+ decay. (A.G.W.) 

29541 FURTHER ME'ASUREMENTS OF THE T+ - 
no + e+ + 'v  DECAY RATE. P.  Depommier. J. Heintze, 

C. Rubbia, and V. Soergel (CERN, Geneva). Phys. Let- 
t e r s ,  5:. 6 i - 3 ( ~ q e  1, 1963). (In ~ n ~ l i s h )  . . ' 

. . 

Calculations based on 38 a 2 additional events give a 
value for the branching ratio R = a+ - no + e+ + v/a+ - 
p+ + v of the process T+ - rro + e+ + v of Re,,= (1.08 
0.21) x Rcvc, where R,, i s  the value by the con- 
served vector current theory. Good agreement between 
experimental and theoretical coupling constants and. weak 
anomalous magnetic moments supports the validity of the 
conserved vector current theory. ' (D.C.W.) 

1541 1 SINGLE PION PRODUCTION IN 5-p INTER- 
ACTIONS BET\VEEN GOO AND 300 Mev. Dcrndo, I. .. 
(Unit*. of Nolre Dame, Ind.); Kcnncy, V. P.; l,?msn, J. \ir.; 
Poirier,  J. A.; Shcphard. \V. D.; St:iotberg, J. L.; \'ittitoe, 
C. W .  pp 244-50.01 Rcsonant Particles. Alhcns, Ohio, 
F?zl-i-Umar Rescnrch Inst., 1965. 
The results of a study of singlc pion produclion in r;-p 

intcrnctions at  incitlrnl pion kinetic encrgics of 604, 790. 
830, and 870 Alc\f a r c  prescribed. l'he'nnalysis of thcse 
data i n  tcrnls of the forlnntion of the 9:.,&1238). isobar i s  

-also discussed. (G.O.Y.) ' 

20788 NYO-2241 . . 

Carnegle Inst. of Tech., Pittsburgh. . 

INTERNAL PAIRS FOLLOWING n- CAPTURE IN HYDRO- 
GEN. M. Derrick.. J .  G .  Fe$ovlch, T. K Fields, and 
J. Deahl. June 1960. " 26p.' contract  AT(30-1)-8821 OTS. 

Internal electron pai rs  from the.tyo reactions (1) n- - ' 

p - n + n o - n + , y + e + i e - a n d ( 2 ) n - + p - n + e + e -  
.were studied in a hydrogen hubble,charnber. 2184 cases  
were seen. A geometrical cut off select* 1523 of these'. 
a s  6uitable f0k momentum measurement. By an analysls . 
of the momentum ,spectrum the Panofs\y ratio was meas- 
ured to be 1.51 a 0.10. The total lntenefty, momentum' 
partltlon wlthln the pairs,  and.dlstrihution in vIr?ual . ' . 
photon. mass  a r e  in essential agreement'witb the theowtk  
ca l  predictions of Kroll and Wada a s  recently extended 
Joseph. (auth) 

248.19 ' BOUND MUON DECAY IN IRON AND ZINC. 
Lewis Gail UeBpa!n (Univ. of Utah, Salt Lake City). Dis- : 
~ e r t a t i n n  Ahntr., 22: 4378-O(Junc 1.902). 
, An improved-cosmic ray  counter consisting of a sand-. 

wich ar ray  of Cerenkov and scintillation dctcctors i s  used 
to oblail~ a composite time distribution of decay electrons 
from positive and negative muons stopping in aluminum, 
iron, and zinc. The decay electron i s  detected in ah im- 
'proved toluene scintillation counter capable of absorbing,. 
a considerable fraction of the disintegration energy avail- 
able to the decay electron. The decay time of cnch muon 
was measured and electronically converted 'to a pulse . . 
height and then tabulated in the proper time channel by 

' 



means  of a pulse .height analyzer.  'Lens t  squares  analysis  
of the decay data and subsequent manipulation yields the . ' 

ra t io  of Ad, the decay r a t e  for  negative muons bound to the. 
t a rge t  nuclei, to  LJ, the decay r a t e  for  f ree  muons. Meas- 
urements  showed the Ad/Ao r a t i o  to be 1.08 a 0.07 for , i ron  
and 1.01 * 0.08 f o r  zinc. .This  experiment of fe rs  evidence 
in support of the anomalous behavior of.the A d h o  rat io in 
t h e  region near  2 = 26. The r a t i o  of the number of 'stopping 
p+ t o  the number of stopping p-, was  found to  be p = 1.17 * 
0.12. This  value ,agrees very  well with other  reported 
valucs. 

MEASUREMENT O F  THE TOTAL CROSS SECTION FOR 
THE INTERACTION O F  CHARGED n MESONS WITH 
PROTONS. J. phys.. radium 2, 15s-16S(1960) Feb. (In 
French) - . 

Thc cxpcrimental  arrangement f o r  measuring the at- 
tenuation of a beam of n mesons  in liquid hydrogen is 
described.  The energy of the beam w a s  measured  di- 
rect ly by curves  of differential path of protons at 800 . 
Mev/c, by curve  of differential path of n* at 400 Mev/c. 
and by time-of-flight of the protons. The  correct ions 
for  .the contamination of the beam with p meso- and 
e lec t rons  were  determined to be 0.07 a 0.03 a t  1 Bev 
and 0.30 * 0.03 a t  400 Mev, respectively. (J.8.R) 

25835 ANGULAR.DISTRIBUTION OF THE @ IN THE 
REACT~ON r+ + p - n+ + p + no UP TO 1070 Mev. Detoeut, 
J .  f'.; h c r o s ,  Y.  ; Merlo, J. P.; Stirling, A. V.; 'Thevenet, 
B.; van Rossum. L.; Zsembery,  J. (Centre d'Etudes Nu- 
cleaires.  Saclay. France). . Phys. Rev. Lett., 16:  860-3 
(May 9, 1966). 

A descript ion i s  presented on the experimental arrange- 
ment and the principle of analysis  of the resu l t s  in a previ- 
ous investigation concerning the total c r o s s  section of the 
process n+ + p - n+ + p no. The experimental resulta  of 
c r o s s  sect ions up to the third o r d e r  l i t  and nu angular dis- 
tributions a r e  presented for incident pion energies. of 420 to , 

1070 Mev. (B.G.D.) 

014889 MEASUREMENTS.OF THE ir+p - n+p# CROSS 
SECTION FROM 0.5 TO 1.5 Gev/c. J. F. Detoeuf. Y. Du- 
c r o s ,  J. P .  Merlo, A. Stirling, B. Thevenet, L. van Rossum, 
and J. Zsembery (CEN, Saclay, France).  Phys. Rev., 134: 
B228-35(Apr. 13, 1964). 

. T h e ' c r o s s  section for n+p - =+ifp was measu;ed for . 
meson ' ( n 3  energies from 0.5 t o ' l . 5  Bev/c. This  c r o s s  
sectio; increases  rapidly bet\\,een 600 and 900 ~ e v / c  to  
reach 10 mb. Using the results ,  the  n+p - n+n+n c r o s s  
section was calculated. (auth) 

28185 ELASTIC SCATTERING O F  CHARGED PIONS 
BY DEUTERONS AT 300 MeV. V. ~ e v a n a t h a n  (Univ. of 
Madras, India),. Nucl. Phys., 43: 684-6(June 1963). (In 
English) . . 

Numerical calculations on the elast ic  scattering of 
charged pions by deuterons a t  300 Mev'are presented, and 
the agreement wlth expertmenial . results  is satisfactory. . . 

(auth). ' . . . . 

34172 INFLUENCE O F  PION-NUCLEON RESONANCE 
ON ELASTIC SCATTERING OF CHARGED PIONS BY 
DEUTERONS. . Uevanathan, V: (Univ. of Madras); pp 
109-11 of Matscience Symposia on Theoretical Physics. 
Vol. 1. Ramakrishnan, Alladi (ed.). New York. Plenum 
Press. 1966. . 

The c r o s s  sect ion for  the elast ic  s c a t t e r k g  of charged 
pions by deuterons a t  300 hlev was  calculated. The re -  
sults of the calculation f o r  various laboratory angles a r e  
compared with previous experimental and theoretical r e -  
sults. The importance of these experiments for  testing ' 

the validity of the impulse, approximation i s  briefly dis-  
cussed. (G.O.Y.), 

. . 

18658 (UCRL-9548) r'-p TOTAL CROSS SECTIONS 
IN THE RANGE 450 Mev TO 1650 Mev (thesis). Thomas 
J. Devlin (California. Univ., Berkeley. Lawrence Radia- 
t ~ o n  Lab.). Mar. 6, 1961. Contract W-7405-eng-48. 59p. 

The total soattering oruss  bectiot~b fur pusllivo rurd negn- 
tivc piona on hydrogcn was measured a t  intervals  f rom 
450 to 1650 Mev. Six scintillation counters measured the 
transmission of pions at  various solid angles. and the re -  
sul ts  were extrapolated to zero  +olid angle. Two peaks 
previously discovered in the n'-p c r o s s  section were meas-  
ured and found centered a t  600 15 and 900 t 15 Mev. A 
broad maximum was observed in the rr+-p c r o s s  sectlon a t  
approx 1350 Mev. A "shoulderw at  approximately 800 Mev, 
in a region where the 7'-p c r o s s  section i s  rapidly rising, 
gives some support to speculation that there i s  a resonant 
state at tnis energy. (adtfij 

13184 
n*-p TOTAL CROSS SECTIONS IN TBE -GE 450 Mev . 
TO 1650 Mev. Thomas J; Devlin. B a r r y  C. M. 

. Wilmot N. Hess;Victor Perez-Mender, and Julius Solo- 
mon (Un$v. of California; Berkeley). Phya. Rev. Lettersi, 
242-4(1960) Mar. 1. 

The total c r o s s  sect ion a t  450 to 1650 Mev for  r4 mesons 
on protons was 'measured.  Peaks in the f cmes s m t i o n  
w e r e  observed a t  600 i 16 and 900 t 16 Bdsv and in the .+ 
c r o s s  sect ion a t  1360 Mev. (C.J.O.) 



9382 n*-p TOTAL CROSS SECTIONS IN THE RANGE 
450 TO 1650 Mev. Thomas J. Devlin. Burton J. Moyer, and 
Victor Perez-Mendez (Univ. of California, Berkeley). 
Phys; Rev. .. 125: 690-700(Jan. 15, 1962). (UCRL-9548 
(Rev.)) 

The total cross'sections for positive and negative pions 
on hydrogen were measured at  frequent intervals in the . ,, 

energy range from 450 to 1650 Mev. Six scintillation coun- 
t e r s  measured the transmission of pions at  solid angles, 
and results  were extrapolated to zero solid angle. The two 
peaks previously discovered in the n-:p cross section a r e  
centered at  600 i 15 Mev and 900 + 15 Mev. A broad maxi- 
mum was observed in the H+-p cross  section at  approxi-, ' 

mately 1350 Mev. ' A  '!shoulder" at  approximately 800 
Mev. in a region where the n+-p cross  section i s  rapidly 
rising, supports speculation that there is  a resonant state 
at this energy. (auth) . . . 

33031 PION-PROTON TOTAL CROSS SECTIONS: 400 
TO 2000 Mev. Devlin, Thomas J.; Solomon, Julius; . 
Bertsch, George . (Princeton Univ. and Princeton-Pem- 
sylvania Accelerator, Princeton, N. J.). Phys. Rev. Let- 
ters.  14: 1031-5(June 21, 1965). (PPAD-2137-537) 

The total c ross  section for the scattering of positive and 
negative pions on protons in the energy rringe of 400 to 
2000 Mev with a statistical uncertainty of about 1% (0.3 to 

' 

0.5 mb) i s  m e a i r e d .  Results a r e  compared with previous 
data. (M.O.W.) 

12950 STUDY O F  THE DECAY a - e + v. E. D i  
Capua, R. Garland, L. Pondrom, and A. Strelzoff (Columbia 
Univ.. New York). Phys. Rev.. 133: B1333-40(Mar. 9. 
1964). 

A large NaI(T1) crystal was used to measure the r - 
e/a - p branching ratio. From a sample of 10.800 s - e 
decay electrons the branching ratio was found to be R = 
(1.247 0.028) x lo4 in agreement witb a universal theory 
for  (ev) and (pv) weak couplings. (autb) 

4610 . 3IEASUREAIENT OF THE POLARIZATiON OF 
POSITRONS EMITTED IN THE DISINTEGRATION OF ~ a ~ ~ , .  
B', AND p+. L. Dick, L. Feuvrais, and 31. Spighel (CERN. 
Geneva). phys. Letters, 7: 150-3(Nov. 1, 1963). (In 
French) . 

Asymmetries and polarizations in the positron emission 
in beta decay of B', ~ a " ,  and pe mesons a re  measured. . . 

(T.F.H.) 

TION IN n--p ELASTIC SCATTERING AT 365 ~ e v  (thesis). 
Dale Flint Dickinson, (California. Univ., Berkeley. Law- 
rence Radiation Lab.). Nov. 11, 1964. Contract W-7405- 
eng-48. 56p. Dep.(mn); SS.OO(cy), 2(mn) OTS. . 

The polarization of the recoil nucleon in f p elastic , ' 

scattering at an incident-pion.energy of 3.65 Mev was 
measured. The polarization was measured by rescatte,ring 
the proton .from a carbon analyzer placed between two thin- 
plate aluminum spark chambers, which recorded the di-  
rections of the incident and scattered protons. These 
spark chambers were triggered by scintillation counters. 
which tagged the protons a s  being elastic scatters under; 
going interaction in the carbon plate. The spark tracks 
were viewed by a camera,  which automatically digitized 
the spark coordinates and stored the information,on 
magnetic tape for ready processing'by computer. Of the 
400,000 recorded events_, 22,000,showed scatters; of 
these, 4000 were useful in the' final. polarization. analysis. .' 
The average compute? time required to process an event 
was approximately 30 msec .  The resulting values of . 
polarization a re  given. (auth) 

19495 RECOIL-PROTON POL&IZATION IN r - p  
ELASTIC SCATTERING AT 365 Mw. Dickinson, D. F.; 
Helland, J. A.; Perez-Mendez, V. (Univ. of California. 
Berkeley). Phys. Lett.. 20: 549-51(Mar. 15, 1966). 
(UCRL-11690(Rev.)). . 

The polarization of the recoil proton at  this energy de- 
pends on the interference'of the PsS phase shift with the 
PI, and Sll phase shifts, The measured values indicate 
the existence of a large P1, phase shift. The polarization 
was measured by scattering from carbon blocks in spark  
chambers usin!: a Vidicon scanner to record the data. 
(auth) 

35490 : r CAPTURE BY 3 ~ e  AND THE TWO-NUCLEON 
CAPTURE MODEL. - Divakaran, P.  P. (Oxford Univ. and 
~ n i v .  of Chicago). Phys. Rev., 139: B387-400(July 26,. . 
1965). 

The rates of capture of r mesons by $ ~ e  leading to the 
final states'd + n and p + n + n a r e  calculated using a 
phenomenological two-nucleon hamiltonian for the 'capture 
interaction nNN - NN, obtained previously by Eckstein 
from an analysis of the experimental data on the inverse 
process of one-pion production in nucleon-nucleon colli- 
sions. Both S- and P-orbit captures a r e  considered and i t  
i s  shown that P-orbit capture does not compete with the 
P - S radiative transition. The radiative capture ra te  WI 
(for final state sH + y )  i s  computed in terms of the photo- 
production amplitude of Chew, Goldberger. Low, and Nambu 
and i s  used to deduce the nucleonic absorption rate W.b, = 
Wd'+ Wp from the ratio Wab,/WT measured experimentally. 
The agreement between calculation and experiment for . , 
Wabr.is satisfactory. The conclusion i s  that the form of 
close pair correlations in nuclei i s  essentially the same 
a s  that for the f rec  nuclcon-nucleon interaction and is 
comparatively insensitive to the presence of other nucleons. 
(auth) 



1070 MUON REACTIONS-IN LIQUID HYDROGEN AND, 
LIQUID DEUTERIUM. John H. Doede (Enrico F e r m i  Inst. 
for  Nuclear Studies, Chicago and Univ. of Chicago). Phys. 
Rev.. 132: 1 7 8 2 - ~ ~ ( N o v .  15, 1963). 

The react ions of muons in liquid h y d r ~ g e n ' c o n t a i n i n ~  a 
low concentration of deuterium, pp + .d - dp + p - (dpp)+ - 
tie' + p'(a) o r  (~e'p)'  + y(b), and in liquid deuterium con- 
taining a low concentration of hydrogen, dp + p - (dpp)+ - 
He' + ~ ' ( c )  o r  ( ~ e ' p ) +  + d d ) ,  and dp + d - (dpd)' - ~ e '  + 
n t p-(e) or p + t + p-(f), were  investigated using the Chi- 
cago 9-in. bubble chamber.  Using previously determined , 

values for  the formation and fusion r a t e s  of the (dpp)+ ion ' 
. 

in hydrogen in  conjunction with a theoret ical  determination 
of the population of the various hyperfine levels  in the 
(tipp)+ ion, react ion (a) i s  found to occur  in (15 i 1.5)% of . 

all (dpp)+ fusion reactions. The formation r a t e  of the (dpd)' 
ion in liquid deuterium is found to be Add = (3.6 i 1.3) x l o 5  
sec". The fusion r a t e  of the (dpd)' i s  Ad[ = (2.5 i 0.04) x 
10' sec", and the  fract ion of muons which, having catalyzed 
reaction (e), are subsequently hound in a ( ~ e ~ p ) +  muonic ion 
i s  (0.31 i.0.0034). The  r a t e  of deexcitation to the lower ' 

hyperfine level  of the  dp muonic a tom via the reaction 
dp(%) + d - d + ~ ( ' 4 )  was investigated and found to be 
(7.9 2.8) x 10' sec-' c A(ah-b) < (1.35 i 0.48) x 10% sec-l. ' 

The tnterference of react ions (c), (d), (e), and (f) in  the in- 
vestigation of the  spin-!l;dependent capture reaction p- + . 
d - n + n + v is discussed. (auth) . 

6691 MODERATION AND ABSORPTION TIhIES FOR 
NEGATIVE PIONS IN LIQUID DEUTERIUM. J. H. Doede. 
R. H. Hildebrand, and hl. H. I s rae l  (Argonne National Lab , 
Ill. and Univ. of Chicago). Phys.  Rev., 136: B1609-14 
(Dec. 21. 1964). 

The moderation and absorption t imes f o r  negative pions 
stopping in liquid deuterium have been measured.  In deu- 
ter ium the mean t ime for  a negative pion to go f rom an 
initial velocity vo 5 0 . 0 0 6 ~  to nuclear  capture was found to 
be  (2.1 i 0.5) x 10-12 s e c .  The relationship of this  capture 
t ime  to that f o r  llquid hydrogen, (2.3 * 0.6) X 10-l2 s e c ,  i s  
discussed in detail.  Results a r e  a l s o  presented f o r  the 
m o d e r a t ~ o n  t i m e s  of pions with initial velocities between 
0 . 0 5 ~  and 0 . 0 0 6 ~ .  (auth) 

17230 MODERATION ,AND 'ABSORPTION TIMES O F  
NEGATIVE PIONS IN LIQUID HYDROGEN. J. H. Doede 
(Argonne National Lab., Ill. and Univ. of Chicago), R. H. 
Hildebrand; M. H. Israel; and Manfred H. Pyka. Phy6. 
Rev.. 129: 2808-ll(Mar. 13. 1983). (TID-17794) 

Among 546,000 negative pions stopping in a liquid hydro- 
gen bubble chamber,  21 events were found corresponding 
t o  pion-muon decay in the backward he'misphere from a 
velocity ~ 0 . 0 0 6 ~ .  Analysis gives (2.3 i 0.6) r: lo-'' sec a s  
the mean t ime for  a pion to go from this  veloclty to nuclear 
capture. Results a r e  also presented for  the moderation 
time'of pions between velocities O.lc and 0 .006~;  (autb) 

1951 5 AN ~NCONSISTENCY IN LOW-ENERGY PION 
PHYSICS. Donald, R. A.; Evans, \V. H.: Hart ,  W.; Mason, 

P . ;  Plane. D. E.; Read. E. J. C. (Univ. of Liverpool). 
Proc. Phys. Soc. (London). 87: 445-53(Feb. 1966). 

Results  a r e  reported of rneasuremcnts of charge-ex- 
change scal ter ing of negitive pions by protons. and of 
elast ic  scat ter ing of negative pions by protons, at  a mean 
e n e r g f  of 39 Mev. These results. combined with those 
obtained from an e a r l i e r  experiment at 35 Mev, reveal an 
i~lconsistcncy between the .hypothesis of chnrgc indcpen- 
dence 2nd measured values of the s-wave scattering 
1e11gLl1s ubLailleJ ~ L U I I I  tddSlic s c ~ t t e r i n p  nnd fro111 c h n ~ g c -  
cxchangc scattering. (auth) 

23411 VERY SHORT-RANGE IKTERACTION IN PION- 
NUCLEON SCATTERING. A. Donnachie (London Univ.) 
and J. Hamilton. Phys. Rev., 138: B678-68(May 10, 1965). 

Thc  dispcrsion rclations for  F1(s) = f l ( ~ ) / a z 1 ,  where fi(s) 
i s  the usual partial-wave amplitude, a r e  required by uni- 
tar i ty to obey a high-energy boundary condition. It i s  shown 
that thin gives r i s e  to a unitary sum rule. This  sum rule 
can be  used to est imate the short-range par t s  of the pion- 
nucleon interaction, and that makes it possible to give 
accurate predictions of the nonresonant P - ,  D-. and F -  
wave R-N amplitudes up to around 650 Mev. The resu l t s .  
a r e  in good agreement with a recent analysis of the ex- 
perimental data. (auth) 

45073 THE INFLUENCE OF THE NEUTRON-NEUTRON 
FINAL-STATE INTERACTION ON THE CAPTIIRE O F  
MUONS BY DEUTERONS. Dosch, H. G. (CERN, Geneva). 
Nuovo Cimento (10). 39: 731-8(Sept. 16, 1965). , 

The influence of the neutron-neutron fibal-state inter- 
action on the .p capture in deuterium i s  calculated. It is 
shown that this  process allows f rom the theoretical point 
of view a determination of the neutron-neutron scattering 
length with an accuracy of about 5%. (auth) 

26564 ' ELECTRODYNAMIC PROCESSES WITH NU- 
CLEAS TARGETS. S. D. Drell and ,I. n. Walecka (Stan- 
ford Univ.. Calif.). AM. Phys. (N. Y.), 28: 18-33(June 5, 
1964). 

It i s  known that two gcneral  form factors  depending on 
energy loss  and momentum transfer  characterize inelastic 
electron scat ter ing from nuclei in the f i r s t  Born approxl- 
mation in a = 1/137. The s a m e  two form factors  appear in 
all electrodynamic processes  connected by one-photon ex- 
change with nnclpl. Thlr! nhntwat lan  !e r!sd to compute 
c ross  sections and to discuss experiments whlch a r e  aimed 
at  probing electrodynamics by scattering o r  pa i r  producing 
electrons o r  muons from nuclear targets. (auth) 



20905 ' (JIM(-P-1559) BETA-RASPAD'PIONA. (Beta 
Decay of the Pion). A. F. Duaaitsev. V. I. Petrdchln, Yu. 
D. Prokoshkln, and V. 1:RyMin (Jolnt Inst. for  Nuclear 
Research, Dubna. U23.S.R. Lab. ,of Nuclear Problems). 
196+ 1Sp. ' 

Forty-three n+ - # + e+ + u events were'detected using 
Cherenkov spectrometers. A fast five-ray oscilloscope . 
was used to identlfy events. The relative probabuity of 
beta decay was foundto be (1.1 t 0 . 2 ) ~  lo4. in agree- , .. 
n e n t  with the conserved vector current hypothesis. - The 
positron spectrum wag also consistent with that predicted 
by theory. (auth) 

24689 (JINR-P-948) 'OBN'ARUZHENIE PEREZARY- 
,ADKI OSTANOVIVSHIKHSYA rr-MEZONOV NA YADRAKH 
SVYAZANNOGO VODORODA. (Detection of Charge Ex- 
change in a-Mesons Stopped in Bound Hydrogen Nuclei). 
A. F. Dunaitsev, V. I. Petrukhin, Yu. D. Prokoshkin, and 
V. I. Rykalin (Joint Inst. for Nuclear Research, Dubna, 
U.S.S.R. Lab. of Nuclear Problems).. 1962.. 5p. 

Meson a- charge exchange in polyethylene was'evaluated 
with a high-freq~~qncy spectrometer monitoring a 75-Mav 
a- beam (passing through a system of scin(illation counters 
and bremsstrahlung filters). Cherenkov spectrometers in- 
sensitive to background radiation were used fo r  measuring 
no decay y quanta produced by stopped n-.' The ratio of no- 
production in hydrogen and polyethylene was Wh/WCH2 = 
290 * 40. The statistical order'of accuracy was over 5%. 
The r n a g n i t ~ d e , W ~ , / n ~ ~ ,  in r- charge exchange In poly- 
ethylene is  characterized by intense n- capture by hydrogen 
nuclei. (R.V.J.) 

22049 DETECTOR OF DELAYED MESONS. A. F. 
Dunnitsev, V. I. Petrukhln, Yu. D. Pmkoshkln,'and V. I. 
Rykalin !Joint Inst. for Nuclear Research, Dubna, USSR). 
Prihnry i Tekhn. Ekspcrlm., No. 1, 159-81(Jan.-Feb. 1963). 
(In Russian) 

Deecriptions are  given of a high-selectlvlty sc~ t l l l a t lon  
delay detector capahle of recording up to K e $0 a+ meson 
delays. The detector selectivity i s  b a e d  on the difference 
In'lonlzatlon losses. The Instrument wae tested uslng 75- 
Mcv n' beams passing through monltorlng sclnllllatlon 
countcrs, delaycd by polyethylene fllters, and stopplng In 
thc last scintillator. Thc mesons were'recordcd hy a faet 
colncidcncc schcmc. (R,V.J.I 

26273 (BNL-837b.344-52)) THE INVESTIGATION OF 
PIOX BETA-DECAY. A: F: hna i t sey ,  V. I. Petrukhin. 
lru. D. ~rokoshkin ,  and V. 1. Rykalin (Joint Inst. for Nu- 
c lear  ~esearc l ; ,  Dubna, U.S.S.R.). 

Investigations of the dccoy n+ - ff + ?+,+ 11, d - 2+y, a= 
reported. The positron spectrum I? presented. The brancb- 
ing ratio is found to be A = (1.30 i 0.35) x lo4. w.J.T.) 

36353 PION BETA DECAY. A. F. Dunaitsev. V. I. 
Petrukhin. Yu. D. Prokoshkln, and V. I. Rykalin (Joint hot. 
for Nuclear Research. Dubna. USSR). 2%. Eksperlm. I 
Teor. Flz.. 47: .84-91Wuly 1964). (In Russian) 

Pion @-decay events were recorded wlth Cherenkov 
spectrometers. The mlatlve probability for the decay is 
found to be A = (1.1 i 0.2) . 10"whlch conflrme the hy- 
pothesie of conservation of vector current. The values of 
the constants G and GB characterlzlng pion and nucleon 
p decay a r e  equal: O = (1.03 i O.ll)Ga. The energy spec- 
trum of poeltrons produced In decay of pions Is In agree- 
ment with that calculated on basls of the hypothesis of con- 
servatlons of vector current. (auth) . 

13130 MEASUREMENT OF THE ENERGY (SF.NEGA-,. 
T N E  n MESONS USING A STAR DETECTOR. A. F. 
DunaItsev, Yu. D. Prokoshkin, and T'ang Hsiao-We'l (Joint 
Inet. for Nuclear Research. USSR). Pribory 1 Tekh. .Ekspt.. 
No. 5. 133(Sept.-Oct. 1960). (L Russian) . 

A s t a r  detector constructed with two scintillatlon~co- 
incidence, counters is used for selective a' mcson record- 
ings. The detector is capable of rapidly measuring (15 min 
at  beam intensity of -10' n'/sec) the track and energy of 
n- mesons. Track curves for n- mesons at  160 Mev a re  
plotted. The,diagram.showe that the s t a r  detector recotde 
the stars'and not the stopped particles. The sensitivity of ,  
the detector to p' mesons i s  about 20 times weaker than'to 

.IT- mesons. (R.V J.) . ' ' . . 

833 NP-7674 
J o M  ht. of Nuclear Research Dubna. U.S.S.R. .Lab. 

of Nuclear Probleme. ' . . . 
STAR-DETECTOR FOR a" MESO'NS. . A F. ~unaibe; ,  
Yu. ,R Pmhehldn,  and Tang Syao-vay. 1959. 4p. 

. . (b392). 
Xu contrast to many other particles, stopping a' mes- 

ons effectively produce s t a r s  wlth large energy release. 
These phenomena were utilized for selected detection of 
r moson The star-detector of r mesons coneista of a 
telescope of two scintillation counters se t  in colnci- . 
dence. The flrat counter is an ordinary counter with 
100% effloicncy for passing particles. The second 
counter worke a t  a comparatively low voltage supply, 
hence it detects .the large  light impulses only. A typical 

. paiige curve for 160 Mev n ~ ~ m e s o n s  in carbon 1s glven 
(W.D.M.) 

32947 hlE.4SIIREhlENT OF TI11' PANOFSKY RATIO 
BY THE hf ETllOD OF GAAl hit\-GAhlhlA COINCI1)ENCES. 
A. F. Dunaltse\., t'u. D. Prckoshkln, V. S, Pantuev, Syao-. 
we1 Tang, and Af:  N. h%achaturyan. Wu Li Hsueh Pao. 18: 



218-20(Apr. l b ~ 2 ) .  (In Chinese) 
The rat lo of the prohnbility of two cnli t l~re processes  of 

@topped negative pions in hydrogen \\,as measureti by the 
y y  colncidenre mctliotl. The experinientnl result  i s  equal 
to 1.40 t 0.08. This  \.nlue agrees  witti the data on photo- 
production and scat ter ing of pions. (nuth) 

34617 CATALYSIS OF THE d + d - ~ e '  + n FUSION 
, REACTION B Y  NEGATIVE MUONS. V. P .  Dzhelepov, 

P .  F .  Ermolov. Yu. V. Katyshev, V. I. Moskalev, V. V. 
Fil'chenkov, and M. Friml (Joint Inst. f o r  Nuclear Re- 
search .  Dubna, USSR). Zh. Eksperim. i Teor .  Fiz. ,  46: 
2042-5fJune 1964). (In Russian) 

Twenty c a s e s  of an hitherto unobserved reaction (2) dp + 
d - ' ~ e  + n + p- a r e  recorded in a diffusion chamber filled 
wlth deuterium to a pressure  of 7.2 atrn. The yield of the 
reaction (2) relat ive to that of reaction (1) dp + d - t + p + 
11- in 1.2 i 0.37. Estimations of the relat ive yiclds of re- 
act ions (3) dp + d - pp + t and (4) dp + d - %ep *+ n show 

' 

that  with a probability of 90% w(3)/w(l) < 0.13 and w(4)/ ' 

w(2) < 0.13:The yleld of reaction (1) a g r e e s  with data 
previously obtained. However in the experiments the 
ylelds of react ions (1) and (2) exceed by approximately 
a n  o r d e r  of rnagnltude the values which should be  expected 
on b a s l s  of the data on reaction (1) obtained in liquid deu- 
te r ium.  (auth) 

45273 - (JINR-P-2356) KATALI'Z OTRITSATEL'NYMI . 
MYUONAMI YADERNYKH REAKTSII d p + p - 3 ~ e  + p- 
I d p + d - p + t + p- I OBRAZOVANIE p-ILlOLEKUL' pd 
p I dd p V GAZOOBRAZNOhI VODORODE. (Negative Muon 
Catalysis  of the Fusion Reactions d p + p - 3He + p- and 
.d p + d - t + p + p- and pd p and. dd p MU-Molecule Pro- . 

' 

duction in Gaseous Hydrogen). Dzhelepov, V. P.; Ermolov, . 
P. F.; Moskalev. .V. I.; Fil'chenkov, V. V. ( J o h t  lnst .  for  
Nuclear Research,  Dubna (USSR). Lab. of Nuclear Prob- 
lems).  1965. 48p. Dep . r~m.  

The yields of nuclear react ions d p  + p --: =He + rr and 
d p  + d - p + t + p- were measured with a diffusion cloud 
chamber filled with hydrogen and deuterium a t  7 to 23 atm.. 
The  muon t ransfer  r a t e  from the dp-atom to carbon and 
oxygen was  found f rom experimental dp-atom range,dis- 
tributions and Auger electron yields. The formation r a t e s .  
of the pdp and ddp molecules (reduced to the density of nor-' 
ma1 liquid hydrogen and deuterium) were  found to  be A& = 
1.8 +' 0.6 x 106 sec-I and.Ad&'= 0.75 i 0.11 x 106 sec-l. The 
analysis  of the experimental data on the react ions leads 
to the conclusion that the. resonance mechanism of ddp- 
molecule f o r d t i o n  and the nuclear  reaction in-flight i s  
mos t  likely to be  the reason for  the la rge  yield of the two 
deuteron fusion reactions under the conditions of the ex- , 

pcrimcntn. (011th) 

7016 (JINR-D-812) AN EXPERIMENTAL IXVESTI- 
GATION O F  p-MESONIC ATOMIC PROCESSES IN GASE- 
OUS HYDROGEN. V. P.  Dzhelepov, P. F. Ermolov 

(Yermolov). E. (Ye.) A. Kushnirenko. V. I. hloskalev, and 
S. S. Gershtein (Gerstein) (Joint Inst. for Nuclear Research, 
Dubna. U.S.S.R. . Lab. of Nuclear Problems and Joint Inst. 
for Nuclear Research,  Dubna, U.S.S.R. Lab. of Theoretical 
Physics). 1961. 21p. 

Mesonic atom processes in hydrogen were studied 
experimentally by mean.? of a diffusion cloud chamber in 
the magnetic field. The following quantitative data were 
obtained: the c r o s s  section for elast ic  scattering of pp- 
mesonic atoms on protons opp = (1.731) cm2; the 
ra tes  of the meson t ransfer  from a proton to deuterons and 
complex nuclel (C and 0) recalculated k, the liquid hydro- 
geii aenelty = (0.963:D) lo1* K ~ C - 1  UIIJ A, - cl.e3:b lolo 

sec"; and the r a t e  of the formation of mesonic molecular 
ions ppp in  liquid hydrogen $,,,, = (0.63:;) 10' sec''. The 
experimental values of Ad,  A,,,,,,, and A, a r e  in good agree-. 
ment with the theuretionl ones which coiifirms the validity 
of the mechanisms of the processes suggested ttteoreticdl~ 
The c r o s s  section qp was found to  be close to the theoreti- 
c a l  value calculated without the hyperfine structure of the 
pp mesonic atom being taken into account. However, the 
poseibillty of Ule fast tiAi-113itloiu to l e  lower t it i le 1~1th 
the total spin of a mesontc atom F = 0 i s  not excluded. The 
detcrnllnntion of tho n b o l u t o  vuluo of A, onrriwl cult In 
this ln~efi t lgat ion allowcd the absolute probabilities of a 
nl lnlh* of u-nlesollic molecular processes to be found by 
usll\g. it ns a scale.  (;luth) 

34109 NEGATIVE MUON CATALYSIS O F  THE NU- . . 
CLEAR REACTIONS dp + p - 3He + p- AND d p  + d - t + 
IJ + r-, AND IJJP @D ddp hlOLECULE FORMATION M 
GASEOUS HYDROGEN. Dzhelepov, V. P.; Ermolov, P: . 
F.; Moskalev, V. I.; Filchenkov, V. V. (Joint Inst. f o r  
Nuclear Research.  Dubna, .USSR): Zh. Eksp. Teor .  Fiz.', 
50: 1235-51(May 1966). : (In Russian). . . 

The yields of nuclear react ions .(I) dp + p - pdp - 3 ~ e  + 
p- and (2) dp + d .- ddp - p + t + p- were  measured with a 
diffusion cloud chamber filled \vith hydrogen and deuterium 
a t  7-23 alrrl. The muun lrlinsler r a t e  f rom the dp-atom to  
carbon and oxygen was fol~ntl from experimental dy-atom 
~ r l l g e  d i s l r l b u l l u ~ ~ s  and A u y r  eleciron yields. The forma- . 
tion rates' of the pdp and ddp molecules .(reduced to the 
densiky of liquid hydrogen and deuterium) \ \ere found to  be 
A$,, = (1.8 i 0.6). lo6  sec-', Ad* = (0:75 i 0.11) .-lo6 sec-l. 
The est imate of the relat ive yield of the reaction (3). dp + - 
d - ddp - t p  + p provides that Y(3)/Y(2) < 0.14 with a 90% 
probability. The analysis of experimental data on react ions 
(1) nnd (2) nllo\\-s n conclusion that the resonance mecha- . 
nism of ddp-molecule formation and the nuclear reaction 
inflight i s  likely to be the reason of the l a r g e  yield of the 
t\\-o deuteron fusion react ions under the conditions of our 
experiments. (au,th) , 

18636 OINR-D-1551) NEGATIVE MUON CATALYSIS 
OF THE NUCLEAR FUSION'REACTION d + d -. ~e~ + n. 
V. P. Dzhelepov, V. V. Filchenkov, M. Fr iml ,  Yu. V. 
Katyshev, V. I. ~ o s k a l e v ;  and P. F. Yerrnolov (Joint Inst. 

,for Nuclear Research,  Dubna, U.S.S.R. Lab. of Nuclear 



Problems). 1964. 7p. 
Twenty occurrences of the previously unobsenred reac-  . 

' 

tion d p  + d - (ddlr)+ - ~ e '  + n + j~-(2) were detected in a 
diffusion cloud chamber filled with deuterium up t o  7.2 - atm. The branching ratio (2) over (ddp)' - t + p + p-(1) i s  
1.20 0.37. The est imates of the relative yields of the re -  
actions ( d d d  - pp + t(3) and (ddp)+ - (Heap)+ + n(4) indi- 
cate that  w(3)/w(l) < 0.13 and w(4)/w(2) < 0.13 with a proba- 
billty of 90%. The yield for  (1) agrees  with previous results ,  
but the yields of 1 and 2 a r e  an order  higher than those . 
expected on the bas i s  of da ta  for (1) in  liquid deuterium. 
(auth) 

9404 MESONIC ATOM PROCESSES IN HYDROGEN 
AND DEUTERIUM AND THE MUON CATALYSIS OF FUSION' 
REACTIONS. V.  P. Dzhelepov, M. Fr iml ,  S. S. Gershtejn. 
Yu. V. Katyshev, V. I. Moskalev, and P.  F. Yermolov (Joint 
Inst. fo r  Nuclear Research,  Dubna, USSR). p.484-90'of 
"1962 International Conference on High-Energy Physics at  
CERN." Geneva. European Organization for Nuclear Re- , 

search,  1962. 
In experiments car r ied  out with a high-pressure diffusion 

1 
chamber. the following measurements were made: the ra te  
of'the muon t ransfer  pp + d - dp + p from the proton to the 
deuterori; the r a t e s  of formation of the ppp, pdp, and ddp 
ions; the c r o s s  section of elast ic  scat ter ing of p p  mesonic 
atoms by protons; and the r a t e s  of the muon t ransfer  from 
the proton and the deuteron to complex nuclei. The condi- 
tions of experiments and the results  a r e  tabulated. It i s  
concluded that the majority of the quantitative propert ies  ' 
of mesonic atom processes measured experimentally i s  in .  
satisfactory agreement with theoretical predictions and 
confirms the correctness of the mechanism suggested the- 

.' oretically. (A.G.W.) 

24275 (UCRL-10629) PO1,ARTZATTON OF RECOIL 
PROTONS IN PION-PROTON ELASTIC SCATTERING AT 
523, 572, AND 689 Mev (thesis). Richard D. Eandi (Call- 
fornia. Univ., Berkeley. Lawrence Radiation Lab.). 
Mar. 18, 1963. Contract W-7405-eng-48. 80p. 

Angular distributions of recoil-proton polarization for  
elast ic  soat tcring of positive and negative n mesons on 
protons were measured a t  523, 572, and 689 nIev incident- 
pion kinetic energy. The pion source  was an internal 
t a rge t  nf the Berkeley Bevatron. Polarlzallon measure-  
ments were  made by observing the azimuthal asymmetry 
of sample angular clistributions of recoil  protons that 
sca t te r  in large carbon-plate spark chambers. The spark  
chambers proved to  be very suitable polarization analyzer- 
detectors .  The spar! chambers were  triggered by an a r r a y  
of scintillation and Cerenkov counters that identified the 
part icles entering the chambers a s  recoil protons from 
elast ic  pion-proton scattering. Two plausible nonunique 
s e t s  of phase shifts were  obtained by employing: res t r ic -  
tive assumptions related to the higher resonances, avail- 

able pion-prpton total and differential c r o s s  sect ions 
measured a t  nearby energies,  and the  measurernents of  
this  experiment. One s e t  i s  characterized by a 3 = %, . 

T = %, D-wave resonance; the other s e t  i s  characterized 
by a 3 = 9 / , ,  T = 3, P-wave resonance a t  600-Mev incident- 
pion energy. 38 references.  (auth) 

42440 POLARIZATION O F  RECOIL PROTONS IN s i p  
ELASTIC SCATTERING NEAR 600 Mev. Richard D. Eandi, 
Thomas J. Devlin, R o b e n  W. ~ e n n e y ,  Paul G: McManigal, 
and Burton 3.  Moyer (Univ. of Caluornia,  Berkeley). Phys. 
Rev., 136: B536-42(0ct. 26, 1964). (UCRL-10629(Rev.)) 

Angular distributions of recoil-proton polarization in ... 
elast ic  n ip  scat ter ing w e r e  measured a t  523-.\572-, and 
'089,hlev incident pion kinetic energy. Polarization mea- 
surements w e r e  made by observing the  azimuthal asym- 
met ry  in the subsequent scat ter ing of recoil protons in  . 

l a rge  carbon-plale spark chambers. Typical s trong m r i -  
ation of the polarization with pion scat ter ing angle n e a r  
the np diffraction minima was observed. Since.existing 
opinion favors  a Dlf resonance a t  600 Mev, a phase-shift 
analysis was attempted in o r d e r  to confirm the existerice 
and parity of this  resonance. Available np total and dif- 
ferential c r o s s  sect ions,  these polarization data, and some 
possible res t r ic t ive  assumptions related to.the 600-Mev 
resonance were  used in the analysis. Though the polariza- . 

tion results  aided significantly in restr ict ing the number 
of acceptnble phase-shUt.sets, still,  many plausible and 
qunlitntlvely different  s e t s  were  found. (auth) 

3074 POLARIZATION O F  RECOIL PROTONS IN nip 
ELASTIC SCATTERING AT 864.981, Ah?) 1301 Mev. 
Richard D. Eandi, Thomas J. Devlin, Robert W. Kenney, 
Pnul C. Mchlanigal, and Burton J .  Moyer (Univ. of Cali- 
fornia, Berkeley). Phys. Rev., 136: B1187-9(Nov. 23. 
19C4). 

The angular distr ibutions of recoil-proton polarization 
in elast ic  n ip  scat ter ing w e r e  measured nt 864, 981, ahd 
1301 Mev. Polarization measurements were  made by ob- 
serving the azimuthal asymmetry  in the subsequent sca t -  
tering of recoil protons in la rge  carbon-plate spark cham- 
bers.  T h e  spark  chambers  proved to be very suitable 
polarization analyzer detectors. Strong variation of the  
polarization with backward pion scat ter ing angle was ob-.  
served. (auth) 

5324 (NYO-9286) R.IE+URER.IENTS O F  NEGATIVE 
MUON LIFETIMES IN LIGHT ISOTOPES (thesis). Morton 
Eckhause (Carnegie Inst. of Tech., Pittsburgh). Feb. 1962. 
Contract AT(30-1)-882. 68p. 

Negative muons from the Carnegie Tech synchrocyclo- 
t ron were  stopped in the following targets: separated iso-  
topes of littiium ( ~ i h d  ~ i ' )  and of boron (B" and R"), a s  
well a s  natural beryllium, carbon, and, oxygen. From an 



analysis  of the corresponding t ime spectrum of the decay 
electrons,  the negative muon lifetime in each of these 
substances was obtained. From a separa te  measurement 
of the p+ lifetime (2.202 * 0.004 psec) ,  the capture ra tes  in 
the  above elements w e r e  determined.  They a r e  (in unks  o f  
105/sec): &(Li6)= 0.111 0.013, h,(Li7) = 0.028 ;t 0.013, 
&(Be) = 0.11 t 5.02, &(B")= 0.273 0.015, x,(B") = 0.227 + 
0.016, A,(C) = 0.394 0.011, and & ( O  = 0.97 * 0.03. (auth) 

. 
40572 AIEASUREMENTS O F  NEGATIVE-MUON LIFE- 
TIRIES I N  LIGHT ISOTOPES., M. Eckhause, T. A. Yilippas, 
R. B. Sutton, and R. E. U'alsh (Carnegie Inst. of 'l'ech., 
Pi t tsburgh).  Phys. Rev., 132: 422-5(0ct. 1, 1964): 

Negative muons were  stopped in  the following targets:  
separa ted  isotopes of lithium t6Li and ' ~ i )  and boron ("B 
and "B), ?nd natural  beryllium, carbon,  nitrogen, and oxy- 
gen. From an analysis  of the result ing t ime  spec t rum of 
t h e  dec:ty electrons,  the negative-muon lifetime in each of 
these  substances \bras obtained. F r o m  a s e p a r a t e  measure-  
mcnt of the p'lifetime, (2.202 * 0.003) psec, the capture 
r n t e s  in the above elements w e r e  determined. They a r e  (in 
units  of 1 0 ~ / s e c ) ; . h , , ~ ( ~ ~ i )  = 0.061 * 0.014, A ~ , , ( ~ L ~ )  = 
0.018 i 0.014, X,,,('~B) = 0.265 + 0.015, A,,,("B) = 0.218 i 
0.016, h,,,(hc) = 0.10 + 0.02, h,,,(C) = 0.397 i 0.013, 
k a p ( N )  = 0.65 i 0.04, and hCap(O) = 0.96 i 0.03. (auth) 

. . 

28348 MUON CAPTURE RATES IN COMPLEX NU- . 
CLEI. Eckhause, AT. (Coll. of \irilliam and Mary,  . 
\\'illi3msburg, Va.); Siegel. R. T.; Welsh, R. E.; Filippas, 
T. n. Nucl. Phys., 61: 575-84(June 1966). ,(TID-22367). 
- Total disappearance ra tes  of negative muons brought to 
rcs t  in 30 elements were measured to  1-296 precision.. The 
i s l )c r in~enta l  procedure and the resu l t s  obtained a r e  pre-  
svnted. In addition, a compilation of a l l  measurements of 
muon'capture r a t e s  in complex nuc1.ei a s  presently known 
i s  gi\.en, and severa l  analytical f i t s  to  these  r a t e s  a r e  dis-  
cussed. (auth) 

16492 n- SCATTERLVG FROhI COMPLEX NUCLEI. 
R. bl. Edelstein, W. F. Baker, ,and J. Rain!!vs.'ter (Columbia 
Univ., New York). Phys. Rev., 182: 252-61(Apr. 1. 1961). 
WEVIS-88; CU-190; R-259) '7 ' 

Differential c r o s s  sections were measured fo'r n--carbon 
sca t te r ing  a t  69.5 .and 8 f 5  Mev and n--oxygen scat ter ing a t  
87.5 Mev f rom 20' to 125" extending the technique of Baker, 
Rainwater, and Williams. The energy resolution was suffi-. 
c i e n t  to measure  pure  elast ic  a s  well a s  5- and 10-Mev in- 
e las t ic  c r o s s  sections. The modified Kissl inger optical- 
model  equation was used to  f i t  the elast ic-cross-sect ion 
data. A X' analysis  for  the 69.5-Mev carbon da ta  gave a nu- 
c l e a r  radius parameter  ro = 1.05 t 0.02 fe rmis  and a fall- 
off parameter  t = 1.16 * 0.07 fe rmis .  These p a r a m e t e r s  

ence in the strength parameters  for carbon i s  obser;ed in 
qualitative agreement with prediction. (auth) 

21160 (CONF-231-5) BlEASUREblENT OF THE RATE 
FOR p- + ~e~ - H~ + v .  R. M. Edelstein (Carnegie Inst. of 
Tech., Pittsburgh); D. Clay, J. W. Keuffel, and R L. 
Wagner, Jr. (Utah. Univ., Salt Lake City). 119631. Con- 
t r a c t s  AT(30-1)-1825 and AT(l1-1)-82. 9p. 

F r o m  the International Conference on ~ u n d a m e n t a l  As- 

pects  of Weak Interactions, Upton, N. Y.; Sept. 1963. ., 
The reaction ra te  for  p' - ' ~ e  - 'H - ii .was measured 

using a hlgh-press~ire,  )Fit., g a s  scintillation counter a s  the 
target  f o r  stopping muons. A value of 1450 a 75 sw-' was 
u b l a i ~ ~ e d ,  in agreement with o thcr  cxpcriments and with the 
prediction based on the universal  ~ e r m i  interaction wlllr 
conserved vector  current .  (D.C.W.) 

17205 
THE ELASTIC SCATTERING O F  98 Mev NEGATNE 
PIONS BY WDROGEN. D. N. Edwards. S. G. F. Frank, 
and J. R. Holt (Univ. of Liverpool). Proc. Phys. Soc. 
(London) 73, 856-68(1959) June. -- 

The e l ~ t i c  scat ter ing by hydrogen of negative pions 
with mean energy 98 Mev has  been measured  a t  1 3  an- 
g les  between 30 and 150" (lab). The pion beam was 
monitored with a calibrated 1oniz;rtion chamber and its 
muon and electron contamination determined by means  
of a Cherenkov counter. 'I'Bis counter was a l s o  used In 
the scat ter ing telescope t o  separa te  out the electrons 
produced by c.harge exchange y radiation. T h e  resu l t s  
w e r e  cor rec ted  for  Coulomb effects and a 3-parameter  
curve  fitted to  the nuclear  parts. The curve  is &/dQ = 
(1  i 0.027) (0.385 0.008 + (0.276 0.015) c o s  tl + 
(0.282 i 0.031) cos"]. Thus the forward scat ter ing in- 
tensity i s  0.942 * 0.043 mb-sterad-'. In a separa te  
t ransmlseiun experimeut the  total nuclear  c r o s s  aec- 
tion for  scat ter ing of 98-Mev negative piaas by hydrogen 
was  found to  be 21.9 a 0.7 mb. These  two f igures yield 
a value for  the r e a l  part of the forward scat ter ing am- 
PUN& D, = 0.195 * 0.006 In ~ n l l v  tl/m&. The corre- 
spoading value of f2 f rom the dispersion relat ion is 
0.073. (auth) 

24278 , (JINR-P-971) K VOPROSll OR ANOhiALll PRI 
RASPADE p- MEZONOV V MEZOATOALAKH PEREK- . 
IIODNYKH IvlETALLOV G R U P P Y  XHE1,EZA. (On the 
Anomalies in p- kleson Decay in Mesoatoms of Transitional 
Iron Group Metals). L. B. Egorov, A. E. Ignatenko, A. V. 
~ u p t s o v ,  and M. G. Petrashku (Joint Inst. for Nuclear Re- 
search ,  Dubna, U.S.S.R. Lab. of Nuclear Problems). 1962. 
. A 

give good f i ts  to the other  da ta  as well. An energy depend- 1 Up. 
Relative measurements of the probabilities of the j~ '  . 
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meson decay in Fe ,  Zn, Ni., and Cu mesic atoms were made 
using scintillatQn.counters. The gamma r a y  yields f r o m .  
the targets  were  found the s a m e  within experimental e r ror .  
This  indicates that the apparatus effect i s  not the reason 
for anomalies. (auth) - . 

6888 ON TIIE QUESTION O F  ANOMALY IN THE DE- 
CAY OF ,,--MESONS RJ MESIC ATO$S OF TIUNSITION 
METALS OF THE IRON GROUP., L. B. Egorov, A. E. 
Ignatenko. A. V. Kuptsov, and M. G. Petrnshku (Joint Inst. 
of Nuclear l lesenrch,  Dubnn. USSR). Zh. Eksperlm. 1 
Teor.  Fiz., 43: 1149-53(0ct. 1932). (In Ruaslnn) 

By the method of scintillatlon counters, relat ive meas-  
urenlents a r e  niade of the decoy probabllltlee of p' meeons 
In nieslc ntoms of iron ond zlnc and a l so  nlckel and copper. 
The resu l t s  of measurements indicate an absence of anomaly 
observed by a number of autliore. Equality, within the  l imits  
of e r r o r s  of the experiment, of tl,: yield of y r a y s  f rom the . 

above-mentioned ta rge ts  indicate8 that the instrument effect 
Is  not the cause of the anomaly observed. (auth) 

26080 (JINR-P-972) POISKI ANOMALXI PRI RASPADE 
U- MEZONOV v PARARIAGNITNYKH METALLAKH. 
(Search for Ahomalies in p- Meson Decay in Paramagnetic 
Metals). L. B., Egorov, A. E. Ignatenko. A. V. Kupteov. 
and.M. G. Petrashku (Joint Inst. for  Nuclear Researck+ 
Dubna. U.S.S.R. Lab. of Nuclear h o b l e m s ) .  1962. 6p 

Relative electron yields f r o m -  mesons in the mesic 
atoms of.palladium, titanium, and their hydrides were 
measured with scintillation counters. The rekults indicate 
the absence of the effects due to uncoupled electrons of the 
atoms which lcad to an increase in  the p meson decay prub- 
ability in the mesic atoms of the transition metals of the 
iron group, a s  well a s  to the displacement of the levels d 
the x rays emitted in 2p-1s-transitions. (auth) / 

974 INVESTIGATION OF THE SPIN DEPENDENCE 
O F  WEAK INTERACTION IN THE PROCESS p' + p - n + v .  
L. B. Egorov, G. V. Zhuravlcv, A. E. Ignalenko,'A. V. 

' ~ u ~ t s o v ,  Hsiiang-ming Li, and hl. G. Petrashku (Joint Inst. , 

for  Nuclear,Research, Dubna, USSR). Zhur. Eksptl'. i 
Teoret. Fiz., 41: 684-91(Sept. 1961). (In Russian) 

The asymmetry coefficients &) of p '- e decay electrons,  
averaged over tw,o hyperfine s t ruc ture ' s ta tes ,  a r e  meas-  
ured by means of scintillation cpunters  in mesic a toms of ' .  
s i lver  and red.and black phosphorus. The meson lifetimes - 
s in, the two phosphorus modifications a r e  nlso rneasurecl. 
The magnitudes of for  r e d  (insulator) and black (conduc- 
tor)  phosphorus indicate that the presence of conductivity 
electrons shortens the meson spin relaxation t ime i n  mesic 
atoms. The.values of & and 7 in phosphorus a r e  employed 
to determine the level population in  s ta tes  F = 1 and F = 0 
and nlso the probabilities (X, and h,) for  mcson capture by 

the nucleus in these states.  It i s  found that A, i h, (weak 
interaction i s  s p i n  dependent) and h, >  capture t e e s  
place more  rapidly from the F = 0 s t a k  than from the F = 1 
state). The lower l imit  obtained for  the quantity i s  d i r e c t  . 

evidence that the interaction i s  of the type A -xV.  (auth) 

13498 DEPOLARIZATION OF POSITIVE BIUONS 
SOLIDS. Eisenstein, B.; Prepost, R.; S ~ c h s ,  A. M. 
(Columbia Unlv.. New York). Phys. Rev., 142: 217-27 
Web. 1.966). 

When polarized positive mesons(p) s top in a solid, they . 
may be depolarizcd prior  to their  decay. The presence o f .  
a magnetic field along the direction of initial polarization 
will inhibit, o r  quench, some of this depolarizntion. De-' ... 
polarization and quenching wps studied in ' a  variet.y of  
solids, including semiconductors, a t  temperatures a s  low 
a s  4.2K. No evidence was found that any meson(p) depo- 
larization i s  associated with the formation o: a muonium 
atom which i s  bound for >lo-lo sec,  even in' samples a t  
4.2'K. F o r  many samples and temperatures,  the quenching 
of the observed depolarirntion i s  consistent with a model . 
in which the mesonfli) captures and loses electrons r e -  
peatedly, f o r y i n g  a.succession, of briefly bound niuonium 
atoms. In some of the semiconductors a t  low temperatures.  
a s  well a s  in other samples,  a large fraction of the depo- 
larization' i s  quenched by a field of 100 C. This  i s  seen  
a s  evidence for  another depolarization mechanism. I t  i s  
also found that the t ime during which depolarization occurs  
in boron carbide d e c r e a s e ~ w i t h  decreasing temperature.  
(auth) . . 

12167. (NEVIS-124) MUON DEPOLARIZATION IN 
SOLLDS (thesis). Bob Einsenstein (Columbia., Irvington- 
on-Hudson, N. Y. Ncvls Labs.). May 1964. Contract , 

Nonr-2GG(72). 63p. (CU-230; AD-606475; R-427) 
When polarized positive muons stop in  a solid, they may 

b e  depolarizcd prior  to their decay. The presence of a 
magnetic field along the direction of initial polarization 
will inhibit, o r  qucnch, sonle of this depolafization: 
Depolarization and qucnching'were studied in a variety of 
solids, including scmiconductors, a t  t empera tures -as  low 
a s  4.2"K. No evidence was found that any muon depolariza- 
tion i s  associated with the formation of a muonium atom 
which i s  bound for > 10-lo sec ,  even in samples a t  4.2"K 
F o r  many samples and temperatures,  the quenching of 
the observed depolarizntion i s  consistent with a model 
in  which the muon captures and loses electrons repeatedly 
forming a succession of brielly bound muonium atoms. 
In some of the semiconductors at  low temperatures,  a s  
well a s  in other samplcs,  a large fraction of .the depolari- 
zation i s  quenched ,by a ficld of 100 G. This  i s  soen a s  
evidence for  another dcpolarization mechanism. (auth) 

15232 CALCULATION O F  THE ABSORPTION RATES 
OF n- MESONS BY NUCLEI. Magda Ericson (Universite', 
Lyon). Compt. Rend., 258: 1471-4(Feb. 3, 1964). Un 
Frenoh) 
. The probabilities f o r  the absorption of n mesons, in  mesic 



atoms was calculated by assuming an absorption by nucleon 
pai rs  and by using the prqduction amplitudes of n mesons. 
The corresponding imaginary optical potential was con- 
structed. Experimei~tal results a r e  in good agreement with 
the hypothesis of pair absorption. (tr-auth) ' 

vestigated. Their inclusion i s  essential fo r  a correct  treat- 
ment of the problem. In addition to the previously sug- 
gested detector level, i t ' is  found that..capture into thk 
ground state of 1 6 ~  permits an almost complete elimination 
of nuclear physics by comparison to the 8-decay rate. 
(auth) 

16952 (NP-11592(Vol.I)(p.203-7)) REACTION rr' + p - 
A' + d AUX SEUILS POUR LES REACTIONS n- + p - I:& + 
KDf (CUSP). (Reaction n-+ p - AD + d at the Thresholds 
fo r  n- + p - I:'-+ KDf (Cusp) Reactions). F. Eisler 
(Rrookhaven National Lab., Upton, N. Y.); J. M. Gaillard, 
J. Keren, M. Schwartz, and S. E. Wolf (Columbia Univ., 
New York). 

The angular distributions f rom the reaction rr' + p - A' + 
d a r e  measured at  n- energies of 890 to 914 Mev, i.e., near 
&e threshold for  I:'- + production, in an  attempt to de- 
termine the A-I: relative parity. It i s  found, however, that 
the A' + I? production reaction i s  probably governed by 
complex D and F wave interactions, rather than by simple 
S and P waves. It i s  thus concluded that the relative A-I: 
parity cannot be resolved by a study of this reaction. 
(T.F.H.) 
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36643 (CERN-63-28(p.47-72)) JNTEWCTIONS OF . 
' PIONS WITH COhlPLEX NUCLEI. Torleif ~ r i c s o n  (Eu- 
ropean Organization for Nuclear Research, Gelleva). 

The suitability of very intense pion beams for studying 
nuclear properties i s  outlined, and'the information that 
can be obtained by various t'es of experiments i s  dis- 
cussed. Aspects of performing and interpreting certalu 
experiments a r e  also considered. (D.C.W.) . 

38175 PION CAPTURE AND NUCLEAX STRUCTURE. 
T. Ericson (CERN, Geneva). p.39-45 of "Direct Interac- 
tions and Nuclear Reaction Mechanisms." New York. 
Gordon and Breach, Science Publishers, 1963. 

The meson (n')-capture process that leads to the emis- 
sion of two nucleons i s  explained, and nuclear structure 
data that can be obtained from this process a r e  discussed. 
(C.E.S.) 

42718 . A DETECTOR FOR THE INDUCED PSEUDO- 
.SCALAR COUPLING CONSTANT. T. Ericson (CEnN, 
Geneva). J. C. Sens, and H. P. C. Rood. Nuovo Cimento 
(lo), 34: 51-66(0ct. 1, 1964). 
. The detection of partial muon capture r a t e s  in 160 forms 
a sensitive detector for the induced pseudoscalar coupling 
constant. The effects of nucleon velocity ' terms in the weak 
Hmiltonian and of realistic nuclear wave-functions are in- 

34152 (JINR-P-2711) GAZOVAYA RIILTSEN DLYA 
EKSPERIhIENTOV S MEDLENWYRII MEZONAAII. (Gas 
Target for Slow Meson Experiments). Ermolov, p. F.; 
Lepllov, V. I.: Mukhin, A. I. (Joint Inst. for Nuclear Re- 
actarch, nubna (USSR). Lab. of Nuclear Problems). 1966. 
5p. Pep. mn. 

The gas target i s  described which is  intended to operate 
with s 1 6 ~  mesons at a gas pressure up to 100 ntm. Two 
sc in t i l la t i~n counters a r e  placed inside the target. Thereby 
an effective selection of meson stoppings in gas is  attained. 
The latter  i s  equal to 70% from the total number of stop- 
pings registered by the electronic equipment at a hydrogen 
pressure of 50 atm. (auth) 

962 A SEARCH FOR BREMSSTRAHLUNG PRO- 
DUCED IN ELASTIC SCATTERING OF NEGATIVE +- 
MESONS BY PROTONS. P .  F. Ermolov and V. I. hloskalev, 
(Joint Inst. for Nuclear Research, Dubna. USSR). Zhur. .' 
Eksptl'. i Teoret. Fiz., 41: 322-6(Aug. 1961). (1n.Russian) 

Not in one of 1500 events of elastic scattering of 128 and 
1'62 Mev n' mesons by protons in a hydrogen diffusion 
chamber was it found that the angle of emission of the 
roaoil proton oxcoeded by morn than 3" the angle computed 
on basis of coneervation laws. On this basis the upper 
limit for the cross  seciion for bremsstrahlung emitted 
by n- mesons on nuclear forces is  derived and found io be 
5.10-*' cm2. (auth) 

34776 .(UCRL-11004) RlEASUREhlENTS OF THE 
MUON-CAP'I'UHE RATE IN H~"AND ~ e '  (thesis). Robert 
John Esterling (California. Univ., Berkeley. Lawrence 
Radiation Lab.). Apr. 9. 1964. Contract W-7405-eng-46. 
169p. 

A muasurerr~etlt was tr!srlc of 111~: L n f ~ l  ~nubn-capture 
rntcs in 'He and 'He and the partial capture rate into the 
channel p- + 'He - 'H + v .  Negative muons were brought 
to r e s t  in a high-pressure hclium gas target..Th'e capture . 
processes all yield a charged particle whose energy was 
111easured by observation of scintillation in the helium gas. 
Cnptureo into thc 'H chnnnol were ricognize? by t h e  rrniq~!e 
energy (1.9.Mgv) of the triton recoil. The total capture 
ra tes  obtained were: A ( ' H ~ )  = 2170 sec-' and A ( ' H ~ )  = 375 
sec-'. The partial capture rate to the triton g. round state 
was measured a s  h('He - s ~ )  = 1505 t 46 sec-'. The re- 
sults  a r e  ,in good agreement with theoretical predictions 
that a r e  based on the universal Fermi interaction. (auth) 



15721 ' (JINR-E-2517) ANGULAR DISTRIBUTION OF 
HIGH-ENERGY NEUTRONS ERllTTED IN ABSORBING 
POLARIZED p--hIESONS CALCIUBI. Evseev, V. S.; 
Chang, Run-hwn; Chernogorova, V. A.; Roganov, V. S.; 
Shimchnk, 31. (Joint Inst. for  Nuclear Research,  Dubna 
(USSR). Lab. of Nuclear Problems). 1965; 30p. '.. 
Dep.mn. 

The asymmetry coefficient B was measured In the angu- 
l a r  distribution of neutrons from mesons (p-1-capture in 
Ca in the En energy range from 6.7 to 20.7 Mev. F o r  higher 
thresholds (En  2 18 hlev) the asymmetry coefficient re-  
duced to the 100% residual polarization of mesons (p3 i s  
close to -1, which contradicts calculations on the basis  of 
the universal weak Interaction theory. (auth) . 

15720 (JINR-E-2516) ASYkI31ETRY IN THE Ah'GII- ' 
L.4R DISTR_IBUTION O F  THE HIGH-ESERGS NEUTRONS 
FROM hlU C.IZPTURE IK SULFUR. Evseev,  V. S.; . 
Chernogorova, V. A.; Kilbinger. F.; Rognnov, V. S.; Shim- 
chak, M. (Joint lnst. for  Suc lear  Research.  Dubna (USSR). ' 

Lab. of Suc lear  Problems).  1965. lop. . Dep. mn. 
The asymmetry coefficient B in the angular distribution 

of high e n e r m  neutrons from meson (113 capture in sul-  
phur was measured. The value of the asymmetry coefficient. 
reduced to 100%. of meson (p-)  residual polarization is. close 
to  -1, {vl~ich contradicts calculations on the basis  of t h e .  
universal weak interaction theory. (auth) 

31501 (JINR-P-759) ASIMMETIIIY.4 V U C L O V O ~ ~  
ItASPItEDKLENIl NEITHONOV, ISPUSWE~~Y&HI 
, . \ K l I \ ' T l :  I -  l I : S S . \ '  \ L T I .  ( A ~ y n ~ m e t r y  In 
..\11,~111:tr D i s l r i l ~ ~ ~ l i o n  01 N ~ ~ U I ~ O I I S  I.:n~itIcd In p-hlcson 
r C  I I ~ I I  V. 's. Evsrcv,.V. I. l io,~~al*ov,  V. 2. 
) ;II?;~I ,  \'. S. Il~)g:inov, \'. A. Chcrnogorovn, and ;\I. ill. 
~lli111qrllak (Joint Inst. fnr. NIICISR~ I ~ O B F Q ~ C ~ ,  Di~l~na ,  
11.S.S.lt. Lab. of Kur1c:tr Problcn~s) .  l!ltil. 27p. 

Thc asymlnrtr)  in thr ; ~ n p ~ l n r  distrlbutlon of nclltrone 
enlitred during nuclear rapturc of p l a r l z c d  p- nlcsons 
b- A - A + n + F) was mcasurcd in ordcr  to analyze the 
non-conservation of parity in p- absorptlon by p s o b n s  and 

, to determine the constants of p- weak Interactions with 
nuclcons. (R.V.J.) 

28607 ASlrhf31ETRY IN ANGULAR DlS1.HIBUTION O F  
NEUTRONS EMITTED IN p- MESON CAPTURE IN CAL- 
CIUM. V. S. Evseev, V. I. Komarov, V. 2. Kush, V. S. 
Roginov, V. A. ~ h e r n o g o r o v a ,  a d  RI. M. Shimchak (Joint 
Inst, for  Nuclear Research,  D U ~ ~ ~ , ' U S S R ) . .  Zhur. Eksptl'. ' 

i Teoret .  .Fiz., 41: 306-'/(July 1961): (In Russian) 
hleasurements of & asymmetry in p- absorption in cal-  

' 

cium were niade using 250 i\Iev/c puls'ed'p-'mesons stopped 
in a 1 2  g/crnl tnlcl- t a rge t  in a magnetic field. Tlie pre- 
liminary data.show &,, = - (0.93 * 0.33). The theoretical . 

&d measured magnitudes of & indicate the.presence of 
pseudoscalar interaction in the p' + A - A' + n + P process.  
The sign of the pseudoscalar and pseudove'ctor constant in 
the , ra t io  g d g A  i s  positive. The value of & is consideraqly 
la rger  than the the6retical.value & = 0.41 developed with . 

g,Jgv= - 1.25, g#gA ='8,  and gT/gv= 3.7.' (R.V.J.) 
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41935. ANGULAR DISTRIBUTION O F  NEUTRONS DUE 
TO p--CAPTURE IN CALCIUM FOR.VARIOUS ENERGY 
THRESHOLDS. V. S. Evseev, V. S. Roganov, V. A. Cher -  
nogorova, Run-hwa Chang, and M. Szymczak (Joint Inst. for  
Nuclear Research,  Dubna, USSR). Phys. ' h t t e r s ,  6: 332-3 
(Oct. 1 ,  1963). . . 

Results a r e  glven on measurements of the asymmetry 
coefficient In the angular distribution of neutrons a t  varioup . 

thresholds of E,from 7 to 23 Mev. (R.E.U.) 

28027 .(JINR-D-988) MEASUREMENT O F  THE . ' . 

p- + He3 - H' + L REACTION RATE.. L V. Falomkin, A. I. 
Flltppov,, hl; M. Kulyugn, 8. ~ o n t e c o r v o ,  Yu. A. Scher- 

' 

. 
bakov, R. M. Sulyaev, V. M; Tsupko-Sibaikw, and 0. A. . 

, 

Zaimidoroga (Joint Inst. for Nuclear R e s e k c h ,  Dubna, 
U.S.S.R. Lib.  of Nuclear .Problems). ' 1962. 8p. . 

. The reaction p- 4: He9 - H3 + v w a s  investigated. A 'mag- 
netic diffusion.chamber filled'witb ~d at 20 a tm was  
placed'in the 217 Mev/c beam of the Dnbna 680 Mev syn- 
chrocyclotron: Since the tr i t ium prodaced in  the reaction 
has  a definite energy, the problem of identifying events of 
the .reactions consists  of selecting a group  of one-prong 
s t a r s  d i th ' the  corresponding energy range  f rom the back- 
ground due to other processes. The react ion ra te  was  de- 
termined to be 1.36 * 0.18 x 10' sec-'. T h i s  agreed with ' 

the ra te  predicted by the universal theory within the -accu- 
racy of the experiment.' (M.C.G.! . .. 

28126 MEASUREMENT OF THE !J- + ~ e '  - H', + v RE- 
ACTION,RATE. I. V. Ealomkin, A. I. Filippov, M. M. Kul- 
yukin. B.'Pontecorvo. Yu. A. Scherbakov, R.'M. sulyaev, 
V. M. Tsupko-Sitnikov, ana 0. A.' Zairnidoroga (Joint Inst. 
fo r  Nuclear Research. Lab. of Nuclear 'Problems,  Dubna,, 
USSR). Phys. 'Letters. 1: 318-20(July 15 ,  1962). (In 
English) . 

The ieact ion li. + Hea - T.+  v wasinvest igated using a 
statistlcal material  evihg resu l t s  an o r d e r  of magnitude 
bet ter  than those obtained previously (0. A. Zaimidoroga 
e t  al.! J. Exptl. l'heor. phys.. 41: 1804(1961)); previous 
experimental techniques were used. The ra te  of the r e a c -  
tion was m e a s k e d  to study muon-electron symmetry ih 
interactions of these part icles with nucleons; data agree  
with calculations within theoretical and experimental in- 
accuracies.  Muon-electron symmetry in  lepton capture by 
nucleons i s  implied. (L.N.N.) 



13569 MEASUREMENT O F  THE p- + He3 - H= + N 
REACTION RATE: FINAL RESULTS. I. v.-Falomkin; A. I. 
Filippov, M. M. Kulyukin, B. Pontecorvo, Yu. A. Scherbakov. 
R. M. Sulyaev, V. M. Tsupko-Sitnikov, and 0. A. Zaimidor- 
oga (Joint Inst. for Nuclear Research, Dubna; USSR). Phys. 
Letters,  3: 229-31(Jan. 15, '1963). (In English) . 

The final results  of an ~ e '  diffusion chamber experiment 
were given, based on 200 events of the reaction p- + ~ e '  - 
Hg + v .  (C.E.S.) 

P300 THE PANOFSKY RATIO FOR He' AND THE 
ROOT-MEAN-SQUARE RADIUS OF THE TRANSITION 
He3 - H'. I. V. Falomkln, A. I. Fillppov, M. M. Kulyukln, 
Yu. A. Scherbakov, R. M. Sulya'ev. V. M. Tsupko-Sltnikov, 
and 0. A. Zalmldoroga (Jolnt Inst. for Nuclenr Research, 
Dubna. USSR), p.14-17 of "1962, Internutlonnl Conference 
on High-Energy Physlcs at CERN." Ccneva, European 
Organization for Nuclear Research, 1962. .! 

Six processes allowed by the conservation la&s for cap- 
ture of stopped negatlve plona in'Hea a r e  llsted. The proc- 
e s s e s  were studied experimentally by stopping plone in a 
diffusion chnmbcr filled wlth HeS at  20 atm pressure. A 
tnble shows the number of events of 'each type found in 4500 
photographs. From measurements of selectcd events it was 
found that the rclatlve rates of the reactions n' t He3 - 
H' + ro (3) and r' t He" H' t y (4) were WS - (13.6 t 0.0)s 
and W, = (6.2 0.7)8. The ratlo of the rates of reactlone 
13) and (41. called the Panofsky ratio! was 2.16 0.28. Tbe 
'root-mean-square radius of the transltlon from HeS to H' 
wns calculated to be r = (1.24?::::) x lo-'' em. (A.[.;.W.j 

14914 ELECTROMAGNETIC PROPERTIES OF THE 
MUON. F.'J. Mi Farley (CERN, Geneva). Progr.  Nucl. 
Phyn., ,ll: 257-llR(1964). 

Properties considered include mass,  spin, charge,  mag- 
netic moment, and electric dipole moment a low energy, 
and at high energy the form factors. Experiments used to  
determine the' properties a r e  discussed. 130 references. 

. .  . (R.E.U.) 

37969 THE MUON AS A PROBE FOR NUCLEON 
STRUCTURE. F. J :  M. Farley (CERN, Geneva). p.228-34 
of "Nucleon Structure." Stanford, Calif.. Sanford Uni- ' 

versity Press.  1964. . 
The ndvnnt:cges of mesons(p) over electrons for probing 

nucleon structure a r e  summarizcd, and a m e s o n w  stor:lgc 
ring under consideration at CERPZ for (g-2) nieasureincnts 
and studies of p-p scattering with polarized mcsonsk)  i s  
dcicrihed. (D.C.W.) 

44207 ANOMALOUS MAGNETIC MOMENT OF THE 
NEGATIVE MUON. Farley, F.  J. M.; Bailey. J.; Brown, 
R. C. A.; Gieseh. M.; Joestlein, H.; van der  Meer, S.; 
Picasso, E .; Tannenbaum, M. (CERN. Geneva). Nuovo 
Cimento (10). 45A: ,281-6(Sept; 1, 1966). 

An experiment i s  described using the magnetic storage 
ring in which a preliminary measurement of the anomalous 
magnetic moment of the negative muon yielded (1165 + 3) x 

The new device offers the possibility of an order-of- 
macnitude improvement in accuracy. (L.B.S.)' 

9388. A MEASUREMENT OF THE p+ LIFETIME. 
F. J. IvI. Furlcy, T. Massam, T. Nluller, and A. Zichichi 
(CERN, Geneva). p.415-17 of "1962 International Confer- 
ence on High-Energy Physics at  CERN." Geneva, Euro- 
pean Organization for Nuclear Research, 1962. 

Tbe muon lifetime was measured by the standard tech- 
nlque of Stopping n+ in a carbon absortier and recordlng 
the time distribution of positrons from the n+ - p+ - e+ 
decay chain. The experiment was designed to eliminate 
systematic e r ro r s  due to beam structure to a greater ex- 
tent than in previous measurements. Preliminary results 
give a value of 2198 * i nseC. (A.G.W.) 

41744 (NYO-10561) A BUBBLE CHAMBER STUDY OF 
NEGATIVE MUON  SORPTION IN CARBON. Leo M. 
Fatur (Carnegie .Inst. of Tech., Pittsburgh). May 1963. 
Contract A'1'(3U-1)-882.   IS^. 

Rleuonu (Cc-1 from the synchro-cyclotron were  stopped in 
a 6-in. propane bubble chamber, and the .ratio of absorp- 
tions to decays was measured. The pion 'contamination of 
the beam was m e a s u ~ e d  using three independent t e ~ h d q u e u  
to be (0.38 0.08%. Results from approximately 20,000 
muon stops yield a ratio of absorptions to decays of (8.90 a 
0.24 r lo-'). Assuming a muon lifotimo njiaiwt dcoay of 
i2.202 a.0.004) psec. a capture ra te  in carbon of (0.404 a 

, 

0,011) x 10' aec" Is obtained. Additional results were the 
prong energy distributions due to the absorptions in carbon 
of muons and pions respectively. (auth) . 

10895 THE PHYSICS OF MUONS AND MUON NEU- 
TRINOS. Gerald Feinberg and Leon M. Lederman (Co- . 
lumbia Univ., New York). Ann. Rev. Nucl. Sci., 13: 431- 
504(1963). 

The static properties of the muon a re  discussed. Elec- 
tromagnetic and weak interactions of muons and muon 
neutrinos a r e  reviewed. Muonic atoms and molecules and 
possible anomalous interactions a r e  discussed. 230 refer- 
ences. .(R.E.U.) 



1369 'PION-NUCLEON PHASE SHIFT ANALYSIS. : 
B. T. Feld and D. L. Roper (Massachusetts Inst. of Tech., 
Cambridge). p.400 of "Proceedings 6f the Sienna Interna- 
tional Conference on Elementary. Particles. Vol. I." 
Bologna, Societa Italiana di Fisica, 1963. 

An analysis was carried out of a l l  available pion-nuclehn. . 
interaction data a t  the pion kinetic energy of 310 Mev. 
Some of the fi ts  previously obtained are  markedly improved I 
by inclusion of an ABC-pole with 1- = 4. Preliminary I 
results of an energy-dependent adalysis in the ener 
range 0-100 Mev show a marked preference for D - q  a s .  
the state reSp0n~iblc for the BOO-Mev, T '/2 resonanoe. 
The analysis also indicates a very strongly absorbing P -  
I,$, .T !/? state, the real part of whose phase shift i s  already 
quite large and increasing a t  the end of this energy range. 
(A.G.W.) 

15310 ', 

ABSORPTION OFNEGATIVE MUONS IN C' LEADING TO 
PRODUCTION OF BOUND BU. J: Q: Fetkovich, T. H. 
Fields, and R. L. Mcnwain (Carnegie.hst. of Tech., Pitts- 
burgh). Phys. ~ e v :  118,. 319-24(1960) Apr. 1. 

A negative muon be- from'the Carnegie Tech synchro- 
cyclotron was stopped in a six-inch propane bubble cham- 
ber. Since the hydrogen does not form p-mesodc atome in 
the pr6sence. of carbon, the pictures yield information on . 

the interaction of stopped muons with carbon. About 30,000 
pictures of stopping muons were taken with the bubble. . . 
chamber kept sensitive for -20 msec after the beam pulse, 
in order to observe the beta decay of any bound B" nuclei 
resulting from &absorpti,on by carbon. The chamber wae ' 
photographed right after the beam pulse to determine . , 

whether a given stopped'muon decayed o r  was absorbed. ' ' 
Another photograph was taken about 15 msec later to deter- 
mine if the absorption had led to a nucleus which had beta 
decayed. A count of b-e decays in the same film allowed 
the determination of the probability per unit time of bound 
B" formation. Forty-six boron d e c a y  were observed 
yielding (7.6 a 1.2) x 10' sec-' for the rate of bound BU 
production. Possible interpretation of this result  in term 
of a universal V-A Ferrni interaction is discussed. (auth) 

17314 
FORMATION OF p - ~ ~ ~ ~ ~ ~ ~ ' ~ ~ ~ ~ ~ ~ ~ ~ ~  IN H-D MIX- 

' 
TURES. J. G. Fetkovich, T. H. Field&.& B. Yodh, and 
M. Derrick (Carnegie Inst. of Tech., Pittsburgh). P&. 
Rev. Letters 4, 570-2(1960) June 1. 

Experimental data a r e  reported which allow a determi- 
nation of reaction rates involved in the katalysis of nuclear 
reactions by p mesons. The chaln of events believed to lead 
to catalysis at  low deuterium concentrations is depicted h 
was found that the number of regenerations per  muon were 

' that  for H - (S 1%) D mixtures all absorptlon of p by pro- . 

tons will tie from a (p(r-d) molecule, while f o r  8-(< 1%) D, 
it is not at  present possible to know the states from wfilcb 
muons a re  captured. The work presented is betng.extendPd 
for lesser  hydrogen concentrations, which shouM allow 
more precise determinations. iB.0.0.) 

898 EXPERIMENTAL STUDY O F  THE CASCADE 
TIME OF NEGATIVE MESONS IN A LIQUID HELIUM 
BUBBLE CHAMBER. J.  G. Fetkovich.and E. G. Pewitt 
(Carnegie Inst. of Tech., Pittsburgh). Phys. Rev. Letters. 
11: 290-3(Sept. 15, 1963). 

The cascade time of mesons (n3  in liquid helium w& ... 
measured. The results seem to rule out significant amounts 
of Stark effect and,polarization capture in liquid helium. It 
appears that the measured cascade t ime i s  consistent with 
the assumption that radiation and external ~ u ~ e r . e f f e c t . a r e  
the prlmary cascade mechanisms. (C.E.S.) 

24418 . PRODUCTION OF TWO CHARGED PIONS IN 
871 hlev n--p INTERACTIONS. W. J:Fickinger, J..G. 
Mowat, and W. D. Shephard (Univ. of Kentucky, Lexington). 
Nuovo Cimento (10); 32: '18-24(~pr.  1. 1964). , . ' 

Double pion production has' been observed in 871 Mev 
n--p interactions in a hydi-ogen bubble chamber. A total 
of 347 events were identified-as r- + p - rr- + p + r- + r+ 
corresponding to'a partial cross section .of (0.30 a 0.03) mb. 
The results a re  compared to,a one-pion-exchange, m.odel 
and to a statistical model .with ( R + ~ )  isobar formation. The 
latter model seems to explain deviations from four-body 
phase space observed in the experimental distributions. ' 

(auth) 

20839 
CASCADE TIME OF n' IN LIQUID HYDROGh. T. B. 
Fields. G. B. Yodh, M. Derrick, and J. G. Fetkovich 
(Carnegie Inst. of Tech., Pittsburgh). ~ h y s .  Rev. Letter8 
5, 69-70(1960) July 15. - 

The time required for 17 to go f rom-a velccity of 0 . 0 1 ~  
to nuclear capture in liquid H2 was measured'@ scanning 
HI bubble chamber photographs of a stopping f beam for  
n- - p' - e- decays (two-kinked tracks). Pmm a total of 
80,000 n' coming to rest, two n- - p' decays were observed 
for which velocity < 0.01~. giving a mean time fo r  a' to gb 
from 0 . 0 1 ~  to nuclear capture of 1.2 x 10'~' aec. with a 
statistical e r ro r  of + 1.2, -0.5 x lo-" sec. The results are 
in ,reasonable agreement with' pion absorption f rom S atates 
via Stark effect mixing. (D.L.C.) 

nearly equal to that found by Alvarez et  al. a t  satiwation. 
There were found large discrepancies when the cnlculated 
and' experimental 'values were compared. Analyses indicate 



31584 (JIKR-D-768) OBSERVATION O F  THE RE- 
ACTION p- + ~e~ - H3 + V .  A. I. Filippov, M. M:Kulyukin, 
B. Pontekorvo (Pontecorvo), Yu. A: Scherbakov, R. M. 
Sulyaev, V. M. Tsupko-Sitnikov, and  0. A. Zaimidoroga 
(Joint Inst. for Nuclear Research,  Dubna, U.S.S.R. Lab. ; 
of Nuclear Proljlems). 1961.. 9p. 

An investigation \%.as made of the reaction p- + He3 - ' 
H~ + v in a diffusion chamber filled with He3 a t  a p ressure  
of 20 a tm.  About-6000 photographs of meson stopping were 
obtained and 14 events  of muon capture in He3 with emis- 
s ion of H h n d  a neutrino in the final s tate were observed. 
The mean range of t r i t ium determined on the b a s i s o f  14 . 

c a s e s  was 2.37 4 0.02 mg/cm2. The upper limit'of the 
m a s s  of the neutral  particle emit ted in the process  of ' 

muon capture by nucleons was calculated to be l e s s  than 
6 hIev with a probability of 999;  The probability .of the 
react ion was calculated. (M.C.G.) 

21406 THE INTERACTIONS O F  ~r--MESONS WITH 
COMPLEX NUCLEI IN THE ENERGY RANGE (100-800) 
~ e v .  111. THE INTERACTION LENGTHS AND ELASTIC 
SCATTERING O F  300 Mev r'-MESONS IN G5 EMULSION. 
P. J. Finney, J. V. Major, and P. G. J. T. Parkhouse (Unit'. 
of Durham, Eng.). Phil. Mag. (a), 7: 237-45(Feb. 1962). 

A stack of pellicles y a s  exposed t o  t h e  YUU MGW +"- 
meson beam of the  660 Mev proton synchrotron at CERN, 
Geneva. The  interact ion lengths forlthe production of in- 
elast ic  interact ions and elast ic  sca t te r ings  through pro- 
jected angles g e a t e r  than 5". found by scanning along 
140 m of track, ?re (37.9 2.0) and (77.4 i 5.8) c m ,  re- 
spectively, compared to  the geometrical  interaction ]en& 
of 29.3 cm. By comparison with the optical model the A- 
sorption coefficient and change in wave number a r e  (1.53 + 

0.15) lo1* and + (1.35 i 0.12) 1012 cm-', corresponding to 3 
nuclear potential with a jreal component of (25 1)  nlev (01 
which the sign i s  not known), a n  imaginary component, 
- (14.1 i 1.4) Mev and a m e a n  f r e e  path f o r  interaction in 
nuclear m a t t e r  of (6.5 t 0.7) lo-" cm. The  differences 
f rom the expected values a r e  consisteiit with a consldcl 's  
ble reduction withln the nucleus of the c r o s s  section for  
elnstic scat ter ing of :r-mesons by nucleons. (auth) 

26076 INTERACTION OF 560-Mev NEGATIVE r- 
JIESONS WITH EMULSION NUCLEI. A. Fr isk ,  S. Nllsson, 
0. E. Ronne, and W. Schneider (Univ. of Uppsala). Arkiv 
Fysik, 19: 69-82(1961). "(In English) 

Interactions of 560 1- with emulsion nuclei were  investi- 
gated. 4454 stars were found.by a r e a  scanning. ..These yield 
an interaction mean f ree  path of p rocesses  including.absorp- . 
lion, charge exchange scattering, and inelastic scat ter ing of 
28 2 cm. 485 s t a r s  were analyzed in detail.  The frequency. 
of s t a r s  with charged pions i s  33 * 4% where those with no 
heavy prong were  excluded. The average kinetic energy of , . 

Pions f rom s t a r s  with one negative pion i s  176 i 20 Mev. A .. 

marked correlation exists between the pion energy and the , 

angle of emission. Eight events with two charged pions and 
e n  with one positive pion were found. A rough est imate . 

gives a fraction of events with charged pion production of . 

,,7.t 4%. (auth) . . 

42576 ItIETHOD OF INVESTIGATING FAST CHEMI- 
CAL REACTIONS BASED 0N.p'-hlESON DEPOLARIZA- 

.TION. FiFGOY. V. G.: Byakov. V, M, (In~t:. of Theoreti- ' 

cal  and Experimental Physics. Moscow). pp 537-45 of 
STI/PUI3/9l(Vol,lI). (In Russian). 

When a p+-meson i s  slowed down in a substance the hy- 
drogenoid muonium atom formed en te rs  into chemical r e -  
action8 slrnllur to thc uurret;pu~ldil~g il~te~.uullulla ul uLu1111u 
hydrogen. The observed angular distribution effect of the 
meson decay i s  associated with the chemical s tate of the 
meson. The absolute constants of ttie r a t e  of the chemical 
roaotiono nro dotormined in relation to  tho kno\vn nuclear 
physical dccny chnractcrictics. The method i c  indcpendent 
of the s ta te  of aggregation of the substance and can be  ap- 
plied a t  essentially any temperature.  Quantitative identifi- 
cation of the.classes of the substances obtained (radical 
and molecular products a r e  determined separately) i s  pos- 
sible, a s  i s  individual determination based on variations in 
the precession of the system of spins in the magnetic field 
using a number of diatomic molecules a s  an example. The 
possibility of studying the structural  parameters  of the rad- 
icals  and molecules, and of estimating the lifetime of the  
shnrt,-lived int,ermediat.a campounds i s  considkred. The 
elementary s teps  in fast chemical reactions were investi- 
gated. (auth) 

30812 ELECTRON AND NUUM SCATTERING FHOh1 
NUCLEAR CHARGE DISTRIBUTIONS AT INCIDENT . 
MOMENTA BETWEEN 50 AND 183 Mev/c. C. R. Fischer 
(Adelphi Univ., Garden City, N. Y.) and G. H. Rawitscher. 
Phys. Rev., 135: B377-83(July 27, 1964). 

The comparison of theoretical elastic-scattering cross 
sectinns of positrons nnd electrons from Woodg-Suen (WSJ 
and "wine-bottle" (WB) charge distributions of the nuclcus 
of Au. previously performed for 183 Mpv. i s  extended to 
lower energies and repeated for  muons of comparable inri- 
dent momenta. It I s  found that, fo r  momentum t ransfers  of 
1css thnn 1.5 P-', the percent cha~gc:  uf the olvsa seclion 
corresponding to a change f rom the WS t o  t h e  WB charge 
distribution i s  largest ,  of the o r d e r  of 30!g f o r  incident 
momenta of -100 hlev/c, particularly f o r  positrons. At an 
electron energy of 50 Mev, the c r o s s  sect ion depends nlninl? 
on the mean-square radius of the nucleus; and an accuracy 
better  than 5% i s  needed in o r d e r  to determine additiorul 
nuclear charge distribution parameters ,  The  mean-square , 

radii  of the WS,and WB charge distributions differ by 6.SrL. . 

while the corresponding electron c r o s s  sect ions a t  50  hlev 
differ by. a maximum of 15%. A comparison with experi- 
mental elast ic  positron and electron scat ter ing c r o s s  sec- 
tions for  P b  measured by Miller  and Robinson i s  car r ied  
out; and a systematic discrepancy with theory i s  found for  
both e+ and e- c r o s s  sections f o r  the 50-70 Mev e n e r k  



range, while theory and experiment'agree well a t  87 hlev equal when otrong lnteractlons a r e  not present. An ex- 
and higher energies. The calculation consists of a convrn- perlment to remensure the p+ llfetlme Is described. .A 
tional numerical phase-shift analysis based on the D i r s  value of 2.20 + O.Ol5,psec was  obtained. (W.D.M.) 
equation, and the nuclei a r e  assumed to be static, sphcri- 
cally symmetric, extended charge distributions. (auth) 

36 6 

,6893 
SCATTERING OF 3.7-25 MEV POSITIVE PIONS BY 
HYDROGEN. G. E. Flscher and E. W. JenkIns (Colwnbla 
Unlv:. New York). Phys. Rev. E. 748-63(1969) Nov. 1. 

' The Columbla Unlverslty hydrogen bubble chamber was 
used t o  lnvestlgate the scattering cross  section In a 
laboratory energy range from 3.7 to  25 Mev; A total of 
950 events were measured. of which 338 were caused by , 

lncldent pions that would have come to res t  In the cham- 
ber. Treating the small  p-wave and large Coulomb con- 
tributlons a s  known. the s-wave phase shift i s  found to 
.deviate f rom a' l inear dependence on momentum only by 

' 

one and a half standafd deviations. (auth) 

45127 A CONTRIBUTION TO DISPERSION THEORY 
OF PION-PION SCATTERING. Fischer, Jan. Rozpravy 
Cesk. Akad. Ved, Rada Mat. Prirod. Ved. 74: No. 12, 1-59 
(1964). (In Czech). 

Elastic scratteririg of pions on pions in the low-energy 
region i s  studied on the basis of the unitary condition and 
the Mandelstam tntegral representation of the scattering 
amplitude A. A historical survey of the dispersion theory 
i s  presented. Fundamental relations following from the, 
Mandelstam representation a r e  obtained in general form. 
The derivation of a se t  of integral equations for A is given. 
Thic sc t  i s  obtained from the Mandelstam representation 
and unitarity by expanding the angular dependence of A in 
powers 0f.a special function w, which represents by itself 
a conformal mapping of the complex cosine plane. An 
approximative resonant solution of the se t  of equations is 
given and relations between resonance. parameters a r e  
derived. 'In Appendix A,.the isotopic structure of A is de- 
rived. In.Appendix B, i t  i s  shown that .from the Mandel- 
stam representation the one-dimencionnl dispersion 
relations may be derived for an arbitrary straight line 

. 

lying in the s ,  u, t plane. Two special cases thereof, the 
so-called fixed-momentum-transfer and fixed-cosine 
dispersion relations a r e  frequently used in the literature. 
In Appendix C,  properties of different conformal mappings 
of the complex cosine plane a r e  sununarized. (auth) 

22817 
MEASUREMENT OF p+ LIFETIME. J. Flscher, 
B. Leontlc, A. Lundby. R. Meunler, and J. P.  Stroot 
(CERN, Geneva). Phys. Rev. Letters 3, 349-50(1959) - 
Oct. 1. 

The remarkable agreement of the experlrnental with 
the theoretlcal value for the llfetime of the muon 1s the' 
alruryest Indlcnrlon that the vector curreht la c u n f i ~ r v ~ d  
and the strengths of axial and polar vector currents a r e  

36584 (TID-19343) MULTIPLE PION PRODUCTION . 
IN INTERACTIONS OF POSITNE PIONS WITH PROTONS 
NEAR 1.0 Bev. Horst W. J. Foelsche and Henry L. Kray- 
bill (Yale Unlv.. New Haven). 1963. . Contract AT(30-1)- 
1349. 66p. . . 

Multiple pion p;oduction in the reactions T+ - p - 6 + 
R + +  n + +  n'andn'-p-p+ n + + . n + + ~ - + g a t  910. 1090, 
and 1260 Mev was studied. Double pion production is  found 
to be domlnated by the production of the well known .(3/1,3/2).- 

isobar and no other resonant states among the outgoing 
particles can be identified. Triple pion production i s  found ' 

to proceed almost exclusively by the formation of the 
meson(q) (mass 549.0 Mev) which subsequently decays 

' 

into (T+ + r-  + no). The isotopic spin of the q is confirmed 
to be I = 0 and the spin J, parity P, and  p par it^ G a r e  
conQrrned to be most likely J~~ = 0-*. .The relative decay 
rate p = (q -, n+ + T- + jr)/(q ,- IT' + n-.+ no) is  found to be 
p = 0.14 0.08, and the decay ratio R = (q - 3rr0)/(q - n+ + 
T- + 2) is found to be R - 2 * 1. No q's  were observed at 
910 Mev. At 1090 and 1260 hlev the production angular 
distributions of the q a r e  roughly isotropic. .q-production 
appears to be associated with the production of the (S/2,'hr- 
isobar in the (p!n+) system. ' ~ h e . e n e r g ~  1090 Mev repre- 
sents the threshold energy for production 0f.q with .isobar, 
and the q meson appears to emerge with angular momenta 
higher than = 0. 30 references. (auth) . . . . . 

6681 MUON CAPTURE IN NUCLEI. L. L: Foldy and 
J. D. Walecka (CERN, Geneva). Nuovo Cimento (10). 34: 
1026-61(Nov; 16, 1964). 

The total meson (p) capture ra tes  for some light nuclei' 
(doCa, 160, IZC and 4He) were calculated. taking into account 
the effect of the giant dipole resonances in the capture pro- . 

cess. The results  were compared with experimental ob- 
servations. (D.C.W.) 

47656 . NUCLEAR CORRELATION FWNCTIONS AND 
MUON CAPTURE. Foldy, L. L.: Walecka, J. D. (CERN'. 
Geneva). Nuovo Cimento (10). 36: 1257-66(Apr. 16. 1965): 

Properties of certain nuclear correlation functions which 
enter into the theory of muon capture in complex nuclei in 
the closure approximation a r e  e.xamined. 'The reliability of 
certain suggested methods'for evaluating these correlation 
functions involving the Fermi gas approximation, and r e -  
finements of i t ,  a r e  assessed both from the point of view of 
internal tlieoretical self -consistency and by comparison with 
pertinent empirical information available f rom photodisin- 
tegration data on nuclei. (auth) ' . 



4600 (UCRL-9191) SCATTERING OF POSITIVE 
PIONS ON PROTONS AT 310 Mev: RECOIL-NUCLEON 
POLARIZATION AND PHASE-SHIFT ANALYSIS (thesis). 
James Herbert Foote (California. Univ., Berkeley. Law- 
rence Radiation Lab.). Sept. 16, 1960. 131p. Contract 
W-7405-eng-48. OTS. 

The recoil-proton polarization in n + - ~  elastic scattering 
a t  310-Mev incident-pion laboratory kinetic energy was 
measured at four scattering angles with plastic scintillation 
counters. These polarization results were combined with 
accurate differential- and total-cross-section data at  310 
Mev. and a comprehensive phase-shift analysis was per- 
formed. The D-wave phase shifts were definitely needed to 
attain an adequate fit to the data. A general search for 
phase-shift solutions was carr ied  out by using S-. P-, and 
D-wave phase shifts. The solution that best f i b  the data i s  
of the Fermi  ty-pe. The calculated e r r o r s  in the phase 
shifts varied from 0.4 to 0.6'. Because i t  was felt that 
these e r r o r s  might be deceivingly restrictive, the effects 
of small  nuclear F-wave phase shlftbi on the results of the 
analysis were investigated and were found to be large; not 
only a r e  the uncertainties in the original Fermi type solu- 
tion increased but also additional se ts  of phase shifts that 
fit the data well arisk.  0ne'of the solutions i s  similar to 
the original Fermi  se t  except'that the magnitudes of the 
phase ahif@ in this new fit a r e ,  in general, la rger  than 
those in the initial solution, and the signs of the D-wave 
phase shift8 a r e  reversed. Inelastic-scattering proceeses 
were neglected during the phase-shift'analysis. Extension 
of the phase-shift inquiries to 1nclude.G waves was at- , 

tempted; but i t  was observed that the available data and 
theory do not allow the G-wave interaction to be signifl- 
cantly lncorpor&d into the analysis. The sign of the 
recoil-proton polariz?tioh is  defined.to be positive when a 
preponderance of the protons recoiling to the right.side of 
the incident n-meson.beam had their- spin vector8 pointhig 
up. A beam of 1 x 10"pins;/sec incident upon a 1.0 g/cm' 
thick liquid-hydrogen target produced the recoil' Gotons, 
which we're.then scattered by a carbon target a t  a mesa en- 
ergy varying with recofl anp;le.from 113 to 141 Mev. The 

' 

polarization of the recoil.protons was analyzed by measur- 
ing the asymmetry produced in the carbon scattering. (auth) 

6808 
T + - ~  SCATTERING AND PHASE-SHIFT ANALYSIS AT 

. 

310 MEV. James H. Foote. Owen Chamberlain, Ernest If. 
Rogers. Herbert M. Steiner, Clyde Wiegand, and Tom 

' 

Ypsilantis (Univ. of Cal i foNa,  Berkeley). Pbys. Rev. . 
Letters 4. 30-3(1960) Jan: 1. -- 

At the 184-inch synchrocyclotron in ~ e r k e l e ~ ,  data wi re  
obtained on elastic u + - ~  scattering a t  310 Mev. Quantities 
measured were the differential cross  section, the total 
c ross  section, and the polarization of the recoil protons a s  
a function of center-of-mass angle. The data were analyzed 
in terms of S. P ,  and D waves and only one acceptable 

solution was obtained-the Fermi type phase shift. Errors  
on the small phase shift were reduced to less  than lo. 
(B.O.G.) 

17510 . ' T + - ~  ELASTIC SCATTERING AT 310 Mev; 
PHASE-SHIFT ANALYSIS. James H. Foote, Owen Cham- 
berlain, Ernest H: Rogers, and Herbert M. Steiner (Univ. 
of California, Berkeley). Phys. Rev., 122: 959-71(May 1, 
1961). (UCRL-9481.) 

A comprehensive phase-shift analysis of s+-p elastic- 
~ ra t tn r ing  rlata at 310-Mev incident-pion laboratory kinetic 
energy is  performed. The experimental data utilized in- 
clude measurements of the differential and total'cross sec- 
tions and of the recoil-proton polarization. The D-wave 
phase shifts were found to be definitely.needed in order to, 
attain an adequate fit to the data. A general search for 
phase-shift solutions was carried out, using S-, P-,  and 
D-wave phase shifts. One solution-of the Fermi type-- 

' 

was found that fits the data significantly better than any of 
the other solutions obtained. The calculated e r r o r s  in the 
phase shifts of this set  vary from 0.4 to 0.6 deg. The ef- . 
fects of small  nuclear F-wave ~ h a s e  shifts on the results 
of the analysis were investigated and were found to be 
large. The nuclear phase shifts in the original Fermi  
solution and thei r  rms  e r ro r s  a re  (when F-wave phase 
shifts a re  allowed): Ssnl = -17.2 * 2.6 deg, P3,, =-2.9 
.4.0deg, P3,3= 135.0s  0.6deg, D3,3=3.1* 2.6deg, D S t J =  
-4.9 i 2.1 deg, F8,, = 0,s 0.6 deg, .F3,, =-0.6 i 1.4 deg. 
The values given here for the first  five phase shifts ap- 
proximate the corresponding values obtained when the 
F-wave phase shifts were assr~med negligible. However, 
all except P3,9 fall outside the limits set  by the small 
original er rors .  Inelastic-scattering processes were 
neglected during the phase-shift analysis; Extension of 
the phase-shift inquiries to include G waves was attempted, 
but it wasobserved that the available data and theory do . 
not allow the G-wave interaction to be significantly incor- 
porated into the analysis. (auth) 

17509 rif-p ELASTIC SCATTERING AT 310 Mev: 
RECOIL-NUCLEON POLhRIZATION. James H. Foote, 
Owen Chamberlain. Ernest H. Rogers, Herbert M. Ste~ner ,  
Clyde E.  Wiegand, and Thomas Ypsilantis (Univ. of Cali- 
fornia, berkeley). Phys. Rev., 122: 948-5A(Mny 1, 19111). 

Recoil-proton polarization in r+- p elastic scattering a t  
310-Mev incident-pion laboratory kinetic energy i s  experi- 
mentally measured at  four scattering angles with scintilla- 
tion counters. Polarization values obtained, related rms  
experimental er rors ,  and mean center-of-mass recoil 
angles are:  +0.044 0.062 at 114.2 deg, -0.164 0.057 at  
124.5 deg, -0.155 0.044 a t  133.8 deg, and -0.162 * 0.037 
a t  145.2 deg. The sign of the polarization i s  defined to be 
positive when a preponderance of the recoil protons had 
their spin vectors pointing in the direction of pi x pf, where 
this quantity i s  the cross product of the initial and final 



momentum vectors of the conjugate pions. A beam of 1 x 
10' pions per sec incident upon a 1.0-g/cm'-thick llquid- 
hydrogen target produced the recoil protons, which were 
then scattered by a carbon target at  a mean energy varying 
wlth recoil angle from 113 to 141 Mev. The polarization of 
the recoil protons was analyzed by measuring the asym- , 

metry produced in the carbon scattering; A'proton beam of 
known polarization was used to determine the analyzing . 

ability of the system at each recoil angle. Values obtained 
for the analyzing ability range from 0.41 to 0.57. .(auth) 

' 

311065 1964 RUTHERFORD M'EMORIAL LECT-E. 
n MESONS VERSUS CANCER. Fowler, P. H. (Wille 
Phyeice Lab., Bristol. Eng.). Proc. Phye. Soc. (London), 
85: 1051-66(June 1965). 

The caee is  made for the investigation of various beame 
of heavily ionizing radiations with a view to their eventual . 
use in radiotherapy. Beams of heavy iona and stopping 
mesons (n-) a r e  considered, and the probable oxygen en- 
hancement ratio and distribution of dose with depth a re  
compared with 6 0 ~ o  y rays and other beams in current uee. 
Beams of stopping mesons ( n 3  give an excellent distribu- 
tion of dose with depth, and a very favorable oxygen en- 
hancement ratlo. The feaslbllity of prellmlnary experi- 
ments wlth blological material ie considered. (auth) 

1.7026 SEARCH FOR (1 - e + e + e. S; Frankel (Ulliv. 
of Pennsylvania, Philadelphia), W. Frati, J. Halpern, L. 
Holloway, W. Wales, F. W. Betz, and 0. Chamberlain). 
Phys.'Rev., 130: 351-4(Apr. 1, 1963). 

A search.was made for the neutrinoless decay mode 
p - e + e + e. Positive pions from the Berkeley 184-111. 
synchrocyclotron were stopped in a lithium target. The .' 
detection of three decay particles not in coincidence with 
an incoming pion served to trigger two thin-plate spark 
chambers viewing the decays. The energy of .the decay 
particles Was mon~urcd  with n cornbilialio~r'r~I NaI 'cuu11le.'6 
and ranae te lesco~es .  The soark chamber ~ i c t u r e s  were 

J. Halpern. -L. Holloway, W. Wales, and 0. Chamberlain. 
Nuovo Cimento (lo), 27: 894-912fFeb. 16, 1963). (In Eng- . 
lisb) 

A aearch for the decay p e + y i s  made using spark 
chambers and sodium iodide crystals.' The spark chambers 
provide the means of measuring the angle between the elec- 
tron and photon, while the sodlurn iodide crystals a r e  used 
to measure the particle energies. A lithium target and thin 
(0.001 in.) aluminum foils in the spark chamber a re  used to 
minimlze the scattering of ,the electron. An upper Umlt of 
4.3 1 o 4 ' ( 9 a  confidence) i s  found for  the ratio of.tbe rate 
of the p - e + y decay to the normal muon decay rate. A 
search for the decay p -.e + y + y i s  also made. (auth) 

' 

15238 
FURTHER SEARCH FOR THE DECAY j~' - e+ + 7. 
S. Frankel, V. Hagopian. J. Halpern. and A. L. Whetstone 
(Univ. of Pennsylvania, Philadelphia). Php. Rev. 118. 
589-90(1960) Apr. 15. . ' 

A new experiment for'determlning the upper'llmlt for 
the branchlng ratio R of the.process j ~ +  - e* + y relative 
to fhe normal decay mode p+ - e+ + v + V ylelds a value 
of R- of lese than 1.2 x 10" with a 90% confidence level. 
(auth) ' - 

first scanned for ;vents withthree tracks.Gaetile at a 
common point in the target. A requirement that no angle 

' 

between any of the three tracks could be greater. than 160. 
eliminated essentially all of the main source of background, 
namely, knock-on collisions of electrons passing through 
fie target. Further requirements for the three tracks to be 
coplanar and for each particle to have at least 16 Mev 
eliminated all but one ambiguous event; For this event in- ' 

. sufficient energy information was available. If we assume 
that one event to be p - e + e + e,  and with a calculated 
detection efficiency of 0.0083, an upper 1;mit for the 
branching ratio for this mode can be set  at  1.5 X lo-' with 

' 

a 9 f l  confide~~ce level. (auth) ' 

10890 . 'NEW LIMIT ON THE e + y.DECAY MODE OF 
THE MUON. S. Frankel (Univ. of'Pennsylvania, philabel- 
phia), J. Halpern. L. Holloway, W. Wales, M. Yearian, 
0. Chamberlain, A. Lemonick, and F. M. Pipkin. .Phys. 
Rev. Letters, 8: 123-5(Fcb. , l ,  1962). .- 

Limits for the'decay mode p - e + y ' a r e  studied using 
.spa$ chamber,techniques. A rate of less  than 1.9 x 10-I 
'of the normal decay rate is. the upper limit. (L.N.N.), 

28423 DETERMINATION OF THE p-NEUTRINO 
HELICITY. P. Franzini (Universiti, ,Pisa, Italy 
lstituto Nazionale di Fisica Nucleare. Pisa. Italy). p.248- 
53 of "Selected Topics on Elementary .Particle Physics.*.* 
Sew Yoi?i, Academic Press. 1963. ' 

An experiment was performed to measure the sign of the. 
I~elicity uf negative muons produced in the decay of negative 
pions. The result, that helicity of negative muom Ls post- 
tive, agrees with other experiments and with t h e  predictlone 
of the V-A theory. Thus, the p neutino has the same hellcity . 

ss  the neutrino involved in B decay, and no information is  
obtained on the question of 'Ce identity of the two neutrinos. 
Agreement between expected and measured muon yield and 
n,symmetry proves that the muon is a Dirac particle having 
only electromagnetic interaction. (M.J.T.) 

19095 ' A SEARCH FOR THE DECAY p - e + r [ g .  
S. Srankol (Univ. of Pennoylvania. Philadelykid, W. Frau, 



28400 SCATTERING OF SLOW PARTICLES IN NU- 
CLEAR EMULSIONS. E. Fridlender (Inst. of Nuclear 
Physics. Rumania). Rev. phys., Acad. rep. populaire . 
Roumaine, 5: 355-65(1960). . (In Russian)' 

, Effective cross  sections for low-energy ir'meson inter- 
actions were studied by analyzing the distribution of R 

orientations at the end of tracks. The total effect o f :  
Coulomb scaitering; multiple scattering, and nuclear 
scattering i s  calculated. (R.V.J.) ' 

47227 RESTUDY OF THE MUON CAPTURE IN HY- 
DROGEN. Fujii. Akihiko (Jochi Univ., Japan). Gen- 
shikaku Kenkyu. 9: 726-31(Mar. 1965). (In Japanese). 

The muon capture rate in hydrogen Is reanalyzed will1 
the newly published ~nolecular parameters. The prediction 
is in good agreement with the experiment. (auth) 

22909 MUON CAPTURE IN Hes. Akibiko Fujii and 
Yoshio ~ a r n a ~ u c h i  (Tokyo Univ.). Progr.  Theoret. Phys. 
(Kyoto), 31: 107-14(Jan. 1964). . .. 

The transition ra te  of the particidar muon capture reac-,  
tion between the ground states of 'He and 'H i s  calculated 
in a compietely relativistic fashion, In which all the struc- 
ture effects a r e  reduced to form factors. The computed 
capture rate agrees well with the experimental data, pro- . 
vided that the induced pseudoscalar, term.has the same sign 
and nearly the same magnitude a s  Goldberger-Treiman's . 

. 

result  for the nucleon in the dispersion theoretic approach. ' 

(auth) 

10501 ' 

ELMTIC SCATTERING OF 150-Mev N%GAirVL PIONS 
BY NUCLEI. Tadao A. Fujii (Univ. of Chicago). . 
Rev. 113. 695-709(1959) Jan. 15; -- 

The elaetic scattering of 150-Mev negative plons by 
complex nuclei w y  experimentally studied by the usepf 
energy-sensitive Cerenkov detectors wlth a pulse-height. 
.analyzer. The elastic scattering could be dietlnguished 
f rom lnelastlc processes within the 1 0 L ~ e v  reaolution 
width of these detectors. The differentlal cross  eec- 
t l o m  of carbon, aluminum, copper, and lead were  meaa- 
ured at angles between i8.S and 43.C. In addition. 
measurements on carbon and lead were  extended to 
large  angles between 4 6  and 139". It wae found that ' 

elastic scattering w a ~  confined predominantly to the..' 
forward angles lees  than 60'. Calculatlons baaed on the . 
optical model with a square well were carried out to 

. obtain the values of parametere whlch provided the beat . 
fit to the data They a re  - 30 Mev Z VR L -40 Mev, 
-65 Mev r VI E-75 Mev, and 1.3 x AH c m  . 
,a R 5 1 4  x AH cm, where VR and VI a r e  rea l  

and tma@nary parts of the potential, R le the nuclear 
radlus. and A i e  th'e nuclear mass. The corresponding 
values of the reaction mean f ree  path were of the order  
of the pion Compton wavelength. These values a r e  close 
to those predicted by Frank, @immel, and Wabon f rom 
the knowledge &.the pion-nucleon lnteractlon.. (auth) 

10327 . 

"ANC)MAl.C)TIS" SCATTERING OF u MESONS. Skuii 
F u h i  (Osaka ~niv.) .= T3knshi ~l tamura 'and Yuzuru 
Watase ( O s a h  City Univ.). Phys. Rev. 113. 315-24 
(1959) Jm., 1. 

A p-meson scattering experiment in which the mes- 
ons a r e  required traverse a thick block'of iron m d  
fitop and.decay in a thin layer of carbon. is  reported. 
Any uncertainty in the identity of the scattered particle 
has thus bern eliminnted, ;md further, the momentum of 
the particles i s  well defined. The observed angular dis- 
tribution of thc scattered p mesons in the momentum 
range (lzi')' Bcv/c was found to be in good agreehiear 
with the distribution predicted from the Coulomb scat- 
tering theory for extended nuclei ,obtained by Cooper 
.and Rainwater. There 'is thus no indication from the . 
present experiment for any anomalous scattering of p 
mefions near 1 Bcv/c ~nomentum. T h e  angular distribu-, 
tion of scattering of those particles which traversed the 
iron absorber but did not necessarily stop and decay in 
the carbon layer was not in good agreement with the 
Cooprr and Rainwater theory, th'cre being more than 
the expected number of particles scattercd through 
large .angles. It i s  shoun, ho~vever, that the predicted 
scattering distribution, at  large angles (assuming no 
anomalous contribution) arise& alt~\bSt entirely from the 
ncaLLeriug of particles In tbc 1.- P Dcv/e~rcgiun, u d  
therefore 1s very sensitive to the.assumed intensity In 
this region. It is  concluded that the results from thls 
part of the expcrirnent cannot be accepted a s  evidence 
favorhe tbe existence of anomalous scattering. 'Ibe 
experimental results of other authors cin the scatteriag 
of energetic p mesons a re  summarized and discussed. 
It is  concluded that the evidence for anomalous intenc- 
tinns .is nnt. fitrong. (311th) , 

3971 
THE ELASTIC SCATTERING OF NEGATIVE PIONS OF 
745 Mev/c ON HYDROGEN. Jean-Marc Gaillard. P i e r r e  
Lehmann. Antolne LkBque, Joao Meyer, Daniel Revel, . 
and Jean Sacton. Compt. rend. 249, 1497-S(1959) Oct. 19. 
.(In French) , . 
' 

The u'-p dtfferentlal cross  sectlon was measured on 
the second resonance (pions of 7.46 Mev/c). The total 
elastic cross  section 1s 20 * 3 mb. (tr-auth) 



1831 5 INVESTlGATlON OF FLUCTUAT~ONS IN 
MEASUREAIENT OF PARTICLES 1ONlZATlON POWER 
IN .4 SPARK CHAMBER. Yu..V. Galaktlonov, F. A. Yech, 
and V. A. Lyubimov (Inst. for Theoretical and Experi- 
mental Physics, Aloscow). Nucl. Instr. Methods, 33: , .. 
353-4(Mar. 1965). 

It was previously found that at  definite iregimes of o p  
erating the .large gap spark chamber, the luminosity of 
the spark breakdown depends on the ionization power of 
the pariicles passing normal to the electrodes of'the 
chamber. The fluctuations in measurement of the ionlza- 
tion power of the particles in a spark chamber a re  in-' ' 

'vestigated. Spark chambers with 15 cm gap were expoaed 
to a beam of mesons (n) and protons at 600 Mev/c. With 

' 

the aid of Chcrenkov counters and absorbers mesons (d ' 
of minimal ionization power and protons of ionization 
'power 1.9, 2.1, and 3.4 J/J could be separated. (C.E.S.) 

2931 
CHARGE EXCHANGE SCATTERING OF 128-Mev NEGA- 
TIVE PIONS ON HYDROGEN. E. Garwln, W. Kernan, ' 

C. 0. Klm, and C. M. York (Univ. of ~hlc~&o, ' I l l . ) .  .Phys. 
Rev. 115, 1295-9'(1959) Sept. 1. 

' , -- . . 
The charge exchange scattering of negative pions by 

llquld hydrogen was measured at 128 * , 2  Mev bombarding 
energy. A lead-glass Cerenkov counter was used to meas- 
ure  the energy spectrum of the gamma rays emitted In the 
decay of the neutral pions. The gamma rays were detected 
at four angles relative to the incident beam: 45, 80, .116, 
and 135". The lntegrated cross,  sectlon Is q,,(rr',nO) = 25.6 t 
1.3 mb, which i s  in good agreement wlth other work. (auth) 

14721 
PRECISE DETERMINATION O'F THE MUON MAG- 
NETIC -MOMENT'. R. L. Garwin, D, P. Hutchinson, 
S. Ponman, and 0. olraplro (Columbia 'Uhiv.. New, . 

York). Phys. Rev. Letters 2, 213-15(1959) Mar. 1. 
A stroboscopic method was adopted for determi* 

the muon magnetic moment, in which the muon is 
brought to res t  with its spin perpendicular to a mag- 
netic field. By use.of a high precession frequency and 
by a' different method of utilizing time information af ' 

the muon decay, the experiment described achieved a 
muon moment accuracy of 0.007%. (W.D.M.) 

15222 
ACCURATE DETEKMINATION OF THE p+ MAGNETIC 
MOMENT. R. L. Garwin, D. P. Hutchinson, 5. Penman, 
and G. Shaplro (Columbia Univ., New York). Phys. Rev. 
118, 271-83(1960) Apr. 1. - 

Using a precession technique, the magnetic moment of 
the pn~ l t lve  mu meson la dctermlned ta u accuraoy of 
0.007%. Muons a r e  brought to res t  in a bromoform target 

sihiated in a homogeneous maphetic field oriented a t  right 
angles to the initial muon epln dlrecuon. The precession of 
the spin about the field direcuon, together with the aa'p- .  
metric decay of the muon;'produces a periodic time varla- 
Uon in the probability distribution of electrons emitted h a 
fixed 1aboratory.direcUon. The period of this variation l8 
compared with that of a reference oscillator by mean8 of 
phase measurements of the "beat note" between the two. 
The magnetic fleld a t  which the precession and reference 
frequencies coincide i s  meaeured with reference to a pro- 
ton nuclear magnetic resonance magnetometer. The ratio 
of the muon precession frequency.& that of the proton in 

'the same magnetic field i s  thus determined to be 3;18S4 t 
0.0002. Using a re-evaluated lower limit to the muon maee. 
this Is shown to fleld a lower limit on the muon g factor of 
2(1.00122 i 0.00008). in agreement with the predicuone of , .  
quantum electrodynamics. (auth) . . . . 

4686 '." (CERN-61-26) THE INVERSE PHOTOPRO- 
DUCTION REACTION n- + p t y + n. 'G. Gatti!.P. Hill- 
man, W. C. Middelkoop, T. Yamagata, and E. Zavattini 
(European Organization for Nuclear Research, Geneva). 

. . 
Oct. 11, 1961. 35p. :. . . 

A measurement has been made of the ,inverse.photol . 

production reaction T* + p - y + n with 12 Mev pions and 
at  90O.c.m. ~he'differential  cross-section is. (10 +'I) 10'~" 
cm2 ster-'. Detailed balance and published nieasurements 
on the reaction y + p -'n+ + n gave a T-/T+ ratio of 1.34 + 
0.15 a t .a  proton energy of'182.Mev (c.m.1 and at a c.m. 
angle of 90" The technique used was coinc'idence detec- 
tion of both particles with'time-of-flight measurement of 
the neutron energy to separate the reaction from the much 
more probable charge exchange reaction n- + p - irO + n. 
(auth) ' 

22902 INVERSE PHOTOPRODUCTION REACTION-n' + 
p-y + n IN FLIGHT. G .  Gaffl, P .  Hillman, W. C. Middel- . 
koop, T..Yamagata, and E: Zavattinl (CERN, Geneva). Phys. 
Rev. 'Letters, 6': 706-8(June 15,. 1961). 

The absolute value of the cross section for the process  
T- + p - y + n from which t@e free-neutron photoproduction 
cross section i s  immediately calculable using the principle 
of detailed,balance was measured. The.experiment wan, . 
performed a t  90Y.M. angle and a pion energy of 72 Mev. 
The cross  section was measured by detecting the neutrons 
'in a plastic scintillation counter. The energy of the neutrons 
was measured by time of flight in order to dls'crimlnate 

, against tKe charge-exchange reaction n + p- r0 + n. 
(P.C.W.) 

391 
11023 
1'-p ELASTIC SCATTERING AT 30 MEV. G. Giacomelit 



(Univ. of Rochester, N. Y.). Phys. ~ e v . 1 1 7 ;  250-l(l960). 
Jan. I. 

Differential scattering c ros s  sections in hydrogen for " 

(30 a 1.5)-Mev positive and negative pions were measured 
at the two center-of-mass angles of 82 and 99.9 degrees. 
The c r o s s  sections for positive pione in mb/sterad in the 
center-of-mass sys tem a r e  0.435 a 0.028 and 0.590 + 
0.030; f o r  negative ones, 0.268 * 0.028 and 0.239 * 0.021, 
respectively. (auth) 

25792 (UCRL-16282) DIFFERENTIAL DISTRIBUTIONS 
OF n+ IN THE REACTION n-p - n+n-n FROM 500 TO 400 
hlev [Thesis]. Giancoli, Douglas Charles (Lawrence Ra- 
diation Lab., Univ. of California, Berkeley). Mar. 10, 1966. 
Contract W-7405-eng-48. 78p. Dep. mn. CFSTI $3.00 
cy, $0.75 mn. 

The energy distributions of the r+ in the reaction n-p - 
n+n-n were measured at  several  n+ angles for incident n- 

' 

beam energies of 516, 550, 599, 667, and 715 Mev. The 
negative-pion beam was obtained from the Berkeley Beva- 
tron. The energies of the r+ were  measured with a mag- 
netic spectrometer consisting of a C-magnet with thin- . 

walled aluminum spark chambers to display the trajectory 
of the particle entering and leaving the magnet. An array 
of scintillation counters was used to detect the occurrence 
of an event. An electronic time-of-flight system was used. 
to distinguish positive pions from protons, which also pass 
through the spectrometer. The distributions at each angle. 
were  integrated over energy to obtain the differential c ross  
sections. du/dRC. The measured spectra cannot be ade- 
quately explained by the statistical model nor by an isobar 
model, although production of'the Nj3 isobar is  present. 
(auth) 

43350 MUON CAPTURE IN '60. Gillet. Vincent; 
Jenkins. David A. (Univ. of California, Berkeley). Phys. 
Rev., 140: B32-4,1(0ct. 11. 1963). (UCRL-16029). 

The 'muon capture ra te  in oxygen i s  used as  a means for 
measuring the induced pseudoscalar coupling conslant (C p) 
of weak interactions. The capture rate between the = 0+ 
ground state of 160 and the 0-. I-, 2-, and 3- states of ''N 
a r e  calculated a s  a function of Cp with different nuclear 
modc?ls. Cp i s  then determined using the experimental ' .  

values of the transition rates. I t  is, found that the transition 
rate, and therefore Cp, depends strongly on the nuclear 
mode1;It i s  concluded that 5 < CP/CA < 20. (auth! 

3080 DOUBLE CHARGE EXCHANGE WITH NEGA- 
TIVE PIONS. SEARCH FOR TETRANEUTRON. Gilly. 
LA Jean, M.; Meunier. R.; Spighel. M,; Stroot, J. P.; 
Duteil. P. (CERN. Geneva. F.aculte des  Sciences, Orsay, 
France). Phys. Lett.. 19: 335-8(Nov. 1, 1965). 

Eventual production of light nuclei such a s  tetraneu- 
trons and hydrogen-7 was investigated in double charge 
exchange reactions with  negative mesons (n). Since pro- 
duction of A(Z-2) ,in a two-body process would lead to 
a mono-energetic meson (n) emission, positive mesons 

(n) emitted forward were registered. The meson (n+) 
detection equipment was the double spectrometer with 
DISC Cherenkov counters. A negative meson (a) beam 
over an energy range from 120 to 280 Mev was uscd. 
Data were taken at  a fixed spectrolneter velocity setting, 
the incident negative mesons (s) being varied in steps of 
6 Mev. Liquid He, Li. Be, and C targets were investigated. 
In no case was a two-body reaction observed. Curves of 
the intensity distribution of about 180 Mcv n+ a s  a func- 
tion of I- energy a r e  given. For each target nucleus a 
binding energy scale was drawn for an eventual two-body 
channel. Douhle charge exchange cross  section for all 
final states available increases with the atomic number. 
(J.F.P.) 

38141 DOUBLE CHARGE EXCHANGE WITH POSITIVE 
PIONS. L. Gilly, M. ~ e a n ;  R. Meunier, M. Spighel. J. P. 
Stroot. P. Uuteil, aiid A. Kode (CEHN, Geneva and Labora- 
toire de Physique Nucleaire, Orsay. France). Phys. 
Letters, 11: 244-8(Aug. 1, 1964). 

The differential c ross  sections for double charge exchange 
o[ mesons (2) on Be, Li, and Na at  195 Mev were deter- 
mined by detecting the mesons (H-) produced in the for-, 
ward direction with a DISC spectrometer. (D.C.W.) 

11377 . YADERNAYA KHIhIIYA. (Nuclear Chemistry). 
Goldanskii, V:I.; Lavrukhina, A. K. Moscow. Izdatel'stvo 
Nauka, 1965. 330p. 

Seventeen art icles a r e  included on fast-proton reactions 
in rneteorile8. EOitiW91116n an0 OrlglR 61 galactic C6srnlc 
n y s ,  fragmentation by high-energy particles, production 
of trlrium and n1,ure cu1l1l~1t.x yarLlc1t.s 111 Irlyl~-t.~lcl.gy 
prntnn r~ac t inns ,  s~cnnrlnry react.inns nf fnrmntinn nf At, 
in high-enerm bombardment of Bi and Pb, direct nuclear 
reactions at  high energies, mechanism o r  heaxy-ion in- 
duced nuclear reactions, origin of .rare-carth isotopes in 
lhe solar system, chemistry of hot atoms in condensed 
organic systems, momentum distribution of annihilating 
electron-positron pairs f rom photon angular correlations, 
Ilartree-Fock method in positron annihilation in con- 
densed ionic media, MGssbauer effect in analytic chem- 
istry and geochemistry, annihilation of positrons from 
polarized states in alkali-halide crystals,  positron capture 
IIJ defects in alkali-halide crysta.ls, molecular neutron 
'spkctroscopy, physics and chemistry of ,muoniun~. and 
study of chemical reactions by depolarization of muons. 
.(ar.J.T.) 

. 14939 INELASTIC EFFECTS IN PION-NUCLEON . 
REACTIONS. H. Goldberg and E. L. Lomon (Massachu- 
setts  Inst. of Tech., Cambridge). Pt. 11. p.75-6 of "Pro- 
ceedinis of the Eastern Theoretical Physics Conference." 
Chapel Hill. N. C., University of North Carolina. 1963. < 

It usas shown previously that complicated structure in . 
the T = 1/2, SH state and the resonant T =.1/2, Dy state of 
pion-nucleon scattering can be understood in te rms of cou- 
pling to other channels. By means of the boundary condl- 



tion model of strong interactions the T = 0 dipion-nucleon 
channel was coupled to the S state and the p meson-nuc1eo.n 
channel to the D state. The'results  a r e  in excellent agree- 
ment with data from 0 to 700 Mev as shown in  accompany- 
ing graphs. (C.E.S.) 

18500 
A METHOD FOR STUDY OF THE ELECTROMPGNETIC : 
,PROPERTIES OF CHARGED 'n MESONS. . ~ a z a r e '  Gold- 
zahl, .Berna:d Jouvet, Maurice Mathieu, and ~ a c q u e s  :. 
Poyen (College de France, Paris)., '  Compt. rend. 249, 
88-90(1959) July 6. (In French) 

The possibility of studying the electromagnetic struc-. 
ture of .n mesone by observing the electrons projected 
by them is investigated. These experiments led to a .. 

' 

new method of 'deermlhlng the.spin of rpe n meson. 
' (tr-auth) 

18348 UCRL-9119. 
California. Univ., ~ e r k e l e y .  Lawrence Radiation Lab. . 
THE ELASTIC SCATTERING O F  NEGATIVE PIONS BY 
PROTONS AT 230. 290, 37.0, AND 427 MEV (Qesie). 
Lester K. Goodwin. Apr. 7,.1960., 84p. Contract W-7405 
eng-48. OTS. 

The elastic differential c ros s  section for  the scattering . 
of n--mesons by hydrogemwas measured at  laboratory 
kinetic energies of 230, 290. 370. and 427 Mev. The elas- 
ticnlly scntterrd pions wrrc detected by a counter telescope 
which discriniinnted n~n ins t  recoil protons nnd inclnstic 
pions on the bnsis of their shortrr  rnnges. Nine dlffrrentlal- 
cross-section points obtnined at each energy wcrc fltted by 
a least-squares progrnm.to a.Legendre polynomial serlda. 
At the three higher energies, D waves e r e  requlred to give 
a satlsfactdry fit to the data. The real part of the forward- 
scattering amplitudes calculated from the data nre in agree- 
ment with the prcdlctlons of dispersion theory. The result6 , 
In conjunction wlth data from other n-N scattering ex- 
perinienta support charge Independence at these higher 
energlcs. (outh) 

16506 ELASTIC SCATTERING OF NEGATIVE PIONS 
BY PROTONS AT 230, 290, 370. AND 427 Mev. .Lester K. 
Goodwin. Robert W. Kenney; and Victor Perez-Mendez . . . 
(Unlv. of California, Berkeley). Phys. nev., lee: 666-64, 
(Apr. 15, 1961). (UCRL-9119-R). . 

The elastic differential c ross  section for the scattering 
of negative pions by hydrogen was-measured at  laboratory- 
system pion kinetic'energies of 230, 290, 370, and 427 Mev. 
The elastically scattered.pions were detected'by a counter 
telescope which '&scriminated,.agalnst recoil protons and 
inelastic pions on the basis of range. Differential cross.  
necliona wttrk ublalned at i&le angles for each enkrgy and 

were fltted by a least-squares program to a ser ies  of 
Legendre polynomials. At the three higher energies. D,; 
waves are recpired to gIve satisfactory fits to the data. . 
The real  par ts  of the forward-scattering amplitudes cal- 
culated from this experiment. a r e  in agreement with the . ' 

predictions of dispersion theory. The results of this 
experiment. in conjunction with data from other pion-,' 
nucleon scattering experiments; support the hypothesis . 

of charge.independence.at these higher energies. (auth) 

9237 EXPERIMENTAL OBSERVATION OF SOME 
REGULARITIES IN p+ REPO.URIZATION. S. Gorodetzky 
(Institut de Recherches Nucleaires, Strasbourgh); Th. ' . .- 

Muller, M. Port ,  and, A. Zichichi. Phys. Letters, 2: 133- 
5(Sept. 1, 1962). (In English). 

The p+ repolarization a s  a function of externally apolied 
longitudinal magnetic fields was measured for carbon, ' 

sulphur, .a plastic scintillator (NE-102), and water. All 
materials showed a low-fiela (5 1 k gauss) repolarization, 

' and a saturation effect in the repolarization at  ;-4 k gauss 
upward. The carbon depolarization a t  zero field was -25% 
and was fully restored a t  -4 k gauss. The depolarization in 
ihe plastic scintillator was restored to 90% at 10' gauss. 
and fully polarized at  -4 k gauss. In no material dld the , 

measurements agree, with simple muonium formation 
. .. 

.theory. '(H .D.R.) 

16931 . (NP-11592(V0l.I)(p.37-43)) PROTON SC.ATTER- 
ING IN THE ENERGY REGION 500-1100 Mev.. F: Grard, ' 
G. R. Macleod, L. Mont,met (European Organizatibn for  Nu- 
clear ~ e s e a r c h ,  Geneva); Mi Cresti  (Padua. Universitai 
Istituto dl Fisica); R. Barloutaud, C. Choquet, J. M. Gail: 
lard. J. Heughebaert, A. Leveque,' P. Lehmann, J. Meyer, 
and D. Revel (France., Commissariat a 1'Energie Atomi- 
que. Centre dlEtudes Nuclgaires, Saclay). . . . . 

Results a r e  presented on n y p  scattering at  516, 616, 710, 
887, and 1085 Mev and preliminary results  on T + - ~ ,  bcatter- 
ing at  820 and 900 hlev a r e  included. A discussion i s  also 
included on the angular distributions of elastic scattering 
and the values for the total elastic andinelastic cmss -  ' 

sections for  n--p, n+-p, ahd for the isotopic spin T ="h . 
state. (J.R.D,) . ' ,. 

5891 n--PROTON SCATTERMG AT.516. 616, 710, 
M8'1, AND 1085 MeV. F. Grard  (CERN, Geneva), G. hfac- 
leod, L. Montanet, M. Cresti; R. Barloutaud, C: Choquet, 
J.-M. Gaillard, J. ~ e u ~ h e b a e r t , : A .  Leveque, P .  Lehmann, 
J. Meyer, and.D. Revel. Kuovo cimento (lo)., 22: 193-8 
(Oct. I ,  1961). (In English) ' . . 

Results on I--p scattering a t  kinetic energies of 516, 
616, 710, 887, and 1085 hlev a r e  presented in graphical and 
tabular form. Data were obtained by exposing a liquid- . 



hydrogen bubble chamber to a pion beam from the Saclay 
proton synchrotron. The chamber had a diameter of 20 cm 
and a depth of 10 cm. There was no magnetic field. At the 
highest energies under consideration, a peak appears in 
the forward direction. If this i s  interpreted a s  due only to 
shadow scattering; reasonable agreement with the angular 
distribution at  1085 Mev is  obtained by taking for the 
optical radius a value of 1.08 x 1c-13 cm, consistent with 
results a t  1.2 to 1.3 Bev. (L.N.N.) 

' 12251 
ELASTIC SCATTERIKG OF 390 Mev r+ hlESONS BY PRO- 
TONS. E. L. Grigor'ev and N. A. Mitin (Joint Inst. for 
Nuclear Research. Dubna, USSR). Zhur. Eksptl'. 1 Teoret. 
Fie. 37. 1383-6(1959) Dec. (111 RUSBIPII) 

The angular distribution of (390 r 25) Mev ~r+ mesons' 
elastically scattered on hydrogen was measured .with help 
of nuclear pho.tographlc emulsions. .An expression for the 
differential scattering cross section is  given. Phase shifts 
of the Fermi solution obtained by assuming that only S and 
P states participate in scattering a r e  a:, = -34'. as3 = 151°, 
and a3 ,  = -16:. (auth) ' 

21400 UCRL-trans-486 
PQLNZATION OF RECOIL PROTONS IN ELASTIC 
s + - p - ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  AT THE ENERGY O F  SO7 Mev. 
Ye. (E.) L. Gsigor'ev and N. A Mitin. Translated from 
a publication of the Joint Institute for Nuclear Research. 
Dub% 1959. 19p.\$3.30@h), $2.40(mf) JCL o r  LC. 

An experiment on r e o i l  pfOtob pOlanZBtWl  tn fl-p 
scattering at  307 Mev and an angle of 140 * 8' In the 
center-of-inertia system is described. On the baele of 
the data on the value of left-right aeymmetxy, polariza- 
tion equal to Pi = -0.19 0.17 was determined. Phase- 
shift analysis of the differential c ross  sectione is &- 
~ W E E P ~  (w.n,M.) 

22832 
POLARIZATION O F  RECOIL PROTONS PROD,UCED , 
IN ELASTIC s+-p-SCATTERING AT 307 Mev ENERGY. 
E. L. Grigor'ev and N. A. Mltln (Jolnt,Inst. of Nuclear, 
Studies). Zhur. EkepU'. 1 Teoret. F l z . ' s ,  413-21 , . 
(1959) Aug. (In Russian) . . . . 

Results a r e  presented of inve'etigation o,i the k l a r i -  
zatlonof recoil protons appea r ik  in elastic nT-p scat- 
terlng.through an angle of 140 * 8.in.the cms  a t  an , 

energy of 307 i 5 Mev. A po1,arizatlon value PI = -0.19'a 
0.17 was derlved from the data on the magnitude of the 
left-right asymmetry in elaetic scattering of recoil 

, 

protons on nuclei of the.photographlc emulsion. Phase 
shifts satisfylng'the lndlcated polarization value and . 
consletent wlth the dlfferentlal cross  sectlon for elastic 

ecattering of r+-mesone by protons a r e  gfven. Prob- 
lems connected wlth the use of .various phase shift se ts  . 
for analysis of 'the experimental. data a r e  discussed. : 
(auth) . . , . . 

20931 IJINR-P-1951) 0 VOZMOKHNOM SUSHCHEST- 
VOYANII NOVYKH BOZONNYKH REZONANSOV. RAS- 
PADAYUSHCHIKHSYA S UCHASTIEM 1-KVANTOV. (On 
a Possible Existence of New Boson Resonance Decays In- 
volving y Quanta). V. G. Grishin (Joint Inst. for Nuclear 
Research, Dubna (USSR). Lab, of IIigh Energy). 1966. 
7p. Dep.(mn). 

The properties of the hypthetical mesons (L) a r e  con- 
sidered for which the decays into other particles via stronl, 
coupling are  forbidden. It i s  shown that if L mesons haw * 
mass in the rznge from 140 up to 560 Mev and S = 0. 1 = 1. 
J 3 1, they decay mainly through the e l e c t r o m a ~ t l c  
channel, y quanta being involved. A similar situation 
takes place if the L meson masses are  from 500 to 780 $lor 
and S = 1, I = 1, J s 1. Such decays are  not yet studied 
experimentally; (auth) 

15374, . CHARGE EXCHANGE SCATTERING NEAR THE 
N*(1510) AND N*(1690) RESONAKCES. ' Guerriero. L. 
(Univ. of Padua). Proc, Roy. Soc.. (London), Ser. A .  289: ' 

471-88(Jan. 25, 1966). 
Prelinlu~ary results of an experlmont to measure the 

total cross sections and the angular distributions in the 
charge exchange reaction r- + p- nu + n at  eleven energies 

.bct\veen 500 and 1150 hlev a r e  reported. (C.E.9.) 

36309 ' ASYMMETRY OF THE =+ -. ;+ - e+ DECAY- 
ELECTRON ANGULAR DISTRIBUTION IN A LONGITUDI- 
NAL MAGNETIC FIELD OF 140,000 GAUSS. I. I. Gurevich 
(Kurchatov Atomic Energy Inst., Moscow). L. A. .Makariyna, 
B. A. Niko1'skji, B. V. SFkolov, L. V. Surkova, S. Kh. 
'K.ha.hak!molr. V. D. Shactakov, Yu. P. Pobretoov, and V. V. 
Akhmanov. Phys:Letters, 11: 185-8(Jdg 15, 1961). 

-The angular.distribution of a+ - p+ - e+ decay positrun, 
was s t ~ ~ d i e d  wi.!h 9 !~:~r!giluclinal magnetlc field of 14Q.uoo ' 

gauss. An emulsion !tack inside a magnetic coil was ex- 
posed to a meson ( a 3  beam: .Asymmetry c o e f f i c i a s  were 
determined. (C.E.S.) 

/ 
20487 
TRIPLE ELECTRON p MESON DECAY. I. I. Gurevich, 
B. A. ~ikol's&li, and L. A. Surkoua. Zhur. EkepU'. i 
Teoret. Fiz. 37, 318-19(1959) July. ' (In Ramelan) 
. An event df triple relativistic electron e d s s l o n  a t  t& 

p-meson.stopping point was observed dueng measure- 
ments of electron angular distribution asymmetry in 
a - p - e decay. .The microprojection of the p meson 
triple -electron decay shows that all  three electrone 



have a large deflecting angle to the emulsion plane. The 
recorded electron tracks and the angles between the . 
electrons a r e  given. The observed.event i s  interpreted 
a s  p+ - e* + e* + e' + v + T; however, the interpreta- 
tion does not qualify whether thls i s ' a  case of virtual o r  
real  conversion of y quantum into an electron-positron 
pair. One of the suggested explanations postulate8 that 
thls represents the decay p+ - e+ + v + p+ y folloared 
by y quantum conversion into a pair. The event was ob- 
served among 50.000 p meson decays; hence, the rela- 
tive probability, of the p meson "triple-electron" decay 
should be estimated a s  p(3e)/p(e) < 2 x lo*. Consider- 
ing that there w& only one event of "triple elecLronS' 
decay, a possibility of accidental superposition of tracks 
is  not excluded. (R.V.J.). 

lo995 MEASUREMENT OF THE NEUTRON-NEUTRON . 
S-WAVE SCATTERING LENGTH FROM THE REACTION 
s- + d - 2n + y. R. P. Haddock (Univ. of California. Los 
,\nkeles), R. M. Salter, Jr . .  M. Zeller, J. B. Czirr ,  and 

' 

D. R. Nygren. Phys. Rev. Letters, 14: 318-23(Mar. 1,  
1365). 

h'eutron time-of-flight spectra from the reaction a- + 
d - 2n + y were measured, using coincidence detection of 
311 three final parficles by scintillation counters. Results 
based on 2002 events at  four angles from G to 17" a r e  given 
in histograms. The data wcre fitted to theoretical hypothe- 
ses, and a preliminary value for the neutron-neutron S- 
rave scattering length of -16.4 + 1.9 f was found. The . 

' 
result is  compared with those of previous experiments. 
(3I.J.T.) .. . 

3948 . . 

PION MASS MEASUREMENTS USING NEUTRON TIME- 
OF-FLIGHT TECHNIQUES.. Roy P. Haddock, Alexander . 
Abashian. Kenneth M. Crowe, and John B. Cz i r r  (Univ. of 

' 

California, Berkeley). Phys; Rev. Letters 3'478-80(1959) 
Nov.; 15. 

Using neutron time-of-flight techniques, the. n' mess  was 
'determined to be  272.4 i 1.1 &d.the mass dlfference of r' 
and so to be 8.'991 a 0.020 me. These values agree favor- . 
ably with determinations by other groups.. (C.J.G.) . . 

19981 (UCRL-10516) NEUTRON ENERGY SPECTRA 
FROM NUCLEI EXCITED BY p--MESON CAPTURE 
,thesis). Donald 8 .  Hagge (California. Univ.. ~erkeley' .  
Lnwrence Radiation Lab.). June 12, ,1963. Contract 
\V-7405-eng-48. 81p. 

The neutron energy spectra from nuclear capture of p- 
mesons in Al, Ca, Fe. Ag, I. Au, and Pb were measured. 
Suclear temperatures were deduced from thc spectra . 
recording to.the Weisskopf evaporation theory. Results 

, 

were compared to other experimental measurements and 
consistonoy wlth oompound nuoleap t h c o y  was diseuased. 

The dlrect neutron'eiiiisgion spectrum was calculated-by ' 
uslng a degenerate Fe rmi  gas'model and momentum distri-  
butions of a Gaussian type. The neutron detector was a ' . , 

liquid ,scintillation counter in,conjunction with a pulse- 
shape discrimination circuit used for y-ray rejection. The 
recoil-proton pulse-he!@ spectra were unfolded by a ., 
computer code to obtainZhe neutron energy spectra. Meas- 
urements of neutrons from deuterium-tritium and Be-Pu . 
sources indicate good reproduction of'spectra if single . 
collisions with hydrogen a r e  assumed. 47'.references. (auth) 

26356 RARE DECAYS OF THE p MESON. Jules Hal- 
pern (Univ. of Pennsylvania, Philadelphia).. Proc. Am. ". 

. . Phil. Soc., 107: 427--.30(0ct. 15, 1963). 
An angle and' energy analysis of all the events observed 

when 10" mesons (a+) were stopped in Li showed that, with 
50% confidence, the decay of a meson (p) into an-electron 
arid a photon i s  less  than 2. parts in, 10' of normal decay. 
Apparently some new prohibition i s  in operation, probably 
the existence of a mu neutrino and an electron aeutrino. 
(auth) 

7472 (NP-13451) :APPLICATIONS'OF DISPERSION 
RELATIONS TO P1,ON:NUCLEON AND PION-PION PHE- 
NOMENA: Lecture Given by J. ~ a m i l t o n  a t  Universitetets 
Institut for Teoretisk Fyslk and NORDITA Copenhagen. 
(London. Univ. University Coll. Nordisk Institnt 
for Tvre t i sk  Atomfysik. Copenhagen). 1963. 174p. ' 

The use of forward and fixed momentum transfer dis- 
persion relations to determine the main parameters of low 
energy r-N physics from the experimental data to predict 
low energy n-N phase shifts (primarily in te rms of the 
known r-N resonances) i s  described. Some general pmb 
lems that a r i se  in this method a r e  discussed. It is then . 
shown that partial wave n-N. dispersion relations can be 
used to derive information about the low energy a-a inter- 
actions, especially the T = 0 J = 0 n-n inkraction. The 
analysis of s-wave and p-wave r-N scattering in t e rms  of 
the severai interactions that cause the scattering i s  given. 
Finally, various topics in the solution of partial wave dis- 
persion relations a r e  considered. The validity of the N/D 
method and the effect of high energy boundary conditions 
on N/D solutions a r e  examined; Also, a variational method 
for the solution of partial wave dispersion relations is de- 
veloped and applied in a se'miphenomeno~ogical way to give 
solutions for the (3/2,9h) n-N resonance and.the T = 1 d = 1 
n-n resonance @). 68 references. (auth) 

6521 (SLAC-25(Pt.Tl)(p.l-30)) INELASTIC ELEC- 
TRON-PROTON, POSITRON-PROTON, AND hlUON; 
PROTON SCATTERING. L. Hand and R. Wilson (Cambridge 
Eleclru~i Accelaralor, Mass.); 



Theoretical and experimental results  a r e  reviewed on 
electron-proton, positron-proton, and muon-proton 
interactions. (T.F.H.) 

18531 (CERN-63-3(p.325-37)) THE DETERMINA- 
TION O F  THE LIFETIME OF THE no MESON. H. Heck- 
man (California. Univ.. Berkeley. Lawrence Radiation 
Lab.). ' 

Measurementsand techniques for a nuclear emulsion 
experiment to determine the meson (no) lifetime a r e  
discussed. (C.E 3.) 

. 3969 . (UCRL-10378) DIFFERENTIAL CROSS SEC- 
TIONS FOR ELASTIC SCATTERING OF POSITIVE PI 
MESONS ON PROTONS IN THE ENERGY REGION 500 TO 
1600 hlev (Thesis). Jerome A. Helland (California. Univ. 
Berkeley. Lawrence Radiation Lab.). Aug. , l 5 ,  1962. 
Contract W-7405-eng-48. 91p. , . 

Differential c ros s  sections for the elastic scattering of ' 

positive pi ,mesons on protons were measured a t  the Berke- 
ley Bevatron at  laboratory kinetic energies of the pion be- 
tween 500 and 1600 Mev. Fifty scintillation counters and a 
matrix coincidence system were used to detect the recoil 

, '  

proton and the pion, both before the lat ter ' reached a 
liquid-hydrogen target and after scattering. Various cor- 
rections were applied to the data, and the results'were 
fitted with a power ser ies  in the cosine of the scattering 
angle in the center-of-mass system, Total elastic cross  
sections were obtained by integrating under the fitted 
curves. The coefficients of the cosine ser ies  a r e  shown 
plotted vs  the laboratory kinetic energy of the pion. The 
most striking features of these curves a r e  the large posi- 
tive value of the coefficient of cos6 O*, and the large  nega-. 
tive value of the coefficient of cos4 O*, both of which 
peaked in the .vicinity of the 1350-Mev peak in the total 
cross.section. These results indicate that the most p re - ,  ' 
dominant state contributing to the scattering at  the 1350- 
Mev peak has total angular momentum J = %, considering , 

that the coefficients for terms above cos6 O* a r e  negligible 
a t  this energy. One possible explanation i s  that the 1350-. 
Mev peak i s  the result  of an FX resonance lying on the 
same Regge-pole trajectory a s  the famous (3,3) resonance 
near 195 Mev. (auth) 

9304 ' AWGULAR DISTRIBUTION IN n*-p ELASTIC 
SCATTERING IN THE RANGE 530 TO 1550 Mev. J. A. 
Helland, T. J. Devlin. D. E.  Hagge, M. J. Longo. B. J. 
Xloyer, and C. D. Wood (Univ. of ~ a l i f o r n l a ,  Berkeley). 
p.3-6 of "1962 International Conference on High-Energy 
Physics at CERN." Geneva. European Organization for 
Nuclear Research, 1962. 

Elastic scattering of pions with laboratory kinetic ener- 
gies of 530, 580, 700, 870, and 990 Mev for  n+ and n- and 

1310 and 1550 Mev for n+ from a liquid-hydrogen target 
was measured. The value of the differential cross section 
was measured simultaneously at 2 1  different angles ranging 
from 40" to,17O0 in the pion center-of-mass scattering 
angle. From the data tota1,elastic cross  sections were ob- 
tained. (A.G.W.) . 

24454 .ELASTIC SCATTERING OF NEGATIVE PIONS 
OM PROTO~~~S  IN THE ENERGY RANGE ~no-i.onn M ~ V .  

Jerome A. Helland, 'Calvin D. Wood, Thomas J. Devl.in, 
Donald E. Hagge, Michael J. Longo, Burton J. Moyer, and 
Victor Perez-Mendez (Un~v. df California, Berkeley). 
Phys. Rev.. 134: B1079-86(June 8, 1964). (UCRL-10495) 

Differenlial cross sectiolls for the elastic scattering of 
negative pi mesons on protons (n- - p - a- - p) were mea- 
sured at  the Berkeley ~ e v a t r o n  at  five laboratory kinetic 
energies of the pion between 500 and 1000 Mev. The re-  . , 

sults .were least squares fitted with a power ser ies  in the 
' 

cosine of the,center-of-mass. scattering angle, and total . ' 

elastic cross  sections for (n'- p-. ,R-- p) were obtained 
by integrating tinder the fitted curves. The coefficients of 
the cosine ser ies  a r e  shown plotted versus the incident 
pion laboratory kinetic energy. These curves display a s  . 
a striking feature a la rge  value of the coefficient of cos58* 
peaking in the vicinity of the 900-Mev resonance. This 
implies that a superposition of F?, and D ,  partialwaves 
is  prominent in the scattering at this energy, since the 
coefficients for te rms above cosffl* a r e  negligible. One 
possible explanation i s  that the F,, enhanc.ement comes 
from an elastic resonance in the isotopic spin T = 'I2 
state, consistent with Regge-pole formalism, and the D?, 
partial-wave state may be enhanced by inelastic processes. 
At 600 Mev. the values of the coefficients do not seem to 
demand the prominence of any single partial-wave state. 
although the results a r e  compatible with an enhancement 
i n  the J = 3/, amplitude. A table listing quantum numbers 
.plausibly associated with the various peaks and "shoulders" 
seen in the r *  - p total-cross-section curves i s  presented. 
(auth) 

9267 ' ANGULAR DISTRIBUTIOWS IN a* -p ELASTIC 
YC:A'I"I'EHING IN THE RANGE 500 TO 1600 Mev. Jerome 
A .  Frc!!and, ?'hornas J. Dovlin, Donald E:IIqge, hlichaal 
J. Longo, Burton J. Moyer, and Calvin D. M'ood (Univ. of 
California', Berkeley). Phys. Rev. Letters. 10: 27-9(Jan. 1,  
1963). (UCRL-10478) 

Angular distributions, differential cross sections, and 
total elastic cross sections are  measured for the n--p elas- 
tic interactinn at incident kinetic energies of 533 to 990 hlev 
and for the n+-p elastic interaction at 533 to 1555 hIev. The 
differential c ross  sections a r e  least-squares fitted to a 
power ser ies  of the form ancod'8, a h e r e  a, i s  a constant, 
n i s  an integer 2 0, and O i s  the cms scattering angle. 
(T.F.H.) 



24453' E t A s r r c  SCATTERING OF POSITIVE PIONS 
'BY PROTONS W THE ENERGY RANGE'500-1600 Mev. 
Jerome A. HeUand. Thomas J. Devlin, Donald E. Hagge. 
llichael J. Longo, Burton J. Moyer, and Calvin D. Wood 

. (Unit. of California. Berkeley). .Phys. Rev.,. 134: B1062- 
i6(June 8, 1 M ) .  (UCRL-10378(Rev.l)) 

Differential cross  sections for the elastic scattering,of 
Wsitive pi mesons by protons were measured at the . 

, 

Berkeley Bevatron at  pion laboratory kinetic energies 
between 500 acd 1600 Mev. Fifty scintillation counters 
and a matrix coincidence system were used to identify 
inconling pions and detect the recoil proton and pion 
companions. Results were fitted with a power ser ies  in 
the oosine of the center-of-mass scattering angle, and 
total elastic cross  sections were obtained by integrating 
under the fitted curves. The coefficients of the cosine 
ser ies  a re  displayed, plotted versus the laboratory kilietic 
energy of the pion. The most striking features of these 
curves a re  the large positive value of the coefficient of 
cos68*, and the large negative value of the coefficient of 
cos48*, both of which maximize in the vicinity of the, 
1350-Mev peak in the total cross  section. These results 
indicate that the most prgominant etatc contribuling to 
the scattering at the 1350-Mev peak has total angular 

' 

momentum J = \,'since the coefficients for terms above 
cose6* are  negligible at this energy. 'one possible explana- 
tion is  that the 1 3 5 0 - ~ e v  peak is the result of an Fr, reso- 
nance lying on the same Regge-pole trajec'tory a s  the,, 
('4, '/2) resonance near 195 Mev. (auth) . . 

22668 (AD-417241)' MUON CAPTME IN CHEMICAL 
COMPOUNDS (tiresis). Roy Eugene Herman (Utah. Univ., 
Salt Lake City). ' Aug. 1963.. 29p. 

The law governing the probability that a muon should 
come to rest on a particular atom in a chemical comporlrld ' 
was investigated using SiOz and PzOs. The observed QIP' 
arnl O/Si stopping ratios were in agreement with the stoi- 
chiometric ratios of the com,xunds. (auth) 

9395 OBSERVATION OF p- CAPTURE IN LIQUID . ', 

HYDROGEN. Roger H. Hildebrand (Argome National Lab., 
111. Univ. of Chicago). . Phys. Rev. ,Letters, 8:. 34-7 . . 
(Jan. 1, 1962). 

A 99'/2% pure muon beam' irdm the Chicago cyclotron is 
brought to r e s t . h  an  8-liter hydrogen bulrQle chamber: 

, 

The incoming particles a r e  identified a s  muons by their 
" 

residual range versus curvature in the 20-kilogauss fteld 
of the chamber. The reaction p- +.p - n + v is identified 
by the absence of a decay electron.and by the appearance '. , .  
of a recoil proton creatsd by the neutron. Pion captures . ,: 
and p captures in elements of Z > 1 a r e  excluded in identi- 
fication. Nondecaying meson tracks a r e  not'associated 
"ith re0011 due Lo the g c n c e l  background nf low- 

energy neutrons near the meson beam. The energy of a 
neutron emitted from the end of a meson track,must be :. . 
determined with adequate precision by measuring the 
range and direction of a recoil p ~ t o n  it is supposed to 
have caused. (L.N.N.) 

425 
9390 .. p- CAPTURE' IN HYDROGEN. R.' H. Hildebrand 
(Argonne National Lab., Ill. and Univ. of Chicago) and J. H. 
Doede. ' p.418-20 of "1962 International conference on 
~ l g h i ~ n e r g y  Physics at  C ~ R N . "  .Geneva, 'European organ- 
ization for Nuclear Research, 1962. . . .  . 

The rate of the basic p' capture'process p' + p - n t v , 
in liquld hydrogen was measured in a hydrogen bubble 

, ,. . 
chamber. The result was A = 434 + 100 sec-l. An. upper . 
limit to the capture rate obtained by identifying oapture . , 

events simply by the non-decay of the p's was A S 613 i 50 
sec". These results a r e  compared with the "universalw . ' 

V - A capture theory .md the V + A variant of the theory. 
(A.G.W.)' - .  . . . . .  

28374 A NOTE ON THE CAPTURE OF NEGATIVE 
MESONS IN PHOTOGRAPHIC NUCLEAR EMULSIONS. 
R. D. Hill (University Coll., London). Nuovo cimento (lo), 
19: Suppl. No. 1, 83-90(1961). (In English) 

The slowing down of extremely low energy negatively 
charged mesons i s  discussed and range-energy curves a re  
obtained. Based on these curves, an evaluation is made of 
the relative capture rates of negative mesons in light and 
heavy nuclei of photographic emulsions. These ra tes  ap- 
pear to be in very good agreement with experimental ob- 
servations on the capture of negative p mesons in nuclear 
emulsiuns. (auth) 

34512 . (UCRL-11140) PION-NUCLEON SCATTERING , 

AT 310 Mev: NEUTRON POLASIZATION IN I?, + p - 'no 1. n 
AND PHASE-SHIFT ANALYSIS (thesis). Roger Eugene Hill . 
(California. , Unlv.,'Berkeley. Lawrence Radiation Lab.). ' : 
June 26. 1964. Contfact W-7405-eng-48: 104p. 

The recoil.neutron polarization in R--p charge-exchanger 
scattering at  .an incident pion kinetic energy (lab) of 310 . . 
Mev.and a t  a pion centerlor-mass scattering angle of 30 , 

deg was measured. The polarization was obtained from 
, . . . 

measurements of the left-right asymmetries in the scatter- 
ing of the neutrons from liquid helium at lab scstt,ering 
angles of 125 and 75 deg. The measured polarization was - 
+0'24 * c.07, where the, + sign. indicates a direction parallel 
to k 1, X ko,,,.   his is opposite in sign to the prediction of. 
'the only sPD phase-shift solution and of the "best" of the 
three SPDF phase-shift solutions arrived a t  by partial- . 
wave analyses of all the previously available data at  o r  . 
near 310.Mev.   he extension of the phase-shift analyses to 
include this new datum has yielded no . . '  solution nnd . , ' 
only two likely SPDF solutioni: Both these solutions have , 



positive Slel and phase shifts, and both a r e  of the 
Fe rmi  type in the I =,3/2 set, though one of them (A) h a s .  ' ' 
(QeS - 'qa5) > 0, while the other. solution (B) has (DSsS - 
Q S 5 )  < 0. The e r r o r s  on the individual phase shifts range , 

between 0.3 and 1.5 degrees. The n--p polarization data 
show a preference for  solution A: partial-wave amplitude 
dispersion relation calculations a r e  in poor agreement . , . 

with both A and B, though fonvard dispersion relatio? cal- 
culations f o r  the real part of the forward non-spin-flip . 
amplitudes show a preference for,  and a r e  in excellent 
agreement with, solution A. (auth) 

6884 
THE d- 4 MASS D,IFFERENCE. P. Xiillman, W. C.  
Middelkoop. T. Yamagata, and E. Zavaninl (Eruup?rru 
Council fo r  Nuclear Research, Geneva). Nllovo cfmento 
(10) 14. 887-94(1959) NOV. 16. (In English) 

The time of fllght of.the neutron resulting f rom the re&. 
tlon n- + p - d' + n at r e s t  was measured. F rom this a 
value f o r  the d- t f  mass difference of (9.01 0.08) elec- 

. tron masses  was obtained. (auth) 

26352 POSSIBLE RESONANCE AT 829 Mev IN AK' 
PRODUCTION. G. T. Hoff (Univ. of Chicago). Phys. Rev; 

, t 

Letters. 12: 652-6(June 8, 1964). 
Resonance effects in the interaction n- + p - A + KO at 

an incident pion energy of 829 Mev a r e  studied. It is hy- 
pothesized that a AK resonance exists,  with a c m s  energy 
of 1650 Mev and a spin-parity of %+. A preliminary attempt 
i s  made to identify this resonance with the F,, resonance in 
pion-nucleon interactions. The resonance in question,dies 
off rapidly both below and above 829 Mev pion energy. 

' 

(T.F.H.) 

3936 
THE MULTIPLE SCATTERING OF PARTICLES OF OPPO- 
SITE CHARGE. I. S. Hughes and D. Slnclair (Unlv. of Glas- 
gow), Phil. Mag. (814, 1013-16(1959) Sept. 

Ear l ier  investigations by a number of workers revealed 
an apparent difference In the multiple ecatterlng of pvnl- 
tively and negatively charged particles which I s  much 
grea ter  than that predicted by theory. Experlmente were 
carr ied  out in wMch the existence of such a dlfference w3s 
investigated for the multiple scattering of positive and neg- 
ative p mesons, n mesons, and electrons In nuclear emul- 
sions. No slgalficant dlffere~lce was found. (oubh) 

2483 MUON RESONANCE. Vernon W. Hughes (Yale 
Unlv., New Haven). p.382-96 of " . ~ r a m a g n e t l c  Resonance. 

Vol. I." New York, Academic Press ,  1963.. 
The availability of polarized muons.and the ability to  

detect the spin direction, which a re  provided by parity non- 
conservation in the decays of the pi meson and the muon, . 
have made possible magnetic resonance experiments on 
the muon, on muonium, and on mu-mesic atoms. The study 
of muon magnetism has advanced our knowledge of the 
properties of the muon, of relativistic and other higher 
order effects in atomic magnetism including solid state 
effects, and of nuclear structure. (auth) 

17019 ANGULAR DISTRIBUTION OF MUONS IN n-p 
DECAY AT REST. H. Hulubei, J. S. Auslaender, E.  M. 
Friedlaender, and 9. 'J'ijeica ( h s t .  of Atomic Physics. Bu- 
charest). Phys. Rev., 129: 2789-2801(Mar. 15, 1963). 

Evidence for a, significant departure from isotropy of the. 
muon angular distribution from n-p decay at res t  i s  pre- 
sented, based on measurements of projected angles in two 
emulsion stacks, exposed to the Dubna and CERN synchro- 
cyclotrons. Extensive control experiments concer~iiny ob- 
servational bias, distortion, and'inhomoneneous detection - - -~ 

efficiencies prove'that the'observed lack of i s o t r o ~ v  cannot ..- 
be reduced to such spurious effects.. .(auth) 

26799 (NP-10301(p.l3D44)) ON ANGULAR CORRE- . 
LATIONS IN r -p -e DECAY. K ~ u b b e i ;  J. ~ l i s l h d b r ,  
S. Titeica, and E. Friedliinder [Academia R.P.R. Institutul 
de Fizca Atomica, Bucharest]., 

Angular correlations in the decay chai11.n - p - e a r e  
studied in emulsion, using a rea  and track scatining tech- 

.niques. The r mesons have an initial energy of -300 blev. 
About 13,800 events a r e  followed. (T.F.H.) , 

37584 PHASE-SHIFT ANALYSIS OF ELASTIC PION- 
NUCLEON SCATTERING. 'Hull. M. H. Jr.; Lin, F. C. 
(Yale Unlv.. New Haven). Phys. Rev., 139: B630-45(Aug. 9. 
1865). .(YALE-3807-24) 

A kanylenergy analy& of n-N scattering data in the 
energy range fiom.20 to 340 Blev was carried out by 
fitting phase shifts in 6, P, D, and F states in gradient. 
searches. Semiphenomenological analyses, with F-wave 
phase shifts calculotad from approximate evaluations of 
pion-nucleon dispersion relations and D-wave phase shifts 
similarly obtained for the lower energy range, were equall) 
successful in fitting the data. Particular attention.was qaid 
to the possibility of obtaining a unique se t  from all possible 
se ts  allowed by data. Several sets of phase shifts have 
been found. One of these i s  preferred by data and by com- 
parison with dispersion-rhsoretical calculations. Com- 
parisons with other recent analyses a r e  made. (auth) 

37593 ISOTROPIC AND NOMSOTROPIC n-p DECAYS. 



Hulubei. Xi. (Inst. of Atomic Physics, Bucharest); Fried- 
laender. E. M.; Nitu, R.; Visky. T.; Anghelescu, D.; Aus- 
laender, J. S. Phys. Rev., 139: B729-32(Aug. 9 1965). 

Nuclear emulsion experiments on n-p decay a t  res t  a r e  
described, and the muon angular distribution i s  compared 
with that obtained In previous experiments under radically . 
deferent conditions. In the present experiment the pions . 
were produced in a magnetic field of lo4 gauss, the angle 
of emission was 180". the kinetic energy was -50 Mev and . 
no filter was tnterposed befween target and stack (flight 
path 765 cm), whereas in the previous experiment there 
was no field. the emission angle was On, the kinetic energy 
wae -300 hfev, and the beam traversed 685 cm, of which 
17 cm were nf Cu. The mtrnn angular distrlh~itlon in this 
expe rhen t  is isotropic and significantly different from 
that of the previous one. ,Thus, pion history seems to have 

. an essential influence on the properties of part of the de- 
' 

caying particles. (auth) 

9591 NEGATIVE MUON POLARIZATION IN PHOS- 
PHORUS AND FLUORINE. D. P. Hutchlson (Columbia 
Univ., New York), J .  Menes, and G. ~hap i ro .  Phys. Rev. 
Letters, 9: 516-18(Dec. 15, 1962). . 

The polarization of negative muons 'stopped in two sub- 
stances of nuclear spin l/*(p3' and F19) was measured by 
precessing the negative muon spins iri a high field (2kG) , 
and looking for oscillations in the time distribution of de- 
cay electrons emitted in a fixed laboratory direction. A . ' 

test run was made using a sulfur target, and the decay- 
electron time distribution i s  shown. The frequency spectra 
of electron time distributipns i s  shown for sulfur, red phos- 
phorus, and lithium fluoride.. The phosphorus showed no 
polarization. The lithium fluoride spectra shows an ex- 
pected precession peak at .10 Mc/sec and an unexpected' 
peak at  20 Mc/sec. (H.D.R.) 

11141 MACMETIO RIOMEtTT OF NEOATIVE MUONS. 
D. P. Hutchinson (Columbia Univ., New York), J. Menes, 
G. Shapiro, and A.  M. Patlach. Phys. Rev., 131: 1363-7 
(Aug. 1, 1963). 
. The magnetic moment of negative muons bound in atoms 
of carbon, oxygen (in water), magnesium (metallic and in 
MgH2), silicon, and sulfur has been measured with a pre- 
cision ranging from 3 x lo-' in carbon to 1.6 x lo4  in '  
sulfur. The measured moment is  corrected for relatlvistic 
effects, diamagnetism, and nuclear polarization before being 
compared to the moment of the'positive muon. The two 
moments a r e  found to be equal to A X 1.0-', where the major '  
uncertainty is  due to Knight shift. The relativistic, dla- . 
magnetic, nuclear, and solid-state shifts a r e  large enough 
compared to the statistical and systematic e r ro r s  to make 
this technique usable for the investigation of these effects. 
(auth) 

31340 MAGNETIC It'lOhlENT OF THE POSITIVE 
MUON. David P .  Hutchinson (Columbia Univ.. New 

~ n c k  hlcnes, G. Shnpiro, and A .  M. Patlach. Phys. ~ e v . 1  
131: 1351-62(Aug. 1. 1963). 

The magnetic moment of the positive muon has been re- 
determined in te rms of proton moments using a precession 
technique. The sensitlrlty achieved yields an e r ro r  of 
13 pnrts per million. The muons a r e  stopped In vnrious , 

t n r ~ c t s  it1 n honlogcncous 111nfi.nctlc field. The anlsotroptc 
distribution of the tlecay electrons relntlve to thc muon 
spln dlrcctlon pc r~n l t s  thc n i rnat~rc~~rcnt  of the spin pro- 

, rcsalon Crc*qt~r~rry. Titc 1rroto11 ulrltt rruonnncr Is I I I C I I ~ I I ~ P ~  

In the s!t~~tt, flrl(l, y l r l~ l i r t~  f,,!f,. = A.183:IU * O.OOI~O4. Thlu 
result mny bc co~i~hlnctl al th thnt of other exparlments, the 
nluon g factor, and the ratio of electron cyclotron frequency 
to proton resonance. l,/f ,,, to obtain a more preclse evalua- 
tion of the muon mass in te rms ofelectron masses, m,/m, 
equals 106.765 0.005. (auth) 

5576 . . (JINR-D-570) DEPOLARIZATION PROCESSES 
OF NEGATIVE MUONS. A. E. Ignatenko (Joint Inst. f o r  
Suclear Research, Dubna. U.S.S.R. Lab. of Nu.clear Prob: 
lems). 1960. 18p. 

On the basis of measurements of the asymmetry of (Cc-e)- 
decay electrons the depo1arizat:on processes of negative 
muons in different matters were  studied with scintillation 
counters. It was found that most essential muon depolari- 
zatlon takes place after their slowing down in mesic atom 
producth .  It is shown. that reasons causing muon.depolar- 
ization in a mesic atom a r e  the following: (a) spln-orbital 
Lateraction leading to the fine-structure of energy levels, , ' , 

(b) lnteractlon of muon and nuclear magnetic moments re- : 
fiponsible for mesic atom hyperfine structure,  (c) muon h-. 
teraction with quadrupole nuclear dietortion, and (d) inter- 
action of muon magnetic moment with the magnetic field of 
the electron shell. The prhclpal  peculiarities of each de- 
polarization prqcess a r e  described. (auth) 

25382 .(JINR-D-701) SPIN DEPENDENCE OF WEAK 
INTERACTION IN THE PR0CESS.p- + p - n + v. A. E. 
Ignatenko, A. B. Kuptsov, Suang-ming Li. M. G. Petrasku, 
L. B. Yegorov, and G. V. Zhuravlev (Joint Inst. for Nuclear 
Reaearch, Dubna, U.S.S.R. Lab. of Nuclear Problems). 
1961. 14p. 

Using the icintil1,ation counter'method, measvements  
were made of.the values, average with respect to two states 
of hyperfine structure, of the y syme t ry  coefficients of 
(p  - el-decay electrons in mesic atoms of silver and r e d .  
and black phosphorus. The lifetimes T of mesons in these 
modifications of phosphorus were also determined. The 
quantities of & for red and black phosphorus indicated that 
the time of the relaxation of meson spins in mesic atoms 
decreases owing to the presence of conductivity electrons. 
On the basis of & and T ,  the n, and no level populations ia 
the states F = 1 and F = 0 'in phosphorus as well as the A, 
and Xo probabilities of the capture of mesons by the nucleus 
in these states were calculated. The values found indicated 
that ?o > hi .  (auth) 



13467 AN APPLICATION O F  TI1E QUASIPOTENTIAL 
METHOD TO PION NUCLEON SCATTERING. Isaev. 
P. S.; Smith, J. (Joint  Inst. fo r  Nuclear Research,  Dubna 
USSR). Acta Phys. Acad. Sci. Hung., 19: 259-62(1965). 

The quasipotential method developed in Dubna Laboratory 
\\,as applied to pion-nucleon scat ter ing processes  up to  the 
energ ies  500 Mev, for  obtaining the resonance bchavior of 
the  PSI-phase shift. Although numerical caIculations a r e  
not completed, the existence d a resonance s e e m s  very 
pmbnble.  (auth) 

7024 THE E F F E C T  OF nn-INTERACTION ON s- 
AND p-WAVES OF. nN-SCATTERING. P .  S. Isaev and 
V. A. hleshcheryakov (Joint Inst. for Nuclear Research,  
Dubna, USSR). Zh. Eksperim. i Teor .  Fiz., 43: 1339-48 , 

(Oct. 1962). (In Russian) 
On the bas i s  of the Mandelstam picture, account i s  taken 

of the effect of nn interaction in s and p waves of nN scat- 
ter ing.  Transi t ion t o  partial waves is effected by means of 
combining dispersion relat ions.for  forward and backward 
scat ter ing.  The equations for  s' and p' waves a r e  com- 
pared with experimental data on the phases of nN scat ter-  
ing. Satisfactory agreement is' obtained up t o  incident n- , 

meson energies -500 Mev in the laboratory c o ~ r d i n a t e  
sys tem.  It i s  shown that m interaction significantly affects 
the  enere;y dependence of the 6- and p- phase even a t  low 
energies,  and up to  -400 Mev ( i n  the laboratory system) 
produces but a slight eifect on the behavior of the p; phase. 
(auth) 

37975 PARTIAL nN SCATTERING WAVES WITH 
ACCOUNT OF. nn &TERACTION. P. S. Isayev, V. I. 
Lendel. V. A. Meshcheryakov (Joint Inst. for  Nuclear 
Research.  Dubna. USSR). Zh; Eksperim. i Teor.  Fiz., ., 
45: No. 2. 294-302(Aug. 1963). (In Russian) 

The  effect of n-n interaction in the T = J = 0 s ta te  on 
the part ial  n-N sca t te r ingwaves  i s  investigated by the . .  
dispersion relat ions technique. In the final expressions,a 
transition i s  made to  the stat ic  l imit  which i s  then'com- 
pared  with the experimental data. The most probable form 
of the  u-a scat ter ing phase shift 6; i s  discu'ssed. Relations 
connecting the interaction contributions to the s and p scat- 
ter ing waves a r e  derived. A number of inve'stigations on 
r-N scat ter ing a r e  analyzed on the bas i s  of these relations. 
The consequences of the relations for  the static l imit  a r e  
considered. (auth) 

4955 PHASE SHIFT ANALYSIS O F  THE n+p ELAS- 
TIC SCATTERING AT 240 Mev. I. M. Ivanchenko (Joint 
Inst. for  Nuclear Research,  Dubna, U.S.S.R.) arid V. A. 
Schegebkii. Phys. Letters. 13: 174(Nov. 15, 1964). 

Data on elast ic  n+-p scat ter ing at  240 Mev were  analyzed 

under the assumptions that S, P, and D waves a r c  involved 
or that only S and P waves a r e  illvolved. The bcst  f i t  was 
Provided by an SPD solution. (D.C.W.) 

15388 PHASE-SHIFT ANALYSIS'OF E WSTIC nN 
SCATTERII<G AT 210 hlev; Ivnnchenko, 1. M.; Shchegel- 
skii, V. A. (Ioffe Inst. of Physics and Tech.. Leninpad) .  
Yadern. Fiz., 31 108-11(Jan. 1966). (In Russian). 

The phase-shift analysis of x i  p-scattering at 240 Mev 
was performed. taking thc data on recoil  proton polariza- 

. tion in li + p-scattering into account. The absence of ex- 
periments on the polarization in I - p-scattering makes it 
impossible to obtain a unique s e t  of phase-shifts. A com- 
parison with analyses at  other enerfiies indicates that the 
most probable solution i s  that with the follov~ing nuclear 
phase-shifts (in degrees): SI1 = -15.7 * 1.3; Pl3 = 112.6 
0.5; PI1 = -3.4 4 2.3; Q 5  = -2.6 f 1.1; Uj3 = 2.1 1 1.3; Sll = 
6.0 * 5.9; PI? = 0.16 2.4; Pi l  = 19.0 * 3.1. The accuracy,  
of the experiment i s  not ylfficient to determine the D- 
phase-shift with the isospin I = %. (auth) 

9757 . IN.VE.STIGATION OF p+-MESON DEPOLARIZA- 
TION IN A NUCLEAR EMULSION. Yu. M. Ivanov and A. I. 
Fesenko (Moscow Inst. of Engineering physics). Zhur. 
Eksptl'. i Teoret. Fiz.,'39: 1492-6(Dec. 1960). (In Russian) 

The Influence of the relative content of AgBr In a nuclear 
omulclon on the mognitudo of the a o y m m e t ~ y  seeffieiont for 
p+-e+-decay was studied experimentally. Separate values 
were obtained for  the p+ meson depolarization AgBr and the 
gelatin. buth) , 

31046 DEPOLARIZATION OF.THE p-MESON IN AN 
ELECTRIC FIELD.. ..Yu. M. Ivanov, B. A. Nikol'skii, B. N. 
Smirnov, and L. V. Surkova. Zhur. Eksptl'. i Teoret. Fiz., 
43: 337-R(.Tuly 1.962). (In Russian) 

Additional depolarization of a p+ meson (from a r+ - p+ 
decay) was observed in the presence of an electr ic  field 
with a tension E - 10' V/cm. Hence, i t  was conclurled that 
the p+ meson i s  captured by a gelatin molecule, s ince theo- 
ret ical  calculations show that a field of l o 5  V/cm cannot 
depolarize a p-meson in the  f ree  s ta te  o r  in the s ta te  of a 
muon (the system p+e-). The  experiment was car r ied  out 
by synchronizing the pulses of 85 Mev n' mesons with 
electr ical . impulses having an aniplitude U = 5 kv, which 
were  fed to plane electrodes between which a photoemulsion 
200 to 400 p thick was placed. The electr ical  field in the . 
emulsion was  1.2 to 2.5 x 10' ~ / c m .  All a - p - e dis- 
integrations in the emulsion took place in this s trong elec- 
t r i c  iield (the variation in e lec t r ic  field did not exceed . 

10%). Control experiments were also rim in the absence of 
an electr ic  field in order  to exclude the effect of the ex- 
ternal  magnetic field on the depolarization of the p-meson. 
The values of the asymmetry coefficient 5, which deter- 
mines the angular distribution of electrons in a n - p - e- 
disintegration in the equation dN/dR - l - a cos 6 were  



found to be 0.14 with no electric field. 0.08 with an electric 
field of 1.2 x lo6  V/cm, and 0.06 with an electric field of 
2.4 x 10' ~ / c m .  This effect can be qualitatively explained, 
if it i s  assumed that the p-meson i s  captured by a gelatin, 
molecule. (TTT) 

,3061 
CROSS SECTIONS OF ELASTIC SCATTEEUWO OF 195-M~v 
r+ MESONS. BY CARBON AND LITHIUM NUCLEI. 'V. G. 
kanov, V. T. Osipenliov, N. L Petrov, and V. A. Rueakov . 
(Joint Inst. of Nuclear Research, Dub- USSR). 
Eksptl'. 1 Teoret. Piz. 37, 863-6(1959) Sept.. @I R ~ ~ e i a n ) .  

Gome 410 events o i  elastic scattering w e r e  obseiped'in 
carbon nuclei and 243 In lithium nuclei. Total aroee see- 
t t om o i  inelastic interactiom were norrntlllzed with geo- 
metric c ros s  section of nuclei with R = 1.4 A% X 10'~ cm. 
Cone la t iom o i  data on carbon nuclei ehow that a rose  rec- 
t i om for  poaitive ,and negative a meson elastlo acakerlng 
a t  195 and 230 Mev a r e  equal wlthin the Ilmlta of exped-. 
mental e r ror .  The angular distribution of elaetlc ecatlec' 
bg on carbon and lithium nuclei ie plotted.' (R.v.J.) 

12253 
PRODUCTION OF MULTI-CHARGED PAF~TICLES.ON 
PHOTOGRAPHIC EMULSION NUCLEI BY 280 Mev n+ ' 
MESONS.. N. S. Ivanova, V. I. Ostroumov, and Yu. V. 
Pavlov (Radium Inst., Academy of Sciences', USSR). & 
Eksptl'. i Teoret. Fiz. 37, 1604-12(1959) Dec. (In Russian) 

The production of fragments in nuclear disintegrations 
induced by 280 Mev n+ mesons i s  studied byaid of photo- : 
giaphlc emulsions. The angular, charge, and. eriergy distri-  
butions of the emitted fragments a r e  measured. An analy- 
s l s  of the experimental data and comparison with ihe re- 
sults of theoretical calculations show.that in the case under 
conslderation the particlas.responsible for formation of t h e  
fragments a r e  protons produced in the absorption of n+. 
mesons by quasi-deuteron pairs and also recoil nucleons 
.produced iri scattering of n mesons on separate nucleons of 
the nucleus. Some suggestions regarding the mechanism of 
forination,of such fragments a r e  made on the'basis of an 
analysis,of the energy spectra of fragments produced by, 
particles of various energy.. (auth) . . 

. . 

29652 (NP-l1!35O(Vol.I)(p.261-74)) ANALYSIS OF. 
PION-NUCLEON INTERACTION FROM 500.T0'1500 Mev. 
Maurice Jacob (France. Commissariat a 1'Energie Atnm- 
ique. Centre d',J3udes'~ucleaires,~aclay). 

Data obtained on pion-nucleon interactions'at 400 to 1500 
Mev a r e  discussed. Other experimental data needed a r e  
described. Photoproduction. n--p scattering, and pion ' . 
nroduction are discussed. (M.C.G,) 

18330 - BRANCHING.FlATI0 BETWEEN THE VARIOUS 
DECAY MODES OF THE Mu MESON. Alix Jacquemin and 
Paul Kessler (CollGge de France, Paris) .  J. phys. radium, 
,22: 824-6 (Dec. 1961). (In French) 

Using the method of quasi-real processes. the branching 
ratios between the three observed decay modes of the mu 
meson were calculated: p - e + v + 3 ,  p - e + v + ii+ y ,  
and p - e + v + 5 + e- + e+. These branching ,ratios a r e  
functions of the threshold energy of the emitted photon o r  
the pair created. The results a r e  in rough agreement with ' 

the recent'experimental measurements of Crittenden. 
Walker. and Ballam. (auth) 

12290 .WEAK INTERACTIONS. J .  D. Jackson (Univ. of 
Illinois, Urbana). p.263-425 of "Elementary Particle 
Physics and Fleld Theory. Vol. 1." New York, W. A. 
Benjamin, Inc., 1963. 

A survey of the theory of. beta decay, meson b) decay and 
capture, meson (n) decay, and strange, particle.decays i s  
presented, with consideration of the associated experimental 
otservalions. 280 references. (D.C.W.) 

6 1 9 4  . ON RkDMTIVE p-CAPTURE IN NUCLEI. . . . 
F. Jahouch and 5X. Vinduska (inst. 'of Nuclear ,Research,, 
Czechoslovak Academy of Sciences, ~ e z ) .  Czech. J. 
Phys., 13: 710-15(1963). (In-Russian) ., 

The radiative p-capture from the K-orbit of complex 
nuclei i s  i'nvestigated forr' an allowed transition. The prob- 
ability and circular p o l a r i ~ a t i o n ' d e ~ r e e  are.calculated. 

454 

271 59 (LA-3126) PION-NUC LEON ELASTIC SCAT- 
TERING EXPERIMENTS WITH HIGH INTENSITY MESON 
BEABIS. ,Nelson Jarmie  (Los Alamos Scientific Lab.. 
Unlv. of California, N. Mex.). Aug. 1964. Contract W- 
7405-eng-36. 29p. Dep.; $2.00(cy), l(mn) CFSTI. 

. Pion-nucleon elastic scattering experiments that should 
be useful to do with a high-current proton linear acceler- 
ator ("Meson Factory") a r e  studied in detail. Counting 
rate calculations a r e  made for experiments to measure 
the pion-protbn differential c ros s  section, polarization, . 

and rotation parameters at 300-Mev pion energy. Errors .  
backgrounds, duty cycles, corrections, and costs a r e  
studied in detail. An experiment to measure the pion- 
neutron interaction is briefly investigated. The 'results 
a r e  compared with present research programs and indi- 
cate that experiments in elastic pion-nucleon scattering 
can be done with a high-intensity meson beam cleanly, 
quickly, economically, and.with greatly'.improved preci- 
eion. The small size of .the beam of the high-intensity 
source combines with the high iiltensity to produce nota-. 
ble advantages. The contribution to the phenomenological 
unaerstanding of the pion-nucleon interaction should be, 
eignificant. (auth) 



38.176 INVESTIGATION OF CORRELATIONS IN.LIGHT 
NUCLEI BY MEANS OF FAST PION NUCLEAR INTERAC- 
TIONS. M. Jean (Facult6 des  Sciences, Orsay, France). 
p.46-50'of "Direct Interactions and Nuclear Reaction ' 

Mechanisms." New York, Gordon and Breach, Science, 
Publishers, 1963. . 

Reactions of the type (n',np), (n-.2n), (1r+,2p), and (n+,n~l 
that give direct information on two-nucleon correlations 
a r e  discussed. The ~ i " ( n + ; 2 ~ ) ~ e '  reaction i s  used a s  .an 
lllustrarlve example. (C.E.S.) 

45339 NUCLEAR STRUCTURE INV'ESTIGATION BY 
MEANS OF PION-NUCLEUS INTERACTION, Jean. M. 
(Universite d e  Par is .  Orsay, France). Nuovo Cimento 

' (1). 2: Suppl.. 400-14(1964). 
The information that can be learned from nuclear in- 

teractions with pions i s  sketched briefly. The discus- 
sion ,is limited to a consideration of energies less  than 
200 Mev. The absorption and then the scattering of pions 
by nuclei a r e  considered. (J.S.R.) 

47707 MUON CAPTURE IN OXYGEN (thesis). Jen- 
kins, David' Albert. Berke!ey, Calif., Univ. of California, 
1964. 72p. 

The muon-capture ra te  in oxygen. p- + I e 0  - I6*N. + u ,  
i s  used a s  a means for measuring the induced-pseudo- 
scalar-coupling constant (CP) of weak interactions. The 
capture ra tes  between the J' = O+ state of 160  and the 0' 

'and 1- states of leN a r e  measured by the stopping of muons 
in water where some of these muons a r e  captured by 160 
and form excited s ta tes  of 16N. Capture into the excited 
states of leP4 is  identified by counting the gamma rays that 
a r e  emitted in the nuclear transition to the ground state. . 
A r a t e  of (1.6 0.2) x lo3 sec-I for the capture ra te  into 
the 0- state.was obtained and used to calculate Cp with 
different nuclear models for the IeO wave functions. The 
transition rate,.and therefore Cp, depends strongly on the 

' 

nuclear model. It i s  concluded that 5 < CP/CA < 20. (Dis- 
sertation Abstr.) 

34851 ABSORPTION OF n- MESONS AND THE COR- 
RELATION OF NUCLEONS IN LIGHT NUCLEI. R. I. 

,Jibuti and T. I. Kopaleishvili (Tbilisi State Univ., Georgian, 
USSR). Nuc1,'Phye.. 55: 337-49(June 1964). 

The absorption of slopped n- mesons by light nuclei with 
the emission of two ~uc leons  (detected by coincidence) is 
investigated in t e rms  of the direct  absorption of a meson 
by correlated pai rs  o l  nucleons. A study i s  made of the 

of the Pauli principle and interaction between thc 
e m i t t ~ d  nucleons in the fingl state,  and pairing correlation 
of nucleons in a nucleus on thc distribution of the emitted 
nucleons over  the i r  relative energies. The question of how 
b e  shell o r  c lus ter  structure of a nucleus may show up in 
[his distribution function is also discussed. The,cornpari: 

son of the theoretical value of the probability ratio dW(ri- + 
n,, - nn)/diVlli- + pp - np) with i ts  experimental value for 
[he '*c nucleus warrants the conclusion that the proton- 
proton correlation in rl nucleus must be weaker than the 
neutron-proton correlation. (auth) 

41823 TRANSITION PATHS OF p- MESONS CAPTURED 
IN SOLID LITHIUAI (thesis). Johnson, Coates Richard. 
R ~ r k e l e y ,  Calif., Univ, of Califomin, 1363. 1051. 

An investigation !\!as made 0.n the cascade down to the 
ground state of meson ( ~ 3  captured by an atom of solid 
lithium. The cascade takes place predominately through 
three proccsscs. These a r e  radiation transitions, Auger 
transitions involving the K-shell electruns of the mesonic 
atom, and Auger transitions involving the band electrons 
of the solid. It i s  assllrned that the meson i~ onptured Ln 
a state of high principal quantu'm number (n -- 15). It i s  
found, independent of the number of K-shell electrons 
remaining 'in the mesonic atom that the principal decay 
paths follow, at  least approximately, and if the meson is 
captured in a high 1 state, the route An = Al = -1. For 
mesons capbred in low 1 states there is  a tendency for  
the main paths to pass through states of higher 1 than that 
given by An -1. A1 = -1. Because of the pYeSe~ice of 
Auger transitions where An =.-I, A1 = 0 and where An = 0. 
A1 = -1, the cascades contain a rather large dispersion 
away from the main paths and towards both large and 
emall 1. Reasons a r e  given for expecting. the same qualita- 
tive description of mesonic cascades to hold also for 
mesons ( a 3  captured in lithium, and for both,mesons (C13 
and (n-) cnptt~red in nt.hcr light solids (2 < 6). (Dissertation 
Abstr.) 

1025 (UCRL-10965) TRANSITION PATIIS OF p- 

MESONS CAPTURED IN SOLID LITHIUM. Coates R. 
Johnson (California. Univ., Berkeley. Lawrence Radia- 
tion Lab.). Aug. 1963. Contract W-7405-eng-48. 105p. 

The'cascade to the ground state of a p' meson captured 
by an atom of solid lithium is'investigated. The cascade 
h k e s  place predominately through three processes. These 
Ere rdiut iun  transitions, Auger transitions involving the 
K'shell electrons of the mesonic atom; and Auger transi- 
tions involving the band electrons of the so!id. It is  as- 
sumed,that the nrwon is caplured in a stare at high prin- 
cipal q u a n t w  number (n - 15). It is  foun?, indopendant 
of the number of K shell electrons remaining in the me- 
sonic atom. that the principal decay paths follow, at least 
approxim$ely, and if the meson i s  captured in a high 1 
state, the route An = ~i '=-l .-F&r mesons captured in 

' 

low 1 states there is a tendency for the main paths to pass 
through states of higher 1 than that given by An = -1, A1 = 
-1. Because of the presence of Auger transitions where 
An = -1, A1 =. 0 and where An = 0, A1 = -1. the cascades 
contain a rather large dispersion away ~ r o m  the main 
paths and'towards both iarge and small  1. Reasons a r e  
given for expecting the same qualitative description of 
rnesonic cascades to hold also for R- mesons captured in 
lithlum, and for both u' and R' mesons captured i n  other 
light solids (Z < 6). (auth) 



20065 (TID-12762) THE SPIN OF THE MU-MESON. 
P. K. Kabir (Carnegie Inst. of ,Tech., Pittsburgh). 1961.. 

. . 4P. 
An extension i s  given of the Hughes study [Phys. Rev. 

Le t te rs  3 63(1960)] of the formation and observation of 
muonium through i t s  L a r m o r  precession, which shows 
that the experiment provides a measurement of a spin'of 
1/2 for  the p+- me'sons. (B.O.G.) 

35509 CALCULA'I'ION MUON PEN ETHATION THROUGH 
SUUS'I'ANCES TAKING INTO ACCOUNT FLUCTUATION 
LOSSl.:S. Kulitkin, N. N.; K u z m l ~ .  L. V.; Zatsepin, G .  T. 
p.217- 18 of I~~tcrna t iona l  Corflcrcnce on Cn~mir :  Iiny 8 .  . ' 
Vol, 6. Bombay, Tuta lnstitutc of,Fpndunlcntal R'eseurch. 
196.1. 

The interaction constants of ,a &ion b) with a substnnce . 

can be determlned by experiments on penetration of mesons 
(Ir) through la rge  thicknesses of substance. With a mathe-: 
matically exact account of the fluctuation character 'of  r a -  
dlntion and photonucicar losses  of energy an accurate cal-  
culation of thc meson (Ir) pnssngc can be made. In this 
calculation valucs a r e  selected for agreement with experi- 
mcnt and the role of.each typc of l o s s  i s  not separated.  
(J.F.P.) 

37943 RADIATNE CORRECTIONS TO n - p (0R.e)  + v 
WITH FINITE NEUTRINO MASS. A. N. Kamal (Univ: of Al- 
ber ta ,  Edmonton;Can.). Nuovo Cimento (10). 33: 1108-18 
(Aug. 16, 1964). 

The radiative correct ions to the decay n -,lepton + v 
were calculated to  order .e2  in thc coupling constant and @ 
o r d e r  m t  in the neutrino mass.  The pbssibility of setting . 
upper l imits  on the neutrino m i s s  by measuring the photon 
spectrum in the r a d i a t ~ v e  decay of pion i s  investigated. The 
effect .of the neutrino mass  on the branching ratio (n - e!/ 

, (n - p) i s  found to  be small enough to elude experimental 
detection with the present  experimental accuracies. (auth) 

35454 THE ENERGY SPECTRUM OF PROTONS DIS- 
COVERED IN STARS PHODUCED BY PI-MESONS TN, 
EMULSIONS. Kane, G. (Manhattan Coll., New York); 
O'Friel ,  2. Nuovo Cimento (lo), 38: 680-3(July 1. 1965). 

An analysis of s t a r s  produced in a stack of nuclear 
emulsions by stopped knesuns (n? I s  presented. A sta- 
tistical analysis i s  made of the measured star prongs using 
an evaporation model including the contribution made by 
the evaporation of protons, deuterons, tritons, and alpha 
part icles f rom heavy nuclei. In analyzing the data,  contri- 
butions of al l  part icles except protons were subtracted out. 
(J.F.P.) 

-31366 MODIFIED PHASE SHIFT ANALYSIS O F  PION- 
,NUCLEON SCATTERING DATA. G. L. Kane and T. D., 
'Spearman (Univ. of Illinois, Urbana). Phys. Rev. Letters .  
10: 45-8(July 1, 1963). 
' A method i s  presented for  analyzing n-N scat ter ing d& 

using phase shif ts  for  the low partial waves and a closed 
t e r m  to represen t  the effect of a l l  higher partial waves. 

. The closed t e r m  i s  calculated on the basis  of the analytic 
propert ies  of the scat ter ing amplitude in the  complex 
cos 0 plane. ' The method i s  applied to n+-p angular distr i-  
bution and polarization data a t  310 Mev and removes am-  
biguous resu l t s  obtained in a conventional phase shift 
analysis when'f-wave phase shifts w e r e  included. Values 
for  the T =.'/2 n-N phase shifts a t  310 Mev a r e  obtained. - - -  

(auth) 

25469 (CAR-882-9) STUDY OF THE DEPOLARIZA- 
TION OF NEGATIVE MUONS.IN LIQUID HELIUM. John 
Knnc ( C n r n c ~ ~ i c ~  Inst. of Tech., Pl t ts i~urgh,  Pa .  bept .  of 
physics). hlny I!lli.l. Contrnct AT(:IIJ-I)-HHZ. 7!Jp. Drp. 
(mn); $3.(lO(cy). 2(mn) CE'STI. 

Thr ground s tn t r  ~)olnrlzntion wns drtrrnl lnrd for p-- 
mesons stopping in nuclcnr spin ncro tnrgcts of liquid 
helium. liquid argon, and carbon. A precessional technique 
was employed, allowing (p-e) decay anisotropy to be ob- 
served in t e r m s  of the sinusoidally modulated decay dis-  
tribution K ~ ~ - ~ T ~  [I + A'cos (wl - ? ) I  + Bo. An analysis of 
the data over one o r  more prrcession cycles was made by 
means of a least-squares procedure..with the results  being 
corrected. for the finite geometry used. In contrast to c a r -  
bon, which under different conditions yielded asymmetry 
coefficients of a = -0.052 0.004 and.a = -0.040 0.010, 
both helium and argon demonstrated asymmetry values 
consistent with total depolarization. This  indicates a devi- 
ation from the pattern of l a rge  nsymmetry established in a 

.number.of other spin-zero nuclei. (auth) 

4892 (JINR-P-1785) NUKLON-NUKLONNOE I 
PION-NUKLONNOE VZAlMODEISTVlYA V OBLASTI EN- 
ERG11 DO 1 Gcv. (Nucleon-Nucleon Interaction Bclow 1 
Gcv). Yu. M. Kazarinov (Joint Inst. for  Nuclcar Research. 
Duhna. U.S.S.R.). 1964. 42p. (CONF-550-67). Dcp.(mn). 

From thc International Conference on High-Energy Phys- 
ics .  Ilubna, USSR. Aug. 1964. 

A review is.aivcn of availahlc data on proccssc.s in N-N 
and n-N intcractlons. Dingrams of thc cnrrfiy clcpcndcnce 
of phase shlfta in N-N ucnttcring, pnramctor nlcnsurcmcnts 
in p-p ficattcrlng: at  430 Mcv with prcdlctlons for phasc 
analysis, energy dependence o l ' c ross  scctions for n-meson 
production in p-p Interactions, and energy dc1)cndcnc.c 'of 

.the coefficicnt b in n-meson angular distribution cos2 3 were 
plotted, a s  well a s  c r o s s  section c n e r j y  dcpcndcncc for  n- 
meson production in n-p interactions. Data on n-p sca t -  . 

tcring and cor.relations of Ropcr and Lovclcss phasc 
annlysis wcrc also plotted. (R.V.J.) 



13667 (NYO-9281) ELASTIC SCATTERINQ OF 
NEGATIVE PIONS BY PROTONS AT 226 MEV (thesis); 
Simon Kellrnan (Carnegie Imt. of Tech.;Pittsburgh). . 
F c .  1960. Contract'AT(30-11-882. , 1 0 1 ~ .  . 

The total and dlfferentlal elastlc c ros s  sec'tlons of 226- 
Mev a' scattered by protons were  measured.For-detec- 
tlon of elastically scattered r- only, the proton recoiling 
from the n-p collision w y  detected in coincldence'with the 
associated scattered meson. Pulseheight analysis of.the 
Cberenkov radlation produced by the scattered beam was 
uaed to.dlffereptiate between n- and electrons in the scat- 
tered particles. A total cross section of 52.9 a 1.4 mb was 
measured. Analysls of the dlfferentlal c r6s s  ~ e c t l o n  data ' 

gave do/dn = (1.000 a'0.012) [(0;66 t 0.02) + (0.41 t 
0.05) cos 0 + (2.16 a'0.08) c o d  81, whlch supports' the hy- 
pothesis that only S and P waves contrlbute appreciably 
to  the scattering. Integratlon gave a total elastlc croci.,. 
sectlon of'l7.4 a 0.3 mb, In agreement wlth other recent 
meaeurements. The absolute value of the r i a l  part  of the 
forward scattering amplitude was determined'@ be -0.129, 
whlch agrees wlth that calculated with plon dispersion . 
relaclow. kulh) 

6977 ELASTIC SCATTERING OF NEGATIVE PIONS 
BY PROTONS AT 152 Ah9 226 Mev. S. Kellman, W..P. 
Kovacik, and T. A.  oma an ow ski (Garnegie Inst. of Tech., 
Pittsbutgh). Phys. Rev., 129- 365-74(Jan:l, 1963). 

The differential elastic and total c ros s  sections for the 
scattering of 152- and'226-Mev negative pions by protons 
have been measured with a liquid hydrogen target and scin- 
tillation.counters. Analyses of the incident pion beams with 
a ~ h e r e n k o v  counter yielded higher electron contents than 
those deduced from range curves. .  Elastically s ch te red  
pions were distinguished from electrons among the scat- 
tered partir$es by use of a.Cherenkov counter, o r  by de- 
manding a coincidence.between the scattered pion and recoil 
proton. The total c ros s  sections measured were 63.7 i 2.0 
and 52.9 t 1.4 mb a t  152 and 226 Mev, respectively. With 
the present uncertainties, the real  parts of the forward 
scattering amplitudes agree with thi? predictions of pio? 

' dispersion relations. (auth) 

20382 
VELOCITY DEPENDENCE OF THE BUBBLE DENSITY. 
FOR CHARGED ,PARTICLE TRACKS W LIQUID HYDRO- 
GEN. V. P.  K e ~ e y  (Brookhaven National Lab., Upton, , 

N. Y. 9 Univ. of Kentucky, Lexington). Phye. Rev. g. 
432-S(1960) July 1. 

Bubble densities of tracks' of 635-Mev/c protons and 
pions in a liquid hydrogen bubble. chamber operated at  . 

26.5'K, 62 psig were  determined from measurements of the 
distribution in spacing of the individual bubblee. The ve- 
locity dependence of the bubble density was  obtained by'flt- 
Ung the bubble densities observed to the expreesion m = . 

A/Bb by the least-squares method, yielding the values 
A = 8.64 bubbles/cm, and exponent b = 1.935 t 0.077. The 
constant A i s  a function of the temperature o f , h e  liquld hy- 
drogen, varying -30% per 0 . 1 " ~ .  If the number of bubbles 
per unit track'length observed Is correlated wlth the ra te  of 
delta-ray formation, i t  would appear that an energy of the 
order of 400 ev i s  necessaky for bubble nucleation in liquid 
hydrogen. (auth) 

6954 $ULTIPLE PION PI~OUUC'I'ION BY PI'UNS. . 
AND THE ISOBAR MODEL. V. P. Kenney;J. G. Dardis, 
and G. Brunhart (Univ. of Kentucky. Lexington). Phys. 
Rev., 124: 1568-74(Dec. 1, 1961). 

Miiltiple pi6n pro8iicrion by pplns In hydrogen was studled ' 

in the interaction r- + p - p + K- + n+ + n' a t  810. 970, and 
1100 Mev. Total c ross  sections were measured a s  0.26 . 
0.14 mb a t  810, 0.32 +, 0.21 mb at  970, and 0 3 4  a 0.32 mb a t  
1100 Mev. The kinematics of this pion production' reaction 

.at these energies appear to be.reasonably well described 
by phase space dependence, but provide some support for .' . .. 
a11 " lsulxar cvsuude" su11~1l~e 111 w11Iu11 l l ~ e  T - 'A "S~UUIIJ .  
resonanceH i s  excited and decays,to the T. = J = % isobar, 
which decays in turn to a final state consisting of a nucleon, 
a recoll pion. and hyo decay pions. (auth) _ , 

14959 . RESONANCE-LIKE EFFECTS IN PION- 
NUCLEON INTERACTIONS BELOW 1 Bev. V. P. Kemey 
and I?. N.  Vitlitnb, (llniv nf K~ntl~rl:y, Teuingtnn). p.746-58 
of "Proceedings of the Athens Topical Conference on Re- 
cently ljiscovered Resonant I?articies:* Athens, ~ l l i o ,  Ohio 
University, 1963. 

Resonance-like effects that occur in pion-nucleon inter- 
actions from the pion production threshold up to the region 
where p-production i s  expected lo dominate a r e  discussed. 
Peaking in the total cross sectinn, the pion-nucleon 3,3 

'st.at.e cnnsidersd as, a qi~asi-hn~~nrl  state nr isobar, t h ~  non- 
resonant n-n interaction, and two-pion states a r e  con- 
sidered. (C.E.S.) 

22325 
CHARGE-EXCHANGE SCATTERING OF NEGATIVE PIONS 
AT 150 Mev. W. J. Kernan (Univ. of Chicago). Phys. Rev. 
119, 1092-6(1960) AUK. 1. - 

The charge-exchange scattering of n- by hydrogen was ' 

measured a t  a bombarding energy of 150 Mev. The energy 
distribution of gamma rays from tho decny of no wnn mmn- 
ured wlth a lead glass Cherenkov counter at  laboratory 
angles of 45, 75, 105, and 135". If the charge exchange 
differential scattering cross  sectlon in the center-of-mass 
system i s  expanded as a scr ies  of Legendre polynornlals, 
the result is: du/m = (1.00 * 0.03113.39 a 0.11 - (1.54 a 
0.29)Pl(cos0') + (3.57 a 0.56)~~(cos0')]mb-sr-'. The total 



c r ~ s g . s e c t l o n  for  charge  exchange, obtained by integrntlon, . 

i s  then o,,Jn- - n4 = 42.6 a 1.9 mb. (auth) 

45354 NEUTRON-NEUTRON SCATTERING LENGTH 
BY PION ABSORPTION IN S ~ e .  Khanna, F.; Bonner, 
B. E.; Duck, I. (Rice Unlv.. Houston, Ten) .  Phys. Let- : 

t e r s ,  18: 318-19(Sept. 1, 1965). (TID4?2101), 
The final s ta te  interaction idea i s  used for the'reaction 

z- + SHe - p + n +.n. Assuming that the capture takes 
place f rom the Bohr 1s-orbit, the th ree  nucleons a r e  left 
In a s ta te  wlth thc parity and spin of v2-. The enhancement 
in the proton spectrum i s  due to the strong s-wave cor-  
relation between the two neutrons since the p-wave to ' . 

s-wave enhancement i s  l e s s  than 1% for smal l  relat ive 
momenta between the two neutrons. The proton i s  in a . 
p-wave relat ive to the center  of m a s s  of the two neutrons. . 

With these assurnptions.the differential c r o s s  section i s  
plotted a s  a function of s for  severa l  values of the scat ter-  
ing length, which i s  assumed negative. A careful examina- 
tion on  the proton spectrum near the maximum energy of 
protons will yield information on the neutron-neutron scat- 
tering length. (J.F.P.) 

' 24712 THE RHO VALUE FOR THE BETA DECAY OF 
THE NEGATIVE MUON. Tadashi Kikuchi (Duke Ilniv.. . 
Durham, N. C.). Dissertation Abstr.,  22:. 4380(June 1962). 

The decay spectrum of negative muons was investigated 
for the p- decays found in the Duke Helium Bubble Cham-. 
ber ,  operated in a magnetic field of 14,000 gauss.  About 
50,000 pictures were scanned for  p- decays, and 4300 of 
the decays observed were  measured. An analysis of 2276 
selected events yielded a value for the Micliel parameter ,  
p, of 0.7.51.i 0.034. A s t a t i s t i c ' a l ' a n a ~ ~ s i s  of the momentum 
scale confirmed the accuracy.of the experimental assump- 
tions. The p value i s  in good agreement with'the most  
recent  resu l t s  of the decay spectrum of positive muons 
and confirms the validity of the two component neutrino 
and universal V-A theories. ' 

that given by Bowcock. . T h i s  discrepancy originates mainly 
f rom the effects of N** neglected in the i r  analysis. (auth) 

3357 MC:ASIJIII.:MI,:NT OF THE G A M M A - I I A Y  SPEC- 
THUM FItOM 1~AI)IATIVk: MUON LIECAY. C. 0. Kim, 

W. J .  Kernnn, nnd C.  M .  York (Univ. of Chicago). &. 
Rev. 120,. 983-7(1Y(i0) Nov. 1. - 

The energy spectrum of t h e y  rays 'emit ted by Inner 
bremsptrahlung in the muon decay process,  p+- e +  + 
v + F + y. was mcasured b y  mcons of a l a rge  sodlu~n 
Iodide crystul. Only those y. m y 8  which were tlme- 
coincident with the decay electrons were recorded. 

.These  dccay electrons were.detected in a scintillation 
,,. 

counter telescope adjolnlng the crystal  counter. The 
' 

counter geometry permitted detection of events with 
angles between the electron nnd y ray  in the range f rom 
0 to 26". The muons were obtained by stopplng n posltlve 
pion beam In a block of materlal .  By measuring the y- ray  
spectra from muons origlnatlng f i r s t  in carbon and then 
aluminum, a correct lon could be made for  bremsstrahlung 
externally produced by the decay electrons. The measured 
spectrum i s  in agreement wlth that predlcted by the theory 
wlth an average rat io of 1.02 + 0.10. (auth) 

SCATTERING O F  p-MESONS WITH MOKENTA O F  
' 

ABOUT 100 ~ c v / c  IN COPPER AND IRON. V. G. 
Klrillov-Ugryumov. B. A. Dolgoshcln. A. M. Moukvlohov, 
and L. P. Mororovn (Moscow Englncerlng-Physic;tl hat., 
U.S.S.R.). Nuclear Phys. 1, 357-67(1959) May (3). 

Scattering of p mcsons wns studied in 4mm copper 
plates @-meson momenta between 85 and 144 ~ e v / c )  
and i ron plates (Cc-meson momenta between 81.2 and 
135 ~ c v / c ) .  The p-meson distrihutinn derived from 
2350 scat ter lng.events  satisfactorily a g r e e s  with the 
diutribution for  a pAnt r~ucleuu. (uut1i) 

34604 AN ANALYSIS O F  THE LOW ENERGY. n-N - . 
SCATTERING. hlasayoshl Kikugawa (Hiroshima Univ.). 
Progr .  Theoret. Phys. (Kyoto), 31: 6 5 4 - 7 8 ( ~ ~ r . ' 1 9 6 4 ) .  

' 

The a-N scat ter ing below 500 hlev is' investigated. The 
contributions of the f i r s t  and second resonances (N*) and 
(N"), a s c a l a r  meson with I = 0 and a'vector,mesori with 
T = 1 ,  are taken into account. From the  analysis of both the 
I-spin flip and non-flip combinations of phase shifts up to ' 

the ~( ' /2 )  state, the following resu l t s  are obtained. F o r  
' 

the explanation of the I- pin non-flip comhinaliun of phase 
shif ts ,  a s c a l a r  meson with I = 0 i s  required. F o r  the n-N 
interaction,' PV-type coupling must coexist wlth PS-type. 
Two s e t s  of co~rpling constants a r e  found to fit the-experi- 
ments.' The.contribution of a vector meson with I = 1 i s  
favorable f o r  the explanation of the I-spin fllp combination 
of.phasc shift?,  I ~ u t  the contribution showd opposite sign to  

10355 ' ' 

SCATTERING OF p-MESONS WITH MOMENTA OF 
ABOUT LOO Mev/c IN COPPER AND IRON. V. G. 
Klrillov-Ugryumov, B. A. Dolgoshein,, A. M. Moskvl- 
chov. and L. P. Morozova (Moscow Inst. of Ennineerina 
~ h y s i c s ) .  Zhur. Eksptl'. i Teoret. Fiz. g, 416-23 

- 
(1959) Feb. (In Russian) 

Scattering of p mesons was  Investigated in  copper , 

plates (Ln the p-meson momentum interval f rom 85 t o  . 
144 Mev/c) 'and in i ron  plates (p-meson momenta f r o m  
81.2 t o  135 Mev/c). The p-meson angular dlstrlbullon 
plotted on the bas i s  of 2350 scat ter ing events satisfac- 
torily agrees  with the dlitrlbution for  a point nucleus. 
(nutb) 



7007 
E.LASTIC SCATTERING OF 5 to 22 Mev r+ MESONS ON 
CARBON. V. G. KlrLllov-Ugryumov. L. P .  Kotenko. E. P. . 
Kuznetsov. F. M. Sergeev, and A.'F; Grashin, m. 
Eksptl'. i Teoret. Flz. g, 1273--80(1959) Nov. (In Russian) , 

Elastic scattering of 5 to 22 Mev'n+ mesons on carbon in . 
a propane bubble chamber was investigated. A phase shlft 

' 

analysis of the argular  distributions shows that a repulsive 
potential ac t s  on .the meson in the S state in the nucleus. , 

' 

(auth) 

'13527 THE REACTION 5;- + p - a- ? a + +  n FROM 350 
TO 800 RIev [Thesis]. Kire, Janos. Berkeley, Calif., 
Uni\.. .of California, 1363. 61p. 

The reaction a- + p - 5;- + 5;+ + n i s  studied in the Law- 
rence Rsdiation Laboratory 72-inch hydrogen bubble 

.ch::mber. E \ . ~ n i s  a r e  located bp scanning the pictures for 
n+ tracks.  Cross sections, Dalitz plots, angular distribu- 
tions, and r+n- and bin moss spectra a r e  given at  beam 
energies of 360, 430, 460, 4S0, 555, 605, 673, and 780 Me\'. 
No clear  evidence i s  found for n+r- resor.ances between 
thresilold and.M,, = 680 hlev. Ilowever. there i s  a strong 
prcierence fo r  high r+a- effective masses ,  especially at 
the lu\vest bea~n.energies.  Arguments a r e  given to ascril~c. 
this anomaly to the I = 0 state of the a-r  system. Produc-' 
ti011 of the N: (1238) isobar i s  observed in its negative 
charge state. (Dissert.ation Abstr.) . . 

26339 REACTION n- + p - n- t n+ + n FROM 360 TO 
800 Mev. 3anos Kirz, Joseph Schwartz, and Robert D. ,, 

Tripp (Univ. of California, Berkeley). Phys. Rev., 130: . 
2481-4(June 15, 1963). (UCRL-10676) ' 

The reaction n' + p - n"+ n+ + n i s  studied in the Law- 
rence Radiation Laboratory's 72-in. hydrogen bubble 
chamber.   vents a r e  located .by scanning the pictures 
for  n+ tracks.  c r o s s  sections. Dalitz plots, and ri+n'and 
nfn  mass  spectra a r e  given a t  360, 430, 460, 480, '555, 605, 
673, and 780-Mev beam energies. No clear evidence i s  
found for  fin- resonances between threshold and 680 Mev. 
However, there Is a strong preference for high n'n' effec- 
t ive 'masses,  especially at  the lowest beam energies. Argu- 
ments a r e  given to ascribe this anomaly to the I = 0 state 
of the n - r  system: The NG(1238)'isobar is observed in its 
negative charge state. 'The angular distribution of i t s  pro- 
duction i s  discussed. (auth) 

5793 
SEARCH FOR THE "ANOM-ALOUS" SCATTERING OF 
MU-MESONS..' (ON, THE APPARATUS USING A DELAYED 
COINCIDENCE METHOD). Talcashi Kitamura (Osaka City 

anomalous scattering. It i s  concluded that the apparatus 
used to obtain. prev!ouely reported scattering results 
shoived uncertainties in determining the identity a+ mo- 
menta of p-mesons. An experimental apparatus i s  de- 
scribed which utilizes a Wflson cloud chamber; G. M. 
counters, and a delayed coincidence method to separate 
p-mesons from other pa+cles. The possibility of trigger- 
ing this arrangement with particles other than p-mesons 
was found to be qulte negligible. (C.J.O.) . 

22523 ELASTIC SCATTERING AND PHASE SHIFT 
ANALYSIS OF n* + P NEAR 30 Mev; David E. Knapp. . 
Thgsis, Rochester, N. Y., Univ'. of Rochester, 1962. 
128p. . . 

To Increase the angular range and accuracy of elastlc 
pion proton scattering measurements, 5 measurements 
of n- + p differential c ross  sections and three measure- 
ments of r+ .+ p differentid cross  sections were made. 

, 

The main achievement of the measurements i s  to reduce 
the uncertainty In the T = % phase shifts to 10 to 
The results  combined with previous measurements a t  30 
Mev, were used to find a 5-parameter phase-shift solu,- . 
tion with only ass fixedby data from other energies. The 
inability of the 30 Mev data to provide a solution for all 
6 phase shifts Is  shown t 0 . b  a characteristic of meas- 
urements a t  this energy. From the phase-shift solution. 
the quantity al-as = 0.254 a 0.015 was predicted, a value in 
statioticad ugrtaemont with the prvdiuiio~r q-aa = 0.245 L 
0.01 for the s v e  quantity from photoproduction measure- 

.merits: The total cross sections 2' = 6.15 a 0.12 mb/ 
aterad.. o4 = 7.02 r 0.32, and rr2- = 1.847 * 0,080 were o ! $ ~  
predicted. Finally, the nonresonant P-wave phase shifts 
follow the general trend indicated by recent theoretical 
predictions for the effect of a pion-pion resonance on these 
phase shifts a t  moderate energies. (M:P.G.) 

31349 n'-p ELASTIC SCATTERING AT 31.4 Mev. 
D. E. Knapp and K.  F. Kinsey (Univ. of Rochester, N. Y.). 
Phys. Rev., 131: 1822-5(Aug. 15, 1963). (NYO-10257) 

Five new measurements of n- + p and three of a' + p 
elastic differential c ross  sections, extend the angular range 
and the accuracy of the data near 30 hlev. These data. 
combined \vith tlie previous measurelnents at  this energy. 
provide a significaxt imprpvelnent in the accuracy of s- 
and.nonresonant p-\\.ave phsse shifts. A phusc-shift analy- 
s i s  yields four solutions, tu:o of \\.hich a re  inconsistent 
with photnproduclion measurements near threshold. One 
of the remaining two i s  preferred on the basis of a con- 
siderably 'more likely fit to recent char~e-exchange meas- 

.urements at  the same energy. Assuming f' = 0.0878; al = 
0.087 a 0.009; all = 0.051 a 0.008, al3 = -0.043 0.004; 
aSl = - 0.008 a 0.002; as = - 0.066 0.001. (auth) 

Univ.). J. Phys.' Soc. Japan 2, 1654-63(1959) Dec. 
A cri t ical  discussion i s  presented on e G r i m e n t a l  re- 

sults  and theories repor tq iby other 'workers on p-meron 



31302 CHARGE EXCHANGE KUCLEAR REACTIONS 
INDUCED BY A PION. Kohmura. 'roshitake (Tokyo 
Univ.). Progr. Theoret. Phys. (Kyoto), 33: 480-8(Mar. 
1965). 

  he experimental situation for s ix  types of charge- 
exchange nuclear reactions induced by a pion a t  low energ! 
i s  discussed. A double charge exchange process without an!' 
change of the mass,  which can never be attained by a nu- 
clear reaction of a single nucleoa, i s  shown to be more 
abundantly realized by the reaction (n+,n-) than by (n-,n+). . 
The cross  section for the reaction (n+,n-) turns out to be 
of the order of several ten pb,. and the selection rule for 
the reaction i s  discussed. (auth) 

38167 lib-\lESlC ..\TOM FORIvI.4TION OF DEFORMED 
KUC LEUS. -.Tushir:~!ic Iiollmur:~ (Tokyo Univ:). Progr. 
Thcorct. I~llys.'fliYoto). 31: 799-803(May 1964). . . . 

The sui~:il,ility.c,i tnu-mcsic :ltoni formation for probing 
' 

nuclear dcibrm:ltion is  sho\\.n. The rate ol' direct I s  orbit 
trill,ping of the lo\\.-enc.l.ky mcson(p) is  calcul:~ted. The 
ratc is highly cnh:~nced for deformed nuclei. The anisot- 

" 

ropy of the I . :I~C r c s ~ ~ l ~ s ' l r o m  the nuclear deformntion. 
(D.C.\\'.) 

47679 NUCLEON PAIRS EItIITTED BY NEGATIVE . 
PION CAPTURE AND CHARGE-DEPENDENT NUCLEAR . 
WAVE FUNCTIONS IN LIGHT NUCLEI. Kohmura. Toshf- 
take (Tokyo Univ.). Progr. Theoret. Phys. (Kyoto), 34: 
234-42(Aug. 1965). 

The ratio of nn pair to  pn pair,emitted by r- capture i n .  
light nuclei. R = P(n- + pn - nn)/P(IT + pp - pn), i s  inves- 
tigated, and it i s  shown that the ratio i s  seriously influenced 
by charge dependenck of nuclear wave functions. From the 
experimental value of the ratio. it i s  conclu'ded that the 
range of the wave function for a 'S pair i s  shorter than that 
for a 'S pair by about five percent. (auth) 

21420 INFLUENCE OF INTERMEDIATE VECTOR 
.BOSON ON RlUON CAPTURE RATE. hl. &.>iv. J .  Meitre, 
and L. Palgi, T r .  Inst. Fiz. i Astron.. Akad. Nauk Est. 
SSR, No. 25: 63-9(1964). (In Russian) 

Nonlocal corrections due to the,intermediate charged 
vector boson to niuon capture in He, H, and C are  examined. 
The results a r e  compared wirh experimental data. (auth) 

19106 MEAN LIFE-TIME OF THE NEUTRAL PION. 
E. L. Koller, S. Taylor, and T. Huetter'(Stevens Inst. of 
Tech., Hoboken, N. J.). Nuovo Cimento (lo),  27: 1405-9' 
(Mar. 16. 19.63). (In English) 

The mean lifetime of the no meson.is measured. The. 
decay distance of ff mesons produced by decay & rest 

(K+ - n+ + ff) and subsequent decay-by the Dalitz mode 
(I? - e+ + e-+ v)  i s  measured. Using Ilford G-5 emulsions, 
exposed in a 300 ~ e v / c  separated K+ beam, 88 .of the above 
events a r e  found. The observed mean ff lifetime i s  (2.8 
0.9) x 10''~ sec. (auth) 

18456' 
' DETERMINATION OF THE FREQUENCY OF SLOW '" 

MESON CAPTURE B Y  LIGHT AND HEAVY NUCLEI I N . .  
, 

PHOTOEMULSION. ' .D. A ~ o p y l w a , .  YU. B. Korolevlch. 
N. L Petukhova, and M. L'PodgoretsMi',(~oint I&. o f '  , 
Nuclear Research Dubna, U.6.S.R). Zhur.' Eksptl', 1 .' '" 

Teoret. Fiz. 36, 1955-6(1959) June. Qn Russian) . .. 
~ e s c r i ~ t l o n i a r e  given of a'simple method for deter- 

mining the percentage of interactions of light,nuclei (c. ., , 

p4, and 0 )  and heavy nuclei (Ag. ,Br, etc.) without speclal 
emulsions. Descriptions Hre conflned to the nuclear, . , . 

. capture of stopped n'. If the meson produces Auger. ' 
electrons, the, capture i s  in a heavy nucleus. When the  ."" 

'ow. s tar  contains particles with 50 p tracks, the cap- . 
' 

tlire i s  in a light nucleus. 349 uw stam were tested. ' -  

The method can also be used for  d e t e r m w  the fre- . ' 

queicy of slow K-meson capture by llght and,heavy nu- . 
, 

'clei in emulsions. (RV.J.) . - , . 

41773 DOUBLE-CHARGE-EXCHANGE SCATTEFUNG 
OF LOW-ENERGY PIONS BY.NUCLE1. Kol t~n,  D. S.; . . 
Reitan. A. (Univ. of Rochester, N. Y.). Phy& Rev.. 
139: B1372-4(Sept. 6, 1965). (UR-875-80). 

The double-charge-exchange cross'section for the scat- 
tering of low-energy pions by nuclei i s  calculated in second 
Born approximation,, considering only s-wave scattering of 
the pions by individual nucleons. The differential c ross  . 
section for  pions of,energy 20'to 40 MRV &nd a light target 
with two neutrons outside a closed shell is calculated to be - 7 pb/sr, with considerable enhancement for targets with 
la rger  neutron excess. The scattering to the isobaric analo; 
of the target ground state i s  strongly favored. (auth) 

33247 (NP-15048) 0 MEKHAMZME (7-,n'n) RE- 
AKTSII. (Mechanism of the n-,?r-n Reaction). . Report 
No. 27. Kolybasov, V.' M. (Gosudarstvennyi Komitet pb 

.Ispol'zovaniyu Atomnoi Energii SSSR, Moscow. . Institut 
Teoreticheskoi i Eksperirnental'noi Fizikl).. . 1964. 21p. 
Dep. (mn). 

Total c ross  sections of the reaction 12C(n-,m)11C in the .  
bombarding energy range from 40 to 600 Mev in the pole 
approximation were calculated. The calculated excitation 
function i s  in agreement with experimental data. The r e - .  
duced vertex part ,(neutron width) of the virtual d e c a y . l 2 ~  - 
llC + n was found from the absolute values of the c ros s  
sections. Its value turns out to be equal to that obtained 
from the pick-up reaction 12C@,d)11C. These facts confirm 
the hypothesis of the pole mechanism for the given reac- 
tion. (auth) 



19702 NP-8711 
Joint Inst. for Nuclear Research Dubna. U.S.S.R. G b .  of 

Nuclear Problems. 
SEARCH FOR p O - ~ ~ ~ ~ ~  AND TEST OF DISPERSION RE- 
LATXONS IN PION-NUCLEON SCATTERING., A. D. Konin; 
9. M. Korenchenko. B. P o n t e c o ~ o ,  and.V. G. Zinov. 1959. 

. . 
15p. (D-455). 

Total r'p croas  sections (0;) were measured with an ac- 
curacy of 1.5 to 2% at pion energies ranging from 140 up to 
980 Mev. PI the energy dependence of 0; there were found 
no anomalies which might give evidence on the existence of 
p8-mesons with mass in the interval 270 to.410 ~ e v / c ' .  . 
The'datrr are not compatible with the energy value E2 = 650. 
Mev for  the second maximum in u;(E) discov'ered by ,Frish 
e t  al., but confirm the conclusion of Brisson at a1 . . that 
such a maximum is  found a t  a smaller energy (E2 = 610 
Mev). The data a re  in excellent agreement with dispersion 
relatione for (n-p) scattering. They definitely show that the 
"Puppi-Stanghellini problem," a s  such, does not exist any 
more and that i t  arose only owing to inexact howledge of 
the total cross  section of (n-p) interaction. (auth) 

39932 AB~ORPTION OF y QUANTA AND STOPPED 
n MESONS BY NUCLEI WITH TWO-NUCLEON EMISSION 
AND THE STRUCTURE OF LIGHT hWCLEI. Kopaleishvili, 
T .  I.. (Tbilissi State Univ., USSR), Yadam. Fiz., I:  O f i l -  
,ru(JUhe lY65). (In Russian).' . 

The absorption.of high-energy (E > Inn Mev) gamma 
quanta and stopped mesons (n) by nuclei, accompanied by 
the emission of two nucleons, i s  investigated theoretically 
using the independent pair model. Expressions a r e  ob- 
tailrid for tl~e dlstriburlon of nucleons emitted in (a-, nn) 
and (n-, np) processes on 160 and 12C nuclei, with respect 
to their relative energy and also for  the (y,np) total cross 
section on the same nuclei a s  a function of the gamma 

.quantum energy. The obtained quantities a r e  used to in- 
vestigate the role of the interaction between the emitfed 
final-state 9ucleons and the correlated nucleon pair in the 
nucleus for these processes. Other light nuclei structure 
problems a re  also considered. The theoreticnl rebults are 
,compared with existing experimental data. (auth) ' 

,5909 . n+-PROTON'SC~TT.ERING AT 990 Mev; J. K. 
~ o p p  (Brookhnven-Natiu~laI T..:+h.., Upton, N. Y.), A. M: 
Shapiro, and A. R. Erwin. Phys. Rev., 123: 301-7(July 1, 
1961). 

of the experiment to n--p experiments in the region of the 
second and third resonances i s  discussed. (auth) 

31585 (JINR-P-305) OB OPREDELENII CHASTOT~ 
ZAKHVATA MEDLENNYKH MEZONOV LEGKShll I 
T Y A Z H E L Y ~ ~ I  YADRAMI EMUL'SII. (On Determining thr. 
~ r e ~ u e n c ~  of Slow Meson Capture by.l jght and Heavy 
Emulsion Nuclei). . D. K. Kopylova, Yu:B. Korolevieh,' 
N.' I. Petukhova, and M. I. Podgoretskfi.(Joint Inst. for 
Nuclear Research, Dubna, U.S.S.R. .Lab. of High Energy). 

- 1959. 5p. . . 
A simple method i s  suggested for determining the pe;- 

centage of interactions taking place on light and heavy 
nuclei. Thc method i s  demonstrated with nuclear capture 
of stopped n mesons. It i s  shown that when stopped n 
me'sons produce auger electrons the capture takes place. 
in heavy nuclei. Capture in light nuclei forms on s tars  
containing particles with (50 p tracks (sub-barrier 

' particles).. (R.V.J.) ' . , . , 

' 10963 NP-8492 
~ o i n t  Inst., for Nuclear Research, Dubna, U.S.S:R. Lab. o f ,  

~ u c l e a r  Problems. 
PHASE SHIFT ANALYSIS OF n-MESON SCATTE&G ObJ 
IIYDROGE1q Al' 24U-339 Mev. S. M. Korenchenko, N. I. 
~o lumordv ino~a .  G. T. Tenliukova, and 'V. G. Zinov. 1959. 

. . 
23p. (P-431). . 

The results of phase shift analysis of experimental data 
on pion-nnnleon'scattering at  340 to 330 Mav are  glven. 
The isotoplc spin formalism based on the charge independ- 
ence hypothesis was used. Comparison with.the dispersion 
relations was satisfactory. (T.R.H.) ' 

27434 (JINR-P-2063) ZAKHVAT p--MEZONOV 
'LEGKlfill YADRAMI. ' (The Capture of p- hlesons by Light 
Nuclei). 0.  Pa: h'urenrnan a d  H. A. Eramzhyan (Joint 
Inst. for Nuclear' Research, h h n a  (USSR). Lab> of Theo- 
reticai 'Physics). 1965. 8p. Dep.(rnn). . 

The probability of the pW;meson capture [rom a definite 
state of the hyperfine structure of a mesic atom Is Investi- 
gated.. It 16 shown that in 111c case of ' O C  and ')F, the proba-. 
bility of the capture from the lower state of. the hyperfine 
structure depends only on Gj. (auth) 

Positive-pion scattering at  990 i 30 Mev was examined 
in a 6 x 3 x 2 in. hydrogen bubble chamber without a mag- 
netic field. The c ross  sections for elastic and inelastic ' 

497 
scattering were found to be 15.3 * 1.5 ,mb and 12.6 * 3.3 31383 ELASTIC SCATTERING OF NEGATIVE MUONS 
mb, respectively. The inelastic scattering c ross  section 

, IN NUCLEAR EMULSION. David Kotelchuck. Thesis, 
includes 0.19q::; mb of z+-K+ production.and 0,78 i 0.14' New York, Cornell Univ., 1963. 49p. . 
mb of n+r%-p production., A.simple .pion-pion model which An emulsion stack was exposed to a separated beam of 
predicts tirk branching ratios for  double pion production in - 2 x 10' p- particles of energy 52 8 ~ e v  a t  the CERN 
n--p collisions i s  found to be inconsistent with the double . 

synchrocyclotron. Mesons(p) with endings in a region near 
pion production observed in this experiment. The relation 



the incoming edge of the plates were traced back to scat- 
ters ,  thus discriminating in favor of events with momentum 
transfers from 100-160 Mev/c. The 78 events found give 
evidence that the meson(p) behaves merely a s  a heavy elec- 
tron, in contradiction to the anomalous meson(p)-nucleus 
scattering reported in, several cosmic ray experiments. . 

The data indicate,, however, a possibility. of a small amount 
of scattering in excess of that predicted, particularly for 
momentum transfers > 130 Mev/c. This may be ascribed ' 

either to unresolvable inelastic scattering, to.inaccuracies 
, in the parameters of the nuclear charge distribution, o r  
to the breakdown in the representation of the many-body 

) 
nucleus by a smoothed-out potential. Of the 78 events, 
one was an elastic scatter by hydrogen, which i s  consistent 
\\pith the Mot1 sc3ttering formula. (auth) 

6988 ELASTIC p- SC.4TTERING IN NUCLEAR EILIUL- , 

SION. .D. Kotelchuck, J. G. McEwen, and J. Orear (Cornell 
Univ., Ithaca, N. Y.).  Phys. Rev., 129: 876-9(Jan. 15, 
1963). 

.An emulsion stack \\,as exposed to a separated beam of 
-2 x 10' 11- of energy 52 + .S hlev at the CERN synchrocy- 
clotron. Muons \\.itti endings in a region near the incoming 
edge of the platcs~\vcrc traced back to scatters, thus d i s -  . 
criminating in favdr of events with momentun1 transfers 
from 100 to 160 AIev/c. The 78 events.found give evidence 
that tile muon behaves merely a s  a heavy electron, in con- . 
tradiction to the anomalous muon-nucleus'scattering re-  
ported in several cosmic-ray experiments. Our data indi- 
cate, however, a possibility of a small amount of scattering 
in excess of that predicted, particularly for momentum 
transfers >I30 Alev/c. This may be ascribed either to un- 
resolvable inelastic scattering, to inaccuracies in the pa- 
rameters uf the nuclear charge distribution, or  to the brenk- 
down in the representation of.the manyibody nucleus by a 
smoothed-out potential. Of the 78 events, one was an elastic 
scatter,by hydrogen, which i s  consistent wit11 the Moll scat- 
tering formula. (auth) . . 

14944 (NYO-2242) ELASTIC SCATTER& OF' 
NEGATIVE PIONS BY -PR(YTONS AT 152 MEV (thesis). 
William P. Kovacik (Carnegie Inst. of Tech.. .Pitbburgb). 
July 1960. Contract AT(30-1)-882. '60p. , 

The differential 'elastic and total cross sections for 152- 
Mev negative pions on hydrogen were measured. An analy- 
s i s  of the incidentpion beam from the synchraeyclotron 
was made with a Cerenkov counter, h i c h  yielded an (11 . 

1)% contamination of negative muons and electrons. In 
order to detect only elastically scattered pions. coinci- 
denccs were demanded between Ule particles in the scat- 
tered beam and the recoil protons that are assodated with 
elastically scattered pions. At the angles where the pro- 
tons were not energetic enough to 1eave. te  target a Ceren- 
kov counter was used to separate the pions from electrons. 
The scattered pion beam woo found ta bc contadraled witli 

up to 20% electrons a t  some angles. A total cross section of 
63.7 i 2.0.mb was measured. A least  s'quares fit to the dif- 
ferential cross  section indicates that only S and P partial 
.waves a re  involved. Integration of the differential cross  
section yields a toial elastlc cross  section of 20.lt 0.7 mb. 
The real part of the forward scattering ampUla&.  ID^, Is 
determined to be 0 . 1 9 0 2 : ~ ~  %/m,c. Within the e r r o r s  this 
value of l ~ b l  agrees wlth the value calculated h m  fhe pion 
dispersion relations for the coupling constant ? = 0.08. 
(auth) 

14438 
INELASTIC 'INTERACTION OF 17'-MESONS WITH HELIUM 
NUCLEI AT AN ENERGY OF ABOUT 300 MeV. M. S. 
Koeodaev, M. M. KulyuWn; 'R. M. Sulyaev, A. I. Fllippov, 
and Yu. A. Shcherbakov. Zhur. Eksptl'. , i  Teoret. Fiz. 30, 
409-2211960) ~ e b .  (In Russian) 
The interaction of positive and negative n-mesons with 

hellum nuclel a t  energies of 273 and 330 Mev was studied 
ueing a diifusion cloud chamber. Quasifree scattering on 
neutrons and protons. multiple scattering, and absorption 
of the mesons were discriminated. The. total inelastic in- ' 

teraction cross sections were (145 r 15) x 10-" cm' for 
E, = 273 Mev and (103 * 10). x cm2 for E, = 330 Mev. 
.The relative probabilities.for quasifree.scatterlng on neu- 
tmns and protons through'angles >45' in the laboratory co- 
ordinate system were found to agree with the corresponding 
probabllltles for scattering on free nucleons. The proba- 
billties for  multiple scattering processes were found to be 
0124 t 0.06 for E, = 273 Mev and 0.29 t 0.05 for E, = 330. 
Mev. The angular distribution of ,inelastically scattered n- . 
mesoG waa compared wlth the Watson- Zemach calcula- 
.tione. (auth) 

501 

,8121 
SCATTERING OF.NEGATIVE MESONS,BY HYDROCEN AT 
130 AND 152 Mev. .U. E. Kruse and R. C. Arnold (Unlv. of 
Chicago). Phys. Rev. .=. 1008-15(1959) Nov. 15. 

The elastic scattering and total cross  s e c t l w  for  n e p -  
tive n mesons on hydrogen were measured at.130 and 152 
Mev. At both energies, the number of electrons arislng 
from the charge exchange scatteiing were.determined with 
a Cherenkov counter: At 152 Mev, recoil protans were 
countea, and were distinguished from a mesons by energy 
loss in a scintillator. The real part of the forward scat- 
tering amplitude was determined to be  0.243 * 0.015 and 
0.218 a 0.016. in'units of the meson Compton wavelength. 
a t  130 and 152 Mev, respectively. These values agrek 
within liniits of statistical e r r o r  with the predictions from 
dispersion relations. (auth) . 



12896 
THE CAPTURE OF NEGATIVE PIONS IN HYDROGEN 
AND DEUTERIUM. I. HYDROGEN. J. Kuehner. 
A. W. Merrison, and S. TornaGne (Univ, of Liverpool). 
Proc.  Phys. Soc. (London) 73, 545-50(1959) Apr. 

A high-energy p a i r  spectrometer was used to  deter- 
mine the ratio of the radiative. to mesonlc capture of 
pions stoppkd in llquid hydrogen. The measurement 
agrees well with the value expected from the charge- 
exchange scattering and photoproduction of pions. (auth) 

12897 
THE CAPTURE OF NEGATIVE PIONS IN HYURWEN 
AND DEUTERIUM. 11. DEUTERIUM. J. A. Kuehner, 
A. W. hlerrison, and S. Tornabene.(Univ. of Liverpool). 
Proc .  Phys. Soc. (London) 73. 551-5(1959) Apr. 

The same  apparatus described in a companion paper 
on hydrogen was used to, study the radiative capture of 
pions in llquid deuterium. The result agrees well with. 
previous measurements A d  ihe value expected from 
the production of pions in nucleon-nucleon collislons. 
(auth) 

12166 
RECOIL PROTON POLARIZATION FROM 225-Mev n'-p . 
SCATTERING. J. F.  Kunze, T.  A. Romanowski. J. ~ s h k i n .  
and A. Burger (Carnegie InBt. Of Tech., ~ i t r sbu rgh ) .  m. 
Rev. 117, 839-88(1900) Feb. 1. - -. 

Mesons (I-) of energy 225 Mev were scattered from 
liquid hydrogen. The polarization of the recoil proton has 
been measured at two angles: .The computed polarizations 
a r e  -0.13 * 0.16 at a laboratory recoil angle of 15', and 
+ 0.36 + 0.29 at 31'. The posiii\le sign i s  for polarization 

' 

in the direction of the vector c ros s  product of the Incident 
meson (n) momentum and the recoil proton momentum. A 
comparison of the data is  made with various s e t s  of scat- 
tering phase shifts which represent the differential crose- 
section data equally well. The results.favor the Orear  type 
of Fermi  set  in which the S-wave a, phase shift i s  positive. 
(auth) 

9205 (UCRL-10564) DIFFERENTIAL DISTRIBU- . 
TIONS OF NEUTRONS IN INELASTIC n-p INTERACTIONS 
AT 374, 417, A,ND 454 Mev (thesis). Richard J. Kurz (Cal- 
ifornia. Univ., Berkeley. Lawrence Radiation Lab.). 
Nov. 15, 1962. Contract W-7405-eng-48. 142p. 

The inelastic interactions of negative H mesons with pro- 
tons a t  374, 417, and 454 Mev incident n kinetic energy are  
studied by measuring the differential distributions of final- 
state .neutrons. The n source i s  an internal target of the 

Berkeley 184-inch synchrocyclotron. A magnetic beam- 
transpoit system momentum-analyzes and focuses the n . 

beam at a liquid hydrogen target located in an adjacent 
shielded experimental area. The time-of-flight distribu- 
tion of neutral particles i s  measured a t  various.laboratory- 
system angles between 10 and 65 deg. Neutral particles 
a r e  detected by observing the charged products of their 
interactions in plastic scintillator. The time-of-flight in- 
formation i s  determined electro+cally by time-to-height 
conversion and pulse-height analysis. The t ime resolution 
of the total system i s  1.0 nsec. Detected neutral particles 
.accompaded'by charged p,articles a r e  separated by. the' 
electronic system from those not accompanied by charged 
particles. Analysis presuming the principal inelastic reac- 
t ions to  be ';Tp.4 n*n-n a i d  n-p - nOnOn separates the 
time-of-flight spectra into gamma rays,  neutrorle from 
Ule reaction i-p.  .. non; and inoln~tio neutrons. O;?!c~v.!~te? . 

values of the neutron-detection efficiency a r e  used in ihe 
conversion of the neutron time-of-flight-distribution to neu- 
tron differential distributions a s  a function of energy. A . '  

description 'of the neutron efficiency c,dculation i s  included. 
A definite deviation from the behavior expected onthe  basis 
of a statistical distribution o r  a simple peripheral collision 
model i s  observed in the distributions of the inelastic neu- 
trons. The inelastic neutron differential distributions 
showed a strong preference for neutrons of low cm momen- 
tum. By integrating the differential distributions, the total 
cross  sections for the two inelastic.reactlons listed above 
were  obtaincd. The cross section for the n+n-n channel was 
a rapidly rising function of incident n energy, whereas the 
cross  section for the nUnUn channel was essentially COnStaRt 
ue a fur~ctiori of energy. Irr-nddition, tho total OPOED ceotlon 
for the processes n-p - neutrals was obtained along with 
tentative data 6n the angular d ls t r ib~t iou  of the reaction 
~r-p - no,. (46 refe~onooo) (nuth) 

37544 (UCRL-11548) ANGULAR DISTRIBUTIONS 
FOR n b  - nOn AT 313 AND 371 Mev.  Kurz, Richard J.; 
Lind, Don L. (Lawrence Radiation Lab., Univ, of Cali- 
fornia, Rerkeley). July 6, 1964. Contract W-7405-eng- 
48. l l p .  Dep.(mn); $l.OO(cy), l(mn) CFSTI. 

An analysis of the angular distribution of the reaction 
n-p - @n incorporating four classes of data i s  reported. 
They are: (a) previously published Y-angular distribu- 
tions at  TC = 317 and 371 Mev (Tn- = incident n- kinetic 
energy); (b) the neutron differential c ross  section at  Tf = 
374 Mev in tho range 84 r P., s 133 deg2 (c = c .m -system 
neutron angle = n - q o ,  denotes c.m.-system variable), 
(c) neutron difterential c ross  sections at  T,- = 313 and 
371 Mev in the range 21 5 @ s 123 degs; and (d) the dif- 
ferential c ross  eectlon at  6$ = 0 deg calculated from Ule 
forward-direction, fixed-momentum-transfer dispersion 
relations for  pion nuclcon scnttering. A least-squares 
analysis was performed to fit these data to the c.m.-sys- 
tern differential cross section in the form: du/dQ* (cos 
8V) = ~ r = , a , P ,  (cos 3 0  ). (M.0.W.) 



4609 NUCLEAR CAPTURE OF MU MESONS. WIo6 
zimierz Kusch (Inat. for  Nuclear Research. Waraaw). 
Postepy Fiz. ll, 69-82(1960). (In Pollsb) . 

After a brief history of early discoveries and difficultkr 
relatlng to n and p mesons, this review article follows tbe 
theoretical and experimental developmente of the hterac-  
tlon of negative p mesons with nuclei. Twenty-el. refer- 
ences to II meson capture a r e  listed. Firet, the basic inter- 
nrtlnn with a prnton, the mechanism of the interaction, nnd 
the ~ ~ m b ~ b l l i t v  of capture of n negntive p meson a s  a func- 
tlon of Z e r r  trented. Next, the side preducts (emission of 
nuclrone) reaultlng from the capture of a p meson by a 
pm'nn in r nucleua and from the Irubaequent excitation of 
thle nucleue a r e  discrrseed. Mea~urementS of emlssion 
probability of N neutrons (N = 0, 1. 2.. .) a re  compared 
with the prcdfctlons of 3 nuclear models. The last  section 
I rn ls  with ohsewations thnt have the cnpablllty of demon- 
atrating noncon~ervntion of parity, in pnrticulrr, the 
mrasuremente of nngular distributions of neutrons emitted 
after the capture of polarized p mesons by nuclei. (TTT) 

3050 
ABSORPTION OF T+-MESONS WITH AN ENERGY OF Ap- 
PROXIMATELY 50 MeV BY CARBON NUCLJ3. J. V. 
Laprriggue-Frolov& h t  P. Balwdin, and S. 2. OtvLnov- 
ski1 (Joint Inst. of Nuclear Research, Dubna, USSR). Zkr. 
Eksptl'. i Teo re t  Flz. 2, 634-8(1959) Sept. Qn &sian) 

A propane bubble chamber was employed to study s t a r s  
produced in the absorption of 50 t 20 Mev a+ mesons in . 

carbon, nuclei. The cross  section for production of such 
s t a r s  was found e q u a  to 145 t.36,mb. The s t a r  prong din- 
tribution i s  characterized by an average number of prongs 
equal to 2.6 a 0.3. An appreciable anisotropy of the.angPlar 
distribution of the prongs relative to the direction of mo-, 
Uon of the n* meson wae observed. The main cause of thin 
anisotropy i s  apparently preabsorption scattering[ of T+ 

mesons on separate nucleons in the nucleue. A distribution 
of two-prong s t a r s  with respect to the aqle,behveen the 
prongs i s  presented. (auth) 

.. 10982 
Al3SOHl"I'ION OF n+ MESONS OF ENERGY IN THE V1- 
CINI'I'Y O F  60 Mev BY CARBON NUCLEI. Jeanne 
Laherrlgue-Frolow (Laboratolre de Physlquc Nucl6aire. 
Orsay, France) and M. P. Balandin (Balandine) and S. 2. 
Otvlnovskl (Jolnt Inst. of Nuclear Research, Dubna, USSR). 
J .  phys. radlum 2, 64-8(1960) Jnn. (In French) 

Stars caused by the abaorptlon of n+ mesons of energy 
50 i 20 Mev In carbon nuclel a r e  atudled by means of a 
propane bubble chamber. The cross  aeetion lo found to be 
145 i 36 m6. The dislribution of these s t a r s  a s  a function 
of the numhcr of prongs lndlcaLes a mean,number of pronge 
3.6 b 0.3, l'hcrc In u notlccublc unlootropy In tho angular 

distribution of prongs relallve lo  the direction of the in- 
coming st. The fundamental reason of t h i ~  assymetry is, 
probably, due to quasi-elastic scattering of the n+ on nu- 
c l e o n ~  Inaide'the nucleua before its absorption. The die- 
trlbutlon of two pronge stars aa a function of the angle 

.between the two prongs 1s given. (auth) 
' 

24827 UINR-P-328). 0 POCMSHCHENI! R* MEZO- 
xov s ENERGIEI OKOLO so MEV YADRAMI UGLERODA. 
((k the Absorption of n+ Mesons of Nearly 50 Mev Energy 
by Carbon Nuclei). Zh. V. Laberrig. M. P. Balandin. .and 
3. 2. OMwvskii  ( ~ o l n t  Inst. for  Nuclear Research, Dubna, 
U.S.S.R. I&. of Nuclear Problems). 1959. 13p . .. 

The stars formed by 50  t'2O-Mev R meson absorption by. 
carbon nuclei were studied using a propane bubble chamber. 
Tbe cross  sections of the s t a r s  were found to be 145 * 86 
mb. S k r  distributions were'dekrmined by the number of ' 

prongs (average = 2.6 a 0.3). A considerable anisotropy 
was o b s e d  in the angular.distrlbution of prongs in re- 
lation to the n+ direction. It is postulated that prior to the 
abmrptlon. scattering on separate nucleons in the nucleus 
must serve  as a source of anlsotropy.. The distribution of . 
*prong s t a r s  was foimd in relation to the angle, b e h e e n  

prows. (tr-,auth) 

ZG410 USE OF SOLID-STATE DETECTORS AS EN- 
ERGY SPECTROMETERS POR COSMIC HIGH-ENERGY 
PARTICLES. J. Labeyrie (CEN. Saclay, France]. p.187- 
93 of "Cosmic Rays. Solar Particles and Space Research." 
New Yorork. Academic Press .  1963: . . .  

Advantages of semiconductor- over gas-filled ionization 
chambers are enumerated. Measurements of proton and 
pion energy deposition at  0.5 t o  1.5 Bev obtained with si l i-  
con filled detectors a r e  giwn. (M.J.T.) 

26215 HEAVY PARTICLES IN MEDICINE. - ~ o h n  H. 
Lawrence and.Cornelius A. Tobias (Univ. of California, 
Berkeley). p.127-46 of "Progress in ~ t i m i c  Medicine. 
Vol. I:" New York, Grune and.Stratton. 1965; 

The use of high-energy heavy-particle beams in therapy 
with o r  without the Bragg peak to  deliver large amounts of 
energy to relatively localized areas  of the body including 
the pituitary gland; brain, and soft tissues in the sliccessful 
treatment of several  metabolic, neoplastic. and neurologic 
diseases including acromegaly. Cushing's disease, diabetic 
retinopathy, and brain and soft-tissue tumors is'discussed. 
The properties of the heavy particles, including their linear 
energy t~.;insfer, RBE, independence of oxygen concentra- 
tion, and lack of tissue recovery a re  des'cribed. Particles 
such a s  pi mesons a r e  also being studied to find how they 
might be used advantageously in radiotherapy. (P.C.H.) 



9330 INVESTIGATION OF'THE PION-PION INTER- 
ACTION AT LOW ENERGIES. L. Lapidus (Joint Inst. for 
Nuclear Research,  Dubna, USSR). p.115-19 of "1962 In- 
ternational Conference on High-Energy Physics a t  CERN." 
Geneva, European Organization f o r  fr'uclear Research,  
1962. 

An emulsion chamber  technique was used to study the 
react ion n- + p - rr+ + n- + n; the mean energy of the 
p r i m a r y  *- mesons was. (240 * 15) Mev. It was found that 
the experimental  m a s s  spectrum of the n+n- sys tem was 
shifted in the direct ion of greater .  m a s s  values in compari- 
son  with the calculates phase space-volume. The cause  of 
this  shift appears  to be a r-r interaction in the final state. 
Another group studying the s a m e  reaction a t  340 lMev with 
the 25-cm liquid hydrogen bubble chamber came to  the 
s a m e  conclusions. (A.G.W.) 

15139 ~X,TERPHETA'TIOS O F  PlOB-SUCLEOS SC.AT- 
TERING RESULTS 1X THE RESOXANCE REGIOS. \\I. Al. 
Layson (CERK, Geneva). Suo\.o Cimento. ( lo) ,  27: 724147 
(Feb. 1, 1963). (In English) 

Recognizing that information on pion-nucleon scattering 
in the range (300 to 1500) hlev i s  insufficient for a complete 

, . 
and unambigous analysis in t e r m s  of angular-momentum 
amplitudes, a study 'is made employing restr ict ive assump- 
tions related to the higher resonances. 'I'he a-p angular 
distribution data a r e  found consistent with resonances of 

' (T,J)  = ('/2,3/2-) and ('/,.%+I a t  600 and 900 &lev respectively. 
A plausible, but nonunique, s e t  of amplitudes i s  determined, 
and the only significant departure from a simple behavior 
i s  in the amplitude for  the (%,$,+) state,  which could con- 
tain a resonance a t  900 hlev. The A'K' production c r o s s  
section shows fea tures  in agreement \vith such,a resonance. 
A proposed phenomenological model ?ased on the role of 
the (3/2,3/2+).Pion-nucleon state predicts  the existence of eight 
reson=nces below 1500 MeV. .Experimental resu l t s  a r e  com- 
pared with the model and suggestions, a r e  made regarding 

tests .  (auth) 

'39671 A LOW ENERGY 6 DETECTION SYSTEM, FOR 
USE IN INTENSE ELECTRON AND y -RAY BACKGROUND 
CONDITIONS. D. W. G. S. Leith, E. M. Lawson. R. Little, 
and G. M. Lewis (Glasgow Univ.). Nucl. Instr. Methods, 
29: 341-4(0ct. 1964). 

A scintillator counter technique was  developed t o  detect , 

low e n e r w  ri+ mesons. (-4-40 Mev), in an intense back- 
ground of electrons and y r a y s  a t  forward angles. The 
identification of .a n+ meson required the observation of 
the characteris t ic  decay (uC - p+ + + in 2.55 x lo4 sec)  of 
the pion, together with the fuUlllment of res t r ic t ions  on the 
energy l o s s  and total energy of the part icle under examina- ' 
tioa. The  sys tem was  used to investigate n+ meson photo- . 
production c r o s s  sections a t  30' laboratory angle in the 

. . 
y ray energy region (155-190) Mev. (auth) 

1328 'MEASUREMENT OF THE TOTAL CROSS SEC- 
TION n-DEUTERIUM. T. Leray, A. Berthon, M. Crozon, 
and J. L. N a r j o w  (College de France,  Par i s ) .  - p.102-6 of 
"Proceedings of the Sienna International Conference on 
Elementary Particles. ' Vol. I." Bologna. Societa Italiana 
di  Fisica, 1963. (In French) . 

The effective total cross sections for  meson (rr-) scat- 
ter ing by deuterium were  measured a t  severa l  energies 
between 420 and 1360 Mev and were  compared with the 
s u m  of the effective total c r o s s  sections for  Rt-p interac- 
tions. Cornparatlve m e a v u r s ~ ~ l e u l s  uf llii effective ci'osa 
sections for  meson (R*) scat ter ing by deuterium a t  491 to 
lnfi? MAY were made a t  several  snlid aneles. No violation 
of the principle of charge symmetry was observed. 
(D.C.W.) 

27259 ANGULAR DlSTRLBUTION O F  CHARGE EX- 
CHANGE AND INELASTlC NEUTRONS 1N A - p  INTER- 
ACTIONS AT 31:s A P D  071 Mcv. Don L. Lind. B a r r y  C. 
Barish,  Richard J .  Kurz. Philip M. Ogden, and Victor 
Perez-klendez (Univ. of California, Berkeley). Phys. ' 

Rev., 138: B1509-17(June 21, 1965). (UCHL-l143S(Rev.)) 
Neutron angular distributions f rom the charge-exchange 

(n%) and inelastic modes Inonan, n+n-n) of t h e  n--p interac- 
tion were investigated at  313 and 371 hlev incident-pion 
kinetic energy. The data were obtained with an electronic 
counter system. Elastic and inelastic neutrons were sepa- 
rated in the all-neutral final s ta tes  by t ime  of flight., At 
borh energies tlle charge-exclia~~ge diffcrcntinl oroco ~ c u -  
tion a t  the forward neutron angles d'ffer f r o m  that de te r -  
mined by Car i s  e t  a1. from measurekents  of the r k d e c a y  
gamma distrihlrtinns, but generally agrees  with the phase- 
sh i f t -~na lys i s  calculations of Roper. The distribution of 
inelastic neutrons from both modes shows a strong prefer-  
ence for low center-of-mass neutron energies.  The dis- 
tribution of thcse neutrons does not correspond to that ex- 
pected from the I = 0, a-n intetaction (ABC effect) suggested 
to account for  the anomaly in p-d coll is ions observed by 
Abashian e t  al .  Finnlly, a l l  available charge-exchange 
differential-cross-section data from this  ,and other experi- 
ments were combined by a least-squares f i t  to a Legendre 
expansion. (auth) 

14257 NP-8597 
~ lverpool .  Univ. 
THE CAPTURE AND DECAY INTER~cTIONS O F  NEGA- 
T N E  MUONS STOPPED IN MATTER (thesis). Norman H. 
Lipman. Sept. 1959. 80p. 

The muon capture process  hi- + p - n + v )  i s  discussed,  
and an experiment le described in which muon capture 
rates were measured to accuracies.of  a few p e r  cent for  
various target nuclel. The main Interest  of the experiment 
was to m a k e  a comparison between measured capture ra tes  
and the theoretically predicted capture r a t e s  of Tolhoek 
m d  Luyten. The theory l e  sensitive to the type of coupling 
that p r e v a l b  In the  muon capture process ,  and Tolhoek and 
Luyten have derived two values for the capture ra te  In each 
element coneldered. one f o r  a Fermi  type of coupling 



(pseudoscalar, sca lar ,  and vector) and the other for 
Gamow-Teller coupllng (axla1 vector and tensor). A com- 
p r i s o n  hewn experiment and theory over a range of se- 
lected elements s b d d  in principle detect whether the cou- 
p h g  ie pure Ferml,  pure Gamow-Teller, o r  a mixture of 
the two. The results. in fact, fairor an excess of the 
Gamow-Teller over the Ferml  type of coupling.   he par- 
turbatlon of the muon decay procese (p- - e- + v + P) 

' . 
brought about by atomic biadlng i s  considered. A muon in 
orblt wltbin a muonic atom may be expected to decay at  a 
modLned rate; thie was investigated experimentally for 
nept lve  muom stopped in aluminum and in copper. It i s  
qhown that there l~ no deviation from the free muon decay 
rate within the experimental standard deviation of 5%. 

. (auth) 

45351 MUON CAPTURE AND ELECTRIC DIPOLE 
EXCITATION FOR LITHIUM. Lodder, A.; Jonker, C. C. 
(Vrlje Universiteit, Amsterdam). Phys. Letters, 18: 
310-13(Sept. 1,1965). 

The total meson ( p )  capture probabilities for lithium-6 
and -7, whish. were measured previnllsly. a r e  calcdated. 
The two capture probabilities a r e  calculated in two ways, 
by means of the closure approximation, and by extracting 
the dipole part of the main meson (p) capture-matrix ele-' 
ments from the cross  section for the giant resonance 
gamma excitation. It i s  shown that a previpus proposal 
for double magic nuclei can be extended to a greater class 
of nuclei. (J.F.P.) . 

33025 "ABNORMA&' QUANTUM NUMBERS AND 
DECAY CHANNELS: J ASSIGNMENT FOR EPSILON; 
A NORMAL SCALAR OCTET; Loebbaka, David; Pati, 
Jogesh C. (Univ. of Maryland. College Park). Phys. 
Rev. Letters. 14: 929-32(May 31. 1965). 

The reoent indication of an enhancement a t  about 730 

~ u c l e a r  force br6msstrahlung of r+ mesons ,m ob- 
served In a freon bubble chamber in which 80,to 300 : 
Mev i* meeons.intemcted with carbon, fluorine, and 
chlorine nuclei. In the indicated energy range the . 
bremestrahlung cross-section for inelastically and 
elastically scattered's+ mesons.as derived from 20 
scattering even? wae foudd ,b be .(4.5 +:$) x 10-f' cmt 
per  fluorine nucleus. Three cases of bremestrahlung . 

involved absorption of the k j m e s o n s  by the nucleus; 
in twa caees.of bremsstrahl~g.charge-exchange-scat- 
tering of a+-meson8 on the.nucleur, occurred. Tb i  . 
bremestrahlting cross eectlons for these varioue types . . . 

of nuclear pmcesees were computed in the quasiclas- ' . 
sical approxlmation. The.values obtained from the- . 
formulhs satisfactorily agree wlth the experimental re- . 

. . sulte. (autb) 

8120 ' RHE SCATTERING OF POSITIVE 120 Mev 
PIONS ON PROTONS. A. h f l a  (Universita, P a d u a f l  
Istituto Nazionale di Fisica Nucleare, Padua), P. hlittner, 
R. ~ a n t a n ~ e l o ,  e t  al. Kuovo cimento ( lo ) ,  22: 820-43 
(Nov. 16, 1961). (In' English) 

An investigation of the elastic scanering.of 120-Bfev n+ 
by protons is  describe$ The experiment was performed 
by exposing a liquid propane chamber to the CERN 600- 
Mev synchrotron. The results refer to 5405 selected events. 
in which the contamination from scattering on carbon nu- 
clei i s  shonm to be negligible. The values obtained for the 
phase-shifts are: a3, =-2.'6OW* 0.6C. as =-11.05" 1.32', 
as3 = 31.67" a 1.01'. The value of as differs significantly 
from that expected if the linear dependence of a3 on the 

' 

. 

momentum. which was proposed, i s  assumed. The result 
is discussed in connection with theoretical developments.' . . .  
.(auth) 

Mev in the recoil spectrum of the proton in lr: + p reac- 
tions 10 cansidered. An lnvestigatiul~ lo przcler~tod aesull- 22885 (CERNt. 61-.11j THE GCATTERINO OF POSI- 
illg that a resonance..such a s  above, exists which does not ~ n i ~  120 BlEV PIONS ON PROTONS. PART I. A. Loria. 
decay with appreciable branching ratio to a two- o r  three- P. hlittner. R. Santangelo, I. Scotoni, and G. Zago (Padua. 
pion system, but shows up in a recoil spectrum, hence i s  Universitii. Istituto di'Fisica Italy. 1stituG Nazionalp . 
produced with appreciable cross section. Also a study of. di Fisica Nucleare, Padua). . PART 11. B. Auberf 
the possible 'decay modes of the said resonance for, differ-, 
ent assignments of i ts  quantum numbers J ~ ~ ,  and an esti- .  A. Brenner, Y. Goldschmidt-Clermont, F. Grard, G. R. 

mation of the order of magnitude of the.corresponding , 
Macleod, A. IWnguzzi-Raizi, and L. Montanet (European 

~ a r t i a l  widths. assuming the dominance of low-mass in- Organization for Nuclear Research, Geneh).  'Apr. 11, 
&mediate states, a r e  included. (hI.0:W.l , .  

521 ' 

. . 12967 .. . . .  . . 

OBSERVATION OF THE BREMESTR@iLUNO OF. ' ' '  
, 

.-MESONS INTERACTING WITH NUCLEI. M. y1 . . 
Lomanov, A. G. .Meshkovskli (Meshkovsky) . Ya. Yli: 
Shalamov, V.-A. Shnbanov, and A. F. Gmshln (Acade'my 
of Sciences. Moscow?. Nuclear Pliys; 10, 283-93(1959) 
Mar. . , 

1961. 70p. 
Aii investigation of the elastic scattering of 120 Mev 

positive pions by protons i s  described in which a liquid 
propane chamber was exposed to the CERN 600 Mev 
synchrocyclotron. The results refer to 5405 selected event? 
in which the contamination from scattering on carbon 
nuclei i s  shown to be negligible. The values obtained for , 

the phase shifts are: a 3 ~  = -2.60" * 0.69", a3 = -11.05' t 

1.32'. .(u33 = +31.67' * 0.01'. The.value of a3 diffek slg- 
nificantly from that.expected if the linear dependence of o j  
on the momentum, which has been proposed by some . . 
authors, i s  a ~ ~ u m c d .  (auth) 



42859 (UCRL-16246, pp 100-2) DIFFERENTIAL 
CYTOLOGIC EFFECTS OF NEGATIVE PION BEAMS IN 
PLATEAU AND "STAR" REGIONS. Preliminary Report. 
Loughman, William D.; Winchell. H. Saul; Aceto, Henry; 
Richman, Chaim, Raju, Mudundi R.; Lawrence. John H. 
(California Univ., Berkeley. D O M ~ ~  Lab. 'California 
Univ., Berkeley. D o ~ e r  Pavilion). 
. LA!?, mice carrying the Ly2 lymphoma a s  an ascites 

, 

tumor were exposed to the negative pion beam of the 
184-in. cyclotron (including i t s  muon and electron con- 
taminants). Mice exposed in the plateau region of the 
pion beam received 65 to 80 rads,  with the beam esti- 
mated to contain about 6 4  pions. Mice exposed in the 
s tar  region ot the pion beam received 80 to 95 rads,  with 
the beam estimated to contain less  than 50%.pions. Cyto- .. 
logical examination of lymphoma cells  aspirated from 
mice at  various time intervals following pion irradiation 
was performed. Four characteristics were scored: mitotic 
index; frequency of polyploid metaphase cells; frequency of 
anaphase cells  displaying bridges; and chrcmosome counts 
of metaphase cells .  Results indicated a greater RBE for 
negative pions in s t a r  region than for those in the plateau 
rnginn (H.f:.n.) 

15223 
MUON DECAY IN NUCLEAR EMULSION AT 25,000 GAUSS. 

. G. R. Lynch and J. Orear (Cornell Univ., Ithaca, N. Y.) 
and S. Rosendorff (,Columbia <Univ., New York). Phys. Rev. 
118, 284-91(1960) Apr, 1. - 

Positive pions f rom the 90-Mev pion beam of the Nevis 
cyclotron were stopped in nuclear emulsion which was in a 
magnetic field of 25,000 gauss. The asymmetry parameter 
for  the q g u l a r  distribution of the positrons which came 
from the decay muons was measured. The result  that PE = 
-0.87 a 0.04 implies that e i ther  the asymmetry parameter 
5 i s  different from the value of -1 predicted by the V-A 
theory o r  that there is.about 13% depolarization of positive 
muons in nuclear emulsion a t  25,000 gauss. (auth) 

47388 FIXED VARIABLE DISPERSION RELATIONS 
FOR THE PION-NUCLEON SYSTEM., Lyth. D. H. : . 
(NORDITA, Copenhagen). Rev, Mod. Phys.. 37: 709-23 
.(Oct. 1965). 

It i s  shown that an earl ier  'study by Hamilton and Wool- 
cock of fixed momentum-transfer dispersion relations may 
be complemented by a study of fixed energy diaperston re-  ' 

lations. Two main results a r e  obtained. First, by demand- 
ing that the two types of relation give the same value for 
the amplitude, nontrivial restrict ions a r e  obtalned on the 
amplitude (thef,-N-N coupling constants and the values of 
certain integrals over the high-encrgy nN amplitude a r e  
obtained). Scandlji, the fixed energy relation enables one 
to  discuss quantitatively the validity of the "CGLN" ap- 
proximate method which Hamilton and Woolcock had used 
to  calculate the partial-wave amplitudes a t  low energies 
from the fixed momentum-transfer dispersion relation 
alone. The t e rms  neglected by this approximation are ,  
evaluated, and found to  be large  except a t  low energies. 

Even when these t e rms  a r e  included, undesirable cancel- 
lations occur, and the conclusion in fact i s  that f i e d  varf- 
able relations a r e  not suitable for calculating the partial- 
wave amplitudes (except at  low energies), but only for 
providing sum rules. (auth) 

21400 OBSERVATION OF THE HYPERFINE EFFECT 
IN MUON C A P T ~ E  BY 'BF via THE TIM-DEPENDENCE 
OF THE DECAY ELECTRON RATE. R. A. Lundy (Argonne 
National Lab., Jll.), W. A. Cramer,  G. Culligan, V. L. 
T e l e ~ d i ,  and R. Winston. Nuovo cimento (lo), 24: 549-53 
(May 1. 1962). (In English) 

The hyperfine effect in p capture by F" i s  confirmed. 
The ra te  at which neutrons a r e  emitted following p arrival  
in K shells i s  not,al'tected by branching ratio eiiects. l'be 
decay symmetry parameter for p- bound to the I = % 
.nucleus F ' ~  i s  -0.021 a 0.007, about % that of p' in C; 
p-'s in crystalline.LiF, at  least in a longitudinal field of . 
-100 gauss, a r e  not subject to  appreciable spin relaxation 
in the mesic K orbit. (L.N.N.) 

43043 (JINR-P-2202) ZAVlSlblOST NXKLONA DIF- 
RAKTSIONNYKH KRIVYKH pp, Bp, K+p, ti-p, nCp, 1.7-p 
RASSEYANIYA OT ENERGII. (Energy Dependence of the 
Slope,of the Diffraction Curves for pp, Fp, tiCp, K-p, zCp, 
&ad n-p-Xatterlng). .Lyubtmclv. A. L. (Juint'lnst. for 
Nuclear Research, Dubna (USSR). Lab. of High Energy). 
1965. 6p. Dep. mc. 

It is  shown that the  energy dependence of the slope of 
the diffraction curves for elastic, pp. Dp, a+-p, and KC-p- 
scattering can be described in a unique manner. This 
dependence demonstrates a shrinkage of the diffraction 
pattern with energy for all the mentioned. scattering pro- 
cesses.  It shows also that the total interaction cross  
sections affect the slope of the diffraction curve. (auth) 

41796 MEASUREMENT OF PARTICLE IONIZATION 
POWER IN A SPARK CHAMBER. V. A. Lyubimov and 
F. A. ~ a v l o v s k ~  (Inst. of Theoretical and Experimental 
Physics, Moscow). Nucl. Instr. Methods, 27: 352-5(July 
1364). ' 

An attempt was made to measure the ionization po\ver 
in a spark chamber with a large gap betiveen thc electrodcs 
The chambers \\.ere irradiated in 3 bcam of positiiec G O O -  
Mev particles. They were filled with Ne + 0.03% propane 

' 

admixture under the pressure of 540-mm Hg and placed 
close to each other s o  that the particles initiating the'mas- 
ter  pulse passed through. both chaml~ers.  The tracks from 
protons and mesons($) were appreciably different. The 
spark discharges initiated'by the particles with higher ion- 
ization density had a much higher number of bunchcs than 
the discharges from the. particles with minimal ionization. 
The luminosity ratio of the proton and meson(n+) tracks 
proved to be. 3.0 0.4, which i s  close to the ratio of thc 



part icles ionization power. It was found that at  definite . . 
conditions the spark  discharge itsclf spreading in the dl- , 

rection of the particle motion contains information about 
the ionization power of the particle. (M.C.G.) 

24473 MEASUREMENT OF THE IONIZING ABILITY 
OF PARTICLES IN THE SPARK CHAMBER. V. A. 
Lyubimov and F. A. Pavlovskii. Zh. Eksperim. i Teor.  
Fiz., 46: 1142-6(&Zar. 1964). (In Russian) . 

The period of t h e  memory cell of a spark chamber with 
a 30-cm-long gap between the electrodes was measured;  
i t  was found that when the chambcr was filled with a pure  
inert gas ,  the period was relatively long, reaching severa l  
tens of microseconds but impurities such a s  a i r ,  propane, 
o r  alcohol shortened this ' t ime considerably. The,high- 
voltage discharge in a chamber filled with He + 1% a i r  
was found to depend grea t ly  on the t ime delay involved. 
It was assumed that  t h e r e  i s  a correlation between the 
structure of the discharge' and the ionizing ability of ,the 
particles. Admixture of electronegative gases  caused a 

' 

decrease  of the ionization density while addition of multi- 
atomic gases  resulted in, the extinction of the photon dis-  
charge mechanism. slowing down the process. In o r d e r  , 

'to verify t h e ' a s ~ u m ~ t i o n s ,  the ionizing ability of the g a s e s  
was measured, making use  of protons a d  r mesons ' in 
chambers filled with Ne + 0.038 propane under a p r e s s u r e  ' 
of 540 m m  of Hg. T h e  ionizing ability of the part icles could 

' 

be derived on the b a s i s  of the varying brightness of the 
tracks. Previously J. W. Cronin (Nucl. Instr. and Meth. 20: 
143(1963)) and C. T. Coffin (Bid. 2'0: 156(1963)) made such . 
observations, findiag that proton t racks  e.xhibited grea te r  
brightness.than r-meson tracks,  while studying the decay. 
of A part icles in a multilayer spark chamber. (TTT) 

7418 FLUCTUATIONS O F  ENERGY LOSS BY HEAVY 
CHARGED PARTICLES IN SILICON DETECTORS: PRE-  
LIMINARY MEASUREMENTS. Maccabee, H. D.: Raju. : 
M. R. (Univ. of California, Berkeley). Nucl. Instrum. ' 

Methods. 37: 176-8(Nov. 1965). 
The probability distributions of energy losses  of 730-Mev ' 

protons and 370-Mev pions in 0.48-g/cmZ and 0.45-g/cmZ 
Si detectors, respectively, a r e  measured over the energy- 
loss range of 0.5 to 1.4 Mev. The results  a r e  compared . 

with the Vavilov and Landau theories for  the proton and 
pion energy losses ,  respectively. Explanations a r e  pro- 
posed f o r  the discrepancies noted. (T.F.H.) 

40516 (UCRL-11243) NEUTRONS FROM NEGATIVE 
MU-MESON CAPTURE (thesis). Burns Macdonald (Cali-. 
fornia. Univ., Berkeley. Lawrence Radiation Lab.). ' 

June 29 ,  1964. Contract W-7405-eng-48. 78p. . 
Average neutron emission and neutron multiplicity dis- 

tributions from g--nieson cay1ui.e t~ Al. Si, Ca, Fe,  AR, I.' 

Au, and P b  were measured.  A high-efficiency cadmium- . 

loaded 1iqu'id scintillator tank was used having an effi- 
ciency of 54.5% for detecting neutrons f rom fission. F e r m l  
gas and Gaussian nuclear models  a r e  used to  fit the ex- 
perimental results: A reducednucleon effective m a s s  i s  . . 
employed to give the observed average neutron multiplicity, 
and values a r e  obtained a s  a function of the width of the nu- 

' 

cleon momentum distribution assumed.  Use of the Gaus- 
s ian momentum distribution obtained.in experiments on  . 

' quasi-elastic sca t te r f ig  g ives  effective masses  ranging 
from u 0.7 Mp in the lighter. nuclei  to  = 0.45 M, in the' 
heavier:nuclei. An excited F e r m i  g a s  distribution g ives  
l a r g e r  effective m a s s e s  for  the lighter nuclei and s m a l l e r  . 
.effective m a s s e s  for  the heavier  nuclei than does the  
Gaussian model. With e i ther  of  d e s e  models the distribu- 
tions of neutron multiplicities cannot be  explained without" 
allowing for d i rec t  neutron emission and cl'ustering.on the 
nuclear surface. F o r  4 0 ~ a  a shell-model calculation with n 

' 

simple harmonic osci l lator  potential gave good agreenient ,  
with the observed average neutron multiplicity. For  both 
the F e r m i  gas  and Gaussian models ,  the average nuclear  . 

excitation energy var ies  l inearly with'average neutron ' 

multiplicity and i s  relatively insensitive to themodel  pa- 
' 

rameters .  . \men the average neuirino momentum i s  ex- 
pressed  in unils of the muon m a s s  reduced by i t s  K-shell 
binding energy the result  (with the exception of doubly 
magic calcium) i s  constant. 0.82 t 0.01. over  the wide 
range of atomic numbers covered  in the experiment. (auth) 

31014 . (UCRL-7912) DETERMINATION OF THE 
NUCLEON-NUCLEON. ELASTIC SCATTERlNG MATRIX. 
11.. PHASE-SHIFT ANALYSES O F  EXPERIMENTS NEAR 
50, 95, 142, 210, AND 310 Mev. Malcolm M. MacGregor, 
Richard A. Arndt, and David S. Bailey (Lawrence Radiation 
Lab., Univ. of California, Livermore). June 29, 1964. 
Contract W-7405-eng-48. 63p. Dep.(mn); $3.00(cy), . 
2(mn) CFSTI. 

Phase  shift analyses have been car r ied  out for  (p,p) and 
(n,p) experiments at  energies near  50, 95, 210, and 310 
Mev. Both (p,p) data analyses and combined (p,p) plus 
(n,p) data analyses were obtaincd at these energics. At- ' 

tention was concentrated in all c a s e s  on the Stapp type 1 
solution, with the objective being to obtain the best possible . 

values for  the phase shif ts  f rom the existing nucleon- 
nucleon data. E r r o r  matrices were  calculated for  all solu- 
tions, and determinations of the pion-nucleon coupling 
constant gL were  car r ied  out. It was found that reasonably.  
consistent values for  2 can be obtained if a suitable selec-  
tion'of the phenoinmological phase shifts i s  made. The  
T = 1 phase shifts determined from (p,p) data only w e r e  
found to be in good agreement with the T = 1 phasc,sh'ifts 
obtaincd from combined (p,p) plus (n.p) data,  thus verifying 
the  gross  features of charge independence. For  complete- 
ness ,  phase shift values a t  142 Mev a r e  included. (auth) 

46782 ' . ELECTRON IDENTIFICATION 1N LEAD PLATE 
SPARK CHAMBERS. McLeod. D. W.; Phelan, J. J.: 
Rsberls ,  A;: Yurka, G. E. '(Argonne National Lab., 111.); 
IEEE Qnst. Elec. Electron. Engrs.), Trans. Nucl. Sci.. . 



NS-12: NO. 4. 28-30(A~g.,1965). . 
A spark chamber containing Pb, Al, and Cu plates i s  ex- 

posed t o  momentum-analyzed electron and pion beams at 
80 t o  340 Mev/c. It i s  found that the chamber can discrim- 
inate electrons from pions with 99 t o  99.5% reliability. The 
chamber geometry and operation for this use a r e  described. 
(T.F.H.). 

32398 (NYO-9287) MEASUREMENT OF THE RATE ' 

OF THE REACTION ji- + C" - B" + v (thesis). ' Eugene 
J. R. Maier (Carnegie Inst. of Tech., Pittsburgh): May 
1962. Contract AT(30-1)-882. 99p. 

The rate of the reaction i' + C12 - B" + "'was meas- 
ured by'stopping negative muons from the Carnegie Tech 
synchrocyclotrbn In a pl&tlc (CHI rarget. Tl~e number of 
incident muons was monitored by obserbing the amplitude 
of their characteristic exponential decay, and the reaction 
product, B'*, was detected by observation of its beta decay 
with characteristic meanlife 2 9 3  msec.. Separation of the -, 

partial capture ra ts  to the gl'ouad state 01 B'' fro111 the 
total capture rate was effected by direc? observation of the 
emitted gamma ray in coincidence with the.recoi1 of the 
D'I ion from the neutrino emission. Thc rcsult, for capture 
to the ground stntc, is  ~r~ = (6.753:;) x sec-' which 
is in ngreenlcnt wilh several thcorctical calculations. (auth) 

43081 AN N/D CALCULATION OF THE J = S/2, T = 
'4 n N PHASE-SHIFTS FROM THE POSITION AND WIDTH 
OF THE N* RESONANCE. Majumdar, Rabi (Univ. of 
Delhi). Nuovo Cimento (lo),  39: 186-9(Sept. 1, 1965). 

An N/D calculation of the J = S/2, T = 3/1 pion-nucleon 
phase shifts is  performed with the position and width of 
the 3 = s/2, T = s/2 N* resonance a s  the only input param- 
eters.  The correct  phase shift a t  the resonance point 
i s  thereby guaranteed, and the distant phase shifts a r e  
determined a s  an extrapolation. The results  a r e  in good 
agreement with experiment in the energy region up to 
-225 Rlev of pion laboratory energy. (auth) 

45085 THE LOW-ENERGY PION-KAON INTERAC- 
.'TION. . Martin, A. D. (Univ. of Durham. Eng.); Vick, 
L. L. 8. Nuovo Cimento (lo),  39: 905-27(0ct. 1. 1965). 

An attempt i s  made to find a self-consistent so lu t iv~~  of, 
the nK partial-wave and fixed-momentum-transfer dis- 
persion relations. The existence of the K* resonance is 
assumed at  the outset of the calculation. The solution i s  
found to predict a reasonable value for the kaon form 
factor, to give a value of the pm coupling constant com- , ' 

parable to that predicted by unitary symmetry, and to be 
.in good agreement with an analysis of the data fop Iip : 
inelastic scattering. Although an attractive I = s-wave 
nK phase shift i s  found, no x (725 hlev) resonance i s  gen- 
erated in this channel. In particular it i s  found hard to 
determine the value of the isospin plus combination of the 
s-wave nK scattering Lengths; the value most favored by 
this calculation is in disagreement with that predicted 
f rom in analysis of K'p elastic scattering data.  The forces 

that give r i se  to the RK interaction a re  given, and in par- 
ticular it is  found that short-range forces are  extremely 
important in producing the K* resonance. (auth) 

41 508 A STUDY'OF 'THE AEACTION a- + P - n- + 
p + # AT 905 Mev (thesis). Massimo, Joseph Thomas. 
providence, Brown Univ.. 1964.' 120p. 

A study was made of the reaclion ?I.- + P - rr- .I. P + no 
in a special bubble chamber containingan internal liquid 
hydrogen target. The laboratory kinetic energy of the 
incident pion was 905 Mev. 'A high-Z liquid mixture was 
used in the chamber to enhance the materllization 
gamma rays from the decay of the #. Thus events a r e  
observed to which can be applicd the oonstraints of hy- . 
drogen kinenlatics, and in which the gamma-ray direc- 
tinns a r e  a!$o measurable. Some of the advantages and 
dioadvantages of this relatively new technique a r e  dis- 
cussed. The production of a neutral pion at 905 Mev was 
found to he in large part consistent with the description 
offered by the extended isobar model. This was particu- 
lnrly evident in the pion momentum distributions. How- 
ever; tho angular distrihrttinn of the proton strongly 
favored the backward direction of the center-of-mass 
system, suggesting that the' interaction is essentially 
peripheral. Furthermore, the effective mass distribu- 
tion of the two pions indicated that the influence of the 

, 

p resonance, although strongly suppressed because of 
the available phase space, is. probably not negligible. The 
statistics of the experiment did not perlllit a complete 
analyais of the relative influence of the different reso- 
nances, but it was concluded that in thls energy region 
both the higher isobars and the p resonance compete with 
the 3-3 resonance in pion production. The total c ross  sec- 
tion for the above reaction was found to be 5.0 i 0.7 mb. 
Rough estimates .of other inelastic cross  sections were 
made. (Dissertation Abstr.) . 

16978 STUDY OF SOME NUCLEAR REACTIONS PRO- 
DUCED BY THE ABSORPTION OF f MESONS BY LIGHT 
N.UCLEI IN CORPUSCULAR PHOTOGRAPHIC EMULSION. . 
J.  P. Massue, H. BraUn, C. Baumann, and P. Cueer (Centre 
de Recherchcs ~ u c l 6 a i r e ~ .  Strasbaurg). J: Pllys. (Paris).. 
24: 841-4(Nov. 1963). Uq French) . 
Some types uf nuclear reactions p rduced  by the ab- 

' , 

sorption of stopping n- mesons in 1 Z ~ , " 4 ~ ,  and "0 nuclei 
are analyzed. These reactions allow us.to approach the 
mechanism of the primary absorption event, in order to 
study the d e n y  of ntmngly oxeited nuclei with twn hnles 
and to  determine the binding energy of pairs of nucleons. 
Among other da ta  the energy and angular spectra of the 
pairs of nucleons issued by the primary event a r e  given. 
( a h )  

15368 EXPERIMENTAL STUDY OF s-a INTELiC- 
TION IN THE RE.4CTION a- + p - # + no + n AT INCL- 
DENT n' ENERGY OF 378 Alev. hlaung. Tin; Cro\vc. 
Kenneth hI.; Dairiki, Ned T. (Univ. of California. Berke- 



ley). Phys. Rev. Lett., 16: 374-7(Feb. 28, 1966). (UCRL- 
16444). 

The differential neutron time-of-flight dlstrlbution from 
the interaction n- + p - n + # + # at  378 Mev was mea- 
sured. .\ lower limit for the magnitude of the I = 0, s-wave 
n-n scat ter ing length was obtained. It was found that at  low 
momentum transfers  the data do not agree with a pure. 
one-pion-exchange model. It was concluded that the K-r 
c r o s s  section is 60 mb o r  larger .  (D.C.W.) 

30076 . '  MUON-NUCLEON INELASTIC INTERACTIONS 
[Thesis]. McNulty, Pe te r  J. Buffalo. State Univ. of ' 

New York, 1965. 93p. 
Previous experiments in which cosmic-ray muons were 

used for  pion production indicated the existence of an 
anomalous non-electron~agnetic interaction in addition to 
the Coulomb scattering: In the present  experiment it i s  
shown that the inelastic interactions can be explained in 
t e r m s  of pure electromagnetic interactions. This  would 

' 

imply that the muon would make an excellent probe for  de- 
termining tne nucleon structure. .  The muon would make an 
excellent replacement for  the electron in scat ter ing studies 
especially at  high energies where bremsstrahlung effects 
make a monoenergetic electron beam much more difficult 
to  obtain. Muons would, therefore, make an ideal probe 
in the search for  a breakdown in electrodynamics a t  smal l  
distances. The virtual photon exchange in the'electromag- 
netic interaction was analyzed. No evidence was found of 
interaotions that could be attributed to longitudinally po- 
lar ized virtual photons. Therefore, a t  this,incident energy 
and a t  small  angles, the c r o s s  section for  the inelastic 
muon-nucleon interaction can be expressed solely in t e r m s  
of the c r o s s  section for t ransversely polarized virtual pho- 
tons, the limit of this lat ter  c r o s s  section approaching the 
real  photoproduction c r o s s  section a s  qZ aiproaches zero. 
The semi-classical  U'illiams-Weiszacker approach, there-  
fore,  i s  shown to be valid and its 'extensions in quantum 
electrodynamics to be in complete agreement with experi- 
ment. Further  studies of muon scattering at hlgher incident 
cnergies will he necessn~;y to uearch fur thc possible 
breakdown of electrodynamics at small  distanccs. Such 
studies would provide additional information on pion pro- 
duction in electromagnctic interactions and would nllow a 
more qunntitative determination of any contribution from 
lon~itudinally polarized virtual photons. (Diuscrtiltion 
Abstr.) 

13865 (NEVIS-101) MAGNETIC MOMENT OF NEGA- 
T N E  MUONS (thesis). J. Menes (Columbia Univ., 
Irvington-on-Hudson, N. Y. Nevis Cyclotron Labs.). Feb. 
1962. Contract Nonr-266(72). 28p. 

T h c  mapl~etlc  moment of negative muons bound i n  atoms 
of carbon, oxygen (in water), magnesium, silicon, and sul- 
fur  i s  menoured with a precislnn ranging f rom 8 X lo-' lu 
carbon to 1.6 X lo4  in sulfur. The measured moment Is 
corrected for  relat ivist ic  effects, diamagnetism, nuclear 
polarieation, and (in the case  of carbon and magnesium) 
Knight shift, before being compared t o  the  moment of the 
positive muon. The two moments a r e  found to be equal to 
3 p a r t s  in 10'. where the major uncertainty I s  caused by &' 
Knight shift. The relat ivist ic ,  diamagnetic, nuclear, and 

solid s ta te  shif ts  a r e  la rge  enough compared to the  statist1' 
, ca l  and systematic e r r o r s  to  make this technique usable 
for the investigation of these effects. (auth) 

8133 COUNTER 'TECHNIQUES IN HIGH ENERGY NU- 
CLEAR PHYSICS: RARE DECAYS OF T- AND p.-MESONS. 

' A .  W. Merrison. Proc.  Phys. Soc. (London), 78: 1116-24 
B e c .  1 ,  1961). .... 

It i s  shown, with reference to the'decay C?+-  
.e+ + y, how .the,study of r a r e  decays of pions and muons, hy 
means of counter techniques, c ~ t ~ i b u t e s ' t o  understanding 
the weak interactions. (auth) 

14317 OMR-P-1896) MEKHANIZM ISPUSKANIYA 
ZHESTKIKH y-KVANTOV V REATSTII n + N - n.+ y + 
N. (A Mechanism of Emission of Hard y Quanta in the  
Reaction n + N - n + y + N). V. A. Meshcheryakov. L. L. 
Nemenov, L. D. Solovev, P. Strokach, and F. G. Tke- ' 

.buchava (Joint Inst. for  Nuclear Research,'Dubna. U.S.S.R. 
I.ab. of Thcoretical Physics and Joint  Inst. f o r  Nuclear 
Research; Dubna, U.S.S.R. Lab. of.Nuclear Problems). 
1964. lop. Dep.(mn). 

A mechanism of emission of hard photons in  the pion- 
nucleon interaction i s  considered. The formulas obtained 
a r e  comparsd with experimental'data'. The constant of the 
y + n - n + n process i s  estimated. (auth) 

5896. 
INELASTIC INTERACT~ONS BETWEEN 80 t o  300 Mer l* 
MESONS AND LIGHT NUCLEI. A. G. Meshkowkll and Ya 
Ya. Shalsmov. Zhur. Eksptl*. 1 Teoret. .rlz. 91. 978-82 
(1959). Oct. (In Russian) 

The c r o s s  seotions for  Inelastic fn tqac t lon  beiareen l* 
mesons and a e u r e  of C, F; and C1 nuclei were m- 
ured for l U  values of the n+ meson energy in t h e  region . 

/ f r o m  80 to 300 Mev. The r e s u l t s  a r e  compared wlth curveB 
calculated on t h e  basis  of the optical model under the as-  
sumption of a unlform distribution of the  nuclear charge 
and a Fermi  type dlatrlbutlon. It i s  shown that the  experi- 
mental resu l t s  satisfy the second type.of dis(r1tution. ?be 
c r o s s  sec t lons  for  inelastic scat ter ing of n+ mesons a r e  
measured. (auth) 

15212 
ELAS'TXC ,SCATTERING OF T- MESONS ON PROTONS 
AT THE FIRST RESONANCE T = %.' M. I. Meyer (Ceoire 
d ' i tudes Nuclealres, SacLay,, ~ r a n c e ) .  J. pbys.- radium 
g, 18s-19S(l960) Feb, ' (In French) . . - 
. The f i r s t  resu l t s  obtained a t  Saclay with a hydrogen 
bubble chamber i d  the study'on the angular  dlstritu~tton 



of n- mesons elastically scattered a t  745 Mev/c are 
presented. The resul ts  a r e  graphed and show a'dlstribu- . 

tion slightly more backward and forward than previoua 
experiments. (J.S.R.) 

29497 (NEVIS-114) PRECISION LIFETIME MEASURE- 
MENT ON POSITIVE AND NEGATIVE MUONS. S. L. 
Meyer. E. W. Anderson, E. J. Bleser,  L. M. Lederman, 
J. L. Rosen, J. E. Rothberg, and I. T. Wang'(Co1umbia. 
Unlv., Trvlneton-on-Hudson, N. Y. Nevis Labs.). May 1963. 
Contract NoriP-Zbd(72) 20p. (n 3661 c~.~-%%ll:l 

An experiment to measure and compare the f ree  decay 
r a t e s  of positive and negative muons i s  described. Muons 
from tho N ~ v ~ E  Synchrocyclotron were stopped in a liquid 
hydrogen target culllaining lcaa than 1 ppm DI and l e s s  than 

. . 1 part  in lo9  of other impurities. In this situation, the ra te  
of p' capture in.Hz was the only significant correction to 
the f ree  decay r a t e  of p- and was measured in a separate 
e ~ p e r i m e n t ,  The l i f ~ t i m e i  were, monitored by measuring. 
the t ime intervals between muon stops and decay electrons 
using a transistorized digitron of 30 nsec channel width. 
Electronic circuitry of the "interference remover" type 
was employed to eliminate time-dependent background. , 

p- and p+ lifetimes were measured,with the same apparatus 
. . and under essentially the samc oondltions of ra te  and ge- 

ometry. The ratlo'of the lifetimes isexpected to be par- 
t l cda r ly  insensitive to any systematic e r ro r s .  Tho results 
are: ru- = 2.198 0,062 psec (bydrugen uo~~rtiatioa mad@); 
r,d = 2.197 t 0.002 p3co;'and R = T,,-/T,,+ = 1.000 f 0.001. 
(auth) 

41157 RELATIVE CYTOGENETIC EFFICIENCY OF 
MUONS AND r- MESONS IN ZEA. MAYS (L.). Alexander , 

Micke, ~ a r o l d  H. Smith. Robert G. Woodley, and Alfred 
' 

3Iashke (Brookha\pen National Lab.. Upton, N. Y.). Proc. 
Natl. Acad. Sci. U .  S., 52: 219-21(Aug. 1961). (BNL-7764) 

DUI l i lant sccdc Of a s1111:k 7Ra mayy; (L.). hpt~rnzygous 
for  the yellow-green Ygz/ygz alleles, were  irradiated with 
beams of mesons (p-)  a id  mesons (n-). The efficiency of , 

mesons'(p-) in producing yellow-green sec tors  in the 
seedling leaves was -0.8 compared to 250-kvp x rays, while 
the relative eificiency of mesons (R-) was about 3.4. (auth) 

5696 . RELATIVE CYTOGE.NETIC EFFICIENCY OF 
MUONS AND r- MESONS 1)' ZEA MAYS (L.) AND ITS 
MODIFICATION BY POSTIRRDA IATIO~TSTORACE. 
Alexander Rlicke, Harold H. Smith, Roberl G. Wdl 'ey .  
and Alfred Maschke (Brookhaven National Lab.. Upton. 
N. Y.). Radiation Res., 23: 537-50(Dec. 1964). (BNL- 
7959; BNL-7959-R) ' 

Dormant seeds of a stock of Zea mays L. heterozygous 
for  the yellow-green alleles Y g x g F r e  irradiated with 
muons (p- particles) and negative n n~esons  (r particles) 

from the Alternating Gradient Synchrotron a t  Brookhaven 
National Laboratory. The efficiency of muons was 0.76, 
and that of r' mesons was 3.23, compared with 2 5 0 - k ~ i  
x rays. Postirradiation storage for  -18 weeks increased 
the efficiency of muons to 1.58. and that o f t  mesons to 
4.14. The hight RBE of r- mesons was found only for the 
tested chroniosomal damage o r  alteration, not for biologi- 
cal parameters involving germination and growth. (auth) 

24364 AN EXPERIMENT ON THE RADIATIVE CAP- 
TURE IN FLIGHT OF PIONS IN HYDROGEN AND A MEAS- 
UREMENT OF THE u'-no MASS DIFFERENCE. W. C. 
Mlddelkqop. Thesis, Amsterdam, Unlvu~.sllcil Aiu~tardom, 
1962. '7 .8~. 

1nter;st :in and problems connected with the measurement 
u1 the cruvs pection for the radiative na.pture in flight (r- + 
P - y + n) a r e  discyssed, a ~ d  equip~ue~it  used in  thc dotoo.- 
tion of photons and neutrons. i s  examined. The time-of- 
flight arrangement used to measure the differential c ross  
section for 72 Mev n' a s  70 7 pb/sr is  explained, and 
~uellirsds for mcaouring the ~ - - a ~ . m a s s  difference a r e  re- 
viewed. Another time-of-flight experiment yielded a value 
of (9.01 0.08) electron masses for this difference. 

. (D.C.W.) . . 

19190 CHARGE EXCHANGE CROSS SECTION FOR 
SLOW MESONS !p"J UN H~vn60LH ATOhi. V. D. Mil:- 
hailov. p.107-17 of "Nekotnrye Voprosy Fiziki Elemen- 
tarnykh Chastits.i Atomnogo Yadra." Moscow, Gosatomiz- 
daL, 1902. 

The crnss section of charge excliange in hydrogen was 
studied a s  a f irst  step toward estimating the cross section 
of electron capture by a p+ meson in an arbitrary subs l a~~ce .  
Calculations of scattering amplitudes and variable methods 
for calculating electron wave functions obtained for the 
total c ross  sectiono = I& n 140n4, indicating that the 
anticipated increase in capture probability was 100 fold 
higher than the orbital area.  (R.V.J.) 

15326 
FISSION O F  URANIUM-238 WITH p- MESONS. 'A'. K. 
Mikhu! nm-1 M. C .  P c t r a s m  (Joint Inst. for Nuclear Re- 
search,  Dubna, USSR). Rev. phys. 4, 355-E(1959). (In 
Russian) 

The interaction of p- mesons at'l50 Mev with u'~ was 
investigated using nuclear emulsions. The experimental 
set-up and the development of the emulsion a r e  described. 
Somo 26,975 cases of the sbpping of the mesona in  the 
emulsion were investigated, and 59 cases of fission were 
observed. The fission probability was considered on the 
basis of the Fermi-Teller principle and of i t s  independence 
from Z. The results a r e  compared with previous resulte. 
(J.S.B.) 
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34766 A Kn RESONANT STATE AT 726 Mev. D. H. ' 

hliller, G. Alexander, 0. I:Dahl, L., Jacobs, G. R. . . 

Kalbflelsch, and G. A. Smith (Univ. of California, Berkeley). 
Phys. Letters; 5:. 279-62(July 15, 1963).. (UCRL-10797 

. . 
(Rev.)) (In English) 

The existence of an unstable meson with strangeness ' .. ' 

S = +1, mass  726 t 3 hlev, and full width T 5 20 Mev ap- 
pears reasonably established from a study of the KT , ' , 

effective-mass distributions observed in ?- + p interac- 
tions. The simplest interpretation of these data suggests 
the isotopic-spin assignment I = 3. No unambiguousevi- 
dence for 'a  determination of the spin and parity was 
obtained. (R.E.U.) . .  . 

1 1033 
POSITIVE PION SCATTERING FROM HYDaOGEN AT 24.8 
MEV. Douglas Miller and Jamee Rlng (Unlv. of Rochester. 
N. Y.). .Phys. Rev. M, 5824(1960) Jan. 15. 

An angular distribution for the process n+ + p - ?* + p 
was measured a t  24.8 Mev by counter techniques. At this 
energy the S-wave interaction i s  la rger  than the  P-wave. 
Differential c ros s  sections a t  the three  center-of-mass an. 
gles, 66, 92, and 163.5", are (0.286 i 0.028) mb/sterad. 
(0.458 t 0.042) mb/sterad, and (0.993 t 0.120) mb/sterad, 
respectively. Over 250 hydrogen interactlone were  ob-, 
served at  each angle. (auth) 

8182 NOTE ON THE n + N - q + N REACTION NEAR 
TIIR~;SHOLD. S. hlinami (Osaka City Univ.). Phys. Let- 
ters, 13: 353-4li)cc. 15. 1964). 

Various possible cxplanations oi  the an'gular distribution. 
for thr n + N - 1) + N rcnct.ion near thrcsholtl a r c  pointed 
oul, :~lrl  :I nlvll~ocl for t.xl,c~rl~nt!nLi~lly ~lo t~~rmlnln , :  n c:or- 
1 ' 4 . 4 ' t  l l t l t '  i l l l l C I I I ~  I111' I H ) H H I I I I ( '  1~'4~11:111111~011tl !H t411~~:l:~tt'll. . . I 
(l-,l,:,s.) 

39564 .. SPECULATIONS ON THE MESON-DEUTERON 
INTERACTION. Minami, Shigeo (Osaka City Univ.). 
Progr. Theoret. Phys. (Kyoto), 33: 759-60(Apr. 1965). 

Since there i s  a .discrepancy between the SU, prediction 
and a phase shift analysis of p-p scattering a t  660 Mev, 
which shows a omall Dz phase shift, in the two-baryun 
system with Y = 2, it is  suggested that the D,? should,not be 
regarded as  a resonance in the p-p system, but a s  a reso-  
nance f n  the n-d system. The B-d, 1)-d, and K-d interac- 
tions a r e  also discussed. (J.F.P.) 

8053 (NP-11232(p.236-42)) r-MESON DECAY-A 
REVIEW. A. N. Mitra (Aligarh Muslim Univ., Aligarh, In- 
dia). 

A brief survey is.given of the progress made so  f a r  in 
understanding the main features of the problem of r-decay, 
as' they have emerged from an analysis. of the experimental 
material accumulated over the years.  The role of the plon- 
pion interaction i s  discussed in relation to this problem. It 
was concluded from the study that the picture of ?-decay 
with the pions going out in S states and interacting through 
the T = 2 state i s  more consistent with the experimental fn- 
formation than any other hypothesis. (P.C.H.) 

. 

9809 s+-~ ELASTIC SCATTERING AT 120 MeV. . . 
A. Lorta b t f tu to  dl Fisica dell'Universiti. Padua. Italy), 
P. Wttner. R. Santangelo. G.  ago, A. B r e h e r ,  F. Grard,':: 
a d  J. L. Montanet. -p.188-9 of "Proceedings of the 1960 '. , 

Atuiud International Conference'on High.Energy Physics 
at Rochester. The University of Rochester, Rochester, '. . ,  
N. Y., August 25-September 1. 1960." 

An investigation was made of the,elastic scattering of .. . 
120-Mev mesons (a3 obtained by exposing a liquld propane, 
bubble chamber to the CERN 600-Mev synchrocyclotron. , '  

Differential c ros s  sections and angular distributions were 
determined. Results of a phase-shift analysis a r e  given. , . 
(W.C.G.) . . 

21505 . 
MOLECULAR PROCESSES INDUCED BY p- MESONS 
IN HYDROGEN BUBBLE .CHAMBER.' II. MECHA- 
NISMS OF FORMATION OF F- MESONIC RYDROOEN 
MOLECULAR ION. ~ u k i o  Mizuno, Takeo Izuyama, 
and MiWo Shimizu (Univ. of Tokyo). , Progr. Theoret. 
Phys. ( K y o t o ) l .  479-80(1959) Mar. 
: A study .of the mechadsm of p--mesic molecular ion 

formation by the low energy.collision of a mesonlc 
proton o r  deuteron atom with a proton o r  deuteron 
bound in an ordinary hydrogen molecWe in a bubble 
chamher f a  pre~ented .  (C.J.G.) .' 

15300 ANALYSIS OF INELASTIC COLLISION n- + C ' 

~ T ' 9 1 5  Mev. 'S. hlongelli (Universita, Bari), A. ~ o m a n o .  
P.  Waloschek, A. Gentile, and E. Perez-Ferreira.  Nuovo 
~ i m e n t o  (10). 26: 1366-75(Dec. 16, 1962). (In English) 

A calculation of some predictions of the. independent par- 
ticle model i s  described. and compared with the experi- 
mental results on. inelastic events occurring in the cnllisian 
of n- mesons on carbon nuclei, at the kinetic energy of 915 
Mev. The experimental data a r e  well described by the inde- 
pendent paiticle ~nriilel when the inelastic pion-nucleon 
cases a r e  assumed to be dominated by the 'A, 3h resonance 
and the possibility of a second interaction of the pion within 
the nucleus i s  taken into account. ,(auth) 



47401 THE PRODUCTION OF 1)-MESONS IN PION- 
NUCLEON COLLISIONS (thesis). Moss, Thomas Alan. , 

Baton Rouge, La., Louisiana State Univ., 1964. 48p. 
The n + N - 1) + N reaction in the neighborhood of thresh- 

old i s  studied from a field-theoretical viewpoint. The ef- 
fects of the second resonant state of the pion-nucleon 
system a r e  taken into account, and a parameter study o f .  
the reaction i s  performed in which the variable parameters 
a r e  the coupling constants involved in the reaction and the 
resonance width of the second resonant state. The angular 
distributions and'excitation function for the reaction a r e  
calculated for various relative magnitudes of the coupling 
constants and two values of the width. A comparison be- 
tween these calculated data and experimental arigrilar dis- 
tributions and'excitation functions in the neighborhood 
threshold i s  suggested when experimental data in this en- 
ergy range become available. This comparison may give 
an indication of the importance of the effect of the second 
resonant state on the r)-N lrlteractlon Ulua suggceting the 
possibility of strong d-wave 1)-N interaction at low energy. 
(Dissertation Abstr.) 

40255 (UCRL-11577) PION-NUCLEON SCATTERING 
IN THE T = STATE AS DEDUCED FROM RECENT EX- 
PERIMENTS. Burton J. Moyer (California. Univ.. 
Berkeley and California. Univ., Berkeley. Lawrence 
Radiation Lab.). July 1964. Contract W-7405-eng-48. 
lop. (CONF-550-47) 

From the International Conference on High-Energy 
Physics, Dubna. USSR. Aug. 1964. 

A review i s  presented of recent experiments involving 
elastic n f -p  scattering a t  300 to 700 Mev, charge-exchanke 
scattering a t  500 to  1300 Mev, and polarization measure- 
illents a t  500 to 1000 Mev. (R.E.U.) 

32587 . '~ANCUI+RDISTR~BUTION OF CHARGE EX- 
CHANGE OF n-NUCLEON BETWEEN 600 AND 900 ktev. 
A. Muller (CEN, Saclay. F'rance). E. Pauli, R. Barloutaud., 
'J. Meyer. M. Beneventano, G. Gialanella, and L. Paoluzi.. 
Phys, Letters. 10: 349-5,:Wune 15, 1964). Un French), 

The reaction n+ + d - 2 + p + p wks studied a t  pion en- 
e rg i e s  of 600, 650, 750. 800; and 850 Nlev. Effective differ- 
ential c ross  sections were obtained by fitting measured 
angular distribution points with ser ies  expansions of du/ 
dR = I: a.cosVS for  the reaction n+.+ n - no + p, cohsider- 
ing the less  energetic scattered proton a s  a spectator. 

. 

Measured total c ros s  sections a r e  compared with other 
experimental values. (B1.J.T.) . . 

17048 ON THE DECAY n - e + v + y. V. F. Mueller 
(Universittlt, Heidelberg). Z. Physik, 172: 224-30(1963). 
(In German) 

The radiative decay of the charged n-meson n+ - e + v + 

y was calculated using dispersion relation techniques. It i s  
assumed that the weak interaction producing the decay has 
a V-A structure. 'The decay through the vector variant was 
reinvestigated and found to be different from the result of 
Vaks and Ioffe.' The theoretical prediction i s  in'agreelnent 
with a preliminary experiment recently performed at CERN. 
(auth) 

40533 THE EFFECT OF NEUTRINOS WSSESSllJC A 
NOS-ZERO MASS ON THE DECAY CONSTANT OF BOUND 
11 WEBI?NS. Tihnr Nagy (Lorant Ei3tv6s Univ.. Budapest). 
M a e .  Fiz. Foly6irat. 12: 133-50(1964). (In Hungarian') 

The unslnble lnesons(p)'decay into an electron and 2 
neutrinos a t  an average llfe of 2.2 x lo6 set. The pusitive 
muons can be experimentally studied but the negative 
muons a r e  involved. in a number c)f ~ 6 m p l e x  processes': 
they a re  captured in the Coulomb field of the nucleus and 
reach the ground state within 10" sec. In view of Ute com- 
petition of these two processes, the time distribution of the 
decay electrons ig determincd not only by thD deoay con- 
stant but by the sum of the decay and caplure probabilities. 
The capture probability i s  a function of the order number 
of the capturing material. An attempt was made to recon- 
cile the previously noted differences between theoretical 
predictions and experimental rcsults. mnking use of a new . 
assumption of the theory of elementary particles, accord- 
ing to which there a r e  2 different neutrinos, one of which 
possesses a m a s s  which ,at r e s t  i s  different from 0. From 
Ule examination of the available experimental data ii was 
concluded that thc nbnormolly large value of the decay 
probability of bound mesonsb)  in the vicinity of Fe  cannol 
be explained on the basis of the currently accepted tbeo- 
rles. It appear8 hlghly devlrable to r cwn t  Ulc axpxin~snts  
hTulnu ~-uuvdunting tho ac#umption~ of tha !hsosy. Rrfienl 
measurements seem to indicate that the decay probabilily 
does not have a maximum a t  Z = 26. (TTT) 

47378 ON THE NATURE O F  MUON. Eiakamura, Sel- 
ta ro  (Tokyo Unlv.; Nihon Univ., Tokyo);Itaml. Kunlo; Ugai, 
Hlroyukl. Progr. Theoret. Phys. (Kyoto), 34:  256-62(Aug. 
1965). 

By assumlng that a ne~rtral intermediate hoson WO' wlth 
the particle number a2 Interacts hetween muon and elec- 
tron in the followin channels: (p+)' - e- + (w"')'. p+ - 
(e-)C + Wd., their eaectv on ,lie anomalouS magnetlc "lo- 
n~elrts 01 muon and elcctrop a re  calculated. \Vlth regard to 
the p-e decay and the anomalous magnetic moments, a con- 
sistent solutlon of the coupling constants is  found lor the 
theory In whlch thc intermcdi;ite I)oson Interacts with neu-. 
trino In the super-weak coupllng and wlth tho lcrmlons 
(other than neutrino) In the meso-strong coupling. (auth) 

20852 ASYMPTOTIC PROPERTIES AND ZEROS ,OF 
THE FORWARD SCATTERING AMPLITUDE. J6zef 



Namysrowski and Romuald Wit (Jagellonian Univ., Kra- 
kow). Acta Phys. Polon., 23: 197-203(Feb. 1963). (In 
English) 

Starting from the well established agreement between 
the one subtracted ordinary dispersion relation and the 
experimental data, the diffraction picture for the'pion- 
nucleon forward scattering amplitude at  ,very high en- 
ergy i s  presented. It i s  found that there a r e  two o r  four 
zeros lying in the domain of analytlcity of the pion-nucleon 
forward scattering amplitude. (auth) 

27167 (UCRL-11333) A MEASUREMENT OF do(O)/' ' 

dR FOR THE REACTION a- + p - .$ + n AT 900 Mev IN , , 

THE 72-INCH HYDROGEN BUBBLE CHAMBER. Alan 
Natapoff and Vo Xuan Bang (Lawrence Radiation Lab., . 

Univ. of California, Berkeley). Mar. 13. 1964. Contract 
W-7405-eng-48. 17p. Dep. (mn); $l.OO(cy), 1 (mn) CFSTI. 

A low-statistics measurement of do(O)/dR for  the reac- 
tion n- + p - no + n at  1.03 Bev/c in the 72-inch hydrogen 
bubble chamber i s  described. The n- beam comes from the 
Bevatron, and the secondary neutrons a r e  detected when 
subsequent elastic scatters n + p - n + p yield visible 
stopping protons. The rea l  events were separated from the 
spurious by a Boolean algebraic method that reduced the 
se t  of all events to a sum of a small number of physically 
significant sets. The residual backgrouhd fraction was 
estimated at 10% by a computer simulation technique using 
the known beam distribution and a pure sample of back- 
ground events. The bubble chamber, so used, detects , 

about 5% of the secondary neutrons emitted in the charge- 
exchange reaction. There were 12 experimental events in 
three intervals lying in the range 0.84 5 cos B:irn.= 0.96. 
A zero-constraint, least-squares fit of the distribution 
yielded the estimate d@e(O)/dn = (3.65 a 1.93)mb/sr. This 
result i s  consistent with the predictions based on the dis- 
persion relations. (auth) 

37542 . (UCRL-11333(Rev.)) A MEASUREMENT O F  
do(O)/dO FOR THE REACTION n- + p - ff + n AT 900 
\lev IN THE 72-INCH HYDROGEN BUBBLE CHAMBER. 
Hatapoff, Alan; Bang, Vo Xuan (Lawrence Radiation Lab.. 
Univ. of California. Berkeley?. May 1964. Contract . 
W-7405-eng-48. 14p. Dep.(mn); $l.OO(cy), l(mn) 
CFSTI. 

The pion-nucleon dispersion relations, based on the . 
principle of microscopic causality, permit tlte ualcula- 
tion of the real  part3 of the forward amplitudes for n--p 
md n*-p scattering a t  a fixed energy, if the correspond- 
ing total cross sections a r e  known a s  a function of energy. 
In sllldltlon, the forward differential c ross  section, doce(0)/ 
dn, for charge exchange (r- + p - + n) was calculated . 
previously, assuming charge independence. Experimental 

' 

vallrea fo r  the lat ter ,  therefore, can help to determine the 
'validity of the principle of microscopic causality. A low- 
statistics measurement of duce(0)/dQ at  1.03 Bev/c in the 
72-inch hydrogen bubble chamber i s  described. The n- . '  
beam came f rom the Bevatron, and the secondary neutrons 
were detected when subsequent elastic scatters n + p - n + 
p yielded visible stopping protons. The real .events were 
separated from the spurious by a Boolean algebraic method 
that reduced the s e t  of all events to a sum.of a small num-, , 

ber of 'physically significant sets. .The residual background 
[raction was estimated a t  10% by a computer simulation 
technique using the Imown beam distribution and a pure . 
sample of background events. The bubble chamber, s o  
used, detected about 5% of the secondary neutrons emitted 
In the charge-exchange reaction. There were 12 experi- 
mental events In three intervals lying in the range 0.84 5 

c m ~ > ~ '  0.96. A zero-constraint, least-squares.fit of 
the distribution yielded the estimate doce(0)/dQ = (3.65 * 
1.93) mb/sterad.. This r e su1 t . i~  consistent with the predic- 
tiom b&ed on the dispersion relations. (auth) 

4434'1 S-WAVE PION-PION SCATTERING IN THE 
STATE T = 0. Natll, Ravindei.; Pande, L. K. (Univ. 
of Delhi). Nuovo Cimento (lo),  36: 1035-B(Apr. 1. 1965).. 

An attempt i s  made to reproduce the correct  scattering 
length for the possible S-wave, T = O m  resonance, the o 
meson, in a simple N/D method, using a knowledge of the 
forces due to the low-mass intermediate states in the ' 
crossing channel. One- and two-channel calculations a r e  
made for the nn - nn and nn - KE scattering. i t  is not 
found possible to obtah  the o meson in this way. (M.J.T.) 

31611 . IXTt'iL\CTIosS (')F I+ iilESoKS \\'lTll IlY- 
DROGEX AXl) C,\RROS AT 58 hlEV. D. V. Xeagtt and 
R. G. Snlukv:ltlzc (Joint Inst, for Xuclear Rcscarch,.Dubna, ' 

U S S R e  Tbilis'i Inst. of Physics, Acaclemy of Scicnccs, 
Georgian SSH). Ac:td.'rcp. populare Rominc, Inst. fiz., 
atotnic5 si Inst. fiz. Studli cercetsri  fiz., 12: No. 1, 39- 
54(1!1Iil). (In Rumanian) 

ltttcracti!>ns of 78 i 2.35 hlev nt mesons wlth hydrogen 
and carbon \Yere stutlled by mcans of a propane bubble 
chamber.. The elastic scattering cross section o(nt, p )  = 
(38.85 a 5.95) mb and the total scattering cross scction , 

o(nt. C) = '166 13.6 mb were determined. Angular dis- 
trlhutlons and the absorption cross sectlon oab,(nt. C) = 
(181) i 21)),ml1 wcrc nlso dctnrniincd. Star dlfitrlbutlon by 
lllc tnlmbcr of prongs Is dcscrll~crl by i : 2.50 t Il.18. Tllc 
nlrgul:~r :dlstrllrutintl (11 pronjis In rclt~tlon to the Incitluni 
tncson is  aliisc~troplc will1 n coefficient (N I -N I/N 1 - N  i -- 

0.13 a 0.02. Seventy percent of the absorption takes place 
through'capture by nucleon pairs, while in the res t  of the 
cases, p largcr'complex of nucleons participate in the 
ca~ tu re :  (R.V.J.) 

4464 PHOTOPRODUCTION AND SCATTERING O F  
PI-MESONS. N. F. Nelipa, hternatlonal ' ~ o n o ~ r a ~ h s  on 
Advanced Mathematics and Physics Series. Translated 
from the Russian (Russian f racts on Advanced Mathe- 
matics and Physics. Volumc.7). New York, Gordon and 
Breach Science Publlsltefs, 1963. 107p. $5.00. 

Experimental data on: the photopmduciion and scattering 
of mesons (n) on nucleons 'are presented. The photoproduc- 
t!on differential c ross  section and the relation between the 
processes of scattering and photopmrlttction a r e  discuoocd. 



The decomposition of a plaqe photon wave i s  considered, 
end an expression for,!tQe polarization of neutipns i s  de- 
rived. Tables of Clebsdh-Cordon, Racah, and Z-coefficients 
are included. (C.E.S.) j ., 

1193 ON THE ABSORPTION OF STOPPED n-- 
MESONS BY ''c NUCLEI. Nguyen-T~ng ,  C.; Cheon, 
11-T. Sakamoto, Y. (Kyoto Univ.). Phys. Lett.. 19: 232- 
4(0ct. 15, 1965). 

The absorption.of a stopped meson ( r" )  by a nucleon : 
pair  with the emission of a high-energy nucleon was stud- 
ied. The other nucleon is trapped by the nucleus aiid ren- 
de r s  it highly excited. The excitation energy distribution 
of the llB nuclei was calculated. (D.C.W.) . 

41804 INTERACTION OF POSITIVE PIONS WITH- . . 
HYDROGEN AT 60'0 .Mev. . Peter  C. A. Newcomb (Univ. 'of 
California,. Berkeley). Phys. Rev., 132: 1283-YZ(Nov. 1 ,  . 
1963). (UCRL-10682) 

A hydrogen bubble chamber was used to investigtae n+-p 
interactions at  600 Mev. There were 1738 good events, of 
which 71.9 a 0.8% were elastic. Partial waves up to at . 
leas t  Uq, a re  required to fit the elas'tic angu:ar,distribu- . 
tion. The inelastic evenis were almost entirely single-pion 
production. The ratio (p + O)/(n*) was found to be 5.5 * 0.8, 
which agrees well with 4.9 predicted by the (',$,=h) pion- ' 

nucleon isobar model of Olsson and Yodh. It i s  also con- 
sistent with 6.5 predictcd by Sternhcimcr and Lindcnbaum. 

T h e  pion. momentum spectra and the n-n Q-value distribu- 
tions also support the.Olsson and Yodh model. 'Thus the 
('/2.%) pion-nucleon isobar i s  apparently the principal . 
mechanism for single-pion production a t  ti00 Mev. Angular. 
distributions for the single-pion-production data a r e  pre- 
sented. (auth) . . 

28156 (UCRL-10563) n+-p SCATTERING AT 600 Mev 
(thesis). Peter  Cyrenius Adelbert Newcomb (California. 
Univ., Berkeley. Lawrence Radiation Lab.). Jan. 7. 1963. 
Coritract W-7405-eng-48. ,Bop. 

. The Berkeley 15-inch hydrogen bubble chamber was 
used a t  the Bevatron to investigate n+-p interactions at  
600 Mev. Seventeen hundred and thirty-eight good events 
were  found; 71.9 i,0.8% of these were elastic. The in- ..: 
elastic interactions were almost entirely single pion pro- 
duction. .The elastic angular distribution was fitted by a .' 
fourth order  polynomial in cos  B,.,.. ,,This implies that : r.: 
states.with an  orbital angular momentum of at  least  2 h .  % . 
were present. It was also shown that the upper bound of 
the total angular momentum was at  least  (5/2) h, where fi 
i s  Plank's constant divided by 2 n. For the single pion 
production, the ratio of the number of interactions of the 
type n+ + p - n+ + p + no to those of the type r+ + p - n+ +. ' 

n + n+ was found t o  be 5.5 0.8. This result  i s  in good 
qualitative'agreement with the value 6.5 predicted by 

Sternheimer and Lindenbaum. The pion momentum spectra' 
for the reaction a+ + p - n+ + p + no do not show the dip 
predicted by ,Bergia, Bonsignori, and Stanghellini. A peak . 
was found in the ~(n'n') distribution; however, it i s  thought ' 

that this peak.is more likely to be an effect of the ('/2, ',$) 
pion-nucleon isobar than that of a n-n resonance. Angular 
distributions a r e  also given for the inelastic events. 21 
references. (auth) . . 

17297 . DECAY OF BOUND NUONS IN TITANIUM, 
LnON, AND LEAD, Lloyd Carlislo Miolson. Thesis, Salt 
Lake City. Univ. of Utah, 1962. 102p. . . 

The bound muon decay'rate Ad was measured for Ti, Fe, 
and Pb by observing the composite time distribution of de- 
cay electrons Prom p s i l l v e  aud utrgalive uosulio-ray 
muons. .The decay ele5trons were detected in a 12" deep 
carbon-tetrachloride Cerenkov counter which absorbed 
most of the electron energy. Aluminum reference targets 
were used to avoid the necessity .for precise knowledge of 
the abundance Patio of positive to negative cosmic-ray . 
muons. Particular care  was taken to correct  the data for 
contamination by muon-'capture events, and for differences 
in decay-electron spectra. The ratio hd/Ao of bound to free. 
decay ra tes  was found to be  0.92 i 0.06 for Ti, 1.05 * 0.06 
for Fe, add 0.88 0.13 for Pb. The result for Pb is in 
agreement with recent theoretical predictions. The T i  and 
Fe results, taken by themselves, a r e  in fair accord with . 

theory. They a r e  in good agreement, however, with the 
results of other measurements made at  this laboratory; 
the combined results  indicate an.'anomaly of about 8% near 
Z = 26. This discrepancy is smaller than has been pre- 
viously reported. (Dissertation Abst., Vol. 23; No. 7). 

19180 . 'THE INTERACTION AND THE HYPOTHETICAL 
STRUCTURE OF MUONS. A. I. Nikishov and I. L. Rozen- 
tal'. p.48-71 of "Nekotnryye Vnprosy Fiziki Flementarnykh 
C h n f i t i t ~  i Atnmnn~n Yadra."" Mnficnw, Cmfiatorni7,rlat,, 1Rfi2: 

Papers published since 1939 on the interaction of muons 
and on hypotheses .as to muon structure are reviewed, 
Muons have spin 1/2. The first  radiative correction to the 
magnetic moment i s  consistent with experimental data. 
Accclorntor oxperiments showed no soattering anomalies 
greater than cmz per  nucleon in the transfer of mo- 
menta less  than 400 Mev. Muons can be described by 
Dirac's equation. It i s  still unknown why muons and elec- . 
trons have different masses. The production of muons at  
very high energies (- 10'' ev) should be studied and the 
folloding experiments a r e  recommended: more precise 
measurement of the magnetic moment, investigation into 
the production of muon pai rs  with transfer of large mo- 
menta, determination of the form factors of protons and 
muons from pp scattering, experiments. with oppositely' 
directed beams of electrons and positrons, scattering of 
muons from electrons with transfer of a large transverse 
momentum, investigation of secondary-particle interaction 



ranges in nuclear collisions with Eo E lo t5  ev, search for 
anomalously scattered muons having an energy of more 
tha i  1 Bev and a cross  section of lo-" cma per nucleon, 
and underground precision measurements of bursts in ioni- 
zation chambers at great depths. (OTS) 

9909 ANGULAR DISTRIBUTION OF THE p+ - e+ 
DECAY ELECTRONS IN STRONG MAGNETIC FIELDS. 
B. A. Nikolsky and S. A. Ali-Zade (I. V. Kurcbatov Inst. 
of ~ t o m l ' c  Energy of the USSR Academy of Sciences, Moe- 
cow, U.S.S.R.). p.614-17 of "Proceedings of the 1960 
Annual International Conference on High Energy Pbysics at 
Rochester. The University of Rochester, Rochester, N. Y., 
August 25- September 1, 1960." 

The asymmetry parameter a of the angular dletribution 
of the n - p - e decay electrons was studied In magnetic 
fields wlth intensities up to 35,000 gauss. Since the p meson 
i s  depolarized in coming to rest. the angular dlstrfbution of 
decay electrons determines the value a* = Pa. where P i s  
the degree of residual polartzation of the meson a c h  i s  
stopped in a given moderator. A value,of L/S was obtalaed 
for  a* at  field intensities of 20,000 to 30.000 gauss. A 
slight increase in a* was observed -&th Increases in field 
intensity and with dilution of the emulsion. Results indi- 
cated that a depolarization mechanism in addition to muo- 
nium formation must exist. (M.C.G.) 

21072 FUNDAMENTAL PARTICLES. K. Nishijima. . 
Lecture Notes and Supplements in Physics. New York, 
W. A. Benjamin. Inc., 1964. 419p. 

A historical survey of the discovery of muons ,and pions' 
in cosmio rays i s  givcn. The study of invariance principles 
and their application to the determination of the pion trans- 
formation properties a r e  discussed, with consideration'of 
time reversal ,  parity, spin, and charge conjugatioq. Charge 
symmetry and charge independence in nuclear and pion 
phpoioo m! conoidorod. Cevorinnt pcrturbatloi~ t l iee~g h d  
dispersion theory a re  introduced, and the dynamlcal prop- 
ert ies of the pion-nucleon interaction a re  described In 
terms of dispersion relations, emphasizing the analysis of 
nucleon form factors leading to predictions on the presence 
of vector mesons.' A discussion of strange particles and '  
hyperfragments i s  presented. The violation of parity in 
weak interactions i s  discussed. (M.J.T.) 

47582 (NEVIS-129) ISOTOPIC DIFFERENCES IN THE 
MU-MESIC K X-RAY ENERGIES OF 1 8 ~ A B ~ ,  d 0 ~ a - 4 4 ~ a ,  
lln~n-'2~Sn, t5sGd-t60~d (thesis). Nissim-Sabat, Charles 
(Nevis Labs:, Columbia Univ.. Irvington-on-Hudson,. N. Y.). 
Mar. 1965. Contract Nonr-266(72). 85p. (R483;  CU- . 
235). 
. The isotopic differences in the I-mesic K x-ray en- 
ergies of t6O-ta0, 4oCa-44Ca, *t8Sn-tzrSn, and lSSGd- 
16OGd were measured in order to obtain information 
about the change in the radius of the nucle?r proton dis- 
tribution a s  the neutron number i s  increased.. The essen- , 

rial feature of the experimental method i s  the simulta- 
neous measurement of the ,spectra of the two isotopes by 
means of a'conventional.NaI(T1) crystal y-ray spectrom- 
eter. Great care  was taken to aviod any bias o r  nonsta- 
tistical e r ro r s  in measurements and analysis by treating 
the two isotope targets in an exactly similar fashion. 
Probable contrlbutlons to the Isotopic shifts from nu- . , 
clear polarization effects a r e  exarnlned and a re  found to, 
:be negliglble. The relevance of isotope shlfr measure- 
ments to the understanding of general nuclear prolxrtles. 

.such a s  compressibility. Is also considered. A review Is 
made of the theory of optical lsotopic shift measurements 
in order to determine how they can best be complemented 
by future high accuracy p-mesic x-ray n~easurements. 
(auth) 

25277 * D E P O L ~ I Z A T I O N  OF p+ MESONS IN CON- .., 
DENSED MEDIA. V. G. Nosov and I! V. Yakoleva (Kurcha- 
tov Atomic Energy Inst., Moscow). Nucl. Phys., 68: 609- 
31CJuly 1965). 

A theory of p+ meson depolarization in condensed mat- 
t e r  i s  developed. It .is shown that, the depolarization of a 
muonium electron in a medium is in general maintained. 
but is  suppressed when the muonium enters into chemical 
reaction, which occurs long before its decay. Using exper- 
imental data on the depolarization of p+ mesons la an 
emulsion the parameters entering the formulas of the phe- 
nomenologicd theory a re  determined and the asymptotic, 
polarization curve in strong magnetic fields is  derived. 
Several possible mechanisms of the depolarization of a 
muonium electron a s  well a s  some problems of the chem- 
istry of muonium a r e  discussed. .The case of substances 
with a large dielectric constant and i ts  weakly pronounced 
frequency dispersion i s  consldered. The theory i s  general- 
ized for the case when the depolarization of a p+ meson. is  
due to multiple charge exchange of muonium into p+ meson 
and vice versa. (auth) 

41803 PION-NUCLEON SCATTERING AND THE J = 2, 
T x .0  PION-FION R4TERACTIOl~. ,G. C. wades (UnIv. of 
London). Phys. Rev., 132: 1277-82(Nov. 1, 1963). 

The effect of the J = 2,  T =  0 n-n interaction, on the n-N 
invariant amplitude. B(+) Is analyied. It i s  found that the 
n-N scattering data a r e  inconsistent with a J = 2, T = 0 n-n . 
phase 6; that r i ses  to above 13". around 650 Mev. The data 
a r e  consistent with a 6-function contribution at  1200 Mev , 

but It i s  impossible to say whether this corresponds to a 
resonant phase or only a sharp peak in the correspondiw 

. . 
absorptive part of the amplitude.' (auth) . . ' ' 

12236 PI-p ELASTIC SCATTERING IN THE ENERGY 
RANGE 300-700 Mev. Philip M. Ogden. Donald E. Hagge, 
Jerome A. Helland, Marcel Banner, Jean-Francois De- 
toeuf, and Jacques Teiger (Univ. of California, Berkeley). 
Phys. Rev., 137: B1115-25(Feb. 22. 1965). (UCRL-11180 
(Rev.)) . . 

Uifferential cross'sections for elastic n-p scattering 



were measurcd'at eight energies for positive pions and , 

seven energies for negative pions. Energies ranged from 
310 to 650 Mev. These measurenlents were made at  the 3- 
Bev proton synchrotron. A beam of pions from an internal 
Be0  target h a s  directed into a liquid-hydrogen target. 
Fifty-one scintillation counters and a matrix-coincidence 
system were used to measure 'simultaneously elastic 
events a t  21 angles and charged inelastic events at  78 r-p' 
angle pairs. Events were detected bkcoincidence of pulses 
indicating the presence of an incident pion, scattered pion, 
and recoil proton, and the rcsults n.eke stored in the mem-. . 
ory of a pulse-height analyzer. Various corrections were 
applied to the data and a least-squares fit was made to the 
results at  each energy. The form of the fitting function was 
a power s e r i e s  in the cosine of the center-of-mass angle 
of the scattered pion. integration under the t~ t ted  Ciii 'VeS 
gave values for the total elastic cross  sections (!v~thout 
charge exchange). The importance of certain angular- 
momenium states i s  discussed. The r - p  data a r e  consis- 
tent with a DIS resonant state at '600 Mev, but do not neces- ' 

sari ly require such a resonant state. (auth) 

34203 -r + p INTERACTIONS AT G46 Mev. Oliver, 
John D.; Nadelhaft, I. (Carnegie Inst. of Tech., Pitts- 
burgh). Phys; Rev., 147: 932-8(July 29, 1966). 

A 14-in. liquid-hydrogen-f illed bubble chamber in a 
17.5-kG magnetic field \\,as exposed to a beam of nega- 
tive pions. About 26,000-picturcs were taken and exam- 
ined for  the following final states: (1) elastic scattering 
(q); (2) r+ production (rm+n);  (3) .n0 production (r*); 
(4) neutrals. Values for the cross  sections for these 
processes were obtained. The elastic-scattering angular 
dependence in the cms was fitted by a power-seriei  ex- 
pansion in cosO and the coefficients were evaluated: Cross 
s ~ c ~ I Q @  for multiple-pion production were also measured 
a s  well a s  the total neutral cross section, the total charged- 
events cross  section, and the total c ross  'section. For 
single-pion production events, hvo-body mass distributions 
and angular distributions were compared with the predic- 
tions of the Olsson-Yodh isobar model. (auth) 

17208 
SEARCH FOR THE PROCESS p+ - e+ + y. T. W. . 
O'Keeffe. M. Rigby, ahd J:R. Wormald.(Univ. of Liver- 
pool). 'Proc. Phys. Soc. (London) 73, 951-3(1959) June. 
The spectrum of poeitrons emitted by positive muons 

decaying a t  res t ,  in coincidence with a y-ray photon at 
180", was e ~ i n ' e d  in search of the decayp+ - .e+ + y. 
No evidence fo r  the existence of this decay mode was ' 
found. An upper l imit  t o  the branching ra t io  (C1+.- e+ + 
y vs. p+ - e+ + v + 7) I s  7.5 x lo4. (L.T.W.) . 

37520 (CAR-882-8) ' n- + p INTERACTIONS AT 646 
Mev. Oliver, John D. (Carnegie Inst. of Tech., Pitts-. 
burgh, Pa . .  Dept. of.Physics). Jan. 1965. Contract AT- . 
(30-1)-882.. 134p. Dep.(mn); $4.00.(cy), 3(mn) CFSTI. 

A study of nh reactions a t  646 Alev was made using a '  
14-inch liquid hydrogen bubble chamber. Approximately 
6600 good events, were analyzed and the following cross  
sections were obtained: o(,l,,i,, = 17.56 0.43 mb, , 

u(#np)  = 4.65 t 0.17 mb, o(n-n+n) = 7.14 a 0.23 mb. 
one,,. = 11.78 ,+ 0.43 mb, o(n-n+&) = 0.33 t 0.04 mb, and 
o(r-pn-r+) = 0.08 a 0.02 mb. This gives a total c ross  sec- 
tiomof 41.54 a 0.82 mb. The elastic differential c ros s  sec- 
'tion was fitted to a 5th order polynomial in c o s p  with co- 
efficients a. = 0.27 t 0.02, a,  = 1.48 a 0.11, a2 = 3.86 a 0.22, 
as =-0.29 a'0.53, a, =-4.65 * 0.28, anda,.= 1.69 a6 .52 
( m b h t e r ) .  The fact that a 5th order curve was needed 
indicates that partial waves up to  FC a r e  present. The in- 
elastic reactions are '  dominated by production of the 
N1(1238) isobar and were fitted to the model of Olsson and 
Yodh. The model failed to explain the angular distributions ' 

of the reaction products and a lso  failed to  explain the 
M,-,+ plot. However, i t  was successful with the other two- 
body effective mass  plots. (auth) 

41509 A FINAL STATE INTERACTION ATODE L IN ' 

THE REACTION r + N - IT, + IT:, + N' BELOW 1 Bev 
(thesis). Olsson, Martin Godfrey. College Park,  Univ. 
dl Maryland, 1964. 159p. 

A phenomenological model for the single pion production 
process in pion-nucleon reactinns i s  presented. It is  the 
purpose of this model to identify thosc aspects of the ex- . 
perimental data which a re  determined by, the effects of 
known final-state interactions, and hence, to calculate 
some of the gross properties of the primary mechanism 
and its relation to the elastic pion-nucleon channel. In 
T = '4 production reactions both Pt and Dc states are 
large and attractive below 700 Nev. The latter has a phase 
anglc which io rapidly incronoing, p n ~ ~ i n g  through 90" near 
500 MeV. Prom the relation of thls phase angle tu the elas- 
tic scattering phase shift, a conncction to the well-hown 
600-RIev resorlance Is eslablisl~ed. Below, 700 M t v  Uie 
T = S/2 production occurs strongly through an attractive Di; 
state and a repulsive P< state. Energy and angle distribu- 
tions a s  well a s  the energy dependence of the cross sec- 
tions a r e  accounted for in the five experimentally known 
production reaction? ... The prominent exception to the 

' " 

Preceding slatelsent 76 the appearance of an anomaly in 
the pion-pion mass  spectra in the two reactions in which 
the two pions might be in a T = 0 state. The model as- 
sumes that only those amplitudes a r e  important in which 
there exists an attractive interaction between two of the 
three particles in the final state. Attempts were also made 
to construct a model which is close enough to reality to be 
mle to fit the experimental data, But yet make a minimum 
of assumptions about the nature of underlying dynamics. 
(Dissertation Abstr.) 

22727 WP-13860) PHYSIQUE DES MESONS r DE 
BASSE .ENERGIE. (Physics of n Mesons at  Low Energy). 
Roland Omnes (France. Commissariat a I'Energie 
Atomique. Centre d'Etudes Nucleaires. Saclay). I19611. 
128p. 

The main characteristics of mesons (r)  and the methods 
' by which they were determined a re  summarized. Isotopic 



spin and quantum field theory a r e  tben'considered. and 
n-N scattering at  low energies i s  analized. Tbeory for 
n-N scattering at  low energies in the static model i s  re- 
viewed, together with Mnndelstnm 'representation. (D.C.W.) 

1,6989 (NP-11592(Vol.I)(p.467-83)) ANALYSIS OF . 
PION-NUCLEON INTERACTIONS FROM 500 TO 1200 MeV; 
Roland Omnes and Georges Valladas (France. Com- 
missariat a lCEnergie Atomique. Centre d'Etudes Nu- 
cleaires, Saclay). . . . . 

Sets of data on pion-nucleon i teiactions a t  400 to 1500 
' ' 

hlev a r e  analyzed in an effort to clarify reaction mecha- 
nisms. Conclusions concerning resomnces and production 
momenta a r e  listed and recommendations concerning future 
investigations a r e  included. (J.R.D;) 

26740 DEPOLARIZATION O F  A BEAM MOVING IN A 
NONUNIFORM MAGNETIC FIELD. Yu. F. Orlov and S. A. 
Kheifets (Inst. of Physics, Academy of Sclences, Armenian 
SSR). Izvest. Akad. Nauk Armyan. S.S.R.. Ser. Piz.-Mat. 
Nauk, 13: 169-71(1960). (In Russian) 

Change of the polarization of the particle rotating in a 
magnetic field may be used for measuring the magnellc 

' 

moment of p particles such a s  electrons o r  p mesons. Tbr 
number of rotations must be quite high ( l d )  and tor thls 
reason the magnetic field must be focused, making it non- 
uniform, to prevent the escape of the partlcles during the 
experiment. Equations were derived for'calculattag the 
motion of particles with given charge. mass, and spln In 
an electromagnetic field, and solved for the case  of mag- 
netic fleld. (TTT) 

16233 
n- CAPTURE IN COMPLEX NUCLEI AND NUCLEAR PAIR 
CORRELATIONS. S. Ozaki, R. Weinsteln, G.  lass, E. Loh, 
L. .Neimala, and A. Wattenberg (Massachusetts Inst. of 
Tech., Cambridge). Phys. Rev. Let ters  4, '533-S(1960) 
May IS. 

Scintillation counters in coincidence were used a s  de- 
tectors of neutrons.and protons produced in o' capture by 
complex nuclei. By measuring neutrons, it was hoped to 
establish whether a- capture in complex nuclei involves 
two nucleons, and if i t  does, to use the process to study the 
ratio of neutron-proton pairs to proton-proton pairs. The 
 mesons were stopped in Li, C,'AI, S, Cu, and Pb  targets. 
In order to test the spatial correlation of the ejected nu- 
cleons, measurements were made -with the counters 90' and 
180' from each other. The results obtained a r e  given a s  
coincidences a s  a function of angle. If corrections a r e  made 
for relative'probability of detecting neutrons and protons, 
the following ratios of n-n events (a) In' + p + n - n + n] to 
n-p events (b) [a"+ p + p - n + p] " r e  obtained: onrbon, 

a/b = 5.0 t 1.5; aluminum, a / b  = 3.9 t 1.2. Due t o  back- . 

ground subtractions and secondary events contributing . 

more to the proton coincidence runs, It Is felt that these 
observed railos a r e  to be taken a s  lower l imits on the ratio. 
of reaction. (B.O.G.) 

,21378 V-NEUTRINO'CORRELATION IN FIRST FOR- . 
BIDDEN NUCLEAR p-MESON CAFTURE. 2. Oziewicz and 
N. P. Popov (loffe Inst. of Physics and Tech., Leningrad). 
Phys. Letters, 15: 273-5(Apr. 1;1965). , 

The angular gamma-neutrino correlation in meson (p) 
capture Is investigated for the case of firstiforbidden 
transitions,, The reaction p + 12C -. 1 2 ~ *  + v,, is  consideied 
a s  an example. (D.C.W.) . ' , ... 

9166 . SEARCH FOR THE DECAY 1' - e+ + y. Sher- 
wood Parker. Herbert  I,. Anderson, and Charles Rey (Univ. 
of Chicago). Phys. Rev., ,133: B768-78(Feb. 10, 1964). 

A search was conduoted for  the decay @+ - e+ + y using 
spark chambers, scintillators, and fast  oscilloscopes. The 
number of stopped pions, 7.39 x loB, and the detection effi- 
ciency of the apparatus for fi - a + y events, 3.9%, would 
predict the detection of 3 events for a branching ratio of ' 

lo-'. No evidence f o r  the existence of this decay was found. 
'The distribution In range of the e+ in graphite, and of the . 
(e,y) angle for  Ule events found near 180" was consistent 
with that expected from p+,- e+ + v + P + y. The probabil- . . 
ity of finding the observed distribution was calculated to be 
greatest fo r  an assuined - e + y branching ratio of zero. 
This probability drops  below 50% of this value if the branch- 
ing ratio is 0.6 x lod, and belowl'O% for  2.2 x 10": (auth) 

25529 DOUBLE-CHARGE- EXCHANGE SCATTERING ' 

OF PIONS FROM NUCLEI. R. G. Parsons (Stanford Univ., 
Calif.). J. S. Trefil, and S. D. Drell. Phys. Rev., 138:. 
B847-50(May 24, 1965). (SLAC-PUB-63) 

Pions offer a unique possibility a s  probes of nuclear 
structure since they can exchange two units'of electrical 
charge unaccompanied by other quantum numbers. The 
double-charge-exchange cross  section for  the reaction n- + 
h e  - n+ + 3n was calculated in the impulse approximation 
using the Chew-Low model for the pion-nucleon interaction. 
Only the dominant 3-3 channel. is  retained. For incident 
pions in the eneygy region of several hundred Mev, values 
of the differential c ross  section of d20/dQdE = 1-10 pb/ 

. Mev a r e  obtained for forward, angles. Triple-scattering ' 

te rms a r e  also calculated and found to introduce correc- 
tions of < 10% in d2u/dndE. Similar results  a r e  obtained . 
when the work i s  extended to the reaction ~r+ + 180 - n- + . 

1 8 ~ e  using shell-model wave functions. (auth) 

1326 n+ + D COLLISIONS AT 650, 750, 850 IvIev. 
E. Pauli (CEN. Saclay, France). A. Muller, R. Rarloutaud, 



. L. Carcin, J. RIeyer. M. Beneventano, G. Gialanella, 
L. Paoluzi, and R. Finzi. p.92-8 of "Proceedings of the 
sienna International Conference on Elementary Particles. 
vol. I." Bologna. Societa Italiana di  Fisica, 1963. 

Preliminary results  a r e  reported on the analysis of 
pictures taken with the Saclay deuterium bubble chambers 
~.sposed at  the synchrotron Saturne to r+ beams of 650, 
750, and 850 Mev. Figures show'the following: spectator 
proton and neutron distribution compared to Hulthen dis- 
tribution normalized between 120 and 250 Mev; differential 
cross sections for n+ + n - + n and n+ + p - n+ + p at  
several intervals of n+n and r+p energies; squared mass  
distribution of missing nectrals in the reaction n+ + d - 
p + (p,) + neutrals; total cross sections for reactions r+ + 
r i - p + q O ,  n + + n - - p + n " , a n d ~ + + n - p + + ' + n o a s a  
function of the center-of-mass pion-nucleon energy; the 
angular distribution f o r  q production; and differential 
cross sections of charge exchange reactions a t  several  
intervals of r+n center-of-mass energy. (A.G.W.) 

22527 
: 

AN INVESTIGATION 'OF PION-PION INTERAC- 
TIONS IN THE REGION OF THE,SECOND AND THIRD 
PION-NUCLEON RESONANCES. Charles Clyde Peck. 
Thesis, ~ n n ' A r b o r ,  Mich., Univ. of Michigan, 1962. 131p. 

Using a homogeneous sodium-iodide luminescent cham- 
ber, the effective mass  spectra of the two pions produced 
in the reaction n- + p - n- + no + p has been studied at  in- 
cident pion energies of 871, 775, and 682 Mev. A compre- 
hensive survey of similar experiments is,inciuded to  
provide perspective fo r  the interpretation of the results. 
A peak in the effective .mass spectra with incident pions 
of 871 Mev i s  found between 580 and 660 Mev, with high 
momentum t ransfers  to the proton dominating. The possi- , 

ble relationship of this phenomenon to the existence 01 a (1 
meson i s  discvsseil. Additionally, 111e puuslLUlty of peak- . 
ing structures near 540 Mev in both the 775'and 682 Mev 
data i s  considered, with considerable reservation be- 
cause of possible large er rors .  Finally, a possible tend- 
ency for the accumulation of events in the 350 Mev re-  
gion of the effective mass  spectrum i s  seen in the data 
collected a t  682 hlev. The possibility that large system- 
atic e r r o r s  negate this final result  does exist. The im- 
portance of the fact that this experiment was run in'the 
vicinity of the, second and third pion-nucleon resonances . 

i s  emphasized in interpreting the results  and comparing 
it to similar'experiments. (Dissertation Abstr.) 

24748 EVDDENCE CONCERNING PION-PION INTER- 
ACTIONS'BELOW THE 765-Mev PION-PION RESONANCE. 
C. Clyde Peck. Lawrence W. Jones, and Martin L. Per1 

, 

(Univ. of Michigan, Ann Arbor). Phys. Rev.. 126: 1836-44 
(Junc 1, 1962). 

A search  was made for n-r resonances in the reaction 
ir- + p - r - +  no + p a t  871 and 775 Mev. us inga  sodium- 
iodide luminescent chamber a s  a detector. The spectra 
of m*, the total energy of the 2 pions in their own bary- 
centric system. a r e  presented and compared with the 
spectra predicted by phase-space alone. The maximum m* 

i s  695 Mev, and the recoil proton momenta a r e  400 to 700 
Mev/c. The 871-Mev spcctrum shows a deviation from the 
phase-space prediction in the form of an abrupt r i se  at an 

' 

m* of 590 Mev. This r i se  i s  most prominent for the spec- 
trum with recoil proton momenta above 550 Mev/c. The 
775-Mev spectrum does not show any -strong deviations from 
phase space. It i s  concludcd that the peak above phase space 
in the m* spectrum range of 575 to 700 nlcv i s  due to at  
least one other process besides the 765-Mev 2-17 resonance 
particular. The possible existence of a new two-pion, T = 1 
resonance with an m* of about 600 Mev i s  discussed. Ah 
evaluation of the performance of the luminescent chamber 
i s  made. (auth) . . 

31351 ' PION-UEU'I'LHUN ELASTIC SCATl'ERINC A T  
142 Mev AND THE FORM-FACTOR APPROXIMATION. 
Hugh N. Pendleton (Brandeis Univ., Waltham. Mass.). 
Phys. Rev., 131: 1833-44(Aug. 15;1963). 

The differential cross scction for charged pions with 
laboratory kinetic energy of 142 Mev to be scattered 
elastically by deuterons i s  calculated in a form-factor ap- 
proximation which includes double scattering effects. The 
calculations also include effects produced by the D-state 
part of the deuteron wave function and the repulsive core 
in.the neutron-proton int,eract.ion. A mason-theory deriva- 
tion of an impulse-approximation ser ies  for the scattering 
amplitude using the Heitler-London method is described. 
ac ic an "optimsl" procedure for obtaining R form-fnrtnr 
approximation to that series.  The differences between 
the optimal form-factor appro.ximation and other versions 
nf the imp~rlse  approximation a re  discussed. The com- 
parison of the calculations with experimental data indi- 
cates that pion-deuteron elastic scattering in the rcgion of 
the first  pion-nucleon resonance depends on off-energy- 
shell features of the pion-nucleon interaction which cannot 
be treatcd by a simple form-factor approximation. (auth) 

'1 8432 
PION PRODUCTION BY PIQNS. Walton A. Perkins. 
John C. Caris,  Robert W. Kenney, Edward A. Knapp. 
and Victor Perez-Mendez (Univ. of California. 
Berkeley). Phys. Rev. Letters.?. 56-7(1959) July 1. 

In order to study the direct interaction of the inci- 
dear plan W l r b  a v lmal  pion in the meson cloud sur-  
rounding a nucleon, the reaction n + p - n+ + ir- + n 
was investigated in the energy range from 260 to . 

430 Mev. Negative pion beams impinged on a 4-111.- 
thick liquid hydrogen target. Measurements were taken 
for u+ mesons emitted.at 60, 90, 125, and 160' In the 
barycentric syaiem for incident n- Ltinet~C energies of 
317.'371, and 427 ~ e v .  An integration was performed 
over the energy of the u+ meson at  each angle to obtain 
the angular differential c ross  section. (W.D.M.) 



12915 (TID-7686(p.131-4)) EVIDENCE CONCERN- 
ING PION-PION INTERACTIONS BELOW THE 7 6 5 - M ~ v  
RESOKANCE. Martin L. Per1 (Michigan, Univ., Ann 
Arbor). 

The interaction n'-p - r i - - ~ O - ~  a t  incident pion ener-  
gies of 775 and 871 Mev was investigated. T h e  resu l t s  . 

support a two-pion resonance with T = 1 at 575-Mev. 
Observations on the 765-Afev resonance in this  and o ther  
r i - p  interactions a r e  a l so  discussed. (D.C.W.) 

42382 (UCRL-11576) NEUTRAL FINAL STATES 1N 
n-p INTERACTIONS FROM 500 TO 1300 Mev. Vincent 
Z. Peterson,  Robert J .  Cence. Victor J. S t e n h r  (Hawaii. 
Univ., Hono!ulu), Charles B. Chiu, RickurJ D. Eandl. 
Robert W. Kenney. Burton J. Afoyer, John A. Poirier. 
and W. Bruce Richards (California. Univ., Berkeley. 
Lawrence Radiation Lab.). July 1964. Contract W- 
7405-eng-18. 9p. (CONF-550-82) 

From The International Conferenoe on  Hi&-Energy 
Physics, Dubna. USSR, Aug. 1964. . 

Total c r o s s  sections and angular distributioos were 
' 

measured for n--p interactions at  531 to 1308 Mev. Pro- 
duction of q0 and single and multiple no was studied. 
hlessurements were  made in a 4r: spark  chamber array.  
(R.E.U.) 

18503 
FISSION OF ~ h ' ~ '  NUCLEI BY. NEGATIV'E p-. AND . . 

nLMESONS. M.'G. ~ e t i a s h k u  a n ' d ' ~ .  K. Mikhul 
(Joint lnst. of Nuclear Research, Dubna, U.S.S.R.). 
Doklady Akad. Nauk S.S.S.R. g, 752-4(1959) June 1. 

. (In Russian) 
Heavy nuclei fission by p- mcoono lo poisible, 

through nuclear excitation in the p' optic transition . . .  

2p-Is  in a mesoatom, Fission occurs when the ' t ran- . 

sition exceeds the photoproduction threshold and when ;' 

mesons a r e  absorbed by nucleons in reactions such a s  
p- + p -. n + v. The possibility of non-radiative excita- . 
tion of nuclei according to the f i r s t  type of event, with 

- y emission in the radiation transition followed by nu- ' 

c lear  excitation, was observed previously. ,An attempt 
is  made to  obtain data on'the non-radiative fission of 
thorium. In addition to studies of thorium fission by 
p-, studies a r e  rnade of fission in n' capture; in evalu- 
ating the probability of the f i r s t  process it i s  impera- 
tive to know the effect of n- capture, a s  the p- beam i s  
tlut pure. Some 11,075 n' capture cvcnts were ob- 
served,  and the s t a r  distribution was compared with . 
previously reported data. , I t  was determined that the 
p- contribution was about 15%. Consequently, of the 
observed l i ,075  captures 9400 a r e  related to n- mesons. 
In 17 fissions in the sarnri.arPa, -0.5 events wore ro-' 
lated to b'. Heuce', l l le yrubablllty P(t-)  in whlCh the 

n- capture can initiate fission i s  equal to (1.8 + 0.4) x 
Capture events totaling 11.270 were observed in  

plates irradiated by p' containing 0.2 * 0.1% n-. It was  
assumed that not more  than 0.1% fissions result  f r o m  
n- capture,. The probability P b )  with which p- induces 
fission i s  (2.7 i 17) x lo-'. The  resu l t s  confirm that  
there i s  slight probability of catalytic thorium fission 
by p- through non-radiative capture. The evaluation, of 
the internal conversion probability showed one catalyt ic  
fission event requires nearly 300 p- captures. (R.V.J.) 

5894 
INELASTIC SCATTE,RINO AND ABSORPTION O F  195 t 15. ' 
M w  n+ MESONS BY CARBON AND LI- NUCLEL 
&. I. P e t r w ,  V. G. Ivanw, and V. A l u l s a k w  (Joiat Inst. 
of Nucleai Studies' USSR). Zhur. Eksptl'. 1 Teoret. Rz. 
2, 957-65(1959) Oct. (In Russian) ,. 

: Inelastic scat ter ing and absorption of (195t 15) Mev r'. 
mesons by carbon and lithium ions w e r e  studied wlth a 
cloud chamber, in a magnetlc field. The  total and dlIlerea- 
t ia l  inelast ic  scat ter ing c r o s s  sect ions and a l s o t h e  total 
c r o s s  sect ion for  exchange scat ter ing and absorptloa of 
ri+ mesons  were deterinined. The experimental data ob- . 
tained a r e  compared with the resu l t s  of calculation of a. 

' 

cascade In the carbon nucleus, and i t  i s  shown that In- . 
e las t ic  scat ter ing of mesons can  be satisfactorily de- . 

scribed on the bagis  of the pa i r  collision hypothesis. It 18 
shown that  p r imar i ly  only two nucleons of t h e  nucleus par. 
ticipate in the act  of absorption of a1(195 t 15) Mev r+ 
meson. The probability f o r  meson capture by n,p plLre ie  
2 t o  3 t i m e s  la rger  in  thls  c a s e  than the  probablllty for  
capture by p a i r s  of Identical nucleons. (auth) 

7083 (JINR-P-1081) POGLOSHCHENIE n- MESONOV 
V vODU~UWSUUEHZHASRCH&H VESHCHESTVAKH. 
(Absorption of a- Mesons in Hydrogenous Substances). 
V. I. Petrukhin and Yu. D. Prokoshkin (Joint Inst. fo r  Nu- 
clear Research. Dubna, U.S.S.R. Lab. of Nuclear Prob- 
lems). 1962. 9p. 

A detailed study was made of n- capture in hydroge-' 
nous substances, and the probability of n- capture by hy- 
drogen nuclei was determined a s  a function of the nuclear 
charge Z chemically bonded with hydrogen. ~ h n  scheme of 
the experiment, made using a 75-Mev n- beam and a s e r i e s  
of scintillation counters  and Cherenkov spectrometers  i s  
inotudod, (R.V .J.) 

37934 ( J I N R - P - ~ ~ o ~ )  IZMERENIE RAZNOSTI MASS 
ZARYAZHENNYKH I NEITRAL'NYKH PIONOV. (Meas- 
urement of Mass Difference of Charged and Neutral Pions). 
V. I. Pctrulthin and Yu. D. Prukoshkin (Joint inst. 1'0r Nu- 
c l e a r  Research,  Dubna, U.S.S.R. h b .  of Nuclear Prob- 



lems). '  1963. l l p .  
The angular correlat ion of y-quanta f rom the decay of 

neutral  pions produced in the capture of negative pions by 
protons was measured.  The.magnitude of the pion m a s s  
difference was found to be (4.60 + 0.02) AIev/cZ. The 
measurements  were  made by a method that i s  not affected 
by possible systematic inaccuracies due to tlie determina- 
tion ,of the angular resolutior[ and geometric  corrections. 
(authi 

22600 ' PION ABSORPTION IN HYDROGENOUS SUB- 
STANCES. V. I. Petrukhin and Yu. D. Prokpshkin (Joint 
tnst. f o r  Nuclear Research, Dubna, USSR). Nuovo Ci- 
meqto (lo), 28: 99-106(Apr. 1, 19G3). . (In English) 

The t ransfer  p rocess  from hydrogen to  other  nuclei 
for negative pions stopped in hydrogenous substances i s  
Lnvestlgated. T h e  probabllity . of negative pion capture by 
the bound hydrogen nucleus reduces  sharply wlth an in- 
c rease  of Z of .the neighbrine[ uucleus. (auth) 

21281 ON Pi-MESIC r\TOhl I'I{OCESSES IN HYDRO- 
GEN-CONTAINING SUBSTANCES. ' V. I. Pc~trukhln and 
Yu. L). Proltoshkin (Joint Inst. lo r  N u c l t ~ ~ r  I<cscarch. 
Dubnn, USSR): Dokl. Aknd. Nnuk SSSH. 160: 71-2Um. 1, 
i 360) .  (111 Aunnlu~ij 

An attempt was made to dr t r rn l inc  the mechanism of the 
t ransfer  of pions from hydrogen atoms to heavier atoms Lo 
hydro~cn-containing su l~s tnncrs  such nu styrene.  The nega- 
tive pions passed t h r o u ~ h  scintillation countrrs ,  were 
slowcd down, and sloplwd in the target. The resultant 
garnlna clu:c~~t;i wtbrc rc~is tc r t se l  by C I I C L ' ~ I I ~ ~ \ ~  total-nbsurp- 
tion sl~cctroinc*tc*rs. Vnriuus p :~scs  and solutions wcre 
t1st.d ;is tht* t;~rgc.ts. 1'111~ r t ~ s u l l s  slltnvtul tI1:it a prob:tbllity 
of c : ~ ~ ~ t t ~ r c  ol  ~ ~ I J I I S . I I ~  11t1t:lt.i tbi I B L J I I I I , ~  l ~ y ~ l r ~ ~ ~ t - 1 1  c!o,>s nut 
dcpelld on thc density uC t11c- m:ilt.ri:tl t8111l1lc)yt'd ((tth3nc). 
Similar  r c s ~ t l t s  wc.rta ol~~:tinc.tl :ilso i v i t l ~  s~rlutiuns. 11 fol- 
lows tlic.rcsi;~l.c. that 111,. 1r:lnsit.r t~ l"~~ic lns  i l l  1lydrogt.n- 
cont:linin# s u l ~ s t : i ~ ~ t : ~ s  is ;I ))ruct'ss \vl~ich UI:~.UI.Y with large 
intensity only when the tlistnnccs bctivcen thc hydrogen 
atoms and thc hcnvy ntonls a r e  small .  It Is also concluded 
thnt.thc nlcchnnisin Is nlvrc coniplicatcd than assumrd 
previously by P;~nofsky ct al .  It Is  to bc expcctcd. In par-  

' 

ticular, that tlie intensity of the t ransfer  depends essen- 
tially on the molecular s tructure of the substnnce. (ATD) 

3237 . (JINR-P-1767)' 0 s-MEZOAT'OMIYKH PROT- 
SESSAKH V VODORODOSODERZFIASHCHIKH VESMCIIEST- 
VAKH. (On n--Mesoatomic P r o c e s s e s  in Hydrogenous 
Substances). V. I. Petmkhin and Yu. D. Prokoshkin (Joint 
Inst. f o r  Nuclear  Research,  'ubna, U.S.S.R. Lab. of N U -  
c l e a r  Problems).  19G4. 4p. Dep.(mn). 

The  capture of negative pions by protons in hydrogenous 
substances (gases  and solutions) was investigated. It i s  
shown that the pion t ransfer , f rom hydrogen to heavier  
a toms has a local charac te r .  (auth) 

19149 RADIATNE CAPTURE O F  STOPPED'NEGATNE 
PIONS BY.NUCLE1. V. I. Petrukhin and Y ~ I .  D. Prokoshkin 
(Joint Inst. f o r  Nuclear Research,  Dubna, USSR,). Nucl. . ' 

Phye., 66: 669-72(May 1965). 
Experiments aiming at  the radiative capture of stopped n- 

mesons by nuclei a r e  described. The probability of the 
process detected i s  2 x 10' and depends weakly upon 
nuclear charge and mass.  The energy spectrum of y quanta 
emitted in the capture turned out to be hard. The mean y 
energy was about 80 Mev. (auth) 

30721 (JINR-1'-1663) RADIATSIONNII ZAKtIVAT 
OSTANOVIVSHIKHSYA n--MEZONOV YADRAhlI. (llsdicl- 
tivc Cupturc of Etoppcd n- AIcouno by bluoici), Vi 1. 
Petrtlkhin and Yu. D. Prokoshkin (Joint Inst. for,Nuclear 
Heacarch, bubna, U.S.S.R. Lab. of Nuclear Problems). 
1964. 7p. 

The s u a r c l ~  cxper i~nents  described were undertaken to 
detect a small-intensity radiative capture of n",n~csons by 
complex nuclei. The probability of the process is  2 x lo-'; 
it docs not tlcprnd significantly on thc nucleus dh;~rge.  The 
energy s l ~ c c t r u m  of y-quanta measured with the Iic.11) of Ihc 
Chercnkov spcctl.omctcr turncd out to be "hard," its 
nvcrugo cncrgy bcing nbout 80 Mcv. (auth) 

37740 (JINR-P-2780) PEREZARYADKA OSTANO- 
VTVSHIKHSYA a-MFZOWOV NA LEGKIKH YADRAKH. 
(Charge of n-hlesnns St.npperl nn T.ieht N l ~ c l ~ i ) .  P ~ t r ~ ~ k h i n .  
V. 1.: Prokoshkin. Yu. D.; Filippov. A. I. (Joint Inst. for 
Nuclcar Rcscnrch,  Dubna (USSR). Lob. of Suc lear  Prob- 
lems) .  1966. 5p. Dep. mn. 

hleasurements \\.ere made of the charge exchange of - 
mesons stopped on 3 ~ e  nuclei. The charge exchange of the 
stopped n- mesons on 1°B, l4S, and 3 5 ~ 1  \\.as depressed by 
'10' folds. ( t r  -auth) . 

8101 . (NYO-9283) INTERACTIONS O F  141 AlEV 
NEGATIVE PIONS WITH DEUTERIUAI. Edward G. Pewvitt 
(Carnegie Inst. of Tech., Pittsburgh). May 1961. Cnntrnnt 
AT(30-1)-882. 108p. ' 

T11r i l l telact iu~ls  01 141-Mrv n- r~.ie50iis wit11 deuterium 
were studied using a bubble chamber. The elxstic differen- 
t ial  c r o s s  section was measured a t  8pb = 30 to 180" by ex- 
amining the angular correlation; range of positive recoil, 
and coplanarity of those scatteringsa\vhlch resulted in two 
outgoing charged particles. The accuracy of the measure-  
ments in the backward hemisphere was of the o r d e r  of 10 to 
15 p e r  cent. This  elastic, differential c r o s s  section was 
compared to the results  of impulse approximation calcula- 
tions and found to  disagree for backward scattering. The 
differential c r o s s  section for  the sum of elast ic  plus inelas- 
t ic  scat ter ing (7- + d - n- + d o r  n- + d - R- + p + n) was 
measured a t  9Fb = 10 to 180". The c ross  sect.ior1 for 



elastic plus inelastic.scattering was determined t~ be 137 i 
7 mb. The cross section for the three reactions giving neu- 
tral  products (I- + d - 2n, 2n'+ no, and 2n + y) was found to 
be 34.4 2.6 mb. This gave'a n- + d total cross  section of 
171 + 7 mb. The results a r e  compared with impulse ap- " 
proximation calculations. (auth) 

31350 f l -D  SCATTERING AT 142 Mev. E. G. Pewitt,. 
T. H. Fields, G. B. Yodh, J. G. Fetkovich, and M. Derrick.  
(Carnegie Inst.,of Tech., Pittsburgh). Phys. Rev.,, 131: 
'1826-32(Aug. 15, 1963). 

The interactions of 142-3Iev n- mesons with deuterium 
have been studied using a 15-cm bubble chamber in a 12.7 
kG field. The angular distributions for elastic and in- 
elastic scattering \\.ere measured. 'I'he elastic differentia 
cross  section for scattering angles greater than 90' i s  not .  
in agreement with theoretical calculations based on the Fm- 
pulse approximation. The total cross  section for neutral 
products (a, Zg + y ,  @ + ff) was measured to be 37.2 + ' 

-2.8 mb. The sum nf the separate cross  sections gave the 
fl + d'tatal c m s s  section to be 183 + 7 mb. (auth) 

981 1 ELASTIC SCATTERING OF 142 MeV NEGATIVE 
PIONS, BY DEUTERONS. E. G. Pewitt, G. B. Yodh, 
M. Derrick, J. Fetkovich, and T. Fields (Carnegie Inst. of 
Tech., Pittsburgh. Penna.). p.196-8 of "Proceedings of 
the 1960 Annual International Conference on Hlgh Energy 
Physics a t  Rochester, The University of Rochester, Roch- ' 

ester,  N. YI, August 25-September 1, 1960." 
A measurement of elastic n-d scattering at  142 Mev was 

undertaken in order to provide experimental' data to com- 
.pare wIth the results of impulse approximation calcula- 
tions. A negative pion beam was used to bombard a deu- 

' 

terium bubble chamber. The method used for the selection 
of elastic n-d scattering tracks i s  given. The e.xperimental 
results were found to be at  variance with the theory that 
is.based on the impulse approldmation and takes into ac- 
count double scattering, some recoil effects, and the D . 

state of the'deuteron. (M.C.G.) 

889 i - p  INTERACTIONS AT 905, 960. AND 1100 
Mev. 'E. Pichwp, D. K. Robinson, E. 0. Salant, F. Ayer, 
and B. A. Munir (Brookhaven National Lab., Upton. N. Y.). 
P h y ~ .  nev.,. 132: 1819-30(Nuv'. 15, 1963). (BNL-7125) 

Single-pion production in n'-p interactions was studied 
a t  905, 960, and 1100 Mev. Comparison with the Isohar and 
one-pion-exchange (OPE) mechanisms of pion production' 
shows that; below 1 Bev, pion production occurs primarily 
through the formation of an intermediate excited state of 

. the nucleon.(isobar), while at  higher energies the influence 
of the p resonance in the m system becomes increasingly 
important. Therc ia some evidence for an I = 2 slate in the 
events a t  the lower energies. !auth) 

,41482 OM THE DECAY n - p + v + e+ + e-. ~ i k n ,  
S. A.; Kharkats, Yu. I. (Inst. of Engineering and Physics, 
Moscow). Soviet J. Nucl. Phys. (English Transl.), I:, 

. . 207-lO(Aug. 1965). , . 
Translated from  ade ern. Fiz., 1: '291-5(~eb,. 1965). . . . 
The decay n - p + v + e+ + e- i s  considered, where the 

e+e- pair  i s  created by a virtual y quantum from internal 
bremsstrahlung. The total decay probability, equal to 2.6 x 
lo4  of the'n - p + v probability, and the differential distr i-  
bution with,respect to e n e r a  and angle a r e  obtained. The 
possibility of using this decay .to determine .the mass of the 
muonic neutrino i s  investigated.. (auth) . . 

. .. 

18223 . IONIZATION MEASUREMENTS OF SIFFUSION 
CLOUD-CHAMBER TRACKS. G. Piragino (Universita, ' 

Turin). . Nucl. Instr. Methbds, 25: 362-4(Jan. 1964). , 

An application of the = F i v e  photometric method for  
measuring the ionization af tracks' in diffusion cloud- ' 

chamber pictures i s  descrlb&d. One shows the.possibility 
to  recognize the proton a d  n-meson tracks from their mo- 
mentum and ionization measurements In many cases when 
their visual identity is ambiguous. The results a re  also in.  
good agreement with the h w w n  ionization energy loss  of 
the r-mesons as a function of their momenta. I (auth) 

European Orgadzation for  Nuclear Research, Geneva 
A PROPOSED FRACTIONAL-NANOSECOND TIME-OF- 
FLIGHT INSTRUMENT. H. I. Pizer.. Aug. 10, 1959. 
1sp. . 

A fkactional nanosecond the-ot-fIlght Instrument i s  
proposed f o r  a particular experiment on the muon gyro- 
magnetlc ratio. It dll be possible to measure the phase 
of arrlval of the p meson and electron relative to a fixed 
frequency 075 Mc/s) and to measure this t ime differ- 
ence to a precision of !(, CIS in any phase revolutiolz. 
The inetrument in,additfon is a general purpose time- 
of-flight device!. The range-of-flight times may be. a r -  
ranged to be  F t c h e d  by choosing appropriate frequen- 
c l e ~  of the fixed generatar such that the delay cables . 
between the channels always give a 90" phase shlft. 
(atbh) 

13524 PION-PROTON INTERACTIONS AT 450 &lev 
[Thesis]. Poirier, Charles.Philip. Bloo,mington, Ind.. 
Indiana Univ.. 1965. 102p. 

A study of ni-p in:eractions' at  450 Afev'using the 14. inch 
Brookhaven National Laboratory liquid hydrogen bubble . 
chamber i s  reported. The reactions studied a re  n* + p - 
n i + p , n * + p - n *  + f + p , a n d l ; * + p - n * + n '  + n .  The 
angular distribution of the elastically scattered positive 
pions was fit with a fourth order polynomial in cos 8, .  , . 
Normalizing the.data to a total.cross section o f  29.44 1 



1.C;:l n ~ l ,  gives an elast ic  C ~ I J L ~ S  s c e t i ~ ~ l l  01' 2t)I. I I 1 2.88 1111~. 

A l,lt:~se s11if1 :~n:iIysis I I ~ '  t l ~ e  ~ I I ~ L I I : I ~  ~ l i s l ~ . i l ~ t ~ l i ~ ~ ~ ~  \\,it11 all 
i~, , : l ; t>,~ic ~ : I I . : I I I I ~ : I ~ I . S  st!t e(111aI 141 1 yit:l(lt:~l :I se t  ~ ) t ' ' l '  = :% 
l ~ l ~ ~ ~ s t !  s l ~ i l l s .  111t1~txIucti1~11 01' int:l:~:;tic I I : I I . ; I I I I ~ ! ~ ~ I ~ S  ilil'l'crcnt 
I ~ < , I I I  1 11id I I I I ~  l , r t~l i i~: t!  ;my s u l ~ s ~ : i ~ ~ l i : ~ l  ~:II:IIII:I:S 111 1111: c ~ r i ~ i -  
II:II ! ; ~ ~ l t ~ t i o ~ ~ : ; .  ' 1 ' 1 1 ~  (11 + ( I ) / ( +  + 11) 1xti11 !\,:IS I ' I I U I I I I  111 111: 

:1.57 1 1.5.l. w111cl1 :IJ!,I.c.v:; will1 LII~: I.:IL~~J .I.'J ~~l.l:~licLt.~l l ~ y  
1I1c ( 3  ,:$) pit~11-11uc1et111 isu11:ir 1 1 1 s ~ t I ~ : l  v t  ( 1Isst11i 311tl YI$IIII. 'l'llt: 
I I ~ I , I I  liillc:lie .encl.'gy spt:cc(;t 1'ro11> (1) + 0) : I 1 5 0  S ~ I I I I ) O I . ~ S  t l ~ e  
i s o l ~ a r  I I I I J I ~ C ~ .  'I'lle :ln#ulal. tlislril~ution of 1111: el i~st ical ly 
sclrllc:r.cd nL:~:tlivc ~)ivl ls  w:cs fit to o fourl l~ orclur ~)ulynu- 
~ t l ia l  i t 1  ec,s Un.  h.ol.n~:~lizing lllc cl:~ln to ;I 1c)I:ll cl.l.Jsa scc-  
ti8~11 #,I' :I:l.O:l I 0.65 11111 1;ivt.:; :III  c l :~s l ie  e r t ~ s s  st!e1i1111 01' 
Iii.74 I 1.7:l 1111). '1'111: 1li:;11~iI~utio11 01' I!~%!IILS 011 L ~ I !  ~ ) : l l i l ~  
pls~t l'4,r tilt: ( 1 )  - U) l ~ r ~ , ~ l u c i i ~ , ~ ~  1~1:;1ctit~11 i:i I ~ ~ : I s I ~ I I : ~ I I I ~  \v~!ll 
l r c ~ : ~ ~ u t t l ~ . ~ I  I,,I. 1,s ill,: J I S S I ~ I I  31111 ' I 'CJ~IJ I  i>t~I):lf l\\i~alC!l. 1ItYA'- 
C V I . ~ ,  l o r  It i t :  (.- 4. rl) I I I . I J I ~ U ~ ~ I I ) I I  I .C : : I~~II I I IS ,  Il1.e 1111>del (h!i 

nt,t ~ l t : s c r i l ~ ~ :  ;~~lc.cltl:~l~.ly 111,: 1lis11.il~uli1~11 111' cvonls on llle 
l):tlil?, pl111. 1111:1ly::i:; 01' 1114. ( . k 111 II:II:I in IL.I . IIIS 01' 11-11 

1,:1il.i11~;:; sI~t,ws i11:tI 1111: ,I I l J ~ ~ t ~ ~ l u e ~ ~ u ~ ~  11t.ucess i s  ~lt1111i- 
nntc~l  I)?. I I I C  (Nj,,)-, anc.1 in f:tcL t11e cI:tt:~ a r c  consisrcnl . 
\+,it11 I I C I  (f4;.l)" pt.i~(luetii~n: 'l'l~us, \vhiIc.thc (:i,:JJ I J J $ , I I - ~ ~ A -  
clcwn i.-;sdi:~l. i s  :il~l);~rcntly Llti: ~ : ' i n c i l ~ ; ~ l  nlccl~:inisrn ft,r 
si11;:It: l ~ i 6 t l d  ~ J I ~ I ~ I I I I C I . ~ I I ~  :II .1.50 \ lev,  1111: 11:11:1 i~~t!ic:tte t i l t :  

t .si:i~t:ll~.,.  ~ ~ ~ I I I I !  'I' 1.1 L \ \ ~ - I I ~ I J I I  ~ I I I C I . : I C L ~ , ~ I ~  I I I : I I  111tuIilits 
l l ~ c  >i1111tl,: I ~ I I I , : I ~  I I I I I I I C I ,  ( I ~ ~ s : ~ ~ I ~ : I ~ ~ , J I I  ~ \ l ~ : i t ~ ~ . )  

39793 r p  INTERACTIONS AT '460 Mcv. Poi r ie r .  
C .  P.; Tilger ,  C.  A.; Alyea, E. D. J r . ; -Mar t in ,  H. J. J r . ;  
Ilhode, ,J. I.; Scandrett, J. H. . (Indiana Univ., Bloomington). 
Phys I ? P v ,  148- 131.1-14fA11c. 2fi. 18fifi). 

.A total of 1589 two-prong events  were observed in an ex- 
posure of the Brookhaven National Laboratory 14-in. bubble 
chimber a t  the Cosmotron. The fit'to the elast ic  angular 
distribution r e q u i r e s  t e r m s  through C O ~ ~ ~ . ~ . .  The ra t io  Of 
the inelastic c r o s s  sections n ( r p  - n-n+n)/n(rp - f f f lp )  
is 3.75 *.0.46. The f f p  - r + n  reaction i s  dominated by 
formation of the m isobar and an enhancement in the di- 
pion m a s s  spec t rum previously reported by Kirz: The 
-p - r + p  react ion shows no s t ruc ture  in the effective- 
mass spec t ra .  (auth) ' 

17384 n+p INTERACTIONS AT Tn = 450 Mev. Poi r ie r ,  
C. P.; Tilger ,  C. A.; Alyea, E. D. J r . ;  Martin, H. J. Jr . ;  
Scandrett. J .  H.  (Indiana Univ., Bloomington). Phys: 
Rev., 143: 1092-5(Mar. 25 1966). . 
.. Elastic and inelastic n+p"inte.ractions at  450 Mev were 
studied. The inelastic c r o s s  section i s  (4.3 0.4% of tk 
total c r o s s  section. The  ra t io  of the single-pion production 
c r o s s  sect ions u(r+p - n+nOp)/u(n+p - n+n+n) i s  3.5 i 1.0. 
T e r m s  up through cosdOcm a r e  needed to  fit the elast ic  
angular distribution. The effective-mass distributions ,for 
n" production show (n+p) isobar formation and a r e  compared 
with predictions of the Olsson-Yodh isobar model. (auth) . 

21293 C ~ ~ ( * , U - ~ ) C ~ ~  EXCITATION FUNCTION. . A. M.  
Poskanzer and L. P. Remsberg (Brookhaven National L i b . ,  
Upton. N.. Y.). Phys. Rev., 134: B779-82(May 25. 19G4). 
(BNL-7687; CONF439-1)  

The 1 2 ~ ( % - ,  n - n ) " ~  excitation function was measurcd with 
incident pions of encrg ies  from 0.45 to  1.9 Bev. The c s c i -  
tation function of this simp!e nuclear reaction shows effects 
of the eleme.ntary pion-nucleon resonances. The r--n r e s -  ' 
o n 9 c e s  tend to  be =:produced in the excitation function. 
while the n- - p  resonances tend to cause a reduction in thc 
c r o s s  sections. The productioli of "C and "F by n- inter-  

' 

actions with A1 ta rge ts  was also studied over  the same cn- 
ergy range. T h e s e  excitation functions do not exhibit any 
structure. (auth) 

8229 MUON CAPTURE IN HYDROGEN. H. Primakoff . 
(Univ. of Pennsylvania, Philadelphia). p.128-39 of "Weak 
Interactions and Topics in  Dispersion Physics," New York. 
W. A. Benjamin, Ioc., 1.963. 

The quantitative theory of muon capture by a proton was 
investigated and the capture rate in [pp-ply was calculated, 
where [pppk  r e f e r s  to the prsdominnnt formation of the 
'[pp-pl molecule (ion)'in a n  effectively stable 1s ortho con- 
figurution. The transltlon matrix element for 'mu0.n capture 
by protons was tlevclopcd, and the charac te r  of the nucleon 
s ta tes  was determined. Ilispersion-theoretical r e p r c s e n u -  
tions for  the form factors  were constructed, and explicit 
expressions for dispersion relation integrals  were obtained 
from empirical  data for  electron scat ter ing form factors. 
The muon capture ra te ,  GGO sec-l, was found Lo be in rough 
agrcemcnt with experimental values. (L.B.S.) 

19044 STUDY OF MU-MESONIC X-RAYS: ELEMENTS 
FROM SULPtlUR TO MOLYBDENUM. D. Quitmann (Tech- 
nlschc lI(nchc;chule. D:~r~nfil;tdt. Get .) ,  11. Engfor, U. Ilogol, 

.P.  Rrix, G .  Rnnknnstnsn, K. Gochcl, and B. Stadlcr. Nucl. 
P l ~ y s . ,  51: GOB-331Mnr. 1964). 

F o r  twclve elements between sulfur and molybdenum. 
the energy of the mu:mesonic 2p-1s trnnsition and thc dif- 
ference of these energies f o r  neighboring clemcnts wcre 
~ l~ea t iurcd .  8l~ecl:d c a r e  was r:tken to reduce .and to stuay 
systematic e r r o r s ,  and the measurements were repeated 
under different  conditions. Some of thc control measure-  
ments and the data analysis a r e  described. Background 
spcc t ra  n r e  reported. The mu-mcsonic 2p-1s energlea 
agree  well with those calculated under the aseumption t h ~ t  
the maximum density of nuclear matter  and the surface 
thickness a r e  constant for the nuclei studied. The intensl- 
t i cs  of the 3p-1s transition and of an u n r e ~ o l v d  group at 
higller K llnes w c m  evaluated relative to  the 2p-la line. 
(auth) 

11679 MEASUREMENTS OF MASS O F  SINGLE 
CHARGED PARTICLES EMITTED BY .ABSORPTION OF 
MESONS IN EMULSION NUCLEI. N. R. Rabin. A. 0. 
Welssenberg, and E. D. Kolganova (Inst. of Theoretical and 
Experimental Physics. Moscow). Phys. Letters .  2: 110-12 - .  

(Aug. 15, 1962). (In English) 



The mass of single charged particles emitted from s t a r s  
produced by absorption of slow n- mesons stopped in emul- 
sion were measured in the range 20 to 100 Mev. Capture 
phenomena on light (C, N, and 0) and heavy (Ag and Br) nu- 
clei were differentiated on the basis of the standard cri teria 
of Coulonib barrier and Auger electrons. The basic results 
were obtained by measuring the multiple Coulomb scattering 
by the constant sagitta method, and the measurements were 
repeated by counting the number of 6 electrons versus re-  
sidual range and by measuring ionization versus residual 
range. '(H.D.R.) 

43090 LOW-ENERGY D-WAVE a-n SCATTERING 
PHASE SHIFTS. Rae, H. C. (Univ. of Durham, Eng.). 
Nuovo Cimen-to (lo), 33: 270-8(Sept. 1, 1985). 

A solution of the D-wave nn scattering inverse ampli- 
tude dispersion relations i s  obtained which satisfies 
crossing on the nearby left-hand cut. The D-wave nn 
phase shifts a r e  calculated a t  low energies for isospin' 
0 and 2. (auth) 

SCATTERING OF PI MESONS. J. ~ a l n w a t e r . ( ~ o l u m b i a  ' 

Uav.. New York). p.228-61 of 16Pr6ceedings of the Inter- . 
national Conference on the Nuclear Optical Model, March 16 

a n d '  17, 1959, Florida State University, Tal ldassee ,    lor-' 
ids." Alex E. S. Green, Char1es.E. Porter, and David S. ' 

Saxon, eds. The Florida State University Studies. Number 
Thirty-Two. Tallahassee, Florida. The Florida State 
University. 1959. 

Work at Nevis Cyolotron Lal5. on negative pion scattering 
at  80 Mev i s  described. A transmission arrangement of 
the scatterer was used. The energy definition i e  well . . 
enough determined to separate between the elnstic scat- . ' 

tering and inelastic scattering with the excitation of the 
auoleue of the order  of 3 .Mev. (W.D.M.) 

, , 

7411 PION STUDIES WITH SILICON DETECTORS. 
Raju, M. R.; Aceto, H.; Rlchman. C. (Univ. of California, 
Berkeley). Nucl. Instrum. Methods. 37: 152-8(Nov. 
1965). (UCRL16071). 

Measurements a r e  made of the most probable energy loee 
in silicon for pions of energies extending from 365 to 50 
Mev. The results agree within 2% with the theoretical val- 
ues. The haha'vinr of the pion beam with its inherent muon 
and electron contaminants, a s  it passes through various 
thicknesses of absorbing material. is  displayed. The energy 
dislribut~on of negative pion s tars  in silicon is  measured . 
and found to be a constantly decredsing function of energy, 
with the high-energy kiil extending' beyond 60 Mev. (auth) 

628 ' 

12531 .SCATTERING OF PIONE PnOM 113 AND He,. 

C. Ramachandran and K. Ananthanarayanan (MATSCIENCE. 
bladras). Wcl. Phys., 64: 652-6(Apr. 1965). 

The scattering of pions from the three-nucleon systems 
'H and 'Iie is ,audied taking into consideration the admix- 
ture of the S state of .mixed~symmetry, It i s  found that the 
differentlal c ros s  section i s  most sensitive to the percent- 
age admixture of this state at  around 90". (auth), 

10834 ON THE SCATTERING OF PIONS BY DEUTER- 
ONS. Alladi Ramakrishnan, V. ~ e v a n h h a n ,  and K. Ven- 
katesan (Univ. of Madras). Nuclear Phys., 29: 680-6(Feb. 
1962). , (In English) 
. The pion scattering by deuterons was studied under the 
impulse apprdximation, and explicit expressions for the. ... 
cross  sections for el,astic, inelastic, and charge exchange 
scatterings were obtained using the Chew-Low. amplitude 
for pion-nucleon scattering. Numerical calculations were 
carried out, a n d ' c ~ m p a r i ~ o n  was made with experimental 
results. '(nuth) . 

9223 ELASTIC SCATTERING OF PIONS BY A L P ~ ~ A ~  
pr\RTICLES. A. M. Harunar Rashid (Atomic Energy 
centre,'Lahore, West Pakistan). J. Nat. Sci. bfath., 2: 

. . 
i3-82(0ct. 1962). 

The elastic scattering of pions by .alphaparticles a t  
300 Mev is calculated using the variational technique 
which includes the effects of multiplescattering quite 
simply. The results of the calculation a r e  compared with 
the expkiment on angular distribution and reasonable . 

agreement i s  obtained. (auth) . 

11650 (UCRL-10531) NUCLEAR REACTIONS IN- . 
DUCED BY R U N S  A'NU YHOT~NS .(thesis). ,Paul L. 
Reeder (California.' Univ., ~ e r k e l e ~ ' .  Lawrence Radiation . 
Lab. anq California. Univ., Berkeley. Dept. of .Chemis- 
try). Nov. 27, 1962. Contract. W-7405-eng-48. 180p. 

~ f f e c G  due to elementary particle-like collisions within 
nuclear matter have been observed in several nuclear . . 
reactions caused by pions and protons. Simple nuclear . 
reactions of the form zA(a,an)zA" and ~ ~ ( a . a p ) ( ~ - l ) , ~ " .  
have excitation functions that a r e  sengitive to changes In . . 
the elementary-particle cross  sections. The excitation 
function for the reaction c l Z ( i ,  r-n)cll i s  measured from 
53 to 1610 &lev by bombarding targets of plastic scintillator 
'ath pions. The intensity of the pion beam i s  monitored 
with a two-counter telescope and 40 blc scaling system. 
The.scilltillator target i s  mounted on a phototube and.be- ' 

, , 

comes the detector for the carbon-11 positron activity. 
corrections a r e  made for muon contamination in the beam, 
coincidence losses in the monitor system, carbon-11 activ- 
ity produced by stray background a t  the accelerator, 
carbon-11 activity produced .by secondaries in the target; . 

and the efficiency of the carbon-11 detection system. The 



ct2(n-, r - n ) ~ "  c ros s  sections r i s e  to a peak of about 70 mb 
a t  190 Mev, that corresponds to the resonance in free- 
particle r-n scattering at  190 Mev. Calculations based on 
a "knock-on" collision mechanism and sharp-cutoff nu- 
c lear  density reproduce the shape of the experimental ex- 
citation function, but the magnitudes of the calculated val- 
ues a r e  low by a factor of six. The calculation shows that 
the ~ " ( n - ,  r - n ) ~ "  reaction occurs in the nuclear surface 
region a t  all bombarding energies. The contributions to the 
(7-, n'n) reaction predominate on the front surface of the 
nucleus in order to give the pion the maximum probability 
of escaping. The excitation functions tor the react~ofis 

' 

. Z ~ ~ ~ ( ~ , ~ ~ ) C U ~ '  and ~ e ~ ' ( ~ , 2 ~ ) ~ n ~ ~  a r e  measured radiochemi- 
cally from 400 Mev to 6.2 Bev. The slight increase in the 
(p,2p) c ros s  sections measured from 400 to 710 Mev i s  re- 
lated to the occurrence of a quasi-frea-particle pp collision 
within the nucleus. Due to the   rot on momentum distribu- 
tion, the increase iq not a s  pronounced a s  the rise in free- 
particle pp total cross'sections from 400 to 1000 Mev. 
From 2.2 to 6.2 Bev, the ~ n ~ ~ ( ~ , 2 ~ ) ~ u ~ ~  and FeS7(p,2p)MnS6 
c ros s  sections a r e  constant at  21 .+ 2 mb and 50 * 8 mb, 
respectively. The difference in magnitudes of the (p,2p) 
c ros s  sections i s  ascribed to the availability of only two 
protons in zinc-'68 and of six protons in iron-57 for this 
particular reaction. The free-particle effects a r e  not seen 
in.more complex reactions a s  evidenced by the constant 
c ros s  sections from 0.72 to 6.2 Bev for the yields of man- 

' 

ganese-5l'and -52 from'the reactions of protons with iron 
and for the yields of copper-61 and -64 from the reactions 
of protons with zinc. Cross sections a r e  presented for a 
few products from   ion-induced reactionsrequiring sev- 
era l  nucleons to be emitted. The yields of manganese-56 . 
and -52 and iron-52 from the bombardment of natural 
copper by negative pi meson, the yields of copper-67, -61, 
and -64 and manganese-52 and -56 from the negative pi 

' 

meson bombardment of natural zinc, and, the cross  section . 

, 
for  sodium-24 from negative pi meson + aluminum-27 a r e  
compared to the yields for similar reactions induced by 
protons; At the high energies considered here,  interaction 
of negative pi meson with these targets i s  shown to give 
yields that a r e  of the same order  of magnitude a s  the yields 
from proton reactions. These results a r e  interpreted a s  
experimental evidence that pion processes a r e  very impor- 
tant.for energy transfer in high-energy.nuclear reactions. 
99 references. (auth) 

9394 EXCITATION FUNCTION FOR THE ~ " ( r - ,  
a -n )~"  REACTION. ~ a u l ' ~ .  Reeder and Samuel S. Marko- 
witz (Univ. of California. Berkeley). Phys. Rev., 133: 
B659-46(Feb. 10, 1964). (UCRL-10924) 

The excitation function for  the reaotion ~ ' ~ ( a - , r - n ) ~ ' '  
was measured f r o m  53 to 1,610 Mev by bombarding targets 
of plastic scintillator with pions. The intensity of thc pion 
beam was  monitored with a two-counter telescope and 40- 
Mc scaling system. The scintillator target was mounted 
on a phototube and became the detector for the C" positrop 
activity. Corrections were made fo r  muon contamination in 

the beam, coincidence losses in the monitor system, C" 
activity produced by s t ray  backgr?und a t  the accelerator. 
C" activity produced by secondaries in thc target, and the 

' 

efficiency of the C" detection system. The ~ '~(n- ,a-n)C" 
cross sections r i s e  from a threshold,at about 50 Mev to a , 

peak of about 70 mb at 190 Mev, afier which they decrease 
to 30 mb a t  373 Mev and-are relatively constant a t  higher 
energies. The (n-.n-n) peak occurs at  the same energy a s  
the resonance in free-particle n-n scattering at  190 Mev. 
Calculations based on a knock-on collision mechanism and 
sharp-cutoff nuclear density reproduce the shape of the ex- 
pcitmenral excltatlon Cuncllu~~, Lul Ute 111ay11i1uclt.s uf Ll~e 
calculated cross  sections a r e  low by a factor of about 5 o r  
6. This simple model indicates thal Llle C'~(I-;,I-II)C" r e -  
action occurs In the nuclear surface regloll a l  all h!~biil*d- 
ing energies. (auth) 

19750 
PRECISE MEAS.UREMEN7S OF THE MEAN LIVES OF 
p+ andB m S O N S  IN CARBON. R. A. Reiter, T. A. 
Romanor~ekl R. B. Sutton. and B. G. Chidley (Carnegie 
Inst, of Tech., Pittsburgh). Phys. Rev. Letters 5, 22-3 
(1960) July l. 

A one inch carbon target was bombarded by 70-Mev 
r + m e e o u .  The muons from r+ decays were randomly 
polarized, thus elimhatlng possible modulation of the 
decay curve. 'Ihe weighted average of 14 runs gave a 
mean llie 61 Z.4111 U.UW jisec Yor p+ mesons. . n e  mean 
M e  ofp' meeone wae found to be 2.043 a 0.003 psec. 
(B.O.G.) 

, 36319 INNER BREMSSTRAHLUNG IN MUON DEC;IY. 
Charles A. Rey (Univ. of Chicago). Phys. Rev.. 135: 
B1215-24(Sept. 7, 1964). 

A measurement of inner bremsstrahlung in muon decay 
'was made using spark chambers, scintillators. and fast 
uocilluscopc~. The cleetron rnnge distribution in guphitl :  
and the absolute rates were determined for electron- 
gamma-r-p angles botwoon 130 and 180 dog. For.thc clcc-. 
tron and gamma-ray energies studied, the branching ratio 
o f p - e +  y +  v +  T t o p -  e +  v + F i s  predicted to be 
abuul 10'' over this angular range. The total number of 
inner brernsstrahlung events observed was 1805 t 43. which 
i s  in agreement with an expected number of 1889 283. 
The data were found to be in accord with the predictions 
given by electromagnetic corrections applied to the weak 
interaction. (auth) 

27352 FILAMENT SCINTILLATION CHAMBER EX- 
PERIMENTS IN WEAK INTERACTIONS. G. T. Reynolds, 
D. B. Scarl, R. A. Swanson. J. R. Waters, and R. A. Zdanis . 
(Princeton Univ., N. J.). p.24-34 of "Proceedings of the 



Symposium on Nuclear Instruments." New York, Academic 
P r e s s  Inc., 1962. 

Filament scintillation chambers a r e  described,  and the i r  
uses iri weak-interaction experiments 'are discussed. Meson 
(p-) capture by c'' is e-xplained, and data from r+ a r i  p+ 
decay a r e  given In tabular  form. A schematic of the fila- 
ment chamber designed to.detect the decay r+ - ff + e+ + v 
i s  presented. (L.N.N.) 

4143 I# TRACKS IN A FILAMENT SXNTILWITION 
CHAMBER. G. T. Reynolds, R A. Swanson, and D. B. 
\SCnrI Sl'rinccton Unlv., N. J . ) .  REV. & I .  Instr .  g, 1011-13 
(I  PFO) Pcpt. 

The performance of r fllament sctntillatlon chamber eye- 
tern drsipncd for studles on stopplng mesons was studled 
by e r p o ~ l n g  It to the 90-Mev n' beam of the Nevls c y c l o t r a -  
m d  taking a total of 18.000 photographs. The results  Indi- 
cate that (1) except for  meson t racks ,  the chamber  appeam 
clean e v m  wlthout the 2 0 0 - p ~ e c  gatlng and the Iron block- 
house. (2) the magnetlc fleld has  no effect on the perform- 
ance and resolutlon, (3) three o r  four t racks can appear  ta 
r slngle picture of the 1-In.-diameter chamber wlthout 
confusion, and (4) even a t  the hlghest beam fluxes, Ule gat- 
h g  restricts the t racks  to those selected by the counter  
system. Pictures of the distlngulshable stopping of n+ and 
R- mesons a r e  Included. (D.L.C.) 

14945 (NYO-9279) PRECISE h1EASUREMENTS OF 
THE MEAN LIVES OF p+ AND p' MESONS M CARBON 
(thesis). Richard A. Reiter  (Carnegie Inst. of Tech., Pitts- 
burgh). Aug. 1960. Contract AT(30-1)-882. Mp. 

The lifetimes of approx 6 million positive mu mesons 
' were measured,  using a crystal  controlled oscillator a s  a 

clock. The  resulting decay curve  was analyzed on a digital 
winputer and gave a mean l i fe  of 2.211 * 0.003 psec.  The 
mean l i fe  nf mgat.1--e mu mooon3 in carboll was tllaasured 
and found to be 2.043 i 0.003 psec.  The resulting nuclear 
capture r a t e  i s  (0.373 + 0.011) X 10~/sec .  assuming that the 
decay rate of a negative mu meson bound in carbon i s  equal 
to the decay rate of the 'positive mu meson. (auth) 

13457 ( ~ I c R I . ~ ~ ~ ~ ~ w s )  TOTAL AND DIFFERENTIAL 
CROSS SECTIONS FOR n-p - @ FROM THRESHOLD TO 
1300 Mcv (Thcsis]. Richards, Walter Bruce (Lawrence 
Radlalion Lah., Ilniv. of California, Berkeley). Nov. 17. 
1965. Contract W-7405-eng-48. 165p. Dep. mn. CFSTI 
$5.00 cy. $1.00 mn. 

The reaction n-p - Vn was observed thrnllgh tlw decay 
mode TJ - 2y a t  T,- = 592, 655. 704. 875. 975. 1117, and 
1300 Mev. Details a r e  given of the detection apparatus, a 
cubic a r r a y  of six steel-plate spark  chambers,  completely 
surrounding a liquid-hydrogen target. Showers produced 
in the spark  chnn~bcrs .by  dccay photons were recorded 
photogral)hically for analysis. Events att.riIilttcd to tho de-  

cay of an TJ were identilied by the large c.m. opening angle 
between the two photons. The total c r o s s  section for  r) pro-  
duction was calculated. The differential c r o s s  section was 
obtained by taking the coefficients of a Legcndre polynomial 
fit to the angular distribution of bisectors  of selected two 
shower events, and converting them to the coefficients of the 
the TJ c .m. angular distribution. It i s  suggested that produc- 
tion a t  threshold i s  predominantly through an S state,  wlth 
some P I  and 4 waves entering by 655 Mev. Speculation 
about a possible enhancement in the P3 wave a t  1100 Mev 
Is given. It i s  suggested that al l  of the absorption in the 

' SI, n-N s ta te  can be  explained by the TJ production, and the 
nature of the TJ-N S-wave interaction a t  the q threshold i s  
briefly discussed. (M.O.W.) . 

37044 - (UCRL-11387(p.114-26!) ON THE DOSIMETRY 
OF NEGATIVE PIONS WITy A VIEW TOWARD THEIR 
.TRIAL IN CANCER TIIERAPY. Chaim Richman, llenry 
Aceto, Jr.. Mudundi R. ~ a j ? .  Bernard Schwartz, and 
Mitchel Weissbluth (California. Univ.. Berkeley. Donner 
Lab. and California. ~ n i v . !  Berkeley. Donncr Pavilion). 

When n mesons comc tn r c s t  in t issue,  thcy a r c  captured 
by ttie heavicr clcmcnta, m;~inly C ,  0. :Inti N, cn~tfiinfi the 
nuclci to cxplodc Into shor t - ran~r :  anti hr::~vily ioni7.itig 
fra~rncntn thal a r c  c;tl,:tl~lt: ;)f ci,:livcrinfi :I I:~rfic: Irx!:tlizc:d 
radiation dose. This  c;ipLure can I)c caused to  lakc place 
in the tumor by selecting the encrgy of thc pion of the re-  
quired range s o  thal the pion will p :~ss  through thc healthy 
tiusue and stop in the tumor. The pnssihlc advantages of 
the technique in cancer  thcfilpy :Ire rcvicwcd critically. 
The production of n- and nt mcsons and the cffcct of 
charged pions in t issue a r c  discusscd. 'Hcsults  a r e  re- 
ported from preliminary dosimetry studics uulng'a lucilc 
phantom with sheets  of * -my fllm layerod between thc . , 
elaha o r  Argon-C0,-fillcd Ionization chambers using one 
chamber a s  a monllor followed by dlfierent thickncsscs of 
lucite absorher  nod using the sccond ionization chamher 
a s  a detector .  Results indicate that the presently available 
pion beams,  both positlve and negative, can be uned fo,r 
dosimetric  evaluati?ns. (C.H.) 

1621 (UCRL-16387) STUDIES O F  VICIA FABA 
ROOT MERISTEMS LHRADIATED WITH A n- BEAM. 

, '  

Richman, Stephen P.; Richman, Chaim; Raju, Mudundi R.; 
Scbwartz, Bernard (Lawrence Radiation Lab., Univ. of 
California. Berkeley). Sept. 3, 1965. Contract W- 
7405-eng-48. ' 18p. (CONF-6509244). Dep. mn; 
C I S n  $l.uu cy, $0.50 mn. 
From Workshop Cogerence  on Space Radiation Biology, 

Berkeley, Calif. 
The blolcgical effects of r mesons, produced by the 

184-in. cyclotron 90-Mev beam. were studied .in V J  
faba root meristem cells. The roots were expnsed in the .- 
plateau region and in the peak region of the ~- -meson  
Bragg curve. .It i s  pointed out that the Bragg curve for 
these particles i s  not the usual Bragg curve obtained for  
a beam of a part icles o r  protons. Two ionization cham- 
bers, one used a s  a monitor and the second a s  a detector. 
were used jn determining the curve. The irradiation tech- 
nique is J e x r l b e d :  Data a r e  reported on the percentnye of 



total anaphases that were abnormal at  intervals after the 
end of 20-hr irradiation. the percentage of cells containing 
micronuclei at  similar intervals, and the growth rate after 
irradiation measured as  a fraction of the control rate. 
(C.H.) 

24263 (BNL-6934) EMPIRICAL SYSTEMATICS OF 
THE PION-NUCLEON SYSTEM. . K. F. Riley (Brookhaven 
National Lab.,, Upton, N. Y.). 119631. Contract lAT(30-2)- 
Gen-161. 13p. 

Recent measurements of the total c ros s  sections for n+- 
p and rr--p interactions a r e  p;esented and compared with 
existing pion-nucleon dati .  Systematic behavior no,ted in 
the occurrence of pion-nucleon system isobars and their 
qukntuirl iliunbers is discussed. (D.C.W.) 

19678 (UCRL-10127) SCATTERING OF 310-kfev POSI- 
TIVE PIONS BY PROTONS: EXPERIMENTS'AND ANALY- 
SIS (thesis). Ernest  H. Rogers (California. . U n i v . .  Berke- 
ley. Lawrence Radiation Lab.). Mar.' 19, 1962. Contract 
W-7405-Eng-48. 651). 

'The differential c ross  section for elastic, scattering of 
. . 310-kIcv positive pions on protons was, measured at  23 

angles between 14 deg and 1G5 deg in the center-of-mass 
system. The fractional rms  e r r o r s  were typically 3%. i\ . 
liquid hydrogen target'was bombarded by a beam of 2 X 10" 
pions/sec. The scattered pions \\.ere detected by a counter 

' 

telescope. The data a t  small angles' clearly showed con- . 

structive interference between nuclear and Coulomb inter- 
actions. A tothl CroSS section of 60.0 + 1.4 r ~ ~ b  was meas- 
ured by attenuation. These data were combined with data on 
the polarization of the recoil proton, which were taken 
sin~ultaneously with the cross-section measurements, and , 

u phase-shift analysis was made: This analysis was ham- 
pered by the small  angular region covered by the polariza- 
tion data (114 deg to 145 deg), but even this limited amount 
of information about the polarization proved extremely valu- 
able. It y a s  impossible to obtain an adequate fit to the data 
in te rms of only S- and P-wave phase shifts. However, a 
very satisfactory fit was obtained whe.n D waves were ,also 
included. Moreover, this solution was unique. Only one set  
of SPD-wave phase shifts agreed with the data. This set  ' 

was of the Fermi type. \\'hen F maves were also included in 
.the analysis, the f i t  to the data \VBS not improved signifi- 
cantly. However, the, e r ro , rson the S-, P-, and D-wave 
phase shifts increased-from about '/2 deg to around 2% deg, 
and additional se ts  of bhase shifts that fit the data'arose. 
The S-, P-. and D-wave phase shifts differed considerably ' 

among.the various set's; even though the F-wave phase 
shifts were quite small. (auth) 

25415 310 MEV pi+-p POLARlZATlON AND CROSS- 
SECTION EXPERIMENTS. PHASE-SHIFT ANALYSIS. 

Ernest H. Rogers, Owen Chamberlain. James H. 'Foote. 
Herbert M. Stein,er, Clyde Wiegand, and Tom Ypsilantis 
(Univ. of California, Berkeley). .Revs. Modern Phys., 
33: 356-61(July 1961). . . 

The cross  sections and proton polarizations in n+-p in- 
teractions at 310 ~ e v ' a r e  measured, in an attempt to find 
an unambiguous set of SP. SPD, or SPDF phase shifts for 
the system. The experimental data can be made to fit un- 
ambiguously a given set of SPD phase shifts. The data 
carinot be fitted adequately by a set of SP,shifls alur~e, and 
the 'data a r e  fitted ambiguously by several sets of SPDF 
shifts. (T.F.H.) 

37546 (UCRL-12383) COMPARISON OF RECENT 
PION-MJCLEON PHASE SHIFT ANALYSES. Roper. I,. , 

David (Lawrence Radiation Lab., Univ. of California. 
Livermore). Apr. 26, 1965. Contract W-6405-eng-48. 
74p. Dep.(mn); $3.00(cy). 2(mn) CFSTI. 

An attempt i s  made to evaluate which of several pion- 
nucleon phase-shift analyses in  the 300- to 700-Wev region 
best fits the experimental data. The various solutions were 
compared by fitting them with the parameterization used in 
one analysis, and a x 2  determination was used to improve 
the fit. Results a r e  presented, giving phases shifts, absorp- 
tion parameters,  and real  and imaginary parts of partial 
wave amplitudes. Polarizations for the various solutions 
a r e  also compared. T l ~ e  k l ~ a v i o r  of the polarizations and 
the spin-rotation parameters a s  functions of energy i s  
shown for the best solution. that of Auvil et .  al. (Phys. 
1,etters 12, 76, 1964) comhfned with the P,, and S,, reso- 
nances f rom other solutions. (M.J.T.) 

16791 EVIDENCE FOR A PI, PION-,NUCLEON RESO- 
NANCE AT 556 Mev. L. David Roper (Univ. of California, 
Livermore). Phys. Rev. Letters, 12: 340-2(hlar. 23, 1964). 
(UCRL-7692-T) 

A energy-dependent pion-nuclear phase shift was ana- 
lyzed quantitatively in search for a I.',, resonance. 'l%e 
solution to the parametric equation for pion-nucleon phase 
sliifts and absorption paran~aters  using available data be- 
tween 0 and 700 hfev Is graphically represented. (L.B.S.) 

42370 (UCRL-781k6i , ENERGY -DEPE;~~JJENT i.'ION- 
NUCLEON PHASE-SHIFT ANAIJYSIS; 0-700 Mev, Am = 4 
SOLUTION. L. David Roper and Robert M. Wright (Cali- 
fornia. Univ., Livermore. Lawrence Xadiation Lab.). 
June 4 ,  1964. Contract IV-7405-eng-48. 87p. 

The equations used in an energy-dependent pion-nucleon 
phase shift analysis a r c  listed. A list'of pion-nucleon scat- 
tering data referehces is included. The best  solutio'n ob- 
tained using 1 ,.= 4 for 3 selected se t  of 0- to 700-Mev data 
i s  given and graphical comparisons between the solution 
and the data a r e  given. This solution's predictions for ob- 
se~-vables that have not yet been measured a r e  given. There 



arc ~ l l r e e  resonances in this solution: P33 a t  193 Mev labo- CAPTURE. S. P:Rosen. [1960]. Sp. Contract AT(11- 

ratory kinetic energy (mass = 1234 Mev); Pii at 575 hlev . 1)-384. OTS. 

(mass = 1497 Mev); and Di3 a t  638 Mev (mass = 1534 Mev). The aeeumption that the neutrlnos v l  and vz emitted k p- 

(auth) . capture and 8-decay, respecuvely, have opposite helicity i s  
shown to be consietent with experimental data. A crucial  
teat of this aesumption ie shown to be the measurement of 

647 the helicity of muons emitted in (n-p)-decay. (auth) 

25352 PION-NUCLEON PHASE-SHIFT ANALYSIS: 
0-350 Mev. L. David Roper and Robert M. Wright (Univ. 
of California, Liver more). Phys. Rev.. 138: B9W-32 
(May 24, 1965). (UCRL-12198) 

Several sets of energy-dependent pion-nucleon phase 
shifts were obtained in the 0-350-hfev energy range. 
These solutions differ near the end of the energy range and 
in the signs and magnitudes of some of the small  phases. 
There is  very little difference among these solutions in 
their prediction of the observables, including the spin- 
rotation parameters. Some very difficult experiments are 
suggested to distinguish among the solutions. (auth) 

18870 ENERGY-DEPENDENT PION-NUCLEON 
PHASE-SHIFT ANALYSIS. L. David Roper (Univ. of 
California. Livermore). Robert M. Wright, and Bernard 
T. Feld. Phys. Rev., 138: B190-210(Apr. 12, 1965). 
(UCRL-7904)' 

Energy-dependent pion-nucleon phase-shift analyses 
were carried out in the energy ranges 0- 50, 0- 100, 0- 350, 
0- 700, and 300- 800 Mev. An outline of the procedure is 
given. The results obtained with all available data a r e  pre- 
sented; The best solution in the 0- 350-Mev range is  ob- 
tained by starting from Donnachie. Hamilton, and Lea's 
predicted phases, although the final results differ widely 
from the input. The best solution obtained in the 0- 
700LMev range contain's three resonances: in the P33 
state at 193 Mev.'the P1, state.at approximately 585 Mev, . 

and the DI3 state at ,638 Mev. The l y t  two a re  strongly 
absorptive. A good ,solution was obtairied without the Pl l  
phase shift actually going through 90". but it must be large 
(about 80") at  700 Mev. The 0- loo-, the 0- 350-.-and the 
0- 700-Mev soltitions a r e  consistent' with each other in the : 
large phases. The P,,. Pi,, and Psi phases cannot be pre- 
cisely determined by using only the 0- 50-Mev data. (auth) 

2645 MUON CAPTURE Dl NEON. J. L. fiosen, E. W. 
Anderson. E. J'. Bleser, L. hI. Lede rmq ,  S. L. Bleyer. 
J. E. Rothberg, and I-T. w i n g  (Columbia Univ., New York). 
Phys. Rev., 132: 2691-2(Dec. 15; 1963). 

' 

By exploiting the transfer process (Cc-p) + Ne - p + 
@-Ne), the disappearance ra te  of negative muons bound to 
neon nuclei was measured to be A = (0.658 0.010) x 10' 
sec". (auth) 

17271 MURA-574 
Midwestern Universities Research Assn., Madison, Wis. 
ON TBB NEUTRINOS EMITTED IN 8-DECAY AND p- 

35033 (UCRL-14202) PION-PROTON INELASTIC . 
DATA. Rosenberg. R. L.; Roper, L. D. (Lawrence Ra- 
diation Lab.. Unlv. of Callfornia, Livermore). May 21, 

.1965. Contract W-7405-eng-48. 18p. Dep.(mn); 
$l.OO(cy); l(mn) CFS'rl . .. 

Tables of n+ + p and n- + p total and partial inelastic 
cross sections known in August, 1964 a r e  listed up to 
-1 Bev. The good agreement between the London-Liver- 
more n-p phase shifts and the total inelastic cross sec- 

.tiom is shown. (auth) 

28200 PHYSICAL ASPECTS OF .P-M,tTlCLE BEAM . 
THERAPY. J. Rotblat (St. Bartholomew's Hospital Medl- ' 

cal Coll.. London). Proc. Roy. Soc. Med., 58:. 159(&Iar. 
1965). 

The advantage of particle beams in radiotherapy ar ises  ., 
from properties such as.: well-defined range in tissue, lit- 
tle scattering in passage through the body, gradual in- 
crease of the specific ionization along range with high peak 
near the end of the range (Bragg peak); and high LET Oin- 
ear energy transfer), with the consequent elimination of the 
disadvantageous difference in radiation sensitivity between 
~xygenated and hypoxic tissue. The particles that could be 
used in radiotherapy are:  electrons, neutrons, protons, and 
a mesons. The use of n.mesons i s  based on their prop- . ' 

'erty of producing a particles and heavier ions when they : 
are stopped in matter. Electrons have only the first  prop- 
erty and even this i s  not well defined, but nevertheless ' 

. 

there a r e  advantages in using electrons in some cases in 
riidiotherapy. The claim for the advantage of neutrons. . 

rests entirely on the last  property. High-energy protons, 
deuterons, and a particles have the first  three properties, 
and are  particularly useful fo r  radiosurgery. Heavy ion 
and r-meson beams possess all the advantageous prop- 
erties enumerated above, and therefore offer the best hope 
for a major advance in radiotherapy; however. the accel- 
eratore necessary to produce such beams in usable inten- 
elty are extremely expensive. (BBB) 

33002 (NEWS-116) MUON CAPTURE IN HYDROGEN 
(thesis). Joseph E. Rothberg (Columbia Univ.. Irvington- 
on-Hudson,,N. 'I. Nevis Labs.). June 1963. Contract 
Nonr-266(72). 150p. (AD-409501) 

The muon capture rate in liquid hydrogen was measured 
by scintillation counter techniques. The experiment tests 
muon-electron universality in interaction with a proton a t  
a momentum. transfer of 100 Mev/c. The use of ultra-pure 
liquid hydrogen, a purified muon beam, neutron-gamma ray  
dis,crlminating detectors and oscilloscope photography 



made possible the detection of the 5.2-Mev neutron from 
the relatively improbable capture reaction (p' + p - n + v). 
Observation of the well known pion capture reaction (a- + 
p - n + y) served a s  a check on many aspects of the ex- 
perimental arrangement as  well a s  on the neutron detector 
efficiency calculation. Interpretation of the muon capture 
experiment depends on knowledge of the muon molecular 
wave function and the muon-proton spin configuration; these 
a r e  known from detailed calculations. The muon molecular 
formation ra te  was measured in an  independent experiment, 
but the present result i s  relatively insensitive to it. The 
stability of the muon molecular ortho state against tranul- 
tions to the para ground state for t imes comparable to the 
f r ee  muon lifetime i s  confirmed. The experimental result 
of the capture ra te  measurement, 464 * 42 sec" In culn* 
pared with 562 60 sec", the ra te  expected on the Q s i s  of 
the conserved vector current theory, muon-electron uni- 
versality and the accepted value of the " induced,pseudo- 
scalar" coupling constant. 42 references. (auth) 

26271. (BNL-837@.277-91)) MUON CAPTURE IN HY- 
DROGEN. Carlo Rubbia (European Organization fo r  Nu- ' 

c l ea r  Research, Geneva). 
The reaction p- + p - n + v i s  considered. Experi- ' 

ments- one type using a liquid hydrogen bubble chamber 
and determining the total capture rate,  the other type using 
a Brooks neutron counter and measuring the time depen- 
dence of the capture process-are reviewed. The evolu- 
tions of a p meson after thermalization in hydrogen and 
the formation of mesomolecular systems a r e  discussed. 
Experimental results a r e  compared 'with the predictions 
of the universal Fermi interaction theory. (M.J.T.) 

20965 RECENT EXPERIMENTS WITH THE C.E.R.N. 
SYNCHRO-.CYCLOTRON.. C. Rubbia (CERN. Geneva). 

.Proc.  Roy. Soc. (London), Ser. A. 278: 323-31(Apr. 7. 
1964). 

Experiments performed with the CEHN proton syncbio- 
, 

tron that yield, new information about the weak and electro- 
magnetic properties of the n and p mesons are  described. 
The fl - no + e+ + v decay, mode, capture of p- by hydro- 
gen, and the anomalous magnetic moment of #+ are con- 
sidered. (R.E.U..) 

38130 DIRECT AIEASUREXIENT OF p -  ;\IESONIC 
:\IOLECL'LE FORXIATIOM RATES IN LIQUID HYDROGEN. 
G. Conforto (CERN., Geneva), C. Rubbia, E. Zavattini, and 
S. Focardi. I\'uo\-o Cimento (10). 33: 1001-19(Aug. 16. . 
1964). 

A rne~surement of the p-pp and p-pd mesonic molecule 
formation rate in liquid hydrogen i s  described. The cap- 
ture probability of p- from the neon nucleus i s  given. The 
results a r c  compared with those o.btained by others. (auth) 

26093 (UCRL-10252) SCATTERING OF NEGATIVE 
PIONS ON PROTONS AT 310 ~ e v :  DIFFERENTIAL AND 
TOTAL CROSS-SECTION AND PHASE-SHIFT ANALYSIS 
(thesis). Hugo R. Rugge (California. Univ., Berkeley. 
Lawrence Radiation Lab.). May 20, 1962. Contract, 
W-7405-eng-48. 91p. . 

The differential c ross  section in n--p elastic scattering 
at 310 Mev incident-pion'energy was measured for 28 
angles in the angular region 25' 5 ebb 5 160°. The reac- 
tion woo oboonwd by counting ?h? erati~rerl pinnu emerg- 
ing from a liquid hydrogen target with a counter telescope 
consisting of scidtillation and Cherenkov.counters. A 
measurement of the total c ross  sectinn by attenuation 
a s  a function of.cutoff angle, was also performed, using 
scintillation counters. These data were incorporated with 
polarization and other differential c ross  section dataa t  
this energy, and a phase shift analysis was performed. 
An IBM 7090 seerch program was developed for this pur- 
pose. Analysis'of all data for spd waves (up to 1 = 2) has 
resulted in a single a.cceptable solution that has I-spin % 
phasd shifts in excellent agreement with r e s u l ~ s  of a pre- 
vious phase shift analysis, and has [-spin % phase 
shifts that a i e  <6" for the D" shift which i s  -"15". ~ r r o r s  
on the phase shifts vary from 0.4 through 1.1' An exten- 
sion of the analysis to spdf waves (up to I = 3) results i n .  
two probable solutions, and one that i s  rather unlikely. 
These, as  well as  the spd solution, a re  discussed. Errors  
O? the spdf solution :are larger, ranging up to T. (aulh) 

13436 a--p ELASTIC SCATTERING AT 310 Mev: 
DIFFERENTIAL CROSS-SECTION AND RECOIL-PROTON 
POLARIZATION; Hugu R. Ruggo and Ol?v T. Vik (Univ. of 
California, Berkeley). Phys. Rev., 129: 2300-10(hIar. 1 ,  
1963). (UCRL-10420) 

The differential c ross  section and recoil proton polariza- 
tion in a--p elastic scattering at 310-hlev incident-pion 
energy has been measured. The differential cross section 
w a ~  measured at 28 angles in the anp~lar region 35 5 @,,, 5 

160 deg. The fractional r m s  e r ro r s  were typically 3%. The 
reaction was observed by counting the scattered pions 
emerging from a liquid-hydrogen target with a counter 
telescope consisting of scintillation and Cherenkov counters. 
Eimultancouoly, tho roooil-proton polarization was meas- 
ured at  four angles in the angular region 114 < O,.,. < 146 
deg. The recall protons from the liquid-hydrogen target 
were scattered from a carbon target and the left-right 
asymmetry was measured. Scintillation counters were 
used throughout to detect the particles. (auth) 

41819 RESONANCE INTERACTIONS IN STATISTICAL 
THEORY OF hfULTIPLE PARTICLE PRODUCTION. V. I. 
Rus'kin. T r .  Inst. Yadern. Flz., Akad. Nauk Kaz. SSR, 6: 
3-63(1963). (In Russian) . 



Statistical theory of multiparticle production was re- 
viewed', and methods for deterinintng resonance particle 
production a r e  discussed. Experimental data a r e  given on 
resonance r-n interactions, and their analysis using the 

' 

periphery interaction theory i s  discussed. The statistical. 
theory of n-r interactions was used for describing p-p an- 
nihilation and meson-nucleon interactions. 161 references 
a r e  included. (R.V.J.) . 

1556 
A scmmmnoy COUNTER SYSTEM FOR THE DE- 
TECTION OF W S I T N E  AND NEGATIVE PIONS. J. G.' 
Rutherglen and J. K. Walker (Univ. of Olaegow). Nuclear 
Instr. & Methods 8. 239-43(1960) Aug. (ln English) . 

A three-counter telescope was developed ln which pions 
a r e  separated from particles of different mass by meas- 
ureme.nt of dE/dx and E. Identification of positive pions is 
made by means of the characteristic H + - ~ +  decay. The 

' 

arrangements for  recordlng this Information both photo- , 

graphically and by meys .of  a pulse-height analyzer a r e  
described; (auth) 

22622 BRANCHING RATIOS OF REACTIONS OF n- 
MESONS STOPPED IN HYDROGEN AND DEUTERIUM. 
James W. Ryan. (Univ. of California, ~ e r k e l e ~ ) .  Phys. .. 

Rev.. 130: 1554-67(May 15, -1963). (UCRL-9884(Rev.)) , 

The.Panofsky ratio P = w(n- + p - no + n)/w(n- + p - 
y + n) and the branching ratio S = w(n' + d - n + n)/u(n' + 
d - y + n + n) were measured by stopping n- mesons in 
liquid hydrogen and liquid deuterium and detecting the y . 

rays produced. A high-resolution y-ray spectrometer 
of the 180-drg-focusing type i s  employed. Sixty-six Geiger 
tubes and nine scintillation counters are used in the spec- 
trometer to define the electron-positron orbits, providing 
an intrinsic instrument resolution of 0.8%. The values ob- 
tained for the branching ratios a r e  P = 1.51 i 0.04 and S =  
3.16 t 0.12. This value for P i s  in good agreement with that 
obtained in previous measurements, whfle the'value for S ' 

i s  significantly larger than previous results. With regard, 
to the conventional phenomenological analysis of S-wave 
pion physics, the Panofsky ratio i s  in good agreement, 
whereas the value obtained in this experiment for the 
branching ratio S i s  considerably larger than predicted. . . 
(auth) 

24462 MEASUREMENT OF THE nn SINGUT S- . 
ST+TE SCATTERING LENGTH. James W. Ryan (Univ. 
of Rochester, N. Y.).' Phys. Rev. Letters, 12: 564-6 
(May 18. 1964). 

The y spectrum from the reaction < 4 d - n + n + y a3$ 
measured. A comparison with folded theoret'ical spectra 
for various values of the n-n scattering length is made. 
(M.J.T.) 

38608 (CU(PNPL)-227(p.171-2)) SONIC SPARK , . 
CHAMBER MEASUREMENT OF THE BETA SPECTRUM 
FROM MU DECAY. ' Allan M. Sachs (Columbia Univ., New 
Yo*). 

. . 
An experiment designed to measure the momentu.m spec- 

tnim of the d k t r o n s  In mu-decay i s  described., Each de- 
cay electron passes through a.,hodoscope. a.'magne,tic field. . 

. and a eecond'hodoscope. The hodoscopes consist of sonic ,: 

spark chambere,with several transducers per  gap. The 
output of the t r w d u c e r e  i e  digitalized using Individual , '1  :' 
unite and their output8 a r e  buffered Iq a small computc?i' 
and stored on magnetic tape. The F p e  i s  transferred later . 
to a large computer where the momentum corresponding to 
each event l e  calculated. (auth) , . 

28597 INTERACTION OF 78 Mev ~ + - ~ ~ E S O N S  IN 
PROPANE. R. G. Salukvadze and D. .Neagu (Joint Inst. 
for Nuclear Research, Dubna, 'USSR). Zhur. ~ k s p t ) ' .  1. 
Teoret. Fiz. ,  41: 78-80(July 1961): (In Russib) 

:\ prop:ulc bul~blc rhnnl11c.r \r.:i$ cn~~) lnpcd to sttttly thc in- 
tt-r:irlic~n brt~vc~c-n 78 I. :I hlrv ii' n~c~sonx',uld hytlrogcn rind 
carbon. T l ~ r  scattrrinji c ross  sccllons in hydrojicn nncl car -  
bon and also thc nbsorptio~i cross  section in carlmn were 
also dctcrnlincd. Tiic prongs 01 s tars  produccd by the nb- 
sorption of niesons a r c  predomin.antly directed toward the 
front hemisphere and this indicates that the mesons suffcr 
qunsirlnstic collisions in the nucleus prior to their absorp- 
tion. (auth) 

15298 ABSORPTION OF n+ MESONS WITH ENERGY 
OF 80 Mev BY CARBON NUCLEI. R. G. Salukvadze and 
D. Niyagu. T r .  Inst. Fiz. Akad. Nauk Gruz: SSR, 9: 77- 
84(1963). (In Russian) 

The s tars  produced by n+-mesons with the energy of 
78 i 3 Mev at their  absorption by carbon nuclei were in- 
vestigated by means of a s m a l l  propane bubble'chamber. 
The results a r e  based on the analysis of 201 interaction . 
events. (auth) , , 

45105 PION-PION SCATTERING. [PART] 111. . 
Sapersteln. A. (Wayne State Univ., Detroit): Uretsky, J. , 

.Phys. :Re'.. 140: B352-9(0ct. 25. 1965). 
The left-hand partial-wave discontinuities a r e  calculated 

in fourth-order perturbation theory. The s-wave and p- 
wave dispersion relations a r e  solved by standard N/D 
techniques. It is  found e a t  the relative contributions arising 
.from the double-spectral terms and the inelastic single- 
spectral functions a r e  negligible: As a perturbation .theory : 
the procedure appears to be sensible for  coupling constants 
.lAl less  than about 0.1. High-energy p-wave resonances can 
be made to occur for  lAl of about 0.2, but with very large 
widths. It i s  suggested that .the physical pion-pion system 



may not be describable in t e r m s  of a one-parameter  theory, The y-ray angular distribution f r o m  charge exchanges a t  
and th i s  notion i s  given e.xperimenta1 meaning. (auth) ' 460 Mev was analyzed and used to  t e s t  the forward disper-  

sion relations. A complete phase  shif t  analysis was at- 

667 
tempted, including D waves a t  600 Mev and F waves a t  770 
Mev. The results ,  while not decisive owing to the grea t  

291 02 CALCULATION OF THE POLARIZATION OF 
THE RECOIL PROTON IN aN-SCATTERING NEAR THE 
INELASTIC THRESHOLD. .Elmar Sauter (Universitat. 
Heidelberg). Z. Physik, 185: 263-8(1965). 

The polarization of the recoil proton in nN-scattering 
was  calculated a s  a function of the  scat ter ing angle a t  
the energ ies  150, 170, and 190 Mev. It i s  shown that this  
polarization depends sensitively on the nN-scattering 
phase-shift Pi,. Slight changes of the 'other  phase-shifts 
do not affect the polarization to  the s a m e  extent. New 
measurements of 'the differential c r o s s  sect ion and of 
the polarization in the process n-+ p - rr- + p a r e  sug- 
gested. They would allow for a new prec ise  phase-shift 
analysis ,  which could possibly determine t h e  sign of 
the l.',,-phase a t  the inelastic threshold. T h i s  sign i s  
important in connection with the bound-state piclure of 
the nucleon. (auth) 

47375 EXTRA RESTRICTION ON THE FORWARD 
SCATTERIXG AMPLITUDES. Sawada, Tetsuo (Inter- 
natlonal Centre for  Theoretical Physics. Triestq) .  Phys. 
Rev. Letters .  15: 567-71(Sept. 27. 1965). 

Ln thc c a s e  o f  the i i r s t  shcct function the valuc of the 
fu~lclir)n itScli cannot bc caml)utcd ill a s~ l ru l l  ncifil~hor- 
hl~od of certain points from the unitary condition alone 
without i n t r o t i u ~ i n ~  any approximation, s ince althoiign 
the p ~ l e  t c r m  dominates, thcrc st i l l  remains finlte back- 
ground contrihution and there i s  no way to compute it 
exactly. The discussion is  restr icted to the case  of meson 
(r)-nuclcon scattering, and the spin of the nucleon i s  
neglected for  reasons  of ~ i m p l i c i t y .  A new methotl i s  
dcvclopcd which may hc uscd not only to obtain the re- 
lation bctwccn thc,total c ross  scctlon and the coupllng 
constant, hut a l so  to compute the suhtraction constant 
f rom the total c r o s s  section without introducing any 
approxim:~fion. (J.F.P.) 

9209 PI R'IINUS INTERACTIONS IN PROPANE NEAR 
THE SECOND RESONANCE. John Harvey Scandrett. 

,Thes i s ,  Madison, Wis., Univ. of Wisconsin, 1963. 107p.. 
A 12 in. propane bubble chamber  w a s  exposed to n- 

mesons  f rom the  Brookhaven Cosmotron. P ic tures  a t  600 
and 770 nlev were  analyzed for  interact ions in H and C. 
Careful  attention was  paid t o  quasi-elastic C contamination, 
in the  n- + p differential e las t ic  c r o s s  sections; Total c r o s s  
s e c t i o n s f o r  n b + p - -  n O + n ,  n + + n - + n ,  n O + r - + p P , a n d . ,  
no + z0 + n a r e  estimated for  the  H interactions, normalized 
to  total n- - p and R- - C c r o s s  sect ions f rom counter ex-. 
periments.  The resu l t s  a r e  presented.  C interactions were 
tabulated a s  to.prong distribution, and r- - C elast ic  scat-  
ter ing was  compared with predict ions of the  optical model. 
using no adjustable parameters .  Semi-quantitative n-- 
neutron differential scat ter ing c r o s s  sect ions.were obtained, 
giving information about the  T = 3/2 state. at  these energies. 

- 
number of parameters ,  a r e  that no single state 'appears to . 
pass  through a resonance a t  600 Mev.. There i s  absorption 
in many states,  with strong absorption in SI1, S3,, PI , ,  Dl3 . 

at  600 nlev, and in S,,,  S3,. Plj, D13 a t  770 Mev. (Disserta-  
tion Abstr.) 

24788 (NP-11796) A FILAMENT SCINTILLATION 
CHAMBER MEASUREIIIENT O F  THE RATE FOR p- + 
C" - B" + v. Technical Report No. 30. Dorald B. Scar1 
(Princeton Univ., N. J., Pul r r~er  Pllysicul Lib. & 
Princeton Univ., N. J. Naval Ordnance Lab.). May 29. 
1962. Contract Nonr-1858(06). 73p. 

To  check the predictions of a Universal Fermi  Interac- 
tion, negative muons were brought to  r e s t  in  a 11/* inch 
tilament sclnllllatol' Chamber and the rare lor !he reaction 
u-+ C" - BP + v was measured.  97 events were  ob- 
barved, yiviuy a captufe  ale of (GIG i 0.9) x 10' p e r  
second. This number i s  in agreement with the predictions 
of a Universal Fermi  Interaction, a pion induced pseudo- 
sca la r  t e r m  with g p  ='+ 8 gn, and a conserved weak vector 
current .  An extensive discussion of the construction and 
operation of the filament chamber and associated image 
tubes i s  included. .(auth) 

32$37 (PPAD-:IO,ID) AN ':sPE~IRIENT TO DETER- 
NINE (g - 2)  FOli TIIK 121<EE MUON. G1.cn Schr:tnk 
(Princeton-Pennsylwni:~ /\cri31crator, Princcton. N. J. 
and Princrton Univ.. N. J. P ~ l n i c r  Physical Lab.). 
hlnr. 29, 19GO. Contract lAT(:10-1)-9371. 58p. 

Gcnerai considrration.s for dct1,rmininl: thc propcrt ics  
of mesons b) and nn c s p c r i n ~ r n t  lor  dclcrmining Ihc g- 
f r c t o ~  a r c  Jcscribcd.  (R.E.U.) 

5882 . TRANSFER O F  NEGATIVE MUONS TO GASES 
DISSOLVED IN A HYDROGEN BUBBLE CHAMBER. 
M. Schiff (Unlv. of Cl~icagu). Wuuvu c l u ~ e r ~ l u  (10). 22: 86*91 
(Oct, 1 ,  1961). (In English) 

The t ransfer  reactions ( p H )  + X - ( ~ 1 7 5 )  + H, where 
H - p o r  d and X = Nc o r  Hc, wcrc  studied by observing 
variations in the fractions of p- undergoing nuclear cia;- 
tu re  o r  catalyzing the fusion process  p + d - ~ e ~ .  In 
deuterium-frcc hydrogen with a neon contamination of 
(105225;) . lo-', half of the muons a r e  t ransfer red  to neon. 
Transfer  to  neon i s  3 t imes  more  frequent if the hydrogen 
coniains enough deuterium t6 sa tura te  the  reaction (p-p) + 
d - (p-d) + p. Transfer  to  helium i s  a t  l eas t  two o r d e r s  of 
magnitude slower than to neon. S ta rs  induced by p- and k- 



were analyzed. No transfer of n- was detected. The effect 
of the transfer reactions on the measurement of p- capture. 
by hydrogen i s  discussed. It i s  shown that the transfer re- 
actions can be used for  experiments on p- capture by sepa- 
rated neon isotopes and possibly by ~ e ' .  (auth) 

14954 PION RESONANCES AND NUCLEON-NUCLEON , 

SCATTERING BELOW 400 Mev. A; Scotti and D. Y: Wong 
(Univ. of California,. IA Jolla). p.173-84 of "Proceedings . 
of the Athens Topical Conference on Recently Discovered 
Resonant Particles." Athens. Ohio, Ohio University, 1963.' 

The effects of the multi-pion resonances q ,  p ,  w ,  and cp 
on nucleon interactions a r e  considered. Relativistic dis- ' ,  

persion relations that include the exchange of these reso- 
nances a r e  used to cdcula te  elastic N-N scattering ampli- 
tudes, differential c ros s  sections, polarization', and de-, . 

polarization in the energy range from zero to 400 Mev. 
In addition to the single pion exchange and the exchange of 
the resonances, the exchange of.an S-wave n-n pair in the . .  

1 . ' also included. form of an effective scalar p a r t i c s  1s 
(C.E.S.) 

3349 SEARCH FOR A SECOND n! W. Selove and 
I. e t t n e r  (Univ. of Pennsylvania. ~ h i l a d e l ~ h ~ a ) .  m. 
Rev. 120. 593-8(1960) Oct. 15. 

The e n e r e  distribution of neutrons from the charge ex- . 
change reaction n- + p - no + n was studied, for rr- mesons 
stopped in liquid hydrogen. to  l'nvestigate the possible exlst- 
ence of a second no with mass within a few Mev of the mass 
of the "ordinary" rro. No neutron group corresponding to 
such a second so was seen. The sensitlvlty of the measure- 
ment was such that a second group of relative intensity 
above 10 to 20% would have been seen for any second no . ' 

with a mass ,in the range between ahnut ?/( Mev and. 2 Mev 
awny from the mass  of the ordinary'#. The data give a ' ' .  

lower llmlt to  the IT' lifetin~e: r z -5 x lo-'' sec. (auth) 

9894 (NAS-NRC-PUB-1133(p. 187-2033) ENERGY- 
LOSS.STRACCLING OF PROTONS AND MESONS: TABU- 
LATION OF 'I'HE VAVILOV L)ISTIlIBUTION. Stephen M.  
Seltzer and Martin J .  Berger (National Bure:tu of Stan- 
dards,  Washington, D. C.). 

The Vavilov distribution, which describes the enrrgy- 
loss straggling of charged particles traversing a thin 
layer of matter, i s  tabulated. The dist;ibution depends on 
the particle velocity and on a parameter, x, indicative of 
the ratio of the mean energy-loss over the pathlength con- 
sidarcd to the largest energy-transfer possible in a single 
collision with an atomic cleetl:on. .As x - U, the Vavilov 
distribution goes over into the Landau distribution; for 
x 2 10 it becomes Gaussian. Intermediate values of X oc- 
cur  for protons and mesons of mocleratc velocity tmvers- 
ing very thin targets o r  for extremely Pist particles in 
targets of moderate thickriess. (auth) . 

sob0 (NP-11232(p.302-7)) THE SCATTERING OF 
DECAYING p-MESONS. S:N. Sen Gupta  and'^. S. Sinha 
(aose Research Inst.. Calcutta). 

Meson (Cc) scattering was studied in the momentum region 
40 < pp < 170 Mev/c. The projected scattering angles were 
measured to an accuracy of 0.2 degree directly on the film 
with a godometer eyepiece fitted in a microscope. For  
each measured projected angle of scattering, the corre- 
sponding value of pa was determined by estimating the re- 
sidual range of the particle from. the center. of the plate in 
which the scattering was observed up to the point of stop- 
ping and decay. F rom these measurements, a differential 
distribution of the quantity pD0 was determined. The ex- 
perimental distribution .was then compared with theory. . .. ' 
(P.C.H.) 

15298 SCATTERING OF p-MESONS BY COPPER NU- 
CLEI. S. N. Sen Gupta and M. S. Sinha (Bose Inst., Cal- 
cutta). Nuovo Cimento (10),.26: 1279-91(Dec. 16. 1962). 
(In English) 

.An .experimental study of the scattering of ~r mesons by 
% inch copper plates was made in the momentum interval 
40 < p,9 c 170 Mev/c by using a multiplate cloud chamber. 
The j~ mesons were identified by their decay produced in- 
side the cloud chamber., and their momenta were individ- 
ually estimated from the residual ranges after scattering. 
The triggering system was such,that. there was no bias 
in recording large angle events. Altogether. 2,606 scatter- 
ings were analysed and the resulting ,scattering di'stribu- 
tions were found to agree satisfactorily with the distribu- 
tions calculated on the bakis of a purely electromagnetic 
interaction between the p-meson and the nucleus. .(auth) ' 

25392 PION IONIZATION AT 321 Mev. Senent, F.; 
Sanchez. J.: Gil. G. (Facultad de Ciencias, Valencia). 
An. Real Soc. Espan. Fis. Quim. (Madrid). Ser. A, 62: 
51-4(Jan-Feb. 19GG). (In Spanish). 

An investigation of the tracks produced in a hydrogen- 
filled bubble chamber by 321-Mev mesons (n) is  summa- 
rized. (D.C,W.) 

10500 
CAPTURE OF NEGATIVE MUONS BY NUCLEI. J. C. , 

Sens (Udv. of Chicago). Phys. Rev. E, 679-87(1959) 
Jill. 15. 

An eqe r imen t  oonduoted to  obtaln preclee value6 far 
the rate8 a t  which negative muons a r e  captured by 
nuclei I s  described. These capture rates were deduced 
from muon disappearance ra tes  measured by determln- 
Ing the time distrlbutlon of electrons resulting f rom the 
decay of muons !n their lowest atomic orbit. 30 ele- 



men- were  investigated, using $cintillation counters a s  
detectors. The data a r e  compared with the general 
theory of Primakoff and the specific predictions of 
Tolhoek and Luyten for  nuclei with 20 5 Z S 28. 
Primakoff's predictions for the effect of the Pauli 
pkinciple a r e  well born out by this experiment, and the 
inferred capture ra te  of muons by protons is in good 

' 

. agreement with the hypothesis of a universal Fe rmi  
interaction. New values of effective nuclear charge 
densities (analogous tb Wheeler's z,~') were  com- 
puted f o r  analyzing the data, using a ,  recent .muon mas8 
and up-to-date ,experimental information on charge ' 
distributions. These new values a r e  presented in tabu- 
lar form. (auth) 

. ,36646 . (CERN-63-28(p.143-71)) MUONS AND NU- 
CLEAR STRUCTURE. J.  C. Sens (European Organization 
for  Nuclear Research. Geneva). 

The properties of the mesonb),  ~art!cu!ar!y those ~ec 
mitting i ts  use in nuclear structure studies, a r e  sum- 
marized.. Theory behind the use of muonic x rays and 
muon capture by nuclei for such studies i s  presented along 
with some experimental results. (D.C.W.) 

45051 DISPERSION THEORY O F  LOW-ENERGY 
SCATTERING. Serebrvakov.. V. V.: Shirkw. D. V. anst. 
f o r  ~ a t h e m a t i d s ,  ~ o v o i i b i r s k .  USSR): . F O ~ S & .  ~ h i s i k ,  
13: ,227-76(1965): . 

A review i s  presented which. i s  based largely on the lec- 
tures  delivered at  the Dubna International Winter School of 
Theoretical Physics on March 1964. Some materials on 
kinematics, isotopic structure and unitarity of the a-n scat- 
tering a r e  given. The 'original papers by Chew and Mandel- 
s tam which have, in fact, given r i s e  to the systematic theo- 
retical studies in this field a r e  included. The works of 
theoretists.of Dubna'and Novosibirsk which led t o  the con- 
sistent approach to the.theory of strong interactions at  low 
energies a r e  treated. Comparisons a r e  made with experi- 
ments. (auth) 

,33023 PION-MASS MEASUREMENT BY CRYSTAL 
DIFFRACTION OF MESONIC X RAYS. Shafer, Robert E.; 
Crowe, Kenneth M.; Jenkins. David A. (Univ. of Califor- 
nia, Berkeiey). Phys. ~ e v . ' ~ e t t e r s ,  14:' 923-5(May 31. 
1965). (UCRL-16056) 

Measurement of the 4 F - 3 ~  transitions in I-mesonic 
calcium and titanium is.reported along with the prelimi- 
nary results  of a new determination of the charged pion 
.mass. (M.O.W,) , 

15798 DIRECT REACTIONS WITH TWO-NUCLEON 
TRANSFER. Shaplro, I. S.; Tlmashev, S. P. (hs t .  for 
Theoretical and Experimental Physics. Moscow). Nucl. 
Phyd., 79:. 46-64(1966). 

A n e l a r  distributions in the direct nuclear reactions 
(t.p) and ( S ~ c , n )  on light nuclcl a r e  crtlculatcd. Satitifac- 
tory iigrecmcnt with exl~crilni:ntal data in ~ h c  1-,kgio11 of 

'sniall mon~elrtum trallulerti i s  obtainctl. (auth) 

46785 AN O N - L I N E - ~ ~ E A S U R E > ~ E N T  OF MUON 
DECAY USING WIRE SPARK CHAMBERS. Sherwood. 
Bruce (Univ. of Chicago). IEEE (Inst. Elec. Electron. 
Engrs.), Trans. Nucl. Sci.. NS-12: No. 4, 49-51(Aug. 1965). 

, The elnctrnn-mnmentl~m fipectra from muon decay a r e  
measured using wire spark chambers with ferrite-core 
readouts and on-line computation. Systems. used and results 
' a re  printed. (T.F.H.) 

45050 . ON POLARIZATION PROPERTIES OF MUONS 
IN ELASTlC NEUTRINO PROCESSES (i;,, + p - n + p+, . 

u + n - p + p-). Shishkin, G. V. (Inst. of Heat and Mass 
8xchange, ~ c a d e m y  of Sciences, Belorussian SSR). Dbkl. 
Nmd. llaulr BSSR, 81 '160-3(hBar. 1965). (In Russian). 

To distinguish the two kinds of neutrino and antineutrino 
a relation i s  established between the polarization s, and the 
polarization vector of muons in ?he elastic neutrino reac- 
tions F,, + p - n + p+ and up + n - p + p-. It is assumed 
that the neutrino and antineutrino a r e  always completely 
polarized lor~gilutlinally, Ulat is ,  s, = *I.. Wave functions 
of the f ree  f&mions are  determined by simultaneously 
solving the Dirac er-pktinn and an equation with a projection 
operator. The hamfltonian of a weak four-ferrnion inter- ' 

action ic thcn written with only the vector and axial-vector 
te rms being retained. An expression i s  written for the 
matrix element of the reaction 11 + N - N' + v .  Here N and 
N' a r e  nucleons. By using perturbation theory an expres- 
sion i s  obtained for the spatial components of the polariza- 
t,ion veot,or of the muons. The probability-of muon neutrinos 
reacting with a proton o r  neutron and the polarization-vec- 
tor components of the resulting muons depends strongly on 
the longitudinal polarization of the neutrino, that .is, on s, 
The neutrino imposes i ts  polarization on the muon that i s  
formed. The polarization vector component depends only 
on the energy and emergence angle of the muon. The polar- 
ization vector of the muons lies in the plane of the reaction. 
that i s ,  in the momentum plane of the neutrino and the . 

.muon. (TTT) 

7962 (UCRL-9362) DIFFERENTIAL ELASTIC 
PION-PROTON SCATTERING AT 600, 650, AND 750 MEV 
(thesis). ~ o h n  1. Shonle.(California. Univ.. Berkeley. 
Lawrence Radiation tab.) .  Aug. 12, 1960. 70p. Contract 

. W-7405-eng-48. 
The differential elastic cross  sections for a--p scattering 

were measured a t  610 a 20, 655 a 20, and 750 a 20 Mev in a 
propane bubble chamber. The elastic events were selected 
by a X' test. The totai eiastic cross  sections a r e  17.7 a 2.3; 
16.6 a 1.4, and 14;8 i 1.4 mb, respectively. Cosine-power 
ser ies  were  fitted to the angular distributions. The vari- 
ation of the coefficients with energy indicates J = 3/, for the 
6 0 0 - ~ e v  resonance and J = for the 890-Mev resonance 
ln'the a--p interaction. The data were more compa,tible 



with odd relative parlty for the two: P., and D,, o r  D!, and 
F,, . Thus the scattering data independently give the same 
assignments for the peaks a s  the photoproduction data. 
Resonance a t  the peaks i s  not-established but i s  the most ' 

plausible explanation for them. Strong absorptlon of the , 

3 = resonant wave i s  suggested. (auth) 
. ... 

NEGATIVE PION-PROTON ELASTIC SCATTERING AT 
600 TO 750 Mev. John I. Shonle (Univ. of California, 
Berkeley). Phys. Rev. ~ e t t ' e r s  5. 156:9(1960) Aug. 15. 

The experiment was conducted to establish the ang)llar. 
momentum a t  the peaks from elastic scattering of negative 
pions at 610 t 20, 655 r 20, and 750 + 20 Mev on hydrogen. 
The pions were focused, deflected, and collimated to g1ve;a 
momentum spread of r1.5%. The mean beam momentum 
was measured by three methods; allagave consistent results. 
The events were given a X2 test for. elasticity using con- 
figuration-dependent e r ro r s .  Good agreement with.the ex- 
pected distribution was found. About 40% of the measured 
events were elastic. . (B.O..G.) 

34812 S C A T T E R I ~ ~ G  OF 300-bIev PIONS ON HYDRO- 
GEN AND DEUTERIUM. I. B. Sokoiova. Tr .  Fiz. Inst., 
Akad. Nauk SSSR, 14: 61-116(1962). (In Russian) . 

The cross  sections and the angular distributions for the 
elastic scattering,of'300-&lev negative and positlve pions on 
hydrogen and deuterium were determined. The phase analy- 
s i s  for the scattering of positive mesons on hydrogen re-. 
quires S and P waves; the inclusion of D waves does not 

' 

change. the angular distribution and within experimental 
' 

e r r o r  it i s  not possible to say just 'what the D-wave con- . 
tribution is. For S and P waves the phase shifts a, and 
.a3 do no? have a linear dependence on the meson momen- 
tum a s  proposed by 0 r e a r . T h e  a33 phase shift does not. 
agree with the Chew and Low relation, but rather i s  in 
agreement'with the energy dependence proposed by Mukhin ., 
and Pontecorvo. The phase analysis i s  not unique. For the 
ieotopic spin 'A'state two,seAes of phases a r e  possible. . . 
The determined phase shifts agree with the dispersion , . 
relations for both negative and positive mesons assuming ' 
that the meson-nucleon interaction constant, f2, is  13.08 to 
0.10. The angular distributions for the elastic scattering 
of mesons on'deuterium do not agree with the Green and 
~ o c k n k r e  calculation in the impulse approximation.. 
Agreement i s  obtained if it is  assunied that the nucleon . 
mass gooo to ir;fiirity. The disagrccrnenr i s  apparently con- 
nected with the inconsistent calculation of the nucleon re-  
coil. (TTT) 

24274 . (UCRL-105851, A STUDY OF THE l r + I ~  THE 
REACT108 R- + p - n+ t r;- t n AT 365 AND 433 Mcv'. 

(thesis). ~11lius Solomon (Califoinia. Univ., Berkeley. 
Lawrence Radiation Lab.). Jan. 17, 1963. Contract .W- 
7405-eng-48. . 10lp. 

The differential distributions in energy and angle of the 
;r+. in the.reaction n- + p -.n+ + n- + n have been measured 
with a scintillation counter~teles,cope.used for n+ detection 
and a magnetic spectrometer for energy, determination a t  
n- incident energies of 365 and 432 Rlev. At each of the 
laboratory-system angles 20, 50, 80, and 110"_+ were ' . 
detected in scintillation counters placed after the spec- , 

trometer. This system covered a major portion of the 
kinematically allowed n+ energy.spectrum. The values of 
T and ATAR f o r  each counter after the spectrometer were 
determined by suspended-wire measurements. Loss in n+ 
defection efficiency due'to .the decay of the n was'calculated. 
The e+ contamination in the- n+ telescope was calculated and 
found to agree with a measurement made a t  20". The total 
cross.sections a t  365 hlev, 2.39 0.20 mb, and a t  432 Mev. . 
3.98 * 0.20 mb, a r e  in agreement with other recent meas- 
urements. The angular distributions in the center-of-mass 
system. (c.m.) a r e  do/dn *)365 [(I90 16) + (10 t 27) 
cosfl* I *?sr .and do/dR*)(Si = [(317 16) + (35 r 26) 
cosO* 1 b / s r .  At the higher energy 'the forward peaking of 
the n,+ is . less pronounced than in a previous measurement . ' 
of that characteristic., Both total c ros s  section and angular 
distribution can be explained to present accuracy with two, . 
models: a ri-n interaction model and an isobaric model.' 
The n+ c.m. energy distributions were observed to peak.at 
lower energies than predicted by a phase-space distribu- 
tion, thereby suggestingthe presence of isobar'formation 
in the final state. An attempt was made to fit the energy- 
spectrum data to an isobaric.mode1 using a s  many a s  three 
parameters., At 375 h4ev moderately good fits a r e  obtained, 
whereas a t  432 Mev no reasonable fit to'the measured en-. 
ergy spectrum could be found. 38 references. (auth) 

144 
A MEASUREMENT OF THE TOTAL. ABSORPTION RATE 
OF MUONS IN CARBON. F. Russell Stannard (Univ. of 
Callfornla. Berkeley). Nuovo cimentn (10). g, 598-606 
'(1960) Aug. 18. an English) - . .: 

Negative muons stopped in a propane bubble chamber,  
form meslc atom6 with cnrbon k c l e i .  Subsequently they . 
either decay by their usual mode o r  interact with the 
nucleus. Based on a sample of 2519 mesons, the probabil- 
Ity for interaction was found to be (7.4 0.8)%, and the 
total absorption ra te  of muons in carbon became (0.36 6: 
0.04) 10' a". The result  was found to be in satlsfactory 
agreement with theory. (auth) ' 

16229 
TOTAL ABSORPJ'ION RATE 0F.MUONS IN CARBON. 
F. Russell Stannard (Univ. of California, Berkeley). '- 
Rev. Lottcrs 4, 523-4(1960), May 15. 

'I'hc ab~~~~l . l r l lnn  rnlc wns studicd for nluorls In carbon with 



a 30-in. propane bubble chambcr. The muon beam had a 1% 
pion background. Of the 2519 particles stopping in the 
chnmber, 2334 decayed and 185.lnteracted. The pion con- 
tamination was estimated from prong distributions of pion 
and muon capture s tars .  It i s  expected that -18% of muon 
captures lead to a formation of B '~ ,  which ,9 decays to c". 
If n decay lifetime of 2.22 x lo4  eec I s  assumed. the 
estlmnte of the total captvre rate becomes A, = (0.36 t 
0.04) x lo6  sec-'. (B.O.O.) 

24185 REVIEW OF PION RESONANCES. Jack Stein- 
berger (Columbia Univ., New York). p.185-210 of "Eastern 
Theoretical Physics Conference;" New York, Gordon ind  
Brearh,' Srinnce Publishers. 1963. 

The pion resonances p, w ,  and q ,  a r e  discussed. The p 
. resonance was found in the reactions: n'+ p - n'+ no + p . 

and n- + p - n+ + n+ + n. The central mass  i s  750 Mev, '. . 
and the p has spin 1 ,and negative parity. The w w a s ' a s -  
covered in the reaction p + p - 2n+ + 2n- + no. The mass  i s  
-782 Mev, and the isotopic spin i s  0. The q was found in 
the 3-pion system of the reaction n+ + d - p + p + $ + n' +. 
no. The isotopic spin i s  0, and the m a s c i s  '-548 Mev. In- 
terpretations of the reactions and properties of the reso- 
nances a r e  discussed. The resonances a r e  found in l a rge .  

. . quantities in p-p collisions, n-p and n-d collisions, and 
proton-antiproton annihilation. (M.P.G.) 

10330 MUON SCATTERING EXPERIMENT ON NU- 
CLEAR STRUCTURE OF CI2. Richard 0. Stenerson and 
Robert W. Williams (Univ. of Washington. Seattle). Phys. 
ncv., 1371 B260-710311. 25. 1365). 

The differential cross section for the scattering of 1.09 
Bev/c muons imcarbon, summed over all final energies. 
usas measured in the laboratory angular range 10 to 20' 
uslng a spark-chamber detector. The experimental results 
agree in a general way with the theoretical predictions for  
reasonable wave funct~ons, but both theory and experiment 
lack the precision,nece$sar.y fo r  a critical test  of the best 
available wave functions. The future utility of muon beams, 
.as cpmpared to electrons, i s  briefly discussed. (autb) 

41379 n-a S C A T T ~ H I N C  AND THE PlONIC FORh1 
FAC'TOR. Sternheim, M. hl. (Yale Univ., New Haven); 
Hofstadter, R. Nuovo Cimenio (10). 38: 1854-60(Aug. 16, 
1965). 

'Tlleoreticd calculations a r e  carried out on s --a and 
n+-u elastic scattering processes. Results a r e  presented 
at  a typical incident pion energy of 100 Mev. The results 
are ~ensi t ive  lo the pion's eleclron~a#l~elic fork11 factor 
since the form factor of the a-particle nrny be taken from 
clcctron scattering expurirncnls. If the pion size i s  large 
,111~ I~urtlcll o11 llic ll~corc!tic:~l c:~lculalions is  not grc:rt. 
oll~~w~!vc!r if I11c I I ~ I J I I  sixt!, is sk11:11l l l ~ c !  t ~ ~ ~ l c ~ u l : ~ ~ i t ~ n s  itiust 
lit! ~ l : I ' l l ~ C l ~ .  111 ;Illy t9:lSt! IIlC ~ ~ ~ ~ I ~ ~ J ~ I ~ ~ s ~ J I ~  I J ~  n'"- (1  ~ l l t l  ni-u 
scattering i s  worthwhile, and suggestions a r e  made as  to 
how to carry  it out. (auih) 

34911 . SCATTERING OF PIONS BY LIGHT NUCLEI. 
sforton M. ~ ternhei rn  (Yale Univ., New Haven). Phys. 
Rev., 135: B912-20Fug. 24. 1964). 

The scattering of pions by light nuclei i s  calculated using 
an approximate, high-energy, small-angle multiple-scatter- 
ing expansion which neglects off-the-energy-shell scatter- 
ing. The approximations needed to obtain this expansion 
from an oxnct multiple-scattering theory a re  examined. It 
i's found that the unknown contribution of the off-the-energy- 
ohell scnttcring molcoo any oalculntion nf pion-nucleus 
scattering unreliable-for large angles. Using n-N phase 
shifts and electron-scattering, data; results a r e  obtained 
for the scattering of pions of about 80 Mev by Li. C, and 0. 
(auth) 

25779 (CEA-R-2838) .. MESURE DES SECTIONSEF: 
FlCACES TOTALES n'p ET rrp ENTRE 700 ET 1700 Mev 
ET APPLICATIONS AUX RELATIONS DE DISPERSION 
[Theses]. (Measurement of the li+p and trp Total Cross ' 

Sections From 700 to 1700 Mev and Applications to the . , 

Dispersion Relations [Thesisj). Stirling. A lexbd ie  V, 
(Commissariat a l'Energie Atomique. Saclay (France). 
Centre d'Etudes Nucleaires), 1966. 64p. . Dep. mn. 

Submitted to Par is  ,Univ., Orsay (France). .Faculte des . 

Sciences. . 

The ,n+p and r-p total c ross  sections wcre mea6ured be- 
twwn Sfln nnrl 1700 &lev to eliminate discrepancies in the 
experimental data. These new values have permitted a 
more precise Calculation of the forwsr.cl tlixpersion relation' 
These relations a r e  well satisfied by the experimental data 
up to 18 Bev for charge exchange scattering. The disper- 
sion relation for the spin-flip amplitude gives an efficient 
test  for the phase-shift analysis solutions. (auth) 

24247 PION- PION'INTERACTION IN PION- PRODUC- 
TION BY T+-p COLLISIONS. D. Stonehill, C. Baltay, 
H. Courant. W. F i ck in~e r ,  E. C. Fowler, H. Kraybill, 
J. Sandweiss, J. Sanford, and H. Taft (Yale Univ., New 
Haven an$ Brookhaven National lab.', Upton, N. Y.): 
Phye. Rev. Letters, 6: 624-5(June 1, 1961). 

T h e r e a c t i o n s . n " + p - + * + f l + p a n d n * + p - n + +  
a+ + n are otudied a t  910, 1090, a.nd 1260. Mev, in an at- 
tempt to detect a a-n resonance. For the outgoing n+no 
pair ,  peaks In tlle Q-values lead to a di-pion resonance 
with a maes  of 5.0 to 5.5 pion masses and I = 1 o r  2. No 
reeonance i s  observed in the outgoing n+n+ (I = 2) pair ,  
leading to the conclusion that the n n resonance i s  a I = 1 
etate. (T.F.H.) 

15636 (TID-15425) PION-PION INTERACTIOSS IN 
n+-p COLLISIONS. D. L. Stonehill and 11. L; Kraybill 
(Yale Univ., New Haven). Feb. 28, 1962. Contract 
AT(30-1)-1173. 23p. 



Results of a study a r e  presented concerning the occur- 
rence of pion-pion interactions in collisions of positive 
pions with protons, a t  incident pion kinetic energies of 910, 
1090, and 1260 Mev. The interactions of principal interest 
a r e  n+ + p - p + n+ + no, and n+ + p - n + R+ +'n+. (J.R.D.) 

22726 (NEVIS-121) ELECTRON DECAY BRANCH- 
ING RATIO OF THE PION (thesis). Alan Strelzoff 
(Columbia Univ., Irvington-on-Hudson, N. Y. Nevi8 Labs.). 
Mar. 1964. Contract Nonr-266(72). 62p. (CU-227; R-419) 

The ratio of the pion decay rates for the processes, ' 
a - e + v and x - p + v ,  was measured. A large Nal(T1) , 
crystal  was used to separate the high energy pion decay 
electrons from the continuous spectrum of the n-p-e chain. 
Counting.decay electrons immediately following a pion 
stop, the ratio was determined by a direct comparison of 
n-e and r-p-e electrons. From an observed 10,891 rr-e 

, 

electrons a precision of 1.8% was attained in the quantity 
(pion lifetime x branching ratio). Considering the present 
uncertainty in the pion lifetime the branching ratio. (1.247 * 
0.028) x lo-' i s  obtained. This is  in good agreement with 
the theoretical value, 1.233 x lo-'. required by the V-A 
theory when radiative corrections a r e  included. (auth) 

39042 PROSPECT~VE USE OF NEGATIVE Pi-MESONS 
I N  TIIERAPY. 'C. Stu:~rt  and G .  Cittatlini (Univeruit2, 
Siena. Iltllyl). Iktdi;~zioni Alta Energla, 1: 209-18(0ct. 

. 1962). (In 1toli:tn) 
A synthetic and critic:tl view of the present physical and 

blo16~ical notions on t11r tncsuons.ls drawn unrlrrlinln~ ttie 
Imlwrl:u~cr whic.11 1111.y 1n:ty II:IVI- 011 1111. 1111111.(. 111 1 1 1 ~ 1 1  1'11- 

thrr:tpy :1n11 11kti11r 11r11111111t*nt ~ ~ r : ~ t ! l l ( ~ : ~ l  :IIIII I I I ~ : I I ~ I ~ ~ I c : I I  
pnint~ a r c  s y ~ ~ t t ~ ~ ~ ! ~ i y . ~ ~ f l  1011 1111: ~ I I I I ~ I w I I I ~ !  I I I I ~ I . ~ ~  I ~ I I I : . ; ~ I ~ I . ~ ; I -  
t l f ~ n ~ :  thv I I I ! I I ~ ~ I I Q I ~ I ~ ~ I I  (11 1111. II I I ! I I .  ; # I  1111. I,I(.II:~ It1 I - , X I ~ I ~ I I I ~ I I ~  
ant1 11rfinIt1.ly sltpt!rior t t ~  t l i~* onc ol~l; t i~i[*~l wltti ot111.r p : ~ r -  
tlclcs includi~~g I a11111 11 ~.olo~iu: the It138 cji the mesons is 
difficult to ev:tluntc' allllough, on tho strength of a prclimi- 
nary approximsti~~n. thry mny be identified ns that t ~ f  other 
particles; the ncgativc pi-mesons a r e  not presently utilized 
in therapeutical ~ ~ n l c t i c r  in view of the fact that the me- 
sonic heam obtaincd wit.11 the normal accelerators is  not 
intense enough in order to reach accel~tnt~lc focus closcs. 
(auth) 

19912 EXCITED STATES OF 4He AT ABOUT 30 Mev. 
Tang, Y. C. (Univ. of Minnesota, Minneapolis). Phys. 
Lett.,, 20: 299-301(Feb. 15, 1966). 

Analysis of the result from the .reaction 6~i(n+,2p)41ie 
shows that there a r e  excited states of 'Hc at  about 30 hIev 
excitation, which can be best interpreted a s  having the 
structure 01 two deuteron clusters in relative oscillation. 
(auth) 

29492 (BNL-7033) Mu-p SCATTERING EXPERI- 
bIENT-TRIGGER AND DRIVE CIRCUITS. MU-p NO. 26. 
Michael J. Tannenbaum (Columbia Univ.. New York . 
Brookhaven Natlonal Lab.. Upton, N. Y.). ~ a y  1963. Con- 

'tract [AT(30-2)-Gen-161. 67p. . . 
Block diagrams of the apparatus to' be used in the, ex- 

periment a r e  presented; and the design, behavior, ,and 
' 

. operation of the various circuits a r e  discussed. (D.C.W.) 

25264 (NYO-2262-86) ELASTIC SCATTERING OF 
NEGATIVE PIONS BY PROTONS AT 903 Mev (thesis). ... 
1nt.ernal Report No. 108. Merlin Gene Taylor (Brown . 
Univ., Providence. R. I.). Feb. 1965. Contract [AT(30-1)- 
22621. 58p. Dep.(mn); $3.00(cy), 2 b n )  CFSTI. 

The meson (I;-)-proton interaction was investigated . 
at 903 Alev using a hydrogen bubble chamber. The'mea- 
suring techniques and event construction and selection 
a re  discussed. The elastic scattering cross  sections and 
angular distributions were determined. (C.EiS.1. 

8224 I~Y'PERFINE EFFECTS I N  MUON CAPTURE. 
V. L. Telegdl ' (~niv . .  of Chicago). p.16-25 of "Weak Inter- 
actions ant1 Topicu in Dispcr~lon I1hysicu." New York. 
W. A. Ucnj:~min, Inc., I!)fB. 

Expcrimentnl cvitlcnce on the nnturc of (NP)(I;,) coupling 
in complcx nuclcl i s  rcvicwcd. Arbwmcnts a r c  prcscntcd of 
thc prcscncc of V coul~ling in rclittion to the hyperline cf- 
Iccts. OLhcr hypcrfinc expcrimonts a r c  mcntionctl: c:~ptltrc 
of p by a j = 1 - '4, dr, proton; capture by "u; and lnnrr 
bromsstrahlung in p- capturc. (L.13.S.) .. . 

14798 (CEA-2306) CONTRIBUTIONS A L'ETUDE 
DES REACTIONS n* + p - R* + g + no ENTRE 0.5 ET 1.5 
+v/c. (Contribution to the Study of the Reaction r* + p - 
n* + p + no Between 0.5 and 1.5 Gev/c). Bernard Thwenet 
(France.. Commissariat a llEnergie Atodque.  Centre . 
d'Etudes Nuc,leaires, Saclay). 1963. 79p. 

Thesis submitted to Universite, pa&. 
The total production cross  section of y accomp&nied by 

charged secondaries in n* p interactions between 0.5 and , 

1.5 Bev/c was measured. The c ros s  section of the reaction. 
a' p - n+ no p was obtainea. Only the c ros s  section of 
f p - no + (charged particles) could be  determined be- 

, cause the lack of information on multiple produotion. The 
exprrlmental results  were compared with the  predictions 
of simple production models. .A method fo r  calculation of 
high energy y-ray efficiency of detectors with lead cgnvert- 
e r s  i s  given. (auth) -. ' 

14335 EXPECTED ENERGY PEAKS IN MESON-MESON 
INTERACTION. Charles Thompson (Marquardt Corp., 



Orange, Calif.). Can. J. Phys., 43: 163- loan .  1965). 
The nature of unstable meson-meson interactions i s  con- 

sidered.  A discussion i s  given of the type of energy peaks 
expected on the bas i s  of the c rossed  one-meson exchange 
diagram where the unstable vert ices represen t  decay ver- 
t i ces  and can lead t o  singularities near  the physical region 
and whether such peaks will actually appear in the three- 
body final-state interaction when the diagrani  i s  joined by 
unitarity to the final (and initial) sys tem involving stable 
mesons only. (C.E.S.) 

25276 PION-NUCLEON SCATTERING AND J = 2,  
T = 0 PION-PION INTERACTION. Charles Thompson 
(Applied Science, ~ i n n e a p o l i s ) .  J. Phys . Soc. Japan, 
20: 297-302(Alar. 1965). . . 

The effect of the J = 2. T = 0,  r- n interaction on the b- N 
icvariant amplitude d3(" is analyzed. It was found thaL the 
n- N scattering da ta  i s  inconsistent with a J = 2. T = 0, r-- il 
phase. due to dq,,which r ises.  to atiove 13" around.650 blev. 
From the data it is impossible to say  whether the results  , 

correspond to a resollant p h w e  o r  only a s h a r p  peak in the 
corresponding absorptive part.of the +mplilude. (auth); 

33029 ANALYSIS FOR THE PRODUCTION 07 AN 
' ISOSCALAR S-WAVE DI-PION RESONANCE. Thurnauer. 

Pe te r  G. (Univ. of Rochester, N. Y.). Phys. Rev. Let- 
t e r s ,  14: 985-8(June 14, 1965). 

Outlined i s  a fully relativistic and unitarity-preserving, 
phenomenological model for  !he one-pion production reac-  
tion n- + p - n- + n" + n. The effects of the  (3,3) pion- 
nucleon resonance on the final two-pion sys tem and the 
possibility of a di-pion resonance a r e  examined. The 
tests of the mode! for a wide range of data s e r v e  to ensure  
i t s  validity and likewise to define i t s  parameters .  (hl.0.W.) 

29691 .MEAN LIFETIME O F  THE no MESON. J. Tielgc. 
and W. Pueschel (Max-Planck-Institut filr Physik und 
Astrophysik, Munich). Phys. Rev., 127: 1324-7(Aug. 15. 
1962). 

' ' An est imate of the rrO mean lifetime has  been obtained by 
a method f irs t  attempted by Harris .  Orear ,  and Taylor in 
1957. The decay distances of monoenergetic rro mesons. ' 

.produced by the Ka decay a t  r'est (K1 - n+ + no) and de- 
caying via the Dalitz mode (nb - e* + e' + y) .  w e r e  meas- 
ured. In two s tacks  of nuclear  emulsion (Ilfo~d K5). expu5cd 
t o  the 700-Mev/c K+ beam a t  the Berkeley Bevatron, 45 
events  of this type were found. F o r  the no mean lifetime 3 

value of T = (2.32;:;) x s e c  has been obtained. (aulh) 

37637 PION-PROTON INTERACTIONS AT 780 Mev. 
Tilger, Clarence Arthur Jr. Thesis. Bloomington, Ind., 
hdhna Univ.. 1964. 83p. 

The interactions of protons with pions having a labo- 
ra tory  kinetic energy of 780 Mev a r e  examined. Using 
the optical theorem and the value of the total c r o s s  sec-  

tion determined in previous work by Devlin e t  al. ,  the 
elast ic  angular distribution i s  (0.24 0.03) + (0.82 a 0.09) 
cos I9 + (2.40 t 0 . 2 2 ) ~ 0 ~ ~ 9  + (0.37 O . ~ S ) C O S ~  I9 - (1.45 
0.26)cos49where the coefficients a r e  in mb/sterad. The 
elast ic  c r o s s  8 e c t i o n . i ~  10.1 + 1.4 mb and the one-pion 
production c r o s s  section is 12.2 1.4 mb. The rat io of the 
c r o s s  section for  neutral pion production to charged pion 
production.is 4.35 t 0.30 : 1. The kinetic energy and an- 
gular distributions of the part icles in the one-pion produc- 
tion final s ta tes  a r e  examined and compared with the 
predictions of various models. In part icular ,  the D1 
isobar model and the vector meson exchange model a r e  
examined. Whae'both of these fit the data in part ,  neither 
agrees  with the whole of the data and turthertheoret ical  
analysis i s  necessary :o fully explain the one pion pro- 
duction process.  (Dissertation Abstr.) 

15341 ' ;+P INTERACTIONS AT T, = 781 Mev. Tilger ,  , 

C. A.; P o i r ~ e r ,  C. P.; Alyea, E. D. Jr . ;  Marlin, H. J. Jr . ;  
Scandrett. J. H: (Indiana Univ., Bloomington). Phys. 
Rev.. 142: 972-6(Feb. 25. 1966). 

Interactions of 781-blcv n" mesons with protons were in- 
vestigated using a 14-in. hydrogen bubble charnbcr. ;\ 
total of 2305 events were observed. The data were normal- 
ized to a total c r o s s  section of 22.2 mb, giving partial 
c r o s s  sections o(n+p - rr+p) = 9.5 . i  0.5 mb, o(n+p - 
f ipfl)  = 9.3 a 0.5 mb, o(nCp - r+lr+n) = 2.15 a 0.17 mb, and 
a multiple-pion-production c ross  section of 1.15 + 0.17 mb. 
The elast ic  angular distribution was obtained and is  du/dw = 
(0.23 t 0.03) + (0.90 + 0.11) cus e ,.,. + (2.57 + 1324)  
COS~O~.,. + (0.19 * 0.22) C O S ~ ~ ~ . , .  - (1.73 t 0.34) cost  ,,,. 
The kinetic-energy and anguliir distributions of the outgoing 
part icles in singlc-pi011 production a r c  given. The data a r e  , 
compared with other experiments in this energy region and 
their relevance to the shoulder in the r+p total c r o s s  s e c -  
tion near  830 Mev is discussed. (auth) . 

36703 THE INDUCED PSEUDOSCALAR INTERACTION 
IN MUON'CAPTURE AND NUCLEAR STRUCTURE. H, A .  
Tolhoek (Rijksuniversitet. Groningen, Netherlands). p.336- 
48 of "Selected Topics in Nuclear Spectroscopy." New 
York, John Wiley and Sons. 1964.. 

It i s  shown that the induced pseudoscalar coupling con- 
stant fn muon capture can be determined,  assuming the CVC 

' hypothesis. Determination of the constant f rom the partial 
transition r a t e s  f o r  muon capture by 'bO and f rom radiative 
muon capture i s  discussed. (D.C.W.) . 

44993 (CEA-R-2778) CALCUL DE LA CONTARIIKA- 
TION EN MUONS D'UN FAISCEAU DE MESONS u. (C~ilcu- 
lat!nn of the Muon contamination in a n-Meson Beam). 
.Tran. Anh Ha (Commissariat a 1'Energie Atomique. Saclay 
(France). Cent re  dQEtudes Nucleaires). 1965. 17p. 
Dep. ma. 

A method;is presented for  calculating the p contamination 
of a n meson beam which i s  parallel and of cylindrical sym- 
metry. The CONTAMU program used in car ry ing  out this 
calculatlon i s  a l s o  given. An evaluation of the p contarnina- 



.tion i s  necessary for correcting the experimental values of 
the crose sections of various reactions using the r meson 
beam a s  the incident particle beam. The two following 
cases a r e  treated: (1) the beam i s  defined by an S, counter 
and the p contamination i s  calculated when the'beam passes 
through this counter and (2) the beam i s  defined by two 

' 

counters S, and Sz and the p contamination i s  calculated 
when the beam passes through the. hvo counters succes- 
sively. The calculation i s  given in detail following the 
order of the program. A table of results for a few of the 

' 

parameters defined i s  given a s  an example. (tr-auth) 

40252 .(UCRL-11537) SCATTERING OF 250-Mev . . 
POSITIVE PIONS BY PROTONS: EXPERIMENT AND , 

ANALYSIS (thesis). \\:ladysjaw Kilian Troka (California. 
Univ.. Berkeley. Lawrence Radiation Lab.). Sept. 18, .. 
1964. Contract MI-7405-eng-48. 102p. 

The differential c ross  section fo r  elastic scattering of 
positive pions on protons was measured at  a nominal 
incident-meson kinetic energy of 250 Mev. The angular 
range covered in the center of mass  by the 13 data points . 

was 1.1.9 to 160". The fractional r m s  e r ro r s  were typically 
1.5%. A liquid hydrogen target was bombarded by a beam 
of 2.5 x lo6  mesons/sec. The scattered pions were detected 
by a counter telescope. Recoil protons were eliminated by 
means of a Cherenkov couqter. A phase-shift analysis was 
performed combining the above-mentioned daElf with the 
recoil-proton polarization measurements taken recently 
with the help of a polarized proton target. Only one accep- 
table SPD ~ e ; m i - t ~ ~ e  phase-shift set  was f o d .  %%en F 
waves were included, a total of three possible phase-shlft 
solutions emerged from the analysis. However, arguments 
based on the data could still be made t o  eliminate all but 
one phase-shift set. On the.other hand, the remaining . 

phase-shift set ,  similar in type to the SPD solution, suffers 
f rom the disadvantages of large rms e r r o r s  assigned to its 
small  phase shifts. (auth) . 

18907 A NOTE ON THE LOW ENERGY PION-NU- . . 
CLEON (3.3) PARTIAL WAVE SCATTERING. . Chang- . . 
chie Tsao. Wai-shen Wang, and Ho-chang Huang (Peking , . 
Univ.). Wu Li Hsueh Pao, 20: 1210-15(Dec. 1964). (h . 
Chinese) 

An approximate expression for the (3,3) partial wave , 

amplitude i s  given from the analyticity, unitarity, and ' 

threshold behavior considerations, in which only two pa- 
. rameters.,namely the coupling constant and resonance 

level, a r e  .introduced. 'This expression i s  in good agree- 
ment with.the experimental data'from'the threshold up to, ,. 

d O  M ~ v .  It\ . . the pion laboratory lrinctic cncrgy of about jr 
comparison with Chew-Loiv?s result, it gives the variation 
of (qs/u)ctg 633 with w not following a straight line but a .  
curve concave.downwanf. Such an Improvement 1s just 

. 
. required by the experimental data.' It is  shown that there 
Is some inadequacy concerning analyticity in the Chew- 
Low's expansion and that this inadequacy has been o,ver- 

' 

come In the'present formulation. (auth) 

24677 (CEA-2136) CONTRIBUTION A L I ~ T U D E ' D E S  
R ~ A C T ~ O N S ~ - + ~ -  r o + n e t n - + p -  n O + r f + x i ~ ~ ~  
ENERGIES DES MAXIMA DE LA SECTIqN EFFICACE. 
TOTALE DE L'INTERACTION n-NUCLEON DANS L'ETAT 
DE SPIN ISOBARIQUE T = % (THESES). (Contribution to, 
the Study of n-+ p - ro+ .n  and n-+ p -  nO+ 'no+  n Reac- 
tions a t  the Energies of the. Maxima of the a--Nucleon In- 
teraction in the T = State Total Cross Section,(thesis)). 
Ren6 Turlay (France. Commissariat i 1'Energie Atomique. . 
Centre d'Etudes NuclBaires, Saclay). 1962. 71p. 

Submitted to Universit6, Paris. 
The total cross  sections for processes yielding only neu- 

tral particles from 300 to 1600 Mev were determined. For 
this, the number of incident n- was counted, which interact. 
in a liquid-hydrogen target without giving charged particles 
in a 4 n counter surr'ounding the target. The reactions 
r-+ P - ro + x0 +.n between 300 and 1100 Mev were sepa- 
rated. By supposing that only these two reactions were .' 
realized by placing lead absorbers between the target and ' 
4 n counter and by comparing the counting rate for neutral .  
events with and without lead. The transmission. measured 
is a function of the average.number of 'photons produced and 
therefore of the ratio between the two neutral channels, : 
no + n and r0 + a'.+ n. The experimental results 'are dis- 
cussed and compared to those obtained in the study of 
photoproduction and the n- nucleon interaction. (auth) 

8940 
THE EFFECT OF THE STRUCl'URE O F  THE NUCLEON 
ON THE CAPTURE O F  p- MESON BY PROTON. E. Y. 
Tzu. T. H. Ho, and Y. B. Dd (Inst. of Atomic Energy Re- 
search and Inel. of Mathematics. Academla Sinlca. Peklmg). 

, Wu Li HsUeh Pao E. 621-4(1969) Oct. (In Chlnese) 
It Is noted that, owing to the slrnilarlty existlng between 

clcctromagnetlc lutarnctlon and the vector part of the weak 
interaction proposed by Feynman and Cell-Mnnn. the opn- 
trlbutlon of Lha vector pn.rt of $0 weuk lnteractlon to p- 

.capture by a proton i s  closely r ~ l n l u d  to tho electromng- 
~ ~ c t i c  form fl~ctorn of Ihu nucluon. Formula. for the capture 

, 

probability .oalculated with the.remrmallzed V-A, weak 
Interaction ,is glven. The correction to the contribution of 
the vector part  of the weak lnteractlon due to the chargc 
and magnetic moment d ls t r ih t lon  of the nucleon is  esti- 
mated on the baala of the data from electron-nucleon 
mattering experiments. (auth) 

28350 ( ~ ~ ~ ~ - 8 1 8 8 ( p ; 2 4 - 8 ) )  EFFECT OF,THE STRUC- 
TURE OF T H E  KCCLEON.ON THE CAPTURE OF THE 
p-MESON BY.TYE PROTON. H. Y. ~ z u ,  T. H. Ho, and 
Y. B. Dni. '  rans slated from \Vu Li HsUeh Pao, 15: 521-4 
(Oct. .1959). 
. . This pitper was previously abstracted from the original 
language nnd appears in ~ 4 ,  Vol. 14, abstract no. 8940, 



35453 GIANT DrPOLE GAMMA-DECAY FOLLOWING 
MU-MESON CAPTURE IN 12c. Ueberall, H. (Catholic 
Univ. of America, Washington; D. C.). Nuovo Cimento 
(lo),  38: 669-72(July ,I, 1965). 

.In an attempt to yerify the presence of the giant dipole 
mechanism in meson (p) capture in a more direct  experi- 
mental fashion, neutron spectra'and y rays should be 
studied near 10 hqev. An order-of-magnitude estimate of 
y versus neutron decay widths i s  given to indicate whether 
an experimental search for these photons would be feasi- 

. blo. (J.F.P.) . . . 

s812 
HYPERFINE SPLITTING, EFFECTS IN THE CAPTURE 
OF POLLAXIZED p- MESONS. H. Uberall (Carnegie 
bst. of Tech.. Pittsburgh). Phys. Rev. 114. 1640-5 
11959) June 15. , - -~  - 

The effect of hyperfine splitting of p-mesic atom 
ground s ta tes  on the neutron asymmetry from muon 
c q t u r e  waa investigated in hydrogen, deuterium, and 
mmplex nuclel; It Is  shown that this can provide more 
inforrnatlon on the capture interaction than the neutron 
uymrnetry from spinless nuclei. Muon polarizations' 
d gyromagnetic ratlos in the hyperflne states a r e  also 
discussed. (auth) 

15562 NEUTR~NOS FROM STOPPED n Ah?).p MESONS. 
H. Ueberal! (Univ. of Michigan, . b n  Arbor). Nuovo 
clrnenlu (18). 23: 219=21(Jul. 1, 1902). (In English) 

Neutrino spectra from a and p decay and from p- capture 
in  heavy msterials were determined and plotted.. Identity 
determination is discussed. (L.N.K.) 

,44801 SCATTERING OF PIONS FROhI NUCLEI. R. K. 
Umerjee (MATSCIENCE. Inst. of ~ a t h e m a t i c a l  Sciences, 
ifadras). Nucl. Phys., 60: 497-502(Dec. 19611). . . 

Elastic scattering of pions from complex nitclei is  stud- 
.ieii'using the shell  model and the impulse appro.uimation. 
xumerical resul ts  a r e  presented in  the energy range 65 to 
150 Mev for targets C and 0. Comparison i s  made with ex- 
perimentnl results ,  (auth) . . 

28598 : p--MESON CAPTURE IN CARBON INVO1,VINC 
THE FORhlATlON OF B". A. 0. Valsenberg (Inst, of The- 
oretical and Exprrinlrntnl Physics, Academy of Sciences, 
USSR). Zhur. ~ k s p t l ' .  1 Teoret. Flz., 41: 109-12(July 1961). 
(In Russian) 

Ayproxin~atcly 500 two-prong s t a r s  produced in the cap- 
t u r e . ~ [  p- nirsons by llght photographic emulsior! nuclei a r e  

The prob:~bility for c~niisslon of .an Auger clcc- 
tmn in a capture of this type i s  of the order of a tenth of a 
percent. Ninc s t a r s  of the type p- + cI2 - 012' + v ;  B ' ~ '  - 
ti' + 11e4 were detected. The probability of such a reaction 
1s 2 x lo-' p r r  tnl,ture in a carbon nucleus. It IS shown that 
there slloultl Ilr rscilrtl Ie~'cls in tllc: 0'' nucleus with m en- 
erm 419-2(; hlev front tyhich breakup into ~ . i '  and 11e4 may 
be possible. (nuth) 

821 3 , MASS SP.ECTRUM.OF CHARGED FARTICLES 
~ h l l ' i T D  W THE 'AB.WFPTlnN OF r -MESONS BY PHO- 
T0011APlllU UhlULLlurlt;. is, 6. VuiuwJ.~~! u, R, n lr,.,ls 
ganovn, and N. V, Rabln. Zh. Eks11al.im. i Tear. Fie., 47: 
1262-9(0ct, 1964). (In Russian) . . 

The yield 'and spectrum of charged particles produced in 
photdgrnphir. emulsion nuclear disintegrations induced by 
slow and fast (300 Mev) n- mesons were studied. The yields 
of deuterons and tritium nuclei with energies 210 Mev from 
light nuclei.(C, N, 0) disintegrated by slow n- mesons (on . 
s tars)  are,  respectively; approximately 40 and 15%. The . 

.yields of deuterons with energies Z20.Mev Irom heavy nu- 
clei .(Ag,Br) i s  close to 40% and i s  small'for energies <20 
Mev: Absorption of fast r- 'mesons does not residt in ap- 
preciable emission of complex particles. (auth) . 

' 24720 THE SCATTERING OF 87. Mev POSITIVE PIONS 
ON CARRON AND OXYGEN. F;.P, G ,  Valck, E. $. 
Gelsema, and M. Kruiskamp (Rijksuniversiteit, Utrecht). 
Nuovo cimento (lo). 23: 1005-2O(Mar. 16, 1Yti2). (In Eng- 
lish) 

Elastic and inelastic scattering angular distributions of 
87-Mev positive pions on carhnn anrl Oxygen ate measured 
with a total-absorption scintillation spe'ctrometer of high . 
energy resolution. The elastic angular-distribution data 
can be fitted with the Kisslinger theory. The inelastic an- 
gular distributions a r e  strongly peaked in the. backward di- 
rection, The inelastic differential cross section apprecia- 
bly aUrps6SeS the elastic cross section at  angles above 
&out'10O0. At oovoral angles a pen4 i.1 rern in  khe RnRrgy 
spectra of pions scattered from carbon, which must be ex- 
p!ained as res~llting frnm quasi-free pion-nucleon scatter- 
ing. (auth) 

19220 SPALLATION OF LIGHT NUCLEr BY SLOW n . 
MESONS., A. T. Varfolomeev. T r .  Fiz. Inst., Akad. Nauk 
GSSH, 22: 101-28(1964). (In Russian). 

The products f rom the absorption of m c s o n s ( r )  by *'c, 
14N, and were measured on Ilford C-2 emulsions 400 
microns thick. The meson(C) beam was obtained by i r ra-  
diating carbon.targets in the gamma beam of a synchrotron. 
The angular distributions of the slow fragments a r e  peaked 
a t  large angles when compared to the distributions of the 
fast  protons. Average values of the momenta of 'Li, a, and 
p products were determined for reactions giving charged 
products of Zap, 3ap,  8 ~ i 2 p ,  and 8Lia.  It i s  generally 



assumed that singly charged products a r e  protons; how- 
e v e r  in up to 3 f l  of the c a s e s  they were determined to be 
deuterons and tr i tons.  Neutron spectra were determined 
for  the reactions l2C + f - 8Li + 3He + n; 12C + n- - 2 a  + 
t + n; and 160  + ;r - 3 a  + t + n. The maximum energies, 
of the neutron spectra for these reaction6 a r e  '87, ,102; and. 
97 hlev. respectively. The spectra coincide < 80 Mev. . 
indicatingthat these neutrons a r i s e  f rom the reaction p + 
n- - n. The measured momentum distributions agree  
bet ter  with'calculations based on the one-nucleon model 
(p + n- - n) than with the two-nucleon model (p + n +-n- - 
2n; 2p + n- - p + n). The distributions of the excitation 
energy of. the l l ~ , n u c l e u s  were found to be the s a m e  for  
the 12C(n-,n)'1B and "C(p;2p)11B reactions above 30 Mev, 
indicating that excitation s ta tes  of llB < 25 Mev a r e  even, 
but >25 hIev are.odd. The only observed reaction on. nitro- 
gen was l4N + n- - 3 a  + 2n. (TTT) ' 

. . . . 

9287 ENERGY LOSSES OF STRONGLY lNTERACTMG 
PARTICLES PASSING THROUGH HYDROGEN. Yu. L. 
Vartanyan (Inst. of Physics, Academy of Sciences, 
Armenian SSR). Zh. Eksperim. i Teor.  Eiz.. 43: 2143-5 
(Dec. 1962). (In Russian) . . 

Energy losses  due to strong interactions a r e  calculated 
' 

on the basis  of experimental data for  nucleons and pions 
passing. through hydrogen. (auth) 

14 325 
ELASTIC SCATTERING O F  300 Mev Z-MESONS ,ON BY- 
DROGEN. I. M. VasflevsWI and V. V. Vishnyakov. - 
Eksptl'. 1 Teoret .  Fiz.  38, 441-4(1960) Feb.  (In mslan)  

The elast ic  scat ter ing of 300 Mev %--meson8 on hydroges 
was studied uelng. a hodoscope in wtdah the counters  were 
fed by pulsed voltage. On the aesumption that elaetic mat- 
ter ing i s m a l n l y  due to S- and P-wavee, an equation wan 
derived for  the angular dletribuuon. (anth) 

19769 
THE WLARIZATION O F  RECOIL PROTONS IN n- 
MESON SCATTERING IN HYDROCEN AT 300 MEV. I. M. 
VasllerslrlIand V.'V. Vishnyakov (Joint Inst. fo r  Nuclear 
Research. [Rtbna. USSR]). Zhur. Eksptl'. i Teoret. Fiz. 
38. 1644-6(19SO) May. (In Russian) - 

'Ibe polarha t ion  of recoil  protons in 300-hIev n-meson 
scattering by hydrogen was measured. 305 events of elas- 
t i c  a-meson scat ter ing and proton scattering in the hydro- 
carbon tarnet  o r  in the counter walls  were divided into - 
three groups according to the angle of recoil protons. The 
obtained da ta  a r e  tabulated, and the polarization a s  a func- 
tion of the r-meson scattering angle f o r  two s e t s  of phases 
w a s  plomd. (R.V;J.) 

2544 NP-8058 
Joint Inst. f o r  Nuclear d e s e a r c h ,  D u b h ,  U.S.S.R. ~ a b . '  

of Nuclear Problems. . . 
HODOSCOPE SYSTEM OF GEIGER COUNTERS WITH 

' CONTROLLED PULSE-SUPPLY FOR INVESTIGATION O F  
n'-PROTON SCATTERING. I. M. Vasllevskil (Vasilevsky) 
and V. V. Vishnyakov. 1959. lap. (P-287). 

The hodoscope sys tem of gas-discharge counters  with 
controlled pulse supply which was 'used on the synchro- ' . 
cyclotron f o r  investigation of n--proton scat ter lng is, de- . 
scribed.'  The sys tem consiated of 426 hodoscope counterd." 
The detail's of the u s e  of such sys tems  in  some experi- 
ments made on acce le ra tors  , a re  given. (auth) . . 

20837 OINR-D-1202) . POLARIZATSNA PROTONOV 
OTDACHI PRI RASSEYANII p-MEZONOV S ENERGII 300 
Mev NA VADORODE. (Polarization of Recoil Protons in  .. 
300 Mev n-Meson Scattering on Hydrogen). I. M. ~ ' & i l e v -  
ski i  and V., V. .Vishnyakov (Joint Inst. for  Nuclear Research,  
Dubna, U.S.S.R. Lab. of Nuclear Problems). 1963. 5p. 

Recoil proton polarization was studied .in n meson scat-  ' 

e i n g  on hydrogen at 300 Mev. A h o d o s c o p  sys tem with 
800,Geiger counters was used for  measuring elast ic  -n- 
and proton scattering on carbon targets  a t  8 to  30' angles. 
777 events of recoil proton s c a t t e r b g  were found at  1 6  t o  
31" recoil  angles. The.results. were tabulated and com-, , 

'pared to,published data. (R.V.J.) . . . .  . . . .  

46366 RECOIL PROTON POL-Xi7IZATION IN ELASTIC 
n-p SCATTERING AT 300 Mev AND THE PHASE SJiIFT 
ANALYSIS O F  PION-NIICLEON SCATTERING. Vasilev- 
sldi. I. M.; Vishnyakov, V. V.; Ivanchenko, I. M.; Lapidus, 
L. 1.; Siiin, I. N.; Tyapkin, A. A.; Schegelskii, V. A. (Joint 
Inst. fo r  Nuclear Research, Dubna, USSR). Phys. Lett., 
23: 174-6(0ct. 10. 1966). 

The results  of a measurement of recoil  proton polariza- 
tion for  n-p - n p  a t  300 IvIev a r e  given, and a phase shift 
analysis is made with the help of other  data. (auth) 

46369 MASS DIFFERENCE ON THE NEGATIVE. AND 
NEUTRAL PIONS. Vasilevskii, I. M.; Vishnyakov, V. V.; 
Dunaitsev. A. F.; Prokoshkin,'Yu. D.; Rykalin, V. I.; 
Tyapkln, A. A. (Joint Inst. for  Nuclear Research. Dubna, 
USSR). Phys. Lett., 23: 281-2(0ct. 24. 1966). 

The angular 'correlation of gamma-quanta emitted in  the 
capture of stopping n--mesons by protons was measured.  
Measurements w e r e  made with a hodoscope of scintillation 
and gas  discharge counters. The m a s s  difference of the 
negative and neutral  pions turned oot to be (4.6034 i 0.0052) 
Mev/c2. (auth) 
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22728 (NP-13870) REPORT ON RECENT EXPERI- 
MENTAL DATA, 1963,. Matscience Report  17. K. Ven- 
katesan (Institute of hlathematical Sciences, Madras). 11''I' 

Data from the 1963 monthly r e p o r t s  (since.Apri1) on 
strong, weak, and electromagnetic interact ions a r e  corn- 
piled. Experiments on the third sound in liquid helium f ~ l l l ! ~  
and on the g:lp ill sitl>crconductors a r e  a l so  reported. 
The data include i t~trrncl iun.  r r sonancr  ~ ~ r o d u c t i o n ,  and 
p r t i c l e  production crl)ss sections: ni~clcon form Inciors: 
particle and rcson:kncc proprrt i rs :  n-p phase shifts; and 
mesonu-)  cilpture rn t r s .  (D.C.\\'.) 

28139 ' (ISS-63/28(p.l-11)) ASSORBIMENTO DI 
MESONI ;iT IN NUCLEI COMPLESSI.. (Absorption of n- 
Mesons in  Complex Nuclei). .G. Campos Venuti. G. Fron- 
te ro t ta ,  and G. Matthiae (Italy. Istituto Superiore d i  Sanita, 
Roma). . . , . 

The deexcitation processes  in a nuc1eus .a~  a result  of 
the absorption a t  r e s t  of a n- meson were studied by meas-  
urement of the energy of the neutrons emitted f rom 1 to 50 
~ e v .  The experimental set-up for  measurement of the . 
neutrons emit ted i s  described. Targe ts  of Cu, Sn, and P b  
w e r e  used. The r e s d t s  a r e  given.as a function of number of 
neutrons emitted per  pion absorbed and p e r  1-Mev energy 
interval .  The three  spec t ra  show quite s imi la r  character-  
is t ics .  The mean number of neutrons emitted p e r  pion 
absorbed i s  6.9 0.4 for  Cu, 8.0 0.5 f o r  Sn, and 8.9 * 
0.5 f o r  Pb, The results  a r e  in sat isfactory agreement with 

. . 
hlonte Carlo'calculatlons. (J.S.R.) ' . .  . 

8437 THE ABSORPTION OF N E G A T ~ V E  PIONS BY 
COMPLEX NUCLEI (COPPER, TIN AND LEAD). G. Cani- . 
pos Venuti, G. Fronterotta ,  a d  G. WIatthiac (Istituto 
Superiore d i  SanitA, Rome and Istituto Nazionale di  Fisica 
Nucleare "Sottosezione Sanita". Rome). . Nuovo Cimento 
(IUj, 34:. 1446-5'I(Uec. 16, 1964). 

An experiment pcrformed a t  the electron synchrotron i s  
descr ibed  for 'measuring the energy spectrum o l  neutrons 

' 

emitted in the energy range from about 1 to 50 lMev in the 
capture of negative pions a t  r e s t  in complex nuclei. The 

"experimental  data obtained using' targets  of Cu. Sn, and Pb 
a r e  presented and discussed. Each of the energy spectra of 
neutrons emitted i s  characterized by a lo\\.-energy evapora- 
tion par t  with a maximum a t  about (2 - 3) Mev. Comparison 
of da ta  obtained in T- absorption in the almost  double magic 
nucleus of Pb, with results  of other  experiments using the 
s a m e  excitation energies, shows shell-model effects on 
evaporation processes.  (auth) 

32733 (ISS-64/10) ASSORBIMENTO DI MESON1 n- 
IA Cu. Sn E Pb. (Negative Pion Absorption in Cu. Sn, and 
Pb). G. Campos Venuti, G. Fronterotta ,  and G. hlatthiae 

(Italy. Istituto Superiore di Sanita. Rome). Apr. 3. 1964. 
27p. 

An experiment performed a t  the Electron Synchrotron in 
Frasca t i  i s  dqsci ibed for  measuring the energy spcctrum 
of'neutrons emitted a t  1 to 50 Mev in the capture of nega- 
tive pions a t  res t  in complex nuclei. The experimental 
data obtained using ta rge ts  of Cu, Sn, and Pb.arc prcscntcd 
and discussed. Each of the e n e r m  spectra of ncutrons 
emitted i s  c h a r a ~ t e r ~ z e d  by a low-energy evaporation pxrt 
with a maximum a t  about 2 to 3 Mev. Comparison of tl;~:,~ 
obtained in n- absorption in the almost double n ~ a g i c  nu- 
cleus of Pb, with repults  of other  experiments using tlic 
s a m e  excitation energies,  shows shell-modcl cf[ccts on 
evaporation processes.  (auth) 

19084 NEUTRON SPECTRA FROM n- CAPTURE IN 
Cu. Sn. AND Pb. G. Carnpos Venuti, G. Fronterotta, and 
G. Matthiae (Istituto Superiore d i  SnnitB. Rome). Phys. 
Letleru, 9: 45-8(Mar. 1 5 ,  1951). 

The energy spectra of neutrons emitted per  pion capture 
in Cu. Sn, and Pb were  investigated for  an incident mo-. 
mentum of 150 Mev/c. Information about both the evapora- 
tion process a t  high excitation energy and the prompt emis,- 
sion of nucleons was obtained. (C .E .S.) . 

25902 (LNF-62/37(p.l38-42)) CATTUHA Dl hlESON1 
n- IN NUCLEI COMPLESSI. (Capture of n- Mesons in 
Complex Nuclei). C.. C:ktnlx>s Vnl~uti :~nd  G. hI:~tthi:O: (It:~ly 
Ist.i1.11l,11 S ~ ~ p o r i o r ~  11i S : I I I ~ ~ ~ ,  lZnt~~+:). 

A sludy ~o d c t t ? ~ . ~ ~ l ~ t l t !  il~t! II(!U~I.OII sp~c1rt1111 e t ~ ~ l i i t ? ~ l  Iro111 
~tuclci  uu u ~'ouult of the : tb~orp t lo~i  of fl- l>idj"i i j  l i  dc- 
scribed. 'L'he t ime-of - f l i~ l~ t  I I I C L I I ~ L I  i s  t i  be uscd for the 
detection ant1 measurcnwnt of the ~ ~ e u t r o n s .  'fhe cor rcs -  
t i o ~ ~ s  which must bc niatlc with t l~u  experitnent:~l ;ipp:ir:~tus 
used nre  described. (J.S.R.) 

17108 . (ISS-62/21) SULL'ASSORBIAIENTO Dl 
MESONI n- IN NUCLEI COMPLESSI. (On the Negative 
Pions.Absorption in Complex Nuclei). G. Campos Venuti 
and G. Matthiae (Italy. Istituto Superiore di  Sanita. Rome). 
May 36. lSb2. 4bp. 

The existing experimental data on the absorption of 
negative pions in complex nuclei a r e  presented and dis- 
cussed in connection with the present theories and hypoth- 
eses .  It i s  shown that further  information i s  needed about . 
the energy spectrum of the part icles,  particularly of the 
'neutrons, emitted after  absorption. The project and tile 
experimental arrangement for rneasuririg the energy 
spectrum of neutrons emitted'in the energy range f rom 
about 1 to 50 Mev a t  the electron synchrotron in Frascat i  
a r e  described. 39 references.  (auth) 



19175 ' . 
p m ~ ~  METHOD FOR DEVELOPXNG,TRACK PIC- 
T,JIZES OF LOW I O ~ ' I W G  PARTICLES. ~ i .  M. 
yqrlb a P. Protsanovq and 0. P.' Faerman (Joint 
lmt of Nuclear Research, Dubna, U.S.S.R.). Priboqy i 
T& Ekspt No. 3, 128-9(1959) MayJune. (In Rus- 
r t . 4  

~eoelopment  of 15-Mw proton and 300-Mev n+ meson 
mire In 200 p layers  of NIKFI-R emulsion with n- 
mh tmyIg l~e r in  physical developer was s tud leh  It i e  
,haam that with the physical developing method it i s  
pee f i l e  to regulate the s lze  of sl lver granules in the 
track and to improve d l s c ~ t l o n  of proton trncks 
fmm t h e y  background (tr-auth) . . 

31021 (UCRL-10253) SCATTERING OF NEGATIVE 
PIONS ON PROTONS AT 310 Mev: RECOIL-NUCLEON 
POLARIZATION AND PHASE-SHIFT ANALYSIS (thesis). 
Olav T. Vik (California. Univ.. Berkeley. Lawrence Ra- 
diation Lab.). May 21, 1962. Contra;:: W-7405-eng-'48. 
71p. 1 . .  

The recoil-proton polarization in I"-p elastic scatter- 
ing at 310 Mev was measured in the angular region 
114 deg !: O,,,. < 146 deg. These data were incorporated 
with other polarization and differential cross-section data 
at  this energy, and a phase-shift analysis was performed. 
Recoil-proton polarization was measured a t  four angles 
with results: 0.784 t 0.132 a t  114.2 deg, 0.648 t 0.076 at 
124.5 deg, 0.589 t 0.072 a t  133.8 deg, and .0.304'* 0.055 31 

145.2 deg.'A b e a k  of 3 x . 1 0 ~  pions/sec was  incident on a 
liquid Hz target; the resultant recoil protons were then 
scattered from C target and the, left-right asymmetry . 
measured. Plastic scintillation counters,were used . 
throughout. An IBM 7090 search program was developed. 
and the above data were incorporated with data on u + - ~  
polarization and differential and total c ros s  section, f -p 
differential and total cioss ~ r c l i o n ,  and charge-exchange 
differential cross ,section. A phase-shift analysis was per- ' 
formed. Analysis for spd waves (up to 1 - 2) ehows the ex- 
istence of a single satisfactory solution t o  all  the availabl, 
data. This solution i s  of the Fermi  type.in the I = 9/2 phast 
shifts, and i t s  I = % phase shifts a r e  all small  (c6 deg), 
with the exception of the D' shift, which is -15 deg. Er- 
r o r s  on the phase shifts vary from 0.4 through 1.1 deg. 
Extension of the analysis t o  spdf waves = 3), allowe 
three satislactory solutions, one of which i e  an extension 
of the spd solution. The other two solutions a r e  also of . 

the, Fetmi type with 1 = phase shifts, but the dominant 
I = phase shift i s  the P~ shift, which is >20 deg in both 
cases. The phase-shift e r r o r s  a r e  la rger  for  these t h m  
solutions, ranging up to Z deg. The single spd solution ani 
the three spdf solutions a r e  discussed and.compared wilh 
theoretical predictions. (auth) 

13437 PION-NUCLEON ELASTIC SCATTERING AT 
310 Mev: PHASE-SHIFT ANALYSIS. Olav T. Vik and . 
Hugo R. Rugge (Univ. of California, Berkeley). Phya. 
Rev., 129: 2311-22(Mar. 1, 1963). (UCRL-10436) 

A phase-shift analysis of n+-p and I--p elastic scatter- 
ing at  310 Mev has been performed. The data include dif- 
ferential and total cross-section. and, recoil-proton polari- 
zation data for both P - p  and r--p elastic scattering, as 
well a s  differential cross-section data for charge-exchange 
scattering. Inclusion of d waves was necessary to attain an 
adequate fit to the data; in the case of n--p differential, . .. 
cross section, the best fit included f waves. A general 
phase-shift search using s ,  p, and d waves was carried out; 
a single solution was obtained that adequately fit all the 
available data. The most notable characteristics of this ' 

, solution a r e  isotopic-spin =/, pha,se shifts similar to those 
obtained In a prevlous apalysis of the n* -p data and a rela- 
tively large D,,' phnse shlft equal to approxlniately 15 dcg. 
Errors on the Isotnplc-spin y2 pl~asc s l~l f t s  of thls solu- 
tion rnngc fr0111 0.3 to 0.9 i l c ~ .  'rhc isotopic-spin ah 
phasc-shlft e r ro r s  a r c  yimllnr to tllosc ohtaincd prcvlously. 
Because the n--p difCeri:r~tlr~l cross scction data indicated a 
posslble need for f \v.ivcS, ~ n r i  slnce the only satisfactory 
spd solutlon dtsplnyed ri,lnrgc d -wvc  phnsc shlft. in the 
Isotopic-spin '/, stntc, tho on:iIy~is wnR cxtcndcd to in- . 
cludc f wnvca. Thv rc.uult of ~lllowlnfi f ur;lvcfl WIIH to In- 
crease the e r ro r s  on c'ach i f ,  1h.e phnm fllllfts (up to about 
2 deg),  and alno to In t r (~ l~~cc !  two ncw solutlons, nnlthcr of 
rhlch c m b e  rulcrl out"~(atlsllcnlly. 'Illcgc! ncw solutlons 
are slmllar to the d-tvayc solutlon In thc Isotopic-spin ?/I 
phase shlfts, but vary rqth$r widely in lsotoplc-spln 5 / ,  
phase shifta. Inelastic ~ca t t e r ing  processes were neg- , 

lected throughout most'qf the analysis; however, a study 
of thelr effects on the fihal solutions was made and these 
effects were seen to be unimportant. (auth) 

28389 n--p INTERACTIONS AT 604 Mw. C. N. 
Vittitoe; R. R. Riley, W. J. Ficldnger, V. P. Kenney. 
J. G. Mowat, and W. D. Shephard (Univ. of Kentucky. 
Lexington). Phys. Rev., 135: B232-40(July 13. 1964). 
The interactions of 604-Mev mesons(6)  in a hydrogen 

bubble chamber were systematically analyzed. In 33600 
pictures a total of 8052 usable events were  found, corre- 
sponding to  c ros s  sections of 18.9 t 1.3 mb fnr n Clamio). 
4.98 t U.54 mb for'o(n-pro), 7.87 0.91 mb for  c(n'nr?. 
14.0 t 1.0 mb for o (neutrals), with o (two-pion production) 
<0.2 mb, for a total c ros s  section of 45.9 1.9 mb at this' 
energy, The angular distribuuon for elastic scattering 
was fitted wltti a fifth-order polynomial in cose which.gave 
a value of du/da(o0) consistent with dispersion theory. The 
n-n effective mass distributions for both single-pion pro- 
duction channels showed pronounced peaking at high mass 
values, strongly inconsistent with simple isobar-productio? 
kinematics. Simple one-pion exchange does not appear to 
play a ~ignit icant rolo, (aurh) 



4624 MUON CAPTiTRE 1N HELIUM-3. Richard L. 
Wagner, J r .  Thesis,  Salt Lake City, Univ. of Utah. 1963. 
86p. 

Negative muons were stopped in a He3 gas scintillation 
counter, and the rate oi  the interaction p- + ~e~ - H' + v 
was measured, where the produced HS nucleus i s  in the . 

ground state. The interaction .wvis' identified by the char- 
acterist ic 1.9 Mev pulse produced in the He' scinlillant by 
the monoenergic .recoil tritium nucleus. ~ e c a ~  electrons 
from the competing .muon decay process were  counted iil 
rennn p s  scintillation counter that surrounded the cubical 
He3 target on 5,sides. 'I'he efficienc)~ of electron detection 
was measured directly. 'L'he counters were cuntilructed 
almost entirely of materials with high atomic number. and 
muon inwractions in the materials were distinguished by 
their characteristic short muon-disappearance mean lives- 
Contamination of the data by muons slopping in residual 
low-Z material was evaluated by replacing the He' in the 
target counter with xenon, so  that the only counts exhibit- 
ing a long mean-life were due to that contamination. ThC 
capture r:lt~. tv:is fol~ntl froti1 tlrc ratio of th~! number of 
cnpturc5s to tlrc ntt~ii l~cr of cli:cays titncs thc- known tlcc;iy 
ratc.  Thc result lor the c:llrturc rote to thc ground st:itc is  
(pid/c) = (1..48 + 0.29/0.'27) x lo3 scc-I. This rcsttlt is in 
afirccrnrnt with tlicorctical c:ilculnlions bnsctl on the uni- 
versality of the V.-A Fcrmi intcrnction and thc validity of 
the Fcynm:~n-(;c:ll-;\I:~ttn conset-vcd vector rur r rn t  hypothe 
s is .  (Disscl.t:~lion Xbstr.. 24: N o .  4 .  Oct. 1!)1;3) 

18444 
DEPOT.ARIZATION OF p+ MESONS I N  NUCLEAR 
EMULSIONS. A. 0. Waissenberg, N. V. Rabln, and 
V. A. Smirnitskil (Inst. of Theoretical and Experimental 
Physics, Academy of Sciences, S.S.S.R.). Zhur. Eksptl'. 
1 Teoret. Faz. 3 1680-6(1959) June. (In Russian) 

The asymmetry coefficient in n+ -p+ -e+ decay was 
measured in an ordlnary and diluted NIKFI-R emulsion 
a s  well a s  in this emulsion placed in a strong magrlellc 
field. An analysis of the results  obtained and a lso  of 
those contained in the literature lndlcates that the 
asymmetry coefficient in the NIKFI-R emulslon (a - 
-0.077 0.012) i s  s igni f icant i~  smaller than that for the 
Ilford G-5 emulsion (a = -0.139 i 0.014). A two-fold 
dilution of tho NIKFI-R e m ~ ~ l s l o n  with gelatin leads to a 
sha rp  increase of the asymmetry coefflcient (a = 
-0.127 i 0.028). The polarization in the NIKFI-R 
emulsion i s  restored by application of a magnetic field, 
the asymmetry coefflcient being increased up to a = 
-0.28 a 0.02 a t  a field strength of 17,000 G. (auth) 

18381 - . 
R-NUCLEON PHASE SHIFTS IN THE ENERGY RANGE 
350 to 600 M w .  W. I). Walker, J.  Davis, and W. D.. 
Shepbard (Univ. of Wisconsin, Madison). Phys..Rev. 3, 

1612-14(1960) June 15. 
The iesylts of attempts to obtain a s i t  of phase shifts 

valid in the e n e m  region just above the 3-3 resonance 
a re  presented., It Is possible to extend the family of phase 
shifts found by the workers at  Dubna at an energy of about 
300 Mev.' The features of this set  of phase shifts a r e  that 
a, ,  a,,, a r e  positive and al l  i s  negative and small., In 
addltion it was found that 6i3 i s  positive and 6i5 negative. 
At 600. Mev the results  a r e  probably consistent with a 
resoaance'in the d,, state, but do not conclusively Indicate 
sucb a resonance. This resonant staie, however, decays a ' 
sizable fraction ot  the time inroa  final state'wlll~ twu a 
mesons. There a r e  indications. that at  energies of 400 to 
500 Mev that most of the single plon production curries 

from s and p,, states. (auth). 

. 12913 (TD-7686(p.69-1'07)) REPORTS ON THE 'EX- 
PERIMENTAL STATUS OF NEW RESONANCES O R  
HIGHLY UNSTABLE PARTICLES. . W. Walkcr (H'iaconsitt. 
Univ., Madison).. 

Some experiments on meson(n) production and reso- 
nances in p-d. f 7 p .  .p-p. nt-d interactions a r e  discus.scd, 
together with the currently kriown'particles and data on 
mesons(17)' ?nd mesons(p). (D .C.W.) 

29254 (NEVIS-128 and Add.) MUON CAPTURE IN 
(ppd)' MOLECULES (thesis). I-'lbng Wang (Nevis Labs., 
Columbia Univ., Irvington-on-Hudson, N. Y.). Jan. 1965. 
Contract Nonr-,CGG(SP). 93p. (n-470 and Add.; CU 234 . 
2nd Add.; AU-613618) 

The @pd)+ inolecules and p-)lie atoms formed in liquid 
hydrogen were used io deiecr neuirons from muon caplure 
by deuterons and from muon capture by 3 ~ e .  A purified 
muon beam was stopped in a target containing ultra-pure 
liquid hydrogen with'0.32% deuterium added. Neutron- 

, '  gamma ray discriminating detectors and oscilloscope 
photography were used to measure the time distribution 
of neutrons frorn the following r a re  lrtuurr capture pro- . 
cck~ucu: p- + d -.. r + 3ni p- ,t lllo -- 1' + n + d, and p- + 
3 ~ e  - v + 2n + p. Knowledge of the time distributions of 
the various (ppd)+ hyperfine states and of the U - ~ H Q  atoms 
was usedxo obtain the various muon capture rates oi  in- 
terest .  Converted to the pd atom case,  the measured rate 
gives 388 t 101 sec-I for muon capture from the doublet 
state of pd. This i s  to be compared with the theoretical 
ra te  of 318 sec-I predicted by the current phenomenological 
muon capture theory; and it provides the clearest verit'ica- 
tion of the Pauli exclusion principle effect in muon capture. 
The neutron rate from muon capture by 3 ~ e  was determined 
to be (1.20 i 0.17) x loS s e c t ,  which i s  again in good agree- 
ment with theory. A theoretical investigation of the pd 
capture nnd j1-~1ie capture into break-up channels was 
carried out. Neutron energy spectra for muon capture in 
the separate pd hyperfine states were obtained, with partic- 
ular emphasis on the use of two-nucleon wave functions and 
the inclusion of target-proton momentum terms and induced- 
pseudoscalar terms. The p S H e  capture processes were 
studied in the plane-wave approximation, with Gaussian- 
type wave function for the 3 ~ e  nucleus. The results  ob- 
tained a r e  in fair agreement with the closure-approximation 
results. (auth) 



33386 DESIKTEGRATIOH OF PHOTOEhlULSION NU- 
CLEI BY SLO\\: p-AIESOKS. \Veissenberg. A. 0.;  Kol- 
ganova. E. D.; Rabin, N .  V: (lnst. of Theoretical and Ex- 
perimental Physics, AIoscow). Yadern. Fiz., 1: 652-8 
(Apr. 19653. (In Russian) . 

The desintegration of photoemulsion nuclel due to the 
capture of slo\\, p--mesons was investigated. The distri- 
bution of the s tars  with respect to the number of rays \vns 
obtained for  light (C, N, 0) and heavy (Ag. Br) nuclei. The 
probabilities of emitting a charged particle were estimald 
and provcd to be equal to \\IL = 0.15 and WH = 0.030 for 
light and hea\y nuclei respectively. F.1easurements of the 
secondary particle masses showed, that the output of dcu- 
terons and tritium nuclei with energies in the region 5 lo 
15 Ale\,, i s  approximately equal to 508  of all charged par- 
ticles for light nuclei and i s  not la rger  thin 1 5 8  for thC Ah' 

.and Br nuclei. (auth) 

14221 (UCRL-10317) COUNTER DATA RECORDING 
FOR ANALYSIS DY COhIPUTERS. Clyde Wiegand (Call- 
fornin. Univ.. Berkeley. Lawrence Radiation Lab.). 
June 12. 1962. Contract W-7405-eng-48. 12p. (CONF- 
482-1) 

From Conference on Nuclear Physics, Claremont. Fer-  
rand. France. June 1962. 

The use of a computer system to record data from a 
large counter array i s  described and I s  illustrated by con- 
sldcration of an expcrimcnt on beta decay of mesons(a+). 
(D.C.W.)  

6894 . . 
a+-p INTERACTIONS AT 500 MEV.' WlUlam J. W i l l i ~ .  . . 
(Yale Univ., New Haven Brookhaven Nat ioyl  Lab., 
Upton, N. Y.). Phys.. y. 116, 753-g(1959);Nov. 1. 

The Interaction of r mesons with protonsat an energy ., 
of 500 Mev was studted in a hydrogen bubblB chamber. ' 
Phase-ehlft analyses with S and P waves were m d e ,  and 
a near degeneracy was found between the Ferml and Yang : 
solutions. When D waves were included; an  addlttonal 
ambiguity was found., The D-wave phase shlfts a r e  small  
but they have a considerable effect on the other phase 
ehlfts. The cross  sectlon fo r  single pion production i s  , 

2.86 + 0.5 mb. The ratlo @ + O)/(n*) Is 1.53:;. The 
' 

cross  section leading to p++- was found to be of the order. ' 
of.30 pb. (auth) . 

16761 (NLRi/R/56) ANALYSIS OF NEUTRAL CAS- 
CADE EVENTS FROM A HEAVY LIQULD BUBBLE CHAM- 
BER. A. G. Wilson (Gt. Brit. National Inst. for Research 
ln Nuclear Science. Rutherford High Energy Lab., Chilton, 
~ e r k s ,  England). Oct. 1963. 21p. 

Complete neutral cascade events a r e  observed in heavy. 
liquid bubble chambers. Both photons from the r0 decay . .  

,'are converted to electron pairs. The data for the problem 
consist of angles and momenta for the two charged prongs 
of the hO.decay, angles for the photons'calculated from the 
electron angles. and the coordinates of all the charged ver- 
tices. These a r e  supplied by a geometrical reconstruction 
program. The traditional fit of a bubble chamber event to 
kinematical constraints is  extended.to include the geomet- 
rical constraint that four of the neutral tracks pass through 
one point. The coordinates of this point, the 2' decaj. ver-  

.tex, and the mass  a r e  varied in the fit together,with the 
u sua l  kinematical variables. (auth) 

17229 OBSERVABLE HYPERFINE EFFECTS IN MUON 
CAPTURE BY COMPLEX NUCLEI. Roland, Winston (Univ;. 
of Chicago).. Phys. Rev., 129: 2766-85(Mar. 15, 1963). 

The capture rates,' AYP, of the two hyperfine states of F* 
of the (pp) atom are,  in general, expected to be differed 
(spin dependence of muoncapture). This difference depends 

.quantitatively on the details of the interaction Hamiltonian, 
being m a x i m k  for an:F-GT (i.e., V-A type) interaction. 
An experimental comparison for the (pp) system appears at 
present difficult,, but related spin dependence effects wil l  be . 

exhibited by bound protons, i.e., complex nuclei. Observa- 
ble hyperfine Qlf) effects of this kind are  summarized. The 
character of such effects i s  dominated by,the rate R a t  
which the upper hf state can be converted into the true 
ground state (through.an M1 Auger process). A detailed 
calculation of R i s  given for all cases of practical inte-st. 
A variety of possible experiments a r e  discussed. The con- 

. sideratlons show that F" constitutes .the ideal target, lead- 
ing to the largest and most readily analyzable effects. 
Three experiments were performed with this target, viz.. 
measured (1) the time distribution of the neutral capture 
products, (2) the asymmetry of the decay electrons, and 
(3) the time distribution of the latter; these measurements 
a r e  described and analyzed.'It 1s concluded on the basis of 
measurements (1) and (3) that the interaction i s  definitely 
of the F- GT (as opposed to F + GT) type, assuming that 
both F and GT interactions arc! present. Invoking independ- 
ent observations on muon capture by complex nuclei, tbis 
assumption becomes redundant, and we may conclude that 
the universal Fermi interaction ("V-xA") i s  implied by 
the results.' This conclusion i s  in agreement with recent 
results on muon capture in liquid hydrogen. The conversion 
ratc obselved in experiments (1) and (3) (6.1 t 0.7 psec-l), 
agrees with the prediction (R = 5.8 psec-'1, which i s  quali- 
tatively confirmed by experiment. (auth) 

6923: ' (UCRL-9507) ELASTIC SCATTERING OF ,PI 
MESONS ON PROTONS IN THE ENERGY REGION 550 TO 
1020 MEV (thesis). .Calvin D'. wood (California. Univ.,. 
~ e r k e l e ~ .  Lawrence Radiation Lab'.). Oct. 1. 1961. Con- 
tract  W-7405-Eng-48. 80p. ' 

The,differential c ros s  section was measured for elastic 
scattering of negative L mesons from protons at  incident 
pinu klice1.L~ ,encrgies'of 'J50.'600; 720, 9nn, and LO20 Mcv. 



Pions were produced when the Bevatron circulating proton 
beam struck a copper target. Pions of the requisite mo- 
mentum were brought to a focus at  a liquid hydrogen scat- 
tering target by a magnetic system f o i  beam optics. Elastic 
scattering events were selected from a background of ine- 
lastic events by demanding coincidences between pai rs  of 
scintillation counters that were placed a t  the proper kine- 
matical angles to count elastically scattered pions and their 
corresljonding recoil protons. The resulting angular- 
distribution curves were least-squares fitted with a cosine 
power ser ies .  A study of the coefficients of the power 
s e r i e s  permitted certain inferences to be made about the 
mgular  momentum states contributlRg to the s euu~~r l  and 
third nlnsima in the tntal s'-p c ros s  s e c l i u ~ ~  which occur 
at 60n and 900 Mev, respectively. The 600-Rlev peak ap- 
pears  to be due to a D state, with a total J value of 3/2 

' 

, ra ther  !ban 5/:. The data at Y O U  MeV canr~ul LIB \\fell cx- 
plained by a single (F,;, ) state in resonance, hut rather. there 
i s  strong evidence ior  at least D and F waves in superposi- 

' tion..'The forward "diffraction" peaking of the angular . .. 
distribution in'dicates that absorptive processes may be . 

predominant. (auth) 

17519 n--p ELASTIC SCATTERING AT 550, 600. 720, 
900, AND 1020 Mw.  Calvin D. \ilood, Thomas J. Devlin, 
Jerolne A. Helland, Mlchael J. Longu, Burton J. Moyer, and 
Victor Per-rz-h'lendez ( U n i ~ ,  of California. Berkeley). 
Phys. Rev. Letters. 6: 481-3(May 1, 1961). (uCRL-9447) 

The n--p differential elastic scattering c ros s  section$ 
(du/dR) a r e  measured at 550, 600. 720, 900. and 1020 Me\'. 
The coefficients a,  in the cosine power s e r i e s  for  &/dn 
a r e  fit to  thc data by a least squares merborl to  1; 5 at oacb 
energy. The functional dependence of t t l  (for each 1) on 
incident n- energy i s  studied. (T.F.H.) 

22326 .., 
CHARGE-EXCHANGE SCATTERING O f  NEGATIVE PIUN'S 
AT 61 Mev AND 95 Mev. C. M. York. W. J. Kernan, and 
E. L. Garwin' (Univ. of Chicago). Phys. Rev. m, 1096- 
9(1960) Aug. 1. 

The chnrge-exchange scattering of negative pions by . 
liquld hydrogen was measured a t  61 t 1 and 95 4 2 Mev 
bombarding energy. 'I'he rneasu reme~~l s  w c i i  madc with 
a gamma spectrometer which employs a lead g lass  
Cherenkov counter. If the .charge exchange sca t t e rkg  
c ros s  section i s  expanded a s  a ser ies  of Legendre poly- 
nomials in the center-of-mass system of the collision. 
i t  i s  found that a t  61 Mev. &/dn ='(1.00 r 0.05)[0.613 * 
0.030 - (0.830 0 .068)P l (~~~O ' ) .  + (0.183 0.15O)P2(~0SO')], 
and a t  95 Mev, du/dQ = (1.00 * 0.03)11.05 0.05 - (1.15 * 
O . ~ ~ ) P ~ ( C O S O ~ )  + (0.33 * o . ~ ~ P ~ ( c o s ~ ' ) ~ .  The total c ross  
section for.chirge exchange, obtained by integration, is: 
u,,(n- - n 9  = 7.7 i 0.6 mb a t  61  Mev and u,,,(n- - n 4  = 
13.2 t 0.8 mb at 95 Mev. A table summarizing the meas- 
urements performed a t  61, 95, 128, and 150 Mev Is given. 
(auth) 

21408 , 

SEARCH FOR THE REACTION p+ + e' - y + y ,  C. M. 
York, C. 0. ~ i m ;  and W. Kernan (Univ. of Chicago). 
Phys. Rev. Letters?, 288-91(1959) Sept. 15. 

One of few reactionsin which the direct  interaction of 
two light fermions can be studied i s  the annihilation 
process c(+ + e- - y + y . This reaction can be com- 
pared directly with the more familar positron annihila- 
tion process. A beam of tr+ mesons was brought to r e s t  
in a $A-in.-thlck disk of copper. A schematic diagram 
of the exparlmentiil setup and a block diagram of the 
elcctronlc circults a r e  given. (W.D.M.) 

14288 
DECAY RATES OF BOUND NEGATIVE MUONS. D. D. 
Yovanovitch Rlniv. of chlcago). Phys. Rev. =. 1580-9 
(1960) Mar. 15. 

The decay rate of negative muons bound to  nuclei of 
atomic number Z, Ad(Z), was Investlgated experbentally 
by two independent methods: (a) the "sandwichv method, 
and (b) the "calibrated efficiencyM method. Both methods 
a r e  based on the fact that the negatron yield per muon. 
'y-(Zj, i s  proportional to A;XZ)/A1(Z). where A1(Z) is the 
total disappearance rate of negative muons for element 2. 
and a r e  designed to avold absolute measuremeota of y-(z). 
In 111rl11ud (a), ji' a r c  atopped in a rnultilayer " s ~ n d w i ~ b "  
target made by alternately stacking sheeta of two ele- 
ments Z, Z', and the resultant e' t ime distribution i s  de- 
composed Into components due to Z and Z'. The ratio of . 
muon etope in Z and Z' i s  established empirically; know- 
ing AAZ'), C a n  be computed. Tide method wae ap 
pllcd.to Al. Fe. Zn. Cd. Mo. W, and Ph. In method (b), fi- 
nncl , r 4  of Itlt-ntlcnl rnnxr tllntrlhutlonrr nro ~ t o ~ ~ c d  In a 
~ l v c l l  t ~ ~ r ~ t ' l ,  rlncl tho r+ ylrltl, yt ,  i~ 11st.11 IIR n ~111ll~r11tlon 
of I ~ I I  P- C I I I I I I ~ I I I K  I ~ ~ ~ ~ ~ ~ ~ ~ ~ I I ~ ~ ~ ,  w11n I ~ I I ~ ~ I I I ~ I I  W I U I  I I ~ I ~ ~ I I I W I  to 
1:. 1?,1, 'VI, \', M I I ,  Fa*, (?(>, Nl, Y,II ,  I ,  I I I I I ~  1'11. ' ~ I I I ?  n(Itlr(!oa 

e r r o r  of clthcr ~ n r t h o ~ l  nru ~ ~ I S C I I R ? ~ C ~  In clclt~ll. h e  re- 
gtiltg Indlc:\tc: (1) 111 Lllc rntlga 20 < 53 e 30, > Ad(0), 
I.e., the bound dccny rntc rxcccdn the vncuum (l.e., c(+) 
docay rtlle,; AdZ) prcscnte n clhnrp penk nenr Z = 26; 
(2) For Z > 00, one finds &(Z) < Ad(0), I.e., the dccny i s  
Inhibltcd by blndlng. The effect Is vcry marked for the 
heavlcst elements, e.g., Ad(82)/fi5(0) = 0.34 0.04. Theee 
rcoults a r e  compnrd  wlth the predlctlons of slmpllfied 
theoretlcnl models. The peak near Z = 26 i s  tentatlvely 
nttrlbuted to the Coulomb enhbcement of the outgolng 
electron wave function at the polnt of decay. Gtuth) 

42751 ~ N V E S T ~ C A T ~ O N S  OF A L.ARGE PLASTIC 
SCINTILLATOR. Yudin, E. P.; Do\'zhenko, 0. I.; Denisov. 
E. V. (Inst. of Physics. 3,Ioscow). Pribory i Tekhn. 
Eksperim.. .KO. 4 ,  ii-82(July-Aug. 1965). (In Russian). 

The methodics of work with a plastic scintillator yith 
large di~~lensions (100 x 100 x 10 cm3) were described. 



The logarithmic amplifier with la rge  amplification range 
for  the pulse to be amplified was considered. .The probable 
s ize  of the pulse produced by passage through the scintil- 
lator  of a single p meson \\?as determined. Different con- 
ditions for  the pulse collection were investigated. (tr-auth) 

17278 MEASUREMENTS OF PROBABILITIES OF p' + 
~ e '  - ~ e '  + v REACTION. FINAL RESULTS. 0. A. 
Zaimidoroga, M. M.,K$yukin. B. Pontecorvo, e t  d. (Joint 
Inst. for  Nuclear Research,  Dubna. USSR). Zh. Eksperim. 
i Tcor.  Fie., 44: 389-90(Jan. 1963). (In Russian) 

The results  of 200 events of p- + HeS - Hea + 'v reaction 
studied in a ~e ' - f i l l ed  diffusion chamber showed that 
(aHe~)exp  = (1.41 * 0.14) . lo3sec-' and i s  in good agreement 
with previous experiments studying 90 events. The uni- 
versal  theory with muon-electron symmetry in reaction with 
a nucleon i s  in agreement with the results  obtained within 
10% order  of e r r o r .  (R.V.J.) 

36656 (JINR-D-1324) MEASUREMENT O F  THE 
TOTAL MUON CAPTURE RATE TN HELIIJM-3. 0. A. 
Zairnidoroga, M. M. Kulyukin, B. Pontecorvo,, R. M. . 
Sulyaev. I. V. Falomkin, A. I. Filippov, V. M. Tsupko- 
Sitnikov, and Yu. A. ~ c h e r b a k o v  (Joint Inst. for  Nuclear 
Research. Dubna. U.S.S.R. Lab. of Nuclear Problems). 
1963. 8p. 

By using a high pressure  diffusion cloud chamber the 
, 

total capture r a t e  for  muons in heliuni-3 was measured 
be A = exp (2140 i 200) sec". This result  i s  in agreement . 
with Rimakof 's  calculations done on the basis  of Universal 
Fermi  interaction theory. (auth) . . 

11281 MEASUREMENT OF THE TOTAL MUON CAP- 
TURE RATE IN FieS. O. A. Zaimidoroga, M. M. Kulyukin, 
B. Pontekorvo. R. M. Sulyaev. I. V. Falomkin, A. I. Flilip- 
pov, V. M. Tsupko-Sitnikov, and.Yu. A. Shcherbakov (Joint 
Inst. f o r  Nuclear Research. Dubna. USSR), Zh. Eksperim. 
.I Tear.  Fiz.. 45: 1803-7(Dec. 1963). (In Russian) 

The  total muon capture r a t e  in ~ e '  i s  measured with a 
b i g  pressure  diffusion chamber. I t  i s  found to be bXp = 
2140 i 200 8ec-'. This  resu l t  i s  in agreement with the cal- 
culatlons of Primakoff car r ied  out on the basis  of the theory 
of universal weak interaction. (auth) 

31124 MEASURING TIlE PROBABILITY FOR THE 
REACT~ON p- + kes - H + v .  0. A. Zaimidoroga, ill. M. 
Kulyukin, B. Powtekorvo. R. M. Sulyaev. I. V. Falomkin, 
A. I., F'ilippov. V. M. Tsupko-sitnikov, and Yu. A. Shcher- 
bakov (United Inst. of Nuclear Studies, USSit). Zhur. 
E k ~ p t l ' ,  i Tcorct. Pi?,., 43: 333-8(July I C l i ? ) .  (!n Itussi;u~) 

A diffusion chamber in a magnetic field H = 6000 Oe was 
filled with lles g a s  at  a p ressure  of 20 atm, and was irradi- 
ated with a beam of mesons having a momentum of 217 
Mev/c. The mesons were slowed down with a copper filter 
placed in front of the chamber. About 10' photographs wcre 
subjected to a double scan for t racks having a length Lo > 20 
m m  in order  to identify the mesons that were stopped. The 
total number of events f rom the reaction p- + lIcs -,lls + s 
was  established by counting all s t a r s  a t  a range of 2.0'10 
2.6 mg/cm2. A total of 106 events was observed at Lo > ?O 
mm. The number of p-e decays observed was 35.500. Thc 
absolute capture probability was.determined fyom the 
known Ilfetirlle of the muon (2.21 x 10" seconds) and the 
above data. The probability of the above reaction \\,:IS found 
to be A (~e'),,, = (1.36 0.18) loS sec-'. This  value agrees 
well with a theoretical value of A (~ le ' )~ , , ,  = 1.54 x 10'. . -  

sec-'. (TTT) 

12550 OBSERVATION OF THE REACTION p' + HeS - 
IlS + v .  0. A. Zaltnidoroga, M. M. Kulyukln. B. Ponte- 

. corvo, R. M. Sulyaev, A. I.. Fillppov, V: M. Tsupko-Sitnikov, 
and Yu. A. Shcherbakov (Joint Inst. fo r  Nuclear Research,  
Dubna, USSR). .-Zhur. Eksptl'. i Teorct. Fiz.. 41: 1804-8 
(Dec. 1961). (InRussian),  ; , .  ' 

A diffusion chamber' filled with Hes i s  used to observe the 
p- + ~e~ - 'H9 + v reaction. The upper l imit  of the m a s s  
m i o f , t h e  neutral  ~ a r t i c l e ' e m i t t e d  in the capture of muons- 
by nucleons (m,. < 6 Mev) was. determined by measuring the . 
. recoil  energy of Hs;' Pre l iminary  data indicate that the . 
probability of this reaction i s  (1.30 * 0.40) X 10' sec-', 
which i s  consistent with the value predicted by the uni- 
versa l  theory of weak interactions. (auth) . . 

3801 1 (JINR-P-2805) IZUCHENIE ZAKHVATA 
PIONOV CELIEM-3. 11. REAKTSII S R4ZVALOM YADRA. 
(Capture of Pions by 'He. Il. Nuclear Decay Reactions). 
Zaimidoroga, 0. A.; Kulyukin, M. M.; Sulyaev, R. M.; 
Balomkin, I. V.; Fillppov. A. I.; Tsupko-Sitnikov, V. M.; 
Shcherbakm. Yu. A. (Joint Inst. fo r  Nuclear Research, 
Dubna (USSR). Lab. of Nuclear Problems). 1966. 15p. 
Dep. mn. 

A high pressure  diffusion chamber was  used in the in- 
vestigation of R meson capture by SHe leading to the 
processes of nuclear decay. Relative probabilities of 
these processe$ and the pulse spec t ra  of the secondary 
charged particles were  measured. (B.G.D.) 

33000 FORMATlON OF MESIC HELIUM ATOMS IN A 
GAS IVIIXTURE CONTAINING HELIUM AND HYDROGEN. 
0. A. Zaimidoroga, A?. M. Kulyukin, R. M. Sulyaev, A. I. 
Filippov, V. hl. Tsupko-Sitnikov, and Yu. A. Shcherbakov 
(Jolnt Inst. 01 N11clr:lr Ilc.so:~rch, D11hn:i. IISSR). Zh. 1.k- 

I I  I I I 1 :  I - R 1  I ! )  (111 I ~ I I U W  I : I H )  
T I  ~ ~ I I I I I  I r r l l ~ l i ~ ~  nlrulc : ~ t o n ~ s  111 :I 111Isl11rr of 



hcIii1111 :i111i liyilro~~*ii is sttliIic11 111 :I ~ l l l f ~ ~ s i t ~ n  rI(111rl clia~nhcr 
at 19 : ~ t ~ n o s p h r r r s .  It is siiown that thc ~irol)nl,ility of c~i11- 
lure of j~ niesons by hcliu~n from a hydrogen meslc atom In 
the ground state is  at  lenst three orders  of magnlh~de 
smaller than the probability of capture by carbon o r  oxygen 
nuclei and cannot exceed appreciably 10' sec-', a result , 

which is  in agreement with the theoretical estimates. ' 

There a r e  indications that for direct  attachment of the 
mesons to the nuclei of the gas ,mixture agreement wlth the 
"Z-law" should hold. (auth) 

20842 . (JWR-P-1168) OBRAZOVANIE MEZOATOMOV 
OELIYA V GAZOVOI SMESI .VODORODA S GELIEM. (He- 
lium Masic Atom Production in Gaseous Mixture of.Hydro- 
gen with Helium). 0'. A. Z~imidoroga.  M. hl. Kulyukin, : 
R. M. Sulyaev, A. I. Fflippov, V. M. Tsupko-Sihrikov, and 
Yu. A. Scherbakov (Joint Inst. for  Nuclear Research, 
Dubna, U.S.S.R. Lab. ,of Nuclear Problems). 1963. 12p. 

In nrder to clarify the possibility of carrying out an 
experiment on /1' capture in He' using small  amounts 6f 
He mixed with Hz, the process of He mesic atom produc- 
tion in such a mixture was investigated. Use was made of. 
a diffusion chamber filled. with mixtures of H2 and ~ e '  and 
HI and HeS with methyl alcohol a s  operating liquid. the nu- 
clear coircentrations of ~ e '  and Hes.being 4.9 and 14.38, 
respectively. It i s  shown'that the determination of -the 
number of s t a r s  due tO p- capture by C, 0, and He at two 
different concentrations of the He together with the use of 
data on n'capture in the same mixture niake it possible to 
determine the probability AH= of p' transfer to He from the 
ground state of the H meeic atom. Data on rr- capture. the 
t ransfer  of which from mesic H 1s possible only from high 
levels,' allow estimation of the probability of direct  H 
mesic atom production in the mixture. In the experiment 
with He' i t  was possible to evaluate directly the total 
probability of He mesic atom production through the yleld 
of the reaction p' + He' - HS + v and the reaction ra te  

' 

expected on the basis of the universal weak interaction 
theory. The value AHe tuined out to be -(1.4 t 3.8) loa/sec, 
i.e., i t  cannot be considerably larger than 10'/sec, if it is  
in agreement with the theoretical value. This value is at  
least  10' t imes smaller than the transfer ra te  to C and.0 
nuclei which may be found ff AHr i s  known. The experi- 
mental data a r e  consistent with the "2-law" for the atomic 
capture probability of the mesons in gaseous mixtures 
H-He and H-CH,OH. (autb) 

10845 (JINR-P-1454) K OTSENKE MASSY MYUON- 
NOGO NEITRINO. (On the Upper Limit of the Muon Neu- 
trino hlass). 0. A. Zaimidoroga, hi. M. Kulyukin. H. M. 
Sulyaev, I. V. Falomltin. A. I. Filipp6v. V. M. Tsupko-. 
Sitnikov, and Yu. A. Shchcrhakov (Joint Inst. for  Nuclear 
Research. Dubna, U.S.S.R. Lab. of Nuclear Problems). . 
1963. 9p. 

The range-energy relatlon for 0.2 to 3.0 Mev tritons . 

moving through helium was obtained experimentally and 
was used to evaluate the mass of the neutrino in the inter- 
action p- + He3.- H3+ v 3 s  6 ~ e v / c ' .  (D.C.W.) 

33392 . A STUDY OF PION CAPTURE BY He3. I. 
CHARGE EXCHANGE AND RADIATIVE CAPTURE. Zai- 
Wdoroga. 0. A.; Kulyukin. M. M.; Sulyaev. R. M.; Falom- 
kin. I. V.; FUippov. A. I:; Tsupko-Sitnikov, V. M.; Sl~cher- 
bakov. Yu. A. (Joint Inst. for Nuclear Research, Dubna. 
USK) .  2R. Eksprr.1111. i Taor. kiz.. 981 1267-78(M~y . 
1965). (In Russian) 

A high-pressure diffusion chamber i n a  magnetic field 
' 

was used to measure the ratio .of the probabilities for.  . 
charge exchange and radiative caplure of pions by He3. 
(Panofsky ratio). The ratlo was loulld to be 2.28 i 0.18. 
Thc magnltudo of the rri~slsar form-factor was estimated 
on basis of Ulis ratio and,was found to he F~ = 0.75 t 0.06 
(transferred momentum q2 = 0.47 fm-2). The relative . 
probabilities of charge exchange and radiative capture 
are  !V(H3#) = (15.8 i 0 .88  and LV(H3y) = 6.9 i 0.5%. (auth) 

21236 (JINR-P-1952) 0 YADERATYKH FORMFAK- 
TORAKH V PROTSESSE ZAKHVATA MYUONOV GELIEM- 
3. (Nuclear Form-Factots'in Muon-Capture by Helium 3). 
0. A. Zaimidoroga, B. V. Struminskii, H. M. Sulyaev. I. V. 
Falomkin, V. M. Tsulko-Sitinkov, and Yu. A. Shcherbakov 
(Joint lnst. for Nuclear Research, Dubnn (USSR). Lab. of 
Nuclear Problems). 1965. 7p. Dep.(mn). 

The j ~ -  + 3 ~ e  - 3~ + v reaction rate (A) has been calcu- 
lated on the basis of data on form-factors obtained in ex- 
periments on pion capture by 3 . ~ e  and the scattering of elec- 
trons on 3 ~ e  and 3H. Its value turned out to be 1515 a 55 
sec-I with gilg6 - 1.16 and = 7. From the comparison 
of esperiment.aYaria theore~ical  resulls, 111s pheudoscalnr 
col1sla111 gb - (8 t 3 ) g i  has bccn cvnlunted. (auth) 

37851 NUCLEAR FORM FACTORS IN MUON CAP- 
TURE BY HELIUM-3. Zaimidoroga. O. .A.; Struminskii, 
B. V.; Sulyaev, R. M.; Falomkin. I. V.; Tsupko-Sitnikov. 
V. M.; Scherbakov, Yu. A. (Joint Inst. for Nuclear Re- . 
search,  pubna, USSR). Nuovo Cimento (10). 38: 1285-90 
(Aug. 1 ,  1965). 

The p- + 3He - 3~ + v reaction rate was calculated on 
the basis of data on form factors obtained in experiments 
on pion capture by and the scattering of electrons on 
' ~ e  and 'H. It3 value turned out to be A$; = (1515 f 55) 
s-I and gl/& = -1.16 and g:i$ = 7. From the comparison 
of to experimental results the pseudoscalar constant 
g; = (8 t 3)& was evaluated. (auth) 

. . .  

39579 (JINR-P-2838) IZMERENIE VREMENI 
KASKADNOGO PEREKHODA K--MEZONA V GAZO- 
OBRAZNOM GELII-3. (Measurement of the Cascade 
Tlme of Negative Pions in Gaseous 3 ~ e ) .  Zaimidoroga, 
.O. A.; Sulyaev, R. M.; Tsuko-Sitnikov. V. M. (Joint 
Inst. for Nuclear Research. Dubna (USSR). Lab. of Nu- 



clear Problems). 1966. 7p. Dep. mn. psc:utlonc:;~l:~r couplinK (g,,), and neutrino physics urc'dis- 
The cascade time of negative pions in gaseous hellum- cusst:tl. I.:xl)cri~r~onts :cc:comp;rnying the slutlics arc  dc- 

3 was measured by using a diffusion chamber in a mag- ucril,c:tl. Invited ~J ; I~)( : I .  ~~l.cscnt(:tl ;it the Itoy;~l Society; 
netlc field. It was found to be (1.4 + 0.7) 10-lo sec. The I.untlt~n, l-'t,l~., 1 ~ i 4 .  (It. l,:,U.) 
measured time coincides with that of analogous measure- 
ment in liquid helium. This means that the cascade time 
of pions in helium does not depend on the medlum density. 775 
(auth) 

20223 FISSIONING OF NUCLEI BY n-MESONS. .D. F. 
Zaretskii and V.  M. Novikov. 'Zhur. Eksptl'. i Teoret. . 
Fiz., 40: 982-3(Mar. 1961). (In Russian) 

Presence of mesons increase the'fission barrier of the 
nucleus; the effect of mesons in the 1S state increases the 
probability of fission a s  a function of the nearness of the . 

threshold energy to the excitation energy. For uranium- 
238 the fission threshold is  higher than the escitation en- 
ergy while in case of plutonium-239 it is  about 0.3 Mev 
lower. Fissioning of nuclei by mesons according to the 
above mechanism was studied for uranium-238 but it i s  
proposed that plutonium-~39 presents a better subject for 
such investigations. (TTT) 

27476 'l'lll< Al3SOl~l~TlON OF Sl'Ol,l~KU n- MESONS 
I3Y CIZ NUCLF:I. N. S. %clcnsk:~yn. Yu. I:. Snilrnov. and 
N. 1'. Yudin ,(bioscow Stnlc Univ.). Izv. Akad. Nauk SSSH. 
Scr. Fiz.. 29: 186-900nn. 1965). (In ituscrian) 

Experimenthl d:ltn of A.T. Vnrfolomeyev (Zhur. eltsp. i 
teor. fiz. 42: 713, 1962) on thc I2c + n- - 2a c t + n reac- 
tion n r r  in1r'r)jrrtccl. Vnrfol~mcyc\~ mcnsurcd t h ~  cxcitation 
curvc of "B, thc cncrgy spcctra of thc emlttcd rr parti- 
cles and tritons, and the t-n angular corrclation. Thc "B 
excitation curve had two maxima, at 20 and about 05 Mev. 
The 20-Mev maximum Is duc to ejection of a nucleon from 
thc s .shell. The 35 Mcv maximum i's ascribed to nbsorp- 
tlon of the n- meson Ijy an a-particle clustcr In the 12C 
nuclcus. The a-particle and triton energy spectra and the 
t-n angular corrclntion were calculated on the basls of 
thc a-particle absorption mechanism, and the agreement' 
obt;~incd hctween theory nnrl cnlculatinn was very good In 
thc c t ~ s c  of the angular correlation and not bad In the case 
of the cncrgy spcctra. The peaks.in the energy spectra 
a r c  due to a-a and a - t  interaction in the final state. It is 
conclutlcd that n- capt.trre in I2c is due. to single-nucleon 
and cu-~~nrticle absorption. It is  suggested that the a-par- 
ticlc al~sorl)tion mechanism will also be lmportnnt in rT 
capturc in 160, but that in other nuclei, speclflcally in I4N, 
tllc L \ \ . ~ > - I I I I ~ : ~ ~ : ~ I I I  al~sorl~tlon rncchanlsm may predomlnnte. 
(,\.TI)) 

30508 ( C I . : I ~ N - ~ ; , I - ~ ( ~ )  c r l ~ t ~   wort^ ON wr:Al< I N -  
' l ' I 1A ' IONS.  A.  Zicl~ichi (European O~'g;~ni'/.:~lion for 
Nuclc:~r I{csc:~rcll. Ccncv;~). Junc 3, 19(iJ. 25p. 

'I'hc: validity of thc univcrsnlity of the Fcrmi intert~ction 
ant1 of the ci~nscrvcd vcctvr current hypothesis, the v:~lidity 
of tllc ( 1  + y S )  version of t l ~ c  univcrs:~l I?t!l.mi i~~lcrac l ion ,  
tht: wc:tk stl.~lctu~.t: of thc n-meson, the cxi'stcncc of induced 

S.TARCH FOR THE pO-MESON AND A CHECK OF THE DIS- 
PERSION RELATIONS IN n N-SCATTSRINO. V. G. ~ l n o v , :  
A. D. Konin, 5. M. Korenchenko, and B: Pontekorvo .(Ponte-' 
cnrvo) (Jolnt h a t .  for Nuclear Research, Dubna, USSR), 
Zhur. Eksptl'. 1 Teoret. Flz. 38, 1708-14(1960) June. ,(In . 
Russian) 

The total n-i-interaction cross  sectlois (0;) were meae- 
ured with an accuracy of i .5-to 2% for about 50 ener- 
gies a t  140 to, 360 Mev. The pion energy was ,hewn to 
wlthln t 1%. No anomalies In the energy dependence of 17; 
were found whtch could Indicate the existence of a p>meson 
wlth a mass  In the interval of 270 to 410 Mev. The data a r e  
inconsistent with the energy value EI = 650 Mev for the 
second maximum in or found by Frisch e t  al. but agree 
with the.concluslon drawn by Brlsson e t  al. that i t  should 
be located a t  a smaller energy (E, cJ 610,Mev). The data 
a r e  in agreement with the dlsperaion relations for 7-p- 
scattering. It Is  demonstrated that the Puppl- Stanghelllnl 
problem a s  such no longer exists and that i t  arose a s  a re- 
sult of inaccirate knowledge of the total n-p-Interaction . 
cross  sectlon. (auth) , 

. . 

39366 (JINR-P-2185) ATOhIXYI ZAKHVAT OTRIT- 
SATEL'NYKH &IYUONOV V ICHIi\IICHESKlKtl SOEDIXENI- 
YAKH. (Atomic Capture of Kcgative hluolls in Chcmical 
Compounds). Zinov, V. G.; Konin, A. D.; AIukhin. A. I. ' 

(Joint Inst. for Nuclear Research, Dubna (USSI1). Lab. of 
Nuclear Problems). 19GZ. 19p. D ~ J .  IIIII. 

The atomic capture of negative muons in binary com- 
pounds i s  studied. Thc ratio of probabilities of tllc muon 
atomic capture in oxides changes periodically with thc 
growth of the, charge in accordance with the hlcndelcev 
Chart. It also depends on the type of a compound. The 
ratio of probabilities of the atomic capture in conipounds 
of metals with halogens and metal alloys i s  described 
satisfactorily by a linear dcpcndence. (auth) 

7732 ATOMIC p--MESON CAPTURE I N  CHEMICAL 
cOA~POUNDS. Zinuv, V, G,; Konln. A.  51.; Mukhln. A.  I. 
(Joint Inst. for Nuclear Research. Dubna, USSR). Yadern. 
Fiz., 2: 859-67(Nov. 1965). (In Russian). 

The atomic capture of mesons C-) in blnary compounds 
was investigated. The ratio of the probabilities of atomic 
capture in the oxides .changes with the increase of the 
atomic number. in accordance with the per-iods in Mendele- 
ev's table. This ratio depends on the type of the compound 
(e.g.. MgO and Mg02, etc.). The probability ratio of cap- 
ture In the metal-halogen compounds and in alloys Is shown 
to be described satisfactorily by the linear dependence .0.66 
(ZJZ,). (auth) - 



28991 (JINR-P-2039) ISSLEDOVANIE STHUKTURY 
K-MEZORENTGENOVSKOI SERU PRI ATOMNObI 
ZAKHUATE p--MEZONOV V KHIbIICHESKIKH SOEDIN- 
ENIYAKH. (Study of the K-Mesic X-Ray Series Structure 
in the  p--Atomic Capture in Chemical Combinations). 
V. G. Zinov. A. D. Konin, and A. I. Mukhin (Joint Inst. 
fo r  Nuclear Research,  Dubna (USSR). Lab. of Nuclear 
Problems).  1965. l l p .  Dep.(mn). 

The s t ruc ture  of the K mesic x-ray s e r i e s  was  in- 
vestigated in p- atomic capture in vanadium and vanadium 
pentodde  a s  well a s  in chromium and c h r o m u m  oxldc. A 
noticeable redistribution of the different .K-line yields i s  
observed in the pure  substance and i t s  oxide. (auth) 

34947 'rllE T ~ I A N S I ~ J I O N  OF NEGATIVE p MESONS 
FIl(JR1 I'ItU'I'ON TO CARBON. V. G. Zinov, A. D. Konin, 
anel A. I. Mukhin (.luint Inst. of Nuclcar Inves t iga t io~~s ,  
USSIO. %]I. Eks l~er in i .  i Tcor.  Ic'iz.. 46 :  1919-'LO(h1ay 
l ! ~ t i - ~ j ,  (II\  1cu~gi:inj 

111 the. c : t s~ ,  of the. stolllr:~gc, of ~~c,g:~tivc:ly ch;~rgc.d n1t:sons 
in I l  - c u ~ ~ t a i n i ~ l g  coml~uunds, s o ~ ~ ~ c .  of t l ~ c  rncsons a r c  ~ : I I J -  

turetl on the m r s o a t o ~ n i c  orb i t s  of the proton, forming a 
n~t~scrproton atom. As a result of the collisions with the 
a toms of the surrou~lding mater ia l ,  p rocesses  involving 
the fast  transition of rncsons to be  lower energy levels of 
the n ~ e s u l ~ r o t o ~ l  alum take place in the condensed media; 
the mesons a r e  a l so  strongly taken up by atoms with a 
chargc! of Z > 1. Sinli!ar p rocesses  occur also in the case  
of the stoppage of the negatively charged muons in gaseous 
I I  c o n t a i ~ l i ~ ~ g  a d ~ n i x t u r c s  of thc he:~vfer  elc.ments. 'The 
meson transfer  from the proton to the heavy ion in con- 
densed media occurs  at  hlgllly excited levcls; the take-up 
of muons exclusively.at the excited level of the Z p- 
mesoatom, with subscqucnt cascade transition of the 
systeni  to the ground state under emission of a K-nieso 
x-ray s e r i e s  may bc used to study the mesoatomic phe- 
nc~nic~na in 1)-containing n~cdia .  Ia'rom the experinirntal 
vieu~puint, this involvcs the comparison of the intensities 
.of the K s e r i e s  from C mesoatonis formed by the stopl~age 
of t1it .  ~tc*~:tti\,c~ly cl~:~~.gc.d niuwls in ~~.nl) l~i tcx :inel in'lboiy- 
t . t l~y le~~c . .  (Jl)t:~kc- uf the. IIIIIOII  (li~.clc:tly :it 1owc.r' (.llctl.~y 
~ c ~ c : ~ s  of ~ I I I !  c p-:ctu~~is I I I : I ~  ~ . e s u ~ t  in ~ o s s c s  111 L I I ~ .  111eso 
x-l , :ul i :~t io~~ of the K ser ies .  The ~ ) ~ : o b l c ~ n  was c~x:umi~ic~d 
by t lcter~nining the x-quantum yield from the graphitc and 
polyethylene targets .  (TTT) 

19757 
CHARGE EXCHANGE SCATTERLNG O F  240-330 MEV n-- ' 

hlESONS ON HYDROGEN. . V; G. Zinov apd S. M. Koren- , 

chenko (Joint .hist. f o r  Nuclear Research,  [Dubna, USSR]). 
Zhur. Eksptl'. i 'Teoret .  Fiz.138, 1399-1406(1960) May. . .. 
Un. Russian) , 

.Results .are o n . k e a s u r e m e n t  of the differential 
c r o s s  sect ions f o r  charge exchange sca t te r ing  of 24.0, 270, 
307, ,and 333 Mev n--mesons on hydrogen. (auth) , 

10365 
SCATTERING O F  n-MESONS ON HYDROGEN AT 240 
TO 270 MEV. ' V. G. ZLnov and S. M. Korenche'hko (Joint 
Inst. of Nuclear Research (Dubna, U.S.S.R.). e. 
Eksptl'. 1 Teoret .  Fiz. 36, 618-19(1959) Feb. (In Rus- 
s ian) 

The elast ic  And reverse  scat ter ing of p- mesons in 
hydrogen a t  240 to 270 Mev was measured with a scln- 
t,illatinn nn~ln te r  and lip~ltd h y d r ~ g o n  target. The tntal 
c r o s s  sections of n- meson interactions with hydrogen 
at 240 KO Z- IU  MeV are (48.3 * 3.3) x I U - ~ ~  cma MU (38 .5  
2.4) x I 0-'' cm2, respectively. (R.V.J.) 

17330 
ELASTIC SCATTERING O F  240 TO 330 Mev n--MESONS 
ON HYDROGEN. V. G. Zinov and S. M. Korenchenko. 
Z ~ I I P .  Ek~pll' .  1 Teoret. Fiz. 38, 1099-1105(1960) Apr. 
(In Russian) 

Results of measurement of the differential c r o s s  sec-  
tions for  elastic scat ter lng of 240, 270, 307, and 333 Mev 
n'-mesons on hydrogen a r e  presented. (nuth) 

PHASE SHIFT ANALYSIS O F  SCATTERING O F  240-330 
MEV n-MESONS ON HYDROGEN. V. G. Zinov, S. M. 
Korenchenko, N. I. Polumordvinova, and G. N. Tengukova 
(Joint InSt. fo r  Nuclear Hesearch. IDubna, USSR]). Zhur. 
Eksptl'. 1 Teoret. F i t . . g ,  1407-1Ll(lY6U) Alay. (In Russian) 

Results a r e  presented of a phase s h u t  analysis  of data 
on the r meson scat ter ing by nucleons a t  240 to 330 Mev. 
Information on phase. shif ts  for  the, interaction of n-mesons 
in s ta tes  with a spin T = i s  obtained which i s  of uatis- 
factory accuracy. (auth) 

28158 ' (UCRL-10720) THE REACTION n-p - n-n+n 
BELOW 800 hlev. (thesis). Janos  Zirz (California. Univ;, 
Berkeley. Lawrence Radiation Lab.). Mar.  12, 1963. 
Contract W-7465-elrg-48. 8lp.  

The reaction a- + p - n- + n" +.n i s  studied in the Law- 
rence  Radiation Laboratory 72-inch hydrogen bubble cham- 
ber.  Events a r e  located by scanning the pictures for nt 
t racks.  Cross  sections, Dalitz plots, angular distributions, 
and n'n- and 7r4n m a s s  spectra a r e  given a t  beam energies 
of 360, 430, 460, 480, 555, 605, 673, and 780 Mev. N o c l e a r  
evidence i s  found for  n+n' resonances between threshold 
and M,, = 660 Mev.. However, there i s  a s trong preference 
for  high n'n- effective masses,  especially a t  the lowest 
beam energies. '  Arguments a r e  given to ascr ibe  this  anom- 
aly to  the I = 0 state of the n-n system. Production of the 
NG (1238) isobar i s  observed in i t s  negative charge state.  
33 references.  (auth) 



32915 (TID-7668(Sect.Vn)), ,NEW DETECTION METH- 
ODS. .(hlassachusetts lnst. of Tech., Cambridge. Lab. for 
Nuclear Science). 29p.. . . 

Apparatus for detecting gamma rays (partic'darly &ark 
and discharge chambers) a r e  dlscussed, .and the design and 
operation of a no detector a r e  described. The design and . 
development'of a sonic spark chamber i s  reported. 'Meas- 
urement of the cross  section for gamma attenuation in hy- 
drogen i s  discussed, a s  i s  the tagging of gamma'rays by'.. 
coinciding them with bremsstrahlung-producing electrons. 
A spark chamber automatic scanning system i s  also ex- 
plained, and automatic o r  semi-automatic data reduction 
systems developed o r  in development f o r  huhhle chamher 
work a r e  reviewed. (D.C.W.) 

14444 
PROCEEDINGS OF THE INTERNATIONAL .CONFERENCE 
ON THE NUCLEAR OPTICAL MODEL, MARCH 18 AND'17, 
1959. FLORIDA STATE UNIVERSITYi TALLAHASSEE. 
FLORIDA. Alex E. 9. Green, Charles E. Porter,  and ' 

David S. Saxon, eds. The Florida State Unlversity Studies,. 
Number Thirty-Two. Tallahassee, Florida. The Florida 
State University. 1959. 2928. 

A conference on the nuclear optical niodel was held kt 
the Florida State University in Tallahassee on March 16 . " 

' 

and 17. 1959. The purpose of the conference,was ,b as- ,- 

. 

semble scientists actively engaged in large-scale' optical 
niodel calculations in order to compare tec@iques, ideas; 
and results  and make other interchanges helpful toward 
advancing the understanding of this model of the nucleus.. 

26792 (NP-10301) INTER~YATIONAL WORKING. 
MEETING ON COSMIC RAYS, BUCHAREST, MAY 8-14, 
1959. (Academia R.P.R. Institutul de Fizca Atomica, 
Bucharest). 1960. 236p. . . 

Studies of high and low.ener& interactions of cosmic. 
mesons, nucleons, and nuclei with emulsion nuclei and 
nucleons a r e  reported. The properties of jets,' s ta rs ,  and . 
combinations of these two a r e  examined. Interaction.models 
are reviewed. The absorption of cosmic, radiation by lead. 
air, and eartb i s  investigated. Thirty-three papers were 

' 

presented at  the coliference. .' 

8023 . (NP-11232) PROCEEDINGS OF THE COShlIC 
RAY SYRIPOSIUM, AHMEDABAD. -MARCH 16-19. 1960. 
(India. Dept. of Atomic Energy. Cosmic Ray Research 
committee, ' ~ o m b a ~ ) .  447p. 

Say-two'papers .are included on various aspects of 
cosmic rays,  such a s  time variations, solar and ter res-  
trial ~e la t io~rships ,  origin, txt.ensive Erir sliuwex.~, rtird 

high energy nuclear interactions. 

9771 PROCEEDINGS OF THE 1960 ANNUAL INTER- 
NATIONAL CONFERENCE ON HIGH ENERGY PHYSICS A T  
ROCHESTER, THE UNIVERSITY OF ROCHESFER, ROCH- 
ESTER, N. Y., AUGUST 25-SEPTEMBER 1, 1960. E. C. 
Sudarshan, J. H.' Tinlot, and A. C. Melissinos, eds. New 
York, lnterscience Publishers, Inc., 1960. 910p. $13.50. 

Two hundred and twelve papers are.hcluded. , 

25916 (NP-11977) . RACCOLTA DELLE COMmCA-  
ZlONI DEL CONGRESSINO 1960, SULLA FlSlCA E LA 
RICERCA DI ALTA ENERGIA, FRASCAF. 16-17 DICEM-1' 
BRE 1960. (Compildion of the Reports.to the 1960 Con- 
gress on High Energy Physics and Research,'Frascati, 
December 16-17, 1960). (Italy. Comitaio Nazionale per 
1'Energia Nucleare.. Laboratori Nazionali. Frascati). 
Mar. 1961. 186p. ' (In English and Italian) 

Fifty-one papers a r e  included. .The topics discussed a r e  
programs relative to the design and construction of w w  ac- 
celerators and the research at-available accelerators. 

.i082l P R ~ C E K ~ I G S  OF THE INTERNATIONAL 
SCHOOL OF PHYSICS "ENRICO FERkII." COURSE XIX. 

,COSMIC RAYS; SOLAR PARTICLES AND SPACE RE - ' 

SEARCH. VARENNA ON LAKE COMO. VILLA MON- 
. .UTERO. MAY 23-JUNE 3. 1961, B. Peters,  ed. New 

York, Academic Press ,  1963. 427p. $16.00. 
. . 

29647 . (NP-~~~IBO(VOI.D~ LECTURES ON HIGH EN- '' - 
ERGY PHYSICS DELIVEKED AT THE SDCTH SUMMER 
MEETING OF NUCLEAR PHYSICISTSi JULY-AUGUST 1961. 
HERCEGNOVI, YUGOSLAVIA, VOLUME I. B. ~ a k ~ i 6 ,  ed. 
(Yugoslavia. ,Nuclear Energy commission, Belgrade). 
2Slp. 

Six lectures 04 high energy physics.delivered at the Sixth 
Summer Meeting of Nuclear Physicists. July to August 1961. 
Hercegnovi.'Yugoslavia Bre. given. 

16925 (NP-11592(Vol.D) THE 'AIX-EN-PROVENCE 
INTERNATIONAL CONFERENCE ON ELEMENTARY PAR- 
TICLES. SEPTEMBER 14-20', 1961. VOLUME I. PARAL- 
LEL,SESSIONS. E. Cremieu-Alcan, P. Falk-Vairant, and 
0. Lebey, eds. (France. Commissariat a I'Energie Atomi- 
que. Centre dlEtudes NuclBaires, Saclay). 5 1 1 ~ .  - . 

A total of seventy-six papers i s  included, thirteen of 
which are'presented in French. 



27350 PROCEEDINGS OF THE SYMPOSIUM ON NU- 
CLEAR INSTRUMENTS. HARWELL, SEPTEMBER 1961. 
.J. B. Birks. ed. New York, Academic.Press Inc.. 1962. 
0%. 

Photoelectric devices, scintillation chambers and 
counters, semiconductor detectors, spark chambers, etc.," 
are discussed. Methods for recording gnd analyzing corn- , 

plex nuclear data a re  kxplained. 

12804 (TID-7686) ARGONNE ACCELERATOR USERS 
GROUP MEETING HELD AT ARGONNE NATIONAL LAB- 
ORATORY, DECEMBER 8-9, 1961. (Argonne National 
~ a b . ,  111.). ~ 6 n t ~ a c t  W L Y I - ~ C I ~ - ~ ~ ~ - Y B .  1 2 9 ~ .  

25886 (LNF-62/37) RACCOL'CA DELLE COhlUNICA: 
ZIONI DEL CONGRESSINO 1962 SULLA FISICA E LA 
RICERCA Dl ALTA ENERGIA. FRASCATI, 7-8-9 FEB- , . .  
BfWIO 1962. (Compilation of the Reports to the 1962 Con- 
gress on High Energy Physics a n d ' ~ e s e a r c h ,  Frascati ,  
February 7, 8 and 9. 1962). (Italy. 'Comitato Nnzionalc 
per 1'Energia Nucleare. Laboratori Nazionali, Frascati). 
May 1962; 255p. (In English and'ltqlian) . 

Thirty-three papers a r e  included. Topics discussed a r e  
e.qeriments with the Frascati 'electron synchrotron and 
with the C E M  accelerator. 

18510 (CERN-63~3) PROCEEDINGS [ON] 1962 
EASTER SCHOOL'FOR PHYSICISTS, USING THE NUCLEAR 
EMULSION TECHNIQUE IN CONJUNCTION WITH THE, . 

CERN PRO.TON SYNCHROTRON AND SYNCHROCYCLO- 
TRON, HELD AT ST. CERGUE. APRIL 8-18. 1962. 
N. Doble and W. 0. Lock, eds. (European Organization for . 
Nuclear Research, Feneva). Feb. 6, 1963. 394p. 

An introductory lecture i s  presented to  state the purposes 
of the school and to provide background material for the 
information presented in subsequent lectures. The CERN 
synchrotron. its targets. and beam transport a r e  consid-. 
ered.  General' problems of emulsion irradiations, handling, 
and proccooing nrc iiifiuliod &long with mausurernanr 
techniques. Production of high magnetic fields by the CERN 
pulsed magnet apparatus, typical emulsion experiments, 
and the organization of emulsion experiments a t  CERN . 
a r e  outlined. 

9303 1962 INTERNATIONAL CONFERENCE ON 
HIGH-ENERGY PHYSICS AT CERN, GENEVA, JULY 4-11, 
1962. J. Prentki, ed. 970p. Geneva. European Organiza- 
tion for Nuclear Rescarch, 1962. 

Two-hundred-and-seven papers presented a t  the confer- 
ence a re  given. Subjects discussed include pion and nu- 
cleon physics, strange particle physics, weak interactions 
of non-strange particles, and thecries of elementary parti- 
cles and high-energy physics. 

28420 PROCEEDINGS OF THE INTERNATIONAL 
SCHOOL OF PHYSICS "ENRICO FERML" COURSE 
X?NI. SELECTED TOPICS ON ELEbfENTASY PARTICLE 
PHYSICS. VARENNA ON LAKE COMO. VILLA MONA- 
GTERO. JULY 23-AUGUET 4, 19G2. M. Conversi. cd. 
New York. Academlc Press .  1963. 303p. $10.00. 

Nine papers a r e  included. 

38171 DIRECT INTERACTIONS AND NUCLEAR RE- 
ACTION MECHANISMS. Proceedings of the Conference 
Hcld at the Institute of Physics of thc University of Pndun, 
September 3-8. 1962. E. Clementel and C. Villi, eds. 
Nuclear Physics. Volume 1. New York, Gordon and 
Breach, Science Publishers, 1963. 1239p. $39.50. 

Progress  in the field of direct interactions was dis- 
cussed and the points of paramount importance that de- 
serve further investigation were outlined. Information re- 
lating to nuclear structure, the generalized optical model, 
inelastic scattering, and cornpound nucleus processes ob- 
tained from direct interactions i s  presented. Other topics 
include dlrect and compound nuclear reactions from the 
point of view of time delay technique, stripping and pickup 
reaCtibhs, plar1Zation id dlreCt reactions, direct feAC- 
tione bctween complcx nuclei, dircct reactions othcr thnn 
stripping, nnrl rlirrnt rrnrtinnn nt high t r rnp r rn t~~r rn ,  Ah- 
s t rac ts  of several related papers and discussion of a num- 
ber  of the presented papers a r e  also included. 

24146 PlIOC:lT8'.DINGS (31; 1'118 I<AS.I'KIlN Tll lrr t -  

IIE'I'ICAL. I'IIYSl(:S CONFEIII.:NCE:, IIN1VI~:IISI'I'Y OF 
VIIIGIKIA. 001'OL)Elt 26-27, 1!)62. hi. I.:. RORC, ed. Now 
York. Gordon and Breach, Sclcnct? I'uhllshorn, 196.7. . 
46Rp. $5'.00. 

Twcnty-four papers were presented on the general top- 
log l.lI !!c!l:lvnl. yl~~ruivu, ~ d r l l v l u  phgslcs, und gonoral rola- 
tivlty. 

18583 ( C U ( P N P L ) - ~ ~ ~ )  PROCEEDINCS [OF] CON- 
FERENCE ON THE UTILIZATION OF MULTIPARAM- 
ETER ANALYZERS IN NUCLEAR PHYSICS [HELD AT] 
GROSSINGER, NEW YORK, NOVEMBER 12-15, 1962. 
L. J. Udofslgl, ed. (Columbia Univ., New York). 185p. 
NO-10595) 



34319 MATSCIENCE SYMPOSIA ON THEORETICAL 
PHYSICS. Volume 1. Lectures Presented at  the 1963 
Flrst  Anniversary Symposium of the Institute of Mathemati- 
cal Sciences. hladras,  India. Ramakrishnan, Alladi (ed.). 
New York, Plenum P r e s s ,  ,1966. 180p. ,$9.50. (CONF- 
630102). . 

32908 (TID-7668) PROCEEDINGS OF THE CONFER- . 
ENCE ON PHOTON INTERACTIONS IN THE BEV-ENERGY 
RANGE, HELD IN CAMBRIDGE, MASSACHUSETTS, JANU- 
ARY 26-30, 1963. Bernard T. Feld, ed. (Massachusetts 
Inst. of Tech., Cambridge. Lab. for  Nuclear Science). 

Contract IAT(30-1)-20981. 166p. 
Expcrlmental and theoretical developments In q"antum 

electrodynamics, electromagnetio form factors. scattering 
(R'egge theory), and photoproduction a r e  included. New tech- 
niques for  producing and detecting part icles and radiallone 
a re  outlined, and developments In scanning and data reduc- 
tion systems for  spark  chambers a r e  described. Current  
worldwide electron accelerator  development I R  Rumma- 
rized, and experlments in progress  a t  the Cambridge Elec- 
tron accelerator  a r e  reviewed. 

,36640 ' (CERN-63-28) 1963 INTERNATIONAL CON- 
FERENCE ON HIGH ENERGY PHYSICS AND NUCLEAR 
STRUCTURE HELD AT CERN, FEBRUARY P MARCH‘^, 
1963. Torleif Ericson,  ed. (European Organization for  
Nuclear Research, Geneva). July 1963. 195p. 

' Separate abstracts  were prepared for  seven paper? bn 
the investigation of nuclear propert ies  with clectrons, ' ' 

mesonsh) ,  mesons(a), s trapge part icles,  and protons, and. 
on fragmentation in high-energy nuclear reactions. Use of 
complex nuclei to examine strange part icles i s  ,also . 
treated.. (D.C.W.) . . 

10625 (I.NP-63/47) RACCOLTA DELLE COMUNICA- 
ZION1 PRESENTATE AL CONGRESSIN0 ANNUALE DELL'- 
ISTI'TUTO NAZIONALI< 111 FISICA NIJC LEARE. FRASCATI, 
6-7-8-9 MAGGIO 1968. (Compllntlon of the Pnpcrs P r e -  
scntcd at  thc Annual Congrcss of the I ~ i l t t r ~ t o  Nazinnnlr 1-11 
Flsicn Nuclcarc:, Frascatl. May G-9. 1968). (Italy. Coml- 
hito N:17.lon:ilo per I ' E n c r ~ l : ~  Nuc1c:rre. L:ihor;itorl Na- 
zlonnll. Frascntl). Junc l9G8. 264p.. 

Forty-two plrcrt i  l~ruliontcd a t  tht: Annual Conyrcss of thc 
Intltutcr Naxlun:il<? 111 I.'lnic;i Nuclcarc a r c  cullll~ilcd. A u  31)- 

~x:llrlix ~~rt:sc:t~tti O I ~ ~ ! I I I I I I I I ~ ~ ~  nurvr:y of 11~16~lI)lc r ~ s ~ : i r e h ( : ~  
with an c l c c t r u . ~ ~ i i d  putiitron 1l11c;ir ;~ccclt:r:it~rr. 

28138 (ISS-63/28). RELAZIONI PRESENTATE AL 
CONGRESSINO DEI LABORATORI NAZIONALI Dl 
FRASCATI (6-8.MAG%IO 1963). . (Papers  Presented a t  . ,  
the Congress of the ~ a t i o d  Laboratories in Frasca t i  ., 

(May 6-8, 1963)); Italy. Istltuto Superiore d l  S a n i a ,  , : ' 

~ o m e ) . '  42p. 
The summar ies  of the papers presented by t h e . ~ h ' ~ s i c s  , 

Laboratory of the Istituto Superlore d e  Sanita at  the:High 
Energy Physics Congress held In Frasca t i  a r e  compiled. 
The papers deal  with'the.following subjects: ?- a b s o q t l o n  
in  complex nuclei, prel iminary study of (e.efp) experiment 
to 'be car r ied  out a t  Frasca t i ,  prel iminary study'of (e,e'y) 
experiment to  be c a r r i e d  out at  Frascat i ,  analysis of t r a c k  
chamber pictures, and double n meson photoproduction on.-. 
protons. 

. . 

12803 - . (TID-7685) ARGONXE ACCELERATOR ' 

USERS GROUP MEETING HELD AT ARGONNE.NA- 
TIONAL LABORATORY, MAY 10-11, 1963. (Argonne , 

National Lab., 111,). Contract W-31-109-eng-38. ' 48p. .; 
Information on the status of the acce le ra tor  and experi- 

mental facilities, the experimental p rqgram,  and users '  
arrangements and procedures i s  presented. The ap- 
paratus and procedures for  measuring and analyzing 
bubble chamber data a r e  a l so  described. Additionally. . 
the design and performance of a polarized proton target 
a r e  discussed, and prel iminary r e s u l t s  on  elast ic  T+-p 
interactions a r e  presented. (D.C.W.) 

. . 
37958 ' NUCLEON STRUCTURE. ~ r o c e e d i n ~ s  df the 
1ntern:~tional Conference at  Stanford University, Julie 24- 
17. 1963. Robert Hofstadter and ~ e o n a r d ' t .  Schiff, eds.  
Stanford, calif:,  Slsnford University P r e s s ,  1964. , 4 2 8 ~ .  
$12.90. . 8 

32378 . 'ATOMIC COLLISION PROCESSES. Thc 19-0- 
ceedings of the Third International Conference on the , 

Physics of Electronic and ~ t o m i c  collisions. University 
College;London, 22nd-26th July, 1963. M; R. C. McDow- 
ell, ed. Amsterdam, North-Holland Publishing Company. 
1964.' 1 1 7 6 ~ .  fi26; E12.12S; $35.-. (CONF-186) 

Slow electron scat ter ing by atoms,  resonance's, po- 
larization'of radiation emitted on electron impact. excita- 
tion and ionization atoms by. electron impact, election- 
molecular collisions, recombination. ncgative ions. photo 
processes,  elast ic  and inelast ic  heavy part icle collisions, . 
and collisions i i t h  molecules. a r e  discussed. 



41 671 (LADC-6186) PIONS, MUONS AND NUCLEAR 
STRUCTURE. Critchfie1d;Charles L.; Heller. Lieon; Lee, 
Clarence E.; Young, James  E. (Los  Alamos Scientific 
Lab.. Univ. of California, N. hlex.). 119631. Contract 
W-7405-eng-36. 30p. Dep. mn;,CFSTI. $2.00 cy. $0.50 
Inn. 

A summary of the papers presented a t  the pions, muons. 
and nuclear  s t ruc ture  conference held a t  U S A  in August 
1963 i s  presented. The papers concern: muon interactions. 
with nuclei, mesic x rays ,  pion-nucleon resonances effect 
on some simple nuclear  reactions, pion optical potential, 
pion capture on complex nuclei, elementary part icles and 
tho boundary conrlitinn mndel.,pion production facilities, 
and a discussion o n ' n e ~ ~ t r i n o  e x p e r i m y l s .  (h1.O.W.) 

1311 PROCEEDINGS O F  THE SIENNA INTERNA- 
TIONAL CONFERENCE ON ELEMENTARY PARTICLES, 
30 SEPTEMBER-5 OCTOBER, 1963. VOLUME I. Gil- 
berto Bernardini  and G. P. Puppi, eds; Bologna, Societa. 
Ihl iana d l  F ls ic r .  ,lDG3. 708p. (CONF-23.8) 

26260 (BNL837) INTERNATIONAL CONFERENCE 
ON FUNDAMENTAL ASPECTS O F  WEAK INTERACTIONS; 
HELD AT BROOKHA.VEN NATIONAL LABORATORY, . 
S E W E M B E R  9-11? 1963. (Brookhaven National Lab., . 
Upton, N. Y.). Contract  AT-30-2-CEN-16. 4HHp. 

Thirty-two pipers  a r e  included. 

14659 PROCEEDINGS OF THE EASTERN T T ~ E O R E T I -  
CAL PHYSICS CONFERENCE, OCTOBER 25-26, 1963. 
Chapel Hill, N. C., University of North Carolina, 1963. 
146p. . 

Various topics in theoretical physics were  discussed in-. 
cluding equilibrium statistical mechanics,  second-order 
phase transitions, collective molior~ in many-body syctems. . 
Tocplitz determinants  and Coulomb.gases. superconducting 
condensation energy, complex spectra,  g roup  theory. mo- 
mentum distributions in boson systems,  quantum observa- 
tions and measurements,  equivalence of s ta tes ,  effects of 
s trong interactions in peratfzation theory. r - p  inlei.actions, 

.inelastic effects  in. 7-N interactions, magnetic and electr ic  
geons, unitary symmetry,  perturbation theory, fermion . 
propagators, Yukawa field'theory, Lamb shif t  calculations. 
lnt t icc thermal conductivity, intramolecular  s ta t i s t i cs  of 
chain molecules, and the application of L i e  groups to  the . 

nuclear many-body problem. 

Papers Presented a t  the 49th National Congress of Physics, 
Bari, November 6-13, 1963). (Italy. Istituto Superiore di  
Sanita. Rome). Sept. 25, 1962. 24p. \ 

Eight papers on single meson (7') photoproduction ori 
protons, s tat is t ical  analysis of excitation curves of recoil 
protons in photoproduction, meson (7-) absorption in com- 
plex nuclei. 662-kev y-ray scattering on bound electrons, 
search for  radioactivity induced by terraneutrons in stable 
Isotopes, measurements on radiation emission by acceler- 
ated electrons in the Frasca t i  synchrotron, acoustic detec- 
tion of spark  position in a cylindrical spark chamber, and 
a precision, tr igger circuit  a r e  summarized. (auth) 

34964 . INTERNATIONAL CONFERENCE ON COSMIC 
RAYS, JAIPER, DECEMBER 2-14. 1963, PROCEEDINGS. 
VOLUME 6. MUONS AND NE IJTRlNnS. Ilnder the 
Auspices of The International Union of Pure  and Applied 
Physics and The Department of Atomic Energy. Govern- 
ment of India. Daniel, R. R.; Lavakare. P .  J.; Menon, 
M.G.K.; Naranan, S.; Nerurkar, N. W.; Pal ,  Yash; 
Ercckantnn, Ba V., odo. Bombay, Tho Commercial Prink- 
ing P r e s s  Limited, 1964. 261p. Available f rom Tata 
Inst. of Fundamental Research,  Bombay. (CONF-320) 

14943 PItOCEI2L)INGS Ol.' 'THE r\TtlEt\'S 'I'OPIC.4L 
CONI'EIIENCE ON 11h:(:EN'I'LY I~ISC:O\ 'EI~EI~ 11ESONANT 
I '~~l l ' l ' 1~~1~EU.  1)~eh(11-(1t~ (1, ~ I I I I I I I ~  :111tl I . I ~ V : ~ V I I L ~ L ~  J ,  G!~lla- 
IICI., eds. ~ \ L ~ I C I I S ,  Ol~io,  011iu U ~ ~ i v c ~ ~ ~ s i L y ,  l!)ti:l. 3 1 6 ~ .  

. l i l t !  s ~ I I ~ I ~ S I ~ I I L  I ~ I I ~ I V I I * I I ~ : ~ -  $ 1 1  1I1t. V : I I . ~ O L I S  ~ ~ . S ~ ) I I : I I I C C ~  sl:~tcs, 
I I I I ' I I I I I I I I I :  1111.i I. I I I . ~ I I I I I . I ~ ~ V I I ,  I I I . O ~ ~ O . I . I ~ , # S .  : I I I ~ I  ~I~.I . :o.s .  :11.1! 
tll:icullrl,~ll. 

31869 (cERN-64-30) PROCEEDINGS O F  THE IN- 
FORMAL MEETING ON FILPILESS SPARK CHAMBER 
TECHh'QUES AND ASSOCIATED COMPUTER USE, 
GENEVA; MARCH.1964. G. H. hlacleod and B. Miglic, 
eds. (European 0rg.mization for  Nuclear Research. 
Geneva). . 405p. 

37640 VOPHOSY FIZlKT RT.,FMENTARNYKH C H M -  
TITS. Chetvertaya Sessiya Vessenei Shkoly Teoreticheskoi 
i Eksperimental'noi Fiziki Nor-Amberd, 16-26 Aprelya 
1964 g. (Problems in Physics of Elementary .Particles. 
The Fourth Session of the Spring School of Theoretical and 
Experimental Physics.  Nor-Ambert. April 16-26. 1964). 
Alikanyan, A. 1. (ed.). Erevan, Publishing House of Acad- 
emy of Ecicnccs, 1964. 600p, 

Thirty-six lecture papers  and one scientific communica- 
tion a r e  included. 

7339 (ISS-63/40) RIASSUNTI DELLE COMUNICA- 
ZION1 PRESENTATE AL 49' CONGRESS0 NAZIONALE Dl 
FISICA BARI, 6-13 NOVEMBRE 1963. (Summaries of the 



36688 SELECTED TOPICS IN NUCLEAR SPECTROS- 
COPY. Proceedings of the NUFFIC International Summer 
Course in Science at  Nijenrode Castele, The Netherlands. 
July 30-August 17, 1963. B. J. Verhaar. comp. New 
York. John Wiley and Sons, 1964. 355p. $12.50. 

44383. (CERN-~S-4(Vol.11)) Vth INTERNATIONAL 
CONFERENCE ON NUCLEAR PHOTOGRAPHY HELD AT 
CERN. GENEVA. 1.S-18 SEPTEMBER 1964. Dnhl-Jensen. 
E. (ed.) (European Organization for Nuclear Research, 
Geneva (Switzerland)). Jon. 1365. ,387~.  (CONF-787 
(Vol.II)). , Dep. mn. 

Seventy-one papers a r e  presented on various aspects of 
nuclear photography. , 

42564 . (STI/PUB/91(Vol. 11)) CHERIICAL EFFECTS 
OF NUCLEAR TFUSSFORMATIONS. VOL. 11. ,Proceed- 
ings Se.ries. Proceedings of the S;mposium Held in Vienn?, 
7-11 December 1964. ( In t e~a t iona l  Atomic Energy: 
Agency, Vienna). Apr. 1965. 567p. (CONF-773(Vol.I1)). ', 
IAEA $11.00; S 231,-; E3.6.U; F.Fr. 44,-; DRI 38.50 cy.' 

Thirty-five articles and one single abstract a r e  included; 

15398 I{iSOSANT I'r\l~TICI.lS. I1rocccclings [of the] 
S1:colirl Topical Conlcrcncc. Ohio Univcrsily, Athcns. Ohio. 
Junc 10-12. 19155. Munlr. D. A .  (crl.). Contract AT(49- 
123-2802. 560p. Fazl-I-Urnar Hcscarch Inst., Athcns. 
Ohio $12.00. 

9472 BIBLIO~RAPHY UN \VEAK INTERACTIONS. ' 
PERIOD JANUARY 1961 TO MAY 1962. p.857-66 of "1962 
International Confercnce on IIigh-Energy Physics at  , ' . 
CERN." Geneva, European Organization for Nuclear 
Research, 1962. 

A list  of about 300 papers on the theory of weak interac- 
tions covering the period January 1961 to May .I962 i s  pre- 
sented. References are  grouped first  by subject and then 
listed in alphabetic order by authors. (A.G.W.) 

9433 (NP-11294) NUCLEAR REACTIONS BIR1.J- 
OQRAPHY. (Library of Congress. : Aerospace Informa- 
tion Div., Washington, D. C.). Dec. 15, 1961. ,96p. . ' 

(AID-Report-61-7) ' 

A bibliography i s  presented a s  a guide b Soviet litera- 
ture on nuclear reactions; The material covered a r e  the 
Soviet ROUPCISS available st the. At?rospace'Inlormntinn 

j s i o n  and the Library of Congress prior b June 1'960. 
The 682 entries a r e  arranged alphabetically by author ' ' 

withineach of the followings 13 subject headings: Coulomb 
excitation, deuteron-induced reactions, neutron-induced 
reactions, proton-induced reactions, reactions induced by 
alpha particles, reactions induced by gamma quanta arid 
electrons, reactions induced by light, nuclei, reactions in- . 

duced by heavy ions, reactiors induced by mesons (n), nu- ' 

clear fission, thermonuclear reac t io~is  and plasma,'photo- 
nuclear reactions, and.general &d miscellaneous. (M.C.G.) 

7630 ( 0 ~ ~ ~ - 3 4 9 9 ( ~ 0 1 . ~ ~ ~ ~ . 5 4 - 6 ) )  LITERATYE. 
SURVEY OF NONELASTIC NUCLEON A h '  PION RERC- , ,  

TIONS WITH COMPLEX NUCLEI. H. W. Bertini (Oak 
'Ridge National Lab.;Tenn.). . . 

Abstracts in Physics Abstracts a r e  eltamiied for lite,ra- 
ture on neutron yields and cross  sections for . 
particle reactions and for meson (I) and secondary nu- 
cleon production in meson (=) and nucleons reactions with 
complex nuclei at  20 Mev to 30 Bev. A typical page from 
a.previously issued report  i s  included. .(D.C.W.) . 

34883 (ORNL-3455) A LITERATURE SURVEY OF 
NONELASTIC REACTIONS FOR NUCLEONS AND PIONS 
INCIDENT ON COMPLEX NUCLEI AT ENERGIES BE- 
TWEEN 20 Mev AND 33 Gev. H. W. Ber t in~ (Oak Rtdge 
National Lab.. Tenn.). Aug. 23, 1963. Contract W-7405- 
eng-26. 117p. 

Experimental data on nonelastic reactions of protons. 
neutrons, a+, and n- with complex nuclei at  incident en- 
ergies of 20 Mev to 33 Bev were surveyed. The material 
ie grouped according to the incident particle in the above ' 
order. Information on the measured quantity, experimental 
arrangement, and the experimental e r r o r  is  included. The 
200 publications used in the survey, most of them abstracted 
for PhysiCS Abstracts, a r e  listed. (D.C.W.) 

4428 ' (BNL-809) MUON BIBLIOGRAPHY. Marjorie 
I~orns tock,  cbmp. (Brookhsven National Lab.. Upton, N. Y.). 
Apr. 1963.. Contract AT-30-2-GEN-16. '22p. 

References relating t o p  mesons a r e  presented for'1958 
to April 1963 and a r e  arranged accnrding to year. Sourccs 

,for the 625 references a r e  Nuclear Science Abstracts. 
Science Abstracts. Series A, Physics, and the Brookhaven 
Research Library. Subjects included a r e  static proper- 
ties, electromagnetic interactions, mesic atoms and mole- 
cules, weak interactions, p-meson structure and anomalous 
interactions, cosmic rays, and p-meson beams. (R.E.U.) 

13872 (UCRL.-9999) . RIRLIOG~APHY ON PION-PION 
INTER,iCTION. . hI. LYIIII Stevensoe ('California. Univ.. 



' Berkeley. Lawrence Radiation Lab.). Nov. 7, 1961. Con- 
t r ac t  W-7405-Eng-43. 63p. 

A bibliography on pion-pion interactions' is presented. 
The 241, references a r e  those available through November 7, 
1361.. A chronological listing i s  given together with excerpts 
o r  comments. In another part the references a r e  grouped 
according to subject. .4n author index i s  included. (M.C.G.) 

20354 (Rh'1-929) . AhTUAL REPORT, JULY 1,1965. 
(Brookhaven National Lab., Upton, N. Y.). Nov. 1965. 
Contract AT(30-2)-Gen-16. 249p. Dep. mn. CFSTI 
$6.00 cy, $1.25 mn. 

Research and development activities a r e  summarized 
ill eight sections. 

19273 (DNL-923, pp 3-43) PHYSICS. (Brookhaven 
National Lab., Upton, N. Y.). 

Research efforts devoted to particle physics, atomic and 
molecular physics, neutron physics, nuclear structure, and 
solid stat,e physics a r e  summarized. (J.R.D.) . 

18185, (BNL-929, pp 126-47) MEDICAL RESEARCK. 
(Brookhaven h'ational Lab.. Upton, N. Y.). 

Medical research is  summarized on uses of extracorpo- 
real irradiation of blood, hemopoietic colony-forming cells 
in mice, radioinduced eye lens opacification, effects of 
2.2 Bev protons on mammals, dosimetry using mesons (n-), 
epithermal neutron beam dosimetry, use of swine skin in 
radiation effects evaluation, Sr and Ca metabolism in man, 
radiosensitivity of,antibody responses. and.bile effects on 
gastrointestinal s~ndrorne'of dogs. Research results a r e  
also reported on bioenergetic mechanisms involving free 
.radicals, properties of hydroxylysine and.collagen, inheri: 
tance and protein synthesis, physiology of t race  metals, 
'instdin protein structure and activity, t r ace t  scudles of 
obesity and diabetes, distribution of insulin in muscle, 
mechanisms of neurohypophyseal peptlde actions, r1l'ecLs 
of genetics and sodium on hypertension, conversion of 
glycine-2 I4c to cyanide by chromobacterium, synchronous 
growth and division in cell cultures, nucleic acid metabo- 
lism, skeleton growth and aging, effects of tritiated thymi- 
dine incorporation in DNA, studies of fallout-exposed 
ivIarshall islanders, blood culture cytology, neutron radiog- 
raphy, Ga neutron capture, 9 9 ~ c  a s  a scanning agent, com- , 

puter uses, and positron scanning. (J.R.D.) - . . .  

11 331 (TID-17023) . REPORT OF RESEARCH IN HIGH- 
ENERGY NUCLEAR PHYSICS, NOVEMBER 1. 1961- 
OCTOBER 31, 1962. (Carnegie Inst. of Tech., Saxonburg, 
Penna. Nuclear Research Center). Contract AT(30-1)- 
882. 33p. 

Status reports a r e  given for research on the reaction 
ra te  for p- + ~ e '  - H' + v ,  on liquid helium yintillation 
counters, on solid state radiation detectors, on proton spal- 
lation in light elements, on p' lifetimes, on spark chamber 
investigation of Dalitz pairs f rom no decay, on n' - p inter- 
actions a t  560 and 650 Mev, on radiative capture of p 

862 (TIb19590) REPORT OF RESEARCH IN HIGH 
ENERGY NUCLEAR PHYSICS, NOVEMBER I. 1962' 
THROUGH OCTOBER 31, 1963.. (Carnegie Inst. of Tech., 
Saxonburg, Penna., Nuclear Research Center).. Contract 
AT(30-1)-882. 25p. . 

Research progress on.elementary particle interaktions, 
properties, scattering, and theory; nucleon reactions and 
scattering; spark chambers,; superconducting magnet ., 
bubble chambers; beam production and handllng; and s o h -  
tlon of integral equations Is reported. (D.C.W.) ' . 

:25781 ' (COO-1195-56) ANNUAL PRWRESS HE- 
PORT [ON BI.Fh4FNTARY PARTICLE PHYSICS. 19651. 
(Illir~ois Univ.. Urbana. Dept. of Physics). Apr. 1966. 
Contract AT(l1-1)-1195. ' 45p. Dep. mn. CFSTI $2.00 
cy. $0.50 mn. 

Some investigations of resonance production in T - p ,  
r+-d, K--p, and p-p interactions a t  high energies, strange 
particle production in p-p interactions, n-N coupling, 
photoproduction of mesons (n-), and the decay of mesons 
(K!) a r e  summarized. Efforts in the development of count- 
e r s ,  wire spark chambers, and data analysis systems 
a r e  also outlined. (D.C.W.) ,. 

25924 (NP-11977(p.55-I)) PROGRESS REPORT OF 
THE TRIESTE GROUP FROM JANIJARY TO OCTOBER 
1960. C. Cernigoi (Italy. Istituto Nazionale di Fisica Nu- 
cleave, Trleste). 

'I'he crbee SeCtlon a t  O' for  the charge-exchange ncaller- 
i n i  of negative p!ons at  170 Mev i s  being m e a s u r e  di- 
rectly by detecting pairs of gamma rays from' the no decay. 
The gaml->a pairs a r e  detected by two total-absorption 
Cherenkov counters and simultaneously by two gamma tele- 
scopes. The arrangement i s  shown schematically. The 
Cherenkov counters were calibrated by the electrons pres- 
ent in the 150-Mev r- beam. (J.S.R.) 

6792 (ISS 62/14] THE PHYSICS LABORATORIES OF 
THE, ISTITUTO SUPERIORE DI SANITA U P  TO 3lST 
LI,\RCH 1962. (Italy. Istituto Superiore di Sanitn, Rome). 
Apr. 1962. $ 6 ~ .  ' . 

Research and development progress is  reported on high- 
energy physlcs, nuclc:lr'physias, nolccular physics, x-r:ly 
physics, clcctron m i c r o s c ~ ~ ~ ~ y ,  aolirl-stntc ~rhynicn. :an11 the- 
oretic:~l ~)hynlau :~nfl c f~rnl~utr~rn .  'Thr Lc*chnlc:tl Rrrvlrrn 
prlormocl a r c  a l ~ o  tlc!nc!rll,ccl. (M.C.G.) 

2585 . (ISS-63/37) RE WZIONE SULL'ATTIVITA DEI 
REPARTI 1' .E 2" DEI LABORATORI Dl FISICA (SOTTO- 



SEZIOXE "SAhTTA" ASSOCIATA ALL'INFN) NEL 1962-63. 
(Progress Report of the Sanita Subsection of the INFN Dur- 
ing the Period 1962-63). (Italy. Istituto Superiore d i  
Sanlta, Rome). June 18, 1963. 27p. 

Research dealt with meson(rO) photoproduction, the life- 
time of mesons (r') in flight, neutron spectra following 
meson(r-) absorption at  res t  in nuclei, fluorescence yield 
,and coherent scattering in the interactlon of 662-kev , 

gamma rays with bound electrons, and the interaction of 
positrons at  res t  with matter. Technological development , 

included t e c h ~ q u e s  for high precision measurements of 
radioactivity, an acoustic spark chamber, and equipment 
for nuclear physics and for track chamber scanning. NU- 
merical tables of the kinematics of multiple meson photo- 
production were calculated, and programs were  prepared 
for the IBM 7040 computer. (D.C.W.) 

21 388 (WF-63/11) ACTIVITY AT THE NATIONAL 
LABORATORIES OF FRASCATI. Report No. 13, July '1,' 
1962- December 31, 1962. (Italy. Comitato Nazionale 
per I'Energia Nucleare. Laboratori Nazionali, Frascati). 
Feb. 1963, 40p. 

The electron synchrotron operated a t  about 90% effi- . 
clency in 1962 with an average beam intensity at  1000 Mev 
of about 5 x 10" quanta/min. Cryogenic work involved test- 
ing of a new liquefier, construction of a magnetic suscepti- 
bility thermometer, experiments on superconducting mag- ' ,  

nets, and construction of an adiabatic demagnetization , .', 

facility. A r-f power-supply'for the storage ring "AdA" 
was tested along with an amplifier for the electron syn- 
chrotron. The effect of electron loading on the accelerat- 
ing cavity was theoretically studied. Fast coincidence and 
gating circuits, a pulse height digitizer, a spark chamber 
films semiautomatic reading table, a saw-tooth generator. 
and various other apparatus were developed. For pulse. 
height digitalization, a fully-transistorized convertor that 
accepts pulses from 50 mv to 0.8 v a t  10 +'40 ns wldth was 
developed. A transistorized binary decade counter was al-. 
so de.veloped, and correct  decoding for the decimal counter 
was achieved. A smaller frame for the pulse magnets 
pmved insufficient; a 135 kjoule condenser bank was de- , 

signed; Nb- Zr superconducting magnets were tested; a- . 
adlation effects on superconductors were studied; and an 
eleotron gun was tcsted. Improvement of constructioir tech- 
niques for image-intensifying tubes was studied. A card- 
type input-output unit was installed permitting the'statisti- 
cal elahoration of experimental data. Work on didactio 
activity continued. The calculation that includes,the con- 
tributions of hard photons in the production of pairs of 
1 mesons in electron-positron collisions was completed. 
Calculations on q meson decay were made, particularly the 
decay ratios of two y's to three n's, and to two n's'plus y. 
Classification of leptons was investigated, and a study of 
weak'interactions concerning inelastic processes induced ' 

by fast neutrinos was concluded. Data relative to p- cap- 
ture were found to disagree with theoretical models for 
this process. Activities of the health physics and other 

' 

supporting services are repnrtorl. (D.C W') ' 
' 

33203 . . (UCRL-11213) CHEMISTRY DIVISION AN- 
NUAL REPORT. 1963.' J. M. Hollander, F. L. Reynolds,, 
and J. C. Wallmann, eds. (California. Univ., Berkeley. 
Lawrence Radiation Lab.).' Feb. 1964. Contract W-7405- 
eng-48. 200p. 

Progress is  reported in the following sections: radio- 
activity and nuclear structure, fission. nuclear reactions, 

.' physical chemistry, instrumentation, and chemical engi- 
neering. 

32747 ' (UCRL-11213(~.64-86)) NUCLEAR REAC- 
TIONS. (California. Univ., Berkeley: Lawrence Radia- 
tion Lab.). 

hleasurements of the proton polarization produced in  
the elastic scattering of 22-Mev .protons by deuterons 

'were made which show substantial polarization. In an. 
' 

optical-model analysis of 4 8 - ~ e v  alpha particles sbat- 
tered by I'c, real and imaginary potentials were derived 
for several sets of parameters that gave good f i t s  to the 
elastic scattering data. Energy spectra and angular dis- 
tribulions were measured for the r e a c t i ~ n s . ' ~ ~ @ . t ) ~ ' ~  and 
1 6 0 ( p , 9 ~ e ) 1 4 ~  a t  43.7.Alcv. The elastic and inelastic scat- 
tering of 65-hlev helium ions by 1 6 0  and the resulting 
exci:ed levels 0 f , ' ~ 0  were studied. T h e  strong formation -. 

'of high-spil~.levels in several (cu,d) reactions was studied. 
'Results a're summsrized for calculations of p capture 
transition rates in "C and 160. Differential c ross  sections 
and angular distributions were measured for the elastic 
and inelastic scattering of 64.3-&lev alpha particles by . 

" ~ i  and " ~ e .  ~ l i h a  scattering b i  %u and @ ~ i  were used 
to study the excited energy levels of these nuclei. The 
range and range straggling, of recoil Tb and Dy, produced 
by heavy-ion-induced reactions, in gases and A1 were 
studied, and the anisotropy and neutron and photon ener- 
gies for  " ' ~ b  were determined. Excitation functions a r e  
presented for C H ~ , ' B ~ )  and ( 'He?~e) reactions of ''~1. and 
"c. The excitation function of the !2~(n - .~ -n )  reaction was 
also measured at  53 to 1610 Mev. (D.L.C.), 

9842 .UCRL-9017 
California. Univ., Borkeley. Lawrence Radiation Lab. 
PHYSICS DrVISlON SEMIANNUAL'REPORT [FOR] MAY 
TEIROUGH.OCTOBER 1959. ~ e c :  10. 1959. 55p. coritna 
W-7405-eng-48. OTS. 

Work by the various general'physice research groups In 
the Laboratory is briefly summarized in &rme of bubble 
chambers, strange particles, inti-particles, eleinktary 
particle reactions, accelerator studies. e?. Operation of 
the 60-inch cyclotron and the heavy-ion hear  accelerabr 
ie discussed. (For.preceding period s e e  UCRL-8936.) 
(W.D.M.) . . 



2305 (UCRL-9704) PH,YSICS DMSION SEMI- 
ANNUAL REPORT, NOVEMBER 1960 THROUGH APRIL 
1961. (California. Univ., Berkeley. Lawrence Radiation 
Lab.). May 1961. Contract W-7405-eng-48. 83p. 

~ e v e l o ~ m e i t  and.operation of liquid hydrogen bubble 
c h a m b e r s  . a r e  discussed.  The following investigations a re  
summar ized :  part icle interactions; s e a r c h  for Dirac 
monopoles; s trange-part icle research ;  spark  chamber 
developments; emulsions; electron l inear  accelerators;  
par t ic le  production and scattering; charge  independence; 
and space physics. Theoretical studies a r e  described lo?:. 
the physics of the nucleus; s trong and weak hiteractions; 
mesons-n and -p ;  field theory; atomic, high-energy, and 
p lasma physics; and accelerators .  Computef programs 
writ ten for  various applications a r e  described. The oper- 
ation of the 60-Inch cyclotron is summarized. 63.O.G.) 

32177 (UCRL-10349) ' PHYSICS DIVISION SEMIAN- ' 

NUAL REPORT, NOVEMBER 1961 THROUGH APRIL 1962. 
(California. Univ., Berkeley. Lawrence Radiation Lab.). 
May 17, 1962. Contract W-7405-eng-48. 8Op. 

.A la rge  par t  of the research  with bubble chambers  was 
devoted to  the operation of the separated hlgh-energy R 
beam and analysis  of the result ing data. Detai ls  of exgeri- 
ments in  this a r e a  a r e  given along with work o n  data reduc- 
tion, bubble chamber development, and superconductivity 
studies for development of high-fleld magnets. Research on 
the decay 'modes of Z hyperons i s  reported along with other 
strange-particle investigations and heavy ion research .  De- 
velopment work on a video track analyzer w a s  continued. 
Work on the S-matrix theory i s  described in  published re- 
ports  along with various applications of the S-matrix theor) 
Work on theoretical plasma physics is summarized along 
aith work on a t ~ n i i c  physics, particle accelerators, and nu- 
clcnr physics. Tlic \vorli in Ihr riiatl~cniatirs :lritl cn~ii l~oting 
group \\.:IS clcvt~tctl 10 1iro~ra111 dc\ .r lol~iirnt  for I>ulil)lr 
,-hp."rtw?r dntn :~nalysi?, nlltl pyyyral ~ n l s r c l l a ~ ~ c n u s  ninthe- 
mntical p rngrnni in in~  dn\.elo!!lnrntg, \\'ark In ~ ~ h v s l c s  re-  
search i s  reported on K+-proton interactlons, n-n intefae- 
tionk, phnsr shif t  itn;ll\.sle of n-p scat tcr ing,  pion-proton 
interactlons. 11roprrtlcs of ratllolsntol~cs, and other  re- ,  
search projects .  Data annlysis  by the FOG program 18 re -  
.imrtcrI nlonp with tlrvc~ln~inirnt of tho Cl.Ol1l)Y proprnm and 
the t'Allt ~ I I . ~ ~ I . I I I ~ I .  ( : ~ ~ ~ i l l n ~ ~ ~ t l  ~ I . H I * ~ I . I . I I  on sI111:lr 1 1 i d ~ ~ f ~ 1 i  

prcdl~ctlon In n + p C I ) I I I A / O I I H  1s rq~11.tCd. A H I I I I I I I I : I I . ~  111 
work Is also Incll~tlcd r ~ n  the 184-In. cyclotron nntl tllc GO-In. . . 
cyclotron. (J.1l.n.) 

20594 (UCRL- 10572) PHYSICS DIVISION SEMI: 
ANNUAL REPORT, hlAY 1962 THROUGH OCTOBER 1962. 
(California. Univ.. Berkeley. Lawrence Radiation Lab.). 
Nov. 28. 1962. Contract W-7405-eng-48. 121p. 

Research I s  reportcd on plon beta decay, neutron polar- 

lzation in n- + p charge-exchange scattcring. n-n Inter- 
' 

actions, plastic scintillator detection efficiency for 4 to 
76-hfev neutrons,. K+ and K O  decay. K ' -p  interactions. 
meson exchange and K *  spin alignment In K+ + p reactions, 
beta decay of hyperons, n-n resonances, scattering. 
neutron polarizalion from Z decay. the muonic decay ra te  
of the lambda hyperon. sigma-hypcron production, lambda 
Ilfetime, double hyperon production in D, three and four- 
pion mass  spectra. plon production inn-p  intcractlons, nu- 
clear excitation from p- capturc,  proton polarization In 
elastlc n-p scattering, phasc-shift analysis in n-p scat tcr-  
Ing, radlative capturc of  n- in flight, polarization in nuclear 
scal l i i i i~g df 740. hlcv pro to no^ K--p intor:~ction6. me=!? 
x rays, bound muon dccny, mcson production in p + d col- 
lisions. K- reactions in complex nuclei, hyperfragmcnt 
production processes,  a' lllean life, 16-Bcv n- interactions 
with protons, multiple scattering of heavy ions, chargcd'  
partlclcs from 0'' interactionfi and rnirrnring of gcomag- 
netically trapped protons on satcllitcs. Bubble chamber 
development, opcration. and rcscarch a r c  included. Theo- 
retical work dcalt with s - n x ~ t r i s  nntl clcmc'ntiry-particle . 
theory, lepton physics, nurIc:~r Lhcory. ;ltornic  nil pl:~srna 
.physics, liquid I.le, particle orbit tlicnry and nccclcrator 
dcsign problems, conlplcs angular momcnluln, Rcgge 
poles, dispersion rclations, and various other toplcs. Many 
computer programs were written. and data handling sys-  
tems were developed. Construction of a video track 
analyzer Is reported. and accelerator  development and 
operatlon a r e  summarized. 139 references.  (D.C.W.) 

31091 (UCRL-10862) PHYSICS DIVISION SEMI- ' 

ANNUAL nGPOIlT, PIOVGkIDEII 1063 TIInOUCH APRIL 
1963. (California.. Univ., Berke!ey. Lawrence Radiation 
Lab.). May 20, 1963. Contract W-7405-cng-48. 82p. 

P r o g r e s s  in strange-particle research ,  bubble chamber 
operation and development, accelerator  development and 
theory, data processing, computer programming. plasma 
physics, atomic and nuclear physics, scattering theory, 
mesun studies (capturc, dccny, intcmction?, production). 
nyperon propurrles arlll p~*uduc~luu .  11uc1exr r e a e i l u ~ ~ s ,  
ooamio Pf6L6n re6earch,  pIrc1clo physics, and spark 
chamber development is  reported. (D.C.W.) . 

16552 (UCRL-11132) PHYSICS DIVISION SEMI- 
ANNUAL REPORT MAY-OCTOBER 1963. (California. 
Univ., Berkeley. ~ a w r e n c e  Radiation Lab.). Nov. 22, 
1963. Contract W-7405-eng-48. l l l p .  , 

Research progress  on  interactions, s t range  par t ic les ,  
scat ter ing,  elementary part icles,  nllclear and plasma phys- 
I C R ,  cnsmic part icles,  Di rac  monopoles. heavy ion reac-  
t ions,  and resonances i s  summarized.  Development and 
operation of acce le ra tors ,  bubble chambers ,  and data r e -  
duction sys tems  a r e  a l s o  reported,  together with computer 
operation, development, and programming. (D.C.W.) 



.. . 
9775 ' ( t i c ~ ~ - 1 1 4 t i c )  PHYSICS DIVISION SEBIIAN-'. 
NUAL REPORT, NOVEhIn'ER 1963-APRIL 1964: (Cali- 
fornia. Univ., Berkeley. Lawrence Radiation Lab.). 
May 25. 19G4. Contract HI-7405-eng-48. 59p. Dep.; 
$3.00(cy). 2(~1n) OTS. 

Research and developn~cnt i s  reportcd on bubble cham- 
b e r s ,  s trange particles, heavy ions, scattering, many- 
body problems, weak interactions and other general phys- 
i c s  a r e a s .  Developments in data handling, coniputer 
programs,  and accelerator  operations a r e  also reported. 
(J.R.D.) .. ' , 

25265 ( ~ ~ k L - 1 1 7 7 G j  .PHYS~CS DIVISION SEMIA'NNUAL 
REPORT RIAY -OCTOBER 1964. (Lawrence Radiation Lab., 
Univ. of ~a l ' i fo rn ia ,  Beikeley). Nov. 16, 1964. Cont rac t  
~-7405-erig:48. ..73p. Dep.; $3.06(cy); 2(mn) CFSTI. 

Research using bubble chambers i s  summarized along 
with work on data rcdsction and programming. Results of 

' 

research  on strange part icles and pions i s  also reported 
along tvith space rcscarch  and development of t rack ana- 
lyzing microscopes. Theoretical work in physics i s  sum- . 
t r~arized,  and otlrer work devoted pr imar i ly to  elementary 
part icles i s  reportcd. A summary of work on accelerator  ' 

operation and development i s  included. (J.R.D.) 
, 

40426 (WO-10063) PROGRESS REPORT [ON NU- 
CLEAR SCIENCE]. (Massachusetts Inst. of Tech.. Cam-' 
bridge. Lab. for  Nuclear Science). hlay 1 ,  1963. Con- 
t rac t  AT(30-1)-2098: 134p. 

Progress  in nuclear science Is reported under the fol- 
lowing topics: chemistry of fission elements, nuclear 
chemistry (organic), nuclear chemistry (inorganic), cosmic 
radiation, bubble chamber,  linear accelerator ,  high- . 
energy accelerator  physics, ONR generator,.radioactivity, 
cyclotron, and theoretical. Separate abstracts  were pre-  
pmed for each topic. (M.C.C.) . . ' 

40433 (NYO-10063(p.71-89)) HIGH ENERGY AC- 
CELERATOR PllYSICS GROUP. (blassachusetts Lnst. of 
Tech., Cambridge. Lab. for  Nuclear Science). 

Apparatus for  the  no-photoproduction experiment. 
hodoscopes, magnet platform, magnets and associated 
electronics, were  placed in operation. Cross  sections 
for t h e y  + p - no + p reaction were  plotted for  0 to 2.3 
Mev. Events in the interactions of photons with deuterium 
a r e  being analyzed. Apparatus for  studying,the h0 gyro- 
mzgnetic rat io was assembled. Data on n - p and K" - P 
elactic scat ter ing a r e  presented in graph form. Evidence ' 

for  the formation, of quasi-deuterons in the nitrogen nu- 
cleus was sougilt in tr+ reactions with nitrogen. A search 
i s  being made for  g '  in n i +  p reactions. A momentum- 
analyzing spark  chamber with scintillation-counter trig- 
g e r s  was designed. The elast ic  scattering c r o s s  Sections 
for  gamma rays  by protons in the energy range from 5S0 

' t o  850 hlev were measured. An experiment to measure Ih" 

c r o s s  section for  the photoproduction 61 p pairs frvlll 

,.=&on i s  being car r ied  out. Proton-proton and meson(+ 
proton scat ter ing studies were  also car r ied  out. The  c r o s s  

for photoproduction of intermediate boson p a i r s  in 
the reactions y + p - p + W+ + w and y + p - z + W+ + 
\V was calculated. (M.C.G.) 

5569 . (MIT-2098-64) LABORATORY FOR NUCLEAR 
SCIENCE PROGRESS REPORT. (Massachusetts Inst. of 
Tech., Cambridge. Lab:for Nuclear Science). May 1,. 
1964. Contract AT(30-1)-2098. . 134p. Dep.(mn); $4.00 
(cy), 3(mn) OTS. 

Progress  is reported in research  on chemistry of the 
fission elements, nuclear chemistry. cosmic radiation, 
Particle interactions in bubble chambers,  part icle physics 
using accelerators ,  physics measurements using radioiso- 
topes, and theoretical elementary particle physics, and 
nuclear physics. (J.R.D.) . 

1971 3 TID-GO81 
Columbia Unlv., Irvlngton-on-Hudson, N. Y .  Nevls 

Cyclot~.on Labs. 
QUAIZTEI<I,Y PROGRESS REPORT (FOR1 MAHCH 1, 19GO 
TO MAY 31, l!IGO. Warren F. Goodell. J r .  June 1. 1960. 
20p. Contracts AT(30-1)-1932; AT(30-1)-1019; AT-30-1- 
CEN-72; Nonr-26GI:72); and NG-ori-110-1. OTS. 

Stable opcration of the synchrocyclotron since Fchrunry, 
construction progress  on the high-energy research builciing 
and neutron velocity spectrometer  flight path tube, and con- 
tlnurd ~ t > t . k  I? providr satinfnctory optics for  the 30-in. 
propnnc 1)uhble chambcr a r e  reported. Ana1ynl.i r 1 1  tho  
decay cclrvc for p- mrsons stopped In Zn and h'h u:nn cwn- 
tinued. h ln~nct lc  motnenta of the muons,were n 1 c ~ ~ u r c . d  In 
a field of l B . A  kllnpnuarr nnd nn r-f freq116ncy of In0 hfclrs. 
Thc mane of thc p-  tvnn m c a a u r ~ d  by deternilnin(! the nings 
nh*nrptlon In Ph o l  the phosphorus 3D-2P mrnonlc x rn!. 
Flnr a t ~ u c t u r c  spllttlngs were o h s ~ r v e i l  In the 71'- 19 nntl 
3D-2P transitions of the P b  p-mesonlc atom. .Diifcrentlni ! 
cross srct ions were measured for  n--carbon scattering nt 
69.5 and 87.5 hlrv and n--oxygen scnttrr lng a t  87.5 Mcv 
and nt 20 lo 12SCC. Preparntlons were made to measure the . 

c a l ~ t u r r ' r r o s s  scctions of p- mesons by proton8 and to de-' 
terniinr the s i ~ ~ i  of thr  nsyninlrtry pnrnmrtcr  In p dccny. 
A search \vns ronlpictrd for the decay ~notte p + -  e C  y .  a3d 
n~uoniun~ UI+ ' e-) formation wn8.obsrrvrd in h i ~ h l y  purl- 
lied Ar gas.  The posslbllity and methods for obnrrvlng 
Interactlone of ncutrlnos for h l ~ h - e n c r ~ y ,  hlgh-lntrnslty 
nccelrrntors were studirtl. A pcnrrnl purlro8e 650 npncc 
reconstructlon program was wrll trn.for  use with the 
Columbia bubble chambers and computerfi. The mass  dif- 
ference of thc n- and n' mesons was measured by measur-  
ing thr monlcntn of the two intcrnnlly converted electron- 
positron pa i r s  from n' decay. Scannlng and analysis of the 
12-in. hydrog& bubble chamber pictures were completed 
lor Cosniotron s- A d interactions and R- + N* - Z- + 0' 
events and prolmecd for the rcactlon n- + p+-  A' 8:. 
hlrasurenirnt of the polarization of recoll protons in 600- 



hlev n--p scnllc~.ing was proposed to detcrmlne the char- 
acter of the scattering resonance. Extcnslve slow neutron 
transnilssion measurements were made with a flat detector 
in A s .  Pbl?. PbHr,, Mn, Pr,O,,, Tm20,, Ca and Th at 20 ev 
to 5 kcv. Filnnlcnl scinllllation chanibers were cxposcd to 
the meson bcnm of the cyclotron. Work was continued on 
the energy variation of Ag flsslon and on (p, i n )  reactlona. 
1M.C .G.) 

22593 (SLAC'-27) TWO-MILE ACCELERATOR PRChJ- 
ECT. Quarterly Status Report; October 1-December 31, 
1963. (Stanford Univ.. Calif. Stanford Linear Accelerator 
Canter). Feb. 1964. contracts AT(04-3)-400 and AT(04- 
3)-476. 93p. 

Development of accelerator structures, klystror&, the 
physical slant, magnets, vacuum system, electronic and 

' 

microwave equipment, and beam control and handling e w i p  
ment i s  reported. Operation and modification of the Mark N 
accelerator a r e  also summarized, together with experimental 
and theoretical studies of particle pAductIon and i e r a c -  
tions. (D.C.W..) 

16852 (NP-14G4i) ANNUAL REPORT, APRIL 1963- 
MARCH 1964. (Tokyo Univ. (Japan). Inst. for Nuclear 
Study). hIay 1,  1964. 7Sp. Dep.(mn). 

The experimental facilities available for use in low- ' 

energy physics research a re  described, and experiments 
witii a s)nchrocyclotron a re  reported. An evaluation of 
proposals for long-range lo~v-energy physics research i s  
included. The experimental facilities available for  use in 
high-energy physics research a re  described, and experi- 
ments \\.ith an electron synchrotron a r e  reported. hlea- 
surements on cosmic a i r  showers a r e  reported, and data 
on cosmic radiation obtained in balloon feghts a r e  ana- 
lyzed. Research on theoretical physics i s  reported along 
with activities a t  the chemical laboratory. (J.R.D.) 

15325 ' (TID-17766) YALE STUDY ON HIGH INTEN- 
SITY PROTON ACCELERATORS.. A PROGRESS R.EPORT 
ON THE DESIGN O F  A VERY HIGH INTENSITY LINEAR 
ACCELERATOR FOR PROTONS AT AN ENERGY OF 750 
hIev. Iutenlal Report Y-G. (Yale Univ., New Haven). 
Oct. 30, 1962. Contract AT(30-1)-2726. 121p. . . 

The design of a very high intensity proton linear ac- 
celerator and i t s  associated facilities, that together form 
a complete meson factory i s  discussed. The accelerator ' ' 

will deliver a 1 ma (average) primary proton beam at an 
energythat i s  variable from 200 to 750 Mev. Polarized 
protons can also be accelerated. 'The intense primary 
proton beam, that can be fully extracted from the acceler- 

shielding, both flexible and flxed, i s  provided. The sec- 
tions of the report outline the justification, establish the 
feasibility, and estimate me cost of the installation. Ten- 
tative characteristics of the accelerator and the beams' 
a r e  presented.'as a r e  a numt s r  of studies that 'can be 
made with the assembly. 72 references. (auth) 

15953 (TID-20352) , SUMMARY OF PROGRESS RE- 
PORT [ON NUCLEON-NUCLEON INTERACTION] PEHIOU 
ENDING, FEBRUARY 1964. McAllister H. Hull, Jr., and 
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Research progress on N-N interdctlons, n-N interac- 
t i o n ~ ,  nuolcon.~nualaus soattering, deuteron photodisinte- 
gration, heavy ion reactions and scattering, andhigher 
order effects. In Coulomb excitation is sumparized.  

ator,  will produce intense well-defined secondary beams 
of pions, muons, neutrons, and neutrinos. These secondary 
beams will be separated from the proton beam and trans- 
ported various experimental a r e a s  where adequate 
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C b P l U R t  O F  K F G P T I V E  MUONS I N  P U R E  G A S  A N D  I N  A M I X T U R E  U l T H  
hvCRUGEid.  1 8 3  

b X  E X P E i l l U E I v T b L  I N V E ' S T I G A T I O N  OF M U - M E S O N I C  A T O M I C  P R O C E S S E S  I N  
: G I S F O U S  HYORUGEN.  3 1 0  

A T O M I C  L b P l L H E  C F  N E 6 b T I V F  MUONS I N  C H E P I C A L  COMPOUNDS. 
7 7 6  

A l O M l C  M U O N I - I  C P P T L R E  I N  C k E M l C A L  COMPOUNDS. 7 7 7  

STGDY U F  T H E  K - V E S I C  X-RAY S E R I E S  S T R U C T U R E  I N  THE M U O N I - I  A T O M I C  
C A P T U R E  I X  C V E F I C A L  C O M X N P T I O N S .  , 7 7 8  

C O N F E R E N C E  3 W  A T C M l C  C O L L I S I O N  P R O C E S S E S  1 1 9 6 3 1  . 8 1 0  

ATOMS 
R A T E  O F  T R A N S F E R  O F  MUONS FROM PROTON-MUON ATOMS TO T H E  N U C L E I  O F  
C T H E R :  E L E M E ~  TS.  8 2  

I S O T O P I C  E F F E C J S  I N  T H E  X - R A Y  S P E C T R U M  O F  M b O N I C  A T O M S  OF 
C A L C I U F - 4 0  b K D  C b L C I U M - 4 4 .  1 3 3  

ENERGY M E A S L R E C E h T S  O F  T H E  2 P - I S  T R A N S I T I O N S  I N  M U - M E S O N I C  ATOMS.  
I 7 5  

CN T H E  C U E S T I C N  CF b N O M A L Y  I N  T H E  D E C A Y  OF M U O N S I - I  I N  M E S I C  
ATOMS OF T R A N S I T I O N  M E T A L S  OF T-HE I R O N  GROUP. 3 2 4  

F C R F P T I C N  OF * E S I C  k F L l U M  ATOMS I N  b  G A S  M I X T U R E  C O N T A I N I N G  
k E L I U W  A N 0  k Y C R O E E N .  7 6 6  

B A R Y O N  
R E b C T I O N s P I C X I - I  + P R O T O N  TO L A M B D A I O I  B A R Y O N  + K A O N I O I  A T  THE 
T H R E S H O L D S  FOR P I O N ( - 1  + P R O T O N  TO S I G M A I O I I - I  + K A O N I O I I - I  
I C b S P I  R E P C I  I C h S .  3 3 0  

BARYON-KAON ' 
L A P C D A l O l  B A R Y O N - K A O N I O I  P R O D U C T I O N  B Y  P I O N S  O N  PROTONS.  

I 1 5  

F O S S I B L E  R E S C N A N C E  DT 8 2 9  MEV I N  L A M B D A  B A R Y O N - K A O N I O I  
P R O C U C T I O N .  ' 4 2 9  

B E A M  
C A N C E R  C A U S E C  e v  R ~ C I A T I O N  I Y  THE 8 E A n s  AND BEAM ZONES OF THE 
S Y N C H R O C Y C L O T R O N .  4  3 

C E P C L A R I Z A T I C N  OF A B E A M . C O V I N G  I N  A N O N U N I F O R M  M A G N E T I C  F I E L D .  
5 8 9  

S T U D I E S  0 F . V I C I A  F A e A  ROOT M E R I S T E M S  IRR,ADlATEn W I T H  .A P I O N I - I  
BEAM. 9 6 4 0  

P H Y S I C A L  A S P E C T S . 0 F  P A R T I C L E  B E A M  T E E R A P V .  6 5 2  

C A L C U L A T I O N  O F  T b E  M1.1ON C O N T A M I N A T I O N  I N  A P l O N  BEAM. 
7 1 3  

B E A M S  
CANCER CAUSED BY R A C I A T I O N  IN THE BEAMS AND B E A M  ZONES OF THE 
S V N C H R f l C Y t L O T E O N ;  4  3 

A P P L I C A T I O N  OF T t - R E S H O L C  C H E R E N K O V  C E T E C T O R  F O R  S E P A R A T I O N  OF 
P I O N S  AND MUONS I N  C E S O N  BEAMS.  1 5 8  

T H E  A N G U L A R  C l S P E R S l O N  O F  P A R T I C L E  B E A M S  P A S S I N G  THROUGH N U C L E A R  
E M U L S I O N S .  2 1 0  

. . 
P I O N - N U C L E O N  E L A S T I C  S C A T T E R I N G  E X P E R I M E N T S  W I T H  H I G H  I N T E N S I T Y  
V E S f l N  BEAMS.  C 5 4  

C I F F E R E N T I A L  C Y T C L 0 6 1 C  E F F E C T S  O F  N E G A T I V E  P l O N  B E A M S  I N  P L A T E A U  
AND .'.STAR.,.- R E G I O N S .  5 2 5  

O C R Y L L l U M  
C O U D L E  C H A R G E  E X C H P L G E  OF, PlO.NS ON B E R Y L L I U M ,  CARBON.  A L U M I N U M  

AND LEAD.  95 

B E T A  
E X P E R I M E N T A L  E V I C E N C E  F O R  P I O N  B E T A  D E C A Y .  4 6  

M E A S U R E M E N T  OF TI-E B R A N C H I N G  RATIO FOR P I 0 1 4  B E T A . D E C A Y . .  
4  7  

T H E  B R A N C H I N G  R A T I O  F O R  P I O N  B E T A  OECAY.  

B E T A  D E C A Y  O F  T H E  P I O N .  

THE I N V E S T I G A T I O N  OF P l O N  B E T A  DECAY.  

P I O N  B E T A  D E C A Y .  . . 3 0 4  

T H E  RHO V A L U E  FOR Tt -E B E T A  D E C A Y  O F  T H E  N E G A T I V E  MUON. 
4 7 4  

CN T H E  N E U T R I N O S  E M I T T E D  I N  B E T A  D E C A Y  A N D  MUON C A P T U R E .  
6 5 0  

S O N I C  S P A R K  C H A M e E R  M E A S U R E M E N T  O F  T H E ' B E T A  S P E C T R U M  F R O M  MU 
CECPY. 6 6 3  

BETA-!€CAY . 
P E A S U R E M E N T  OF P I O N  B E T A - D E C A Y  B R A N C H ' I N G  'RATIO. 4 5  

B I B L I O G R A P M V  ON h U C L E A R  R E A C T I O N S  8 2 5  

B I B L I O G R A P M Y  ON K O N E L A S T I C  N U C L E O N  b N D  P I O N  R E 4 C T I O N S  W l  T H  
C O V P L E X  N U C L E I  8 2 6  

B I B L I O G R A P H V  O N  h O N E L b S T I C  R E A C T I O N S  F O R  N U C L E O N S  AND P I O N S  
I N C I D E N T  O N  C O C P L E X  N U C L E I  A T  E N E R G I E S  B E T W E E N  2 0  M E V  A N D  3 3  G E V  

8 2 7  

B I B L I O G R A P H Y  ON V U O h S  

BIBLIOGRAPMY c~ PI a&-PION INTERACTION 

B l N O l N G  
T H E  E F F E C T  O F  A T C M l C  B I N D I N G  ON T H E  D E C A Y  R A T E  OF N E G A T I V E  MUONS. 

1 3 6  

B I O L O G I C A L  
R E L A T I V E  B I O L O G I C A L  EFFICIENCY O F  N E G A T I V E  M l l O N S  AND C O B A L T - 6 0  

, 6 A C M A  RAYS.  2 5 9  

B O R O N - I 2  
R E A S U R E M E N T  OF T b E  R A T E  M U O N I - I  + C A R B O N - 1 2  T O  B O R O N - I 2  

N E U T R I N O .  1 5  

P B S O R P T I B N  O F  N E G A T I V E  Ml lONS I N  C A R B O N - 1 2  L E A D I N G  TO P R O O U C T I U N  
OF BOUND BORON-I? .  3 5 3  

C E A S U R E M E N T  OF T h E  R A T E  O F  T H E  R E A C T I O N  M U O N I - I  C A R B O N - I 2  TO 
BORON-12 + N E U T R I N O .  5 3 5  

A F I L A M E N T  S C I N T I L L A T I O N  C h A M B E R  M E A S U R E M E N T  O F  THE R A T E  F O R  
P U O N I - I  C A R B O N - 1 2  T O  B O R O N - I 2  + N E U T R I N O .  6 7 0  

V U O N I - I  C A P T U R E  I N  C A R B O N  I N V O L V I N G  T H E  F O R M A T I O N  OF B O R O N - 1 2 .  
7 2 2  

BORON-8 . 
C E A S U R E M E N T  OF TI -€  P O L A R I Z A T I O N  O F  P O S I T R O Y S  E M I T T E D  I N  T H E  
C I S I N T E G R A T I O N  OF S C D I U M - 2 2 .  BORON-8, b N D  * U O N S l + l .  2 8 9  

B O S O N  
CN A P O S S I B L E  E X I S T E N C E  O F  NEW B O S O N  R E S O N A N C E  D E C A Y S  I N V O L V I N G  
GAVMA QUANTA.  4 0 7  

I N F L U E N C E  O F  I N T E R M E D I A T E  VECTOR B O S O N  O N  MUON C P P T U R E  R A T E .  
4 8 6  

BOUNO 
E U C L E A R  D E - E X C  I T A T  l C N  F O L L O W I N G  MUON C A P T U R E  A N D  THE B O U N D  MUON 
C E C A Y  ANOMALY.  . , '  2 1 3  , 

BOUND MUON D E C A Y  I N  I R O N  AND Z I N C .  ' 2 7 8  

O E T E C T I O N  OF CI-ARGE E X C P A N G E  I N  P I O N S  S T O P P E D  I N  B O U N D  H Y D R O G E N  
N U C L E I .  3 0  1  

A B S O R P T I O N  O F  N E G A T I V E  MUONS I N  C A R B O N - I 2  L E A D I N G  TO P R O D U C T I O N  
C F  B O U N D  BORON-12.  3 5 3  

T H E  E F F E C T  O F  N E U T R I N O S  P O S S E S S I N G  A NON-ZERO M A S S  ON T H E  D E C A Y  
C O N S T A N T  O F  BBUNO MUONS. 5 6 5  

D E C A Y  OF B O U N D  P U O N S  I N  T I T A N I U M .  I R O N .  A N D  L E A D .  , 5 7 5  , 

O E C A Y  ~ A T E S  OF BOUND N E G A T I V E  MUONS. 7 5 8  

B R A N C H E S  
S T A R S  PRODUCEC B Y  P I O N S I - I  A T  REST.*  N A T U R E  O F  U N I T  C H A R G E  
BRANCHPS.  2 6 8  

B R A N C M I N G  
MEASUREMENT OF P I O N  B E T A - C E C A Y  B R A N C H I N 6  R A T l f l .  h 5  

M E A S U R E M E N T  Lip i h ~  B~ANCMING RATIO FOR P l O N  B E T A  DECAV.  



THE ISOTOPE EFFECT. 2 4 6  

I H E  BRANCHING R D T l O  FOR P I O N  BETA DECAY. 18  ISOTOPIC DIFFERENCES I N  MU-MESIC K X-RAY ENERGIES OF OXVGEN-16 
DND OXYGEN-101 CALCIUM-40 DND CALCIUM-44. T I N - 1 1 6  AND T I N - 1 2 4 ,  
GDOOLINIUM-155 DND GDCOLIk IUM-160 .  5 7 9  A CFASUREHENT OF THE BRANCHING R A T I O  FOR PION-BETA DECAY.* 

R o l P l O N l + l  .TO P I C N I C 1  + POSITRON + N E U T R I N O l E L E C T R O N l I I l P I O N I + l  
TO M U O N l * l  + K E U T R l h O l M U O N I I .  1 1 9  CALCIUM-44 

ISOTOPIC EFFECTS I N  THE X-RAY SPECTRUM OF MUONIC ATOPS OF 
CDLCIUM-40 AND CALCIUM-44. 1 3 3  BRANCHING R D T l O  eEThEEN T k E  VDRIOUS DECAY MODES OF THE MU MESON. 

4 5 1  
W O N  CDPTURE R I T E S  FOR 
THE ISOTOPE EFFECT. 

AND OBSERVDTION 
2 4  6 BRANCHING R P T I O S  OF REACTIONS OF P I O N S ( - )  STOPPED I N  HYOROGEN DND 

CEUTkRIUH. 6 6  I 
ISOTOPIC O lFFEREhCES I N  MU-MESIC K X-RAY FNERGIES OF OXYGEN-I6 
AND OXYGEN-10. CALCIUM-40 AND CALCIUM-44. T I N - 1 1 6  AND T I N - 1 2 4 ,  
GDOOLINIUM-155 DhD GACOLINIUM- 160. 5 7 9  

ELECTRON OECDY BRANCHING R A T I O  OF THE PION. 6 9 9  

BREDKUPS 
TYO-BOGY BREDKUPS FOLLOWING P I O N ( - )  ABSORPTION I N  LITHIUM..  
EVIDENCE FOR THE PRCnUCTlON OF HYDROGEN-4. 2 2 6  

CDNCER 
1 9 6 4  RUTHERFORC CEMCRIAL LECTURE. P I O N S  VERSUS CANCER. 

3 7 3 ,  
BREMSSTRAHLUNG 

CN THE DOSICETRY OF NEGATIVE PIONS h I T H  A VIEW TOWARD THEIR T R I A L  
I N  CDNCER TFERAPY. 6 3 9  

- ~ E ~ S U R E W E N T  CY BREMSSTRAHLUNG TRDNSMlSS lON OF THE P O L A R I Z A T I O N  OF 
POSITRONS FRCC C L O N S l t l  TO POSITRONS + KEUTRINOIELECTRONI  + 
NELTRINCI - ) -MUON.  1 5 5  

CDPTUREO 
INTERNDLLY PROCUCED ELECTRON P A I R S  FROM P I O N S ( - )  CDPTURED I N  
hYOROGEN. 2 5 3  

TRDNSITION PATHS OF MUONSI - I  CDPTUREO I h  S O L I D  L I T H I U M .  
4 5 9  < 

A SEARCH FOR BREMSSTRDHLUNG PRODUCEC I N  ELDSTIC SCDTTERING OF 
h E G D r l V E  P I O N S  BY PROTONS. 3 3 5  

OBSERVATION CF TkE BREMSSTRAHLUNG OF P I O N S  INTERACTING U l T H  
h U C L E l  5 2  1 

INNER BREMSSTRAHLUNG I N  MUON CECAY. 6 3 4  CARBON 
INTERACTI f lNS OF P I O N S I - 1  OF K I N E T I C  ENERGY 9 1 5  MEV Y l T H  CDRBON 
NUCLEI.  0 BUeBLE 

CONTRIRUTION 10 THE S IUUY UF l P l O N ( r l , P R O T O N I  SCATTERING AT 1 2 0  
PEV DY U T l L l Z D T l C N  CF PHOTOGRDPHIC PLDTES I N  BUBBLE CHAMBERS. 

3 4 
S INGLE SCATTERING OF 10-3C HEY MUONSI - I  ON CARBON. 9 

ENERGY SPECTRD OF NEUTRONS EMITTED FOLLOUING P I O N I - I  CAPTURE I N  
C D R B O N ~  ALUKINUM~ CDDMIUH. LEID AND URDNIUM. 1 9  I N V E S T I G A T I C N  OF P I C N  ABSORPTION BY CARBON N U C L E I  AT 4 0 - 7 0  MEV BY 

PEANS OF A 2ROPDhE BUBBLE CHAMBER. 5 2 

I N V E S T I G A l I C h  CF PICNl*l-VUJNltI-POSITRON DECAY Y I T H  HELP OF A 
PRUPANE BUBBLE ChAlreER DNI! S C I N T I L L D T I O N  COUNTERS. 5 3 

4 6 0  MEV N E G b T l V E  PICE1 SCATTERING FROM NEUTRONS I N  A PROPANE 
BUBBLE CIIDHEER. 5 8  

ELECTRON ANC P I O h l 0 1  MEASLREYENTS I N  A HEAVY L I Q U I D  BUBBLE 
CHDYBER. 1 1 0 .  

I C E N T l F l C A T l O h  CF CkARGED PARTICLES BY I O N I Z A T I O N  AND DELTA 
ELECTRONS I N  D PKUVANE BUBBLE CHAMBER. 1 1  2 

I N V E S T I G A T I O N  OF P I C N  ADSORPTION BY CARBON NUCLEI AT 4 0 - 7 0  MEV BY 
CEANS OF A PROPDhE EUBBLE CHAMBER. 5 2 

COUDLE CHARGE EXCHAhGE OF P ICKS ON BERYLLIUM. CARBON. ALUPINUM 
DND LEAC. 9 5 

HELIUM-8 PRODUCTION I N  N t C D r l V E  P I O N  CAPTURE BY CARBON AN0 OXYGEN 
NUCLEI.  9 7  

PEL IUM-8  PROOUCTION I N  NEGATIVE P I O N  CAPTURE BY CARBON AND OXYGEN 
hUCLEI .  9 R 

YEAN L I F E  OF THE NEGATIVE PUON I N  CDRBON. I 9 2  
A BUBBLE CHAVFCR STlrnY OF NEGATIVE MUON DBSORPTION I N  CARBON. 

3 5 0  SCDTTEYING OF PUCNS BY CDRBON. 2 2 0  

EXPERIMENTAL STUCY C F  THE CASCADE T I M E  OF NEGDTIVE MESONS IN A 
L l C U l D  H E L l U V  BUeBLE CHPMPFR- 3 5 5  

ELASTIC P IUNSI -1  S L D I  I t n i N G  ON CARBolr a 1  5 TO 15  t11:V. 
2 7  I 

VELOCITY OEPENCEhCE OF THE BUBBLE D E N S I T Y  FOR CHARGED PARTICLE 
i u n ~  u \  I N  I ICIIIT: H Y T . R ~ G E N .  4 6 9  

b BUBBLE CHAPPER STLDY OF NEGDTIVE WUON ABSORPTION I N  CARBON. 
35C 

POLECULDR PROCESSES INOUCEC BY MUONSI - I  I N  HYOROGEN BUBBLE 
CHAVBER. 1 1 .  PECHDNISMS CF FORMATION OF MU[ -1  MESONIC HYDROGEN 
P0LCCUL"P Inti. 5 5 9  

CROSS SECTIONS OF ELASTIC SCDTTERING OF 1 9 5  MEV P I O N S I + I  BY 
CARBON AN0 L l T H l C M  LUCLEI .  4 4 8  

e L A i l l L  S ~ D l l t n r ~ 6  d i  3 TO Y Y  14LV I ' l u t t ~ l ~ l  011 CARlON.  
4 7 8  A WEASUREMENT OF THE CISPERSAL R E L A T I O N  FOR THE REDCTION P I O N ( - )  

+ PROTON TO P l O N l O l  + NEUTRON AT 9 0 0  MEV I N  THE 7 2 - I N C H  HYOROGEN 
BUBBLE CHAMCER. 5 6 8  DBSORPTION OF P l C N S I + I  W l T h  AN ENERGY OF APPROXIMATELY 5 0  MEV BY 

CARBON NUCLEI .  5 0 8  
TRANSFER OF NEGATIVE MUONS TO GASES DISSOLVED I N  A HYDROGEN 
RIIRRI F CHAMeER. 6 7 2  DBSORPTION OF P I C N S I + I  OF,ENERGY I N  THE V I C I N I T Y  OF 5 0  CEV BY 

CAR8ON IIUCLC I 509 
ANALYSIS  .OF REUTRAL CASCACE EVENIS  bRUM A 'HEAVY L l Q U l D  BUBBLE 
CHPPBER. 7 5 2  Ck THE ABSORPTIOh OF P I O N S I + I  OF NEPRLY 5 0  MEV ENERGY BY CARBON 

NUCLEI.  5 1 0  

DNPLYSIS  OF I N E L D S T I C  C O L L I S I O N  P l O N I - 1  + CDRBON AT 9 1 5  MEV. 
5 6 0  - 

BURSTS 
SPECTRUM OF SMALL BURSTS CREATED BY MUONS AT THE DEPTH OF 2 0 0  MYE 
CNCERGROUND. 1 2 3  

CDCYIUM ' 
ENERGY SPECTRA OF NEUTRONS EMITTED FOLLOUING P I O N I - 1  CAPTURE I N  
CARBON. ALUMINUMr CDDMIUHr LED0 AN0 URANIUM. 1 9  

INTERACTIONS RF P I O N S ( + I  WITH HYDROGEN AN0 CARBON AT 7 8  MEV. 
51U 

I N E L A S T I C  SCATTEPINS ANn DRSORPTION Ob I S 5  HEV P I O N S I + I  BY CARBON 
PNC L I T n l u n  NUCLEI. 6 0 2  

PRECISE MEASUREMENTS OF TPE MEAN L I V E S  OF MUONS[+ / - )  I N  CARBON. 
6 3 3  

CALCIUM 
bNGULAR O I S T R I B U T l O h  OF HIGH-ENERGY NEUTRONS € n f t t E b  I N  ABSORBING 
POLPRIZED MUONS(-)  I N  CALCILIM. 3 3 7  

ASYMMETRY I k  ,ANGLLbR D I S T R I B U T I O N  OF NEUTRONS, EMITTED I N  MUON(-) 
CAPTURE I N  CDLCII!M. 3 3 9  PRECISE MEASUREMENTS OF TPE MEDN L I V E S  OF MUONSI+ / - I  I N  CARBON. 

6 3 7  

A S Y W H E T R Y  IN DNGLLAR CISTRIBUTION OF  NEUTRONS E n l T T E o  IN MUON(-I 
CAPTURF I N  CALCIUM. 3 4 0  bBSORPTION OF P I C N S I + I  W l T k  ENERGY OF BO MEv BY CARBON NUCLEI.  

6 6 5  

LNCULAP. D I S T P I B U T I ~ ~ .  n~ NFIITRRNS DUE T O  MUON(-)  CAPTURE IN 
CALCIUM FOR VDRICUS ENERGY THRESHOLCS. 3b l A PtA5unEMENT OF THC TOTAL POSORPTION R I T E  OF MUONS TN CARBBN. 

6 9 0  

CALCIUM-40  
ISOTOPIC EFFECTS I N  THE X-RAY SPECTRUM OF MUONIC ATOMS OF 
CDLCIUM-40 DND CDLCIUM-44. 1 3 3  

TOTAL ABSORPTION RATE OF PUONS I N  CARBON. 6 9  1 

MUON(-I CDPTURE I N  CARBON INVOLVING THE FORMATION OF BORON-12. 
7 2 2  R A D I A T I V E  MUON CbPTLRE I N  CDLCIUM-CO AN0 THE INDUCED PSEUDOSCDLDR 

COUPLING CONSTDNT. 2 3 7  

VllON CAPTURE RPTES FOR CALCIUM-44 AND CALCIU)CCO.* OBSERVDTION OF 
THE SGITTERING OF 8 7  MEV P O S I T I V E  P I O N S  ON CARBON AND OXYGEN 

7 2 4  

THE TRDNSIT ION OF POONSI - I  FROM PROTON TO CARBON. 7 7 9  



CARBON-HYDROGEN 
' PEASUREMENIS CF THE RATES OF THE DECAY P I O N l + l  TO P I O N I O I  

FOSITRON t L E b 1 R I N O  AND OF P I O N I - I  C A P I k R E  I N  L I T H I U M  HYDRIDE, 
CARBON-HVOROGENI;I, AND CAROON-HYDROGEN. . 7 7  

INVESTIGATION OF PICN ABSORPTION BY  C A R B O N  N U C L ~ I  a T  u o - 7 0  M E V  R Y  
CEANS OF A PROPAhE BUBBLE CHAMBER. 5 2  

I N V E S T I G A T I O N  OF PlONl+l-CUONI*l-POSITRON DECAY U l T I l  HELP OF A 
PROPANE BUBBLE CHAMIER AND S C I N T I L L A T I O N  COUNTEYS. 5 3  

PEASLIREMENTS OF THE RATES OF THE DECAY P l O N l t l  TO P I O N I O I  + 
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X F L I R I U U .  1 5  

USE OF A SPARK CHAMeER I N  A SEARCH FOR NEUTRINOLESS CONVERSIUN f lF 
CUONS INTO ELECTRONS. 2 3 6  

b BUBBLE CHAMeER STLnV OF NEGATIVE CUON ABSORPTION I N  CARBON. 
35C 

EXPERIMENTS ON TkE ARSORPTIUN OF POLARIZED NEGATIVE MUONS BY 
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CETECTION OF CHARGE EXCFANGE I N  P I O N S  STOPPED I N  BOUND HYDROGEN 
h U C L E l  . 3 0  1 
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TRACKS I N  L l O U l O  HVCROGEN. 4 6 9 .  

FLUCTUATIONS OF ENEYCY LOSS BY HEAVY CHARGED P b R T l C L C S  I N  S I L I C O N  
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CHERENKOV 
A P P L I C A T I O N  OF TkRESHOLC CHERENKOV CETECTOR FOR SEPARATION OF 
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RANGE 1 0 0 - 8 0 0  PEV. 11.  T k E  I N T E R A C ~ I O N  LENGIH)  ANU t L A S T I C  
SCATTERING OF 7 5 0  HEV P I O N S I - I  I N  G5  EUULSION. 1 2  

R A D I A T I V E  P I O N  AeSORPTlON I N  COMPLEX N U C L E I .  1 b 

F O S I T I V E *  P I O N  CROSS SECTIONS ON COMPLEX NUCLEI.  1 9 7  

CUON CAPTURE RATES I N  COMPLEX NUCLEI.  3 1 7  
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P I C N S I - 1  BY L IGI -T  N L C L E I  I N  CORPUSCbLAR PHOTOGRAPHIC EMULSIOh. 

5 3 9  

CORRELATIONS 
CN ANGULAR CORRELATIONS I N  PION-MUON-ELECTRON DECAY. 

k 3 5  

CONFERENCE CN F I G H  ENERGY PI-YSICS AND RESEARCH 1 1 9 6 2 1  
7 9 6  

CONFERENCE 2 N  TPE NLCLEAR EMULSION TECHNIOUE I 1 9 6 2 1  7 9 7  

CRNFERFNCF ? h  r l F ~  ENERGY PHYCICC 1 1 9 h 7 l  7 9 8  

CONFERENCE ON ELEMELTARY PbRTICLE P k Y S I C S  1 1 9 6 2 1  7 9 9  
I N V E S T I G A T I C N  CF CORRELATIONS I N  L I G H T  NUCLEI  BY MEANS OF FAST 
P I  CN NUCLEAR INTERACTIONS. 4 5 5  LUNCtK tNSP C N  U l q f C T  IEI IERACTIONS AND NLCLEAR REACTION MECHANISMS 

1 1 9 6 2 1  8 0 0  

CONFERENCE ON TI-EORETICAL PHYSICS 1 1 9 6 2 1  8 0  1 

CONFERENCE CN TPE U T I L l Z A T I O N  OF MULTlPbRPMETER ANALYZERS I N  I N  
hUCLEAR PHYS ICS 1 1 9 t z )  8 0 2  

CONFERENCE Ch TPfORETICbL  PI-YSICS 1 1 9 6 3 1  8 0 3  

CONFERENCE CN PI-CTOh INTERACTIONS I N  THE 8EV ENERGY RANGE 1 1 9 6 3 1  
8 0 4  

P I O N I - I  CAPTURE I N  COEPLEX N U C L E I  b k D  NLCLEAR P A I R  CORRELATIONS. 
, 5 9 0  

COSMIC 
SCATTERING OF COSMIC RAY PUONS BY LEA0 AT A MOMENTUM, BETWEEN 2 0 0  
AN0 1 5 0 0  HEV/C. 1 2 9  

CONFERENCE CN COSMIC RAYS 1 1 9 5 9 1  7 8 7  

CONFERENCE ON COSMIC RAYS 1 1 9 6 0 1  7 8 8  

CONFERENCE CN C lGH ENERGY PI-YSICS AND NUCLEAR STRUCTURES 1 1 9 6 3 1  
. 8 0 5  

CCNFERENCE ON COSMIC RAYSv SOLAR PARTICLES AND SPACE RESEARCH 
1 1 9 6 1 1  7 9  1 

CONFERENCE ON NUCLEAR PHYSICS 1 1 9 6 3 1  8 0 6  CONFERENCE CN COSMIC RAYS (MUONS AN0 NEUTRINOS)  1 1 9 6 3 )  
8 1 6  

CONFERENCE OF N b T l O h A L  LAOORATORIES OF I T A L Y  1 1 9 6 3 1  8 0 7  

~ O N F E L E N C E  OF bRGONhE PCCFLERATOR USERS GROUP 1 1 9 6 3 )  
8 0 8  

. CRIINTFR 
COUNTER TECrNICUES I N  H IGP ENERGY NUCLEAR PHYSICS.. RARE DECAYS 
OF P I O N S I - I  ANC VUONS. 5 k  3 

CONFERENCE ON NUCLECN STRUCTURE 1 1 9 6 3 1  8 0 9  A SCINTILLAT~~N COUITER SYSTEM FOR THE CETECTION OF P O S I T I V E  AND 
NEGATIVE PIONS. 6 6 0  

CONFERENCE ON ATCHIC C O L L I S I O N  PROCESSES 1 1 9 6 3 )  8 1 0  

CONFERENCE ON P ICNSl  MUONS ANO NUCLEAR STRUCTURE 1 1 9 6 3 1  
8 1  1 

CONFERENCE ON ELEMENTARY PARTICLES 1 1 9 6 3 1  8 1 2  

COUNTER DATA RECCRCING FOR ANALYSIS  BY COMPUTERS. 7 5 0  

COUNTERS 
I N V E S T I G A T I O N  OF P l C N I  + I -VUONl* l -POSITRCN DECAY WITH HE'LP OF A 

5 3  PROPANE BUBBLE CI-AMPER ANC S C I N T I L L A T I O N  COUNTERS. 

CONFERENCE ON FULDAPENTAL ASPECTS OF WEAK INTERACTIONS 1 1 9 6 3 1  
8 1 3  

HODOSCOPE SYSTEM OF GEIGER COUNTERS WITH CONTROLLED PULSE SCPPLY 
FOR I N V E S T I G A T I O N  OF PION(-)-PROTON SCATTERING. 7 2 9  

CONFERENCE ON THEORETICAL PHYSICS 1 1 9 6 3 l  8 1 4 '  COUPLING 
PION-NUCLEON COUPLING CONSTPNT FROM NEUTRON-PROTON D I F F E R E N T I A L  
CROSS-SECTIONS OVER AN FNERGY RANGF. 7.14 

CONFERENCE ON COSMIC RAYS (MUONS ANC NELTRINOS)  1 1 9 6 3 1  
8 1 6  

RADIATIVE MUON CLPTURE IN CALCIUM-uc AND THE INDUCED PSEUDOSCALAR 
COUPLING CONSTANT. 2 3 7  

CONFERENCE ON RECENTLY DISCOVERED RESONANT PARTICLES 1 1 9 6 3 1  
8 1 7  

b DETECTOR FOR T k E  INDUCEC PSEUDOSCALAR COUPLING CONSTANT. 
3 3  5 

CONFERENCE CN F ILMLESS SPARK CHAMBER TECHNIQUES AND ASSOCIATED 
CCVPUTER USE 1 1 9 t 4 1  8 1 8  

CONFERENCE ON 'PPCBLEMS I N  PHYSICS OF ELEMENTARY PARTICLES I 1 9 6 4 1  
8 1 9  

' COUPLINGS 
THE INDUCED PSEUCOSCALAR AND TENSOR COUPLINGS I N  THE PROCESS 
PUONI - I  + HELIUM-3  TO HELIUM-3 + NEUTRINO. 1 1  6 

CREATED 



CROSS 
CROSS S E C T I U N S  FCR C F R T A I N  REACTIONS I N  WHICH FAST P I O N ~ l + I  ARE 
PHSORREO O Y  L IGWT NLCLEI'. 4  

CXPERIPENTAL C b T b  FCR DETERMINING TPE P I O N - P I O N  CROSS SECTION. 
2 0  

CROSS S E C T l O h S  F C R  LNTINUCLEON PRODLCTION. 5  1 

I H E  P I O N I - I  PRCTOh TO P I O N I * I  + P I O N I - 1  + NEUTRON R E A C T I O N  NEAR 
THE THRESHOLC. I. I O T A L  CROSS SECTIONS AND ANGULAR 
C I S T R I D U T I O N S  CF SFCONDARY PARTICLES.  . 8 7  

T H E  CROSS S E C T l O h  OF MESOR RECHARGE OY P I O N S  I N  THE R E A C T I O N  
~ N A ~ Y S I S  P I C h l - I  + PROTON TC P I O N I - 1  t P I O N I r l  + NUCLEON AT THE 
CNERGV OF 2 9 C  PEV. 8 8  

C E T F K M I N P T I C N  OF TPE CHARGE-EXCHANGE CROSS SECTION OF P I O N S  FROM 
r r ~  n N n L v s I s  O F  THF R E A C T I O N  PIONI-I + PROTON TO PIONI+I t 

h E L T U 3 N  AT 2 9 C  MEV. 9 4  

THE R F A C T I O N  P I C L I - I  t PRCTCN TO P I O N I t I  + P I O N I - I  + NEUTRON.NEAR 
I H F  THRESHOLC. I. THE TOTAL CROSS SECTIONSI ANGULAR 
C l S T R l H U T l O N S  OF SECCNDARIES. 9 9  

E V A L . U A I I Q N  CF CROSS S E C T l f l N S  OF ELECTROMAGNETIC PROCESSES P I O N I - 1  
+ PROTON TO P I C W I t  1  + P I O k l - I  + GAMPA P A R T I C L E  + NEUTRONI 
P I C N I - 1  t PROTON TO POSITRON t ELECTRON + NEUTRON P I O N ( - )  + 
VRCTON I 0  P I O N I - 1  PROTON + POSITRON + ELECTRON A T  P I O N ( - )  
L I R E T I C  ENERGY OF 3 2 0  MEV. I s 0  

w E A S u Q E r F N r S  CF. I O T b L  P I O N I -  I-PROTON R E A C T I O N  CROSS SECTION FOR 
? k O  P,CV P 1 0 k 5 1 - I .  1 5 3  

TCTAL CROSS SECTIUNS FOR TPE P IONI - ) -PROTON REACTIONS AT 2 7 6  MEV. 
I 5 L  

PEASUREMENTS CN THE P I O N I t l - P R O T O N  TOTAL SCATTERING CROSS 
SECTIONS I N  TI-E ENFRGY RANGE OF 0.4 TO 1.5 BEV. 1 7 1  

PEISUREPENT OF T k E  TOTAL CROSS SECTION FOR P I O N ( + ) - P R O T O N  AND 
PICNI-)-DUOTOL A T  b c n  M F V  r n  1.5 CFU. 1 7 2  

cEASURECENT CF TkE  TOTAL CROSS SECTION FOR NEUTRAL PROCESSES I N  
THE P I U N I - I - P R O T C N  I N T E R A C T I O N  FROM 3 0 0  TO 1 6 0 0  MEV AND 
C E T E R M l N A T l O h  OF THE R E L A T I O N  BETWEEN P I O N I O I  PRODUCTION AND 

PEPSUREPENT OF TI-E TOTAL CROSS SECTION FOR P I O N I - ) - P R O T O N  
FXCHANGE FRON P l C N  ENERGIES OF 0.k GEV TO 1.5 GEV. 1 7 4  

TCTbL  CROSS SECTIONS AND hNGULAR D I S T R I B U T I O N S  FOR P I O N I - ) - P R O T O N  
CHARGE EXCHANGE I N  THE SECOND AND T t I R D  RESONANCE REGIONS. 

186 

TOTAL .CROSS SECTIONS FOR NEGATIVE P I O N S  ON PROTONS AT 2 3 0 ,  2 9 0 1  
370. 2 2 7 .  n h c  4 6 0  M E V .  1 9 4  

F O S l T l V E  P l O h  CROSS SECTIOblS ON C ~ M P L E X  NUCLEI .  1 0 7  

b  PEASUREHEN1 OF THE FORUPRD CHARGE-EYCPANGE CROSS SECTIONS OF 
1 7 0  HEV N E G A T I V E  P I O N $  I N  ~YOROGCN. 2 0 2  

vEbSUREnENT OF T b E  TOTAL CROSZ SECTION FOR THE I N T E R A C T I O N  OF 
CHPRGEC P I O h S  WITH PROTONS. 279 

PEASUREMENTS OF THE P I O N I i I  + PROTON TO P I O N I + I  + PROTON + 
P l C N l O l  CROSS SECTICN FROP 0.5 TO 1.5 GEVIC. 2 8  1  

P l C N I t l - P R O T O N  TCTAL CROSS SECTIONS I N  THE RANGE 4 5 0  MEV TO 1 6 5 0  
PEV. 2 8 4  

P I O N I t I - P R O T O N  P h D  P I O N I - l - P R O T O N  CROSS SECTIONS I N  THE RANGE 4 5 0  
CEV TO 1 6 5 0  WEV. 2 0 5  

P I C N I + l - P R O T O N  TCTAL CROSS SECTIONS I N  THE RANGE 4 5 0  TO 1 6 5 0  MEV. 
2 8 6  

PICN-PROTON TCTbL  CROSS 5ECTION5.. 4 0 0  TO 2 0 0 0  MEV. 2 8 7  

C I F F E R E N T I A L  CROSS SECTIONS FOR E L A S T I C  SCATTERING OF P O S I T I V E  
P I C N S  ON PRCTChS I N  THE ENERGY REGION 5CO TO 1 6 0 0  MEV. 

L I l A  

CROSS SECTIONS OF E L A S T I C  SCATTERING O F  1 9 5  MEV P I O N S l * I  BY 
t r n b o t t  r t t b  ~ l l ~ ~ l i i r  h u C L C l .  ' 4 l l l l  

PEASUREPENT OF T h E  TOTAL CROSS SECTION PION-DEUTERIUM. 
5 1 6  

CHARGE EXCHbNGE CROSS SECTION FOR SLOW P E S O N S I M U O N S I + l I  ON 
I-YOROGEN ATnM. 5 5  1  

TOTAL .PNO D I F F E R E N T I A L  CROSS SECTIONS FOR P I O N I - 1  '+ PROTON TO ETA 
CESON t NEUTRCN FROC THRESHOLC TO 1 ? 0 0  PEV. 6 3 8  

5 1 0  MEV P I O N l +  l -PROTON P O L P R I Z A T I O N  AND CROSS SECTION 
EXPERIMENTS. PhASE S H I F T  PNALYSIS .  6 4  3  

CEASURECENT OF T t E  P ION(+ ) -PROTON AND P I O N I - ) - P R O T O N  TOTAL CROSS 
SECTIONS FROC 7Oc T C  1 7 0 0  M E V  AND APPLICATIONS TO THE DISPERSION 
RELATIONS.  6 9 6  

C O N T R I B U T I O N  TO THE STUCY OF P I O N I - 1  + PROTON TO P I O N I O I  t 

NEUTRON AND P I O N I - 1  t PROTON TO P I O N I O I  + P I O N 1 0 1  t NEUTRON ' 

REACTIONS AT THE ENERGIES OF THE MAXIMA OF THE P I O N I - ) - N U C L E O N  
I N T E R A C T I O N  I N  TCE T.112 STATE TOTAL CROSS SECTION. 7 1 6  

CROSS-SECTION 
C I F F E R E N T I A L  CROSS-SECTION OF THE P I O N I - I  + PROTON TO P I O N I O I  + 
NEUTRON PROCESS bT  9 3 0  MEV. 1 2 7  

SCATTERING OF NEGATIVE P I C N S  ON PROTONS AT 3 1 0  MEV.. D l F F E R E N T l b L  
bND TOTAL CROSS-SECTION ANC PHASE-Sh lFT  ANALYSIS.  6 5 7  

P IONI - I -PROTON E L A S T I C  SCPTTERING 'AT 31C MEV.. D I F F E R E N T I A L  
CROSS-SECTION ANC RECOIL-PROTON  POLARIZATION^ 6 5 8  

CROSS-SECTIONS 
PION-NUCLEON C O U P L l h G  CONSTANT FROM NEUTRON-PROTON D I F F E R E N T I A L  

. CROSS-SECTIONS OVER AN ENERGY RANGE. 2 1 9  

CRYSTAL 
PION-MASS MEASUREMENT BY CRYSTAL DIFFRACTION OF MESONIC x R A Y S ;  

6 8 2  

CUSP 
REACTION P I O N ( - )  t PROTON TO L A M 8 D A l O l  BARYON t K A O N I O I  'AT THE 
THRESHOLDS FOR P I O N I - 1  + PROTON TO S I G M A l O l l - l  + K A O N I O I I - 1  
I C U S P I  REACT IONS. 3 3 0  

CYTOGENETIC 
R E L A T I V E  C Y T d 6 E h E T I C  E F F I C I E N C Y  OF PUONS AND P I O N S I - I  I N  SEEDS OF 
ZEA H A Y S I L I .  5 4 8  

R E L A T I V E  CYTOGENETIC E F F I C I E N C Y  OF UUONS AND P I O N S I - I  I N  SEEUS OF 
ZEA MAYS(L1  ANC I T S  M O D I F I C A T I O N - B Y  POST lUR.AOlA-T ION STOR4GE. 

5 4 9  

r v i n l  nc r r  
C I F F E R E N T I A L  CYTOLOGIC EFFECTS OF NEGATIVE P I O N  BEAMS I N  PLATEAU 
PNO P ~ S T A R . .  REGIONS. , 5 2 5  

C-WAVE 
LOU-ENERGY D-NAVE P I O N - P I O N  SCATTERING PHASE S H I F T S .  

GANGER 
CANGER CAUSED BY R A C l A T l O N  I N  THE BEAMS AND BEAM ZONES OF THE ' 

SYNCHROCYCLOTRON. 4 3  

OE-EXCITATION 
NUCLEAR D E - E X C I T P T I O N  FOLLOWING MUON CAPTURE AND THE BOUND MUON 
CECAY LNOMALY. 2 1 3  

OECAV . 
FURTHER SEARCH FOR THE DECAY MUON TO ELECTRON + GAMMb PARTICLE.  

I I 

THE KAON TO 3 -P ICN CECAY AND P I O N  LOW ENERGY INTERACTIONS. 
23 

A SEAYCH FOY, I H E  DECAY HI.IIINI+I Ill Pt!SI  IHt IN t Pt IS lTRON + ELECTRON. 
4  I 

t X P E K L H t N I A L  E V I U e N L E  VUR P I U N  BETA DECAY. '46 

C E b S U K t M t N l  UF I C t  EKANLHING H A l l U  VUK P I U N  M E l A  DECAY. 
4 7  

I N V E S T I G A T I O N  OF P l C N I t l - P U O N I + l - P O S I T R C N  DECAY W l T H  HELP OF A  
PROPANE B U 8 e L E  ChAMeER ANC S C I N T I L L A T I O N  COUNTERS. 5 3  

CAPTURE AND DECAY OF MUONS I N  IRON. 1 5  

PEASUREMENTS OF THE RATES OF THE DECAY P I O N I + I  TO P I O N I O I  + 
POSITRON + NEUTRINO AND OF' PIONI-I C A P T C R E  IN L I T H I U M  HYORIOE, 
CARBON-HYDROGENIZI I  AND CARBON-HYDROGEN. 7  7  

T h E  BRbNCHlNG R A T I O  FOR P I O N  BETA DECAY. I U  

SEARCH FOR THE DECAY MOCE.*MUON TO ELECTRON + GAMMA P A R T I C L E  
7 9 

b  SEARCH FOR NEUTRINOLESS DECAY MODES OF THE NEGATIVE MUON. 
8  0  

A  PEASUREMEkT CF THE BRANCHING R A T I O  FOR PION-BETA OECbV.. . 
R = I P I O N I + l  TO P I C N I C 1  + POSITRON + N E U T R I N O I E L E C T R O N I ~ / I P I O N I + I  

THE EFFECT OF A l C M l C  M I N U I N 6  UN I H E  DECAY RATE OF NEGATIVE MUONS. 
1 3 6  

R A D I A T I V E  DECAY OF THE MUON. I 6 1  

A  UEASUREMENT OF THE POSITRON P O L A R I Z A T I O N  I N  MUON bEcAY.* ThE 
FOSITRON A N N l k l L b T I C N  METPOD. 18'5 

k L E C I K U M A G N t l l L  L U H H t U l l U N  t I - k t L I S  UN I H t  P l U N I + I  TU P I O N I O I  
POSITRON +  k E U T R l N 0  DECAY., 2 0 6  

NUCLEAR D E - E X C I T A T I C N  FOLLOWING MUON CAPTURE AND THE BOUND MUON 
DECAY ANOMALY. 2 1 3  

L O N t I T U D l N A L  P O L A R l Z A T l O N  OF THE ELECTRONS FROM THE DECAY OF 
UNPOLARIZED P C S l T l V E  AND NEGATIVE MCONS. 2 5 0  

THE DECAY OF N E G b T l V E  P I O N S  STOPPED I N  L I G H T  ELEMENTS AND 



INSULATORS. . 2 5  1 . GAUSS. 4 0 9  

, . U E T E R M l N A T I O N  OF THE P I O N l t l  TO P I O N I O I  t POSITRON t NEUTRINO 
DECAY RATE. 2 7 3  

DECAYING 
THE SCATTERING OF DECAYING MUONS. 

EXPERIMENTAL EVICENCE FOR STRUCTURE EFFECTS I N  THE P I O N I t I  TO DECAYS 
FOSITRON + NEUTRINO + GAPMA P A R T I C L E  DECAY PROCESS. 2 7 4  CN A P O S S I B L E  EXISTENCE OF NEW BOSON RESONANCE DECAYS I N V O L V I N G  

GAPMA QUANTA. , 4 0 7  
POUND W O N  DECAY I N  IRON AND ZINC. 2 7 8  

RARE DECAYS OF T b E  PUON. 4 1 4  
STUCY OF THE DECAY P I O N  TO ELECTRON r NEUTRINO. 2 8 8  - - - ~  

BETA DECAY OF TI-€ PION. 

THE l N V E S l l G A l l C h  OF P I O N  BETA DECAY. 

P I C M  RE1A DECAY. 3 0 4  

CN THE ANOHLLIES IN  MUONI-I DECAY IN n E s o a r o n s  OF TRANSITIONAL 
IRCN GROUP PETALS. 3 2 3  

CN THE CUESTION CF PNOMALY I N  THE DECAY OF MUONSI- I  I N  MESIC  
b r c n s  OF T R A N S I T I O N  M E T A L S  OF THE IRON GROUP. 3 2 5  

SEbRCH FOR AhOVhL 1 ES I N  MCONI-1 DECAY I N  PARAMAGNETIC METALS. 
3 2 5  

b SEARCH FOR THE DECAY MUON TO ELECTRON + NEUTRINOIGAMMA 
F A R T I C L E I .  3 7 5  

FLRTHFR SEARCk FCR THE DECAY M U O N I * I  TO POSITRON + GAMMA 
FARTICLE.  3 7 6  

ISOTROPIC AND NOUISCTROPIC PION-MUON DECAYS. 4 3 5  

COUNTER TECCNICUES I N  H I G F  ENERGY NUCLEAR PHYSICS.. RARE DECAYS 
CF P I O N S ( - )  AND PUOHS. 5 4 3  

DEFORMED. 
PU-MESIC ATOM FOPMATION OF DEFORMED NUCLEUS. 4 8 4  

DELAYED 
DETECTOR OF DELAYED MESONS. 3 0 2  

SEARCH FOR THE IIANCMbLOUS,l SCATTERING OF MUONS.. ON b N  
APPARATUS U S I N G  A DELAYED COINCIDENCE KETHOO. 4 8 0  

D E N S I T Y  
EPULSION G R A I N  D E N S I T Y  I N  THE EXTREME R E L A T I V ~ S T ~ C  REGION. 

1 9 1  

VELOCITY DEPENCERCE OF THE BUBBLE D E N S I T Y  FOR CHARGED P A R T I C L E  
TRACKS I N  L l C U I O  HYCROGEN. 4 6 9  

OEPOLARIZATION ' 
h ~ h  L IMIT  ON THE ELECTRJN i G A M M A  PARTICLE DECAY MODE OF THE DEPOLARIZATION O F  MUONS( - )  IN NIKFI EMULSIONS PLACED IN A 
VbCh'. 3 7 7  CAGNETIC F l E L C  OF lC tOOO OERSTED. 2 

T R I P L E  ELECTRON VUOh DECAY. 4 1 0  

PNGCLAR O I S T R l B U T I O h  OF MUONS I N  PION-MLON DECAY AT REST. 
4 3 2  

CN ANGULAR CORRELATIONS I N  PION-MUON-ELECTRON DECAY. 
4 3 3  

CRINCHING R b T l C  CEThEEN T k E  VbR lOUS DECAY MODES OF THE MU MESON. 
4 5 1  

T r E  RHO VALUE FOR T k E  BETb  DECAY OF THE NEGATIVE MUON. 
4 7 4  

VEbSUREMENT OF TkE  6bMMb RAY SPECTRUM FROM R A D I A T I V E  MUON DECAY. 
4 7 6  

THE CAPTURE LNC CECbY INTERACTIONS OF NEGATIVE MUONS STOPPED I N  
CATTER. 5 It) 

.,ABNORMAL,. CUAhTUC NUMBERS AND DECAY CHANNELS.. J l P G l  
ASSIGNMENT FOR EPSILON 

A NORMAL SCALLR OCIET .  5 2 0  

VUCN DECAY I N  NUCLEbR EMULSION AT 25 .000  GAUSS. 5 2 5  

CBSERVATION OF T k E  kYPERFINE EFFECT I N  MUON CAPTURE BY 
FLCORINE-19  V I A  THE TIME-CEPENDENCE OF THE DECAY ELECTRON RATE. 

5 2  7 

P I C N  DECAY. b REVIEW. 5 5 7  

CN THE DECAY P l O h  TC ELECTRON + NEUTRINO t GAMMA PARTICLE. 
5 6 4  

THE D E P O L A R l Z A T I O N  CF N E G b T l V E  MUONS I N  L I G H T  ELEMENTS. 
3 2  

CUENCHING OF PUOh O E P O L b R l Z A T l O N  BY WEAK MAGNETIC F I E L D S .  
2 0 8  

OEPOLARIZATION OF P C S I T I V E  MUONS I N  SOLICS.  3 2  7 

CUON D E P O L A R I Z A T I O N  I N  SOLIDS. 3 2 8  

PETHOD OF I N V E S T I G A T I N G  FbST CHEMlCbL  REACTIONS E L S E 0  ON M U O N I + l  
DEPOLARIZATION.  3 6  1 

DEPOLAR1ZATION PROCESSES OF NEGATIVE MUONS. 4 3 9  

I N V E S T I G A T I O N  OF MUONI* )  DEPOLARIZATION I N  A NUCLEAR EMULSION. 
4 4 6  

DEPOLARIZATION OF T k E  MUON IN' AN E L E C T R I C  F I E L D .  4 4 1  

STUDY OF THE OEPOLAR1ZATION OF N E G A T I V E  PUONS I N  L l O U l D  HELIUM. 
4 6 5  

OEPOLARlZATION OF MCONSI*)  I N  CONDENSED MED14. 5 8 0  

DEPOLARIZATION OF A BEAM POVING I N  A NONUNIFORM MAGNETIC F I E C D .  
5 8 9  

OEPOLARIZATION OF MUONSI * )  I N  NUCLEAR EPULSIONS. 7 4 5  

DEPTH 
SPECTRUM OF SMALL BURSTS CREATED BY MUONS AT THE' DEPTH OF 2 0 0  MU€ 
UNDERGROUND. 1 2 3  

THF EFFECT OF NELTRINOS POSSESSING A NON-ZERO MASS ON THE DECAY ' DSTECT'oN DETECTION OF TUO PARTICLES, I N  SPARK CHAMBER. 4 4 
CONSTANT OF BCUNC PUONS. 5 6 5  

DETECTION OF CHARGE EXCHANGE I N  P I O N S  STOPPED I N  eOUND HYDROGEN 
CECAY OF BOLMD PLONS I N  T ITANIUM.  IRON. AND LEAD. 5 7 5  KUCLE I. 3 0  1 

PNGULAR O l S T R l B U T l O h  OF T k E  MUON(+) TO POSITRON DECAY ELECTRONS 
I N  STRONG MbGNETIC F I E L D S .  5 7 7  ELECTRON AND GAPPA R A Y  BACKGROUND CONDITIONS. 5 1 5  

A LOW ENERGY P I O N l * I  OETECTION SYSTEMl F R R  'I!SF. I N  INTENSE 

SEbRCH 'FOR THE OECAY P U O N I + I  TO POSITRON + GAMMA PARTICLE.  
5 9 2  

b . S C l N T I L L A T l 0 N  COUhTER SYSTEM FOR THE OETECTION OF P O S I T I V E  AND 
NECATIVE P IONS.  6 0 0  

CN THE DECAY P l C N  TC PUON . NEUTRINO + POSITRON + ELECTRON. UEU DETECTION METHOCS. 7 8 5  
6 1 5  

DETECTOR 
INNER BREMSSTRPFLUNG I N  MLON DECAY. 6 3 4  A P P L I C A T I O N  OF THRESHOLD CHERENKOV DETECTOR FOR SEPARATION OF 

PIONS AND MUONS IN CESON ~ E A M S .  I S 8  
CN THE NEUTRINOS EMITTED I N  BETA OECAY AND MUON CAPTURE. 

6 5 0  DETECTOR OF OELAVED MESONS. 3 0 2  

SONIC SPARK CPdk'eER MEASUREMENT OF THE BETA SPECTRUM FROM HU 
' 6 6 3  

. CEASUREMENT' OF TEE ENERGY OF NEGATIVE MESONS U S I N G  A STAR 
DECAY. DCTCCTOR. 305 

PN ON-LINE MEASUREMENT OF MUON DECAY U S I N G  MIRE SPARK CHAMBERS. 
6 8 4  

, PI.FC.TRflN OECPY BHANCHING R A T I O  OF Tk'E PION. 

DECAY R I T E S  OF ECUNC NEGATIVE MUONS. 

A DETECTOR FOR .ThE INOUCEC PSEUDOSCALAR COUPLING CONSTANT. 
3 3 3  

DETECTORS 
INVESTIGATION OF FLUCUTATION IND IONIZATION IN PROPORTIONAL 
LOW-PRESSURE DETECTORS. h 

CAPTURE OF P I O N S  BY HELIUM-3.  11. NUCLEAR DECAY REACTIONS. USE OF SOLID-STATE DETECTORS AS ENERGY SPECTROMETERS F I R  
7 6 5  . 5 1  1 

DECAY-ELECTRON 
ASYMMETRY O F  THF P ION1  t l  7 0  M l l f lN l  tl TR D f l 5 l T E f l N  DBCAY-SLCCTRON 

FLUCTUATIONS OF ENERGY LOSS BY HEAVV CHARGED PARTICLES I N  S I L I C f l N  

bNGULAR D I S I H l n ~ l l ( l h  I N  A I O N C l T l l n l N b l  M b C N F T l r  F l E L l l  OF 1 4 0 ~ 0 0 0  



DETECTORS.. PREL l M  I h b R V  MEAsUREMERTS. 

P I O N  S T U D I E S  U I T k  S I L I C O N  DETECTORS. 

DETERMINATION 
A DETERMINATION OF THE L I F E T I M E  OF THE MUON(+).  3 3  

DETERMINATION OF THE CHARGE-EXCHANGE CROSS SECTION OF P I O N S  FROM 
THF ANALYSIS  OF THE REACTION P I O N I - I  r PROTON TO P I O N I + l  t 

hELTRON AT 2 9 0  MEV. 9C 

I H E  R E A C T I O N  P l l l h l - 1  + PROTON TO P I O N 1  t l  + P I O N I - I  NEUTRON NEAR 
THE IHRESHOLO. 11.  THE EFFECTIVE MbSS SPECTRA FOR 
P I C N ( + ) P I O N I - 1  Ab0  P I O N l * l N E U T R O N - S Y S T E M .  A DETERMINATION OF 
P I C N - P I O N  SCATTERING LENGTHS I N  THE S-STATE. 1 0 0  

EXPFRIWEHTAL DETERMINATION OF THE TOTAL CAPTURE RATE OF NEGATIVE 
PUONS I N  HEL1Ub'-4. 1 3 0  

DETERMINATION OF THE CONTRIBUTION OF THE l 3 / 2 . 3 / 2 1  ISOBAR TO THE 
I N E L A S T I C  P l O h l - ) - P H O T O N  INTERACTION PROCESSES AT 3 4 4  MEV MESON 
K I N E T I C  ENERGY. 1 4 8  

6 n F T F R M l N A T l O N  CF THE 3/2,3/? ISOBbR CONTRIBUTION TO THE 
I N E L A S T I C  PIONI-)-PROTON INTERACTION PRoCSSSES AT THE K I N E T I C  
ENERGY UF N E G A T I V E  P IONS OF 3 4 b  MEV. l C 9  

WEASURFPFNT OF TkE I O T A L  CROSS S E C I I O N  kUR NEUTRAL PROCESSES I N  
THE P I O N I - I - P R O T C N  INTERACTION FROM 3 0 0  TO 1 6 0 0  MEV AND 
DETERMINATION OF THE R F L A T I O N  DETUEEN P I O N I O I '  PRODUCTION I N 0  
CNbRGC FXCHANCE L P  1 0  I l l 2  MEV. 1 7 3  

DETERMINATION OF THE REACTION RATE P I O N I - I  b T  REST t PROTON TO 
P I C N I O )  + NEUTRRh I h  CYCRCCENOUS MATERIALS.  2 0 b  

OETERMlNAT lON OF THE P I O N ( + )  TO P I O N ( O 1  r POSITRON + NEUTRINO 
CECAY RATE. 2 7 3  

DETERMINATION CF THE MU-NEUTRINO H E L I C I I Y .  3 7 8  

PRECISE OeTCRMINATION OF TIiC VUON M P C N E I I C  MOMENT. 3 8 7  

ACCURATE DETERMINATION OF THE, M U O N I t I  MAGNETIC MOMENT. 
3 8 8  

TxE DETERMINATION OF THE L I F E T I M E  OF THE P l O N l O l .  4 1  1 

OETERMINATION OF THE FREOLENCY OF SLOY VESON CAPTURE BY L I G H T  AND 
r e e v r  NUCLEI l h  PIIOTOCMULSION. b 8 B  

OETERMINATION CF THE NUCLEON-NUCLEON E L A S T I C  SCATTERING MATRIX. 
11 .  PHASE S H I F T  bNALYSES OF EXPERIPENTS NEAR 50. 95 .  1 4 2 1  210. 

AND 3 1 0  MEV. 5 3 3  

CETERMINATIONS 
SCATTERING A h 0  RESICUAL RbNGE DETERMINATIONS OF THE MbSSES OF 
CHARGED P A R T I C L E S  I N  VULTIPLATE CLOUD CHAMBERS. 2 1 

DETERMINE 
bN EXPERIMENT TO DETERMINE 1 6 - 2 1  FOR THE FREE MUON. 6 7 1  

OEUTFR l l I M  
~ n w  FNFRGY N E t A T l V E  P I O N  INTERACTIONS I N  DEUTERIUM. 1 6 6  

LOU ENERGY NEGATIVE P I O N  INTERACTIONS I N  DEUTERIUM. . I 6 7  

VUON REACTIONS I h  L I O U l C  PYOROGEN AND L I Q U I D  DEUTERIUM. 
2 9 3  

COCERLTIL3N AND AESORPTION TIMES FOR N E G b T l V E  P I O N S  I N  L I Q U I D  
DEUTERIUM. 2 9 4  

THE CAPTURE OF NEGATIVE P IONS I N  HYOROGEN AND DEUTERIUM. I. 
FVUHUbtN. 5 0 2  

THE CPPTURE OF NEGATIVE P IONS I N  HYDROGEN AND DEUTERIUM. 11. 
CEUTERIUM. 5 0 3  

THE CAPTURE OF N E G b T l V E  P IONS I N  HYDROGEN AND DEUTERIUM. 11.. 
DEUTERIUM. 5 0 3  

P l O N I + I  + DEUTERIUM C O L L I S I O N S  AT 6 5 0 1  7 5 0 1  8 5 0  MEV. 
5 9 4  

INTERACTIONS OF 1 4 1  MEV NEGATIVE P I O N S  U!TH DEUTERIUM. 
6 1  I 

@RANCHING R A T I O S  OF REACTIONS OF P I O N S I - I  STOPPED I N  HYDROGEN AND 
DEUTERIUM. 6 6 1  

SCATTERING OF 3 0 0  MEV P I O N S  ON HYDROGEN AND DEUTERIUM. 
6 8 8  

DEUTERON 
THE PROBLEM OF CETERMINING THE NATURE OF THE LOU-ENERGY 
INTERACTION OF P IONS ON'TPE B A S I S  OF THE PROTON + DEUTERON TO 
I-EL~UM:~ 2-PION AND P I O N  t NUCLEON + 2 -P ION REACTIONS 

2 4  

REACTION BETWEEN 0 . 6 5  AN0 1.95 GEVIC.  2 6 7  

CATALYSIS  OF THE DEUTERON + DEUTERON TO HELIUM-3 t NEUrRON FUSION 
REACTION 'BY NEGATIVE MUONS. 3 0 8  

CATALYSIS  OF THE DELTERON + DEUTERON TO HELIUM-J  + NEUTRON FUSION 
REbCTlON BY NEGbTIVE MUONS. 3 0 8  

NEGATIVE MUON CATALYSIS  OF THE FUSION REACTIONS DEUTERON-MUON t 

PROTON TO HELIUM-3  t MUON(- I  AND DEUTERON-MUON + DEUTERON TO 
TRITON t PROION + MbONl -1  AND PROTON-OELTERON-MUON AND 
DEUTERON-DEUTERON-MLdN MU-MOLECULE PRODCCTION I N  GASEOUS 
HYDROGEN. 3 0 9  

hEGATlVE MUON CATALYSIS  OF THE NUCLEAR REACTIONS DEUTERON-WUUN t 

PROTON TO HELIUM-3  r MUONI - I  AND DEbTERON-MUON + DEUTERON TO 
TRITON + PROTON t MbONI -1  AND PROTON-DEUTERON-MUON AND 
DEUTERON-DEUTERON-MUON MOLECULE FORKATION I N  GASEOUS HYDROGEN. 

3 1  1 

NEGATIVE MUON C b T A L Y S I S  OF THE NUCLEAR FUSION REACTION DEUTERON t 
CEUTERON TO HELIUM-? + NEUTRON. 3 1 2  

NEGATIVE MUON CATALYSIS  OF THE NUCLEAR FUSION R E A C I I O Y  DEUTERON 
DEUTERON, TO H E L I L M - 3  t NEUTRON. 3 1 2  

VEASUREMENT OF TVE NEUTRON-NEUTRON 5-UAVE SCATTERING LENGTH FROM 
THE REACTION P l O h l - I  + UEUIERON I U  I - N ~ U I K U N  t camnu P U R T I C L ~ .  

4 1  I 

U6UTERON-DEUTERON-MU 
NEGATIVE MUON CPIALYSIS OF  THE FUSION'REACTIONS UEUIEKUN-MUUN t 

PROTON TO H E L I U P - 3  t MUONI-1 AND DEUTERON-MUON + DEUTERON TO 
TR lT f lN  t PROTON t MUONI-1 AND PROTON-DELTERON-MUON AND 
DEUTERON-OEUTERON-MUON MU-MOLECULE PRODUCTION I N  GASEOUS 
HYDROGEN. 3 0 9  

NEGbT lVE MUON CPTALYSIS  OF THE NUCLEAR REACTIONS OEUTERON-YUON t 
PROTON TO HELIUM-3  t MUONI - I  AND DELTERON-HbON + DEUTERON TO 
TRITON + PROTON t M L O N I - I  AND PROTON-DEUTERON-MUON AND 
DEUTERON-DEUTERON-MUON MOLECULE FORMATION I N  GASEOUS HYDROGEN. 

3 1  1 

DEUTERON-MUON 
REGATIVE MUON C b T A L Y S l S  OF THE FUSION REACTIONS DEUTERON-MUON + 
PROTON TO HELIUM-3  t MUONI-1 AND DELTERON-MUON t DEUTERON TO 
TRITON r PROTON t UCONI-1 AND PROTON-DEUTERON-MUON AND 
UtUIEKON-DEUl fRdh-MbON MU-MOLECULE PRODLCTIOtd Itd GASCOUS 
HYDROGEN. 3 0 9  

REGATIVE MUCN CATALVSIS  OF THE FUSION REACTIONS DEUTERON-MUON t 

PROTON TO HELIUM-3  t MIJONI-1 bND DEUTERON-MUON + DEUTERON TO 
TRITON + PROTON + M l l f l N l - l  AND PROTON-DELTERON-MUON AND 
CEUTERON-DEUTEROh-MUON MU-MOLECULE PROCLCTION I N  GASEOUS 
HYDROGEN. 3 0 9  

NEGATIVE MUCN CATALVSIS  OF THE NUCLEAR REACTIONS DEUTERON-MUON t 

VHOIUN ( 0  n t L l u r = S  . MUON(-1 AN0 0EUTCRON.MUON 4 OCUTEnOH TQ 
TRITON + PROTON t YUONI-1 AND PROTON-OELTERON-MUON AND 
CEUTERON-DEUTERON-MUON MOLECULE FORKATION I N  GASEOUS HYOROGEN. 

3 1  1 

NEGbT lVE MUON CATALYSIS  OF THE NUCLEAR REACTIONS OEUlEUUN-MUON + 
PROTON TO I ICL IU l r  3 I H U O I I I - I  AND DSUTSRON-NUPN DElJTEnnN T n  
TRITON r PROTON + WUOtdl 1 A'dD PnflTBII-nFI.TFRflN-MUON AND 
CEUTERUN-DEUTERON-MUON HULtCULE FORCATICN I N  GASeOUS HYOROGEN. 

a 1  I 

DEUTERONS 
ELASTIC SCATTERING OF CHARGED PIONS BY DEUTERONS AT 3 0 0  MEV. 

2 8 2  

INFLUENCE OF PION-NUCLEON RESONANCE ON ELASTIC SCATTERING OF 
CllAROCO PIOt IS  OY DEUTERONS. 78 1 

THE INFLUENCE OF THE NEUTRON-NEUTRON F INAL-STATE INTERACTION ON 
IMP t ' .~ ) . i t~k l?  t l r  r ib01iJ 0) .  DCUTCROt4S. 108 

E L A S T I C  SCATTERlhG CF 1 4 2  MEV NEGATIVE PIONS BY DEUTERONS. 
6 1  3 

CN THE SCATTERING OF P IONS BY DEUTERONS. 6 2  9 

DEVELBPING 
PHYSICAL n E i ~ 6 B  FOR DEVELOPING IRALR P I L I U H t S  Uk LUR l u ~ l L l h 0  
PARTICLES. 7 4 0  

0 1 - P I O N  
b N b L l S l S  FOR THE'PRCDUCTION OF AN ISOSCbLAR 5-WAVE D l - P I O N  
RESONANCE. 7 0 8  

D IFPRACTION 
ENERGY DEPENUENCE OF THE SLOPE OF TbE DIFFRACTION CURVES FOR 
PROTON-PROTON. PROTONI-)-PROTON. KAONl+l-PROTON. KAONC-I-PROTON+ 
P IOMl+ l -PROTON.  AND P IONI - ) -PROTON SCATTERING. 5 2 8  

VIUN-RASS n e b S U R t M C k 1  9 1  CRYSTAL D I F r R l C T 1 0 N  OF,MEGOHIC X PAYS. 
6 8 2  

D I F F U S I O N  
I O N I Z A T I O N  CEASUREMENTS OF D I F F U S I O N  CLOUD-CHAMBER TRACKS. 

6 1 6  

EXPERIMENTAL STUCY CF THE P I O N l t l  + DEUTERON TO PROTON + PROTON 

O I P I O N  
RESULTS OF b SEbRCH FOR P I O N l + l - P I O N I - I  RESONANCE I N  THE O I P I O N  



P A S S  R E C l f l N  2 8 0  TO 2 5 0  MEV.  1 3 4  ' 

D l  P O L E  
S E A R C I I  FOR A N  E L E C T R I C  D I P O L E  MOMENT STRUCTURE OF T H E  MUON. 

1 1  3  

VUON C A P T U R F  ANC E L E C T R I C  D I P O L E  E X C I T A T I O N  F O R  L I T H I U M .  
5 1 9  

6 1  ANT DIPOLE' GAWWA-CECAY F O L L O W I N G  W O N  C A P T U R E  I N  C A R 8 0 N - I 2  
7 1 8  

D l  SCOVEREO 
I H E  ENERGY S P E C T R U M  OF P R C T O N S  D I S C O V E R E D  I N  S T A R S  PRODUCED B Y  
P l C N S  I N  E M U L S I C R S .  4 6 3  

C O h F E R E N C E  C N  R E C E N I L Y  D I S C O V E R E D  R E S O N A N T  P A R T I C L E S  1 1 9 6 3 l .  
8 1 7  

C I S I N T E G R A T I O N  
D I S I N T E G R A T I O N  O F  T P E  C P R B O N - I 2  N U C L E U S  I N T O  THREE A L P H A  
P A R T I C L E S  AS A  R E S U L T  OF I N E L b S T I C  S C A T T E R I N G  OF 8 0  Y E V  

PEASUREMENT OF T b E  P f l L A R 1 Z A T I O N  OF P O S I T R O N S  E M I T T E D  I N  T H E  
O I S I N T E G R A T I O N  CF S C n l U M - 2 2 .  OORON-el AND M U O N S I + I .  2 8 9  

C I S I N T E G R A T I O N  C F  P I - O T O E M U L S l f l N  N U C L E I  8 1  SLOY MUONS. 
7 4 9  

C l  S P E R S A L  
b  P E A S I I R E M F Y T  f l F  T H E  D I S P E R S A L  R E L A T I O N  FOR THE R E A C T I O N  PION(-1 
t P R O T U h  TO P l O N l O l  t N E U T R J N  AT 9 0 C  M E V  I N  T H E  7 2 - I N C H  HYDROGEN 
CUPCLE CHAMPER. 5 6 8  

C I S P E R S I O N  
t X P E R l M E N T A L  T E S T  OF A  D I S P E R S I O N  R E L A T I O N  I N  THE G E V  R E G I O N  

C l S P E R S l O N  THEORY UETPOCS FOR P I O N - C E U T E R O N  E L A S T I C  S C A T T E R I N G .  
I 7 0  

THE ANGULA.2 D I S P E R S I O N  OF P A R T I C L E  B E A Y S  P A S S I N G  THROUGH N U C L E A R  
F V L L S I O N S .  2 1 0  

b C C N T R l B U T l C K  TC D I S P E R S I O N  THEORY OF P I O N - P I O N  S C A T T E R I N G .  
3611 

P P P L I C A T I C N S  C F  C I S P E R S I O N  R E L A T I O N S  T O  P I O N - N U C L E O N  AND 
PI ( .h ' -PION P k E i i C P E W A .  4 1 5  

SEARCH FOR P h C - P E S O h  AND T E S T  OF D I S P E R S I O N  R E L A T I O N S  I N  
P I  CN-NUCLEON S C A T T E R I N G .  . 4 9  1  

F I X E D  V I R l A e L E  O I S P E R S I O N  R E L A T I O N S  F O R  THE P I O N - N U C L E O N  SYSTEM. 
5 2 6  

DISPERSION T r E a R v  O F . L O W - E N E R G Y  SCATTERING.  6 8 1  

WEASUQEMENT OF TI-E P I O N I * l - P R O T O N  AND P I O N I - ) - P R O T O N  T O T A L  CROSS 
S E C T I O M S  F R C V  7 0 C  TC 1 7 0 0  K E V  AND A P P L I C A T I O N S  TO T H E  D I S P E R S I O N  
Y E L A T I O N S .  6 9 6  

SEARCH F J R  THE R I - O - C E S O N I C I  A N D  A  C k E C K  OF THE D I S P E R S I O N  
R E L A T I O N S .  I N  P I O h - N L C L E O N  S C A T T E R I N G .  7 7 5  

U I S S O L V E D  
TRANSFER OF N E G A T I V E  MUONS TO G A S E S  D I S S O L V E D  I N  A  HYDROGEN 
e U e 8 L E  CHAMBER. 6 7 2  

O I S T R I B U - T l O N S  
ELECTROP: AND P U O h  S C A T T E R I N G  FROM N U C L E A R  CHARGE D I S T R I B U - T I O N S  
AT I N C I D E N T  V C V E h T P  B E T W E E N  5 0  A N 0  1 8 3  P E V I C .  3 6 2  

O I S T R I B U T I O N S  
THE PION(-I t PRCTOL r a  PION(+) + PION(-) + NEUTRON REACTION NEAR 
IHE THuESHOLC. I. T O T A L  CROSS S E C T I O N S  AND A N G U L A R  
O l S T R l B U T l O N S  OF SECf lNDARY P A R T I C L E S .  8  7  

THE R E A C T I O N  P l O h l - I  + PROTON TO P I O N I + I  t P I O N ( - )  + N E U T R O N  N E A R  
I H E  THRESHOLC.  I. T H E  T O T A L  CROSS S E C T I ~ ~ N S I  ANGULAR 
0 1  S T R I B U T I O N S  OF S E C O N O A R I E S .  9 9  

I C T A L  CROSS S E C T I O N S  AND ANGULAR D I S T R I B U T I O N S  FOR P I O N I - ) - P R O T O N  
CHbRGE EXCHANGE I N  T H E  SECOND AND T H I R D  RESONANCE R E G I O N S .  

1 8 6  

C I F F E R E N T I A L . D I S T R I B U T I ~ N S  OF P I o N s I + I  IN THE REACTION PIONI-I + 
PROTON. TO P I O N I *  I t P I O N I -  I + N E U T R O N  FROM 5 0 0  TO 7 0 0  MEV. 

3 9 2  

b N G U L A R  D I S T R I B U 7 1 0 N S  I N  P I O N 1  t l  l - 1 - P R f l T f l N  F l  A T T I T  Z C A T T E P I N G  I N  
. THE RANGE 5 0 0  TO 1 6 F O  MEV.. 4 2  1  

C l F F E R E N T l b L  D I S T R I B U T I O N S  ON NEUTRONS I N  I N E L A S T I C  
P I O N I - I - P R O T O N  I h T F R A C T l f l N S  b T  3 7 b .  4 1 7 .  AND 4 5 4  MEV. 

5 0 5  

3 N G U L A R  D I S T R I B U T I O N S  FOR P I O N I - 1  + P R O T O N  TO P I O N 1 0 1  + N E U T R O N  
b T  31'5 AND 3 7 1  YEV. 5 0 6  

D O S l  METRV 
PERSOWNEL D O S I M E T R Y  OF V E R Y  H I G H  ENERGY R A D I A T I O N S .  2 4 5  

ct+ TIIE D O S I M C ~ R Y  O P  N C G P T I V I !  P l l l l l l  b l l n  b  V I E W  i u w n n u  l H t l K  l R l A 1  

I N  CANCER THERPPV.  6 3 9  

OOUBLE-CMARGE-EXCHAN 
DOUBLE-CHARGE-EXCHANGE S C b T T E R I N G  O F  L O Y - E N E R G Y  P I O N S  B Y  N U C L E I .  

4 8 9  

DOUBLE-CHARGCEXCMANGE S C b T T E R I N G  OF P l O N S  FROM N U C L E I -  
5 9 3  

OOUBLE-CHARGED 
E X P E R l  M E N T A L  STUCV C F  OOUBLE-CMARGEO P l O N  P R O D U C T I O N  I N  
I P I O N I - I . P R O T O N l  C O L L I S I O h S  AT 9 0 0  P E V .  2 2 8  

D R I V E  . 
VUON-PROTON S C b T T E R I N G  E X P E R I U F N T - - T R I G G E R  A N D , D R I V E  C I R C O I T S .  

7 0 2  

E L A S T I C  
T H E  I N T E R A C T I O N S  O F  P I O N S I - I  W l T H  C O M P L E X  N U C L E I  I N  THE E N E R G Y  
RANGE 1 0 0 - 8 0 0  MEV. 1 1 .  T b E  I N T E R A C T I O N  L E N G T H S  AND E L A S T I C  
S C A T T E R I N G  O F  7 5 0  MEV P I O N S I - I  I N ' G S  E M L L S I O N .  1 2  

R E C O I L  P R O T O N  P O L A R I Z A T I O N  M E A S U R E M E N T S  I N  P I O N - N U C L E O N  E L A S T I C  
S C A T T E R I N G .  6 0  

PEASUREMENT OF T H E  R E C O I L  PROTON P O L A R I Z A T I O N  I N  E L A S T I C  
P I O N I - ) - P R O T O N  S C A T T E R I N G  b T  P I O N  ENERGY O F  4 1 0  AND b 9 2  MEV. 

6  1  

PEASUREMENT OF TI-€ R E C O I L  PROTON P O L A R I Z A T I O N  I N  E L A S T I C  
P I O N l r l - P R O T O N  S C A T T E R I N G  I T  P l O N  ENERGY OF 4 1 0  AND b 9 2  MEV. 

6 2  

P I O N ( + ) - P R O T O N  E L A S T I C  S C b T T E R I N G  A T  8 2 G v  9 0 0  AND 1 0 5 0  WEV. 
8  5  

CN THE E L A S T I C  S C A T T E R I N G  OF PROTONS AND P l O N S  ON N U C L E O N S  U l T H  
LARGE KOMENTUP TRANSFERS.  1 0 6  

C I S P E R S I O N  THEORY YETHOCS FOR P I O N - C E U T E R O N  E L A S T I C  S C A T T E R I N G .  
1 7 0  

E L A S T I C  S C A T T E R I L G  C F  1 2 8  b N 0  1 6 2  M E V  P I O N S I - I  B Y  PROTONS. 
1 8 1  

E L A S T I C  S C A T T E R I K G  C F  N E G b T l V E  P I O N S  B V  PROTONS A T  E N E R G I E S  1 2 8  
L N C  1 6 2  MeV.  1 8 2  

E L A S T I C  S C A T T E R l h G  C F  M U O N S I + I  I N  N L C L E A R  E M U L S I O N .  2 3 4  

E L b S T I C  S C A T T E R I k G  C F  MUONS I N  N U C L E A R  E M U L S I O N .  2 3 5  

E L A S T I C  P I O N S I - I  S C b T T E R I N G  ON C A R B O N  A T  5  TO I 5  UEV. 
2 7  1  

E L A S T I C  S C A T T E R l h G  C F  C H A R G E 0  P I O N S  B Y  CEUTERONS A T  3 0 0  MEV. 
2 8 2  . 

I N F L U E N C E  O F  P I O N - N L C L E O N  RESONANCE ON E L A S T I C  S C A T T E R I N G  OF 
CHbRGEC P I O N S  BY OELTERONS. 2 8 3  

R E C O I L - P R O T O N  P O L A R I Z L T I O N  I N  P I O N I - l - P R O T O N  E L A S T I C  S C A T T E R I N G  
AT 3 6 5  UEV. 2 9 0  

R E C O I L - P R O T O N  P O L A R I Z A T I O N  I N  P I O N I - ) - P R O T O N  E L A S T I C  S C A T T E R I N G  
AT 365 MEV. 2 9 1  

F O L A R I Z A T I O N  O F  R E C C I L  P R C T C N S  I N  P I O N - P R O T O N  E L A S T I C  S C A T T E R I N G  
A T  5 2 3 .  5 7 2 ,  e ~ o  6 8 s  UEV. 3 1 4  

P O L A R I Z A T I O N  OF R E C C I L  PROTONS I N  P I O N ( + ) - P R O T O N  E L A S T I C  
S C A T T E R I N G  N E b R  6 0 0  MEV. 3 1 5  

F O L A R I Z A T I O N  O r  R E C C I L  PRCTONS I N  P I O N I t I - P R O T O N  E L A S T I C  
S C b T T E R I N G  A T  BbC,  S R 1 ,  ANC 1 3 0 1  MEV. 3 1 h  

T H E  E L A S T I C  S C A T T E R I N G  OF 9 8  MEV N E t A T l V E  P l O N S  B Y  HYOROGEN. 
' 

3 2 2  

A  SEARCH FOR B R E P S S T R A H L U N G  PRODUCEC I N  E L A S T I C  S C A T T E R I N G  OF 
h E G A T l V E  P I C N 5  O'd PROTONS. 3 3 5  

THE I N T E R A C T I O N S  O F  P I O N S I - I  W l T H  C O M P L E X  N U C L E I  I N  THE ENERGY 
R A N G E  1 0 0  T O  BOO M E v .  1 1 1 .  THE INTERACTION LENGTHS AND ELASTIC 
S C A T T E R I N G  OF 3 0 0  P E V  P I O N S I - I  I N  G S  E M L L S I O N .  3 5 9  

P I O N l r l - P R O T O N  E L A S T I C  S C b T T E R I N G  A T  3 1 0  MEv.. P H A S E - S H I F T  
b N A L Y S  I S .  3 7 1  

P I O N l * l - P R O T O N  E L A S T I C  S C b T T E R I N G  A T  3 1 C  t4EV.O I E C O I L - N U C L E O N  
F O L A R I Z A T I O N .  3 7 2  

E L A S T I C  S C A T T E R l h G  OF 1 5 0  MEV N E G A T I V E  P l O N S  B Y  N U C L E I ,  
3 8 2  

THE E L A S T I C  S C A T T E R I N G  O F  N E G A T I V E  P I O N S  OF 7 4 5  M E V / C  U N  
HYDROGEN. 3 8 4  

P I C N I + I - P R O T O N  E L A S T I C  S C I T T E R I N G  A T  3 0  YEV. 3 9  1  

T H E  E L A S T I C  S C b T T E R l N G  OF N E G A T I V E  P l O N S  B Y  PROTONS A T  2 3 0 1  2 9 0 ,  
3 7 0 ;  A N 0  4 2 7  PEV.  3 9 9  

E L A S T I C  S C A T T E R I N G  OF N E G b T l V E  P l O N S  B Y  PROTONS A T  230.  2 9 0 ,  , 3 7 0 ,  
PI10 427 MEV. 4 0 0  



E L A S T I C  S C A T T E R l h G  CF  3 9 0  CEV P I O N S I t I  B Y  PROTONS. 4 0 4  

P O L A R 1  L A 1  I O N  'OF R E C C I L  PROTONS I N  E L A S T I C  P I O N l * l - P R O T O N  
S C A T T F R I N G  AT TVE EhERGY OF  3 0 7  MEV. 4 0 5  

F o ~ A R I z a l l ~ l N  OF  R E C C I L  PROTONS PROOUCEI) I N  E L A S T I C  P I O N I + 1 - P R O T O N  
S C D T T E R I N G  A 1  3 0 7  MEV ENERGY. 4 0 6  

U I F F E R E N T I P L  CROSS S E C T I O N S  FOR E L A S T I C  S C A T T E R I N G  OF  P O S I T I V E  
P I C N S  ON P R C T O h S  I N  THE  ENERGY R E G I O N  5CO TO 1 6 0 0  MEV. 

4 1 8  

ANGbLAU O l S T R l O U T l O h  I N  P I O Y ( * l  I - I - P R O T C N  E L A S T I C  S C A T T E R I N G  I N  
THE RANGE 5 3 0  TO I 5 5 0  MEV. 4 1 9  

E L A S T ~ C  S C 4 T l E R l h G  OF N E G A T I V E  P I O N S  O N  PROIONS'IN THE  ENERGY 
RANGE 5 0 0  TO l C O C  CEV. 4 2 0  

ANGULAR D l S T R l B U T l O h S  I N  P I O N I + l i - I - P R O T O N  E L A S T I C  S C A T T E R I N G  I N  
THE 2ANGE 5 0 0  TO 1 6 0 0  MEV. 4 2  1  

E L A S T I C  S C 4 T T E R l h G  CF P O S I T I V E  P I O N S  B Y  PROTONS I N  THE ENERGY 
RAhGE 5 0 0  TC ' I bOC MEV. 4 2 2  

TO 1 0 2 0  MEV. 7 5 4  

P I C N I - ) - P R O T O N  E L A S T I C  S C A T T E R I N G  AT 5 5 0 .  6 0 0 ,  7 2 0 1  9 0 0 ,  AN0  1 0 2 0  
VEV. 7 5 5  

E L P S T l C  S C A T T E R I N G  CF 2 4 0  TQ 33n MEV P I O N S ( - )  ON HYDROGEN. 
7 8 2  

E L A S T I C - S C A T T E R I N G  
RECENT E L A S T I C - S C A T T E R I N G  AND P O L A R I Z A T I O N  S T U D I E S  OF THE 
P ION-NUCLEON I N T E R A C T I O N  I N  THE HIGI-ER RESONANCE REGION.  

2 0  1  

E L E C T R I C  
SEARCH FOR AN E L E C T R I C  DIPOLE MOMENT STRUCTURE OF THE MUON. 

1 1  3  

C E P O L A R I Z A T I O N  OF TI-E MUON I N  AN E L E C T R I C  F I E L O .  4 4 7  

VUON CAPTURE AND E L E C T R I C  O I P O L E  E X C I T A T I O N  FOR L I T H I U M .  
5 1 9  

ELECTRODYNAMIC  
ELECTRODVNAMlC  PROCESSES W I T H  NUCLEPR TARGETS. 2 9 9  . - - - . . - - 

P V A S E - S h I F T  A N A L V S I S  OF E L A S T I C  P ION-NUCLEON SCATTERING.  . . 4 3 4  ELECTROMAGNETIC  
6 V n L u a T l n N  n F  CRCSS S F C T I O N S  OF ELECTROMAGNETIC  PROCESSES P I O N ( - I  

PHASE S H I F T  AN~LVS IS '  OF T b E  P I O N l t l - P R O T O N  E L A S T I C  S C A T T E R I N G  AT t PROTON TO P I O N I 1 1  + P I O N I - I  + GAMVA P A R T I C L E  4 N t U l K U N l  
2 4 0  MFV. 4 4 4  P I O N I - I  + PROTON TO P O S I T R O N  + ELECTRON + NEUTRON P I O N ( - )  + 

PROTON TO P I C K ! - I  + PROTON + P O S I T R O N  t ELECTRON AT P I O N I - I  
P H A S E  S V I F T  A ~ A L v S I S  OF E L A S T I C  P ION-NUCLEON S C A T T E R I N G  A T  2 4 0  K I N E T I C  ENERGY OF 3 4 0  MEV. 1 5 0  
bEV .  4 4  5  

ELECTROMAGNETIC  CORRECTION E I - F t L T S  ON TPE P l O Y ( + l  TO P l O N l O l  + 
CRCSS S E C T l O h S  OF E L A S T I C  S C A T T E R I N G  O F  1 9 5  WEV P I O N S I t I  BY F O S I T R O N  N E U T R I N O  OECAY. 2 0 6  
CARBUPI FVCI L  I T k l l  M  h l l C I  E l .  4 0 8  

S L E C T R O M A O ~ ~ T I C  ~ n f l r r n ~ l ~ ~  OF THE M C ~ N .  3 4 6  
P ICN-NUCLEON E L A S T I C  S C A T T E R I N G  E x P E R l M E k T S  U l l H  H I G H  I N l t N b l i l  
VESON BEAMS. 4 5 4  A  PETHOC FOR STUCY CF THE ELECTROMAGNETIC  P R O P E R T I E S  OF CHARGE0 

P IONS.  3 9 8  
E L A S T I C  S C A T T E R l h G  CF N E G A T I V E  P l O N S  B Y  PROTONS A t  226 WEV. 

4 6 7  ELECTRON 
FURTHER SEARCF FCR THE CECAY MUON TO ELECTRON GAMMA PARJICLE.  

E L A S T I G . G C A T T ~ ~ I ~ G  R F  N F G A T I V F  P I O N S  U Y  PROTONS A T  1 5 2  AND 2 2 6  1 1  
r E v .  4 b U  

E L A S T I C  S C A T T E R l h G  CF 5  TO 2 2  MEV P I O N S l t l  ON CARBON. 
h 7 R  

A SEARCH FOR THE DECAY M U C N i + l  TO P C S I T R O N  + P O S I T R O N  + ELECTRON. 
4  I 

- .  .. 
FURTHER S T U C I E S  CN THE M U O N I + I  TO P O \ I I H U N  + P O S I T R O N  + ELCCTRON. 

E L A S T I C  S C A T T E R l h G  AN0  PHASE S H I F T  A N A L Y S I S  OF P I O N ( - l i t 1  4 2  
PROTUN XEAR 3 0  YEV.  4 8  1  

SEARCH FOR THE CECAV MOOE..MUON TO ELECTRON + GAMMA P A R T I C L E  
E L A S T I C  S C A T T E P l h G  CF  N E G A T I V E  MUONS I N  NUCLEAR EMULSION.  7  9  

h d 7  
7 , .  

b  SEARCH FOR THE PRCCESS VUON TO ELECTRON + GAMMA P A R T I C L E  + 

E L A S T I C  Y U O N I - I  S C A I T E R I N S  I N  NUCLEAR EPULS ION.  0 9 8  GAVNA P A R T I C L E .  8 l 

E L A S T I C  S C ~ r r ~ s l h t  C ?  N E G b I l V E  P I U N 5  8 7  PHU(Oh3  Y T  1 > L  R C V o  ' E h E S T n O I l  d4D n ! f l h l O l  MFh911RFWFNTT I N  A F F A V Y  LIQV!D BUBBLE  
4 9 9  CHAMBER. 1 1 0  

CETERMINATICN CF  r H E  NUCLEON-NUCLEON E L A S T I C  SCATTERING MATRIA. 
1 1 .  PHASE S H I F T  4 N A L Y S E S  OF E X P E R I V E N T S  NEAR 50 .  9 5 .  1 4 2 .  2 1 0 1  

b # U  3 1 U  M t V .  5 3 3  

ELASTIC S C A T T E R I ~ G  C F  P IONS( - i  ON P R O T O N S  A T  THE FIRST'RESONANCE 
T = 1 / 2 .  ' 5 4  6  

P I C N I *  I - P R O I C N  E L A S T I C  S C A T T E R I N G  AT 1 2 C  MEV. 5 5 8  

P ICN-PROTON E L A S T I C  ' S C A T T E R I N G  I N  TI-E ENERGY RANGE 3 0 0 .  TO 7 0 0  
VEV. 5 8 2  

P I  CN-DEUTERON E L I S T I C  SCATTER I N C  A T  1 4 2  H E V  A N 0  THE FORM-FACTOR 
A F ~ U C J A I ~ A T I C H .  59 7 

E L A S T I C  S C A T T E R l h G  CF 1 4 2  REV N E G A T I V E  P I O N S  B Y  DEUTERONS. 
A 1  3 

E L A S T I C  S C A T l E R l h G  CF P I O N S  BY ALPHA P A R T I C L E S .  6 3 0  

P I C N I - I - P R O T C N  E L A S T I C  S C L T T E R I N G  AT 3 1 C  MEV.. O I F F E R E N ? ! A L  
CROSS-SECT ION ANC REC.OIL-PROTON P O L A R I Z A T I O N .  6 5 8  

G I  F T K R C P l T \ A L  E L D S T l t  P ION-PPOTOQ S C A T T E R I N G  A T  6 0 0 .  6 5 0 .  AND 7 5 0  
VEV. 6 

h E G A T l V E  P I O N - P R C T O h  E L A S T I C  S C A T T E R I N G  AT 6 0 0  TO 7 5 0  MEV. 
6 8 7  

E L A S T I C  S C A T T E R l h G ,  CF  N E G A T I V E  P I O N S  B Y  PROTONS A T  9 0 3  MEV. 
7 0 3  

E L A S T I C  S C A T T E R l h G . C F  3 0 0  MEV P I O N S ( - )  ON HYDROGEN. 7 2 7  

R E C O I L  P R O T C h  P C L A R I Z A T I O N  I N  E L A S T l C  P ION( -1 -PROTON S C A T T E R I N G  
AT 3 0 0  MEV A N 0  Ti-E PHASE S H I F T  A N A L Y S I S  OF P ION-NUCLEON 
SCATTERING.  7 3 1  

P I C N - N U C L E O h  E L A S T I C  S C A T T E R I N G  AT 3 1 0  MEV.. P H A S E - S H I F T  
P N A L Y S I S .  7 4 2  

E L b S T l C  S C A T T E P I h G  CF P I O N S  ON PROTONS I N  THE ENERGV R E G I O N  5 5 0  

A MEASUREMENT CF  T l lC  D n b N C H l N G  R A T I O  FOP P I O N - I I F I A  DECAY.* 
R = ( P I O N l t l  TO P I C N I C )  + P C S I T R O N  + NEUTRINOIELECTRONIIIlPION~+l 
TO M U O N I I I  + N E U T R I N O I M U O N I I .  1 1 9  

E V A L U A ~ ~ ~ N  CF CROSS S ~ L I I U N S  U F  E L e c r k i l r n o n e T l c  r n o o c s s c s  ~ I O ~ I I - I  
PROTON TO P I O N l t l  + P I O N [ - I  + GAMVA P D R T I C L E  + NEUTRON*  

P I O N I - I  P R O T O N  T f l  P f l S l T R O N  t ELECTRON + NEUTRON P I O N I - I  * . 
PROTON T O  PION(-) + P k O l O N  POSIIUUN t C L t L t u u ~  nT P I O l i l - I  
K I N E T I C  ENERGY OF 3 4 0  MEV. 1 5 0  

E V A L U A T I O N  OF CRCSS S E C T I C N S  OF  ELECTROMAGNETIC  PROCESSES P I O N ( - )  
+ PROTON TO P l C N I + I  + P I O N ( - I  + GAMPA P A R T I C L E  t NEUTRON*  , . 
P I C N I - )  + PROTON TO P O S I T R O N  t ELECTRON + NEUTRON P I O N ( - )  
PROTON TO P I O N ( - I  t PROTON t P O S I T R O N  + ELECTRON A T  P I O N ( - l  
K ~ N E T I C  EkERGV OF 340 MEV.  1 5 0  

VFASIJREMENT BY CREMSSTRAHLUNG T R A N S M I S S I O N  OF THE P O L A R 1 Z A T I O N  OF 
IJOSITRONS PROM CbOFISI  I 1  i d  h l s l T P . O U S  4 NF l l IR1N f l iP l . i !CTROHl  
NEUTRINO( - ) -MUON.  1 5 5  

EXPERIMENT ON I H t  P R U C e S l  MUOM(..) I NUGLCOII  TO S L S C T P B N  + 
LUCLEON. 2 3 8  

CN THE NUCLEAR CAPTLRE OF N E G A T I V E  KUONS W I T H  ELECTRON E M I S S I O N .  
2 4 0  

CN THE NUCLEAR CAPTURE OF U<ONS W I T k  ELECTRON E M I S S I O N .  
24 1  

INTEHNALLV  PROCUCEO ELECTRON P A I R S  FROM P I U N S l - I  CAPTURED I N  
hYOROGEN. 2 5 3  

STGOY OF THE OECAV P I O N  TO ELECTRON t NEUTRINO.  2 8 0  

ELECTRON A N 0  MUON S C A T T E R I N G  FROM N F C L E A R  ChARGE O I S T R I E U - I I U N S  
AT I N C I D E N T  MCVEhTA  BETUEEN SO AND 1 8 3  VEV IC .  3 6 2  

SEARCH FOR VUON TO ELECTRON + ELECTRON + E L E C l R U N .  3 7 d  

SEARCH FOR VUON I 0  ELECTRON t ELECTRON + ELECTRON. 3 7 4  

SEARCH FOR CUON TO ELECTRON + ELECTRON + ELECTRON. 3 7 4  

A  SEARCH FOR THE DECAY MUON TO ELECTRON + NEUTRINOIGAMMA 
P A R T I C L E ) .  3 7 5  

NEW L I M I T  ON THE ELECTRON + GAMMA P A R T I C L E  OECAY MODE OF THE 



PUON. 3 7 1  

IRIPLE ELECTRON P U O ~  D E C A Y .  4 1 0  

RACIATI 'VE  CORRECTIONS TO P l O N  TO MUON (OR ELCCTR.ONI + NEUTRINO 
h I T H  F I N I T E  NEUTRINC MASS. 4 6 2  

A  LOU FXERCY P I J h I t l  DETECTION SYSTEM1 FOR USE I N  INTENSE 
ELECTRON ANC GICPA ~ A Y  OACKGROUNO CON0 I T  IONS. 5 1 5  

CBSlRVAT lON OF TI-E FYPERFINE EFFECT I N  PUON CAPTURE BY 
FLUOWtNC-19 V I A  THE TIME-CEPENOENCE OF THE DECAY ELECTRON RATE. 

5 2 1 '  

ELECTRON IDENT I F  ICAT I O N  II LEAD PLATE SPARK CHAMBERS. 
5 3 4  

CN THE CECAY P l O h  TC ELECTRON NEUTRINO + GAMMA PARTICLE. 
5 6 4  

PN TUE CECA1 P I C h '  TC PUCN + NEUTRINO t POSITRON t ELECTRON. 
6 1 5  ' 

E L E C T R O N  D E C P Y  'RRANCHING R A T I O  OF  T r E  PION. 6 9 9  

ELECTRON-PROTON 
INELASTIC ELECTRCN-PROTON. POSITRON-PROTON. AND MUON-PROTON 
SCATTERING. 4 1 6  

ELECTRONS 
TRAChS AND CJURSE OF ELECTRONSI Ml l f lN5,  AND PIONS I N  A  SPARK 
LHI 'JBER ,WITH T b l C K  PLATES. 3 7  

I C F N T I F I C A T l O h  CF CI-ARGCD P b R T l C L e S  BY I U N l l A T l O N  AND DELTA 
ELECTRONS I K  A  PROPINE BUBBLE CHAMOER. 1 1 2  

LSE OF A SPARK CkAPCER. I N  b  SEARCH FOR NEUTRINOLESS CONVERSION OF 
PbCNS INTO ELECTRONS. 2 3 6  

SEARCH FOR ELECTRONS FROM PUON CPPTtRE. . - 
2 4 2  

SEARCH FOR CCIVERSICN OF PUONS INTO ELECTRONS. 2 4 3  

L C h G l T U C l N A L  P C L A R l Z A T l O N  OF THE ELECTRONS FROM THE DECAY OF 
LNPOLARIZED P C S l l l V E  AN0 hEGATIVE MLONS. 2 5 0  

bNGULPR OISTRICUTLOh OF TI-E M,UONI + )  TO POSITRON DECAY ELECTRONS 
I N  STRONG MbGNETlC F IELDS.  5 7 7  

ELECTROSYNCHROTRON 
REPORT S U M M b R I l l h G  RECENT EXPERIMENTAL RESULTS OBTAINED WITH THE 
FRASCATI ELECTROSYNCHROTRON. 75 

EMISSION 
A  RESONANCE PECPANISM OF NEUTRON E M I S S I O N  I N  MUON CAPTURE BY 
CXYGEU. 5 4  

CN THE NUCLEAR CbPTLRE OF NEGATIVE CUONS U l T H  ELECTRON EMISSIOH. 
2 4 0  

CN T H t  NUCLEAR CAPTLRE OF PUONS WIT+  ELECTRON EMISSION. 
2 4  1  

b0SOR.PTION CF GbPMA OUANTb ANC STflPPED P lONS BY NUCLEI  U l T H  
IhC-NUCLEON EMISSION AND THE STRUCTLRE OF L I G H T  NUCLEI.  

4 9 2  

b  PECHANISM OF E P I S S I O N  OF PARn GAMMA OCANTA I N  THE REACTION P l O N  
+ NUCLEON TO P l C h  t GAPMA PARTICLE t NUCLEON. . 5 4 4  

RANGE 1 0 0 - 8 0 0  MEV. 11. T r E  INTERACTION LENGTHS AN0 E L A S T I C  . 
SCATTERING OF 7 5 0  ,MEV P I O N S I - I  I N  65 EMULSION. 1 2  

RANGE OIFFERENCES EETYEEN P O S I T I V E  AND NEGATIVE P l O N S  I N  
EMULSI ON. 6 9  

FORMATION OF P lONS I?Y P O S I T I V E  2 8 0  fiEV P IONS ON N U C L E I  I N  PHOTO 
EMULSI OH. 9 2  

DOUBLE CHARGE EXCHAhGE flF 5 0  MEV TO I 1 6  MEV P I O N S I - I  I N  PHOTO 
EMULSION. 9  5 

EMULSION GRAIN DENSIT" I N  THE EXTREME R E L A T I V I S T I C  REGION. 
1 9 1  

E L b S T l C  SCATTERING OF M u O N S I + I  I N  NUCLEAR EMULSION. 2 3 4  

E L A S T I C  S C A T T E R I I G  .OF MUONS I N  NUCLEAR EMULSION. 2 3 5  

THE INTERACTIONS OF P I O N S I - 1  WITH COMPLEX NCCLEI . IN  THE ENERGY 
RANGE 1 0 0  TO 8 0 0  MEV. Ill. THE INTERACTION LENGTHS AND E L A S T I C  
SCATTERING OF 30C MEV P I O N S I - I  I N  G 5  EMULSION. 3 5 9  

INTERACTION OF 5 6 0  PEV NEGPTIVE P l O N S  U l T H  EMULSION NUCLEI .  
3 6 0  

I N V E S T I G A T I O N  OF MUON(* l  CEPOLARIZATION I N  A  NUCLFAR EMULSION. 
4 2 6  

EMITTED 
ENERGY SPECTRA OF NEUTRONS EMITTED FOLLOUING P I O N I - 1  CAPTURE I N  
CARBONq ALUPINUP, CLDMlUM, L E 4 0  ANn ItRANIUla. 1 9  

SOWE REGULARIT IES I h  THE bNGULAR D I S T R I B U T I O N  OF NEUTRONS EMITTED 
I h  P f l l  P R I 7 F r  UllCh CEPTURC OY tiUCLE1. 1 5 1  

PROCUCTION OF PULTI-CHARGED P P R T l C t F S  ON PHOTOCWAPHIC EMULSION 
h U C L E I  BY 2 8 0  MEV P I O N S l + I .  4 4 9  

CN DETERMINING TbE FREOUCNCY OF SLOW MESUN CAPTURE BY L I G H T  AND 
hEAVY EMULSION NUCLEI.  4 9 4  

ELASTIC SCATTERlhG CF NEGbT lVE MUONS I N  NUCLEAR EMULSION. 
4 9 7  

ELASTIC MUONI - l  SCATTERINS I N  NUCLEAR EMULSION. 4 9 8  

PUON DECAY I N  NUCLEbR EMULSION AT 25.00C GAUSS. 5 2  5  

STUDY OF SOPE NUCLEbR REACTIONS PROCUCEC BY THE ABSORPTION OF 
P I C N S I - I  BY LlGl 'T N L C L E I  I N  CORPUSCLLAR PHOTOGRAPHIC EMULSION. 

5 3 9  

VEASUREMENTS OF PASS OF S INGLE CHARGED PARTICLES EMITTED BY 
ABSORPTION OF PESONS I N  EMULSION NUCLEI .  6 2 C  

CONFERENCE ON TCE NLCLEAR EMULSION TECHKIOUE 1 1 9 6 2 1  7 9 7  

EMULSIONS 
CEPOLARIZATION OF PUONSI - I  I N  N l K F l  EMULSIONS PLACED I N  A  
PAGNETIC F I E L C  OF ICIOOO OERSTED. 2  

NUCLEbR FRASMENTS NUCLEAR EMULSIONS BY MEV 

R E A L I Z A T I O N  OF V b R I E D  TARGETS INCORPORATED I N  NUCLEAR EMULSIONS. 
4 0  

THE ANGULAR CISPERSION OF PARTICLE BEAMS PASSING THROUGH NUCLEAR 
EMULSIONS. 2  1 0  

SCATTERING OF SLCY PARTICLES I N  NUCLEAR EMULSIONS. 3 7 9  

A  NOTE ON TPE CLPTURE OF NEGATIVE MESnNS I N  PHOTOGRAPHIC NUCLEAR 
EMULSIONS. 4 2 b  

PEASUREWENT OF TCE POLAR12ATION OF POSITRONS EMITTED I N  THE 
C l S l N T E G R P T l C N  OF SODIUM-22. BORON-ee AND MbflNS1+1. 2 8 9 -  

bNGULAR D I S T R I B U T I O ~  OF HIGH-ENERGY NEUTRONS EMITTED I N  ABSORBING 
FOLAWIZEO MLCNSI - )  I N  CALCIUM. 3 3 7  

OSYMMETRY I N  bNGLLbR CISTRIBUTION OF NEUTRONS EMITTED I N  UUONI-I 
CPPTURE I N  CALCILM. 3 3 9  

ASYMMETRY I N  ANGLLLR C I S T R I B U T I O N  OF NEUTRONS EMITTED I N  MUONI-I  
CAPTURE I N  CPLCILM. 3 4 0  

hUCLEON P A I R S  EMITTED BY NEGATIVE P l O N  CAPTURE AN0 
CHARGE-OEPENOENT'NUCLEAR WAVE FUNCTIONS I N  L I G H T  NUCLEI.  

4 8 5  

PEASURENENTS OF PASS OF SINGLE CHARGE0 PARTICLES EMITTED BY 
LBSORPTION OF MESONS I N  EPULSION NUCLEI .  6 2 4  

eN THE NEUTRINOS EMITTEO I N  BETA DECAY AND MUON CAPTURE. 
6 5 0  

PASS SPECTRUM OF CVbRGED PARTICLES EMITTED I N  THE ABSORPTION OF 
PICNSI-I BY  P r o r c G R a P r r c  ECULSIONS. 7 2 3  . “  

EMPERICAL 
EMPERICAL SYSTECATICS OF THE PION-NUCLEON SYSTEM. 6 4  1  

EMULSION 
TIIC. I N I C R A C T I U N S  u k  PIUNSI-I U ~ T I I  COMPLEX N U C S ~ I  ~h Tne FNFRGY 

THE ENERGY SPECTRUP OF PROTONS DISCOVEREC I N  STARS PROOUCEU BY 
PIONS I N  EMULSIONS. 4 6 3  

PASS Si'EClRUC QF CHARGED PARTICLES EMITTED I N  THE ABSORPTION OF 
P I O N S I - I  BY PI-CTCGRPPHIC EMULSIONS. 7 2  3  

CEPOLARIZATION OF C L O N S I t I  I N  NUCLEAR EMULSIONS. 7 4  5  

ENERGIES 
PEbSUREMENT OF I k E  TOTAL CROSS SECTION FOR P IONI - I -PROTON 
EXCHANGE FROM P lON ENERGIES OF 0.4 GEV TO 1.5 GEV. 1 7 4  

ELASTIC SCATTERlhG OF NEGATIVE P IONS BY PROTONS AT ENERGIES 1 2 8  
ANC 1 6 2  MEV. 1 8 2  

I N V E S T I G A T I O N  OF THE P ION-PION INTERACTION AT LOW ENERGIES. 
5 1  3 

ISOTOPIC DIFFEREHCES I N  MU-MESIC K  X-RAY ENERGIES OF OXYGEN-I6 
b N 0  OXYGEN-181 C I L C I U M - 4 0  AND CALCILM-44 .  T I N - 1 1 6  I N 0  T I N - 1 2 4 .  
GADOLINIUM- I55  A I D  GACOLINIUM-160. 5 7 9  

CONTRIBUTION TO THE STUDY OF P I O N I - I  t PROTON TO P I O N I O I  I 

LEUTRON AND P I O N ( - I  + PROTON TO P I O N I O I  + P ION101  + NEUTRON 
REACTIONS AT TFE ENERGIES OF THE MAXIMA OF THE P IONI - ) -NUCLEON 
INTERACTION I N  ThE T = l 1 2  STATE TOTAL CROSS SECTION. 7 1 6  

BIBLIOGRAPHY ON LONELASTIC REbCTlONS FOR NUCLEONS AN0 P l O N S  . 
I N C l D e N l  ON COPPLEX NUCLEI  AT ENERGIES BETYEEN 2 0  MEV AND 3 3  GEV 

8 2 7  

ENERGY 
INTERACTIONS OF P I O N S ( - I  OF K I N E T I C  ENERGY 9 1 5  MEV Y l T H  CARBON 
NUCLE,! . 0 

THE INTERACTIONS OF P I O N S I - I  WITH COMPLEX NUCLEI  I N  THE ENERGY 



RbhGE 1 0 0 - 8 0 0  MEV. 11 .  TPE I N T E R P C T I O N  LENGTHS &NO E L P S T I C  
SCATTERING OF 75C MEV P I O N S I - I  I N  G 5  EMLLSION. 1 2  

ENERGV SPECTRb OF NEUTRONS EMITTED FOLLOWING P I O N I - 1  CAPTURE I N  
CARRON. b L U P I N U M r  Cb0HIUM.  LEAf l  AN0 URANIUM. 1 9  

THE KAON TO 3 - P l C N  CECAY I N 0  P l O N  L O U  E N ~ R G V  INTERACTIONS.  
2 3  

ENERGY OF NEUTROhS FROM CbPTURE OF C U O N S I - I  I N  L E A 0  NUCLEI .  
5 5  

CEASUREWENT OF THE R E C O I L  PROTON P O L I R I Z A T I O N  I N  E L A S T I C  
P I C N I - ) - P R O T O N  SCATTERING bT  P l O N  ENERGY OF 4 1 0  b N 0  4 9 2  MEV. 

6  1  

PE ISUQEMENT OF ThE R F C O I L  PROTON P O L b R l Z b T l O N  I N  E L A S T I C  
P I C N ( + I - P R O T O N  S C I T T F R I N G  AT P l O N  ENERGY OF 4 1 0  AND b 9 2  MEV. 

6 2  

F t - & S E - S b I F T  b h b L V S I S  I N  P I O N l t l - P R O T O N  SCATTERING AT P I O N  ENERGV 
CF 4 1 0  b K 0  4 9 2  CEV. 6 3  

PLOK-PROTON P t -ASE-S t - IFT  A H b L Y S I S  b T  P l O N  ENERGV OF 4 1 0  A N 0  4 9 2  
VEV. 6 5  

I N E L A S T I C  P l O h l - ) - P R O T O N  INTERPCTIONS I N  THE ENERGY R E G I O N  OF 3 1 0  
I 0  4 5 4  NEV. bB 

THE CROSS S E C T l O h  OF CESUN UECHLRGC 0'1 PI0115 I t 1  TI16 R S A C T I O N  
P N A L Y S I S  P l O h l - I  + PROTON TO P I O N ( - I  r P I O N I * )  r NUGLEON b T  THE 
ENERGY OF Z Y C  W F V .  ee 
THE P I J h l t )  + PRCTUh TI3 P I O N I * )  + P I O N I - I  r NEUTRON R E A C T I O N  b T  
bN ENERGY 2 4 0  WEV b h n  P I O N - P I O N  INTERACTION.  1 0 2  

l ~ v E S T l t h l l L ' N  U k  L O W  rnekdY F l O l l l  1 1  P I Q ! I ( - l  1 M T S P h ~ T I R N  RY TYE 
C r E n  ANU LOU WETt-OC. 1 0 5  

STCCY JF THE CUACRUPULAU EFFECTS ON THE ENERGY L E V E L S  I N  b  
P I . - ~ E S I C  M A ~ G ~ ~ E S E  b r a n .  11 7  

b ~ b ~ y S 1 S  UF P I c V I - 1  r PROTON TO P I O N I - I  t P I O N ( + )  + NEUTRON b N 0  
P I C N I - I  + PROTCL TO P I O N I - I  + P I O N I O I  + PROTON REACTIONS AT THE 
K l & E T I C  ENERGY CF 338 *EV. 1 4 5  

C E T E R M l 3 A T I O N  CF THE CONTRIBUTION OF THE 1 3 1 2 ~ 3 1 2 l  ISOBAR TO THE 
INELASTIC P I C N I - ) - P R O T O N  INTERACTION PROCESSES AT 3 4 4  MEV MESON 
K l h E T I C  ENERGY. 1 4 8  

b  C E I E R i + l N A T l C N  CF THE 3 1 2 , 3 1 2  ISOBAR CONTRIBUTION TO THE 
INELASTIC P I C h l - I - P U U I O N  I N T E R I C T I O N  PROCESSES AT THE K I N E T I C  
ENERGY OF NEGATIVE P I O N S  Ce  3 4 4  MEV. 1 4 9  

f v b ~ u b T l O N  CF cRcSS SECTIONS OF ELECTROPIGNETIC  PROCESSES P I O N I - I  
t ORUTO\ TO P I C h i . 1  t P l O h l - l  r GbMUA P b R T l C L E  NEUTRON. 
P I Z I : i - I  t P R C l O S  T o  PCSITROW t FLECTRON t NEUTRON P I O N I - 1  * 
PROTON TO P l C N l - I  PROTON + POSITRON + ELECTRON b T  P I O N ( - )  
N l h C T l C  ENERGY OF 3UO MEV. 1 5 0  

LCW ENERGY NEGAT l V E  P l O N  I N T E R b C T I O N S  I N  DEUTERIUM. 1 6 6  

L O U  FNFRGY N E G b T l V E  P I O N  INTERACTIONS I N  DEUTERIUM. 1 6 7  

VEbSUREMENTS Oh  THE ~ l f l ~ l + l - P R R T f l ~  TOTAL S C A T I E R I N G  CRO33  
S E C T l O N t  I M  TME FNERCY RANGE g F  0 - 4  TO 1.5 B E V -  1 7 1  

ENERGY WEASLREYEhTS OF THE 2 9 - 1 5  T R b N S I T I O N S  I N  MU-MESONIC bTOMS. 
1 7 5  

I N T E R A C T I O N  OF N E G A T I V E  PIONS w l r n  HELIUM A T  AN ENERGY OF 1 5 3  
VEV. 1 8 0  

P I  Ch-NUCLEOh COUPL l h G  CONSTANT FROM NEUTHUN-PROTON D I F F E R E N T I A L  
CROSS-SECTIONS OVER AN ENERGY RANGE. 2 1 9  

PERSONNEL OOSIYETRY OF VERY H I G H  ENERGY RAOlbT IONS.  2 4 5  

~ I G H  ENERGY GbVMb RbYS FROM P I O N  CAPTURE. 2 6 0  

P I C N I i l - P R O T O N  I h T E R A C T l O N S  AT 5 0 0  I E V  I N C I O E N T  ENERGV. 
2 6 6  

T H t  t F t - E C T  OF P P l O h  FROOUGTION ON THE LOW ENERGY PION-NUCLEON 
SCATTERING. 2 6 9  

PNGULAR O l S T R I B U T l O h  OF NEUTRONS DUE TO MUONI - I  CbPTURE I N  
CALCIUM FOR V b R l t l l S  ,ENERGY THRESHOLDS. 3 4  1  

THE I N T E R A C T I O N S  OF P I O N S I - I  W l T H  COMPLEX N U C L E I  I N  THE ENERGV 
RbNGE 1 0 0  TO ROO MEV. Ill. THE I N T E R A C T I O N  LENGTHS AN0 E L A S T I C  
SCATTERING OF 3 0 0  MEV P I O N S I - I  I N  G 5  EMULSION. 3 5 9  

F O L b R l Z b T l O N  OF R E C C l L  PROTONS I N  E L A S T I C  P ION(+ I -PROTON 
SCATTERING AT THE ENERGY OF 3 0 7  REV. 4 0 5  

F O L A R I Z A T I O N  OF R E C C I L  PROTONS PROOUCEO I N  E L A S T I C  P ION(+ ) -PROTON 
SCATTERING b ~  3 0 7  M E V  ENERGY. 4 0 6  

NEUTRON ENERGV SPECTRb FROM N U C L E I  E X C l T E n  BY MUONI - I  CAPTURE. 
4 1 3  

C I F F E R E N T I A L  CROSS SECTIONS FOR E L A S T I C  SCATTERING OF P O S I T I V E  
P IONS ON PROTONS I N  THE ENERGV REGION 5 C 0  TO 1 6 0 0  MEV. 
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E L A S T I C  SCATTERING OF N E G b T l V E  P I O N S  ON PROTONS I N  THE ENERGY 
RANGE 5 0 0  TO lOOC MEV. 0 2 0  

E L b S T l C  SCATTERING OF P O S I T I V E  P I O N S  B Y  PROTONS I N  THE ENERGY 
RANGE 5 0 0  TO 1 6 0 0  MEV. 4 2 2  

THE ENERGV SPECTRUM OF PROTONS OISCOVEREO I N  STARS PRODUCED 0 1  
P IONS I N  EMULS lOhS.  4 6 3  

b N  b N A L Y S I S  OF T b E  LOW ENERGY PION-NUCLEON SCbTTERING. 
4 7 5  

I N E L A S T I C  I N l E R P C T l O N  OF P I O N S I * )  U l T H  P E L l U M  N U C L E I  AT AN ENERGY 
OF ABOUT 3 0 0  FEV. SOU 

bBSORPT lON OF P l C N S l t l  W I T H  bN ENERGY OF APPROXIMPTELY 5 0  MEV R Y  
CbRBUN NUCLEI .  508 

bBSORPTlON OF P I E N S ( + )  OF ENERGY I N  THE V l C l N l T V  OF 5 0  MEV BY 
CARBON NUCLEI .  5 0 9  

CN  HE ABSORPTIOL U t  P I u N S I t I  OP NEARLY 5 0  PSV SMFRS* RY CARRON 
h l l C l  F I  5 1 0  

L S E  OF SOLIC-STbTE CETECTORS AS ENERGY SPECTROMETERS FOR 
5 1 1  

b  LOU ENERGV P l O h l t l  D E I E C T I O N  SYSTEM, FOR USE I N  INTENSE 
ELECTRON AND G ~ C A  R A Y  BACKGROUND CONOITIONS. . 5 1 5  

ENE#~', O E P E N U t H L t  U I  1 H r  JLUFE O P  T I C  0 1 r r P . A C T I ~ f l C l l D Y F C  F l lR  
PROTON-PROTON. PROTCNI-I-PROTON, K b C N l t l - P R O T O N ,  KAONI-)-PROTON, 
P IONI+ l -PROTON,  PND P I O N I -  )-PROTON SCATTERING. 5 2 8  

F I U C T U A T l V N S  OF ENERGY LOSS BY HEAVY CHPRGEO P A R T I C L E S  I N  S l L l C O H  
CETECTORS.. PREL IMINARY YtbSUHEPPNTS. 5 1 1  

THE LOW ENERGY PION-KbON I N T f U b C I l O h .  5 3 7  

EXPERIMENTAL STUCY CF P I O N - P I O N  INTERACTION I N  THE R E A C I I O N  
P I O N I - 1  + PROTON TO P I O N I O I  + P I O N I C I  + NEUTRON AT I N C I D E N T  
P I O N ( - )  ENERGY OF 37R MEV. 5 4 0  

COUNTER TECPNICUES I N  H I G ~  ENERGV NUCLEbR PHYSICS.. RARE DECAYS 
CF P I O N S I - I  I N C  CUOhS. 5 4 3  

PICN-PROTON F L b S f l C  S C b l l t U l N G  I N  TPE ENERGY RbNGE 3 0 0  TO 7 0 0  
CEV. 5 8 2  

PHYSICS OF P IONS b T  LOW ENERGY. 5 8 7  

IBSORPTION OF P I C N S I * )  W l T H  ENERGY OF 8C MEV BY CbUBON NUCLEI .  
6 6 5  

EXPECTED ENERGY PEbXS I N  CESON-'4ESON INTERACTION.  7 0 6  

A  hOTE ON THE LOU ENERGY PION-NUCLEON 1Z.31 P A R T I A L  WAVE 
TCATTEPING. 7 1 5  

LNBROY LOSSES flF STRflNCLY I N T E R d C T l N G  P b R T l C L E S  PASSING THROUGH 
t-YOROGEN. 1 2 8  

PION-NUCLEON Pt-bSE S H I F T S  I N  THE ENERGY RbNGE 3 5 0  TO 6 0 0  MEV 
7 4 6  

E L b S T I C  S C b T T E R l h G  CF P I O N S  ON PROTONS I N  THE ENERGY REGION 5 5 0  
TO I n 2 0  MEV- 7 5 4  

CONFERENCE ON k I G H  ENERGY P P Y S l C S  1 1 9 6 0 )  7 8 9  

CONFERENCE ON t- IGH ENERGV P t -YS lCS AN0 RESEIRCH 1 1 9 6 0 1  
7 9 0  

CONFERENCE ON HIGH ENERGY P H I S I C S  1 1 9 0 1 1  7 9 2  

CONFERENCE ON b l G H  ENERGY PHYSICS b N 0  RESEARCH 1 1 9 6 2 1  
7 9 6  

CONFERENCE ON h l G H  ENERGY P t -YS ICS b N 0  NUCLEAR STRUCTURES 1 1 9 6 3 1  
8 0 5  

ENER6V-DEPENDENT 
ENERGY-DEPENDENT PICN-NUCLEON PHbSE-SHIFT  bNbLYSIS . *  0 - 7 0 0  MEV. 

6 4 6  

ENERGV-DEPENDENT PlCN-NUCLEON PHASE-SHIFT  bNALVS lS .  0CO 

ENERGV-LOSS 
ENER6Y-L ISS STRAGGLING OF PROTONS AN0 MESONS.. T b B U L b T l O N  OF THE 
V b V l L O V  D I S T R I B U T I O h .  6 7 5  

E P S I L O N  
..ABNORMAL.. OUbNTUC NUMBERS b N 0  DECAY CHANNELS.. J l P G l  



ASSIGNMENT FCR EPSILON 
A NORMAL SCALAR OCTET. 

EOU1 PMENT 
PRECIS ION SCRVO.. N.M.R. F I E L O  MEASLRING EQUIPMENT FOR THE CERN- 
VUCN STUSAGE R lhG. 1 7 6  

ETA 
, h C l E  ON THE P l C N  + LUCLEOti TO ETA MESON + NUCLEON NEAR THRESHOLn. 

5 5 5  
I 

lOTAL AND D I F F E R E N T I A L  CRCSS SECTIONS FOR P I O N ( - )  + PROTON TO E T A  
YESON t NEUTRCN FROY THRESPOLD TO \?OD VEV. 6 3 8  

ETA-MESONS 
THE PROCUCTICL OF ETA-MESONS I N  PION-NUCLEON COLLIS IONS.  

5 6  1 

EXCHANGE 
F X C l T b T l O N  CF CELTA T 1 2 1 = 2  ANALOG STATES BY DOUBLE CHARGE 
EXCHANGE SCATTERING flF PIONS. 7 6 

CCCBLE CHARGE EXCHANGE OF 5 0  MEV TO 1 7 6  MEV P I O N S ( - I  I N  PHOTO 
EVULSION. 9 3  

CObBLE CHARGE EXCHAhGE OF PIONS ON eERYLLIUM1 CARBON* ALUMlNUM 
I N C  LFAC. 9 5 

FORHARC P I O N I - I - F R f l T f l N  CHARGE EXCHANGE SCATTERINC BETWEEN 0.8 AND 
1.S GEV. I 6 4  

PEASUREMENT OF TkE TOTAL CROSS b t C 1  IUN FOR NEUTRAL PROCESSES I N  
THE  PIJSI- I -PROTCN I N T E R A C T I O N  FROM 3 0 0  T O  1 6 0 0  n E v  AND 
1:ETERMINATION OF THE R F L 4 T l O N  BETWEEN P I O N I O I  PRODUCTION PND 
CHARGE EXCHbNGE LP TO 1 1 1 2  MEV. 1 7 3  

PEISUREWENT OF T I E  TCTAL CROSS SECTION FOR PION(-)-PROTON 
EXCHANGE FROM P l C N  ENERGIES OF 0.4 GEV TO 1.5 GEV. I 7 4  

TCTAL CROSS SECTIONS AN0 ANGULAR D I S T R I B U T I O N S  FOR P ION( - ) -PROTON 
CHIRGE EXCHANGE I N  THE SECOND AND T k I R D  RESONANCE REGIONS. 

1 8 6  

CETECTIUN OF CkbUGE EXCHANGE I N  P IONS STOPPED I N  BOUND HYDROGEN 
hUCLE 1. 3 0  1 

CllbnGE EXCHANGE SCATTERING OF. 1 2 8  MEV N E G b l l V E  P IONS ON HYDROGEN. 
3 8 6  

CObBLE CHbRGE EXCHAHGE U I T F  NEGATIVE PIONS. SEARCH FOR 
TETRANELTROK. 3 9 4  

CHARGE EXCHANGE SCATTFRINF NEnR THE N.115101 AND N . l l 6 9 0 1  
RESOYANCES. 4 0 8  

CHARGE EXCHANGE hUCLFbR REbCTlONS INDUCED BY A PION. 
4 8 3  

bNGUL4R D l S T R l e U T l  Oh OF CkbRGE EXCHANGE AND I N E L A S T I C  NEUTRONS I N  
PICE!I- ) -PROTON IhTER4CTIONS AT 3 1 3  ANC 3 7 1  MEV. 5 1 7  

CHARGE EXCHANGE CROSS SECTION FOR SLOW CESONS(MUONS(+ l I  ON 
kYCROGEN ATU*. 5 5  1 

bNGULAR D l S T R l B U T l O I  OF CkbRGE EXCHANGE OF PION-NUCLEON BETWEEN 
t o 0  AND 9 0 0  PEV. 5 6 3  

A STUDY OF P I O N  CAPTIIRE BY HELIUM-3. I. CHbRGE EXCHANGE AND 
R A C I A T I V F  CAPTLoQE. 7 6 9  

CHARGE EXCHANGE SCATTERING OF 2 4 0 - 3 3 0  MEV P I O N S ( - I  ON HYOROGEN. 
7 8 0  

EXCITATION 
EVIDENCE FOR G l b L T  RESflNANCE E X C I T A T I O N  INDUCED BY THE CAPTURE OF 
PUONS I h  OXYGEN-16. 7 1 

E X C I T A T I O N  CF CELTA T I Z I - 2  ANALOG STATES BY DOUBLE CHARGE 
EXCllANGC SCbTTER ING OF PIONS. 7 6  

E X C I T A T I O N  OF THE HELIUM-4 NUCLEUS BY I S 0  MEV P I O N S ( - ) .  
I 7 8  

VUCN CAPTURE ANC ELECTRIC OIPOLE EXCITAT10,N FOR L I T H I U M .  
519 

CARBON-IZIPIONI-IIPIONI-INEUTRONICARBON-I E X C I T A T I O N  FUNCTION. 
6 2  1 

EXCITATION ~UNCTIOII P O R  r + e  
CbRBON-12lPICNI-IIPIONI-INEUTRONICARBON-1 REACTION. 

6 3 2  

EXCITED 
hEUTRON ENERGY SPECTRA FRCM NUCLEI  EXCITED BY MUON(-I  CAPTURE. 

4 1 3  

EXCITED STATE OF HELIUM-4  AT ABOUT ?O MEV. 7 0  1 

EXPERIMENT--TRIGGER 
VUON-PROTON SCATTER ING EXPERIMENT-TRIGGER AND D R I V E  C I R C U I  I S .  

7 0 2  

CAPTURE I N  EXPLOSIVES USING THERMAL I N I T I A T I O N  THEORY. 
2 0 3  

EXTRA 
EXTRA.RESTRICTION Oh THE FORWARD SCATTERING AMPLITUDES. 

6 6 8  

F-GT 
EXPERIMENTAL PROOF OF TCE S P I N  DEPENDENCE OF THE MUON CAPTURE 
INTERPCTION. AND EVIDENCE FOR I T S  I F - G T I  CHARPCTER 2 5 2  

FABA 
STUClES OF V l C l A  FABA ROOT MERISTEMS IRRADIATED WITH A P I O N I - I  
eE bM. 6 4 0  

F A C l L l T V  
EXPERIMENTS ON TbE REPCTION P I O N  t NUCLEON TO P I O N  + P I O N  t 
NUCLEON AT THE PROPOSE0 L O 5  ALAMOS PESON PHYSICS F A C I L I T Y .  

7 

FERMI-TELLER 
bTOMIC CAPTURE CF PUONSI -1  I N  CHEMICAL COMPOUNDS AND THE 
..FERMl-TELLER Z LPW... C 8 

CN THE A P P L l C A B l L l T V  OF FERMI-TELLER . .Z LAW,. TO U R 4 N l L M  
CONTAINING PHOT0,EMULSION. Ill 

PEASUREMENT OF THE ,.ISOTOPE EFFECTVI I N  THE NUCLEAR CAPTURE OF 
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R A C ~ A ~ I V E  CORRECTlOtiS TO PION TO MUON ICR ELECTRON) NEUTRINO 
K I T H  F I N I T E  NEUTRINC MASS. 4 6 2  
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PROTON TO H E L I U M - 3  t P U O N I - i  AND DELTERON-MUON + DEUTERON TO 
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b ~ U ~ ~ I k l U ~ - - 1 5 5  blsD c b b A ~ l k I L ' P - l h U ~  5 7 1  

GADOLINIUM-160  
ISOTOPIC DIFFEREhCES I N  MU-MESIC K X-RAV ENERGIES OF OXYGEN-16 
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7 9 

b SEARCH FOR THE PRCCESS CUON TO ELECTRON + GAMMA PARTICLE + 
GbCMA P A R T I C L E .  B 1 
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EXPERIMENTAL EVICENCE FOR STRUCTURE EFFECTS I N  THE P I O N I + I  TO 
POSITRON + NEUTRINO + GAMMA P b R T l C L E  DECAY PROCESS. 2 7 4  
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+ NUCLEON TO P l O h  t GAMMA P b R T l C L E  + NUCLEON. 5411 
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' CETERMINATICN CF THE MU-NEUTRINO H E L I C I T Y .  3 7 8  

I -ELIUM 
TrE'CAPTURE RATE FOR MUONS' I N  HELIUM. 
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2 4  - 

CEASUREMENT OF TI-E CUONI - I  CAPTURE RATE I N  HELIUM-3. 
3 s  
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CBSEHVATION OF T+E REACTION MUONI-I  t HELIUM-3 TO T R I T I U M  
NEUTRINO. 3 5 8  

CUON CAPTURE I N  HELIUM-3. 3 8 1  . 
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SCPTTERING OF PICN'S FROM T R I T I U M  ANC HELIUM-3. 6 2 8  

VUCN CAPTURE I N  kEL IUM-3 .  7 4 4  
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b STUDY OF P I O N  CAPTURE BY HELIUM-3. I. CHARGE EXCHANGE AND 
R A C I A T I V E  CAPTURE. 7 6 9  

hUCLEAR FORP FACTORS I N  MUON CAPTURE BY HELIUM-3. 7 7 0  

CEbSUREMENT OF TbE CASCADE T l M E  OF NEGATIVE P IONS I N  GASEOUS 
HELIUM-3. 7 7  1 

HELIUM-O 
PEbSUREMENTS OF THE MUON-CAPTURE RATE I h  HELIUM-3  AND HELIUM-4. 
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bSYMMETRY PbRAPETER OF NEUTRONS AN0 TRITONS FROM THE CAPTURE OF 
FOLARIZED M U O ~ I - I  IN HELIUM-4. 1 2 6  

EXPERIMENTAL OETERMINATION OF THE TOTAL CAPTURE RATE OF NEGATIVE 
CUCNS I N  MELIUM-C. 1 3 0  

b MEASUREMENT OF MUONI-I  TOTAL CAPTURE RATE I N  HELIUM-@. 
1 3 1  

b MEASUREMENT OF MUONI-I  TOTAL CAPTURE RATE I N  HELIU*-O- 
1 3 2  



EXPERIMENTAL CAPTURE.RATE FOR MUONS I N  HEL IUM-b .  1 0  1 

EXPERIMENTAL CAPTURE RATE FOR MUONS I N  HEL IUM-b .  I P 2  

ABSORPTION CECHbk ISMS OF NEGATIVE KAONS AND P I O N S  I N  L I Q U I D  
HYDROGEN. 2 6 2  

, , 

INTERNAL P A I R S ' F C L L O U I N G  P I O N I - 1  CAPTURE I N  HYOROGEN. 
2 7 7  

. . 
POCERATION T I M E  FOR NUCLEbR CAPTURE OF N E G A T I V E  P I O N S  I N  L I Q U I D  
CELIUM-0.  1 b b  

PROCUCTION OF CYCROCEN-3 I N  THE ABSORPTION OF P I O N I - 1  I N  
HEL IUM-b .  1 6 5  , 

~ U O N  REACTIONS IR LIQUID HYDROGEN A ~ D  LIQUID DEU~ERIUM. 
2 9 3  

. .  . . . 
VOCERATION AND ACSORPTION T IMES OF NEGATIVE  PIONS IN LIQUID 
HY DROGEN. 2 9 5  

CETECTION OF CHARGE EXCtANGE I N  P I O N S  STOPPED I N  eOUN0 HYDROGEN 
LUCLE I. 3 0  1. FEASUREMENTS .OF THE MUON-CAPTURE RATE I N  H E L I U M - 3  AND HELIUM-b. 

3 3 6  

E X C I T E D  S T A T E  OF H E L I U M - b  AT ABOUT 3 0  MEV. 7 0 1  
NEGATIVE MUON C b T A L V S I S  OF THE F U S I C N  REACTIONS DEUTERON-LUON 
PROTON TO HEL IUM-3  t MUONI-1 AND DEUTERON-MUON + DEUTERON TO 
TRITON + PROTON t MUON1.-I AND PROTON-OELTERON-MUON 'AND 
CEUTERON-DEUTERON-MCON MU-MOLECULE PRODUCTION I N  GA3EOUS 
HYDROGEN. 3 0 9  

H E L I U M - 8  , . 
CEL IUM-8  PROCUCTION I N  N E G A T I V E  P I O N  CAPTURE B Y  CARBON AND OXYGEN 
h U C L E l  . 9 7  

AN EXPERIMEN,TbL I N V E S T I G A T I O N  OF MU-MESONIC ATOMIC PROCESSES I N  
GASEOUS HYDROGEN. 3 1 0  P E L I U M - 8  PRCCUCTION I N  N E G b T l V E  P I O N  CAPTURE 0~ CARBON AND OXYGEN 

h U C L E I .  ' 9 8  
h E G A T l V E  MUON C b T A L Y S l S  OF THE NUCLEAR REACTIONS DEUTERON-MUON 
PROTON TO H E L I U M - 3  + MUONI- I '  AND DELTERON-MbON + DEUTERON TO 
TRITON + PRCTON + MLONI -1  AND PROTON-nEI.TFRON-MllflN AND 
DEUTERON-DEUTERON-*LON MOLECULE FORMATION I N  GASEOUS UYOROGEN. 

3 1 1  ' 

HIGH-ENERGY 
SHAPING OF HIGH-ENERGY PUCN. 

bNGULAR O l S T R l D U T l O h  OF HIGH-ENERGY NEUTRONS E M I T T E D  I N  ABSORBING 
F O L b R l Z E O  H U O N S I - I  I N  CALCIUM.  3 3 7  

YESONIC ATOP PROCESSES I N  HYDROGEN bNO CEUTERIUM AND THE MUON 
C A T A L Y S I S  OF F C S I O N  REACTICNS. 3 1 3  ASYMMETRY Iti TFE ANGULAR C l S T R I B U T l O N  OF THE HIGH-ENERGY NEUTRONS 

FRCP M U O N I - I  CAPTURE I N  SLLFUR. 3 3 8  
THE E L A S T I C  S C A T T E R I N G  o r  9 8  M E V  NEGATIVE PIONS B Y  HYDROGEN. 

3 2 2  

CASCADE T I M E  CF P l O h l - 1  I N  L l C U l D  HYDROGEN. 3 5 7  

H I G H E R  
RECENT c L A S T I C - S C A T T E R I N G  AND P O L A R I Z A T I O N  S T U D I E S  OF THE 
PICN-NUCLEOR I N T E R P C T I O N  I N  THE H IGHER RESONANCE REGION. 

2 0 1  
SCATTERING CF 3.7-25 MEV P O S I T I V E  P I O N S  BY HYDROGEN. 

3 6 3  HOCOSCOPE 
HOOOSCOPE SVSTEC OF GEIGER COUNTERS W l T h  CONTROLLED PULSE SCPPLY 
FCR I N V E S T I G A T I O L  OF P IONI - ) -PROTON SCATTERING. 7 2 9  RESTUDY OF THE PLON CAPTURE I N  HYDROGEN. 3 8 0  

HO T 
C O N S I D E R A T I C K  OF . .SPkERICAL  HOT SPOTS.r A R I S I N G  FROM P I O N  
CbPTURE I N  E X P L C S I V E S  U S I N G  TFERMAL I N I T I A T I O N  THEORY. 

2 0 3  

T h e  e L A S l l C  ~ ~ b l l ~ ~ 1 1 1 6  O f  I lEOAT lVC P lO t15  OF 7 4 5  I!CV/G ON 
HYDROGEN. 3 8 4  

. . 
CHARGE EXCHANGE'SCPITERING OF 128 M E V  YCGATlVE P I O N S  ON HYDROGEN. 
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r Y c R I o E  

lEASUREMENTS OF I H E  RATES OF THE DECAY P I O N I * I  TO P I O N I O I  t 

F O S I T R O N  + KEUTRINO AND O F  PIONI-I C A P T U R E  IN L l T n I u n  HYDRIOE. 
C A R e u N - h Y D R C G E h l i 1  . AND CbRBON-HYDROGCN. 7 'I 

CBSERVATION OF V L O N I - 1  CAPTURE I N  L l Q U l C  HYOROGEN. 4 2 4  

VUON'I-I CAPTURE I N  +YDROGEN. 4 2 5  

HYCROGEN 
COCPARISON OF THE L I F E T I M E S  OF P O S I T I V E  AND N E G A T I V E  MUONS I N  
LICUID HYDROGEN. I I 

VELOCITY DEPENCEhCE OF THE OUBBLE D E N S I T Y  .FOR CHARGED P A R T I C L E  
TRACKS I N  L l Q U l C  HYCROGEN. 4 6 9  

PHASE SHIFT ANPLYSIS OF PION SCATTERING ON HYDROGEN AT 2 u n  1s 335 
VEV. 4 9 5  FORb+ATlON OF CHARGE-CARRYING MESONS BY 2 9 0  UEV N E G A T I V E  P I O N S  ON 

PY OROGEN. 9 1 
SCATTERING OF NCEATIVE MESONS BY HYDROGEN A T  1 3 0  AND 152 PEV 

5 0 1  PRCCUCTION OF CkbRGED MESONS BY 2 4 5  MEV P l O N S l - 1  ON HYDROGEN 
101 

THE CAPTURE OF NEGATIVE P lONS I N  HYDROGEN ANU UtU IEWIUM.  1. 
. CYDROGEh. 5UL PROCUCTION OF CI'PRGED MESCNS BY 2 9 0  MEV P I O N S ( - I  ON HYDROGEN 

1 0 4  
THE CAPTURE OF N F G A T I V E  P l f l N S  I N  HYCROGEN AND DEUTERIUH. I. 
HYDROGEN. 502 , . . hAVE FUNCTICNS FOR VUON CAPTURE I N  THE HYDROGEN MU-MOLECULAR ION. 

, 1 0 9  
THE CAPTURE OF N E G A T I V E  PIONS IN HYDROGEN AND DEUTERIUV. II 
CEUTER IUM. 5 0 3  C E T E R M I N A T I C K  CF THE M U O N I - I  TOTAL CAPTCRE RATE I N  L I Q U I D  

HYDROGEN. 1 1 8  . . 
AN EXPERIMENT ON THE R A C I A T I V E  CAPTURE I N  F L I G H T  OF P I O N S  I N  
HYDROGEN AND A FEASLREMENT OF THE P I O N I - I - P I O N 1 0 1  MASS 
CIFFERENCE. 5 5 0  

THE S C A T T E R l k G  OF 6 TO 2 4  REV NEGATIVE P I O N S  B Y  HYDROGEN. 
1 2 4  

ABSORPTION T I P E  CF h E G A T l V E  P IONS I N  L l C U I D  HYDROGEN. 
1 2 3  

CHARGE EXCHAhGE CROSS SECTION FOR SLOW V E S O N S l M U U N S l t l l  UN 
HlDRO(DEN ATOW. 5 5 1  

FOSITIVE PION SCPTTERING FROM HYDROGEN A T  24.8 n E v .  5 5 4  

MOLECULAR PROCESSES INDUCED BY MUONSI - I  I N  HYDROGEN RUBBLE 
CHAMBER. 11. CCCl lbh lSMS O r  TORHATION OF M U I - 1  MESONIC HYDP.OGEN 
VOLECULAR' ION. 5 5 9  

INVESTIGATION OF THE STRUCTURE OF ARGON K-SERIES DURING AN A T o n l c  
CAPTURE OF N E G A T I V E  MUONS I N  PURE GbS AN0 I N  A MIXTURE U I T H  
HYDROGEN. 1 8 5  

VOLECULAR PROCESSES INDUCEC BY MUONSI -1  I N  HYDROGEN BUBBLE 
CHbMBER. 11.  VECHANISMS OF FORMATION OF M U I - 1  MESONIC HYOROGEN 
V O L ~ C U L A R  t o n i  5 5 9  

CHARGE-EXCHANGE SCATTERING OF NEGATIVE P I O N S  B Y  HYDROGEN AT 2 3 0 .  
2 6 0 .  2 9 0 .  3 1 7 .  AhD ? 7 1  MEV. 1 9 3  

A.MEASUREMENT OF .THE C ISPERSAL R E L A T I O N  FOR THE REACTION P I O N I - I  
+ PROTON TO P I O N I O I  + NEUTRON AT 9 0 0  MEV I N  THE 7 2 - I N C H  HYDROGEN 
B U ~ B L E  C H A M ~ E R .  5 6 8  

CHARGE-EXCHANGE SCATTERING OF NEGATIVE P I O N S  B Y  HYDROGEN AT 230 ,  
2bU. 290. 3 1 7  LNC 3 7 1  nev. 1 9 6  INTERACTIONS OF P I O N S I + I  H I T H  UVORRCEN ANn CARBON AT 7 8  MEV. 

5 7 0  
b.MEASUREMENT OF THE FORWARD CHARGE-EXCHANGE CROSS SECTIONS OF 
I 7 0  I4CV 1ICGATIVI .  P l O I t S  IPI HYDROCCW. 7 n 7  

. . 
INTERACTION OF P C S l T I V E  P IONS U l T H  HYDROGEN AT 6 0 0  HEV. 

. . 573 
I N T E R N A L L Y  PROCUCED FLECTRON P A I R S  FROM P I O N S I - I  CAPTURED I N  
HY DROGEN. 2 5 3  W O N  CAPTURE I N  HYDROGEN. 6 2 2  

EXPERIMENTAL I ~ ~ V E S T I G A T I O N  OF nu[-)-MESIC A r o n  PROCESSES IN 
GASEOUS HYDROGEN. 2 5 6  

MUON CAPTURE I N  HYDROGEN. 6 5 3  

VUON CAPTURE I N  EYCROGEN. 6 5 4  

D IRECT MEASUREVCLT O r  M U ( - I  HESONIC MOLECULE FORMATION RATES I N  



TO 4 5 4  MEV. 6 8  

CETERMINATION OF THE CONTRIBUTION OF THE 1 3 1 2 . 3 1 2 1  ISOBAR TO THE 
I N E L A S T I C  P IONI - ) -PROTON INTERACTION PROCESSES AT 3 4 4  MEV MESON 
K I N E T I C  ENERGY. 1 4 8  

PRbNCHING R A T I O S  OF REACTIONS OF P I O N S I - I  STOPPED I N  HYDROGEN AND 
CEUTERIUM. 6 6  1  

I R ~ N ~ F E R  OF N E G A l l V E  MUONS TO GASES D ISSOLVED I N  A  HYDROGEN 
BLBBLF CHbMPER. 6 7  2  

S C A l T F R I N $  CF 3CC WEV P I O N S  ON HYDROGEN AND DEUTERIUM. 
6 8 0  

b  CETERMINATION OF I H E  3 1 2 , 3 1 2  ISOBAR CONTRIBUTION TO THE 
I N E L A S T I C  P I O N I - ) - P R O T O N  INTERACTION PROCESSES AT THF K I N E T I C  
ENERGY OF N E G b T I V E  P IONS OF 3 4 4  MEV. 1 4 9  

CISINTEGRATION OF TbE CbRBON- I2  NUCLEUS INTO THREE ALPHA 
P b R T l C L E S  AS A  RESULT OF I N E L A S T I C  SCATTERING OF 8 0  MEV 
P I O N S l t l .  1 6 2  

CNERGY LOSSES CF STRONGLY I N l E R A C T l N G  P b R T l C L E S  PASSING THROUGH 
HYDROGEN. 7 2 6  

E L A S T I C  S C b T T E d l h G  CF 3 0 0  MEV P I O N S I - I  ON HYDROGEN. 7 2 7 ,  I N E L A S T I C  C O L L I S I O N S  FOR S P I L L  MOMENTUM TRANSFERS. 2 5 5  

I N E L A S T I C  EFFECTS I h  PION-NUCLEON REACTIONS. 3 9 7  

I N E L A S T I C  ELECTRCN-PROTON, POSITRON-PROION*  AND MUON-PROTON 
SCATTERING. 2 1 6  

I N E L A S T I C  I N T E R P C T I C N  OF P I O N S I + I  U l T H  P E L I b H  NUCLEI  AT AN ENERGY 
CF ABOUT 3 0 0  CEV. 5 0 0  

C I F F E R E N T I A L  C l S T R I e U T l O N S  ON NEUTRONS I N  I N E L A S T I C  
P IONI - ) -PROTON I h T E R A C T l O N S  AT 3 7 4 .  417.. AND 4 5 2  MEV. 

5 0 5  

TbE P 4 L A R l Z A T I C N  OF RECOIL  PROTONS I N  P I O N I - I  SCATTERING I N  
hYDROGEN AT 3C0 VEV. 7 2 8  

F G L A U l L A I I d h  CF RECCIL  PROTONS I N  3 0 0  MEV P I O N  SCATTERING ON 
I-YDROGEN. 7 3 0  

FCRFPTIQN OF V E S I C  k E L I U M  bTOMS I N  b  GAS MIXTURE CONTAIN ING 
+ E L I U H  AND HYDROGEN. 7 6 6  

h E L l U H  M'ESIC ATCV PR!'CUCTlON I N  GASEOUS MIXTURE OF HYDROGEN WITH 
k E L I U M .  7 6 7  

CPARGE EXCHANGE SCATTERING OF 2 4 0 - 3 ? 0  MEV P I O N S I - I  ON HVDROGEN. 
, 7 0 0  

ANGULAR D l S T R l B U T l O h  OF CCARGE EXCHANGE'AND I N E L A S T I C  NEUTRONS I N  
P I C N I - I - P R O T C N  I h T E R A C T I O N S  AT 3 1 3  AND 5 7 1  MEV. 5 1 7  

WON-NUCLEON I N E L A S T I C  INTERACTIONS. 5 4  1  SCATTERING CF P I C N S  ON HYCROGEN AT 2 2 0  TO 2 7 0  MEV. 781 

E L n S T l C  SCATTERlhG CF 2 b 0  TO 3 3 0  MEV P I O N S I - I  ON HYDROGEN. 
7 8 2  

I N E L A S T I C  INTERACTICNS BETUEEN 8 0  TC 3CC MEV P . l O N S I * l  AND L I G H T  
hUCLE 1  . 5 4 5  

PHASE S H I F T  ANALYSIS  OF SCATTERING OF 2 4 0 - 3 3 0  MEV P I O N S  ON 
HYDROGEN. 7 8 3  

b N b L Y S l S  OF I N E L A S T I C  C O L L I S I O N  P I O N I - I  t CARBON AT 9 1 5  HEV-  
5 6 0  

I N E L A S T I C  SCATTERING AND ABSORPTION OF I S 5  HEV . P I O N S I + I  BY CARBON 
PNC L l r n r u n  NUCLEI. , 6 0 2  

PION-PROTON I N E L A S T I C  ObTb .  6 5 1  

CALCULATION OF TkE  P O L A R I Z b T I O N  OF THE RECOIL  PROTON I N  
PION-NUCLEON S C A I T E R I N G  NEbR THE I N E L A S T I C  THRESHOLD. 

6 6 7  

I-YOROGEN-CONTA I N  ING 
eN PI-?ESIC b r c r  P R C C E S S E S  IN HYDROGEN-CONTAINING SUBSTANCES 

6 0 6  

WYDROGEN-DEUTERIUC 
~ C R M A T I C V  OF PU-CESCNIC MCLECULES I N  HYDROGEN-DEUTERIUM MIXTURES. 

3 5 4  

HYCROGEN-3 
FRCDLICTIQN CF HYCROGEN-3 1N THE ABSORPTION OF P I O N I - 1  I N  
CELIUM-2.  1 6 5  

I N S T I T U T E  
THE INCREASE OF THE PULSE CURATION OF P A R T I C L E  BEAMS AT A  6RO-MEV 
SVNCHROCYCLOTRON OF TCE JOINT I N S T I T U T E  FOR NUCLEAR RESEARCH. 

2 5 8  HYCROGEN-4 
TUC-BOCY BREAKUPS FOLLOWING P I O N I - I  ABSORPTION I N  I , ITH111M.~ 
EVICEYCE FOR THE PRCOUCTICN OF HYDROGEN-4. 2 2 6  INSTRUMENT 

b  PROPOSED FRACTIONbL-NANOSECOND T l P E - O F - F L I G H T  INSTRUMENT. 
HYDROGENOUS 

CETERMINATICN OF THE REACTION RATE P I O N I - I  AT REST + PROTON TO 
P l c N l O l  + NEUTRCh I h  HYDROGENOUS MATERIALS.  201, INSTRUMENTS 

CONFERENCE ON NUCLEAR INSTRUMENTS 1  1 9 6 1  I 7 9 2  

beSORPT1ON CF P l C N S I - I  I N  HYDROGENOUS SLBSTANCES. 6 0 3  

PI CN A B S O R P T  ICN  IN PYDROGENOUS SUBSTANCES: 6 0 5  

CN P IONI - I -FESCATOWIC PROCESSES I N  HYDROGENOUS SUBSTINCES. 
6 0 7  

INSULATORS 
THE DECAY OF NEGbTIVE P l O h S  STOPPED I N  L I G H T  ELEMENTS AND 
INSULATORS. 2 5  1  

INTENSE 
b  LOW ENERGY P l o h l t l  DETECTION SYSTEM. FOR USE I N  I N T E N S E  
6LECINUN ANU GACCA RAY BACKGROUND CONDIT IONS.  5 1 5  ~ Y P E R F I N E  

STLOY OF THE EFFECTS OF HYPERFINE STRUCTCRE I N  THE CAPTURE OF 
VUCNS. A P P L l C b T l C N  TO THE CASE OF L I T H I L P - 6 .  ' 2 7 0  I N T E N S I T Y  

PICN-NUCLEON E L A S T I C  SCATTERING E X P E R I M E N r S  U l  TH H I G H  I N T E N S I T V  

C B S E R V A l l O N  CF TkE k Y P E R F I N E  EFFECT I N  MUON CAPTURE BV 
F L U O R I N E - I 9  V I A  THe TIME-CEPENDENCE OF THE OECAY ELECINON HATE. 

5 2 7  

' PESON BEAMS. 4 5 4  

INTERACT 
0 0  NEUTRINOS INTERACT BETWEEN THEMSELVES$. 

CYPERFINE EFFECTS IN  MUON CAPTURE. 7 0 4  

HYPERFINE S P L , I T T l N G  CFFECTS I N  THE CAPTLRE OF POLARIZED MUONS( - I .  
7 1 9  

INTERACTING 
OBSERVATION OF TbE eREMSSTRAHLUNG OF P I O N S  INTERACTING WITH 
h U C L E l  . 5 2  1  

ENERGY LOSSES OF STRONGLY INTERACTING P b R T l C L E S  PASSING THROUGH 
kYDROGEN. 7 2 6  

OBSERVb0LE.HYPERFINE EFFECTS I N  MUON,CAPTURE B Y  COMPLEX NUCLEI .  
7 5 3  

INTERNAL . 
INTERNAL P A I R S  FQLLCUING P I O N I - I  CAPTURE I N  HY0R.OGEN. 

2 7 7  

HYPOTHETICAL 
THE INTERACTION LNC THE HYPOTHETICAL STRUCTURE OF MUONS. 

5 7 6  

INTERNALLY 
INTERNALLY PROCUCED ELECTRON P A I R S  FROM P I O N S I - I  CAPTURED I N  
CY DROGEN. 2 5 3  

I N C I D E N T  
P I O N l + l - P R O T O N  INTERACTIONS AT 5 0 0  CEV I N C I D E N T  ENERGY. 

ELECT,RON AND M u c h  SCATTERING FROH NUCLEAR CHARGE D I S T R I B U - T I O N S  
AT I N C I U E N T  w u r t h ~ n  e t r u e t ~  5 0  AND I 0 3  MEVIC. 3 6 2  

INVERSE 
I H E  INVERSE PKOTCPRCDUCTION REACTION P I O N I - I  + PROTON TO.GAMMA 
P A R T I C L E  + NEUTRCN. 3 8 9  

EXPERIWENTAL STUCY CF P ION-P ION I N T E R A C T I O N  I N  THE REACTION 
P I O N ( - I  + PROTON TO P I O N I C I  + P l O N l O l  + NEUTRON AT I N C I D E N T  
P I C N I - I  ENERGY OF 3 7 8  MEV. 5 4 0  

INVERSE PHOTOPROCUCTION REACTION P I O N I - I  + PROTON TO GAMMA 
PARTICLE + NEUTRCN I N  F L I G H T .  3 9 0  

I O N  
kAVE FUNCTIONS FOR W O N  CbPTURE I N  THE PYDROGEN MU-MOLECULAR ION.  

1 0 9  

e l e L l O G R A P H Y  OK h O N E L A S l l C  REACTIONS FOR NUCLEONS AND P I O N S  
I N C I D E N T  ON C C P P L E X  N U C L E I  AT ENERGIES BETYEEN 2 0  MEV AND 3 3  GEV 

82 7 

INCONSISTENCY POLECULbR PROCESSES INDUCEC BY MUONSI - I  I N  HYDROGEN BUBBLE 

bN INCONSISTENCY I N  LOU-ENERGY P I O N  PHYSICS.  2 9 6  CHAMBER. 1 1 .  CECHANISMS OF FORMATION OF M U I - I  HESONIC HYDROGEN 
POLECULPR ION. 5 5 9  

I N S L A S T I C  
I U S L A C T I C  P I O ~ : I - I - P P O T O P J  1~1TEnACT10116 I N  TIIS S W S ~ C Y  n C G I o t 1  o r  3 1 0  I O R I Z A T I O N  

I N V E S T I G A T I O N  OF F L U C U T b T l O N  I N 0  I O N I Z A T I O N  I N  PROPORTIONAL 



L C W - P R E S S U R E  C E T E C T C R S .  6 

I D E N T I F I C A T I O N  C F  C k A R G E D  P A R T I C L E S  B Y  I O N I Z A T I O N  A N D  D E L T A  
E L E C T R O h S  I k  3  P R O P b N E  B U B e L E  CHAMBER. 1 1 2  

I N V E S T I C A T I O h  OF F L L C T U A T I U N S  I N  M E A S U R E M E N T  O F  P A R T I C L E S  
I O N I Z A T I O N  PdWER I N  A  S P A R K  ChAMBER. 3 8 5  

W E A S U R E P E N T  CF P P R T I C L E  I O N I Z A T I O N  POWER I N  A  S P A R K  C H A M B E R .  
5 2 9  

I O N I Z A T I O N  P E A S U U E P E N T S  OF C I F F U S I O N  C L O U D - C H A M B E R  TRACKS.  
6 1  6 

P l C N  I O N l Z A T l O N  b T  2 2 1  P E V .  6 7 8  

l O l l Z l N C  
P E A S U R E M E N T  OF T k E  I O N I Z I N G  A B I L I T Y  OF P A R T I C L E S  I N  THE S P A R K  
C n b r R E H .  5 3 0  

P H Y S I C A L  M E T H C C  FOR 0 E V E L C P l N G  TRACK P I C T U R E S  OF L O U  l 0 N l Z l N G  
F A R T I C L E S .  7 4 0 ,  

I R C N  
C A P T U R E  A N D  CECAY OF MUONS I N  IRON.  

C O S E R V 4 1 1 O N  OF R b D l A T l V E  C A P T U R E  OF N E G A T I V E  MUONS I N  I R O N .  
2 3  1  

C O U N O ' ~ U O N  C f C A Y  I N  I R O N  AND Z I N C .  2 7 8  

C I  TUE A N O M ~ L I E $  I N  M U O N ( -  1  DECAY I N  MESOATOMS OF T R A N S I T I O N A L  
I R O N  GROUP .YETbLS.  3 2 3  

CN THE O U E S T  l C N  CF AFlOMALY I N  THE D E C A Y  OF M U O N S I - I  I N  M E S I C  
A T C P $  OF TRAKSI I ION M ~ I A L S  ur TnC I ~ O N  O R ~ U P .  aa11 

S C A T T F R I N G  C F  VUCNS W I T +  WOHENTA OF A B O U T  1 0 0  M E V l C  I N  C O P P E R  AND 
1R.ON. 4 7 7  

1:FCAY OF B O L N C  P L O N S  I N  T I T A N I U M .  I R O N ,  AND L E A D .  5 7 5  

1 3 O O b R  
C E T E R M I N A T I C N  OF T H E  C O X T R I B U T I O N  O F  T H E  1 3 1 2 1 3 1 2 )  ISOBA~ TO ?HE 
I N E L A S T I C  P I C N I - ) - P R O T O N  I N T E R A C T I O N  P R O C E S S E S  A T  3 2 4  M E V  MESON 
K I N E T I C  E N E a G Y .  1 4 0  

A  C E T E R P I N A T I C N  C F  THE 3 I 2 . 5 1 2  I S U B A R  C C N T R I B U T I O N  TO T I I C  
I N E L A S T I C  P I C h l - ) - P R O T O N  I h l t 9 A C I I O N  P R O C E S S E S  A T  T H E  K I N E T I C  
ENERGY OF , N E G A T I V E  P I O N S  C F  3 4 4  MEV. I 4 9  

P L L T I P L C  P l C h  P R C O U C T I O N  e Y  P I O N S  &,NO T E E  I S O B A R  MODEL. 
4 7 0  

I S O S C A L A R  
b N P L Y S l S  F 0 9  T H E  P R C O U C T I O N  OF AN I S O S C A L A R  S-WAVE D l - P I O N  
RESONANCE. 7 0 8  

1 6 q r n o F  
r E A S U R E M E N T  CF T k E  I . I S O T f l P C  EFFECT., t k  T d E  NUCLEAR C A P l U K t  UF 
h E G A T I V F  M U C h S  BY C k L O R I N E  ANC I N V E S T I G A T I O N  OF T H E  V A L I D I T Y  0 6  
T H E  F E R M I - T E I . I . E R  ..Z-I.AUI. I N  S I L V E R  C H L O R I D E .  1 2 0  

C B S E R V A T I D N  OF T k E  ; , ISOTOPE EFFECT,. I N  T H E  N U C L E A R  C A P T U R E  OF 
~ E G A T I V E  MUCNS e v  CFLORINE. . 1 2 1  

PUON C A P T U R E  R A T E S  FOR C A L C I U H - 4 4  AND C A L C I U M - 4 0 . .  O B S E R V A T I O N  O F  
T H E  I S O T O P E  E F F E C T .  2 4 6  

I S O T O P E S  
C A P T U R E  O F  N E G P T I V ~  MUONS BY PUWE C ~ W O M I U M  AND NICKEL ISOTOPES. 

1 6 0  

P E A S U R E M E N T S  O F  h E G b T l V E  CUON L I F E T I M E S  I N  L I G H T  I S O T O P E S -  
3 1 7  

V E A S U R E M E N T S  OF h E G b T l V E  PUON L I F E T I M E S  I N  L I G H T  I S O T O P E S .  
3 1 0  

i s u l u r l c  
I S O T O P I C  E F F E C T S  I N  T H E  X - S A Y  SPECTRUM O F  M L O N I C  ATOMS OF 
C A L C I U M - 1 1 0  AVO C I I . C I I I V - L o b .  1 3 3  

I S O T O P I C  O l F F E R E h C E S  I N  M U - M E S I C  K  X-RAY E N E R G I E S  OF O X Y G E N - I 6  
b N D  O X Y G E N - 1 0 .  C b L C I U V - 4 0  AND C A L C I L M - 4 4 ,  T I N - 1 1 6  A N D  T I N - 1 2 4 ,  
G A C O L I N I U M - I 5 5  AKD G A C O L I N I U M - 1 6 0 .  5 7 9  

I S O T R O P I C  
I S O T R O P I C  A N C  N O L I S C T R O P I C  P I O N - M U O N  D E C A Y S .  4 3 5  

I T A L Y  ' 

C C k F E R E N C E  O F  N A T l O h A C  1  A C O R A T O R I E S  r l F  I T A L Y  1 1 9 6 3 )  8 0 7  

K - C E S l C  
S T U D Y  OF T H E  K - U E S I C  X-RAY S E R I E S  S T R U C T U R E  I N  T H E  M U O N I - I  A T O M I C  
C A P T U R E  I N  C V E P I C A L  C O M B I N A T I O N S .  7 7 8  

K - S E R I E S  
I N V E S T I G 4 T l O N  OF T H E  S T R U C T U R E  O F  ARGON K - S E R I E S  D U R I N G  A N  A T O M I C  
C A P T U R E  OF N E G A T I V E  MUONS I N  P U ~ E  G A S  b N D  I N  A  M I X T U R E  W I T H  

HVDROGEN. 1 8 3  

K A C N  
T H E  K A O N  T O  3 - P I C N  C F C A Y  b N D  P I O N  LOW ENERGY I N T E R A C T I O N S .  

2  3  

R E A C T I O N  P I O N I - I  + PROTON TO L A M O O A ~ O I  BARYON K A O N I O I  A 1  THE 
THRESHOLDS FOR P I O N I - 1  t DROTON TO S I G M A l O l l - I  + K A O f i l 0 1 1 - I  
I C C S P l  R E A C T I O N S .  3 3 0  

R E A C T I O N  P I C L I - I  t PRCTON TO L P M B D A I O I  B A R Y O N  t K A O N I O I  A T  T l iE  
THRESHOLOS FOR P I O N ( - )  t PROTON TO S I G M A l 0 ) l - I  + K A O N l O l l - I  
( C U S P 1  R E A C T I O N S .  3 3 0  

ENERGY D E P E N D E N C E  OF T H E  S L O P E  O F  T P E  D I F F R A C T I O N  C U R V E S  FOR 
PROTON-PROTON. P R O T C N I - ) - P R O T O N .  K A O N I + l - P R O T O N .  K A O N I - ) - P R O T O N *  
P I O N ( + ) - P R O T O N *  b N D  P I O N ( - I - P R O T O N  S C A T T E R I N G .  5 7 8  

ENERGY O E P E N D E h C E  OF T H E  S L O P E  OF T k E  C I F F R I C T I O N  C U R V E S  FOR 
PROTON-PROTON. P P O T C N I - ) - P R O T O N ,  K A O N l t l - P R O T O N ,  K A O N I - ) - P R O T O N *  
P I O N I i  ) -PROTON, AND P I O N I -  I - P R O T O N  S C A T T E R I N G .  5 2 8  

K A O N - P I O N  
A  K A O N - P I O N  R E S C L A N T  S T A T E  AT 7 2 1  REV.  

K A O N S  
C O D E R A T I O N  ANC C b S C b D E  T I P E S  OF N E G A T I V E  P I O N S  A N 0  N E G L T I V E  K A O N S  
I N  L l O U l O  H E L I U V .  1 4 3  

A B S O R P T I O N  M E C H b h I S M S  OF N E G A T I V E  K A O N S  AND P I O N S  I N  L l O U l D  
CY DROGEN. 2 6 2  

K E  
P I O N  P P O D U C T I O N  E Y  P O S I T I V E  P I O N S  OK P R O T O N S  A T  3 0 8  MEV KE.  

1 9 8  

K I N E T I C  
I N T E R A C T I O N S  OF P l O h S I - I  C F  K I N E T I C  ENERGY 9 1 5  H E V  W I T H  CAWNUN 
N U C L E  I. 0 

b N A L Y S l S  OF P l C N l - I  + PROTON TO P I O N I - I  I P I O N I + I  + NEUTRON AND 
P l C N I - 1  + PROTON TO P I O N I - I  + P l f l N l C I  t PROTON R E A C T I O N S  A T  THE 
K I N E T I C  ENERGY OF 3 3 8  MEV. I 4 5  

C E T E R M I N A T I C N  CF T H E  C O N T R I B U T I O N  OF T H E  ( 3 1 2 , 3 1 2 )  I S O B A R  TO THE 
I N E L A S T I C  P I O N ( - ) - P R O T O N  I N T E R A C T I O N  P R O C E S S E S  AT 3 h 4  MEV MESON 
K I N E T I C  ENERGY. I 4 0  

b  C E T E R M l N b T l O h  C F  THE 3 1 2 , 3 1 2  I S O B A R  C C N T R I B U T I O N  TO THE 
I N E L A S T I C  P I C N I - ) - P R O T O N  I R T E R A C T I O R  P R O C E S S E S  AT THE K I N E T I C  
ENERGY OF N E G b T l V E  P I O N S  E F  3 4 4  MEV. 1 4 9  

E V A L U A T I O N  CF C R C S S  S E C T I C N S  OF E L E C T R O P A G N E T I C  P R O C E S S E S  P I O N ( - I  
+ PROTON TO P l C N l t l  + P I O N ( - I  + GAWPA P n R T I C L E  NEUTQON, 
P I O N ( - )  t P R O T O N  T O  P O S I T R O N  t E L E C l R O N  + NEIJTRON P I O N I - I  t 

PHOTON TO P I O N ( - )  PROTON I P O S I T R O N  + E L E C T R O N  A l  V l U N c - 1  
K I N E T I C  ENERGY OF 3 4 0  MEV. 1 5 0  

L A E O R A T O R I  E S  
C C L F E K C N C E  C F  t i b T l O K A L  L A B O R A T O R I E S  OF I T A L Y  l l 9 6 3 1  8 0 7  

R E A C T I O N  P I O N ( - I  + PROTON TO L A M B D A I O I  BARYON + K A O N I O I  A T  THE 
I n R E S H O L O S  FOR P L O K I - I  r PROTON TO S I C P A I O I I - I  t V , A O h l I l l l - I  
I C L S P l  R E A C T  I C N S .  3 3 0  

F O S S I B L E  R E S C N b N C E  b T  8 2 9  MEV I N  L A M B D A  B A R Y O N - K A O N I O I  
' PROOUCTION.  4 2 9  

L E A O  
S C A T T F R I N O  O r  CUCt IS I N  LE.40.  R 

ENERGY S P E C T R b  OF NEUTRONS E M I T T E D  F O L L O h I N G  P I O N ( - I  C A P T L R E  I N  
I:AKHIIN. A l . l l E i ~ ~ ~ .  C P O V I U M I  C C A U  At10 U R A t I I U M .  , 1 9  

ENERGY OF N E U T R O h S  FROM C b P T U S E  OF W U O N S I - I  I N  L E A O  N U C L E I .  

5 5  . 
COC'BLE CHAaCF.  F X C H A L G S  OF P l O N S  ON B E R Y L L I U I ' ,  CARBON, A L U M I N l l M  
AND LEAD.  9 5 

S C A T T E R I N G  OF COSI(1C R A Y  CUONS B Y  L t A U  D l  A r u n r l u T U M  8 E r W C e f .  2 0 0  
DNO 1 5 0 0  M E V l C .  1 2 9  

S C A T T E R I N G  OF PUCNS FROU L E A D  N U C L E I .  2 1 2  

E L E C T R O N  l O E N T l F l C A T l O N  I N  L E A D  P L A T E  SPARK CHAMBERS.  
5 3 4  

CECAY OF BOUND PUONS I N  T I T b N I U M *  I R O N *  AND L E A D .  5 7 5  

T H E  A B S O R P T I O N  OF N E G A T I V E  P I O N S  B Y  C O M P L E X  N I I C L E I I C O P P E R ~  T I N  
A N 0  L E A O I .  7 3 5  

L E G P T I V E  P I O N  P B S O R P T I O N  I N  COPPER. T I N  AND LEAD.  7 3 6  

NEUTRON S P E C T R b  FROV P I O N I - I  C A P T U R E  I N  COPPER. T I N  A N 0  L E A D  
7 3 7  

L E A O I N G  
A B S O R P T I O N  C F  N E G A T I V E  MUONS 1 N . C A R e O N - 1 2  L E A D I N G  TO P R O D U C T I O N  
flF ROUND BORON-12.  35 3  



LECTURE 
1 9 6 4  RUTHERFORC PEMCRIAL LECTURE. P I O N S  VERSUS CANCER. 

3 7 3  

LENGTHS 
THE INTERACTIONS OF P I O N S I - 1  U l T H  COMPLEX NUCLEI  I N  THE ENERGY 
RANGE 100-ROO PEV. 11.  T k E  INTERACTION LENGTHS AND E L A S T I C  
SCATTERING CF 75C MEV P I O N S I - I  I N  G5 EMULSION. 1 2  

THE ,REACTION P l O h l - 1  t PROTON TO P I O N I t l  + P I O N I - I  + NEUTRON NEAR 
THE. THRESHOLC. 11.  THE EFFECTIVE MASS SPECTRA FOR 
P I C N l t ~ P I O N I - 1  Ah f l  P IONI+ lNEUTRON-SYSTEM.  A  OETERMlNAT lON OF 
P I  ON-PION SCATTERING LENGTHS I N  THE S-STATE. 1 0 0  

I H E  S-WAVE SCATTERlhG LENGTHS FOR TkE PION-PROTON INTERACTION. 
2 5 4  

THE INTERACTIONS OF P I O N S I - 1  U l T H  COMPLEX NUCLEI  I N  THE ENERGY 
RPNGE 1 0 0  TO RCO MEV. Ill. THE INTERACTION LENGTHS AND E L A S T I C  
SCATTERING OF JOC PEV P I O N S I - 1  I N  G5 EMULSION. 3 5 9  

LET 
COPPARATIVE TPERbPELTIC EFFICACY OF H I G H  VERSUS LOW L E T  
RACIATIUNS.  1 6 3  

L l F E  
*EAN L I F E  OF THE NEGATIVE N ~ O N  I N  CARBON. 1 9 2  

L I F E - T I M E  
~ E P N  L I F E - T I M E  OF TkE NEUTRAL PION. 

L I F E T I M E  
A  CETERMINATION CF THE L I F E T I M E  OF THE P k O N I + I .  3 3  

THE L I F E T I M E  CF THE NEGATIVE MUnN I N  PLUTONIUM-239. 2 2 7  

A  VEASUREHENT CF THE M U O N l t l  L I F E T I M E .  3 4 9  

PEPSUREMENT OF P L O N l + l  L I F E T I M E .  3 6 5  

TPE OETERHlNAT lOh OF THE L I F E T I M E  OF THE P I O N I O I .  4 1 7  

PRECIS ION LIFETICE PEASUREMENT ON P O S I T I V E  AN0 NEGATIVE MUONS. 
5 4  7  

V E I N  L I F E T I M E  OF THE P I O N I O I .  7 0 9  

L I F E T I M E S  
CCVPARISON OF TPE L I F E T I M E S  OF P O S I T I V E  AND NEGATIVE MUONS I N  
L l C U l O  HYUROGEN. l7 . 

VEASUREPFNTS OF hEGATlVE PUON L I F E T I M E S  I N  L I G H T  ISOTOPES. 
3 1 7  

P E A S U R ~ M E N T S  OF &EGO1 I V E  PUON L I F E T I M E S  I N  L I G H T  ISOTOPES. 
3 1 8  

L l r l T  
hEW L I M I T  ON THE ELECTRON + GAMMA PARTICLE DECAY MODE OF THE 
PUCN. 3 7 7  

CN THE UPPER L I M I T  CF THE PUON NEUTRINO PASS. 7 6 8  
. . 

L l C U l D  
COPPARISON OF THE L I F E T I M E S  OF P O S I T I V E  AND NEGATIVE MUONS I N  
L I Q U I D  HYCRCGEN. I 7  

ELECTRON AND P I O h 1 0 1  MEASUREMENTS I N  A  HEAVY L I Q U I D  BUBBLE 
CHAMBER. 1 1 0  

CETERMINATICN CF THE MUONI-I  TOTAL CAPTLRE RATE I N  L l P U l D  
bYCROGEN. 1 1 0  

CU-MESONIC POLECLLES I N  L I Q U l O  HYDROGEN. 1 3 9  

POCERATION ANC CASCPDE T l V E S  f lF NEGPTIVE PIONS AND NEGATIVE KAONS 
IN LIQUID HELIUP. 1 4 3  

POCERATION T I P E  FOR NUCLEAR CAPTURE UF NEGATIVE P IONS I N  L I Q U I D  
I-ELIUM-4. I 4 4  

CN THE ABSORPTION OF NEGATIVE P IONS BY L I Q U I D  HELIUM. 
2 2 9  

ABSORPTIUN PECbAh lSMS OF NEGATIVE KAONS AND P l f lNS I N  1.101110 
C'i OROGEN. 2 6 2  

PUON REACTIONS I h  L I Q U I D  eYOROGEN AND L I Q U I D  DEUTERIUM. 
2 9 3  

. POOERAT10N PNC PeSOPPTlON TIMES FOR NEGATIVE P l O N S  I N  L I P U l O  
CEUTERIUM. 2 9 4  

POCERATIOY AND PBSORPTION TIMES OF NEGATIVE P IONS I N  L I Q U I D  
bVDP.OtEPI. 2v5 

EXPERIMENTAL STUCY CF THE CASCADE T I M E  OF NEGATIVE MESONS I N  A  

OBSERVATION OF M L O N I - I  CAPTURE I N  L I Q U I D  HYCROGEN. 4 7 4  

STUDY OF THE DEPCLARIZATION OF NEGATIVE MUONS I N  L l O U l D  HELII IM. 
4 6 5 .  

VELOCITY DEPENCEhCE OF THE BURBLE DENSITY FOR CHARGED P A R T I C L E  
TRACKS I N  L I O U l D  HYCROGEN. 4 6 9  

ANALYSIS OF NEUTRAL CASCACE EVENTS FROM A HEAVY L I Q U I D  BUBBLC 
CHAMBER. 7 5 2  

L I  TH IUM 
VEASUREMENTS OF THE RATES OF THE DECAY P I O N I i I  TO P l C N l O l  + 
FOSITRON + NEUTRINO AND OF P I O N ( - 1  CAPTLRE I N  L I T H I U M  HYORIDEl 
C A R B O N - H Y D R O G E N l i l ~  AN0 CARAON-HYDROGEN. 7 7 

TUO-BOCY BREAKUPS FCLLOYING P I O N ( - I  ABSCRPTION I N  L ITHIUM. .  
EVIDENCE FOR THE PRCOUCTICN OF HYDROGEN-4. 2 2 6  

CROSS SECTIONS OF ELASTIC SCAT.TERING OF 1 9 5  MEV P I U N S l + l  OY 
CARBON AND L I T H I U M  LUCLEI .  44  8  

TRANSIT ION PATHS OF MUUNSI-1 CAPTURED I N  SOL10 L I T H I U M .  
4 5 9  

PUON CAPTURE AN0 ELECTRIC CIPOLE E X C I T A T I O N  FOR L I T H I U M .  
5 1 9  

I N E L A S T I C  SCATTERING AN0 PCSORPTlf lN OF 1 5 5  P F V  P l O N S l + l  BY CARR9K 
bND L I T H I U U  NUCLEI.  6 0 2  

L I T H I U M - 6  
STUCY OF THE EFFECTS OF HYPERFINE STRUCTLRE I N  THE CAPTURE CF 
PUONS. A P P L I C P T I C N  TO THE CASE OF LITHIC'U-6.  2 7 0  

LITI~IUM-7 
SEARCH FOR THE TETRPNEUTRON V I A  THE REACTION P I O N I - I  + L I T H I U M - ?  
TO NEUTRON-4 + HELILM-3 .  2 2 5  

L I V E S  
PRECISE MEASUREMENTS OF TkE MEAN L I V E S  OF M U O N S I t l - I  I N  CARBON. 

6 3 3  

PRECISE MEASUREPENTS OF TbE MEAN L I V E S  OF V L O N S I + / - I  I N  CARBON. 
h 3 7  

LONGITUDINAL 
LONGITUDINAL P O L b R l Z A T l O N  OF THE ELECTRONS FROM THE DECAY OF 
LNPOLARIZEO P O S l l l V E  AND NEGATIVE MLONS. . 2 5 0  

esvnnETRY OF r r E  P I C N I ~ I  T O  MUONI+I T O  POSITRON DECAY-ELECTRON 
ANGULAR D l S T R l R U T l O N  I N  A  LONGITUDINAL PAGNETIC F I E L O  OF l 4 0 . 0 0 0  
GAUSS. 4 0 9  

LOS 
EXPERIMENTS CN TkE REPCTION P l O N  + NUCLEON TO P ION P l O N  + 
NUCLEON A T  THE PROPOSED LOS A L A M O S  PESON PHYSICS FACILI  rY.  

7  

LOU-ENERGY 
THE PROBLEM OF CETERMINING THE NATURE.0F  THE LOW-ENERGY 
INTERACTION OF PIONS ON TFE B A S I S  OF THE PROTON t DEUTERON TO 
PELIUM-3 + 2 -P ION AND P ION t NUCLEOh + 2:PION REACTIONS 

AN INCONSISTENCY I N  LOU-ENERGY P I O N  PHYSICS. 2 9 6  

DOUBLE-CHARGE-EXCHANGE SCATTERING OF LON-ENERGY PIONS BY NUCLEI.  
4 8 9  

LOU-ENERGY C-NAVE P ION-PION SCATTERING PFASE SHIFTS.  
6 2 5  

C l S P e R S l O N  TFEORY O F  LOU-ENERGY SCATTERING. 6 8  1  

LOU-PRE'SSURE 
I N V E S T I G A T I O N  OF FLUCIITATION AND I O N I Z A T I O N  I N  PROPORTIONAL 
LON-PRESSURE GETECTORS. 6 

CAGNESIUM 
d 

LEUTRON ASYMPETRY FROM MUON CAPTURE . I N  UAGNESIUM. 5  1  

CAGNf2TIC 
CEPOLARIZATIOM OF C L O N S I - I  I N  N I K F I  EMULSIONS PLACED I N  A  
CdGNETlC F I E L C  OF 1C.000 OERSTED. 2  

TtIE ANOMALOUS MAGNCI IC  ClflVENT OF r H f  MUON. 2 0 7  

'CUENCHING OF PUCh CEPOLbRlLAT lON BY WEAK MAGNETIC F I E L D S .  
2 0 8  

ANOMALOUS MbGNETlC COWEN1 OF THE NEGATIVE MbON. 3 4 8  

PRECISE DETERPINbTION OF TPE MUON MAGNETIC MOMENT. 3 8 7  

ACCURATE O ~ t E R U I t i A T I O N  OF THE M U O N I + I  MAGNETIC. MflMFN,T. 
e 8 8  

ASYMMETRY OF  THE PICNI +I T O  MUONI+I TO POSITRON D E C A Y - E L E C T R O N  
ANGULAR D l S T R I E U T I O k  I N  A  LONGITUDINAL MAGNETIC F I E L D  OF 140 ,000  



GAUSS. 

MAGNETIC  MOCEkT CF ~ E G A T I V E  MUONS. 

PAGNETIC n o * t N T  CF  THE P a s l T r v E  MUON. 

PAGNETIC  MOMENT CF h F 6 A T l V E  MUONS. 

ANGULAR D I S T R l B U T l O h  OF T k E  M U O N I + I  TO POSITRON OECAY ELECTRONS 
I N  STRONG M b G N E T l C  F I F L O S .  5 7 7  

C E P U L A R I Z A T I O R  OF A  REAM WUVlNG I N  b  NONUNIFORM MAGNETIC  F I E L D .  
5 R 9  

MANGANESE 
STUI>Y UF r H E  CUbCRUPOLbR EFFECTS ON THE ENERGY L E V E L S  I N  A  
PL-MES I C  MANGbNESE bTOM. I 1 7  

V A N I F E S T A T I O N S  
F O S S I B L E  M A N I F E S T A T I O N S  OF A  P I O N - P I O N  INTERACTION.  2 1 1  

PASS 
THE R E A C T I O k  P l O h 1 - 1  + PROTON TO P I O N I * )  t P I O N ( - )  + NEUTRON NEAR 
1 r F  r n R E s n o L c .  11. T r E  E F F E C T I V E  M ~ S S  S P E C T R A  FOR 
P l C N I t l P I O N l - 1  A h 0  P IONl+ lNEUTRON-SYSTEMS.  A  D E T E R M I N A T I O N  OF 
P I C N - P I O N  S C b T T E R I N G  LENGTPS I N  THE S-S IATE.  1 0 0  

RESULTS OF 1 S E b R C r  FOR P I O N 1 t I - P I O H I - I  RESONANCE I N  THE O I P I O N  
PASS R E G I O N  2 8 0  TO 1 5 0  MEV* 1 3 4  

P l C N  MASS MFbSUREMEhTS U S I N G  NEUTRON T IME-OF-FL IGHT TECHNIQUES. 
4 1 2  

TPE P I O N ( - l - P I O N 1 O i  M A S S  E I F F E R E N C f .  4 2 0  

H A C l A T l V E  CCRRECTlOhS TO P l O N  TO MUON (OR ELECTRON1 + NEUTRINO 
h I T H  F I N I T E  NECTRINC MASS. 4 6 2  

bN E X P E R l M E h T  CN THE R A C l b T l V E  CAPTCRE I N  F L I G H T  OF P I O N S  I N  
bYDR0GEN AN0 b  VEASLREMENT OF THE P I O N ( - 1 - P I O N 1 0 1  MASS 
T IFFFRFNCF.  5 5 0  

THE EFFECT OF NELTRI t IOS PCSSESSING A  NON-ZERO MASS ON THE OECAY 
CCISTANT OF eCUhC PUONS. 5 6 5  

PEASUREMENT C F  C A S S  DIFFEQENCE OF C ~ A R G G O  ANO NEUTRAL PIONS. 
6 0 4  

VEASl lRFCFNTS OF PASS OF S I N G L E  CHARGED P b R T l C L E S  E M I T T E D  BY 
I R C O R P T I O N  OF PFSONS I N  EPULSION N U C L E I .  b24 

CASS SPECTRUP CF CkbRGEC PARTICLES EMlTTEO I N  THE ABSORPTION OF 
P I C N S I - I  3 Y  PkCTCGRbFPIC  Ef'ULSIONS. 7 2 3  

CASS D I F F E R E N C E  CN THE N E C I I I V E  AND N E U I K A L  P IONS.  7 3 2  

$N IHF UPPER LIPIT CF THE VUON NEUTRINO MASS. 7hR 

PASSES 
SCbTTERING b N 0  R E S I C U A L  R INGE D E T E R P I N ~ I I O N S  OF THE MASSES OF 
CHIRGEO P A R T I C L E S  I h  H U L T I P L A T E  CLOUD CFAMBERS. 2  7  

P A T R I X  
C E T E R M I N A T I O N  CF THE NUCLEON-NUCLEON E L A S T I C  SCATTERING MATRIX. 

11 .  P r A s E  SHIFT A N A L Y S E S  o F  EXPERIPENTS.NEAR 50. 9 5 ,  142 ,  2 1 0 .  
~NI: 3 1 0  M E V .  5 3 3  

P A X I V A  
C O N T R I 8 U T l O h  TC THE STUCY OF P I O N ( - )  + PROTON TO P I O N I O I  r 
hEUTRON AN0 P I O N ( - I  + PROTON TO P I O N I O I  + P I O N I O I  t NEUTRON 
REbCT lONS AT T k E  ENERGIES OF THE MAXIMA OF THE P ION( - ) -NUCLEON 
I N T E R A C T I O N  I N  TCE T = 1 / 2  STATE TOTAL CROSS SECTION. 7 1 6  

CAYS 
R E L A T I V E  CYTOGERETIC E F F I C I E N C Y  OF MUONS AND P I O N S I - 1  I N  SEEDS OF 
ZEA M A Y S I L I .  5 4 8  

R E L A T I V E  CYTOGENETIC  E F F I C I E N C Y  OF MUONS AND P I O N S ( - 1  I N  SEEDS OF 
ZEb  M A V S I L I  ANC I T S  H O D l F I C A T l O N  RY P O S T I R R A O I A - T I O N  STORAGE. 

5 4 9  

PECMANI SM 
b  RESONANCE MECHANISM OF bEUTRON E M l S S l O N  I N  MUON CAPTURE BY 
1.1 Vl.kN. 54 

CECHANISM OF THE P I C N I - I v P I O N I - I N E U T R O N  REACTION. 4 9 0  

b  MECHANISM OF E V I S S I O N  OF hAR0 GAMCA QUANTA I N  THE REACTION P I O N  
t NUCLEON TO P I O N  + 6bCMA P b R T l C L E  t NUCLERN. 5 4 4  

PECHANISMS . 
bBSORPT lON MECHANISMS OF NEGATIVE KPONS AN0 P I O N S  I N  C I Q U l O  
PYOROGEh. 2 6 2  

COLECULAR PROCESSES INOUCEC BY MUONS( - )  I N  HYDROGEN BUBBLE 
CHbMBER. 1 1 .  MECHANISMS OF FORMATION OF M U I - I  MESONIC HYOROGEN 
POLECULbR ION. 5 5 9  

CONFERENCE CN C IRECT INTERACTIONS AND NUCLEAR REACTION MECHANISMS 
1 1 9 6 2 1  8 0 0  

P E O I C I N E  
PEAVY P b R T l C L E S  IN' C E D I C I N E .  

M E R I  STEMS 
STUDIES OF V l C l b  F l B A  Rf l f lT MERISTEMS I R R A O I A T E O  W I T H  A  P I O N I - I  
eEbM. 6bO 

'MESIC  
CN THE QUESTION OF ANOMALY I N  THE OECAY OF MUONSI- I  I N  MESIC  
~ T C M S  OF TRANSITION M E T A L S  OF THF IRON GROUP. 3 2 4  

FORMATION OF MESIC  b E L I U M  ATOCS I N  A  GAS MIXTURE C O N T A I N I N G  
F E L I U M  AND HYCROGEN. 7 0 6  

H E L I U M  M E S I C  ATOP PROCUCTION I N  GASEOUS MIXTURE OF HYDROGEN U I I H  
kEL IUM.  7 6 7  

MESOATOMS 
CN THE ANOMbLIES I N  MUONI -1  DECAY I N  MESOATOMS OF TRANSIT IONAL 
IRON GROUP KETALS. . 3 2 3  

MESON 
EXPERIMENTS ON TbE R F d C T l f l N  P I O N  t NUCLEON TO P I O N  + P I O N  + 
NUCLEON AT THE PROPCSEO LOS ALAMOS MESON PHYSICS F A C I L I T Y .  

7  

THE CROSS S E C T I C I  OF MESON RECHARGE BY PIONS I N  THE REACTION 
ANALYSIS P I O N ( - )  t PROTON TO P i o N I - l  + P I O N ( + )  + NUCLEON A T  THE 
ENERGY OF 2 9 0  PEV. 8 8  

CETERMINATION OF THE CONTRIBUTION OF THE ( 3 / 2 1 3 / 2 1  ISOBAR TO THE 
I N E L A S T I C  P l O N l - I - P R O T O N  l N l E H A C T l O N  PROCESSES AT 3 4 *  MEV MESON 
K I N E T I C  ENERGY. 1 4 8  

b P F L l C A T l O f l  O r  T lRCCl lOLD C r C D G V b ' n ~ ~  r F T F r T f l R  FflR CFPARAT lON OF 
PI0115 b t l 0  MUONS I N  MESRN R F I M < .  1 5 8  

GAS TARGET FOR SLOW MESON EXPERIMENTS. 3 3 4  

BRbNCHlNG R A T I O  BEThEEN T k E  VARIOUS OECAY MODES OF THE PU MESON. 
4 5 1  

r l dh -k r )CLeOl .  C L b 3 T I C  SGATTCn lHC E X P S R I ~ 6 h l l S  WITH H I G H  INTFNSITY 
MESON BEAMS. 4 5 4  

CETERMlNAT lCN OF THE FREQUENCY OF SLOU MESON CAPTURE BY L I G H T  AND 
F E A V Y  NUCLEI I& P H O ~ O E M U L S I O N .  4 8 0  

CN DETERMINING TkE  FREQUENCY OF SLOh MESON CAPTURE BY C l C H T  At10 
VEbVY EMULSION N L C L E I .  4 9 4  

NOTE ON THE P I O N  + NUCLEON TO ETA MESON + NI.T.IEON NEAR THRESHOLD. 
5 5 5  

TOTAL AN0 O I F F E R E N T I A L  CKUSS SECTIORS FOR P I O N I - I  t FROTON Td  ETA 
MESON I NEUTROh FROP THRESHOLC TO 1 '00  UEV. 6 3 8  

CESON-DEUTERON 
SPECULATIONS ON THE MESON-DEUTERON I H i E R A C T I O N .  5 5 6  

MESON-MESON 
EXPECTED ENERGY PEbKS I N  MESON-MESON INTERACTION. 7 0 6  

. - - - . . - - 
MESONIC ATOP PROCESSES I N  kYOROGEN b N 0  CEUTERIUM AN0 THE MUON 
CATALYSIS  OF FUSION REACTIONS. 3 1 3  

COLECULAR PROCESSES INDUCED BY MUONSI - I  I N  HYDROGEN BUBBLE 
CHAMBER. 11 .  CECHAhlSMS CF FORMATION OF L U I - 1  MESONIC HYDROGEN 
VOLECULbR ION. 5 5 9  

C IRECT MEASORECEhT CF M U ( - 1  MESONIC MOLECULE FORMATION RATES I N  
L l C U l D  HYOROGEh. 6 5 6  

PICN-MASS MEASUREMEhT BY CRYSTAL D I F F R A C T I O N  OF MESONIC X  RAYS. 
6 8 2  

MESONS 
I N l t K A L I  I U N 5  e t i h E E h  MESONS. ' 56  

FORMATION OF CCARGE-CARRYING MESONS BY 2 9 0  PEV NEGATIVE P I O N S  ON 
FYOROGEN. 

, ql, 

PWUdUCTlON OF CHPRGEO MESONS BY 2 4 5  MEV P I O N S ( - )  ON MYDROGFN 
1 0 3  

PROOUCTION OF CHbRGED MESONS BY 2 9 0  MEV P I O N S I - I  ON HYDROGEN 
1 0 4  

INTERACTION BETWEEN 1 5 3  MEV NEGATIVE MESONS AN0 HELIUM. 
1 7 9  

CETECTOR OF CELbYEC MESONS. 3 0 2  

CFASUREMENT OF T k E  ENERGY OF NEGATIVE MESONS U S I N G  A  STbR 
CETECTOR. 3 0 3  

EXPERIMENTAL STUCY CF THE CASCADE T I M E  CF NEGATIVF  MESONS I N  A  
LIQUID HELIUM B u e s L E  C H A M ~ E R .  3 5 5  

b  NOTE ON THE CDPTURE OF NEGATIVE MESONS IN P n o T o G R A P H I c  NUCLEPR 
EMULSIONS. 4 2  6 

SCATTERING OF k E G A T I V E  MESONS BY HYCROGEN AT 1 3 0  AN0 1 5 2  MEV 
5 0  1  

CECORIAL  
1 9 6 4  RUTHERFORC MEMORIAL LECTURE. P I O N S  VERSUS CANCER. CHARGE EXCHANGE CROSS SECTION FOR SLOU M E S O N S ( M U O N S l * l l  ON 



Y E A S U R E W F N l S  C F  P A S S  O F  S I N G L E  C H A R G E D  P A R T I C L E S  E M I T T E D  B Y  
A B S O H P - T l O N  O F  MESONS I N  E C U L S I O N  N U C L E I .  6 2 4  

E N E R G Y - L O S S '  S T R A G G L  lN l ;  O F  P H U T O N S  A N D  MESONS.. T A B U L A T I  O N  O F  T H E  
V A V I L O V  D I S I R I R U T I O A .  6 7 5  

P E T A L S  
CN T l l E  A N O M f L l E S  I N  M U O N I - I  D E C A Y  I N  MESOATOMS OF T R A N S I T I O N A L  
I R C S  GROUP M E T A L S .  3 2 3  

CN T l t E  C U E S T I O N  CF P N O M A L Y  I N  T H E  O E C A Y  OF M U O N S I - 1  I N  M E S I C  
P T C M S  OF TRANSITION METALS  OF THE IRON GROUP. 3 2 4  

S E A R C H  F O R  A N O P b L I E S  I N  M U O N I - I  D E C A Y  I N  P A R A M A G N E T I C  M E T A L S .  
3 2 5  

M O C E R A T I O N  
M O D E R A T I O N  A h 0  C A S C b C E  T l P E S  O F  N E G b T l V E  P I O N S  A N D  N E G A T I V E  K A O N S  
I h  L I O U I I I  H F L I I I P .  1 4 3  

C O D E R A T I O N  T I C E  FOR N U C L E A R  C A P T U R E  O F  N E G A T I V E  P I O N S  I N  L I Q U I D  
I - E L I U H - 4 .  I 4 4  

C O O E R A T I O N  ANC A e S O R P T l O N  T I M E S  FOR N E G A T I V E  P I O N S  I N  L I Q U I D  
C E L T E R I L l M .  2 9 4  

C O D E R A T I O N  AND e e S O R P T l O N  T I M E S  O F  N E G b T l V E  P I O N S .  I N  L I Q U I D  
I.YDROGCN. 2 9 5  

C O C E S  
J S E A R C h  F O Q  N E c T R I A O L E S S  O E C A Y  M O D E S  O F  T H E  N E G A T I V E  MbON. 

8 0  

C R P N C H l N G  R A T I O  P E T h E E N  T k E  V A R I O U S  D E C A Y  MODES O F  THE MU MESON. 
4 5 1  

C O L E C U L A R  
P O L E C U L A R  P R O C E S S E S  I N C U C E C  B Y  M U O N S I - I  I N  HYDROGEN B U B B L E  
CHAMDER.  1 1 .  P E C H A h l S M S  O F  F O R M A T I O N  OF M U ( - 1  M E S O N I C  H Y D R O G E N  
V O L E C U L A R  I C N .  5 5 9  

V O L E C U L P R  P R C C E S S E S  I N D U C E C  B Y  M U O N S I -  1  I N  HYORUGEN B U B B L E  
CYPPREU.  1 1 .  P E C H A h l S H S  O F  F O R M A T I O N  OF M U I - 1  M E S O N I C  I l Y D n O G C N  
C O L E C V L A R  I C N .  5 5 9  

C O L E C U L E  
h E G A l l V E  H U C h  C P I A L Y S I S  O F  T H E  N U C L E A R  R E A C T I O N S  DEUTERON-MUON 4 

PROTON TO H E L I U M - 3  + M U O N I - I  AND D E L T E R O N - M L O N  + D E U T E R O N  TO 
T R I T O N  t P R O T O N  M L O N I - I  AND PROTON-DECTEROY-MUON AND 
C E L T E R O Y - D E U T E R f l h - V L n N  M O L E C U L E  F O R P A T I O N  I N  G A S E O U S  HYDROGEN.  

3 1  I 

C I R E C T  M E A S U R E P E h T  C F  M U I - I  M E S O N I C  M O L E C U L E  F O R M A T I O N  R A T E S  I N  
L l C U l D  PYORCGEN.  6 5 6  

C O L E C U L E S  
P U - P E S O N I C  M O L E C U L E S  I N  L l Q U l C  HYDROGEN.  

F O R M A T I O N  OF P U - P E S C N I C  M O L E C U L E S  I N  H Y C R O G E N - D E U T E R I U M  M I X T U R E S .  
3 5 4  

VUON C 4 P T U R E  I N  IPRCTON-M1,flN-flFIITERONi I+ I M O L E C U L E S .  
7 4 8  

C O L Y B D E N U M  
S T U D Y  OF M U - V E S C h l C  X-RAYS.. E L E M E N T S  FROM S U L P H U R  TO MOLYBDENUM. 

' 6 2 3  

ROCENT 
6 6 A P G H  rOn A?: C L C G T f l l G  D l P O L C  1I011LldT 3 T R b C T U R C  OF THC MUOM. 

1 1  3  

T H E  A N O M A L O b S  C P G N E T I C  MOMENT OF T H E  MUON, 2 0 7  

PNCMALOUS M P G N E T I C  COMENT OF T H E  N E G A T I V E  MUON. 3 4 8  

F R E C I S E  O E T E R P l N P T l C N  OF T H E  MUON M A G N E T I C  MOMENT. 3 8 7  

bCCURbTC' D E T C R P l h A T l O N  OF T h E  M U O N I ~ I  M d G N e l l C  MOMENT. 
3 8 8  

C A G N E T L C  MOMENT CF h E G A T I V E  MUONS. 4 3 7  

V A G K E T I C  MOMENT CF T H E  P O S I T I V E  MUON. 4 3 8  

C A G N E T I C  MOMENT C F  h E G A 1  I V E  MUONS. 5 4 2  

M O V 6 N T A  
E L E C T R O N  A N D  M U O h  S C A T T E R I N G  FROM N U C L E A R  C h b R G E  D I S T R I B U - T I O N S  
AT I N C I C E N T  MOMENTA R E T U E E N  5 0  A N D  1 8 3  C E V I C .  3 6 2  

S C A T T E R I N G  O r  P U C N S  W I T H  MOMCNTA OF AOOL'T 1 0 0  M E V l C  I N  C O P P E R  A N D  
I R O N .  4 7 7  

COCENTUM 
CN THE E L A S T I C  S C A T T E R I N G  OF PROTONS AND PIONS ON NUCLEONS w l T n  
L A R G E  MOMENTUM T R A N S F E R S .  1 0 6  

S C A T T E R I N G  C F  C O S M I C  R A Y  MUONS B Y  L E A D  A T  A MOMENTUM B E T W E E N  2 0 0  
P N C  1 5 0 0  M E V I C .  1 2 9  

, . I N E L A S I I C  C O L L I S I O N S  FOR S H A L L  MOMENTUM TRANSFERS. 255 

M 0 1 T  
M O T 1  S C A T T E R I N G  OF P O L A R I Z E C  MUONS. 

MU 
E X P E R I M E N T A L  I N V E S T I G A T I O N  OF M U ( - I - M E S I C  ATOM P R O C E S S E S  I N  
G A S E O U S  H Y D R O G E N .  2 5 6  

e R A N C H l N G  R A T I O  E E T h E E N  T k E  V A R I O U S  O E C A Y  MODES O F  T H E  M U  MESON.  
4 5 1  

P O L E C U L A R  P R O C E S S E S  I N D U C E D  B Y  M U O N S I -  I I N  H Y D R O G E N  B U B B L E  
CHAMBER.  I I. P E C H b N l S M S  O F  F O R M A T I O N  OF M U l - I  M E S O N I C  H Y D R O G E N  
C O L E C U L A R  ION. 5 5 9  

C I R E C T  M E A S U R E P E h T  O F  M U I - I  M E S O N I C  M O L E C U L E  F O R M A T I R N  R A T E S  I N  
L I Q U I D  HYDROGEN.  6 5 6  

S O N I C  S P A R K  C H A P B E R  M E A S U R E M E N T  O F  THE B E T A  S P E C T R U P  F R O M  M U  
CECAY. 6 6 3  

M U - M E S I C  
S T U D Y  OF T H E  C U A C R U P O L I R  E F F E C T S  ON T H E  E N E R G Y  L E V E L S  I N  A 
M U - M E S I C  M A N G A N E S E  PTOM. 1 1 7  

M U - M E S I C  A T O M  F O R M A T I O N  O F  D E F O R M E D  N U C L E U S .  4 8 4  

I S O T O P I C  O l F F E R E h C E S  I N  M U - M E S I C  K X-RAY E N E R G I E S  OF O X Y G E N - I 6  
b N C  O X Y G E N - 1 8 ,  C P L C I U M - U O  AND C A L C I L M - 4 4 ,  T I N - 1 1 6  A N 0  T I N - 1 2 4 .  
G P O O L I N I U M - I 5 5  b h O  G A C O L I N I U M - 1 6 0 .  5 7 9  

M U - M E S O N I C  
M U - M E S O N I C  M O L E C L L E S  I N  L I Q U I D  HYDROGEN.  

ENERGY MEASURE,UEhTS O F  T H E  2 P - I S  T R A N S I T I O N S  I N  M U - M E S O N I C  ATOMS.  
1 7 5  

AN E X P E R I M E N T A L  I N V E S T I G A T I O N  O F  M U - M E S O N I C  A T O M I C  P R O C E S S E S  I N  
GASEOUS H Y D R O G E N .  3 1 C  

F O R M A T I O N  OF M U - M E S O N I C  M O L E C U L E S  1 %  H Y C R O G E N - D E U T E R I U M  M I X T U R E S .  
3 5 4  

S T U D Y , O F  M U - M E S O N I C  Y-RAYS.. E L E M E N T S  FROM S U L P H U R  TO M O L Y B D E N U q .  
6 2 3  

MU-MOLECULAR 
h b V E  F U N C T I C N S  FCR CUON C I P T U R E  I N  THE I -YnROGEN M U - M O L E C U L A R  I O U .  

MU-MOLECULE . 
K E G A T I V E  M U C N  C J I A L Y S I S  OF T H E  F U S I O N  R E A C T I O N S  D E U T E R O N - M U O N  + 
P R O T O N  TO H E L I U M - 3  r M U O N ( - I  A N D  D E L T E R O N - M U O N  + D E U T E R O N  TO 
T R I T O N  + P R O T O N  + H U O N I - I  AND P R O T O N - O E b T E R O N - M U O N  A N D  
D E U T E R O N - D E U T E R O h - E L O N  MU-MOLECULE P R O D U C T I O N  I N  G A S E O U S  
HYDROGEN. 3 0 9  

M U - N E U T R I N O  
C E T E R M I N A T I O N  OF T H E  MU-NEUTRINO H E L I C I T Y .  

C U L T  I - C H A R G E D  
P R O C U C T I O N  O F  C U L T I - C M A R G E O  P A R T I C L E S  ON P H O T O G R A P H I C  E M U L S I O N  
N U C L E I  B Y  2 8 0  K E V  P I O N S I + I .  4 4 9  

V U L T I P A R A M E T E R  
C O N F E R E N C E  O N  T P E  U T I L I Z A T I O N  O F  M U L T I P A R A M E T E R  A N A L Y Z E R S  I N  I N  
N U C L E A R  P H Y S I C S  1 1 9 0 2 )  8 0 2  

M U L T I P L A T E  
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l r 7 7  

THE RHO VALUE FOR T k E . B E T b  CECAY OF THE NEGATIVE MUON. 
4 7 4  . 

hUCLEON P A I R S  E P I T T E O  BY NEGATIVE P I O N  CAPTURE AND 
CHARGE-DEPENOENT NUCLEAR WAVE FUNCTIONS I N  L I G H T  NUCLEI .  

4 8 5  

E L A S T I C  S C A T T E R l h G  CF NEGATIVE MUONS I N  NUCLEAN EMULSION. 
4 9 7  

SCATTERING OF NEGATIVE MESONS BY HYCROGEN AT 1 3 0  AND 1 5 2  MEV 
5 0 1  

THE CAPTURE OF N E G A T I V E  P l O N S  I N  HYCROGEN b N 0  DEUTERIUM. I. 
h Y  OROGEN. 5 0 2  

THE CAPTURE OF NEGATIVE P I O N S  I N  HYCROGEN AND DEUTERIUM. 11. 
CEUTERIUM. 5 0 3  

THE CAPTURE AN0 CECAY INTERACTIONS OF NEGATIVE MUONS STOPPED I N  
PATTER. 5 1 8  

C I F F E R E N T I A L  CYTCLOGIC EFFECTS OF NEGATIVE P I O N  BEAMS I N  PLbTEAU 
AND ..STAR.. REGIONS. 5 2 0  

NEUTRONS FRCH NEGATIVE HUCN CPPTURE. 5 3 7  

CAGNETIL  M U P t N I  CF REGATIVE MUONS. 5 2 2  

P R E C I S I O N  L l F E T l C E  CEASUREMENT ON P O S I T I V E  AND NEGATIVE MUONS. 
5 b 7  

R A O l b T I V E  CAPTURE OF STOPPEO NEGATIVE P I O N S  BY NUCLEI .  
6 0 8  

I N T E R A C T l f l N S  n F  1 4 1  MEV NEGATIVE P l O N S  b I T H  DEUTERIUM. 
6 1  1  

E L b S T l C  S C A T T E R l h G  CF 1 4 2  MEV NEGATIVE P l O N S  BY UEUTFRBNS. 
6 1 3  

CN THE DOSICETRY OF NEGATIVE P l O N S  h I T H  b  VIEW TOWARD THEIR  T R I A L  
I N  CANCER THERbPV. 6 3 9  

S t b T T F R I N G  CF N F C I T I V E  P l f l N S  ON PROIONS A T  310 MEV,. D I F F E R E h T l A L  
PNC TOTAL CROSS-SECTION ANC PHASE-SF IFT  ANALYSIS.  6 5  7  

A  S C I N T I L L ~ T I O N  COUhTER SVSTEH FOR THE CETECTION OF P O S I T I V E  AND 
NEGATIVE P ICNS.  6 6 0  

TRPNSFER OF NEGATIVE PUONS TO GASES D ISSOLVED I N  A  HYDROGEN 
OUOOLE GHAMBCR. h 7 7  

CAPTURE OF NEGATIVE MUONS e v  NUCLEI.  6 7 9  

NEGATIVE PlOk-PRCTON E L A S T I C  SCATTERING AT 6 0 0  TO 7 5 0  MEV. 
6 8 7  

PROSPECTIVE USE CF NEGATIVE P l O Y S  I h  THERAPY. ' 7 0 0  

E L A S T I C  S C A T T E R l h G  CF NEGPTIVE P I O N S  B Y  PROTONS AT 9 0 3  MEV. 

7 0 3  

PASS D I F F E R E N C E  EN THE NEGATIVE AND NEUTRbL  P IONS.  7 3 2  

1 H f  ABSUWPT'IUN UF NCGATIVE IJIUNS 3 1  L U R P L t h  N U C L e l i C u F P F k ,  ~ i h  
PNC L E P C I .  7 3 5  

NEGATIVE P l O h  ABSORPTION I N  COPPER, T I N  PND LEAD. 7 3 6  

CN I H t  N t f A l l V t  V IUNS b H ~ U Y ~ I I U N  i N  C u n P ~ € i  IvtJCLCI. 139 

SCATTERING OF NEGATIVE P I O N S  ON PROTONS AT 3 1 0  t4CV.s 
RECOIL -NJCLECN P C L b R l Z b T l C N  AND PHASE-Sb IFT ANALYSIS .  

1 4  1  

CHARGE-EXCHAkGE SGATTERIhlG OF NEGATIVE P l O N S  AT b l  MEV AND 9 5  
PEV. 7 5 6  , 

CECAY RATES OF BCUNC NEGATIVE MUONS. 'f 5 8 

PEASUREWENT CF TkE CASCADE T l M E  OF NEGATIVE P I O N S  I N  GASEOUS 
I E L l U H  I .  7 7 1  

NECN 
CUON CAPTURE I N  NEON. 

NEbTRAL 
CEASUREMENT OF THE TOTAL CROSS SECTION FOR NEUTRAL PROCESSES I N  
THE P I O N ( - I - P R a T C N  INTERACTION FROM 3 0 0  TO 1600 MEV PNO 

. CETERMlNAT lON OF THE R E L I T  ION BETWEEN P I O N I O I  PRODUCTION AND 
CHARGE EXCHANGE UP TO 1 1 1 2  MEV. 1 7 3  

PEbN L I F E - T l V E  OF TCE NEUTRAL PION. 4 0 1  

NEUTRAL F I N A L  STPTES I N  P ION( - ) -PROTON INTERACTIONS FROM 5 0 0  TO 
1 3 0 0  MEV. 6 0 0  

P N P L Y S I S  OF NEUTRAL CASCACE EVENTS FROM A  HEAVY L I Q U I D  BUBBLE 
CHAMBER. 7 5 2  

NEUTRINO 
CEPSUREMENT OF TFE RATE MUONI-)  + CbRBON-12 TO BORON-I2 + 
NEUTRINO. 1 5  

CEDSUREMENTS OF THE RATES OF THE DECAY P I O N I + I  TO P I O N I O I  t 

E L A S T I C  S C A T T E R l h G  OF N E G A T I V E  P l O N S  B Y  PROTONS A T  1 5 2  MEV. 
4 9 9  
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FOSITRON + NEUTRINO AND OF P I O N I - I  CAPTURE I N  L I T H I U M  HYORIDEl 
CARRON-HYDRCGEh l i l .  AND CPRBON-HYDROGEN. 7 7 

THE INDbCED PSEUCOSCALAR AND TENSOR COUPLINGS I N  THE PROCESS 
PUCNI -1  HELIUM-3  TO HELIUM-3 t NEUTRINO. 1 1 6  

A VFASUREHENT OF TbE eRANCI-ING R A T I O  FOR PION-BETA DECAY.. 
R = l P l O h l * l  TO P I C N I O I  + POSITRON + N E U T R I N O l E L E C T R O N I I I I P I O N l + l  
I 0  P U O N I t l  + ~ N E U T R I N O I M U O N I I .  1 1 9  

A PEASUREHENT CF THE RR4NCkING R A T I O  FOR PION-BETA DECAY.. 
R=IPIUNI+I ro PICNICI t P O S I T R O N  + NEUTRINOIELECTRONI ) I IP IONI~ I  
1 0  W U O h l t l  t N E U T R I h O i M U f l N l I .  1 1 9  

YEPSUREHENT BY eREUSSTRPHLUNG TRANSPISSION OF THE P O L A R I Z A T I O N  OF 
FOSITRONS F R O C ~ P L O N S l t I  TO POSITRONS t NEUTRINOIELECTRONI t 

h E U T R I N O l - ) - W O N .  1 5 5  

PE ASUREMENT BY SREPSSTRAHLUNG TRANSMISSION OF THE P O L A R I Z A T I O N  OF 
FOSITROhS FROM * L O N S l + l  TO POSITRONS t NEUTRINOIELECTRONl + 
~ E c T R I N C I - ) - P U C N .  1 5 5  

E L E C T R J H A G N E T I C , C O R R E C T I O N  EFFECTS ON ThE P I O N ( + )  TO P I O N I D )  r 
FCSITRCN t NEUTRINO DECAY. 2 0 6  

C E T E R H l h h T I C N  OF THE P I U N I t I  TO P I O N I O I  t POSITRON + NEUTRINO 
CECPY RATE. 2 7 3  

EXPERIVENTAL EVICENCF FOR STRUCTURE EFFECTS I N  THE P I O N l t l  TO 
FOSITRUN t NEUTRINO + GAPPA PARTICLE OFCAY PROCESS. 2 7 ?  

FVRTHFR ME4SURErENTS CF T I E  P I O N l + l  TO P I O N I O I  + POSITRON t 
NEUTRINO. . 2 1 5  

STLCY OF THE CECDY F l O N  TO ELECTRON t NEUTRINO. 2 8 8  

PEASUREHENT CF TkE RATE FOR M1:ONI-I + HELIUP-3  TO T R l T I L i M  r 
hEUTRINO. 3 2  1 

I h V E S T l G A T l C N  CF TWE S P I N  CEPENDENCE OF LEAK INTERACTION I N  THE 
PRCCESS U U O h l - 1  + PROTON TO NEUTRON + NEUTRINO. , 3 2  6 

PEPSUREUENT 
REbCTlON L A 1  

TI-E NEUTRINO 
3 4 2  

VEPSUREHENT OF TI-E P U O N I - I  t HELIUM-3  TO T R I T I U M  r NEUTRINO 
REACTION RATE. 3 4 3  

CeSERVATlON OF TkE REACTION MUONI-I  t I rCL IUH-3  TO T R I T I U M  + 
hEUTRIN0.  3 5 8  

A SEARCH FOR 
PARTICLEI .  

THE DECAY MUON ELECTRON NEUTRINOIGAMMA' 
3 7 5  

THE EFFECT OF NEUTRINOS POSSESSING A NON-ZERO MASS ON THE OECAY 
CONSTANT OF .BOUNC PLONS. , 5 6 5  

CN THE NEUTRINOS EMITTED I N  BETA DECAY AND MUON CAPTURE. 
6 5 0  

NEUTRINOS FROC STOPPFC P IONS AND MUONS. 72C 

NEUTRON 
NEUTRON ASYMMETRY FROU MUCN CAPTURE I N  MAGNESIUM. 5 1 

A RESONANCE CECMPNISM OF NEUTRON E M I S S I C N  I N  MUON CAPTURE BY 
.OXYGEN. 5 1r 

THE P I O N ( - l  + PROTON TO P I O N l t I  + P I O N I - 1  t NEUTRON REACTION NEAR 
THE THRESHOLD. I. TOTAL CROSS SECTIONS AND ANGULAR 
C l S T R l B U T l O N S  OF SECONDARY PARTICLES. 8 7  

CETERMlNAT lON OF THE CHARGE-EXCHANGE CROSS SECTION OF P I O N S  FROP 
THE ANALYSIS  OF THE REACTION P I O N ( - 1  + PROTON TO P I O N ( + )  + 
NEUTRON AT 2 9 0  MEV. 9 4  

THE REACTION P l O h l - 1  t PRCTON TO P I O N l r l  + P I O N I - 1  + NEUTRON NEAR 
THE THRESHflLO. I. THE TOTAL CROSS SECTIONS. ANGULAR 
C I S T R I B U T I O N S  OF SECONDARIES. 9 9  

THE REACTIOU P I U h I - 1  + PROTON TO P I C N I + I  + P I O N I - 1  + NEUTRON NEAR 
THE THRESHOLC. 11.  THE EFFECTIVE UbSS SPECTRA FOR 
P I O N I + l P I O N I - I  Ah0  F IONI t lNEUTRON-SYSTErS.  A DETERMINATION OF 
P ION-PION SCATTERING LENGTHS I N  THE S-STATE. 1 0 0  

THE P I O N I - 1  + PRCTOh TO P I O N I + I  r P I O N I - I  t NEUTRON REACTION NEAR 
THE THRESHOLC PNC P ION-PION INTERACTION. 1 0 1  

THE P l O N l t l  t PRCTON TO P I O N l t l  t P I O N I - I  + NEUTRON REACTION AT 
PN ENERGY 2 4 0  CEV AND P ION-PION INTERACTION. 1 0 2  

D I F F E R E N T I A L  CROSS-SECTIOU OF THE P I O N ( - I  PROTOtI TO ~ 1 0 1 * 1 0 1  4 

NEUTRON PROCESS bT S3C CEV. 1 2 7  

SEARCH FOR A RESCNAhT P ION-PION INTERACTION I N  THE PROCESS 
P I C N I - I  t PROTCN TO P ION1 t I + P I O N I - 1  t NEUTRON NEAR THRESHOLD. 

1 3 7  

PNALYSIS  OF P I O N I - 1  + PROTON TO P l O h l - l  t P I O N I + I  NEUTRON AN0 
P I C N i - 1  + PROTON TO P I O N ( - )  t P l O N l C l  t PROTON REACTIONS AT THE 
KINETIC ENERGY O F  3 2 8  MEV. 1 4 5  

LNALYSIS  OF THE R E A C T I O N S - P I O N I - I  t PROTON TO P I O N I - 1  t P I O N I + l  + 
NEUTRON AND P I C N I - I  + PROTON TO P I O N I - I  + P I O N I O I  + PQoTf lN  W I T H  
9 3 R  YFY D l O K C I - I .  I h ?  - - . . . . .. . . . - . . - . , . . . .  

S P I N  DEPENDEhCE CF hEnK I N I E R b C T l O N  I N  THE PROCESS MUONI - I  + 
PROTON Tf l  NEUTROh + NEUTRINO. 4 4 0  EVALUATION OF CROSS SECTICNS OF ELECTRCPAGNETIC PROCESSES P I O N I - I  

+ PROTON TO P I O N l + l  + P I O N I - I  + GAMMA PARTICLE + NEUTRON, 
R A C I A T I V E  CORRECTlOhS TO P ION TO MUON IOR ELECTRON) t NEUTRINO P I C N I - I  t PRCTCN TO POSITROV ELECTRON t NEUTRON P I O N I - L  + 
h I T H  F I N I T E  NEUTRINO MASS. , 4 6 2  PROTON TO P I O N I - I  + PROTON t POSITRON + ELECTRON AT P I O N I - I  

K I N E T I C  ENERGY OF 3 4 0  MEV. I 5 0  
R A C I A T I V E  CCRRECl lOhS TO P ION TO MUON ICR ELECTRON) t NEUTRINB 

' L l l H  F I N I T E  NEUTRINO'YASS. 4 6 2  EVALUATION OF CRCSS SECTICNS OF ELECTROCAGNErlC PROCESSES P I O N I - I  
+ PROTON TO P l C N I + I  + P l O h l - l  G4MMA PARTICLE + NEUTRON, 

CEASUREMENT OF TkE RATE OF THE REACTION MUON(-I + CARBON-12 TO F I O N I - 1  t PROTON TO Pf lSITRON t ELECTRON t NEUTRON P I O N ( - 1  + . 
eORON- 12  t NEUTRINO. 5 3 5  PROTON TO P I O N I - 1  + PROTON t POSITRCN + ELECTRON AT P I O N ( - 1  

K I N E T I C  ENERGY OF 3 4 0  MEV. 1 5 0  
CN THE CECAY P l O h  TO ELECTRON + NEUTRINO + GAMMA PARTICLE. 

5 6 4  

CN TIIE DECAY P l O h  TC PUON NEUTRINO + POSITRON + ELECTRON. 
6 1 5  

CETERMlNATlON OF THE REACTION RATE P I O N I - 1  AT REST + PROTON TO 
P I C N I O I  + NEIITRON I h  HYCROGENOUS MATERIALS. ZU4 

CATALYSIS  OF ThE DELTERON + DEUTERON TO HELIUM-3  NEUTRON F l l S l f l N  
RCbCTIOtI  B Y  I < F O P l I V C  rUUN3.  3 0 8  

A k I L A H E N T  SCINTILLCTION CkAMBER MEASUREMENT OF THE RATE FOR 
PUONI - I  + CARPON-12 TC BORCN-12 + NEUTRINO. 6 7 0  NEGATIVE MUON CATALYSIS  OF THE NUCLEAR F L S I O N  REACTION DEUTERON + 

CEUTERON TO HELILM-3  t NFUTRON. 3 1 2  
CN POLARIZAT ION PROPCRTIES OF MUONS I N  E L A > I I C  NEUTRINO 
PRECESSES. 6 8 5  I N V E S T I G A T I C N  OF THE S P I N  CEPENDENCE OF LEAK INTERACTION I N  THE 

PROCESS MUONI-1 t PROTON TO NEUTRON t NELTRINO. 3 2 6  
PEASURECENTS CF P R O e A B l L l T l E S  OF H U O N I - I  t HFI.IUM-3 TO HELIUM-3 + 
NEUTRINO REACTION. F I N A L  RESULTS. 7 6 0  

PEASURING THE PRCBAPlL l T Y  FOR THE REACTION MUONI-I  + HELIUM-3  TO 
l R l T l U U  + NEUTRINO. 7 6 3  

CBSERVATION OF TkE REACTICN MUONI-1 t HELIUM-3 TO T R I T I U M  + 
NEUTRINO. 7 6 4  

CN THE UPPER L I M I T  CF THE MUON NEUTRINO MASS. 7 6 8  

NEUTRINOLESS . 
b SEARCH FOR NEUTRINOLESS CECAY MODES OF THE NEGATIVE MUON- 

8 0  

SEARCH FOR NEUTRINOLESS COHERENT NUCLEAR CAPTURE OF MUONS(-) 
2 3 3  

USE OF A SPARK CkAPeFR I N  A SEARCH FOR NEUTRINOLESS CONVERSION OF 
PUONS INTO ELECTRONS. 2 3 6  

NEUTRINOS 
CO NEUTRINOS INTERACT BEThEEN THEMSELVES$. 

TWO N6UTRlNOS OR OUCl.  

THE PHYSICS OF PUONS AND MUON NEUTRINOS. 

THE INVERSE PWOTCPRODUCTICN REACTION P I C N I - I  t PROTON TO GAMMA 
PARTICLE + NEUTRCN. 3 8 9  

INVERSE PHOTOPROCUCTION REACTION P I O N I - I  + PROTON TO GAMMA 
PARTICLE + NEUTRCN I N  FLIGHT. 3 9 0  

C IFFERENTIAL  C I S T R l e U T I O N S  OF P I O N S I i I  I N  THE REACTION P I O N I - 1  r 
PROTON TO P I O N ( + )  + P I O N I - I  + NEUTRON FROM 5 0 0  TO 7 0 0  MEV. 

3 9 2  

P l O N  MASS UEPSUREMENTS USING NEUTRON T IYE-OF-FL IGHT TECHNIQUES. 
4 1 2  

NEUTRON ENERGY SPECTRA FROM NUCLEI  EXCITED BY UUONI-1 CAPTURE. 
4 1 3  

PION-NUCLEON SCATTERING AT 3 1 0  MEV.. NEUTRON POLARIZATION I N  
P I O N I - I  + PROTON TO P I O N I C I  + NEUTRON ANC PFASE-SHIFT ANALYSIS. 

4 2 7  

PION-NUCLEON SCATTERING AT 3 1 0  UEV.. NECTRON POLARlZPTION I N  
P I O N ( - )  + PROTON TO P I O N 1 0 1  + NEUTRON AND PHASE-SHIFT ANALYSIS. 
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PROTON TO NEUTRON + NEUTRINO. 4 4 0  

THE R E A C T l f l h  P l f l h l - I  + PROTON TO P I O N I - I  + P I O N I + I '  + NEUTRON FROM 
3 5 0  1 0  8 0 0  PEV. 4 7 9  

CECHANISM OF THE P l C N I - 1 . P I O N I - ) N E U T R O N  REACTION. 4 9 0  

PNGULAR O l S T Y l B U l l O h S  FOR P I O N I - 1  + PROTON TO P I O N I O I  + NEUTRON 
P I  3 1 5  AND 3 7 1  PEV. , 5 0 6  

EXPERIMENTAL STUCY CF P ION-PION I N T E R A C T I O N  I N  THE REACTION 
P I O N I - I  + PROTCN TO P I O N I C I  + P I O N I C I  NEUTRON AT I N C I D E N T  
P I O N I - I  ENERGY OF 3 7 8  MEV. 5 4 0 ,  

e PEASURCMENT OF T W E  DISPERSAL R E C A T I O N  FOR THE REACTION PIONI-I 
t PROTON TO P l C f l O l  + NEUTRON AT 9 0 0  MEV I N  THE 7 2 - I N C H  HYDROGEN 
CbCOLE CHAMCER. 5 6 8  ' 

C A R D U N - 1 2 l P I C N l - 1 . P I O N I - I N E U T R O N I C A R B O N - I  E X C I T A T I O N  FUNCTION. 
6 2  1 

E X C I T A T I f l N  FUECTION FCR TI-€ 
CARDON-12lPIONI-I.PIONI-INEUTRONICARBON-I REACTION. 

632 

TOTAL AN0 O I F F E R E N T I A L  CRCSS SECTIONS FOR P I O N I - I  + PROTON TO ETA 
PESON + NEUTRON FRO* THRESkOLD TO 1 5 0 0  WEV. 6 3 8  

L STUnY OF THE P I O N I + I  I N  TI-E REACTION P I O N I - 1  + PROTON TO 
P I C N l r l  + P l O h l - l  + NEUTRON AT 3 6 5  AN0 4 3 2  MEV. 6 8 9  

CCNTRIBUTION T O  THE STUDY OF PIONI-I + PROTON T O  PIONIOI'+ 
NEUTRON AND P I C N I - 1  + VYOTCN TO P I O N I O I  + P I O N I O I  t NEUTRON 
R E ~ C T I O N S  A T  T ~ E  E N E P G I E S  OF THE n r x l u r  OF THE PIONI-I-NUCLEON 
I h T E R A C T l O N  I N  TkE T = 1 / 2  STATE TOTAL CROSS SECTION. 7 1 6  

CCNTRIBUTIOK TO THE STUDY OF P I O N I - I  + PROTON TO P I O N I O I  + 
hEUTRON AND P I O N I - 1  + PROTON TO P I O N I O I  + P l O N l O l  + NEUTRON 
REACTIONS AT THE ENERGIES OF THE MAXIMA OF THE P IONI - ) -NUCLEON 
l N T E R A C T l O N  I N  TkE 1 = 1 / 2  STATE TOTAL CROSS SECTION. 7 1 6  

NEUTRON SPECTRP FROP P I O N I - I  CAPTURE I N  COPPER. T I N  AND LEAD 
7 3 7  

THE R E A C T l O h  P I C h l - I  + PROTON TO P I O N I - 1  + P I O N ( + )  + NEUTRON 
CELOW 8 0 0  MEV. 7 8 4  

NEUTRON-NEUTRON 
THE INFLUENCE CF THE NEUTRON-NEUTRON F INAL-STATE I N T E R A C l I O N  ON 
THE CAPTURE OF PLONS BY OEUTERONS. 2 9 8  

PEPSUREMENT OF TkE NEUTRON-NEUTRON S-WAVE SCATTERING LENGTH FROM 
THE REACTION P l O h l - I  t CEUTERON TO 2-NELTRON + GAMMA PARTICLE. 

4 1 1  

NEUTRON-NEUTPON SCATTERING LENGTH BY P l C N  ABSORPTION I N  HELIUM-3. 
4 7 3  

~ F A C I I R F N F N T  C F  T ~ E  NEUTRON-NEUTRON SINGLET S - S T A T E  SCATTERING 
I F ~ C T H .  LO.? 

NEUTRON-PROTON 
PICN-NlJCI.Pilh C C l ! F L l h h  CCNSTANT FRflM NEUTROH-PROTON OIFFERENTIAL  
CRCSS-SECTICNS OVER AN ENERGY RANGE. Y I Y  

RELTRON-SVSTEPS 
THE REACTIOh P I O h l - 1  + PRCTON TO P I O N l + l  + P I O N I - I  + NEUTRON NEAR 
THE THRESHOLC. 11. THE EFFECTIVE MbSS SPECTRA FOR 
P I C N l + ~ P I O N I - 1  b h D  PIONl+lNEUTRON-SYSTEMS. A 0ETERMINA.TION OF 
P I C N - P I O N  SCATTERING LENGTI-S I N  THE S-STATE. 1 0 0  

NLIJTRBN-ti 
SEARCH rQR TPF TETRbNEUTRON V I A  THE REACTION P I O N I - I  + L I T H I U M - 7  
T O  NEUTRON-b + IJELILM-3. 21'3 

NELTRONS 
ENERGY SPECTRA OF NEUTRONS EMITTED FOLLOWING P I O N I - I  CAPTURE I N  
CARRON, ALUPINUP,  C ~ D M I U M I  L E A 0  AN0 URANIUM. 1 9  

ASYPMETRY I h  AhGULAR C l S T R l B U T l O N  OF NEUTRONS FROM MUON CAPTURE 
I h  S P I N  0 N U C L E I .  2 1 

THE LNG111 bR C l S T P I B L T l O N  OF THE NEUTRONS ARISING FROM THE NUCLEAR 
CAPTURE OF POLPHIL~L  RUUNS. 30 

bNGULAR D I S T R I B U T I O h  n F  NEUTRONS FOLLOWING THE NUCLEAR CAPTUUE 0 6  
F O L b R l Z E O  MUOhS. 3 1  

ENERGY OF NEUTRONS FROM CbPTURE OF PUONSI -1  I N  LEAD NUCLEI .  
5 5 

b 6 0  MEV N E G b T l V E  P l C N  SCATTERING FROM NEUTRONS I N  A PROPANe 
0UI)OLC GIIAMBER. 5 8  

bSVMMETRY PARARETER flF NEUTRONS AND TRITONS FROM THE CAPTURE OF 
FOLARIZEO MUCNI- I I N  HELIVM-4. 1 2 6  

SOPE REGULARITIES ~h THE ANGULAR DISTRIBUTION OF NEUTRONS E n l T T E o  
I N  POLbRlZEC .PUCh CbPTURE BY NUCLEI .  . 1 5 7  

VEASUREHENT OF TkE P O L A R l Z A T I O N  OF NEUTRONS FROM THE CAPTURE OF 
CUONSI-I .  2 3 9  

POLARIZED MUONSI-1 I N  CALCIUM. 3 3  7 

ASYMMETRY I N  THE ANGULAR C l S T R l B U T l O N  OF THE HIGH-ENERGY NEUTRONS 
FRCU MUONI-I  CAPTURE I N  SULFUR. 3 3 8  

ASYMMETRY I N  ANGLLPR O I S T R I B U T I O N  OF NEUTRONS EMITTED I N  CUONI - I  
CAPTURE I N  CALCILM.  3 3 9  

ASYMMETRY I N  ANGLLPR C I S T R I B U T I O N  OF NEUTRONS EMITTED I N  I'UONI-I 
CAPTURE I N  CALCILM.  3 4 0  
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t - E L I U M - d  P R O C U C T I O N  I N  N E G A T I V E  P I O N  C A P T U R E  B Y  C A R B O N  AND O X Y G E N  
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CEAVY P A R T I C L E S  I N  P E O I C I N E .  5 1 2  PHASE-SHIFT 
PHASE-SHIFT ~ N L L v S I S  I N  P I O N I t 1 - P R O T O N  SCATTERING AT P I O N  ENERGY 
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PION-PROTON PHASE-SHIFT ANALYSIS  AT P I O N  ENERGY OF 4 1 0  AN0 4 9 2  
PEV. b 5 

SCATTERING OF P O S I T I V E  P IONS ON PROTONS AT 3 1 0  MEV.. 
RECOIL-NUCLEON PCLbR1 ZAT I O N  AND PHASE-SHIFT ANALYSI  S. 
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P I O N I + l - P R O T O N  SCATIERING bN0 PHASE-SHIFT ANALYSIS  AT 3 1 0  MEV. 
3 7 0  

P I O N l t l - P R O T O N  E L A S I I C  SCbTTERING AT 31C MEV.0 PHASE-SHIFT 
LNALVSIS. 3 7  1 

PION-NUCLEON SCbTTERING AT 3 1 0  MEV.. NEUTRON POLARIZATION I N  
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FNCRGY LOSSES CF STRONGLY INTERACTING P A R T I C L E S  PASSING THROUGH 
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CNSTABLE PARTICLES.  7 4 7  

ENERGY-DEPENDENT PICN-NUCLEON PHASE-SHIFT ANALYSIS.. 0 - 7 0 0  MEV. 
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RECOIL-NUCLEON P C L A R I Z A T I O N  AN0 PHASE-SHIFT ANALYSIS. 

7 4  1 
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0 1 9  PICN-NUCLEON ELASTIC SCATTERING AT ? I 0  PEV.. PHASE-SHIFT 
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F C L L S I  ON$. 2 1 0  
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b S S I G N H t N l  k G H  t P 5 I L U h  

A NORCAL SCALLR OCTET. 5 2 0  
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CEV BY U T I L I Z L T I C N  OF PHOTOGRLPHIC PLATES I N  BUBBLE CHAPBEUS. 
3 4  

PHASE S H I F T  ANALYSIS  OF TI-E P I O N I + l - P R O T O N  E L A S T I C  SCATTERING AT 
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A NOTE ON THE CAPTURE OF NEGATIVE MESONS I N  PHOTOGRAPHIC NUCLEAR 
EMULSIONS. 4 2 6  
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A N b L Y S l S  OF TVE REACTIONS P I O N I - I  + PROTON TO P I O N I - I  P I O N I t I  + 
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3 3 8  MEV P I O N S I - I .  l k 7  

ANALYSIS  OF THE REACTIONS P I O N ( - )  t PROTON TO P I O N I - I  + P I O N I t I  + 
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hEUTRON 4NO P I O N I - I  + PROTON 1 0  P I O N I - I  t P I O N I O I  + PROTON H l T H  
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2 6 6  
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THE EFFECT OF b  P l O N  PRODUCTION ON THE LOU ENERGY PION-NUCLEON 
SCATTERING. 2 6 9  

CETERMINbTION OF THE P l O N I t l  TO P I O N I O I  ' +  POSITRON + NEUTRINO 
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LEUTRINO. 2 7 5  
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1 8 6  

P I O N  RESONANCES. 1 8 7  

P l O N  PRUDUCTICh l?Y P O S I T I V E  P IONS ON PROTONS AT 3 0 8  MEV KE, 
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C C L L I S I O N S  b T  2 6 5  MEV. 2 6  1 

P IONI - I -PROTON IhTERACTIONS b T  2 2 4  KEV. 26C 

PION  BET^ O E C P Y .  .. . a011 
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PROTllN I n  P I O N I * )  t P I O N I - 1  + NEUTRON FROM 5 0 0  TO 7 0 0  MEV. 
39? 
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, P I C N I - I  + PROTCN TO P I O N I G I  + NEUTRON AN0 PHASE-SHIFT ANALYSIS. 

1111 

THE P I O N I - 1 - P I C N I O I  MASS CIFFERENCE. 4 2 8  
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PROTON NEAR 3 0  PEV. 4 8 1  

P I O N I - ~ ~ + ~ - P R O T ~ R  ELASTIC SCATTERING AT 31.4 MEV. 4 6 2  . 

CHARGE EXCHANGE hUCLEAR REACTIONS INOUCED OY A  P ION.  
4 8 3  , 

NUCLEON P A I R S  € P I T T E D  BY hEGATlVE P l O N  CAPTURE AN0 
CHARGE-DEPENDENT NUCLEAR HAVE FUNCTIONS I N  L I G H T  NUCLEI .  

4 8 5  

PEbN L I F E - T I M E  CF TI-E NEUTRAL PION. 4 0 7  

CECHANISM OF THE P I C N I - I I P I O N I - ) N E U T R O N  REACTION. 4 9 0  

PECHANISM OF THE P IONI -1 .P IONI - )NEUTRON REACTION. 4 9 0  

'P lONI+ l -PROTON SCATTERING AT 9 9 0  MEV. 4 9 3  

PHASE S H I F T  P N b L Y S l S  OF P l O N  SCATTERING ON HYDROGEN AT 2 4 0  TO 3 3 3  
CEV. ' 4 9 5  

RECOIL PROTON POLARIZATION FROM 2 2 5  MEV P IONI - ) -PROTON 
SCATTERING. , 5 0 4  

C I F F E R E N T I A L  D I S I R I C U T I O N S  ON NEUTRONS I N  I N E L A S T I C  
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ANGULAR O l S T R l 8 U T l O h S  FOR P I O N I - 1  r PROTON TO P I O N 1 0 1  + NEUTRON 
AT 3 1 5  AN0 3 7 1  PEV. 5 0 6  

A  LOW ENERGY P I O N I t l  OETECTION SYSTEM. FOR LSE I N  INTENSE 
ELECTRON ANC GAPVA RAY OACKGROUNO CONDITIONS. 5 1 5  

ANGULAR O I S T R l B U l l O h  OF CI-ARGE EXCHANGE' AN0 I N E L A S T I C  NEUTRONS I N  
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A  STUOY OF THE REACTION P l O N  + PROTCN TC P I O N I - 1  t PROTON t 

P I O N 1 0 1  AT 9 0 5  PEV. 5 3 8  
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EXPERIMENTAL STUCY CF P I O h - P I O N  I N T ~ R P C ~ ~ O N  I N  THE REACTION 
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P I C N I - 1  + PROTON TO P I O N I C I  + P I O N 1 0 1  + NEUTRON AT INCIDENT 
P I C N I - 1  ENERGY OF 2 7 8  MEV. 5 4 0  
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A  MECHANISM OF E C l S S l O N  OF HARD GAMMA QUANTA I N  THE REACTION P l O N  
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COTE ON THE P l O N  + NUCLEON TO ETA MESON t NUCLEON NEAR THRESHOLD. 
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P I O N  DECAY. A  REVIEW. 5 5 7 .  

P IONl+ l -PROTON ELASTIC SCbT.TERING AT 12C MEV. 5 5 8  
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P IONI - I -PROTCN SCATTERING bT 6 0 0  MEV. 5 7 4  

P I O N  + PROTON INTERACTIONS AT 6 4 6  MEV. 5 0 4  
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P l C N I l l  + P I O N 1 2 1  t NUCLEON BFLOW 1  BEV. 5 8 6  

A  F I N A L  STATE INTERACTION MODEL I N  THE REACTION P I O N  + NUCLEON TO 
P I O N I I I  t P I O N 1 2 1  + NUCLECN BELOW I BEV. 5 8 6  

A  F l N A L  STATE INTERACTION MODEL I N  THE REACTION P l O N  + NUCLEON TO 
P l C N I l I  t P I ~ # , ' 1 2 1  t NUCLEON BELOW 1  8EV. 5 8 6  

P I O N I - l  CAPTURE I N  COPPLEX NUCLEI  AN0 NLCLEAR P A I R  CORRELATIONS. 
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P I O N I + I  t DEUTERIUM C O L L I S I O N S  AT 6 5 0 ,  7 5 0 1  8 5 0  REV. 
5 9 4  

P I O N  PRODUCTION EY PIONS. 5 9 8  

hEUTRAL F I Y A L  STbTES I N  P IONI - I -PROTON INTERACTIONS FROM 5 0 0  TO 
1 3 0 0  MEV. 6 0 0  

P ION ABSORPTION I N  kYCROGENOUS SUBSTANCES. 6 0 5  

CN P IONI - I -CESOATOMIC PROCESSES I N  bYOROGENOUS SUBSTANCES. 
6 0 7  

CN THE CECAY P I O N  TC PUON t NEUTRINO t POSITRON + ELECTRON. 
6 1 5  

P IONI - I -PROTCN I h T E P A C T l O K S  AT 4 6 0  CEV. 6 1 9  
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P ION STUDIES L I T C  S I L I C O N  CETECTORS. 6 2 7  
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STUDIES OF V I C l b  FAeA ROOT UERISTEMS IRRbOIATED W I T H  A  P I O N I - 1  
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3 1 0  MEV P I O N I t I - P R O T O N  POLARIZATION AN0 CROSS SECTION 
FXPFRIMENTS. PPLSE S H I F T  ANALYSIS. 6 4 3  

P IONI - l -PROTCN ELASTIC SCbTTERING AT 31C MEV.. D I F F E R E N T I A L  
CROSS-SECTION ANC RECOIL-PROTON POLARIZATION. 6 5 8  

SFARCH FOR A SECENC P I O N I C I .  6 7 4  

P I O N  I O N I Z A T l O h  bT 5 2 1  MEV. 6 7 8  

b  STUOY OF T H E  P I O N I + I  I N  THE REACTION P I O N I - 1  + PROTON TO 
P I C N I + I  + P I O N I - 1  + NEUTRON AT 3 6 5  AND 4 3 2  MEV. 6 8 9  

b  STUDY OF i r t  r l U N I + J  I N  I H t  H t A C T l O N  P I O N I - 1  + PROTON TO 
P I @ N l + I  + P I O N I - 1  t NEUTRON AT 3 6 5  AN0 4 3 2  MEV. 6 8 9  

A  STUOY OF THE P 1 0 N I + l  I N  THE REACTION P I O N I - I  + PROTON TO 
P I O N I * I  P I O N ( - )  + NEUTRON AT 3 6 5  b N 0  4 1 2  WEV. 6 8 9  

b  STUOY OF TI-E P I O N l t I  I N  THE REACTION P I O N I - 1  + PROTON TO 
P I O N l + l  + P I O N I - I  + NEUTRON AT 3 6 5  bND 4 3 2  MEV. 6 8 9  

REVIEW OF P I O N  RESOhANCES. 6 9 2  

CEASUREMENT OF THE P IONI+ l -PROTON AN0 PIONI-)-PROTON TOTAL CROSS 
S E C T I ~ N S  F R ~ M  7 n c  r e  1 7 n n  MEV ANn APPLICATIONS TO ~ u f i  DISPERSION 
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CEASUREMENT OF TkE P I O N I + ~ - P R O T O N  AN0 PIONI-)-PROTON TOTAL CROSS 

SECTIONS FROM 7OC TO I 7 0 0  MEV AN0 APPLICATIONS TO THE O I S P E R S I O N  
RELATIONS. 6 9 6  

P ION-PION INTERACTION I N  PION-PRODUCTION BY P I O N I t I - P R O T O N  
COLLIS IONS.  , 6 9 7  

ELECTRON DECAY BRANCHING R A T I O  OF TCE PION. 6 9 9  

CONTRIBUTION TO THE STUDY OF THE REACTION P l O N I * I - 1  + PROTON TO 
P I O N ( + / - 1  t PRCTCN + P I O N l O l  BETYEEN 0.5 AND 1.5 GEVlC. 
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CONTRIBUTION TO THE STUDY OF THE REACTION P I O N l * l - 1  + PROTON TO 
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CONTRIBUTION TO THE STUOY OF THE REACTION P I O N I t l - I  + PROTON TO 
P I O N I + l - 1  + PROTCN + P I O N 1 0 1  BETWEEN 0 .5  AN0 1.5 GEVlC. 
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CEAN L I F E T I M E  OF THE P I O N I O I .  7 0 9  

P ION(+) -PROTON I h T E R d C l I O N S  AT T I P I O N 1 = 7 8 1  MEV. 7 1  1  

CALCULATION OF TkE CUON CCNTAMINATION I N  A  P l O N  BEAM. 
7 1 3  

CONTRIBUTION TC THE STUOY OF P I O N I - 1  + PROCON TO P l O N I O I  + 
NEUTRON AN0 P I O N I - 1  t PROTON TO P I O N I O I  + P I O N I O I  + NEUTRON 
REACTIONS AT THE ENERGIES OF THE MAXIMA OF THE P IONI - ) -NUCLEON 
INTERACTION I N  TCE T = l l 2  STATE TOTAL CROSS SECTION. 7 1 6  

CONTRl8UT lON TO THE STUOY OF P I O N I - l  t PROTON TO P l O N l O l  + 
NEUTRON AN0 P I O N I - 1  + PROTON TO P I O N I O I  + P I O N I O l  + NEUTRON 
REACTIONS AT THE ENERGIES OF THE MAXIMA OF THE P IONI - ) -NUCLEON 
INTERACTION I N  TCE 7.112 STATE TOTAL CROSS S.ECTION. 7 1 6  

CONTRlBUT lOk  TO THE STUOY O F ' P I O N I - 1  + PROTON TO P I O N I O I  + 
NEUTRON AN0 P I O N I - I -  t PROTON TO P I O h 1 0 1  + P I O N 1 0 1  + NEUTRON 
REACTIONS AT TKE ENERGIES OF THE MAXIMA OF THE P IONI - I -NUCLEON 
INTERACTION I N  TkE T = 1 1 2  STATE TOTAL CRCSS SECTION. 7 1 6  

CONTRIBUTION TO THE STUOY OF P I O N I - 1  t PROTON TO P I O N I O I  + 
hEUTRON AN0 P I O N I - I  + PROTON TO P l O N l O l  + P I O N 1 0 1  + NEUTRON , 

REACTIONS AT THE ENEPGIES OF THE MAXIWA OF THE P IONI - ) -NUCLEON 
INTERACTION I N  TkE 1.112 STATE TOTAL CROSS SECTION. 7 1 6  

CONTRIBUTION TO THE STUDY OF P I O N I - I  + PROTON TO P I O K I O I  + '  
REUTRON AND P I O N ( - )  + PROTON TO P I O N I O I  + P I O N I O I  + NEUTRON 
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FOR l N V E S T l G b T l O h  OF P IONI - ) -PROTON SCATTERING..  7 2 9  . 

POLARIZATION OF RECCIL PROTONS I N  3 0 0  MEV P I O N  SCATTERING ON 
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RECOIL PROTCN P O L A R I Z I T I O N  I N  ELASTIC PION(-)-PROTON S C b r T E I I N G  
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BIBLIOGRAPHY ON NONELASTIC NUCLEON R NO PION REACTIONS u l T n  
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ISOTROPIC A k 0  NOh lSCTQOPIC PION-MUON DECAYS. b 3 5  
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SCbTTEi l ING.  6 0  

PION-NUCLEON PI-bSE S H I F T  ANALYSIS  BELOW I GEV. 6 4  

hbTURE OF TPE RESONbNCE I N  THE S T b T l C  PION-NUCLEON SCATTERING I N  
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EXPERIMENTS. 5 6 2  

bNGULAR O I S T R I B U T I O L  OF CbbRGE EXCHbNGE OF PION-NUCLEON BETkEEN 
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5 8 8  

b N  I N V E S T I G A T I C N  OF P ION-PION INTERACTIONS I N  THE REGION OF THE 
SECOND AND THIRC PION-NUCLEON RESONPNCES. 5 9 5  

EMPERICAL SYSTEMATICS OF TI-E PION-NUCLEON SYSTEM. 6 4  1  

COCPARISON OF RECENT PION-NUCLEON PbbSE SHIFT  ANALYSES. 
6 Y 4  

EVIDENCE FOR b  P I 1 1 1  PION-NUCLEON RESONANCE PT 5 5 6  MEV. 
6115 

ENERGY-OEPENUtNI PION-NUCLeON PHASE-SMIFT ANALYSIS.- 0 - 7 0 0  MEV. 
4 4  h 

PIOH-NUCLEON PI-ASE-SHIFT ANALYSIS.. 0 - 3 5 0  UEV. 6 4  7  

CALCULATInN OF TkE POLARIZPTION OF THE RECOIL  PROTON I N  
PION-NUCLEON SCAITCRING NEbR TllC INCLASTIC THRESHOLD. 

6 6 7  

PION-NUCLEON SCATTERING ANC J - 2 .  T=C P ICN-PION INTERACTION. 
7 0 7  

A h R T r  nbr THF I Ch EhEP,CY PIQY-N1)T.I FRN (3.31 P A R T I 4 L  WAVE 
SCATTERING. 1 1 5  

RECOIL PROTON POLARlZLTION I N  ELASTIC PIONI-)-PROTON SCATTERING 
bT 3 0 0  MEV AN0 TbE PHASE SPIFT  PNALYSIS  OF PION-NUCLEON 
SCATTERING. 7 3  1  

PION-NUCLEON ELASTIC SCATTERING AT 3 1 0  VEV.. PHPSE-SHIFT 
ONALYS IS .  742 

P! r lNzN l l f i l F f lN  PI-ASF SHIFTS IN 1HF FNFRGY RANGE 3 5 0  TO 6 0 0  CEV 
I U h  

SEPRCH FOR THE RCO-CFFONICI AN0 A  CkECK OF THE ~ I S P E R S I O N  
~ ~ ~ b i i 6 ) u S  I N  PION-NUCL~UN SSPI   RING. 7 7 5  

P I  ON-NUCLEUS 
NUCLEAR STRUCTURE I h V E S T l G A T l O N  BY MEANS OF PION-NUCLEUS 
INTERPCTIONI 4 5 6  

ANALYSIS OF EXPERIMENTAL CATA CONCERNED WITH P ION-PION 
SCATTERING. 9 0  

Tt lE RCACTION P l O h l - 1  PROTON Ti3 P I O N l t l  + P I O N I - 1  + NEUTRON NEAR 
THE THRESHOLC. 11. THE E F F E C l l V t  MbSS SPECTRP'FOR 
P I O N l + l P I O N I - I  bhD P I O N l t ~ N E U T R O N - S Y S T E f i .  A  OETERMINATION OF 
PION-D!RN CCATTFRING LENGTHS I N  THE S-STATE. 1 0 0  

THE P I O N I - 1  + PRCTOK TO P I O N I + I  + P I O N I - I  + NEUTRON REACTION NEAR 
THE THRESHOLC PNC P ION-PION INTERACTION. I 0 1  

THE P I O N I * )  + PRCTOK TO P I O N I * )  + P I O N I - I  + NEGTRON REACTION AT 
bN ENERGY 2 4 0  KEV AN0 P ION-PION INTERACTION. 1 0 2  

SEARCH FOR A  RESCNAKT P ION-PION INTERACTION I N  THE PROCESS 
V l O N I - 1  + PROTON TO P I O N I I 1  t P I O N ( - 1  r NEUTRON NFAR THRESHOLD. 

1 3 7  

POSSIBLE MANIFE5TPTI f lNS OF A PION-PION INTERACTION. 2 1 1  



b  CONTRlBUT lCN TC C lSPERSlON THEORY OF P I O I C P I O N  SCATTERING. 

3 6 4  

b P P L l C A T l O N S  OF C l S P E R S l U N  RFLATIONS TO PION-NUCLEON AND 
PION-PIUN PkEhCPENb. 4 1 5  

I C E  EF.FCCT'OF P ION-PION INTERACTION ON S- AND P- WAVES OF 
PICN-NUCLEON SCAITERING. 4 4 2  

PARTIAL  PION-LUCLEOh SCbTTERING WAVES WITH ACCOUNT OF P ION-PION 
I N T f R b C T l O N .  4 4 3  

I N V E S T I G 4 T I C N  OF THE P ION-PION INTERACTION AT LOW ENERGIES. 
5 1 3  

FXPERIMENTAL STUCY OF PION-PION INTERACTION I N  THE REACTION 
P I C N I - I  t PROTOk TO P I O N I O I  P I O N 1 0 1  t NEUTRON AT I N C I D E N T  
F I C N I - I  ENERGY OF 3 7 8  MEV. 5 4 0  

S-44VE P ION-PION SCbTTERING I N  THE STATE TzO. 5 6 9  

PIC\-NUCLEOh SC>ITERING ANC THE 5.2. T=C PION-PION INTERACTION. 
5 8 1  

bN I N V E S T I G A T I O N  OF P ION-PION INTERPCTIONS I N  THE REGION OF THE 
SECUNn AN0 TPIRC PICY-NUCLEON RESONANCES. 5 9 5  

t V l O t N C t  CONCEIININC. P ION-PION INTERACTICNS BELOW THE 7 6 5  MEV 
F ICN-PION RESChbhCE. . 5 9 6  

E V l l l E N C t  COhCERNING P ION-PION INTERACTIONS BELOW THE 7 6 5  MEV 
PION-PION RESChAhCE. 5 9 6  

EVICENCC C0,NCERNlNG PION-PION INTERACTIONS BELOW THE 7 6 5  MEV 
RESONP'NCE. . 5 9 9  

,LCW-ENERGY C-WIVE P ION-PION SCATTERING PHASE SHIFTS. 
6 2 5  

PION-PION SCATTERING. Ill. 6 6 6  

P ICN-PION INTERACTICN I N  PION-PRODUCTION BY P I O N I + I - P R O T O N  
CCLLIS13NS.  6 9 7  

PION-PION IRTEHACTICYS I N  P IONI+ l -PROTON COLLIS IONS.  
6 9 8  

PICN-NUCLEOR SCbITERING ANC J=2 .  T=C P ION-PION INTERACTION. 
7 0 7  

t? lPLlOGRPPHV Ch PION-PION INTERACTION 8 2 9  

P ICN-PION I L T E R A C T I C N  I N  PION-PRODUCTION BY P ION(+) -PROTON 
COLLIS IONS.  6 9  7  

PlCN-PROTON 
PION-PROTON P k b S E - S k I F T  A N b L Y S l S  AT P l O N  ENERGY OF 4 1 0  AND 4 9 2  
PEV. 6 5  

PION-PROTON SCbTTERING AT 6 0 0  MEV. 7  0  

PION-PROTON SCbTTERING OELCW 1 5 0  MEV. PORT I. 7 2  

PION-PROTON SCATTERING BELOW ISU MeV. P b K l  11. 7  3  

PION-PROTON RESChANCE SCATTERING NEAR 9CO MEV. 1 9 0  

PION-PROTON CkbRGE-EXCHbNGE SCATTERING, 5 0 0  TO 1 3 0 0  MEV. 
2 1 5  

I C E  S-NAVE SCPTTERILG LENEThS FOR TkE PION-PROTON INTERACTION. 
2 5 4  

PION-PROTON TOTAL CROSS SECTIONS.. 4 0 0  TO ZOO0 MEV. 2 8 7  

FOLPRILATION CF RECCIL PROTONS I N  PION-PROTON E L A S T I C  SCATTERING 
e l  523 .  5 7 2 .  e h o  6 e s  MEV.  3 1 4  

PION-PROTON E L b S T l C  SCATTERING I N  TkE ENERGY RANGE 3 0 0  TO 7 0 0  
V E V .  5 8 2  

PION-PROTON INTERPCTIONS b T  4 5 0  MEV. 6 1 8  

PION-PROTON INELDSTIC DATA. . 6 5  1  

C1FFEREl;TlAL ELASTIC PION-PROTON SCbTTERING AT 6 0 0 ,  6 5 0 ,  AND 7 5 0  
PEV. 6 8 6  

h E G 4 T l V E  PION-PRCTON ELASTIC SCATTERING P I  600 TO 1 5 0  MEV. 
6 8 7  

PION-PROTON l k T E R A C I I O N S  bT 7 8 0  HEV. 7 1 0  , 

P I C N I C  
PION-ALPHA P b R T l C L E  SCATTERING AND I H E  P I O N I C  FORM FACTOR. 

6 9 4  

P l C N S  
INTERACTIONS CF P I O N S I - I  OF K I N E T I C  ENERGY 9 1 5 ' M E V  WlTH CARBON 
hUCLE I. 0 

CROSS SECTIONS FCR C F R T b l N  REACTIONS I N  WHICH FAST P I O N S ( + )  ARE 
ABSORBED BY L I G H I  NLCLEI .  4 .  

THE 
PEV 

3-ALPhA PARTICLE REACTION 

THE INTERACTIONS OF P I O N S I - I  Y l T H  COMPLEX NUCLEI  I N  THE ENERGY 
RANGE 1 0 0 - 8 0 0  PEV. 11. TPE INTERACTION LENGTHS AN0 E L A S T I C  
SCATTERING O F  7 5 ~  M E V  PIONS(-I. IN G S  EMULSION. I 2  

THE INTERACTIONS OF PIONS(-I W l T H  COMPLEX N L C L E I  I N  THE ENERGY 
RANGE 1 0 0 - 8 0 0  PEV. 11.  TkE INTERACTION LENGTHS AND E L A S T I C  
SCATTERING OF 75C MEV PIONSI- . I  I N  G5 EWCLSION. 1 2  

THE PROBLEM OF DETERMINING THE NATURE OF THE LOW-ENERGY 
INTERACTION OF P IONS ON T I E  B A S I S  OF THE PROTON t OEUTERON 1 0  
r E L I U H - 3  2 - P l O h  AhD P l O N  t NUCLEON t 2-P ION REACTIONS 

2 4  

TRACKS AND COURSE OF ELECTRONS. MUONS, bND P I O N S  I N  A  SPARK 
CHAMBER WITH T b I C K  PLATES. 3  7  

RANGE O lFFEREkCES PETWEEN P O S I T I V E  AN0 NEGATIVE P IONS I N  
EMULSION. 6  9  

INTERACTIONS OF F O S I T I V E  P IONS WITH PROIONS NEAR THRESHOLD FOR 
SINGLE P I O N  PROCLCTION. 7 4  

EXCITATION CF CELTA 
EXCHANGE S C b l T E R l N G  

T l L I = 2  b N A l  
OC PIONS. 

S I A T F S  OOUBLE CCARGE 
7  6 

P l C N  PROOUCTlOk eY P O S I T I V E  P IONS AT B2C AN0 9 0 0  MEV. 
0 4  

THE CROSS SECTION OF MESON RECHARGE RY P IONS I N  THE REACTION 
ANALYSIS P I C N I - I  + PROTON TO P I O N I - I  + P l O h l * )  + NUCLEON AT THE 
tNEHLY OF 2 9 0  CEV. FIR 

FORMATION OF CHbRGE-CARRYING HESONS BY 2 9 0  MEV NEGATIVE P l O N S  ON 
FY OROGEN. 9  1 

FORHATION OF P IOhS eY P O S I T I V E  2 8 0  PEV P IONS ON NUCLF l  I N  PHUTO 
EPULSION. 9 2  

FORMATION OF P l O h S  eY POSTTIVE 2 8 0  PEV P IONS ON NUCLEI I N  PCOTO 
EPULSION. . 9  2  

COUBLE CHARGE E X C H ~ ~ G E  CF 5C UEV TO I 7 6  PFV P I O N S I - I  I N  PHUTO 
EMULSION. 9 3  

CETERMINATION OF THE CHARGE-EXCHANGE CRCSS SECTION OF P I O N S  FROM 
THE ANALYSIS  OF THE REACTION P I O N I - I  + PROTON TO P I O N l * l  
WEUTRON AT 2 9 0  CEV. 9 4  

COLBLE CHARGE EXCHbhGE OF P IONS ON E E R Y L L I W .  CARBONI ALUMINUM 
ANC LEbO. 9 5  

COCBLE CHARGE CF P I O N S ( - I .  9 6  

PRODUCTION OF CCbRGEO MESCNS BY 2 4 5  MEV P I O N S I - I  ON HYDROGFN 
1 0 3  . 

PRODUCTION OF CPbRGEfl MESCNS BY 2 9 0  MEV P I O N S I - ) . O N  HYOROGEN 
1011 

CN THE E L A S T I C  SCATTERING ,CF PROTONS ANC P IONS ON NUCLEONS WlTH 
LARGE, MOMENTUP TRANSFERS. 1 0 6  , 

LAPBDAIOI  BbRVON-KbCNlOI PRODUCTION BY. P IONS ON PROTONS. 
1 1 5  

THE SCATTERING OF 6  TO 2 2  MEV NEGATIVE P IONS BY HYDROGEN. 
1 2 4  

bBSORPTlON T l P E  CF h F G A T l V E  P IONS I N  L I Q U I D  HYOROGEN. 
1 2 5  

WOOERATION ANC CbS.CbOE T l V E S  OF NEGbT lVE P IONS AN0 NEGATIVE KAONS 
I N  L l O U l O  HELIUP.  1 4 3  . 
CODERATION T I P E  FOR NUCLEbR CAPTURE OF NEGATIVE P IONS I N  L I Q U I D  
CELIUM-4. llrll 

PNbLYSlS  OF THE REACTIONS P I O N I - I  + PROTON TO P I O N I - I  + P I O N ( + )  + 
hEUTRON AND P I O N I T I  t PROTON TO P l O h l - I  i P I O N I O I  + PROTON WITH 
1 3 8  MEV P I O N S I - I .  ! 4 7  

b  OETERMINATICN CF THE 3 / 2 * 3 / 2  ISOBAR CONTRIBUTION TO THE 
I N E L A S T I C  PIONI-1-PROTON INTERACTION PROCESSES AT THE K I N E T I C  
ENERGY OF NEGbT lVE P IONS CF 3 4 4  MEV. 1 4 9  

INTERACTIONS OF P I O N S I - I  WITH HYDROGEN b T  3 4 0  HEY. 1 5 1  

PEASUREHENTS OF TOTAL PIONI-I-PROTON REACTION CROSS SECTION FOR 
3 4 0  HEV P I O N S I - I .  1 5 3  

APPLICATION OF TkRESHOLD CHERENKOV CETECTOR FOR SEPPRATION OF 

THE OXYGEN-I6IPlCN~PlON/l4-ALPHA PARTICLE REACTION FOR 8 0  MEV 



P I O N S  P N D  MUONS I N  C F S O N  REAMS. !St3 I N T E R A C T I O N  OF 5 6 0 , C E V  N E G A T I V E  P I O N S  U I T H . E M U L S I O N  N U C L E I .  

C I S I N T E G R A T I O N  .OF .lF.E C A R E O N - I 2  N U C L E U S  I N T O  T,HREE A L P H A  
' P A R T I C L E S  'AS A  R E S U L T  OF I N E L b S T l C  S C A T T E R I N G  OF 8 0  M E V  

P l O N S l + l .  1 6 2  

kXCl , lATION O F  ICE' H E L I U M ' 4  . N U C L E U S  ' B Y  I 5 0  MEV'PIONSI-I., 
1'78 

S C A T T E R I N G  O F  3 . 7 - 2 5  MEV P O S I T I V E  P I O N S  R Y - H Y D R O G E N .  
, 3 6 3 '  

C U L T I P L E  P.ION P R C D U C T I O N  I N  I N T E R A C T I O N S  O F  P O S I T I V E  P l O N S  W l T H  
PROTONS N E A R  1.0 B E V .  . , 3 6 6  
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. . . . 
. . . .  . . 3 6 9  

F L A S l l C  S C A T T E R l h f  C F  1 2 8  b N p . 1 6 2  M E V  P I O N S ( . - I  8 Y  PROTONS. 
1 8 1  . 1 9 6 4  RUTHERFORC C E P C R I A L  LECTURE. PIONS VERSUS CANCER. 

. . 3 7 3  
ELPST'IC S C A T T E R I h G  C F  N E G A T I V E  PIONS B'Y PROTONS A T  E N E R G I E S  1 2 8  
b h C  1 6 2  .ME!.. . . 
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3 8 2  

C H P R G E - E X C H P N G E  'SCP'~TERING, O F  N E G b T I V E  :PIONS .BY -HYDROGEN A T  LO, 
260.. 2 9 0 .  3 1 7 .  P h O  3 7 1  MEV. 1 9 3  THE E L A S T I C  S C A T T E R I N G  OF N E G A T I V E  P I O N S  O F  7 4 5  M F V l C  O N  

FVCROGEN. . . 3 8 4  
T O l A L  C R O S S  SECTIONS,  FOR,  N E G A T I V E  P I O N S  ON PROJONS. A T  2 3 0 ,  , 2 9 0 ,  . ,  . .  .. . . -  
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, .. . 
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260.. 2 9 0 .  3 1 7  PNC 3 7 1  MCV. l 9 6 , .  C I F F E R E N T . 1 A L  C I S T R l C ! U T I O N S  OF P I O N S I + I  I N  THE R E A C T I O N  P I O V I - I  

PROTON TO P I C N I * l  + P I O N I - I  + N E U T R O N  FROM 5 0 0  TO 7 0 0  MEV. 
P l C h  P R U D U C T I C N  PY P O S I T I V E  P,IONS ON P R O T O N S  A T  3 0 8  MEV KE. 

Ion 
%. . 3 9 2  . . ," 

. . C O U B L E , C H A R G E  E X C H P L G E  W l T h  N E G A T I V E  P I O N S .  S E A R C H  FOR 
4  W F A S U R E H E ~ T  CF THE FORWARD C H A R G E - E X C k A N G E  C R O S S  S E C T I O N S  OF TE;TRANE,UTRON. 3 9 4 .  
I 7 C  M E v  N t G b T I V E  P I O N S  I N  HYDROGEN. 2 0 2  

. . COUBLE CHARGE E X C H A h 6 E  W I T H  P O S I T I V E  P I O N S .  3 9 5  
R E S O N A N C E  I ~ T E R P C T I C U S  O F  PIONS U I T ~  STRANGE,,  
+ P ~ T I C L C l l E Y C C R l V C K I b L  C A T b ) .  ' 2 1 0 '  A P ~ T H B O  FOP STUCV C F  T C 6  6 L E C T R O ~ F C N S T I C  P 4 1 1 P E 4 T I E S  R E  CMdL'I:Cn 

. . PIONS.  3 9 8  
CN T H E  P B S O R P T l O h  OF N E G A T I V E  P l O N S . B Y  L I Q U I D  HE,L.IUV.. . 

2 2 9  THE E L P S T I C  S C P T T E R I N G  O F  N E G P T I V E  P I O N S  OY P R O T O N S  A T  2 3 0 .  2 9 0 .  
. .  , . . .3701 A N D  4 2 7  P E V .  3 9 9  

A B S C R P T I O N  C F  N E G A T I V E  P I O N S  I N  L I G ~ T  N C C L E I .  2 3 0  

PNGL'LAR.  
h U C L E  I. 

THE D E C A Y  OF N E t P T l V E  P I O N S  S T O P P E D  I N  L I G H T  E L E M E N T S  A N 0  
. I N S U L A T O R S .  2 5 1 .  

INTERNALLY P R C C U C E C  E L E C T R O N  P A I R S  F R O M  PIONS(-I CAPTUREO IN 
k l C R O G E N . ,  . , 2 5 3  

L E S f l R P T l O N  * E C F b h l S V S  OF N E G A T I V E  K b O N S  A N 0  P l O N S  I N  L l Q U l O  
FYCROGEN. . . .  2 6 2  

F I G H  O R B I T A L  S - S T A T E  C A P T U R E  OF P I O N S I - 1  B Y  PROTONS. 
. ,  7/37 

S T A R S  PRODUCEC e V  PIONSI-I P T  REST.. N A T U R E  OF UNIT CHARGE 
ERANCHES.  . 2 6 8 ,  

P O S C R F T ~ O N  OF S;CUEC DOWN PIONS(-1' I N  PROPANE. 2 7 2  

C E P S U R E H E N T  OF THE T O T A L  CROSS S E C T I O N  FOR THE I N T E R A C T I O N  OF 
C P b R G E D  P I O N S  W I T H  P R O T O N S .  2 7 9  

E L I S T I C  S C A ~ T E R I ~ G ' O F  CI-ARGED P l O N S  B Y ' C E U ~ E R O N S  A T  3 0 0 ' ~ ~ ~ ;  
7fl7 

. .. 
I N F L U E N C E  OF P I O ~ ~ N ~ C L E O ~ ~  RESONANCE ON E L A S T I C  S C A T T E R I N G - O F  
C H A R G E D  P I O N S  BY D E L T E R O N S .  2 8 3  

C O C E U A T I O N  'PNC P ~ S O R P T I O N  TIUES F O R  N E G b T l V E  PIONS . I N ~ ~ L I Q U I O  
C E L T E R I U H .  2 9 4  

E L A S T I C  
PNC 4 2 7  

S C A T T E P I l r G  
MEV. . 

N E G P T I V E  P l O N S  

E L b S T l C  S C A T T E R l h G  C F  3 9 0  MEV P I O N S f + I  8 Y . P R O T O N S .  4 0 4  

C I F F E R E N T I A L  CRCSS S E C T I O N S  FOR E L A S T I C  S C A T T E R I N G  OF P O S I T I V E  
P I O N S  ON P R C T f l h S  I N  T h E  ENERGY R E G I O N  5 C 0  TO 1 6 0 0  MEV. 

. . ,. . s l e  

E L A S T I C  S C A T T E R I h G  C F  N E G A T I V E  P l O N S  O N  PROTON5 I N  TllC CNCRGY 
RANGE, 5 0 0  TC l O O C  CEV.  4 2 0  

CROSS 'SECTIONS OF E L A S T I C  S C A T T E R ~ N G  O F  1 9 5  M C V  P~ONSI+I  B Y  
CARBON PNO L I T F I C M  h U C L E I .  4 4 8  - .  
PRODUCTION OF C U L T I - C H P R G E C  P A R T I C L E S  ON P H O T O G R A P H I C  ~ H U L S I O N  
h U C L E l  BY 2 8 0  UEV P I O N S I + I .  4 4 9  

A B S O R P T I O N  CF P I C N S I - I  ANC I H E  L U H R t L A l l U N  U k  N U L L ~ U N S  1fd L I ~ H I  
h u t ~ t  i . . 4 5 8  ' 

THE ENERGY S P E C I R U *  d f  P R C T O k S  O I S C O V E R E D  I N  S T A R S  P K U U L C t U  B Y  
P I O N S  I N  E M U L S I O L S .  4 6 3  

. . 
E L I S T I C  S C A T T E R l h G  C F  N E G P T I V E  P I O N S  B Y  P R O I O N S  A T  2 2 6  MEV. 

4 6 7  

E L A S T I C  S C A T T E R l h G  OF N E G P T I V E  P I O N S  B Y  PROTONS A T  1 5 2  A N 0  2 2 6  
Pt.V,.. . ' .. '. . , 4 6 8  

I 'ULTLPLE P l C l  P U C U U C I I U N  8 V  P l O N S  AND TI-E I S O B A R  MODEL. . . e 7 0  . : ,  . . :.. 
P O D E R ~ ~ ~ ~ N  A N 0  ~ESO~P; ' ION TIMES OF NEGATI;E PIONS.~N L I Q U I D  CHARGETEXCHANGE S C L T T E R I N C  OF N E G A T I V E  P I O N S  AT 1 5 0  P E V .  
k Y  DROGEN. 2'45 117.1 

. . . .  . . . 
C E T E C T I C N  OF C F P R G E '  E X C F ~ N C ~  I N  PIONS' STOPPED I N  0 0 ; ~ ~  HYDROGEN E L P S T I C  S C A T T E R I R G  C F  5  TO 2 2  MEV P I O N S I + I  ON CARRON. 
h U C L E l .  3 0 1  4 7 8  

I .  . . 
S T P R - D E T E C T O R  F O R  PIONS(-). 3 0 6  DOUBLE-CHARGE-EXCHA~GE SCPTTERING O F  LOK-ENERGY PIONS B Y  NUCLEI. 

4 8 9  
THE E L A S T I C  S C P T T E R I N G  OF 98 MEV N E G A T I V E  P I O N S  B Y  HVUKUGEN. 

3 2 2  P B S O R P T I O N  O F  GPVMA OUANTP AND S T O P P E D  P I O N S  B Y  N U C L E I  W I T H  
TYO-NUCLEON E P l S I l O h  AND THE S T R U C T L R E  O F  L I G H T  N U C L E I .  

C A L C U L A T I O N  OF T k E  P B S O R P T I O N  R A T E S  O F  P I O N S I - I  B Y  N U C L E I .  4 9 2  
, 3 2 9 ;  

E L A S T I C  S C A T T E R I h G  CF N E G b I l V E  P l O N S  B Y . P K U I U N 5 : A I  I 5 2  .REV. 
I N T E R A C T I O N S  OF P I O N S  W I T P  COMPLEX N U C L E I .  . . 3 3 1  4 9 9  

P S E A R C H  F O R  $REPSSIRAHLUNG PRODUCEC IN ELASTIC SCA!TERING 06 I N E L A S I  I C  I N I E Y A L I  I C N  OF P I O N S I + I  W I T H  H E L I U M  N U C L E I :  A T . A N  ENERGY 
h E G A T l V E  P I O N S  B Y  P P O T O N S .  335 CF ABOUT 3 0 0  CEV.  5 0 0  . .; 
PRODUCTION C F  ruc C ~ A R G E D  PIONS i ~ . . 0 7 1  M E V  PION!-)-PROTON - . .  THE CAPTURE O E  NEGATIVE PIONS IN H Y C R O G E N  AND DEUTERIUM. I. ; 
I N T E R A C T I O N S .  . . 3 5 b .  ' ,+ kYCROGEN. 5 0 2  

THE I N T E R A C T  I O N S  O F . P I O N S 1 - I  W I T H  C O M P L E X  N U C L E I .  I N  T H E  ENERGY THE C A P T U R E  OF N E G A T I V E  P I O N S  I N  HYCROGEN AND D E U T E R I U M .  1 1 . .  
R A N G E  1 0 0  T O  B C O  M E V .  1 1 1 .  THE INTERACTION LENGTHS AND ELASTIC CEUTERIUM.,  . . . . 5 0 3  : 
S C A T T E R I N G  O F  3 0 0  MEV P I O N S ( - )  I N  G 5  E M U L S I O N .  . . . . 3 5 9  . . 

P 8 S O R P T l O N  OF P I O N S I + I  W I T H  AN ENERGY OF A P P R O X I M A T E L Y  5 0  MEV B Y  . . 
THE I N T E R A C T I O ~ S  OF P I O N S I - I  W I T H  C O M P L E X  N U C L E I  I N  T H E  ENERGY . . C b R B O N  N U C L E I . . :  . :  - .  . ?  5 0 8  
RAEGE., 1 0 0  T q  8 C O  MEV.  I I I. TI'E. I N T E R A C T I O N  L E N G T H S  A N O . E L A S T I C  
S C A T T E R I N G  O F  3 0 C  MEV P I O N S I - I  I N . G 5  E M U L S I O ~ .  3 5 9  ABSOAPTION O F  PIENSI*) OF ENERGY IN THE VICINITY 0 r  5 0  ~ E V  O Y  



CARBON N U C L E  I. 5 0 9  

CN T H E  A B S O I P T l ~ l h  OF P I O N S I * )  OF N E b R L Y  5 0  MEV ENERGY B Y  C A R B O N  
h U C L E l .  5 1 0  

U B S F R V A T I U N  OF T k E  E R F M S S T R A H L U N G  OF P I O N S  I N T E R A C T I N 6  W I T H  
h U C L E 1 .  5 2  1  

T H t  S C A T T E R I N G  O r  P C S l T l V E  1 2 0  M E V  P I O N S  ON PROTONS. 
5 2 2  

THE S C A T T E R I N G  OF P C S I T I V E  1 2 0  MEV P l O N S  ON PROTONS. P A R T  I. P A R T  
1 1 .  5 2 3  

STUOY OF SOCE N U C L E P R  R E A C T I O N S  PROCUCEO B Y  T H E  A B S O R P T I O N  OF 
P I O N S I - I  B Y  L I G F T  N L C L E I  I N  C O R P U S C L L A R  P H O T O G R A P H I C  E M U L S I O N .  

5 3 9  

C O L N T E R  T E C I - N I C U E S  I N  H I G k  ENERGY N L C L E A R  PHYSICS.. R A R E  D E C A Y S  
CF P I O N S I - I  b N C  CUOhS.  5 4 3  

I N E L A S T I C  ~ I ~ I E R P C T I C N S  C E T U E E N  8 0  TO 3 C C  MEV P I O N S ( + )  A N 0  L l G H l  
h C C L E  I. 5 4 5  

CEUTER IUM. 6 6  I 

INTERACTION OF 7 e  M E V  PIONSI~I IN P R O P ~ ~ E .  6 6 4  

A B S O R P T I O N  O F  P I C N S l r I  Y I T W  ENERGY OF BC MEV B Y  C A R B O N  N U C L E I  
6 0 5  

S C A T T E R I N G  O F  3 0 C  MEV P I O N S  ON HYOROGEN AND O E U T E R I b * .  
, 1 0 8  

S C A T T E R I N G  OF P I O N S  B Y  L I G H T  N U C L E I .  6 9 5  

P R O S P E C T I V E  U S E  CF h C G A T I V E  P I O N S  I N  THERAPY.  7 0 0  

E L A S T I C  S C A T T E R l h G  C F  N E G d T l V E  P I O N S  B Y  PROTONS A T  9 0 3  MEV. 
7 0 3  

SCATTERING O F  2 5 c  n E v  POSITIVE PIONS B Y  PROTONS.. EXPERIMENT  NO 
A N b L Y S  I S -  7 1 4  

h E L T R l N O S  FRO* S T O P P E C  P I O N S  L N O  MUONS. 7 2 0  

S C A T T E R I N G  C F  P l C N S  FROM N U C L E I .  7 2  I 

F L L S T I C  S C P T T E R l h C  C F  P I O N S I - I  ON P R O T O N S  AT THE F I R S T  RESONANCE P A S S  S P E C T R U M  OF C k b R G E C  P A R T I C L E S  E M l T l E n  I N  I H E  A B S O R P T I O N  OF 
T - 1 1 2 .  5 4  b P I O N S I - I  8 1  P k O T C G R A P H I C  E M U L S I O N S .  7 2  3  

R E L b T I V E  C Y T O C E N E T I C  E F F I C I E N C Y  OF MUONS A N 0  P I O N S I - I  I N  S E E D S  O F  T H E  S C A T T E R I N G  OF 8 7  MEV P O S I T I V E  P I O N S  ON CARBON A N 0  O X Y G E N  
Z E b  M A Y S I L I .  5 4 R  124 

U E L A T I V E  C Y T C G E K E T I C  E F F I C I E N C Y  OF PUONS AND P I O N S ( - I  I N  S E E D S  OF S P A L L A T I O N  OF L I G H T  N U C L E I  B Y  SLOW P I O N S .  7 2 5  
I E b  H A Y S l L l  b h C  I I S  W U O L F I C L T I O N  B Y  P O S I I R R A O I A - T I O N  STORAGE. 

5 4 9  E L A S T I C  S C A T T E R l h G  CF 3 C 0  MEV P I O N S I - 1  C N  HYDROGEN. 7 2 7  

bN E X P E R l H E h T  CY T H E  R A C I A T I V E  C A P T L R E  I N  F L I G H T  OF P l 0 N S  I N  
F Y C R O G E h  & N O  1 WEASLREHENT OF T H E  P I U N I - I - P I U N I O )  M A S S  
C I  F F E R E h C E .  5 5 0  

P A S S  D I F F E R E N C E  CN THE h E E b T l V E  A N 0  N E b T R b L  P I O N S .  7 3 2  

b B S O R P T I O N  OF P I E N S I - I  I N  COMPLEX N L C L C I .  7 3 4  

I N T E R A C I I O N S  CF P I O h S I t l  k l T H  HYDROGEN AND CARBON AT 7 8  MEV. THE A B S O R P T I O N  OF N E G A T I V E  P I O N S  BY C O M P L F X  N U C L E I I C O P P E R .  T I N  
5 7 0  b N C  L E A C I .  7 3 5  

F H C T U P R < l O l U C T l f l h  b N C  S C A T T E R I N G  OF P I O N S .  5 7  1  CAPTURE OF PIONSI-I IN C O ~ P L E X  NUCLEI. 7 3 e  

PK I n 6  A U S U R P T l C h  O F  STOPPEG P I O N S ! - I  BY C A R O O N - 1 2  N U C L E I .  
5 7 2  

I N T E 4 A C T I O N  UF P C S l T l V E  P I O N S , U l T H  k Y O R C G E N  A T  6 0 0  MEV. 
5 7 3  

P H Y S I C S  OF P I O N S  AT L C Y  EhERGY. 5 8 7  

COUOLE-CHARGE-EXCHAhGE S C b T T E R I N G  OF P I O N S  FROM N U C L E I .  
5 9 3  

P l C N  P R O O U C T l O h  e Y  P I O N S :  5 9 8  

FISSIOC O F  T I - C R I C M - I ~ ~  NUCLEI BY MUONS AND PIONS. 6 0  I 

I h E L A S T I C  S C A T T E R I N G  AND ABSORPT!ON OF 1 5 5  MEV P I O N S I * I  B Y  C A R B O N  
LCC LITFIUM N ~ C L E I .  6 0 2  

b B S O R P T l l N  C F  P l E N S I  - 1  I N  I -YORUGENOLS SLBSTANCES.  6 0 3  

CEbSURE%!ENT CF P b S S  D I F F E R E N C E  O F  C k A R G E O  AND N E U T R A L  P I O N S .  
6 0 4  

U b C l A T l V E  C b P T b R E  OF STOPPEO N E G A T I V E  P I O N S  B Y  N U C L E I .  
6 0 8  

R b C I A T I V E  C L P T U R E  OF STOPPEO P I O N S I - 1  BY N U C L E I .  6 0 9  

CHARGE OF PIONS S T O P P E D  ON L I G H T  N U C L E I .  6 1 0  

CW THE N E G A T I V E  P l O h S  4 n \ C R P T l O N  I N  C O M P L E X  Y U C L E I .  7.39 

S C L T T E R I N G  OF N E G A T I V E  P I O N S  ON P R O T O N S  AT 3 1 0  WEV.. 
R E C O I L - N U C L E O N  P C L A R I Z A T I O N  A N 0  P H A S E - S F I F T  A N A L Y S I S .  

744 I 

E L A S T I C  S C A T T E R l h G  C F  P I O N S  ON PROTONS I N  THE ENERGY R E G I O N  5 5 0  
10 1 0 2 0  ncv. 751, 

CHbRGE-EXCHANGE S C A T T E R L Y G  OF N E G b T l V E  P I O N S  AT 6 1  M E V  AND 95 
PFV. 7 5 0  

C A P T U R E  O F  P I O N S  B Y  H E L I U P - 3 .  1 1 .  C U C L E P R  OECAY R E A C T I O N S .  
7 6 5  

CEASUREMENT OF T ~ E  C A S C A D E  T I M E  OF N E G A T I V E  PIONS IN G A S E O U S  
h E L I U M - 3 .  7 7 1  

F l S S l O N l N G  O F  N U C L E I  B Y  P I O N S .  7 7 2  

THE A B S O R P T I O N ' O F  STOPPEO P I O N S I - I  BY C A R B O N - I 2  N U C L k I .  
7 7 3  

CHbRGE E X C H A h G E  S C A T T E R I N G  OF 2 4 0 - 3 5 0  MEV P I O N S I - I  ON H Y O R U G t N .  
7 8 0  

E L A S T I C  S C A T T E R l h G  C F  2 4 0  TO 3 3 0  MEV P I O N S I - I  ON HYDROGEN. 
7 8 2  

I t i T E R A C T I O N S  C F  1 4 1  H E V  N E G A T I V E  P I O N S  k I T H  D E U T E R I U M .  
6 1  1  PHPSE S H I F T  A N A L Y S I S  OF S C A T T E R I N G  OF 2 4 0 - 3 3 0  MEV P I O N S  ON 

CYCROGEN. 7 8 3  
E L A S T I C  S C A T T E R l h G  CF 1 4 2  MEV NEGATIVE P I O N S  B Y  DEUTERONS. 

6 1 3  CONFERENCE ON P I C N S .  MUONS AND N U C L E A R  STRCCTURC 1  1 9 6 3 1  

S C A T T E R I N G  C F  P I C N S .  6 2 1  

S C A T T E R I N G  OF P I C N S  FROM T R l T l l l M  AND H E L I U M - 3 .  6 2 0  
B I B L I O G R A P H Y  ON h O N E L L S T I C  R E A C T I O N S  FOR N U C L E O N S  A N 0  P I O N S  
INCIOENT ON COPPLEX NUCLEI A T  ENERGIES B E T Y E E N  2 3  n E v  AND 3 3  G E V  

0 2 7  
CN T H E  S C A T T E R l h G  OF P I O N S  BY DEUTERONS. 6 2  9  

P L A S T I C  
E L b S T I C  S C A T T E R I L G  OF P I O N S  B Y  A L P H b  P A R T I C L E S .  6 3 0  I N V E S T I G A T I O N S  OF A  L P R G E  P L A S T I C  S C l N T I L L b T O R .  7 5 9  

h U C L E A R  R E A C T I O N S  I H O U C E O  BY P I O N S  A N 0  PROTONS. h 3 l  P L b T E  
F1,FCTRON I D E N T I F I C A T I O N  I N  ' ~ € 4 0  P L A l f  S P b R K  CHAMOERS. 

P I O N S ( + / - I  l R b C K S  I h  A  F I L A M E N T  S C I N T I L L A T I O N  CHAMBER. 5 5 4  
6 3 6  

P L A T E A U  
CN T H E  C O S I L E T P Y  U P  N E G ~ T ~ V E  P I O N S  Y l l H  A  V I E W  TOUARD T l l C l R  T R I A L  C I F F E R E N T I A L  C Y T O L O G I C  E F F E C T S  O F  N E G A T I V E  P I O N  B E A M S  I N  P L A T E A U  
I N  CANCER TCERAPY.  6 3 9  PNO 1.S14K.. R E G I O N S .  5 2 4  

S C A T T E R I N G  C F  3 I C  H E V  P O S I T I V E  P I O N S  B Y  PROTONS.. E X P E R I M E N T S  A N 0  P L b T E S  
L N A L Y S  I S .  6 4 2  C O N T R I B U T I O N  TO THE STUOY OF I P I O N I + I . P R O T O N I  S C A T T E R I N G  A T  1 2 0  ' 

WEV B Y  1 J T I I . I I I T I C N  OF P H O T O G R A P H I C  P L A T E S  I N  B U B O L E  CHAMOERS. 

S C L T T E R I N G  O F  NFEATIVE' P I O N S  ON P R O T O N S  AT 3 1 0  MEV.. D I F F E R E N T I A L  3 I I  
L N C  T O T A L  C R O S S - S E C T I O N  b N C  P H A S E - S W I F T  A N A L Y S I S .  6 5 7  

TRACKS A N 0  COURSE OF ELECTRONS. MUONS* AND P I O N S  I N  A  S P A R K .  
D ~ C I N T I I . L A r  l u N  L U u h T E R  $ r S l e M  FOR T H E  O ' E T E t 7 f d k  OF: P O S I T I V E  A N 0  CHAHBER W.lTll  T I a I C K  P L b T E f .  3 7  

h E G 4 T l V E  P I O N S .  6 6 0  , 
P L U T O N I U M - 2 3 9  

V R b N C H l N G  R A T I O S  O F  R E A C T I O N S  OF P I O N S I - I  STOPPED I N  HYDROGEN A N 0  T H E  L I F E T I M E  OF T H E  N E G A T I V E  MUON I N  P L U T O N I U M - 2 3 9 .  2 2 7  



P O L A R I Z A T I O N  
U E C O I L  P R O T O N  P O L A R I Z A T I O N  M F A S U R E M E N T S  I N  P I O N - N U C L E O N  E L A S T I C  
S C b I I f H I N C .  60 

P E A S U R E P E N T  P F  T H E  R E C O I L  PROTON P O L A R I Z A T I O N  I N  E L A S T I C  
V I U N I - I - P R O T O N  S C A T T F R I N C  AT P l O N  E N E R G Y  OF 4 1 0  A N D  4 9 2  MEV. 

6 1  

P E A S U R E P E N T  C F  THE R E C O I L  P R O T O N  P O L A R I Z A T I O N  I N  E L A S T I C  ' 

P I C N 1 . l - P R O T U N  S C b l l F R I N G  A 1  P I O N  E N E R G Y  OF 4 1 0  A N D  4 9 2  MEV. 
6  2  

P O L A R , I Z A T I O N  I N  P l O h l - ) - P R O T O N  S C A T T E R I N G  B E T W E E N  5 0 0  A N D  9 4 0  
P E V .  1 0 8  

~ E A S U R E M E ~ T  BY C R E P S S T R A H L U N G  T R A N S M I S S I O N  OF T H E  P O L A R I Z A T I O N  OF, 
F C S I T R O N S  F R C P  M L O N S I t l  T C  P O S I T R O N S  t N E U T R I N O I E L E C T R O N I  
RELTRINUI-I-MLCN. 1 5 5  

b  P F P S U H E M E N I  2 F  T r E  P U S I T R C Y  P O L A R I Z A T I O N  I N  MUON DECAY.. THE 
F O S I T R U N  A N h  I t . I L b T  I C N  METI-OC. I 8 5  

R E C E N T  E L P S T I C - S C A T T E R I N G  A N 0  P O L A R I Z A T I O N  S T U D I E S  OF T H E  
P I C h - N u C L E O h  I h T E R I C T I O f l  I N  T I E  H I G F E R  R E S O N A N C E  R E G I O N .  

?n I 

V E A S U R E P E N T  UF T k E  P O L A R I Z A T I O N  OF N E U T R O N S  FROM T H E  C A P T U R E  OF 
h C C h S 1 - I .  2 3 9  

~ c h G l T u C l N b L  P O L A R I Z A T I O N  OF THE E L E C T R O N S  FROM THE D E C A Y  OF 
L N P O L P R I Z E D  P C S l l l V C  ANC h C G A T I V f  MLONS.  2 5 0  

I H E  P O L A R 1 Z b T I O N  OF P R O T O N S  R E C O I L I N G  FROM P I O N l t l  t P R O T O N  
C O L L I S 1 0 1 4 5  b T  2 6 5  PCV. 7 6 1  

v E A S U R E V E N T  C F  TGE P O L A R I Z A T I O N  O F  POSITRONS E M I T T E D  I N  THE 
C I S I N T E 6 R b T l O h  C F  S C D I U P - 2 2 ,  RORON-el  b h D  M U O N S I * ) .  2 8 9  

U E C C I L - P R O T C N  P O L A R I Z A T I O N  I N  P I O N I - I - P R O T O N  E L A S T I C  S C A T T E R I N G  
A T  3 6 5  YEV.  7 9 0  

R E C O I L - P R O T J h  P O L A R I Z A T I O N  I N  P I O N I - I - P R O T O N  E L A S T I C  S C A T T E R I N G  
AT j b 5  VEV.  2 9  1  

P O L A R I Z A T I O N  C F  R E C C I L  P R C T O N S  I N  P I O N - P R O T O N  E L A S T I C  S C A T T E R I N G  
P T  5 2 3 .  5 7 2 .  b h O  6 8 s  P E V .  3 1 4  

P O L A R 1 Z A T I O N  C F  R E C C I L  P R C T C N S  I N  P I O N l t l - P R O T O N  E L A S T I C  
~ C ~ I I E R I N G  & E A R  t o 0  M ~ V .  3 1 5  

F O L A R I Z A T I O N  OF R E C C I L  P R C l U N S  I N  P I O N l 1 1 - P R O T O N  E L A S T I C  
f C b T T E R l h 4 G  A T  d6'1. S R I ,  ARC 1 3 0 1  MEV.  3 1 0  

S C A T T E R I N G  C F  F C S l T l V E  P I O N S  ON P R O T O N S  AT 3 1 0  MEV.. 
R E C O I L - N U C L E C h  P C L A R I Z A T I O N  AND P H b S $ - $ + I ~ ~  A N A L Y S I S .  

3 6 9  

P I C N I + l - P R O l C k  E L A S T I C  SCATTERING A 1  3 1 C  MEV.. R E C O I L - N U C L E O N  
F O L A R I  Z A T I Q Y  6 3 7 2  

P O L P R I Z A T I O N  C F  X E C C I L  P U C l O N S  I N  E L A S T I C  P I O N I + I - P R O T O N  
S C A T T E R I V G  AT T b E  E h E R G Y  C F  d C f  M e V .  405 

F O L A R I Z A T I O N  C F  R E C C I L  P R O T U N S  P R O D C C E D  I N  E L A S T ~ C  ~ l o ~ l + I - P R d T d h  
S C A T T E R I N G  b T  3 0 7  P E V  ENERGY. b o b  

P I  C N - N u C L E O ~  S C A T T E R  I N 6  AT 31'3 MEV.. N E L T R O N  P O L A R I Z A T I O N  I N  
P l C N ( - I  P R C T C N  TO P I O d l C I  + N E U T R O N  AND P H A S E - S H I F T  A N A L Y S I S .  

4 2 7  

h E t l T l V E  M U C h  P O L A R l Z A T I O N  I N  PHOSPI-ORUS AND F L U O R I N E .  
4 3 6  

R E C O I L  P R O T O N  P O L b R l Z A T I O N  FROM 2 2 5  M E V  P I O N ( - I - P R O T O N  
S C A T T E R I N G .  5 0 4  

3 1 0  H t V  P I U h l t l - P R O T O N  P O L A R I Z A T I O N  A N D  CROSS S E C T I O N '  
E X P E R I M E N T S .  P I - A S €  S H I F T  I N A L Y S I S .  6 b 3  

P I C N I - I - P R O T C h  E L A S T I C  S C b T T E R I f l G  A T  3 1 C  MEV.. D I F F E R E N T I A L  
C R O S S - S E C T I C N  ANC RECOIL-PP.OTON P O L A R l Z A , T I O N .  h58 

CbIC. I I I  A T I O N  OF T t E  P ( I L A R I Z A T I O N  O F  THE R E C O I L  PROTON I N  
) . I ~ N - A U C L C O I \  J C b T T C R I I 4 G  14CIR T l l C  INCLASTI~ t l l f i C S l l d L 0 .  

6 6 7  

CN P O L A R 1 Z b T I O N  P R O P E R T I E S  OF MUONS I N  E L A S T I C  N E U T R I N O  
PROCESSES.  6 8 5  

T H E  P O L A R I Z A T I O N  O F  R E C O I L  PROTONS I N  P I O N I - I  S C A T r E R I N G  I N  
I-YCROGEN AT 3 0 0  VEV.  7 2 8  

P f l l b R 1 Z A T I O N  O F  R E C C I C  PROTONS I N  3 C D  M E V  P l O N  S C A T T E R I N G  ON 
I-YCROGEN. 730 

R E C O I L  P R O T O N  P O L A R I Z A T I O N  I N  E L A S T I C  P I O N I - ) - P R O T O N  S C A T T E R I N G  
b T  3 0 0  M E V  A N D  TI-E P H l S E  S H I F T  A N A L Y S I S  OF P I O N - N U C L E O N  
S C A T T E R I N G .  7 3  1  

S C A T T E R I N G  O F  N E G A T I V E  P I O N S  ON P R O T O N S  AT 3 1 0  MEV.0 
R E C O I L - N U C L E O N  P O L A R I Z A T I O N  AND P H A S E - S H I F T  A N A L Y S I S .  

74 1  

P O L A R I Z E D  
T H E  ANGULAR C l S T R l 8 U T l O N  OF THE N E U T R O N S ,  A R I S I Y G .  F R O M  T H E  N U C L E A R  

C A P T U R E  O F  P O L A R I Z E C  MUONS. 3 0  

ANGII I  AR I l l ~ T R I f l I I T l f l h  OF N E U T R O N S  F O L L O Y I N G  THE N U C L E A R  C A P T U R E  OF 
P O L A R I Z E D  MUONS. 3  1  

C O T 1  S C A T T C R l h G  C F  P O L A R I Z E 0  MUONS. 5  9 

ASYMMETRY P A R b C F l E R  OF N E U T R O N S  AND T R I T O N S  FROM THE C A P T U R E  OF 
P O L A R I Z E 0  M U O N I - I  I h  H E L I U M - 4 .  1 2 6  

E X P E R I M E N T S  ON W E  b B S O R P T I O N  OF P O L A R I Z E D  N E G b l l V E  MUONS B Y  
CARBON-12.  1 4 0  

SOME R E G U L A R I T I E S  I N  T H E  ANGULAR D l S T R l 8 U T l O N  OF N E U I Q O N S  EM1 r l E U  
I N  P O L A R I Z E 0  PUON C A P T U U E  BY N U C L E I .  1 5 7  

P I O N  S C A T T E R I N G  FROV A  P O L A R I Z E D  TARGET. 2 0 5  

ANGULAR D I S T R I B U T I O N  OF H I G H - E N E R G Y  N E U T R f l N S  E M I T T E D  I N  A B S O R B I N G  
P O L A R I Z E D  M U O N S I - I  I N  C A L C  IUM. 3 3 7  

h Y P E R F l N E  S P L I T T I N G  E F F E C T S  I N  T H E  C A P T L R E  OF P O L A R I Z E D  M U O N S I - I .  
7 1 9  

C ~ M P A R I S O N  O F  THE L I F E T I M E S  OF P O S I l I V E  A N D  N E G A T I V E  MUONS, I N  
L l C U l O  HYDRCGEN. I 7  

RANGE D I F F E R E N C E S  OETUEEN P O S I T I V E  AND N E G A T I V E  P I O N S  114 
E P U L S I U N .  1 9  

I N T E R A C T I O N S  OF P O S I T I V E  P l O N S  W I T H  P R O T O N S  N E A R  T H R E S H O L D  FOR 
S I N G L E  P I O N  P R C C F C T I O N .  7  4  

P I C N  P R O D U C T I O N  CY P O S I T I V E  P I O N S  A 1  8 2 C  AND 9 0 0  P E V .  
. 8 4  

F O R M A T I O N  OF P l O h S  EY P O S I T I V E  2 8 0  PEV P l O N S  ON N U C L E I  I N  PHOTO 
E P U L S I O N .  9  2  

L O N G I T U D I N A L  P O L b R l Z A T l O N  OF THE E L E C T R O N S  FROM THE DECAY OF 
U N P O L A R I Z E O  P O S I T I V E  AND N E G A T I V E  MLOYS.  2 5 0  

G E P O L A R I Z A T I O h  OF P O S I T I V E  MOONS I N  S O L I O S .  3 2 7  

S C A T T E R I N G  C F  3 . 7 - 2 5  MEV P O S I T I V E  P I O N S  BY HYDROGEN. 
3 6 3  

P U L T I P L E  P I O N  P R C D U C T I O N  I N  I N T E R A C T I O N S  OF P O S I T I V E  P l O N S  h I T H  
P R U I U N ~  N ~ U W  I.U aev .  3b(r 

~CUIIPUIIYII ilt P U 3 I T I f E  ' I r n j  nn P n n T n i r s  A T  1 1 0  r ~ c v , ~  
R E C O I L - N U C L E O N  P C L b R l Z A T I O N  AND PHASE-SI-  I F T  A N A L Y S I S .  

3 6 9  

CUCBLE C H A R G E  E X C H A ~ G E  U I T ~  P o s l T l v e  PICNS. 3 9 5  

CIFFERENTIAL CROSS s ~ C T l 0 k S  F O R  E L A S T I C  S C A t T E K I N ( ;  U P  P O S I l l V E  
P I U N S  U N  P H C l O h S  I N  I H t  C N C R G I  R E G l O k  Td 1 6 8 0  MeV. 

, 4 1 8  

E L A S T I C  S C b T T E R I h G  OF P O S I T I V E  P I O N S  B Y  PROTONS I81 THE ENERGY 
RANGE 5 0 0  TO 1 6 0 C  MEV. 4 2 2  

V A G N E T I C  MOCENT C F  THE P O S I T I V E  MUON. 4 3 8  

T H E  S C A T T E R I N G  OF P O S I T I V E  1 2 0  M E V  P I O N S  O N  PROrONS.  
5 2 2  

THE S C A T T E R I N G  OF P O S I T I V E  1 2 0  MEV P l O N S  ON PRUTONS. P A R T  I. P A R 1  
11.  5 2  3  

P R E C l S l U N  L l F E T l V E  CEASUREMENT ON P O S I T I V E  AND N E G P T I V E  MUONS. 
5 4  7  

P O S l T l V E  P l O N  S C A T T E R I N G  FROM HYDROGEN A T  2 4 . 8  MEV. 5 5 4  

I N T E R A C T I O N  OF P O S I T I V E  P I O N S  W I T H  FYOROGEN.,AT 6 0 0  HEV. 
5 7 3  

S C b l l t R L N G  U F  3 1 C  MEV P O S I T I V E  P l O N S  B Y  PROTONS.. E X P E R I M E N T S  AND 
A N A L Y S I S .  6 4 2  

A  S C I N T I L L A T I O N  C O U h T E R  i Y 5 T E M  FOR T l l E  C C T C C T I O N  OF P O S I T I V E  A N 0  
h E G A T l V E  P I C N S .  6 0 0  

S C A T T E R I N G  OF 2 5 0  MCV P O S I T I V E  P I O N S  B Y  PROTONS.. E X P E R I M E N T  AYD 
A N A L Y S I S .  7 1 4  

T H E  S C A T T E R I N G  OF 8 7  MEV P O S l T l V E  P l O N S  ON CARBON A N 0  O X Y G E N  
7 2 4  

P O S I T R O N  
A  SEARCH FOR T H E  DECAY M U C N l t l  TO P O S I T R O N  P O S I T R O N  + E L E C T R O N .  

4  1  

A  SEARCH FOR THE DECAY M u C N l r I  TO P C S I T R O N  t POSITRON + E L E C T R O Y .  
4 1 

FURTHER S T U C I E S  CN THE M U O N I t l  TO P O S I T R O N  + POSITRON t ELECTRON. . .  . 4  2 

FURTHER S T U C I E S  CN THE M U O N ( + )  TO P O S I T R O N  + P O S I T R O N  + E L E C T R O N .  
4 2  



PEPSUREMENTS OF THE RATES OF THE DECAY P I O N I + I  TO P I O N 1 0 1  + 
POSITRON hEUTRlNO bND OF P I O N I - 1  CAPTURE I N  L I T H I b M  MYDRIOEI 
CARBON-HYDROGEkl21. AND CbRBON-HYDROGEN. 7 7  

b  PEPSUREMENT OF THE BRbNCHlNG R A T I O  FOR PION-BETb DECAY.. 
R * I P l O N l + l  1 0  P I C N I C 1  + POSITRON + N E U T R I N O I E L E C T R O N I I I I P I O N I + I  
TO L U O N I * )  t NEUTRINOIMUONI l .  1 1 9  

EVPLUbT lON Ok CRCSS SECTIONS OF ELECTROMAGNETIC PROCESSES P I O N I - I .  
PRUTUN TO P I O N l t l  P I O N I - 1  + GAMPA PbRT lCLE + NEUTRON. 

P I c N L - l  t PRUTQh TO POSITRON ELECTRON t NEUTRON P I O N I - 1  + 
PROT,ON TO PIONI:) PROTON + POSITRON + ELECTRON b T  P I O N I - 1  
K I N E T I C  ENERGY OF 3 4 0  MEV. 1 5 0  

EVALUATION CF CRCSS SECTlCNS OF ELECTROMbGNETIC PROCESSES P I O N I - 1  
1 'PROTOL TO P I O N I * l  P I O N ( - 1  GAMMA PbRT lCLE + NEUTRON, 
P I C N I - I  + PQOTON TO POSITRON ELECTRON t NEUTRON P I O N I - I  + 
PROTON TO P I O N I - 1  + PROTON + POSITRON + ELECTRON AT P I O N I - 1  
K I N E T I C  ENERGY OF 3 4 0  MEV. 150 

b  VEASUHEMENT OF THE POSITRON P O L b R l Z A T l O N  I N  MUON DECAY.. THE 
FOSl  TRON A N N l h l L b T l C N  METPOD. . 1 8 5  

' b  PEASUREMENT OF T H E  P ~ S I T R O N  POLPRIZATION I N  MUON OECAY.. THE ' 

FOSlTRON A N N I H I L b T l C N  METPOD. 1 8 5  

tLECTROMPGNETlC CORRFCTION EFFECTS ON THE P L O N ~ * I  TO .PION(OI + 
POSITRON t NEUTR I N 0  DECAY. 2 0 6  

CETERMINPTICN OF THE P ION1 1 1  TO P I O N 1 0 1  POSITRON + NEUTRINO 
C ~ C A Y  R A T E .  2 7 3  

EXPERIMENTAL EVICENCE FOR STRUCTURE EFFECTS I N  THE P I O N I + l  TO 
POSITRON + NEUTPINO + GbMMb P b R T l C L E  DECAY PROCESS. 2 7 4  

FURTHER MEASUREMENTS OF T ~ E  P I O N I + I  TO PIONIO~ + POSITRON r 
hEUTRlN0 .  2 7 5  

FURTHER SEARCb FCR THE OECAY MUONI+ l  TO POSITRON + GAMMA ' 
FARTICLE. 3 7 6  

ASYMMETRY OF THE PICNI'+I TO M U O N l r I  TO POSITRON DECPY-ELECTRON 
eNGULPR D l S T R l e U T l O h  I N  A  LONGITUDINAL VAGNETIC F I E L D  OF I 4 0 1 0 0 0  
GAUSS. 4 0 9  

bNGULAR D l S T R l B U T l O h  OF TCE f l U U N l + I  I U  POSITRON DECAY ELECTRONS 
I N  STRONG MbGNETIC F IELCS.  - 5 7 7  

SEbRCH FOR THE PROCESS H U O K l t )  TO POSITRON + GAMHA PARTICLE.  
5 8 3  

SEbRCH FOR T h E  CECAY P U O N i + l  TO POSITRON r GAMMh PPRTICLE. 
5 9 2  

EN TnF CECAY P l n h  TC YUON r NEUTRINO r POSITRON t ELECTRON. 
6 1 5 ,  

SEbRCH FOR THE REACTION MUONI~I + POSITRON TO GAMMb PARTICLE + 
GAVMA PARTICLE.  7 5 7  

POSI TRON-PROTON 
INELASTIC ELECTRCN-PROTON. POSITRON-PROTON* AND MUON-PROTON 
SCbTTERING. . . 4 1 6  

POSITRONIUM 
VUCNllJM bNO POSITRONIUM PkYSICS.  5  0  

POSITRONS 
CEPSURiMENT RY BRECSSTRAHLUNG TRANSMISSI  ON OF THE POLARIZATION OF 
POSITRONS FRflP Pl,ONSI+l TO POSITRONS + NEUTRINOIELECTRONI . 

F ~ S I T R O N S  F R O C  *UONSI*I  T O  POSITRONS + NEUTRINOIELECTRONI + 
hEUTRINOi - I -PUON.  1 5 5  

VEbSUREMENT OF TkE P O L A R I Z b T I O N  OF POSITRONS EMITTED I N  THE 
C I S I N T E G R b T I U N  TF SCDIUM-22, BORON-el AND MUONS(*). 2 8 9  . 

P O S S I B L I T I E S  
b  F E A S I B I L I T Y  STLOY OF THE THERAPEUTIC P O S S I B L I T I E S  OF P IONSI -1 .  

1  

POSTIRRADIA-T I  ON 
RELATIVE CYTOGENETIC E F F I C I E N C Y  OF MUONS AN0 P I O N S ( - )  I N  SEEDS OF 
ZEb M A Y S I L I  PNC I T S  MODIF ICATION 8 1  P O S T I R R A D I A - T I O N , S T O R A G E .  

5 4 9  

. . 
POWER . 

l k V E S T l G b T l O N  CF FLUCTUbTlONS I N  MEASUREMENT OF PARTICLES 
l O N l Z P T l O N  POWER I N ,  b  SPARK CHAMOCR. 383 

PEbSUREMENT OF P b R T l C L E  l O N l Z b T l O N  POWER I N  b  SPARK CHAMBER. 
5 2 9  

, . 
P R O B d B l L l T l E S  

VEbSUREMENTS OF P R O B A B I L I T I E S  OF MUON(-1 + HELIUM-3 TO HELIUM-3  
hEUTRlNO REbCTlOh.  F I N A L  RESULTS. 7 6 0  

P R O B P B I L I T Y  
VEbSURlNG TPE PROBABIL ITY FOR THE REACTION MUONI-1 + MELIUM-3 TO 
T R I T I U M  + NEUTRIhO. 7 6 3  

PROOF 
EXPERIMENTAL PROOF CF THE S P I N  DEPENDENCE OF THE MUON CAPTURE 
INTERACTION*  PNC EVIDENCE FOR I T S  I F - G T I  CHbRACTER 252; 

PROPANE 
I N V E S T I G A T I O N  OF P I O N  ABSORPTION BV CbRBON NUCLEI  AT 4 0 - 7 0  MEV B Y  
WEANS OF b  PROPANE eUBBLE CHAMBER. 5  2  

I N V E S T I G A T I O N  OF PlCNI+l-PUONIrl-POSITRON DECAY WITH HELP OF b  
PROPANE BUBBLE CPAMEER bND S C I N T I L L b T I O N  COUNTERS. 5  3  

4 6 0  MEV NEGPTIVE 
eUBBLE CHAMCER. 

P l O N  SCATTERING FROM NEUTRONS PROPANE 
5 8  

I D E N T I F I C A T I O N  OF CCPRGEO PPRTICLES BY I O N l . ? b T I O N  &NO DELTA 
ELECTRONS I N  b  PROPANE BUBBLE CHPMBER. . 1 1 2  

bBSORPTION OF SLCWEC DOWN P I O N S I - 1  I N  PROPANE. 2 7 2  

INTERbCTION OF 7t? MEV P I O N S I * l  I N  PROPANE. 6 6 4  

P I  MINUS INTERbCTlONS I N  PROPANE NEbR THE SECOND RESONANCE. 
6 6 9  

PROPORTIONAL 
I N V E S ~ ~ G A T I O N  OF FLUCUTbT lON AND I O N 1 Z P T I O N  I N  PROPORTIONAL 
LOU-PRESSURE CETECTORS. 6  

PROSPECTIVE 
PROSPECTIVE LlSE BF h E G 4 T l V E  PIONS I N  THERAPY. 7 0 0  

PROTON 
THE PROBLEM OF DETERMINING THE NATURE OF THE LOY-ENERGY 
INTERACTION OF PIONS ON TWE B b S l S  OF THE PROTON * DEUTERON TO 
HELIUM-3 + 2 - P l O h  AN0 P l O N  t NUCLEON 2-PION REACTIONS 

2 4  . 
CONTRIBUTION TO THE STUDY OF ( P I O N I t l ~ P R O T O N I  SCATTERING AT 1 2 0  
CEV BY U T l L I Z b T l C N  OF PkOTOGRbPHlC PLATES I N  BUBBLE CHAMBERS. 

3 4  

PION.PROTON PbENCMEhOLOGY9 3 0 0  TO 1'00 PEV. 3 8  

RECOIL' PROTON POLPRIZbT lON MEASUREMENTS I N  ?.LON-NUCLEON E L A S T I C  
SCATTERING. 6  a  

b!EbSUREMENT OF TkE RECOIL  PROTON POLAR1ZbTION I N  E L b S T l C  
P IONI - I -PROTON SCbTTERING AT P I O N  ENERGI  OF 4 1 0  AND 4 9 2  MEV. 

h l 

.VEbSUREMENT OF THE RECOIL PROTON P O L A R l Z b T I O N  I N  E L A S T I C  
P I O N I + l - P R O T O N , S C b T T E R l N G  d l  P I O N  ENERGY OF 4 1 0  AND 4 9 2  MEV. 

6 2  

P  STUDY OF TFE REACTION P I O N I - 1  + PROTON TO P I O N I - 1  P I O N  1 0 1  + 
PROTON AT 3 1 0  bNC 3 7 7  MEV. 6  6  

b  STUDY OF TFE REACTION P I O N ( - )  + PROTON TO P I O N I - 1  P l O N  1 0 1  + 
PROTON b T  3 1 0  PNC 377  HEV. 6  6  

THE P I O N I - 1  + PROTON TO P I O N I + l  + P I O N I - 1  + NEUTRON REACTION NEAR 
THE THRESHOLD. I. TOTAL CROSS S E C T I O N S  AND ANGULAR 
C I S T R I B U T I O N S  OF SECONDARY PARTICLES. 8  7  

THE CROSS SECTlOh OF MESON RECHARGE BY P IONS I N  THE REACTION 
ANALYSIS P I O h l - 1  + PROTON TO P I O N I - 1  + P I O N I t I  + NUCLEON AT THE 
ENERGY OF 2 9 0  PEV. 8 8  

CETERMlNbT lON OF THE CHbREE-EXCHANGE CROSS SECTION OF P I O N S  FROM 
, THE ANALYS'IS OF THE REACTION P I O N I - 1  + PROTON TO P I O N I + I  + 

NEUTRON AT 2 9 0  MEV. 9  4  

THE REACTION P l o h l - 1  r PROTON TO P I O N I t l  t P I O N ( - I  + NEUTRON NEAR 
THE THRESHOLD. I. THE TOTAL CROSS SECTIONSI PNGULAR 
C I S T R I B U T I O N S  OF SECONDARIES. 9 9  

THE REACTION P l O h l - I  PROTON TO P I O N I + I  + P I O N I - I  + NEUTRON NEAR 
THE THRESHOLC. 11. THE EFFECTIVE n b s s  s P E c r R n  FOR 
P I O N l + l P I O N I - I  bhD P IONl r lNEuTRON-SYSTE*5 .  A  DETERMINATION OF 
PION-PION SCPTTERING LENGTHS I N  THE S-STATE. 1 0 0  

THE P I O N ( - )  t PROTON TO P I O N I + I  + P I O N I - 1  + NEUTRON R E b C T l O N  NEAR 
THE THRESHOLD bNC P ION-PION INTERACTION. 1 0 1  

THE P I O N I + I  + PROTON TO P I O N I t I  P I O N I - 1  t NEUTRON REACTION b T  
bN ENERGY 240 M 6 V  Ah0 PION-PION INTERACTION. 1 0 2  

C IFFERENTIAL  CROSS-SECTION OF THE P I O N I - I  + PROTON TO P I O N I O I  
hEUTRON PROCESS bT 5 3 0  MEV. 1 2 7  

SEARCH FOR b  RESCNbIT  PION-PION INTERACTION I N  THE PROCESS 
P I O N I - 1  + PROTON TO P I O N I + l  + P I O N I - 1  + NEUTRON NEAR THRESHOLD. 

' 1 3 7  

b N b L Y S I S  OF P I O N I - 1  + PROTON-TO P I O N I - 1  P I O N l r l  NEUTRON AND 
P I O N I - 1  + PROTON TO P I O N I - 1  t P I O N I G I  + PROTON REACTIONS PT THE 
K I N E T I C  ENERGY OF 3 3 8  MEV. 1 4 5  

ANALYSIS OF P I O N ( - )  + PROTON TO P I O N I - 1  + P I O N I + I  + NEUTRON AND 
P I O N I - 1  + PROTON TO P I O N I - I  P I O N I C I  PROTON REACTIONS b T  THE 
K I N E T I C  ENERGY OF 3 3 8  MEV. 1 4 5  

bNALYSlS  OF P I O N I - 1  + PROTON TO P I O N I - 1  + P I O N l r l  + NEUTRON AND 
P I O N ( - )  + PROTON TO P I O N I - 1  + P I O N 1 0 1  PROTON REACTIONS AT THE PROBE . . 

THE MUON bS b  PROBE FOR NUCLEON STRUCTURE. 3 4 7  

PROMESS HEPORTS 830 - 853 



K I N E T I C  ENERGY OF 3 ? 8  MEV. 1 4 5  

ON I N V E S T I G b T I O N  OF THE REACTION P I O N I - I  + PROTON TO P I O N I - I  r 
GbPHA P b R T l C L E  t PROTON AT 3.313 MEV. 1 4 6  

ON INVEST IGPT ION O F  THE R E ~ C T I O N  PION(-I  PROTON T O  PION(-) + 
GAPMA P A R T I C L E  t PROTON AT 3 3 8  MEV. 1 5 6  

A N A L Y S I S  OF THE REACTIONS P I O N I - I  r PROTON TO P I O N I - I  + P I O N I t I  + 
hEUTRON AN0 P I O N I - I  PROTON TO P I O N ( - I  t P I O N 1 0 1  + PROTON WlTH 
238, UEV P l O h S I - I .  1 4 7  , 

b N A L Y S l S  OF T h E  REACTIONS P I O N I - I  + PROTON TO P I O N I - I  t P I O N I + I  + 
hEUTRON A N 0  P I O N I - I  + PROTON TO P I O N I - I  t P I O N I O I  + PROTON WlTH 
3 3 d  HEV P l O h S I - I .  1 4 7  

P N P L Y S I S  OF TPE REACTIONS P l f l N l - I  +, PROTON TO P I O N I - I  + P I O N I t I  + 
L E U T R O N  ANO PIONI-I + PROTON T O  PION(-) + PIONIOI + PROTON w I T n  
538 M E V  P I O ~ S I - I .  1  4 7 

E V A L U A T I O N  CF CRCSS S E C T I C N S  OF ELECTROPPGNETIC  PROCESSES P I O N I - I  
t PROTON 1 0  P I O N I t l  + P l O N l - I  GAMMA P b R T l C L E  + NEUTRON, 
P I C N I - I  + PROTON TO POSITRON + ELECTRON + NEUTRON P I O N ( - I  + 
PRCTON TO P I O N ( - I  PROTON + POSITRON + ELECTRON AT P I O N I - I  
N l t i C T I C  CttCRGY CF 2 2 0  t?CV. 1 5 0  

E V A L U A T I O N  CF CRCSS SECTICNS OF ELECTROPAGNETIC PROCESSES P I O N I - I  
t PROTON TO P I O N I + I  + P I O N ( - I  GAMMA P b R T l C L E  t NEUTRON, 
P I C N I - I  + PRCTCN TO POSITRON + ELECTRON t NEUTRON P I O N I - I  + 
PRCTON TO P I O N I - I  PROTON POSITRON + ELECTRON AT P I O N I - 1  
K l h E T l C  ENERGY OF 3 4 0  MEV. 1 5 0  

E V A L U A T I O N  CF CRCSS SECTIONS OF ELECTROPAGNETIC PROCESSES P I O N I - 1  
+ PROTUN TO P t C N I + l  P l b h l - 1  GAMPA P b R T l C L E  r NEUTRON, 
P I O N I - I  + PROTCN TO POSITRON * ELECTRON h'EUTRON P I O N ( - )  + 
PRCTON TO P I O N I - I  PROTON POSITRON + ELECTRON AT P I O N I - 1  
K I N E T I C  ENERGY OF 3 4 0  MEV. 1 5 0  

E V A L U A T I O N  OF CRCSS SECTIONS OF ELECTROMAGNETIC PROCESSES P I O N I - I  
t PROTON TO P l C N l t l  t P I O N I - I  t GAMPA P A R T I C L E  + NEUTRON, 
P I O N ( - 1  t PROTON TO POSITRON t ELECTRON + NEUTRON P I O N I - I  t 

PROTON 1 0  P I O N I - I  + PROTON POSITRON E L E C ~ R O N  AT-PION(-) 
K I N E T I C  ENERGY OF 3 4 0  MEV. 15C 

I N V E S T I G A T I O N  OF THE REACTION P I O N ( - I  + PROTON TO P I O N ( - )  + GAMMA 
P b R T I C L E  + PROTCh bT  3 3 8  MEV. 1 5 2  

I N V E S T I G A T I C N  OF THE R E b C T I O N  P I O N I - I  + PROTON TO P I O N I - I  GAMMA 
P A R T I C L E  + PROTOL AT 3 3 8  PEV. 1 5 2  

CETFRMLNATION OF THE 
P I C N I O I  + NEUTROh I h  

REACTION RATE P I O N ( - )  AT 
PYCROGENOUS M I T E R  I A L S .  

REST PROTON 
2 0 4  

f X P t R 1 M E N T b L  STUCY CF OOUCLE-CHARGEC P l O N  PRODUCTION I N  
IPIOWI .I IPROTENI C O L L I S I O ~ :  P T  3 0 0  r e v .  328 

THE P O L A R I Z A T I C ~  OF PRO1 
C O L L I S I O N S  b T  2 h 5  PEV. 

R E C O I L I N G  FROM P I O N 1  PROTON 
2 6 1  

EXPFRIMENTAL STUCY CF THE P I O N I t I  + DEUTERON TO PROTON + PROTON 
R E b C T I O N  BETWEEN 0 . t 5  AND 1.95 GEVIC. 2 6 7  

EXPERIMENTAL STUCY OF THE P I O N I * I  + DEUTERON TO PROTON + PROTON 
L E b C T l O N  OcTUCEtt 0 . 6 5  ANI l  1 - 9 5  GEVIG. 2 6 7  

ANGULAR D l S T R l B U T I O h  OF TFE P I O N I O I  I N  THE R E A C T I O N  P I O N I + I  t 
PROTON TO P I O N I * l  + PROTON + P I O N I O I  U P  TO 1 0 7 0  MEV. 

2 8 0  

bNGULAR O l S T R l R U T l O k  OF T k E  P I O N I O I  I N  THE R E A C T I O N  P I O N ( + )  + 
PROTON TO P I O N ( *  1 + PROTON t P I O N I O I  UP TO 1 0 7 0  MEV. 

2 8 0  

PEb$UREMENTS CF THE P I O N l r l  + PROTON 1 
P I O N I O I  CROSS SECTICN FRO* 0.5 1 0  1.5 

' 0  P l O N l + l  
GEVIC. 

PRO TON + 
2 8 1  

PEASUREHENTS OF THE P I O N I t l  t PROTON TO P I O N l t l  PROTON + 
P I C N l O l  CROSS SECTICN FRO* 0.5 TO 1.5 CEVIC. 2 8 1  

h E G A T l V E  MUCN C A T A L Y S I S  OF THE F U S I O N  REACTIONS DEUTERON-MUON + 
PROTON TO H E L I U M - 3  t M U O N I - I  AN0 DEbTERON-MUON + DEUTERON TO 
T R I T O N  + PROTON + E U O N I - I  AND PROTON-DEUTERON-MUON AN0 
CEUTERON-DEUTEROh-*LON MU-MOLECULE PRODUCTION I N  GASEOUS 
I-'( DROOCIi i  3na 

N E G A T I V E  MUCN C A T A L Y S I S  OF THE F U S I O N  REbCTIONS DEUTERON-MUON + 
PROTON TO H E L I U C - 3  t P U O N I - I  AN0 OECTERON-MUON + DEUTERON TO 
TRITON + PROTON t M L O N I - 1  AND PROTON-DEUTERON-MUON AND 

MU-POLECULE PRODUCTION I N  GASEOUS 
3 0 9  

NEGATIVE MUON C b T A L V S I S  OF THE NUCLEAR REACTIONS DEUTERON-MUON + 
PROTON TO H E L I U M - 3  8 M U O N I - I  AND DEUTERON-MUON + OEUTERON TO 
I H L I U N  + P R U i B k  . M U O I I I - I  P l lB  PROTOII~.DCUTCnOtI  MUOt1 I I l D  
C E U T E R O N - O E U T E R O ~ - M L O N  MOLECULE FORMATION IN GAS.EOUS HYDROGEN. 

3 1  1 

h E G A T l V E  MUCN C A T A L Y S I S  OF THE NUCLEAR REACTIONS DEUTERON-MUON + 
PROTON TO H E L I U P - 3  + M U O N I - I  bND OECTERON-MUON + DEUTERON TO 
T R I T O N  + PROTON t M U O N I - I  AND PROTON-DEUTERON-MUON AND 
CEUTERON-DEUTERON-MUON MOLECULE FORMATION I N  GASEOUS HYDROGEN. 

. 3 1 1  

I N V E S T I G A T I O N  OF THE S P I N  DEPENDENCE OF WEAK I N T E R A C T I O N  I N  THE 
PROCESS M U O N I - I  t PROTON TO NEUTRON + NEUTRINO. 3 2 6  

REACTION P I O N I - I  + PROTON TO LAMBDAl0 , l  BARYON t K A O N I O I ,  AT THE 
THRESHOLDS FOR P I O N I - I  + PROTON TO S I G M A I O I I - I  + K A O N I O I I - I  
I C C S P I  REACTIONS. . 3 3 0  

REACTION P I O N I - I  r PROTON TO L A M B D A I O I  BARYON t K A O N I O I  AT THE 
THRESHOLDS FOR P I O N ( - I  + PROTON TO S l G M b l O l l - 1  t K A O N I O I I - I  
(CUSP1 REACTIONS. 3 3 0  

THE INVERSE PPCTCPROOUCTICN REACTION P I O N I - 1  + PROTON TO GAMMA 
P b R T l C L E  t NEUTRCN. 3 8 9  

INVERSE PHOTOPROCUCTION REACTION P I O N I - I  + PROTON TO GAMMA 
P A R T I C L E  + NEUTRCN I N  FL IGHT.  3 9 0  

CIFFERENTIAL C I S T R l e U T I O N S  OF P I O N S l t l  I N  THE REACTION P I O N I - I  + 
PROTON TO P l O N l t l  t P I O N ( - I  NEUTRON FROM 5 0 0  TO 7 0 0  MEV. 

3 9 2  

PROTON SCATTERING I N  THE ENERGY REGION 5 0 0  TO 1 1 0 0  MEV. 
. . 4 0 2  

PION-NUCLEON SCATTERING AT 3 1 0  MEV.. NEbTRON P O L A R l L 4 T I O N  I N  
P I O N I - I  + PROTON TO P I O N I O I  + NEUTRON AND PHASE-SHIFT ANALYSIS .  

4 2 7  

S P I N  DEPENDENCE CF k E b K  I N T E R b C T I O N  I N  TCE.PROCESS V U O N I - I  t 

PROTON TO NEUTRON + NEUTRINO. 4 4 0  

THE R E A C T f O k  P l b h l - 1  + PROTON TO P I O N I - I  t P I U N l t l  t NEUTRON FROM 
3 5 0  T O  8 0 0  M E V .  4 7 9  

E L A S T I C  SCATTERIhG bND PHbSE S H I F T  3 N A L Y S l S  OF P I O M I - I I I I  I 

PROTON NEAR 3 0  MEV. 4 8 1  

RECOIL PROTON PULARILA I  IUN FRUM 2 2 5  n E v  PIONI- ) -PROTON 
SCATTERING. 5 0 4  

ANGULAR D I S T R I B U T l O h ' S  FUN P I U N I - I  t PROTON TO P I O N I O I  NEUTRON 
bT  3 1 5  AND 3 7 1  MEV. 5 0 6  

ENERGY DEPEkOENCE OF THE SLOPE OF TkE  C I F F R A C T I O N  CURVES FOR 
PROTOk-PROTON, PROTONI- I -PWOION, K b C N l t I - P R O T O N ,  LAONI-)-PROTON. 
P I O N I + l - P R O T O N ,  bNC P I O N I - I - P R O T O N  SCATTERING. 5 2 8  

b STUDY OF THE REACTION P l O N  t PROTON TO P I O N I - I  + PROTON + 
P I O N I O I  AT 9 0 5  MEV. 5 3 8  

e s r u u v  OF  THE R E A C T I O N  PION t PROTON T C  PIONI-I t PROTON + 
F I O N I O I  AT 9 0 5  MEV. 5 3 8  

E X P t N I M f N l A L  S T U C I  CF P ION-P ION I N T E R A C T I O N  I N  THE REACTION 
P I O N I - I  t PROTON TO P I O N I C I  t P I O N I C I  NEUlRON A' i  I N C I D E N T  
P I O N ( - I  ENERGY CF 3 7 8  MEV. 54  0 

P rEqSuREn.EyT O F  THE, C I S P E R S A C  R E L A T I O N  FOR THE R E A C T I O N  PIONI-I 
+ PROTON TO P I O N I O I  NEUTRON AT 90C MEV I N  THE 7 2 - I N C H  HYDROGEY 
BUBBLE CHbMeER. 5 6 8  

P I O N  + PROTON I N T E R I C T I O N S  AT 6 4 6  MEV. 5 8 4  

P l C N l - I  + PROTON INTERACTIONS,  AT 6 4 6  MEV. 5 8 5  

l o i b ~  ANO U I ~ ~ ~ R C N T I A L  CRCSS SECllOkS FOR P I O N ( - )  + PROTON TU ETA 
r E s o y  + N E V T R O ~  FROP T H R E S ~ O L C  T O  I Z O O  PEV.  6 3 8  

CALCULATION OF T k E  P O L b R l Z A T l O N  OF THE RECOIL  PROTON I N  ' 
PION-NUCLEON SCbTTERING NEbR THE I N E L A S T I C  THRESHOLD. 

6 6 7  

e s r u o v ' o ~  THE  PION(+) IN T ~ E  REACTION PIONI-I + PROTON T O  
P I O N I * I  + P I C N I - I  t NEUTRON AT 3 6 5  b N 0  4 3 2  UEV. 6 8 9  

C O ~ ~ R I B U T I O I I  T O  r l r e  s r u o v  or. r l l c  n E l c T l o t c  PIO~~I.I-.'--I I r n o r o t r  r a  
P I O N I + I - )  + PROTCN + P l O N l O I  BETUEEN 0 .5  AND 1.5 GEVIC. 

CONTRIBUTION TO THE. STUDY OF THE REACTION P I O N I + I - I  + PROTON TO 
P I C N I + / - I  + PRCTCN P I O P I I O I  BPTVFEN 0.5 AN0 1.5 GEVIC. 

7 0 5  

CONTRIBUTION i o  THE STUDY OF PIONI-I + PROTON TO PIONIOI + 
KEUTRON AND P I O N I - I  t PROTON TO P I O N I O I  P I O N I O I  NEUTRON 
REACTIONS A T  THE ENERGIES OF THE MAXIMA OF THE PIONI-)-NUCLEON 
l N T E R A C l l O N  I N  T k E  7 - 1 1 2  STATE TOTAL CROSS SECTION. 7 1 6  

C O N T R I B U T l O h  TO THE STUDY OF P I O N I - I  PROTON TO P l O h l O l  + 
hEUTRON AND P I O N I - I  + PROTON TO P I O N I O )  P I O N I O I  + NEUTRON 
REACTIONS AT THE ENERGIES OF THE MAXIMA OF THE P ION( - ) -NUCLEON 
INTERACTION I N  TPE T = 1 1 2  STATE TOTAL CRCSS SECTION. 7 1 6  

EFFECT OF THE STRUCTllRE flF THF N I IT I  SON ON THE CAPTURE OF THE MUON 
B Y  THE PROTON. 7 1 7  

RECOIL  PROTON P O L A R I I P T I O N  I N  E L A S T I C  P IONI - ) -PROTON SCATTERING 
bT  3 0 0  PEV AND T I E  PHASE S H I F T  A N A L Y S I S  OF P I O N - N u C L ~ ~ ~  
SCbTTERING. 7 3 1  

THE T R A N S I T I O N  OF MUONS(- I  FROM PROTON TO CARBON. 7 7 9  

THE REACTION P l O h l - I  + PROTON TO P I O N I - I  + P I O N ( + )  NEUTRON 
BELOW 8 0 0  MEV. 7 8 4  

PROTON-DEUTERON-MUCN 
h E G A T l V E  MUCN C A T A L Y S I S  OF THE FUSION REACTIONS DEUTERON-MUON + 



P R O T O N  TO H E L I U U - 3  t M U O N ( - )  A N D  DEbTERON-MUON t D E U T E R O N  TO 
T R I T O N  t P R C l C h  t P L O N I - I  AND PROTON-DEUTERON-MUBN A N D  
C E U T E R O N - D E U T E R O h - M L O N  M U - M L E C U L E  P R O n U C T I O N  I N  G A S E O U S  
I-YOROGEN. 3 0 9  

h F G A T l V E  MUON C A T A L Y S I S  OF THE N U C L E A R  R E L C T I O N S  D E U T E R O N - M U O N  + 
PROTON T O  H E L I U M - 5  t U U O N I - I  A N 0  DEUTERON-MUON + D E U T E R O N  TO 
I R l l U N  t P R O T O N  r W C C N l - I  P N l l  PROTON-DEUTERON-MUON A N D  
CEIITCRi lN-DEUTEKOh-MLON M O L E C U L E  F O R C A T I O N  I N  G A S E O U S  HYDROGEN.  

3 1  I 

PROTON-MUON 
R A T E  OF T R A h S F E R  O F  U U O N S  FROM PROTON-MUON ATOMS T O  T H E  N U C L E I  O F  
C T P E R  C L E M E N T S .  8  2  

P  P E A S U L E M E h T  CF T H E  P U O N  T R A N S I T I O N  R A l E  FROM A  PROTON-MUON A T O M  
TC T H E  N U C L E I  CF O T k F R  E L E M E N T S .  8 3  

PROTON-MUON-OEUTERCN 
r L O N  C A P T U R E  I N  IPROTON-MUON-DEUTERONIl* l  MOLECULES.  

7 4 8  

PROTON-PROTON 
C h E K C Y  U E P E N G E h C E  OF T H E  S L O P E  O F  TI-E D I F F R A C T I O N  C U R V E S  F O R  
PROTON-PROTON.  P R O T C V I - ) - P R O T O N .  K A O N I t l - P R O T O N ,  K A O N I - ) - P R O T O N 1  
P I C N I + l - P R O I C N .  PNO P I O N I - ) - P R O T O N  S C A T T E R I N G .  5 2 8  

P R C T O N S  
I N T F R A C T I J N S  O F  F O S l T l V E  P I O N S  W I T H  P R O T O N S  N E A R  T H R E S H O L D  F O R  
S l h G L E  P I O N  P R O C L C T I O N .  7  4  

C h  T H E  E L A S T I C  S C A T T E R I N G  OF P R O T O N S  A N D  P I O N S ' O N  N U C L E O N S  W l T H  
L A R G E  M C U E N T U P  T R A N S F E R S .  1 0 6  . 

L A W e U P l J l  B P R Y C N - K P C N I  O l  P R O D U C T I O N  B Y  P I O N S  O N  PROTONS.  
1 1 5  

E L A S T I C  S C A T T E R l h G  C F  I 2 8  PNO 1 6 2  M E V  P I O N S I - 1  B Y  P R O T O N S .  
1 8 1  

E L A S T I C  S C A T T F R I ~ G  C F  N E G P T I V E  P I O N S  B Y  P R O T O N S  A T  E N E R G I E S  1 2 8  
P h C  1 6 2  MEV.  1 8 2  

T C T A L  CROSS S E C T I O N S  F O R  N E G A T I V E  P l O N S  ON P R O T O N S  A T  2 3 0 .  2 9 0 ,  
3 7 0 .  4 2 7 .  ANC 4 b C  P E V .  1 9 4  

P l C N  P a O O U C T l C h  e Y  P O S I T I V E  P I O N S  ON P R O T O N S  A T  3 0 8  MEV KE.  
1 9 8  

THE P O L ~ R I L ~ T I C N  O F  P R O T O N S  R E C O I L I N G  FROM P I O N I + I  + P R O T O N  
C O L L I S I O N S  P T  2 6 5  MEV. 2 6  1  

b 1 G H  O R E I T A L  S - S I A T E  C A P T U R E  O F  P I O N S I - I  B Y  PROTONS.  
2 6 3  

P E A S U R E M E N T  OF' T H E  T O T A L  CROSS S E C T I O N  F O R  THE I N T E R A C T I O N  OF 
CHAR'EC PIONS WITH PROTONS. 2 7 9  

F C L A R l Z C T l O h  O F  H E C C I L  P R O T O N S  I N  P I O N - P R O T O N  E L A S T I C  S C A T T E R I N G  
JI 5 2 3 ,  5 7 1 ,  PKII 6 8 5  P E V .  3 1 4  

F C L A R I L A T I O N  O F  R E C C I L  P R O T O N S  I N  P I O N I t I - P R O T O N  E L A S T I C  
S C A T T E R I N G  K E P R  t o 0  MEV. 3 1 5  

F C L A R I Z A T I O N  OF R E C C I L  P R O T O N S  I N  P I O N l t l - P R O T O N  E L A S T I C  
S C A T T E R I N G  A T  8 6 4 ,  5 0 1 ,  ANC 1 3 0 1  MEV. 3 1 6  

A  S E A Q C H  F O Q  B R E P S S T R A H L U N G  PRODUCEC I N  E L A S T I C  S C A T T E R I N G  O F .  
h E G P T l V E  P I C h S  E Y  PROTONS.  3 3 5  

P b L T I P L E  P I C &  P R C O U C T I O N  1 N  I N T E R A C T I O N S  O F  P O S I T I V E  P I O N S  W l T H  
P R O T O N S  N E A Q  1.O B E Y .  3 6 6  

S C A T T E R I N G  C F  POSITIVE PIONS ON PROTONS A T  3 1 0  nEv. .  
R E C O I L - N U C L E C N  P C L P R I Z A T I O N  A N D  P H A S E - S h l F T  A N A L Y S I S .  

3 6 9  

THE E L A S T I C  S C P T T E R I N G  OF N E G b T l V E  P l O N S  B Y  P R O T O N S  A T  2 3 0 1  2 9 0 ,  
5 7 0 .  AND 4 2 7  CEV.  3 9 9  

E L A S T I C  S C A I T E R I N G  OF N E G A T I V E  P I O N S  B Y  P R O T O N S  A T  2 3 0 1  2 9 0 .  3 1 0 .  
P K C  4 2 7  MEV. , 4 0 0  

E L A S T I C  S C A T T E R l h G  C F  3 9 0  P E V  P I O N S ( + )  B Y  PROTONS.  4 0 4  

F ~ L ~ R ~ Z A T I O N  OF Y E C C I L  P R O T O N S  I N  E L A S T I C  P I O N l t l - P R O T O N  
S C P T T E R I N G  A T  THE E h E R G Y  C F  3 C 7  MEV. 4 0 5  

F U L A K I L A T ~ O R  O F  R E C C I L  P R O T O N S  P R O D C C E O  I N  E L A S T I C  P I O N I * l - P R O T O N  
SCATTERING P l  307 H E V  ENERGY.  4 0 6  

C l F F E R E N T l b L  CROSS S E C T I O N S  F O R  E L A S T I C  S C A T T E R I N G  O F  P O S I T I V E  
P I O N S  ON P R O T O N S  I N  T H E  ENERGY R E G I O N  5 C O  TO 1 6 0 0  MEV. 

l l l U  

E L A S T I C  S C A T T E R l h G  C F  N E G P T I V E  P l O N S  O N  P R O T O N S  I N  T H E  E N E R G Y  
R P t i G E  5 0 0  T C  1OOC MEV.  4 2 0  

E L P S T l C  S C b T T E R l h G  O F  P O S I T I V E  P I O N S  B Y  P R O T O N S  I N  T H E  E N E R G Y  ' 

I A h G E  5 0 0  TO 160C< MEV.. , 4 2 2  

T H E  E I I E R C Y  S P E C T P U H  O F  P R O T R N S  n l c ~ f l v ~ ~ ~ f l  I N  S T A R S  P R O D U C E D  BY  
P I O N 6  I N  E M U L S l O h S .  403 

E L P S T I C  S C A T T F R l h G  C F  N E G P T I V E  P I O N S  B Y  P R O T O N S  A T  2 2 6  MEV. 
4 6 7  

E L A S T I C  S C A T T E R l h G  C F  N E G b T l V E  P l O N S  8 1  P R O T O N S  A T  1 5 2  A N D  2 2 6  
CEV. 4 6 8  

E L A S T I C  S C A T T E R I h G  O F  N E G P T I V E  P l O N S  B Y  P R O T O N S  A T  1 5 2  MEV.  
4 9 9  

T H E  S C A T T E R l k G  q F  P C S l T l V E  1 2 0  M E V  P l O N S  f l N  P R O T O N S .  
5 2 2  

T H E  S C A T T E R I N G  O F  P C S I T l V E  1 2 0  M E V  P I O N S  O N  P R O T O N S .  P A R T  I. P A R T  
1 1 .  5 2  3 

E L A S T I C  S C A T T E R I h G  O F  P I O N S ( - 1  O N  P R O T O N S  A T  T H E  F I R S T  R E S O N A N C E  
7.112. 5 4 6  

h U C L E A R  R E A C T I O N S  I h O U C E O  CY P I O N S  AND P R O T O N S .  6 3 1  

S C A T T E R I N G  O F  ? t C  C E V  P O S I T I V E  P l O N S  B Y  PROTONS.. E X P E R I M E N T S  A N D  
L N A L Y S I S .  6 4 2  

S C A T T E R I N G  O F  h E G A T l V E  P I O N S  ON P R O T O N S  A T  3 1 0  MEV.. D I F F E R E N T I A L  
ANC T O T A L  C R O S S - S E C T I O N  A N D  P H A S E - S h l F T  A N A L Y S I S .  6 5 7  

E N E R G Y - L O S S  S T R A G G L I N G  OF P R O T O N S  A N D  MESONS.. T b B U L b T l O N  O F  T H E  
V b V l L O V  D I S T R l B U T I O t i .  6 7 5  

E L A S T I C  S C A T T E R l h G  OF N E G A T I V E  P I O N S  B V  P R O T O N S  A T  9 0 3  MEV.  
7 0 3  

S C P T T E R I N G  O F  25 '2  C E V  P O S I T I V E  P I O N S  B Y  PROTONS.. E X P E R I M E N T  A N D  
A N A L Y S I S .  7 1 4  

T H E  P O L P R I Z P T I O N  O F  R E C O I L  P R O T O N S  I N  P I O N I - I  S C A T T E R I N G  I N  
k Y C R O G E N  A T  3 0 0  CEV. 7 2 8  

F O L A R l Z P T I O N  OF R E C C I L  P R O T O N S  I N  3 C 0  H E V  P l O N  S C A T T E R I N G  ON 
k Y 0 R O G E N .  7 3 0  

S C A T T E R I N G  O F  N E G A T I V E  P I O N S  O N  P R O T O N S  A T  3 1 0  MEV.. 
R E C O I L - N U C L E O N  P C L b R l Z b T I O N  A N D  P H A S E - S H I F T  A N A L Y S I S .  

7 4  1  

E L A S T I C  S C A T T E R l h G  C F  P I O N S  ON P R O T O N S  I N  THE E N E R G Y  R E G I O N  5 5 0  
TO 1 0 2 0  U E V .  7 5 4  

P S E U D O S C A L A R  
T H E  I N D U C E 0  P S E U C O S C A L A R  P N D  TENSOR C O L P L I N G S  I N  T H E  P R O C E S S  
C U O N I - I  + H E L I U C - 3  1 0  H E L I U M - 3  N E L T R l h O .  1 1 6  

R A D I A T I V E  nuo l  CLPTCRE IN CALCIUM-cc ANC THE INDUCED PSEUDOSCALAR 
C O U P L I N G  C O N S T P N T .  2 3 7  

A  D E T E C T O R  FOR T k E  I N O U C E C  P S E U D O S C A L A R  C O U P L I N G  C O N S T A N T .  
3 3 3  

T H E  I N D U C E D  P S E U C O S C A L A R  I N T E R A C T I O N  I N  P U O N  C A P T U R E  A N 0  N U C L E A R  
STRUCTURE.  7  1 2  

P U L S E  
T h E  I N C R E A S E  O F  T H E  P U L S E  O U R P T I O N  OF P P R T I C L E  B E A M S  A T  A  6 8 0 - M E V  
S V N C H R O C Y C L O T R C N  O F  T N E  J C l N T  I N S T I T U T E  FOR N U C L E A R  R E S E A R C H .  

2 5 0  

HODOSCOPE S V S T E P  O F  G E I G E R  C O U N T E R S  W l T k  C O N T R O L L E D  P U L S E  S U P P L Y  
F O R  I N V E S T l G b T l O h  OF P I O N I - ) - P R O T O N  S C A T T E R I N G .  7.2 9  

C U A D R U P O L A R  
S T U D Y  OF T H E  O U A C R U P O L A R  E F F E C T S  ON T H E  ENERGY L E V E L S  I N  A  
L U - M E S I C  M A N G b N E S E  LTOM. 1 1 7  

C U A N T A  
C N  P  P O S S l 8 L E  E X I S T E N C E  OF, NEW 8 O S O N  R E S O N A N C E  D E C A Y S ' I N V C L V I N G  
G b V U b  Q U A N T A .  4 0 7  

P B S O R P T l O N  C F  G b C M b  Q U A N T A  AND S T O P P E D  P I O N S  B Y  N U C L E I  W I T H  
TWO-NUCLEON E P I S S l O t i  PND. T H E  S T R U C T U R E  C F  L I G H T  N U C L E I .  

4 9 2  

A P E C H P N I S M  OF E V I S S I O N  O F  H A R D  GAMCA Q U A N T A  I N  THE R E A C T I O N  P l O N  
t K U C L E O N  T O  P I C N '  + GAMMA P A R T I C L E  t N L C L E O N .  5 4 4  

O U P N T U M  
..ABNORMAL,. O U A N T U C  N U M B E R S  A N D  D E C A Y  Ct iA t iNELS. .  J l P G l  
P S S I G N M E N T  F O R  E P S I L O N  

' A  NORMAL S C A L A R  O C T E T .  5 2 C  

O U A S  I P O T E N T  I A L  
AN A P P L I C A T I O N  OF TI-E Q U A S I P O T E N T I A L  M E T H O D  TO P l O N  N U C L E O N  
S C A T T E R I N G .  hLI 1  

O U E N C H I N G  
C U E N C H I N G  O F  P U C K  D E P O L c 3 R I Z A T I O N  B Y  WEAK M A G N E T I C  F I E L D S .  

2 0 8  

R A D I A T I O N  
CANCER C A U S E D  e Y  R A C l A T l O N  I N  T H E  B E A M S  A N D  B E A M  Z O N E S  OF THE 
S Y N C H R O C Y C L C T R O N .  4 3  

R A O L A T I O N S  
COMPARATIVE THERDPEUTIC EFFICACY OF  H l G r  VERSUS LOU L E T  
R A D I A T I O N S .  1 6 3  

P E R S O N N E L  D O S I P E T R Y  OF V E R Y  H I G H  E N E R G Y  R A D I A T I O N S .  2 4 5  



R A C I A T I V E  . 
R A D I A T I V E  P I O N  ~ I ' S O R P T ~ O N  I N  COMPLEX NUCLEI .  1  b  

R A D I A T I V E  I lECbY C F . I H E  PUCN. . 
R A D I A T I V E  P I  Oh-NLCLEON SCATTERING. 

SUSFRVATION OF R A O I P T I V E  CAPTURE OF MUONS I N  COPPER. 
2 1 6  

R A D I A T I V E  M U C N I - I  CAPTURE I N  COPPER. 2 1 7  

CRSEKVATION OF R P O l P T l V E  CAPTURE OF N E G A T I V E  MUONS I N  IRON. 
2 3  1  

Cs R A D I A T I V E  P b C h  C~.PTURE. 2 3 2  

R A D I A T I V E  MUCh CbPTLRE I N  CALCIUM-4C AND THE INDUCED PSEUDOSCALAR 
C J C P L I N G  COhSTANT. 2 3 7  

PESEARCH ON T F E  R A D I A T I V E  CAPTURE OF MUONS. 2 4 4  

CN R A D I A T I V E  WLOh CbPTURE I N  NUCLEI .  4 5 3  

CEASUREPENT CF TkE GAPMA RAY SPECTRLM FROM R A D I A T I V E  MUON DECAY. 
4 7 6  

Jh EXPERlMEhT CN THE R A D I A T I V E  CAPTLRE I N  F L I G H T  OF P I O N S  I N  
I-YCROGEN ANn A  PEASLREMENT OF THE P I O N I - I - P I O N I O I  MASS 
CIFFERENCE. 5 5 C  

R A D I A T I V E  CAPTURE CF STOPPEC NEGATIVE P IONS 0 Y  NUCLEI .  
6 0 8  

. . 

R A D I A T I V E  CAPTLRE OF STOPPEC P I O N S I - I  BY NUCLEI .  6 0 9  

b  STUDY OF P!Ch CAPTIJRE OY I-ELIUM-3. I. CHARGE EXCHANGE AND 
RADIATIVE C A P T ~ X E .  7 6 9  

R A C I U S  
THE PANOFSKY R A T I O  FOR HELIUM-3  AND THE ROOT-MEAN-SQUARE RADIUS 
CF TnE TRANSIT  I C h  HELLUP-?  TO T R I T I L M .  3 4 5  

Y A l E  
CEASUREMENT CF TI-E RATE M t O N I - I  CARBON-12  TO BORON-12 + 
LELTRINO.  1 5  

THE CAPTURE RATE FOR MUONS I N  HELIUP. 1 8  

VEASUREMENT OF TI-E V U O N I - I  CAPTURE RATE I N  HELIUM-3 .  
3 5 

PEQSUREFENTS CF THE HUON-CAPTURE RATE I N  HELIUM-3  AN0 HELIUM-4. 
3 6 

b  PEASUREMEIT OF THE MUON.TRANSITION RATE FROM A.PROT0N-MUON ATOM 
TC THE N U C L E I  CF OTkER ELEMENTS. 8  3  

C E T E 3 M I N A T l C N  CF THE P I J O Y I - I  TOTAL CAPTLRE R A T E . l N  L I Q U I D  
I-YCROGEN. , I 1 8  

EXPERIMENTAL CETERMINATION OF THE TOTAL CAPTURE RATE OF NEGATIVE. 
PbCNS I N  H E L I U P - 4 .  1 3 0  

A  VEASUREMENr OF MUON(-I  TOTAL CAPTURE RATE I N  HELIUM-L!. 
1 3 1  

b  VEASUREMENT' CF MUCNI-1 TOTAL CAPTURE RATE' IN HELIUM-4. 
1 3 2  

b  PEASUREMENT OF THE CAPTURE RATE OF NEGATIVE MUONS I N  VARIOUS 
ELEMENTS. 1 3 5  

THE EFFECT CF ATCHIC E l N D I N G  ON THE DECAY RATE OF NEGATIVE MUONS. 
I ? A  

EXPERIMENTAL CAPTURE RATE FOR MUONS I N  HELIUM-4. 1 4 1  

EXPERIMENTAL CAPTURE RATE FOR MUONS I N  HELIUM-O. 1 4 2  

CETERMINATION OF THE REACTION RATE P I O N I - I  AT REST t PROTON TO 
F l  C N I O I  + NEUTROh I h  HYCRCGENOUS HATER IALS.  2 0 4  

CETERMINATICN OF T H E  P I O N ( + )  TO P I O N I O I  + POSITRON + NEUTRINO 
r F r A V  RATF.  2 7 3  

PEASUREMENT OF T k E  RATE FOR MUON(-I t HELIUM-3 TO T R I l I U M  + 
h E b T R I N 0 .  3 2  1  

PEASUREMENTS OF THE MUON-CAPTURE RATE I N  HELIUM-3  AND HELIUM-4. 
3 3 6  

P E A S U R E M E N T  OF T ~ E  PUONI-I + HELIUM-3 T O  T R I T I U M  + NEUTRINO 
REACTION RATE. 3 U 2  

REACTION RATE. 31r 3 

PEPSUREMENT OF TkE P U O N I - I  t H E L I U M - 3 . 1 0  T R I T I U M  + NUCLEON 
REACTION RATE.. F l N b L  RESULTS. 3C4: . ,' 

INFLUENCE OF INTERMEDIATE VECTOR BOSON ON MbON CAPTURE RATE. 
O B I ,  

CBSERVATION OF T ~ E  kYPERFINE EFFECT I N  PUON CAPTURE BY 
F L U O R I N E - I 9  V I A  THE TIME-CEPENDENCE OF THE DECAY ELECTRON RATE. 

5 2  7  

PEASUREMENT OF TI-E RATE OF THE REACTION P U O N I - I  t CARBON-12 TO 
EORON-12 + NEUTRINO. 5 3 5  

A  FILAMENT S C I N T I L L L T I O N  CPAMBER MEASUREPENT OF THE RATE FOR 
P U O N I - I  CARBON-I2 TO BOPON-12 + NEUTRINO. 6 7 0  

A  PEPSUREMENT OF THE TOTAL AOSORPTICN RATE OF MUONS I N  CARBON. 
6 9 0  

TOTAL ABSORPTION RATE OF PUONS I N  CARBON. 6 9  1  

VEASUREMENT OF ThE TflTAL PUON CAPTURE RATE I N  HELIUM-3. . 
7 6 1  

PEASUREMENT OF TI-€ TFTAL WUON CAPTUPE RATE I N  HELIU~ '~ ' .  
7 6 2  

RATES 
PEASUREMENTS OF THE RATES OF THE DECAY P I O N I + I . T O  P I O N I O I  + 
F O S l l K U N  b N t U I l l I N O  ANU UF P I U N I - I  CAVILRE, I N  L I T H I L M  HYORIOE. 
CAKBUN-~YUKOGENIZ I I  ANU CAKUUN-HYURUGEN. 1 7  

CUON CAPTURE RATES FOR CALCIUM-44 A h 0  CPLCIUM-40.. OBSERVATION,OF 
THE ISOTOPE EFFECT. 2Ob 

CUCN CAPTURE RATES I N  COHPLEX NUCLEI .  3 1 9  

CALCULATION OF TkE ABSORPTION RATES OF P I O N S I - I  BY NUCLEI.  
3 2 9  

CIRECT MEASUREVEhT CF H U I - I  MESONIC MOLECULE FORMATION RATES I N  
L l C U l D  HYDROGEN. 6 5 6  

CECAY RATES OF BCUNC NEGATIVE MUONS. 7 5 8  

REACTION 
.. THE OXYGEN-I6(PICN.PION/l4-ALPHb PA.lTlCLE REACTION FOR 0 0  MEV 

P I C N S I + I .  3 

THE N!TROGEN-l4IPlOh.2-PRCTONI3-bLPkA P A R T I C ~ E  REACTION WITH 8 0  
CEV P I C N S l t l .  5 

F I I P F I I I I P I I T S  011 T l r  I r b C T f l l N  F l R l i  r I k l i i l T d h  11'1 C i a n l v  r . i o l h l  v 
NUCLEON AT THE PROPCSEO L O 5  ALAMOS CESON PHYSICS F A C I L I T Y .  

7 

b STUDY OF THE REACTION P I O N I - I  + PROTO! TO P I O N I - I  + P I O N  I 0 1  t 
P R ~ T O N  A T  Z I ~  ~ N C  377  u e v .  b b  

I t i E  P I O N ( - )  + PRCTCh TO P I O N I + I  t P I O N I - I  t NFl lTRf lN RFACTIRN NFAR 
THE THRESHOLC. I. TOTAL CROSS SECTIONS AND ANGULAR 
~ I ~ . T ~ I ~ I I T I ~ M C I  n r  z r r n h n n ~ v  PAPTICI.ZS. 8 7  

THE CROSS S E C T I C h  OF VESON 2ECHARGE BY P IONS I N  THE REACTION 
bNALYSlS  P l O k l - I  + PROTON TO P I O N I - I  * P I O N I t l  + NUCLEON AT THE 
ENERGY OF 2 9 0  VEV. Be 

CETERMlNAT lCk  OF THE CHARGE-EXCHANGE CROSS SECTION OF P IONS FROM 
THE ANALYSIS  OF THE REACTION P I O N ( - )  PROTON TO P I O K I * I  
hEUTRON AT 2 9 0  PEV. 9 4  

THE REACTION P l u h l - I  + PROTCN TO P l a N i t 1  + P I O N I - I  + NEUTRON NEAR 
I H t  I H K ~ S H U ~ U .  1. 1 H t  I U l P L  CRUSS SECI IONSI  ANGULAR . 
C I S T R I B U T I O N S  CF SECONCARIES. 9 9  

THE !4cAc?tbN p l O h l - I  t PROTON TO P I O N (  I 1  I P I O N I - I  I NEUTRON NEAR 
THE THRESHOLC. 11. T r E  EFFECTIVE MASS SPECTRA'FOR 
P I O N I t I P I O N I - I  A h 0  P IONl+ lNEUTRON-SYSTErS.  A  DETERMINATION OF 
P I  ON-PION SCATTEII ING LENGTIIS I N  Tl lE 5-STbTC. 1 0 0  

THE P I O N I - 1  4 PRCTOh TO P I O N I t l  + P I O N I - I  + NEUTRON REACTION NEAR 
THF THRE5HRI.C ANT P l I l N ~ D l f l N  INTFPACT19N.  1 0 1  

THE P I O N I + I  PRCTON TO P I O N I i l  t P I O N I - I  + NEUTRON REACTION AT 
AN ENERGY 2 4 0  PEV Ah0 PION-PION INTERACTION. 1 0 2  

AN I N V F S T I G A T I C N  OF TME REACTIBN P I G N I - I  + PRnTnN T n  P l f l N I - I  + 
GACMA P A R T I C l E  + PROTON AT 3 3 8  MEV. . I 4 6  

I N V E S T I G A T I O N  CF THE REACTION P I O N I - I  t PROTON TO P I O N I - I  GAMMA 
PARTICLE + PROTOh AT 3 3 8  PEV. ' 1 5 2  

PEBSUREMENTS OF TOTAL P IOEI - I -PROTON REACTION CROSS SECTION FOR 
3 4 0  MEV P I O N S ( - I .  153 .  

CETERMlNATlOR CF THE REACTION RATE P I O N I - I  AT REST + PROTON TO 
P I O N 1 0 1  + NEUTROh I N  HYDROGENOUS MATERIALS. 2 0 4  

SEARCH FOR THE TETRANEUTRON V I A  THE REACTION P I O N I - I  L I T H I U M - 7  
TO NEUTRON-4 + PELILM-3 .  2 2 5  

PEASUREMENT OF TkE P U O N I - I  HEL IUM-3  TO T R I T I U M  + NEUTRINO 
EXPERIMENTAL STUCY OF THE P I O N I * )  + DEUTERON TO PROTON + PROTON 



REACTION BETWEEN 0.65 AN0 1.95 GEVIC. 2 6 7  P I C N I - I  + PROTON TO P I O N ( - )  + P I O N I C I  + PROTON REACTIONS AT THE 

K I N E T I C  ENERGY OF 35R MEV. 1 4 5  
ANGULAR O I S T R I B U T l O h  OF T k E  P I O N I O I  I N  THE REACTION P I O N ( + )  + 
PROTON TO P l O N I t l  + PROTON P I O N I O I  UP TO I 0 7 0  MEV. ANALYSIS OF THE REACTIONS P I O N I - I  + PROTON TO P I O N ( - )  + P I O N ( * )  + 

2 8 0  NEUTRON AN0 P I O N ( - )  + PROTON TO P I O N I - I  P I O N ( 0 I  PROTON WITH 
3 3 8  MEV P I O N S I - 1 .  1 4 7  

CATALYSIS  OF THE OELTERON t 0EUTEROk TO HELIUM-3 + NEUTRON FUSION 
REACTION OY LEGATIVE PUONS. 3 0 8  T O T A L  CROSS SECTIONS FOR THE PIONI- ) -PROTON REACTIONS A T  2 7 6  MEV. 

1 5 4  
hEGATIVE MUON CATALYSIS  OF THE NUCLEAR FUSION REACTION OEUTERON t 

CECTERON TO HELILM-5  + NEUTRON. 3 1 2  STUDY OF TWO-HOLE STATES I N  L I G H T  N U C L E I  OY MEANS OF 
(P IONI+1 ,2 -PROTOhl  REACTIONS. , 2 0 9  

REACTION P I C N I - 1  t PROTUN TO LAMBOAIOI  BARYON + K A O N I O I  AT THE 
THRESHOLDS FOR P I O N I - 1  PROTON TO S I G M b ( O l ( - 1  + K A O N ( O l ( - I  CUCN REACTIONS I h  L I O U I D  PYOROGEN AN0 L l O U l O  OEUTFRIUM. 
I C L S P I  REACTIONS. 3 3 0  2 9 3  

VEASUREHENT OF TkE CVONI -1  t WELIUM-3 TO T R I T I U M  NEUTRINO NEGATIVE MUON CATALYSIS  OF THE FUSION REACTIONS DEUTERON-MUON 
REACTION RATE. 3 4 2  PROTON TO HELIUM-3  t MUONI - l  AN0 OELTERON-MUON + OELTERON TO 

TRITON + PROTON t MUONI-1 AN0 PROTON-DEUTERON-MUON AND 
PEASUREPENT OF TI-E CUONI-1 t PELIUM-3  TO T R I T I U M  + NEUTRINO CEUTERON-DEUTERON-MLON MU-MOLECULE PRODUCTION I N  GASEOUS 
REACTION RATE. 3 4 3  HYDROGEN. 3 0 9  

CEASUREPENT OF TbE .CUONI-1 PEL IUM-3  TO T R I T I U M  + NUCLEON NEGATIVE MUON CATALYSIS  OF r l i E  NUCLEAR REACTIONS DEUTERON-MUUN + 
REACTION RATE.. F I N A L  RESULTS. 3 4 4  PROTON TO HELIUM-3  t MUON(-1 AN0 OELTERCN-MLON + DEUTERON TO 

TRITON + PROTON t MUONI-1 AND PROTON-OECTERON-MUON AND' 
CBSERVAI ION OF TI-E REACTION MUON(- l  EEL IUM-3  TO T R I T I U M  + CEUTERON-OEUTEROh-MCnN MOLECULE FORPATION I N  GASEOUS HYDROGEN. 
LEL'TRINO. 3 5 8  3 1  1  

THE INVERSE PkOTCPRCDUCTION REACTION P I O N ( - I  PROTON TO GAMMA VESONIC ATOM PROCESSES.IN kVOROGEN AND CEUTERIUM AND THE MUON 
PARTICLE + NEbTRCN. 3 8 9  , CPTALYSIS OF FUSION REACTIONS. 3 1 3  

INVERSE PHOTOPROCUCTION REACTION P I C N I - 1  + PROTON TO GAMMA REACTION P I O N I - 1  PROTON TO L A M B O A ( 0 l  BARYON KAONIOI  4 1  THE 
PARTICLE + NELTRCN I N  FL IGPT.  3 9 0  THRESHOLOS FOR P I O N I - I  PROTON TO S I G M A ( 0 I I - I  t K A O N I O I I - I  

I C U S P I  R E l C T I O N S .  3 3 0  
C I F F E R E N T I A L  C I S T R l e U T I O N S  OF P I O N S I + l  I N  THE REACTION P I O N I - 1  + 
r R O l U N  I U  P l C N I t l  + P I O N I - I  + NEUTRON FROM 5 0 0  TO 7 0 0  REV. CETHOO OF I N V E S T l G b T l N G  FbST CHEMICAL REACTIONS BASE0 ON P U O N I * )  

3 9 2  CEPflI.ARlZAT1OK. 3 0 1  

i+EISUREMENT OF TkE hEUTRON-NEUTRON 5-HAVE SCATTERING LENGTH FROM INELASTIC EFFECTS I h  PION-NUCLEON REACTIONS. 3 9 7  
I H E  REACTION P I C L I - 1  CECTERON TO 2-NEUTRON t GAPMA PARTICLE. 

4 1 1  CHARGE EXCHANGE hUCLEbR REACTIONS INDUCED BY A  PION. 
4 8 3  

THE REACTION P l O h I - I  t PROTON TO P I O N ( - 1  + P l O N l r l  t NEUTRON FROM 
3 5 0  TO $ 0 0  VEV. 4 7 9  STUDY OF SOME NUCLEbR REACTIONS PROCUCEC BY THE ABSORPTION OF 

P I O N S I - I  BY L l G H l  N L C L E I  I N  CORPUSCLLAR PHOTOGRAPHIC EMCLSION. 
VECHANISM OF ThE P ICNI -1 .P IONI - )NEUTRON REACTION. 4 9 0  5 3 9  

CEASUREMENT OF TI-E RATE OF THE REACTION MUONI-1 CARBON-I2 TO 
PORON-12 + KEUTRINO. 935 

d STUOY OF T*E REACTION P I O N  t PROTON TO P I O N I - I  PROTON + 
P I C N I O I  AT 9 C 5  WFV. 938 

NUCLEAR REACTIONS IhOUCEO BY P IONS AND PROTONS. 6 3 1  

eRbNCHlNG RATIOS OF REACTIONS OF P I O N S ( - I  STOPPED I N  HYOROGEN AND 
CEUTERIUM. 6 6  1  

. - . . . . . . . - - - . . - - -  
CIRECT REACTIONS W I T H  TWO-NUCLEON TRANSFER.  6 8 3  

EXPERIMENTAL STUCY CF P ION-PION INTERACTION I N  THE REACTION 
P I C N I - 1  r PROTON TO P I O N I C I  I P I O N I O I  + NEUTRON AT INCIOENT CONTRIBUTION TO THE STUOY OF P I O N ( - I  PROTON TO P I O N I O I  + 
P I C N I - I  ENERGY OF 37R MEV. 5 4 0  NEUTRON AN0 P I O N I - I  + PROTON TO P I O t i I O I  + P I O N I O I  + NEUTRON 

REACTIONS AT THE ENERGIES OF THE MAXl f iA  OF THE P IONI - ) -NUCLEON 
b  r E C H A N l S n  OF E C I S S I O N  OF HARO GAMCA OLANTA I N  THE REACTION P I O N  INTERACTION I K  TkE 7 1 1 1 2  STATE TOTAL CROSS SECTION. 7 1 6  
t huCLE0N TO P l o h  t GAMMA PARTICLE + NUCLEON. 5 4 4  

CAPTURE OF P l O h S  BY HELIUP-3 .  11. KUCLEAR OECAY REACTIONS. 
A  PEASUREHENT OF THE OISPERSAL RELATION FOR THE REACTION P I O N I - 1  7 6 5  
+ PROTOk TO P I C h l O l  + NEUTRON AT 90C MEV I N  THE 7 2 - I N C H  HYOROGEN 
eUCCLE CHAMEEL. 5 6 0  OIOLIOGRAPHY Oh hUCLEAR REACTIONS e 2 5  

A  F l l l A L  STATE INTCnbCTION MOOEL I N  THE REACTION P I O N  r NUCLEON TO BIBLIOGRAPHY ON hONELbST lC  NUCLEON AN0 P I O N  REACTIONS WITH 
P l C N I  I I t P I O N 1 2 1  + NUCLEON BELOW I BEV. 5 8 6  COCPLEX N U C L E I  8 2 6  

EXCITATION FUhCTlON FOR THE 
C A R B O N - I 2 l P I O N I - l r P I O N I - 1 N E U T R O N I C A R B O N - I  REACTION. . 

6 3 2  

b  STUOY OF THE P I O N I * )  I N  THE REACTION P I O N ( - I  + PROTON TO 
r I C N l r l  t V I U N I - I  t NEUIRON A1 5 6 s  AND b 3 2  M E V .  b89 

COCTRIBUTION TO THE STUCY OF THE REACTION P I O N l t l - 1  + PROTON TO 
~ I c N l t l - I  + PROTCN + PION,l@I BETWEEN 0.5 AND 1.5 GEVIC. 

7 0 5  

SEARCH FOR THE REACTION MUON(+) + POSITRON TO GAMMA PARTICLE + 
GbkMA PARTICLE. 7 5 7  

rEbSUKEvENTS OF P R O B A B I L I T I E S  OF MUON(-)  HELIUM-3 TO HELIUM-3  
NELTRINO REACTION. F I N A L  RESULTS. 7 6 0  

VEASUR ING 
T R l r l u n  + 

FOR THE REAC 

CBSEKVATION OF TkE REACTION MUON(-) t HELIUM-3 TO T R I T I U M  + 
hEUTRINO. 7 6 4  

THE REACTION PION(-1,; PRCTON TO P I O N ( - )  + P I O N I + l  + NEUTRON 
EELOU 8 0 0  MEV.  7 8 4  

BIBLIOGRAPHY ON LONELASTIC REACTIONS FOR NUCLEONS AND P I O N S  
INCIDENT ON CCCPLEX NUCLEI  AT ENERGIES BETWEEN 2 0  MEV AND 3 3  GEV 

8 2  7  

R E P L I Z A T I O N  
R E A L I Z A T I O N  OF V b R l E O  TAREETS INCORPORATE0 I N  NUCLEAR EMULSIONS. 

4 0  

RECHARCe 
THE CROSS S E C T l O h  OF MESON RECHARGE BY P IONS I N  THE REACTION 
ANALYSIS P I O N ( - I  + PROTON TO P I O N I - 1  + P I O N I * )  + NUCLEON AT THE 
ENERGY OF 2 9 0  CEV. 8 R 

RECOIL  
RECOIL PROTON POLARIZATION MEASUREMENTS I N  PION-NUCLEON E L A S T I C  
SCATTERING. 6  0  

CONFERENCE ON ClRECT INTERACTIONS AN0 NUCLEAR REACTION MECHANISMS 
I I V b P l  8 0 0  

REACTIONS 
CRCSS SECTIONS FCR CERTAIN REACTIONS I N  k H l C H  FAST P I O N S ( + )  ARE 
ABSORREO BY L I G H T  N L C L E I .  4  

THE PROBLEM OF OETERMINING THE NATURE OF THE LOW-ENERGY 
INTERACTION OF PIONS ON T k E  B A S I S  OF THE PROTON OEUTERON TO 
I.EI.IIIM-3 t ?-PI~N m n  P I ~ N  t NIICI FIIN t ~ - P I ~ N  O E A Z T I ~ N S  

?I, 

VEASUREMENT OF TkE RECOIL  PROTON POLARIZATION I N  ELASTIC 
PIONI-)-PROTON SCATTERING bT P I O N  ENERGY OF 4 1 0  AN0 4 9 2  MEV. 

6 1  

CEASUREMENT OF THE RECOIL  PROTON POLARIZATION I N  ELASTIC 
P IONI+ l -PROTON SCATTERING AT P I O N  ENERGY OF 4 1 0  ANn 1 9 2  MEV. 

6 2  

POLARIZATION OF RECOIL  PROTONS I N  PION-PROTON ELASTIC SCATTERING 
AT 523,  5 7 2 .  AN0 6BF MFV. 3 1 4  

FOLARIZATION OF RECOIL PROTONS I N  P I O N I + l - P R O T O N  ELASTIC 
SCATTERING N E A R  6 0 0  MEV.  3 1 5  

POLARIZATION OF RECOIL  PROTONS I N  P I O N I + l - P R O T O N  E L A S T I C  
SCATTERING b T  864 ,  9 8 1 .  AN0 1 3 0 1  MEV. 3 1 6  

FOLARIZATION OF RECOIL  PROTONS I N  E L A S T I C  P IONI* l -PROTON 
SCATTCRING A T  THE Et ieRn' i  nr 367 n e v .  9 0 5  

POLARIZATION OF R E C B I L  PROTONS PRODUCED I N  E L A S T I C  P ION(+) -PROTON 
bNALYSlS  OF P I O N ( - I  r PROTON TO P I O N I - I  + P I O N l t l  + NEUTRON AND SCATTERING A T  3 0 7  M E V  ENERGY. 4 0 6  



R E C O I L  PROTON POLAR1ZPTION FROM 2 2 5  MEV P ION( - ) -PROTON 
SCATTERING. 5 0 4  

AN N I O  C A L C U L b T l C N  CF ThE J i3 f2 .T .312  PION-NUCLEON PHASE-SHIFTS 
F R C M  THE P O S I T I O ~  AID w l n T n  OF  THE N. RESONPNCE. 5 3 6  

CALCULATION OF TkE P O L A R I Z A T I O N  OF THE RECOIL  PROTON I N  
PION-NUCLEON SCATTERING NE3R THF I N E L A S T I C  THRESHOLD. 

6 6 7  

ELASTIC SCATTERlhG CF P I O N S ( - 1  ON PROTONS AT THE F I R S T  RESONANCE 
1- 112. 5 4  6  

EVIDENCE CONCERNING P ION-PION INTERACTIONS BELOU THE 7 6 5  MEV 
P I  ON-PION RESONPNCE. 5 9 6  THF I 'OLAR1ZbTICN OF R E C O I L  PROTONS I N  P I O N ( - 1  SCATTERING I N  

I.YnROGEh AT 3 0 0  CEV. 7 2 8  
EVlOENCE Cf lNCFRNING.P lON-PION INTERACTIONS BELOW THE 7 6 5  MEV 
RESONANCE. 5 9 9  F O L A R I L A T I O K  OF RECOIL  PROTONS I N  3 0 0  MEV P I O N  SCATTERING ON 

I-YCROGEN. 7 3 0  

RECOIL  PROTCK P C L A R I Z A T I O N  I N  ELASTIC P IONI - ) -PROTON SCATTERING 
A T  1u0 * E V  AND T ~ E  P H A S E  S r l F T  ANALISIS OF PION-NUCLEON 
SCATTERING. 7 3  1  

RECO IL-NUCLEON 
SCPTTE2ING OF P O S I T I V E  P IONS ON PROTONS AT 3 1 0  UEV.. 
RECOIL-NUCLEON P C L b R l Z A T l f l N  AN0 PHASE-SHIFT  ANALYSIS .  

3 6 9  

RESONANCE INTERACTICNS I N  STAT'ISTICPL TCEORV OF M U L T I P L E  PARTICLE 
PRCCUCTION. . 6 5 9  

P I  MINUS INTERACTlOhS I N  PROPANE NEAR TCE SECOND RESONANCE. 
6 6 9  

ANALYSIS  FOR THE P R C O U C ~ I O N  OF AN ISOSCALAR S-WAVE D l - P I O N  
RESONANCE. 7 0 8  P I C h l t l - P H O T C N  E L A S T I C  SCATTERING AT 31C t4EV.e RECOIL-NUCLEON 

F C L A R I Z A T I O N .  3 7 2  
RESONANCE-LIKE 

RESONANCE'LIKE EFFECTS I N  PION-NUCLEON INT.FRbCTl0NS BELOW 1  OEV. 
4 7 1  

SCATTERING OF t iEGAT lVE P IONS ON PROTONZ A t  3 1 0  MEV.. 
RECOIL-NUCLEON P C L b R I Z A l l f l N  AND PHASE-SCIFT  ANALYSIS .  

7 4  1  
RESONANCES 

PION-NUCLEON P P A S E  SHIFTS AN; RESONPNCES. 3 9  RECO IL-PROTON 
RECOIL-PROTON P O L A R l l A T l O N  I N  P ION( - ) -PROTON E L A S T I C  SCATTERING 
ET 365 WEV. 2 9 0  , P I  CN RESONANCES. 1 8 7  

PEt f l ! L -PRf lTON PC1 A R l Z A T l O N  I N  P ION( - ) -PROTON E L A S T I C  SCATTERING 
A 1  3 6 5  MFV. 291 

CHARGE EXCHPNGE SCITTERINS NEAR THE N.115101 AND N.116901 
RESONANCES. 408 

PICWI- ) -PROTON E L A S T I C  SCATTERING AT 31C MEV.. D I F F E R E N T I A L  
CRCSS-SECTION PNC RECOIL-PROTON POLAR1 ZATION. 6 5 8  

AN I N V E S T I G P T I O N  OF P ION-PION INTERACTIONS I N  THE REGION OF THE 
SECCND AND TPIRC PICN-NUCLEON RESONANCES. 5 9 5  

R E C O I L I N G  
I n E  V O L P R I L P T I O N  OF PROTONS R E C O I L I N G  FROM P I O N l r l  * PROTON 
GOLL lG lDE lS  E T  3 b 5  WE)! .  26 1  

REVIEW OF P I O N  A E S O N A N ~ E S .  h Y Z  
REG1 ONS 

TCTPL CHOSS SECTIONS AND ANGULAR D I S T R I B U T I O N S  FOR P ION( - ) -PROTON 
CHARGE EXCHANGE I N  THE SECONO AND T E I R C  RESONANCE REGIONS. 

1 8 6  

C I F F E R E N T I P L  CYTCLOEIC EFFECTS OF NEGATIVE P I O N  BEAMS I N  PLATEAU 
ANC , .STAKv .  REGIONS. 5 2 4  

REPORTS ON THE EXPERIMENTAL STATUS CF NEW RESONANCES OR HIGHLY 
LNSTABLE PARTICLES.  7 4 7  

RESONANT 
TWO-PION RESONPNT S l A T E  AT 5 7 5  HEY. 8  6  

SEARCH FOR A  RESCNANT P ION-PION I N T E R A C i l O N  I N  THE PROCESS 
P I O N I - 1  PROTON TO P I O N I t l  + P I O N I - )  t NEUTRON NEAR THRESHULU. 

1 3 7  
R E L A T I V I S T I C  

F P L L S I O N  GRAIN CENSITY I N  THE EXTREPE R E L A T I V I S T I C  REGION. 
1 9 1  

b  KAON-PION RESONANT STATE AT 7 2 6  MEV. 5 5 3  
R E F O L A R I Z A T I O N  

CXPEHIMENTAL OESERVLTION OF SOME R E G U L A R I T I E S  I N  M U O N l + l  
REPOLARIZATION.  , 4 0 1  

CCNFERENCE ON RECENILY C I S C O V E R E D  RESONANT PARTICLES 1 1 9 6 3 1  
R 1 7  

CONFERENCE C k  RESONPNT PARTICLES ( 1 5 6 5 )  8 2 3  RFSIOUAL 
SCATTERING PhD RESICUAL RANGE OETERPlNAT lONS OF THE MASSES OF 
CHARGED P A R T I C L E S  I h  MuLTIPLATE CLOLD CkAMBERS. 2 7  RESTRICTION 

5 r r n o  P E T l a ! t T ! f l N  nh' THF FnRYARn CCPTTFRINC. LUPI.ITIIflFS. 

6 6 8  RESONANCE 
A RESONANCE PECkPNISN OF LEUTRON E M l S $ l O N  I N  MUON CAPTURE BY 
CXYGEN. 5  4  RESTUOV 

RESTUDY OF THE PLON CAPTURE I N  HYDROGEN. 3 8 0  
EVICENCE FOR G l A h T  RESONANCE E X C I T A T I O N  INDUCED BY THE CAPTURE OF 
WUONS !X OXYGEN- 16 .  7  1  RHC 

THE RHO VALUE FOP TbE BETb DECAY OF THE NEGATIVE MURN. 
4 7 4  LATURE OF THE RESONPNCE I K  THE S T A T I C  PION-NUCLEON SCATTERING I N  

L'Nt-MCSUN APPROhlblbTTOk. 0 9  
RHO-MESON 

SEbRCH kUU UHU-RtSUR PNU 1  t S l  Uk U I S V t H 5 I U N  K E L I I  I V N ~  I N  
PION-hlUCLCOY S C I I T F O I N C ,  llq 1  

RESULTS OF P  SEbRCH FOR P I O N l i l - P I O N I - )  RESONANCE I N  THE D I P I O N  
r b r y  UEI:! IIN 'IPII III .LII: M C V .  134 

SEARCH FOR ThE RHO-CESONIC I AND A  CkECK OF THE DISPERSION 
RELATIONS I N  PlOh-NUCLEON SCATTERING. 7 7 5  

PICN-YUCLEOK SCbTTERlNG I N  THE RANGE 3 0 C  TO 7 0 0  MEV AN0 THE 
P O ~ ~ I ~ L C  r l  I 11 ~CSOIIA~IGC. I A O  

TCTPL CROSS SECTIONS AN0 ANGULAR D I S T R I B U T I O N S  FOR P IONI - I -PROTON 
CHARGE EXCHPNGE I N  THE SECOND AN0 TI ' IRD RESONANCE REGIONS. 

ROOT 
STUDIES OF V l C l b  FbEP ROOT HERISTEUS IRRADIATED WITH A  P I O N ( - I  
eEAP. 6 4 0  

ROOT-MEAN-SOUARE 
THE P A N ~ F ~ K Y  D n T l n  FflR H F l  I I IM-3  AND THE RROI-MEAN-SQUARE RPDIUS 

'CF THE T R A N S I I I C ~  H~LIUM-3 IU l u l l l L n .  3 4  3 

PICN-PROTON RESOhANCE SCATTERING NEbR 9 0 0  MEV. 1 9 0  

RECENT E L A S T I C - S C A T T E R I N G  AND P O L A R I Z ~ T I O N  STUDIES O F  THE 
PICN-NUCLEON INTERACTION I N  T r E  HIGPER RESONANCE REGION. 

2 0  1  RUTHERFORO 
1 9 6 4  RUTHERFORO CEMCRIAL LECTURE. P IONS VERSUS CANCER. 

3 7 3  

s - 
THE EFFECT OF P lCN-P ION INTERACTION ON 5- AND P- UAVES OF ' 
PICN-NUCLEON SCbTTERING. 4 4 2  

INFLUENCE OF P lOh-NLCLEON RESONANCE ON E L A S T I C  SCATTERING OF 
CHPRGED P I O N S  BY DELTERONS. 2 8 3  

CN A  P O S S I B L E  EXISTENCE OF NEW BOSON RESONANCE DECAYS INVOLVING 
GAPMA QUANTA. 4 0 7  

FOSSIBLE RESONANCE AT 8 2 9  PEV I N  LAFBDA BARYON-KAONIOI 
PROCUCTION. 4 2 9  

S-STATE 
THE REACTION P l O h l - 1  + PROTON TO P l O N I t l  + P I O N I - 1  NEUTRON NEAR 
THE THRESHOLD. 11. THE E F F E C T I V E  M a s s  S P E C T R A  F O R  

' P I O N I + ) P I O N ~ ~ I  Ah0  PIONl+INEUTRON-SVSTErS. A  DETERMINATION OF 
P ION-PION SCATTERING LENGTFS I N  THE S-STATE. 1 0 0  

h1GH ORBITAL S-STATE CAPTURE OF' ~ 1 0 h ' S l ~ ' l  BY PROTONS. 
2 6 3  

PUON RESONANCE. 0 3  1  

INTERPRETATION OF PION-NUCLEON SCATTERING RESULTS I N  THE 
RESONANCE REGION. 5 1 4  CEASUREUENT OF TbE LEUTRON-NEUTRON SINGLET S-STATE SCATTERING 



L E N G T H .  6 6 2  

S-NAVE 
THE S-WAVE S C A T T E R l h G  L E N G T C S  FOR TI-E P I O N - P R O T O N  I N T E R A C T I O N .  

2 5 5  

CEASUREMENT OF THE .hEUTRON-NEUTRON S-WAVE S C A T T E R I N G  L E N G T H  FROM 
I H E  R E A C T I O N  P l O h l - l  C E U T E R O N  TO ?-NEUTRON t GAMMA P A R T I C L F .  

4 1  1  

S-WAVE P I O N - P I C N  S C P T T F R I N G  I N  T H E  S T A T E  1.0. 5 6 9  

A N A L Y S I S  F O R  T H E  PRCOUCTICN UF AN I S O S C A L A R  S-WAVE 01-PION 
RESONANCF.. 7 0 8  

S C A L A R  ' 

.,ARNORk'AL.. C U b h T U C  NUMBERS AND DECAY CHANNELS.. J l P G l  
A S S I G N M E N T  FCR E P S I L O N  

A NORMAL S C A L A R  O C T E T .  5 2 0  

S C A T T E R E D  
P N C C L A R  D I S T R I C U T I O h  OF P I O N S I - 1  AT 9 6 0  M E V I C  S C A T T E R E D  ON 

S C A T T E R I N G  
S C A T T E R I N G  C F  Cl lCNS I N  L E A C .  R 

S I R G L E  S C A T T E R I N G  OF I O - 3 C  MEV M U O N S ( - )  ON CARBON. 9  

TPE I N T E R A C T l O h S  OF P I O N S ( - )  W I T H  C O M P L E X  N U C L E I  I N  THE ENERGY 
RAhGE 1 0 0 - 8 C O  PEV. 1 1 .  Tl-E I N T E R A C T I O N  L E N G T H S  A N 0  E L A S T I C  
S C A T T E R I N G  C F  7 5 C  P E V  P l O k S I - 1  I N  G 5  E M U L S I O N .  1 2  

S C A T T E R I N G  AN[: R E S I C U A L  RANGE O E T E R P I N A T I O N S  OF THC P A S S E S  OF 
C H A R G E 0  P A R T I C L E S  I h  ~ U L T I P L A T E  C L O L D  C P A P B E R S .  2 7  

C O k T R I B U T I O N  TC T H E  STUOY OF I P I O N l * l r P R O T O N l  S C A T T E R I N G  A T  1 2 0  
CEV BY U T I L I Z P T I P N  C F  P P O T C G R P P H I C  P L A T E S  I N  B U B B L E  CHAMBERS.  

3 4  

4 6 0  H E V  N E G A T I V E  P l C N  S C A T T E R I N G  FROM N E b T R O N S  I N  A PROPANE 
C U E B L E  CHAMEER. 5  8  

WOTT S C A T T E R I N G  CF F O L A R I Z E C  MUONS. 5 9  

R E C O I L  P R O T O N  P O L A R I Z A T I O N  MEASUP.EYENTS I N  P I O N - N U C L E O N  E L A S T I C  
S C A T T E R I N G .  6 0  

PEASUREMENT CF THE R E C O I L  PROTON P O L A R I Z A T I O N  I N  E L A S T I C  
P I C k l - 1 - P R O T O N  S C A T T E R I N G  AI V l U N  t N t H G Y  O F  4 1 0  AND 4 9 2  MEV. 

6  I 

CEPSUREMENT OF TVE R E C O I L  PROTON P O L A R I Z P T I O N  I N  E L A S T I C  
P I C N I + ) - P R O T C N  S C A T T E R I N G  AT P I O N  ENERGY OF 4 1 0  A N 0  4 9 2  MEV. 

6 2  

P H P S E - S H I F T  A Y A L Y S I S  I N  P I O N ( * ) - P R O T O N  S C A T T E R I N G  A T . P I O N  ENERGY 
CF 4 1 0  AND 4 9 2  P E V .  6  3  

P I C * - P R O T O N  S C A T T E R I N G  A T  6 0 0  MEV. 7  0  

P I C N - P R O T O N  S C A T T E R I N G  BELOW 1 5 0  MEV. P P R T  I. 7 2 

P I C N - P R O T O N  S C A T T E R I N G  BELOW 1 5 0  MEV. P P R T  11.  7  3  

E X C I T A T I O N  C F  C E L T b  T I Z l = 2  ANALOG S T A T E S  B Y  D O U B L E  CHARGE 
EXCHANGE S C A T T E R I N G  OF P I C N S .  7 6  

P I C N I t l - P R O T O N  E L A S T I C  S C A T T E R I N G  A T  B 2 C I  9 0 0  A N 0  1 0 5 0  MEV. 
R 5 

h A T U R E  OF T C E  RESONANCE I N  THE S T A T I C  P I O N - N U C L E O N  S C A T T E R I N G  I N  
CIIC I!c:o~( A ~ P ~ C U I I I L T I O ~ ( .  01 

PNALYSIS OF E X P E R I P E N T A L  C A T A  CONCERNED k l T H  P I O N - P I O N  
S C A T T E R I N G .  9 0  

T H t  R E A C T I O N  P I O h l - I  t P R O T C N  TO P I O N l t l  + P I O N ( - I  + N E U T R O N  N E A R  
THE THRESHOLE. 11.  TFE EFFECTIVE M e s s  S P E C T R A  FOR 
P l C N l + l P I O N I - 1  I h D  P I O N l * l N E U T R O N - S Y S T E - .  A O E T E R M l N A T l O N  OF 
P I C N - P I O N  S C A T T E R I N G  L E N G T P S  I N  THE S - S T A T E .  1 0 0  

CN THE E L A S I I C  S C A T T E R I N G  OF PROTONS ANC P I O N S  ON N U C L E O N S  W I T H  
LARGE MOHENTUP T R A N S F E R S .  1 0 6  

F O L A R I Z A T I O N  I N  P I O h l - ) - P R O T O N  S C A T T E R I N G  BETWEEN 5 C O  A N D  9 4 0  
PEV. 1 0 8  

THE S C A T T E R I N G  OF 6 TO 2 4  MEV N E G A T I V E  P I O N S  B Y  HYOROGEN. 
1 2 4  

SCATTERING C F  COSMIC R A Y  CUONS B Y  L E A O  P T  A MOMENTUM BETWEEN 2 0 0  
PNC 1 5 0 0  M E V I C .  1 2 9  

C I S I f I T E G R A T , I O N  OF TI .€  C A R C O Q - 1 2  N U C L E U S  I N 1 0  THREE A L P H A  
P A R T I C L E S  AS A R E S U L T  OF I N E L A S T I C  S C A T T E R I N G  OF RO C E V  
P I C N S I * ) .  1 6 2  

FORUARC P I O N ( - ) - P R O T O N  C H b R G E  EXCHANGE S C A T T E R I N G  B E T W E E N  0.8 AND 
1.9 GEV. 1 6 4  

P I O N - N U C L E O h  S C A T T E R I N G  A P P L I T U O E S  I N  THE RANGE 3 0 0  TO 7 0 0  MEV. 
1 6 8  

P I C N - N U C L E O L  S C A T T E R I N G  I L  T H E  RANGE 300 TO 7 0 0  M E V  AND T H E  

P O S S I B L E  P I  Ill RESOhANCE.  1 6 9  

CEASUREMENTS ON T H E  P I O N ( + ) - P R O T O N  T O T A L  S C A T T E R I N G  C R O S S  
S E C T I O N S  I N  T H E  ENERGY RANGE O F  0 . 4  TO 1.5 BEV.  1 7 1  

P I C N - D E U T E R O N  S C A T T E R I N G  A T  3 3 0  MEV. 1 7 7  

E L A S T I C  S C A T T E R I N G  OF N E G A T I V E  P I O N S  8 1  P R O I O N S  A T  E N E R G I E S  1 2 8  
A N 0  1 6 2  MEV. 1 8 2  

P I O N - P R O T O N  R E S O h A N C E  S C A T T E R I N G  N E A R  9 C 0  MEV. 1 9 0  

CHARGE-EXCHANGE S C A T T E R I N G  O F  N E G A T I V E  P I O N S  B Y  HYORRGEN A T  2 3 0 .  
2 6 0 ,  2 9 0 .  3 1 7 .  AKO 3 7 1  MEV. 1 9 3  

CHARGE-EXCHANGE S C A T T E R I N G  O F  N E G A T I V E  P I O N S  B Y  HYOROGEN AT 2 3 0 ,  
2 6 0 .  2 9 0 .  3 1 7  PNC 3 7 1  MEV. 1 9 6  . 
R A D I A T I V E  P I O N - N L C L E O N  S C A T T E R I N G .  

P l C N  S C A T T E R I N G  FROV A P O L A R I Z E D  TARGET.  

S C A T T E R I N G  OF CUCNS FROM L E A 0  N U C L E I .  

P I O N - P R O T O N  CHARGE-EXCHANGE S C A T T E R I N G 9  5 0 0  TO 1 3 0 0  MEV. 
2 1 5  

S C A T T E R I N O  OF CUCNS BY CARBON. Z 2 U  

E L A S T I C  S C A T T E R I N G  C F  M U O N S l t l  I N  N L C L E A R  E M U L S I O N .  2 3 4  

E L A S T I C  S C A T T E R I N G  C F  MUONS I N  N U C L E A R  E P U L S I O N .  2.35 

P I C N I - I - P R O T O k  S C A T T E R I N G  BELOW I BEV.  2 4 7  

STUDY OF P I O N - N U C L E I  S C A T I E R I N G  BELOW 5 C O  AND 1 3 0 0  MFV. 
2 4 8  

T H E  S-WAVE S C P T T E R I I G  L E N G T H S  FOR T k E  P I O N - P R O T O N  I N T E R A C T I O N .  
2 5 4  

T H E  E F F E C T  OF P P l O h  P R O D U C T I O N  ON THE LOW ENERGY P I O N - N U C L E O N  
S C A T T E R I N G .  2 6 9  

E L A S T I C  P I O N S ( - )  S C A T T E R I N G  ON C A R B C N  AT 5 TO I S  MEV. 
2 7 1  

E L A S T I C  S C A T J E R I N G  C F  CHARGEO P I O N S  BY CEUTERONS AT 3 0 0  MEV. 
2 8 2  

I N F L U E N C E  OF P l O h - N L C L E O N  RESONANCE ON E L A S T I C  S C A T T E R I N G  OF 
C H A R G E D  PIONS BY O E L T E R O N S .  2 a 3  

R E C O I L - P R O T O N  P O L A R l Z b T I O N  I N  P I O N I - I - P R O T O N  E L A S T I C  S C A T T E R I N G  
P T  3 6 5  M E V .  2 9 0  

R E C O I L - P R O T O N  P O L b R l Z A T I O N  I N  P I O N I - I - P R O T O N  E L A S T I C  S C A T T E R I N G  
AT 3 6 5  PEV. 2 9  1  

VERY SHORT-RANGE I N T E R A C T I O N  I N  P I O N - N U C L F O N  S C A T T E R I N G .  
2 9 7  

P O L A R l Z A T l O N  OF R E C O I L  PROTONS I N  P I O N - P R O T O N  E L A S T I C  SCATTERING 
P I  5 2 3 1  5 7 2 1  A N 0  6 8 9  P E V .  .3 1 11 

P O L A R I Z A T I O N  OF R E C C I L  PROTONS I N  P I O N I + l - P R O T O N  E L A S T I C  
SCITTCPI~~G t i c r f l  t o 0  I ' C V ~  3 1 5  

F O L A R I Z b T l O N  OF R E C C I L  PROTONS I N  P I O N I t I - P R O T O N  E L A S T I C  
S C A T T E R I N G  AT 8 6 4 ,  9 8 1 .  A h 0  1 3 0 1  MEV. 3 1 6  

P l C N I - 1  S C A T T E R I I G  FROM COMPLEX N U C L E I .  3 2  0  

T H E  E L A S T I C  S C A T T E R I N G  OF 9 8  MEV N E G A T I V E  P I O N S  DY HYDROGEN. 
3 2 2  

A SEARCH FOR B R E C S S T R P H L U N G  PROOUCEC I N  E L A S T I C  S C A T T E R I N G  OF 
h E G A T l V E  P I O N S  e Y  PROTONS. 3 3 5  

T H E  I N T E R A C T I O N S  OF P I O N S I - 1  W I T H  C O M P L E X  N U C L E I  I N  THE E N E R G Y  
RANGE 1 0 0  TO 8 C O  MEV. 1 1 1 .  T H E  I N T E R A C T I O N  L E N G T H S  AYO E L A S T I C  
S C A T T E R I N G  O F  3 0 C  CEV P I O N S ( - 1  I N  GT E M L L S I O N .  3 5 9  

E L E C T R O N  A N D  C U C h  S C A T T E R I N G  FROM N U C L E A R  CHARGE O I S T R I B U - T I O N S  
AT I M C I O E U T  C O C E h T b  RETUEEPl  5 0  A N 0  1 8 3  P E V I G .  362 

S C A T T E R I N G  O F  3 . 7 - 2 5  R E V  P O S I T I V E  P I O N S  BY HYDROGEN. 
3 6 3  

A C O N T R I B U T I O N  T C  D I S P E R S I O N  THEORY OF P I O N - P I O N  S C A T T E R I N G .  
5 6 4  

S C A T T E R I N G  O F  P O S I T I V E  P I O N S  ON PROTONS AT 3 1 0  MEV.. 
R E C O I L - N U C L E O N  P C L A R I Z A T I O N  A N 0  PHASE-Sl -  I F T  A N A L Y S I S .  

3 6 9  

P I O N ( + ) - P R O T O N  S C A T T E R I N G  A N 0  P H A S E - S H I F T  A N A L Y S I S  A T  3 1 0  MEV. 
3 7 0  

P I O N ( + ) - P R O T O N  E L A S T I C  S C A T T E R I N G  A T  3 1 C  MEV.. P H A S E - S H I F T  



L N A L Y S I S .  3 7  1  

P I O N l 1 1 - P R O T O M  F L A S l l C  S C A T T E R I N G  AT 3 1 C  MEV.. R E C O I L - N U C L E O N  
~ C ~ n H I l b T l o h .  3 7 2  

S C A T T E R I N G  O F  SLCW F A R T I C L E S  I N  N U C L E A R  E M U L S I O N S .  5 7 9  

E L A S T I C  S C A T T E R l h G  C F  1 5 0  MEV N E G P T I V E  P I O N S  B Y  N U C L E I .  
3 8 2  

,. I N U M A L U U S , .  S C b T T E R I N G  O F  MUONS. 3 8 3  

IHE E L I S T I C  SCLTTERING UF N E G A T I V E  PIONS O F  7 4 5  n E v / c  ON 
kYI:RUGEN. 3 8 4  

2 n d R l : F  E X C k r n N C E  S C I T T E R I N G  O F  1 2 8  M E V  N E G A T I V E  P I O N S  ON HYDROGEN. 
3 8 6  

l ~ l c ~ ~ + l - P R O T d h  E L A S I I C  S C A T T E R I N G  4 1  3 0  MEV. 3 9  1  

I r E  E L A S T I C  S C A T T E R I N G  OF N E G A T I V E  P I O N S  B Y  P R O T O N S  AT 2 3 0 ,  2 9 0 ,  
5 7 C .  ANC k 2 7  C E V .  3 9 9  

C L A S T I C  S C I T T E R l h G  C F  N E G A T I V E  P I O N S  6 Y  P R O T O N S  A 1  2 3 0 1  2 9 0 ,  5 1 0 ,  
JNC 4 2 1  MEV.  4 0 0  

P R I I T O X  S C A T T E R I N G  I h  T l l E  ENERGY R E G I O N  5 0 0  TO 1 1 0 0  MEV. 
4 0 2  

P I C N I - I - P R O T C N  S C A T T E R I N G  AT 5 1 6 ,  6 1 6 .  7 1 0 .  8 8 7 .  A N 0  I 0 8 5  MEV. 
4 0 5  

E L A S T I C  S C A T T E R l h G  C F  3 q O  MCV P I O N S l * I  OY PROTONS. 4 0 2  

FCLAP.1 Z A T I O N  O F  R F C C I I .  P R O T O N S  I N  E L A S T I C  P I O N I t I - P R O T O N  
S C b T T E R l N G  b T  T P E  E h E R G Y  C F  3 0 7  MEV. 4 0 5  

F O L A R l Z b r l O N  C F  R E C C I L  P R O T O N S  P R O D L C E D  I N  E L A S T I C  P l O N l t l - P R O T O N  
S C A T T E R I N G  AT ? l l 7  MEV ENERGY. 4 0 6  

CPJQGE E X C H b h G C  S C A T T E R I N G  N E A R  THE N . 1 1 5 1 0 1  A N 0  N . 1 1 6 9 0 )  
U E S f l N A k C E S .  4 0 8  

V E I S U R E V E N T  OF T b E  h E U T R O N - N E U T R O N  S-WAVE S C A T T E R I N G  L E N G T H  FROM 
T P E  R E b C r l O h  P l O A l - )  t C E U T E R O N  TO 2 - N E U T R O N  + GAMMA P A R T I C L E .  

4 1 1  

I N E L A S T I C  E L E C T Q C Q - P R C T C N .  P O S I T R O N - P Q C I O N 1  A N 0  MUON-PROTON 
S C A T T E R I N G .  4 1 6  

C l F F E R E N T l l L  C R C S S  S F C T I O K S  FOR E L b S T l C  S C A T T E R I N G  OF P O S I T I V E  
P I C N 5  CH PP.CT0hS I N  TI-E ENERGY R E G I O N  5 C O  TO 1 6 0 0  MEV. 

4 1 8  

CHARGE-EXCHANGE S C A I T E R I N G  OF N E G A T I V E  P I O N S  A T  1 5 0  VEV. 
4 7 2  

N E U T R O N - N E U T R O N  S C A T T E R I N G  L E N G T H  0 1  P I O N  b B 5 O R P T I O N  I N  H E L I U M - 3 .  
4 7 3  

P N  A N A L Y S I S  OF T k E  LUW ENERGY P I O N - N U C L E O N  S C A T T E R I N G .  
4 7 5  

S C A T T E R I N G  O F  NUCNS W I T V  V C M E N T b  OF A B O L T  I C O  M E V l C  I N  COPPER At10 
IRCN.  4 7 7  

E L b S T l C  S C A T T E R I & G  OF 5  TO 2 2  M E V  P I O N S I t l  ON CARBON. 
4 7 8  

SEARCH F U R  T H E  . . , A N C M P L O U S I ~  S C A T T E R I N G  OF MUONS.. ON A N  
APPARATUS U S  I N G  b  D E L b V E O  C O I N C I D E N C E  WE IHOD. 4 8 0  

E L A S T I C  S C A T T E R I h G  bNO P H A S E  S H I F T  P N A L Y S I S  OF P I O N I - ) I t 1  6 

PRCTON N E A R  3 0  CEV.  4 8  1  

P I C N I - I I t l - P R O T O L  E L A S T I C  S C A T T E R I N G  A T  31.4  MEV. 4 8 2  

C O U B L E - C H A R G E - E X C H b h G E  S C I T T E R I N G  OF L O * - E N E R G Y  P I O N S  B Y  N U C L E I .  
4 9 9  

SEARCH FOR R k O - P E S O h  AND I E S T  OF O I S P E R S l I l N  R F I . b T I O N S  I N  . 
P I O N - N U C L E O N  S C A l l E R l k G .  4 9 1  

PICNI~I-PKIIII:N SCATTERING er 9 9 0  n e v .  4 1 3  

P H b S E  S H I F T  A N A L t S l S  (IF P l U N  S C A T T E R I N G  ON HYORUGEIU AT 2 4 0  TO 3 5 3  
CEV. 4 9 5  

E L b S T l C  S C A T T e R l h G  C F  N E G A T I V E  MUON5 I N  N U C L E A R  E M U L S I O N .  
4 9 7  

E L P S T I C  M U O N ( - l  S C A T T E R I N G  I N  N U C L E A R  E M L L S I O N .  4 9 8  

E L A S T I C  S C b T T E R I k G  C F  N E G b T l V E  P I O N S  B Y  PROTONS A T  1 5 2  MEV. 
' 0 9 9  

S C A T T E R I N G  OF N E G A T I V E  VESONS BY HYCROGEN A 1  I 3 0  b N D  1 5 2  WEV 
5 0  1  

R E C O I L  P R O T C N  P O L b R I Z b T I O N  FROM 2 2 5  M E V  P I O N I - ) - P R O T C N  
S C A T T E R I N G .  5 0 4  

I N T E R P H E T P T I C N  OF P I O N - N U C L E O N  S C A T T E R I N G  R E S U L T S  I N  THE 
RESONANCE R E G I C N .  5 1 4  . 
THE S C A T T E R I N G  OF P C S I T I V E  1 2 0  MEV P I O N S  ON PROTONS. . 

bNl;ULAR O I S T R l B U T l O h  I N  P l O ~ I t l 1 - I - P R O l 0 h l  E L A S T I C  S C A I I E U I N G  I N  5 2 2  
T h E  R A N G E  5 ' 0  1 0  1 5 5 0  MEV.  4  1 9  

lilt C C A T T E R I N G  O E  a c l ! r ! v P  I 7 n  M F v  P l f l N 5  ON PROTONS.  PPPT I, PATI 
C L b S I I C  S C A T T E R l h G  C F  N E G b T l V E  P I O N S  O N  PQOTONS I N  T H E  E N E R G Y  11.  5 2 3  
YAhl:S 500 T C  l C O C  VEV.  1420 

ENERGY D E P E N C E N C t  UF I I I ~  SLOPE OF T k E  D L F F R A C T I O X  CUQVES FOR 
e h G U L A R  O I S T R l C U T l O l S  I N  P I O N l t l I - I - P R O T O N  E L A S T I C  S C A T T E R I N G  I N  PRCTON-PROTON. P R O T C h l l - ) - P R O T O N .  K b O N I t l - P R O T O N .  K A O h l - ) - P R O T O N l  
t m e  K A l u d C  ~ C O  T O  I L C O  I ' C V .  U 7 1  P I 1 : N l t l - P R f l T f l N .  RNC P l Q l l l -  I -PR(JrQN S C b T T E R I N G .  5 2 8  

E L A S T I C  S C A T  
R A h G E  5 0 0  TC 

P O S I T I V E  P I O N S  B Y  PROTONS THE E N E R G Y  
4 2 2  

T H E  N U C L E O N -  
A N P L Y S E S  OF 

.NUCLEON E L A S T I C  S C A T T E R I N G  MA 
E X P E R I C E N T S  N E A R  Snv 9 5 .  1 4 2 .  

PNO 3 1 0  f46!. 53.3 
P I C N - N U C L E O h  S C A T T E R I N G  A 1  3 1 0  MEV.9 N E U T R O N  P O L A R I Z A T I O N  I N  
F I c N I - I  + P Q C T O N  T O  P I C N I C I  + N E U T R O N  A N 0  P H A S E - S H I F T  A N A L Y S I S .  E L A S T I C  S C A T T E R l h G  CF P I O N S I - I  ON P R J T O N S  AT THE F I R S T  RESONANCE 

4 2 7  1 ~ 1 1 2 .  5 4 6  

THE M U L T I P L E  S C ~ T T E R I N G  OF  P A R T I C L E S  O F  OPPOSITE CHPRGE. F O S I T I V E  P I O N  S C P T T E R I N G  FROM HYDROGEN A T  24.8  MEV. 5 5 4  
4 3 0  

P l O N l t l - P R O T O N  E L A S T I C  S C A T T E R I N G  AT 1 2 C  MEV. 5 5 8  
P H A S E - S l r l F T  A N A L V S I S  n F  F l  A S T I C  P I O N - N U C L E O N  S C A T T E R I N G .  

5 3 4  P I C N - N U C L E O N  $ C A l ? E R l N G  I N  THE l = l / 2  S r b T E  AS D E D U C E D  FROM R E C E N T  
6 X P 6 4 1 M E N T T 5  5 6 2  

AN A P P L l C A T l C f i  OF T k E  O U P S l P O T E N T l A L  M E T H O D  T O  P I O N  N U C L E O N  
S C A T T E R I N G .  4 4  1  A S Y M P T O T I C  P R O P E R T I E S  A N 0  ZEROS OF THE FORWARD S C I T T E R I N G  

T V E  E F F E C T  C F  P l C N - P I O N  I N T E R A C T I O N  ON 5 -  AND P- WAVES OF 
P I C N - N I I C I  F f l N  S C A T T E R I N G .  4 4 2  

PMPCITUCE.  

5-WbVE P I O N - P I O N  S C A T T E R I N G  I N  I H E  S T A T E  T=O. 

P P R T I A L  P I O N - N U C L E O h  S C A T T E R I N G  WAVES W I T H  ACCOUNT OF P I O N - P I O N  PHOTOPROOUCT I C h  AND S C A T T E R I N G  O F  P I O N S .  5 7 1  
I N T E R A C T I O N .  4 4 3  

P I C N I - I - P R O l O h  S C A T T E R I N G  b l  b U U  MEV. 5 7 4  
o u n c F  W I F T  b h b l  Y S I S  OF  I t E  P I O N I + ) - P R O T O N  E L A S T I C  S C A T T E R I N G  A T  
2 4 0  MEV. 4 4 4  P L B N - N U L L t U R  SCDIICUING hhrC T k C  J-2 ,  1 - 0  P l o t 1  P l o t 1  I i l T C n A C T 1 ' 3 N .  

K F t l  
d" 8 

P H ~ S E  SHIFT A N A L Y S I S  OF  ELAST IC  PION-NUCLEON SCATTERING A T  2 4 0  
WEV. 4 4 5  P I O N - P R O T O N  E L A S T I C  S C A T T E R I N G  I N  T H E  ENERGY RANGE 3 0 0  TO 7 C 0  

Y F U .  5 8 2  . -.. - - 

CROSS S E C T I O N S  OF E L A S T I C  S C A T T E R I N G  O F  1 9 5  WEV P I O N S l t l  B Y  
C A R B O N  AND L I T ~ I L M  LUCLE!.  4 4 8  COUBLE-CHARGC-CXCi lbNGE S C A T T E R I N G  OF P I O N S  F R n M  NI ICI .EI .  

20 4 -.- 
P I C N - N U C L E O N  E L b S T l C  S C A T T E R I N G  E X P E R I M E N T S  W I T H  H I G H  I N T E N S I T Y  
CESON BEAM\.  '1 6 '1 P I O N - D 6 U T 6 4 O N  5 1 d b Z T l r  t C A T T F R I N 6  A T  1 4 2  MEV A N 0  THE FORM-FACTOR 

A P P R O X I K ~ T I O N .  507 
C O C I F I E D  ~ H L S E  S k I F T  A N A L Y S I S  OF P I O N - N L C L E O N  S C A T T E R I N G  DATA.  

4 6 4  I N E L A S T I C  S C A T T E R I N G  A N 0  b e S O R P T l O N  OF 1 9 5  MEV P I O N S I * )  B Y  C A R B O N  
b N 0  L I T H I U M .  N U C L E I .  6 0 2  

E L A S T I C  S C A T T E R I N G  C F  N E G A T I V E  P I O N S  B Y  PROTONS 4 1  2 2 6  MEV. 
4 6 7  P I O N I - I - O E U T E R I U C  S C A T T E R I N G  A T  1 4 2  MEV. 6 1 2  

E L b S T I C ~ S C A T T E R I N G  C F  N E G A T I V E  P I O N S  B Y  P R O T O N S  4 1  1 5 2  A N 0  2 2 6  ELAST'IC SCATTERING CF 1 4 2  V E V  NEGATIVE PIO'NS B Y  DEUTERONS. 
6 1 3  

LOU-ENERGY C - Y P V E  P I O N - P I O N  S C A T T E R I N G  P P A S E  S H I F T S .  
6 2 5  



S C A T T E R I N G  C F  P I C N S .  6 2 6  

S C A T T E R I N G  C F  P l C N S  FROM T R I T I U M  AND H E L I U M - 3 .  6 2 8  

C h  THE S C A T T E R I N G  OF P I O N S  BY DEUTERONS. 6 2 9  

E L A S T I C  S C A T T E R I N G  C F  P I O N S  BY A L P H A  P A R T I C L E S .  6 3 0  

S C A T T E R I N G  OF 3 I C  CEV P O S I ~ I V E  P I O N S  B Y  PROTONS.. E X P E R I M E N T S  A N 0  
A N A L Y S I S .  6 4 2  

S C A T T E R I N G  OF N E G A T I V E  P I C N S  ON P R O T O N S  AT 3 1 0  MEV.. D I F F E R E N T I A L  
b K C  T O T A L  C R U S S - S E C T I O N  A N 0  P H A S E - S W I F T  . A N A L Y S I S .  6 5 7  

P I C N I - ) - P R O T O N  E L A S T I C  S C P T T E R I N G  A T  3 1 C  MEV.. O I F F E R E N T I A L  
CROSS-SECT I C N  ANC R E C O I L - P R O T O N  P O L A R 1  Z A T I O N .  6 5 8  

C E A S U R E H E N T  OF T k E  h E U T R U N - N E U T R O N  S I N G L E T  S-STATE S C A T T E R I N G  
LEhGTH.  6 6 2  

P I C N - P I O N  S C A T T E R I N G .  1 1 1 .  6 6 6  

. C A L C U L A T I O N  OF T b E  P O L A R I Z A T l n N  OF.  T H E  R E C O I L  PROTON I N  
P I C S - N U C L E O k  S C A T T E R I N G  NEAR THE I N E L A S ~ I C  THRESHOLD.  

6 6 7  

EXTRA R ~ S T R I C T I ~ ~ '  O h  THE FORWARD S C A T T E R I N G  A M P L I T U D E S .  
6 6 8  

P I O N  R F S f l N A W C E S  PNC N U C L E O N - N U C L E O N  S C A T T E R I N G  B E L O U  4 0 0  MEV 
6 7 3  

I b E  S C A T T E R I N G  OF CECPYING'MUIINS. 

S C A T T E R I N G  CF  PUCNS B Y  COPPER N U C L E I .  

C l S P E R S l O N  TPEORY OF LOU-ENERGY S C A T T E R I N G .  6 8  1  

C l  F F E R E N T I A L  E L A S T I C  PION-PROTON S C A T T E R I N G  A T  6 0 0 ,  6 5 0 .  AND 7 5 0  
*f V. 6 8 6  

h E G A T l V E  P l C h - P R C T C h  E L A S T I C  S C A T T E R I N G  AT 6 0 0  TO 7 5 0  MEV. 
6 8 7  

S C A T T E R I N G  C F  ? O C  P E V  P I O W S  ON HYORCGEN A N 0  D E U T E R I U M .  
. . 6 8 8  

F U C t l  S C A T T E R I N G  E Y P E R I ~ ~ N I  ON'NUCLEAR STRUCTURE U): C A R B O N - 1 2  
6 9 3  

F I C N - A L P H A  P A R T I C L E  S C A T T E R I N G  AND THE P I O N I C  FORM FACTOR. 
6 9 4  

S C A T T E R I N G  OF P l C N S  BY L I G H T  N U C L E I .  6 9 5  

P b C N - P R a T O N  S C A T T E R I N G  E X P E R I U E N T - - T R I G G E R  A N 0  D R I V E  C I R C U I T S .  
7 0 2  

E L b S T I C , S C P T T E R I N G  CF N E G A T I V E  P I O N S  B Y  PROTONS A T  9 0 3  MEV. 
7 0 3  

P I C N - N U C L E O h  S C A T T E R I N G  ANC J.2, T-C P I O N - P I O N  I N T E R A C T I O N .  
7 0 7  

S C A T T E R I N G  C F  2 5 C  WEV P O S I T I V E  P I O N S  B Y  PROTONS.. E X P E R I M E N T  A N 0  
A N A L Y S I S .  7 1 4  

A  h O T E  ON T k E  L C h  E h E R G Y  P I O N - N U C L E O N  1 3 . 3 1  P A R T I A L  WAVE 
S C A T T E R I N G .  , 7 1 5  . 
S C A T T E R I N G  C F  P I C N S  FROM N U C L E I .  7 2  1 

THE S C A T T E R I N G  C F  8 7  H E V  P O S I T I V E  P I O N S  ON CARBON A N D  OXYGEN 
7 2 4  

E L A S T I C  S C A T T E R I N G  C F  3 0 0  MEV P I O N S ( - I  O N  HYDROGEN. 7 2 7  

THE P O L A R I Z P T I C N  OF R E C O I I .  PRf lT f lNS I N  P l f l N I - 1  S C A T T E R I N G  I N  
FYOROGEN AT 3 0 0  PEV.  7 2 8  

I-OOOSCOPE S Y S T E M  OF G E I G E R  COUNTERS W I T b  C O N T R O L L E D  P U L S E  S U P P L Y  
FOR l N V E S T l G A T l O L  OF P I O N ( - ) - P R O T O N  S C A T T E R I N G .  7 2 9  

P O L A R ~ Z A T I O ~  O F  RECCIL P R ~ I U N S  IN 3 0 U  n t v  PION SCATTERING ON 
+YOROCEN. 7 3 0  

R E C O I L  PROTON P O L A R I Z A T I O N  I N  E L A S T I C  P I O N ( - I - P R O T O N  S C A T T E R I N G  
AT 3 0 0  MEV A h 0  T k E  P H A S E  S H I F T  A N A L Y S I S  OF PION-NUCLEON 
S C A T T E R I N G .  7 3  1  

R E C O I L  P R O T O N  P O L A R I Z A T I O N  I N  E L A S T I C  P I O N ( - I - P R O T O N  SCATTERING 
b T  3 0 0  MEV AND T r E  P H b S E  S H I F T  A N A L Y S I S  OF P I O N - N U C L E O N  
S C A T T ~ R I N O .  1 3  1  

S C A T T E R I N G  OF L E C A T I V E  P I O N S  ON P R O T O N S  AT 3 1 0  MEV.. 
R E C O I L - N U C L E O N  P C L b R 1  Z A T l O N  AND P H A S E - S H I F T  A N A L Y S I S -  

7 4  1  

P I O N - N U C L E O N  E L A S T I C  S C A T T E R I N G  A T  ? I 0  CEV.. P H A S E - S H I F T  
P N A L Y S I S .  7 4 2  

E L A S T I C  S C A T T E R I N G  c): P 1 u ~ s . u ~  PROTONS I N  I H E  ENERGY R E G I O N  5 5 0  
TO 1 0 2 0  MEV. 7 5 4  

P I O N I - ) - P R O T O N  E L A S T I C  S C P T T E R I N G  A T  5 5 C I  6 0 0 ,  7 2 0 .  9 0 0 .  AND 1 0 2 0  
CEV. 7 5 5  

CHARGE-EX.CHANGE S C A I T E R I N G  O F  N E G A T I V E  P I O N S  A T  6 1  M E V  AND 9 5  
CEV. / 7 5 0  

SEARCH FOR T H E  R P O - C E S O N I O I  AND A  C k E C K  OF THE O I S P E R S I U N  
R E L A T I O N S  I N  P l O k - N U C L E O N  S C A T T E R I N G .  7 7 5  

CHARGE E X C H P N G E  S C A T T E R I N G  O F  2 4 0 - 3 3 0  M E V  P I O N S ( - )  O N  HYDROGEN. 
7 8 0  

E L A S T I C  S C A T T E R I N G  OF 2 4 0  TO 1 3 0  MEV P I O N S ( - I  ON HYOROGEN. 
, 7 8 2  

PHASE S H I F  
HYDROGEN. 

ANAL S C A T  T E R I N G  MEV ONS ON 
7 8 3  

S C I N T I L L A T I O N  
I N V E S T I G A T I O N  OF P l C N l t l - C U O N l * l - P O S I T R C N  DECAY U l T H  H E L P  OF A  
PROPANE B U B B L E  C k A M e E R  ANC S C I N T I L L I T I O N  COUNTERS.  5 3  

F I L A M E N T  S C I N T I L L A T I O N  C H A P B E R  E X P E R I M E N T S  I N  WEAK I N T E R A C T I O N S .  
6 3 5  

P I O N S l t l - I  T R A C K S  I h  A  F I L A M E N T  S C I N T I L L A T I O N  CHAMBER. 
6.36 

A  S C I N T I L L A T I O N  C O U h T E R  S Y S T E M  FOR THE C E T E C T I O N  OF P O S I T I V E  A t l D  
h E G A T l V E  P I O N S .  6 6 6  

A FILAMENT SCINTILL~TIQN C ~ A M B E R  NEASUREMFNT OF  THE R A T E  FOR 
C U C N I - 1  + C A R B O N - 1 2  TO B O R O N - 1 2  + N E U T R I N O .  6 7 0  

S C I N T I L L A T O R  
I N V E S T I G A T I O N S  OF P  L A R G E  P L A S T I C  S C I N T I L L A T O R .  

S E C O N D A R I E S  
THE R E A C T I O N  P l O h l - I  t PRCTON TO P l O N l t l  + P I O i i I - l  t N E U T R O N  N E A R  
THE THRESHOLC.  I. THE T O T A L  CROSS S E C T I O N S ,  A N G U I A R  
C I S T R I B U T I O N S  OF S E C O N D A R I E S .  9  9  

S E E O S  
Y E L A l l V E  C Y T O C E N E T I C  E F F I C I E N C Y  OF CUONS A N 0  P I O N S I - 1  I N  SEEOS O F  
?FA M D Y S l L l .  5 2 8  

R E L A T I V E  C Y T O C E N E T I C  E F F I C I E N C Y  OF PUONS AND P I O N S I - 1  I N  S E E D S  O F  
ZEA H A Y S I L I  ANC I T S  M 0 0 1 F I C A T I O N  BY P O S T I R R A O I A - T I O N  STORAGE. 

5 4 9  

S E P A R A T I O N  
A P P L I C A T I O N  OF T k R E S H O L C  CHERENKOV CETECTOR F O R  S E P A R A T I O N  OF 
P I O N S  AND MUONS I N  CESON EEAMS. 1 5 8  

S E R V O  
P R E C I S I O N  SERVO.. N.H.R. F l E L C  M E A S L R I N G  E Q U I P M E N T  FOR T H E  C E R t l  
CUON STORAGE R I N G .  1 7 6  

S H A P I N G  
S H A P I N G  OF F I G + - E N E R G Y  MUCN. 

S H I F T  
PION-NUCLEON P C A S E  SHI'FT ~ N A L Y S I S  BE LO^ 1 GEV. 6  4  

P l C N - N U C L E O N  P k A S E  S H I F T  P N A L Y S I S .  3 5 2  

PHASE S H I F T  A N A L Y S I S  O F  T k E  P I O N l * l - P R O T O N  E L A S T I C  S C A T T E R I N G  A T  
2 4 0  MEV. 4 2 4  

PHASE S H I F T  AN,ALYSIS OF E L A S T I C  P I O N - N U C L E O N  S C A T T E R I N G  A T  2 2 0  
PEV.  4 4 5  

C O O l F l E O  P H A S E  S H I F T  A N A L Y S I S  OF P I O N - N L C L E O N  S C A T T E R I N G . 0 A T A .  
4 6 4  

E L A S T I C  S C A l l E R l h G  AND P H b S E  S H I F T  A N A L Y S I S  OF P I O N ( - ) ( + )  
PRCTON N E A R  3 0  MEV. 4 0  l 

PHASE S H I F T  P N P L V S l S  O F  P I O N  S C A T T E R I N G  ON HYDROGEN A T  2 2 0  TO 3.33 
CEV.. 4 9 5  

C E T E R M l N A T l O N  OF T H E  N U C L E O N - N U C L E O N  E L A S T I C  S C A T T E R I N G  M A T R I X .  
1 1 .  P H A S E  S H I F T  A N A L Y S E S  OF E X P E R I M E N T S  N E A R  5 0 .  9 5 .  l ' k 2 1  2 1 0 ,  

A N 0  3 1 0  MEV. 5 3 3  

3 1 0  M E V  P I O N ( + ) - P R O T O N  P O L A R I Z A T I O N  AND CROSS S E C T I O N  
E X P E R I M E N T S .  P H A S E  S H I F T  A N A L Y S I S .  6 4  3  

C O Y P A R I S O N  O F  RECENT P I O N - N U C L E O N  P H A S E  S H I F T  PNALYSES.  
6104 

. R E C O I L  P R O T O N  P O L A R I Z A T I O N  I N  E L A S T I C  P I O N I - ) - P R O T O N  S C A T T E R I N G  
AT 3 0 0  MEV P N D  TI -€  P H A S E  S H I F T  A N A L Y S I S  OF P I O N - N U C L E O N  
S C A T T E R I N G .  7 3  1  

P H A S E  S H I F T  A N A L Y S I S  OF S C A T T E R I N G  OF 2 4 0 - 3 3 0  MEV P I O N S  O N  
HYDROGEN. 7 8 3  

S H I F T S  . 
P I O N - N U C L E O N  P h A S E  S H I F T S  A N 0  RESONANCES.  3 9  

P I O N - N U C L E O N  S H I F T S  FROM ?CO 7 0 , 7 0 0  MEV. 2 0 0  

LOU-ENERGY G-WAVE P I O N - P I O N  S C A T T E R I N G  P H A S E  S H I F T S .  
6 2  5  



P l C N - N U C L E O R  P k A S F  S H I F T S  I N  THE E N E R G Y  RANGE 3 5 0  TO 6 0 0  MEV 
7 4 6  

SHCRT-RANGE 
V E R Y  S H O R T - R A N G E  I L l C R A C T  I O N  I N  P I O N - N U C L E O N  S C A T T E R I N G .  

2 9 7  

S I G V A  
H E A C T I O S  P I C K ( - )  t P R O T O N  1 0  L A M B O A l O l  B A R Y O N  + K A O N I O I  A T  THE 
I H R E S I I O L D S  F O R  P I O K I - 1  , *  P R U T O N  TO S I G M A I O I I - 1  + K A O R ~ O I I - 1  
I C L S P I  H E A C l  I C k S .  3 3 0  

S I L I C O N  
F L U C T U A T I O N S  C F  ENERGY L O S S  BY I I E A V Y  C H A R G E D  P A R T I C L E S  I N  S I L I C O N  
CETPCTORS..  P R E L . l M l h A R Y  MEASUREMENTS.  ,, 5 3  1  

P I  CN S T U O l f S  U l T k  S I L I C O N  DETECTORS. 6 2 7  

S I L V E R  
C E A S U R t P E N T  C F  T b E  I ,  I S O T O P E  EFFECT. .  I N  THE N U C L E A R  C A P T U R E  OF 
h E C A T I V E  M U C K S  ? V  C k L O U l N E  b q l l  I N V E S T l G A T l O N  OF T H E  V A L I D I T Y  OF 
! H E  P E R M I - T E L L E R  I ~ Z - L A H P .  I N  S I L V E R  C P L O R I D E .  I 2 0  

S I N G L E T  
C E A S U R C P C X T  U F  T k E  R E U T R O N - N E U T R O N  S I N G L E T  S - S T A T F  S C A T T E R I N G  
L E L G T H .  6 6 2  

l L  GP C 
ENERGY D E P E R C E ~ C E  OF T H E  S L O P E  OF T k E  D I F F R A C T I O N  C U R V E S  F O R  
F R O T O N - P R O T O N ,  P H O T C N I - I - P R O T O N I  K A O N I + l - P R O T O N .  K A O N I - I - P R O T O N ,  
P l c ' k l + ) - t ' R U l C N ,  d N I '  P I U N I - l - I J U U I U N  5 L A l l t K I N L .  5 2 8  

S L  CY E D  
P B S O R P T I O Y  C F  S L C Y E C  COWN P I O N S ( - I  I N  PROPANE.  2 7 2  

S O L 1  uCI-22 
WEPSUREWENT OF T k E  P O L A R I Z A T I O N  OF P O S I T R O N S  E M I T T E D  I N  T H E  
C I S I N T E G R I T I C k  C F  S C D I U M - 2 2 ,  BORON-EV A N 0  M U O N S ( * ) .  2 8 9  

S O L A R  - - 

C C h F E R E k C E  C N  C C S M l C  R A Y S .  SOLAR P A R T I C L E S  A N 0  S P A C E  R E S E A R C H  
L I Y b l I  7 9 1  

s u ~ l u - s l a i e  
L S F  OF S O L I C - S T b T E  C E T E C T C R S  AS E N E R G Y  S P E C T R O M E T E R S  F O R  

5 1  1  

S O L I O S  
C E P C L A R l Z P T l O W  OF P O S I T I V E  MUJNS I N  S O L I D S .  . 3 2  7  

P U C N  O E P O L A H  I Z b T I U N  IN S O L I D S .  3 2 8  

-~ -~ 

S O N I C  S P A R K  C k b P E E R  MEASUREMENT O F  T H E  B E T A  S P E C T R U M  F R O H  M U  
CECAY.  6 6 3  

? D I r P  
C C h F E R E N C E  C N  C C S M l C  R b Y S .  SOLAQ P A R T I C L E S  A N 0  S P A C E  R E S E A R C H  
1 1 9 0 1 1  7 9  1 

S P A L L A T I O N  
S P A C L A T I O N  C r  L L G l l T  N U C L C I  OY SLOW P I O N S ,  

S P O R K  
b  P A I R  S P E C T R C W E T E R  U S I K G  P C O U S T I C  S P A R K  C H A M B E R S  A N 0  O l H E R  
~ I P ~ Q I P F ~ I T Z  IK PRFPBRBTION. 2 2 

T R I C K S  A 2 0  C C U R S E  OF E L E C T R O N S 9  M U O N S *  A N 0  P I O N S  I N  A  S P A R K  
C V P P B E R  W I T *  T k t C K  P L b T E S .  3 7  , 

C E T E C T I O N  OF T k C  P P R T I C L E S  I N  S P A R K  CFAMBER. 4 4  

S P P R L  C H A M B E R  W l T H  S P I L L  NLWAER OF O B S T b C L E S  A L O N G  P A R T I C L E  
T R A J E C T O R Y .  107 

L S E  O F  & S P O R K  C k A W e E R  I N  A  SEARCH FOR N E U T R I N O L E S S  C O N V E R S I O N  O F  
P U C N S  l N l U  t L t L I L U N S .  236 

I N V E S T I G A T I C N  CF F L U C T U A T I O N S  I N  M E b S C R E M E N T  OF P A R T I C L E S  
i6klLAtldN P O C E R  I N  A SPARK C P b W B t R .  385 

P E b S U R E M E N T  OF P b R T l C L E  I O N 1 Z A T I O N  POWER I N  A  S P A R K  CHAMBER. 
5 2 9  

V E b S U R E M E N T  OF T k E  I O N I Z I K G  A B I L I T Y  OF P A R T I C L E S  I N  T H E  S P A R K  
T h A R n F R .  5 3 0  

E L E C T R O N  I O E N T l F l C b T l O N  I N  L E b O  P L A T E  SPARK CHAMBERS.  
5 3 4  

5 C k l C  S P A R K  C H P P C E R  MEASUREMENT O F  THE B E T A  S P E C T R U M  FROM M U  
CECPY.  6 6 3  

b N  O N - L I N E  C E b S U R E M E N T  O F  MUON D E C A Y  U S I N G  M I R E  S P A R K  CHAMBERS- 
6 8 4  

C O N F E R E N C E  C N  F I L H L E S S  S P A R K  CHAMBER TECI 'NIOUES A N 0  A S S O C I A T E 0  
C O P P U T E R  U S E  1  I 9 t b  I 8 1 8  

S P E C T R A  
ENERGY S P E C T R A  OF N E U T R O N S  E M I T T E D  F O L L O W I N G  P I O N ( - )  C A P T U R E  I N  
CARBON. A L U W I N L P r  C L D V I U M .  L E A 0  AND URANIUM..  1 9  

T H E  R E A C T I O &  P l O h l - I  i P R O T O N  TO P I O N 1 1 1  + P I O N I - 1  + N E U T R O N  N E A R  

THE THRESHOLD. 11.  THE EFFECT IVE  M a s s  SPECTRA FO'R' 
P I O N l + l P I O N l - 1  b h O  P I O N l * l N E U T R O N - S V S T E C S .  A  D E T E R M I N A T I O N  OF 
P I O N - P I O N  S C A T T E R I N G  L E N G T H S  I N  THE S 2 S l b T E .  + 1 0 0  

N E U T R O N  ENERGY S P E C T R A  FRCP'  N U C L E I  EXC I T E O  R Y  "MUONI-'I CAPTURE.. 
4 1 3  

N E U T R O N  S P E C T R A  FROP P I O N I - 1  C A P T U R E  I N  COPPER,, I I N  AND LE,AO 
7 3 7 '  

S P E C T R O M E T E R .  
P. P A I R  S P E C T R O M E T E R  U S I N G  A C O U S I I C  SPARK CHAMBERS AND OTHER 
E X P E R I M E N T S  I N  P R E P L R A T I O N .  ' 2 2  

S P E C T R O M E T E R S  . . 
U S E  OF S O L I C - S T b T E  C E T E C T O R S  A S  ENERGY SPECTROMETERS FOR 

, . . . 5 1 1 ,  

SPECTROSCOPY 
CONFERENCE C N  RUCLEPR SPECTROSCOPY 1 1 9 q 4  I 0 2 0  

SPECTRUM 
SPECTRUM O F  S M A L L  BLR'STS C R E A I E D  BY MUONS A 1  THE . D E P T H  OF 2 0 0  H U E  
I~NIIFRGRRIIN~. 1 2 3  

I S O T O P I C  E F F E C I S  I N  T H E  X-RAY SPECTRUM O F  M L O N I C ,  A T O V S , O F  
CPLCIUV-co PYD'CPLGIUM-44, : 1 3 3  

THE ENERGY SPECTRUM OF ,PROTONS O I S C C V E R E O  I N  S l J R S  PRODUCED B Y  
P1,ONS I N  E M U L S l O h S .  ' 4 h 5 .  

\ 

C E b S U P E H E N T  OF T h E  GAMMA RAY S P F C T R I I M  FRf lM R A n l A T I V E  MUON DECAY.  
4 7 6  

S C H I C  SPARK CHbMEER MEASUREMENT OF THE D E T A  SPECTRUM FROM M U  
GEGAY. h h i  

* A S S  S P E C T R U M  CF CHbRGEC P A K T I C L E S  E M I I T E O  I N  THE A B S O R P T I O N  OF 
P I O N S ( - )  B Y  P k C T C G R A P r  I C  E V U L S I O N S .  7 2  3  

S P E C U L A T I O N S  
SFCCULITIOI~S at; TIIC ) t c S o u - c c u r c n o P I  I I I T E ~ A G  T I ~ P I .  551. 

S r I I c n I G A L  
C O N S I D E R A T I C N  OF . . S P H E R I C A L  h O T  SPOTS,, A R I S I N G  F R C *  P l O N  
C A P T U R E  I N  E X P L O S I V E S  U S l h G  THERMAL I N I T I A T I O N  THEORY. 

2 0 3  

S P I N  
ASYMMETRY I h  ANGLLPR C l S T R l B U T l O N  0,F N E L T R O N S  F R O P  PUON C A P T U R E  
I N  S P I N  0  N U C L E I .  2  1  

E X P E R I P E N T A L  PRCCF C F  TCE S P I N  D E P E N D E N C E  OF THE PIlf lW CAPTLIRF 
I N T E R A C T I O N q  A N 0  E V I O E N C E  FOR I T S  I F - G T I  C H b S P C T E R  2 5 2  

I N V E S T I G A T I O N  OF T H E  S P I N  C E V E N N f N L t  U k  k t A K  l N l E H A C l l U N  I N  THE 
PROCESS M I I O N ( - I  t PROTON TO FIFLlTRON t N E C T R I Y O .  3 2 6  

S P I N  O E P E N O E k C E  CF h E A K  I N T E R A C T I O N  I N  T k E  P R O C E S S ' . x L ! O N I - I  t 

P H U I U N  I U  N t U l W U K  I U e U I H I R V .  h4A 

THE S P I N  f l F  T b E  WllOh. 4 6 0  

S V L L  II 1 N b  
I - V P E H F I N E  S P L I I I I N G  t b k t L l 5  I N  I H t  L A P I L K t  U k  ~UL~KIIECI PUULvSI-1 .  

7 1 9  

S P O T S  
C O N S I O E R A T I C N  OF , , S P r E R I C A L  HOT SPOTS, ,  A R I S I N G  FROW P l O N  
C A P T U R E  I N  E X P L C S I V E S  U S I N G  THERMAL I N I T I A T I O N  THEORY. 

2 0 3  

G l F F E R E N T l A L  C V T C L O C I C  E F F E C T S  V F  N E G A l l u F  P l f l N  RFPMC I N  P I  A T F A I I  
b N D  .'STAR; t REG I O N S .  5 2 4  

J T A R - O E T C C T O R  
STAR-DETECTOR FOP P I O N S ( -  1. ' 3 0 6  

S T A R S  
STARS P R f l n I I C F O  R V  P I O N S ( - )  A T  3 E S T . e  N A T U R E  OF U N I T  CHARGE ' 
BRANCHES. 2 6 8  

T H E  E N E R C Y  E P C C l V U U  IrF l IKl! lgy\  III\I I :VFY+I I  I N  < l a m <  ~ ~ d l i l l l : ~ i ~  A ' i  
P I O N S  I N  E M U L S  I O h S .  4 6 3  

S T P T I C  
h A T U R E  OF T h E  RESONPNCE I N  T H E  S T A T I C  P I O N - N U C L E O N  S C A T T E R I N G  I N  
CNE-MESON A P P R C X I M P I  I U N .  ' 8 9  

S T A T I S T I C A L  
HESUNPNCE I N T E R A C T I C N S  IN STATISTICAL TPEORY OF  MULTIPLC P A R T I C L C  
PRODUCTION.  ' 6 5 9  

STOPPEO 
T H E  DECAY OF N E G b T l V E  P I O N S  S T O P P E D  I N  L I G H T  E L E M E N T S  A N 0  
I N S U L A T O R S .  2 5 1  

, D E T E C T I O N  OF C F P R C E  EXCFANGE I N  P I O N S  S T O P P E D  I N  BOUND HYOROGEN 
N U C L E I .  

. . 3 0  1  

A B S O R P T I O N  O F  GbPMA O U A N T b  A N 0  S T O P P E D  P I O N S  B Y  N U C L E I  W l T H  



IWO-NUCLEON E M I S S l O h  ANC THE S T R U C T U R E  O F  L I G H T  N U C L E I .  
4 9 2  

THE CAPTLIRE ANC C E C b Y  I N T E R A C T I O N S  OF N E G A T I V E  MUONS S T O P P E D  I N  
C A I T E R .  5 1 8  

CN THE A R S O R P T l O h  OF S T O P P E D  P I O N S I - I  BV C A R B O N - 1 2  N U C L E I .  
5 7 2  

H A C l A T l V E  C b P T U R t  OF S T O P P E D  N E G A T I V E  P I O N S  B Y  N U C L E I .  
6 0 0  

I l A l : I A T I V E  C A P T b R E  OF S T O P P E O  P I O N S I - I  BV N U C L E I .  6 0 9  

C H A R G E  OF P I C ~ S  STOPPED ON LIGHT NUCLEI. 6 1 0  

? R A N C H I N G  R A T I O S  OF R E A C T I O N S  OF P I O N S I - I  STOPPEO I N  HYDROGEN A N 0  
CEUTER IUM. 6 6  1  

L E U T R I N O S  FROM S T O P P E D  P I O N S  A N 0  MUONS. 7 2 0  

SVNCMROCVCLOTRON 
CANGER C A U S E D  BY R I C I P T I O N  I N  THE B E A M S  AND B E A M  ZONES OF THE 
SYNCMROCVCLOTRON. 4  3 

THE I N C R E A S E  O F  T H E  P U L S E  D U R A T I O N  OF P b R T l C L E  B E A M S  A T  A 6 8 0 - M E V  
SYNCHROCVCLOTRON O F  T P E  J O I N T  I N S T I T U T F  FOR N U C L E A R  R E S E A R C H .  

2 5 8  

S V S T E M A T  I C S  
E M P E R I C A L  S Y S T E M P T  I C S  OF THE P I O N - N L C L E O N  SYSTEM. 6 4  1  

T A B U L A T I O N  
ENERGY-LOSS S T R A G G L I N G  OF PROTONS AND MESONS.. T A B U L A T I O N  OF THE 
V A V I L ~ V  O I S T R I ~ U T I O ~ .  6 7 s  

T A R G E T  
PION S C A T T E R I N G  F R O C  A P O L A R I Z E D  TARGET. 

GAS T A R G E T  FOR SLOW MESON E X P E R I M E N T S .  3 3 4  

T A R G E T S  
I H E  A B S O R ? T I C N  C F  S T O P P E D  P I O N S I - I  B Y  C A R B O N - 1 2  N U C L E I .  R E A L I Z A T I O N  OF V L R l E n  T A R G E T S  I N C O R P O R A T E 0  I N  N U C L E A R  E M U L S I O N S .  

7 7 3  4  0  

STORAGE E L E C T R O C Y N A M I C  P R O C E S S E S  Y l T H  N U C L E A R  TARGETS. 2 9 9  
P R E C I S I O N  SFRVC.. N.M.R. F l E L C  M E A S L R I N G  E Q U I P M E N T  FOR THE C E R N  
VUCh STORAGE RING.  1 7 6  . TENSOR 

THE I N O U C E O  PSEUCOSCALAR A N 0  TENSOR C O U P L I N G S  I N  THE P R O C E S S  
R E L A T I V E  C Y T O G E N E T I C  E F F I C I E N C Y  O F  MUONS A N 0  P I O N S I - I  I N  SEEOS OF M U O Y I - I  + H E L I U P - 3  TO H E L I U P - 3  + N E L T R I K O .  1 1 0  
I E A  M A Y S I L I  b h C  I T S  M O D I F I C A T I O N  BY P O S T I R R A O I A - T I O N  STORAGE. 

5 4  9  T E T R A N E U T R O N  
SEARCH FOR T H E  T E T R A N E U T R O N  V I A  THE R E A C T I O N  P I O N I - l  L I T H I U C - 7  

STRANGE 
RESONANCE I ? T E R A C T I C N S  OF P I O N S  H I T +  S T R A N G E  
F IRT ICLES IEXPERICENI~L  C A T A I .  2 1 8  

S T R U C T U R E  
SEARCH FOR E L E C T R I C  D I P O L E  MOMEN S T R U C T U R E  T H E  

I N V E S T I G A T I C ~  OF T H E  STRUCTURE OF ARGON K-SERIES DURING AN a r o n l c  
C A P T U R E  OF h E G A T l V E  MUONS I N  PURE GAS AND I N  A M I X T U R E  W I T H  
e'tCROGEN. 1 8 3  

S T L C Y  OF T l t E  E F F E C T S  C F  H Y P E R F I N E  S T R U C T U R E  I N  T H E  C A P T U R E  OF 
VUOkS. A P P L l C A T l C N  T O  T h E  CASE OF L I T H I L W - 6 .  2 7 0  

E X P E R I M E N T A L  E V I C E N C E  FOR S T R U C T U R E  E F F E C T S  I N  T H E  P I O N I * I  TO 
F O S I T R C N  N E G T R I N O  + G A u V P  P A R T I C L E  D E C A Y  PROCESS.  2 7 4  

THE MUON A S  A PRCBE FOR Y U C L E O N  STRUCTURE.  3 5 7  

L U C L E A H  'STRUCTURE I h V E S T 1 G A T I O N  B Y  MEANS O F  P I O N - N U C L E U S  
I h T E R A C T I O N .  4 5 6  

A B S O R P T I O N  C F  G a r r a  QUANTA ANC S T O P P E D  PIONS B Y  NUCLEI WITH 
TUO-NUCLEON F P I S S f O h  b N D  THE S T R U C T U R E  OF L I G H T  N U C L E I .  

4 9 2  

TUE I N T E R A C r l O N  PNC T H E  H Y P O T W E T I C A I .  STRUCTIJRF R F  MUONS. 
5 7 6  

CUCNS AND N L C L E A R  STRUCTURE.  6 8 0  

T H E M S E L V E S  
CO N E U T R I N O S  I N T E R A C T  BETWEEN T H E M S E L V E S $ .  

T M E O R E T I C A L  
CONFERENCE O N  TMEORETICAL P r Y s l c s  1 1 9 6 2 1  8 0  I 

CONFERENCE C N  T H E O R E T I C A L  P h Y S l C S  1 1 9 6 3 1  803 

CONFERENCE C N  T H E O R E T I C A L  P h Y S l C S  1 1 9 6 3 )  8 1 4  

THEORY 
C I S P E R S I O N  THEORY C E T F O C S  FOR P I O N - C E U T E R O N  E L A S T I C  S C A T T E R I N G .  
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C O N S I O E R A T I O N  OF', I S P P E R I C A L  t!UT SPOTS, ,  A R I S I N G  FROM P l O N  
C A P T U R E  I N  E X P L O S I V E S  U S l H G  TI-ERMAL I N I T ~ A T I O N  THEORY. 

J 
2 0 3  

A C O N T R I B U T I O N  TC D I S P E R S I O N  THEORY OF P I O N - P I O N  S C A T T E R I N G .  
3 6 4  

RESONANCE I N T E R A C T I C N S  I N  S T A T I S T I C A L  T h E O R Y  OF M U L T I P L E  P A R T I C L E  
PROCUCTION.  6 5 9  

D I S P E R S I O N  TMEORY OF LOW-ENERGY S C A T T E R I N G .  6 8  1  

T H E R A P E U T I C  
A F E A S I B I L I T Y  S T L O Y  OF THE T H E R A P E U T I C  P O S S l B L l T l E S  OF P I O N S I - I .  

1  

C O M P A R A T I V E  T H E R P P E U T I C  E F F I C A C Y  OF H I G +  V E R S U S  L O U  L E T  
P A C I A T I O N S .  1 6 3  

CUCN S C A T T E R I N G  E X P l R l M E N T  ON N U C L E A R  STRUCTURE OF C A I B O N - 1 2  .THERAPY 
6 9 3  '. CN THE D O S I P E T R Y  O F  N E G A T I V E  P I O N S  k l T I !  A V I E W  TOUARC T H E I R  T R I A L  

I N  CANCER THERAPY.  6 3 9  
THE I H D U C C O  P S C U C O S C A L A n  I t I T E I I A C T I O N  111 I IUON C A P T U R E  AND NUCLEAR 
STRUCTURE.  7 1 2  P H Y S I C A L  A S P E C T S  OF P A R T I C L E  BEAM T M E R I P Y .  6 5 2  

E F F E C T  OF T F E  STRUCTURE OF THE N U C L E O N  ON THE C A P T U R E  OF T H E  MUON P R O S P E C T I V E  U S E  CF k E G A T I V E  P I O N S  I N  THERAPV.  7 0 0  
e v  THE PROTON. 7 1 7  

T H E R M A L  
STUOY OF T H E  K - M E S I C  X-RAY S E R I E S  S l R U C T U R E  I N  THE M U O N I - 1  A T O M I C  C O k S l O E R A T I O N  C F  l . S P H E R I C A L  HOT SPOTS., A R I S I N G  FROC P I O N  
CAPTURE I N  C H E C I C A L  C O H e l N A T l O N S .  7 7 8  C A P T U R E  I N  E X P L O S I V E S  U S I N G  T H E R M A L  I N  I T  I A T I O N  THEORY. 

2 0 3  
CONrCRCNCC ON b U C L C O N  S T R U C T U R E  1 1 9 0 3 1  0 0 9  

CONFERENCE C N  P l C N S t  MUONS AND N U C L E A R  STRUCTURE I 1 9 6 3 1  
8 1  1 

T H I C K  
TRACKS A N 0  COURSE OF ELECTRONS, MUONS, A N 0  P I O N S  I N  A S P A R K  
C H I M B E R  W I T H  T U l C K  P L P T E S .  3 7  

S T R U C T U R E S  THOR IUM-232 
CONFERENCE ON + I G H  ENERGY P h Y S I C S  AND N U C L E A R  S T R U C T U R E S  1 1 9 6 3 1  F I S S I O N  O F  T H O R I U N - 2 3 2  N U C L E I  BY MUONS A N 0  P I O N S .  do l 

8 0 5  
THRESMOLD 

S U L F U R  I N T E R A C T I O N S  OF F O S I T I V E  P I O N S  W I T H  P R O l O N S  N E A R  THRESMOLO FOR 

A S Y M M E T H Y  IN T H E  ANGULAR C l S T R l B U T l O N  OF T H E  H I G H - E N E R G Y  N E U T R O N S  PRoCLCT1oN. 7 4  
FRO* Y U O N I - I  C A P T U R E  I N  SULFUR. 3 3 8  

THE P I O N I - I  t P R C T O L  T O  P I C N l t l  t P I O N I - I  N E U T R O N  R E A C T I O N  N E A R  

S U L P t i U R  THE T H R E S H O L D .  I. T O T A L  CROSS S E C T I O N S  A N 0  ANGULAR 

STUDY OF H U - M E S C L I C  X-RAYS.. E L E M E N T S  FROM SULPHUR TO MOLYBDENUM. C I S r R I B U T I O N S  OF SECONOARV P A R T I C L E S .  8  7  

6 2 3  
THE R E A C T I O N  P l C h l - I  t PROTON TO P I C N l + l  t P I O N I - I  t N E U T R O N  N E A R  

S U C M A R I Z I N G  THE THRESMOLD. I. T H E  T O T A L  CROSS S E C T I O N S 9  ANGULAR 

REPORT S U M M P R I Z I N G  R E C E N T  E X P E R I M E N T A L  R E S U L T S  O D T A I N E O  U I T l l  T I IE C l  S T R I B U T I O N S  OF S E C O N D A R I E S .  99 

F R A S C A T I  ELECTROSYNCHROTRON. 2 5  
T H E  R E A C T I O N  P l O h l - I  + PROTON TO P I O N I t I  + P I O N I - I  + N E C T R O N  N E A R  

SYNCMRO-CYCLOTRON T H E  TMRESHOLO. 1 1 .  T H E  E F F E C T I V E  MASS S P E C T R A  FOR 

RECENT'EXPPRICENTS ~ITI I  T ~ E  C.E.R.W. SVNCMRO-CYCLOTRBN. 
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P l C N l t I P I O N l - 1  b h U  P IONI* lNEUTRON-SYSTECS.  A  DETERMINATION OF 
P I B N - P I O N  SCbTTFUING, LENGI I -S  I N  THE S-S IATE.  1 0 0  

I H E  P I O N I - 1  t P Q C l C h  TO P I O N I 1 1  t P I O N ( - )  + NEUTRON R E b C T l O N  NEAR 
THE THRESHOLD bKC P I I l N - P I C N  INTERACTION.  1 0 1  

SEARCH I 'LIQ A  RESCNIhT  P I O N - P I O N  INTERACTION I N  THE PROCESS 
I ' I t ' N l - 1  t PRCTCN 1 0  P l O 4 ( * 1  t P I O N I - I , +  NEUTRON NEAR THRESHOLD. 

1 3 7  

A P P I . I C b T l ~ l N  OF TbRESHOLO CI-EREYKOV CETECTOR FOR SEPARATION OF 
P l C N S  AND MOONS I N  VESON CEbMS. 1 5 8  

hCTF ON r l cE  P I C N  t h l l C L E U h  TO ETA MESON NUCLEON NEAR THRESHOLD. 
5 5 5  

I C T A L  AN0 (11 FFERENTIAL  CRCSS S E C I I O N S  FCR P I O N ( - )  + PROTON TO ETA 
r E S P N  t a F U I Y C h  FKOV THRESHOLD TO 1 ? 0 0  VEV. 6 3 8  

~ ' A L C u L A l  l O V  UF TkE . P O L A R I Z A T I O N  OF !HE RECOIL  PROTON I N  
~ IPN-NuCLEI I&  S C b l T E R l N G  NEAR THE I N E L A S I I C  THRESHOLD. 

6 6 7  

THRE SHOLUS 
REACTIUS P I C k I - 1  t PROTON TO LPMBDAIOI  BARYON + K A O N I O I  AT THE 
THRESHOLDS FOR P I U N I - I  t PKUTCN TO S I G M P I O I I - 1  + K A O N I O I I - 1  

ARGULPR OI ,STRl t?UTICh  OF NEUTRONS DUE TO MUONI-1 CAPTORE I N  
C b L C l U M  FOR VARlCUS ENERGY THRESHOLDS. 3 4  1  

T l P E  
JBSDRPTION T I P E  CF h E G b T l Y E  PIONS I N  L l C L l O  HYDROGEN. 

1 2 5  

EOCCRbT lON T I P €  FOR YUCLEbR CbP lURE OF KEGATIVE P I O N S  I N  L I Q U I D  
k E L I U H - 4 .  111 11 

EXPERICENTAL STUCY CF THE CASCAOE T l M E  CF NEGATIVE PESONS I N  A  
L l C U l D  rE,L I L V  CUEOLE CPAMCER. 355 

C P S C A D E  TIME C F  PICLI-1 IN LICUID HYDROGEN. 3 5 7  

PEASUREWENT PF TkE CASCAOE T l M E  OF N t G A l l V E  P I O N S  I N  GASEOU5 
I -EL I I IM-3 .  7 7 1  

T I  CF-DCPENDENCC 
Ct!SERVATION CF TkE kYPERFINE EFFECT I N  PCON CAPTURE BY 
F L U C R l h E - 1 9  V l b  THE TIME-CEPENDENCE OF THE OECAY ELECTRON RATE. 

92 7  

T IPE-OF-FL IGHT 
F l  CN MbSS MElrSUREMFhTS USING N t U l R O N  TIME-OF-FLIGHT TCCIINIOUES. 

4 1 2  

b  PROPOSED FRbCTlONbL-NAXCSECONU T IME-OF-FL IGHT INSTRUMENT. 
6 1 7  

T l h  
I ~ E  A B S U R V T I C N  O F  N E G A T I V E  PIONS B Y  C O F P L E X  N U C L E ~ ~ C O P P E R .  T I N  
JhC L E A I > I .  7 3 5  

~ F C L I I V E  pith ~ P S G R P T I O N  i~ COPPER. T I N  AND LEAU. 7 3 b  

hCLTRON SPECTRb FRIlW P I O N I - )  C I P T l l H F  I N  CBPPER, T I N  ANI) L t A U  
7 3 7  

T I N - 1 1 6  
I S C T U P I C  DIFFERERCES I N  PU-CESIC K  X-RbY ENERGIES OF OXYGEN-16 
bNC OXYGEN-IR. C P L C I U V - 4 0  AND C A L C I L M - 4 4 ,  T I N - 1 1 6  AND T I N - 1 2 4 ,  
GACOLINIUH-155  b h D  GACOLINIbM-  160. 5 7 9  

7 t h - 1 7 U  ' 

ISCT lJP lC  O lFFEREhCES I N  Ub-HESIC k X-RAY f N t R G l t S  Uk ~~~~~~~I6 
PNC OXYGEN-IR. C P L C I U P - 4 0  AN0 C b L C I L M - 4 4 ,  T I N - 1 1 6  AN0 T I N - 1 2 4 ,  
GADOLINIUM-155  b h D  G I C O L I N I U M - 1 6 0 .  5 7 9  

T I T A N I U M  
CECAY Or BOUND PLONS I N  T I T A N I U M r  I R O N *  AND LEAD. 5 7 5  

TRACK 
P H Y S l C b L  MET+CC FOR DEVELOPING TRACK P ICTURES OF LOU I O N I Z I N G  
PARTICLES.  7 4 0  

TRPCKS 
TP.ACW,S n'rn r f l l l R C F  OF FI,FC.TRO?4.5, MUONSr AND P IONS I N  A SPARK 
CHAPBEK W11b I P I L R  YLDTCS. 3 I 

V E L O C I I Y  DEPEhCEhCE CF THE BUBBLE D E N S I T Y  FOR CHARGED PARTICLE 
TRACKS I N  L I C U I C  HYCROGEN. 4 6 9  

ICHIZbTION,PEbSUREPENTS OF C l F F U S l O N  CLOUD-CHAMBER TRACKS. 
6 1 6  

P l C N S I r l - I  TRACKS I h  A  F ILAMENT S C I N T I L L A T I O N  CHAMBER. 
6 3 6  

TRAJECTORY 
SPbRK CHAMBER WITH 'SMALL NUPBER OF OBSTACLES &LUNG PARTICLE 
TRAJECTORY. 1 0 7  

TRANSFERS 
CN THE E L A S I I C  SCATTERING CF PROTONS ANC P IONS ON NUCLEONS WlTH 

' LARGE MOHENTUP TRANSFERS. , 1 0 6  

TRANSFORMATIONS 
CONFERENCE ON C H E n l c n L  E F F E C T S  3 ~  N L C L E A R  TRANSFORMATIONS I 1 9 6 4 1  

8 2 2  

TRPNSIT ION 
b MEASUREMENT OF THE MUON TRANSIT ION RATE FROM A  PkOTON-MUON ATq* 
1 0  THE N U C L E I  OF OTbER ELFMENTS. 83  

CN THE OUESTION CF bNCMbLY I N  THE DECAY OF MUONSI-I  I N  MESIC 
DTOMS OF T R A N S I T I O N  METALS OF THE IRON GROUP. 3 2 4  

I H E  PINOFSKY RATIO FOR HELIUM-3  AND THE ROOT-MtAN-SClJARE RADIUS 
CF THE T R A N S I T I O N  HELIUP-3  TO T R I T I L M .  3 4 5  

TRPNSIT ION PATkS OF MUONSI-I  CAPTURED I N  S O L I D  L I T H I U M .  
4 5 9  

THE T R A N S I T I O N  OF MLONSI - I  FROM PROTON TO CARBON. 7 7 9  

TRANSIT IONAL 
CN THE ANOMBLIES I N  MUONI-1 DECAY I N  MESOATOMS UF TRANSIT IONAL 
IRON GROUP PETALS. 3 2 3  

TRANSIT IONS 
. ENERGY EEASUREMEhlS n F  THE 2P-1S T R b N $ l l l O N S  I N  MU-PESUNIC AIOMS. 

1 7 5  

T P A N S I T T t l f l N  
PEASUREMENT B Y  BREPSSTRAHLUNG TRANSMISSION OF THE POLAR1 L A 1  I UI: (11 
FOSITRONS FROM P L O N S l t I  TC POSITRONS + NEUTRINOIELECTRONI 
REVTRINOI-1-CUCN. 1 5 5  

TRIPLC 
T R I P L E  ELECTRON Pl lOh CFCAY. 

T R I T I U M  
UFASIIRFMFNT OF TI-F. P.AIE FCR MIJONI-1 + PEL IUP-3  TO T R I T I U M  + 

hEUTRINO. 32 I 

CEASUREHENT OF TkE CUONI - I  t +FI  I l l t i - 3  TC T R I T I U M  + NFUTRINO 
REbCTlON RATE. 3b7  

PEPSUREPENT CF TkE PUONI -1  t HELIUM-3  TO T R I T I U M  + NEUTRINO 
REbCTlON I IATE. 3 4 3  

VEASUREPENT CF TkE PUON(-1 + HELIUM-3  TC T R I T I U M  + NVCLEON 
REACTION RATE.. F I N A L  RESLLIS .  3114 

THE PANOFSKY RATIO FOR P E L I L M - 3  AND THE ROOT-PEAN-SCUPRE RACIUS 
CF THE T R A N S I T I C L  HELIUM-3 I 0  T R I T I L M .  3 k 5  

CBSERVATION OF TkE R E A C r l O N  ~ 1 1 0 ~ 1 - ' I  + FEL IL 'V -J  TO T R I T I U M  + 
REUTRINO. 35'1 

SCATTERING CF P ICNS FROP T R I T I U M  ANC HELIUY-3 .  b2f!  

rFFS\JRINC T t E  PRCEAe!LITY FOR TIIE REACTION P U O N I - I  + HELILM-3  TC' 
IHII I U ~  + ~ e u T L l h 0 .  1 1- > 

CBSERVAl lUN UF I k E  REACTlCh  RVONI-1 + H E L I U L - 3  TO T R I T I U M  
LEUTRINC. 7 h 4  

l K l i U ~  
nCGATlvC MUClv C D T A L Y j l S  O r  I l l C  r U S l O I l  4EACTlOhlS 0Cl.lIFRnN-MIION t 

I~KEIUN I U  IIL'LIUH-3 r PUOI~ I - I  or10 ~ c ~ r c n t ~ r r - n ~ . n v ~  r I)CC'TS?.I"IT~~ 
TRITON + PRCTON t HUONI- I bNI1 PWUIUN-OELTFRON-HliON PN0 
U t L l t K U N - u t ~ l t r u n - r ~ O k  iU-YGLCCULL I ' I IU IJLL I IUr l  l k  GA6eOUI  

'bVOROGEN. 3 0 9  

hEGbT lVE MUCK CATALYSIS  OF THE NUCLEAR REACTIONS OEbTERON-MUON 
' PROTON TO HELIUM-3  t H U O N l - I  AND DELTERON-HLON + OELTEROH TO 

TRITON + PROTON t PLONI -1  AND PROTON-DELTERON-MUON AND 
CEUTERON-OEUTEROh-PLON POLECULE FORVATION I N  GASEOUS HYDROGEN. 

3 1  I 

TRITONS 
ASYMMETRY PbRAPETER OF NEUTRONS AND TRITONS FROM THE CAPTURE OF 
FOLARILED MUONI-1 I N  WELILM-4.  1 2 6  

TW 0. OODY 
TYO-BODY BREAKUPS FCLLOWING PIONI-I ABSCRPTION IN L l T n l w . .  
EVIDENCE FOR THE PRCDUCI ION OF HYDROGEN-4. 2 2 6  

THO-HOLE 
STUDY 3 F  TWO-VOLE S i b T F q  I X  L I C h I  N L L L t l  B Y  UtDNS UP 
l P I O N I t l . 2 - P R O T C h l  REACTIONS. 2 0 9  

TYC-NUCLEON 
P I C N I - l  CAPIUHE eV P E L l U M - 3  AM0 THE TWO-NUCLEON GAPTUQE MODEL. 

2 9 2  

bBSURPTlON OF GbrMD OUA!4Tb bNO STOPPED PIONS BY NIJCLEI WITH 
TYC-NUCLEON E P I S S l O h  PND TPE STRUCTLRE OF L I G H T  NUCLEI.  

4 9 2  

CIRECT REACTIONS W l T H  TYO-NUCLEON TRANSFER. 

TWO-PION 
TYO-PION RESONbNl STATE AT 5 7 5  MEV. 

UNDERGROUND 
SPECTRUM OF S P I L L  BURSTS CREATED BY MUORS AT THE DEPTH OF 2 0 0  HUE 
UNDERGROUND. 1 2 3  

I N E L A S I I C  C C L L I S I O N S  FOR SPbLL MOMERTUP TRANSFERS. 2 5 5  
UNPflLARl ?.ED 

LONGITUDINAL POLLRIZATION OF THE ELECTRCNS FROM THE OECAY UF . 



U N P O L A R I Z E D  P O S l l l V E  b N C  C E G A T I V E  MLONS.  2 5 0  

U N S T A B L E  
R E P O R T S  O N  THE E X P E R I M E N T A L  S T A T U S  OF NEW R E S O N A N C E S  OR H I G H L Y  
U N S T A B L E  P A R I I C L E S .  7 4 7  

U R b N I U M  
CNERGY S P E C T R A  OF N E U T R O N S  E M I T T E D  F O L L O W I N G  P I O N ( - I  C A P T U R E  I N  
CARBON.  ALUP INCV.  CIDV IUMI L E A D  AND URANIUM. 1 9  

CN T H E  A P P L I C I O I L I T Y  O F  F E R M l - T E L L E R  . . I  LAW.. T O  U R A N I U M  
C C h T A l N l N G  P b O T O E M U L S I O N .  1 1 1  

U R b N I U M - 2 3 8  
b I S S I O N  O F  U R A N I U M - 2 3 8  U l T C  M U O N S I - I .  

C S E R S  
C O N F E R E K C E  OF A R G O h h E  A C C E L E R A T O R  U S E R S  GROUP 1 1 9 6 1 1  

7 9 5  

C O N F E R E L C E  OF A R G U h N E  A C C E L E R A T O R  U S E R S  GROUP 1 1 9 6 3 1  
8 0 8  

V A R I A B L E  
F l X E I )  V A R I A B L E  C I S P E R S I O N  R E L A T I O N S  F O R  THE P I O N - N U C L E O N  SYSTEM. 

5 2 6  

V A R I E D  
R E A L I Z A T I O N  OF V b R l E D  T A R G E T S  I N C O R P O R A T E D  I N  N U C L E A R  E M U L S I O N S .  

4 0  

V A V I L O V .  
E N E R G Y - L O S S  S T R A G G L I N G  OF P R O T O N S  A N D  MESONS.. T A R U L A T I O N  O F  T H E  
V A V L L O V  0 l S T R l e l ~ T l O h .  6 7 5  

V E C T O R  
I N F L U E N C E  OF I h F E R M E D l A T E  VECTOR B O S O N  ON MUON C A P T U R E  R A T E .  

4 8 6  

V E L O C I T Y  
V E L O C I T Y  D E P E N C E h C E  l l F  T H E  B U B B L E  D E N S I T Y  FOR C H A R G E D  P A R T I C L E  
T R A C K S  I N  L l C L ' l C  HYCROGEN.  4 6 9  

V l C l b  
. J T b D I E S  O F  V l C l b  F b e A  ROOT M E R I S T E M S  I R R A D I A T E D  W I T H  A P I O N I - )  

Y E b F .  6 b O  

N A V E  
~ A V E  FUNCTICKS F C Q  PUON. C A P T U R E  IN THE ~ Y D R O G E N  MU-MOLECULAR ION. 

1 0 9  

h U C L E O N  P A I R S  E P l T T E C  B Y  N E G A T I V E  P I O N  C A P T b R E  A N D  
C H A R G E - O E P E N O E N T  NlJCl.FAR Y A V E  F U N C T I O N S  I N  S I G H T  N U C L E I .  

4 8 5  

b  N O T E  ON T P E  L O *  E h E R G Y  P l C Y - N U C L E O N  1 3 . 3 1  P A R T I A L  Y A V E  
S C b T T E R I N G .  7 1 5  

h A V E S  
I H E  E F F E C T  O F  P l C N - P I O N  I N T E R d C T l O N  O N  S- AND P- Y A V E S  O F  
P I C N - W C L E O K  S C A T T E R I N G .  4 4 2  

P b R T I A L  P I O t i - N U C L E O h  S C A T T E R I N G  Y A V E S  W I T H  A C C O U N T  OF P I O N - P I O N  
1 N T E R . A C T I O N .  4 2 3  

U l C T H  
b N  N / D  C A L C U L b T l C N  C F  T H E  J = 3 / 2 , T = 3 / 2  P I O N - N U C L E O N  P H A S E - S H I F T S  
F R C M  THE P O S I T I O ~  A ~ D  YIOTH OF THE N* RESONLNCE. 5 3 6  

N 1 R E  
b N  O N - L I N E  V E L S U R E H E N T  O F  MUON D E C A Y  U S I N G  M I R E  S P A R K  CHAMBERS.  

, 
6 8 4  

NORK 
C E R N  WORK ON WEAK I h T E R A C T I O N S .  

X 
P I O N - M A S S  M E A S U R E M E h T  BY C R Y S T A L  D I F F R A C T I O N  O F  M E S O N I C  X RAYS.  

6 8 2  

X-RAY 
I S O T O P I C  E F F E C T S  I N  T l l C  X-RAY S P E C T R U M  O F  P L ' O N I C  A T f l M S  f lF 
C b L C I l J M - 4 0  b N D  C b L C I V M - 4 4 .  1 3 3  

I S O T O P I C  D l F F E R E h C E S  I N  M U - M E S I C  K X-RAY E N E R G I E S  O F  O X Y G E N - 1 6  
b N C  O X Y G E N - 1 8 .  C b L C I U M - 4 0  P N D  C A L C l L M - 4 4 ,  T I N - 1 1 6  A N D  T I N - 1 2 4 .  
G A C O L I N I U M - 1 5 5  A h D  E A C O L I N I U M - 1 6 0 .  5 7 9  

S T U D Y  OF r n E  K - - E S I C  X-RAY SERIES STRUCTURE IN THE MUONI-1 A T o n r c  
C A P T U R E  I N  C H E V I C A L  C O W E I t i P T I O N S .  7 7 8  

X-RAYS 
S T b D Y  OF M U - P E S C I I C  X-RAYS.. E L E M E N T S  FROM S U L P H U R  T O  MOLYBDENUM. 

6 2 3  

2 - L A Y  
P E A S U R E W E N T  OF T h E  I ~ I S O T O P E . E F F E C T I ~  I N  T H E  N U C L E A R  C A P T U R E  O F  
h E G A T l V E  MUONS B Y  C k L O R I Y E  AND I N V E S T I G A T I O N  O F  T H E  V A L I D I T Y  O F  
THE F E R M I - T E L L E R  t ..?-LAY,, I N  S I L V E R  C k L O R I D E .  1 2 0  

Z E A  
R E L A T I V E  C Y T O G E N E T I C  E F F I C I E N C Y  O F  MUONS A N D  P I O N S I - I  I N  S E E D S  O F  
Z E A  H A V S I L I .  5 4 8  

Z E A  M A Y S I L I  P N D  I T S  M O D I F I C A T I O N  B Y  P O S T I R R A D I A - T l O N  S T O R A G E .  
5 4  9  

Z E R O S  

Z I N C  
eOUND MUON C E C b Y  I N  I R O N  A N D  Z I N C .  ' 2 7 8  

Z O N E S  
- C ~ N G E R  C A U S E 0  B Y  R A C l A T l O N  I N  T H E  B E A M S  A N D  B E A M  Z O N E S  OF T H E  

SVNCHROCYCLOTRON.  4  3  

R E L A T I V E  C ' f T d G E t d E T I C  EFFICI~NCY U C  n U J i S  A N D  P I O N 9 1 -  I I N  SCEOG O F  




