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EXBEBIMENIS~WITH MESONS AT ENERGIES BELOW

- 1 BEV: A BIBLIOGRAPHY

INTRODUCTION .
The abstracts contained in this bibliography were taken from NUCLEAR
SCIENCE -ABSTRACTS only. - Volimes for the year 1959 through 1966 were
searched. Though the subject is restricted to experiments, abstracts of
largely theoretical works' ‘are’ included when it 'is indicated that experi-
ments are performed to ‘validate the thebry or when it is not clear from
the abstract whether the paper is theoretical or experimental.

Abstracts O through 785 p. 3 - 129

are abstracts of journal articles, conference papers, re-
ports and theses and are arranged alphabetically by first
author, second author, etc., and then by title if there is
more than one by the same authors,

Abstracts 786 through 823 | p. 129 - 133

are abstracts of full conference proceedings and are ar-
ranged chronologically by year,

Abstracts 824 through 829 ' ' p. 133 - 134
are abstracts of bibliographies.
Abstracts 830 tnrough 853 p. 134 - 138

are abstracts of progress reports and are arranged alpha-
betically by the corporate author.

Following the abstracts on page 139 is a KWIC-index of the titles
appearing in the abstracts. A few titles were edited to make them more
easily indexed, particularly those of the full conference proceedings
and the bibliographies, The progress reports are indexed only once under
the term '"Progress Reports', In the Index when there are many entries
listed under one word such as pion, the entries are arranged numerically
by the abstract number. The list of words prevented from indexing was



taken from that of CHEMICAL TITLES, January 31, 1966, but altered to ex-

2
clude the words gamma, negative and positive. The following arbitrary

symbols were used for punctuation marks not available to the machines
used to prepare the Index:

Symbol: Reglaced'bxi

" (quotes) ,5 (two commas)

: (colon) .* (period, asterisk)
' (apostrophe)

/ (slash)
2 (question mark ) . (dollar sign, perlud)

The permuted Index was produced by the Data Processing Group of the‘
Los Alamos Scientific Laboratory 8 Accounting Department,



ABSTRACTS

o

15679 INTERACTIONS OF. r"-MESONS OF KINETIC
ENERGY 915 MeV WITH CARBON NUCLEI. N. Abbattista
(Universita, Bari, Italy), M. Biasco, S, Mongelli;, A. Ro- -~
mano, P. Walosehek and E. Perez-Ferreira. Nuovo
cimento (10), 23: 1-12(Jan. 1, 1962) (In English)

Interactions of »~ mesons with carbon nuclei were stud-
ied using a propane bubble chamber. The total cross-
‘section on carbon was (383 # 20) mb of which (89 ¢ 12) mb
corresponded to'elastic scattering. A description of the .
events with re-emission of a 7~ is made. The diffraction
scattering angular distribution and the total.cross section
obtained were described hy an optical model using an im-
aginary gaussian potential; the rms radius of this potential
obtained was 3.0 X 10™'5 ¢m, which is considerably greater
than the corresponding radius obtained for the electric
charge distribution. (auth)

1

40395 A FEASIBILITY STUDY QF THE THERA-
PEUTIC POSSIBILITIES OF ~ MESONS. Aceto, Henry Jr.
Austin, Téx., Univ. of Texas, 1964. 123p.
The feasibility of extending the arsenal of heavy particles

. available in radiotherapy to include mesons (7~) produced
in the Berkeley 184-~inch synchrocyclotron was inveotigated
‘by empluying several dosimetric techniques. On the basis
of the data obtained, a preliminary assessment of the use of
mesons (7~) is discussed. The results are indicative of
many possible advantages, both in improving radiothera-
peutic techniques and in offering new- areas for basic radio-
biologic investigation. (Dissertation Abstr.)

2

3329 DEPOLARIZATION OF u~ MESONS IN NIKFI
EMULSIONS PLACED IN A MAGNETIC FIELD OF 10! Oe.
Deana Adreescu, Tatiana Angelescu, Calin Besliu, Virginia
Coditd, Nicolae Martalogu, Victoria Pirvu, and Nicolae
. Gheordinescu (Universitatea, Bucharest), Compt. rend. -
251, 1496-8(1960) Oct. 10, (In French)
“The depolarization coefficlents of the x~ meson was
measured with the aid 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 is
intended to break one of the magnetic couplings and to re-
vive partially the polarization of the 4~ meson. Therefore,
the angular distribution of electrons from the disintegration
p~ = e+ vy + ¥ in nuclear emulsions was studied, The
comparison of the values obtained with those previously
reported led to the conclusion that in the absence of mag- -
netic fields the depolarization of u~ mesons is almost
complete, In a magnetic field of-10* Oe a residual polari--
zation of 38% 1s found which indicates the destruction of .
one of the magnetic couplings. (J.S.R.)

3

12617 THE 0'(r,r') 4. REACTION FOR 80 Mev 7*
MESONS. B. P. Afanasev, V. E. Kosmach, and V. 1.
Ostroumov (Leningrad Polyt.echmc Inst.). Zh, Eksperim,
i Teor. Fiz., 47: 1687-92(Nov. 1964). (In Russian)

Disintegration of 190 nuclei into four « particles as a
resilt of inelastic scattering of 80-Mev mesons (1*) on
the nuclei was investigated with aid of photographic emul-
sions.. The cross section for the reaction was found to be
7.3 & 1.7 mb. A kinematic analysis of the stars revealed
that in more than half of the reactions direct emission of
the « particles occurs with formation of an intermediate
12C pucleus with an exc1tatxon energy of 9.6 and 13 Mev,
(nuth)

4 .

21279 CROSS SECTIONS FOR CERTAIN REACTIONS

IN WHICH FAST »* MESONS ARE ABSORBED BY LIGHT
NUCLEIL B. P. Afanasev and V. 1. Ostroumov (Leningrad
Polytechnic Inst.). Dokl, Akad Nauk SSSR, 169: 1255-6
(Dec. 21, 1964). (In Russian)

Photoemulsion stars formed during meson (r*) ahsorption
by C, N, and O nuclgi were examined in a fine grain emul- .
siun irradiated in'a synchrocyclotron by 80 + 6 Mev meson
(7*) beams.’ Seven-hundred and eighty nine events of spall-
ation with one or two gray tracks belonging to <20- Mev
protons and 2 to 4 tracks of heavy particles (probably o
particles) were observed in the 1.32 em® emulsion. An
analysis was made of the possible reactions in the selected
events: 7+ 1N —2p + 3a, 7+ ¥N —p+ d+ 20 + He,
n+ UN —~ 7 +d+ 30, 1r+160—-2p+2a+6m 7+ 160 -

p +%He + 3c, and 7+ 12C — p + 3He + 20, Tho cnevgy of



gray track particles was determined by the method of
least squares using 4 conservation equations, the energy
of other particles was estimated by their paths in the nu-
clear emulsion. Cross sections of examined reactions
were determined using the known bombarding meson (m)
flux with consideration for meson (1) admixtures in it and
by the number of observed spallation events. The content
of C, N, and O in the emulsion was 0.277, 0.087, and
0.283 g/cm?, respectively. (R.V.J.)

5

33385 THE N'(r,2p) 3a REACTION WITH 80 Mev nt-
MESAONN  Alanasev, B. P.; Ostroumov, V. 1. Yadern.
Fiz., 1: 647-51{Apr. 19865), (in Russian}

The reaction ¥N(r,2p)3a was investigated for 80 Mev
n*-mesons using the nuclear emulsion method. The effec-
tivo ¢ross section is found to be equal 10 27.4 £+ 7.2 mb. It
follows from the proton angular and energy distributions
‘that the mechanism of the meson absorption is quasideu-
teron and is realized mostly on p-shell nucleons. Possible
energy states of three and two a-particles are investigated.
The probability of the excitation of the 2C nucleus to the
energy 13 Mav is found to be quite considerable. (auth)

6

25331 ° INVESTIGATION OF FLUCTUATION AND
IONIZATION IN PROPORTIONAL LOW-PRESSURE DE-
TECTORS. E. O. Agasyan and G. A. Marikyan. lzv.
Akad. Nauk Arm. S$SR, Ser. Fiz.~Mat. Nauk, 16: 125-30
(1963). {In Russian)

The spread of ionization fluctuations was studied as a
function of filling gas mixture In proportional ¢ounters.
Correlations of exprrimental and theoretical ionization
ourves rrsulted in more exact criteria for seléeting luyer
thicknesses for cascade measurenienis. A G-M tole~
scope with two proportional cvunters and radinmetric

apparatus was installed for measuring u meson trajectories.

A series of five coincidence and one anticoincidence G-M
counters with 1350 g/cm? and 283 g/cm? absorbers between
them were used for measuring two groups of ¢ mesons with
momenta (3 < p/u = 7) and (p/k > 7). Argon (25%) and
methane (75%) at 40 ciu Iig pressire was used. The ex-
perimental curve spread was wider than the theoretical;
half widths 48 + 2.3 und 31%, respectively. The curve
spread for 4 mesons with p/u = 7 was 0.53%. Differeutial
ionization fluctuation curves for u mesons (3 to 7) p/u in
propane-filled counters had relative widths of (42 1 3),

(19 % 2.5), and (65 + 5)%. (R.V.J.)

U

31008 (LA-3171) EXPERIMENTS ON THE REACTION’
7+ N—-7+7r+NAT THE PROPOSED LOS ALAMOS
MESON PHYSICS FACILITY. Lewis Agnew (Los Alamos
Scientific Lab., Univ. of California, N, Mex.). Sept. I,
1964. Contract W-7405-eng-36. 27p. Dep.; $2.00(cy),
1(mn) CFSTL .

A survey of experimental work onthe r+ N—~nm+r+N
reaction at incident pion energies below 1 Bev is reported.
The feasibility of using a bubble chamber to study this re-

action at LAMPF is 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 are considered in comparison with a
previously performed analogous experiment; cross sec-
tions and analyzing powers for measuring the distribution
and polarization of the reconl proton are discussed.
(M.J.T.) .

8

12886

SCATTERING OF y-MESONS IN LEAD. A. I. Alikbanyan
(41ikRaniuy) and F. R. Arutyunyan {(Arutyunian) (Physical
Inst., Academ‘y/ﬁt‘ Sciences, Lruvau, Armonion 8 K.R.),
Nuclear Phys. 10, 244-55(1959) Mar,

Scattering of u-mesons with momenia between 1.0 and
1.8 x 10° ev/¢ wus studied in 7 mm lead plates. The ex-
perimental angular distribution is compared with the
theoretical curve for multiple scattering which takes
into account the finite dimensions of the nucleus. It i3
ghown that after introduction of all relevant corrections
the experimental dala satisfactorily agree with the cal-
culations. (auth)

9

14322
SINGLE SCATTERING OF 10-30 MeV u —MESONS ON
CARBON. A. 1. Alikhanyan, V. G. Kirillov-Ugryumov,
L. P. Kotenko; E. P. Kuznetsov, and A. V. Samolluv. Zhur,
Eksptl'. | Teoret. Fiz. 38, 387-93(1960) Feb. (In Russian)
Single geattering of u~-mesons in a propane bubble
chamber was measured for u~-mesons pusscooing energies
betwecn 10 and 3U Mev. The difforentia) sngular distribu-
tion was found Lo be satisfactorily described by a Mott -
scattering curve if the finite size of the nucleus was taken
into account. The experiment showed that the cross section
for anomalous scattering (if it exists) through an angle of
>45° cannot exceed 1.25 x 10~ cm? per nucleon for the en-
ergles under consideration and does not exceed 0.7 x 10~2*

. cu® per nuoleon for acattering through an angle >90°. Not

one case of p~-decay of the p~ — e* + ¢~ + ™ type was de-
tected in the 60000 stoppage events. (auth)

10

33722 NEW EXPERIMENTAL DATS ON u-MESONS.
A. L Alikhanian and A, O. Waisenberg. Izv. Akad. Nauk
SSSR, Ser. Fiz., 26: 698-701(Junc 1962). (In Russian)

The accumulated experimental data on p-mesons wius ex-
amined. The electromagnetic interactions of muions are
discussed. The cross sections (ur the pioduction of T u™
pairs from high energy pliotons were found ra agree, within
experimental errors, with the predicted values. From the
scattering of muons on nuclei the churacteristic length,
that enters into the muon formfactor, was found to be ap-
proximately 0.5 ferplis. The gyromagnetic tactor tor the



muon agrees to within 2% of the theoretical value. The
weak interactions of u-mesons were also considered. The ’
ekperlmental mean lifetime-of the muon agreed with the
calculated value and thus supported the existence of a uni-
versal weak interaction. The polarization of the muon at

the time of 7 — u decay also agreed with that calculated

" from theory. The belicity of particles emitted in the decay,
p— e+ v +7,is also described. (TTT)

11

10817 (NP-11301) DAL'NEISHIE POISKI y —~ e + ¥
RASPADA. (Further Search for the Decay u — e + y).

A. N. Alikhanov, A. L. Babaev, M. Ya. Balats, V. S.
Kaftanov, L. G. Landsberg, V. A. Lyubimov, and Yu. V.
Obukhov (Akademiya Nauk S$.5.S.R. Institut Teoreticheskoi
i Eksperimental’noi Fiziki). 1961. Tp. (ITEP-30-61)

" A search-for u = e + ¥ decay was made by correlating
spark chambers with fast electronics. The scheme of the
installation is given. A beam of 70 Mev 7+ mesons pro-
duced by a 680-Mev proton synchrotron was separated by
maonitor cmnmdenceq 1, 2, and 0. The beam intensity cor-
xesponded to 2300 5% 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 y — e + v + ¥ decays. The meas-
urements show the upper boundary of u — e + ¥ decay is
Pays € 1.5 X 1077 (with 50% aceuracy) and P oxpS 5 X 1077
(with 90% accuracy). (R.V.J.) '

lla

17056 FURTHER SEARCHES FOR THE DECAY p—
¢ +y. A.IL Alikhanov, A. I. Babaev, M. Ya. Balats, V. S.-
Kaftanov, L. G. Landsberg, V. A. Lyubimov, and Yu. V.
Obukhov (Inst. for Experimental and Theoretical Physics, -
USSR). Zhur. Eksptl’, i Teoret. Fiz., 42: 630-1(Feb.
1962). (In Russian) -

The decay of a muon into an electron and a gamma ray
was investigated with the aid of a spark chamber and fast
electronics. The muons were créaled by a beam of 70=Mev
¥ mesons; the beam intensity was 2300 mesons per
second.. The efficiency for the registration of 53-Mev
electrons, resulting from the sought decay mode, was
409%. The efficiency for the detection of gamma quanta
of 53 Mev was 15%. The over-2all efficiency of the experi-
mental set-up for the detection of 4 — e + y occurrences,
bearing in mind the applicable criteria, was 0.8%.' During

66 hr of running time 5.5 X 10 7* mesons were registered.

In that time six electron—gamma occurrences were ob-
tained with angles between the e and y quanta ranging from
174 to 144° in the first projection (the direction perpen~
dicular to the beam) and from 180 to 140° in the second
pro;écubn (the depth camera). From the measurements

it is concluded that the ratio of the decay sought for to that
of the ordxna.ry muon decay is § x 10~7. (TTT)

12

. 32688 THE INTERACTIONS OF »~-MESONS WITH

COMPLEX NUCLEI IN THE ENERGY RANGE (100-800)
MEV. II. THE INTERACTION LENGTHS AND ELASTIC
SCATTERING OF 750 MEV 7r~-MESONS IN G5 EMULSION.

J. E. Allen, A. J. Apostolakis, Y. J. Lee, J. V. Major, and

E. Perez Ferreira (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 r~-meson beam of the
Brookhaven cosmotron. Allowipg 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 = ¢ < 10° are (43.6 + 2.9) cm and (66.8 + 5.6)
cm respectively. The geometrical interaction length is
29.3 em. A comparison with the optical model of the nu-

“cleus gives a value for the absorption coefficient K =

(1.5 % 0.2) 10'2 cm™ and for the change in wave number

= (1.84 £ 0.06) 10" cm™'. The absorption coefficient
corresponds to a mean free path {n nuclear matter A, =
(6.7 0.9 10" c¢m, to an imaginary component of po-

tential Vy = (15 + 2) Mev and with the value of the change

in wave number to a real potential V, = (36 + 1) Mev.
(auth)

13

31013 -©  (UCID-1165(Rev.)) DATA ANALYSIS FOR AS-
SOCIATED PRODUCTION EXPERIMENT. M. Alston and
H. Monteros (Lawrence Radiation Lab., Univ, of Callforma,‘
Berkeley). Mar. 29, 1960, Revised May 1, 1961. Contract
[W-7405-eng-48). . 29p. Dep.(mn); $2. 00(cy) 1(mn) CFSTI.
An experiment is planned to investigate the production
and subsequent interactions of the particles produced in the
7~ +.p reaction; production reactions considered are 1~ +
p—=K +A, +E°K+E,andn + 7% + p, Pion bearn
momenta of 800 to 1600 Mev/c will be used. Possible in-
teractions of the strange particles preduced in the above

.reactions are considered, and criteria for their identifica-

tion and analysis are discussed, including kinematics of
?&ogu’;t;on and decays and sketchmg of various event types.

14

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

The measurement of the 7~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 are compared with
experimental values derived from the forward charge ex-

“ch: m,v(‘ differential crora sections and total cross se ctions

for Fop interactions at 760 to 1655 Mev. (C.F.S.)



15

17611 MEASUREMENT OF THE RATE p~+ C!2 - B2 4
v. E.J. Amier, B. L. Bloch, R. M. Edelstein, and R. T.
Siegel (Carnegie Inst. of Tech., Pittsburgh). Phys. Rev.
. Letters, 6: 417-19(Apr. 15, 1961).
The u~ meéson absorption reaction C1(u~,v)BY is studied.

A pulsed 45 Mev p~ beam is absorbed in a plastic scintillant.
Counters are arranged so the electrons produced in g~ decay

and in B! B decay can be measured separately. The ratio of
the total number of decay particles observed from the two

decay processes, combined with the u™ decay rate in C, yields

the reaction rate. The presence of a weak magnetic effect in
the interaction is discussed. (T.F.H.)

16

38044 RADIATIVE PION ABSORPTION IN COMPLEX
NUCLEIL Anderson, D, K.; Eisenberg, J, M. (Univ, of
-Virginia, Charlottesville), Phys, Lett., 22: 164-6(Aug. ]
1066). (ORO 3016-60),

It is shown that radiative absorption of pions may be used
to study spin-isospin modes ol excitation in nuclei. tuh)

17

9389 . COMPARISON OF THE LIFETIMES OF POSI-
TIVE AND NEGATIVE MUONS IN LIQUID HYDROGEN.
E: W. Anderson, E. Bleser, 5. Meyer, J. Rosen, J. Roth-
berg, and I. T. Wang (Columbia Univ., New York). p.417-
18 of ‘“1962 International Conference on High-Energy Phys—
ics at CERN.”” Geneva, European Organization for Nuclear
Research, 1962,

Measurement of ut and B leetlmes in very pure hydro-
gen gave'a result of /77 = 1. 000 with an uncertamty of
0.2%. (A.G.W) ’

18

14943 {NP-11592(Vol.)(p.141)) THE CAPTURE RATE
. FOR MUONS IN HELIUM. H. L. Anderson, E. P. Hinks,
¢. S. Johnson, C. Rey, and A. M. Segar (Chicago. Univ.
gnrico Fermi Inst. for Nuclear Studies).
Mecasurements are reported on the relative number of

“eapture neutrons and decay electrons observed from muons
stopping in liguid He. A capture rate of 1.3x10' sec™' 18 -
rcporled (J R.D.) .

19

7769 . ENERGY SPECTRA OF NEUTRONS EMITTED
FOLLOWING 7~ CAPTURE IN C, Al, Cd, Pb, AND U. H. L.
Anderson, E. P. Hincks, C. S. Johnson C. Rey, and A. M.
Segar (Univ. of Chxcago) Phys. Rev., 133: 3392-403
(Jan. 27, 1964).

The neutron emission from the capture of stopped
mesons(n”) in C, Al, Cd, Pb, and U was studied using a

time-of-flight detector. The energy specira are charac-
terized by a'low-energy evaporation part, and a high-energ,-
component due to the direct neutron emission. The genery)
features of the direct neutron emission are similar for al}’
- the substances studied, with approximately 2 neutrons per
7" capture. In contrast, the relative yield of the low-energy
component: increases markedly in the heavier nuclei. The -
neutroa multiplicities in energy range from about 1.8 to
150 Mev were 2.8 + 0.3, 3.2 £ 0.3, 3.6 £ 0.4, 3.5 + 0.4, and
5.0 + 0.5, for C, Al, Cd, Pb, and U, respectively. The total
kinetic energy 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 are sufficiently complete to give a
good account of the energy balance. (auth) -

20

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). p.38=01 of “Proceedinga of the 1860
Annual International Conference on High Energy Physics at
Rochcster, The University of Rochester, Rochester, N. Y.,
August 25— September 1, 1960.” .

The reaction 7~ + p— 1" +p +  was studied. For each
event the proton momentum and angle were measured. Ex-
perimental distributions F(p w ) are given as functions of
p. where p is the difference in proton momentum before
and after the interaction and w is the total energy of the two
resulting pions. A method for extracting plon-pion cross

" section from these functions by an extrapolation procedure
is discussed. The values obtained for the cross section de-
pend an the kind of expreseion used for F(p?, w'). (M.C.G.)

21

45274 (NEVIS~136) ASYMMETRY IN ANGULAR
DISTRIBUTION OF NEUTRONS FROM MUON CAPTURE IN
SPIN 0 NUCLE! (thesls)., Anderson, E, Walter (Nevis
Labs., Columbia Univ., Irvihgton-on-Hudson, N. Y.}). May
1965, ' Contract Nonr«266(72). 80p, (CU-242; R-606),
When muons are captured by protons in the process i~ + - |
p — n + v, there exists a correlation between the momen-
tum of the neutron and the spin of the muon. Witha
polarized muon beam, this correlation establishes a
spatial asymmetry in the direction of emission of the °
neutron relative to the direction of muon polarization.
An oxperiment designed to measure this asymmetry was
performed at-the Nevis Laboratory of Columbia Univer-
sity. A pure muon beam from the Nevis synchrocyclotron
was stopped in 4°Ca.and !12C targets located in a uniform
transverse magnetic field. The resulting uniform pre-
cession of the muon spin transforms the spatial asym-
metry to a time interval distribution as recorded by a
fixed detector. The time interval distributions were
measurcd both with a digital time analyzer and with photo-
graphs of an oscilloscope trace. The muon polarization
was determined from measurements on the muon-elec-
tron decay asymmetry, and neutron-gamma ray discrimina-
tion was performed by a pulse shape analysis technique.
Mcasurements were made at several neutron energy
threshold levels, with the expectation that at high neutron



I

energies, the complications due to nuclear physics effects
would Le less significant. The results for 9Ca at high neu-

~1ron energics give a value of the asymmetry which is sig-

nilicantly larger than the theoretical value calculated for
2 V-A, G and T invariant form of the interaction. The re-
sults for 12C suggest a similar behavior but because of a

"lower statistical level, the results are consistent with

Zcro asymmetry. (auth) ’

22

3189 (CERN-64-30(p.221-7)) A.PAIR 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 =~ +D.—- N+ N,
v and in quasielastic scattering of 400-Mev pxjoto:is by nu-
clei are described. (R.E.U.)
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37665 THE K — 3 7 DECAY AND r-MESON LOW EN-
ERGY INTERACTIONS. Anisovich, V. V. pp 375-89 of
Voprosy Fiziki Elementarnykh Chastits. Erevan, Publigh-
ing House of Academy of Sciences, 1964, (In Russian)

The theoretical determination of the meson (z) scattering
length from the K-37 decay data is reviewed. The theoreti-
cal results agree with experimental data if either one as-

sumes that ay and a; < 1 (a;—scattering length of mesons(n). -

with isospin I) and then aja; =—0.2 % 0.2; or one assumes

that ag is large (ap = 1 — 3) and then the agreement is good
for ag ~ 1. At present, due to the large errors in experi--
mental data one can not deduce more accurate conclusions
about the meson' (7) scattering length. (CFSTI) ’

24

24474 THE PROBLEM OF DETERMINING THE NA-
TURE OF THE LOW-ENERGY INTERACTION OF 7
MESONS ON THE BASIS OF THE'p + d — *He + 27 AND

# + N + 2r REACTIONS. V. V. Anisovich and L: G. Dakhno"

(loffe Inst. of Physics and Tech., Leningrad). Zh.
Eksperim. i Teor. Fiz., 46: 1152-5(Mar. 1964). (In
Russian) . . :

Data on low-energy-interactions of r mesons were
found to lead to contradictory conclusions. Study of the
enex“éy spectrum of 3He'in the p + d — *He + 21 reaction

_revealed an energy distribution maxirpum,'which was

attributed to the large scattering length of the 7 mesons.
Indications -of a strong-interaction at low energies. were

. found in the y+ p— p + 27 and the p + p — 6r reactions; -

however in the ¥ + N.— N + 27 reactions no resonance in-
teraction of the r~mesons was observed. The study re-
vealed that the divergence in the energy distribution as

a function of Vs, where Vs is the total energy of the 7~
mesons formed in their center-of-mass system, at. N =
~ 2inthe p+d— %He + 2r and 7 + N— N + 27 reactions
may be due to logarithmic singularities at the amplitudes

of their generation. In the latter reaction the logarithmic
singularity was close to the physical region of an incident
meson energy from 300 to 600 Mev. . The logarithmic
singularity could be used to explain the increase in the
generation of » mesons at 6 @ 4 inthep+d— *He + 27 °
_reaction, (TTT) ' Co
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10854 (LNF-63/49(p.1-35))  RELAZIONE RIAS-
SUNTIVA DEI RECENTI RISULTATI SPERIMENTALI
OTTENUTI CON L'ELETTROSINCROTRONE -DI

" FRASCATI. (Report Summarizing Recent Experimental

Results Obtained with the Frascati Electrosynchrotron),
P, Argan and G. Diambrini-Palazzi. —
An attempt is made to present a panoramic view of the -
laboratory experiments carried out with the Frascati elec-.
trosynchrotron. In the study of new resonances two experi-
ments were carried out: photoproduction of the 5 particle
and study of its decay and photoproduction of the ABC
particle. In the area of electrodynamics, the photoproduc-
.tion of u 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 #° in the Cou-’
lomb field of the nucleus, and of singly and multiply
charged pions on complex nuclei are described. In con=
clusion, the absorption of »~ on copper, lead, and tin is
considered. The experimental apparatus used and the re-
sults obtained in all the studies are discussed. (J.S8.R.)
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17254 : ' .
ABSORPTION OF s~ MESONS IN C'2, H. V.-Argo,
F. B, Harrison, H. W, Kruse, and A, D, McGuire (Los
Alamos Scientific Lab., N, ‘Mex.). - Phys. Rev. 114, 626-
33(1959) Apr, 15, : . T

It 15 known that. there is a strong similarity between
the electron-nucleon and electron-muon weak interac-
tions. This paper is 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 is compared to the known rate of
8 decay of B' to the ground state of C'?, 33.2 % 0,65
sec™!, The ratio of the rates is 273 £ 29, In the allowed

.approximation, the nuclear matrix elements for the two

processes are the same, and the ratio of the rates can

.be calculated in terms of the ratio of the coupling con-

stants without assuming a nuclear model. The short
wavelength of the neutrino emitted in u absorption (13
fermis) causes forbidden matrix elements to make an
important contribution to the u-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 vector coupiing .
constants are the same. (auth)
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14748

SCATTERING AND RESIDUAL RANGE DETERMINA-
TIONS OF THE MASSES OF CHARGED PARTICLES IN
MULTIPLATE CLOUD CHAMBERS. ' F. R. Arutyunyan
(Inst, of Physics, Academy of Sciences, Armenlan SSR).
Zhur. Eksptl’. i Teoret. Fiz. 36, Y85~ 91(1959) Api. (In
Ruasian) .

The method of determining the muss of a \,heu 5cd
particle from its scattering and residual range in multi-
plate cloud chambers is experimentally checked by -
using it for determining the masses of protons and p an'd
= mesons identified independently (from mumnentura—
range data). The proton and u- and 7-meson masses
derived from the corresponding multiple Coulomb scat-
tering curves are in good agreement with the correct
values, (auth) :
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9758 PRODUCTION OF NUCLEAR FRAGMENTS IN
NUCLEAR EMULSIONS BY 80 MEV 7*-MESONS. A.S.
Assovskaya'and N. 8. Ivanova (Radium Inst., Academy of -
seiences, USSR). Zhur, Eksptl’. | Teoret..Fiz., 39: 1511~
16(Dec. 1960). (In Russian) )
The production of multi-charged particles by compara-
‘tively low energy {80 Mev) 7" mesons was investigated with
nuclear emulsions. An analysis of the charge, energy, and
angular distributions of the fragments and a comparison of
the experimental data with the results of calculations indl-
cated that for such incident meson energies the fragments
are produced only by fast protons formed within the nu-
cleus as a result of absorption of the 7" meson by a nu-
cleon pair (n,p). The experimental data did not contradict
the possibility that the frag-ments are ejected by these
protons. (auth) :
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38131 MUON CAPTURE IN OXYGEN. A. Astbury,

L. B. Auerbach, D. Cutts, R. J. Esterling, D. A. Jenkins,
N. H. Llpinan, and I L, Chatér (uniy, of Callfusrpis, Nevke
ley), Nuovo Cimento (10), 33: 1020-4(Aug. 16, 1964).
{UCRL-11299) ‘

Muon capture in oxygen was studied at the 184-inch
cyclotron. Muons were identified by a time-of-flight sys-
tem and brought to rest in a water- tell, where some of
them were cuptured by the **0 nuclcus. In the present siate

of the theory, the only firm conclusion is that the pseudo-
scualar coupling constant is positive. (auth)

30

21426 THE ANGULAR DISTRIBUTION OF THE NEU -
TRONS ARISING FROM THE NUCLEAR CAPTURE OF
POLARIZED MUONS. A. Astbury, J. H. Bartley, I. M.

Blair, M. A. R. Kemp, H. Muirhead, and T. Woodhead (Univ.

of Liverpool). Proc. 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 are
captured by nuclei is described. The element used is S.
After correctmg for the depolarization of the muon beam,
a value of —0.22 + 0.07 is obfained for the asymmerlry pa-
rameter. The nom-zern result confirms the violation of
Parity conservation in the mudn eapture prucess, aud lhe

-magnitude of the effect suggests the presence of an effec-

live pseudoscalar term in the transition amplitude for the

.fundamental process u~ + p — n + v, (auth)
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3947

.ANGULAR DISTRIBUTION OF NEUTRONS FOLLOWING

THE NUCLEAR CAPTURE OF POLARIZED MUONS.

A. Astbury, 1. M. Blair, M. Hussain, M. A. R, Kewyp,

H. Muirhead, and R. G.-P. Voss {(Univ. of Liverpool).

Phys. Rev. Letters 3, 476-8(1959) Nov. 15, .
The angular distribution of neutrons following the nu-

clear capture of polarized mesons (u”) in S* was deter-

mined for the process: u~ + p — n + v, The (x~) lifetime In

‘9" wan detormined (o be 0.40 + 0.0% para. (C.J.G.)

32

8230 THE DEPOLARIZATION OF NEGATIVE MUONS
IN LIGHT ELEMENTS. A. Astbury, P. M. Hattersley,
M. Hussain, M. A. R. Kemp, H. Muirhead, and T. Woodhead
(Univ. of Liverpool).. Proc. Phys. Soc. (London), 78:
1144-8(Dec. 1, 1961). ’

A measurement of the polarization retained by u~ in light
elements is described. For elements with spin 0 the u~ re-
Winy about 17% of ta initial polarization. (auth) :
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9889 . A DETERMINATION OF THE LIFETIME OF
TNE ji* MEEON. A. Aotbury, P. M. Hattersley, M. Hus-
sain, A. Kemp, and H. Muirbead (Univ. of Liverpool, Eng-
land). p.542-4 of ““Proceedings of the 1960 Annual Inter-
national Conference on High Energy Physics at Rochester,
The University of Rochester, Rochester, N. Y., August 25~
September 1, 1960.”"

The lifetime nf y* mesons was measured by stopping '
positive pions in a sulfur target and detecting the electrons
from the decay sequence 7+ — ut —~e. Avalue of 2,225 ¢
0.006 psec was obtained for the lifetime. (M.C.G.)
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. 28342 (NP-10305) CONTRIBUTION A L'ETUDE DE

LA DIFFUSION (r*p) A 120 MeV, PAR L'EXPLOITATION
DES CLICHES DE CHAMBRE A BULLES (THESE). (Cor-
tribution to the Study of (r*p) Scattering at 120 Mev by
Utilization of Photographic Plates in Bubble Chambers
(thesis)). B. Aubert (Grenoble, France. Universite).
June 18, 1960. 86p.

The. results of an investigation of (r*,p) scattering made

" on 20000 photographs of a propane bubble chamber are re-

ported. Before giving a report of the experimental results.

.the theoretical bases are reviewed, and the apparatus used

is described. Results obtained previously relative to the
ay phase are not in agreement with theoretical predictions.
The aim of the present investigation was to study the scat-

-tering with good precision. The bubble chamber permitted

the materialization of (r*,p) collisions by visible tracks
forming a star with three branches. After the determina-
tion of the proton branch, the angular distribution in the
center-of-mass system was studied, and the dephasing
was deduced. (J.S.R.)
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31529 . MEASUREMENT OF THE u~ CAPTURE RATE

"IN He’. Lconard B. Auerbach, Robert J. Esterling, Roger

E. Hill, David A, Jenkins, Joseph T. Lach, and Norman H.
Lipman (Univ. of California, Berkeley). Phys. Rev.
Letters, 10: 23-6(July 1, 1963). (UCRL-10836)

The rate was measurcd to an accuracy of a few percent,
using high-pressure He® gas both as a target and as a
scintiliation detector for the recoil triton, The measured
rate (average value, 1520 + 50 sec™}) agrees quite well with

the 1450 sec™! obtained on the basis of the universal Fermi. -

interaction. (D.C.W.) ) : .
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19198 MEASUREMENTS OF -THE MUON-CAPTURE
RATE IN He? AND He!. Leonard B. Auerbach, Robert 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-1100%
(Rev.)) .

In order to test the universality of the V—A Fermi inter- .

action and the presence of the fnduced pseudoscalar term {n
the hamiltonian, the rate of the reaction y~ + SHe — 3H. sy
was measured. This reaction.is closely analogous to the
fundamental muon-capture interaction y~ + p— n + 1.

The total muon-capture rates in3Hc and ‘He; the rates for

the reactions p~ + SHe — all final states and y~ + ‘He — all

final states, were measured. Negative muons were brought
to rest in a high-pressure helium-gas target. The capture
processes all yield a charged particle, whose energy was
measured by observation of scintillation in the hellum gas.
Captures into the 3H channel were recognized by the unique.
energy (1.9 Mev) of the triton recoil. The total capture

rates obtained were: A(®He) = 2170 sec™!, and A(*He) =375 .~

sec™!. The partial capture rate to the triton ground state
was measured as A(*He — OH) = 1505 + 46 sec™'. These
results are in good agreement with theoretical predictions
based on a universal Fermi interacticn, and on a conserved

vector current. They also indicate that the induced-
pseudoscalar-coupling coefficient is positive. Interpre-
tation of these results in terms of the fundamental muon-
capture process is somewhat ambiguous because of the
uncertainty in the structure of the helium nucleus. (auth)
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773 - (LAT-1114)° TRACES ET PARCOURS Q'ELEC—
TRONS, MUONS ET PIONS DANS UNE CHAMBRE A
ETINCELLES A PLAQUES EPAISSES. (Tracks and Course
of Electrons, Muons, and Pions in a Spark Chamber With
Thick Plates). J. E. Augustin, P. Marin, and F. Rumpf
(Paris. Universite, Orsay. Ecole Normale Supérieure.
Lahoratoire de 1’Accélerateur Linéaire). Sept. 1964. 40p.
Dep.(mn). . _
An experimental apparatus to be used for e*e™ collisioii’
studies up to 600 Mev at the Orsay linac is described. A
spark chamber with thick plates is used for the detection
of electrons, muons, and pions. Particle tracks and :
ranges in the chamber are discussed. (R.E.U.)

38

36291 mp 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), ’

Elastic scattering experiments from 300 to 1300 Mev are
analyzed by various techniques. The usual Dyy and Fy5 a8~
signments for the second and third resonances are sup-
ported. The fourth resonance is found to be Fy, and the
$00-Mev x*-p shoulder to be Dy inelastic. There are also
indications of four more inelastic shoulders: . in Py (~400
Mev), Sy4(~600 Mev), D5(~700 Mev), and Gyy(~1200 Mev).
goth S waves Increase steadily with energy, indicating a
strong repulsive core. The background at the fourth reso-
nance is strongly spin-dependent, in contradiction to the
usual diffraction model. The imaginary parts of the partial
a}nplitudes are obtained quantitatively over much of this
region. The most powerful new condition is the requirej
ment that the elasticities of the resonances, as determined
from total cross-sections and forward dispersion relations,
be compatible with the differential cross-sections there.
fauth)
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40307 - PION-NUCLEON PHASE SHIFTS AND RESO-
NANCES. P. Auvil (Imperial Coll. of Science and Tech.,
London), C. Lovelace, A. Donnachie, and A. T. Lea. Phys.
Letters, 12: 76-80(Sept. 1, 1964).

A phase shift analysis of 7-p scattering at 300 to 700
Mev was performed. A phase set in excellent agreement
with practically all the experiments and with predictions
from partial-wave dispersion relations was obtained. The
Dy; resonance appeared at 620 Mev, but with a width of
ouly 80 Mev. The Ball-Frazer mechanism in S, was con-
firmed, and peculiarities were noted in the Py, resonance.
(D.C.W))
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16217 REALIZATION OF VARIED TARGETS INCOR-
PORATED IN NUCLEAR EMULSIONS. Madeleine Avan
(Faculte des Sciences, Clermont-Ferrand, France). Inds.
atomiques, 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 incorporation
of wires or powders are described. The first results ob-
tained with the scattering of mesons by a Sliver wire in-
corporated in the emulsion are given to- illustrate the
method. (J.S.R.) '
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27908 (NP-11634) POISKIu* —e* +e*+e™. (A
Search for the Decay u* — e* + e* + ¢7). A. I Babaev,
M. Ya. Balatz, V. S. Kaftanov, L. G. Landsberg, V. A.
Lyubimov, and Yu. V. Obukhov (Akademiya Nauk §.S.S.R. |
.Institut Teoreticheskol i Eksperimental’'nof Fiziki). 1962.
11p. ’
A search was made for the y — 3e process using an in-
stallation previously used by A. I Alikhanov, et al.
{Z. Eksp. i Teoret. Fiz. v. 42, No. 6, 630, 1962). The in-
_stallation for recording u* —e*+e* +e” consisted of a
« .six-layer cylindrical spark chamber, a single~layer plane
spark chamber, a camera, a mirror, and series of scintil-
lation counters. The Dalitz diagram was used for deter-
mining the recording efficiency. After 70 hours, 6.98 x 10"
meson stops were recorded, however, none could be con-
"sidered u~ — 3e according to formulated criteria. The
anticipated number of y — 3e decays was M = PN, ef (where
p is the probability of y — 3e decay in relation to ordinary
decay, Ny, = 6.98 x 10%, ¢ is the efficiency of the installa-
tion = 0.0185, f is a correction factor = 0.76. Calculations
made with the Poisson formula show p _ ., < 2.6 x 1077
(with 90% accuracy), considering matr& elements con-
_stant; with corrections for efficiency, p,..g. < 2.0 = 10”7,
(R.V.J.)
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9283 FURTHER STUDIFS ON THE u* — et +ef + e~
DECAY. A.l 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) C )

In a previous work on this subject (Zhur. Eksper. i
Teoret, Fiz. 42, 1685 (1962)) a spark chamber with a fast
electronic system was used for studying the u* ~e* +e* +
e~ decay reaction.- The experimental arrangement was im-
proved because in the first study not a single case of the
u — 3e decay could be established. ‘The statistics of the
system was doubled, corresponding to 1.38 x 10® incidences

of u~-mesons on the target. The ability of the system for
recording these events was further improved by means of
additional calibrations and by making use of new computa- -
tional techniques. In order to be recorded as a u — 3e de-
cay, the event has to satisfy all the préyiously established
criteria. During the 150 hours of the experiment, not a
single such event was recorded. (TTT) o
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41173 .:  (NR4-3340N2) DANGER CAUSED BY RADIATION
IN THE BEAMS AND BEAM ZONES OF THE SYNCHROCY-
CLOTRON. - Baarli, J. Translation of Dangers dus aux
Radiations dansg 18 ¥ ai15cedux el les Toues de Faiseoaws ou
Synchrocyclotron, from u report of the MEC (Synchrocy=
clotron Machine) Meeting, June 21, 1963, 6p. (NASA-TT-
F-8136). CFSTI, $1.00 fs, $0.50 mn. o
The danger caused by synchrocyclotron rudialivns varies
with the nature of the beams, their intensities, particle -
energies, and the extent of scattering. The biological ef-
fects and damage due to radiations are discussed, and dose
limits are 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
1~ -mesons, and # mesons. (CFSTI)
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41275 DETECTION OF TWO PARTICLES IN SPARK
CHAMBER. A. I Babaev and V. S. Kaftanov, Pribory i
Tekhn. Fksperim., No. 4, 181-2(July-Aug. 1963). (In Rus-
sian)

The efficiency of a six-layer cylindrical spark chamber
for detection of two particles in the decay u — e + y and
u#—~ 3 e was investigated. The outside diameter of the
chamber is 203 mm and its electrodes were constructed
of duraluminum with a gap of 7 mm. The chamber was
filled with neon at a pressure of 1.1 atm. An ekponential
pulse with an amplitude of 11 kv was supplied to the elec-’
trodes. The effictenéy of the chamber is dependent on the

delay time of the voltage impulse. (C.E.S.)
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35149 MEASUREMENT OF PION BETA-DECAY
BRANCHING RATIO. Bacastow, Robert B. (Univ. of
California, Derkeley); Chesquiore, Claude; Wiegand,
Clyde E.; Larsen, Rudolf R. Phys. Rev., 139: B407-
18(July 26, 1865). :

" The branching ratio for pion beta decay, R = (n*— n® +
et + v)/(n* — pt* + v), was measured. Arrays of lead sheets,
scintillators, 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 + 0.21) x 10~%. This result is in good agree-
ment with conserved vector-current theory and with the re-
sults of other experiments. (auth)
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9386, EXPERIMENTAL EVIDENCE FOR PION g8 DE-
CAY. R. B. Bacastow, T. Elioff, R. R. Larsen, C. Wiegand,
and T. Ypsilantis (Univ. of California, Berkeley). p.409-10
of ‘1962 International Conference on High-Energy Physics
at CERN.”” Geneva, European Organization for Nucleat
Research, 1962,

An attempt to measure experimentally the pion g-decay
branching ratio is described. The basic plan of the experi-
ment is the detection of all the decay products except the
neutrino. Preliminary analysis of the data indicates a
branching ratio consistent with- 1072 (the value previously
estimated and predicted by theory). (A.G.W.)
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9252 MEASUREMENT OF THE BRANCHING RATIO
FOR PION BETA DECAY. Robert Bacastow, Tom Eljoff,
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 nt — 7% + e* + v, The experiment was de-
signed to detect the two n° gamma rays, the positron, and -
the positron annihilation radiation. Ten events were identi-
fied as the desired process and analyzed. The braching ra-
tio was determined to be 2.0 + 0.6 x 1078, which {s com-
parable with the prediction of the conserved vector current
hypothesis. (H.D.R.)

48

2246 (UCRL-10429) ATOMIC CAPTURE OF u~ MES-
ONS IN CHEMICAL COMPOUNDS AND TIIE “FERMI-
TELLER Z LAW?’ (thesis). Jagdish S. Baijal (California. .
Univ., Berkeley. Lawrence Radiation Lab.). Aug. 20, 1962.
Contract W-7405-eng-48. 76p.

Experimental studies of the relative atomlc p~-meson
capture probabilities in the constituents of chemical com-
pounds are described. Fermi and Teller had predicted that
the atomic-capture probability is proportional to the nu-
clear charge of the atomic species weighted by its atomic
concentration. This is sometimes referred to as the
“Fermi-Teller Z law.”” Previous experiments indicated no
clear systematics to this capture procesé. and there are '
conflicts between the results of several measurements made
with the same or 8imilar compounds. In theso oxperiments
the capturing atom was identified by detection of either
mesic x rays or decay electrons from u~ mesons bound in
the mesic K shell in the atomic species. In these experi-
ments oxides and sulfides of some medium- and high-Z ele-
ments as well as two metallic solutions were nsed, and a
nuclear capture product {neutron) rather than the decay
electrons was detected. Results show that among the sub-
stances examined, namely CuQ, Sbh;0;, PbO, CuS, Sb;ySy, PbS,
AgLi, and'CuAu, the “*Z law’’ behavior is not indicated
either in insulators or in metals, although in all cases there

is a preference for capturing in the atom of higher 4. If the-

.atomic-capture probability is proportional to Z® (n being
any positive or negative number), then it is found that the
experimental results fall approximately in the range n = %
to n = 1.4, where n = 1 would define the prediction by Fermi
and Teller. The measured atomic-capture ratios are: ’
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 + 0.10; Pb/S = 2.87 % 0.35;
Ag/Li=11.66 % 3.39; Au/Cu ='0.34 = 0.032. In connection
with this experiment it was also necessary to measure the
#"-meson lifetimes in a number of elements (including Au,
which was not reported beforé). The measured lifetimes
are (in nsec): § =498 + 17; Cu.= 162.6 + 1.9; Ag = 84.4 =

1.0; Sb = 91.3 + 1.4; Au = 68.6 + 1.3; Pb = 74.1 + 1.0. (auth)
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9109 = ATOMIC CAPTURE OF pu~-MESONS IN CHEMI-
CAL COMPOUNDS. J. S. Baual J. A, Diaz, S. N. Kaplan,
and R. V. Pyle (Univ. of California, Berkeley). Nuovo
Cimento (10}, 30: 711-26(Nov. 1, 1963). (UCRL-10671)
Experimental studies (NSA 17: 2246) of the relative p~-
meson atomic-capture probab_ilitieé in the compounds
CuO, Sby0y, PbO, CuS, Sb,S;, and PbS and in the metallic
solutions Agy ssLi and CuAuyy 3 were made to test the pre-
dictions of the ““Fermi-Teller Z-law.”” In the experiment
the capturing atom was identified by decomposing a com-
pound lifetime curve obtained by detecting neutrons from
p~-capture. The measured atomic-capture ratios are:

Cu/0O =6.14 & 0.85, Sb/S = 1.64 £ 0.10,
Sb/O =1.86 + 0.096; Pb/S = 2.87 & 0.35,
Pb/O = 4.56 + 0.53, Ag/Li =11.66 + 3.39,
Cu/S =1.89 + 0.18, Au/Cu = 0.34 & 0.032.

Assuming the Z-dependence. of the atomic-capture proba-
bility can be expressed as proportionalto Z® (n being any
positive or negative number), it is found that the experi-
mental results fall approximately in the range n = to 3%,
where n =1 corresponds to the theoretical prediction of
Fermi and Teller. (auth)
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32467  MUONIUM AND POSITRONIUM PHYSICS. J. M.

‘Bailey and V. W, Hughes (Yale Univ., New Haven). p.839-46

of ““‘Atomic Collision Processes.’”” Amsterdam, North-
Holland Publishing Co., 1964.

" Experiments on muonium and posltromum give the most
unambiguous and precise values of the fundamental constant )
@, and also give valuable information about many atomlc
collision proccsses. (auth) ’
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20553

NEUTRON ASYMMETRY FROM Mu CAPTURE IN
MAGNESIUM. W. F. Baker and C. Rubbia (Columbia

Univ., New York). Phys. Rev. Letters 3, 179- 81(1959)‘
Aug: 15.

11
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It has previously been pointed out that a measurement
of the angular distribution of neutrons emitted after the
capture of polarized u~ 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 # spin direction would also be evi-
dence for parity nonconservation in the reaction. The

_neutron asymmetry 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.)

52

38081 (JINR-P-1286) ISSLEDOVANIE POGLO-
SHCHENIYA 7" I 7~-MEZONOV PRI ENERGII 40-70 Mev V
YADRAKH UGLERODA S POMOSHCH'YU PROPANOVOI
PUZYR'KOVOI KAMERY. Gnveétigation of Pion Absorp-
tion by Carbon Nuclei at 40-70 Mev by Means of a Propane
Bubble Chamber). M. P. Balandin, O. I. Ivanov, V. A.
Moiseenko, and G. L. Sokolov (Joint Inst. for Nuclear Re-
search, Dubna, U.S.8.R. Lab. of Nuclear Problems)

1963. 25p.

The absorption of meson (rr‘) of equal energy by C nuclei
was studied. The total cross sections for 7* and 7~ absorp-
tion and charge exchange were found to be 98-x 10'" nd
99 x 10 cm?, respectively. The angular distribution of
charged particles with respect to the mc:dent meson direc-
tion proved to be 1sotrop1c in meson (1) absorption and’
anisotropic in meson (z*) absorption. The distributions of
absorption evenis indicate that absorption occurs only .in
nucleon pairs. The parameter 7 that determines the prob- .
ability of 7 * absorption in neutron-proton pairs was found
to be 0.65 + 0.10. {auth) - :

53

‘10356

INVESTIGATION OF n*—u*—e* DECAY WITH HELP
OF A PROPANE BUBBLE CHAMBER AND SCINTILLA-
TION COUNTERS. ' M. P. Balandin, V. A, Molseenko,
A. 1. Mukhin, and S. Z. Otvinovskii (Joint Inst. of Nu~
clear Research, Dubna, U.5.8.R.). Zbur. Eksptl®. 1 .
Teoret. Fiz. 36, 424-32(1959) Feb. (In Russian)

It was found that the angular distribution of the u*
‘mesons {8 isotropic, whereas the positron angular dis-
tribution, if described by the expression (1/4%) (1—a
cos ), is characterized by the quantity a = 0.116
0.035. This value for a is much-smaller than the values
obtained in other works in which propane bubble cham-
bers were employed. Scintillation counter experiments
carried out with the purpose of ascertaining the cause
of this discrepancy showed that the magnitude of the
anisotropy significantly depends on the degree of puri-
fication of the commercial propane which i8 sometimes

"employed in bubble chambers. A simultaneous analysis

of the data obtained with propane of a given composition
with aid of a bubble chamber and scint{llation counters
showed that the quantity A(1—W¢) is equal to 0.78 * 0.26

where W is the probability for depolarization of d
mesons in graphite and A is a fundamental parameter

in neutrino theory. (auth) -

54

15196 (JINR-P-1530) REZONANSNII MEKHANIZM
ISPUSKANIYA NEITRONOV PRI ZAKHVATE u~-MEZONOV
KISLORODOM. (A Resonance Mechanism of Neutron Emis-
sion in Muon Capture by Oxygen). V. V, Balashov, 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 mechamsm of neutron emission in the pro-
cesses of muon capture by light nuclei is investigated. De-
tailed calculations-are given for the reaction u™ + O —

N®.4n+ v, Itis shown that up to En = 10 Mev the reso-
.nance capture mechanism plays the main role in producmg

the neutron spectrum. (auth)

o5

. 18560

ENERGY OF NEUTRONS FROM CAPTURE OF NEGA-
TIVE u=MESONS IN LEAD NUCLEI. W. Ball and K. H.
Lauterjung (Max-Planck-Institut fur Kernphysik, Hei-
delberg, Ger.). Z. Naturforsch. 14a, 581-2(1959) May-
June. (In German) ’
Experiments are described in which neutrons pro-
duced by 4~ capture in Pb were detected by paraffin

_recoll protons causing fluorescence in ZnS(Ag). The

experimental set-up is described. ‘The data show that
most of the neutrons have energies below J Mev. Gince
the neutrons, according to their point of origin, have
traveled great distances in the y-meson _absorber and
have been left as lower-energy neutrons on the basis of
their energy loas through inelastic scattering in the Pb,
the total intensity of recoil protons is very small,
though 25 captures/minute were recorded. An even
larger recoil-proton count rate would be expected if
neutrons with energies greater than 25 Mev were
selected. (T.R.H.)

56

12903 (JINR-P-1490) V2Z2AIMODEISTVIYA MEZONOV.
{Interactions Between Mesons). V. S. Barashenkov {Joint
Inst. for Nuclear Research, Dubna, U.S.S.R. Lab. of
Theoretical Physics). 1963. 56p. "

A review is given of the experimental and theoretical
data on m-7, K~x, and K-K interactions. (auth)

57

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



o

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

The available experimental data on the cross sections .
for antinucleon production in N-N, N—N, and 7N interac-
tions are discussed. Graphs and tables of data are included.
46 references. (auth) '

58

4756

460 Mev NEGATIVE PION SCATTERING FROM NEU-
TRONS IN A PROPANE BUBBLE CHAMBER. J. Ballam
and J, Hang (Michigan State Univ., East Lansing) and J. H,
Scandrett and W, D. Walker (Univ. of Wisconsin, Madison).

- Nuovo cimento (10) 14, 240-4(1959) Oct. 1, (In English)

n~ scattering at 460 Mev by neutrons bound in a carbon
nucleus in a propane bubble chamber was examined. The
total and differential cross sections were determined. The
angular distribution was determined and compared with the
angular distribution obtained from (r*,p) scattering.
(C.J.G.)

59

24747 MOT’i" SCATTERING OF POLARIZED MUONS.
Marcel Bardon, Paolo Franzini, and Juliet Lee (Columbia
U'niv.‘, New York)." Phys. Rev., 126: 1826-35(June 1, 1962).

An experimental determination was made of the helicity of
muons from »~ decays and the cross sections for scattering

from lead by Mott scattering. With (2.0 = 0.3) x 10° muons .

incident on the scatterers, a left-right asymmetry of
~0.090 + 0.031 was measured for 1163 % 60 scattering -
events. Checks indicated negligible systematic asymme- -
tries. The sign of the asymmetry shows a positive 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 predi&;ted for the ex-
perimental arrangement (0.081 -+ 0,001 and 1210 = 220,
réspectively) confirms the resulls of experiments indlcullng
a purely electromagnetic behavior for muon scattering.

The average momentum transfer was 110 Mev/c. Mott scat-
tering of transversely polarized fermions was measured. .
(auth) ’ s

60

‘15373 RECOIL PROTON POLARIZATION MEASURE-
MENTS-IN PION-NUCLEON ELASTIC SCATTERING, )
Bareyre, P. (C.E.N., Saclay, France). Proc. Roy. Soc.
(London), Ser. A, 289: 463-70{Jan. 25, 19686).

The angular distributions of the recoil proton polarization
“in 7*p clastic scattering were measured at 410 and 492 Mev
incident pion kinetic energy by using a carbon plate spark
chamber. (C.E.S)) :

61

35144 MEASUREMENT OF THE RECOIL PROTON
POLARIZATION IN ELASTIC 7~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. Letiers, 14: 878-80(May 24, 1965),
The results for the recoil proton polarization in negative

pion-proton elastic scattering as measured with a carbon
plate spark chamber are given. Also shown are the pre-

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

62

16617 MEASUREMENT OF THE RECOIL PROTON
POLARIZATION IN ELASTIC ntp SCATTERING AT Tr
EQUALS 410 AND 492 Mev. P. Bareyre, C. Bricman,
M. J. Longo, et al, (Centre d’'Etudes Nucleaires, Saclay,
France). Phys. Rev. Letters, 14: 198-201(Feb. 8, 1965).
The angular distribution of the recoil proton polarization
in elastic r*-p scattering at 410 and 492 Mev was mea-
sured. (D.C.W.) ' '

63

16618 - PHASE-SHIFT ANALYSIS IN 1t SCATTERING
AT T7 LAB EQUALS 410 AND 492 Mev. P. Bareyre, C.
Bricman, J. Sequinot, and G. Villet (Centre d’Etudes Nu-
cleaires, Saclay, France). Phys. Rev. Letters, 14: 201-5
(Feb. 8, 1965). ' )

The results of phase shift analyses of n*-p scattering at
410 and 492 Mev are presented and are 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

-wasg also made for 492 Mev. (D.C.W.) P .

64

45100 PION-NUCLEON PHASE SHIFT ANALYSIS

"BELOW 1 Gev. 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 Mev of the meson (r)-
nucleon phase shift using the 7~p polarization data previ-
ously obtained., For all other energies no selection was
made in the experimental data except for slightly increasing
the errors in 2°N differential cross sections also given
previously. For each energy, starting from a randomn 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 cht
square; this operation was repeated many times. (J.F.P.)

65

35165 PION-PROTON PHASE-SHIFT ANALYSIS AT
T, =410 AND 492 Mev. Bareyre, P.; Bricman, C.; Villet,
G. (Centre d'Etudes Nucleaires, Saclay, France). Phys.
Rev. Letters, 149: 881-4(May 24, 1965).

13
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A recent phase-shift analysis of the 7*p scattering at
Tr =410 and 492 Mev and the recoil proton palarization
for m~-proton scattering results permit the achievement
of a complete phase-shift analysis for the I=% and 1= ¥,
isospin states. With those polarization measurements, the
total cross sections, elastic differential cross sections,
forward elastic cross sections, and total inelastic cross
sections were used. The search frogram minimizes the
total x? of these quantities, for n*p and n~p data, using a
gradient method. (J.F.P.)

66

9203 (UCRL-10470) A STUDY OF THE REACTION
7~ +p— 1"+ 7"+ 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 7" +p — 71 + °+p
are measured at incident-pion energies of 310 and 377 Mev.
The protons from this reaction are 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 are taken at laboratory-system angles of
15 and 22.5 deg. At 377 Mev, distributions in energy from
60.5 to 163.5 Mev at angles from 10 deg to the kinematic
limit are measured. The total cross sections obtained
are: 0,14 + 0,07 mb at 310 Mev, and 0.37 = 0.03 mb at 377
Mev, These values are in good agreement with the theo-
retical predictions of a 7w interaction model by Schnitzer
in which his parameters are chosen to fit the total cross
section and the #* angular distribution in the reaction
7=+ p— a* + 77 + n. (32 references.) (auth)

67
J

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

The reaction 7~ + p — r* + 7~ + n is studied for incident
T,~ = 365 and 432 Mev. The energy spectra of the emergent
#* mesons are measured at various angles with respect to
the incident x~ beam. The differential cross sections are
analyzed in terms of pion-pion interactions and pion-
nucleon resonances. (T.F.H.)

88

30580  INELASTIC r —p INTERACTIONS IN THE EN-
ERGY REGION OF 310 TO 454 Mev, Barry C. Barish,
Richard J. Kurz, Victor Perez-Mendez, and Julius Solomon
(Univ..of California, Berkeley),
(July 27, 1964). (UCRL-11257) i
The differential cross sections for positive pions, pro- -
tons, and neutrons from inelastic 7~ —p interactions at 310
to 454 Mev were measured. The data were obtained with
electronic counter systems, which measured the energy

1409-11(Dec. 16, 1962).

Phys. Rev., 135: B416-31

distribution of the final-state particle of interest at a : <
series of fixed angles. The results were interpreted in
‘terms of the final states n*r™n, 7°n’n, and #~7%p. The total
cross sections for these three modes as a function of inci-
dent pion energy are in qualitative agreement with the pre-
dictions by Schnitzer. A preference is shown for his set of
1r— T scattering lengths: a, = 0.65, a; = 0.07, and az= 0.14

. The observed neutron distributions correspond to a
strong preference for low center of mass system neutron -
energies in both the 7*77n and 7% final states. The effect
is not present in the observed proton distributions from the
g ?r°p roaction, which puggosto that it io duetoaI=0, 7 - 7
interaction. The 7 data show the formation of the (3,3)
isobar combination of the 7™ —n system in the #*7"n final
state. Analysis in terms of an isobar model indicates the
predominance of I = Y, incident state. (auth)

69

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 (Callforma Univ., Berkeley. Lawrence Ra-
diation Lab.). June 1964. Contract W-7405-eng-48; 9p,
(CONF-787-2). Dep.(mn); $1.00(cy), 1(mn) OTS. '

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

The velocity dependence of the range difference, whic¢h
should start at zero and approach z plateau at some mod-

erate velocity, was measured for a pion range of about
100 u. (auth)

70

15128  PION.PROTON SGATTERING AT 600 Mev.

R. Barloutaud, L. Cardin, A. Derem, C. Gensollen, A, Levé-
que, C, Louedec, J. Meyer, and D, Tycho '(Centre d'Etudes
Nucleaire, Saclay, France). Nuovo Cimento (10), 26:

(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 cross sec-

tion. (C.E.S.)
71
19090 EVIDENCE FOR GIANT RESONANCE EXCITA-

TION INDUCED BY THE CAPTURE OF MUONS IN 0'%,

J. Barlow (CERN, Geneva), J. C. Sens, P. J. Duke, and

M. A. R. Kemp. Phys. Letters, 9: 84-8(Mar. 15, 1964).
A measurement of the total rate of capture of mesons

@) tn 0 i3 reported. The result {s in strong disagree-

ment with the predictions based on an independent particle

shell model. An alternative interpretation is discussed in

terms of a collective excitation of the giant dipole reso-

nance in “N. The interpretation appears to be in agree-

ment with experiment. (C.E.S,)

‘ﬂ
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o2y

PION-PROTON SCATTERING BELOW 150 MEV. [PART]
1. 8. W, Barnes, B. Rose, Q. Glacomelll, J. Ring,

K. Miyake, and K. Kinsey (Univ. of Rochester, N..Y.).
Phys. Rev, 117, 226-37(1960) Jan. 1.

Positive-plon proton differential cross sections were
measured at 41.5 Mev for six angles. The angles in the
center-of-mass system are 53", 69.1°, 100.4°, 128°, 141.7°,
and 163.5° and the corresponding croas sectfong {n mb/
sterad in the center-of-mass system are 0.252 + 0,020,
0.364 + 0.025, 0.777 + 0.038, 1.145 2 0.0687, 1.495 + 0.084,
and 1.780 + 0,110, Negntive plon elastio cross soctions
were measured for the first five of the above anvlea
and nre, respectively, in mb/sterad in the c.m. syatem:
0.318 + 0.047, 0.281 + 0.038, 0.148 + 0,029, 0.112 + 0,042,
and 0,085 4+ 0.25. Phase-ahift analyses of these data and
those of other authors lead to the following expressions
for the low-cnergy behavior of the T =3 phases:
ayN = —(0.0418 & 0.004)n°, asN = —(0.1145 & 0.0026)y,

and cotaggN = ‘/,n {0.0877 £ 0.0014)/[w*(1 ~w*/2.17)].
{auth)

73

11022

PION-PROTON SCATTERING PELOW 150 MEV. {[PART]
. S. W. Barnes, H. Winick, K. Mlyake, and K. Kinsey
(Univ. of Rochester, N. Y.). Phys. Rev. 117, 238-42
(1960) Jan. 1,

Values found for 30-Mev scattering at the two center-
of-mass angles 116.8° and 155° are, respectively, for
positive pions 0.849 + 0,048 and 1,098 + 0, 075 mb stemd"
and for negative pions of the same energy 0.187 + 0.020
and 0.165 & 0.022 mb sterad™!. Phase-shift analyses are
made of recent published »~ distributions in the above
energy range and serve to furnish prescriptions for the
low-energy behavior of the T = 14 phases. Calculations
of 07, @, and d,pa1” at various energies agree with
measurements found in the literature. An easential agree-
ment !s found betlween = + p forwiard scatterlng amplitudes
and a diepersion equation over this energy region. (auth)

74

37930 (CERN-83-27) INTERACTIONS 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, Carrara, et al.
(Padua. 'Universita, Istituto di Fisica; and Italy. Istituto
Naziobale di Fisica Nucleare, Padua). July 22, 1963. 15p.
The n*-p interaction in the 300 Mev kinetic energy re-
gion was studied in a hydrogen bubble chamber. Three
types of events were considered: elastic scattering, single
pion production and single photon production. In the elastic
scattering the phase shifts of the Fermi I solution are sub-
stantially compatible with previous results. Cross sections

are determined for the in elastic processes and, although
statistics are very low, the results are compared with cal-
culations based on the peripheral and the isobaric models.
(auth)

75

10341 .
'CAPTURE AND DECAY OF u-MESONS IN Fe. W. A.
Barrett, F. E. Holmstrom, and J. W. Keuffel (Univ. of
Utah, Salt Lake City). Phys. Rev. 113, 661-5(1959)
Jan. 15.

The mean life of y~ mesons in Fe was measured using
an improved cosmic-ray apparatus. A positive identi-
fication of the stopped muon was made using Cherenkov
velocity: selectors in the incident telescope ‘The 2.2-
usec background from positive muons was reduced bya
factor of 3 with a 3-layer sandwich of Fe and thin plas-
tic scintillators, so arranged that electrons emitted in
the target were mostly detected as such by the scintil-
lators. The mean life is 196 + 8 musec. By comparing
this result with the electron-counting results of Leder-
man and Weinrich, the ratio of the decay rate of u~
‘bound in Fe to the free g -decay rate is found to be
1.15 4 0.06. (auth) ~

76

in EXCITATION OF AT, = 2 ANALOG STATES
BY DOUBLE CHARGE EXCHANGE SCATTERING OF .
PIONS., S. Barshay (Rutgers State Univ., New Brunswick,
N.d.) and G. E, Brown, Phys. Letters, 16: 165-7(May 15,
1963).

Detailed calculations. and angular dlstributxo'\s for re-
actions leading to the analog state in double charge ex- -
change scattering of pions from nuclei are reported. The
process of collective excitation by a high-energy pion of
the member of a high-isotopic-spin nuclear multiplet with

z-component, T; + 2, starting from the lower-energy mem-
ber with'z-component, T,, is analyzed. Calculations were
carried out for 43Ca, the two neutrons in the j = fy, shell
transforming into protons, for incident mesons of 210 Mev
:‘:boratory kinetic energy, and the results are shown.

-.B.8))

"

3086 = MEASUREMENTS OF THE RATES OF THE
DECAY 7t — 7%+ e* + v AND OF »~ CAPTURE IN LiH,
CH,, AND CH. D. Bartlett, . Devons, 5. L. Meyer, and

J. L."Rosen (Columbna Uniy., New York) Phys. Rev., 136:
B1452-63(Dec. 7, 1964).

‘The branching ratio for #* — 7%+ e* + v was measured ;
using the near anticollinearity of the two y rays from the
subsequent decay of the meson (z%. On the basis of 39
events, of which 3 are attributed to background, and an
independent calibration of the overall efficiency of the
apparatus, the branching ratio was determined to be (0.97
0.020) x 1078, in agreement with previous measur ements’
and the predlctxon of the conserved-vector-current hypoth-
esis. Using the same apparatus, W, the fraction of stopped

+

15.
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mesons (17) captured by hydrogen nuclei bound in chemicat

. compounds was measured with the following results:

Wiy =40£4 x 1073 Wy =17.9 % 1.9 x 1075 and Wy =
5.5 % 0.7 x 1073, Meson (1) capture in H,—N; and H,- He
gas mixtures was also briefly studied. (auth) :
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14312 "(CU-233) THE BRANCHING RATIO FOR PION
BETA DECAY (thesis). David Bartlett (Columbia Univ.,
Irvington-on-Hudson, N. Y. Nevis Labs.). Nov. 1964. .
Contract Nonr-266(72). 107p. (NEVIS-127; R-468).

The conserved vector current theory predicts that'the
branching ratio for the decay of a charged pion into a neu-
tral pion is (1.05 £ 0.02) x 10'6 if the coupling constant is
derived from muon decay, or (1.00 + 0.02) x 10-8, if the
coupling constant is derived from nuclear beta decay.
Using spark chambers to distinguish the nearly anticollin--
ear gamma rays from 7* beta decay from a background of
other gamma rays, 36 events are found and the branching .
ratio is measured to be (0.97 £ 0.20) x 10~8, in agreement
with the theoretical prediction and previous measurements

.The method of background subtraction (<1 0%) depends onl:

on knowing that the background is isotropic for gamma
rays having opening angles between 160 and 180°. (auth)
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10889 SEARCH FOR THE DECAY MODE: u— e +y.
D. Bartlett, S. Devons, and A. M. Sachs (Columbia Univ., -
New York). Phys. Rev. Letters, 8: 120-3(Feb. 1, 1962).

A search for the decay mode u — e +y using spark
chamber techniques is reported. Limits for the rate are .
less than 6 x 10~ of the normal decay rate. (L.N.N.)

80

4966 " A SEARCH FOR NEUTRINOLESS DECAY
MODES OF THE NEGATIVE MUON. J. H, Bartley,

H. Davies, H. Muirhead, and T. Woodhead (Univ, of Liver-

pool). Phys. Letters, 13: 258-9(Dec. 1, 1964).

An experiment was performed to search for the pro-
cesses yw+Cu—~Cu+e”and y"+Cu-~Cu+e~+7v, No-
event satisfying the criteria for either reaction was found.
From the number of mesons (u™) stopped, the overall detec-
tion efficiencies, and the absence of events branching ratios
of less than 2.2 X 10~ and 7.8 x 1077, respectively, each
.with 90% confidence, are determined. The results are in-
terpreted as an absence of ‘neutral currénts in Strahgehess-
conserving weak interactions. (C.E.S.)
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32989 A SEARCH FOR THE PROCESS u—~e +vy +7.
Bartley, J. H.; Davies, H.; Muirhead, H.; Woodhead, T.
(Univ. of vaerpool Eng.). Phys. Letters. 16: 187(May 15,
1965).

Positive pions were stopped in a plastic scintillator and
the process u = e +y + y was sought during the time inter-
val 100 ns to 5 us following the arrival of the pion. No
events were recorded in the Nal crystals and the scintilla-
tion telescope. An upper limit of 2.4 x 1078 was deduced

for the branching ratioof u —~ e +y +vy relativeto p~ e+
v+ 7. (L.B.S) .

82

7734 RATE OF TRANSFER OF MUONS FROM pu
ATOMS TO THE NUCLEI O OTHER ELEMENTS. Dasi-
ladze, S. G.; Ermolov, P, F.; Oganesyan, K, O. (Joint Inst,
for Nuclear Research, Dubna, USSR). Zh. Eksp. Teor,
Fiz,, 49: 1042-8(Oct. 1965). (In Russian).

The rate of transfer on a negative muon from a pu atom
to the nuclei of carbon, argon, and xenon is measured with a
gas target arrangement filled with hydrogen up to 45 atm,
The transfer rates obtained (referred to the density of nor-
mal liquid hydro, Fen) are Ac= (5.1 £ 1,0) x 101 gec™1; A4 =
(12.0 + 1.9) x 100 sec=! and Ax, = (44.6 + 3.6) x 10" sec™!
can be satisfactorily approximated by the dependence Ay ~
Z. (auth)
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35384 JINR-P~2153) IZMERENIE SKOROST}! PER-
EKHODA MYUONA OT pu-ATOMA K YADRAM DRUGIKH
ELEMENTOV. (A Measurement of the Muon Transition
Rate From a pu-Atom to the Nuclei of Other Elements).
Basiladze, 8. G.; Ermolov, P. F.; Oganesyan, K, 0. (Joint
Inst. for Nuclear Research, Dubna (USSR). Lab. of Nuclear
Problems). 1965. 16p. . Dep.(mn).

The rates of transfer of a negative muon from a pu atom
to nuclei of C, Ar, and Xe were measured, using an ar- ’
rangement with a gaseous target, filled with H to 45-atm
pressure, and scintillation counters. The values obtained
Tor the rates are well fitted by A; = z. (auth)
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16930 (NP-11592(Vol.I)(p.27-35))  PION FRODUCTION
BY POSITIVE PIONS AT 820 AND 900 Mev. R. Barloutaud,
C. Choquet, C, Gensollen, J. Heughebaert, A. Leveque,
J. Meyer, and G. Viale ([France. Commissariat i 1’Energie
Atomique. Centre d’Etudes Nucléaires, Saclay]).

An analysis of scattering events concerning 800~ to 900~

“Mev incident pions observed in a 35-cm hydrogen bubble

chamber is presented. Results indicate but do not confirm
the existence-of T = 2 pion-pion interaction. (J.R.D.) .
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26120 r*-P ELASTIC SCATTERING AT 820, 900 AND
1050 Mev. R Barloulaud, C. Clivquet=Louedec, A. Dérem,
J. Heughebaert, A. Leveque, and J. Meyer {Centre d'Etudes
Nucléaires, Saclay, France). Phys. Letters, 1: 207-8 '
(June 15, 1962), (In English)

Elastic and inelastic cross sections were measured, and
angular distributions in elastic intevactions were deter-
mined at 820, 900, and 1050 Mev. The experiment was per-
formed using a 35-cm hydrogen bubble chamber producing’
a 14700-gauss magnetic field. Calculations and data are
presented in graphical and tabular forms. (L.N.N.)
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10828 TWO-PION RESONANT STATE AT 575 Mev.
Roland Barloutaud, Jacques Heughebaert, Antione Lévéque,

Joao Meyer, and Roland Omnés (Centre d'Etudes Nucleaires,

Saclay, France). Compt. rend., 254: 252-4(Jan. 8, 1962).
(In French)
Evidence is found for-the existence of a diplon (mass
573 + 20 Mev, lsobanc spin 1) by studying the inelastic -
r*-p interaction at =+ energies of 820 900,-and 1050 Mev.
(tr-auth)
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33082 THE 7~ + p —~ 7%+ 7 + n REACTION NEAR THF
THRESHOLD. 1. TOTAL CROSS-SECTIONS AND ANGU-
LAR DISTRIBUTIONS OF SECONDARY PARTICLES.
Batusov, 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 Russian)

Total cross sections for six energy values and angular
distributions of secondary particles from the reaction 7~ *
p ~ 7t + 77+ n, in the energy region 200—300 Mev; wert‘
measured. (auth)
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903
THE CROSS SECTION OF » MESON RECHARGE BY 1r-
MESON IN THE REACTION ANALYSIS 1™+ p—~ 1"+ 1" + N
AT THE ENERGY OF 290'Mev. Yu. A. Batusov, 8. A,
Bunyatov, V. M. Sidorov, and V. "A. Yarba (Joint Inst. for
Nuclear Research, Dubna, USSR). Zhur. Eksptl' .1 Teoret.
Fiz. 39, 506-9(1960) Aug. (In Russian) - .
““Data on -7 interaction cross sections are Labu.lated and
reactions m~ + p— 1~ + 1* + n in the photoemulsion (200
events) are studied. The emulgions were irradiated by a ~
meson beam from a cyclotron; the mean energy of the pri-
mary. r mesons, considering bremsstrahlung in the emul-
slon, was 290 + 16 Mev. The data on -7 scattering S-wave
lengths (in H/ux c units) are tabulated and correlated with
published data. Owlng to discrepancies between the ob-
tained data and various published data, new experiments.
are planned at 240 to 250 Mev. (R.V.J.) -
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47298 (AD=613934) NATURE OF THE RESONANCE
IN THE STATIC PION-NUCLEON SCATTERING IN ONE-
MESON APPROXIMATION. 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 static
p-wave meson-nucleon scattering was studied as a function
of the coupling constant to deduce the nature of the 33-
resonance. It is shown that a dynamical resonance must
occur in association with either a bound state or with at
least-one more p-wave resonance. The possibility of a
kinematical resonance is also discussed and the effective
range formula was derived directly from the dispersion
relation. (auth) - .
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47357 ANALYSIS OF EXPERIMENTAL DATA CON-
CERNED WITH PION-PION SCATTERING. Baton, J. P.;
Regnier, J. (CEN, Saclay, France). Nuovo Clmento (10),
36: 1149-63(Apr. 16, 1965). (In French).

Experimental information concerning the 70 and 7+
elastic scatterings are analyzed with the goal of making -
precise the phase shifts of the first partial waves and in
particular that of the I = 1,1 = 1 state. It is shown that -
the results depend critically on the hypothesis made as to
the connections between the actual 77 scattering and the
observed phenomenon. As an example, two series of phase
shifts are given, one corresponding to the approximation
said to be of the physical region, the other corresponding
to the assumption that the p is a resonance in the I =1,

=1 state. (tr-auth) .
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221

FORMATION OF CHARGE- CARRYING MESONS BY 290-
Mev NEGATIVE PIONS ON HYDROGEN. Yu. A. Batusov.
N. P. Bogachev, 8. A. Bunyatov, V. M. Sidorov, and V. A,
Yarba (Joint Inst. for Nuclear Research, Dubna, USSR).
Doklady Akad. Nauk 8.S.8.R. 133, 62-6(1960) July 1. (In
Russian)

The angular and energy characteristics of secondary
particles from t~ + p — = + r*+nata primary 7 energy
of 290 Mev were studied. The obtained distributions were
correlated with those predicted by the Fermli statistical
theory and the Lindenbaum and Sternheimer isobar model;
good agreement was obtained for the energy distributions.
However, the angular distributions do not agree. (R.V.J.)
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2893
FORMATION OF # MESONS BY POSITIVE 280 Mev PIONS
ON NUCLEI IN PHOTOEMULSION. Yu. A. Batusov, N. P.
Bogachev, V. M. Sidorov, and I. Chullf. Doklady Akad. -
Nauk 3.5.8.R. 123 491-4(1959) Sept. 21. (In Russla.n)
Reacuonsr +p—gt+r* + Nands*+ N—gt+ 2~ +p
in fast » lnl’eracuons with nuclei in photoemulsions were
investigated. The x* + N — »* + 7™ + p reaction cross
sectlon estimated using data on 7~ meson production and
considering the meson absorption in nuclef is equal to
(0.3 £ 0.2)mb. The 7~ + p — 7~ + 7t + N reaction cross
section with the incoming r meson of 280 Mev energy is
equal to 0.1 mb. Three events of n* + p — #* + #* + N and
two events of a* + p — z* + p were observed In 106 spalla-
tions containing at least one r* meson. The cross section
of the puuveases at 280 Mev 18 nearly 10~ cm?. (R.V.J.)
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38012 (JINR-P-2806) DVOINAYA PEREZARYADKA
#"-MEZONOV S ENERGIEI 50-176 Mev V FOTOEMUL'SII,
(Double Charge Exchange of 50- to 176-Mev 7~ Mesons.in
Photo Emulsion), Batusav, Yu. A; Bunyatov, §, A,;

17



18

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.
mna,

Total cross section measurements were made for double
charge exchange of 50 to 176 Mev 7~ mesons in photo
emulsions. (tr-auth) - ,
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9790 ° DETERMINATION OF THE CHARGE-EXCHANGE

CROS8 SECTION OF »r~-MEBONS INTO »-MESONS FROM
THF ANALYSIS OF THE REACTION n~ 4+ p— v+ 2* ¢ n
AT 290 MV, Yu. A. Batusov, B. A. Bunyatov, V. M.
Sidorov, and V. A. Yarba (Joint Inst. for Nuclear Research,
Dubna, USSR). p.79-82 of ‘‘Proceedings of the 1960 Annual
International Conference on High Energy Physics at Roch-
ester, The University of Rocheater, Rochester, N. Y., Au--
gust 26— September 1, 1960."°

The reaction 7~ + p— 7~ + 7* + n wasg studied in order to
test the validity of some of the theories about the amplitude
and cross section of the charge exchange process. Data on
r- interaction cross sections and s-wave scattering
lengths are given. (M.C.G.)
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43273 (JINR-P-2238) DVOINAYA PEREZARYADKA
7-MEZONOV NA YADRAKH Bi, C, Al, 1 Pb, (Double
Charge Exchange of Pions on Be, C, Al, and Pb Nuclei).
Batusov, Yu. A.; Bunyatov, 8. A,; Sidorov, V. M.; Yarba,
V. A, {(Joint Inst. for Nuclear Research, Dubna (USSR).
Lab, of Nuclear Problems). 1965. ' 8p. Dep, mn.

The total cross sections of double 80 Mev z* meson
charge exchange on Be, Al and Pb nuclei and 140 Mev 7~
mesons on Be, C and Pb nuclei were measured. (auth)
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10243 (JINR-P-1837) DVOINAYA PEREZARYADKA
7~-MEZONOV. (Double Charge of n~ Mesons). Yu. A..
Batusov, 8. A. Bunyatov, V. M. Sidorov, and V. A. Yarba
(Joint Inst. for Nuclear Research, Dubna, U.5.5.R. Lab.
of Nuclear Problems). 1964. 5p. Dep.(mn).

A double charge exchange of mesons (r%) at 30 to 80
Mev with 0.5 x 10727 c¢m? nuclear cross section was used
in investigations of double meson (n) charge exchange in
various nuclei. It is shown that the probability of double
charge exchange of mesons (%) increased with an in- :
were related to the primary 40 to 87 Mev mesons thh a
meson (77) double char%e exchange cross section of
(0.09  0.03) x 107" cm?, which is smaller than the cross
section for meson () double charge exchange cross
sections at identical energies. Stars with a small number
of prongs are characteristic of nuclear spallations pro-
duced in meson(n~) double charge exchange. Most of such
stars (85%) have only secondary 7+ meson tracks. The
mean number of charged particles per one star (not
counting mesons (7} and electrons) is 0.18. A correspond-
ing number of stars in double charge exchange of mesons
(n%) is 1.65. A picture of typical events of n* and 7~
double charge exchange in nuclear emulsions is included.
(R.V:1.)
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. 4007 (JINR-E-2774) - *He PRODUCTION IN NEG-

ATIVE PION CAPTURE BY CARBON AND OXYGEN NU- °
CLEI. Batusov, Yu, A.; Bunyatov, S. A.; Sidorov, V. M
Yarba, V. A. (Joint Inst. for Nuclear Research, Dubna
(USSR). Lab, of Nuclear Problems). 1966. 8p. Dep.
mn,

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

cmulsion.. The probability of aHe production is (2-3) 10-¢.
The mass of 8He was measured to My, = (7481.3 = 0. 9)
Mev. (auth)
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44770 8He PRODUCTION IN NEGATIVE PION CAP-~
TURE BY CARBON AND OXYGEN NUCLEIL 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 ®He production and decay in negatxve pion
capture by carbon and oxygen were detected in photo-
emulsion. The probability of ®He production is (2—3) x
107¢, The mass of *He was measured to be 7481.3 + 0.9
Mev. (auth)
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10016 (JINR-P-1823) REAKTSIYA 1r"p'—- tr™n
VBLIZI POROGA. 1. POLNYE SECHENIYA, UGLOVYE
RASPREDELENIYA VTORICHNYKH CHASTITS. (The
Reaction 7~p — n*1~n Near the Threshold. I. The Total
Cross Sections, Angular Distributions of Secondaries).
Yu. A. Batusov, 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. 1lp. Dep.(mn)

The total orcas sections have been medsurad far six
values of energy, in addition to measurements of the angu-
lar distributions of secondaries, from the reaction n~p —
**1n in the energy range of 200 to 300 Mev. (auth) .
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8138 (JINR-P-1838) REAKTSIYA rp— z*r™n
VBLIZI POROGA Il SPEKTRY EFFEKTIVNYKH MASS
~ I mtn-SISTEM. OPREDELENIE DLIN g-2-RASSEY-

ANIYA V. S-SOSTOYANII. (The Reaction n~p — r*7™n Near
the Threshold. II. The Effective Mass Spectra for r*x~ and
7¥tn- Systems. A Determination of r7 Scattering Lengths in
the S-State). Yu. A. Batusov, 8. A. Bunyatov, V. M. Sido-
rov, and V. A. Yarba (Joint Inst. for Nuclear Research,
Dubna, U.S.8.R. Lab of Nuclear Problems). 1964. 10p.
Dep.(mn). .

The mass spectra of (x*77) and (7*n) systems from the
reaction 7"p — #7*r7n in the 280 to 350 Mev energy range
are investigated. The analysis of the energy and angular
distributions of secondary particles with an accuracy up to
the linear terms in relative momenta shows that the differ-
ence between the (n7) scattering lengths is equal to +(0 254
0.05) h/uc. (auth)
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33070 THE n"p - n*n~n REACTION NEAR THE
THRESHOLD AND #r-INTERACTION. Batusov, Yu. A;
Bunyatov, S. A.; Sidorov, V. M.; Yarba, V. A, (Joint Inst.
for Nuclear Research Dubna, USSR) Yadern. Fiz., 1:
687-92(Apr. 1965). (In Russian)

The n*n~ and n*n-systems mass spectra from the reac-
tion 7p — 7*r~n were investigated. The energy and angu-
lar distributions of secondary particles were analyzed with
accuracy up to linear terms in the relative momenta, and
the difference of the lengths ay—ap for nr- acatterlug was
found to be +(0.25 + 0.05)fi/uc. (auth)
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9284 THE r~ + p— 7" + 7~ + n REACTION AT AN
ENERGY 240 Mev, AND nr-INTERACTION. Yu. A. Batu-
sov, S. A. Bunyatov, V. M. Sidorov, and V; A. Yarba (Joint
Inst. for Nuclear Rescnrch,ﬁubna, USSR). 2h. Eksperim.
i Teor. Fiz., 43: 2015-18(Dec..1962). (In Russian)

The mass spectrum of a n*r~ system is investigated in-
‘the 280 to 350 Mev energy range. The spectrum is shifted
with respect to phase volume towards large mass values,
but no peculiarities of a resonance hature have been ob-
served. Some arguments are presented to prove that the
cause of the spectrum shift is rr interaction in the final
state. Possible causes of appearance of the anomaly in r-
meson formation inthe p + d — He® + 7 + 7 reaction are
discussed. (auth) - ' ’
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9788 PRODUCTION OF CHARGED MESONS BY' 245
*MeV 7~ 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 ‘‘Proceedings
of the 1960 Annual International Conference on High Energy
Physice at Rochester, The University of Rochester, Roch-
ester, N. Y., August 25— September 1, 1960.”*

Preliminary results of a study of the reaction ~ + p—
7% + 7” + n at a primary meson ‘energy of 245 + 15 Mev are
glven. Momeiitum and angular distributfons were compared
with data obtained at 290 Mev. (M.C.G.)
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9789 PRODUCTION OF CHARGED MESONS BY 290
MeV r~-MESONS ON HYDROGEN. . Yu. A. Batusov, S. A.
Bunyatov, V., M. Sidorov, and V. A. Yarba Jolut Inst. for
Nuclear Research, Dubna, USSR). p.76-8 of *‘Proceeding®
of the 1960 Annual International Conference on High Energy
Physics at Rochester, The University of Rochester, Roch-
ester, N. Y., August 25—September 1, 1960.”

Momentum spectra and angular distributions were deter-
mined for the reaction =~ + p— 1% + 77+ n at 290 + 15
Mev. Results were compared to calculations made accord-
ing to the statistical theory and the isobar model. (M.C.G/
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6038 INVESTIGATION OF LOW ENERGY #*n~ INTER-
ACTION BY THE CHEW AND LOW METHOD. Yu. A.
Batusov, S. 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(Oct. 1963).
(In Russian)

The 7~ + p— n* + 1~ + n reaction in the 210- to 310-Mev
range is analyzed. For events involving small momentum
transfer to nucleons, the experimental data are linearly
extrapolated to the nonphysical region by the Chew and Lo+
method, The 7* + #~ — #* + n” elastic scattering cross s«
tion,for w? = 4—7 obtained by linear extrapolation is 34 #

9 mb. (auth)
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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.
(Institut 'reoreticheskol 1 EkSpenmental noi Fiziki). 1962.
12p. e

Momentum transfer as a function of energy was studled 3-,
for pion-nucleon, nucleon-nucleon, and antiproton-proton
scattering. An expression for the four-mormentum transfer -
function was obtained from a cross 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 are graphically displayed.
(D.c.W.) '
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30875 SPARK CHAMBER WITH SMALL NUMBER OF
"OBSTACLES ALONG PARTICLE TRAJECTORY. Yu. D.
Bayukov, G. A. Leksin, D. A, Suchkoy, and.V. V. Telenkov.
Pribory i Tekhn. Eksperxm No. 2, 45 ~H{Mar.-Apr 1963).
{In Russian) -

A spark chamber and its high-voltage supply system are
described. The chamber is part of an arrangement for the
detection of secondary mesons in the reaction 7~ + p—
77+ 1" + n. The main feature of the chamber is the small

*number of obstacles along the particle trajectory. The
chamber electrodes were made of aluminum foil of 7 u
thickness and formed four spark gaps. The chamber works
well with meson’ (1) beams. (tr-auth)

_ N\
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21323 POLARIZATION IN »n~-p SCATTERING BE-
TWEEN 500 AND 940 Mev, ' E. F. Beall (Univ. of Califor-
nia, Berkeley), B. Cork, P. G. Murphy. W. A. Wenzel,

2. M. P. Johnson, and L. J, Koester, Jr. Phys. Rev,, 126:
1554-60(May 15, 1962).

- A graphite-plate spark chamber has been used to analyze

\ - 19
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the polarization of protons recoiling from n~-p scattering.
The observations were made at 90° (cm system) pion scat-
tering angle for seven incident pion energies between 500
and 940 Mev, at 120° or 135° for five energies in this inter-
val, and also at 75° for 500 Mev only. The results are com-
pared with predictions of several models used to explain
the maxima in the n~-p scattering cross section. Qualita-
tive arguments show that the energy intervals between
these maxima are not completely dominated by neighboring
single-state resonances. Phase shifts found to be large in
scattering also seem to be large in polarization. (auth)
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26555 . (ORNL~3582(p.130)) WAVE FUNCTIONS FOR
MUON CAPTURE IN THE HYDROGEN Mu-MOLECULAR
ION. R. L. Becker (Oak Ridge National Lab., Tenn.).

In order to determine the coupling constants for the
muon capture interaction from experimental capture rates
in liquid hydrogen, an accurate muon wave function in the
P — u— p molecule is needed. A calculatlon is des(.nbed
(auth)
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23704 ELECTRON AND  MEASUREMENTS IN A
HEAVY LIQUID BUBBLE CHAMBER. L. Behr and '
P. Mittner (Ecole Polytechnique, Paris). Nucl. Instr.
Methods, 20: 446-7(Jan. 1983). . (In English)

A method is described for determining the. energy of

electrons by curvature, based on simple trajectory param-

eters, the total length and the sagitta (measured at the
middle pnint). The effect of bremsstrahlung on sagitta
measurement is analyzed. Measurement of thc momentum
and mass of a 7 is discussed briefly. (A.G.W.)
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16242

ON THE APPLICARILITY OF FERMI-TELLER 9% LAW?
TO URANIUM CONTAINING PHOTOEMULSION. G. E.
BelovetskiY (Lebedev Inst. of Physics, Academy of Sci-
ences, USSR). Zhur. Eksptl’, i Teoret. Fiz. 38, 658-60
(1960) Feb. (In Russian)

" Experimental studies were made of uranium fxsslon by
glow 7 mesons in order to verify- the previously obtained
Py value of 0.18 to 0.5. Evaluations of Py with various as-
sumptions show that 7-meson capture by various atoms in
emulsions containing uranium has a tendency.to follow the
Fermi-Teller law. 200-u NIKF-B photoplates filled with

uranyl acetate were used in the experiments. The ‘number -

of uranium nuclei was determined by a emission. The ad-
mixture of 4~ mesons was equal to 20%. The P; of ura-
nium nuclet by u~ mesons did not exceed 3% and was in-

. corporated in the ftnal results., The results show that the
probability of z-meson capture has a tendency of following
the “Z law* in proportion to the number of atoms. The

data hold also for other mesons as atomic shell capture of

mesons does not depend on the properties of the mesons.
Consequently, the data obtained correlated with published
data indicate that the probability of meson capture by vari-
ous atoms in heterogeneous media depends on the structure
of the medium. (R.V.J.) -
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39211 (JINR-P-2842) IDENTIFIKATSIYA ZARYA~
ZHENNYKH CHASTITS PO IONIZATSII I -ELEKTRONAM
V PROPANOVOI PUZYR'’KOVOI KAMERE. . (Identification
of Charged Particles Ly Iunization and 6-Electrans in a
Propane Bubble Chamber). Bem, Ya.; Grishin, V. G.;
Kriventsova, A. G.; Muminov, M. M.; Trka, Z. (Joint
Inst. for Nuclear Research, Dubna (USSR). Lab. of High
Energy). 1966. 13p. Dep: mn.

The results of ionization measureinents of positive
particles in a 24-liter propane chamber are given. It is
found that fur the particles with pc = 1 Bev, by this
method it is possible to distinguish between protons and
7+ mesons. A computer program is worked out and the
method of the identification of the particles with pc =1
Bev by & electrons is tested.. The ranges of electrons
and positrons with E = 8 Mev in propane are calculated.
(auth)
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16223

BEARCH FOR AN ELECTRIC DIPOLE MOMENT STRUC-
TURE OF THE. MUQN. David Berley and George Gidal
{Columbia Univ., New York). Phvs. Rev. 118, 1086-91
(1960) May 15. —

A search was made for an electric dipole momeat in the
muon with a sensitivity of 9.1% of a muon Compton wave-
length times the electrunic charge. The motivation for
this Luvesligation fu provided by the interast in {inding

. some property of the muon which would indicate a structure

different from that of the electron, even though such a
structure would violate both parity conservation and time
reversal invariance. The muons pass through the fringe
field of the cyclotron and an additional system of magnets
producing an electric field in their rest frame. Any elec-
tric dipole moment would precess about this field produc-
ing a vertical plane component of spin transverse to the
momentum. This {s detected by measuring the electron
asymmetry in the plane perpendicular to the momentum.
The absence of such a component within the stated
sensitlvity gives an upper limit to the electric dipole mo-~
ment of the muons as 2 x 10" cm x the charge of the elec-
tron. (auth)
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39780 77-p INTERACTIONS AT 775 Mev. Bertanza, .
L.; Bigi, A.; Carrara, R.; Casali, R. (Univ., Pisa, Italy.
Isuluto I\azionale de Flsica Nucleare, Pisa, Italy) Nuovo
Cimento (10), 44A: 712-25(Aug. 1, 1966).

The interactions of 775 Mev (kinetic energy) 7 mesons



in a hydrogen- bubble chamber were studied. Total and

* partial cross sections were determined with the following
results: o (total) = (39.0 £ 1.6) mb, o (elastic) = (14.8 = 0.7)
mb, ¢ (77 + p —.all neutrals) = (9.0 = 0.5) mb, o (7" +p =
a7+ 7+ + n) = (9.8 0.5) mb, anda(njp-n +p+nl =
(4.8 = 0.3) mb. The elastic-scattering angular distribution
was fitted with a Legendre polynomial series terminated at
the {ifth order. Various angular and effective-mass distri-
butions of single-7 production are presented and discussed
in terms of the Olsson-Yodh and O.P.E. models. (auth)
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15592  A’-X° PRODUCTION BY PICNS ON PROTONS.
L. Bertanza, P, L. Connolly, B. B. Culwick, F. R. Eisler,
T. Morris, R. Palmer, A. Prodell, and N. P. Samios
{Brookhaven National Lab., Upton, N. Y.). Phys. Rev. -
Letters, 3: 332-5(Apr. 15, 1962). '

In the Brookhaven 20-in. hydrogen bubble chamber, p—7~
interactions at 775, 791, 829, 871 Mev were observed in
the form 7~ + 5 — A" + K%, in which A - 7~ +p and K* —
7~ + 7. Cross sections, angular distributions, and polar-
izations of A’ as 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 at 829
Mev but was consistent with zero at 871 Mev. A AK reso-
rance with mass ~1650 Mev was suggested. (L.N.N.)

116

25504 THE INDUCED PSEUDOSCALAR AND TENSOR
COUPLINGS IN THE PROCESS u~ + He — 3H + v. A. Bietti
(California Inst. of Tech., Pasadena). Nuovo Cimento (10).
37: 337-41(May 1, 1965).

The induced pseudoscalar and tensor coupling constants
in the process u~ + ’He — %H + v are calculated and com-
pared with the Goldberger- Treiman relations. The calcula-
tions take into account the Gaussian and Irving wave func-
tions. (C.E.S))
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39348 (NP-15089) ETUDE DES EFFETS-QUADRU-
POLAIRES SUR LES NIVEAUX D'ENERGIE DANS UN
ATOME DE MANGANESE u-MESIQUE (thesc).: (Study of
the Quadrupolar Effects on the Energy Levels in a u-Mesic
Manganese Atom (thesis)). Berthier; Louis -(Lyon Univ.
(France)). June 1965. 36p. Dep. (mn)

The energy levels of the p-niési¢ atom caused by the
monopolar potential are calculated for the case of a7
manganese atom that has captured a negative u meson.

It is shown that the existence of a quadrupolar potential
-causes a modification of these.calculated energy levels.

‘This perturbation is a method that can be used to define
the size of the quadrupole moment of the nucleus. (J.S.R.)
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9391 DETERMINATION OF THE u~ TOTAL CAPTURE
RATE IN LIQUID HYDROGEN. E. Bertdlini, A. Citron, -

G. Gialanella, S. Focardi, A. Mukhin, C. Rubbia, and S. Sa-
poretti (Istituto Nazionale di Fisica Nucleare, Rome and
Bologna and CERN, Geneva). p.421-3 of ‘1962 Interna-
tional Conference on High-Energy Physics at CERN.”’
Geneva, European Organization for Nuclear Research, 1962.
The total u~ capture rate in liquid hydrogen was meas-

ured in a hydrogen bubble chamber. The result was Ry, =
420 + 76 sec™!. (A.G.W.)
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31012 (TID-21806) A MEASUREMENT OF THE
BRANCHING RATIO FOR PION-EETA DECAY: R =
(r* = 7%+ e* + yo)/(n* = u* + v)) (thesis). William
Keith Bertram (Michigan Univ., Ann Arbor). [1964].
Contract AT(11-1)-1112, 57p. Dep.(mn); $3. 00(cy)‘
2(mn) CFSTI.

The pion beam is discussed, mcludmg beam optxcs and
determination of electron and muon contamination. The
detection system is described in detail, considering the . -
scintillator-spark chamber gamma detectors, the beam’,
counter telescope-and spark chamber to record the stop-.
ping pion; the optical system for viewing and photographing
the spark chambers, and the fast electronics and oscillo-
scope with camera to record the timing between the stop-
ping pion and the gamma pulses from the n% decay. About
40,000 pictures were taken during two experimental runs.-
The processes used for data scanning and reconstruction,
correcting for detection efficiency, gate efficiency, effec-
tive number of stopping pions, and scanning efficiency, and
background subtraction are described. The branching ratio,
caleulated using 35 + 3 events, was found to be (1.10
0.26) x 1078, in agreement with the CVC and Cabibbo pre-
dictions and with other experimental results: (M.J.T.) -
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15042 (NYO-2243) MEASUREMENT OF THE ‘‘ISO- *
TOPE EFFECT” IN THE NUCLEAR CAPTURE OF NEGA-
TIVE MUONS BY CHLORINE AND INVESTIGATION OF
THE VALIDITY OF THE FERMI-TELLER “Z-LAW"’ IN
AgCl. (thesis). Walter J. Bertram, Jr. (Carnegie Inst. of
Tech., Pittsburgh). Sept. 1960. Contract AT(30~1)-882.
55p. A o

Negative muons were used to-study some of the interac-
tions of these particles in various materials. Information
on the interactions was obtained by analysis of the time
distribution of the electrons resulting from the decay of
muons brought to rest in the matérial. The isotope effect
in the nucleary capture of negative muons was studied in
separated isotopes of chlorine. The ratio of the capture
rates in the two stable isotopes was determined to be
AACIN/A(C1%% = 0.694 + 0.034. This effect is larger
than that of the ratio of 0.782 predicted by the general the-
ory of Primakoff. Studies were also made of the validity
of the Fermi-Teller Z-law, which predicts the probability-
of a negative meson becoming bound to a particular atomic
species when the mesons are brought to rest in a chemical
compound. These studies indicate that in AgCl, the muons.
are captured in equal numbers by the Ag and Ci atoms and
not in the proportions predicted by the Z-law. The life-
times of negative muons were measured in Ag, Cl, and F

£1
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and found to be 91.5 £ 2.3 nsec, 0.437 + 0.022 usec, and
1.217 + 0.080 usec, respectively. (D.L.C.)

1131
20836

OBSERVATION OF 'I'HE *“ISOTOPE EFFECT” IN THE NU-

CLEAR CAPTURE AOF NEGATIVE MUONS BY CHLORINE,
W.J. Bertram, Jr., R. A, Reiter, T. A. Romanowski ‘and
R, B. Sutton (Carnegxe Inst. of Tech., Pittsburgh) Phys.
Rev. Letters 5, '61-2(1960) July 15, :

The isotope effect in meson (u™) capture by chlorine
‘{sotopes was deteérmined with the following experimental
arrangement: a 43-Mev u~ beam from the CIT synchro-
cyclotron was passed through an aperture into H'elmholtz
coils containing enriched AgCl targets. Megons (u™) and
electrons stopped in the target were indicated by a setup of
coincidence-anticoincidence counters. The data were ana-
lyzed on an IBM-650 computer, giving disappearance rates
of 22.54 % 0.52 x 10° and 17.03  0.49 x 10° sec™ and cap-
ture rates of 18.02 + 0.49 x 10° and 12,51 + 0.52 X 10° sec™
for mesons (u7) in C1% and Cl". respectively. This gives
a ratio of capture rates of 0.694 + 0.034, confirming the
theoretical expectation of a- strong isotope effect in meson
(1) capture. (D.L.C ) o :
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40280 DO NEUTRINGS INTERACT BETWEEN THEM-,

SELVES? Z. Bialynicka-Birula (Inst. of Physics, Warsaw).

Nuovo Cimento (10), 33: 1484-7(Sept. 1, 1964),

The question of whether present experimental data aliow
for the existence of interactions between neutrinos much
stronger than their weak interactions. It 1s found that such
interactions even if they were 10° times stronger than weak
interactions could not be détected with the present experi-
mental accuracy. The existence of Fermi-type -interactions
between various neutrinos is assumed. The influence of
such an interaction on the properties of several processes
is investigated. The meson (u) decay, meson (r*) and (K*) -

.decay into a2 meson (u) and three neutrinos, and the prqdué-
tion of electrons by meson (u)-associated neutrinos on nu-
cleons are considered. The comparison of the theoretical

calculations with experimental result$ gives the uppér limit*

- for the coupling constant in t.he assumed neutrino interac-
tion. (C.F.S.}
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34915 SPECTRUM OF SMALL BURSTS CREATED -
BY u-MESONS AT THE DEPTH OF 200m w.e. UNDER-
GROUND. Bibilashvili, M. F.; Barnaveli, T. T.; Grubel~
ashvili, G. A.; Muradova, N. A, (Inst. of Physics, Acad-
emy of Smences TbthSl 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 (u). Such a
calorimeter containing five rows of spark chambers sepa-

rated with lead filters was placed underground at a depth
of 200 mwe. Each chamber was filled with neon of high
purity at a pressure of one atmosphere. - The obtained inte~
gral spectrum of bursts can be descnbed by an exponential
law with the exponent y = -2.3*§:4. (J.F.P.)
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12433 " (NEVIS-102) THE SCATTERING OF 6-24 MEV
NEGATIVE PIONS BY HYDROGEN. Enid Bierman (Colum~
bia Univ., Ir‘.'mgton-on-Hur‘snn N. Y. Nevis Cyclotron
Labs.). Feb..1962. Contract AT(30-1)-1932. 29p.

The eoattering of negative pions at laboratory energies
between. 6 and 24 Mev was observed in a liquid H bubble
chamber. The energy of each scattering was deduced from
the ranges and angles of the scattered pion and recoil pro-
ton. Flux was measured hy direct count of tracks of
stopped pions. A maximum likelihood analysis was per-
formed treating the strength of the small P-wave ¢ontribu-
tion as known. Based on 246 scattering events at a median
‘energy of 13 Mev, the S‘—wnveAsoattering length a = (20 +
@3)/3n is found to be 0.090 + 0.005 when the large Coulomb
contribution is assumed to be the non-relativistic ampli~
tude for pure Coulomb scattering. Results are also pre-
sented with further Coulomb corrections. Values of o are
computed from the combination of this experimental result
with experiments on 7% —p scattering. (auth)
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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: 351-3(May 15, 1963).
(In English)

Measurements of mesons (n7). stopping in liquid hydro-
gen are reported.. The mean time for the meson (r™) to go
from v/c = 0.006 to nuclear capture is found to be (2.0
0.6) x 107" gec. The depth of the decay point, the meson
(u) range, and the decay angle, together with their errors,
are calculated. (C.E.S.)
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19338 ASYMMETRY PARAMETER OF NEUTRONS
AND TRITONS FROM THE CAPTURE OF POLARISFN i~
IN ‘He. A. Bietti (Universitd, Rome and Instituto Nazionale
di Fisica Nucleare, Rome). Phys, Letters 4: 63-4(Mar. 1,
1963). (In English)

The asymmetry parameters of the recoil nuclei and lhe
emitted neutrons were measured for polarized mesons (u)
capture by spin zero nuclei, in u~+ He' = H ¢+ n + 1. The
triton and neutron spectra give information about the
coupling constants of the process, the pseudoscalar term,
and the wenk magnetism term. (C.E.8))
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6533 DIFFERENTIAL CROSS-SECTION OF THE ™~ +
p — =° + n PROCESS AT 930 Mev. A. Bigi, R, Carrara,
and D. Zancllo (Universitd, Pisa, It ly; Istituto Nazionale
de Fisica Nucleare, Pisa, Italy; and Scuola Normale Supe-
riore, Pisa, Italy). Nuovo Cimcnto (10), 34: 878-82 '
(Nov. 16, 1964). ’

A bubble chamber study of m-p charge-exchange scatter-

ing at 930 Mev is reported. The forward differential cross-

section is derived and compared with the resuit obtained on
the basis of dispersion relations and the charge-indepen-
dence hypothesis. Satisfactory agreciment is obtained. (auth)
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19104 = MEASUREMENT OF g/m FOR MUONS.
G. McD. Bingham (Univ. of California, Berkeley). Nuovo
Cimento (10), 27: 1352-8(Mar. 16 1963) (UCRL-10346)
(In English)

A free-running "muon stroboscope’’ was used to meas-
ure the ratio of the precession frequencies of muons (f)
and protons (fp) in water for the same magnetic field. The .
stroboscope frequency was 200 Mc. The results obtained .
were: positive muons stopping in bromoform (f/f)* =
3.18336 & 0.00007, and negative muons stopping in water .
{f/f)f,0 = 3.1808 '+ 0.0004. The first ratio was assumed to .
be also that of the free particles and led to the following .
values for (g/m)"‘ and m*: (g/m)* = (9.6840 + 0.0002) x.-
107* m7?, m* = (206.766 + 0.005) m, where m, = the elec-
tron mass. A diamagnetic correction was applied to the
second ratio and an equivalent value (g/m)H,o was obtained
for negative muons stoppmg in water: (g/m)on = (9.6760 =
0.0013) x 10~ m7!. Assuming equal masses for positive .
and negative muons, & (H,0) - gh/g* =-(8.3 + 1.9) x 1074,
Analyzmg and correcting the experimental results, m *=
(206.765 + 0.002) m and (g (H,O) gh/g* =-(8.9 £.0.8) x
107, (auth) - '
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28654  SCATTERING OF COSMIC RAY MUONS BY
LEAD AT A MOMENTUM BETWEEN 200 AND 1500 Mev/c.
G. Bizard, J. Duchon, J. Milliard, J. P. Patry, M. Scherer,
and J. Sequinot (Faculte des Sciences, Caen, France). - Nucl.
Phys., 56: 385-93(Aug. 1964). (In French)

Results on muon scattering 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. Resulis are in better ‘accord with
Olbert’s theory than with Moliére’s. (auth)
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42715 EXPERIMENTAL DETERMINATION OF THE
TOTAL CAPTURE RATE OF NEGATIVE MUONS IN ‘He.
R. Bizzarri, E, Di Capua, U. Dore, G. Gialanclla,

P. Guidoni, and I. Laakso (Universitd, Rome and Istituto
Nazionale di Fisica Nucleare,' Rome). Nuovo Cimento (10),

33: 1497-1508(Sept. 16, 1964).

The total rate for nuclear capture of ncganve muons in
‘He was measured in the liquid-helium bubble chamber. A
rate of (336 + 75) ™' is obtained in agrecment with the
theoretical predictions. The nuclear recoil spectrum from
930 captures of negative pions is also'given. (auth)
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9579 A MEASUREMENT OF u~ TOTAL CAPTURE

,.RATE IN He R. Bizzarri, E. Di Capua, U. Dore, G. C.

Gxalanella, P. Guidoni, and L. Laakso (Universiti, Rome

and Instituto Nazionale di Fisica Nucleare, Rome). Phys.
Letters, 3: 151-2(Dec. 15, 1962), (In English)

The total capture rate of u~ mesons in He' has been -
measured with a slow, high-purity muon beam and a helium
bubble chamber. The range spectrum of nuclear recoils is -
given for the events and compared to recoils from ™ stars.
When corrected for 7~ contamination, the number of muon
captures in the events was determined. The capture rate
obtained is 950 + 90 sec™, in good agreement with theory.

(H.D.R.)
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1661 A MEASUREMENT OF u~ TOTAL CAPTURE
RATE IN He®. R: Bizzarri, E. di Capua, U, Dore, G. Gial-
anella, P. Guidoni, and I." Laakso (Universiti, Rome and
Istituto Nazionale di Fisica Nucleare, Rome]. - p.21-23 of
‘‘Proceedings of the Sienna International Conference on
Elementary Particles. Vol.-L”’ Bologna, Societa Italiana
di Fisica, 1963.. '

The total capture rate of y~ mesons in ‘He was measured
by exposing the Rome University liquid He bubble chamber
to the CERN slow u~ beam. Scanning of the pictures gave
123,000 decays and 304.non- decaying stopping tracks. After
subtraction of 7~ background, a capture rate of 340 + 65 s~!
was obtained. Studies of proton background still in progress
may result in a2 small correction. (A.G.W.) .
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42732 ISOTOPIC EFFECTS IN THE X-RAY SPEC-
TRUM OF MUONIC ATOMS OF Ca'® AND Ca¥%. J. A,
Bjorkland (Argonne National Lab., IiL), S. Raboy, C. C.
"Trail, R. D. Ehrlich, and R. J. Powers.  Phys. Rev., 136:'
B341-6(Oct. 26, 1964).

. The 2p — Is transitions in muonic atoms of “Ca and 4°Ca
were compared by use of a Nal(Tl) scinti]lation spectrome-
ter with an anticoincidence annulus of Nal(T1). It was found
that the energy of the 2p — ls transition in ‘*Ca 1s 0.9+03
kev greater than that in “Ca. ‘(authy.
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34552 . RESULTS OF A SEARCH FOR r*-r~ RESO-
NANCE IN THE DIPION MASS REGION 280-350 Mev.
I. M. Blair, G. Conforto, C. Rubbia, G. Torelli, and
F. Zavattini (CERM, Geneva). Pliys. Lellers, 11t 79-

23



24

. 82(July 1, 1964).

An expenment is descnbed for mvesngatmg the effects
of the 7-T7 final-state interaction in 7~ + p— %t + 7 -+n
at-285 Mev. The (%, %) meson (7)-nucleon resonance was
eliminated by event selection. Triggered spark chamber
photographs were used in the analysis. The existence of
the wapc (O**) resomance is. included. (R.E.U.)
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775 : A_MEASUREME—NT OF THE CAPTURE RAT’E
OF NEGATIVE MUONS IN VARIOUS ELEMENTS. I. M.
Blair, H. Muirhead, and T. Woodhead (Univ: of Liverpool).
Proc. Phys. Soc. (London) 80: 945-6(Oct. 1, 1962).

A measurement of the lifetime and capture rate of nega-
tive muons in various elements is reported. The timing
system was calibrated in terms of the accurately known
positive muon lifetime. The values obtained are in reason-
able agreement with previous experimental data, and have
a comparable accuracy. {(auth)

136

‘774 THE EFFECT OF ATOMIC BINDING ON THE
DECAY RATE OF NEGATIVE MUONS. 1. M. Blair,
H. Muirhead, T. Woodhead, and J. N. Woulds (Univ. of
Liverpool). Proc. Phys. Soc. (London), 80: 938-44(Oct. 1,
1060), o
A measurement of the decay rate of bound negative muons
in several elements ranging from vanadium to lead is re-
ported. The results are given as a fraction of the free ’
decay rate. They contradict the anomalously high values
previously obtained in the iron region by other workers,
and are also in better agreement with recent theoretical
predictions for the heavy elements. (auth)
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39779 SEARCH FOR A RESONANT -1 INTERAC-
TION IN THE PROCESS n~p — n+r—n NEAR THRESHOLD.
‘Blair, I. M.; Torelli, G.; Zavattini, E. (CERN, Geneva).
Nuovo Clmenio (10), 44A: 0T1-97(Aug. 1, 1966).

The 7-7 interaction in the final state of the process 7~p —~
7+77n was investigated at an incoming kinetic energy of 276

-Mev. No rcsonant behavior was found in the invariant-mass-

range examined ((280 to 350) Mev)..The 7-7 mass distribu-
tion is discussed and compared with other experlmenul and
theoretical results. (auth) .
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15583 MUON CAPTURE IN LIQUID HYDROGEN.
E. Bleser, L. Lederman, J. Rosen, J. Rothberg, and
E. Zavattini (Columbia Univ., New York). Phys. Rev.’
Letters, 8: 288-90(Apr. 1, 1962).

The reaction y~ + p — n + v was studied; u~ 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 (pup)*
molecular ion state was dominant over the up atom in the
1s state. (L.N.N.)
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10892 1#-MESONIC MOLECULES IN LIQUID HYDRO- -
GEN. E. Bleser, L. Lederman, J. Rosen, J. Rothbexg, )
and E. Zavattini (Columhia Univ., New York),: Phys. Rev.
Letters, 8: 128-31(Feb. 1, 1962).

Muon catalysis of the reaction p +d — Hed + Q (5.4.Mev)
is studied in order to ahtain information. on the reaction
p~ +p— n + v inliquid hydrogen. Observation of the molec-
ular systems pup-and ppd and measurement of the fusion ’
rate initiated in-an s state are thus facilitated. The yield of
fusion y from pure hydrogen is measured as a function of
time relative to u stopping at six D concentrations. (L.N.N.)
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13666 .~ (NYO-9280) EXPERIMENTS ON THE ABSORP~
TION OF POLARIZED NEGATIVE MU MESONS BY C;
Berpard L. Bloch (Carnegie Inst. of Tech., Pittaburgh).
Nov. 1960. Contract AT(30-1)-882. 90p. B

) .E)'(per-lmenta performed In an effort to supply evidence
for the universality of the' V-A theory In weak nteractions
and for ihu law of conservation of leptonn arn deaoribad,
In the first part, the production rate of B by the absorp-
tion of negative y-mesons in carbon was measured. From.

) the amplitudes of the muon decay curve and the boron de-

cay curve, 'the rate ‘'was calculated to be (5.8 + 1.3) x 108
sec!, In agreement with the hypothesis of a universal V-A
t_heory In the second part, an attempt was made to meas- -
ure the helicity of negative u mesons by stopping longitudi-
nally polarized muons i{n a carbon target and observing the
electron agymmetry in the S-decay of the spin~1 B'?, Tne
resulta of this part were luconclusive, a consequence at- -
_tributed to a short boron thermal relazation time. (auth)
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1662 EXPERIMENTAL CAPTURE RATE FOR MUONS
IN Het. M. M. Block (Northwestern Univ., Evanston, I11.).

T. Kikuchi, D. Joetke, M. Schneeberger, C. R. Sun,

R. Walker, G. Culligan, V. L. Telegdi, and R. Winston.
p.26-9 of **Proceedings of the Sienna Intcrnational Con-
ference an Elemeéntary Particles. Vol. I.”’ Bologna,
Societa Italiana di Fisica, 1963. '

A muon beam obtained by converting the internal 400-Mev
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 103 y~ decays and 108 captures in the
‘He. The capture rate obtained was 364 + 46 sec™!. This
result is consistent with other experiments within quoted
errors. (A.G.W))
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26524 (BNL-837(p.309-13)) . EXPERIMENTAL CAP-
TURE RATE FOR MUONS IN He'. M. M. Block, T. Kiku-
chi, D. Koetke, M. Schneeberger, C. R. Sun, R. Walker
(Northwestern Univ., Evanston, I11.); G. Culligan, V. L.
Telegdi, and R. Winston (Chicago'. Univ. Enrico Fermi
Inst. for Nuclear Studies). o '

The branching ratio of nuclear capture to decay of nega-
tive' muons stopping in a liquid helium bubble chamber was
measured. The capture rate is found to be 368 + 46 sec™!.
(M.J.T.) -
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43356 MODERATION AND CASCADE TIMES OF
NEGATIVE PIONS AND NEGATIVE KAONS IN LIQUID
HELIUM. Block, M, M,: Kopelman, .I. B.; Sun, C. R.
(Northwestern Univ., Evanston, I11.). Phys. Rev., 140:
B143-52(Oct. 11, 1965),

Measurements were made of the mean moderation times
THe(vA) and T,"\‘ (va), spent by n~ and K-, respectively, in
atomic orbits before nuclear capture in the Northwestern
helium bubble chamber, it was necessary-to resolve the
velocities of n~ (or K-) down to v & 0,02¢. The resolution
was cbtained in the pion case by measuring the y~ range
from g=-p~..c~ decays and in the kaon case by the kinematic
analysis of the r-decay mode. The following results are
obtained: TH¢(0.02c) = (3.19 + 0.23) x 10-1° sec, and Tie
(0.02¢) = (2.4 + 0.4) x 10-1% sec. These measured timés are
two orders of magnitude longer than that predicted by Day
assuming dominant Stark effect and thus S-state capture.

A recent calculation by Russell reduces the rate of Stark
effect yet predicts cascade times still five times shorter
than our experimental values. Thus the angular-momentum
states of K- capture in liquid helium, whose determination
was the motivation for the present experiments, are still
unknown without a detailed understanding of the de-excitation
mechanism of the K-mesonic atom. (auth)
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901 ° . MODERATION TIME FOR NUCLEAR CAPTURE
OF NEGATIVE PIONS IN LIQUID He'. M. M. Block
(Northwestern Univ., Evanston, I11.), T. Kikuchi, D. Koetke,
J. Kopelman, C. R. Sun, R. Walker, G. Culligan, V. L.
Telegdi, and R. Winston. Phys. Rev. Letters, 11: 301-3
{Sept. 15, 1963). : :

A beam of slow mesons(nr™) was introduced into a He*
bubble chamber to measure the mean time spent by a
meson(sT) in guing from an initial velocity to nuclear
capture and to obtain an accurate range spectrum of the
prong produced in the nuclear Lapture of a meson(z™} hy
He'. (C.E.S.)
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‘2682 (JINR-P-2320) ANALIZ REAKTSII 7=+ p — 7~
“m*+nlr+p— 1+ ¥ p PRI KINETICHESKOI ENERGII
m~-MEZONOV 338 Mev. (Analysisof =~ +p—~n~+7*+n

ANDr= 1 p -+ n+ i" + p REACTIONS AT THE 7~ Kinetic
Energy of 338 Mev). Blokhintseva, T. D.; Grebinnik, V. G.;

Zhukov, 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 differences in the cross sections of -the isobar chan-
nels for the 7~ + p — =7t +n(l) and 7~ +p — 7~ 7% + p(ID
reactions are determined at the 7~ meson kinetic energy of
338 Mev. If the isobar transitions occur in T = Y% state the
total cross section for (II) within the experimental error is
equal to the sum of the cross sections of the isobar chan-
nels. Under this assumption the total cross section for (D)
is not described by the sum of the cross sections of the
corresponding isobaric channels. The effect of #r inter-
action manifests itself in the n*n~ effective mass spectrum
but not in the 7~7° mass spectrum. The presence of the
(4.,%) isobar affects the angular distributions of secondary
particles from (D). (auth)
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43044 (JINR-P-2255) ISSLEDOVANIE REAKTSII 7~ +
p — 7" + v+ p PRI ENERGII 338 Mev. (An Investigation of
the Reaction 7~ + p — 7~ + y + p at 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.
for Nuclear Research, Dubna (USSR). Lab. of Nuclear
Problems). 1965. 21p, Dep. mn. .
" From the analysis of the reaction 7~ + p — 77 + y + p the
constant of the pfocess y + m — 7 + 7 was determined, (auth)
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25859 ANALYSIS OF THE REACTIONS 7~ +p — 7~ +
7t +n AND 7~ + p— 1 + n° + p WITH 338-Mev 7~ MESONS.
Blokhintseva, T. D.; Grebinnik, V. G.; Zhukov, V. A.; Lib-
man, G.; Nemenov, L L.; Selivanov, G 1.; Yuan, Jung fang
(Joint Inst. for Nuclear Research Dubna, USSR) Yadern.
Fiz., 3: 687-92(Apr. 1966). (In Russian).

The differences of the cross section in'the 7~ + p —~ ™+
at +n (I) and 7~ + p — n~ + n® + p (I) reactions were deter-
mined for the kinetic energy of the 7~ -mesons 338 Mev. Un-
der the assumption that the isobar transitions occur in the

'/2 state, the total cross section of the reaction (I} is
equal to the sum of the isobar channel cross sections within
the experimental errors. Under the same assumption
the total cross section of the reaction (I} is not described
by the sum of the corresponding isobar channel cross
sections. The influence of the m7-interaction shows up in
the effective mass spectrumi of the n*7-system, but not of

the 7= one. The % ¥, isobar influences the angular distri-
bution of secondary particles. from reaction (). (auth)
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37607 DETERMINATION OF THE CONTRIBUTION OF
THE (3/2, 3/2) ISOBAR TO THE INELASTIC 7~ p INTER-
ACTION PROCESSES AT 344 Mev MESON KINETIC EN-
ERGY. Blokhintseva, T. D.; Grebinnik, V. G.; Zhukov,
V. A.; Kravtsov, V. A,; Libman, G.; Nemenov, L, L.; Seli-
vanov, G, I.; Yuan, Jung-fang (Joint Inst. for Nuclear Re-
search Dubna USSR) Soviet J. Nucl, Phys. (English
Transl,), 1: No. 1, 71-7(Ju1v 1965).
Translated from Yadern. Fiz., 1: 103-12(Jan. 1965).
By analyzing the difference of the distributions of the
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number of interactions 7~ +p — 77+ 17 + n with respect
to the total center of mass energy for 7~ —n and 7* —n
interactions, the contribution of the (¥,, ¥,) isobar to the

cross section of the interaction’is determined at an initial
meson (17) energy of 344 Mev. An analogous analysis is
performed for data obtained at 290 and 360 Mev. It is
shown that the difference of the cross section is related to
the transition Dy — SPy. The possibility of determining
m — 1 scattering-lengths from an- analysxs of this transmon
is indicated. (auth)
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3024 (JINR-P-1746) OPREDELENIE VKLADA

.1ZOBARY 3/2,3/2 V PROTSESSY 7~-p-VZAIMODEISTVIYA'

PRI KINETICHESKOI ENERGII 7-MEZONOQOV 344 Mev. (A
Determination of the 3/2, 3/2 Isobar Contribution to the
Tnelastie 77-p Interaction Processes at the Kinetic Energy
of Negative Pions of 344 Mev). T. D. Blokhintseva, V. G.

Grebinnik, V. A. Zhukov, A. V. Kravtsov, G. Libman, L. L. ’

Nemenov, G. I. Selivanov, and Jung-fang Yuan (Joint Inst._
for Nuclear Research, Dubna, U.S.S.R. Lab. of Nuclear
Prohlems), 14964. 19p. Dep.(mn),

By analyzing the difference between the n™n and m*n
effectlve mass distributions of the reaction 7~ + p — 7~ +
7% + n, the contribution of the Nj; isobar to the cross sec-
tion of the reaction was detex mmed The energy of primary
negative pions was 344 Mev. ‘A similar analysis was made
for the data obtained at negative pion energies of 290 and
360 Mev. The difference of the cross sections for the iso-
bar channels shown to correspond to the transition Dy —spy
was found. A possibility of determining the nn-scattering
lengths from the analysis of thig transition is mdn,ntcd.
(auth) .
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27884 EVALUATION OF CROSS SECTIUNS OF
ELECTROMAGNETIC PROCESSES 1™ +p —nt + 1= +y +
n, T +p—et+e +n, 1" +p =1 +p+etre” AT

7~ MESON KINETIC ENERGY OF 340 Mev. Blokhintseva,
T. D.; Grebinnik, V. G.; Zhukov, V., A,; Kravtsov, A. V.;
Libman, G.; Nemenov, L. L.; Selivanov, G, 1.; Yuan, Jung-
fang - (Joint Inst. for Nuclear Research, Dubna, USSR).
Yadern. Fiz., 3: 779-81{Apr. 1966). (In Russlau).

. The interactions were studied by scanning 250,000
photographs obtained on a hydrogen bubble chamber ex-
posed to a 340-Mev pion beam. Upper bounds are found for
the differential cross sections of the reaction 7~ +p —

n*t + 77 +y +n, assuming there is a single event of this
‘type in the region with M? > 1020 Mev?/c¢, where M is the
neutral mass in events with the formation of a =+ meson,
and of the reaction 7~ +p — e* + e~ + n, for the ratio of
the e -e*-pair invariant mass to the pion mass greater
than one. A cross sectionof 1.6 x 10~% cm? was found

for the reaction 7~ +p —~ 1~ +p + e* + e~ from the analy-
ais of three events. (M.J.T.)
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2165 (JINR-P-1056) VZAIMODEISTVIE =n™~-
MEZONOV S VODORODOM PRI ENERGII 340 Mev. (In-
teractions of 7~ Mesons with Hydrogen at 340 Mev). T. D.
Blokhintseva, V. G. Grebinnik, V. A. Zhukov, G. Libman,

L. Nemenov, G. L. Selevanov, and Jung-fang Yiin (Joint-
Inst. for Nuclear Research, Dubna, U.S. S R. Lab, of Nu-
clear Problems). 1962. 28p.

A 25-cm liquid hydrogen bubble chamber placed in a
magnetic field-was used in studies of 7~ + p — 71~ + 7+ +
aten, T ep—-r +n+p,andrT +p -1 +y+p .
reactions at a 7~ energy of 340 + 15 Mev. Measurements,
of the total cross sections showed that 7 meson interac-
tions at scattering length T = 0 is considerably stronger
than at I' = 2. The angular distributions of secondary
particles and the distributions at total center-of-mass

_energy for * n, 77 n,’and 7% 7~ were found. (tr-auth)
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28853 ©  INVESTIGATION OF THE REACTION ™ +p—
7~ i y+p AT 338 Mev. Blokhintseva, T. D.; Grebinnik,
V. G.; Zhukov, V. A,; Libman, G.; Nemenov L. L.;
Seliva.nov G.1; Yuan Jung-fang (Joint Inst. for Nuclea.r
Research, Dubna USSR). Yadern. Fiz., 3: 511-20(Mar.
1966). (In Russian).

An analysis of 84 évents indiocates tho conotant for photen
productlon in 77 + p interactions is 0.5 + 0.3. (J.F.P.)
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18402 MEASUREMENTS OF_TOTAL ™ ~p REACTION
CROSS SECTION FOR 340-Mev 1~ MESONSI. T. D.
Blokhintseva, V. G. Grebinnik, V. A. Zhukov, G. Libman,
L. L. Nemenov, G. 1. Selivanov, and Jung-fang Yuan (Joinl
Inst. for Nuclear Research, Dubna, USSR). Zhyr. Eksptl',
i Teoret. Fiz., 42: 912-13(Mar. 1962) (In Russxam

The reactiono 7~ +p —x" 4 7% 4, a4 p — 1~ +1p,
;}ndvr tp—n+ytpatan energy of 340 £ 15 Meyv
‘were measured with a 25-cm liquid-hydrogen chamber
placed in a magnetic field of 12000 gauss. The total cross
sections were found to be a, =.1.24 + 0.14 mb, a, = 0 13_0 u
mb, 3 = 0 09_0 os mb, respectively. (R.V.J.)
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19 TOTAL CROSS SECTIONS FOR THE 7 p-
REACTIONS AT 276 Mev. T. D. Blokhintseva, V. G,
Grebinnik, V. A. Zhukov, G. Libman, L. L. Nemenov, G. I.
Seltvanov, and Yung-fang Yuan (Joint Inst. for Nuclear Re-
search, Dubna, USSR), Zh. Eksperim. i Teor. Fiz., 44
498-9(Feb. 1963). (In Russian)

The total cross sections for the = +p — 7~ + 7% + n and
7" 4p =" + 7%+ p reactions at (276 + 10) Mev are meas-
ured with a liquid by hydrogen bubble chamber in a mag-
netic field. The experimental data are compared with theo-
retical predlctlons. {auth) ‘
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10948 . MEASUREMENT BY BREMSSTRAHLUNG
TRANSMISSION OF THE POLARIZATION OF e* FROM
- u* ~e*+ve + vy, S Bloom, L. A. Dick, L. Feuvrais,



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

The polarization of the positron was measured by ob~
serving the transmission through magnetized jron of
circularly polarized bremsstrahlung from the positron.
The positrons were found to be right-handed with a polari-.
zation of 94 2 38%, in agreement with 'the prediction of the
.V-A theory. (D.C.W.)
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15141 "TWO NEUTRINOS OR ONE? S. A. Bludman
(Univ. of Pennsylvania, Philadelphia). Nuovo Cimento (10),
27: 751-60(Feb. 1, 1963). (UCRL-10449) (In English)

The value is discussed, in the light of “‘two-neutrino”’
experiments, of giving meaning.to the neutrino charge or

" lepton number independent of helicity (i.e., of giving up the

two-component neutrino theory and reverting to a single
four-component neutrino, whose left- and right-helicity
states are coupled to e~ and u* respectively). It'is shown
that, in fact, only by such experiments, involving muons
and electrons or their neutrinos, can a nontrivial meaning
be given to leplon conservation. This Dirac neutrino theory
is compared with the conventional theory of two two-
component neutrinos from the conceptual and experimental
points of view. Remarks are made about the possibility of
explaining the u—e mass difference. (auth) ~

157
40096 SOME REGULARITIES IN THE ANGULAR DIS- |
TRIBUTION OF NEUTRONS EMITTED IN POLARIZED u-
MESON CAPTURE BY NUCLEI. Bobodzhanov, 1. B:;
Kashkarov, L. L. Dokl. Akad. Nauk Tadzh SSR E No 4,
12-15(1964). (ln Russian). .
The reaction p~ + (A,2) =~ (A-1; Z-1) +n+ v w:th polar-
ized mesons (u~) on Cu, Fe, and Pb was invesugated using .
cosmic radiation. The coefficient of asymmetry a,=b
(1 - C)/(1 + C),-where b accounts for the experimental
geometry and C is the ratio of neutrons emitted in the same
direction and the opposite direction as the mesons (u™), .
was =0.062 + 0.054, —0.066 + 0.81, and —0.079 % 0.010, for
.Cu, Fe, and Pb, respectively. The coefficients a, are ap-
proximately the same as the values of the coefficient of e
asymmetry in the (u~ — e”) decay. (D.C.W.)
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37413 APPLICATION OF THRESHOLD CHERENKOV
DETECTOR'FOR SEPARATION OF m AND u MESONS IN
\MESON BEAMS. V. D. Bubrov, V. G. Varlamov, Yu. M.
Grashin, B. A. Dolgoshein, V. G. Kirillov-Ugryumov, V. S.
Roganov, and A. V. Samoiloy, Pribory i Tekhn. El\spenm..
No. 3, 55-7(May-June 1963). (In Russian) -

A Cherenkov detector with aqueous radiator and diffu- -
sion deflector is used for the separation of slow 7.and u
mesons. The detector has an efficiency of nearly 100%
for p mesons and not less than 70% for m mesons. It is
possible to reduce the content of ™ mesons in a y meson
beam by a factor of 10. (tr-auth)
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37896 CAPTURE OF NEGATIVE MUONS BY ATOMS
IN CHEMICAL COMPOUNDS. Bobrov, V. D.; Varlamov,
V. G.; Grashin, Yu. M.; Dolgoshein, B. A.; Kirillov-
Ugryumov, V. G.; Roganov, V. S.; Samoilov, A. V.; Somov,
S. V. (Inst of Phyaics and Engineering, Moscow). Zh.
Eksperim. 1 Teor. Fiz., 48: 1197-9(Apr. 1965). (In Rus-
sian) .

The relative probabilities of meson (u™) capture by atoms
in several chemical compounds were measured with the
aim of extracting information necessary for the interpre-
tation of other experiments with muons. The results shaw
that for the compounds investigated (LiCl, CsCl, ZnO, ZnS,
and AlCu) the Fermi-Teller Z-law does not describe the
experiment satisfactorily. An analysis of the available data
shows that compared with the prediction of the Z-law,
mesic atoms of the elements which have relatively large
electron-affinity energy are produced with some prefer-
ence. The results show that in most cases.the tendency
to preferred formation of the mesic atoms of the element
with the larger electron affinity is violated only In five of .
31 cases. Four out of the five violations are in compounds
of carbon, and this is apparently connected with very com-
plicated spatial configuration of these molecules. (ATD)
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37897 CAPTURE OF NEGATIVE MUONS BY PURE
CHROMIUM AND NICKEL ISOTOPES. Bobrov, V. D.;
Varlamov, V. G.; Grashin, Yu. M.; Dolgoshein, B. A.;
Kirillov- Ugryumov. V.G, Rognnov V. S.; Samoilov, A. V.
Somov, 8. V. (Inst. of Physlcs and Engineering, Moscow)-
Zh. Eksperim. { Teor. Fiz., 48: 1199(Apr. 1965). (In Rus-
sian)

Since data on muon capture by nuclel can be used as 8
tool for the study of the structure of the nuclcus, muon
capture by nuclei with closed neutron or proton subshells,
in the form of isotopes of Cr with mass numbers 50, 52,
53, and 54 (52Cr has a closcd neutron subshell) and Ni iso--
topes with mass numbers 58, 60, and 62 (which have a
closed proton subshell) was investigated. The isotope en-
richment runs from 78.5 to 99.5%. The muon beam from
the OIYal synchrocyclotron was used for the experimenta.
The total muon capture probability was determined by mea-
suring the lifetimes of the muons on the K orbit of the
correspondlpg atom. (ATD)
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32104 RADIATIVE DECAY OF THE MU MESON.
Bogart, Elliot; DiCapua, Enrico; Strelzoff, Alan; Nemethy,
Peter (Columbia Univ., New York), 41p. (CONF-
651015-15). ORAU, Gmelin, AED-CONF-65-312-38.

From  American Physical Society, Chicago.

The radiative decay p* —~ e* + v + v, + 7y was investi-
gated. The decay products e* and vy were observed at
relative angles near 180° using scintillation counters and
two 9 in. X 10 in. Nal crystals, which permitted the simul-
taneous measurement of the positron and gamma energies.
The two-dimensional energy spectrum was obtained for

. approximately 900 events after subtraction of the back-
ground. This spectrum and the measured rate were com-
pared with the prediction of a pure V-A theory; good
agreement was obwmed within the statistical errors.

(D C.w. )
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7288 DISINTEGRATION OF THE C'?"NUCLEUS INTO
"THREE a-PARTICLES AS A RESULT OF INELASTIC
SCATTERING OF 80 Mev n*-MESONS, V. 1. Bogatin,

Z. Novak, and V. I. Ostroumov (Leningrad Polytechnic
Inst.). Zh. Eksperim. i Teor. Fiz., 43: 1582~ 91(Nov
1962). (In Russian)

The dlsmtegratlon of the C'? nucleus into three o partl-
cles as a result of inelastic scattering of 80-Mev 2t )
mesons is studied by the photographic emulsion tech-
nique. Excitation of C!? nuclei to the 9.63-Mev level is
found to contrihnte cnnsiderablv to the cross section of
the reaction (~20%). From Lhe vbserved angulur correla-
tion of the decay products it is concluded that Lhe spin of
this level exceeds 1. The experimental data on the energy
distribution of the « particles can be explained by assum-
ing simultaneous bréakup of the C'? hucleus into three a
particles with resonance interaction between the particles
in the final state. (auth)
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18507 (BNL-10009) ‘COMPARATIVE THERAPEUTIC
EFFICACY OF HIGH-VERSUS LOW-LET RADIATIONS.
Bond, V., P,; Robinson, C, V,; Fairchild, R.; Tisljar-Len-~
tulls, G, (Brookhaven National Lab,, Upton, N. Y.),
[1966}. Contract AT(30-2)-Gen~-16, 37p, (CONF-
651143-1). Dep. mn. CFSTI $2.00 cy, $0.50 mn.

From Conference on Radiobiology and Radlotherapy,
Colorado Sprmgs.

Possible approaches in radlother'lpy using high-LET
radiations are discussed. Included are neutron capture
therapy; accelerator beams, particularly protons and

negative Pi mesons; fast neutrons; and the influence of
changes in cell survnal curves on possible efficacy of
high-LET radiations. An effort was made to present ob-
jectively the advantages and difficulties of the various
approaches. It is possible, in principle, that these ap-
proaches may provide effective modalities for therapy,

. and in particular, that high-LET radiation may aid in
overcoming the problem of relative protection of tumor
cells located in hypoxic areas within neoplasms. In all
approaches, it is necessary to consider carefully the
concomitant changes in shape of dose-cell survival

" curves that accompany the change from low- to high-
LET radiation. It is clear that while all proposeéd ap-
proaches have intriguing features, cach requires con-"
siderably more work before it can be shown to be a

--useful adjunct in radiotherapy. (auth)
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28363 - FORWARD #"p CHARGE EXCHANGE SCAT-

TERING BETWEEN 0.8 AND 1.9 Gev. P. Borgeaud (CEN :

Saclay, France) C. Bruneton. Y. Ducros, et al.” Phys.
Letters, 10: 134-7(May 15, 1964). -
. A study of the 77~p charge exchange scattenng in the
forward direction by a spark chamber technique is dis-
cussed. A dispersion relation was investigated in a region

where the imaginary part of the forward scattering ampli-

tudé is expected to go twice through zero. The 7~ + p —

7° + n events were detected through the observation of the
showers produced by the two decay photons of 7% in 4 spark’
chamber. Measurements were carried out at 15 energies
between 0.8 and 1.9 Bev. (C.E.S.)
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28115 "PRODUCTION OF °H IN THE ABSORPTION
OF 7™ IN ‘He. M. V. Bortolani, L. Lendinara, and

L. Monari (Universitd, Bologna and Istituto di Fisica Nu-
cleare, Bologna). Nuovo cimento (10), 25: 603-10(Aug. 1,
1962). (In English}-

Experimental results are given on the absorption of v~
mesons in He®, Using a model in which pions are absorbed
on twu nucleons, the results of this erbenment indicate -
that absorption takes place essentially on a proton-neutron
pair. (auth)

i
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4433 “(UCRL-10977) LOW-ENERGY NEGATIVE PION

. INTERACTIONS IN DEUTERIUM. William C. Bowman
(California. Univ., Berkeley. Lawrence Radiation Lab, ).
‘Sept. 5, 1963. Contract W-7405-eng-48. 82p. .

An attempt is made to resolve the discrepancy between
the measured deuterium ratio, $ = [u{(¥™ +d~ n + n)/
w(7m™ +d— n +n+ 1)), and values predicted from the
s-wave pion relations and the theoretically calculated
ratio T = fw(r™ +d = n+n+y)/w(n™+ p— n +7)). The
cross sections o(z” +d — n+n+v) = (3.78 £ 0.79) x 10720
cm’/steradlan, o(r™ +d— n +n) = (3.67.+ 0.45) x 10728
em?/sr, and g(nT +d -~ 1r°+n+n)—(784$:057)x10""
em?/sr were measured at 90° in the center-of-mass sys-
tem for 51-Mev incident pion energy. The radiative ab-
sorption cross section and the s-wave pion relations
indicate the value of T = 0.91 % 0. 19, in agreement with
theoretical calculatxons The calculation of S$.= 1,51 % 0. 40
from the cross section measurements and the value S =
1,92 + 0.33 measured by direction detection of both reac~
tions is in agreement with the value § = 1,74 + 0.26 calcu-
“lated [rum the s-wave pion relations. An indircet measure-
ment comparing radiative captures ia hydrogen and
deuterium gave a value of § = 34.37 + 0.46, in relative
agreement with other indirect measurements. This dis-

. crepancy'appears to be due to difficulty in monitoring the
number of pions captured in hydrogen and deuterium. A
tutaleabisaorvplion plastic scintillation counter was used for
all measurements. 49 references. (auth)
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101N LOW-ENERGY NEGATIVE PION INTERAC-
TIONS IN DEUTERIUM. William Charles Bowman. The-
sis, Berkeley; Calif., Univ. of California, 1964. 82p,

An attempt is made to resolve the discrepancy between
the measured deuterium ratio, S= [w(r™ +d — n + n)/w(nr™ +
d — n + n+ y)), and values predicated from the s-wave pion
relations and the theoretically calculated ratio T = Jw(n™ +



d—n+n+y)/wx" +p—n + y)). The cross sections o(r~ +
d—n+n+9 = (3.78 £ 0.79) X 10-2® cm?/sterad, g(r~ + d —
n+ n) = {3.87 £ 0.45) %X 1072 cm?/sterad, and o7~ + d — 1+
n+n) = (7.84 £ 0.57) x 1072% cm?/sterad were measured at
90° in the center-of-mass system for 51-Mev incident pion
energy. The radiative absorption cross section and the 6-
wave pion relations indicate the value of T = 0.91 # 0.19, in |
agreement with theoretical. calculations. : The calculation of
S = 1,51 + 0.40 from the cross section measurements and
the value S = 1.92 % 0.33 measured by.direction detection of
both reactions is in agreement with the value' S = 1,74 + 0.26
calculated from the s-wave pion relations. An indirect
measurement comparing radiative captures in hydrogen

and deuterium gave a value of 8§ = 3.37 + 0.46, in relative
agreement with other indirect measurements. This dis-
crepancy appears to be due to difficulty 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)
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41442 PION-NUCLEON SCATTERING AMPLITUDES
IN THE RANGE 300-700 Mev, ¢Bransden, B. H. (Durham
‘Univ., Eng.); O'Donnell, P. J.; Moorhouse, R. G, Phys.
Rev., 139: B1566-84(Sept. 20, 1965). (NIRL-R-79).

The cross section for the scattering of =+ and 7~ by
nucleons in the energy range 300 to 700 Mev was analyzed
in terms of energy-independent parameters. The param-
eterization is based on a dispersion relation satisfied by
the partial-wave amplitudes, by replacing the left cut by
a superposition of poles and the inelasticity function R, =
al(tot)/al(el) by a ratio of polynomials in the momentum.
Detailed results are presented for the real and imaginary
parts of the phase shifts with 1 =< 3. The structure of the
gsecond resonance is more complicated than has heretofore
been thought, pyy, 841, and dyy waves all playing an important
part. The width of the dyy resonance is found to be consid-
erably smaller than previous values from total cross-
section measurements. The role of the (possibly resonant)
amplitudes pyy and s, is'discussed. (auth)
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37920. PION-NUCLEON SCATTERING IN THE

RANGE 300-700 Mev- AND THE POSSIBLE P;; RESONANCE.

B. H. Bransden (Univ. of -Durham, Eng.), P."J. O'Donnell,
and R. G. Moorhouse. Ph)s Letters, 11: 339- 41(Aug 15,
1964) .
. The results of an enexg;--dependent phase shift analysis
. of 7*-p scatlcnng at 300 to 700 Mev are presented. The
results indicate that the pyy resonance is around 609 Mev,
not 430 Mev, if it exists. (D.C.W.)
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37957 DISPERSION THEORY METHODS FOR PION-
DEUTERON ELASTIC SCATTERING. John Joseph Brehm,
Jr. Thesis, College Park, Md Umv of Maryland 1963
180p.

The problem of low—energy plon-deuteron elastic scat-
tering is undertaken using the ‘methods of dispersion the-

bry.- Complex singularities do not occur if the momentum
transfer is used as the variable in a dispersion relation
with the energy taken to be fixed and real. Anomalous dis-
continuities are developed by analytic continuation in the
deuteron mass. Subsequent analytic continuation in the -
energy provides the representation of the physical ampli-
tude. ‘A sample calculation is made, ignoring spin. The
contributiuns of plon-nucleon scattering ure estimated by
assuming the domipance of the T = ¥, resonance in the
energy chunnel and of the’ ABC resonance in the momen-
tum transler channel. The angular distribution is com-
puted at 85 Mev and some agreement with experimental '

, data is obtained. (Dissertation Abstr., 24; No. 12, Pt. I

(Junc 1964))
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4767
MEASUREMENTS ON THE n*-p TOTAL SCATTERING
CROSS SECTIONS IN THE ENERGY RANGE OF 0.4 TO
1.5 Bev. J. C. Brisson, J. Detoef, P. Falk-Vairant,
L. van Rossum, G. Valladas, and Luke C. L. Yuan (Centre
d’Etudes Nucléalres, Sa}clay.- France). w
8, 561-3(1959) Dec. 18,

Total scanerlng cross sections are given for the (r* .p)
and (7~,p) reactions at 0.373 to 1.150 Bev in hydrogen.
(C.J.G)
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14973  MEASUREMENT OF THE TOTAL CROSS SEC-
TION FOR 7*-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 Nucléaires, Saclay,

France). Nuovo cimento (10) 19. 210-33(Jan, 16, 1961).
(In Italian) -

The total cross sections weré measured for 7 +-p and
77-p interactions by attenuation in liquid hydrogen of a

beam whose energy is known to 1% and with a total AP/P
of #1.8%. The energies.and values for the cross sections at

the maxima are: 7 : Tr = (605 +-6) Mev, 0= (45 8 +1.8)
mb, Ty = (890 +9) Mev, oy = (58.0 + 1.8) mb, z* ? Traps
(1330 +-30) Mev, 0,5, = (38.0 2,0) mb. Results are compiled.
concerning the elastic and inelastic cross sections obtained
by other experimental techniques in the neighborhood of the
second and third resonances of »~. The second and t.bu'd
resonances are discussed. (auth)
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16932 (NP-11592(Vol.)(p.45-55)) MESURE DE LA
‘SECTION EFFICACE TOTALE DES PROCESSUS NEUTRES
DANS L'INTERACTION r~-p DE 300 A 1600 MeV ET DE-
TERMINATION DU RAPPORT ENTRE LA PRODUCTION
DE »’ ET L ECHANGE DE CHARGE JUSQU’A 1112 Mev,
(Measurement of the Total Cross Section for Neutral Proc- -
esses in the 77-p Interaction from 300 to 1600 Mev and De-
tcrmination of the Relatioi Between 7° Production and

\

29..
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Charge Exchange up to 1112 Mev). J. C. Brisson, P. Falk-
Vairant, J. P. Merlo, P. Sonderegger, R. Turlay, and

G. Valladas (France., Commissariat a r Energxe Atomlque.
Centre d'Etudes Nucléaires, Saclay). :
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9810 MEASUREMENT OF THE TOTAL CROSS SEC-
TION FOR n~-p CHARGE EXCHANGE FROM T, = 0.4 GeY.
TO Ty = 1.5 GeV. J. C. Brigson, P. Falk-Vairant, J. P
Merlo, P. Sonderegger, R. Turlay, and G. Valladas (Centre
d'Etudes Nucléaires, Saclay, France). p.191-3 of “Pro- :
ceedings of the 1960 Annual International Conference on_
High Energy Physics at Rochester, The University of
Rochester, Rochester, N Y., August 25— September 1,
1960, '

The total cross secnon for charge exchange of mesons’
{zr") on hydrogen (z~ +.p — #° + n) was determined. This
was done by measuring the number of mesons (77) which
interacted in a liquid hydrogen target without triggering a
4r-scintillation counter surrounding the target. The total
cross sectlon for neutral events showed maxima at energies
close to the resonances in the 7 -p total cross section.
(M.C.G.)

f
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19705 ENERGY MEASUREMENTS OF THE 2p-1s
TRANSITIONS IN u-MESONIC ATOMS. P. Brix (Tech-
nische Hochschule, Darmstadt, Ger.), R. Engfer, U. Hegel,
D. Quitmann, G. Backenstoss, K. Goebel, and B. Stadler.
Phys. Letters, 1: bu-B{Apr. 15, 1962).

Measurements of u-mesonic x-ray energies for selected
elements from S to Bi were performed. Special attention
for Z < 30, where data indicated radii considerably smaller
than obtained by electron scattering, was given. Results
using muons were compared with those using electrons as
probes for nuclear electromagnetic proberiies. Efforts
were concentrated on comparison-of u-mesonic x rays with
nearby y lines of radioisotopes and determination of precise
energy differences for mésonic x rays ol similar energies.
(L.N.N.) . £

H
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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 (Swltzerland))
Mar, 28, 1966, 30p. - Dep, mn,

Nuclear magnetic resonance equipment for measuring -
the muon magnetic moment in the CERN muon storage
ring is descnbed Schematlc drawmgs are included.:
M.O0WwW,) -
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2612 PION-DEUTERON SCATTERING AT 330 Mev.
G. Brunhart, G. S. Faughn, and V. P. Kenney (Univ. of

Kentucky, Lexington).
(Sept. 1, 1963).

‘Pion-deuteron-scattering at 330 Mev was studied in a
hydrogen bubble chamber. The total cross section was
measured to bé (55.5 + 2.97) mb, of which (13.3 + 1.17) mb
is charged elastic, (33.9 = 2.60) mb is charged inelastic,
and (8.3 + 0.85) mb is scattering into an all-neutral final
state. The differential cross section for elastic scattering
is appreciably smaller than values obtained by straightfor-
ward application of the impulse approximation, suggesting
that higher=nrder multiple seattering effects are important
at this energy. (auth) .

Nuovo Cimento (10), 29: 1162-8
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953 . EXCITATION OF THE He' NUCLEUS BY 150

Mev n”-MESONS. Yu. A. Budagov, P. F. Ermolov, E, A,
Kushnirenko, and V. L. 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 is obtained for the He excnta-—
tion cross section in reactions 7~ + He! — 7~ + He® + n(l)
and 1~ +He! — 7~ + T +p (2), at a 7~ energy of 150 Mev
in a diffusion cloud chamber The total cross section, the
inelastic cross section, and the cross sections for réac-
tions (1) and (2).are presented. (auth)
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22944 INTERACTION BETWEEN 153-Mev NEGATIVE

1-MESONS AND HELIUM. Yu. A. Budagov, P. F, Yermolov,

E. A. Kushnirenkn, and V. 1. Maskalev (Joint Inst. of Nu-
clear Research, Dubna, U.S.S.R.}). Zhur, Fksptl’. i Teoret.
Fiz., 42: 1191-1208(May 1962). (In Russian)

The interaction between 153 Mev 71~ mesons and He!
nuclei is investigated with a high pressure diffusion cloud
chamber operating in a magnetic field. The total r-He!
interaction cross section, elastic scattering cross section,
and cross sections for a numbher of inclastic processes are
determined hy measuring the tntal 7~ track length. The
angular distribution of elastic n-He' scattering is of a dif-
fractional nature with a distinct minimum (80%) and a
secondary maximum (100°). Optical model calculations
assuming a square well complex potential V = Vg + iV,
chow that bont agrooment with the experimental data can Le
obtained for VR = ~(18 + 7) Mev and V; = ~(63 ¢ 6) Mev, ry =
1.5 x 107" e¢m. These values are ih good agreement with
those computed by Frank, Gammel and Watson from the
relation between the optical potential and forward scatter-
ing amplitude for free n-p scattering. The angular distribu-
tion of quasielastic 7~ scattering on bound nucleons is
compared with the calculations of Watson and Zemach. The
probability of multiple »~ scattering in the nucleus and the
charge exchange scattering cross section are estimated.
(auth)

~
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24682 (JINR-P-868) VZAIMODEISTVIE OTRIT-

SATEL'NYKH 7r-MEZONOV S GELIEM PRI ENERGII 153

Mev. (Interaction of Negative r-Mesons with Helium at an
- Energy of 153 Mev). Yu. A. Budagov, P. F. Ermolov,

E. A. Kushnirenko, and V. I. Moskalev (Joint Inst. for Nu-

clear Research, Dubna, U.S.S.R. Lab. of Nuclear Prob-

lems). 1962. 32p.

The 153-Mev r~ interaction with He® nuclei was investi-
gated using the high pressure diffusion cloud chamber op-
erated in the magnetic field. The total cross section for -
7~ -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 ¥~ meson
tracks in the chamber. The angular distribution of elastic
n~-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 = Vg + iV] have shown that the best
agreement with the experimental data can be obtained for
the values of the parameters Vg =—(18 £ 7) Mev, V=
—(63 = 6) Mev, and ry = 1.5 X 107" ¢m. These values are
consistent with those calculated by Frank, Gammel, and .
Watson from Lhe relation connecting the optical potential
with the forward scattering amplitude for free 7-p scatter-
ing. The angular distribution of the quasi-elastic 7~ meson -

~ scattering on the bound nucleons is compared with Watson’s
ind Zemach’s calculations. The probabilities of the multi-
ple 7~ meson scattering in a nucleus as well as the charge
exchange scattering cross section are estimated. (auth)
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15263

ELASTIC SCATTERING OF 128 AND 162 Mev 1~ ~-MESONS
BY PROTONS. Yu. A. Budagov, S. Viktor, V. P. Dzhelepov,
P. F. Ermolov, and V. 1. Moskalev, Zhur. Eksptl’. 1
Teoret. Fiz. 38, 734-46(1960) Mar. (In Russian)

A hydrogen-fnlled diffusion cloud chamber in a mag'neuc
field was used to measure the angular distribution of 128
and 162 Mev 7 -mesons elastically scattered on protons.’
The total elastic scattering cross sections fot these ener-
gles are respecuvely (12.8 £ 1.0) x 107" ¢m? and (21.4 +°
1,2) - 10~ ¢m?®. The angular distribution has the form a +
b cos 6 + ¢ cos® § with the coefficients given, At the indi-
cated energies the real parts of the forward scattering

~amplitudes in #i/m;c units are respectively 0.261 + 0.031
and 0.216 % 0.033. These values agree with those com-
puted from the dispersion relations with coupung constant
! = 0,08. (auth)
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6851  Np-8277

Joint Inst. for Nuclear Resea:ch Dubna, U.S.S.R. Lab. of
Nuclear Problems. .

ELASTIC SCATTERING OF NEGATIVE PIONS BY PRO-

TONS AT ENERGIES 128 AND 162 Mev; Yu, A. Budagov,

S. Wiktor, V. P. Dzhelepov, P. F. Yermolov, and V. L.
Moskalev.  1959. 27p.  (P-402).

The elastic scattering angular distribution of negauve
plons by protons was measured by means of a hydrogen-
filled diffusion cloud chamber in a magnetic field. 344
and 941 elastic scattering events were recorded at the an-
gles &6 > 10° cm. The total cross sections for elastic scat-
tering at 128 Mev = (12.8 + 1.0) x 103" ¢m?® and at 162
Mev = (21.4 £ 1.2) x 10777 cm? were determined by calcu-

. lating the total length of negative pion tracks in the cham-

ber. (auth)
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39578 (JINR-P-2807) ISSLEDOVANIE STRUKTURY ...
K-SERII ARGONA PRI ATOMNOM ZAKHVATE OTRITSA-
TEL’NYKH MYUONOV V CHISTOM GAZE 1V SMESI S
VODORODOM. (Investigation of the Structure of Argon
K-Series During an Atomic Capture of Negative Muons in
Pure Gas and in a Mixture 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-y) nucleus, the intensity of
the hard lines in argon k-series is sharply increased in
comparison to the case of direct muon capture by argon.
(M.O.W.)
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37741 (JINR-P-2788) ZAKHVAT MYUONOV V'
SMESYAKH GAZOV, (Muon Capture in Mixed Gases).
Budyashov, Yu. G.; Zinov, V. G.; Konin, A. D.; Mukhin,
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 sip-
gle atom (helium and neon) and multi-atom (nitrogen and
carbon oxide) gases in relation to argon was measured using

.# — x radiation recordings. The study did not exhibit any

systematical relation between the probability of capture angd
nuclear charge which is another indication of the influence .
of molecular size on nuclear capture. (tr-auth)

+
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9160 " A MEASUREMENT OF THE'e* POLARISA-
TION IN MUON DECAY: THE et ANNIHILATION METHOD
A. Buhler, N. Cablbbo, M. Fidecaro, T. Massam, Th.

. Muller, M. Schneegans, and A, Zichichi (CERN, Geneva).

Phys. Letters, 7: 368-71(Dec. 15, 1963).

. The experimental design for measuring the e* polariza-
tion in p* decay by e* annihilation in magnetized iron foil
is described. From measurements hased on two foil orien-
tations, a value of P(,*) = (105 3 30)% was obtained, whick-
is consistent with predictions of the (V A) theory of weak
interactions. (L.B.S.)
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3097 TOTAL CROSS SECTIONS AND ANGULAR DIS-
TRIBUTIONS FOR ™ p CHARGE EXCHANGE IN THE
SECOND AND THIRD RESONANCE REGIONS. ‘F. Bulos
(Brown Univ., Providence), R. E. Larou, A. E. Pifer, et al.
Phys. Rev. Letters, 13: 558-62(Nov. 2, 1964). (MIT- :
2098-59p.)

Data for nine different incldent meson () energies were
analyzed to study the cross sections and angular distribu-
tions in the reaction 7~ + p — #% + n. The energies span ~
the region of the second (600 Mev) and third (900 Mev)
meson (g)-nucleon resonances. The angular distributions
indicate very little structure in the 600-Mev region, but in
the 900-Mev region give strong evidence for a Dy —Fy )
interference in the T = Y%, state. (C.E.S.)
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14809 (JINR-P-1494) PIONNYE REZONANSY. (Pion
Resonances). S. A. Bunyatov (Joint Inst. for Nuclear Re-
search, Dubna, U.S.S.R.’ La.b of Nuclear Problems),
1904, 39p.

The experimental data on pion resonances are discussed,
and the main properties of these resonances are tabulated.
132 references. (auth)
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23222 SHAPING OF A HIGH-~ ENERGY u~MESON
BEAM. N. A. Burgov and A. G. Beda (Inst. of Theoretical
and Experimental Physics, Moscow). Pribory i Tekhn.
fksperim., No. 1, 20-4(Jan.-Feb. 1965). (In Russian)
The method of shaping high energy meson (u) beams
{P ~ 1 Bev/c) was investigated with the help of iron-free
systems consisting of some parallel conductors, by which
the current goes at high energy in one direction. It was
shown that the systems delay, in the immediate proximity,
a large part of the 4 mesons formed by the decomposition
of » mesons. The competence of the proposed method was
confirmed by experiments on electron models. Thermal
and dynamic analyses, confirming the possibility of the
design of etficient installations, led to specially prepared
isolated dodecametric sections for the proposed system.
(tr-auth)
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30524 (TID-20750) »~~p INTERACTIONS AT 683
Mev/e., Technical Report No. 346. H. A. Burnstein,

G. Charlton, T. B. Day, G. Quareni, A, Quareni-Vignudelli,
and G. B. Yodh (Maryland.” Univ., College Park). Jan.
1964. Contract AT{(40-1)-2504. 36p.

Interactions of 683~Mev/c mesons (77) thh protons were
investigated using a 14-in. hydrogen bubble chamber in a
17-kilogauss field, Two thousand elastic scatterings were
analyzed yielding a cross section of 18.91 = 1,01 mb. No
evidence for powers of cos 6 higher than two was cbserved
in the elastic angular distribution. The angular distribution
obtained was (do/dw) = (0,384 2 0.026) + {1.70 = 0.06) cos 6 +
(3.36 * 0.11) cos?6{mb/sterad). The single meson (n) pro-
duction reactions 1~ +p— 1"+ 7"+ p andx™ + p—n+rt+

n were studied in detail. A total of 441 = productions and
833 7* productions were analyzed giving a cross section of
3.99 + 0.21 and 7.50 = 0.40 mb, respectively. The differential
distributions for these inelastic processes are presented and
compared with the predictions of the model. of Olsson and
Yodh. The distribution of events on the Dalitz plots for n°
production is accounted for by the model. However, for

the 7t reaction, the model (so far developed) does not de-
'scribe adequately the distribution of events on the Dahtz
plot The center-of-mass angular distributions for 7° and

) 7% production reacuons are presented and compared with

‘the model. (auth)
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8097

PIUN PRU'I UN RESUNANCE SCATTERING NEAR 900
Mev. ‘H. C. Burrowes, D. O. Caldwell, D. H. Frisch,
D. A. Hill, D. M. Ritson, R. A. Schluter, and M. A.
Wahlig (Massachusetts Inst. of Tech., Cambridge).
Phys. Rev. Lottors 3, 110- 31(1060) Feb. 1.

.The scattering of_negatlve and positive pions by hy-
drogen in the laboratory energy range 470 to 1200 Mev
was investigated in order to clarify the broad resonance
occurring near 800 Mev. The target was five feet of
liquid hydrogen. The cxperimental setup 18 described,
and results are given. (W.D.M.)
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44428 . (CERN-65-4(Vol.Il), pp [X9-13) EMULSION
GRAIN DENSITY IN THE EXTREME RELATIVISTIC RE-
GION. Buskirk, F. R.; Dyer, J. N.; Hanson, H, D.;
Scng, R.; Weidman, R. H

Nuclear emulsion measurements of the blob density of

meson (7} and electron tracks in the range y = 2 to 4000

{y =/1/V1 =87 are reported. Data were -gathered from four
pellicles of 600 u Iford K-5 emulsion. The experimental
procedure is given (M.O.W,) -
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10Y45 . (AD-260039) MEAN LIFE OF THE NEGATIVE
MUON IN CARDON (thesis). Robert Albert Buuterfield
(Utah, Univ,, Sait Lahe City). Tune 1981, 24p.

Positive and negatwe muons are stopped and their decay
ovbserved. ‘The compusile mean life of these muons is cal-
culated and the negative mean life in carbon is computed

 from the composite data. Results of calculations show a

compuosite mean Itfe in carbon of (2.087 £ 0.037) x 10~8 sec,
and the negative muon mean life in carbon is (1.94 £ 0.09) x'
107 sec. (J.R.D.)
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18347  UCRL-9048
California.. Univ., Berkeley. Lawrence Radiation Lab.
CHARGE-EXCHANGE SCATTERING OF NEGATIVE PIONS



o

BY HYDROGEN AT 230, 260, 290, 317, and 371 MEV
(thesis). John C. Caris. Mar. 18, 1860. 105p. Contract
W-7405-eng-48. OTS, . '

The differential cross section for charge-exchange scat-
tering of n~ by H was observed at 230, 260, 290, 317, and
371 Mev. The reaction was observed by detecting one
gamma ray from the »° decay with a scint{llation-counter
telescope. A least-squares analysis indicates that d-wave
gcattering is not established in this energy range. (auth)
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4601 (UCRL-9278) 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, III (California. Univ., Berkeley. Lawrence °.
Radjation Lab.). June 15, 1860, 19p. Contract W-'MOS-
eng-48. OTS. o

Total cross sections for negatlve pion interactlons with
protons were measured at. laboratory-system energies of
230, 290, 370, 427, and 460 Mev. The total cross sections
agree within statistical error with other measured values,
and with values calculated from sums of elastic, inelastic,
and charge-exchange measurements. (auth)
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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, I (Univ.
of California, Berkeley). Phys. 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 at energies identical with those of our 77-p
differential scattering experiments. Comparisons of the
total and differential scattering can be made with the dis-
persion theory at a given energy without 'introducing the
systematic errors that would normally enter due to uncer-
tainties in the parameters of more than one pion beam.
The measured total cross sections are found to agree with-
in statistics with other measured values, and with the sums
of élastic, inelastio, and charge-exchange cross sections
measured at this laboratory. (auth) '
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9715 CHARGE-EXCHANGE SCATTERING OF NEGA-
TIVE PIONS BY HYDROGEN AT 230, 260, 290, 317, AND
371 Mev. John C. Carig, Rabert W: Kenney, Victor Perez-
Mendez, and Walton A. Perkins, OI (Univ. of California,
Berkeley). Phys. Rev., 121: 893-904(Feb. 1, 1961),

The differéntial cross section for churge-exchange scat-
tering of negative pions by hydrogen was observed at 230,

260, 280, 317, and 371 Mev. The reactlon was observed by
detecting one y ray from the 2 decay with a scintillation-
counter telescope. A least squares analysis was performed
to fit the observations to the iunction

(do/dw) = 2 a, 1Py 1 (cos 8)

in the c.m. frame. The best fit to the experimental measure
ments required only s- and p-wave scattering. The least
squares analysis indicated that d-wave scattering was not

. established in this energy range. (auth)
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18502 POSITIVE-PION CROSS SECTIONS ON COM-
PLEX NUCLEIL John C. Caris, Edward A. Knapp, Victor _
Perez-Mendez, and Walton. A, Perkins (Univ. of California,
Berkeley). Phys. Rev., 126: 295-302(Apr. 1, 1962).
(UCRL-6366)

Absorption ar 1 diffraction cross sectmns were measured
for positive pions at 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-
eter 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)
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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.-Loria, L. Peruzzo,
R. Santangelo and D, Venchiaruttx (Padua. Universlti.
Ingtituto di Fislca).

. An analysis is presented concerning measurements .on
pxctures taken 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%3'13 mb at 308 Mev KE found. (J.R.D.)
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7475 (TID-19854) RADIATIVE PION-NUCLEON
SCATTERING. P. Carruthers (Cornell Univ., Ithaca, N. Y.
Lab. of Nuclear Studies and Cornell Univ., Ithaca, N, Y,
Lab, of Atomic and Solid State Physics). Nov. 1963. Con-
tracts AT(30~1)-2179 and NONR 401-51. 19p.

The cross section for bremsstrahlung in n~N interactions
is calculated from the results of the static nucleon theory.
The result agrees well with a recent measurement of the
reaction 7* + p— 7+ 4+ p + v at an average pion l«buutory

33
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' kinetic energy of about 300 Mev. The theoretical result is

0.25 mb, compared to the experimental value 0.22

0.05 mb. The energy distribution of the final pion is com-
puted at laboratory energies of 200, 300, and 400 Mev. The
3-3 isobar shows up clearly at the latter two energies, in
agreement with experiment. Experiments are suggested
whereby the bremsstrahlung can be used as a-probe to ob-
tain information about the higher resonances in 7-N scat-
tering. (auth) ’

200

19481 7-N PHASE SHIFTS FROM 300 TO 700 Mev.
Cence, J. (Univ. of Hawalii, Honolulu). Contract AT(04-
3)-511. Phys. Lett., 20: 306-8(Feb. 15, 1466).

A phase shift analysis for 7~N scattering was carried
out from 300 to 700 Mev., The T = ¥, phase shifts are in
qualitative agreement with previous resulis. However, it
is found that the T = ¥, phase shifts lie within 215 deg up to
700 Mev. (auth)
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37963 RECENT ELASTIC-SCATTERING AND PO-
LARIZATION STUDIES OF THE #-N INTERACTION IN.
THE HIGHER RESONANCE REGION. Robert J. Cence
(Univ. of California, Berkeley). p.131-41 of ‘“Nucleon
Structure.” Stanford, Calil., Stanford University Press,
1964. ] ' .

The resonances (peuks) at 600 and 900 Me\ in the.s"-p
total cross section and at 1350 Mev in the =*-p total cross
section were studied by measuring the n——p differential -
‘cross sections and the.recoil proton polarization at ener-
gies near the resonances. Phase-shift analyses of the data
were performed. The data are consistent with a Dy, T =
Yoi Fy,, T= ¥ and F,,, T = ¥ resonances at 600, 900, and
1311 Mev, respecuvely (D.C.W)
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13409 A MEASUREMENT OF THE FORWARD
CHARGE-EXCHANGE CROSS SECTIONS OF 170 Mev
NEGATIVE PIONS IN HYDROGEN. C. Cernigoi (Uni-
versita, Trieste, Italy and Istituto Nazionale di Fisica
Nucleare, Trieste, Italy), I. Gabrielli, G. lernetti, and
C. Villi. Phys. Letters, 3: 18-21(Nov. 15, 1962). . (In
Englich) s '
The measurement of the forward charge-exchange cross
section cro(o ,w) for the process 7~ + p — m° + n was carried
out at a 7~ energy of 170 + 3 Mev. The final result is
000" + 8% = 5,023 + 0.26 mb/sterad. The meson-nucleon
couphn<r constant f? was determined using all availnble data

on 0o(0%,w) from 95 to 290 Mev and is presented as a x? m
(H.D.R.)
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1601§ CONSIDERATION OF ‘‘SPHERICAL HOT

SPOTS”’ ARISING FROM PION CAPTURE IN EXPLO-
SIVES USING THERMAL INITIATION THEORY. Joseph
Cerny and J. V. Richard Kaufman (Picatinny Arsenal,
Dover, N. J.).” J. Chem. Phys.. 40: 1736—44(Mar. 15,
1964).

The process whereby relatlvely high energy density,
spherical zones of radiation heating may arise from
slow 7 -meson irradiations is described, and the effects
of such microscale hot spots on six explosives (lead azide,
lead styphnate, mercui‘y fulminate, RDX, TNT, and . PETN)
was investigated. No explosions or signs of thermal de-
composition were observed with any of the explosives. '
Analysis of these results by the hot-spot model of explo-
sive initiation and thermal growth was attempted. The
conclusions were: that this model can not explain the
experimental results observed for RDX, in that it predicts
initiation, and that the previous experiments attempting
explosive initiation by the microscale thermal effects of
ionizing radiation have not investigated those explosives
most susceptible to initiation by this mechanism. (auth)
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29543 DETERMINATION QF THE REACTION RATE
Totrest + P — 7° + n IN HYDROGENOUS MATERIALS.
M. Chabre, P. Depommier, J. Heintze, and V. Soergel
(CERN, Geneva). Phys. Letters, 5: 67-9(June 1, 1963).
(In-English) o

The fraction of mesons(n™) stopped in hydrogenous
materials that interacts with hydrogen nuclei by the proc-
essn~ +p— 7’ + n was determined for LiH, CH, and CH,
by detcctmg coincidences between the 7~ and the two
rays from n° decay. Measurements were also made with
Li and C targets so the background could be subtracted.
The values obtained are about three times as large as
thoeso obtained in other experiments: A value ohtained for
H; agrees well with expectations. (D.C.W.)

205

866 (UCRL-10949) PION SCATTERING FROM A
POLARIZED TARGET. Owen Chamberlain, Carson D.
Jeffries, Claude H. Schultz, Gilbert Shapiro, and Ludwig
Van Rossum (California. Univ., Berkeley. Lawrence Ra-
diation Lab.). Aug. 7, 1963. Contract W-7405-eng-48,
17p; (CONF-416-106)

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 scattering from an
unpolarized target, was measured to an unprecedented ac-
curacy at-an energy and angles inconvenient for double-

. scattering techniques by detecting pion-proton coincidences

in 246-Mev meson (7*) scattering by a target containing po.
larized protons. (D.C.W.)
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31331 ELECTROMAGNETIC CORRECTION EFFECTS
ON THE r* — 2%*» DECAY. Ngee-Pong Chang {Columbia
Univ., New York). Phys. Rev., 131: 1272-5(Aug. 1, 1963).
Recently experiments have been done on the rare decay

of the 7* into the ne*v mode as a third and independent
test of the conserved vector current hypothesis. 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) .
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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 = ¥(g~2)
of the muon was measured by determining the precession.
8 = aw,yBt for 100-Mev/c muons as a function of storage
time t in a known static magnetic field of the form B =
By(1 +ay +by? + cy® + dy%). The result is a.xp=(1162 ¢
5) x 107% compared with the theoretical value ay, = /27 +
0.76 a?/2 = 1165 % 107%, This agreement shows that the
muon obeys standard quantum electrodynamics down to
distances ~0.1 fermi. Details are.given of the methods
used to store muons for ~10% turns in the field, and of
measuring techniques and precautions necessary to achieve
the final accuracy. Some of the methdds of orbit analysis,
magnet construction shimming and measurement, polariza-
tion analysis, and digital timing electronics may be of more
general interest. (auth) . '
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5892 QUENCHING QF MUON DEPQLARIZATION BY
WEAK MAGNETIC FIELDS. G. Charpak, F. J. M. Farley,
R. L. Garwin, T. Muller, J. C. Sens, V. L. Telegdi, C. M.
York, and Z.. Zichichi (CERN, Geneva). Nuovo cimento
(10), 22: 199-202(Oct. 1, 1961). {In English)

1f muons are stopped in an electrically conducting mate-
rial they suffer very little depolarization. In insulators the
results are variable, some materials giving no depolariza-
tion (bromoform, methylene iodide), while in others (sulfur,
NaCl) the depolarization is almost complete. Depolarization
in the case of a plastic scintillator target was measured.
Re-establishment of po]arxzatlon at low fields was detected.
At ~ 150 gauss, the asymmetry reached about 50% of its full
value. Results are represented in graphlcal form. (L.N.N.)
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25513 STUDY OF TWO-HOLE STATFES IN LIGHT
NUCLEI BY MEANS OF (z*,2p) REACTIONS. G. Charpak"
(CERN, Geneva), G. Gregoire, L. Massonnet, J. Saudinos,
J. Favier, M. Gusakow, and M. Jean. Phys. Letters, 16:
84-6(May 1, 1965), :

Targets of 6Li, TLi, CD,, CH,, and liquid nitrogen were
bombarded with a beam of 106-Mev pions from the CERN

synchrocyclotron, and the summed energy spectra of the
two protons were measured for the (r*,2p) reaction on 6Li,
TLi, 12C, and ¥N. The structure expected from the two=
hole interpretation of the {inal nuclear states was clearly
displayed for the *Li(z* ,2p)*He reaction; the absence of the
structure in the spectra of the other reactions is attributed
to poor energy resolution and the patura! widths of the hole
states, (L.B.S.)

210

3970

THE ANGULAR DISPERSION OF PARTICLE BEAMS
PASSING THROUGH NUCLEAR EMULSIONS. Brigitte
Chemel and Tsai-Chil. Comgt rend. 249, 1494 6(1959)

" Oct..19. (In French)

- The measurement of the angular dispersion of a 6- Bev
proton beam and a 300-Mev. r meson ‘beam has permitted
the determination of the vector of deformation and the
multiple scattering constant. The scattering constant -

approaches an upper limlt for partxcles of hlgh velocity.
{tr-auth) T .
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3318 (UCRL-9028) POSSIBLE MANIFESTATIONS
OF A PION-PION INTERACTION. Geoffrey F. Chew.
California, Univ., Berkeley. Lawrence Radlation Lab.
Jan, 6, 1960. 10p, Contract W-7405-eng-48.. OTS,
Various experlments to verify the existence of a P-wave
resonance in the n-r system are proposed. Topics dis-
cussed {n some detall include nucleon electromagnetic
structure, electromagnetic m-r production, a three-pion
resonance or bound state, and peripheral collisions.
(W.D.M.) '
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8122
SCATTERING OF M MESONS FROM LEAD NUCLEIL
B. Chidley, P. Goldstein, G. Hinman, R. Summers, and
R. Adler (Carnegie Inst. of Tech., Pittsburgh). Phys.
Rev. 116, 1015-21(1959) Nov. 15. -
" The a.ng'ular distribution of 23-Mev u mesons gcat-
tered hy lead nuclei was measured by using 2 counter
arrangement and alao by using a propane bubble chamber.
The results agree, to the accuracy of the experiments,
with the distribution predicted by the ordinary Coulomb
interaction of the u meson and the lead nucleus. {(auth)
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25502 NUCLEAR DE-EXCITATION FOLLOWING MUON
CAPTURE AND THE BOUND MUON DECAY ANOMALY.
Frank Chilton (Univ. of Washington, Seattle). Phys. Rev.
Letters, 7: 31-4(July 1, 1961).

The rate of the 4~ meson decay reaction y™ — e™ + p +.7
in the Coulumb field of a nucleus is studied. It is suggested
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that discrepancies between the observed and theoretical
rates may be caused by the unwanted detection of the u~
capture reaction g~ + p — n + v, The neutron from this re-
action can produce gamma radiation by various processes,
and the gamma radiation can produce electrons either by
pair production or by the Compton effect. Experimental
methods for testing the existence of this mechanism are
proposed. (T.F.H.)
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37951 RADIATIVE CORRECTIONS FOR WEAK INTER-

ACTION PROCESSES. Cheng-jui Ching (Peking Univ.).

Sci. Sinica (Peking), 13: 1323-5(Aug. 1964). (In Russian)
Radiative corrections for photons and neutrinus in

meson(y) and neutron decay are discussed. (C.E.S.)

215

13458 (UCRL-16209) PION-PROTON CHARGE-
EXCHANGE SCATTERING, 500 TO 1300 Mev [Thesis].
‘Chiu, Charles Bin (Lawrence Radiation Lab., Univ, of
California, Berkeley). Nov. 2, 1965. Contract W-7405-
eng-48. 162p. Dep. mn. CFSTI $5.00 cy, $1.00 mn,
Differential cross sections for the reaction 7p — °n
were measured at nine incident-pion kinetic energies in
the interval from 500 to 1300 Mev. The negative pion beam,
obtained from the bevatron, was focused on a liquid hydro-
gen target surrounded by a cubic array of six steel-plate
spark chambers. The spark chambers were triggetea on
events with neutral final states. Charge-exchange events
were identified from the one-shower and two-shower events
in the spark chamber pictures. By the Monte Carlo tech-
nique, the = distribufions were calculated from the bisector
distributions of the two-shower n0 events together with the
ohserved gamma-ray distributions of the one-shower 70
events. These m disiributions were fitted with both Legen-
dre polynomial expansions and power-series expansions by
the method of least squares. The extrapolated forward
differential cross sectiona are in good agreement with the
dispersion calculations. The Legendre coefficients for the
differential cross sections in a pure I = ! isospin state,
and for the differential cross sections due to the inter-
ference of 1 = %, and 1 = ¥/, amplitudes, were ohtained hy
combining our results with the available data on mip elastic
scattering, in the light of the existing phase-shift solutions,
the behavior of these coefficients is discussed. The well-
known DgFj interference term that peaks near 900 Mev is
verified to be predumlnantly in a pure I = Y, state. (auth)
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.29574 (NYO-10562) OBSERVATION OF RADIATIVE

CAPTURE OF MUONS IN COPPER. William T, Chu -
(Cavpegie Tnst. of Tech., Pittsburgh). Jan. 1963. Con-
tract AT(30-1)~-882. 124p."

The radiative capture of negatnve muons by a complex
nucleus 4~ + Nucleus —~ Nucleus' + neutrino + photon, was
observed for muons stopping in Cu. Events were identified
visually using a spark chamber with copper plates to de-
tect the stopping muons and a epark chamber with lead
plates to detect the pair resulting from conversion of the

associated photon. The energy of the photon was deduced
from the pulse produced by the pair in a large Nal crystal.
Counter pulses displayed on-a fast oscilloscope gave in-
formation on the time distribution of events. For approxi-
mately 3 x 10 u-stops, 100 good events were observed.

-Extraction of the branching ratio R of radiative capture to

the ordinary capture depends upon detailed assumptions
about the internal excitation of the final nucleus following
the muon capture. However, the dependence is not very
strong and the overall average branching ratio is R =
(5.5 +1.8) x 10". The result is larger than would be ex-
pected theoretically for a pure V—A coupling and ig con-
sistent with.an estimate that includes an additional
pseudoscalar interaction in the four Fermion coupling of
muon and neutrino to protun and neutron. 39 references.
(auth)
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10339 RADIATIVE u= CAPTURE IN COPPER.
William T. Chu. Irving Nadelhuft, and Julius Ashkin (Car-
negie Inst. of Tech., Pittsburgh). Phys. Rev., 137: B352-
66(Jan. 25, 1965),

The radiative .capture of negative muons in copper (u~ +
Cu = N{ + v + y) was measured. The muons were captured
in the copper plates of one spark chamber and the gamma
rays converted in the lead plates of a second spark cham-
ber. A large (¥ in. x 8 in.) Nal ¢rystal was used to measure
the gamma energy. The apparatus was sensitive to gamma
rays of energy larger than 50 Mev. The observed gumma
specirum {s cumpared v a thevielical 3pectrum bascd on a
Fermi-gas model of the nucleus. The comparison gives
branching ratios for radiative muon capture relative to or-
dinary muon capture of R = (4.6.x 0.7) X 10~% for M* = M,
and R = (5.2 + 0.8) x 107 for M* = M, /2, where M* is the
effective nucleon mass used in the model and M, is the
mass of the proton. An attempt is made to extupul.ue the
observations in copper to the case of a free proton. (auth)
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22935 RESONANCE INTERACTIONS UF PI MESONS
WITH STRANGE PARTICLES (EXPERIMENTAL DATA).
I. V. Chuvilo, Uspekhi Fiz, Nauk, 76: 329-50(Feb. 1962).
(In Russian) ’

Experirhenml results are given which show that I,
1rA°. and 7K interactions in the region from 100 to 300 Mev
possess a resonance character. The masses are given as:
1rA -system (Y{-particle) = 1385 Mev, half-width 20 Mev;
aA%- -system (Y§-particle) = 1405 Mev, hulf-width 20 Mev;

" nK-system (K*-particle) = 835 Mev, half-width 16 Mev,

The half-widths mean that the lifetimes of these particles
are of the order of 4 - 1073 sec, longer than the well-
known r-nucleon (’/1,’/1) resonance, but still of the same
magnitude as the duration of strong interaction processes.
The isotopic spin of Y} is 1, of Y§ is U, and of K* is Y.

It is further noted that the Y{ particle is in an S,,-state,
although P cannot be excluded, There is no defini-

tive evidence concerning the spin and parity of the nZ-"
interuction, whereas the spin of the K*-particle is either
0 or 1. In particular, it is pointed out, that the spin and



parity determination of the Y§-particie is of great sig-
nificance to the ‘‘global symmetry’’ hypothesis of Gell-
Mann, (TTT)
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27222 PION-NUCLEON COUPLING CONSTANT FROM
n-p DIFFERENTIAL CROSS-SECTIONS OVER AN ENERGY
RANGE. R. Cirelli (Universita, Milan and Istituto Nazion-
ale di Fisica Nucleare, Milan) and G. Stabilini. Nuovo
Cimento (10), 37: 1165-9(June 1, 1965).

The pion-nucleon coupling constant is determined by
extrapolation to the backward one-pion-exchange pole over
a large energy range. Data on the neutron-proton differen- -
tial cross section ranging from 62.5 to 550 Mev are used
in the treatment, The values of g? obtained by this global
determination turn out to be rather good. (auth)
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33878 SCATTERING OF g MESONS BY CARBON.
A. Citron, C. Delorme, D. Fries, L. Goldzahl, J. Heintze,
E. G. Michaelis, C, Richard, and H, Oeverds (CERN,
Geneva). Phys. Letters, 1: 175-8(June 1, 1962).

The scattering of 180- and 240-Mev/c 4~ mesons by C is
measured at angles up to 72.5°, Four-momentum transfers
up to 250 Mev/c (ig|? = 1.5 fermi~?) are thus achieved.

Within the limits of experimental error, no deviation (other _

than that arising from the mass difference) 1s found between

the 4~ and electron scattering cross sections on C. Further,

if it is assumed that the 4~ meson has a structure with an .
rms charge radius ry, an upper limit of ry = 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 synchro-
cyclotron of the Carnegie Institute of Technology was car-
ried out to measure the rate of the interaction u~ + SHe —

SH + v, where the produced.®H nuclcus is in the ground state.

Both the stopping muons and the subsequent 1.9-Mev recoil’
tritons were measured in a YHe gas scintillation counter
operated at 360 psi. A 10% admixture of Xe greatly en-
hanced the scintillation efficiency and reduced the fraction
of tritons leaving the target. Use of a CsI(Tl) crystal above
the photomultiplier window and a pulse-shape discriminator

circuit precluded the counting of muons stopped in the glass.

Tle gas was contained in a thin-walled Ag box surrounded
by a Xe scintillation counter that detected u-decay elec-
trons. A two-dimensional time and pulse-height analysis
was performed on the tritons, Simultaneously, the elec-
trons were time-analyzed with the same apparatus. Ina.
geparate run, the Xe concentration in the target counter
was increased so that 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 €800 tritons, is

1470 + 67 sec™! and is to be compared with 1505 + 120 sec“,}

the rate expected on the basis of muon-electron universal-
ity, conserved vectur current hypothesis, and the calculated

value of induced pseudoscalar coupling constants. (Disser- .
tation Abstr., 25: No. 3, Sept, 1964) .
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47350 A POSSIBLE MODEL FOR A STRONG INTER-
ACTION IN THE P;, PION-NUCLEON STATE. Clegg.
A.B. (Oxford Univ.). Nuovo Cimento (10), 36: 1052-4
(Apr. 1, 1965). '

An explanation for the observed rapid rise in the Py,
phase in pion-nucleon scattering near 500-Mev plon
energy Is offercd. A concelvable model for a strong
interaction of two plons with the nucleon at the same
time {s discussed. 1t la proposed that both plons mny citoh
gpend an apprectible part of the tme (n the (1, §) - &4,

I state with respect to the nucleon. It is shown that it

1e poseible to find a wave functlon (or an (1, §) = (14, 4)
state of - the Nrm ayatem in which both piong have n lnrgo
protability of being i nn (1, J) = (4, %) state. with reapect
to the nucleon at the same time. (MULT)
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34960 © ¢ CAPTURE IN OXYGEN. R. C. Cohen, S. De-
vons, and A. D. Kanaris (Columbia Univ., New York).
Phys. Rev. Letters, 11: 134-7(Aug. 1, 1963).

- The capture rates of 4~ mesons by O, leading to the
first four bound states of N!¢, are measured. The ratio

of capture to the 0~ and 1~ states of N® is measured as;’
ratio (07/17) = 0.38 & 0.07. This result is consistent with
an induced pseudoscalar coupling constant/induced axial
vector coupling constant ratio of about 15 in the basic
reaction g~ + p = n + . (T.F.H))
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6273 - (AD-617398). MU CAPTURE IN OXYGEN
[Thesis], Cohen, R, C. (Nevis Labs., Columbia Univ.,
Irvington-on~Hudson. N, Y.). Apr. 1965, Contract
Nonr26672. 80p. (CU-236; NEVIS-130). CFSTI $3.00
¢y, $0.75 mn. B ) .

By measuring the p induced !*N beta radioactivity and
the low energy gamma transitions in this nucleus, estimates
were obtained of the absulute capture rates for u~ stopping
in oxygen and producing !N in three of the lowest lying
states. The results are: u=~ + 0 (O+) to N (2(-), ground
state) + v = 6,300 + 700/sec to 18¢N (O(-}, 120 kev) + v =
1,100 + 200/sec to 18*N (1(-), 392 kev) + » 1,730 + 100/sec,
Within the limits noted in the text, the rate to the O(-) state
indicates the value for the pseudoscalar coupling constant
lies between 10g, and 26g,. (auth)
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35460 SEARCH FOR THE TETRANEUTRON VIA

THE REACTION 7 + L1 — ‘n+ 3He. 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~budy breakups

following 7~ absorption at rest in lithium. Measure-

meats were sensitive to four neutron final-state inter-

actions and particle~<unstable tetraneutrons, as well

as to particle-stable ones. (M.O.W.)
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19177 TWO-BODY BREAKUPS FOLLOWING n~ AB-
SORPTION IN LITHIUM: EVIDENCE FOR THE PRODUC-
_ TION OF H!. R. C. Cohen, A. D. Kanaris, S. Margu-
lies, and J. L. Rosen (Columbia Univ., New York). Phys.
Letters, 14: 242-5(Feb. 1, 1965).
An experiment is described, which ylelds evidence for

the 7=+ 8Li — 3H + H, »~ + SLi — ®H + *H, and r~ + "Li —

’H + *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 thickness of an aluminum
absorber in one telescope. Differential range curves are
presented. It is 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
existence of a 4H state which is unstable against decay into -
3H + n. Results for the n~ + TLi — 2H + 5H reaction were in-
conclusive. (L.B.S.) :
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38114 ‘THE LIFETIME OF THE NEGATIVE MUON
IN #%pu, Cojocaru, V. (Inst. of Atomic Physics, Bu-

charest); Marinescu, L.; Mihai, 1.; Petrascu, M.; Voi-
culescu, Gh.; Ignatenco, I.; Omelianenco, M. Rev. Roum,
Phys., 11: 207-12(1966). -

The time distribution of fission due to the nuclear cap-.
ture of negative muons in plutonium was measured and the
value 76 + 9 ns for the muon lifetime was obtained. There
is a good agreement, within the experimenial extuis, be-
tween the experimental value and that calculated with the
theoretical formula given by Primacoff. (auth)
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17028 EXPERIMENTAL STUDY OF DOUBLE-

. CHARGED PION PRODUCTION IN (r~,p) COLLISIONS
AT 900 Mev. Derek C. Colley and Joseph T. Ratau
(Columbia Univ., New York). Phys. Rev., 130: 357-61
(Apr. 1, I963).

Eight hundred and forty events of the kind 7~ + p — 77 +

p+ 1™+ 7% produced in the 20-in. BNL hydrogen bubble .
chamber hy 900-Mev pions were unambiguously identified

using spatial reconstruction and kinematic fitting programs’

as well as ionization density estimates. The #*,7~ and
7,7~ combined mass distributions can be fitted by smooth
curves, with no deviation beyond statistical fluctuations; no"
indication was found of any prominent pion-plon resvnance
in this interaction, whi¢h covers a mass range up to 610
Mev. The n*,p combined mass distribution differs markedly
from the four-body phase-space curve, but can be well

fitted by weighing the 7*,p total cross section curve at each-

point_according 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 (7*,p) isobar, one can get a good fit to the 7~,#™ mass
spectrum. 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 Mev, or of any three-pion resonance in the range
up to 750 Mev. The cross section for the events studied was
measured and found to be (0.33 £ 0.04) mb. (auth) . . .
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19089 ON THE ABSORPTION OF NEGATIVE PIONS
BY LIQUID HELTUM. G. T. Condo (Univ. of Tennessee,
Knoxville and Oak Ridge National Lab., Tenn.). Phys. -
Letters, 9 65-6(Mar. 15, 1964). .

A de-excitation mechanism is proposed for the absorp-
tion of mesons (r”) 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. (C.E.S.)
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24582 (AD7439331) ABSORPTION OF NEGATIVE PI
ME3ONS INN LIGHT NUQLEL. Teohnicnl Report No. 46,

G. T. Condo and R. D. Hill (Illincis. Univ., Urbana), Mar.
1864, Contract NONR~ 1834(05)' 10p.

Meson (77) stars observed-in normal Ilford G-5 emulsion
and in water-soaked G-5 emulsion were examined. It was
found that 57.5% of all meson (77) stars in the normal
emulsion were caused by absorption in heavy nuclei, while
such absorption accounted for.only 43% of all meson (r7)
starc in the wataresnaked emulsion. Events in the light
nuclei were separated into captures inC, N, and O on the |
basts of the number of prongs and the distinction between
proton and alpha prongs. Specific results are given, to-
gother with the resnlts of other detemnahons for normal
emulsions. (D.C.W.} ' ’
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26142 OBSERVATION OF RADIATIVE CAPTURE OF
NEGATIVE MUONS IN IRON. G. Conforto, M. Conversi,
and L. di Lella (CERN, Geneva). Phys. Rev. Lettcrs, 9:
22(July 1, 1962). :

The reaction y~ + N — N++ b was detected; rates of
occurrenée under given conditions were measured. Feasi-
bility of experiments on the coupling constants, the circu-
lar polarization, and the y asymmetry of gamma emission
from radiative capture of polarized muons by spinless
nuclex was estimated. Evidonos for occurrence of the
process in Fe with a hranching ratio of about 10~ was
found. (L.N.N.)
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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 CERN.”” Geneva, European Orgamzatxon for Nuclear

Research, 1962.



In a search for the hitherto unobserved process u~ + N —~
N+ v+ vy, 90-Mev u~ were stopped in the steel plates of a
spark chamber, and y rays with energy >60 Mev were re- -
corded. The conditions considered as identifying the proc-
ess searched for were met by 9.5 + 3.8 events. From this
the branching ratio relative to ordinary u~ capture was
found to be ~107¢, (A.G.W.)
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5377 SEARCH FOR NEUTRINOLESS COHERENT NU-
CLEAR CAPTURE OF p~-MESONS. G. Conforto, M, Con-
versi, L. Di Lella, G. Penso, C. Rubbia, and M, Toller
(Universita, Rome; INFN, Rome; and CERN, Geneva).
Nuovo cimento (10), 26: 261-82(Oct. 16, 1962), (In English)

A high sensitivity experiment to search for the neutrino-
less conversion of a muon into an electron (u~ + N=N + ¢,
where N is a Cu nucleus) has been carried out at the CERN
Synchrocyclotron. The space ¢orrelation between the muon
and the electron was seen in a spark chamber operated as
a target in the muon beam. The time correlation was ob-
served on an oscilloscope trace which also contained the
pulse from a large Nal(Tl) crystal, used to measure the
energy of the electron (103.8 Mev in the case of the above
mentioned process occurring coherently in the Cu plates of
the chamber). Nearly 2.4 billion u™-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 Nal 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 capture is concluded to be less
than 2.2 x 107 with 90% confidence level. This negative
result fits into the recent dxscovery of two kmds of neu- -
trinos. (auth)
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9921 ELASTIC SCATTERING OF u+ IN NUCLEAR
EMULSION. P. Connolly, J. G. McEwen, and J. Orear
(Cornell Univ., Ithaca, N, Y.). p.796 of **Proceedings of .
the 1960 Annual Intérnational Conference on High Energy
Physigs at Rochester, The [Iniversity of Rochester,
Rochester N. Y., August 25— September 1, 1960.”

The cross sections were measured for the elastic scat-
tering of mesons (™ on AgBr in nuclear emulsions for
momentum transfers of up to 160 Mev/C. Nata indicated
that the p meson behaves the same as a poeition. but with
a mass 207 times 1arger. M.C.G.)
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21470 ELASTIC SCATTERING» OF NIUO'NS IN NU-
CLEAR EMULSION. P. L, Cunnully, J. G. McEwen, and

J. Orear (Cornell Univ., Ithaca, N. Y.). Phys. Rev. Letters'

6: 554-6(May 15, 1961). :

Mesons u* and 47, at maximum energies of 43 and 60
Mev respectlvely, are elastically scattered by emulsion
nuclei For the u* scattering, only 14 to 40 Mev muons
that are scattered between 80 and 180° are considered.

The calculated and observed number of 4* events having

a momentum transfer greater than q, and the average dif-
ferential scattering cross sections for Ag and Br, are -
given as ‘functions of q. Only preliminary results are given

- for p~ scattering. No indication of an anomalous u-nucleus
_ Interaction is found, (T.F.H.) .
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27365 USE OF A SPARK CHAMBER IN A SEARCH FOR
NEUTRINO-LESS CONVERSION OF MUONS INTO ELEC-
TRONS. M. Conversi (Univ. of Rome). p.140-1 of **Pro~
ceedings of the Symposium on Nuclear Instruments,’’ New
York, Academic Press Inc., 1962.

A search for the reaction 4~ + N — N + e was made. Ap-
paratus design and performance are described. (L.N.N.)
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26525 (BNL-837(p: 315- -23) RADIATIVE MUON CAP-
TURE IN Ca'® AND THE INDUCED PSEUDOSCALAR
COUPLING CONSTANT. M. Conversi, R. Diebold, and

L. di Lella- (European Orgamzauon for Nuclear Research,
Geneva). .

A preliminary account is given of an expenment on the
muon radiative capture process u~ +'p —n + v, + v, where
p is a proton on a Ca* nucleus. The induced pseudoscalar
coupling constant g, is determined from measurempnt of
the reacticm rate. M.J.T:)"
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18668 EXPERIMENT ON THE PROCESS y~ + N =
e”+ N. M. Conversi, L. di Lella, A. Egidi, C. Rubbia,
and M. Toller {Universitd, Rome and Istituto Nazionale di_
Fisica Nucleare, Rome). Nuovo cxmento (10), 19: 999-
1009(Mar. 1, 1961). (In Italian) :

An experiment {s performed on the process py~+ N —
N + e” making use of a low energy high intensity y~ beam,
If, as expected on theoretical ground, coherent neutrinoless
capture of muons in copper is at least 6 times more prob-
able than the corresponding incoherent process, the branch-
ing ratio relative to ordinary muon capture turns out to be
leas than 5.9 x 108, with 90% confidence level. (auth)
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25922 (NP-11977(p.49-52)) MISURA DELLA POLAR-
IZZAZIONE DEI NEUTRONI DA CATTURA DI MESONI uo.
{Measurement of the Polarization of Neutrons from the
Capwire of 4~ Mesons). M. Conversi, L. di Lella, A. Egidi,
C. Rubbia, and M. Toller (Italy. Istituto Nazionale di
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Fisica Nuclearel, Rome).

The experimental setup being designed for the measure- .
ment of neutron polarization by p~ capture is described. It
is planned to use a target of ca.lcxum for the u™ beam at .
CERN. (J S.R.)
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18667 ON THE NUCLEAR CAPTURE OF NEGATIVE
MUONS WITH ELECTRON EMISSION. M. Conversi, L. di
Lella, A. Egidi, C. Rubbia, and M. Toller (Universitd,
Rome and Istituto Nazionale di Fisica Nucleare, Rome).
Nuovo cimento (10), 19: 987-98(Mar. i, 1861). (In Italian)
An experimental search is described for the neutrino-
less u~ capture reaction u~ + N — N + e, u~ mesons at ~
600 Mev stop in a copper target. The upper limit for the
branching ratio of the process searched for, relative to
ordinary muon capture, is improved by a factor of more
than 20 with respect to previous measurements. (auth)
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16342 ON THE NUCLEAR CAPTURE OF MUONS
WITH ELECTRON EMISSION. M., Conversi, L. Di Lella,
A. Egidi, C. Rubhia, and M. Toller (Universitd, Rome).
Phys. Rev., 122: 687-95(Apr, 15, 1961),

Two experiments carried out to search for the process
of muon capture with electron emission are reported. The

second of the two experiments is nearly 200 times more
sensitive than earlier attempts to find this capture mode,
but no indication is obtained in favor of the latter. In both
experiments negative muons are made to stop in copper,’
- where coherent capture is predominant, so that the **cap-

ture electrons’” should be emitted with an energy spectrum

sharply peaked around 100 Mev.” For the branching ratio
of the process searchgd for, relative to ordinary muon
capture, upper limits of about 5 X 10™% and'5 x 10~% are
established through the first and second experiment, re-
speotively. (auth)
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11978 SEARCH FOR ELECTRONS, FROM MUON CAP-

TURE. M. Conversi, L. di Lella, A. Egidi, C. Rubbia, and
M. Toller (Universiti, Rome and Istituto Nazionale di
Fisica Nucleare, Rome}. Nuovo cimento (10), 18: 1283-
6(Dec. 16, 1960). (In English)

Experiments were performed to show the existence of
the processes u~ + p —p+e oru” +n —-n+e" If the

branching ratio (R = rate of u* + Cu — Cu + e/rate of u™~ +

Cu — Ni + 1) was larger than a few times 107, The 60-
Mev muon beam at CERN was used with 12 plastic scintil-
lators in an electron telescope which had a detection effi-

clency of 0.14 for 8-fold coincidences. A value of R < 6.9 x

107 with 90% confidence level was found, in agreement
with that found by Sard et al., using a different technique.
(T.R.H.)
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10891 SEARCH FOR CONVERSION OF MUONS INTO
ELECTRONS. M. Conversi (Universitd, Rome), L. di 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
u-+N=N+e"is conducted from hoth the theoretical and
the experimental point of view. Experimental equipment
iin‘cludes a monitoring telescope for the incoming 1™, a
spark chamber where the u~ are brought to rest, and a
telescope for the outgoing electrons. Electron energies
are measured. Branching ratios are evaluated at 90 to 110
Mev, and over-all efficiencies are measured. If the proc-
ess u~ + N - N + e~ exists at all, its branching ratio can-
not exceed 2.4 X 1077, (L.N.N.)
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25923 {(NP-11977(p.53-4)) RICERCA DELLA CAT-
TURA RADIATIVA DEL MESONE MU. (Researchon the
Radiative Capture of Mu Mesons). M. Conversi,

L. di Lella, C. Rubbia, and M. Toller (Italy. Istitutn
Nazionale di Fisica Nucleare, Rome).

An experimental method for the measurement of the ra-
diative caplure of muons is described. The method consists
in the measurement of the gamma emitted by a copper tar-
get irradiated with a pure intense beam of muona. The
gamma rays are measured with a Nal 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 to im-
prove the measurement accuracy are briefly discussed.
(J.8.R)) Sl
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14525 (BNL-6767) PERSONNEL DOSIMETRY OF
VERY HIGH ENERGY RADIATIONS. Frederick P. Cowan
-(Brookhaven National Lab., Upton, N. Y.). [1962]. Con-
tract (AT(30-2)-Gen-16]. 9p.

Two basic_methods of dosimetry appftcable to high en-
ergy radiation areas are briefly reviewed, and the problem
of u~meson dosimetry 1s examined theoretically, Experi-
mental results indicate that standard methods of film badge
interpretation may be used for rem dose determinations in
u-meson areas, Preliminary measurements on dostmetry
of proton beams Iindicate a need for more research and
careful control of exposures. (D.C.W.)
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21399 MUON CAPTURE RATES FOR *Ca AND “Ca:
OBSERVATION OF THE ISOTOPE EFFECT. W. A.
Cramer, V, L. Telegdi, and R. Winston (Univ. of Chicago)

and R. A. Lundy. Nuovo cimento (10), 24: 546- B(May 1,
1962). (In English)
Time distribution of capture products was used for



determining u disappearance; results are presented in
graphical form. A diagram and a description of the appa-
ratus are given, Observed and predicted values for the
isotope effect are compared, and fair agreement is ob-
tained. (L.N.N.)
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7~ -p SCATTERING BELOW 1 Bev. R. R. Crittenden
J. H. Scandrett, W. D. Shephard, and W. D. Walker
(Brookhaven National Lab., Upton, N. Y.)'and J. Ballam
{Michigan State Univ., East Lansing, and Brookhaven
Natlonal Lab., Upton, N. Y.). Phys. Rev. Letters 2,
121-4(1959) Feb. 1.

Measurements of ¥ -p total and differential elastic
cross gections 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-
motron. Rerulte are shown for a total of 60,000 plctures.
(W.D.M.)
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12529 " STUDY OF n-NUCLE!1 SCATTERING BELOW
500 AND 1300 Mev. M. Crozon, Ph. Chavanon, A. Courau,
Th. Leray, J. L. Narjoux, and J. Tocqueville (Colldge de
France, Paris). Nucl. Phys., 64: 567-84(Apr. 1965)., (In
French)

The total elastic (o)) and inelastic {0,) cross sections
for reactions of n-mesons with Be, C, and Al nuclei at )
varijous 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 is 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-
tion. From this use of the optical model one can get not
only g, and g1, but also a value of the mean forward scat-
tering amplitude f0) of the 7n-nucleon system for linked
nucleons. This value has to be compared to the mean n-
free nucleon amplitude at the same energy of the pion, in
order to check the usual approximations used in the optical
model. The order of magnitude of the two amplitudes is the
same and, in particular, the real parts are not significantly
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 correlation functions of
nucleons inside nuclei. (auth) .
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41915 ANGULAR DISTRIBUTION OF »~ MESONS AT
960 Mev/c SCATTERED ON NUCLEI. M. Crozon,

T. Leray, and J. Tocqueville (Faculté de Sciences, Paris).
Nuovo Cimento (10), 29: 655-69(Aug. 1, 1963). (In French)
Differential cross-sections were measured for negative

pion scattering on nuclei at 960 Mev/c. ‘The target ele-

ments used were C, Al, and Cu. An-attempt was made to
gseparate elastic and quasi-elastic scattering from true-

" inelastic processes. The results show a good agreemént

with the predictions of the optical model. The nuclear
radfus and the fall-off parameter were taken to be approxi-
mately those determined from nuclear charge distribution
measurements. Some discrepancies between expenmental
and predicted values of o are discussed. (auth)
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9223
LONGITUDINAL POLARIZATION OF THE ELECTRONS

¥ROM THE DECAY OF UNPOLARIZED POSITIVE AND
NEGATIVE MUONS. G. Culligan, 8. G. F. Frank, and
J. R. Holt (Univ. of Liverpool). Proc. Phys. Soc.
{London) 73, 169-77(1959) Feb.

The polarization of electrons from the decay of un~
polarized positive and negative muons was detected by
the method of transmission of bremsstrahlung through
magnetized iron. It is shown that the positrons have
positive helicity and the negatrons negative helicity,
thus providing a clear demonstration of violation of in-
variance under charge conjugation. It follows on the
basis of the two component neutrino-theory that the
neutrino assocliated with the decay of the pion has nega-~
tive helicity and the anti-neutrino positive hellclty. The -
agreement of this with recent results for the neutriro in
8 decay lends support to this theory and confirms the
law of conservation-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- .
8(Apr. 16, 1961). (In English)

Béams of 170 Mev/c 7" or 7~ mesons, from which the "
-mesons are selected, by time-of-flight methods, are
stopped in Be, B,C, Teflon, and Al targets, The ratin.of
the numbers of electrons produced by the negative and
positive beams by n-u-e decay is determined for each of
these materials. Assuming that no 7~ decay occurs in the
Al target, an upper limit of one per cent is found for the
decay probability of r~ mesons stopped in either Be, B,C, -
or Teflon. (auth) :
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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,
R. Winston, and R. A. Lundy. Phys. Rev. Letters, T: 458~
60(Dec. 15, 1961).

Observations to detegmine whether the ““universal V-A"
interactivn, as yet unproved.in the case of u capture, are
made qualitatively, ‘The time dependence of the rates at

41



42

which neutral products (neutrons and/or nuclear photons)
are emitied in the capture of muons by F!® was measured
to determine the spin dependence. A LiF target was used,
since lithium has a negligible capture rate. Selection of
either y- or n-induced pulsés could be made. Results are
presented in tabular form, and comparisons between ob-
served and theoretical parameters are made. Using the
precession rate, decay asymmetry parameters of 4~ bound
to F1® (UFg target) and to ct2 (graphite) are compared. It is
concluded that, in general, 4~ capture is spin dependent;
for F*, A~ > A* (A’ > 0); its magnitude is near the maxi-
mum possible, i.e., that predicted for an (F' X G1) inter-
action with x = —1; both the absolute rates and their spin
dependence agree with the ‘‘universul V-A’" prediction, and
exclude a (V + A) interaction; and there is a fast F* — F~
conversion process of the predicted rate. (L.N.N))
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21315 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
121-6(Jan, 1962).

Internal pairs produced by n~-mesons captured in hydro-'

gen were studied with a hydrogen bubble-chamber. The
prohability that a stopped meson produces a pair was found
to be 0.0093 + 0.0006. This probability, which is very in-
sensitive to the Panofsky ratio, serves to check the theo-
retically predicted values of the conversion coefficients of
Joseph, (auth)
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21043 THE S-WAVE SCATTERING LENGTHS FOR
THE PION-PROTON INTERACTION. D. C. Cundy, R. A.
Donald, W. H. Evans, W. Hart, P. Mason, D. E. Plane,

J. K. Smith,-and J. G. Thomas (Univ. of Liverpool). Proc.
Phys. Soc. (London), 85: 257-65(Feb. 1965).

From an analysis of charge exchange and elastic scat-
tering of 35 Mev negative pions using a liquid hydrogen
bubble chamber, the charge-exchange total cross section
is found to be 5.61 + 0.40 mb and the s-wave scattering
lengths a; = +0.187 + 0.009 and ay = ~0.082 + 0.011 in units
of i = ¢ = m, = 1. The quantity a;—ay is found by a method
free from systematic error and independent of Coulomb
corrections. It is compared with that of the analysis of
plon—proton scattering data, using dispersion relations,
by Hamilton and Woolcock. The agreement is reasonable
(auth)
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18487 INELASTIC COLLISIONS FOR SMALL MO-
MENTUM TRANSFERS. J. Cunningham (University Coll.
of North Wales, Bangor, U. K.). Australian J, Phys.. 17:
§53-5(Dec. 1964).

Inelastic meson(r)-nucleon collisions with small mio-
mentum transfers are considered. The analytic properties
of the amplitudes are examined as a iuncuon of the energy
variables, (C.E.S.)
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16884 EXPERIMENTAL INVESTIGATION OF g -ME<};
ATOM PROCESSES.IN GASEOUS HYDROGEN. V. P,
Dzhelepov, P. F. Ermolov, E. A. Kushmrenko V. I. Mosk:..
lev, and S. S 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 & number of y=mesic atom processcs in
hydrogen. The following quantitative data have been ob-
tained: cross sectiun fur elaslic scatteri mg of pu mesic
atoms on'protons, o, = (1.720:4) x 10~% cm?; the rates of
the u-meson trunbfer {rom a proton to deuterons and com-
-plex nuclei (C and Q) recalculated for density of liquid
hydrogen, A4 = (0.8523:3)) x 101 sec™ and Az = (1.220:]) x 1o
sec™); the rate of the formation of ppu mesxc molecules in
liguid hydrogen, A o ™ (0:625:%) > 108 gec™. The exreri.
mental values of A4, App,, and Az satlsfactorily agree with
the theoretical values. This confirms the correctness of
the mechanisms of the processes proposed in the theory,
The cross section o, was found to be close to the theo-
retical value computed without taking into account the
hyperfine structure of the py 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 ydetermined opens the possibility of finding the absoluic
piobabilities of a large number of u mesic molecular proc-
esses by employing it as a scale. (auth)
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25361 THE WEAK INTERACTIUNS OF THE MUON.
R. H, Dalitz (Oxford Univ.). Proc. Roy. Soc. (Londen),
Ser. A, 285: 229-47(Apr. 20, 1965),

A survey on meson () decay, meson {u~) captute by hy-
drogen and complex nuclei, and leptonic decays of strange
particles is presented. The accuracy and detail with which
the weak interactions of the electron and the meson (u) are
identical in form are emphasized. Only the hypothesis that
these leptons participate in weak interactions only through
the charged current vectors and its Hermitian conjugate -is
consxdex ed. (D.C.W,)
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26972 (JINR-P-1985) UVELICHENIE DLITEL'NOSTI
IMPUL'SOV PUCHKOV CHASTITS SINKHROTSIKLOTRONA
UIYAL NA 68U Mev. (The Increase of the Pulse Duration
of Particle Beams at a 680-Mev Synchrocyclotron of the -
Joint Institute for Nuclear Research). V. I. Danilov, 1. B.
Enchevich, B. I. Zamolodchikov, E, A. Polferov, E. 1.
Rozanov, V. 1. Smirnov, and V. G. Testov (Joint Inst. for
Nuclear Reséarch, Dubna (USSR). Lab. of Nuclear Prob-
lems). 1965. 12p. Dep.(mn),

A method of Increasing the duty cycle of the particle
beams is described. It was tested at the JINR synchro-
cyclotron. The method is based on an excitation of the
forced radial oscillations of the beam by the local inhomo-
geneity of the magnetic field variable in time. The mag-
netic field perturbation is produced by a pair of coils
supplied by the current pulses with a half-conduction angle



of 90° and located at a radtus of 265 cm. The pulse dura-
tion of the meson beam was increased 5-6 times and is
about 2500 psec at the level of intensity 0.5. (auth)
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1406 RELATIVE BIOLOGICAL EFFICIENCY OF
NEGATIVE u-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 (u7) and
Co® gamma rays in inducting somatic mutation in staminal
hair cells of a diploid clone (02) derived from a variety of
Tradescantia occidentalis was investigated. Eight fluores-
cences were exposed in air in the muon beam for each of
the periods of time-—2, 4, 6, 8, and 10 hr. As a standard
for the muon treatments, influorescences were exposed
in air at a dose rate of 7.5 rads/hr to four doses of Co®™
gamma rays: 30, 48,7, 71.2, and 120 rads. Mutations were
scored in the staminal hairs of flowers emerging on four
successive days and the data relating yield per flower, to
dose in rads, fitted to linear, y = k + aD, and quadratic,

y = k + aD + gD?, regressions. In all instances linear
regressions better fitted the data.” The RBE of muons : v is
given by the ratio of the « coefficients, and has a mean .
value for all days of 0.79. (P.C:H.)
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15794 - HIGH ENERGY y RAYS FROM PION CAPTURE.
Davies, H.; Muirhead, H.; Woulds, J. N. (Univ. of Liver-
pool). Nucl. Phys., 78: 673-80(1966). °

The yiclds and erergy spectra of the high energy y radia-
tion arising from meson () capture in complex nuclei were
measured by means of a sodium iodide crystal. The y-rays
appear to peak strongly in the region of 100-115 Mev for a
range of nuclei from SLi to natural copper; the yield is
ahout 2% per meson(r) capture and falls slowly with in-
creasing atomic weight. Possxble reaction mechanisms
are discussod. (auth)
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41770 THE POLARIZATION OF PROTONS RECOIL~
ING FROM 7* + 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 (10), 29: 507~
14(July 18, 1963).

The po]arxzauon of protons recoilmg at 23° in the labo-
ratory from =¥ + p elasti¢ ¢ollisions at 265 Mev was
measured using carbon as an analyzer, together with a
system of large directional counters. The polarization
was found to be —0.11 # 0.007. The inclusion of these data
with existing information on differential and total cross
sections at this energy strengthens the case for the inclu-
sion of D-waves in a phase- -shift analysis at this energy.
(auth)
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18340 NP-8693
Maryland. Univ,, College Pa.rk .
ABSORPTION MECHANISMS OF NEGATIVE K MESONS
AND PIONS IN LIQUID HYDROGEN. Thomas B. Day.
Apr. 1960. 18p...Contract AF49(638) 24 ([AFOSR] -TN-.
60~ 501) .

Slowing down and capture of negative mesons by the

. atoms and molecules in liquid hydrogen are treated. The

results of an expériment on following 80,000 pion tracks
‘stopping in a liquid hydrogen bubble chamber are dis- -
cussed. The question of from which atomic state the meson
is absorbed is considered. (W.D.M.) ' .
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£847 AFOSR-TN-59-1296

Maryland. Univ., College Park. .

HIGH ORBITAL S-STATE CAPTURE OF 7"-MESONS BY

PROTONS. Physics Dept. Technical Report No. 159.

T. B. Day, G. A. Snow, and J. Sucher. Dec. 1959 Sp. .

Contracts AF49(638)-24 and AT(40-1)-2504. OTS. Lo
The time which elapses between that point in the slowlng

down of & 7”~-meson in lquid H, when it has a velocity

v = 0.05¢ and the moment of capture by a proton was re- -

cently measured to be > 3.5 x 10712 gec. The result is con-

sldered from the Stark effect and capture process previ-

ously proposed for the K~,p) atom. ‘It 18 concluded that the

number s so restrictive that the Stark effect process can-

not explain the capture rates of pions in hydrogen. (W.D.M.)
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6966 7~ p INTERACTIONS AT 224 MEV. J. Deahl,
M. Derrick, J. Fetkovich, T. Fields, and G. B. Yodh
{Carnegie Inst. of Tech., Pittsburgh). Phys; Rev,, 124: ‘
1987-94(Dec. 15, 1961).

Interactions of 224-Mev negative plons with protons
were investigated using a 15-cm hydrogen bubble chamber-
m 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 higher than -
two was observed in the angular distribution. The charge-

- exchange cross section, based on 1200 events was 34.4 &+ 1.9
mb. The results of a random-search phase- shlft analysis,
using these data in conjunction with earlier x -p elastic
scattering results and recoil proton polarizatlon meas-
urements (x~-p), are reported, A search for pion pro-
duotion yielded three events of the type 1~ + p — 1~ +

v +n correspondmg to a cross sectxon of ~30 pb. No
events of the type sy~ +p — s 7+ 2° + p were observed.
(auth)
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9808 T -p INTERACTIONS AT 225 MeV. J.-Deahl,.
M. Derrick, J. Fetkovich, T. Fields, and G. B. Yodh

43
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(Carnegie Inst. of Tech., Pittsburgh, Penna). p.185-7 of
«“Pproceedings of the 1960 Annual International Conference
on High Energy Physics at Rochester, The University of
Rochester, Rochester, N. Y., August 25—September 1,
1960." _

Meson () interactions with protons at 225 Mev were .
studied in order to obtain scattering data of higher ac-
curacy than that prevmusly available and to observe
meson () production. Total and elastic differential cross’
sections were determined, An's,p phase—sbm analysis
was made on the data. (M.C.G.)
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6530 7*-PROTON INTERACTIONS AT 500 Mev INCI-
DENT ENERGY. J. Dehaisieux, F. Grard, J. Heughebaert,
R. Servranckx, and R. T. Van de Walle (Institut Interuniver-
sitaire des Sciences Nucleaires, Brussels). Nucl. Phys.,
63: 273-85(Mar. 1965).-

Results are presented on 7*-p interactions at 500 Mev
from an experiment performed with the Saclay 35-cm hy-
drogen bubble chambher. A total of 1840 events was ob-
served. The branching ratio fur elastic events is cqual to-
0.883 = 0.008. Eight events are unambiguously attributed to
the n*p — 7*py. Cross sections for the various intera¢-
tions are given. The elastic angular distribution was de-
termined up to cos 8 = +0.975 and shows evidence for S,

P, D waves, in good agreement with the results obtained
in other experiments. For the one-pion productiun reac-

-tions, the ratio of m° production to n+ production is found

to be equal to 4.1 = 0.8. This result and the corresponding
distributions for momentum and angle of the secondaries
are compared with the pr edietions of the Isubaile mdele.
(aully)
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36302 EXPERIMENTAL STUDY OF THE n* +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. Willitts, K. Winter, X. De Bouard, and
M. Vivargent. Phys. Letters, 11: 161-4(July 15, 1964).
The differential and total cross sections of the r* +d —
p + p reaction were investigated for energies between 0.65
.and 1.95 Bev/c. (C.E.S.)
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27501 STARS PRODUCED BY n~ MESONS AT REST:
NATURE OF UNIT CHARGE BRANCHES, M. Dellagi
(Faculte des Sciences, Tunis). J. Phys. (Paris), 26: -59-
62(Feb. 1965). (In French) :

The results are reported of multlpl(. scattering mea-
surements made on 209 tracks of length = 1 100 u at the end
of their range in nuclear emulsion {constant sagitta method,
Dilworth series of residual range), The chosen parameter
is D, the arithmetic mean of the second differences relative
to 4 times the length of the basic cell, The D distribution
may be looked upon as one made up to two Gaussian distri-
butions only, arising from the proton and deuteron contri-
bution. The proton ratio is 1.1 + 0,2. It is shown that the
gap length distribution is different for tracks at very large
or very small D; these tracks belong to distinct groups of
particles. (auth)

figurations totaling zero in Li® and He®
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34746 THE EFFECT OF A PION PRODUCTION ON
THE LOW ENERGY PION-NUCLEON SCATTERING.

A. Deloff.. Bull. Acad. Polon. Sci., Ser. Sci., Math.,
Astron. Phys., 11: 323-6(1963). (In English)

" The meson () production cross section in meson (7)-
nucleon scattering above the 170-Mev threshold is investi~
gated to determine the effect of the meson () productxon
process. (C.E.S.)
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5992 (NP-13347) ETUDE DES DFFETS DE STRUC-
TURE HYPERFINE DANS LA CAPTURE DES MESONS-MU.
APPLICATION AU CAS DU LITHIUM-6 (thesis). (Study of
the Effcets of Hyperfine Structure in the Capture of p
Mesons. Application to the Case of Lithium-G (thesis)).
Jean Delorme (Lyon. Université). [1962]. 72p.

The effect of hyperfine structure in the capture of u
mesons is studied and extended to transitions leading to
a particular final state. The hyperfine difference aA be-
tween states is caleulated, and the matrix elements of the
hyperfine structure operators in the shell model are de-
rived. The results are then applied to the transition Li® +
¥~ — He® + v. It is shown that this reaction has as great a
hyperfine structure as y~ capture by hydrogen. The effect
is essentially due to the conservation of the angular mo-
mentum and to the predominance of orbital moment con-

. J.S.R.)
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26365 ELASTIC »~ MEGON ECATTERING QN CARRON
AT 5 TO 15 Mev. V. 8. Demidov, V. G. Kirillov-Uzryumov,
A. K. Ponosov, V. P, Protasov, and F. M. Seryeev (Moscow
Inst. of Engineering Physics). Zhur. Eksptl’. i Teoret. Fiz.,
42: 1687-8(June 1962). (In Russian) )

Previous studies of elastic 7~ scattering on C at less
than 22 Mev.indicated the presence of an effective repulsion
potential. An analysis of 7~ scattering at identical energies
was 1made in order to dotermine the 7-nucleus potential hy
the difference in the interference of electromagnetic and
nuclcar intoractions, A 370 x 140 x 100 mm propane bubble
chamber.irradiated by a § to 15 Mev #~ beam was used in
the experiment. The tabulated results, compared with the
data for #*, revealed a region (20 to 120° anglo) where the
7~ scattering is much weaker than the r*. Further studies
showed that in the weaker region the contributons of inter-
fering Coulomb and nuclear interactions are highly pro-
nounced. The divergence in the angular distributions of 2~

.and #* permit a direct determination of the w-carbon nu-
‘cleus potential that corresponds to -state Tepulsion. The

obtained data were used for evaluating the phase shifts in

7~ scattering on C and, in turn, the S-state repulsion. The
data are in close agreement with those of N. Byers (Phys.
Rev 107: 843(1957)). (R.V.J.) '
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24475 ABSORPTION OF SLOWED DOWN »x~ 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. Eksperfm.
{ Teor. Fiz., 46: 1220-5(Apr. 1964). (In Russian)

The energy spectra of secondary singly charged parti-
cles produced as a result of absorption of slowed down
mesons (77) by carbon and also the angular distribution
between the prongs in meson (1) stars‘ate 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, () absorption by a com— :

plex consisting of several nucleons (z4) does not exceed
20%. An‘analysis of over 200 interactions earried vut on
an electronic computer by the Monte Carlo method shows
that the experimental data are in agreement with the two-
nucleon mechanism and, in accordance with preliminary -
results, the proba.bihty for meson (r) absorption by a pair-
of different nucleons (np) is two or three times greater
than that for absorption by a palr of identieel (pp) nucleons
{auth)
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9229 DETERMINATION OF THE nt —n® + 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 7 — 1° + " + 1, 7" — 2y, have been
observed and analyzed. A detailed analysis of the experi-
mentai arrangement and the evaluation of events is pre-
sented. The e* spectrum has the allowed shape with an end
point at Egm,, = 4.0 Mev. The experimental branching
ratio obtained, (1.7 £ 0.5) x 1078, is compatible within 1.3
standard deviations with the conserved vector current
value. (H.D.R.) .
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9387 EXPERIMENTAL EVIDENCE FOR STRUC-
TURE EFFECTS IN THE r* — ¢* + v + y DECAY PROC-
FSS. P. Depommicr, J. Helntze, A..Mukhin, C. Rubbla,

V. Soergel, and K. Winter (CERN, Geneva). p.414-16 of
1962 tervnational Conference op High-Fnergy Physics
at CERN.'' Geneva, Furopean Ovganbzation for Nuelear

Rexenrveh, 1962,

An experiment intended to detect high-energy electron—y
patrs emitted tn opposite dircctions from the nt—ctrue
y decay process was performed. It is shown that the num-
ber ‘of such events recorded (8 + 2) indicates the prosence
of a structure {n the radiative 7* decay. (A.G.W.)
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29541  FURTHER MEASUREMENTS OF THE r* —
7% + et + v DECAY RATE. P. Depommier, J. Heintze,

'C. Rubbia, and V. Soergel (CERN, Geneva).
ters, 5: 61-3(June 1, 1963). (In English)
Calculations based on 38 + 2 additional events give a -
value for the branching ratio R = 1* — 2% 4 ¢* + v/2* —
#* + v of the process 7* — 1 + e* + v of Ryyp=(1.08 &
0.21) x Rcve, where Reyc 18 the value predicted 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

Phys. Let-

". conserved vector current theory. (D.C.W.)
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15411 SINGLE PION PRODUCTION IN #7p INTER-
ACTIONS BETWEEN 600 AND 900 Mev. Derado, 1.

(Univ. of Notre Dame, Ind.); Kenney, V. P.; ansa, J.w,;
Poirier, J. A,; Sh(.phard W. D.; Stautbery, J L.; Vittitoe,
C.N. pp 244 50 of Resonant Pmlxclcs A(hqns Ohio,
Fazl-i-Umar Rescarch Inst. , 1965.

The results of a study of sm"le pion production in z7p
intcractions at incident pion kinetic energies of 604, 790,
830, and 870 Mev are prescribed. The analysis of these
data in terms of the formation of the N% 3(1228). isobar is
_also discussed. (G.0.Y.) '
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20788 NYO-2241 .
Carnegie Inst. of Tech., Pmsburgh
INTERNAL PAIRS FOLLOWING 7~ CAPTURE IN HYDRO-
GEN. M. Derrick.. J. G. Fetkovieh, T. H. Flelds, and
J. Deahl.
.Internal electron pairs from the two reactions (1) =~ -
p=n+n’—=n+y+et+e and(2) " +p—-nie+e
-were studied in a hydrogen bubble chamber. 2184 cases
were seen. A geometrical cut off selected 1523 of these .
as suitable for momentum measurement' By an analysis -
of the momentum spectrum the Panotsl»:y ratio was meas-
ured to be 1.51 # 0.10. The total Intensity, momentum’
partition within the pairs, and distrihution in virtual
photon mass are In essential agreement with the zhemvti-
¢al predictions of Kroll and Wada as recently enended b_;
Joseph. (auth)
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24819 BOUND MUON DECAY IN IRON AND ZINC.
Lewis Gail Despain (Univ. of Utah, Salt Lake City).
sertation Ahstr., 22: 4378-0{Junc 1902).

An improved cosmic ray counter consisting of a sand-.
wich array of Cerenkov and scintillation detcctors is used
to obtain 4 composite time distribution of decay electrons
from positive and negative muons stopping in aluminum,
iron, and zinc. The decay electron is detceted in an 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 cach muon
was measured and electronically converted to a pulse
height and then tabulated in the proper time chanpel by

June 1960. “26p. Contract AT(30-1)-882. OTS.

Dis- N
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means of a pulse .height analyzer. ‘Least squares analysis
of the decay data and subsequent manipulation yields the
ratio of Ag4 the decay rate for negative muons bound to the-
target nuclei, to Ay, the decay rate for free muons. Meas-
urements showed the A4/A, ratio to be 1.08 + 0.07 for iron
and 1.01 = 0.08 for zinc. This experiment offers evidence
in support of the anomalous behavior of the A4/, ratio in
the region near Z = 26. The ratio of the number of ‘stopping
u* to the number of stopping 4=, was found to be p = 1.17 +
0.12. This value agrees very well with other reported
values. :
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15211

MEASUREMENT OF THE TOTAL CROSS SECTION FOR
THE INTERACTION OF CHARGED n MESONS WITH
PROTONS. J. phys.. radlum 21, ]58-165(1960) Feb, (In
French) - :
© The experimental arrangement for meaauring the at-
tenuation of a beam of r mesons in liquid hydrogen is
described. The energy of the beam was measured di-
“rectly 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 corrections
for the contamination of the beam with 4 mesons and
electrons were determined to be 0.07 + 0.03 at 1 Bev
and 0.30 + 0.03 at 400 Mev, respectively. (J.S,R.)
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25835 ANGULAR DISTRIBUTION OF THE = IN THE
REACTION z* + p —~ nt + p + «® UP TO 1070 Mev.
dJ. F.; Ducros, 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 description is presented on the experimental arrange-
ment and the principle of analysis of the results in a previ-
ous investigation concerning the total cross section of the
process mt + p — 7t +p %, The expernmental resuits of
cross sections up to the third order fit and #° angular dis-

tributions are presented for incident pion energies of 420 to i

1070 Mev. (B.G.D.)
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14889 MEASUREMENTS OF THE #*p — #*p»® CROSS

SECTION FROM 0.5 TO 1.5 Gev/c. J. F. Detoeuf, Y. Du-
cros, J. P. Merlo, A. Stirling, B. Thevenet, L. van Rossuni,
and J. Zsembery (CEN, Saclay, France). Phys. Rev., 134:
B228- 85(Apr 13, 1964).

The cross section for n¥p — w*’n”p was measured for
meson (77) energies from 0.5 to 1.5 Bev/c. This cross
section increases rapidly between 600 and 900 Mev/c to
reach 10 mb. Using the results, the n*p — n*r*n cross
section was calculated. (auth)

Detoeuf,
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28185 ELASTIC SCATTERING OF CHARGED PIONS
BY DEUTERONS AT 300 Mev. V. Devanathan (Univ. of
Madras, India). Nucl. Phys., 43: 684-6(June 1963). (In
English)

Numerical calculatxons on the elastic scattering of
charged plons by deuterons at 300 Mev are presented, and
the agreement wlth expertmental results is sausfactory. :
(auth) . :

£83

N7 INFLUENCE OF PION-NUCLEON RESONANCE
ON ELASTIC SCATTERING OF CHARGED PIONS BY
DEUTERONS. - Devanathan, V.- (Univ. of Madras). pp
109-11 of Matscience Symposia on Theoretical Physics.
Vol. 1. Ramakrishnan, Alladi (ed. ). New York, Plenum
Press, 1966.

The cross section for the elastic scattermg of charged
pions by deuterons at 300 Mev was calculated. The re-
sults of the calculation for various laboraiory angles are
compared with previous experimental and theoretical re-
sults. The importance of these experiments for testing
the validity of the impulse apptoxlmatmn is briefly dis-
cussed. (G.0.Y.)
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18658 (UCRL-9548) x*-p TOTAL CROSS SECTIONS -
IN THE RANGE 450 Mev TO 1650 Mev (thesis). . Thomas
J. Devlin (Californid. -Univ., Berkeley. Lawrence Radia-
tion Lab.). Mar. 6, 1981, Contract W-7405-eng-48. 59p.
The total scattering oross sections fur pusitive and negu=
tive pions on hydrogen was measured at intervals from
450 to 1650 Mev. Six scintillation counters measured the
transmission of pions at various solid angles, and the re-
sults were extrapolated to zero solid angle. Two peaks
previously discovered in the n~-p cross section were meas-
ured and found centered at 600 1 15 and 900 + 15 Mev, A
broad maximum was observed in the 5% -p cross section at
approx 1350 Mev. A ‘'shoulder?®! at approximately 800 Mev,
in a region where the ﬂ*-p cross section is rapidly rising,
gives some support to speculation that there is 2 resonant
state at t‘n‘ls energy. (auth)
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13184

n2-p TOTAL CROSS SECTIONS IN THE RANGE 450 Mev
TO 1650 Mev. Thomas J. Devlin, Barry C. Barish,
-Wilmot N. Hess, Victor Perez-Mendez, and Julius Solo~
mon (Unfv. of California, Berkeley). Phys. Rev. Lettzrs 4,
242-4(1960) Mar. 1.

The total cross section at 450 to 1650 Mev for »* mesons
on protons was measured. Peaks in the ™ cross section
were observed at 600 + 16 and 900 + 15 Mev and in the «*
cross section at 1350 Mev, (C.J.G.)
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9382 ﬂ*—p TOTAL CROSS SECTIONS IN THE RANGE
450 TO 1650 Mev., Thomas J. Dévlin. 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- .

ters measured the transmission of pions at solid angles,
and results were extrapolated to zero solid angle. The two
peaks previously discovered in the 1™ -p cross section are
centered at 600 + 15 Mev and 900 + 15 Mev. A broad maxi-
mum was observed in the #*-p cross section at approxi-
mately 1350 Mev, "A “*shoulder’’ at approximately 800
Mev, in a region where the #*-p cross section is rapidly
rising, supports speculation that there is a resonant state
at this energy. (auth) .
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3303 PION-PROTON TOTAL CROSS SECTIONS: 400
TO 2000 Mev. Devlin, Thomas J.; Solomon, Julius; -
Bertsch, George - (Princeton Univ. and Princeton-Penn-
sylvania Accelerator, Princeton, N. J.). Phys. Rev. Let-
ters, 14: 1031-5(June 21, 1965). (PPAD-2137-537)

The total cross section for the scattering of positive and
negative pions on protons in the energy range of 400 to
2000 Mev with a statistical uncertainty of about 1% (0.3 to
0.5 mb) is measured. Results are compared with previous
data. (M.O.W.)
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12950 STUDY OF THE DECAY r — e+ ». E.Di
Capua, R. Garland, L. Pondrom, and A. Strelzoff (Columbia
Univ., New York). Phys. Rev., 133: B1333-40(Mar. 9,
1964). : :

A large NaI(Tl) crystal was used to measure the x —
e/n — p branching ratio. From a sample of 10,800 r —~ e
decay electrons the branching ratio was found tobe R =

(1.247 3 0.028) x 10~ in agreement with a universal theory .

for (ey) and (uv) weak couplings. (auth)
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45810 ~ MEASUREMENT OF THE POLARIZATION OF
POSITRONS EMITTED IN THE DISINTEGRATION OF Na%,.
B% AND u*. L. Dick, L. Feuvrais, and M. Spighel (CERN,
Geneva). Phys Letters, 7 150-3(Nov. 1, 1963). (In
French)

Asymmetries and polarlzauons in the posntron emxssxon
in beta decay of B?, Na%, and u* mesons are measured.
(T.F.H.) .
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10021 (UCKL-11690) RECUIL-PROTON POLARIZA-

TION IN n~-p ELASTIC SCATTERING AT 365 Mev (thesis).
Dale Flint Dickinson (California. Univ., Berkeley. Law-
rence Radiation Lab.). Nov. 11, 1964. Contract W-7405-
eng-48. 56p. Dep.(mn); $3.00(cy), 2(mn) OTS.

The polarization of the recoil nucleon in 77p elasuc

scattering at an incident-pion energy of 365 Mev was

measured. The polarization was measured by rescattering
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 as 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 computer time required to process an event
was apprommately 30 msec. The resulting values of .
polarization are given. (auth) :
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19495 RECOIL-PROTON POLARIZATION IN m-p
ELASTIC SCATTERING AT 365 Mev. 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 Pygy phase shift with the
P,y and §;; phase shifts, The measured values indicate
the existence of a large Py phase shift. The polarization
was measured by scattering from carbon blocks in spark
chambers using a Vidicon scanner to record the data,
(auth)
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35490 ¢ m CAPTURE BY ’He AND THE TWO-NUCLEON
CAPTURE MODEL." Divakaran, P. P. (Oxford Univ. and
Univ. of C}ucago) Phys Rev., 139: B387-400(July 26,. .
1965).

The rates of capture of ™ mesons by SHe leadmg to the
final states d + n and p + n + n are calculated using a
phenomenological two-~nucleon hamiltonian for the capture
interaction TNN — 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 are considered and it
is shown that P-orbit capture does not compete with the
P — 8 radiative transition. The radiative capture rate Wy
(for final state 3H + y) is computed in terms of the phot.o-
production amplitude of Chew, Goldberger, Low, and Nambu
and is used to deduce the nucleonic absorption rate Wy, =
Wy'+ W, from the ratio W,,,/W, measured experimentally.
The agreement between calculauon and experiment for
W,bs.is satisfactory. The conclusion is that the form of
close pair correlations in nuclel is essentially the same
as that for the free nucleon-nucleon interaction and is
comparatively insensitive to the presence of other nucleons.
(auth) .
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1070 MUON REACTIONS IN LIQUID HYDROGEN AND | ‘

LIQUID DEUTERIUM. John H. Doede (Enrico Fermi Inst.
for Nuclear Studies, Chicago and Univ. of Chicago). Phys.
Rev., 132: 1782-99(Nov. 15, 1963).

The reactions of muons in liquid hydrogen‘containing a
low concentration of deuterium, pu +d — du + p — (dup)* —
He® + u~(a) or (He¥u)* + y(b), and in liquid deuterium con-
t:iining a low concentration of hydrogen, du + p — (dup)* —
He? + u™(c) or (HePu)t + y(d), and du + d — (dud)* — He® +
n+u(e) or p +t+ u~(f), were investigated using the Chi-
cago 9-in. bubble chamber. Using previously determined
values for the formation and fusion rates of the (dpp)+_ ion
in hydrogen in conjunction with a theoretical determination
of the population of the various hyperfine levels in the
(dyp)"’ ion. reaction (a) is found to occur in (15 + 1.5)% of
all (dpp) fusion reactions. The formation rate of the (dud)"
ion in liquid deuterium is found to be A 44 = (3.6 + 1.3) x 10°
sec™l, Tbe fusion rate of the (dud)* is Ag = (2.5 + 0.04) x
10° sec™, and the fraction of muons which, having catalyzed
reaction (e), are subsequently bound in a (Heau)"' muonic fon
is (0.31 +.0.0034), The rate of deexcitation to the lower
hyperfine level of the du muonic atom via the reaction
dup) +d—d + du(‘/,) was investigated and found to be
(7.9 £ 2.8) x 10° sec™ < Agy -y < (1.35 + 0.48) x 10° sec™!."
The interference of reactions (c), (d), (e), and (f) in the in-
vestigation of the spin-independent capture reaction # +
d--n +n +v is discussed. (auth) .
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6691 MODERATION AND ABSORPTION TIMES FOR
NEGATIVE PIONS IN LIQUID DEUTERIUM. J. H. Doede,
R. H. Hildebrand, and M. H. Israel (Argonne National Lab.,
Ill.-and Univ. of Chicago). Phys Rev., 136: 81609 14
(Dec. 21, -1964).

The moderauon and absorptlon times for negatlve plons
stopping in liquid deuterium have been measured. In deu- -
terium the mean time for a negative pion to go from an
initial velocity vy = 0.006¢c to nuclear capture was found to
be (2.1 % 0.5) x 10712 sec. The relationship of this capture
time to that for liquid hydrogen, (2.3 + 0.6) x 10~ sec, is
discussed in detail. Results are also presented for the
moderation times of pions with initial velocities between
0.05¢ and 0.006c. (auth) .
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17230 MODERATION AND ABSORPTION TIMES OF
NEGATIVE PIONS IN LIQUID HYDROGEN. J. H. Doede
(Argonne National Lab., Ill. and Univ. of Chicago), R. H.
Hildebrand, M. H. Israel, and Manfred R. Pyka. Phys.
Rev., 129! 2808-11(Mur. 13, 1983). (TID=17794)

Among 546,000 negative pions stopping in a liquid hydro-
gen bubble chamber, 21 events were found corresponding
to pion-muon decay in the backward hemisphere from a
velocity =0.006c. Analysis gives (2.3 + 0.6) » 10”2 sec as
the mean time for a pion to go from this velocity to nuclear

capture. Results are also presented for the moderation
time ‘of pions between velocities 0.1c and 0.096c. (auth)
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19515 AN INCONSISTENCY IN LOW-ENERGY PION
PHYSICS, Donald, R. A.; Evans, W. 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 are reported of measurements of charge-ex-
change scattering of negative pions by protons, and of
elastic scattering of negative pions by protons, at a mean
energy of 39 Mev. These results, combined with those
obtained from an earlier experiment at 35 Mev, reveal an
inconsistency between the hypothesis of charge indepen- -
dence and measured values of the s-wave scattering .
lengths vbtained fium elastic scattering and from charge-
exchange scattering. (auth)
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23411 VERY SHORT-RANGE INTERACTION IN PION-
NUCLEON SCATTERING. A. Donnachie (London Univ.)
and J. Hamilton. Phys. Rev., 138: B678-88(May 10, 1965).

The dispersion rclations for Fi(s) = fi(5)/a?!, where fi(s)
is the usual partial-wave amplitude, are required by uni-
tarity to obey a high-energy boundary condition. It is shown
that thig gives rise to a unitary sum rule. This sum rule
can be used to estimate the short-range parts of the pion-
nucleon interaction, and that makes it possible to give
dccurate predlctlons of the nonresonant P-, D-, and F-
wave m-N amplitudes up to around 650 Mev. The results-
are in good agreement with a recent analysis of the ex-
perimental data. (auth)
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43073 THE INFLUENCE OF THE NEUTRON-NEUTRON
FINAL-STATE INTERACTION ON THE CAPTURE OF
MUONS BY DEUTERONS, Dosch, H. G. (CERN, Geneva).
Nuovo Cimento (10), 39: 731- 8(Sept 16, 1965). .

The influence of the neutron-neutron final-state inter-
action on the u capture in deuterium is calculated. It is
shown that this process allows from the theoretical point
of view a determination of the neutron-neutron scattering
length with an accuracy of about 5%. (auth)
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- 26564 ° ELECTRODYNAMIC PROCESSES WITH NU-
CLEAR TARGETS. S. D. Drell and JI. D. Walecka (Stan-
ford Univ., Calif.). Ann. Phys. (N. Y.), 28: 18-33(June 5,
1964),

It is known that two general form factors depending on
energy loss and momentum transfer characterize inelastic
electron scattering from nuclel in the first Born approxi-
mation in @ = 1/137. The same two form factors appear In
all electrodynamic processes connected by one-photon ex-
change with nuclet. This nhservation is used to compute
cross sections and to discuss expertments which are aimed
at probing electrodynamics by scattering or pair producing
electrons or muons from nuclear targets. (auth)
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20905 ° (JINR-P-1559) BETA-RASPAD PIONA. (Beta
Decay of the Pion), A. F, Dunaitsev, V, I, Petrukhin, Yu.
D. Prokoshkin, and V. I.'Rykalin (Joint Inst. for Nuclear
Research, Dubna, US.S.R. Lab. of Nuclear Problems)
1964. 15p,

Forty-three z* — &® + e* + v events were detected using
Cherenkov gpectrometers. A fast five-ray oscilloscope
was used to identify events. The relative probability of
beta decay was found to be (1.1 & 0.2) x 10~%, in agree- |
ment with the conserved vector current hypothesis.  The
positron spectrum was algo consistent with that predicted
by theory. (auth)
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244689 (JINR-P-948) 'OBNARUZHENIE PEREZARY-

. _ADKI OSTANOVIVSHIKHSYA 7-MEZONOV NA YADRAKH
SVYAZANNOGO VODORODA. (Detection of Charge Ex-
change in 7-Mesons Stopped in Bound Hydrogen Nuclei).

A. F. Dunaitsev, V. I. Petrukhin, Yu. D. Proko;hkin._and
V. I. Rykalin (Joint Inst. for Nuclear Research, Dubna,
U.S.S.R. Lab. of Nuclear Problems).. 1962.. 5p.

‘Meson 7~ charge exchange in polyethylene was evaluated
with a high-frequency spectrometer monitoring a 75-Mev
7~ beam (passing through a system of scintillation counters
and bremsstrahlung filters). Cherenkov spectrometers in-
sensmve to background radiation were used for measuring
7° decay y quanta produced by stopped n~. The ratio of =’
production in hydrogen and polyethylene was WH,/WCH,

290 2 40, The statistical order of accuracy was over 5%.
Thé magnitude Wy, /Wey, in 77 charge exchange in poly-
ethylene is characterized by intense 7~ capture by hydrogen
nuclei. (R.V.J.)
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22049 DETECTOR OF DELAYED MESONS. A. F.
Dunaitsev, V. I. Petrukhin, Yu. D. Prokoshkin,'and V. 1.
Rykalin {Joint Inst. for Nuclear Research, Dubna, USSR).
Pribory i Tekhn. Ekspcrim No. 1, 159-81{Jan.-Feb. 1963).
{In Russian)

Descriptions are given of a high-selectivity scintillation
delay detector capable of recording up to K =~ 50 7* meson
delays. The detector selectivity is based on the difference
in‘ionlzation losses. The instrument was tested using 75-
Mev n* beams passing through monitoring scintillation
counters, delayed by polycthylene filters, and stopping in
the last scintillator. The mesons were recorded by a fast
coincidence scheme. (R,V.J.)
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26273 (BNL-837(p.344-52)) THE INVESTIGATION OF
PION BETA-DECAY. A. F. Dunaitsev, V. L. Petrukhin,
Yu. D. Prokoshkin, and V. 1. Rykalin (Joint Inst for Nu-
clear Research, Dubna, U.S.S. R ). .

Investigations of the deeay n* — n? + ¢* + 1, 1° — 2y, are
reported. The positron spectrum is presented. The branch-
ing ratio is found to be A = (1.30 £ 0.35) x 1078, (M.J.T.)
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36353 PION BETA DECAY. A. F. Dunaitsev, V. L.
Petrukhin, Yu. D. Prokoshkin, and V. I. Rykalin (Joint Inst.
for Nuclear Research, Dubna, USSR). Zh. Eksperim. {
Teor. Fiz., 47: -84-91(July 1964). (in Russian)

Pion g-decay events were recorded with Cherenkov
spectrometers. The relative probability for the decay is
found to be A = (1.1 + 0.2) - 10~? which confirms the hy-

_ pothesis of conservation of vector current. The values of

the constants G and Gy characterizing pion and nucleon

fi decay are equal: G = (1.03 £ 0.11)Gg. The energy spec-
trum of positrons produced in g decay of plons is in agree-
ment with that calculated on basais of the hypothestn of con-
servations of vector current. (auth)
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13130 MEASUREMENT OF THE ENERGY OF ‘NEGA- . -
TIVE n MESONS USING A STAR DETECTOR. A.F. .
Dunaltsev, Yu. D. Prokoshkin, and T'’ang Hsiao-WeY (Joint
Inst. for Nuclear Research, USSR). Pribory 'I‘ekh Ekspt.,
No. §, 133(Sept.-Oct. 1960). (In Russian)

A star detector constructed with two scintillation co-
incidence counters is used for selective 7~ meson record-
ings. The detector is capable of rapidly measuring (15 min
at beam intensity of ~10% 7~/sec) the track and energy of
7~ mesons. Track curves for 7~ mesons at 160 Mev are
plotted. The diagram shows that the star detector records
the stars and not the stopped particles. The sensitivity of
the detector to ™ mesons 1s about 20 times weaker than’ to

7~ mesons, (R.VJ.)
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833 NP-7974
Jolnt Inst, of Nuclear Research Dubna, U,S.S. R. Lab

of Nuclear Problems. '~ .
STAR-DETECTOR FOR 7~ MESONS. AL F. Dunaitzev,
Yu, D. Prokoshkin, a.nd Tang Syao-vay. 1959. '4p.
(P-392).

In contrast to many other partlcles stopping 7~ mes-
ons effectively produce stars with large energy release,
These phenomena were utilized for selected detection of
x meson, The star-detector of x mesons consists of a
telescope of two scintillation counters set in coinci-
dence, The first counter is an ordinary counter with
100% efficicncy for passing particles. The second
counter works at a comparatively low voltage supply,
hence it detects the large light impulses only, A typical
range curve for 160 Mev n“ mesons in carbon 1s given.

(W.D.M.)
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32947 MEASUREMENT OF THF PANOFSKY RATIO

BY THE METHOD OF GAMMA-GARMDMA COINCIDENCES,
A. F. Dunaitsev, Yu. D. Prckoshkin, V. S, Pantuev, Syao-.
wei Tang, and M: N. Khachaturyan. Wu Li Hsueh Pao, 18:
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218-20(Apr. 1962). (In Chinese)

The ratio of the probability of two capture processes of
stopped negative pions in hydrogen was measured by the
y-y coincidence method. The experimental result is equal
to 1.40 + 0.08. This value agrees with the data on photo-
production and scattering of plons. (auth)
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34617 CATALYSIS OF THE d +d — He® + n FUSION
REACTION BY NEGATIVE MUONS. V. P. Dzhelepov,
P. F. Ermolov, Yu. V. Katyshev, V. 1. Moskalev, V. V.
Fil’chenkov, and M. Friml (Joint Inst. for Nuclear Re-
search, Dubna, USSR). Zh. Eksperim. i Teor. Fiz., 46:
2042-5(June 1964). (In Russian) .

Twenty cases of an hitherto unobserved reaction (2) du +
d—YHe +n + u~ are recorded in a diffusion chamber filled
with deuterium to a pressure of 7.2 atm. The yield of the
reaction (2) relative to that of reaction (1) du+d—t+p +
p~ 18 1.2 = 0.37. Estimations of the relative yiclds of re-
actions (3) du +d — pu + t and (4) du + d — 3Heu + n show
that with a probability of 30% w(3)/w(1) < 0.13 and w(4)/~
w(2) < 0.13.  The yield of reaction (1) agrees with data
previously obtained. However in the experiments the
yields of reactions (1) and (2) exceed by approximately
an order of magnitude the values which should be expected
on basis of the data on reaction (1) obtained in liquid deu-
terium. (auth)
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45273 - (JINR-P-2356) KATALIZ OTRITSATEL’NYMI
MYUONAMI YADERNYKH REAKTSII d u + p — 3He + 4~
Idu+d—p+t+ yu [ OBRAZOVANIE u-MOLEKUL pd
uldd u VGAZOOBRAZNOM VODORODE. (Negative Muon
Catalysis of the Fusion Reactions d u + p — 3He + u~ and
du+d—t+p+py and pd p and dd u MU-Molecule Pro- -
duction in Gaseous Hydrogen). Dzhelepov, V. P.; Ermolov,
P. F.; Moskalev, V. I.; Fil’chenkov, V. V. . (Joint Inst. for
Nuclear Research, Dubna {(USSR). Lab. of Nuclear Prob-
lems). 1965. 48p. Dep. mn. ) :

The yields of nuclear reactions du + p == JHe + y~ and
du+d —~p+t+ 1~ were measured with a diffusion cloud
chamber filled with hydrogen and deuterium at 7 to 23 atm..
The muon transfer rate from the du-atom to carbon and
oxygen was found from experimental deg-atom range dis-
tributions and Auger electron yields. The formation rates.

of the pdu and ddu molecules (reduced to the density of nor-

mal liquid hydrogen and deuterium) were found to be Apds =
1.8 + 0.6 x 105 sec™! and Addy = 0.75 + 0.11 x 108 sec™!. The
analysis of the experimental data on the reactions leads

to the conclusion that the resonance mechanism of ddu-
molecule formation and the nuclear reaction in-flight is
most likely to be the reason for the. large yield of the two
dceuteron fusion reactions under the conditions of the ex-
perimenta. (auth) :
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7016 (J]Nk-D-SlZ) AN EXPERIMENTAL INVESTI-
GATION OF u-MESONIC ATOMIC PROCESSES IN GASE-
ous HYDRQGEN. V. P. Dzhelepov, P. F. Ermolov

(Yermolov), E. (Ye.) A, Kushnirenko, V. 1. Moskalev, 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 means of a diffusion cloud chamber in
the magnetic field. The following quantitative data were
obtained: the crosa section for elastic scattering of pu—
mesonic atoms on protons o, = (1.7:f) 107" cm?; the
rates of the meson transfer from a proton to deuterons and
complex nuclei (C and 0) recalculated to the liquid hydro-
gen density Ag= (0.9623:31) 10% sec™' und A, - (1.23:H 10"
sec™!; and the rate of the formation of mescni¢ molecular
fons ppy in liquid hydrogen Ay, = (0.63:3) 108 sec™!. The
experimental values of Ay, pr' and A, are in goud agree-.
ment with the theoretical unes which confirma the validity
of the mechanisms of the processes suggested theoretically
The cross section o, was found to be close to the theoreti-
cal value calculated without the hyperfine structure of the
pu mesonic atom being taken into account. However, the
possibility of the tast transitions 1o the luwer stule with
the total spin of a mesonic atom F = 0 is not excluded. The
determination of tho abooluto valug of Ay oarried aut in
this investigation allowed the absolute probabilities of a

© number of y-mesonic molecular processes to be found by

using it as a scale. (auth)-

31l

34109 . NEGATIVE MUON CATALYSIS OF THE NU~ .
CLEAR REACTIONS du +p —3He + u~ ANDdu +d — t +
p *p” AND pdp AND ddp MOLECULE FORMATION IN
GASEOUS HYDROGEN. Dzhelépov, V. P.; Ermolov, P.
F.; Moskalev, V. I.; Filchenkov, V. V. (Joint Inst. for
Nuclear Research, Dubna, USSR). Zh. Eksp. Teor. Fiz.,
50: 1235-51(May 1966). ‘(In Russian). - .

The yields of nuclear reactions (1) du + p —pdu — 3He +
#~and (2) du +d =~ ddu -~ p +t + u~ were measured with a
diffusion cloud chamber filled with hydrogen and deuterium
at 7-23 atm. The muoun trunsfer rate from the du-atom to
carbon and oxygen was found from experimental du-atom

tange distributlons and Auger eleciron ylelds. The forma- -

tion rates of the pdp and ddu molecules (reduced to the
density of liquid hydrogen and deuterium) were found to be
Apdy = (1.8 % 0.6) - 10° sec™!, Adau = (0:75 # 0.11) 108 sec=1.
The estimate of the relative yield of the reaction (3) du +

d —dde — tp +p provides that Y(3)/Y(2) < 0.14 with a 90%
probability. The analysis of experimental data on reactions
(1) and (2) allows a conclusion that the resonance mecha~
nism of ddu-molecule formation and the nuclear reaction
inflight is likely to be the reason of the largeyield of the
two deuteron fusion reactions under the conditions of our
experiments. (auth) . :

‘312

18636 UINR-D-1551) NEGATIVE MUON CATALYSIS -
OF THE NUCLEAR FUSION REACTIONd +d — He + o,
V. P. Dzhelepov, V. V. Filchenkov, M. Friml, Yu. V.
Katyshev, V. I. Moskalev, and P. F. Yermolov (Joint Inst.
‘for Nuclear Research, Dubna, U.S.S.R. Lab. of Nuclear

Al



Problems). 1964. 7p. :
Twenty occurrences of the previously unobserved reac-
tion du+ d — (ddw)* — He® + n + 1~ (2) were detected in a
diffusion cloud chamber filled with deuterium up to 7.2
atm. The branching ratio (2) over dap*r ~t+p+ ) is
1.20 + 0.37. The estimates of the relative yields of the re-
actions (ddif* — pu + t(3) and @dp)* — (He*)* + n(4) {ndi-
cate that w(3)/w(1) < 0.13 and w(4)/w(2) < 0.13 with a proba-
bility of 90%. The yield for (1) agrees with previous results,
but the yields of 1 and 2 are an order higher than those .
expected on the basis of data for (1) in liquid deuterium.
(auth) ' )
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9404 MESONIC ATOM PROCESSES IN HYDROGEN

AND DEUTERIUM AND THE MUON CATALYSIS.OF FUSION'

REACTIONS. V. P. Dzhelepov, M. Friml, S. S. Gershtejn,
Yu. V., Katyshev, V. I. Moskalev, and P. F. Yermolov (Joint
Inst. for 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 carried out with a high-pressure diffusion
chamber, the following measurements were made: the rate
of the muon transfer pu + d -~ du + p from the proton to the
deuteror; the rates of formation of the ppu, pdu, and ddu
ions; the cross section of elastic scattering of py mesonic
atoms by protons; and the rates of the muon transfer from
the proton and the deuteron to complex nuclei. The condi-
tions of experiments and the results are tabulated. It is
concluded that the majority of the quantitative properties”
of mesonic atom processes measured experimentally is in-
satisfactory agreement with theoretical predictions and
confirms the correctness of the mechanism suggested the-
oretically., (A.G.W))
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24275 (UCRL-10629) POLARIZATION OF RECOIL
PROTONS IN PION-PROTON ELASTIC SCATTERING AT
523, 572, AND 689 Mev (thesis). Richard D, Eandi (Cali-
fornia. Univ., Berkeley. Lawrence Radiation Lab.).
Mar. 18, 1963. - Contract W-7405-eng-48. 80p.

Angular distributions of recoil-proton polarization for
elastic seoattcring of positive and negative » mesons on
protons were measured at 523, 572, and 689 Mev incident-
plon kinetic energy. The pion source was an internal
target of the Berkeley Bevatron. Polarizatlon measure-
ments were made by observing the azimuthal asymmetry
of sample angular distributions of recoil protons that
scatter in large carbon-plate spark chambers. The spark -
chambers proved to be very suitable polarization analyzer-
detectors. The spark chambers were triggered by an array
of scintillation and Cerenkov counters that identified the
particles entering the chambers as recoil protons from
elastic pion-proton scattering. Two plausible nonunique
sets of phase shifts were obtained by employing: restric-
tive assumptions related to the higher resonances, avail-

.

able pion-proton total and differential cross sections
measured at nearby energies, and the measurements of
this experiment. One set is characterized bya J = ’/z,

T= ’/2, D-wave resonance; the other set is characterized
byad= a/z, T= ’/2, P-wave resonance at 600-Mev incident-
pion energy. 38 references. (auth)
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" 42440 POLARIZATION OF RECOIL PROTONS IN #p

ELASTIC SCATTERING NEAR 600 Mev. Richard D. Eandi,
Thomas J. Devlin, Robert W. Kenney, Paul G: McManigal,
and Burton J. Moyer (Univ. of California, Berkeley). Phys.
Rev., 136: B536-42(Oct. 26, 1964). (UCRL-10629(Rev.))

Angular distributions of recoil-proton polarization in
elastic 7*p scattering were measured at 523-,.572-, and
'889-Mev incident pion kinetic energy. Polarization mea-
surements were made by observing the azimuthal asym-
metry in the subsequent scattering of recoil protons in
large carbon-plate spark chambers. Typical strong vari-
ation of the polarization with pion scattering angle near
the np diffraction minima was observed. Since existing
opinion favors a Dy resonance at 600 Mev, a phase-shift
analysis was attempted in order to confirm the existence
and faarity of this resonance. Available mp total and dif- ’
;’erential cross sections, these polarization data, and some
possible restrictive assuniptions related to-the 600-Mev
resonance were used in the analysis. Though the polariza-
tion results aided significantly in restricting the number
of acceptable phase-shift sets, still, many plausible and
qualitatively different sets were found. (auth)
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3074 POLARIZATION OF RECOIL PROTONS IN ntp
ELASTIC SCATTERING AT 864, 981, AND 1301 Mev.
Richard D. Eandi, Thomas J. Devlin, Robert W. Kenney,
Paul G. McManigal, and Burton J. Moyer (Univ. of Cali-
fornia, Berkeley). Phys. Rev., 136: B1187-9(Nov. 23,
19G4). .

The angular distributions of recoil-proton polarization
in elastic n*p scattering were measurecd at 864, 981, aud
1301 Mev. Polarization measurements were made by ob-
serving the azimuthal asymmetry in the subsequent scat-
tering of recoil protons in large carbon-plate spark cham-
bers. The spark chambers proved to be very suitable
polarization analyzer detectors. Strong variation of the
polarization with backward pion scattering angle was ob-.
served. (auth) .
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5324 (NYO-9286) MEASUREMENTS OF 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-
tron were stopped in the following targets: separated iso-
topes of lithium (Li® and Li") and of boron (B'® and B"), as
well as natural beryllium, carbon, and, o:éygen. From an

(%}
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analysis of the corresponding time spectrum of the decay
electrons, the negative muon lifetime in each of these
substances was obtained. From a separate measurement
of the p* lifetime (2.202 £ 0.004 psec), the capture rates in
the above elements were determined. They are (in units of
105/sec): Ac(Lif)= 0.111 +0.013, A(Li') = 0.028 £ 0.013,
Ac(Be) = 0.11 £ 0.02, A((B'%) = 0.273 + 0.015, A(B') = 0.227 2
0.016, A(C) = 0.394 £ 0.011, and A(O) = 0.97 + 0.03. {auth)
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L]

40572 MEASUREMENTS OF NEGATIVE-MUON LIFE~
TIMES IN LIGHT ISOTOPES. M. Eckhause, T. A. Filippas,
R. B. Sutton, and R. E. Walsh’ (Carnegie Inst. of 'ech.,
Pittsburgh). Phys. Rev., 132: 422-5(Oct. 1, 1964),

Negative muons were stopped in the following targets:
separated isotopes of lithium ¢Li and "Li) and boron (B
and !'B), and natural beryllium, carbon, nitrogen, and oxy-
gen. From an analysis of the resulting time spectrum of
the decay electrons, the negative-muon lifetime in each of
these substunces was obtained. From a separate measure-
ment of the u* lifetime, (2.202 + 0.003) psec, the capture
rates in the above elements were determined. They are (in
units of 10°/scc); Acap(®Li) = 0.061 + 0.014, Acp("Li) =
0.018 £ 0.014, A, (""B) = 0.265 = 0.015, A_, ("'B) = 0.218 =
0.016, Acw(BL) =0.10 £ 0.02, A_ P(L) = 0. J97 + 0.013,
Acap(N) = 0.65  0.04, and A (O) = 0.96 % 0.03. (auth)

cap

319

28348 MUON CAPTURE RATES IN COMPLEX NU- -
CLEI. Eckhause, M. (Coll. of William and Mary, .
Williamsburg, Va.); Siegel, R. T.; Welsh, R. E,; Filippas,
T. A. Nucl. Phys., 81;: 575-84(June 1966), (TID-22367).

Total disappearance rates of negative muons brought to
rest in 30 elements were measured to 1-2% precision.. The
cxperimental procedure and the results obtained are pre-
sented. In addition, a compilation of all measurements of
muen capture rates in complex nuclei as presently known
is given, and several analytlcal fits to these rates are dxs-
¢ussed. (auth) - .
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16492 7~ SCATTERING FROM COMPLEX NUCLEL
R. M. Edelstein, W. F. Baker, and J. Rainwater (Columbia
Univ., New York). Phys. Rev., 122: 252-61(Apr. 1, 1961).
(NEVIS-88; CU-190; R-259) ™ ’ .
Differential cross sections were measured for m~~carbon
scattering at 69.5 and 87.5 Mev and r"-oxygen scattering at
87.5 Mev from 20° to 125° extending the technique of Baker,
Rainwater, and Williams. The energy resolution was suffi-.
cient to measure pure elastic as well as 5~ and 10-Mev in-
elastic cross sections. The modified Kisslinger optical-
model equation was used to fit the elastic-cross-section
data. A x? analysis for the 69.5-Mev carbon data gave a nu-
clear radius parameter ry = 1.05 £ 0.02 fermis and a fall-
off parameter t = 1.16 £ 0.07 fermis. These parameters
give good fits to the other data as well. An energy depend-

ence in the strength parameters for carbon is observed in
qualitative agreement with prediction. (auth)
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21160 (CONF-231-5) MEASUREMENT OF THE RATE

" FORu™ + He® — 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). {1963). Con-
tracts AT(30~1)-1825 and AT(11-1)-82. 9p.

From the International Conference on Fundamental As-
pects of Weak Interactions, Upton, N. Y., Sept. 1963. )
The reaction rate for u° — ®He — "H = » was meusured
using a high-pressure, $He, gas scintillation counter as the
target for stopping muons. A value of 1450 + 73 sec™' was
oblained, in agreement with other cxperiments and with the
prediction based on the univérsal Fermi interacilon wilh

conserved vector current. (D.C.W.) . ~
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17205

THE ELASTIC SCATTERING OF 98 Mev NEGATIVE
PIONS BY HYDROGEN. D. N, Edwards, S. G. F. Frank,
and J. R, Holt (Univ. of Liverpool). Proc. Phys. Soc.
(London) 73, 856-68(1959) June. :

The elastic scattering by hydrogen of negative pions
with mean energy 98 Mev has been measured at 13 an-
gles between 30 and 150° (lab). The pion beam was
monitored with a calibrated ionization chamber and its
muon and electron contamination'determined by means
of a Cherenkov ¢ounter. This counter was also used in
the scattering telescope to separate out the electrons
produced by charge exchange y radiation. The results
were corrected for Coulomb effects and a 3-parameter
curve fitted to the nuclear parts. .The curve is do/dQ =
(1 £ 0,027) [0.385 £ 0.008 + (0.276 + 0.015) cos 8 +
(0.282 £ 0,031) cos® ). Thus the forward scattering in-
tensity is 0.942 + 0.043 mb-stgrad"'. In a separate
transmission experimeut the total nuclear cross sec-
tion for scattering of Y8-Mev negative pions by hydrogen
was found to be 21.9 + 0.7 mb, These two figures yield
a value for the real part of the forward scattering am-

-plitude D_ = 0.195 £ 0.008 1a units %/in¢. The curre=
sponding value of f from the dispersion relation is
0.073. (auth)
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24278  (JINR-P-971) K VOPROSI OB ANOMALII PRI
RASPADE py~ MEZONOV V MEZOATOMAKH PEREK-
JIIODNYKH METALLQOV GRUPPY ZHELEZA. (On the
Anomalies in u~ Meson Decay in Mesoatoms of Transitional
Iron Group Metals). L. B. Egorov, A. E. Ignatenko, A. V,
Kuptsov, and M. G. Petrashku (Joint Inst. for Nuclear Re-
search, Dubna, U.S.S.R. Lab. of Nuclear Problems). 1962.
10p.

Relative measurements of the probabxlmes of the u~



meson decay in Fe, Zn, Ni, and Cu mesic atoms were made
using scintillatipn.counters. The gamma ray yields from-
the targets were found the same within experimental error.
This indicates that the apparatus effect is not the reason
for anomalies. (auth) -
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6888 ON THE QUESTION OF ANOMALY IN THE DE-
CAY OF y~-MESONS IN MESIC ATO‘ib OF TRANSITION
METALS OF THE IRON GROUP., L. B. Egorov, A. E.

Ignatenko, A. V. Kuptsov, and M. G Petrashku (Joint Inst.
of Nuclear Research, Dubna, USSR). Zh. Eksperim. 1

Teor. Fiz., 43: 1149-53(Oct. 1962). (In Russian)

By the method of scintillation counters, relative meas-
urements are made of the decay probabilities of u~ mesons
in mesic atoms of iron and zinc and also nickel and copper.
The results of measurements indicate an absence of anomaly
observed by a number of authors. Equality, within the limits
of errors of the experiment, of tl.o vield of y rays from the
above-mentioned targets indicates that the instrument effect
i8s not the cause of the anomaly observed. (auth)
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256080 (JINR-P-972) POISKI ANOMALII PRI RASPADF.
u~ MEZONOV_ V PARAMAGNITNYKH METALLAKH.
(Search for Anomalies in u~ Meson Decay in Paramagnetic
Metals). L. B. Egorov, A. E. Ignatenko, A. V. Kuptsov,
and.M. G. Petrashku (Joint Inst. for Nuclear Research,
Dubna, U.S.S.R. Lab. of Nuclear Problems). 1962. 6p.
Relative clectron yields from pu~ mesons in the mesic
atoms of .palladium, titanium, and their hydrides were
measured with scintillation counters. The results indicate
the absence of the effects due to uncoupled electrons of the
atoms which Jead to an increase in the u meson decay prob-
ability in the mesic atoms of the transition metals of the
iron group, as well as to the displacement of the levels of

the x rays emitted in 2p-ls-transitions. (auth) 7/ .
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974 INVESTIGATION OF THE SPIN DEPENDENCE

OF WEAK INTERACTION IN THE PROCESS u™ + p —n + ».
L, B. Egorav, G. V. Zhuravlev, A, E. Ignalenko, ‘A. V.

‘Kuptsov, Hsliang-ming Li, and M. G. Petrashku (Joint Inst. -

for Nuclear Research, Dubna, USSR). Zhur. Eksptl’. i
Teoret. Fiz., 41: 684-91(Sept. 1961). (In Russian)

The asymmetry coefficients (@y) of u — e decay electrons,
avei-aged over two hyperfine structure states, are meas- .
ured by means of scintillation counters in mesic atoms of
silver and red.and black phosphorus. The meson lifetimes
T in the two phosphorus modifications are also measurad.
The magnitudes of 3, for red (insulator) and black (conduc-
tor) phosphorus indicate that the presence of conductivity
electrons shortens the meson spin relaxation time in mesic
atoms. The.values of 3y and T in phosphorus are employed
to determine the level population in states F=1and F =0
and also the probabilities (A, and A) for meson capture by

the nucleus in these states. It is found that Ay + Ay (weak
interaction is 'spin dependent) and Ay > A; (capture takes
place more rapidly from the F = 0 state than from the F = 1
state). The lower limit obtained for the quantity is direct
evidence that the interaction is of the type A —xV. (auth)
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13498 DEPOLARIZATION OF POSITIVE MUONS IN

SOLIDS. Eisenstein, B,; Prepost, R.; Sachs, A, M,
(Columbia Univ., New York) Phys. Rev.,, 142 217-27
(Feb. 1966).

When polarized positive mesons(u) stop in a solid, they -
may be depolarized prior to their decay. The presence of -
a magnetic field along the direction of initial polarization
will inhibit, or quench, some of this depolarization. De-" ...
polarization and quenching was studied in'a variety of
solids, including semiconductors, at temperatures as low
as 4.2°K. No evidence was found that any meson(u) depo-
larization is assaociated with the formation of a muonium -
atom which is bound for >10-1° sec, even in samples at
4.2°K. For many samples and temperatures, the quenching
of the observed depolarization is consistent with a mode}
in which the meson{y) captures and loses electrons re-
peatedly, forming a.succession of briefly bound muonium
atoms, In some of the semiconductors at low temperatures,
as well as in other bamples a large fraction of the depo-
larization is quenched by a field of 100 G. This is seen
as evidence for another depolarization mechanism. It is
also found that the time during which depolarization occurs
in boron carbide decreases with decreasing temperature
(auth)
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12167 . (NEVIS-124) MUON DEPOLARIZATION IN
SOLIDS (thesis). Bob Einsenstein (Columbia., Irvington-
on-liudson, N. Y. Nevis Labs.). May 1964. Contract
Nonr-266(72). 63p. (CU-230; AD-606475; R-427)

When polarized positive muons stop in a solid, they may
be depolarized prior to their decay. The presence of a
magnetic field along the direction of initial polarization
will inhibit, or quench, some of this depolarization:
Depolarization and quenching were studied in & variety of
solids, including semiconductors, at temperatures-as low
as 4.2°K. No evidence was found that any muon depolariza-
tion is associated with the formation of a muonium atom
which is bound for > 101 sec, even in samples at 4.2°K
For many samples and temperatures, the quenching of
the observed depolarization is consistent with a model
in which the muon captures and loses electrons repeatedly
forming a succession of briefly bound muonium atoms.

In some of the semiconductors at low temperatures, as
well as in other samples, a large fraction of .the depolari-
zation is quenched by a field of 100 G. This is seen as
evidence for another depolarization mechanism. (auth)
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15232 CALCULATION OF THE ABSORPTION RATES
OF 7~ MESONS BY NUCLEL. Magda Ericson (Université,
Lyon). Compt. Rend., 258: 1471-4(Feb. 3, 1964). (n '
Frenoh)

. The probabilities for the absorption of v mesons in mesic

53
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atoms was calculated by assuming an absorption by nucleon
pairs and by using the production amplitudes of 7 mesons.
The corresponding imaginary optical potential was con-
structed. Experimental results are in good agreement with
the hypothesis of pair absorption. (tr-auth)
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16952 . (NP-11592(Vol.D(p.203-7)) REACTION 7~ +p —

A® + K® AUX SEUILS POUR LES REACTIONS 7™+ p — %"+

K* (CUSP). (Réaction n~ + p — A + K° at the Thresholds
form+p— '+ K™ (Cusp) Reactions). F. Eisler
(Brookhaven National Lab., Upton, N. Y.); J. M. Gaillard,
J. Keren, M. Schwartz. and S. E Wolf (Columbla. Univ,,
New York}. .
The angular distributions from the reaction T4+p—AY+
are measured at 7 energies of 890 to 914 Mev, i.e., near
the threshold for £° + K* production, in an attempt to de-
termine the A-Z relative parity. It is found, however, that
the A® + K® production reaction is probably governed by °
complex D and F wave interactions, rather than by simple
S and P waves. It is thus concluded that the relative A-Z
parity cannot be resolved by a study of this reactxon
(T.F.H.) : :

331

36643 (CERN-63-28(p.47-72)) INTERACTIONS OF

PIONS WITH COMPLEX NUCLEL Torleif Ericson (Eu-
ropean Organization for Nuclear Research, Geneva). -

The suitability of very intense pion beams for studying
nuclear properties is outlined, and the information that
can be obtained by various types of experiments is dis~
cussed. Aspects of performing and interpreting cer taln
experiments are also considered. (D.C.W.)
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38175 PION CAPTURE AND NUCLEAR 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 (r”)-capture process that leads to the emis-
sion of two nucleons is explained, and nuclear structure

‘data that can be obtained from this process are discussed.

(CES)
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42718 - A DETECTOR FOR THE INDUCED PSEUDO-
SCALAR COUPLING CONSTANT. I Ericson {CEKN,
Geneva), J. C. Sens, and H. P. C. Rood, Nuovo Cimento
(10), 34: 51-66(Oct. 1, 1964).

The detection of partial muon capture rates in %0 forms
a sensitive detector for the induced pseudoscalar coupling
constant. The effects of nucleon velocity terms in the weak
Hamiltonian and of realistic nuclear wave-functions are in-

vestigated. Their inclusion is essential for a correct treat-
ment of the problem. In addition to the previously sug-
gested detector level, it is found that-capture into the
ground state of !N permits an almost complete elimination
of nuclear physics by comparison to the g-decay rate.
(auth)
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34152 (JINR-P-2711) GAZOVAYA MILTSEN DLYA
EKSPERIMENTOV S MEDLENNYMI MEZONAMI., (Gas
Target for Slow Meson Experiments), Ermolov, P, F.;
Lepilov, V. I.; Mukhin, A, I. (Joint Inst, for Nuclear Re-
sedrch, Nubna (USSR). Lab. of Nuclear Problems), 1966,
S5p. Dep, mn,

The gas target is descnbed which is intended to operate
with slow mesons at a gus pressure up to 100 atm. Two
scintillation counters are placed inside the target. Thereby
an effective selection of meson stoppings in gas is attained.
The latter is equal to 70% from the total number of stop-
pings registered by the electronic equipment at a hydrogen
pressure of 50 atm. (auth)
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962 A SEARCH FOR BREMSSTRAHLUNG PRO-
DUCED IN ELASTIC SCATTERING OF NEGATIVE #-
MESONS BY PROTONS. P, F, Ermolov and V. I. Moskalev
(Joint Inst. for Nuclear Research, Dubna, USSR). Zhur."
Eksptl’. i Teoret. Fiz., 41: 322-6(Aug. 1961). (In Russian)
Not in one of 1500 events of elastic scattering of 128 and
162 Mev n~ mesons by protons in a hydrogen diffusion
chamber was it found that the angle of emission of the
rogoil proton exceeded by more than 3° the angle computed

on hasis of conservation laws. On this basis the upper
limit for the cross section for bremsstrahlung emitted

- by 77 mesons on nuclear forces is derived and found to be

5,10~ cm2 (auth)
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34776 (UCRL-11004) MEASUREMENTS OF THE
MUON-CAPTURE RATE IN He®’ AND He* (thesis). Robert
Joln Esterling (California. Univ., Berkeley. Lawrence
Radiation Lab.). Apr. 9, 1964. Contract W-7405-eng-48.
169p. . : ’

- A measurement was made of the total muon-capture
rates in SHe and ‘He and the partial capture rate into the
channel u~ + *He — 3H + v. Negative muons were brought
to rest in a high-pressure helium gas target.- The capture -
processes all yield a charged particle whose energy was
measured by observation of scintillation in the helium gas.
Captures into the *H channol were récognized hy the unique
energy (1.9 Mev) of the triton recoil. The total capture
rates obtained were: A(He) = 2170 sec™ and A(*He) = 375
sec™!. The partial capture rate to the triton ground state
was measured as A(*He — %H) = 1505 = 46 sec™. The re-
sults are in good agreement with theoretical predictions
that are based on the universal Fermi interaction. (auth)
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15721 ° (JINR-E-2517) ANGULAR DISTRIBUTION OF
HIGH-ENERGY NEUTRONS EMITTED IN ABSORBING
POLARIZED p~-MESONS IN CALCIUM. Evseev, V. S,;
Chang, Run-hwa; Chernogorova, V. A.; Roganov, V. §,;
Shimchak, M. (Joint Inst. for Nuclear Research, Dubna
(USSR). Lab. of Nuclear Problems). 1965. 30p. *_
Dep.mn,

The asymmetry coefficient B was measured in the angu-
lar distribution of neutrons from mesons (u~)-capture in

Ca in the E, energy range from 6.7 to 20.7 Mev. For higher

thresholds (E, = 18 Mev) the asymmetry coefficient re-
duced to the 100% residual polarization of mesons (u7) is
close to —1, which contradicts calculations on the basis of
the universal weak interaction theory. (auth)
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15720 (JINR-E-2516) ASYMMETRY IN THE ANGU-
LAR DISTRIBUTION OF THE HIGH-ENERGY NEUTRONS
FROM MU~ CAPTURE IN SULFUR. Evseev, V. S.; -
Chernogorova, V. A.; Kilbinger, F.; Roganov, V, S.; Shim-

chak, M. (Joint lnst for Nuclear Research, Dubna (USSR).

Lab, of Nuclear Problems). 1965. 10p.. Dep. mn,
The asymmetry coefficient B in the angular distribution
of high energy neutrons from meson {u7) capture in sul-

phur was measured. The value of the asymmetry coefficient
reduced to 100% of meson (u~) residual polarization is. close

to -1, which contradicts calculations on the basis of the
unjversal weak interaction theory. (auth)
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31501 (JINR-P-759) ASIMMETRIYA V UGLOVOM

RASPREDELENI NEITRONOV, IbPUbl\AEMYKHPRI
AAKHVATE p7-MESONOV V KAL' TSI (Asymmetry in

Angular Distribution of Neutrons Emitted in g~ Mceson
Cnphn*o in Calcium), V.S, Evseev, V. 1, Komarov, V, Z,
l\u~h L] Rogdnov VoA, (‘hcrnogorov'\ and M, M,
U.\.b.R Lab, of }\uclon Problcms). 19(,1 . 27p.

The asymmetry in the angular distribution of neutrons
emitted during nuclear capture of polarized y~ mesons
W™+ A— A+ n+#¥) was measured in order to analyze the
non-conservation of parity in u“ absorption by protons and
to determine the constants of u~ weak interactions wlth
nucleons. (R.V.J.)
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28607 ASYMMETRY IN A'\'GULAR DISTRIBUTION OF
NEUTRONS EMITTED IN u~ MESON CAPTURE IN CAL-
CIUM. V.S. Evseev, V. I. Komarov, V. Z. Kush, V. 8.
Roganov, V. A. Chernogorova, and M. M. Shimchak (Joint
Inst. for Nuclear Research, Dubna, ‘USSRy. Zhur. Eksptl’.
i Teoret. Fiz., 41: 306 7(July 1961). - (In Russia.n)
Measurements of & asymmetry in u~ absorption in cal-

cium were made using 250 Mev/c pulsed u~ ‘mesons stopped

in 212 g/em? talcium target in a magnetic field. The pre-
liminary data show &, = — (0.93 * 0.33). The theoretical

and measured magnitudes of & indicate the.presence of
pseudoscalar interaction in the u~ + A — A’ + n + ¥ process.
The sign of the pseudoscalar and pseudovector constant in
the ratio g;/g, is positive. The value of & is considerably
larger than the theoretical .value & = 0.41 developed with
g4/8v= - 1.25, g/84 =8, and gr/g, = 3.7 (R.V.J))
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41935. ANGULAR DISTRIBUTION-OF NEUTRONS DUE
TO u~-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. Letters, 6: 332-3
(Oct. 1, 1963). . -
Results are given on measurements of the asymmetry
coefficient in the angular distribution of neutrons at various -
thresholds of E, from 7 to 23 Mev. (R.E.U.)
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28027 "(JINR-D-988) MEASUREMENT OF THE

u~ + He® — H® + » REACTION RATE. . L V, Falomkin, A, L
Filippov, M: M. Kulyukin, B, Pontecorvo, Yu, A. Scher-
bakov, R. M. Sulyaev, V, M. Tsupko=-Sitnikov, and O. A,
Zaimidoroga (Joint Inst, for Nuclear Research, Dubna, '
U.S.S.R. Lab. of Nuclear Problems). 1962. 8p.

The reaction u~ + He’ — H® + v was investigated. A mag-
netic diffusion'chamber filled with He® at 20 atm was
placed in the 217 Mev/c beam of the Dubna 680 Mev syn-
chrocyclotron.- Since the tritium produced in the reaction
has a definite energy, the problem of identifying events of
the reactxons consists of selecting a group of one-prong
stars with the correspondmg energy range from the back-
gr_ound due to other processes. The reaction raté was de-
termined to be 1,36 + 0.18 x 10° sec™!. This agreed with
the rate predicted by the universal theory within the -accu~
racy of the experiment. (M.C.G.) '
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28126 MEASUREMENT OF THE p~ + He® — H® + » RE-
ACTION RATE. [ V. Falomkin, A. 1. Filippov, M. M. Kul-
yukin, B. Pontecorvo, Yu. A. Scherbakov, R.' M. Sulyaév.
V. M. Tsupko-Sitnikov, and O. A." Zaimidoroga (Joint Inst.’
for Nuclear Research, Lab, of Nuclear Problems, Dubna,
USSR). Phys.'Lettersi 1: 318—20(July 15, 1962). (In
English) .
The Teaction 4~ + He® — T+ v was lnvestlgated using a
statistlca.l material ngmg results an order of magnitude
better than those obtained previously (0. A. Zaxmxdoroga
et al., J. Exptl, Theor. Phys., 41: 1804(1961)); previous
experimental techniques were used. The rate of the reac-

tion was measured to study muon-electron symmetry in
interactions of these particles with nucleons; data agree

with calculations within theoretical and experimental in-
accuracies. Muon-electron sy mmetry in lepton capture by
nucleons is implied. (L.N.N.)

95
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13569 MEASUREMENT OF THE g~ + He® — H® + N
REACTION RATE: FINAL RESULTS. I. V. Falomkin, A. 1.

Filippov, M. M. Kulyukin, B. Pontecorvo, Yu. A. Scherbakov,

R. M. Sulyaev, V. M. Tsupko-Sitnikov, and O. 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 He® diffusion chamber experiment
were given, based on 200 events of the reaction u™ + He® —
H® + v. (C.E.8.) :
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92308 THE PANOFSKY RATIO FOR He' AND THE
ROOT-MEAN-SQUARE RADIUS OF THE TRANSITION
He® — H3. 1. V. Falomkin, A. L. Filippov, M. M. Kulyukin,
Yu. A. Scherbakov, R. M. Sulya’ev, V. M, Tsupko-Sitnikov,
and O. A. Zaimidoroga (Joint Inst. for Nuclear Research,
Dubna. USSR), p.14-17 of 1962 International Conference
on High-Energy Physics at CERN.”” Geneva, European
Organizatjon for Nuclear Research, 1962, .

Six processes allowed by the congervation laws for cap-
ture of stopped negative pions in He® are listed. The proc-
esses were studied experinrentally by stopping plons ina
diffusion chamber filled with He’ at 20 atm pressure. A
table shows the number of events of each type found in §500°
photographs. From measurements of selected events it was
found that the relative rates of the reactions 7~ + He® —

H® + #° (3) and »~ + He? — H? + y (4) were Wy = (13.5 £ 0.9)%
and W, = (6.2 # 0.7)%. The ratio of the rates of reactions
{3) and {4). called the Panofsky ratio, was 2.16 * 0.28. The

“root-mean-square radius of the transition from He’ to H?

was calculated to be r = (1,2423:3) x 107" cm. (A.G.W))
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14914 ELECTROMAGNETIC PROPERTIES OF THE
MUON. F.'J. M. Farley (CERN, Geneva). Progr Nucl.
Phys., 9: 257-93(1964).

Propertxes 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 propertxes are discussed. 130 references.
(n L.U) : Rt
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37949 THE MUON AS A PROBE FOR NUCLEON

STRUCTURE. F.J. M. Farley (CERN, Geneva). p.228-34

of *‘Nucleon Structure.’’ Stanford, Calif., Stanford Uni-
versity Press, 1964. )

The advantages of mesons(y) over electrons for probing
nucleon structure are summarized, and a meson(w storage
ring under considem\iqn at CERN for (g-2) measurements
and studies of u-p scattering with polarized mesons(y) is
described. (D.C.W.)
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44207 ANOMALOUS MAGNETIC MOMENT OF THE
NEGATIVE MUON, Farley, F.J. M.; Bailey, J.; Brown,
R. C. A.; Giesch, M.; Joestlein, H.; van der Meer, S.;
Picasso, E.; Tannenbaum, M. (CERN, Geneva), Nuovo
Cimento (10) 45A: 281-6(Sept. 1, 1966).

An experiment is described using the magnetic storage
‘ring in which a preliminary measurement of the anomalous
magnetlc moment of the negative muon yielded (1165 + 3) x
107%, The new device offers the possibility of an order-of-
magmtude improvement in accuracy. (L.B.S.)
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9388. A MEASUREMENT OF THE u" LIFETIME.

F. J. M. Furley, T. Massam, T. Muller, 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 Reséarch, 1962.

The muon lifetime was measured by the standard tech-
nique of stopping n* in a carbon absorber and recording
the time distribution of positrons from the n* — p* — et
decay chain. The experiment was designed to eliminate
systematic errors due to beam structure to a greater ex-
tent than in previous measurementa. Preliminary results
give a value of 2198 + * nsec. (A.G.W.)

350

41744 (NYO-10561) A BUBBLE CHAMBER STUDY OF
NEGATIVE MUON ABSORPTION IN CARBON. Leo M.
Fatur (Carnegie Inst. of Tech., Pittsburgh). May 1963.
Contract AT(30-1)-882, 75p.

Mesons (u™) Irom the éynchro-cyclotrqn 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 measured using three independent techniques
to be (0,38 + 0.08)%. Results from approximately 20,000
muon stops yield a ratio of absorptions to decays of (8.90 &
0.24 ¥ 107%), Assuming & muon lifotime againat dcoay of
(2.202 +'0,004) usec, a capture rate in carbon of (0.404 =
0.011) x 10* sec™ {s obtained. Additional results were the
prong energy distributions due to the absorptions in carbon
of muons and pions respectively. (auth)
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10893 THE PHYSICS OF MUONS AND MUON NEU-
TRINOS. Gerald Feinberg and Leon M. Lederman (Co-
tumbia Univ., New York). Ann. Rev. Nucl. Sci., 13: 431-
504(1963). .

- The static properties of the muon are discussed. Elec-
tromagnetic and weak interactions of muons and muon
neutrinos are reviewed. Muonic atoms and molecules and
possible anomalous interactions are discussed. 230 refer-
ences. (R.E.U.)
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1369 "PION-NUCLEON PHASE SHIFT ANALYSIS. .
B. T. Feld and D. L. Roper (Massachusetts Inst. of Tech.,
Cambridge). p.400 of ‘‘Proceedings of the Sienna Interna-
tional Conference on Elementary Particles. Vol. 1.”’
Bologna Societa Italiana di Fisica, 1963.

An analysis was carried out of all available pion- nucleon
interaction data at the pion kinetic energy of 310 Mev.
Some of the fits previously obtained are markedly improved
by inclusion of an ABC-pole with 1m,y = 4. Preliminary
results of an energy-dependent analysis in the ener§y
range 0-700 Mev show a marked preference for D fp a8’
the state responeible for the 600-Mev, T !, resonance.
The analysxs also indicates a very strongly absorbing P—
%, T Y state, the real part of whose phase shift is already
quite large and mcreasmg at the end of this energy range.
A.G.W) .

353

15310 -
ABSORPTION OF NEGATIVE MUONS IN C* LEADING TO
PRODUCTION OF BOUND B2, J: G. Fetkovich, T. H.
Fields, and R. L. Mcnwaln (Carnegle Inst. of Tech., Pms-
burgh). Phys. Rev. 118, 319-24(1960) Apr. 1

A negative muon beam from the Carnegie Tech synchro-
cyclotron was stopped in a six-inch propane bubble cham-
ber. Since the hydrogen does not form u-mesonic.atoms in
the présence. 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 nuclet -
resulting from u absorption by carbon. The chamber was’
photographed right after the beam pulse to determine
whether a given stopped muon decayed or was absorbed. "
Another photograph was taken about 15 msec later to deter-
mine if the absorption had led to & nucleus which had beta
decayed. A count of u-e decays in the same film allowed
the determination of the probability per unit time of bouhd
B* formation. - Forty-six boron decays were observed '
ylelding (7.6 + 1.2) x 10° sec™! for the rate of bound B
production. Possible interpretation of this result in terms
of a universal V-A Fermi interaction is discussed. (auth)
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17314

FORMATION OF u-MESONIC MOLEC_ULES IN H-D MIX-
TURES. J. G. Fetkovich, T. H. Fields, G. B. Yodh, and
M. Derrick (Carnegie Inst. of Tech., Pittsburgh). Phys.
Rev. Letters 4, 570-2(1960) June 1.

Experimental data are reported which allow a determi-
nation of reaction rates involved in the tatalysis of nuclear
reactions by yu mesons. The chain of events believed to lead
to catalysis at low deuterfum concentrations is depicted. It
was found that the number of regenerations per muon were
nearly equal to that found by Alvarez et al. at saturation.
There were found large discrepancies when the calculated

and experimental values were compared. Analyses indicate

"that for H— (>1%) D mixtures all absorption of g by pro-

tons will be from a (pu~d) molecule, while for H—(< 1%) D,
it 1s not at present possible to know the states from which
muons are captured., The work presented is being.extended
for lesser hydrogen concentrations, which should allow
more precise determinations. (B.0.G.)
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898 EXPERIMENTAL STUDY OF 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 (17} in liquid helium was ...
measured. The results seem to rule out significant amounts
of Stark effect and polanzatlon capture in liquid helium. It -
appears that the measured cascade time is consistent with
the assumption that radiation and external Auger effect are
the primary cascade mechanisms. (C.E.S.)
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24418 . PRODUCTION OF TWO CHARGED PIONS IN '
871 Mev r -p INTERACTIONS. W. J. -Fickinger, J..G.
Mowat, and W. D. Shephard (Univ. of Kentucky, Lexington).
Nuovo Cimento (10), 32: 18- 24(Apr 1, 1964).

Double pion production has been observed in 871 Mev

7 -p interactions in a hydrogen bubble chamber. A total
of 347 events were identified-as n~ + p= 2~ +p+ 7~ + 2*
corresponding to a paftial cross section .of (0.30 £ 0.03) mb. -
The results are compared to a one-pxon-exchange model
and to a statistical model -with (n*p) isobar formation. The
latter mode] seems to explain deviations from four-body

phase space observed in the exper)mental distributions.
(auth)
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20839

CASCADE TIME OF 7~ IN LIQUID HYDROGEN. T.H.
Fields, G. B. Yodh, M, Derrick, and J. G. Fetkovich
(Carnegle Inst. of Tech., Pittsburgh) Phjs. Rev. Letters
5, 69-70(1960) July 15.

The time required for 1~ to go from-a velwity of 0.01¢c
to nuclear capture in liquid H; was measured by scanning
H, bubble chamber photographs of a stopping x~ beam for
- —~ u~ — e~ decays (two-kinked tracks). From a total of
80,000 7~ coming to rest, two #~ — u~ decays were observed
for which velocity <0.01c, giving a mean time for =~ to go
from 0.01c to nuclear capture of 1.2 x 10”12 gec, with a
statistical error of +1.2, — 0.5 x 107!2 gec. The results are
in reasonable agreement with pion absorption from S states
via Stark effect mixing. (D.L.C.)
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31584 (JINR-D-768) OBSERVATION OF THE RE-
ACTION u~ + He* — H® + v, A. L Filippov, M. M. Kulyukin,
B. Pontekorvo {Pontecorvo), Yu. A. Scherbakov, R. M.
Sulyaev, V. M. Tsupko-Sitnikov, and O, A. Zaimidoroga
(Joint Inst, for Nuclear Research, Dubna, U.S.S.R. Lab, -
of Nuclear Problems). 1961. 9p. .
An investigation was made of the reacuon u~+ He® —
H®+ v ina diffusion chamber filled with He® at a pressure
of 20 atm, About 6000 photographs of meson stopping were
obtained and 14 events of muon capture in He® with emis-
sion of H® and a neutrino in the final state were observed.
The mean range of tritium determined on the basis of 14 -
cases was 2.37 + 0.02 mg/cm?. The upper limit of the
mass of the neutral particle emitted in the process of
muon capture by nucleons was calculated to be less than
6 Mev with a probability of 99%. The probability of the
reaction was calculated. (M.C.G.)
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21406 THE INTERACTIONS OF 7~-MESONS WITH
COMPLEX NUCLEI IN THE ENERGY RANGE (100-800)
Mev. III. THE INTERACTION LENGTHS AND ELASTIC
SCATTERING OF 300 Mev 7#"~-MESONS IN G5 EMULSION.
P. J. Finney, J. V. Major, and P. G. J. T. Parkhouse (Univ.
of Durham, Eng.). Phil. Mag. (8), 7: 237-45(Feb. 1962).
A stack of pellicles was exposed to the U0 MéV #"-
meson beam of the 660 Mev proton synchrotron at CERN,
Geneva. The interaction lengths for the production of in-
elastic interactions and elastic scatterings through pro-
jected angles.vreate'r than 5°, found by scanning along
140 m of track, are (37,9 £ 2,0) and (77.4 % 5.8) cm, re-
spectively, compared to the geometrical interaction length
of 29.3 cm. By comparison with the optical model the ab-
sorption coefficient and change in wave number are (1.53 ¢
0.15) 10'% and + (1.35 % 0,12) 10'2 em™, corresponding to 3
nuclear potential with a real component of (25 « 1) Mev (of
which the sign is not known), an imaginary component,
—(14.1 + 1.4) Mev and a'mean free path for interaction in
nuclear matter of (6.5 + 0.7) 10~!¥ ¢m. The differences
from the expected values are ¢onsistent with a consldera-
ble reduction within the nucleus of the cross section for
elastic scattering of 7-mesons by nucleons. {auth)
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20076 INTERACTION OF 560-Mev NEGATIVE 7~

MESONS WITH EMULSION NUCLEI A. Frisk, S. Nilsson, -

B. E. Ronne, and W. Schneider (Univ. of Uppsala) Arkiv
Fysik, 19: 69-82(1961). " (In English)

Interactions of 560 7~ with emulsion nuclei were investi-
gated. 4454 stars were found.by area scanning. -These yield

an interaction mean free path of processes including absorp~ -

ion, charge exchange scattering, and inelastic scattering of

28 + 2 cm. 485 stars were analyzed in detail. The frequency

of stars with charged pions is 33 + 4% where those with no

heavy prong were excludéd. The average kinetic energy of -

pions from stars with one negative pion is 176 + 20 Mev. A
marked correlation exists between the pion energy and the
angle of emission. Eight events with two charged pions and
ten with one positive pion were found. A rough estimate
gives a fraction of events thh charged pion productxon of .

1+ 4%. (auth)
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42576 METHOD OF INVESTIGATING FAST CHEMI-
CAL REACTIONS BASED ON u*-MESON DEPOLARIZA-
.TION. Firsov. V. G.: Bvakov, V. M. (Inst. of Theoreti-
cal and Experimental Physics, Moscow). PP 537-45 of
STI/PUB/91(Vol 1I). (In Russian). .
When a y*-meson is slowed down in a substance the hy-
drogenoid muonium atom formed enters into chemical re-
actions similur (v the vorrespunding interactions of alumle
hydrogen. The observed angular distribution effect of the
meson decay is associated with the chemical state of the
meson. The absolute constants of the rate of the chemical
roaotions aro dotormined in relation to the known nuclear
physical dceay characteristies. The method is independent
of the state of aggregation of the substance and can be ap-
plied at essentially any temperature. Quantitative identifi-
cation of the classes of the substances obtained (radical
and molecular products are determined separately) is pos-
sible, as is individual determination based on variations in
the precession of the system of spins in the magnetic field
using a number of diatomic molecules as an example. The
possibility of studying the structural parameters of the rad-
icals and molecules, and of estimating the lifetime of the
shart-lived intermediate compounds is considered. The

elementary steps in fast chemical reactions were investi-
gated. (auth)
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30812 ELECTRON AND MUON SCATTERING FROM
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
sections of positrons and electrons from Woodg~Saxon (WS)
and ‘‘wine-bottle’ (WB) charge distributions of the nuclcus
of Au, previously performed for 183 Mev, ig extended to
lower energies and repeated for muons of comparable inci-
dent momenta. It is found that, for momentum transfers of
lesa than 1.5 T4, the percent change of the cruss seclion
corresponding to a change from the WS to the WB charge
distribution is largest, of the order of 30% for incident
momenta of ~100 Mev/c, particularly for positrons. At an
electron energy of 50 Mev, the cross section depends mainl
on the mean-square radius of the nucleus; and an accuracy
better than 5% is needed in order to determine additiona)
nuclear charge distribution parameters, The mean-square
radii of the WS and WB charge distributions differ by 6.5t
while the corresponding electron cross sections at 50 Mev
differ by a maximum of 15%. A comparison with experi-
mental elastic positron and electron scattering cross sec-
tions for Pb measured by Miller and Robinson is carried
out; and a systematic discrepancy with theory is found for
both e* and e cross sections for the 50—-70 Mev energy



range, while theory and experiment'agree well at 87 Mev
and higher energies. The calculation consists of a conven-
tional numerical phase-shift analysis based on the Dirac
equation, and the nuclei are assumed to be static, spheri-
cally symmetric, extended charge distributions. (auth)
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. 6893

SCATTERING OF 3.7—25 MEV POSITIVE PIONS BY

HYDROGEN. G. E. Fischer and E, W. Jenkins (Columbia

Univ., New York). Phys. Rev. 116, 748-63(1969) Nov. 1.
The Columbia University hydrogen bubble chamber was

used to Investigate the n*-p 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

incident plons that would have come to rest in the cham- -

ber. Treating the emall p-wave and large Coulomb con-
tributions as known, the s-wave phase shift is found to
‘deviate from a linear dependence on momentum only by -
one and a half standard deviations. (auth)
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. 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 scattering of pions on pions in the low-energy
region is studied on the basis of the unitary condition and
the Mandelstam integral representation of the scattering
amplitude A. A historical survey of the dispersion theory
is presented. Fundamental relations following from the
Mandelstam representation are obtained in general form.

The derivation of a set of integral equations for A is given.

This sct is obtained from the Mandelstain representation
and unitarity by expanding the angular dependence of A in
powers of.a special function w, which represents by itself
a conformal mapping of the complex cosine plane. An
approximative resonant solution of the set of equations is
given and relations between resonance parameters are
derived. 'In Appendix A,-the isotopic structure of A is de-
rived. In. Appendix B, it is shown that from the Mandel-
stam representation the one-dimensional 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 are frequently used in the literature.
In Appendix C, properties of different conformal mappings
of the complex cosine plane are summarized. (auth)
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22817

MEASUREMENT OF y+ LIFETIME. J, Fischer,

B. Leontic, A. Lundby, R. Meunier, and J. P. Stroot
(CERN, Geneva). Phys. Rev. Letters 3, 34_9-50(1959)
Oct. 1.

The remarkable agreement of the experimental wlth
the theoretical value for the lifetime of the muon is the’
strongest indleation that the vector current Is conserved
and the strengths of axial and polar vector currents are

" NEAR 1.0 Bev,

equal when strong {nteractions are not present. An ex-
periment to remeasure the u* lifetime is described. ‘A
value of 2.20 + 0.015 usec was obtained. (W.D.M.)
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36584 (TID-19343) MULTIPLE PION PRODUCTION -
IN INTERACTIONS OF POSITIVE PIONS WITH PROTONS
Horst W. J. Foelsche and Henry L. Kray-
bill (Yale Univ., New Haven) 1963. . Contract AT(30-1)-

1349. 66p.

Mumple pion productxon in the reactlons -p—p+
et e and gt —p—p+at +rt+ 17+ 10 at 910, 1090,
and 1260 Mev was studied. Double pion production is found
to be dominated by the production of the well known (%, %)=
isobar and no other resonant states among the outgoing
particles can be identified. Triple pion production is found
to proceed almost exclusively by the formation of the
meson(n) (mass 549.0 Mev) which subsequently decays
into (x* + 7~ + . The isotopic spin of thé n is confirmed
to be I = 0 and the spin J, parity P, and G-parity G are
confirmed to be most likely JF¢ = 0™ *,. The relative decay
ratep = (n = 1" + 1=+ 9)/(n = ©* + 7™+ 1% is found to be
p =0.14 £ 0.08, and the decay ratio R = {y — 31°)/tn — =+ +
7~ + 1% is found to be R ~ 2 + 1. No n's were observed at
910 Mev. At 1090 and 1260 Mev the production angular
distributions of the n are roughly isotropic. -n-production
appears to be associated with the production of the (4,%)-
isobar in the (p,7*) system. The energy 1090 Mev repre-
sents the threshold energy for production of n with isobar,
and the n meson appears to emerge with angular momenta
higher than = 0. 30 references. (auth)
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6681, MUON CAPTURE IN NUCLEL
J.'D. Walecka (CERN, Geneva).
1026-61(Nov. 16, 1964).

The total meson (u) capture rates for some light nuclei’
(4%Ca, 180, 2C and 4He) were calculated, taking into account
the effect of the giant dipole resonances in the capture pro-
cess, The results were compared with experunenta] ob-
servations. (D.C.W.)

L. L. Foldy and
Nuovo Cimento (10), 34:
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47856  NUCLEAR CORRELATION FUNCTIONS 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 are examined. The reliability of
certain suggested methods for evaluating these correlation
functions involving the Fermi gas approximation, and re-
finements of it, are assessed both from the point of view of
internal theoretical self -consistency and by comparison with
pertinent empirical information available from photodism-
tegration data on nuclei. (aut.h)

(1]

[Te]



60

369

45600 "(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-T7405-eng-48. OTS.

The recoil-proton polarlzation in n*-p elastic scattering
at 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
phage-shift solutions was carried out by using S-, P-, and .
D-wave phase shifts. The solution that best fits the data s -

of the Fermi type. The calculated errors in the phase

shifts varied from 0.4 to 0.6°. Because it was felt that
these errors might be deceivingly restrictive, the effects

of small nuclear F-wave phase shifts on the results of the .
analysis were investigated and were found to be large; not
only are the uncertainties in the original Fermi type solu- .
tion increased but also additional sets of phage shifts that
fit the data well arise. One of the solutions is similar to
the original Fermi set except that the magnitudes of the
phase shifts in this new fit are, in general, larger than
those in the initial solution, and the signs of the D-wave

phase shifts are reversed. Inelastic-scattering processes
were neglected during the phase-shift analysis. Extension

of the phase-shift inquiries to include -G waves was at~
terpted, but it was observed that the available data and
theory do not allow the G-wave interaction to be signift- =
cantly incorporated into the analysis. The sign of the ]
recofl-proton polarizgtion is defined to be positive when &
preponderance of the protons recoiling to the right.side of
the incident n7-meson beam had their spin vectors pointing
up. A beam of 1 x 10® pions/sec incident upon a 1.0 g/cm®
thick liquid-hydrogen target produced the recoil protons,
which were then acattered by a carbon target at a mean en-
ergy varying with recofl angle from 113 to 141 Mev. The. ’
polarization of the recoil.protons was analyzed by measur-
ing the asymmetry produced in the carbon scattering. (auth)
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5808
7*—p SCATTERING AND PHASE-SHIFT ANALYSIS AT
310 MEV. ' James H. Foote, Owen Chamberlain, Ernest H.
Rogers, Herbert M. Steiner, Clyde Wiegand, and Tom
Ypsilantis (Univ. of California, Berkeley). Phys. Rev.’
Letters 4, 30-3(1960) Jan. 1. "
At the 184-inch synchrocyclotron in Berkéley. data were
obtained on elastic r~"'—p scattering at 310 Mev. Quantities
measured were the differential cross section, the total
cross section, and the polarization of the recolil protons as
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 shlft were reduced to less than 1°
(B.0.G.)
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17510 .  ‘#*—p 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 ¥ —p elastic-
srattering data at 310-Mev incident-pion laboratory kinetic
energy is performed. The experimental data utilized in-
clude measurements of the differential and total cross seé-
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 bhase shifts. One solution— of the Fermi type—
was found that fits the data significantly better than any of
the other solutions obtained. The calculated errors in the
phase shifts of this set vary from 0.4 to 0.6 deg. The ef-
fects of small nuclear F-wave phase 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 their rms errors are {(when F-wave phase
shifts are allowed): Sy,; =~17.2 + 2.6 deg, Py, =~2.9 %
‘4.0 deg, P3,3 = 135.0 + 0.6 deg, Dy,5 = 3.1 = 2.6 deg, Dy 5 =
—4.9 + 2.1 deg, F;5—05¢06deg. F31=-0.6%14deg.
The values given here for the first five phase shifts ap-
proximate the corresponding values obtained when the
F-wave phase shifts were assumed negligible. However,
all except Py s fall outside the limits set by the small
original errors. Inelastic-scattering processes were
neglected during the phase-shift analysis. Extension of
the phase-shift inquiries to include G waves was attempted,
but it was observed that the available data and theory do .
not allow the G-wave interaction to be significantly incor-
porated into the analysis. (auth)
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17509 m*—p ELASTIC SCATTERING AT 310 Mev:
RECOIL-NUCLEON POLARIZATION. James H. Foote;
Owen Chamberlain, Ernest H. Rogers, Herbert M. Steiner,
Clyde E. Wiegand, and Thomas Ypsilantis (Univ. of Cali=
tornia, Berkeley), Phys. Rev., 122: 948=58(May 1, 1901).
Recoil-proton polarization in n*—p elastic scattering at
310-Mev incident-pion laboratory kinetic energy is experi-
mentally measured at four scattering angles with scintilla-
tion counters. Polarization values obtained, related rms
experimental errors, 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 at 133.8 deg, and —-0.162 = 0,037
at 145.2 deg. The sign of the polarization is defined to be
positive when a preponderance of the recoil protons had
their spin vectors pointing ir the direction of p; x pf, where
this quantity is 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 1iquid-
hydrogen target produced the recoil protons, which were
then scattered by a carbon target at a mean energy varying
with 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 obtalne@
for the analyzing ability range from 0.41 to 0.57. -(auth)
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34065 1964 RUTHERFORD MEMORIAL LECTURE.

7 MESONS VERSUS CANCER. Fowler, P. H. (Wills
Physics Lab., Bristol, Eng.). Proc. Phys. Soc. (London),
85; 1051~ 66(June 1965).

The case is made for the investigation of varlous beams
of heavily ionizing radiations with a view to their eventual
use in radiotherapy. Beams of heavy ions and stopping
mesons (17) are considered, and the probable oxygen en-
hancement ratio and distribution of dose with depth are
compared with ¢°Co y rays and other beams in current use.
Beams of stopping mesons (77) give an excellent distribu-
tion of dose with depth, and a very favorable oxygen en-
hancement ratio. The feasibility of preliminary experi-
ments with blological material is considered. (auth)
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17026 SEARCH FOR ¢ —~e + e + e. S. Frankel (Univ.
of Pennsylvania, Philadelphia), W, Frati, J. Halpern, L.
Holloway, W. Wales, F. W. Betz, and O. Chamberlain).
Phys. Rev., 130: 351-4(Apr. 1, 1963).

A search was made for the neutrinoless decay mode
u— ¢ +e+e, Positive pions from the Berkeley 184-in.
synchrocyclotron were stopped in a lithjum 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 measured with a combinalion of Nal counless
and range telescopes. The spark chamber pictures were
first scanned for events with three tracks meeting at a
common point in the target. A requirement that no angle -
petween 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
the 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- "~

. sufflcient energy information was available. If we assume
that one eventtobe p —~ e + e + ¢, and with a calculated
detection efficiency of 0.0083, an upper limit for the
branching ratio for this mode can be set’at 1.5 x 1077 with
a 90% confidence level. (auth)

375

19095 °© A SEARCH FOR THE DECAY y =~ e+ vy
S. Frankel (Univ. of IM'ennaylvania, Philadelplta), W. Frat,

J. Halpern, ‘L. Holloway, W. Wales, and O. Chamberlain.
Nuovo Cimento (10), 27: 894-912(Feb. 16, 1963) (In Eng-
lish) }

A search for the decay u — e + y is 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 sodium jodide crystals are used
to measure the particle energies. A lithium target and thin -
(0.001 in.) aluminum foils in the spark chamber are used to

" minimize the scattering of the electron. An upper limit of

4.3. 107% (90% confidence) is found for the ratio of.the rate
of the u — e + y decay to the normal muon decay rate. A

_search for the decay u —~e + y + vy is also made. (auth)
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15238

FURTHER SEARCH FOR THE DECAYy - e +7,

S. Frankel, V. Hagopfan, J. Halpern, and A. L. Whetstone
(Univ. of Pennsylvania, Phlladelphla) Phys. Re v. 118,
589-90(1960) Apr. 15.

A new experiment for determining the upper limit for
the branching ratio R of the.process pt = e* +y relative
to the normal decay mode u* — e* + v + 7 yields a value
of R of less than 1.2 x 10 % witha 90% confidence level.
(auth) - :
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10890 - 'NEW LIMIT ON THE e + y DECAY MODE OF
THE MUON. 8. Frankel (Univ. of-'Pennsylvania, Philadel -
phia), J. Halpern, L. Holloway, W. Wales, M. Yearian,
O. Chamberlain, A. Lemonick, and F. M. Pipkin. "Phys.
Rev. Letters, 8: 123-5(Fcb. 1, 1962).

Limits for the decay mode g — e +v are studied using
.spark chamber techniques. A rate of less than 1.9 x 10~
‘of the normal decay rate is the upper limit. (L.N.N.)_

378

28423 DETERMINATION OF THE u-NEUTRINO
HELICITY. P. Franzini (Universitd, Pisa, Italy and
Istituto Nazionale di Fisica Nucleare, Pisa, Italy) p.248-
53 of *“Selected Topics on Elementary Particle Physics.”
New York, Academic Press, 1963.

An experiment was performed to measure the sign of the
helicity of negative muons produced in the decay of negative
pions. The result, that helicity of negative muons is posi-
tive, agrees with other experiments and with the predictions
of the V-A theory. Thus, the  neutino has the same helicity
as the neutrino involved in 8 decay, and no information is
obtained on the gquestion of }he fdentity of the two neutrinos.
Agreement between expected and measured muon yield and
asymmetry proves that the muon is a Dirac particle having
only electromagnetic interaction. (M.J.T.)
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379

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 7 meson inter-
actions were studied by analyzing the distribution of r
orientations at the end of tracks. The total effect of -
Coulomb scattering, multiple scattering, and nuclear
scattering is calculated. (R.V.J.)
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47227 RESTUDY OF THE MUON CAPTURE IN HY-
DROGEN. Fuijii, akihiko (Jochi Univ., Japan). Gen-
shikaku Kenkyu, 9: 726-31(Mar. 1965). (In Japanese),

_The muon capture rate in hydrogen {s reanalyzed with
the newly published wnolecular parameters. The prediction
is in good agreement with the experiment, (auth)
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22909 MUON CAPTURE IN He®. Akihiko Fujii and
Yoshio Yamaguchi (Tokyo Univ.). Progr. Theoret. Phys.
(Kyoto), 31: 107-14(Jan. 1964). . :
The transition rate of the particular muon capture reac-
tion between the ground states of *He and *H is calculated
in a completely relativistic fashion, in which all the struc-
ture effects are 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 as Goldberger-Treiman's

result for the nucleon in the dispersion theoretic approach, -

(auth)
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10501

ELASTIC SCATTERING OF 150-Mev NEGATIVE PIONS
BY NUCLEL Tadao A. Fujii (Unlv of Chicago) Phys.
Rev. 113, 695-709(1959) Jan. 15.

" The elastic scattering of 150-Mev negative plons by
complex nuclel was experimentally studied by the use of
energy-sensitive Cerenkov detectors with a pulse-height
‘analyzer. The elastic scattering could be distinguished
from inelastic processes within the 10-Mev reaolution
width of these detectors. The differential cross sec~
tions of carbon, aluminum, copper, and lead were meas- .
ured at angles bétween 18.5° and 43.6°. In addition,
measurements on carbon and lead were extended to
large angles between 45° and 139°. It was found that
elastic scattering was confined predominantly to the '
forward angles less than 60°. Calculations based on the
optical model with a square well were carried out to
obtain the values of parameters which provided the best -

" fit to the data. They are ~30 Mev = Vy =—40 Mev,

—85 Mev = V; 2—175 Mev, and 1.3 x10"% A% om
SR s 14x1078 A% cm, where Vy and V| are real

and Imaginary parts of the potential, R {8 the nuclear
radius, and A i8 the nuclear mass. The corresponding
values of the reactlon mean free path were of the order
of the pion Compton wavelength. These values are close
to those predicted by Frank, Gammel, and Watson from
the knowledge of .the pion-aucleon interaction.. (auth)
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10327

““ANOMAT.OUS"” SCATTERING OF « MESONS, Shuji
Fukui (Osaka Univ.) a.nd Takasht Kitamura and Yuzuru
Watase (Osaka City Univ. ) Phys. Rev. 113, 315-24
(1959) Jan. 1. ’

A p-meson scattering experiment in which the mes-~
ons are required to traverse a thick block of iron and
stop and.decay in a thin layer of carbon, is reported.
Any uncertainty in the identity of the scattered particle
has thus been eliminated, and further, the momentum of
the particles is well defined. The observed angular dis-
tribution of the seattered g mesons in the momentum
range (133:3% Bev/c was found to be in good agreement
with the distribution predicted from the Coulomb scat-
tering theory for cxtended nuclei obtained by Cooper
and Rainwater. There is thus no indication from the
present experiment for any anomalous scattering of p
mesons near 1 Bev/c nomentum. The 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
Coopcer and Rainwater theory, there being more than

_ the expected number of p'\rtlcles scattered through

large angles. It is shown, how ever, that the predicted
scattering distribution, at large angles (assuming no
anomalous contribution) arises aliost entirely from the
scalleriog of particles in the 1- 2 Bev/c region, und
therefore is very sensitive to the assumed intensity in
this region. It is concluded that the results from this
part of the experiment cannot be accepted as evidence
favoring the cxistence of anomalous scattei'ing. The
experimental results of other authors ¢n the scattering
of energetic gy mesons are summarized and discussed,
It is concluded that the evidence for anomalous interac-
tions is nat strong. (auth)
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m

THE ELASTIC SCATTERING OF NEGATIVE PIONS OF
745 Mev/c ON HYDROGEN. Jean-Marc Gaillard, Pierre
Lehmann, Antolne Lévéque, Jodo Meyer, Daniel Revel,
and Jean Sacton. Compt. rend. 249, 1497-9(1959) Oct. 18.
{In French) - .

" The 1~ =pdifferential cross section was measured on
the second resonance (plons of 746 Mev/c). The total
elastic cross section is 20 + 3 mb. (tr-auth)
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18315 INVESTIGATION OF FLUCTUATIONS IN
MEASUREMENT OF PARTICLES IONIZATION POWER
IN A SPARK CHAMBER. Yu..V. Galaktionov, F. A. Yech,
and V. A. Lyubimov (Inst. for Theoretical and Experi-
mental Physics, Moscow). Nucl. Instr, Methods, 33:
353-4(Mar. 1965). .

It was previously found that at definite regimes of op-
erating the large gap spark chamber, the luminosity of
the spark breakdown depends on the ionization power of
the particles passing normal to the electrodes of the
chamber. The fluctuations in measurement of the ioniza-
tion power of the particles in a spark chamber are in--

‘vestigated. Spark chambers with 15 cm gap were exposed

to a beam of mesons (n) and protons at 600 Mev/c, With
the aid of Cherenkov counters and absorbers mesons (=) ’
of minimal ionization power and protons of ionization

‘power 1.9, 2.7, and 3.4 J/J ;, could be separated. (C.E.S.)
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2931
CHARGE EXCHANGE SCATTERING OF 128-Mev NEGA-
TIVE PIONS ON HYDROGEN. E. Garwin, W. Kernan, '
C. 0. Kim, and C. M. York (Univ. of Chicago, 1ll.). ‘Phxs.
Rev. 115, 1295 9(1959) Sept. 1 .
" The ch charge exchange scatterlng of negative pions by
liquid hydrogen was mea.sured 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 Integrated cross. sectlon is g (r~, 7 %) =25.6 +
1.3 mb, which is in good agreement with other work. (auth)
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14721

PRECISE DETERMINATION OF THE MUON MAG-
NETIC MOMENT. R. L. Garwin, D. P, Hutchinson,
$. Ponman, and G. Shapire (Columbia Uhiv., New
York). Phys. Rev. Letters 2, 213~-15(1959) Mar. 1.

A stroboscopic method was adopted for determining
the muon magnetic moment, in which the muon is
brought to rest with its spin perpendicular to a mag-
netic field. By use-of a high precession frequency a.nd
by a different method of utilizing time information of
the muon decay, the experiment described achieved a
muon moment accuracy of 0.007%. (W.D.M.)
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15222
ACCURATE DETERMINATION OF THE u* MAGNETIC
MOMENT. R. L. Garwin, D. P. Hutchinson, S. Penman,
and G. Shapiro (Columbia Univ., New York). Phys. Rev.
118, 271-83(1960) Apr. 1. -

Using a precession technique, the magnetic moment of
the positive mu meson i determined to an accuraoy of.
0.007%. Muons are brought to rest in a bromoform target

situated in a homogeneous magnetic field oriented at right
angles to the initial muon spin direction. The precesalon of
the spin about the field direction, together with the asym-.
metric decay of the muon, produces a periodic time varia-
tion in the probability distribution of electrons emitted in a
fixed laboratory direction. The period of this variation is
compared with that of a reference oscillator by means of
phase measurements of the ‘‘beat note’’ between the two.
The magnetic field at which the precession and reference

_frequencies coincide is measured with reference to a pro-

ton nucléar magnetic resonance magnetometer. The ratio -
of the muon precession frequency to that of the proton in

“the same magnetic field 1s thus detefmined to be 3.1834 +

0.0002. Using a re-evaluated lower limit to the muon mass,
this is shown to yleld a lower limit on the muon g factor of
2(1.00122 + 0,00008), in agreement with the predicuons of
quantum electrodynamlcs (auth)

389

4686 ' (CERN-61-28) THE INVERSE PHOTOPRO-
DUCTION REACTION 7~ +p — ¥ + n. ‘G. Gatti,.P. Hill-
man, W. C. Middelkoop, T. Yamagata, and E. Zavattini
(European Orgamzatxon for Nuclear Research Geneva)
Oct. 11, 1961. 35p,

A measurement has been made of the inverse: photo-
broducnon reaction 77 + p — vy + n with 72 Mev pions and
at 90°c.m. The differential cross-section ts (70 £7) 10~
cm? ster™!, Detailed balance and published measurements
on the reaction y + p—~n* +n gave a m7/rt ratio of 1.34 £
0.15 ata proton energy of 182 Mev (c.m:) and at a c.m.
angle of 90°. The technique used was comcidéncedetec-

tion of both particles with time-of- fllght measurement of

the neutron energy to separate the reaction from the much
more probable charge exchange reaction 77 + p — 7" +n.

(auth)
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22902 ° INVERSE PHOTOPRODUCTION REACTION 7~ +
p—vy +n IN FLIGHT. G. Gatti, P. Hillman, W, C. Middel-
koop, T.. Yamagata,-and E: Zavattini (CERN, Geneva). Phys,
Rev. Letters, 6: 706-8(June 15,.1961). :

The absolute value of the cross section for the process:
71~ + p = ¥ + n from which the free-neutron photoproduction
cross section is immediately calculable using the principle -
of detailed balance was measured The’ experiment was
performed at 90°C.M. angle and a pion energy of 72 Mev.
The cross section was measured by dececting the neutrons.
‘in a plastic scintillation counter. The énergy of the neutrons
was measured by time of flight in order to djs'crlminate

_against the charge-exchange reaction 7 + p~ +n,

(P.C.H.)
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11023
rt-p ELASTIC SCATTERING AT 30 MEV. G. Giacomelli
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(Univ. of Rochester, N. Y.). Phys. Rev. 117, 250-1(1960) -
Jan. 1. )

Differential scattering cross sections in hydrogen for
(30 # 1.5)-Mev positive and negative pions were measured
at the two center-of-mass angles of 82 and 99.9 degrees.
The cross sections for positive plons in mb/sterad in the
center-of-mass system are 0.435 + 0.028 and 0.590 &
0.030; for negative ones, 0.268 + 0.028 and 0.239 £ 0.021,
respectively. (auth)
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25792 (UCRL-16282) DIFFERENTIAL DISTRIBUTIONS
OF #* IN THE REACTION 7~p — #*7~n FROM 500 TO 700
Mev [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 7* in the reaction 77p —
7*7~n were meéasured at several 7t angles for incident 7~
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 7* 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 cross
sections, do/dQ*. The measured spectra cannot be ade-
quately explained by the statistical model nor by an isobar
Enodel, although production of the Nf; isobar is present.

auth) ' .
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43350 MUON CAPTURE IN 180, Gillet, Vincent;
Jenkins, David A. - (Univ. of California, Berkeley). Phys.
Rev., 140: B32-41(Oct. 11, 1965). (UCRL-16029).

The muon capture rate in oxygen is used as a means for
measuring the induced pseudoscalar coupling coastant (Cp)
of weak interactions. The capture rate between the JP=o*
ground state of 10 and the 0-, 1=, 2~, and 3~ states of N
are calculated as a function of Cp with different nuclear
madels. Cp is then determined using the experimental
values of the transition rates. It is found that the transition
rate, and therefore Cp, depends strongly on the nuclear

model, It is concluded that 5 < Cp/Ca < 20. (auth)
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3080 DOUBLE CHARGE EXCHANGE WITH NEGA-
TIVE PIONS. SEARCH FOR TETRANEUTRON. Gilly,
L.; Jean, M.; Meunier, R.; Spighel, M,; Stroot, J, P.;
Duteil, P. (CERN, Geneva. Faculte des Sciences, Orsay,
France). Phys. Lett., 19: 335-8(Nov. 1, 1965}, )
Eventual production of light nuclei such as tetraneu-
trons and hydrogen-7 was investigated in double charge
exchange reactions with negative mesons (). Since pro-
duction of A(Z-2) in a two-body process would lead to
a mono-energetic meson () emission, positive mesons

(n) emitted forward were registered. The meson (%)
detection equipment was the double spectrometer with
DISC Cherenkov counters. A negative meson (r) beam
over an energy range from 120 to 280 Mev was used,
Data were taken at a fixed spectrometer velocity setting,
the incident negative mesons (r) 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 Mev =+ as a func-
tion of 7~ energy are 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.)
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38141 DOUBLE CHARGE EXCHANGE WITH POSITIVE
PIONS. L. Gilly, M. Jean, R. Meunier, M, Spighel, J. P,
Stroot, Y. Duteil, and A, Rode (CEKRN, Geneva and Labora-
toiré de Physique Nucleaire, Orsay, France). Phys.
Letters, 11: 244-8(Aug. 1, 1964).

The differential cross sections for double charge exchange
of mesons (r*) on Be, Li, and Na at 195 Mev were deter-
mined by detecting the mesons (r™) produced in the for-
ward direction with a DISC spectrometer. (D.C.W,) A
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11377 . YADERNAYA KHIMIYA. (Nuclear Chemistry).
Goldanskii, V.'I,; Lavrukhina, A. K. Moscow, Izdatel'stvo
Nauka, 1965, 330p. . .

Seventeen articles are included on fast-proton reactions
in meteorites, COMPOsItioN ana oYIFIn o1 galactic CosSmie
rays, fragmentation by high-energy particles, production
of tritlum and more complex partlcles ln high-energy
pratan reactions, secandary reactians nf farmatinn of At
in high-energy bombardment of Bi and Pb, ditect nuclear
reactions at high energies, mechanism of heavy-ion in-
duced nuclear reactions, origin of rare-earth isotopes in
the solar system, chemistry of hot atoms in condensed
organic systems, momentum distribution of annihilating
clectron-positron pairs from photon angular correlations,
Hartree-Fock method in positron annihilation in con-
densed jonic media, Méssbauer effect in analytic chem-
istry and geochemistry, annihilation of positrons from
polarized states in alkali-halide crystals, positron capture
4by defects in alkali-halide crystals, molecular neutron '
spectroscopy, physics and chemistry of muonjum, and

:tudy of chemical reactions by depolarization of muons,
LI T.) ’
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- 14939 INELASTIC EFFECTS IN PION-NUCLEON

REACTIONS. H. Goldberg and E. L. Lomon (Massachu-' '
seits Inst of Tech., Cambridge). Pt. II, p.75-6 of “Pro- .
ceedings of the Eastern Theoretical Physics Conference,*
Chapel Hill, N. C., University of North Carolina, 1963,
1t was shown previously that complicated structure in
the T = !4, S,, state and the resonant T = %, Dy, state of
pion-nucleon scattering can be understood in terms of cou-
pling to other channels. By means of the boundary condi~



tion model of strong interactions the T =0 dipton-nucleon
channel was coupled to the S state and the p meson-nucleon
channel to the D state. The results are in excellent agree-
ment with data from 0 to 700 Mev as shown in accompany-
ing graphs. (C.E.S.)
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A METHOD FOR STUDY OF THE ELECTROMAGNETIC
'PROPERTIES OF CHARGED 7 MESONS. -Lazare Gold-
zahl, Bernard Jouvet, Maurice Mathieu. and Jacques
Poyen (College de France, Paris). ' Compt. rend. 249
88-90(1959) July 6. (In French)

The possibility of studying the electromagnetlc struc-,
ture of » mesons by observing the electrons projected
by them is investigated. These experiments ledto a
new method of determlnlng the spin of the 7 meson.
(tr-auth)
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18348 UCRL-8119 . ' )
California. Univ., Berkeley. Lawrence Radiation Lab.
THE ELASTIC SCATTERING OF NEGATIVE PIONS BY
PROTONS AT 230, 290, 370, AND 427 MEV ({thesis).
Lester K. Goodwin. Apr. 7,.1960. 84p. Contract W-'I405
‘eng-48. OTS. '

The elastic differential cross section for the scattering
of 7~ -mesons by hydrogen-was measured at laboratory
kinetic energies of 230, 290, 370, and 427 Mev. The elas-
tically scattered plons were detected by a counter tclescope
which discriminated agninst recoil protons and inelastic
pions on the basis of their shorter ranges. Nine differential-
cross-section points obtained at each energy were fitted by
a least-squares program to a-Legendre polynomlial seriés.
At the three higher energies, D waves are required to give
a satisfactory fit to the data. The real part of the forward-
scattering amplitudes calculated from the data are In agree-
ment with the predictions of dispersion theory. The results
in conjunction with data from other n—N scattering ex-
periments support charge independence at these higher
energles. (auth)
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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 .
(Univ. of California, Berkeley). Phys. Rev., 122: 666~ 64
(Apr. 15, 1961). (UCRL-9119-R).

The elastic differential cross section for the scattermg
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 detecteéd by a counter
telescope which discriminated against recoil protons and
inelastic pions on the basis of range. Differentlal eross.
sections were oblalned at nine angles for each energy and

were fitted by a least-squares program to a series of
Legendre polynomials. At the three higher energies, D"
waves are required to give satisfactory fits to the data.
The real parts of the forward-scattering amplitudes cal-
culated from this experiment are in agreement with the
predictions of dispersion theory. The results of this -
expériment, in conjunction with data from other pion--
nucleon scattering experiments, support the hypothesis

of charge.independence at these higher energies. {auth)
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9237 EXPERIMENTAL OBSERVATION OF SOME
.REGULARITIES IN u* REPOLARIZATION. S, Gorodetzky
(Institut de Recherches Nucleaires, Strasbourgh); Th. -
Muller, M, Port, and A. Zichichi. Phys. Lettets, 2: 133-
5(Sept. 1 1962). (In English).- ' '
The u* repolarization as a function of externally applled
longitudinal magnetic fields was measured for carbon,
sulphur, ‘a plastic scintillator (NE-102), and water, All
materials showed a low-field (=1 k gauss) repolarization, -

" and a saturation effect in the repolarization at ~4 k gauss

upward. The carbon depolarization at zero field was ~25%
and was fully restored at ~4 k gauss. The depolarization in
the plastic scintillator was restored to 90% at 10° gauss, '
and fully polarized at ~4 k gauss. In no material did the
measurements agree with simple muonium formation ‘

.theory. (H.D.R.)
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16931 . (NP-11592(Vol.I){(p.37-43)) PROTON SCATTER-
ING IN THE ENERGY REGION 500-1100 Mev. - F. Grard,
G. R. Macleod, L. Montanet (European Organizati‘dn for Nu-
clear Research, Geneva); M. Cresti (Padua. Universita.
Istituto di Fisica); R. Barloutaud, C. Choquet, J. M. Gail=
lard, J. Heughebaert, A. Leveque, P. Lehmann, J. Meyer,
and D. Revel (France. Commissariat a I’ Energie Atomi-
que. Centre d'Etudes Nucléaires, Saclay). -

Results are presented on n~-p scattering at 516 616, 710 ’
887, and 1085 Mev and preliminary results on r*-p scatter-
ing at 820 and 900 Mev are included. A discussion is also
included on the angular distributions of elastic scattering
and the values for the total elastic and inelastic ¢ross-
sections for n~-p, n*-p, and for the isotopic spin T =’ '/, :
state. (J.R.D,) o '

403

5891 7~-PROTON SCATTERING AT 516, 616, 710,
887, AND 1085 MeV. F. Grard (CERN, Geneva), G. Mac-
leod, L. Montanet, M. Cresti, R. Barloutaud, C. Choquet, -
J.-M. Gaillard, J. Heughebaert, A. Leveque, P. Lehmann,
J. Meyer, and D. Revel. \'uovo cimento (10), 22: 193-8
(Oct. 1, 1961). (In English)

Results on n™-p scattering at kinetic energies of 516,
616, 710, 887, and 1085 Mev are presented in graphical and
tabular form. Data were obtained by exposing a liquid- -

cs



66

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 is interpreted as 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 167" cm, consistent with
results at 1.2 to 1.3 Bev. (L.N.N.)
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12251

ELASTIC SCATTERING OF 390 Mev »* MESONS BY PRO-
TONS. E. L. Grigor'ev and N. A. Mitin (Joint Inst. for

Nuclear Research. Dubna, USSR). Zhur. Eksptl’. i Teoret.
Flz. 37, 1583<6(1959) Dec. (In Russlan)

_The angular distribution of (390 + 25) Mev n* mesons’
elastically scattered on hydrogen was measured with help
of nuclear photographic 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 are ag = —34°, g3 = 151°,
and oy, =—16°. (auth)
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21400  YCRL-trans-486
POLARIZATION OF RECOIL PROTONS IN ELASTIC
7*~-p—~SCATTERING AT THE ENERGY OF 307 Mev.
Ye. (E.) L. Grigor'ev and N, A, Mitin, Translated from
a publication of the Joint Institute for Nuclear Research,
Dubna, 1959. 19p.~\$3.30(ph), $2.40(mf) ICL or LC.
An experiment on recotl proton polarization in x*<p
scattering at 307 Mev and an angle of 140 £ 8° in the
center-of-inertia system {s described. On the basis of
the data on the value of left-right asymmetry, polariza-
tion equal to Py = —0.19 £ 0,17 was determined. Phase-
shift analysis of the differential cross sections is dis-
cusged, (W.D.M,)
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22832 .
POLARIZATION OF RECOIL PROTONS PRODUCED .
IN ELASTIC n*—p-SCATTERING AT 307 Mev ENERGY,
E. L. Grigor'ev and N. A, Mitin (Joint Inst. of Nuclear
Studles). Zhur. Eksptl’, { Teoret. Fiz. 37 413-21
(1959) Aug. (In Russtan) : ..
Results are presented of 1nvestlgatlon on the polari-
zation of recoll protons appearing in elastic 77 —Dp scat-
tering through an angle of 140 + 8° {n the cma at an .
energy of 307 + 5§ Mev. A polarization value P; = -0,19'
0.17 was derived from the data on the magnitide of the
left-right asymmetry in elastic scattering of recoil .
protons on nuclet of the photographic emulsion. Phase
shifts satisfying the indicated polarization value and
consistent with the differential cross section for elastic

scattering of x*-mesons by protons are given. Prob-
lems connected with the use of varlous phase shift sets
for analysis of the experlmental data are dlacussed
(auth)
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20931 (JINR-P-1951) O VOZMOKHNOM SUSHCHEST-
VOYANII NOVYKH BOZONNYKH REZONANSOV, RAS-
PADAYUSHCHIKHSYA 8 UCHASTIEM y-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 Iligh Energy).' 1965.
7p. Dep.(mn).

The properties of the hypothetical mesons (L) are con-
sidered for which the decays into other particles via stronk
coupling are forbidden. It is shown that if L. mesons have
mass in the range from 140 up to 560 MevandS=0,1=1.
J = 1, they decay mainly through the électromagnertic
channel, y quanta being involved. A similar situation
takes place if the L meson masses are from 500 to 780 M«
and S=1,1=1,J = 1, Such decays are not yet studied
experxmentally (auth)
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15374 . CHARGE EXCHANGE SCATTERING NEAR THE
N*(1510) AND N*(1690) RESONANCES. " Guerriero, L.
(Univ. of Padua), Proc, Roy. Soc.. (London), Ser, A, 289:
471-88(Jan, 25, 19686),

Preliminary results of an experiment to measure the
total cross sections and the angular distributions in the
charge exchange reaction 7~ + p~— 7Y + n at eleven energies
-between 500 and 1150 Mev are reported. (C.E.S.)
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36309 ' ASYMMETRY OF THE * —.u* — 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. Makaﬁyna,
.B A. Nikol'skii, B, V. Sokolov, L. V. Surkova, S. Kh,
Kbakimow, V. D. Shectakov, Yu. P. Dobreotsov, and V. V.
Akhmanov. Phys Letters, 11: 18.:-8(Ju1v 15, 1964).

‘The angular-distribution of 7% — pu*— e* decay positrung
was studied with a longitudinal magnetic field of 140,000
gauss. An emulsion stack inside a magnetic coil wag ex-
posed to a meson (") beam: "Asymmetry coefficients were
determined. (C E.S.)
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20487
-TRIPLE ELECTRON y MESON DECAY. L. 1. Gurevich,
B. A. Nikol'skii, and L. A. Surkova. Zhur. Eksptl’. i
Teoret. Fiz. 37, 318-19(1959) July. ' (In Russian) .

_An event of tr triple relativistic electron emission at the
#-meson stopping point was observed during measure-
ments of electron angular distribution asymmetry in
m — 4 — e decay. The microprojection of the u meson
triple-electron decay shows that all three electrons



have a large deflecting angle to the emulsion plave. The
recorded electron tracks and the angles between the
electrons are given. The observed event is interpreted
as u* —e* + e* + e~ + v + ¥; however, the interpreta-
tion does not qualify whether this is'a case of virtual or
real conversion of y quantum into an electron-positron
pair. One of the suggested explanations postulates that
this represents the decay u* — e* + v + ¥+ y followed
by y quantum conversion into a pair. The event was ob-
served among 50,000 u meson decays; hence, the rela-
tive probability of the p meson *‘triple-electron’’ decay .
should be estimated as p(3e)/ple) < 2 x 1075, Consider-
ing that there was only one eyent of “triple electron’ »
decay, a possibility of accidental superposition of tracks
is not excluded. (R.V.J.)
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20995 MEASUREMENT OF THE NEUTRON-NEUTRON
§-WAVE SCATTERING LENGTH FROM THE REACTION
g~ +d=—2n +y. R. P. Haddock (Univ. of California, Los
Angeles), R. M. Salter, Jr., M. Zeller, J. B. Czirr, and
D. R. Nygren. Phys. Rev. Letters, 14: 318-23(Mar. 1,
1965).

Neutron time-of - fhght spectra from the reaction 7~ +
d — 2n + y were measured, using coincidence detection of
all three final particles by scintillation counters., Results
based on 2002 events at four angles from G to 17° are given
in histograms. The data were fitted to theoretical hypothe-
ses, and a preliminary value for the neutron-neutron S-
wave scattering length of -16.4 + 1.9 f was found. The
result is compared with those of prevmus experlments
(M.J.T.)
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3948 o
PION MASS MEASUREMENTS USING NEUTRON TIME-~
OF-FLIGHT TECHNIQUES. - Roy P. Haddock, Alexander

Abashian, Kenneth M. Crowe, and John B. Czirr (Univ. of <

California, Berkeley). Phys: Rev. Letters 3.'478-80(1959)
Nov.-15.

Using neutron time-of-flight technlques the 7~ mass was

'determlned to be 272.4 + 1.1 and the mass difference of =~
and 7° to be 8.991 # 0.020 m,. These values agree favor-
ably with determinations by other groups.. (C.J.G.)
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39981 (UCRL-10516) NEUTRON ENERGY SPECTRA-
FROM NUCLEI EXCITED BY u~-MESON CAPTURE
wthesis). Donald E. Hagge (California. Univ., Berkeley.
Lawrence Radiation Lab.). June 12, <1963. Contract
W-7405-eng-48. 8lp.

The neutron energy spectra from nuclear capture of g
mesons in Al, Ca, Fe, Ag, I, Au, and Pb were measured.
Nuclear temperatures were deduced from the spectra
according to-the Weisskopf evaporation theory. Results
were compared to other experimental measurements and °
consistenoy with compound nuclear theory was discussed.

The direct neutron enilsélon spectrum was calculated by
using a degenerate Fermi gas model and momentum distri-
butions - of a Gaussian type. The neutron detector was a
liquid scintfllation counter in conjunction with a pulse- .
shape discrimination circuit used for y-ray rejection. The
recoil-proton pulse-helght spectra were unfolded by a
computer code to obtainthe neutron energy spectra. Meas- "
urements of neutrons from deuterium-tritium and Be—Pu.
sources indicate good reproduction of‘spectria if single

- collisions with hydrogen are assumed. 47 references. (auth)
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26356 RARE DECAYS OF THE u MESON. Jules Hal-
pern (Univ. of Pennsylvania, Philadelphia) Proc. Am.
Phil. Soc., 107: 427-30(Oct. 15, 1963).

An angle and energy analysis of all the events observed
when 10! mesons (1*) were stopped in Li showed that, with
50% confidence, the decay of-a meson (u) into an-electron
and a photon is less than 2 parts in 10 of normal decay.
Apparently some new prohibition is in operation, probably
the existence of a mu neutrino and an electron neutrino.
(auth) :
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7472 (NP-13451) ‘APPLICATIONS OF DISPERSION
RELATIONS TO PION-NUCLEON AND PION-PION PHE-
NOMENA. Lecture Given by J. Hamilton at Universitetets
Institut for Teoretisk Fysik and NORDITA Copenhagen.
(London. Univ. University Coll. and Nordisk Institut

for Teoretisk Atomfysik, Copenhagen) 1963. 174p.

The use of forward and fixed momentum transfer dis-
persion relations to determine the main parameters of low
energy 7-N physics from the experimental data to predict
low energy 7-N phase shifts (primarily in terms of the
known 7-N resonances) is described. Some general prob-
lems that arise in this meéthod are discussed. It is then
shown that partial wave n-N dispersion relations can be
used to derive information about the low energy n-r inter-
actions, especially the T = O J = O 7-r intéraction. The
analysis of s-wave and p-wave r-N scattering in terms of
the several interactions that cause the scattering is gwen
Finally, various topics in the solution of partial wave dis-
persion relations are considered. The validity of the N/D
method and the effect of high energy boundary conditions
on N/D solutions ate examined; Also, a variational method
for the solution of partial wave dispersion relations is de-
veloped and applied in a semiphenomenological way to give
solutions for the (%,%) -N resonance and'the T=1J=1
7-7 resonance (p). 68 references. (aut.h)
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6521 (SLAC-25(Pt.M(p.1-30)) INELASTIC ELEC-
TRON-PROTON, POSITRON-PROTON, AND MUON-

PROTON SCATTERING. L. Hand and R. Wilson (Cambrldge

Electroi Au.u:lex ator, Muss.).



68

Theoretical and experimental results are reviewed on
electron—proton, positron-proton, and muon— proton
interactions. (T.F.H.) .
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18531 (CERN-63-3(p.325-37)) THE DETERMINA-
TION OF THE LIFETIME OF THE ' MESON. H. Heck-
man (California. Univ., Berkeley. Lawrence Radiation
Lab.). o '

Measurements and techniques for a nuclear emulsion
experiment to determine the meson (= ) lifetime are
discussed. (C.E.S.)
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3969 . (UCRL-10378) DIFFERENTIAL CROSS SEC-
TIONS FOR ELASTIC SCATTERING OF POSITIVE PI
MESONS ON PROTONS IN THE ENERGY REGION 500 TO
1600 Mev (Thesis). Jerome A. Helland (California, Univ.
Berkeley. Lawrence Radiation Lab.). Aug. 15, 1962,
Contract W-7405-eng-48. 9lp.

Differential cross sections for the elastxc scattering of -
positive pi mesons on protons’ were measured at 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 latter reached a
liquid-hydrogen target and after scattering. Various cor-
rections were applied to the data, and the results were
fitted with a power series 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 series are shown
plotted vs the laboratory kinetic energy of the pion. The
most striking features of these curves are the large posi-
tive value of the.coefficient of cos® 6%, and the large nega-.
tive value of the coefficient of cos® 8*, both of which
peaked in the.vicinity of the 1350-Mev peak in the total
cross section. These results indicate that the most pre-
dominant state contributing to the scattering at the 1350~
Mev peak has total angular momentum J = Yo, considering
that the coefficients for terms above cos® 8* are negligible
at this energy. One possible explanation is that the 1350-.
Mev peak is the result of an Fy resonance lying on the
same Regge-pole trajectory as the famous (3,3) resonance

near 195 Mev. (auth)
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9304 ANGULAR 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.
Moyer, and C. D. Wood (Univ. ot Califorma, Beérkeley).
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-
gles of 530, 580, 700, 870, and 990 Mev for 7+ and 1~ 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 21 different angles ranging
from 40° to 170° in the pion center-of-mass scattering
angle. From the data total elastic cross sections were ob-

_ tained. (A.G.W.)

420

24454 ‘ELASTIC SCATTERING OF NEGATIVE PIONS
OM PROTONS IN THE ENERGY RANGE 500-1.000 Mev,
Jerome A. Helland, ‘Calvin D. Wood, Thomas J. Devlin,
Donald E. Hagge, Michael J. Longo, Burton J. Moyer, and
Victor Perez-Mendez (Univ. of California, Berkeley).
Phys. Rev., 134: B1079-86(June 8, 1964). (UCRL-10495)
Differential cross sections for the elastic scattering of
negative pi mesons on protons {r~ — p — 7"~ — p} were mea-
sured at the Berkeley Bevatron at five laboratory kinetic
energies of the pion between 500 and 1000 Mev. The re-
sults were least squares fitted with a power series in the
cosine of the center-of-mass scattering angle, and total
elastic cross sections for (7~ — p— 1 - p) were obtained
by integrating under the fitted curves. The coefficients of
the cosine series are shown ploited versus the incident
pion laboratory kinetic energy. These curves display as
a striking feature a large value of the coefficient of cos’o*
peaking in the vicinity of the 900-Mev resonance. This
implies that a superposition of Fy and D, partial waves
is prominent in the scattering at this energy, since the
coefficients for terms above cos_59* are negligible. One
possible explanation is that the F; enhancement comes
from an elastic resonance in the isotopic spin T = Y
state, consistent with Regge-pole formalism, and the D,
partial-wave state may be enhanced by irelastic 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 are compatible with an enhancement
in the J = 3/2 amplitude. A table listing quantum numbers
plausibly associated with the various peaks and ‘‘shoulders’’
seen in the 7% — p total-cross-section curves is presented.
(auth) ' '
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9267 ANGULAR DISTRIBUTIONS IN r¢ -p ELASTIC
SCATTERING IN THE RANGE 500 TO 1600 Mev, Jerome
A. Helland, Thomas J. Devlin, Donald E. ‘Hagge, Michael

J. Longo, Burton J. Moyer, and Calvin D. Wood (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 =~-p elas-
tic interaction at incident kinetic energies of 533 to 990 Mev
and for the n*-p elastic interaction at 533 to 1555 Mev. The
differential cross sections are least-squares fitted to a
power series of the form a,cos"d, where a, is a constant,

n is an integer = 0, and # is the cms scattering angle.
(T.F.H.) '
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24453 ELASTIC SCATTERING OF POSITIVE PIONS
‘BY PROTONS IN THE ENERGY RANGE 500-1600 -Mev.
Jerome A. Helland, Thomas J. Devlin, Donald E. Hagge,
Michael J. Longo, Burton J. Moyer, and Calvin D. Wood
. (Univ, of California, Berkeley). -Phys. Rev., 134: B1062-
. 78{June 8, 1964). (UCRL-10378(Rev.1))

‘Differential cross sections for the elastic scattermg of
Fositive pi mesons by protons were measured at the -
Berkeley Bevatron at pion laboratory kinetic energies
between 500 and 1600 Mev. Fifty scintillation counters

and a matrix coincidence system were used to identify
incoming pions and detect the recoil proton and pion

companions. Results were fitted with a power series in
the cosine 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
series are dispiayed, plutted versus the laboratory kinetic
energy of the pion. The most striking features of these
curves are the large positive value of the coefficient of

’ cosse’, and the large negative value of the coefficient of
cos'6*, both of which maximize in the vicinity of the
1350-Mev peak in the total cross section. These results
indicate that the most predomindnt statc contributing to
the scattering at the 1350-Mev peak has total angular
momentum J = 7/2,'since the coefficients for terms above .
cos®9* are negligible at this energy. One possiblé explana-
tion is that the 1350-Mev peak is the result of an F, reso-
nance lying on the same Regge-pole trajectory as the

%, %) resonance near 195 Mev. (auth)
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22668 (AD-417241) MUON CAPTURE IN CHEMICAL

COMPOUNDS (thesis). Roy Eugene Herman (Utah Umv i

Salt Lake City) "Aug. 1963.. 29p.

The law governing the probability that a muon should

come to rest on a particular atom {n a chemical compouud
" was investigated using SiO, and P,0s. The chserved Q/P

aid O/81 stopping ratios were in agreement with the stoi-

chiometric ratios of the compounds. (auth)
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9395 OBSERVATION OF u~ CAPTURE IN LIQUID

HYDROGEN. Roger H. Hildebrand (Argonne National Lab.,

lll. and Univ, of Chica.go) Phys. Rev. Letters, 8: 34-7
(Jan 1, 1962). . ’
A 99‘/2% pure muon beam from the Chicago cyclotron is
brought to rest in'an 8-liter hydrogen Lubble chamber.
The incoming particles are identified as muons by their

residual range versus curvature in the 20-kilogauss field

of the chamber. The reaction 4~ +'p— n+vis identified:

by the absence of a decay electron and by the appearance
of a recoil proton created by the neutron. Pion captures .

and y captures in elements of Z > 1 are excluded in identi-
fication, Nondecaying meson tracks are not associated
Wwith recoil protans due Lu the gencral background of low-

energy neutrons near the meson beam. The energy of a
feutron emitted from the end of a meson track must be - -
determined with adequate precision by measuring the
tange and direction of a recoil proton it is supposed to

have caused (L.N.N.)
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9390 - u~ CAPTURE IN HYDROGEN. R. H. Hildebrand

(Argonne National Lab., Bl. and Univ. of Chicago) and J. H.
Doede. " p.418-20 of “1962 International Conference on
High-Energy Physics at CERN.” Geneva, European Organ-
ization for Nuclear Research, 1962.

The rate of the basic y~ capture process p~ + pP—n+ v )
in liquid hydrogen was measured in a hydrogen bubble .
chamber. The result was A = 434 + 100 sec™!. An upper
limit to the capture rate obtained by identifying capture | |
events simply by the non-decay of the u's was A = 613 + 50
sec” . These results are compared with the ““universal”’
V- A capture theory and the V + A va.nant of the theory.
(A.G.W.) -
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28374 A NOTE ON THE CAPTURE OF NEGATIVE
MESONS IN PHOTOGRAPHIC NUCLEAR EMULSIONS,

R. D. Hill (Univexjsiéy Coll., London). Nuovo cimento (10),
19: Suppl. No. 1, 83-90(1961). (In English)

The slowing down of extremely low energy negatively
charged mesons is discussed and range-energy curves are
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 rates ap-
pear to be in very good agreement with experimental ob-
servations .on the’ capture of negative y mesons in nuclear

.emulsions. - (auth)
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34512 ~(UCRL-~11140) PION-NUCLEON SCATTERING
AT 310 Mev: NEUTRON POLARIZATIONIN~ + p—"2"+n
AND PHASE-SHIFT ANALYSIS (thesis). Roger Eugene Hill
(California. Univ., Berkeley. Lawrence Radiation Lab. )
June 26.°1964. Contract W-7405- -eng-48. 104p, )
The recoil neutron polarization in 7”-p charge-exchanger
scattering at an incident pion kinetic energy (lab) of 310
Mev and at a pion center-of-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 seaftering =
angles of 125 and 75 deg. The measured polarization was
+0. 24 % 0.07, where the + sign indicates a direction parallel
tok fu X km" This is opposile in sign to the prediction of -
‘the only SPD phase-shift solution and of the ‘‘best’’ of the
thrée SPDF phase-shift solutions arrived at by partial- -
wave analyses of all the previously available data at or -
near 310 Mev. The extension of the phase-shift analyses to
include this new datum has yielded no SPD solution and - -
only two likely SPDF solutions. Both these solutions have
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positive S; ; and Py, phase shifts, and both are of the
Fermi type in the I = 3/2 set, though one of them (A) has -
(Dy,3— D, 5) > 0, while the other. solution (B) has (D 3~
Dy,5) < 0. The errors 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 are in poor agreement )
with both A and B, though forward dispersion relation cal-
culations for the real part of the forward non-spin- fhp
amplitudes show a preference for, and are in excellent
agreement with, solution A. (auth)
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6884

THE 7 -1° MASS DIFFERENCE. P. Hillman, W. C.
Middelkoop, T. Yamagata, and E. Zavartint (Eurupean
Council for Nuclear Research, Geneva). Nuovo cimento
(10) 14, 887-94(1959) Nov. 16. (In English)

" The time of flight of the neutron resulting from the reac-
tion #~ + p — 7 + n &t rest was measured. From this a
value for the 7~ — »° mass difference of (9.01 + 0.08) elec-

. tron masses was obtained. (auth)
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26352 POSSIBLE RESONANCE AT 829 Mev IN AK®
PRODUCTION. G. T. Hoff (Univ. of Chlcago) Phys. Rev.
Letters, 12: 652-6(June 8, 1964).

Resonance effects in the interaction 7~ + p -~ A + K® at
an incident pion energy of 829 Mev are studied. It is hy-
pothesized that a AK resonance exists, with a cms energy
of 1650 Mev and a spin-parity of 5/2"’. A preliminary attempt
is 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.)
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3936

‘THE MULTIPLE SCATTERING OF PARTICLES OF OPPO-
SITE CHARGE. I.'S. Hughes and D. Sinclair (Univ. of Glas-
gow). Phil. Mag. (8) 4, 1013-16(1959) Sept.

Earlier 1nvestigauons by a number of workers revesled
an apparent difference in the multiple scattering of pusle
tivély and negatively charged particles which is much
greater than that predicted by theory. Experiments were
carried out in which the existence of such a difference was
investigated for the multiple scattering of positive and neg-.
ative u mesons, 7 mesons, and electrons in nuclear emul-
slons. No significant difference was found. {auth)
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2483 MUON RESONANCE. Vernon W. Hughes (Yale
Univ., New Haven). p.382-96 of ‘‘Paramagnetic Resonance.

Vol. I."* New York, Academic Press, 1963.

The availability of polarized muons and the ability to
detect the spin direction, which are 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)

438

17019 ANGULAR DISTRIBUTION OF MUONS IN 7-u
DECAY AT REST. H. Hulubei, J. S. Auslaender, E. M.
Friedlaender, and §. Tijeica (Inst. 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 m-p decay at rest is pre-
sented, based on measurements of projected angles in two
emulsion stacks, exposed to the Dubna and CERN synchro-
cyclotrons. Extensive control experiments concerning ob=
servational bias, distortion, and inhomogeneous detection
efficiencies prove that the observed lack of isotropy cannot
be reduced to such spurious effects. -(auth)

433

26799 (NP -10301(p.130~-44)) ON ANGULAR CORRE- -
LATIONS IN r~u—e DECAY. H. Hulubet; J. Aisllnder,

S. Titelca, and E. Friedldnder [Academia R.P.R. lnsmutul
de Fizca Atomica, Bucharest]. a
Angular correlations in the decay chain' 7 — y — e are

studied in emulsion, using area and track scanning tech-
.niques. The 7 mesons. have an initial energy of ~300 Mev.
About 13,800 events are followed. (T.F.H.) '

434 .

37584 PHASE-SHIFT ANALYSIS OF ELASTIC PION-
NUCLEON SCATTERING. Hull, M. H. Jr,; Lin, F. C.
(Yale Univ., New Haven).. Phys. Rev., 139: B630-45(Aug. 9,
1965), (YALE-1807-24)

A many-energy analysis of 7-N scattering data in the
energy range from-20 to 340 Mev was carried out by
fitting phase shifts in 8, P, D, and F states in gradient -
searches. Semiphenomenological analyses, with F-wave
phase shifts calculated from approximate evaluations of
pion-nucleon dispersion relations and D-wave phase shifts
similarly obtained for the lower energy range, were equally
successful in fitting the data. Particular attention was paid
to the possibility of obtaining & unique set from all possible
sets allowed by data. Several sets of phase shifts have
been found. One of these is preferred by data and by com-
parison with dispersion-theoretical calculations. Com-
parisons with other recent analyses are made. (auth)

435
37593  ISOTROPIC AND NONISOTROPIC 7-u DECAYS..



Hulubei, H. (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 19_65)

Nuclear emulsion experiments on 7-u decay at rest are
described, and the muon angular distribution is compared
with that obtained in previous experiments under radically
different conditions. In the present experiment the pions -
were produced in a magnetic field of 10% gauss, the angle
of emission was 180°, the kinetic energy was ~50 Mev and .
no filter was interposed between target and stack (flight
path 765 cm), whereas in the previous experiment there
was no field, the emission angle was 0°, the kinetic energy
was ~300 Mev, and the beam traversed 685 cm, of which
17 em were of Cu. The muon angular distribution in this
experiment 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)

436

9591 NEGATIVE MUON POLARIZATION IN PHOS-
PHORUS AND FLUORINE. D. P. Hutchison (Columbia
Univ., New York), J. Menes, and G. Shapiro. Phys. Rev.
Letters, 9: 516-18(Dec. 15, 1962).

The polarization of negative muons stopped in two sub-
stances of nuclear spin %(P* and F*¥) was measured by
precessing the negative muon spins in 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 is shown. The frequency spectra
of electron time distributipns is 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.)

437

3131 MACNETIC MOMENT OF NEGATIVE MUONS.
D. P. Hutchinson (Columbia Univ., New York), J. Menes,
G. Shapiro, and A. M, Patlach. Phys. Rev., 131: 1362~7
{Aug. 1, 1963).

The magnetic moment of negative muons bound in atoms
of carbon, oxygen (in water), magnesium (metallic and in
MgH,), silicon, and sulfur has been measured with a pre-
cision ranging from 3 x 1075 in carbon to 1.6 X 10~¥ in-
sulfur. The measured moment is corrected for relativistic

effects, diamagnetism, and nuclear polarization before being

compared to the moment of the positive muon. The two
moments are found to be equal to 3 X 107%, where the major
uncertainty is due to Knight shift. The relativistic, dia-
magnetic, nuclear, and solid~state shifts are large enough
compared to the statistical and systematic errors to make
this technique usable for the investxgatxon of these effects.
{auth)

438

31340 MAGNETIC MOMENT OF THE POSITIVE
MUON. David P. Hutchinson (Columbia Univ., New York).

Jack Menes, G. Shapiro, and A. M, Patlach. Phys. Rev.,
131: 1351-62(Aug. 1, 1963). )

The magnetic moment of the positive muon has been re-
determined in terms of proton moments using a precession
technique. The sensitivity achieved yields an error of
13 parts per million. The muons are stopped in various
targets {n n homogenecous magnetic fleld. The anisotropic
distribution of the decay electrons relative to the muon
spin dircction permits the measurement of the spin pre-

. cession frequeney. The proton spin vesonance 18 measured

in the same field, vielding f, /f, = 3.18338 + 0.00004. This
result may be combined with that of other experiments, the
muon g factor, and the ratio of electron cyclotron frequency
to proton resonance, f, /f‘,. to obtain a more precise evalua-
tion of the muon mass in terms of electron masses, my/me
equals 206.765 + 0.005. (auth)

439

5576 - . (JINR-D-570) DEPOLARIZATION PROCESSES
OF NEGATIVE MUONS. A. E. Ignatenko (Joint Inst. for
Nuclear Research, Dubna, U.S. S R. Lab. of Nuclear Prob-‘
lems). 1960. 18p.

On the basis of measurements of the asymmetry of (u-e)—
decay electrons the depolarization processes of negative’
muons in different matters were studied with scintillation
counters. It was found that most essential muon depolari-
zation takes place after their slowing down in mesic atom
production. It is shown. that reasons causing muon depolar-
ization in a mesic atom are the following: (a) spin-orbital
lnteraction leading to the fine-structure of energy levels,
(b) interaction of muon and nuclear magnetic moments re-
sponsible for mesic atom hyperfine structure, (c) muon in-:
teraction with quadrupole nuclear distortion, and (d) inter-
action of muon magnetic moment with the magnetic field of
the electron shell. The principal peculiarities of each de—
polarization grocess are described. (auth)

440

25382 {(JINR-D-701) SPIN DEPENDENCE OF WEAK
INTERACTION IN THE PROCESS uy~ +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 scmtllllatnon counter method, measurements
were made of the values, average with respect to two states
of hyperfine structure, of the 2, assymetry coefficients of
(u — e)-decay electrons in mesic atoms of silver and red .
and black phosphorus. The lifetimes 7 of mesons in these
modifications of phosphorus were also determined. The
quantities of 3, for red and black phosphorus indicated that
the time of the relaxation of meson spins in mesic atoms
decreases owing to the preéence of conductivity electrons.
On the basis of 3 and 7, the n, and n, level populations in
the states F = 1 and F = 0 in phosphorus as well as the A,
and Ay probabilities of the capture of mesons by the nucleus
in these states were calculated. The values found indicated
that A9 > Ay. (auth)
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13467 AN APPLICATION OF THE QUASIPOTENTIAL
METHOD TO PION NUCLEON SCATTERING. Isaev,
P. S.; Smith, J. (Joint Inst, for Nuclear Research, Dubna
USSR). Acta Phys, Acad. Sci. Hung,, 19: 259-62(1965).
The quasipotential method developed in Dubna Laboratory
was applied to pion-nucleon scattering processes up to the
energies 500 Mev, for obtaining the resonance behavior of
the P;;-phase shift. Although numerical calculations are
not completed, the existence of a resonance seems very
probable. (auth)

442

7024 THE EFFECT OF nn-INTERACTION ON s~
AND p-WAVES OF. TN-SCATTERING. P. S. Isaev and

V. A. Meshcheryakov (Joint Inst. for Nuclear Research,
Dubna, USSR). Zh. Eksperim. i Teor. Fiz., 43: 1339-48
(Oct. 1962). (In Russian) '

" On the basis of the Mandelstam picture, account is taken
of the effect of #7 interaction in s and p waves of 7N scat-
tering. Transition to partial waves is effected by means of
combining dispersion relations.for forward and backward
scattering. The equations for s™ and p~ waves are com-
pared with experimental data on the phases of 7N scatter-
ing. Satisfactory agreement is obtained up to incident 7-
meson energies ~500 Mev in the laboratory coordinate
system. It is shown that #r interaction significantly affects
the energy dependence of the s~ and p~ phase even at low
energies, and up to ~400 Mev (in the laboratory system)

produces but a slight eiffect on the behavior of the p;, phase.

(auth)

443

37975 PARTIAL 7N SCATTERING WAVES WITH
ACCOUNT OF. rn INTERACTION. P.S. Isayev, V. L
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 7-r interaction in the T = J =0 state on
the partial m-N scattering waves is investigated by the
dispersion relations technique. In the final expressions a
transition is made to the static limit which is then com-
pared with the experimental data. The most probable form
of the 7-7 scattering phase shift &) is discussed. Relations
connecting the {nteraction contributions to the s and p scat-
tering waves are derived. A number of investigations on
z-N scattering are analyzed on the basis of these relations.
The consequences of the relations for the static limit are
considered. (auth)

444

4955 PHASE SHIFT ANALYSIS OF THE »*p ELAS-
TIC SCATTERING AT 240 Mev. 1. M. Ivanchenko (Joint
Inst. for Nuclear Research, Dubna, U.S.S.R.) and V. A,
Schegelskii. Phys. Letters, 13: 174(Nov. 15, 1964).

Data on elastic *-p scattering at 240 Mev were analyzed

under the assumptions that S, P, and D waves arc involved
or that only S and P waves are 1uvulved The best fit was
provided by an SPD solution. (D.C.W.)

445

15388 PHASE-SHIFT ANALYSIS OF ELASTIC 7N
SCATTERING AT 240 Mev. Ivanchenko, 1. M.; Shchegel-
skii, V. A. (loffe Inst. of Physics and Tech.. Leningrad).
Yadern. Fiz., 37 108-11¢Jan. 1966). (In Russian).

The phase-shift analysis of 7+ p-scattering at 240 Mev
was performed, taking the data on recoil proton polariza-

. tion in 7 + p-scattering into account. The absence of ex-

periments on the polarization in 7 — p-scattering makes it
impossible to obtain a unique set of phase-shifts. A com-
parison with analyses at other energies indicates that the
most probable solution is that with the following nuclear
phase-shifts (in degrees): S3y = ~15.7 % 1.3; Py = 112.6
0.5; Pgy = =34 £ 2.3, Dgs==2.6+1.1; Dy3=2.1%1.3; 8§y =
6.0 = 5.9; Py3 = 0.16 + 2.4; Py; = 19.0 * 3.1. The accuracy,
of the experiment is not gufficient to determine the D-
phase-shift with the isospin I = %,. (auth)

446

9757 . INVESTIGATION OF u*-MESON DEPOLARIZA-
TION IN A NUCLEAR EMULSION, Yu. M. Ivanov and A. [.
Fesenko (Moscow Inst. of Engineering Physics). Zhur.
Eksptl’. i Teoret. Fiz., 39: 1492-6(Dec. 196¢). (In Russian)

The influence of the relative content of AgBr in a nuclear
omuleion on the magnitude of the acymmoetry ocsffieient for
u*—et-decay was studied experimentally. Separate values
were obtained for the u* meson depolarization AgBr and the
gelatin. (auth)

447

31046 DEPOLARIZATION OF . THE u-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: 337-9(July 1962). (In Russian) :

Additional depolarization of a u* meson {(from a v+ — ut
decay) was observed in the presence of an electric field
with a tension E ~ 10° V/em. Hence, it was concluded that
the 4™ meson is captured by a gelatin molecule, since theo-
retical calculations show that a field of 105 V/em cannot
depolarize a p-meson in the free state or in the state of a
muon (the system p*e™). The experiment was carried out
by synchronizing the pulses of 85 Mev 7+ mesons with
electrical-impulses having an amplitude U = 5 kv, which
were fed to plane electrodes between which a photoemulsion
200 to 400 u thick was placed. The electrical field in the -
emulsion was 1.2 to 2.5 x 10° V/em. All 71 — g — e dis-
integrations in the emulsion took place in this strong elec-
tric tield (the variation in electric field did not exceed
10%). Control experiments were also run in the absence of
an electric field in order to exclude the effect of the ex-
ternal magnetic field on the depolarization of the u-meson,

- The values of the asymmetry coefficient a, which deter-

mines the angular distribution of electrons ina 7~ y — e-
disintegration in the equation dN/d8 ~ 1 — a cos § were



found to be 0.14 with no electric field, 0.08 with an electric
_field of 1.2 % 10° V/cm, and 0.06 with an electric field of
2.4 x 10° V/cm, This effect can be qualitatively explained,
if it is assumed that the u-meson is captured by a gelatin_
molecule, (TTT) '
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3061
CROSS SECTIONS OF ELASTIC SCATTER[NG OF 195-Mev
=* MESONS BY CARBON AND LITHIUM NUCLEL V. G.
Ivanov, V. T. Osipenkov, N. L Petrov, and V. A, Rusakov -
(Joint Inst, of Nuclear Research, Dubna, USSR). Zhur,
Eksptl’, { Teoret. Fiz. 37, 863-6(1959) Sept.. - (In Russian)
Some 410 events of elastic scattering were observed in
carbon nuclel and 243 in lithium nuclei, Total croas sec-
tions of inelastic interactions were normalized with geo-
metric cross section of nuclel with R= 1,4 A% x 103 em,
Correlations of data on carbon nuclei show that cross sec-
tions for positive and negative r meson elastic scattering
at 195 and 230 Mev are equal within the l{mits of experi~
mental error. The angular distribution of elastic scatter-
" ing on carbon and lithium nuclef is plotted. (R.V.J.)

449

12253

PRODUCTION OF MULTI-CHARGED PARTICLES ON
PHOTOGRAPHIC EMULSION NUCLE! BY 280 Mev n*
MESONS. - N. S. Ivanova, V. 1. Ostroumov, and Yu. V.
Pavlov (Radfum Inst., Academy of Sciences, USSR). Zhur.
Eksptl’. 1 Teoret. Fiz. 37, 1604-12(1959) Dec. (In Russian)

The production of t'ragments {n nuclear disintegrations
induced by 280 Mev " mesons is studied by-aid of photo-
graphlc emulgions. The angular, charge, and energy distri-
butions of the emitted fragments are measured. An analy-
sis of the experimental data and comparison with the re-
sults of theoretical calculations show that in the case under
consideration the particles-responsible for iorma'tlor} of the
fragments are protons produced in the absorption of n*.
mesons by quasi-deuteron pairs and also recoil nucleons
‘produced in scattering of 7 mesons on separate nucleons of
the nucleus. Some suggestions regarding the mechanism of
formation of such fragments are made on the basis of an
analysis of the energy spectra of fragments produced by
panlcles of various energy.- (auth)

450

29652 (NP-11950(Vol.I)(p.261-74)) ANALYSIS OF.
PION-NUCLEON INTERACTION FROM 500<T'0'1500 Mev.,
Maurice Jacah (France Commissariat a I’Energie Atam-
ique. Centre d’Etudes ‘Nucleaires, Saclay).

Data obtained on pion-nucleon interactions at 400 to 1500
Mev are discussed. Other experimental data needed are
described. Photoproductxon T -p =cattermg, and pion
production are discussed. (M.C,G.)

451

18330 ~ BRANCHING RATIO BETWEEN THE VARIOUS
DECAY MODES OF THE Mu MESON. Alix Jacquemin and
Paul Kessler (Collége 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: y ~e+ v+, u—~e+v+T+y,

~andu —e+v+7V+e” +e*. These branching ratios are

functions of the threshold energy of the emitted photon or
the pair created, The results are in rough agreement with -
the recent experimental measurements of Crittenden,
Walker, and Ballam.. (auth) .

452

12290 ‘WEAK INTERACTIONS. J. D. Jackson (Univ. of .
Nlinois, Urbana). p.263-425 of *Elementary Particle
Physics and Field Theory. Vol. 1.” New York, W. A.
Benjamin, Inc., 1963.

A survey of the theory of beta decay, meson (u) decay and
capture, meson (7) decay, and strange particle decays is
presented, with consideration of the assocfated experimental
observations. 280 references. (D.C.W.)

453

§194. ON RADIATIVE u-CAPTURE IN NUCLEIL

F. Janouch and M. Vinduska (Inst. of Nuclear Research,
Czechoslovak Academy of Sciences, Rez) Czech. J.
Phys., 13: 710-15(1963). (In Russian)

The radiative y~capture from the K-orbit of complex
nuclei is investigated for anallowed transition. The prob-
ability and circular polarxzatxon ‘degree are- ca.lculated
(auth)

454

27159 (LA-3126) PION-NUCLEON ELASTIC SCAT-
TERING EXPERIMENTS WITH HIGH INTENSITY MESON
BEAMS. Nelson Jarmie (Los Alamos Scientific Lab.,
Univ. of California, N, Mex.). Aug. 1964. Contract W-
7405-eng-36. 29p. Dep.; $2.00(cy), 1(mn) CFSTI,

Pion~nucleon elastic scattering experiments that should
be useful to do with a high-current proton linear acceler-
ator (‘'Meson Factory’’) are studied in detail. Counting
rate calculations are made for experiments to measure
the pion_—protbn differential cross section, polarization,
and rotation parameters at 300-Mev pion energy, Errors,
backgrounds, duty cycles, corrections, and costs are
studied in detail. An experiment to measure the pion-
neutron interaction is briefly investigated:- The results
are compared with present research programs and indi-
cate that experiments in elastic pion-nucleon scattering
can be dore with a high-intensity meson beam cleanly,
quickly, economically, and with greatly improved preci-
sion. The small size of the beam of the high-intensity
source combines with the high iatensity to produce nota--
ble advantages. The contribution to the phenomenological
understanding of the pion-nucleon interaction should be:
gignificant. (auth)
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455

.

38176 INVESTIGATION OF CORRELATIONS IN LIGHT
NUCLEI BY MEANS OF FAST PION NUCLEAR INTERAC-
TIONS., M. Jean (Faculté 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 (7™ ,np), {r7,2n), (n*,2p), and (!
that give direct mformation on two-nucleon correlations
are discussed. The Li(z* ;2p)He' reaction is used as an
{llustrative example. (C.E.S.)

456

45339 NUCLEAR STRUCTURE INVESTIGATION BY
MEANS OF PION-NUCLEUS INTERACTION, Jean. M.
(Universite de Paris, Orsay, France). Nuovo Cimento .
(1), 2: Suppl., 400-14(1964).

The information that can be learned from nuclear in-
teractions with pions is sketched briefly. The discus-
sion is limited to a consideration of energies less than
200 Mev. The absorption and then the scattering of plous
by nuclei are considered. (J.S.R.)

457

47707 MUON CAPTURE IN OXYGEN (thesis). Jen-
kins, David Albert. Berkeley, Cahf., Univ. of California,
1964, 72p.

The muon-capture rate in oxygen, u~+ 180 — 6*N.+ v,
is used as a means for measuring the induced-pseudo-
scalar -coupling constant (Cp) of weak interactions. The
capture rates between the JP = 0* state of 10 and the 0~ -
‘and 1~ states of 18N are measured by the stopping of muons
in water where some of these muons are captured by 0O
and form excited states of !N, Capture into the excited
states of 18N is identified by counting the gamma rays that
are emitted in the nuclear transition to the ground state.
A rate of (1.6 = 0.2) x 10° sec™! for the capture rate into
the 0~ state.was obtained and used to calculate Cp with
different nuclear models for the 80 wave functions. The-
transition rate,.and therefore Cp, depends strongly on the
nuclear model. It is concluded that 5 < Cp/C, < 20. (Dis~
sertation Abstr.)

458

34851 ABSORPTION OF 1~ MESONS AND THE COR-
RELATION OF NUCLEONS IN LIGHT NUCLEL R. 1
-Jibuti and T. I. Kopaleishvili (Tbilisi State Univ., Georgian,
USSR). Nucl. Phys., 55: 337-49(June 1964).

The absorption of stopped n~ mesons by light nuclei with
the emission of two nucleons (detected by coincidence) is
investigated in terms of the direct absorption of a meson
by correlated pairs ol nu(;leoqs. A study is made of the
effect of the Pauli principle and interaction between the
emitted nucleons in the final state, and pairing correlation
of nucleons in a nucleus on the distribution of the emitted
nucleons over their relative energies. The question of how
the shell or cluster structure of a nucleus may show up in
this distribution function is also discussed. The compari-~

son of the theoretical value of the probability ratio diV(r™ +

np — nal/dW{x™ + pp — np} with its experimental value for

the 'C nucleus warrants the conclusion that the proton-

proton correlation in d nucleus must be weaker than the
neutron-proton correlation. (auth)

459

41823 TRANSITION PATHS OF u~ MESONS CAPTURED
IN SOLID LITHIUM (thesis). Johnson, Coates Richard.
Rerkeley, Calif., Univ. of California, 1963. 105p.

An investigation was made on the cascade down to the
ground state of meson (17} captured by an atom of solid
lithium. The cascade takes place predominately through
three proccsscs. These are radiation transitions, Auger
transitions involving the K-shell electruns of the mesonic
atom, and Auger transitions involving the band electrons
of the solid. It is assumed that the meson ie captured in
a state of high principal quantum number (n ~ 15). It is
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 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, Al =1, Because of the présénce of
Auger transitions where An = -1, Al = 0 and where An =0,
Al = -1, the cascades contain a rather large dispersion
away from the main paths and towards both large and
emall 1. Reasons are given for expecting, the same qualita-
tive description of mesonic cascades to hold also for
mesons (77) captured in lithium, and for both mesons (u7)
and (1) captured in other light solids (Z < 6). (Dissertation

Abstr.)

459ea

1025 (UCRL-10965) TRANSITION PATIIS OF u~
MESONS CAPTURED IN SOLID LITHIUM. Coates R.
Johnson (California. Univ., Bérkeley, Lawrence Radia-
tion Lab.). Aug. 1963. Contract W-7405-eng-48. 105p.

The cascade to the ground state of a 4~ meson captured
by an atom of solid lithium is investigated. The cascade
takes place predominately through three processes. These
are radiation transitions, Auger transitions involving the
K'shell electrons of the mesonic atom; and Auger transi-
tions involving the band electrons of the solid. It is as-
sumed that the meson {s caplured in a state of high prin-
cipal quantum number (n ~ 15). It is found, independent
of the number of K shell electrons remaming in the me-
sonic 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 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, Al =
—~1. Because of the presence of Auger transitions where
4An =1, Al = 0 and where An = 0, Al = -1, the cascades
contain a rather large dispersion away from the main
paths and towards both large and small 1. Reasons are
given for expecting the same qualitative description of
mesonic cascades to hold also for »~ mesons captured in
lithium, and for both 4~ and =~ mesons captured in other
light solids (Z < 6). (auth)



460

20045 (TID-12762) THE SPIN OF THE MU-MESON."
P. K. Kabir (Carnegie Inst. of Tech., Pittsburgh). 1961.-
4p. R : )
An extension is given of the Hughes study [Phys. Rev.
Letters 5 63(1960)) of the formation and observation of
muonium through its Larmor precession, which shows
that the expenment provides a measurement of a spin of
1/2 for the u*—mesons. (B.0.G.) :

461

35509 CALCULATION MUON PENETRATION THROUGH
SUBSTANCES TAKING INTO ACCOUNT FLUCTUATION
LOSSES.  Kalitkin, N. N,; Kuzmina, L. V.; Zatsepin, G, T,
p.217-18 of International Conference on Cosmic Rays,
Vol, 6. Bumbay, Tuta Institute of Fundamental R‘escurch
19(;1

The interaction constants of a meson (4} with a subsumce
can be determined by expernmenta on penetration of mesons
(u) through large thicknesses of substance. With a mathe-,
matically exact account of the fluctuation character of ra-
diation and photonuclear losses of energy an accurate cal-
culation of the meson () passage can be made. In this
calculation values are selected for agreement with experi-
ment and the role of-each type of loss is not separated.
(J.F.P))

462 R

37943 RADIATIVE CORRECTIONS TO r — u (ORe) + v
WITH FINITE NEUTRINO MASS. A. N. Kamal (Univ. of Al-
berta, Edmonton, -Can.). Nuovo Cimento (10), 33: 1108-18
(Aug. 16, 1964).

The radiative correctlons to the decay m — lepton + v
were calculated to order €? in the couplmg constant and to
order m in the neutrino mass. The possibility of settmg
upper llmlts on the neutrino mass by measuring the photon
spectrum in the radiative decay of pion i$ investigated. The
effect of the neutrino mass on the branching ratio (1 — e)/
(m — u) is found to be small enough to elude experimentaf
detection with the present experimental accuracies. (auth)

463

35454 THE ENERGY SPECTRUM OF PROTONS DIS-
COVERED IN STARS PRODUCED BY PI-MESONS IN.
EMULSIONS. Kane, G. (Manhattan Coll., New York);
O'Friel, Z. Nuovo Cimento (10), 38: 680-3(July 1, 1965).

An analysis of stars produced in a stack of nuclear
emulsions by stopped mesons (n™) is presented. A sta-
tistical analysis is made of the measured star prongs using
an evaporation model including the contribution made by
the evaporation of protons, deuterons, tritons, and alpha
particles from heavy nuclei. In analyzing the data, contri-
butions of all particles except protons were subtracted out.
(J.F.P.) .

464

31366 MODIFIED PHASE SHIFT ANALYSIS OF PION-
_NUCLEON SCATTERING DATA. G. L. Kane and T. D.
‘Spearman (Univ. of Nlinois, Urbana). Phys. Rev, Lettérs.
10: 45-8(July 1, 1963).

" A method 1s presented for analyzing n-N scattering data
using phase shifts for the low partial waves and a closed
term to represent the effect of all higher partial waves.

- The closed term is calculated on the basis of the analytic
properties of the scattering amplitude in the complex

cos 6 plane. The method is applied to n*-p angular distri-
bution and polarization data at 310 Mev and removes am-
biguous results obtained in a conventional phase shift
analysis when'f-wave phase shifts were included. Values
for the T =%, n-N phase shifts at 310 Mev are obtained.
(auth) '

465

25469 (CAR-882-9) STUDY OF THE DEPOLARIZA-
TION OF NEGATIVE MUONS.IN LIQUID HELIUM. John
Kanc (Carnepie Inst. of Tech., Pittshurgh, Pa. Dept. of
Physies).  May 1061, (,onlrn(t AT{30- l) -RRZ. 79p. Dep.
{mn); §£3.00(cy), 2(mn) CFSTL. .

The ground state polarization was determined for p~-
mesons stopping in nuclear spin zero targets of liquid
helium, liquid argon, and carbon. A precessional technique
was employed, allowing (u—e) decay anisotropy to be ob-
gerved in terms of the sinusoidally modulated decay dis-
tribution Nge=*Tt [1 + A cos (wt — B)] + By. An analysis of
the data over one or more precession cycles was made by
means of a least-squares procedure, with the results being
corrected for the finite geometry used. In contrast to car-
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 large asymmetry established in a
_number.of other spin-zero nuclei. (auth)

466

4892 (JINR-P-1785) NUKLON-NUKLONNOE I
PION-NUKLONNOE VZAIMODEISTVIYA V OBLASTI EN-
ERGH DO t Gev. (Nucleon-Nucleon Interaction Below 1
Gev). Yu. M, Kazarinov (Joint Inst. for Nuclear Research,
Dubna, U.S.S.R.). 1964. 42p. (CONF-550-67). Dep.(mn).

From the International Conference on High-Energy Phys-
ics, Dubna, USSR, Aug. 1964.

A review is given of available data on processcs in N-N
and 7-N interactions. Diagrams of the cnergy dependence
of phase shifts in N-N scattering, parameter measurements
in p-p scattcrlng at 430 Mcv with predictions for phasec
analysnb encrgy dependence of cross scctions for m-meson
production in p-p interactions, and energy dependence ‘of
-the coefficient b in 7-meson angular distribution cos? J were
plotted, as well as cross scction cnergy dependence for n-
meson production in n-p interactions. Data on w-p scat-
tering and correlations of Roper and Lovcless phasce
analysis were also plotted. (R.V.J.)

75
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467

13667 (NYO-9281) ELASTIC SCATTERING OF
NEGATIVE PIONS BY PROTONS AT 228 MEV (thesis).

. Simon Kellman (Carnegie Inst. of Tech., “Pittsburgh). -

Dec. 1960. Contract AT(30-1)-882. 101p.

" The total and differential elastic cross sec'tlona of 226~
Mev 7~ scattered by brotons were measured. For-detec-
tion of elastically scattered »~ only, the proton recoiling
from the m-p collislon was detected in coincidence with the
associated scattered meson. Pulse belght analysis. of the’
Cherenkov radiation produced by the scattered beam was ]
used to-differentiate between 7™ and electrons in the scat-
tered particles. A total cross section of 2.9 + 1.4 mb was
measured. Analysis of the differential cross sectlon data -
gave do/dQ = {1,000 +'0.012) [{0.66 + 0.02) + (0.41 =
0.05) cos 6 + (2.16 = 0.08) cos? 8], which supports the hy-
pothesis that only S and P waves contribute appreclably )
to the scattering. Integration gave a total elastic cross-
section of 17.4 + 0.3 mb, In agreement with other recent
measurements. The absolute value of the real part of the
forward scattering amplitude was determined to be -0. 129,
which agrees with that calculated with pion dlsperslon .
relations. (Huth) -

468

6977 ELASTIC SCATTERING OF NEGATIVE PIONS
BY PROTONS AT 152 AND 226 Mev. S. Kellman, W..P,
Kovacik, and T. A. Romanowsl-u (Carnegie Inst. of Tech.,
Pittsburgh). Phys. Rev., 129: 365-74(Jan. 1, 1963).

The differential elastic and total cross 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 Cherenkov counter yielded higher electron contents than .
those deduced from range curves..Elastically scattered
pions were distinguished from electrons among the scat-
tered particles by use of a.Cherenkov counter, or by de-
manding a coincidence.between the scattered pion and recoil
proton. The total cross sections measured were 63.7 + 2.0
and 52.9 + 1.4 mb at 152 and 226 Mev, respectively. With
the present uncertainties, the real parts of the forward
scattering amplitudes agree with the predxctxons of pion
dispersion relations. (auth) -

469
20382
VELOCITY DEPENDENCE OF THE BUBBLE DENSITY.
FOR CHARGED PARTICLE TRACKS IN LIQUID HYDRO-
GEN. V. P. Kenney (Brookhaven National Lab., Upton,
N. Y. and Univ. of Kentucky, Lexington). Phys. Rev. 119,
432-5(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 bubbles. The ve-
locity dependence of the bubble density was obtained by fit-
ting the bubble denasities observed to the expression m =

A/BP by the least-squares method, yielding the values

A = 8.64 bubbles/cm, and exponent b = 1.935 ¢ 0.077. The
constant A is a function of the temperature of .the liquid hy-
drogen, varying ~30% per 0.1°K. If the number of bubbles
per unit track length observed 18 correlated with the rate of
delta-ray formation, it would appear that an energy of the
order of 400 ev i3 necessary for bubble nucleation in liquid
hydrogen. (auth) '

470

6954 MULTIPLE PION PRODUCTION BY PIONS
AND THE 1SOBAR MODEL. V. P. Kenney, J. G. Duardis,
and G. Brunhart (Univ. of Kentucky, Lexington). Phys.
Rev., 124: 1568-T4(Dec. 1, 1961).

Miultiple pion production by plons in hydrogen was studted
in the interaction x4+ p—p+ 7~ + =t + 7~ at 810, 970, .and
1100 Mev. Total cross sections were measured as 0.26 &
0.14 mb at 810, 0.32 + 0.21 mb at 970, and 0.54 + 0.32 mb at
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 .
an ‘‘Isubar vascade’’ sthewme to which the T = /§ ‘secund
resonance’’ is excited and decays to the T.=J = % isobar,
which decays in turn to a final state consisting of a nucleon,
a recoll pion, and two decay pions. (auth)

471

14959 . RESONANCE-LIKE EFFECTS IN PION-
NUCLEON INTERACTIONS BELOW 1 Bev. V. P. Kenney
and (0. N. Vittitae (Tiniv nf Kenturky, Tevington), [.246-58
of “Proceedings of the Athens Topical Conference on Re-
cently Discovered Resonant Particles.' Athens Ohio, Ohlo
University, 1963.

Resonance-like effects that occur in plon nucleon inter-
actions from the p;on producthn threshold up to the region
where p-production is expected to dominate are discussed.
Peaking in the total cross section, the pion-nucleon 3,3
‘state considered as, a quasi-honnd state ar isohar, the non-
resonant m-r interaction, and two-pion states are con-
sidered. (C.E.S.)

472

22325

CHARGE-EXCHANGE SCATTERING OF NEGATIVE PIONS
AT 150 Mev, W, J. Kernan (Univ, of Chicago), Phys. Rev.
119, 1092-6(1960) Aug. 1.

‘The charge-exchange scattering of »~ by hydrogen was
measured at a bombarding energy of 150 Mev. The energy
distribution of gamma rays from the decay of ™ was meaa-
ured with a lead glass Cherenkov counter at laboratory
angles of 45, 75, 105, and 135°. If the charge exchange
differential scattering cross section {n the center-of-mass
gsystem {8 expanded as a series of Legendre polynomials,
the result is: do/d2 = (1.00 £ 0.03)(3.39 £ 0.11 — (1.54 =
0.29)Py(cosd’) + (3.57 0.56)P2(c050’)]mb—sr". The total



cross section for charge exchange, obtained by integration,
is then o, {r~ — 1% = 42.6 + 1,9 mb, (auth)

473

45354 NEUTRON-NEUTRON SCATTERING LENGTH
BY PION ABSORPTION IN 3He, Khanna, F,; Bonner,
B. E.; Duck, I. (Rice Unlv,, Houston, Tex.). Phys, Let-"
ters, 18: 318-19(Sept. 1, 1965)., (TID-22101), :
The final state interaction idea is used for the reaction

7= +3He - p + n +.n. Assuming that the capture takes

. place from the Bohr 1s-orbit, the three nucleons are left
in a state with the parity and spin of %3~ The enhancement
in the proton spectrum is due to the strong s-wave cor-
relation between the two neutrons since the p-wave to
s-wave enhancement is less than 1% for small relative
momenta between the two neutrons. The proton is in a
p-wave relative to the center of mass of the two neutrons.
With these assumptions the differential cross section is -
plotted as a function of s for several values of the scatter-
ing length, which is 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.) - .

474

24712 THE RHO VALUE FOR THE BETA DECAY OF
THE NEGATIVE MUON. Tadashi Kikuchi (Duke Univ.,

Durham, N. C.). Dissertation Abstr., 22: 4380(June 1962)._

The decay spectrum of neégative muons was investigated
for the u~ 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 u™ decays, and 4300 of
the decays observed were measured. An analysis of 2276

selected events yielded a value for the Michel parameter,

p, of 0,751 % 0.034. A stalistical analysis of the momentum
scale confirmed the accuracy of the expei'imental assump-
tions. The p value is in good agreement with the most -
recent results of the decay spectrum of positive muons
and confirms the validity of the two component neutrino
and universal vV-A theories.

475

34504 AN ANALYSIS OF THE LOW ENERGY =»-N -
SCATTERING. Masayoshi Kikugawa (Hiroshima Univ.).
Progr. Theoret. Phys. (Kyoto), 31: 654-78(Apr.A1964). '
The 7-N scattering below 500 Mev is investigated. The
contributions of the first and second resonances (N*) and
(N**), a scalar meson with I = 0 and a vector meson with
T =1, are taken into account. From the analysis of both the
1-spin flip and non-flip combinations of phase shifts up to -
the D{*4) state, the following results are obtained. For
the explanation of thé I-spin non-flip combination of phase
shifts, a scalar meson with I = 0 is required. For the n-N
interaction, PV-type coupling must coexist with PS-tvpe.
Two sets of rcoupling constants are found to fit the experi-
ments. The' contribution of a vector meson'with 1= 1 is

of phase shifts, lmt the contribution shows oppoaite sign to

that given by Bowcock. - This discrepancy originates mainly
from the effects of N** neg]ecged in their analysis. (auth)

476

3357 MEASUREMENT OF THE GAMMA-RAY SPEC-
TRUM FROM RADIATIVE MUON DECAY. C, O. Kim,
W.J. Kernan, and C, M, York (Univ. of Chicago). Phys.

. Rev. 120, 983-7(1960) Nov. 1.

" The en energy spectrum of the y rays ‘emltted by lnner

bremsstrahlung in the muon decay process, u* — et +
v + ¥ +vy, was measured by means of a large sodiuin
fodide crystal, Only those y. rays which were time-
colncident with the decay electrons were recorded.

:These dccay electrons were. detected in a scintillation
counter telescope adjoining the crystal counter. The
counter geometry permitted dethtlon of events with
angles between the electron and y ray in the range from
0 to 26°. The muons were obtained by stopping a positive .
pion beam in a block of material. By measuring the y-ray
spectra from muons originating first in carbon and then
aluminum, a correction could be made for bremsstrahlung
externally produced by the decay electrons. The measured
spectrum is in agreement with that predicted by. the theory
with an average ratio of 1.02 + 0.10. (auth)

477

SCATTERING OF u-MESONS WITH MOMENTA OF
ABOUT 100 Mev/c IN COPPER AND IRON. V. G.
Kirillov-Ugryumov, B, A, Dolgoshein, A. M. Moskvichov,
and L. P, Morozova (Moscow Engincering-Physical Inst,,
U.S8.8.R.). Nuclear Phys, 11, 357-67(1959) May (3).
Scattering of § mesons was studied in 4mm copper
plates (u-meson momenta between 85 and 144 Mev/c)
and iron plates (u~meson momenta between 81.2 and
135 Mev/c). The u-meson distribution derived from
2350 scattering events satisfactorily agrees with the
distribution for a poliit iucleus, (auth)

477a

10355

SCATTERING OF p-MESONS WITH MOMENTA OF
ABOUT 100 Mev/c IN COPPER AND IRON. V. G.
Kirillov-Ugryumov, B. A. Dolgoshein, A. M. Moskvi-
chov, and L. P. Morozova (Moscow Inst. of Engineering

" Physice). Zhur. Eksptl’. i Teoret. Fiz. 36, 416-23

(1959) Feb. (In Russian)

Scattering of u mesons was investigated in copper
plates (in the y-meson momentum interval from 85 to .
144 Mev/c) and in iron plates (u-meson momenta from
81.2 to 135 Mev/c). The u-meson angular distribution
plotted on the basis of 2350 scattering events satisfac-
torily agrees with the distribution for a point nucleus.
(auth)

77
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7007

ELASTIC SCATTERING OF § to 22 Mev 7+ MESONS ON
CARBON. V. G. Kirillov-Ugryumov, L. P. Kotenko, E. P.
Kuznetsov, F. M. Sergeev, and A. F. Grashin. Zhur.
Eksptl’. i Teoret. Fiz. ﬂ 1273-80(1959) Nov. (In Russian)

Elastic scattering of 5 to 22 Mev 7 mesons on carbon in

a propane bubble chamber was investigated. A phase shift
analysis of the argular distributions shows that a repulsive
potential acts on t.he meson in the S state in the nucleus.
(auth)

479

13527 THE REACTION 7~ + p— 7~ + n* + n FROM 350
TO 800 Mev [Thesis]. Kirz, Janos. Berkeley, Calif.,

*Univ..of California, 1963. Slp

The reaction 77+ p— 5=+ 7¥ + n is studled in the Law-
rence Radiation Laboratory 72-inch hydrogen bubble '
.chamber. Evenis are located by scanning the pictures for
n+ tracks. Cross sections, Dalitz plots, angular distribu-
tions, and n*7~ and »*n mass spectra are given at beam
energies of 360, 430, 460, 480, 555, 605, 673, and 780 Mev.
No clear evidence is found for n*=~ resonances between
threshold and M, = 680 Mev. However, there is a strong
preference for high n¥n~ effective masses, especially at
the Jowest beam-energies. Arguments are given to ascribe
this anomaly to the I = 0 state of the 7-7 system. Produc-’
tion of the N (1238) isobar is observed in its negative
charge state. (Dissertation Abstr.)

479a

26339 REACTION 7~ + p — 7~ + " + n FROM 360 TO
800 Mev. Janos Kirz, Joseph Schwartz, and Robert D,
Tripp (Univ. of California, Berkeley). Phys. Rev. 130: '
2481-4(June 15, 1963). (UCRL-10676) ' :

The reaction 1~ 4 p — 7™+ 7+ + n is studied in the Law-
rence Radiation Laboratory’s 72-in. hydrogen bubble
chamber Events are located ‘by scanning the pictures
for n* tracks. Cross sections, Dalitz plots, and 7*n™ and
7*n mass spectra are given at 360, 430, 460, 480, 555, 605,
673, and 780-Mev beam energies. No clear evidence is
found for 77~ resonances between threshold and 680 Mev.
However, there is a strong preference for high 7*n~ effec-
tive masses, especially at the lowest beam energies. Argu-
ments are given to ascribe this anomaly to the I = 0 state
of the "—7 system. The N,';.(1238) ‘isobar is observed in its
negative charge state. The angular dxstnbution of its pro-
duction is discussed. (auth)

480

5793 -

SEARCH FOR THE “ANOMALOUS'* SCATTERING OF
Mu-MESONS, (ON THE APPARATUS USING A DELAYED
COINCIDENCE METHOD). Takashi Kitamura (Osaka Clty
Univ.). J. Pbys. Soc. Japan 14, 1654~63(1959) Dec.

A critical discussion is presented on experimental re-
sults and theories reported by other workers on u-meson .

anomalous scattering. It is concluded that the apparatus
used to obtain previously reported scattering results
showed uncertainties in determining the identity and mo-
menta of u-mesons. An experimental apparatus is de-
seribed which utilizes a Wilson cloud chamber, G. M.
counters, and a delayed coincidence method to separate
u-mesons from other particles. The possibility of trigger-
ing this arrangement with particles other than y-mesons
was found to'be quite negligible. (C.J.G.)

481

22523 ELASTIC SCATTERING AND PHASE SHIFT
ANALYSIS OF nt + P NEAR 30 Mev. David E. Knapp.
Thesis, Rochester, N. Y., Univ. of Rochester, 1962.

128p. :

To Increase the angular range and accuracy of elastic

pion proton scattering measurements, 5§ measurements

of r~ + p differential cross sections and three measure-
ments of r* + p differential cross sections were made.
The main achievement of the measurements is to reduce
the uncertainty in the T = ¥, phase shifts to 10 to 15%.
The results combined with previous measurements at 30
Mev, were used to find a S5-parameter phase-shift solu- .
tion with only ay; fixed by data from other energies. The
inability of the 30 Mev data to provide a solution for all

6 phase shifts s shown to be a characteristic of meas-
urements at this energy. From the phase-shift solution,
the quantity a;~ay = 0.254 + 0,015 was predicted, a value in
statistionl ugreemont with the prediction a;-ay = 0,245 »
0.01 for the same quantity from photoproduction measure-
-ments.” The total cross sections ¢** = 6.15 + 0.12 mb/
sterad. 0™ = 7.02 £ 0.22, and ¢°~ = 1,847 £ 0,080 were algo
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 o these
phase shifts at moderate energies. (M.P.G.)’

482

31349 m*-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 7~ + p and three of 7* + p
elastic differential cross sections, extend the angular range
and the accuracy of the data near 30 Mev. These data, '
combined with the previous measurements at this energy,
provide a significant improvement in the accuracy of s-
and-nonresonant p-wave phase shifts. A phase-shift analy-
sis yields four sclutions, two of which are inconsistent
with photoproduction measurements near threshold. One
of the remaining two is preferred on the basis of a con-
siderably more likely fit to recent charge-exchange meas-
‘urements at the same energy. Assuming £ = 0.0878; a, =
0.087 + 0.009; ayy = 0.051 + 0.008, oy3 =—0.043 = 0.004;

@y =—-0.008 + 0.002; ag =-0.066 * 0.001. (auth)



483

31302 CHARGE EXCHANGE NUCLEAR REACTIONS
INDUCED BY A PION. Kohmura, Toshitake (Tokyo
Ugniv.). Progr. Theoret. Phys. (Kyoto), 33: 480-8(Mar.
1965).

The experimental situation for six types of charge-
exchange nuclear reactions induced by a pion at low encrgy
is discussed. A double charge exchange process without any¥
change of the mass, which can never be attained by a nu-
clear reaction of a single nucleon, is shown to be more

. abundantly realized by the reaction (r*,7~) than by (v~,7*).
The cross section for the reaction (n*,77) turns out to be
of the order of several ten uh, and the selection rule for
the reaction is discussed. (auth).

484

38167 MU-MESIC ATOM FORMATION OF DEFORMED
NUCLEUS. - Toshitake Kohmura (Tokyo Univ:). Progr. ’
Theoret. Phys. (Kyoto), 31: 799-803(May 1964).

The suitability_of mu-mesic atom formation for probing
nuclear deformation is shown. The rate of direct 1s orbit
trapping ol the low-energy meson(y) is calculated. The
rate is highly enhanced for deformed nuclei. The anisot-
ropy of the rate results’ {rom thé nuclear deformation.

(D.C.W.) ‘ .
485
47679  NUCLEON PAIRS EMITTED BY NEGATIVE

PION CAPTURE AND CHARGE-DEPENDENT NUCLEAR
WAVE FUNCTIONS IN LIGHT NUCLEI. Kohmura, Toshi-
take (Tokyo Univ.). Progr. Theoret. Phys. (Kyoto), 34:
234-42(Aug, 1965). :
The ratio of nn pair to pn pair emitted by 7~ capture in-

light nuclei, R = P(7~ + pn — nn)/P(7~ + pp — pn), is inves-
tigated, and it is shown that the ratio is seriously influenced
by charge dependencé of nuclear wave functions. From the
experimental value of the ratio, it is concluded that the
range of the wave function for a 3S pair is shorter than that

for a 'S pair by about five percent. (auth)
486
21420 INFLUENCE OF INTERMEDIATE VECTOR .

.BOSON ON MUON CAPTURE RATE. M. Koiv, J. Meitre,
and L. Palgi. Tr, Inst. Fiz. i Astron., Akad. Nauk Est.
SSR, No. 25: 63-9(1964). (In Russian)

‘Nonlocal corrections due to the internediate charged
vector boson to muon capture in He, H, and C are examined.
The results are compared with experimental data. (auth)
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19106 MEAN LIFE-TIME OF THE NEUTRAL PION.
E. L. Koller, 8. Taylor, and T. Huétter (Stevens Inst. of
Tech., Hoboken, N. J.). Nuovo Cimento (10), 27: 1405-9°
(Mar. 16, 1963). (In Enghsh) :
The mean lifetime of the 7 meson is measured The.
decay distance of 7 mesons produced by K;; decay at rest

K* - 1r + 1) and subsequent decay_ by the Dalitz mode

(® —e*+&”+ ) i3 measured. Using Ilford G-5 emulsions,
exposed in a 300 Mev/c separated K* beam, 88 of the above
events are found. The observed mean =° lifet.lme is (2.8 =
0.9) x 10~ gec. (auth)
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18456

"DETERMINATION OF THE FREQUENCY OF SLOW " .
MESON CAPTURE BY LIGHT AND HEAVY NUCLEI IN ..
PHOTOEMULSION. "D. A. Kopylova, Yu. B. Korolevich,
N, L Petukhova, and M, L Podgoretekii (Joint Inst. of
Nuclear Research Dubna, U.8.S.R.). Zhur, Eksptl’, 1 .
Teoret, Fiz, 36, 1955-6(1959) June. (In Russian) .

Descriptions are given of a simple method for deter-

mining the percentage of interactions of light nuclef (C,
N, and O) and heavy nuclel (Ag, Br, etc.) without specfal
emulsions. Descriptions &re ¢onfined to the nuclear

- capture qf stopped 7. If the meson produces Auger -~
electrons, the capturé is in a heavy nucleus. When the
‘o, star contains particles with = 50 p tracks, the cap- _
ture is in a light nucleus, 349 c,, stars were tested.
The method can aleo be used for determining the fre=
quency of slow K-meson capture by llght and heavy nu-—
‘clei in emulsions, (R.V.J.)
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41773 DOUBLE-CHARGE-EXCHANGE SCATTERING
OF LOW-ENERGY PIONS BY NUCLEIL. Koltun, D, S.;
Reitan, A, (Univ. of Rochester, N. Y.). Phys, 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 is calculated in second
Born approximation, considering only s-wave scattering of
the pions by individual nucleons. The differential cross .
section for pions of energy 20'to 40 Mev and a light target
with two neutrons outside a closed shell is calculated to be
~ 7 pb/sr, with considerable enhancement for targets with
larger neutron excess. The scattering to the isobaric analog
of the target ground state is strongly favored. (auth)

490

33247 (NP-15048) O MEKHANIZME (7~,7"n) RE-
AKTSIH. (Mechanism of the 7~,7™n Reaction). - Report
No. 27. Kolybasov, V. M. (Gosudarstvennyl Komitet po
Ispol'zovaniyu Atomnoi Energii SSSR, Moscow. . Institut
Teoreticheskof § Eksperimental’noi Fiziki). . 1964. 21p.
Dep.(mn).

Total cross sections of the reaction 12C(7~, 7 n)!!'C in the"
bombarding energy range from 40 to 600 Mev in the pole
approximation were calculated. The calculated excitation
function is in agreement with experimental data. The re- -
duced vertex part-(neutron width) of the virtual decay.i2C —
YC + n was found from the absolute values of the cross
sections. Its value turns out to be equal to that obtained
from the pick-up reaction ?C(p,d)!!C. These facts confirm
the hypothesis of the pole mechanism for the given reac-
tion. (auth) R

20
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19702 NP-8711

Joint Inat. for Nuclear Research Dubna, U. S S.R. Lab. of
Nuclear Problems.

SEARCH FOR p°~-MESON AND TEST OF DISPERSION RE-

LATIONS IN PION-NUCLEON SCATTERING.. A. D. Konin, -

S. M. Korenchenko, B. Pontecorvo, and V G. Zinov. 1959.
15p. (D-455).

Total x7p cross sections (o) were measured with an ac-
curacy of 1.5 to 2% at pion energies ranging from 140 up to
380 Mev. In the energy dependence of o; there were found
no anomalies which might give evidence on the existence of
p’-mesons with mass in the interval 270 to 410 Mev/c?.

The data are not compatible with the energy value E; = 650.
Mev‘for the second maximum in o (E) discovered by Frish
et al., but confirm the conclusion of Brisson et al., that
such a maximum is found at a smaller energy (E; = 610
Mev). The data are in excellent agreement with dispersion
relations for (n”p) scattering. They definitely show that the
*Puppi-Stanghellini problem,’’ as such, does not exist any "
more and that it arose only owing to inexact knowledge of
the total cross section of (77p) interaction. (auth) )

492

39932 ABSORPTION OF Yy QUANTA AND STOPPED

7 MESONS BY NUCLEI WITH TWO-NUCLEON EMISSION
AND THE STRUCTURE OF LIGHT NUCLEI. Kopaleishvili,
T.1. (Tbilissi State Univ. USSR) Yadern. Fiz., 1: 961-
wdune 1965).  (In Russxan) .

The absorption of high-energy (E > 100 Mev) gamma
quanta and stopped mesons (7) by nuclei, accompanied by
the emission of two nucleons, is investigated theoretically
using the independent pair model. Expressions are ob-'
tained fur the distribution of nucleons emitted in (r~, nn)
and (77, np) processes on Y0 and !2C nuclei, with respect
to their relative energy and also for the (y,np) total cross
section on the same nuclei as a function of the gamma
.quantum energy. The obtained quantities are used to in-
vestigate the role of the interaction between the emitted
final~-state nucleons and the correlated nucleon pair in the
nucleus for these processes. Other light nuclei structure
problems are also considered. The theoretical results are
compared with existing experimental data. (auth) -
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5909 - 7*-PROTON'SCATTERING AT 990 Mev. J. K.
Kopp (Brookhaven National T.abh,, Upton, M. Y.), A, M.
Shapiro, and A. R. Erwin, Ph_)s. Rev., 123: 301-7(July 1,
1961). .

Positive~-pion scattering at 990 = 30 Mev.was examined
in a 6 x 3 x 2 in, hydrogen bubble chamber without a mag-
netic field. The cross sections for elastic and inelastic

scattering were found to be 15.3 + 1.5 mb and 12.6 + 3.3
mb, respectwely The inelastic scattermg cross section
includes 0.1973:% mb of £*~K* production and 0.78 + 0.14°
mb of n*r*r7p production. A.simple pion-pion modei which
predicts the branching ratxos for double pion production in
7~ —p collisions is found to be inconsistent with the double
pion production observed in this experiment. The relation

of the experiment to #~ —p experiments in the region 9f the
second and third resonances is discussed. (auth)

494 |
31585 = (JINR-P-305) OB OPREDELENI CHASTOTY
ZAKHVATA MEDLENNYKH MEZONOV LEGKIMI 1
TYAZHELYMI YADRAMI EMUL'SIL. (On Determining the
Frequency of Slow Meson Capture by Light and Heavy
Emulsion Nuclei). .D. K. Kopylova, Yu, B, Korolevich,’
N. 1. Petukhova, and M. 1. Podgoretskii -(Joint Inst. for
Nuclear Research, Dubna, U.S.5.R. 'Lab. of High Energy),

-1959. §p.

A simple method is suggested for determining the per-
centage of interactions taking place on light and heavy
nuclei. Thc method is deinonstrated with nuclear capture
of stopped m mesons. It is shown that when stopped
mesons produce auger electrons the capture takes place.

in heavy nuclei. Capture in light nuclei forms o, stars
containing particles with <50 # tracks (sub-barrier

' particles).. (R.V.J.) -
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10963 NP-8492 .
Joint Inst. for Nuclear Research, Dubna, U.S.S:R. Lab. of
Nuclear Problems. ) '
PHASE SHIFT ANALYSIS OF n-MESON SCATTERING ON
IIYDROGEN A'Y' 24U-333 Mev. 8. M. Korenchenko, N. I.
Polumordvinova, G. T. Tentiukova, a.nd V G. Zinov. 1959,
23p. (P-431). '
The results of phase shift analysis of experimental data
on pion—nueleon’ scattering at 240 to 930 Mev are given.
The isotopic spin formalism based on the charge independ-
ence hypothesis was used. Comparison with-the dispersion
relations was satisfactory. (T.R.H.)

496

27434 (JINR-P-2063) ZAKHVAT u~-MEZONOV
‘'LEGKIM! YADRAMI. ' (The Capture of u~ Mesons by Light
Nuclei). G. Ya: Kurenman and K. A, Eramzhyan (Joint
Inst. for Nuclear Research, Dubna (ISSR). Lab. of Theo-
retical Physics). 1965. Sp Dep.(mn). .

The probability of the u™=meson capture {rom a definite
state of the hyperfine structure of a mesic atom is investi-
gated. It is shown that in the case of 18C and “F, the proba-
bility of the capture from the lower state of the hyperfine
structure depends only on Gj. (auth)

497

31383 ELASTIC SCATTERING OF NEGATIVE MUONS
IN NUCLEAR EMULSION. David Kotelchuck. Thesis,
New York, Cornell Univ., 1963. 49p.

An emulsion stack was exposed to a separated beam of
~2 x 10" 4~ particles of energy 52 + 8 Mev at the CERN
synchrocyclotron. Mesons{y) with endings in a region near




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(u) behaves merely as a heavy elec-
tron, in contradiction to the anomalous meson{u)-nucleus
scattering reported in several cosmic ray experiments.
The data indicate, however, a possibility of 2 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, or
to the breakdown in the representation of the many-body
r)ucle)us by a smoothed-out potential. Of the 78 events,
one was an elastic scatter by hydrogen, which is consistent
with the Mott scattering formula. (auth)
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6988 ELASTIC pu~ SCATTERING IN NUCLEAR EMUL-
SION. ‘D. Kotelchuck, J. G. McEwen, and J. Orear (Cornell
Univ., Ithaca, N. Y.). Phys. Rev., 129: 876-9(Jan. 15,
1963). < _ B

An emulsion stack was exposéd to a separated beam of
~2 x 107 ;= of energy 52 = § Mev at the CERN synchrocy-
clotron. Muons with endings in a region near the incoming
edge of the plates were traced back to scatters, thus dis-
criminating in favor of events with momentum transfers
from 100 to 160 Mev/c, The 78 events.found give evidence
‘that the muon behaves merely as a heayy electron, in con-
tradiction to the anoma.lous muon-nucleus scattering re-
ported in several cosmic-ray experiments. Our data indi-
cate, however, a possibility of a small amount of scattermg
in excess of that predicted, particularly for momentum
transfers >130 Mev/c. This may be ascribed either to un-
resolvable inelastic scattering, to inaccuracies in the pa-
rameters of the nuclear charge distribution, or to the hreak-
down in the representation of .the many-body nucléus by a
smoothed-out potential. Of the 78 events, one was an elastic
scatter by hydrogen, which is consistent with the Molt scat-
tering formula. (auth) B
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14944 (NYO-2242) ELASTIC SCATTERING OF
NEGATIVE PIONS BY PROTONS AT 152 MEV {thesis).
William P, Kovacik (Carnegie Inst. of Tech., Pmsbnrgh)
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-
sis of the incident pion beam from the synchrocyclotron
was made with a Cerenkov counter, which yielded an (11 ¢
1)% contamination of negative muons and electrons. In
order to detect only elastically scattered pions, coinci-
dences were demanded between the particles in the scat-
tered beam and the recoil protons that aré associated with
elastically scattered pions. At the angles where the pro-
tons were not energetic enough to leave the target a Ceren-
kov counter was used to separate the pions from electrons.
The scattered pion beam wag found to be contaialuated with

up to 20% electrons at some angles. A total cross section of
63.7 + 2,00mb was measured. A least squares fit to the dif-
ferentia) cross section indicates that only S and P partial
.waves are involved. Integration of the differential cross
section yields a total elastic cross section of 20.1 % 0 7 mb.
The real part of the forward scattering amplitode, ID_I. is
determined to be 0.19023:931 %/m,c. Within the errors this
value of ID'ZI agrees with the value calculated from the pion
dispersion relations for the coupling constant f! = 0. .08,

- (auth)
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14438

INELASTIC INTERACTION OF n*-MESONS WITH HELIUM
NUCLEI AT AN ENERGY OF ABOUT 300 MeV. M. S.
Kozodaev, M. M. Kulyukin,; R. M. Sulyaev, A. 1. Filippov,
and Yu. A. Shecherbakov., Zhur. Eksptl’.'i Teoret. Fiz. 38,
409-22(1960) Feb. (In Russian)

The interaction of positive and negative m-mesons w{th
hellum nuclel at energies of 273 and 330 Mev was studied
using a diffusion cloud chamber. Quasifree scattering on
peutrons and protons, multiple scattering, and absorption
of the mesons were discriminated. The. total mela.suc in- °
teraction cross sections were (145 + 15) x 10727 ¢m? for
Ey = 273 Mev and (103 + 10) x 10727 cm? for E, = 330 Mev. .
The relative probabilities- for quasifree-scattering on neu-
trons and protons through angles >45° in the laboratory co-
ordinate system were found to agree with the corresponding
probabilities for scattering on free nucleons. The proba-
bilities for multiple scattering processes were found to be
0.24 + 0.06 for E, = 273 Mev and 0.29 & 0.05 for E, = 330.
Mev. The angular distribution of inelastically scattered - -
mesons was compared with the Watson- Zemach calcula-
tons. (auth)
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8121 .

SCATTERING OF NEGATIVE MESONS BY HYDROGEN AT
130 AND 152 Mev. U. E. Kruse and R. C. Arnold (Univ. of
Chicago). Phys. Rev. 116, 1008-15(1959) Nov. 15.

The elastic scattering and total cross sections for nega-
tive ¥ mesons on hydrogen were measured at 130 and 152
Mev. At both energies, the number of electrons arising
from the charge exchange scattering were. determined with
a Cherenkov counter. At 152 Mev, recofl protons were
counted, and were distinguished from 7 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 + 0.016, in units of the meson Compton wavelength
at 130 and 152 Mev, respectively. These values agree
within liniits of statistical error with the pred!ctions from
dispersion relations. (auth)

8l1.
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12896

THE CAPTURE OF NEGATIVE PIONS IN HYDROGEN
AND DEUTERIUM. I. HYDROGEN. J. A. Kuehner,
A.W. Merrison, and S. Tornabene (Univ. of Liverpool).
Proc. Phys. Soc. (London) 73, 545-50(1959) Apr.

A high-energy pair spectrometer was used to deter-
mine the ratio of the radiative to mesonic capture of
pions stopped in liquid hydrogen. The measurement"
agrees well with the value expected from the charge-
exchange scattering and photoproduction of pions. (auth)
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12897

THE CAPTURE OF NEGATIVE PIONS IN HYDRU(;EN
AND DEUTERIUM. II. DEUTERIUM. J. A. Kuehner,
A. W, Merrison, and S. Tornabene (Univ. of Liverpool).
Proc. Phys. Soc. (London) z_g. 551-5(1959) Apr.

The same apparatus described in a companion paper
on hydrogen was used to.study the radiative capture of
pions in liquid deuterium. The result agrees well with
previous measurements and the value expected from
the production of pions in nucleon-— nucleon collisions.
(auth)
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12166

RECOIL PROTON POLARIZATION FROM 225-Mev 1 —p
SCATTERING. J. F. Kunze, T. A. Romanowski, J. Ashkin,

and A. Burger (Carnegie Inst. of Tech., Plusburgh) Phyh.

Rev. 117, 839-68(1300) Feb. 1.

" Mesons (n7) of energy 225 Mev were scattered from
liquid hydrogen. The polarization of the recoil proton has
been measured at two angles. The computed polarizations
are —0.13 x 0.16 at a laboratory recoil angle of 15°, and
+0.36 + 0.29 at 31°. The posifive sign is for polarization
in the direction of the vector cross product of the incident
meson (7) momentum and the recofl proton momentum. A
comparison of the data is made with various sets of scat-

tering phase shifts which represent the differential cross-

section data equally well. The results favor the Orear type

of Fermi set in which the S-wave a, phase shift is positive.

(auth)
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9205 (UCRL-10564) DIFFERENTIAL DISTRIBU-
TIONS OF NEUTRONS IN INELASTIC 7"p INTERACTIONS
AT 374, 417, AND 454 Mev (thésis). Richard J. Kurz (Cal-
ifornia. Univ., Berkeley. Lawrence Radiation Lab.).

Nov. 15, 1962. Contract W-7405-eng-48. 142p.

The inelastic interactions of negative » mesons with pro-
tons at 374, 417, and 454 Mev incident 7 kinetic energy are
studied by measuring the differential distributions of final-
state neutrons. The 7 source is an internal target of the

Berkeley 184-inch synchrocyclotron. A magnetic beam-
transport system momentum-analyzes and focuses the =
beam at a liquid hydrogen target located in an adjacent
shielded experimerital area. The time-of-flight distribu-
tion of neutral particles is measured at various-laboratory-
system angles between 10 and 65 deg. Neutral particles
are detected by observing the charged products of their
interactions in plastic scintillator. The time-of-flight in-~
formation is determined eléctron;cally by time-to-height
conversion and pulse-height analysis. The time resolution
of the total system is 1.0 nsec. Detected neutral particles
-accompanied by charged particles are separated by the’
electronic system from those not accompanied by charged
particles. Analysls presuming the principal inelastic reac-
tionsto be 17p-— 7*x “n and 17p — m1°n separates the
time-of - ﬂight spectra into gamma rays, neutrons from

the reaction np -+ w %y, and inclactic neutrons. Calenlated
values of the neutron-detection efficiency are used in the
conversion of the neutron time-of-flight-distribution to neu-
tron differential distributions as a function of energy. A '
description of the neutron efficiency calculation is included.
A definite deviation from the behavior expected on the basis
of a statistical distribution or a simple peripheral collision
model is 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 reactions listed above
were obtained. The cross section for the 7*7™n channel was
a rapidly rising function of incident 7 energy, whereas the
cross section for the n'r'n channel was essentially constant”
us 4 function of energy. Iu-addition; the total ereso cection
for the processes 7 p — neutrals was obtained along with
tentative data on the angular distribution of the reaction
#"p — n%n. (46 references) (auth)
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37544 (UCRL- 11548) ANGULAR DISTRIBUTIONS
FOR n'p = %1 AT 313 AND 371 Mev. Kurz, Richard J.;
Lind, Don L. (Lawrence Radiation Lab., Univ. of Cali-
.f.qrn,i.a., Berkeley). July 6, 1964. Contract W-7405-eng-
48. 1lp. Dep.(mn); $1.00(cy), 1({mn) CFSTIL

An analysis of the angular distribution of the reaction
T°p — 7°n incorporating four classes of data is reported.
They are: (a) previously published y-angular distribu-
tions at Ty~ = 317 and 371 Mev (Ty,~ = incident 7~ kinetic
energy); (b) the neutron differential cross section at Ty =
374 Mev in the range 84 = 6% =133 deg? (# = c.m.-system
neutron angle = 7 — g%, * denotes c.m.-system variable),
{c) neutron dl.fferentlal cross-sections at T,- = 313 and
371 Mev in the range 21 = 6% = 123 deg’; and (d) the dif-
ferential cross gection at &% = 0 deg calculated from the
forward-direction, fixed-momentum-transfer dispersion
relations for pion nuclcon scattering. A least-squares
analysis was performed to fit these data to the c.m.-sys-
tem dlﬂerential cross section in the form: do/dQ* (cos
) = 21-0"!?1 (cos &%). (M.O.W.)
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4409 NUCLEAR CAPTURE OF MU MESONS, Wiod-
zimierz Kusch (Inst. for Nuclear Research, Warsaw).
Postepy Fiz, 11, 69-82(1960). (In Polish)

After a brief history of early discoveries and difficulties
relating to 7 and 4 mesons, this review article follows the
theoretical and experimental developments of the interac-.
tion of negative u mesons with nuclef. Twenty-alx refer-

ences to u meson capture are listed. First, the basic inter-
action with a proton, the mechanism of the Interaction, rnd

the probabllity of capture of a negative y meson as a func-
tion of 7 are treated. Next, the side products (emission of
nucleons) resulting from the capture of a 4 meson by a
proton in & nucleus and from the subsequent excitation of
thia nucleus are discussed. Measurements of emiesion
probabtlity of N neutrons (N = 0, 1, 2...) are compared
with the predictions of 3 nuclear models. The last section
deala with observations that have the capability of demon-
strating nonconservation of parity, tn particular, the
measurements of angular distributions of neutrons emitted
after the capture of polarized 4 mesons by nuclet, (TTT)
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3050
ABSORPTION OF n*-MESONS WITH AN ENERGY OF AP-
PROXIMATELY 50 MeV BY CARBON NUCLEL J. V.
Laberriggue-Frolova, M. P. Balandin, and S, 2. Otvinov-
skil (Joint Inst. of Nuclear Reséarch, Dubna, USSR). Zhur,
Eksptl’, i Teoret. Fiz. 37, 634-8{(1959) Sept. (In Rnssian)
A propane bubble cbamber was employed to study stars
produced in the absorption of 50 # 20 Mev 7* mesons in
carbon nuclei, The cross section for production of such
stars was found equal to 145 = 36 mb. The star prong dis~
tribution is characterized by an average number of prongs
equal to 2,6 £ 0.3, An appreciable anisotropy of the.angular
distribution of the prongs relative to the direction of mo-
tion of the 7* meson was observed. The main cause of this
anisotropy is apparently preabsorption scattering of v*
mesons on separate nucleons in the nucleus, A distribution
of two-prong stars with respect to the angle between the
prongs is presented. (auth)
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10982

ABSORPTION OF #* MESONS OF ENERGY IN THE VI-
CINITY OF 60 Mev BY CARBON NUCLEIL Jeanne
Laberrigue-Frolow (Laboratoire de Physiquc Nucléaire,
Orsay, France) i’ﬂ M. P. Balandin (Balandine) and 8. Z,
Otvinovsk! (Joint Inst. of Nuclear Research, Dubna, USSR).
J. phys. radjum 21, 654-8(1960) Jan. (ln French)

Stars caused by the absorption of r* mesons of energy
§0 + 20 Mev in carbon nuclei are studied by means of a
propane bubble chamber. The cross section is found to be
145 ¢+ 36 mb. The distribution of these stars as a function
of the number of prongs indicates a mean number of prongs
2,6 « 0,3, There iu u noticcable anisotropy in the angular

dlulrlbuuon of prongs relative to the direction of the in-

coming #*, The fundamental reason of this assymetry is,
probably, due to quasi-elastic scattering of the r* on nu-
cleons Inside the nucleus before its absorption. The dis-
tribution of two prongs stars as a function of the angle

. between the two prongs is given. (auth)
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. 26827 O'INR -P-328). O POGLOSHCHENII n* ME20O-

NOV S ENERGIEI OKOLO 50 MEV YADRAMI UGLERODA.
{On the Absorption of n* Mesons of Nearly 50 Mev Energy
by Carbon Nuelei). Zh. V. Laberrig, M. P. Balandin, and .
8. Z. Otvinovskif (Joint {nst. for Nuclear Research, Dubna,
U.8.S.R. Lab. of Nuclear Problems). 1959. 13p -
The stars formed by 50 +' 20-Mev 7 meson absorption by
carbon nuclei were studied using a propane bubble chamber. -
The cross sections of the stars were found to be 145 + 36
mb, Star distributions were ‘determined by the number of
prongs (average = 2.6 £ 0.3). A considerable anisotropy
was observed ln the angular-distribution of prongs in re-
lation to the x* direction. It is postulated that prior to the
absorption, scattering on separate nucleons in the nucleus
must serve as a source of anisotropy.- The distribution of .
two-prong stars was found in relation to the angle between
the prongs. (tt-aut.h)
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26410 USE OF SOLID-STATE DETECTORS AS EN-
ERGY SPECTROMETERS FOR COSMIC HIGH-ENERGY
PARTICLES. J. Labeyrie (CEN, Saclay, France). p.187-
93 of ““Cosmic Rays, Solar Particles and Space Research.’’
New York, Academic Press, 1963. .

" Advantages of semiconductor- over gas- ﬁlled ionization
chambers are enumerated. Measurements of proton and
pion energy deposition at 0.5 to 1.5 Bev obtained with sili-
con filled detectors are given. (M.J.T.)
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26215 HEAVY PARTICLES IN MEDICINE. - John H.
Lawrence and-Cornelius A. Tobias (Univ. of California,
Berkeley). p.127- 46 of “‘Progress in Atomic Medicme
Vol. I.”* New York, Grune and Stratton, 1965

The use of high-energy heavy-particle beams in therapy
with or 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 successful
treatment of several metabolic, neaplastic, 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 transfer, RBE, independence of oxygen concentra-
tion, and lack of tissue recovery are described, Particles
such as pi mesons are also being studied to find how they
might be used advantageously in radiotherapy. (P.C.H.)
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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 at CERN.”’
Geneva, European Organization for Nuclear Research,
1962. ' '

An emulsion chamber technique was used to study the
reaction 7~ + p— 7t + 77 + n; the mean energy of the
primary 7~ mesons was, (240 + 15) Mev. It was found that
the experimental mass spectrum of the 7" 7~ system was
shifted in the direction of greater mass values in compari-
son with the calculated phase space.volume. The cause of
this shift appears to be a 7-r interaction in the final state.
Another group studying the same reaction at 340 Mev with
the 25-cm liquid bydrogen bubble chamber came to the
same conclusions. (A.G.W.) : '
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15139 I;\“:TERPRETATION OF PION-NUCLEON SCAT-
TERING RESULTS IN THE RESONANCE REGION. W, M.
Layson (CERN, Geneva). Nuovo Cimento. (10}, 27: 72447
(Feb. 1, 1963). (In English)

Recognizing that information on pion-nucleon scattering
in the range (300 to 1500) Mev is insufficient for a complete
and unambigous analysis in terms of angular-momentum
amplitudes, a study i's made employing restrictive assump-
tions related to the higher resonances. ‘'he 7™ p angulat
distribution data are found consistent with resonances of

(T,0) = (% %) and (%.%™) at 600 and 900 Mev respectively.

A plausible, but nonunique, set of amplitudes is determined,
and the only significant departure from a simple behavior
is in the amplitude for the (%,'%™") state, which could con-
tain a resonance at 900 Mev. The A’K® production cross
section shows features in agreement with such a resonance.
A proposed phenomenological model based on the role of
the (4,%™) pion-nucleon state predicts the existence of eight
resongnces below 1500 Mev. ‘Experimental results are com-
pared with the model and suggestions are made regarding
pussible tests. (auth) ‘
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3957 A LOW ENERGY 7 DETECTION SYSTEM, FOR
USE IN INTENSE ELECTRON AND y-RAY BACKGROUND
CONDITIONS. D. W. G. 8. Leith, E. M. Lawson, R. Little,
and G. M. Lewis (Glasgow Univ.). Nucl. Instr. Methods,

29: 341-4(Oct. 19G4).

A scintillator counter technique was developed to detect
low energy #* mesons, (~4—40 Mev), in an intense back-
ground of electrons and y rays at forward angles. The
identification of a #* meson required the observation of
the characteristic decay (7" — p* + v in 2.55 x 107% sec) of
the pion, together with the fulfillment of restrictions on the"
eanergy loss and total energy of the particle under examina-"
tion. The system was used to investigate 7t meson photo-

production cross sections at 30° laboratory angle in the
¥ ray energy region (155—190) Mev. (auth)
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1328 MEASUREMENT OF THE TOTAL CROSS SEC-
TION n-DEUTERIUM. T. Leray, A. Berthon, M. Crozon,
and J. L. Narjoux (College de France, Paris). - p.102-6 of
‘‘Proceedings of the Sienna International Conference on
Elementary Particles. - Vol. 1.’ Bologna, Societa Italiana
di Fisica, 1963. (In French)

The effective total cross sections for meson (r7) scat-
tering by deuterium were measured at several energies
between 420 and 1360 Mev and were compared with the
sum of the effective total cross sections for mt-p interac-
tions. Comparative measuremeuls of e elfective cross
sections for meson (r#) scattering by deuterium at 491 to
1NA3 Mev were made at several snlid angles. No violation
of the principle of charge symmetry was observed.
(D.C.W.) :
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27259 ANGULAR DISTRIBUTION OF CHARGE EX-
CHANGE AND INELASTIC NEUTRONS IN #~-p INTER-~
ACTIONS AT 31.9 AND 071 Mcv. Don L. Lind, Barry C.
Barish, Richard J. Kurz, Philip M. Ogden. and Victor
Perez-Mendez (Univ. of California, Berkeley). Phys.
Rev., 138: B1509-17(June 21, 1965). (UCRL-~11435(Rev.))

Neutron angular distributions from the charge-exchange
(n%n) and inelastic modes (7%r%n, #*nn) of the 7 ~-p interac-
tion were investigated at 313 and 371 Mev 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 states by time of flight. At
both energles the charge-exchange differentinl oroco scu-
tion at the forward neutron angles djffer from that deter-
mined by Caris et al. from measurehents of the n%-decay
gamma distributions, but generally agrees with the phase-
shift-analysis 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 these neutrons does not correspond to that ex-
pected from the I = 0, n-7 intefaction (ABC effect) suggestcd
to account for the anomaly in p-d collisions observed by
Abashian et al. Finally, all available charge-exchange
differential-cross-section data from this and other experi-
ments were combined by a least-squares fit to a Legendre
expansion. (auth) .
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14257 NP-8597 )
Liverpool. Univ. : :
THE CAPTURE AND DECAY INTERACTIONS OF NEGA-
TIVE MUONS STOPPED IN MATTER (thesis). Norman H.
Lipman. Sept. 1959. 80p. .
The muon capture process (4~ + p — n + v) is discussed,
and an experiment is described in which muon capture
rates were measured to accuracies-of a few per cent for
various target nuclei. The main interest of the experiment
was to make a comparison between measured capture rates
and the theoretically predicted capture rates of Tolhoek
and Luyten. The theory is sensitive to the type of coupling
that prevaila in the muon capture process, and Tolhoek and
Luyten have derived two values for the capture rate In each
element considered, one for a Fermi type of coupling



(pseudosgcalar, scalar, and vector) and the other for
Gamow-Teller coupling (axial vector and tensor). A com-
parison between experiment and theory over a2 range of se-
lected elements should in principle detect whether the cou-
pling 18 pure Fermi, pure Gamow-Teller, or a mixture of
the two. The results, in fact, favor an excess of the
Gamow-Teller over the Fermt type of coupling. The per-
turbation of the muon decay process (u~ — e~ + v + P)
brought about by atomic binding 18 considered. A muon in
orbfit within a muonic atom may be expected to decay at a
modified rate; this was investigated experimentally for
negative muons stopped in aluminum and in copper. It is

ghown that there is no deviation from the free muon decay -

rate within the experlmental standard devlatlon of 5%
(auth)
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45351 MUON CAPTURE AND ELECTRIC DIPOLE

EXCITATION FOR LITHIUM. Lodder, A,; Jonker, C. C.

(Vrije Universiteit, Amsterdam). Phys. Letters, 18:

310-13(Sept. 1, 1965).

The total meson (u) capture probabxlmes for lithium- 6

and -7, which were measured previously, are calculated.
" The two capture probabilities are calculated in two ways,

by means of the closure approximation, and by extracting

- the dipole part of the main meson (n) capture-matrix ele~’ '

ments from the cross section for the giant resonance
gamma excitation, It is shown that a previous proposal
for double magic nuclei can be extended to a greater class
of nuclei. (J.F.P.) .
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33025 “ABI\ORMA%G QUANTUM NUMBERS AND
DECAY CHANNELS: 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 recent indication of an enhancement at about 730
Mev in the recoil spectrum of the proton in 7~ + p reac-
tions {a3 considered. An investigatiou Is presented agsum=
ing that a resonance,.such as above, exists which does not
decay with appreciable branching ratio to a two- or three-
plon system, but shows up in a recoll spectrum, hence is
produced with appreciable cross section. Also a study of.

\

the possible ‘decay modes of the said rcsonance for differ-

ent assignments of its quantum numbers JFC, and an esti--
mation of the order of magnitude of the. corresponding .
‘partial widths, assuming the dominance of low-mass in-
termediate states, are included. (M.O.W.) :
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12967

OBSERVATION OF THE BREMSSTRAHLUNG OF~
t—MESONS INTERACTING WITH NUCLEL M. F, .
Lomanov, A. G. ‘Meahkovskil (Meshkovsky), Ya. Ya."
Shalamov, V.-A. Shebanov, and A. F. Grashin (Academy
of Sciences, Moscow). Nuclear Ph‘xel 10, 283-93(1959)

Nuclear force brémsstrahlung of #* mesons was ob-
served in a freon bubble chamber in which 80 to 300 :
Mev r* mesons interacted with carbon, fluorine, and
chlorine nuclef. In the indicated energy range the
bremsstrahlung cross. sectlon for inelaatically and
elastically scattered’ =¥ mesons.as derived from 20
scattering events was found to be (4.5%}) x 1072 cm?
per fluorine nucleus. Three cases of bremsstrahlung
involved absorption of the r* _-meaons by the nucleus; -

" in two cases of bremssirahlung. charge-exchange scat-

tering of #*-mesons on the nucleus occurred. The
bremsstrahlung cross sections for these various types .-
of nuclear processes were computed in the quasiclas-
sical approximation. The values obtained from the.
formulas saﬂsfactorﬂy agree wlth the experimental re- -
sults. {auth) .
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8120 ° .THE SCATTERING OF POSITIVE 120 Mev
PIONS ON PROTONS. A. Loria (Universitd, Padua and
Istituto Nazionalé di Fisica Nucleare, Padua), P Mittner,
R. Santangelo, et al. Nuovo cimento. (10), 22: 820-43
(Nov. 16, 1961). (In’ Enghsh) '

An investigation of the elastic scattering-of 120-Mev 7*
by protons is described 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 is shown to be negligible. The valués obtained for the
phase-shifts are: g =—2.60"+ 0.69°, oy =—11.05° & 1.32°,
@33 = 31.67° £ 1,01°. The value of ag differs significantly
from that expected if the linear dependence of agon the
momentum. which was proposed, is assumed. The result
is discussed in connection with theoretical developments

{auth)
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22885 (CERN-(1-11) THE SCATTERING OF POSI-
TIVE 120 MEV PIONS ON PROTONS. PARTI. A. Loria,
P. Mittner, R. Santangelo, 1. Scotoni, and G. Zaga (Padua.
Universitd. Istituto di Fisica and Italy., Istituto Nazionale -
di Fisica Nucleare, Padua).. PART II. B, Aubert,

A. Brenner, Y. Goldschmidt-Clermont, F. Grard, G. R.
Macleod, A. Minguzzi-Ranz{, and L. Montanet (European '
Organization for Nuclear Research, Geneva) ‘Apr. 11,
1961,  70p.

An invéstigation of the elastic scattering of 120 Mev
positive pions by protons is 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 is shown to be negligible. The values obtained for
the phase shifts are: ag; = ~2.60° + 0.69°, @y = -11.05° =
1.32°, ‘o33 = +31.67° + 0,01°. The value of ag differs sig-
nificantly from that expected if the linear dependence of a;
on the momentum, which has been proposed by some -
authore, ie acsumed. (auth)
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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. Donner Lab. "California
Univ., Berkeley. Donner Pavilion). )

- LAF, mice carrying the Ly2 lymphoma as an ascites
tumor were exposed to the negative pion beam of the
184-in. cyclotron (including its muon and electron con-
taminants). Mice exposed in the plateau region of the
pion beam received 65 to 80 rads, with the beamn esti-
mated to contain about 64% pions. Mice exposed in the
star région 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 chremosome counts
of metaphase cells. Results indicated a greater RBE for
negative pions in star region than for those in the plateau
region  (H.(3.N)) L
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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 from the 90-Mev pion beam of the Nevia
cyclotron were stopped in nuclear emulsion which was in a
magnetic field of 25,000 gauss. The asymmetry parameter
for the angular distribution of the positrons which came
from the decay muons was measured. The result that P¢ =
—0.87 + 0.04 implies that either the asymmetry parameter "
¢ is different from the value of —1 predicted by the V-A
theory or that there is-about 13% depolarization of positive
muons in nuclear emulsion at 25,000 gauss. (auth)
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47388 FIXED VARIABLE DISPERSION RELATIONS
FOR THE PION-NUCLEON SYSTEM. Lyth, D, H. -
(NORDITA, Copenhagen). Rev. Mod. Phys., 37: 709-23
(Oct. 1965), E )

It is shown that an earlier study by Hamilton and Wool-
cock of fixed momentum-transfer dispersion relations may
be complemented by a study of fixed energy dispersion re~
lations. Two main results are obtained. First, by demand-
ing that the two types of relation give the same value for
the amplitude, nontrivial restrictions are obtained on the
amplitude (the fo—N—N coupling corstants and the values of
certain integrals over the high-encrgy nN amplitude are
obtained). Secondly, thé 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 at low energies
from the fixed momentum-transfer dispersion relation
alone. The terms neglected by this approximation are.
evaluated, and found to be large except at low energies.

Even when these terms are included, undesirable cancel-
lations occur, and the conclusion in fact is that fixed vari-
able relations are not suitable for calculating the partial-
wave amplitudes (except at low energies), but only for
providing sum rules. (auth)
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21400 OBSERVATION OF THE HYPERFINE EFFECT
IN MUON CAPTURE BY !JF via THE TIME-DEPENDENCE
OF THE DECAY ELECTRON RATE. R. A, Lundy (Argonne
National Lab., 0ll.), W. A, Cramer, G. Culligan, V. L.
Telegdi, and R. Winston, Nuovo cimento (10), 24: 549-53
(May 1. 1962). (In English)

The hyperfine effect in u capture by F" is confirmed.
The rate at which neutrons are emitted following y arrival
in K shells is not allected by branching ratio efiects, Tbe
decay symmetry parameter for y~ bound to the I = % )
‘nucleus F* is —0.021 + 0.007, about % that of u~ in C;-
p~'s in crystalline LiF, at least in a longitudinal field of .
~100 gauss, are not subject to appreciable spin relaxation
in the mesic K orbit. (L.N.N.)
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43043 (JINR-P-2202) ZAVISIMOST NAKLONA DIF-
RAKTSIONNYKH KRIVYKH pp, pp, K*p, K™p, r*p, L.7~p
RASSEYANIYA OT ENERGIL. (Energy Dependence of the
Slope of the Diffraction Curves for pp, pp, K*p, K™p, =*p,
dnd n~p~Scattering). -Lyubimov, A, L. {(Joint Inst. for
Nuclear Research, Dubna (USSR). Lab. of High Energy).
1965. 6p. Dep. mn. ’

It is shown that the energy dependence of the slope of
the diffraction curves {or elastic pp. pp, #*-p, and K*-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)
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41796 MEASUREMENT OF PARTICLE IONIZATION
POWER IN A SPARK CHAMBER, V_ A. Lyubimov and
F. A. Pavlovsky (Inst. of Theoretical and Experimental
Physics, Moscow). Nucl, Instr. Methods, 27: 342-5(July
1064). :

An attempt was made to measure the ionization power
in a spark chamber with a large gap between the electrodes.
The chambers were irradiated in a beam of positive 600-
Mev particles. They were filled with Ne + 0.03% propane
admixture under the pressure of 540-mm Hg and placed
close to each other so that the particles initiating the mas-
ter pulse passed through both chambers. 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 bunches than
the discharges from the particles with minimal ionization,
The luminosity ratio of the proton and meson(r*) tracks
proved to be 3.0 + 0.4, which is close to the ratio of the



particles ionization power. It was found that at definite . .
conditions the spark discharge itself spreading in the di- |
rection of the particle motion contains information about
the ionization power of the particle. (M.C.G.)
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24473 MEASUREMENT OF THE IONIZING ABILITY
OF PARTICLES IN THE SPARK CHAMBER. V. A,
Lyubimov and F. A. Pavlovskii. Zh. Eksperim. { Teor.
Fiz., 46: 1142-6(Mar. 1964). (In Russian) .

The period of the memory cell of a spark chamber with
a 30-cm-long gap between the electrodes was measured;
it was found that when the chamber was filled with a pure
inert gas, the period was relatively long, reaching several -
tens of microseconds but impurities such as air, propane,
or alcohol shortened this timeé considerably. The high-
voltage discharge in a chamber filled with He + 1% air
was found to depend greatly on the time delay involved.
It was assumed that there is 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, slowmg down the process. In order
to verify the assumptions, the ionizing ability of the: ‘gases
was measured, making use of protons and = mesons in

chambers filled with Ne + 0.03% propane under a pressure ’

of 540 mm of Hg. The ionizing ability of the particles could
be derived on the basis of the varying brightness of the
tracks. Previously J. W. Cronin (Nucl. Instr. and Meth. 20:

143(1963)) and C. T. Coffin (Ibid. 20: 156(1963)) made such

observations, finding that proton tracks exhibited greater
brigbtness than r-meson tracks, while studying the decay.
of A particles in a multilayer spark chamber. (TTT)
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7418 FLUCTUATIONS OF 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/cm? and 0.45-g/cm?
Si detectors, respectively, are measured over the energy-
loss range of 0.5 to 1.4 Mev. The results are compared
with the Vavilov and Landau theories for the proton and
pion energy losses, respectively. Explanations are pro-
posed for the discrepancies noted. (T.F.H.)
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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.

Averag,e neutron emission and neutron multiplicity dis—

Au, and Pb were measured. A high-efficiency cadmium-
loaded liquid scintillator tank was used having an effi-
ciency of 54.5% for detecting meutrons from fission. Fermi
gas and Gaussian nuclear models are used to fit the ex-
perimental results. A reduced nucleon effective mass is .
employed to give the observed average neutron multiplicity,
and values are obtained as a function of the width of the nu-
cleon momentum distribution assumed. Use of the Gaus-
sian momentum distribution obtained in experiments on

" quasi-elastic scattering gives effective masses ranging

from 0.7 Mp in the lighter nuclei to = 0.45 M, in the
heavier nuclei. An excited Fermi gas distribution gives
larger effective masses for the lighter nuclei and smaller
‘effective masses for the heavier nuclei than does the
Gaussian model, With either of these models the distribu-

.tions of neutron multiplicities cannot be explained without ~

allowing for direct neutron emission and clustering.on the -
nuclear surface. For *°Ca a shell-model calculation with a
simple harmonic oscillator potential gave good agreement
with the observed average neutron multiplicity. For both
the Fermi gas and Gaussian models, the average nuclear
excitation energy varies linearly with average neutron
multiplicity and is relatively insensitive to the model pa-
rameters, -When the average neuirino momeatum is ex-
pressed in units of the muon mass reduced by its K-shell
binding eiiergy the result (with the exception of doubly
magic calcium) is constant, 0.82 1 0.01, over the wide
range of atomic numbers covered in the experiment. (auth)
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31014 - (UCRL-7942) DETERMINATION OF THE
NUCLEON-NUCLEON ELASTIC SCATTERING MATRIX.
II. PHASE-SHIFT ANALYSES OF 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 carried 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 obtained at these energics. At- -
tention was concentrated in all cases on the Stapp type 1
solution, with the objective being to obtain the best possible
values for the phase shifts from the existing nucleon-
nucleon data. Error matrices were calculated for all solu-
tions, and determmations of the pion-nucleon coupling
constant g were carried out. It was found that reasonably .
consistent values for g2 can be obtained if a suitable selec~
tion of the phenomenclogical phase shifts is made. The
T = 1 phase shifts determined from (p,p) data only were
found to be in good agreement with the T = 1 phase ‘shifts
obtained from combined (p,p) plus (n,p) data, thus verifying
the gross features of charge independence. For complete-
ness, phase shift values at 142 Mev are included. (auth)
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46782 - ELECTRON IDENTIFICATION IN LEAD PLATE
SPARK CHAMBERS. McLeod, D. W.; Phelan, J, J.:
Roberls, A.; Yurka, G, E. ‘(Argonne National Lab,, I11.).
1EEE (Inst. Elec. Electron. Engrs.), Trans. Nucl. Sci.,

a7



that give rise to the 7K interaction are given, and in par-
ticular it is found that short-range forces are extremely
important in producing the K* resonance: (auth)

NS-12; No. 4, 28-30(Aug. 1965). - .

A spark chamber containing Pb, Al, and Cu plates is ex-
posed to momentum-analyzed electron and pion beams at
80 to 340 Mev/c. It is found that the chamber can discrim-~
inate electrons from pions with 99 to 99.5% reliability. The
chamber geometry and operation for this use are described. 538
(T.F.H.) :

41508 A STUDY OF THE REACTION 77+ P — n~ +

p + ® AT 905 Mev (thesis). Massimo, Joseph Thomas.
535 c ~ Providence, Brown Univ., 1964." 120p. -

A study was made of the reuction »~ + P — 7~ D + 0

in a special bubble chamber containing an 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 materilization of
gamma rays from the decay of the . Thus events are
observed to which can be applicd the constraints of hy-
drogen kinematics, and in which the gamma-ray direc-
tions are also measurable. Some of the advantages and
disadvantages of this relatively new technique are dis-
cussed. The production of a neutral pion at 305 Mev was
found to be in large part consistent with the description
offered by the extended isobar model. This was particu-
larly evident in the pion momentum distributions. How-
ever; tho angular distributinn 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 permit a complete
analysis of the relative influence of the different reso-
536 nances, but it was concluded that in this energy region

both the higher isobars and the p resonance compete with
the 3-3 resonance in pion production. The total cross sec-
tion for the above reaction was found to be 5.0 = 0.7 mb,
Rough estimates of other inelastic cross sections were
made. (Dissertation Abstr.)

32398 (NYO-9287) MEASUREMENT OF THE RATE
OF THE REACTION p~ + C'? — B'? + v (ihesis).. " Eugene

J. R. Maier (Carnegie Inst. of Tech., Pittsburgh). May
1962, Contract AT(30-1)-882. 99p. .

The rate of the reaction u~ +.C!? — BY 4+ ' was meas-

ured hy stopping negative muons from the Carnegie Tech
synchrocyclotron i a plastic (CH) target. The number of
incident muons was monitored by observing the amplitude ‘
of their characteristic exponential decay, and the reaction
product, B'?, was detected by observation of its beta decay
with characteristic meanlife 293 msec. Separation of the )
partial capture rate to the ground state of B from the
total capture rate was effected by direct observation of the
emitted gamma ray in coincidence with the recoil of the
B" jon from the neutrino emission. The result, for capture
to the ground state, is Aﬁ"d = (G.75ﬁo°;‘:',5°) x 10% sec™! which

is in agreement with several theoretical calculations. (auth)

43081 AN N/D CALCULATION OF THEJ =%, T =

% m N PHASE-SHIFTS FROM THE POSITION AND WIDTH
OF THE N* RESONANCE. Majumdar, Rabi (Univ. of
Delhi). Nuovo Cimento (10), 39: 186-9(Sept. 1, 1965).

An N/D calculation of the J = %, T =34 pion-nucleon
phase shifts is performed with the position and width of
the J = %, T =%, N* resonance as the only input param-
eters. The correct phase shift at the resonance point
is thereby guaranteed, and the distant phase shifts are 16978 STUDY OF SOME NUCLEAR REACTIONS PRO-

determined as an extrapolation. The results are.in good DUCED BY THE ABSORPTION OF »~ MESONS BY LIGHT
agreement with experiment in the energy region up to NUCLEI IN CORPUSCULAR PHOTOGRAPHIC EMULSION. .
~225 Mev of pion laboratory energy. (duth) J. P. Massue, H. Braun, G. Baumann, and P. Cueer (Centre
de Recherches Nucléaires, Strasbourg), J: Phys. (Paris),
24: 841-4(Nov. 1963). (In French) - -
Some types of nuclear reactions produced by the ab-
sorption of stopping ¥~ mesons in 12C, %N, and %0 nuclei
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45085 THE LOW-ENERGY PION-KAON INTERAC-

88

“TION. . Martin, A. D. (Univ. of Durham, Eng.); Vick,
L. L.J, Nuovo Cimento (10); 39: 905-27(Oct. 1, 1965).
An attempt is made to find a self-consistent solutiion of
the 7K 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 is
found to predict a reasonable value for the kaon form

factor, to give a value of the pKK coupling constant com-

parable to that predicted by unitary symmetry, and to be
-in good agreement with an analysis of the data for Kp
inelastic scattering. Although an attractive I = !/, s-wave
rK phase shift is found, no x (725 Mev) resonance is gen-
erated in this channel. In particular it is found hard to
determine the value of the isospin plus combination of the
s-wave 7K scattering lengths; the value most favored by
this calculation is in disagreement with that predic¢ted

from 4n analysis of K*p elastic scattering data.. The forces

are analyzed. These reactions allow us-to approach the
mechanism of the primary absorption event, in order to
stidy the decay of otrongly oxeited nuclei with twa holes
and to determine the binding energy of pairs of nucleons.
Among other data the energy and angular spectra of the
pairs of nucleons issued by the primary event are given.
(auth) -
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15368 EXPERIMENTAL STUDY OF r-r INTERAC-
TION IN THE REACTION x~+ p — 7 + n® + n AT INCi-
DENT »~ ENERGY OF 378 Mev. Maung, Tin; Crowe,
Kenneth M.; 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 distribution from
the interaction 7~ + p — n + #¥ + 7% at 378 Mev was mea-
sured. A lower limit for the magnitude of the [ = 0, s-wave
r-m scattering 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 r-x
cross section is 60 mb or larger. (D.C.W.)
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30076 © MUON-NUCLEON INELASTIC INTERACTIONS
(Thesis]. McNulty, Peter J, Buffalo, State Univ. of
New York, 1965. 93p.

Previous experiments in which cosmic-ray muons were
used for pion production indicated the cxistence of an
anomalous non-electromagnetic interaction in dddition to
‘the Coulomb scattering. In the present experiment it is
shown that the inelastic interactions can be explained in
terms of pure electromagnetic interactions. This would
imply that the muon would make an excellent probe for de-
termining the nucleon structure.  The muon would make an
excellent replacement for the electron in scattering 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 hreakdown in electrodynamics at small
distances. The virtual photon exchange in the electromag~
netic interaction was analyzed. No evidence was found of
interactions that could be attributed to longitudinally po-.
larized virtual photons. Therefore, at this incident energy
and at small angles, the cross section for the inelastic

muon-nucleon interaction can be expressed solely in terms -

of the cross section for transversely polarized virtual pho-
tons, the limit of this latter cross sectxon approaching the
real photoproduction cross section as q® approaches zero.
The semi-classical Williams-Weiszacker approach, there-
fore, is shown to be valid and its extensions in quantum
electrodynamics to be in complete agreement with experi- :
ment. Further studies of muon scattering at higher incident
energies will he necessary to search for the possible
breakdown of electrodynamics at small distances. Such
studies would provide additional information on pion pro-
duction in electromagnetic interactions and would allow a
more quantitative determination of any contribution from
longitudinally polarized virtual photons. (Disscrtation
Abstr.)
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13845 (NEVIS-101) MAGNETIC MOMENT OF NEGA-
TIVE MUONS (thesis). J. Menes (Columbia Univ.,,
Irvington-on-Hudson, N. Y. Nevis Cyclotron Lubs.). Feb.
1962. Contract Nonr-26A(72). 28p.

The magnetic moment of negative muons bound in atoms
of carbon, oxygen (in water), magnesium, silicon, and sul-
fur i3 mensured with a precision ranging from 3 % 10~ in
carbon to 1.6 X 10~ in sulfur. The measured moment is
corrected for relativistic effects, dlamagnetism, nuclear
polarization, and (in the case of carbon and magnesium)
Knight shift, before being compared to the moment of the
positive muon. The two moments are found to be equal to
3 parts in 10, where the major uncertainty is caused by t¢
Knight shift. The relativistic, diamagnetic, nuclear, and

solid state shifts are large enough compared to the statist"
.cal and systematic errors to make this technique usable
for the investigation of these effects. (auth)
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8133 COUNTER TECHNIQUES IN HIGH ENERGY NU-
CLEAR PHYSICS: RARE DECAYS OF 7- AND u-MESONS.

"A. W. Merrison. Proc. Phys. Soc. (London), 78: 1116-24
(Dec. 1, 1961).

It {s shown, with particular reference to the decay pt —
«e* + v, how the study of rare decays of pions and muons, by
means of counter techniques contnbutes to understandmg

the weak interactions. (auth)

544

14317 (JINR-P-1896) MEKHANIZM ISPUSKANIYA
-ZHESTKIKH y-KVANTOV V REATSTIH r+ N = n 4y +

N. (A Mechanism of Emission of Hard y Quanta in the
Reaction 7+ N— m+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.8.R.
Tiab. of Theoretical Physics and Joint Inét. for Nuclear
Research; Dubna, U.S.S.R. Lab. of Nuclear Problems).
1964. 10p. Dep.{mn).

A mechanism of emission of hard photons in the pion-
nucleon interaction is considered. The formulas obtained
are compared with experimental data. The constant of the
v+ 7~ 7+ nprocess is estimated. (auth)

545

5898

INELASTIC INTERACTIONS BETWEEN 80 to 300 Mev =
MESONS AND LIGHT NUCLEL. A. G. Meshkovskii and Ya.
Ya. Shalamov. Zhur. Eksptl’. 1 Teoret. Iiz. 37, 918-82
(1959} Oct. (In Russian)

The cross seotions for inelastic interaction between *
mesong and a mixture of C, F, and Cl nuclef were meas-
ured for 10 values of the n* meson energy in the region .
from 80 to 300 Mev. Theé results are compared with curves
calculated on the basis of the optical model under the as-
sumption of a uniform distribution of the nuclear charge
and a Fermf{ type distribution. It 1s shown that the experti-

mental results satisfy the second type.of distribution, The
cross sections for inelastic scattering of #* mesons are

measured. (auth)
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15212

ELASTIC SCATTERING OF r~ MESONS ON PROTONS

AT THE FIRST RESONANCE T='%." M. J. Meyer (Centre
d*Etudes Nucléaires, Saclay. France). J. Ehxs radium
21, 18S-195(1960). Feb, ' (In French)
. " The first results obtained at Saclay with a hydrogen )
bubble chamber in the study on the angular distrthution

89
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of n~ mesons elastically scattered at 745 Mev/c are
presented. The results are graphed and show a distribu-
tion slightly more backward and forward than previous
experiments. (J.8.R.)
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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 (Columbia,
Uatv., Trvington-on-Hudson, N. Y. Nevis Labs.). May 1963.
Contract NonP-266({72) 20p. (R 366; Cua22)

An experiment to measure and compare the free decay
rates of positive and negative muons is described. Muons
from tho Nevis Synchrocyclotron were stopped in a liquid
hydrogen target cuulaining legs than 1 ppm D, and less than
1 part in 10° of other impurities. In this situation, the rate
of p~ capture in'H, was the only significant correction to
the free decay rate of p~ and was measured in a separate
experiment, The lifetimes were monitored by measuring:
the time 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. _
u~ and p* lifetimes were measured with the same apparatus
and under essentially the same conditions of rate and ge-
ometry. The ratio of the lifetimes is expected to be par-
ticularly insensitive to any systematic errors. The results
are: T,-=2.198 + 0. 002 psec (hydrogen correotion made);

Tyt = 2.197 £ 0. 002 psco; and R =1, /7,* =1.000 &+ 0.001.
(auth) '
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41157 RELATIVE CYTOGENETIC EFFICIENCY OF
MUONS AND r~ MESONS IN ZEA MAYS (L.). Alexander
Micke, Harold H. Smith, Robert G. Woodley, and Alfred =
Mashke (Brookhaven National Lab., Upton, N, Y.). Proc.
Natl. Acad. Sci. U. S., 52: 219-21(Aug. 1961). (BNL-7764)
Du: mant scedé of a siock uf- Zea mayg (L), heterazygous
for the yellow-green Yg,/yg, alleles, were irradiated with
beams of mesons (47) and mesons (17). The eﬂ'lclency of
mesons (¢7) in producing yellow-green sectors in the
seedling leaves was ~0.8 compared to 250-kvp x rays, while
the relative efficiency of mesons (r”) was about 3.4. {(auth)
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5696 - RELATIVE CYTOGENETIC EFFICIENCY OF
MUONS AND »~ MESONS IN ZEA MAYS (L.) AND ITS
MODIFICATION BY POSTIRRADIATION STORAGE.
Alexander Micke, Harold H, Smith, Robert G. Wuodley,
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 Yg,/yg, were irradiated with
muons (u~ particles) and negative » mesons (7~ particles)

from the Alternating Gradient Synchrotron at Brookhaven
National Laboratory. The efficiency of muons was 0.76,
and that of 7™ mesons was 3.23, compared with 250-kvp

x rays. Postirradiation storage for ~18 weeks increased
the efficiency of muons to 1.58, and that of 7~ mesons to
4.14, The hight RBE of 7~ mesons was found only for the .
tested chromosomal damage or alteration, not for biologi-
cal parameters involving germination and growth. (auth)
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24364 AN EXPERIMENT ON THE RADIATIVE CAP-
TURE IN FLIGHT OF PIONS IN HYDROGEN AND A MEAS-
UREMENT OF THE »~-#" MASS DIFFERENCE. W, C.
Middelkoop. Thests, Amstet‘aam Unlversllell Amatordum,
1962, ‘78p.

Interest .in and problems connected with the measurement
ol the crugs section for the radiative capture in flight (z™ +
P~ v +n) are discussed, and equipinent used in the dotoo-
tion of photons and neutrons is examined. The time-of-
flight arrangement used to measure the differential cross
section for 72 Mev 1~ as 70 & 7 ub/sr is explained, and
wethods for measuring the 7~-7""mass difference are re-
viewed. Another time-of-flight experiment yielded a value
of (9.01 + 0,08) electron masses for this difference

(D.C.W.)
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19190 CHARGE EXCHANGE CROSS SECTION FOR
SLOW MESONS (u") UN HYDRUGEN ATOM. V. D. Mik-
hailov. p.107-17 of **Nekotorye Voprosy Fiziki Elemen-
tarnykh Chastits.i Atomnogo Yadra.”” Moscow, Gosatomiz-
dal, 1902,

The cross section of charge exchange in hydrogcn was
studied as a first step toward estimating the cross section
of electron capture by a u* meson in an arbitrary substauce.
Calculations of Scattering amplitudes and variable methods
for calculating electron wave functions obtained for the
total cross section ¢ = fdo = 1407ad, indicating that the
anticipated increase in capture probability was 100 fold
higher than the orbital area. (R.V.J.)
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15326

FISSION OF URANIUM-238 WITH u~ MESONS. A. K.
Mikhul and M. G. Petrashku (Joint Inst. for Nuclear Re-
search, Dubna, USSR). Rev. phys. 4, 355-8(1959). (In
Russian) ’

The interaction of 4~ mesons at 150 Mev with U*® was
investigated using nuclear emulsions. The experimental
set-up and the development of the emulsion are described,
Some 26,975 cases of the stopping of the mesons 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 its independence

from Z. The results are compared with previous results.
(J.S.R.)
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34786 A Kr RESONANT STATE AT 726 Mev. D. H.
Miller, G. Alexander, O. L.-Dahl, L. Jacobs, G. R.
Kalbfleisch, and G. A. Smith (Univ. of California, Berkeley).
Phys. Letters, 5: 279~82(July 15, 1963)._ (UCRL-10797
(Rev.)) (In English) '

The existence of an unstablé meson with strangeness
S = +1, mass 726 + 3 Mev, and full width I' £ 20 Mev ap-
pears reasonably established from a study of the Kr
effective-mass distributions observed in 7~ + p interdc-
tions. The simplest interpretation of these data suggests
the isotopic-spin assignment I = /z No unambiguous evi-
dence for'a determination of the spin and parity was
obtained. (R.E.U.)

554

11033
POSITIVE PION SCATTERING FROM HYDROGEN AT 248
MEV. Douglas Miller and James Ring (Univ. of Rochester,
N. Y.). -Phys. Rev. 117, 582-4(1960) Jan. 15

An angular distribution for the process ™ep—ats P
was measured at 24.8 Mev by counter techniques. At this
energy the S-wave interaction is larger than the P-wave.
Differential cross sections at the three center-of-mass an-
gles, 66, 92, and 163.5", are (0.286 + 0.028) mb/sterad,
(0.458 + 0.042) mb/sterad, and (0.993 + 0.120) mb/sterad,
respectively. Over 250 hydrogen interactions were ob— i
served at each angle. (auth)

555

8182 NOTE ON THE 7+ N —n + N REACTION NEAR
THRESHOLD. S. Minami (Osaka City Univ.). Phys. Let-
ters, 13 353-4(Nec. 15, 1964).

Various possible explanations of the angular distribution.
for the m + N = 11+ N reaction near threshold arce pointed |
out, nnd n method for experlmentally determining o cor-
rect one smong the porgtble explianations 1 sugpested. . |
{t.1.8)
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39564 . SPECULATIONS ON THE MESON-DEUTERON
INTERACTION. Minami, Shigeo (Osaka City Univ.).
Progr. Theoret. Phys. (Kyoto), 33: 759-60(Apr. 1965).

Since there is a discrepancy between the SUg prediction
and a phase shift analysis of p-p scaitering at 660 Mev,
which shows a small D, phase shift, in the two-baryon
system with Y = 2, it is suggested that the D, should not be
regarded as a resonance in the p-p system, but as a reso-’
nance in the 7-d system. The K-d, n-d, and K-d interac-
tions are also discussed. (J.F.P.)

557

8053 (NP-11232(p.236-42)) r-MESON DECAY-A
REVIEW. A. N, Mitra (Aligarh Muslim Univ., Aligarh, In-
dia). .

A brief surve'y is'given of the progress made so far in
understanding the main features of the problem of T-decay,
as they have emerged from an analysis of the experimental
material accumulated over the years. The role of the pion-
pion interaction is discussed in relation to this problem. It
was concluded from the study that the picture of T-decay
with the pions going out in S states and interacting through
the T = 2 state is more consistent with the experimental in-

_formation than any other hypothesis. (P.C.H.)
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9809 #*-p ELASTIC SCATTERING AT 120 MeV,

A. Loria @stituto di Fisica dell'Universitd, Padua, Italy),
P. Mittaner, R. Santangelo, G. Zago, A. Brenner, F. Grard,
and J. L. Montanet. -p.188-9 of *‘Proceedings of the 1960

‘Ann‘ua.l’ International Conferencé 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 scatterlng of .
120-Mev mesons (x*) obtained by exposing a liquid propane
bubble chamber to the CERN. 600-Mev synchrocyclotron. N
Differential cross sections and angular distributions were
determined. Results of a phase-shm analysis are given. .
M.c.G) 2
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21505 .

MOLECULAR PROCESSES INDUCED BY y~ MESONS

IN HYDROGEN BUBBLE CHAMBER. II. MECHA-

NISMS OF FORMATION OF yu~ MESONIC HYDROGEN

MOLECULAR ION, Yukio Mizuno, Takeo Izuyama,

and Mikio Shimizu (Univ. of Tokyo). Progr. 'I‘heoret.
Phys. (Kyoto) 21, 479-80(1959) Mm‘.

- A study of the mechanism of y~-mesic molecular fon
formation by the low energy.collision of a mesonic
proton or deuteron atom with a proton or deuteron
bound in an ordinary hydrogen molecule in a bubble
chamher is presented. (C.J.G.) -

560

15300 ANALYSIS OF INELASTIC COLLISION m+C
AT 915 Mev. 'S. Mongelli (Universit, Bari), A. Romano,
P, A\Valoschek, A. Gentile, and E. Perez-Ferreira. Nuovo
Cimento (10), 26: 1368-75(Dec. 16, 1962). (In English)

A calculation of some predictions of the independent par-
ticle model is described and compared vi(lth the experi-
mental results on-inelastic events occurring in the enllision
of 77 mesons on carbon nuclei, at the kinetic energy of 915
Mev. The experlmental data are well described by the inde-
pendent particle inodel when the inelastic pion-nucleon
cases are assumed to be dominated by the %, % resonance
and the possxbxhty of a second interaction of the pion within
the nucleus is taken into account. ‘(auth)

91.
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47401 THE PRODUCTION OF n-MESONS IN PION-
NUCLEON COLLISIONS (thesis). Moss, Thomas Alan.
Baton Rouge, La., Louisiana State Univ., 1964. 48p.

The 7 + N ~ 7 + N reaction in the neighborhood of thresh-
old is studied from a field-theoretical viewpoint. The ef-
fects of the second resonant state of the pion-nucleon
system are taken into account, and a parameter study of .
the reaction is performed in which the variable parameters
are 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 are
calculated for various relative magnitudes of the coupling
constants and two values of the width. A comparison be-
tween these calculated data and experimental angular dis-
tributions and excitation functions in the neighborhood
threshold is 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 staté on the n—N interactlon thus suggesting the
possibility of strong d-wave n—N interaction at low energy.
(Dissertation Abstr.)
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40255 (UCRL-11577) PION-NUCLEON SCATTERING
INTHE T = ’/2 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.
10p. (CONF-550-47)

From the International Conference on High-Energy
Physics, Dubna, USSR, Aug. 1964.

A review is presented of recent experiments involving
elastic n*—p scattering at 300 to 700 Mev, charge-exchange
scattering at 500 to 1300 Mev, and polarization measure-
ments at 500 to 1000 Mev. (R.E.U.)
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32587 - 'ANGUI‘.AR DISTRIBUTION OF CHARGE EX-
CHANGE OF n-NUCLEON BETWEEN 600 AND 900 Mev.
A, Muller (CEN, Saclay, France), E, Pauli, R. Barloutaud,
J. Meyer, M. Beneventano, G. Gialanella, and L. Paoluzi..
Phys, Letters, 10: 349-51{June 15, 1964). (In French)
The reaction 7+ +d —= 2z° + p + p was: studied at pion en-

ergies of 600, 650, 750, 800, and 850 Mev. Effective differ-

ential cross gections were obtained by fitting measured
angular distribution points with series expansions of da/
d? = £ acos®0® for the reaction r*+ n — 7° + p, consider-
ing the less energetic scattered proton as a spectator.
Measured total cross sections are compared with other
experimental values. (3.J.T.)

564

17048 ON THE DECAY r—~e+ v+ y. V. F. Mueller
(Universitit, Heidelberg). Z. Physik, 172: 224-30(1963).
(In German) . ’

The radiative decay of the charged r-meson 1t —e + v +

y was calculated using dispersion relation techniques. 1t is
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 is in agreement
with a preliminary experiment recently performed at CERN.
(auth)
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40533 THE EFEECT OF NEUTRINOS POSSESSING A
NON-ZERO MASS ON THE DECAY CONSTANT OF BOUND .
# MESONS,  Tihnr Nagy (Lorant E6tvés Univ.. Budapest),
Magy. Fiz. Foly6irat, 12: 133-50(1964). (In Hungarian)
The unstable mesons(u) decay into an electron and 2
neutrinos at an average life of 2.2 x 10~° sec. The pousitive
muons can be experimentally studied but the negative
muons are involved in a number of complex processes:
they are captured in the Coulomb field of the nucleus and
reach the ground state within 10~ sec. In view of the com-
petition of these two processes, the time distribution of the
decay electrons ig determincd not only by the decay con-

" stant but by the sum of the decay and capture probabilities.

The capture probability is 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 results, making use of a new -
assumption of the theory of elementary particles, accord-
ing to which there are 2 different neutrinos, one of which
possesses a mass which at rest is different from 0. From
the examination of the available experimental data it was
concluded that the abnormally large value of the decay
probability of bound mesons(u) in the vicinity of Fe cannot
be explained on the basis of the currently accepted theo-
ries. It appears highly desirable to repeat the cxperiments
befuru rosvaluating tho assumptions of the theory. Rerent
measurements seem to indicate that the decay probability
does not have a maximum at Z = 26, (TTT)

566

47378 ON THE NATURE OF MUON. Nakamura, Seil-

taro (Tokyo Univ.; Nihon Univ., Tokyo);Itami. Kunio; Ugal,
Hiroyuki. Progr. Theoret. Phys. (Kyoto), 34: 256-62(Aug.
1965).

By assuming that a neutral intermediate boson W9 with
the particle number +2 interacts between muon and elec-
tron in the following channels: (u*)¢ — e~ + (WV' ), p* —
{e-)¢ + WY, thelr effects on the anomalous magnetic mo-
ments of muon and electron are calculated. With regard to
the u-e decay and the anomalous magnetic moments, a con-
sistent solution of the coupling constants is found for the
theory in which the intermediate boson interacts with neu-.
trino in the super-weak coupling and with the fermions
(other than neutrino) in the meso-strong coupling. (auth)
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20852 ASYMPTOTIC PROPERTIES AND ZEROS OF
THE FORWARD SCATTERING AMPLITUDE. J&zef



Namystowski 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 dlsperslon relation and the
experimental data, the diffraction picture for the pion-
nucleon forward scattering amplitude at very high en-
ergy is presented. It is found that there are two or four
zeros lying in the domain of analyticity of the plon- nucleon
forward scattering amplitude. (auth),

568

27167 (UCRL-11333) A MEASUREMENT OF do(0)/

d2 FOR THE REACTION 7~ + p— 7% + 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); $1.00(cy), 1{mn) CFSTI.
A low-statistics measurement of do(0)/dS? for the reac-

tion 7~ + p— 7% + n at 1.03 Bev/c in the 72-inch hydrogen
bubble chamber is described. The n~ beam comes from the
Bevatron, and the secondary neutrons are detected when
subsequent elastic scatters n + p— n + p yield visible
stopping protons. The real events were separated from the
spurious by a Boolean algebraic method that reduced the
set of all events to a sum of a small number of physically
significant sets. The residual background 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 =< cos 65;,™ =< 0.96.
A zero-constraint, least-squares fit of the distribution
yielded the estimate do<¢(0)/dQ? = (3.65 + 1.93)mb/sr. This
result is consistent with the predictions based on the dis-
persion relations. (auth)

568a

37542 = (UCRL-11333(Rev.)) A MEASUREMENT OF
do(0)/dQ FOR THE REACTION 7~ + p — % +n AT 900
Mev IN THE 72-INCH HYDROGEN BUBBLE CHAMBER.
Natapoff, Alan; Bang, Vo Xuan (Lawrence Radiation Lab. ,
Univ. of California, Berkeley). May 1964. Contract -
W-7405-eng-48. 14p. Dep.(mn); $1.00(cy)‘ l(mn)
CFSTL

The pivn-nucleon dispersion relations, based on the
principle of microscopic causality, permit the calcula-
tion ot the real parts of the forward amplitudes for n~-p
and 7*-p scattering at a fixed energy, {f the correspond-
ing total cross sections are known as a function of energy.
Ia addition, the forward differential cross section, do<¢(0)/
dQ, for charge exchange (1~ +p — ¥ + n) was calculated
previously, assuming charge independence. Experimental
values for the latter, theretore, can help to determine the
‘validity of the principle of microscopic causality. A low-
statistics measurement of do¢(0)/dQ at 1.03 Bev/c in the
12-inch hydrogen bubble chamber is described. The 7~ .
beam came from the Bevatron, and the secondary neutrons
were detected when subsequent elastic scattersn +p —n +
p yielded visible stopping protons. The real events were
separated from the spurious by a Boolean algebraic method

that reduced the set of all events to a sum.of a small num-

ber of physically significant sets. .-The residual background
{raction was estimated at 10% by a computer simulation
technique using the kmown beam distribution and a pure -
sample of background events. The bubble chamber, so
used, detected about 5% of the secondary neutrons emitted .
{n the charge-exchange reaction. There were 12 experi-
mental events in three intervals lying in the range 0.84 =
cosO,‘ = 0.96. A zero-constraint, least-squares fit of
the distribution yielded the estimate do<¢(0)/dQ2 = (3.65 %
1.93) mb/sterad.. This result.is consistent with the predic-

_ tions based on the dispersion relations. (auth)
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47347 S-WAVE PION-PION SCATTERING IN THE
STATE T = 0. Nath, Ravinder; Pande, L. K. (Univ.
of Delhi). Nuovo Cimento (10), 36: 1035-8(Apr. 1, 1965)..

An attempt is made to réproduce the correct scattering
length for the possible S-wave, T = 0.77 resonance, the ¢
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 are
made for the 7 == n7 and 7 — KK scattering; it is not
found possible to obtain the ¢ meson in this way. (M.J.T.)

570

e "INTERACTIONS OF 7% MESONS \WITH HY-
DROGEN AND CARBRON AT 78 MEV. D. V. Neagu and

R. G. Salukvadze (Joint Inst, for Nuclear Rescarch, Dubna,
USSR and Thilisi Inst. of Physics, Academy of Sciénces,
Georgian SSR). Acad. rep. populare Romine, Inst. fiz,,
atomicd si Inst, fiz, Studii cercetarl fiz., 12: No. 1, 39~
54(1961). (In Rumanfan)

Interactions of 78 + 2.35 Mev n* mesons with hydrogen
and carbon were studied by means of a propane bubble
chamber. - The elastic scattering cross section o(r*, p) =
(38.85 + 5.95) mb and the total scattering cross section
o(r*, C) =166 + 13.6 mb were determined. Angular dis-
tributions and the absorption cross section o, (r*, C) =
(180 + 20} mb were also determined. Star distribution by
the number of prongs is described by T = 2.50 + 0,18, The
angnlar idistribution of prongs In relation to the incident
meson is anisotropic with a coefficlent (N1 -NI/Nt=Ni) =
0.13 + 0.02, Seventy percent of the absorption takes place
through capture by nucleon pairs, while in the rest of the
cases, a largcr'complex of nucleons participate in the

_capture, (R.V.J.)
571
4464 PHOTOPRODUCTION AND SCATTERING OF

PI-MESONS. N. F. Nelipa, International Monographs on
Advanced Mathematics and Physics Series. Translated
from the Russian (Russian Tracts on Advanced Mathe-~
matics and Physics. Volume.7). New York, Gordon and
Breach Science Publlahers 1963. 107p. $5.00.
Experimental data on the photoproduction and scattering
of mesons (%) on nucleons ‘are presented. The photoproduc-
‘on differential cross section and the relation between the
processes of scattering and photonmdltct}on are discusacd.
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The decomposition of a plane photon wave is considered,
and an expression for,]tr)e polarization of neutt'jons is de-
rived. Tables of Clebsdh-Gordon, Racah, and Z-coefficients
are included. (C.E.S.) |

572

1193 ON THE ABSORPTION OF STOPPED 77~
MESONS BY !2C NUCLEIL. Nguyen-Trung, C.; Cheon,
II-T. Sakamoto, Y. (Kyoto Univ.). Phys. Lett., 19: 232-
4(Oct. 15, 1965).

The absorption of a stopped meson (7°) by & nucleon
pair with the emission of a high-energy nucleon was stud-
ied. The other nucleon is trapped by the nucléus and ren-
ders it highly excited. The excitation energy distribution
of the !B nuclei was calculated. (D.C.W.)

5735

41804 INTERACTION OF POSITIVE PIONS WITH- .
HYDROGEN AT 600 Mev. . Peter C. A. Newcomb (Un‘iv.'ot
California, Berkeley). Phys, Rev., 132: 1283~ 92(Nov.
1963). (UCRL-10682)

- A hydrogen bubble chamber was used to mvesugtae ™ -p
interactions at 600 Mev. There were 1738 good events, of
which 71.9 = 0.8% were elastic. Partial waves up to at
least Dy, are required to fit the elastic angular distribu- -
tion. The inelastic evenis were almost enurely single-pion
production. The ratio (p + 0)/(n++) was found to be 5.5 + 0.8,
which agrees well with 4.9 predicted by the (34,%) pion- -
nucleon isobar model of Olsson and Yodh. It is also con-
sistent with 6.5 predicted by Sternheimer and Lindenbaum.
"The pion momentum spectra and the n—n Q-value distribu~
tions also support the Olsson and Yodh model. Thus the '
(/2,3/2) pion-nucleon isobar is apparently the principat
mechanism for single-pion production at 600 Mev, Angular.
distributions for the single~-pion- productlon data are pre-
sented. (auth)

574

28156 (UCRL-10563) *-p SCATTERING AT 600 Mev
(thesis). Peter Cyrenius Adelbert Newcomb (California.
Univ., Berkeley. Lawrence Radiation Lab.). Jan, 7, 1963.
Contract W-7405-eng-48. 80p. :

. The Berkeley 15-inch hydrop_en bubble chamber was
used at the Bevatron to investigate n*-p interactions at

6U0 Mev. Seventeen hundred and thirty-eight good events .

were found; 71.9 + 0.8% of these were elastic. The in- -
elastic interactions were aimost entirely single pion pro-
duction. - The elastic angular distribution was fitted by a
fourth order polynomial in cos 6.m.. This implies that | -
states.with an orbital angular momentum of at least 2 K. . '
were present. It was also shown that the upper bound of

the total angular momentum was at least (5/2) K, where &

is Plank’s constant divided by 2 x. For the single pion
production, the ratio of the number of interactions of the
type 1t + p — 7t + p + 1° to those of the type x* + p— #* &
n + r* was found to be 5.5 x 0.8, This result is in good
qualitative agreement with the value 6.5 predicted by

Sternheimer and Lindenbaum. The pion momentum spectra’
for the reactiona* + p—#* +p + #° do not show the dip
predicted by Bergia, Bonsignori, and Stanghellini. A peak .
was found in the Q(r*x°) distribution; however, it is thought
that this peak is more likely to be an effect of the (34, %)
pion-nucleon isobar than that of a n-r resonance. Angular
distributions are also given for the inelastic events. 21
referencés. (auth)

575

17297 - DECAY OF BOUND MUONS IN TITANIUM,
IRON, AND LEAD. Lloyd Carlielo Nioleon, Thesis, Salt
Lake City, Univ. of Utah, 1962. 102p.

The bound muon decay rate Ad was measured for Tx, Fe,
and Pb by observing the composite time distribution of de-
cay electrons from pusitlve and uegalive cosmicsray
muons. . The decay electrons 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 ratio 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 A;/Ay of bound to free
decay rates was found to be 0,92 % 0,06 for Ti, 1.05 + 0,06
for Fe, and 0.88 + 0,13 for Pb. The result for Pb ls in
agreement with recent theoretical predictions. The Ti and
Fe results, taken by themselves, are in fair accord with
theory, They are 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)

576

19180 . THE INTERACTION AND THE HYPOTEETICAL
STRUCTURE OF MUONS. A. I, Nikishov and I. L. Rozen-
tal'. p.48-71 of ‘“Nekotoryye Voprosy Fiziki Elementarnykh
Chngtits i Atamnogn Vadra.’” Mr;ncnw, Gosatomizdat, 1962,
Papers published since 1939 on the interaction of muons
and on hypotheses .as to muon structure are reviewed,
Muons have spin %. The first radiative correction to the
magnetic moment is consistent with experimental data.
Accelorator experiments showed no scattering anomalies
greater than 1072* em? per nucleon in the transfer of mo-
menta less than 400 Mev. Muons can be described by
Dirac’s equation. It is 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
following experiments are recommended: more precise
measurement of the magnetic moment, investigation into
the production of muon pairs 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 Eq 2 10" ev, search for
anomalously scattered muons having an energy of more
than 1 Bev and a cross section of 10°¥ e¢m? per nucleon,
and underground precision measurements of bursts in ionj-
zation chambers at great depths. (OTS)

+
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9909 ANGULAR DISTRIBUTION OF THE u*— e*
DECAY ELECTRONS IN STRONG MAGNETIC FIELDS.

B. A. Nikolsky and S. A. Ali-Zade (1. V. Kurchatov Inst.

of Atomic Energy of the USSR Academy of Sciences, Mos-
cow, U.S.S.R.). p.614~17 of “Proceedings of the 1960
Annual International Conference on High Energy Physics at
Rochester, The University of Rochester, Rochester, N. Y.,
August 25— September 1, 1960.”

The asymmetry parameter a of the angular distribution
of the 7~ u — e decay electrons was studied in magnetic
fields with intensities up to 35,000 gauss. Since the u meson
is depolarized in coming to rest, the angular distribution of
decay electrons determines the value a* = Pa, where P is
the degree of residual polarization of the meson which 1s
stopped in a given moderator. A value.of '/3 was obtained
for a* at field intensities of 20,000 to 30,000 gauss. A
slight increase in a* was observed with 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.) :

578

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 cosmic rays is given. The study of invarjance principles
and their application to the determination of the plon trang-
formation properties are discussed, with consideration of
time reversal, parity, spin, and charge conjugation. Charge
symmetry and charge independence in nuclear and pion
physico are congidorod. Cevariant pcrturbation thieosy asd
dispersion theory are introduced, and the dynamical prop-
erties of the pion-nucleon interaction are 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 is presented. The violation of parity in
weak interactions is discussed. (M.J.T.)

579

47582 (NEVIS-129) ISOTOPIC DIFFERENCES IN THE

MU-MESIC K X-RAY ENERGIES OF 180480, 40Ca-#4Ca,
1185n 145y, 155G4-169Gd (thesis). Nissim-Sabat, Charles
(Nevis Labs., Columbia Univ,, Irvington-on-Hudson,' N. Y.).
Mar. 1965. Contract Nonr-266(72). 85p. (R—483; CU~
2356).

The isotopic differences in the p-mesic K x- ray en-
ergies of 160 -180, 49Ca -4Ca, 1185n ~12Sn, and 195Gd -
180Gd were measured in order to obtain information
about the change in the radius of the nuclear proton dis-
tribution as the neutron number is increased. The essen-

tial feature of the experimental method is the simulta-
neous measurement of the spectra of the two isotopes by
means of a conventional Nal(T1) crystal y-ray spectrom-
eter. Great care was taken to aviod any bias or nonsta-
tistical errors in measurements and analysis by treating .
the two isotope targets in an exactly similar fashion.
Probable contributions to the isotopic shifts from nu-
clear polarization effects are examined and are found to
‘be negligible. The relevance of isotope shift measure- °
ments to the understanding of general nuclear properties,
.such as compressibility, is also considered. A review is
made of the theory of optical isotopic shift measurements
in order to determine how they can best be complemented
by future high accuracy p-mesic x-ray measurements.
(auth)

580

25277 ° DEPOLARIZATION OF p* MESONS IN CON-

DENSED MEDIA. V. G. Nosov and I, V. Yakoleva (Kurcha-’
tov Atomic Energy Inst., Moscow). Nucl. Phys., 68: 609~ -

31July 1965).

A theory of u* meson depolarization in condensed mat-
ter {s developed. It is shown that the depolarization of a
muonium electron in 2 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 u* mesons in an
emulsion the parameters entering the formulas of the phe-
nomenological theory are determined and the asymptotic
polarization curve in strong magnetic fields is derived.
Several possible mechanisms of the depolarization of a
muonium electron as well as some problems of the chem-
istry of muonium are discussed. . The case of substances
with a large dielectric constant and its weakly pronounced
frequency dispersion is considered. The theory is general-
ized for the case when the depolarization of a u* meson is
due to multiple charge exchange of muonium into u* meson
and vice versa. (auth)

581

41803 PION-NUCLEON SCATTERING AND THE J = 2,

T = 0 PION-FION INTERACTION. G. C. vades (Univ. of
London). Phys. Rev., 132: 1277~ 82(Nov 1, 1963).

The effect of the J = 2 T'= 0 n—7 interaction on the n~N

invariant amplitude, s analyzed. It is found that the

m—N scattering data are inconsistent witha J =2, T =0 r—n

phase &) that rises to above 13° around 650 Mev. The data

are consistent with a 6-function contribution at 1200 Mev

but it is impossible to say whether this corresponds to a
resonant phase or only a sharp peak in the correspondmg
absorptive part of the amplitude. (auth) .

582

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: 81115-25(Feb. 22, 1965). (UCRL-11180
(Rev.))

Ditferential cross sections for elastic 7-p scattering

05
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were measurcd at eight energies for positive pions and
seven energies for negative pions. Energies ranged from

310 to 650 Mev. These measurements weré made at the 3- °

Bév proton synchrotron, A beam of pions from an internal
BeO target.was directed into a liquid-hydrogen target.
Fifty-one scintillation counters and a matrix-coincidence
system were used to measure simultaneously elastic .
events at 21 angles and charged inelastic events at 78 r-p’
angle pairs. Events were détected by coincidence of pulses
indicating the presence of an incident pion, scattered pion,

and recoil proton, and the results were 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 series in the cosine of the center-of-mass angle
of the scattered pion. Integration under the titted eurves
gave values for the total elastic cross sectlons {without
charge exchange). The importance of certain angular-
momentum states is discussed. The n-p data are consis-

tent with a D;; resonant state at 600 Mev, but do not neces-

sarily require such a resonant state. (auth)

583

17208
SEARCH FOR THE PROCESS p* — e +y. T. W, o
O’Keeffe, M. Rigby, and J. R. Wormald {Univ, of Liver-
pool). Proc. Phys. Soc. (London) 73, 951-3(1959) June.
The spectrum of positrons emitted by positive muons
decaying at rest, in coincidence with a y-ray photon at
180°, was examined in search of the decay u* —e* +y.
No evidence for the existence of this decay mode was'
found. An upper limit to the branching ratio wrt—e*+
Y VB. i ~e++u+v)la75x10"‘ (LTW)

584

37520 (CAR-882-8) "7~ +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 77p reactions at 646 Mev was made using a’
14-inch liquid hydrogen bubhle chamber. Approximately
6600 good events. were analyzed and the following cross
sections were obtained: O(eigsic; = 17.56 + 0.43 mb,
o(x°27p) = 4.65 % 0.17 mb, o(x"7'n) = 7.14 % 0.23 mb,

Opeur. = 11.78 2 0.43 mb, o(r"n%2%) = 0.33 + 0.04 mb, and
o(rpr~n*) = 0.08 x 0.02 mb. This gives a total cross sec-
tion of 41.54 + 0.82 mb. The elastic differential cross sec-
‘tion was fitted to a 5th order polynomial in cos with co-
efficients ay = 0.27 £ 0.02, a; = 1.48 + 0.11, a, = 3.86 = 0.22,
a;=-0.29 +°0.53, a, =-0.65 + 0.28, anda5—169*052
(mb/ster). The fact that a 5th order curve was needed
indicates that partial waves up to Fy are present. The in-
elastic reactions are dominated by production of the
N*(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 also failed to explain the
Mg-a+ plot. However, it was successful with the other two-
body effective mass plots. (auth)

585 |

34203 - +p INTERACTIONS AT 646 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-filled bubble chamber in a
17.5-kG magnetic field was exposed to a beam of nega-
tive pions. About 26,000-pictures were taken and exam-
ined for the following final states: (1) elastic scattering
(mp); (2) T+ production (7~w+n); (3) 7 production (rnp);
(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 -series ex-
pansion in cosf and the coefficients were evaluated: Cross
sections for multiple-pion production were also measured
as well as the total neutral cross section, the total charged-
events cross section, and the total cross section. For
single-pion production events, two-body mass distributions
and angular distributions were compared with the predic-
tions of the Qlsson-Yodh isobar model. (auth)

586

41509 A FINAL STATE INTERACTION MODEL IN
THE REACTION 7+ N — my + m, + N’ BELOW 1 Bev
(thesis). Olsson, Martin Godfrey. College Park, Univ.
of Maryland, 1964. 159p.

A phenomenological model for the single pion production
process in pion-nucleon reactions is presented. It is the
purpose of this model to identify those aspects of the ex~ |
perimental data which are 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

=Y, production reactions both P{ and Df states ure
large and attractive below 700 Mev. The latter has a phase
angle which is rapidly incroasing, pagsing through 90° near
S0V Mev. From the relation of this phase angle tu the elas-
tic scattering phase shift, & connection to the well-known
GOO-Mev resonance ls established. Below 700 Mev the

=¥, production occurs strongly through an attractive D3
state and a repulsive P*‘ state. Energy and angle distribu-
tions as well as the energy dependence of the cross sec-
tions are accounted for in the five experimentally known
production reactions - The prominent exception to the
preceding staterent T8 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 are 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
able to fit the experimental data, but yet make a minimam
of assumptions about the nature of underlying dynamxcs
(Dissertation Abstr.)

587

22727 (NP-13860) PHYSIQUE DES MESONS x DE
BASSE .ENERGIE. (Physics of » Mesons at Low Energy).
Roland Omnes (France. Commissariat a 1'Energie
Atomique. Centre d’Etudes Nucleaires, Saclay). [1961].
128p. :

- The main characteristics of mesons (x) and the methods
by which they were determined are summarized. Isotopic



spin and quantum field theory are then considered, and
n-N scattering at low energies is analyzed. Theory for

- 7-N scattering at low energies in the static model is re-
viewed, together with Mandelstam representation. (D.C.W.}

588

16989 (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 3 1'Energie Atomique. ‘Centre d'Etudes Nu-
cleaires, Saclay). -

Sets of data on plon-nucleon iteractions at 400 to 1500
Mev are analyzed in an effort to clarify reaction mecha-
nisms. Conclusions concerning resonances and production
momenta are listed and recommendations concermng future
investigations are included. (J.R.D:.)

589

26740 DEPOLARIZATION OF A BEAM MOVING IN A
NONUNIFORM MAGNETIC FIELD. Yu. F. Orlov and S. A.
Kheifets (Inst, of Physics, Academy of Sciences, Armenian
SSR). Izvest. Akad, Nauk Armyan. S.S.R., Ser. Fiz.-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 magnetic
moment of u particles such as electrons or u mesons, The
number of rotations must be quite high (10%) and for this
reason the magnetic field must be focused, making it non-
uniform, to prevent the escape of the particles during the
experiment. Equations were derived for calculating the
motion of particles with given charge, mass, and spin in
an electromagnetic field, and solved for the case of mag-
netic field. (TTT)

590
16233

' 77 CAPTURE IN COMPLEX NUCLEI AND NUCLEAR PAIR -

CORRELATIONS. §. Ozaki, R. Weinsteln, G. Glass, E. Loh,
L. Neimala, and A. Wattenberg (Massachusetts Inst. of
Tech., Cambridge). Phys. Rev. Letters 4, ‘533-5(1960)

May 15.

Scintillation vounters in coincidence were used as de-'
tectors of neutrons-and protons produced in = capture by
complex nuclef. By measuring neutrons, it was hoped to
establish whether 7~ capture in complex nuclei involves
two nucleons, and if it does, to use the process to study the
ratio of neutron:-proton pairs to proton—proton pairs. The
7~ mesons were stopped in Li, C, Al, 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 are given as
coincidences as a function of angle. If corrections are made
for relative probability of detecting neutrons and protons,
the following ratios of n—n events (a) [~ + p+n-—n +nj to
n—p events (b) [~ + p+ p — n + p) are obtained: oarbon, .

a/b=5.0 2 1.5; aluminum, a/b = 3.9 + 1.2. Due to back-
ground subtractions and secondary events contributing
more to the proton coincidence runs, it is felt that these
observed ratios are to be taken as lower limits on the ratio
of reaction. (B.O.G.)

- 591

. 21378 ¥-NEUTRINO CORRELATION IN FIRST FOR-
BIDDEN NUCLEAR u-MESON CAFPTURE., Z. 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 (u)
capture is investigated for the case of first-forbidden
transitions, The reaction y + 12C — "B‘ + v, is considered
as an example (D.C.W.) .

592

9166 . SEARCH FOR THE DECAY u* — e* + v, Sher-
wood Parker, Herbert L. Anderson, and Charles Rey (Univ.
of Chicago). Phys. Rev., 133: B768-78(Feb. 10, 1964).

A search was conducted for the decay u* — e* +y using
spark chambers, scintillators, and fast oscilloscopes. The
number of stopped pions, 7.39 % 10°, and the detection effi-
ciency of the apparatus for u — e + y events, 3.9%, would
predict the detection of 3 events for a branching ratio of
1073, No evidence for the exlstence of this decay was found.

"The distribution in range of the e* in graphite, and of the
(e,7) angle for the events found neir 180° was consistent
with that expected from u* — e* + v + T + . The probabil-
ity of finding the observed distribution was calculated to be
greatest for an assumed u — e + y branching ratio of zero. '
This probability drops below 50% of this value if the branch-
ing ratio is 0.6 x 107%, and below 10% for 2.2 x 1078," (auth)

593

25529 DOUBLE-CHARGE-EXCHANGE SCATTERING
OF PIONS FROM NUCLEIL. R. G. Parsons (Stanford Univ.,
Calif.), J. S. Trefil, and 8. D. Drell. Phys. Rev., 138:
B847-50(May 24, 1965). (SLAC-PUB-63)

Pions offer a unique possibility as 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~ +
SHe — 7* + 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 energy region of several hundred Mev, values
of the differential cross section of d%/dQdE =~ 1-10 ub/
Mev are obtained for forward angles, Triple-scattering
terms are also calculated and found to introduce correc-
tions of <10% in d?¢/dQdE. Similar results are obtained -
when the work is extended to the reaction #* + 180 — r— +
18Ne using shell-model wave functions. (auth)

594

1326 n* +-D COLLISIONS AT 650, 750, 850 Mev,
£. Pauli (CEN, Saclay, F'rance), A. Muller, R, Rarloutaud,

g7
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. L. Carcin, J. Meyer, M. Beneventano, G. Gialanella,

L. Paoluzi, and R. Finzi. p.92-8 of ‘‘Proceedings of the
sienna International Conference on Elementary Particles.
vol. 1.”” Bologna, Societa Italiana di Fisica, 1963.
Preliminary results are reported on the analysis of
pictures taken with the Saclay deuterium bubble chambers
exposed at the synchrotron Saturne to 7+ 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 vt +n — 1t +nand 7t +p — 7t + pat
several intervals of m*n and =*p energies; squared mass
distribution of missing nectrals in the reaction 7+ + d —
p + (py) + neutrals; total cross sections for reactions =+ +
f—=p+n¥, vt+n—-p+rlandrt+n—-p+rP+nlasa
function of the center-of-mass pion-nucleon energy; the
angular distribution for n production; and differential
cross sections of charge exchange reactions at several
intervals of n*n center-of-mass energy. (A.G.W.)

595

22527 ° AN INVESTIGATION OF PION-PION INTERAC-
TIONS IN THE REGION OF THE SECOND AND THIRD
PION-NUCLEON RESONANCES. Charles Clyde Peck.
Thesis, Ann Arbor, 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 7" +p— 1 + 7° + p has been studied at in-~
cident pion energies of 871, 775, and 682 Mev. A compre-
hensive survey of similar experiments is included to »
provide perspective for the interpretation of the results.
A peak in the effective mass spectra with incident pions
of 871 Mev is found between 580 and 660 Mev with high
momentum transfers to the proton dominating. The possi-
ble relationship of this phenomenon to the existence of a J
meson is discussed. Additionally, the pussibllily of peak-
ing structures near 540 Mev in both the 775 and 682 Mev
data is considered, with considerable reservation be-
cause of possible lai‘ge errors. Finally, a possible tend-
ency for the accumulation of events in the 350 Mev re-
glon of the effective mass spectrum is seen in the data
collected at 682 Mev. The possibility that large system-

atic errors 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
is emphasized in interpreting the results and comparing
it to similar experiments. (Dissertation Abstr.)

396

24748  EVIDENCE CONCERNING PION-PION INTER-
ACTIONS BELOW THE 765-Mev PION-PION RESONANCE.
C. Clyde Peck, Lawrence W. Jones, and Martin L. Perl

(Univ. of Michigan, Ann Arbor). Phys. Rev., 126: 1836-44

(Junc 1, 1862).

A search was made for r-r resonances in the reaction
7"+ p— a2+ 7%+ p at 871 and 775 Mev, using a sodium-
iodide luminescent chamber as a detector. The spectra
of m*, the total energy of the 2 pions in their own bary-
centric system, are presented and compared with the
spectra predicted by phase-space alone. The maximum m*

is 695 Mev, and the recoil proton momenta are 400 to 700
Mev/c. The 871-Mev spectrum shows a deviation from the
phase-space prediction in the form of an abrupt rise at an
m* of 590 Mev. This rise is 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 is concluded that the peak above phase space
in the m* spectrum range of 575 to 700 Mev is due to at
least one other process besides the 765-Mev 2-1 resonance
particular. The possible existence of a new two-pion, T =1
resonance with an m* of about 600 Mev is discussed. An
evaluation of the performance of the luminescent chamber
is made. (auth) ’

597

31351 * PION-DEUTERUN ELASTIC SCATTERING AT
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 section for charged pions with
laboratory kinetic energy of 142 Mev to be scattered
elastically by deuterons is 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 interaction. A meson-theory deriva-
tion of an impulse-approximation series for the scattering
amplitude using the Heitler-London method is described,
ac ic an “‘optimal’’ procedure for abtaining a form-fantar
approximation to that series. The differences between
the optimal form-factor approximation and other versions
of the impulse approximation are discussed. The com-
parison of the calculations with experimental data indi-
cates that pion-deuteron elastic scattering in the region of
the first pion-nucleon resonance depends on off-energy-
shell features of the pion-nucleon interaction which cannot
be treated by a simple form-factor approximation. (auth)

598

‘18432
PION PRODUCTION BY PIONS. Walton A, Perkins.
John C. Caris, Robert W. Kenney, Edward A. Knapp,
and Victor Perez-Mendez (Univ. of California,
Berkcley). Phys. Rev. Letters. 3, 56-7(1959) July 1,
In order to study the direct interaction of the inci~
dear pioit with a virrual pion in the meson cloud sur-
rounding a nucleon, the réaction 7+ p -t + 7+ n
wasg investigated in the energy range from 260 to
430 Mev. Negative pion beams impinged on a 4-in.-
thick liquid hydrogen target. Measurements were taken
for 7" mesons emitted at 80, 90, 125, and 160° in the
barycentric¢ system for Incident r~ kinetic énergles of
317,371, and 427 Mev. An integration was performed
over the energy of the 7" meson at each angle to obtain
the angular differential cross section. (W.D.M.)
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12915 (TID-7686(p.131-4)) EVIDENCE CONCERN-
ING PION-PION INTERACTIONS BELOW THE 765-Mev
RESONANCE. Martin L. Perl (Michigan, Unlv Anmn
Arbor).

The ioteraction n~-p — -’ -p at incident pion ener-
gies of 775 and 871 Mev was investigated. The results
support a two-pion resonance with T =1 at 575-Mev.
Observations on the 765-Mev resonance in this and other
7t-p interactions are also discussed. (D.C.W.)

600

42382 (UCRL-11576) NEUTRAL FINAL STATES IN
7 p INTERACTIONS FROM 500 TO 1300 Mev. Vincent
Z. Peterson, Robert J. Cence, Victor J. Stenger (Hawaii.
Univ., Honolulu), Charles B. Chiu, Richard D. Eandi,
Robert W. Kenney, Burton J. Moyer, John A. Poirier,
and W. Bruce Richards (California. Univ., Berkeley.
Lawrence Radiation Lab.). July 1964. Contract W-
7405-eng-48. 9p. (CONF-550-82)

From The International Conference on High-Energy
Physics, Dubna, USSR, Aug. 1964.

Total cross sections and angular chstrxbutlons were
measured for 7 -p interactions at 531 to 1308 Mev. Pro-
duction of 7 and single and multiple =° was studied.
Measurements were made in a 47 spark chamber array.
(R.E.U.)

601

18503

FISSION OF Th®? NUCLEI BY.NEGATIVE u- AND
7MESONS. M. G. Petrashku and A. K. Mikhul
(Joint Inst. of Nuclear Résearch, Dubna, U.S.S.R.).
Doklady Akad. Nauk S§.S.S.R, 126, 752-4(1959) June 1,
(In Russian) ’

Heavy nuclei fission by 4~ mcoons is po3sible
through nuclear excitation in the p~ optic transition
2p—1s in a mesoatom. Fission occurs when the tran-
sition exceeds the photoproduction threshold and when
mesons are absorbed by nucleons in reactions such as

u~ +p —n + v, The possibility of non-radiative excita- .

tion of nuclei according to the first type of event, with
¥ emission in the radiation transition followed by nu-
clear 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 are made of fission in 7~ capture; in evalu-
ating the probability of the first process it is impera-
tive to know the effect of n~ capture, as the u~ beam is
not pure. Some 11,075 »~ capture events were ob-
served, and the star distribution was compared with
previously reported data. It was determined that the
u~ contribution was about 15%. Consequently, of the

observed 11,075 captures 9400 are related to v~ mesons.

In 17 fissions in the same.area, ~0.5 events were re=
lated tu p~. Hence, the probabllity P(z~) in which the

7~ capture can initiate fission is equal to (1.8 + 0.4) x
1073, Capture events totaling 11,270 were observed in
plates irradiated by y~ containing 0.2 = 0.1% #~. It was
assumed that not more than 0.1% fissions result from
n~ capture. The probability P(u) with which u~ induces
fission is {2.7 & 17) x 1074, The results confirm that
there is slight probability of catalytic thorium fission
by p~ through non-radiative capture. The evaluation of
the internal conversion probability showed one catalytxc

- fission event requires nearly 300 ™ captures. (R.V.J.)

602

5894
INELASTIC SCATTERING AND ABSORPTION OF 195 % 15~
Mev n* MESONS BY CARBON AND LITHIUM NUCLEL
N: 1. Petrouv, V. G. Ivanov, and V. A. Rusakov (Joint Inst,
of Nuclear Studies USSR). Zhur. Eksptl’. { Teoret. Fiz. -
37 957-65(1959) Oct. (In Russian) ' ’
: Inelastic scattering and absorption of (195* 15) Mev «*
‘mesons by carbon and lithium {ons were studied with a
cloud chamber in a magnetic fleld. The total and differen-
tial tnelastic scattering cross sections and also the total
cross section for exchange scattering and absorption of

™ mesons were deterinined. The experimental data ob- -
tained are compared with the results of calculation of a -
casgade in the carbon nucleus, and it is shown that in-
elastic scattering of mesons can be satisfactorily de-
scribed on the bagis of the pair collision hypothesis. It s
shown that primarily only two nucleons of the nucleus par-
ticipate in the act of absorption of a:(195 = 15) Mev xt
meson. The probability for meson capture by n,p pairs is
2 to 3 times larger in this case than the probability for
capture by pairs of identical nucleons. (auth)

603

7083 (JINR-P-1081) POGLOSHCHENIE n~ MESONOV
V VODORUDUSODERZHASHCHIKH VESHCHESTVAKH.
{Absorption of #~ Mesons in Hydrogenous Substances).

V. L. Petrukhin and Yu. D. Prokoshkin (Joint Inst. for Nu-
clear Research, Dubna, U.S.S.R. Lab. of Nuclear Prob-
lems). 1962. 9p, )

A detailed study was made of 7~ capture in hydroge--
nous substances, and the probability of #~ capture by hy-
drogen nuclei was determined as a function of the nuclear
charge Z chemically bonded with hydrogen. The scheme of
the experiment, made using a 75-Mev 7~ beam and a series
of scintillation counters and Cherenkov spectrometers is
inoluded. (R.V.J.)

604

37934 (JINR-P-1309) IZMERENIE RAZNOSTI MASS
ZARYAZHENNYKH I NEITRAL'NYKH PIONOV. (Meas-
urement of Mass Difference of Charged and Neutral Pions).
V. I, Pctrukhin and Yu. D. Prokoshkin (Joint Inst. for Nu~
¢lear Research, Dubna, U.S.S.R. Lab. of Nuclear Prob-



100

lems).” 1963. 1lp. .

The angular correlation of y-quanta from the decay of
neutral pions produced in the capture of negative pions by
protons was measured. The magnitude of the pion mass
difference was found to be (4.60 * 0.02) Mev/c?. The
measurements were made by a method that is not affected
by possible systematic inaccuracies due to the determina-
tion of the angular resolution and geometric corrections.
(auth) :

605

22600 PION ABSORPTION IN HYDROGENOUS SUB-
STANCES. V. 1. Petrukhin and Yu. D. Prokoshkin (Joint
Inst. for Nuclear Research, Dubna, USSR). Nuovo Ci-
mento (10), 28: 99-108(Apr. 1, 1963).. (In English)

The transfer process from hydrogen to other nuclei
for negative pions stopped in hydrogenous substances is
investigated. The probability of negative pion capture by °
the bound hydrogen nucleus reduces sharply with an in-
crease of Z of the neighboring nucleus. (auth)- o

606

21281 ON Pi-MESIC ATOM PROCESSES IN HYDRO-
GEN-CONTAINING SUBSTANCES. " V. 1. Petrukhin and
Yu. D. Prokoshkin (Joint Inst. for Nuclear Research,
Dubna, USSR). Dokl. Akad. Nauk $sSR, 160: 71-2{Jan. 1,
1200). (In Rugslun)

An attempt was madc to determine the mechanism of the
transfer of pions from hydrogen atoms to heavier atoms in
hydrogen-containing substances such as styrene. The nega-
tive pions passcd through scintillation counters, were
slowed down, and stopped in the target. The vesultant
gamma quanta were registered by Cherenkov total-absorp-
tion spectrometers. Varvious gases and solutions were
uscd as the targets. The results showed that a probability
of capture of pions_by nuctei of bound hydrogen does not
depend on the density of the material employed (ethane).
Similar results were obtained also with solutions. It fol-
lows therefore that the transter of pions in hydrogen-
containing substances is a process which oceurs with large
intensity only when the distances between the hydrogen
atoms and the heavy atoms are small. It {s also concluded
that the mechanisin is more complicated than assumed
previously by Panofsky ct al. It is to be expected, in par-
ticular, that the intensity of the transfer depends essen-
tially on the molecular structure of the substance. (ATD)

607

3237 . (JINR-P-1767) O m-MEZOATOMIYKH PROT-
SESSAKH V VODORODOSODERZHASHCHIKH VESHCHEST-
VAKH. {On r~-Mesoatomic Processes in Hydrogenous
Substances). V. I. Petrukhin and Yu. D. Prokoshkin (Joint
Inst. for Nuclear Research, Dubna, U.S.S.R. Lab. of Nu-
clear Problems). 1964. 4p. Dep.(mn). .

The capture of negative pions by protons in hydrogenous
substidnces (gases and solutions) was investigated. It is
shown that the pion transfer from hydrogen to heavier
atoms has a local character. (auth)

608

19149 RADIATIVE CAPTURE OF STOPPED NEGATIVE .
PIONS BY- NUCLEI. V. I. Petrukhin and Yu. D. Prokoshkin
(Joint Inst. for Nuclear Research, Dubna, USSR). Nucl.
Phys., 66: 669-72(May 1965). .

Experiments aiming at the radiative capture of stopped 7~
mesons by nuclei are described. The probability of the
process detected is 2 x 1072 and depends weakly upon
nuclear charge and mass. The energy spectrum of y quanta
emitted in the capture turned out to be hard. The meany
energy was about 80 Mev. (auth)

609

30721 (JINR-P-1663) RADIATSIONNIT ZAKHVAT
OSTANOVIVSHIKHSYA n~-MEZONOV YADRAMI. (Radia-
tive Capturc of Stopped ¥~ Mcgono by Muolei), V. 1,
Petrukhin and Yu. D. Prokoshkin (Joint Inst. for,Nuclear
Rescarch, Dubna, U.S.5.R. Lab. of Nuclear Problems).
1964. 7p. '

The search experiments described were undertaken to
detect a small-intensity radiative capture of 77, mesons by
complex nuclei. The probability of the process is 2 x 107
it does not depend significantly on the nucleus charge. The
energy spectrum of y-quunta measured with the hielp of the
Cherenkov spectrometer turned out to be ““hard,” its
average cncrgy being about 80 Mev. (auth)

610

37740 . (JINR-P-2780) PEREZARYADKA OSTANO-
VIVSHIKHSYA 7-MEZONOV NA LEGKIKH YADRAKH.
{Charge of 7-Mesans Stopped on Tight Nuelei). Petrnkhin,
V. 1.: Prokoshkin, Yu. D.; Filippov, A. I. (Joint Inst. for
Nuclear Rescarch, Dubna (USSR). Lab. of Nuclear Prob-
lems). 1966. 5p. Dep. mn. :

Measurements were made of the charge exchange of =
mesons stopped on 3He nuclei. The charge exchange of the
stopped 7 mesons oh 1°B, 14N, and %Cl was depressed by
104 folds. {tr-auth) ’

611

8101 . (NYO-9283) INTERACTIONS OF 141 MEV
NEGATIVE PIONS WITH DEUTERIUM. Edward G. Pewitt
(Carnegie Inst. of Tech., Pittsburgh). May 1961, Contract
AT(30-1)-882. 108p.

The iuteractivus of 141=-Mev 2~ mesons with deuterium
were studied using a bubble chamber. The elastic differen-
tial cross section was measured at 6%’” = 30 to 180° by ex-
amining the angular correlation, range of positive recoil,
and coplanarity of those scatterings‘which resulted in two
outgoing charged particles. The accuracy of the measure-
ments in the backward hemisphere was of the order of 10 to
15 per cent. This elastic differential cross section was
compared to the results of impulse approximation calcula-
tions and found to disagree for backward scattering. The
differential cross section for the sum of elastic plus inelas-
tic scattering (#" +d—~a1"+dorr” +d— 7" +p +n) was
measured at 6%“’ =10 to 180°, The cross section for



elastic plus inelastic 'scattering was determined to be 137
7 mb. The cross section for the three reactions giving neu-
tral products (r~ + d — 2n, 2n'+ 7%, and 2n + y) was found to
be 34.4 +£ 2.6 mb. This gavea 7~ + d total cross section of
171 2 7 mb. The results are compared with impulse ap-

. proximation calculations. (auth)

612

31350 77-D SCATTERING AT 142 Mev. E. G. Pewitt,,
T. H. Fields, G. B. Yodh, J. G. Fetkovich, and M. Derrick’
{Carnegie Inst..of Tech., Pitteburgh). Phys. Rev., 131:

- 1826-32(Aug. 15, 1963).

The interactions of 142-Mev 7~ 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 were measured. The elastic differential’
cross section for scattering angles greater than 90° is not -
in agreement with theoretical calculations based on the im-
pulse approximation. The total cross section for neutral

. products (2n, 2n + v, 2n + 1) was measured to be 37.2 &
.2.8 mb. The sum of the separate cross sections gave the
7~ + d total cross section to be 183 # 7 mb. (auth)

613

9811 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 High Energy
Physics at Rochester, The University of Rochester, Roch-
ester, N. Y., 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 7-d scattering tracks is glven. The experimental
results were found to be at variance with the theory that
is based on the impulse approximation and takes into ac-
count double scattering, some recoil effects, and the D
state of the'deuteron. (M.C.G.)

614

889 7 -p INTERACTIONS AT 905, 960, AND 1100
Mev. E. Pickup, D. K. Robinson, E. O, Salant; F. Ayer,
and B. A. Munir (Brookhaven National Lab,, Upton, N. Y.).
Phys. Rev.,.192: 1819-30(Nuv. 18, 1863), (BNL-7125)
Single-pion production in 7 -p interactions was studied

at 905, 960, and 1100 Mev. Comparison with the isabhar and
one-pion-exchange (OPE) mechanisms of pion production’
ghows 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 77 system becomes increasingly
important. Therc is some evidence for an I = 2 slate in the
events at the lower energies. (auth)

615

41482 ON THE DECAY 7= pu+ v + et + e~. Pikin,
S. A.; Kharkats, Yu. 1. (Inst. of Engincering and Physlcs,
Moscow). Soviet J. Nucl. Phys (English Transl ),
207-10(Aug. 1965). :

" Translated from Yadern F:z 1: 291- 5(Feb, 1965).

The decay m — p + v + e* + e~ is considered, where the
e*e™ pair is created by a virtual y quantum from internal
bremsstrahlung. The total de¢ay probability, equal to 2.6 x
107 of the'n — u + v probability, and the differential distri-

" bution with respect to energy and angle are obtained. The

possibility ‘of using this decay to determine the mass of thé
muonic neutrino is investigated. . (auth) . .

616

18223 - IONIZATION MEASUREMENTS OF DIF FUSION
CLOUD-CHAMBER TRACKS. G. Piragino (Universita,
Turin). - Nucl. Instr. Methods, 25: 362-4(Jan. 1964).

An application of the relative photometric method for
measuring the ionization of tracks in diffusion cloud-
chamber pictures is described. One shows the- possibility
to recognize the proton and 7-meson tracks from their mo-
mentum and ionization measurements in many cases when
their visual identity is ambiguous. The results are also in.
good agreement with the kmown ionization energy loss of
the T-mesons as a fuxgction of their momenta. : {(auth)

617

20090 CERN-59-27 .

European Organizatfon for Nuclear Research. Geneva.
A PROPOSED FRACTIONAL-NANOSECOND TIME-OF~
FLIGHT INSTRUMENT, H, L Pizer.. Aug. 10, 1959,
13p.
* A fractional nanosecond time-of-flight instrument is -
proposed for a particular experiment on the muon gyro-
magnetic ratfo. It will be possible to measure the phase
of arrival of the 4 meson and electron relative to a fixed
frequency (175 Mc/s) and to measure this time differ-
ence to a precision of ¥ oS In any phase revolution..

The instrument {u.addition is a general purpose time-
of-flight devicd, The range-of-flight times may be ar-
ranged to be switched by choosing appropriate frequen~
cles of the fixed generator such that the delay cables
between the channels always give a 90° phase shift,

(auth)

618

13524 PION-PROTON INTERACTIONS AT 450 Mev
|Thesis]. Poirier, Charles Philip,- Bloomington, Ind.,
Indiana Univ,, 1965, 102p. .

A study of 7*-p interactions at 450 Mev using the 14 inch
Brookhaven National Laboratory liquid hydrogen bubble
chamber is reported. The reactxons studied are n* +p —

mt+p, wt+p —~at+m +p and 7t +p —*+ 7" +n. The
angular distribution of the elastically scattered positive
pions was fit with a fourth order polynomial in cos é;,
Normalizing the.data to a total cross section of 29,44 =

101



102

1.63 mb gives an clastic cross scetion of 28,11+ 2,88 mb,
A phase shift analysis of the angular distribution with all
inchustic parameters set equal to ©yjclded wset of T o= 3%,
phisse shifts, Introduction of inclastic parameters different
from 1 did not produce any substintial changes in the origi-
il solutions, Phe (p +0)/(+ Fn) ratio was found (o he
3.57 1+ 1.5, which agrees with the ratio (LY predicted by
the (4,3) pion-nucleon isobar mudet of Olssoni tnd Yodh, The
pion Kinetic.encrgy spectra from (p + 0} also supports the
isobar model, The angular distribution ol the clasticully
scaltered négative pions was fit to a fourth order pulyno-
mial in cos Uy, Normalizing the data to a total ¢russ see-
tion of 33,03 1 0,69 mb gives an cliastic cross section of
16.74 ¢+ 1.7 mb. The distribution of events on the Dalitz
plot for the (p - V) production reaction is reasonahly well
aceounted Tor by the Ulsson and Yodi Isobd ¥ Mbdel, How-
ever, tor the (- + n) production reactions, the model does
not describe adequately the distribution of events on the
Dalitz plot, Analysis of the (- Fn) data in terms of 71-n
puirings shows that the n' prmlu'uliun process is donif-
nated by the (N$)7, and in fuct the data are consistent

with no (N;.,)" production, Thus, while the (3,00 pron-uu-
cleon isobar is apparently the principal mechunism for
single pion production at 450 Mev, the data indicute the
existence of some T two-pion interaction tha moditics
the simple isobar model, (Disscrtation Abstr.)

619

39793 p INTERACTIONS AT 460 Mcv. Poirier,

C. P.; Tilger, C. A.; Alyea, E. D. Jr.;-Martin, H. J. Jr.;
Rhode J. 0L Scandrett J. H. (Indlana Univ., Bloomington).
Phys Rev 148 1.‘111-14(A||E. 26. 1966),

A total of 1589 two-prong events were observed in an ex-
posure of the Brookhaven National Laboratory 14-in. bubble
chamber at the Cosmotron. The fif to the elastic angular
distribution requires terms through cos%c.m.. The ratio of .
the inelastic cross sections a{7"p — n~n*n)/a(r—p — 1 n%p)
is 3.75 +.0.46. The rp — mw*n reaction is dominated by
formation of the ™ n isobar and an enhancement in the di-
pion mass spectrum previously reported by Kirz. The
7p — m % reaction shows no structure in the effective-
mass spectra. (auth)

620

17384 ntp INTERACTIONS AT Tr = 450 Mev. Poirier,
C. P.; Tilger, C. A.; Alyea, E. D. Jr.; Martin, H. J. Jr.;
Scandrett, J. H. (Indiana Univ., Bloomington). Phys.
Rev., 143: 1092-5(Mar. 25, 1966). .

Elastic and inelastic n*p interactions at 450 Mev were
studied. The inelastic cross section is (4.3 * 0.4)% of the
total cross sectlon The ratio of the single-pion production
cross sections o{r*p — 7*r%)/o(n*p — n*r¥n) is 3.5 = 1.0,
Terms up through cos‘ecm are needed to fit the elastic
angular distribution. The effective-mass distributions for
7° production show (7*p) isobar formation and are compared
with predictions of the Olsson-Yodh isobar model. (auth)

621

21293 CR(z~, 7 a)C!"! EXCITATION FUNCTION.  A. M.
Poskanzer and L. P. Remsberg (Brookhaven National Lab.,
Upton, N. Y.). Phys. Rev., 134: B779-82(May 25, 1964).
(BNL-7687; CONF -439-1)

The C(x~,7"n)"*C excitation function was measured with
incident pions of energies from 0.45 to 1.9 Bev. The exci-
tation function of this simple nuclear reaction shows efl'(.cts
of the elementary pion- -nucleon resonances. The 7" —n res-
onances tend to be reproduced in the excitation function,
while the ™ —p resonances tend to cause a reduction in the
cross sections. The production of 'C and '*F by 7~ inter-
actions with Al targets was also studied over the same en-
ergy range. These éxcitation functions do not exhibit any
structure. (auth)

622

8229 MUON CAPTURE IN HYDROGEN: H. Primakoff .
(Univ. of Pennsylvania, Philadelphia). p.128-39 of ““Weak

Interactions and Topics in Dispersion Physxcs, ' New York,
W. A. Benjamin, Inc., 1963, -

The quantitative theory of muon capture by a proton was
investigated and the capture rate in [py~ ply was calculated,
where [piply refers to the predominant formation of the
Tpu~pl molecule (ion) in an effectively stable 1s ortho con-
figuration. The transition matrix element for muon capture
by protons was developed, and the character of the nucleon
states wuas determined. Dispersion-theoretical representa-
tions for the form factors were constructed, and explicit
expressions for dispersion relation integrals were obtained
from empirical data for electron scattering form factors.
The muon capture rate, 560 sec™!, was found to be in luugh
agreement with experimental values. (L.B.S.)

623

19044 STUDY OF MU-MESONIC X-RAYS: ELEMENTS
FROM SULPHUR TO MOLYBDENUM. D. Quitmann (Tech-
nische Hochschule, Darmstadt, Ger.), . Engfor, U, Hegel,
.P. Brix, G. Bankenstnss, K. Gochel, and B Stadler. Nucl,
Phys., 51: 609-33(Mar. 1964).

For twelve clements between sulfur and molybdenum,
the energy of the mu-mesonic 2p-1s transition and the dif-
ference of these energies for neighboring clements were
mwieasured. Speelud care wus tuken to reduce and to swudy
systematic errors, and the measurements were repeated
under different conditions. Some of the control measure-
ments and the data analysis are described. Background
spectra are reported. The mu-mesonic 2p-1s energieé
agree well with those calculated under the assumption that
the maximum density of nuclear matter and the surface
thickness are constant for the nuclei studied. The intensi-
tics of the 3p-1s transition and of an unresolved group of
higher K lines were evaluated relative to the 2p-1s line.
(auth)

624

11679 MEASUREMENTS OF MASS OF SINGLE
CHARGED PARTICLES EMITTED BY ABSORPTION OF
MESONS IN EMULSION NUCLEI. N. R. Rabin, A. O.
Weissenberg, 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 stars
produced by absorption of slow 7~ mesons stopped in emui-
sion were measured {n the range 20 to 100 Mev. Capture
phenomena on light (C, N, and O) and heavy (Ag and Br) nu-
clet were differentiated on the basis of the standard criteria
of Coulomb 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 & electrons versus re-
sidual range and by measuring iomzatlon versus residual
range. (H.D.R.)

625

43090 LOW-ENERGY D-WAVE n~-r SCATTERING
PHASE SHIFTS. Rae, H. C. (Univ:. of Durham, Eng.).
Nuovo Cimento (10), 39: 270-8(Sept. 1, 1985).

A solution of the D-wave w7 scattering inverse ampli-
tude dispersion relations is obtained which satisfies
crossing on the nearby left-hand cut. The D-wave 7
phase shlfts are calculated at low energies for lsospin
0and 2. (auth)

626
14344

SCATTERING OF PI MESONS. J. Ralnwatér(Columbia
Univ., New York). p.228-61 of **Proceedings of the Inter-

national Conference on the Nuclear Optical Model, March 16

and 17, 1959, Florida State University, Talldhassee, Flor-
ida.”* Alex E. S. Green, Charles E. Porter, and David 8. -
Saxon, eds. The Florida State University Studies, Number
Thirty-Two. Tallahassee, Florlda. The Florida State
University, 1959.

Work at Nevis Cyclotron Lab. on negative pion scattering ‘

at 80 Mev 15 described. A transmission arrangement of
the scatterer was used. The energy definition is well . .
enough determined to separate between the elastic scat-
tering and inelastic scattering with the excitation of the

nucleus of the order of 8 Mev. (W.D.M.)

627

7411 PION STUDIES WITH SILICON DETECTORS.
Raju, M, R,; Aceto, H.; Richman, C. (Univ, of California,
Berkeley). Nucl. Instrum. Methods, 37: 152-8(Nov,
1965), (UCRL-16071),

Measurements are made of the most probable energy loas
in silicon for plons of energies exiending from 365 to 50
Mev. The results agree within 2% with the theoretical val-
ues. The hehavior of the pion beam with its inherent muon
and electron contaminants, as it passes through various
thicknesses of absorbing material, is displayed. The energy
distribution of negative pion stars in silicon is measured -,
and found to be a constantly decreasing function of energy,
with the high-energy tail extending heyond 60 Mev. (auth)

628

12531 SCATTERING OF PIONS FIOM II; AND He;.

G. Ramachandran and K. Ananthanarayanan (MATSCIENCE,
Madras). Nucl. Phys., 64: 652-6(Apr. 1965).

The scattering of pions from the three-nucleon systems
'H and *He is studied taking into consideratior the admix-
ture of the 8 state of mixed symmetry. It is found that the
differential cross section is most sensitive to the percent-
age admixture of this state at around 90°. (auth)

629

10834 ON THE SCATTERING OF PIONS BY DEUTER-
ONS, Alladi Ramakrishnan, V., Devanaihan, and K. Ven-
katesan (Univ. of Madras). Nuclear Phys., 29: 680-6(Feb.
1962). (In English)

The pxon scattering by deuterons was studied under the
impulse approximation, and explicit expressions for the .-
cross sections for elastic, inelastic, and charge exchange
scalterings were obtained using the Chew-Low- amplitude
for pion-nucleon scattering. Numerical calculations were
carried out, a|1d'comparison was made with experimental -
results. ‘(auth) '

630

9223 ELASTIC SCATTERING OF PIONS BY ALPHA=
PARTICLES. A. M. Harunar Rashid (Atomie Energy
Centre, Lahore, West Pakxstan) J. Nat. Sci. Math., 2:
73-82(Oct. 1962). T

The elastic scattering of pions by alpha'particles at
300 Mev is calculated using the variational technique
which includes the effects of multiple scattering quite
simply. The results of the calculation are compared with
the experiment on angular distribution and reasonable
agreement is obtained. (auth)

631

11650 (UCRL-10531) NUCLEAR REACTIONS IN-
DUCED BY PiONS AND PROTONS (thesis). Paul L.
Reeder (California.” Univ., Berkeiey‘. Lawrence Radiation
Lab. and California. Univ., Berkeley. Dept. of Chemis-
try). Nov. 27, 1962, Contract W-7405-eng-48. 180p.
Effects 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 2*(a,an)2*™ and Z*(a,ap(z-1)A~1
have excitation functions that are sensitive to changes in
the elementary-particle cross sections. The excitation
functiop for the reaction C'z(n", n'n)c“ is measured from
53 to 1610 Mev by bombarding targets of plastic scintillator
with pions. The intensity of the pion beam is monitored
With a two-counter telescope and 40 Mc scaling system,
The. scintillator target 1s mounted on a phototube and be-
comes the detector for the carbon-11 positron activity.
Corrections are made for muon contamination in the beam,
coincidence losses in the monitor system, carbon-11 activ-
ity produced by stray background at the accelerator,
carbon-11 activity produced by secondaries in the target,
and the efficiency of the carbon-11 detection system. The
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C%(r~, ™ n)C!! cross sections rise to a peak of about 70 mb
at 190 Mev, that corresponds to the resonance in free-
particle n™n scattering at 190 Mev, Calculations based on
a ‘‘knock-on’’ collision mechanism and sharp-cutoff nu-
clear density reproduce the shape of the experimental ex-
citation function, but the magnitudes of the calculated val-
ues are low by a factor of six. The calculation shows that
the C¥2(r~, 7~n)C! reaction occurs in the nuclear surface
region at all bombarding energies. The contributions to the
(=, 7 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 réactions
«Zn“(p,Zp)Cu” and FeS"(p,Zp)Mn56 are measured radiochemi-
cally from 400 Mev to 6.2 Bev. The slight increase in the
(p,2p) cross sections measured from 400 to 720 Mev is re-
lated to the occurrence of a quasi-free-particle pp collision
within the nucleus. Due to the pi‘oton momentum distribu-
tion, the increase is not as pronounced as the rise in free-
particle pp total cross sections from 400 to 1000 Mev.
From 2.2 to 6.2 Bev, the Znea(p,Zp)Cu“ and Fe“(p 2p)Mn5°
cross sections are constant at 21 + 2 mb and 50 * 8 mb,
respectively. The difference in magnitudes of the (p,2p)
cross sections is 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 are not seen
in.more complex reactions as evidenced by the constant

cross sections from 0.72 to 6.2 Bev. for the yields of man- ~

ganese-51 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 are presented for a
few products from pion-induced reactions.requiring sev-
eral 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 are
compared to the yields for similar reactions induced by
protons. At the high energies considered here, interaction
of negative pi meson with these targets is shown to give
yields that are of the same order of magnitude as the yields
from proton reactions. These results are interpreted as
experimental evidence that pion processes are very impor~
tant for energy transfer in high-energy nuclear reactions.
99 references. (auth)

632
9394 EXCITATION FUNCTION FOR THE C'%(x~,
7 n)C'" REACTION. Paul L. Reeder and Samuel S. Marko-
witz (Univ. of California, Berkeley). Phys. Rev., 133:
B639-46(Feb. 10, 1964). (UCRL-10924)

The excitation function for the reaction C(z~, 7 n)C!

was measured from 53 to 1,610 Mev by bombarding targets
of plastic scintillator with pions. The intensity of the 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 Ci! positrot‘l’

activity. Corrections were made for muon contamination in

the beam, coincidence losses in the monitor system, C!!
activity produced by stray background at the accelerator,
c'! activity produced by secondaries in the target, and the
efficiency of the C! detection system. The C¥(n ",z n)C!!
cross sections rise from a threshold at about 50 Mev to a
peak of about 70 mb at 190 Mev afier which they decrease
to 30 mb at 373 Mev and-are relatively constant at higher
energies. The (r7,n7n) peak occurs at the same energy as
the resonance in free-particle 77n scattering at 190 Mev,
Calculations based on a knock-on collision mechanism and

sharp-cutoff nuclear density reproduce the shape of the ex-~

pertmental excltation funcilun, bul the magniludes of the
calculated cross sections are low by a factor of about 5 or
6. This simple model indicates that the C'*(n~, 2 n)C*! re-
action occurs in the nuclear surface reglon al ull bumbarcds
_ing energies. (auth)

633

19750

PRECISE MEASUREMENTS OF THE MEAN LIVES OF
u* and g~ MESONS IN CARBON. R. A. Retter, T. A.
Romanowski, R. B. Sutton, and B. G. Chidley (Carnegle
Inst. of Tech., Plttsburgh) Phys. Rev. Letters 5, 22-3
(1960) July 1,

A one inch carbon target was bombarded by 70~-Mev -
r* mesons, The muons from »* decays were randomly
polarized, thus eliminating possible modulation of the
decay curve. The welghted average of 14 runs gave a
Biean ilie of 2.211 & U.UUS jisec for 4* mesons. The mean
life of p~ mesons was found to be 2.043 + 0.003 usec.
(B.0.G)

634

36319 INNER BREMSSTRAHLUNG [N MUON DECAY.
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
vocilluscopes. The electron range distribution in graphite
and the absolute rates were determined for electron—
gamma-r2y angles betweon 130 and 180 deg. For.the elec-
tron and gamma-ray energies studied. the branching ratio
ofy—~e+y+v+Vtop—e+ v+ is predicted to be
about 107 gver this angular range. The total number of
inner bremsstrahlung events observed was 1805 & 43. which
is in agreement with an expected number of 1889 + 283.
The data were found to be in accord with the predictions

given by electromagnenc corrections apphed to the weak
interaction. (auth)

635

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

K



Symposium on Nuclear Instruments.’”” New York, Academic
Press Inc., 1962, .

Filament scintillation chambers are described, and their
uses in weak-interaction experiments are discussed. Meson
(u7) capture by C" is explained, and data from #* and u*
decay are given in tabular form. A schematic of the fila-
ment chamber designed to detect the decay 7* — n° + e* + v
is presented. (L.N.N.) A

636

4143 7 TRACKS IN A FILAMENT SCINTILLATION
CHAMBER. G. T. Reynolds, R. A. Swanson, and D. B.
Scarl (Trinceton Univ., N. J.). Rev. Sci. Instr. 31, 1011-13
(1960) Sept.

The performance of a filament scintillation chamber sys-
tem designed for studies on stopping mesons was studied
by exposing it to the 90-Mev n* beam of the Nevis cyclotron-
and taking a total of 16,000 photographs. The results indi-

. cate that (1) except for meson tracks, the chamber appears
clean even without the 200-usec gating and the fron block-
house, (2) the magnetic fleld has no effect on the perform-
ance and resolutfon, (3) three or four tracks can appear in

‘a glngle picture of the 1-in.~diameter chamber without
confusion, and (4) even at the highest beam fluxes, the gat-
ing restricts the tracks to those selected by the counter
system. Pictures of the distingulshable stopping of »* and
»~ roesons are Included. (D.L.C.)
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14945 (NYO-9279) PRECISE MEASUREMENTS OF
THE MEAN LIVES OF u* AND #~ MESONS IN CARBON
(thesis). Richard A. Reiter (Carnegie Inst. of Tech., Pitts-
burgh). Aug. 1960. Contract AT(30-1)-862. &4p.
The lifetimes of approx 6 million positive mu mesons a
" were measured, using a crystal controlled oscillator as a
clock. The resulting decay curve was analyzed on a digital
cuinputer and gave a mean lite of 2.211 + 0.003 usec. The
mean life of negative mu mooona in carbon wus measured
and found to be 2.043 % 0.003 usec. The resulting nuclear
capture rate is (0.373 + 0.011) x 10%/sec, assuming that the
decay rate of a negative mu meson bound in carbon is equal
to the decay rate of the positive mu meson. {auth)

638

13457 {IICRI.-18195) TOTAL AND DIFFERENTIAL
CROSS SECTIONS FOR n™p — yn FROM THRESHOLD TO
1300 Mev [Thesis]. Richards, Walter Bruce (Lawrence
Radiation Lah., tIniv. of California, Berkeley). Nov. 17,
1965. Contract W-7405-eng-48. 165p. Dep. mn. CFSTI
$5.00 cy, $1.00 mn. )

The reaction a~p ~ nn was observed through the decay
mode n - 2y at T,~= 592, 655. 704, 875, 975, 1117, and
1300 Mev. Details are given of the detection apparatus, a
cubic array of six stecl-plate spark chambers, completely
surrounding a liquid-hydrogen target. Showers produced
in the spark chambers by decay photons were recorded
photographically for analysis. Events attrihirted to the de-

cay of an 5 were identified by the large c.m. opening angle
between the two photons. The total cross section for n pro-
duction was calculated. The differential cross section was
obtained by taking the coefficients of a Legendre polynomial
fit to the angular distribution of bisectors of selected two
shower events, and converting them to the coefficients of the
the n c.m. angular distribution. It is suggested that produc-
tion at threshold is predominantly through an S state, with
some P, and Dy waves entering by 655 Mev. Speculation
about a possible enhancement in the Py wave at 1100 Mev

_is given. It is suggested that all of the absorption in the

S, n-N state can be explained by the 5 production, and the
nature of the n-N S-wave interaction at the n threshold is
briefly discussed. (M.O.W.)

639

37044 - (UCRL-11387(p.114-26)) ON THE DOSIMETRY
OF NEGATIVE PIONS WITH A VIEW TOWARD THEIR
‘'TRIAL IN CANCER THERAPY. Chaim Richman, Henry
Aceto, Jr., Mudundi R. Rajgi. Bernard Schwartz, and
Mitchel Weissbluth (California. Univ., Berkeley. Donner
Lab. and California. Univ..' Berkeley. Donner Pavilion).

When 7 mesons come to rest in tigsue, they are captured
by the heavier elements, mainly C, O, and N, causing the
nuclei to explode into short-range and heavily ionizing
fragmenta that arc capable of delivering a large localizoed
radiation dose. This capture can be caused to take pluace
in the tumor by selecting the encrgy of the pion of the re-
quired range so that the plon will pass through the healthy
tissue and stop in the ugmm:. The possible advantages of
the technique in cancer therapy are reviewed critically.
The production of 7~ and n* mesons and the cffect of
charged pions in tissue are discussed.” Results are re-
ported {rom preliminary dosimelry studies using'a lucite
phantom with sheets of x-ray film layered between the
slahs or Argon— CO,-filled fonization chambers using one
chamber as a monitor followed by different thicknesses of
lucite absorber apd using the second ionization chamber
as a detector. Results indicate that the presently available
pion beams, both positive and negative, can be used for
dosimetric evaluationg. (C.H))

1640

162 (UCRL-16387) STUDIES OF VICIA FABA
ROOT MERISTEMS IRRADIATED WITH A n~ BEAM.
Richman, Stephen P.; Richman, Chaim; Raju, Mudundi R.;
Schwartz, Bernard (Lawrence Radiation Lab., Univ. of
California, Berkeley). Sept. 3, 1965. Contract W-
7405-eng-48, " 18p. (CONF-650924-5). Dep, mp;
CFSTI $1.90 cy, $0.50 mn, ]

From Workshop Conference on Space Radiation Biology,
Berkeley, Calif. ’

The blological effects of = mesons, produced by the
184-in. cyclotron 90-Mev beam, were studied .in Vicia
faba root meristem cells. The roots were expnsed in the
plateau region and in the peak region of the #~-meson
Bragg curve. It is pointed out that the Bragg curve for
these particles is not the usual Bragg curve obtained for
a beam of o particles or protons. Two ionization cham-
bers, one used as a monitor and the second as a detector,
were used in determining the curve. The irradiation tech-
nique is Jescribed: Data are reported on the percentage of
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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 aiter
irradiation measured as a fracuon of the control rate.
(C.H.)

641

24263 (BNL-6934) EMPIRICAL SYSTEMATICS OF
THE PION-NUCLEON SYSTEM. K. F. Riley (Brookhaven
National Lab., Upton, N. Y. ) [1963]. Contract |AT(30-2)-
Gen-16). 13p.

Recent measurements of the *otal cross sections for 7*-
p and 7 -p interactions are presented and compared with
existing pion-nucleon data. Systematic behavior noted in
the occurrence of pion-nucleon system isobars and their
quantuin niimbers is discussed. (D.C.W.)

642

19678 (UCRL-10127) SCATTERING OF 310-Mev POSI~
TIVE PIONS BY PROTONS: EXPERIMENTS AND ANALY-
SIS {thesis). Ernest H. Rogers (California. .Univ., Berke-
ley. Lawrence Radiation Lab.). Mar. 19, 1962. Contract
W=7405-Eng-48. 65p.

‘The differential cross section for elastic scattermg of
310-Mev positive pions on protons was measured at 23
angles between 14 deg and 165 deg in the center-of-mass
system. The fractional rms errors were typically 3%. A
liquid hydrogen target was bombarded by a beam of 2 x 10%
pions/sec. The scattered pions were detected by a counter
telescope. The data at small angles clearly showed con-
structive interference between nuclear and Coulomb inter-
actians, A fotal éross sectioh of 0.0 = 1,4 mb was meuas=
ured by attenuation. These data were combined with data on
the polarization of the recoil proton, which were taken
simultaneously with the cross-section measurements, and
a 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 was impossible to obtain an adequate fit to the data

in terms of only S- and P-wave phase shifts. However, a
very satisfactory fit was obtained when 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. When F waves were also included in
‘the analysis, the fit to the data was not improved signifi-
cantly. However, the errors on the S-, P-, and D-wave
phase shifts increased-from about % deg to around 2Y% deg,
and additional sets of phase shifts that fit the data arose.
The S-, P-, and D- \\'ave phase shifts differed considerably
among.the various sets, even though the F-wave phase
shifts were quite small. (auth)

643
25415 310 MEV Pi*-p POLARIZATION AND CROSS-
SECTION EXPERIMENTS. PHASE-SHIFT ANALYSIS,

Ernest H. Rogers, Owen Chamberlain, James H. Foote,
Herbert M. Steiner, Clyde Wiegand, and Tom Ypsilantis
(Univ. of Calnfofma Ber}ieley). -Revs, Modern Phys.,
33: 356-61(July 1961).

The cross sections and proton polarizations in 7t -p in-
teractions at 310 Mev are 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
cannot be fitted adequately by a set of SP'shifls alone, and
the data are fitted ambiguously by several sets of SPDF
shifts. (T.F.H.)

644

37546 - (UCRL-12383) COMPARISON OF RECENT
PION-NIICLEQON PHASE SHIFT ANALYSES. Roper. L.
David (Lawrence Radiation Lab., Univ. of California, .
Livermore). Apr. 26, 1965. Contract W-6405-eng-48.
T4p.  Dep.(mn); $3.00(cy), 2{mn) CFSTI.

An attempt is made to evaluate which of several pion-
nucleon phase-shift analyses in the 300- to 700-Mev region’
best fita the experimental data. The various solutions were
compared by fitting them with the parameterization used in
one analysis, and a x? determination was used to improve
the fit. Results are presented, giving phases shifts, absorp-
tion parameters, and real and imaginary parts of partial
wave amplitudes. Polarizations for the various solutions
are alsv compared. The behavior of the polarizations and
the spin-rotation parameters as functions of energy is
shown for the best solution. that of Auvil et. al. (Phys.
Letters 12, 76, 1964) combined with the P, and S,, reso-
nances from other solutions. (M.J.T.)"

645

16791 EVIDENCE FOR A Py, PION—NUCLEON RESO-
NANCE AT 556 Mev. L. David Roper (Univ. of California,
Livermore). Phys. Rev. Letters, 12 340-2(Mar. 23, 1964).
(UCRL-7692-T)

A energy-dependent pion-nuclear phase shift was ana-
lyzed quantltatively in search for a P;; resonanée. 'The
solution to the parametric equation for pion-nucleon phasc
shifts and absorption paranieters using available data be-
tween 0 and 700 Mev is graphically represented. (L.B.S.)

646

42370 {UCRL-7816) ENERGY-DEFENUENT I'IUN-
NUCLEON PHASE-SHIFT ANALYSIS; 0-700 Mev, im =
SOLUTION. L. David Roper and Robert M. Wright (Cali-
formia. Univ., Livermore. Lawrence Radiation Lab.).
June 4, 1964. Contract W-7405-eng-48. 87p.

. The equations used in an energy-dependent pion-nucieon
phase shift analyais arc listed. A list of pion-nucleon scat-
tering data references is included. The best solution ob-
tained using § m= 4 for a seclected set of 0- to 706-Mev data
is given and graphical comparisons between the solution
and the data are given. This solution’s predictions for ob-
servables that have not yet been measured are given. There



are three resonances in this solution: P33 at 193 Mev labo-
ratory kinetic energy (mass = 1234 Mev); Py at 575 Mev -
(mass = 1497 Mev); and Dy; at 638 Mev (mass = 1534 Mev).
(auth)

647

25352 PION-NUCLEON PHASE-SHIFT ANALYSIS:
0-350 Mev. L. David Roper and Robert M. Wright (Univ.
of California, Livermore). Phys. Rev., 138: B921-32
(May 24, 1965). (UCRL-12198) )
Several sets of energy-dependent pion-nucleon phase
shifts were obtained in the 0—350-Mev energy range.
These solutions differ near the end of the energy range
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)

648

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, 0100, 0- 350, .

0-700, and 300~-800 Mev. An outline of the procedure is

given. The results obtained with all available data are pre- .

gented. 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-
700-Mev range contains three resonances: in the Py,
state at 193 Mev, the Py, state at approximately 585 Mev,
and the Dy; state at-638 Mev. The last two are strongly
absorptive. A good solution was obtained without the Py,
phase shift actually going through 90°, but it must be large
(about 80°) at 700 Mev. The 0— 100-, the 0- 350-, and the

0-700-Mev solutions are consistent with each other in the: -

large phases. The P,;, P,;, and Py, phases cannot be pre-
cisely determined by using only the 0-50-Mev data. {auth)

649

2845 MUON CAPTURE IN NEON. J. L. Rosen, E. W.
Anderson, E. J. Bleser, L. M. Lederman, S. L. Meyer,
J. E. Rothberg, and I-T. Wang (Columbia Univ., New York).
Phys. Rev., 132: 2691-2(Dec. 15, 1963). '

By exploiting the transfer process (u"p) + Ne=—p+
(1" Ne), the disappearance rate of negative muons bound to
neon nuclei was measured to be A = (0.658 + 0.010) x 10¢
sec™, (auth)

650

17271 MURA-5T4 ’ :
Midwestern Universities Research Assn., Madison, Wis.
ON THE NEUTRINOS EMITTED IN 8-DECAY AND pu-

CAPTURE. S.P.-Rosen. [1960]. 5p. Contract AT(11-
1)-384. OTS. o o T
The assumption that the neutrinos vy and v; emitted {n u-

- capture and S-decay, respectively, have opposite helicity is

shown to be consistent with experimental data. A crucial
test of this assumption is shown to be the measurement of
the helicity of muons emitted in (7-u)-decay. (auth)

651

35033 (UCRL-14202) PION-PROTON INELASTIC
DATA. Rosenberg, R. L.; Roper, L. D. (Lawrence Ra-
diation Lab., Unfv. of Callfornia, Livermore). May 21,
.1965. Contract W-7405-eng-48. 18p. Dep.(mn);
31.00(cy), 1(mn) CFSTI :
Tables of 7* + p and 7~ + p total and partial inelastic

cross sections known in August, 1964 are listed up to

~1 Bev. The good agreement between the London-Liver-
more r-p phase shifts and the total inelastic cross sec-
.tions is shown. (auth)

652

28200 PHYSICAL ASPECTS OF PARTICLE BEAM ,
THERAPY. J. Rotblat (St. Bartholomew's Hospital Medi-
cal Coll,, London), Proc. Roy. Soc, Med,, 58: 159(Mar.
1965),

The advantage of particle beams in radiotherapy arises
{rom 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 (lin-
ear energy transfer), with the conseduent elimination of the
disadvantageous difference in radiation sensitivity between
oxygenated and hypoxic tissue. The particles that could be
used in radiotherapy are: electrons, neutrons, protons, and
7 mesons. The use of 7 .mesons is based on their prop-
‘erty of producing o particles and heavier ions when they . -
are gtopped in matter. Electrons have only the first prop-
erty and even this is not well defined, but nevertheless -
there are advantages in using electrons in some cases in’
radiotherapy. 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 for 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-
erators necessary to produce such beams in usable inten-
sity are extremely expensive. (BBB)
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33002 (NEVIS-116) MUON CAPTURE IN HYDROGEN
(thesis). Joseph E. Rothberg (Columbia Univ., Irvington-
on-Hudson, N. Y. 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 at
a momentum transfer of 100 Mev/c. The use of ultra-pure
liquid hydrogen, a purified muon beam, neutron-gamma ray
discriminating detectors and oscilloscope photography

107



108

made possible the detection of the 5.2-Mev feutron from
the relatively improbable capture reaction (u~ + p— n + v).
Observation of the well known pion capture reaction (7~ +
p— n +7v) served as a check on many aspects of the ex-
perimental arrangement as well as on the neutron detector

-efficiency calculation. Interpretation of the muon capture

experiment depends on knowledge of the muori molecular
wave function and the muon-proton spin configuration; these
are known from detailed calculations. The muon molecular
formation rate was measured in an independent experiment,
but the present result is relatively insensitive to it. The
stability of the muon molecular ortho stateé against transi-
tiona to the para ground state for times comparable to the

free muon lifetime is confirmed. The experimental result

of the capture rate measurement, 464 * 42 sec™! 1s com=
pared with 562.* 60 sec™, the rate expected on the bgsis of
the conserved vector current theory, muon-electron uni-
versality and the accepted value of the ¢ induced pseudo-
scalar’’ coupling constant. 42 references. (auth)

654

2627V (BNL-837(p.277-91)) MUON CAPTURE IN HY-
DROGEN. Carlo Rubbia (European Organization for Nu- -
clear Research, Geneva).

The reaction u™ +p —n+vis consxdered 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 4 meson after thermalization in hydrogen and
the formation of mesomolecular systems are discussed.
Experimental results are compared with the predictions
of the universal Fermi interaction theory. (M.J.T.)
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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 CERN proton synchro-
tron that yield new information about the weak and electro-
ma.gneuc propertles of the m and u mesoné are described.
The 7% — 7% + e* + v decay mode, capture of p‘ by hydro-
gen, and the anomalous magnetic moment of u* are con-
sidered. (R.E.U.)

656

38130 DIRECT MEASUREMENT OF u~ MESONIC

MOLECULE FORMATION RATES IN LIQUID HYDROGEN.

G. Conforto (CERN, Geneva), C. Rubbia, E. Zavattini, and
S. Focardi. Nuovo Cimento (10), 33: 1001-19(Aug. 16,
1964). _ '

A mensurement of the p"pp and u"pd mesonic molecule
formation rate in liquid hydrogen is described. The cap-
ture probability of 4~ from the neon nucleus is given. The
results are compared with those obtained by others. {auth)
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26093 (UCRL-10252) SCATTERING OF NEGATIVE
PIONS ON PROTONS AT 310 Mev: 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 cross section in 717 -p elastic scattering
at 310 Mev incident-pion energy was measured for 28
angles in the angular region 25° = 6,,, = 160°. The reac-
tion wao oboorved by counting the srattered pinns emerg-
ing from a liquid hydrogen target with a counter telescope
consisting of scintillation and Cherenkov counters. A
measurement of the total cross section by attenuation
as a function of -cutoff angle was also performed, using
scintillation counters, These data were incorporated with
polarization and other differential vruss section data at
this energy, and a phase shift analysis was performed.
An IBM 7080 search program was developed for this pur-
pose. Analysis of all data for spd waves .(up to § = 2) has
resulted in a single acceptable solution that has I-spin %
phase shxfts in excellent agreement with results of a pre-
vious 7*-p phase shift analysxs and has [-spin x/2 phase
shifts that are <6° for the D" shift which is ~15°. Errors
on the phase shifts vary from 0.4 through 1.1° An exten-
sion of the analysis to spdf waves (up to = 3) results in.
two probable solutions, and one that is rather uniikely.
These, as well as the spd solution, are discussed. Errors
on the spdf solution are larger, ranging up to 2°. (auth)
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13436 77-p ELASTIC SCATTERING AT 310 Mev:
DIFFERENTIAL CROS8-SECTION AND RECOIL=-PROTON
POLARIZATION:. Hugu R. Ruggo and Olav T. Vik (Univ. of
California, Berkeley). Phys. Rev., 129: 2300-10(Mar. 1,
1963). (UCRL-10420)

The differential cross section and recoil proton polariza-
tion in r7-p elastic scattering at 310-Mev incident-pion
energy has been measured. The differential cross section
was mrasured at 28 angles in the angular regiop 25 =@, =
160 deg. The fractional rms errors 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.
Simultaneously, the reooil-proton polarization was meas~
ured at four angles in the angular region 114 <6, < 146
deg. The recoll protons from the lquid-hydrogen larget
were scattered from a carbon target and the left-right
asymmetry was measured. Scintillation counters were
used throughout to detect the particles. (auth)
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41819 RESONANCE INTERACTIONS IN STATISTICAL
THEORY OF MULTIPLE PARTICLE PRODUCTION. V. I.
Rus’kin. Tr. Inst. Yadern. Fiz., Akad. Nauk Kaz. SSR, 6:
3-63(1963), (In Russian)



Statistical theory of multiparticle production was re-
viewed, and methods for determining resonance particle
production are discussed. Experimental data are given on
resonance -7 interactions, and their analysis using the °

periphery interaction theory is discussed. The statistical. .

theory of n-r interactions was used for describing p-p an-
nihilation and meson-nucleon interactions. 161 references
are included (R.V.J) '
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1555
A SCINTILLATION COUNTER SYSTEM FOR THE DE-

TECTION OF POSITIVE AND NEGATIVE PIONS. J. G.
Rutherglen and J. K, Walker (Univ. of Glasgow). Nuclear

Instr. & Methods 8, 239-43(1960) Aug. (In English)

A three-counter telescope was developed {n which plons
are separated from particles of different mass by meas-
urement of dE/dx and E. Identification of positive plons is
made by means of the characteriatic " —pu* decay. The
arrangements for recording this information both photo-
graphically and by means of a pulse-height analyzer are
described. (auth) C
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22622 BRANCHING RATIOS OF REACTIONS OF r~
MESONS STOPPED IN HYDROGEN AND DEUTERIUM.
James W. Ryan (Univ. of California, Berkeley). Phys. .
Rev., 130: 1554-67(May 15, 1963). (UCRL19884(Rev.')) )
The Panofsky ratio P=w(r™ + p — 7 + n)/win" + p—
v+ n) and the branching ratio § = w(r~™ + d — n + n)/w(r™ +
d = y + n + n) were measured by stopping =~ mesons in
liquid hydrogen and liquid deuterium and detecting the y
rays produced. A high-resolution y-ray spectrometer
of the 180-deg-focusing type 18 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 are P = 1,51+ 0.04 and S=

3.16 + 0.12. This value for P is in good agreement with that

obtained in previous measurements, while the value for § '
is significantly larger than previous results. With regard
to the conventional phenomenological analysis of S-wave
pion physics, the Panofsky ratio is in good agreement,

- whereas the value obtained in this experiment for the
branching ratio S is consxderably larger than predicted.
(auth)
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24462 MEASUREMENT OF THE nn SINGLET S--
STATE 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 7+ d —~ n+ n+ y was
measured. A comparison with folded theoretical spectra
for various values of the n-n scattering length 13 made.
(M.J.T.) :
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38608  (CU(PNPL)-227(p.171-2)) SONIC SPARK
CHAMBER MEASUREMENT OF THE BETA SPECTRUM
FROM MU DECAY Alla.n M. Sachs (Columbia Univ., New
York).

An experhnent deésigned to measure the momentum spec-
trum of the electrons in mu-decay is described' Each de-
cay electron passes through a hodoscope, a.magnetic field, -

. and a second hodoscope. The hodoscopes consist of sonic

spark chambers with geveral transducers per gap. The
output of the transducere is digitalized using individual -
units and their outputs are bu.f{ered in a small computer
and stored on magnetic tape. The tape is transferred later -
to a large computer where the momentum corresponding to
each event is calculated. (auth)
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28597 INTERACTION OF 78 Mev n*-MESONS IN
PROPANE. R. G. Salukvadze and D. Neagu (Joint Inst.
for Nuclear Research, Dubna, USSR). Zhur. Eksptl'. i
Teoret. Fiz., 41: 78-80(July 1961).- (In Russian)

A propance bubble chamber walg employed to study the in-
teraction between 78 + 3 dMev 7' mesons and hydrogen and
carbon. The scattering cross scctions in hydrogen and car-
bon and also the absorption cross section in carbon were
also determined. The prongs of stars produced by the ab-
sorption of mesons are predominantly directed toward the
front hemisphere and this indicates that the mesons suffer

quasielastic collisions in the nucleus prlor to their absorp-
tion. (auth)
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15298 ABSORPTION OF 7* MESONS WITH ENERGY
OF 80 Mev BY CARBON NUCLE! R. G. Salukvadze and
D. Niyagu. Tr. Inst. Fiz. Akad. Nauk Gruz. SSR, 9 77- .
84(1963). (In Russian)

The stars produced by n*-mesons with the energy of
78 £ 3 Mev at their absorption by carbon nuclei were in-
vestigated by means of a small propane bubble‘chamber
The results are based on the analysis of 201 interaction .
eveénts. (auth)
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45105 PION-PION SCATTERING. [PART] IIL
Saperstein, A, (Wayne State Univ., Detroit); Uretsky, J.
Phys, Rev,, 140: B352-9(Oct. 25, 1965). :

© The left-hand partial-wave discontinuities are calculated
in fourth-order perturbation theory. The s-wave and p-
wave dispersion relations are solved by standard N/D
techniques. It is found that the relative contributions arising
from the double-spectral terms and the inelastic single-
spectral functions are negligible. As a perturbation.theory :
the procedure appéars to be sensible for coupling constants
|| less than about 0.1. High-energy p-wave resonances can
be made to occur for |A| of about 0.2, but with very large
widths, It is suggested that the physical pion-pion system

109
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may not be describable in terms of a one-parameter theory,
and this notion is given experimental meaning. (auth) -
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29102 CALCULATION OF THE POLARIZATION OF
THE RECOIL PROTON IN rN-SCATTERING NEAR THE
INELASTIC THRESHOLD. Elmar Sauter (Universitat,
Heidelberg). Z. Physik, 185: 263-8(1965).

The polarization of the recoil proton in 7N-scattering
was calculated as a function of the scattering angle at
the energies 150, 170, and 190 Mev. It is shown that this
polarization depends sensitively on the nN-scattering
phase-shift Pyy. Slight changes of the other phase-shifts
do not affect the polarizatjon to the same extent. New
measurements of the differential cross section and of
the polarization in the process 7~ + p—~ n + p are sug-
gested. They would allow for a new precise phase-shift
analysis, which could possibly determine the sign of
the P;,-phase at the inelastic threshold. This sign is
important in connection with the bound-state picture of
the nucleon. (auth)

668

47375 EXTRA RESTRICTION ON THE FORWARD
SCATTERING AMPLITUDES. Sawada, Tetsuo (Inter-
national Centre for Theoretical Physics, Trieste). Phys,
Rev. Letters, 15: 567-71(Sept. 27, 1963).

In the casc of the first sheet function the value of the
function itsclf cannot be computed in a small neighbors

* hnod of certain points from the unitary condition alone

without introducing any approximation, since although
the pole term dominates, there still remains finite back-
ground contribution and there is no way to compute it
exactly. The discussion is restricted to the case of meson
(r)-nuclcon scattering, and the spin of the nucleon is
neglected for reasons of simplicity. A new method is
developed which may be used not only to obtain the re-
Jation between the total cross scction and the coupling
constant, but also to compute the subtraction constant
from the total cross section without introducing any
approximation. (J.F.P.)
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9209 PI MINUS INTERACTIONS IN PROPANE NEAR
THE SECOND RESONANCE. John Harvey Scandrett.
_Thesis, Madison, Wis., Univ. of Wisconsin, 1963. 107p..
A 12 in. propane bubble chamber was exposed to 7~
mesons {from the Brookhaven Cosmotron. Pictures at 600
and 770 Mev were analyzed for interactions in H and C.

Careful attention was paid to quasi~elastic C contamination -

in the 7~ + p differential elastic cross sections. Total cross
sections for n- +p=n+n, 7t + 7"+ n, P+ 1 4 p, and
7% + 7% + n are estimated for the H interactions, normalized
to total 7~ — p and 7~ — C cross sections from counter ex--
periments. The results are'presented. C interactions were
tabulated as to prong distribution, and 7~ — C elastic scat-
tering was compared with predictions of the optical model,
using no adjustable parameters. Semi-quantitative 7~ -
neutron differential scattering cross sections were obtained,
giving information about the T = 3/2 state at these energies.

The y-ray angular distribution from chargé exchanges at
460 Mev was analyzed and used to test the forward disper-
sion relations. A complete phase shift analysis was at-
tempted, including D waves at 600 Mev and F waves at 770
Mev. The results, while not decisive owing to the great
number of parameters, are that no single state appears to -
pass through a resonancé at 600 Mev.. There is absorption
in many states, with strong absorption in S;;, S3,, Py;, Dyg
at 600 Mev, and in Sy, Sy;, P,3, D3 at 770 Mev. (Disserta-
tion Abstr.) '
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24788 (NP-11796) A FILAMENT SCINTILLATION
CHAMBER MEASUREMENT OF THE RATE FOR u~ +

Cc? — B2 4y, Technical Report No. 30. Dorald B. Scarl
(Princeton Univ., N. J. Pulmer Physicul Lab. and
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 rest ina 1’/2 inch
tilament s¢intillatoy ¢hamber and the rate for the reaction
u~+ C? — B® + v was measured. 97 B¥ events were ob-.
served, giviug a capture rate of (6.6 + 0.9) x 10% per
second. This number is in agreement with the predictions
of a Universal Fermi Interaction, a pion induced pseudo-
scalar term with gp="+ 8 g,, and a conserved weak vector
current. An extensive discussion of the construction and
operation of the filamernt chamber and associated tmage
tubes is included. (auth)
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32537 (PPAD-304D) AN EXPERIMENT TO DETER-
MINE (g - 2) FOR THE FREE MUON. Glcn Schriank
“(Princcton-Pennsylvania Accelerator, Princeton, N, J.
and Princeton Univ., N, J. Palmer Physical Lab.).

Mar. 29, 1960. Contract [AT(30-1)-937]. 58p. .

General considerations for determining the properties

of mesons () and an experiment ior determining the g-
factor are described, (R.E.U.)
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5882 - TRANSFER OF NEGATIVE MUONS TO GASES
DISSOLVED IN A HYDROGEN BUBBLE CHAMBER.
M. Schiff (Univ. uf Chicagu). Nuuvu clumeuto (10), 22: 66=9]1
(Oct. 1, 1961), (In English)

The transfer reactions (u1"H) + X — (u™X) + H, where
H = pordand X = Ne or He, were studied by observing
variations in the fractions of ™ undergoing nuclear cap-
ture or catalyzing the fusion process p + d —~ Hel. In
deuterium-frec hydrogen with a neon contamination of
(1053%2) - 10, half of the muons are transferred to neon.
Transfer to neon is 3 times more frequent if the hydrogen
contains enough deuterium to saturate the reaction (u”p) +
d~ (u7d) + p. Transfer to helium is at least two orders of
magnitude slower than to neon. Stars induced by ¢~ and 7~



were analyzed. No transfer of 7~ was detected. The effect

of the transfer reactions on the measurement of u™ capture.
by hydrogen is discussed. It is shown that the transfer re-

actions can be used for experiments on u~ capture by sepa-
rated neon isotopes and possibly by Hel. (auth)
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14954 PION RESONANCES AND NUCLEON-NUCLEON
SCATTERING BELOW 400 Mev. A: Scotti and D. Y. Wong
(Univ. of California, La 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 7, p, w, and ¢
on nucleon interactions are considered. Relativistic dis-
persion relations that include the exchange of these reso-
nances are used to calculate elastic N-N scattering ampli-
tudes, differential cross 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 7-r pair in the -
form of an effective scalar particle is also mcluded
(C.E.S.)
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3349 SEARCH FOR A SECOND . W. Selove and
M. Gettrer (Univ. of Pennsylvania, Philadelphia). Phys.
Rev. 120, 593-8(1960) Oct. 15.

The energy distribution of neutrons from the charge ex- .
change reaction 7~ +p — 7° + n was studled, for 7~ mesons
stopped in liquid hydrogen, to lhvestlgate the possible exist-
ence of a second 1° thh mass within a few Mev of the mass’
of the “ordlnary" »°. No neutron group corresponding to
such a second #° was seen. The sensitivity of the measure-
ment was such that a second group of relative lntenslty
above 10 to 20% would have been seen for any second b
with 2 mass in the range between ahout %, Mev and 2 Mev
away from the mass of the ordinary 7°. The data give a
lower limit to the r¥ lifetime: 7 > ~5 x 107! gec. (auth)
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9894 (NAS-NRC-PUB-1133(p.187-203)) ENERGY-
LOSS STRAGGLING OF PROTONS AND MESONS: TABU-
LATION OF THE VAVILOV DISTRIBUTION. Stephen M.
Seltzer und Martin J. Berger (National Bureau of Stun-
dards, Washington, D. C.).

The Vavilov distribution, which describes the energy-
loss straggling of charged particles traversing a thin
layer of matter, is tabulated. The distribution depends on
the particle velocity and on a parameter, x, indicative of
the ratio of the mean encrgy-loss over the pathlength con-
sidered to the largest encrgy-transfer possible in a single
collision with an atomic ciectron. -As ¥ — 0, the Vavilov
distribution goes over into the Landau distribution; for
x 2 10 it hccomes Gaussian. Intermediate values of x oc-
cur for protons and mesons of moderate velocity travers-
ing very thin targets or for extremely fast particles in
targets of moderate thickress. (auth)
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8060 (NP-11232(p.302-7)) THE SCATTERING OF
DECAYING u-MESONS. S.-N. Sen Gupta and M. S. Sinha
(Bose Research Inst., Calcutta),

Meson (u) scattering was studied in the momentum region

40 < pB < 170 Mev/c. The projected scattering angles were
measured to an accuracy of 0.2 degree directly on the film
with a goniometer eyepiece fitted in a microscope. For

- each measured projected angle of scattering, the corre-

sponding value of p8 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. From these measurements, a differential-
distribution of the quantity p38 was determined. The ex-
perimental distribution was then compared with theory. .

_(pcn)
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15298 SCATTERING OF u-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 scattermg of 4 mesons by. ’

Y, inch copper plates was made in the momentum interval
40 < pB < 170 Mev/c by using a multiplate cloud chamber.
The 4 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 distribu-
tions were found to agree satisfactorily with the distribu-
tions calculated on the basis of a purely electromagnetic
interaction between the p-meson and the nucleus. (auth) ‘
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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. 1966). (In Spanish).

An investigation of the tracks produced in a hydrogen-
filled bubble chamber by 321-Mev mesons {7) is summa-

rized. (D.C.W))
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10500

CAPTURE OF NEGATIVE MUONS BY NUCLEL J. C.
Sens (Unlv. of Chicago). Phys. Rev. 113, 679-87(1959)
Jan. 15. )

An experiment conducted to obtain precise values for
the rates at which negative muons are captured by
nuclel is described. These capture rates were deduced
from muon disappearance rates measured by determin-
Ing the time distribution of electrons resulting from the
decay of muons in their lowest atomic orbit. 30 ele-
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ments were investigated, using scintillation counters as

- detectors. The data are compared with the general

theory of Primakoff and the specific predictions of
Tolhoek and Luyten for nuclet with 20 = Z = 28.
Primakoff’s predictions for the effect of the Pauli
principle are well born out by this experiment, and the
inferred capture rate of muons by protons is in good

. agreement with the bypothesis of a universal Fermi

interaction. New values of effective nuclear charge
densities (analogous to Wheeler's Z 4% were com-
puted for analyzing the data, using a recent muon mass
and up-to—-date experimental information on ¢harge
distributions. These new values are presented in tabu-
lar form (auth)
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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 meson(u), particularly those per-
mitting its use in nuclear structure studies, are sum- :
marized.. Theory behind the use of muonic x rays and
muon capture by nuclei for such studies is presented along
with some experimental results. (D.C.W.)
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45051 DISPERSION THEORY OF LOW-ENERGY
SCATTERING. Serebryakowv, V. V,; Shirkov, D. V. (Inst.
for Mathematics, Novosibirsk, USSR). .Fortschr. Physik,
13: 227-76(1965)."

A review is presented whxch is 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 - scat-
tering are given. The original papers by Chew and Mandel-
stam which have, in fact, given rise to the systematic theo-
retical studies in this field are included. The works of
theoretists.of Dubna and Novosibirsk which led to the con-
sistent approach to the theory of strong interactions at low
energies are treated. Comparisons are made thh experi-
ments. (auth)
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33023 PION-MASS MEASUREMENT BY CRYSTAL

DIFFRACTION OF MESONIC X RAYS. Shafer, Robert E.;
Crowe, Kenneth M.; Jenkins, David A. (Univ. of Califor-
nia, Berkeley). Phys Rev. Letters, 14: 923-5(May 31,
1965). (UCRL-16056) .

Measurement of the 4F—3D transitions in T-mesonic
calcium and titanium is reported along with the prelimi-
nary results of a new determinatlon of the charged pion
mass. (M ow.)
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15798 DIRECT REACTIONS WITH TWO—NUCLEON ’
TRANSFER, Shapiro, L. S.; Ttmashev, S, F, (Inst. for
Theoretical and Experimental Physics, Moscow). Nucl.
Phys,, 79: 46-64(1966),

Angular distributions in the direct nuclear reactions
" (t,p) and (3He,n) on light nuclei arve calculated. Satisfac-
tory agreement with experimental data in the n.gxon of
'small momentum transfers is obtained. (auth)’
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46785 AN ON-LINE MEASUREMENT 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 electran-maomentum spectra from muon decay are
measured using wire spark chambers with ferrite-core
readouts and on-line computation. .Systems used and results
‘are prlnted (T.F.H.)
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45050 - ON POLARIZATION PROPERTIES OF MUONS
IN ELASTIC NEUTRINO PROCESSES (¥, +p — n + u*,

+n--p+ u7). Shishkin, G. V. ({(Inst. of Heat and Mass
E!‘xchange Academy of Sciences, Belorussian SSR). Dokl.
Akad. Mauk BSSR, 81 160-3(Mar. 1965). (In Russian).

To distinguish the two kinds of neutrino and antineutrino
a relation is established between the polarization s, and the
polarization vector of muons in the elastic neutrino reac-
tions Py+p —~n +p*and v, +n —p +u”. It is assumed
that the neutrino and antineutrino are always completely
polarized longitudinally, that is, s, = x1. Wave functions
of the free.fermions are determined by simultaneously
solving the Dirac emation and an equation with a projection
operator. The hamiltonian of a weak four-fermion inter-
action is then written with only the vector and axial-vector
terms being retained. An expression is written for the
matrix element of the reaction  + N — N’ + y. Here N and
N’ are nucleons, By using perturbation theory an expres-
sion is obtained for the spatial components of the polariza-
tion veator of tha muons. The prebability of muon neutrinos
reacting with a proton or neutron and the polarization-vec-
tor components of the resulting muons depends strongly on
the longitudinal polarization of the neutrino, thatis, on s,.
The neutrino imposes its polarization on the muon that is
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 is, in the momentum plane of the neutrino and the

.muon. (TTT) .
686
7962 (UCRL-9362) DIFFERENTIAL ELASTIC

PION-PROTON SCATTERING AT 600, 650, AND 750 MEV
(thesis). John 1. Shonle-(California. Unlv., Berkeley.
Lawrence Radiation Lab.). Aug. 12, 1960. 70p. Contract

_W-7405-eng-48.

The differential elastic cross sections for 7~ -p scattering
were measured at 610 £ 20, 655 + 20, and 750 + 20 Mev in a
propane bubble chamber. The elastic events were selected
by a x! test. The total elastic cross sections are 17.7 + 2.3,
'16.6 + 1.4, and 14.8 + 1.4 mb, respectively. Cosine-power
series were fitted to the angular distributions. The vari-
ation of the coefficients with energy indicates J = /, for the
600-Mev resonance and J = % for the 890-Mev resonance
in the n~ -p interaction. The data were more compatible



wlth odd relative parity for the two: P, and D, or D, and
F, . Thus the scattering data Lndependently give the same
assignments for the peaks as the photoproduction data.
Resonance at the peaks is not-established but is the most
plausible explanation for them. Strong absorption of the
TI=3% resonant wave is suggested. (auth) ’
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24804

NEGATIVE PION-PROTON ELASTIC SCATTERING AT
600 TO 750 Mev. John I. Shonle (Univ. of California,
Berkeley). Phys. Rev. Letters 5, 156-9(1960) Aug. 15.

The experiment was conducted to establish the angular .
momentum at the peaks from elastic scattering of negative
pions at 610 + 20, 655 + 20, and 750 + 20 Mev on hydrogen.
The plons were focused, deflected, and collimated to give'a
momentum spread of +1.5%. The mean beam momentum

was measured by three methods; all gave consistent results.

The events were given a y? test for.elasticity using con-
ﬁguratlon-dependent errors. Good agreement with.the ex-
pected »! distribution was found. About 40% of the measured
events were elastic. . (B.0.G.) '
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34812 SCATTERING OF 300-Mev PIONS ON HYDRO-
GEN AND DEUTERIUM. I B. Sokolova. Tr. Fiz. Inst.,
Akad. Nauk SSSR, 14: 61-116(1962). (In Russian) .

The cross sections and the angular distributions for the
elastic scattermg of 300-Mev negative and positive pions on
hydrogen and deuterium were determined. The phase analy-
sis 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
error it is not possible to say just what the D-wave con-
tribution is. For S and P waves the phase shifts o, and
.ay do not have a linear dependence on the meson momen-
tum as proposed by Orear. The oy, phase shift does not- )
agree with the Chew and Low relation, but rather is in
agreement with the energy dependence proposed by Mukhin .
and Pontecorvo. The phase analysis is not unique. For the |
{sotopic spin ‘A state twoﬂsenes of phases are possible.

The determlnéq phase shifts agree with the dispersion
relations for both negative and positive mesons assuming’
that the meson-nucleon interaction constant, *, is 0.08 to
0.10. The angular distributions for the elastic scattering
of mesons on deuterium do not agree with the Green and
Rockmore calculation in the impulse approximation.
Agreement is obtained if it is assunied that the nucleon
mass goos to infinity. The disagreement {s apparently con-
nected with the inconsistent calculation of the nucleon re-
coil. (TTT) '
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24274 . (UCRL-10585) A STUDY OF THE r* IN THE
REACTION 77+ p— 7%+ 7~ + n AT 365 AND 433 Mev -

(thesis). Julius Solomon (California. Univ., Berkeley.
Lawrence Radiation Lab.). Jan. 17, 1963. Contract W-
7405-eng-48. - 101p.

The differential distributions in energy and angle of the
7* in the. reaction 7~ + p — 7% + 1~ + n have been measured
with a scintillation counter telescope.used for n* detection
and a magnetic spectrometer for 1;* energy determination at
7~ incident energies of 365 and 432 Mev. At each of the
laboratory-system angles 20, 50, 80, and 110° 7* were '

- detected in scintillation counters placed after the spec- 1

trometer. This system covered a major portion of the
kinematically allowed n* energy spectrum. The values of
T and ATAQ for each counter after the spectrometer were

determined by suspended—wnre measurements. Loés in 7

: detection efficiency due to the decay of the 7 was calculated.

The e* contamination in the L telescope was calculated and
found to agree with a measurement made at 20°. The total
cross-sections at 365 Mev, 2,39 z 0.20 mb, and at 432 Mev,
3.98 £ 0.20 mb, are in agreement with other recent meas-
urements. The angular distributions in the center-of-mass
system' (c.m.) are do /dQ2 *)ggs Moy = [(190 = 16) + (10 £ 27)
cos6*} pb/sr and do/dR*)ey; e, = 1817 + 16) + (35 + 26)
coso‘] wb/sr. At the higher energy the forward peaking of
the 7* is less pronounced than in & previous measurement .
‘of that characteristic. Both total cross section and angular
distribution can be explalned to present accuracy with two -
models: a 7-7 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 suggesting the presence of isobar formation
in the final state. An attempt was made to fit the energy-
spectrum data to an isobaric- ‘model using as many as three
parameters At 375 Mev moderately good fits are obtained,
whereas at 432 Mev no reasonable fit to the measured en-. .
ergy spectrum could be found. 38 references. (auth) '
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44

A MEASUREMENT OF THE TOTAL. ABSORPTION RATE
OF MUONS IN CARBON. F. Russell Stannard (Univ, of
California, Berkeley). Nuovo c¢imento (10) 17, 598-606
'1960) Aug. 16. (In English) -

Negative muons stopped in a ptopane bubble chamber
form mesic atoms with carbon nuclei. Subsequently they
either decay by their usual mode or interact with the
micleus. Baged on a sample of 2519 mesons, the probabifl-
ity for interaction was found to be (7.4 + 0.8)%, and the
total absorption rate of muons in carbon became (0.36 ¢
0.04) - 10% 8™, The result was found to be in satlstactory
agreement. with theory. (auth)
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16229

TOTAL ABSORPTION RATE OF MUONS IN CARBON.
F. Russell Stannard (Univ. of California, Berkeley). 'Phxs.
Rev. Letters 4, 523-4(1960) May 15.

The nbwlpllnn rate was studied for muons In carbon wlth

113
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a 30-in. propane bubble chamber. The muon beam had a 1%
pion background. Of the 2519 particles stopping in the
chamber, 2334 decaved and 185 interacted. The pion con-
tamination was estimated from prong distributions of pion
and muon capture stars. It {8 expected that ~18% of muon
captures lead to a formation of B', which g decays to C%,
If a decay lifetime of 2.22 x 107 gec is assumed, the
estimate of the total capture rate becomes Ay = (0.36 + .
0.04) x 10° sec™'. (B.0.G.)
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24185 REVIEW OF PION RESONANCES, Jack Stein-

berger (Columbia Univ., New York). p.185-210 of ‘‘Eastern

Theoretical Physics Conference.’”” New York, Gordon and
Breach, Srience Puhlishers. 1963.

. The pion resonances p, w, and 7, are discussed. The p
resonance was found in the reactions: 7=+ p—~ 71"+ 10+ p.
and 7~ + p — 7* + r* + n. The central mass is 750 Mev,
and the p has spin 1 and negative parity. The w was dis-

covered in the reaction p+ P — 21% + 27~ 4 1% The mass is’

~782 Mev, and the isotopic spin is 0. The n was found in

the 3-pion system of the reaction 7" +d — p+p+ LA

7. The isotopic spin is 0, and the mass’is ~548 Mev, In-
terpretations of the reactions and properties of the reso-
nances are discussed. The resonances are found in large .
quantities in p-p collisions, m-p and r-d collisions, and
proton-antiproton annihilation, (M.P.G.)
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10330 MUON SCATTERING EXPERIMENT ON NU-
CLEAR STRUCTURE OF C*. Richard O. Stenerson and
Robert W. Williams (Univ. of Washington, Seattle) Phys.
Rev:; 137 B266-71(Jan. 25, 1965).

The differential cross section for the scattering of 1.09
Bev/c muons in-carbon, summed over all final energies,
was measured in the laboratory angular range 10 to 20°
using a spark-chamber detector. The experimental results
agree in a general way with the theoretical predictions for
reasonable wave functions, but both theory and experiment
lack the precision necessary for a critical test of the best
available wave functions. The future utility of muon beams,
-as compared to electrons, is briefly discussed. (auth)
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41379 m-a SCATTERING AND THE PIONIC FORM
FACTOR. Sternheim, M. M, (Yale Univ., New Haven);
Hofstadter, R, Nuovo Clmento (10), 38: 1854 -60{Aug. 16,
1965).

Theoretical calculations are carried out on » ~-a and
rt-u elastic scattering processes, Results are presented
at a typical incident pion energy of 100 Mev., The results
are sensitive to the pion’s electromagnetic form factor
since the form factor of the a-particle niay be taken from
electron scattering experiments. If the pion size is large
the burden on the theoretical ealeulations is not great,
However i the pion size, is small the cildeulations mu~t
be refined, In any case the comparison ol r-a und r Yo
scattering is worthwhile, and suggestions are made as to
how to carry it out. (auth)

695

349 . SCATTERING OF PIONS BY LIGHT NUCLEIL

Morton M. Sternheim (Yale Univ., New Haven). Phys.
Rev., 135: B912-20{Aug. 24, 1964).

The scattering of pions by light nuclei is calculated using
an approximate, high-energy, smail-angle multiple-scatter-
ing expansion which neglects off-the-energy-shell scatter-
ing. The approximations needed to obtain this expansion
from an cxact multiple-scattering theory are examined. It
is found .tha; the unknown contribution of the off-the-energy-
shell scattering makos any calculation nf pion-nucleus
scattering unreliable for large angles. Using 7-N phase
shifts and electron-scattering data, results are obtained
for the scattering of pions of about 80 Mev by Li, C, anrd O.
{auth)
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25779 (CEA-R-2838) . MESURE DES SECTIONS EF-
FICACES TOTALES #n*p ET #p ENTRE 700 ET 1700 Mev
ET APPLICATIONS AUX RELATIONS DE DISPERSION
[Theses]. (Measurement of the n*p and mp Total Cross
Sections From 700 to 1700 Mev and Applications to the .
Dispersion Relations [Thesis)). Stirling, Alexandre v,
(Commissariat a 1’Energie Atomique, Saclay (France).
Centre d’'Etudes Nucleaires), 1966. 64p.. Dep. mn.

Submitted to Paris Univ., Orsay (France). Faculte des
Sciences. ’

The 7p and 7p total cross sections were measured be-

tween 500 and 1700 Mev to eliminate discrepancies in the
experimental data. These new values have permitted a

more precise calculation of the forward dispersion relation’

These relations are 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)
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24247 PION-PION'INTERACTION IN PION-PRODUC-
TION BY 1r+-p COLLISIONS. D, Stonehill, C. Baltay,

H. Courant, W. Fickinger, E. C. Fowler, H. Kraybill,

J. Sandweiss, J, Sanford, and H. Taft (Yale Univ., New
Haven and Brookhaven National Lab,, Upton, N. Y.).
Phys. Rev. Letters, 6: 624-5(June 1, 1961).

The reactions 7* +p ="+ P +pandr* +p = nt +
** + n are studled at 910, 1090, and 1260. Mev, in an at-
tempt to detect a 7-7 resonance. For the outgoing n*r
pair, peaks In the Q=values lead to a di-pion resonance
with a maas of 5.0 to 5.5 pion masses and I =1 or 2. No
resonance {8 observed in the outgoing 7*7* (I = 2) pair,
leading to the conclusion that the 7 7 resonance isa I=1
state. (T.F.H.)
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15636 (TID-15425) PION-PION INTERACTIONS IN
7*—p COLLISIONS. D. L. Stonehill and H. L. Kraybill
(Yale Univ., New Haven). Feb. 28, 1962. Contract
AT(30-1)-1173. 23p. :



Results of a study are presented concerning the occur-
rence of pion-pion interactions in collisions of positive
plons with protons, at incident pion Kinetic energies of 910,
1090, and 1260 Mev. The interactions of principal interest
arer* +p—-p+rt+1% andat +p—~n+ 1t +7t, (J.R.D.)
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22726 (NEVIS-121) ELECTRON DECAY BRANCH-
ING RATIO OF THE PION (thesis). Alan Strelzoff
(Columbia Univ., Irvington-on-Hudson, N. Y. Nevis Labs.).
Mar. 1964. Contract Nonr-266(72). 62p. (CU-227; R-419)
The ratio of the pion decay rates for the processes,
7 — e+ yand 7 — p + y, was measured. A large Nal(Tl)
crystal was used to separate the high energy pion decay
electrons from the continuous spectrum of the r-u-e chain.
Counting decay electrons immediately following a pion
stop, the ratio was determined by a direct comparison of
n-e and =-p-e electrons. From an observed 10,851 7-e
electrons a precision of 1.8% was attained in the quantity
(pion lifetime x branching ratio). Cornsidering the present
uncertainty in the pion lifetime the branching ratio, (1.247 ¢
0.028) x 107! is obtained. This is in good agreement with
the theoretical value, 1,233 x 10™¢, required by the V-A
theory when radiative corrections are included. (auth)
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39042 PROSPECTIVE USE OF NEGATIVE Pi-MESONS
IN THERAPY. 'C. Stuart and G. Cittadini (Universita,
Sienma, {Italy}]). Radiazioni Alta Energia, 1: 209-18(Oct.
-1962). (In Italian)

A synthetic and critical view of the present physical and
biological notions on the mesons.is drawn underlining the

importance which they may have on the fature of high en-
ergy therapy and ninjor prominent prictical and theoreticeal
points are synthedizoed on the Tollowing three congilern -

tions: the vllnlrihu"lnn of the done wb the focos iw execllent
and definitely superior to the one obtrined with other par-
ticles includii 1apid protons; the RBE oI the mesons is
difficult to evaluate although, on the strength of a prelimi-
nary approximation, they may be identified as that of other
particles; the negative pi-mesons are not presently utilized
in therapgutical practice in view of the fact that the me-
sonic beam obtained with the normal accelerators is not
intense ehough in order to reach acceptable focus doses.
{auth)

701

19912 ° EXCITED STATES OF ‘He 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 ®Li(n*,2p)*He
shows that there are excited states of ‘He at about 30 Mev
excitation, which can be best interpreted as having the
structure of two deuteron clusters in relative oscillation.
(auth)
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29492 (BNL-7033) Mu-p SCATTERING EXPERI-
MENT— TRIGGER AND DRIVE CIRCUITS. Mu-~p No. 26.

" Michael J. Tannenbaum (Columbia Univ., New York and

Brookhaven National Lab,, Upton, N, Y.). May 1963, Con-
‘tract [AT(30-2)-Gen-16]. 67p. . ) -
Block diagrams of the apparatus to be used in the ex-
periment are presented; and the design, behavior, and ’
.operation of the various circuits are discussed. (D.C.W.)
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25264 (NYO-2262-86) ELASTIC SCATTERING OF
NEGATIVE PIONS BY PROTONS AT 903 Mev (thesis).
Internal Report No. 108. Merlin Gene Taylor (Brown
Univ., Providence, R. 1.). Feb. 1965. Contract [AT(30~1)-
2262]. 58p. Dep.(mn); $3.00(cy), 2(mn) CFSTI

The meson (z~)-proton interaction was investigated °
at 903 Mev using a hydrogen bubble chamber. The mea-
suring techniques and event construction and selection
are discussed. The elastic scattering cross sections and
angular distributions were determined. (C.E.S.)
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8224 HYPERFINE EFFECTS IN MUON CAPTURE.

V. L. Telegd!l (Univ. of Chicago). p.16-25 of ‘‘Weak Inter-

actions and Topics in Dispersion Physics.”’ New York,

W. A. Benjamin, Inc., 1963, ’
Experimental cvidence on the nature of (NP)(v,) coupling

in complex nuclel is revicwed. Arguments are presented of

the presence of V coupling in relation to the hyperfine ef-

fects. Other hyperfine experiments are mentioned: capture

of uby a j =1 -1, dy proton; capture by ''B; and inner

bremsstirahlung in = capturc. (L.B.S8.)
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14798 (CEA-2308) CONTRIBUTIONS A L'ETUDE
DES REACTIONS #* + p — #* + p + 7° ENTRE 0.5 ET 1.5
GeV/c. (Contribution to the Study of the Reaction #* + p —
7t + p + 7° Between 0,5 and 1.5 Gev/c). Bernard Thevenet
(France. Commissariat a I'Energie Atomique. Centre -
d’Etudes Nucleaires, Saclay). 1963. 79p.

- Thesis submitted to Universite, Paris.

The total production cross section of y accompanied by
charged secondaries in n* p interactions between 0.5 and
1.5 Bev/c was measured. The cross section of the reaction-
n* p — 1* 7% p was obtained. Only the cross section of
mp— 7% + (charged particles) could be determined be-
cause the lack of information on multiple production. The
experlmental results were compared with the predictions
of simple production models. .A method for calculation of
high energy y-ray efficiency of detectors with lead convert-
ers is given. (auth)
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14335 EXPECTED ENERGY PEAKS IN MESON-MESON
INTERACTION. Charles Thompson (Marquardt Corp.,

'

115
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Orange, Calif.). Can. J. Phys., 43: 163-7Jan. 1965).

The nature of unstable meson-meson interactions is con-
sidered. A discussion is given of the type of energy peaks
expected on the basis of the crossed one-meson exchange
diagram where the unstable vertices represent decay ver-
tices and can lead to singularities near the physical region
and whether such peaks will actually appear in the three-
body final-state interaction when the diagram is joined by -
unitarity to the final (and initial) system involving stable
mesons only, (C.E.S.)

707

25276 PION-NUCLEON SCATTERING AND J =2,
T = 0 PION-PION INTERACTION. Charles Thompson
(Applied Science, Minneapolis). J. Phys. Soc. Japan,
20: 297-302(dfar. 1965). .. ' '

The effect of the J = 2. T = 0, 7— 7 interaction on the 7~ N
invariant amplitude B s analyzed. It was found that the
7~ N scattering data is inconsistent witha J=2, T=0, n—n
phase, due to 63, which rises.to above 13° around 650 Mev.
From the data it s impossible to say whether the results
correspond to a resonant phase or only a sharp peak in the
corresponding absorptive part of the amplitude. (auth)f
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33029 ANALYSIS FOR THE PRODUCTION OF AN
" ISOSCALAR S-WAVE DI-PION RESONANCE. Thurnauer,
. Peter G. (Univ. of Rochester, N. Y.). Phys. Rev. Let-
ters, 14: 985-8(June 14, 1965).

Outlined is a fully relativistic and unitarity-preserving,
phenomenological model for the one-pion production reac-
tion 7~ +p — 7~ + 1" + n. The effects of the (3,3) pion-
nucleon resonance on the final two-pion system and the
possibility of a di-pion resonance are examined. The
tests of the model for a wide range of data serve to ensure
its validity and likewise to define its parameters. (M.O.W.)
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29691  .MEAN LIFETIME OF THE »® MESON. J. Tietg¢
and W. Pueschel (Max-Planck-Institut fir Physik und
Astrophysik, Munich). Phys. Rev,, 127: 1324-7(Aug. 15,
1962). '

" An estimate of the r° mean lifetime has been obtained by
a method first attempted by Harris, Orear, and Taylor in
1957. The decay distances of monoenérgetic 7° mesons,
.produced by the K., decay at rest (K* — #* + 7°) and de-
caying via the Dalitz mode (1r° —et+e+ ). were meas-
ured. In two stacks of nuclear emulsion (lford K§), expused
to the 700-Mev/c K* beam at the Berkeley Bevatron, 45
events of this type were found. For the #° mean lifetime a
value of 7 = (2.3%]-}) x 107 sec has been obtained. (auth)
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37637 PION-PROTON INTERACTIONS AT 780 Mev,
Tilger, Clarence Arthur Jr. Thesis, Bloomington, Ind.,
Indiana Univ., 1964. 83p. b
The interactions of protons with pions having a labo-
ratory kinetic energy of 780 Mev are examined. Using
the optical theorem and the value of the total cross sec-

tion determined in previous work by Devlin et al., the
elastic angular distribution is (0.24 + 0,03) + (0.82 % 0.09)
cos U+ (2,40 + 0,22)cos?J + (0.37 + 0.15)cos’ ¥ — (1.45 &
0.26)cos® J where the coefficients are in mb/sterad. The
elastic cross section is 10.1 + 1.4 mb and the one-pion
production cross section is 12.2 + 1.4 mb. The ratio of the
cross section for neutral pion production to charged pion
production.is 4.35 + 0.30:1. The kinetic energy and an-
gular distributions of the particles in the one-pion produc-
tion final states are examined and compared with the
predictions of various models, In particular, the Dy
isobar model and the vector meson exchange model are
examined. While both of these fit the data in part, neither
agrees with the whole of the data and further theoretical
analysis is necessary to fully explain the one pion pro-

_duction process, (Dissertation Abstr.)
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15341 °  #*p INTERACTIONS AT T, =781 Mev. Tilger,
C. A.; Poirier, C. P,; Alyea, E. D. Jr.; Martin, H. J. Jx.;
Scandrett, J. H. (Indiana Univ., Bloomington). Phys.
Rev., 142;: 972-6(Feb. 25, 1966). ’
Interactions of 781-Mev 7" mesons with protons were in-
vestigated using a 14-in. hydrogen bubble chamber. A .
total of 2305 events were observed. The data were normal-
ized to a total cross section of 22.2 mb, giving partial
cross sections o(n*p — 7*p) = 9.5 0.5 mb, o(r*p —
Tpm) = 9.3 £ 0.5 mb, o(r*p — 7+7*n) = 2.15 £ 0.17 mb, and
a multiple -pion-production cross section of 1.15 # 0.17 mb.
The elastic angular distribution was ohtained and is do/dw =
(0.25 + 0.03) + (0.90 + 0.11) CuS Oo.m, + (2.57 + 0,24)
€0520¢. 1. + (0.19 £ 0.22) cos¥0._ . — (1.73 + 0.34) cost . .
The kinetic-energy and angulir distributions of the outgoing
particles in singlc-pion production arc given. The data are |
compared with other experiments in this energy region and
their relevance to the shoulder in the m*p total cross sec-
tion near 830 Mev is discussed. (auth)

712

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 is shown that the induced pseudoscalar coupling con-
stant in muon capture can be determined, assuming the CVC
“hypothesis. Determination of the constant from the partial
transition rates for muon capture by 80 and from radiative
muon capture is discussed. (D.C.W.)
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44993 (CEA-R-2778) CALCUL DE LA CONTAMINA-
TION EN MUONS D'UN FAISCEAU DE MESONS g. (Calcu-
fation of the Muon Contamination in a z-Meson Beam).
.Tran, Anh Ha (Commissariat a I'Energie Atomique, Saclay
(France). Centre d'Etudes Nucleaires). 1965. 17p.

Dep. mn. . .

A method/is presented for calculating the p contamination
of a m meson beam which is parallel and of cylindrical sym-
metry. The CONTAMU program used in carrying out this
calculation is also given. An evaluation of the u contamina-



2
.tion i8 necessary for correcting the experimental values of
" the crose sections of various reactions using the 7 meson
beam as the incident particle beam. The two following
cases are treated: (1) the beam is defined by an S; counter
and the p contamination is calculated when the'beam passes
through this counter and (2) the beam is defined by two
counters S; and S; and the u contamination is calculated
when the beam passes through the. two counters succes-
sively. The calculation is given in detail following the
order of the program. A table of results for a few of the
parameters defined is given as an example, (tr-auth)
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40252 .(UCRL-11537) SCATTERING OF 250-Mev
POSITIVE PIONS BY PROTONS: EXPERIMENT AND
ANALYSIS (thesis). \\ladysla\v Kilian Troka (Cahi’ornia
Univ., Berkeley. Lawrence Radiation Lab ). Sept. 18,

- 1964. Contract W-7405-eng-48. 102p. ’

The differential cross section for 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 14.9 to 160°. The fractional rms errors were typically .

5%. A liquid hydrogen target was bombarded by a beam
of 2.5 x 10° mesons/sec. The scattered pions were detected
by a counter telescope. Recoil protons were eliminated by
means of a Cherenkov counter. A phase-shift analysis was
performed combining the above- mentioned data with the
recoil-proton polarization measurements taken recenﬂy
with the help of a polarized proton target. Only one accep-
table SPD Fermi-type phase-shift set was found. When F
waves were included, a total of three possible phase-shift
solutions emerged from the analysis. However, arguments
based on the data could still be made to eliminate all but
one phase-shift set. On the-other hand, the remaining
phase-shift set, similar in type to the SPD solution, suffers
from the disadvantages of large rms errors assigned to its
small phase shifts. (auth)
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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). (Ii\ ’
Chinese)

An approximate expression for the (3,3) partial wave
amplitude is given from the analyticity, unitarity, and °
threshold behavior considerations, in which only two pa-
rameters, namely the coupling constant and reésonance
level, are introduced. "This expression is in good agree-
ment with the experimental data from the threshold up to .
the pion laboratory kinctic encrgy of about 350 Mev. In
comparison with Chew-Low's result, it gives the variation
of (q*/w)ctg 633 with w not following a straight line but a-
curve concave downward. Such an lmprovement s 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 over-

‘" come in the present formulation. (auth) .
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24677 (wmmm(mMMMHWAUhmsms
REACTIONS 1=+ p — r®+ net 1™+ p — % + n° + 0 AUX
ENERGIES DES MAXIMA DE LA SECTION EFFICACE
TOTALE DE L'INTERACTION r~ NUCLEONDANSLETAT
DE SPIN ISOBARIQUE T = %, (THESES). (Contribution to
the Study of r~ + p — +nand s +p— 7 +'m° + n Reac-
tions at the Energies of the. Maxima of the « ~-Nucleon In- |

. teraction in the T = ¥ State Total Cross Section (thesis)).

René Turlay (France. Commissariat & ’Energie Atomique.
Centre d’Etudes Nucléaires, Saclay). 1962. 71p.
Submitted to Université, Paris. o
The total cross sections for processes yielding only neu-
tral particles from 300 to 1600 Mev were determined. For
this, the number of incident 7~ was counted, which interact. .
in a liquid-hydrogen target without giving charged particles
in a 4 7 counter surrounding the target. The reactions
T +p—- r® + ¥ +.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 7 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,
P +nand 2°+ 2%+ n. The experimental results are dis-
cussed and compared to those obtained in the study of
‘photoproduction and the r” nucleon interaction. (auth)
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8940

THE EFFECT OF THE STRUCTURE OF THE NUCLEON
ON THE CAPTURE OF g~ MESON BY PROTON. H. Y.
Tzu, T, H. Ho, and Y, B, Dai (Inst, of Atomic Energy Re-
search and Inst, of Mathematics, Academia Sinica, Peking).
:Wu Lt Helleh Pao 15, 621-4(19569) Oct. (In Chinese)

It 18 noted that, owing to the similarity existing between
clcctromagnetic interuction and the vector part of the weak
interaction proposed by Feynman and Gell-Mann, the con-
tribution of the vector part of the wenk interaction to u~

"capture by a proton is closely rolated to the electromag-

netic form fuctors of the nucleon, Formula for the capture
probability caloulated with the renormalized V—A, weak
interaction is given, The correction to the contribution of
the vector part of the weak interaction due to the charge
and magnetic moment distribution of the nucleon is est{-
mated on the basis of the data from electron-nucleon
scattering experiments. (auth) )

717a

28350 (JPRS-8182(p.24-8)) EFFECT OF THE STRUC-~
TURE OF THE NUCLEON ON THE CAPTURE OF THE
u-MESON BY- THE PROTON. H. Y. Tzu, T. H. Ho, and
Y. B, Dai, Translated from Wu Li Hslieh Pao, la 521-4
(Oct 1959). '

. This paper was prevxously abstracted from the orlgmal
langu'\ge and appears in NSA Vol. 14, abstract no. 8940,
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35453 GIANT DIPOLE GAMMA-DECAY FOLLOWING
MU-MESON CAPTURE IN 2C. Ueberall, H. (Catholic
Univ. of America, Washington, D. C.). Nuovo Cimento
(10), 38: 669-72(July 1, 1965). '

.In an attempt to v.erify the presence of the giant dipole
mechanism in meson (u) capture in a more direct experi-
mental fashion, neutron spectra and y rays should be
studied near 10 Mev. An order-of-magnitude estimate of
vy versus neutron decay widths is given to indicate whether
an experimental search for these photons would be feasi-

.blo. (J.F.P.)
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812
}z{zYPERFINE SPLITTING EFFECTS IN THE CAPTURE
OF POLLARIZED u~ MESONS. H. Uberall (Carnegie
Inst. of Tech., Pittsburgh). Phys. Rev. 114, 1640-5
(1959) June 15.

The effect of hyperﬁne splitting of u-mesic atom
ground states on the neutron asymmetry {rom muon
capture was investigated in hydrogen; deuterium, and
complex nuclef. It is shown that this can provide more
taformation on the capture interaction than the neutron

asymmetry from spinless nuclei. Muon polarizations’
and gyromagnetic ratios in the hyperﬂne states are also
discussed. (auth)

720

15562 NEUTRINOS FROM STOPPED m AND.u MESONS.

H. Ueberal! (Univ. of Michigan, Ann Arbor). Nuévo
clmento (10), 23: 219=21(Jau. 1, 1968). (In Engliah)

Neutrino spectra from # and p decay and from u~ capture
in heavy materials were determined and plotted.. Idermty
determination is discussed. (L.N.N.)

721

44801 SCATTERING OF PIONS FROM NUCLEI. R. K.
ymerjee (MATSCIENCE, Inst. of Mathematical Sciences,
Madras). Nuel. Phys., 60: 497-502(Dec. 1964). .

Elastic scattering of pions from cém"plex nuclei is stud-
ieil using the shell model and the impulse approximation.
Numerical results are presented in the energy range 65 to
150 Mev for targets C and O. Comparison is made with ex-
perimentel results. (auth)
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28598 . u~-MESON CAPTURE IN CARBON INVOLVING
THE FORMATION OF B%. A, O. Vaisenberg (Inst. of The-
oretical and Experimental Physics, Academy of Sciences,

USSR). Zhur. Eksptl’. | Teoret, Fiz., 41: 109-12(July 1961),

{In Russian)
Approximately 500 two-prong stars produced in the cap-
ture of 4~ mesons by light photographic emulsion nuclel are

examined. The probability for emission of an Auger elec-

tron in a capture of this type is of the order of a tenth of a

percent. Nine stars of the type u~ + c?— p'? 4y, B —~

Li® + He' uerc detected. The probability of such a reaction .
s 2 x 107* per capture in a carbon nuclcus It is shown that

there should he excited levels in the B 2 nucleus with an en-

ergy ~19-26 Mev from which breakup into Li® and He’ may

be possible. (auth)
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8213 . MASS SPECTRUM.OF CHARGED PARTICLES
EMITTED IN THE ABSQORPTION OF r~-MESONS BY PHO-
TOARAPIIU UMULBIUNE: A . Vuiswubesy, TN Wale’
ganova, and N, V. Rabin, Zh. Ekspw‘im. i Teor. Fiz., 47:
1262-9(Oct, 1964). (In Russian) .

The yield and spectrum of charged particles produced in
photographic emulsion nuclear disintegrations induced by
slow and fast (300 Mev) n~ mesons were studied. The yields
of deuterons and tritium nuclei with energies =10 Mev from
light nuclei (C, N, O) disintegrated by slow 7~ mesons (o -
stars) are, respectively, approximately 40 and 15%. The

“yields of deuterons with energies 220 Mev [rom heavy nu-
clei (Ag,Br) is close to 40% and is small for energies <20
Mev. Absorption of fast 7~ mesons does not result in ap-
preciable emission of complex parucles (auth)
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K 24720 THE SCATTERING OF 87 Mev POSITIVE PIONS

ON CARRON AND OXYGEN. F. P. G. Valckx, E. S.
Gelsema, and M. Kruiskamp (Rijksuniversiteit, Utrecht).
Nuovo cimento (10), 23: 1005-20(Mur. 18, 1962). (In Eng-
lish)

Elastic and inelastic scattering angular distributions of
87-Mev positive pions on carhon and oxygen are measured
with a total-absorption scintillation spectrometer of high .
energy resolution. The elastic angular-distribution data
can be fitted with the Kisslinger theory. The inelastic an-
gular distributions are strongly peaked in the backward di-
rection, The inelastic differential cross section apprecia-
bly surpasses the elastic cross section at angles ahove
about'100°. At geversal angles a peak ia scrn in the anargy
spectra of pions scattered from carbon, which must be ex-
plained as resulting from quasi-free pion-nucleon scatter-

"ing. (auth)
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19220 SPALLATION OF LIGHT NUCLEIBY SLOW r
MESONS. A. T. Varfolomeéev. Tr. Fiz. Inst., Akad. Nauk
SSSR, 22: 101-28(1964). (In Russian)-

The products from the absorption of mesons(r~) by 12¢,
1N, and %0 were measured on Mford C-2 emulsions 400
microns thick. The meson(#”) beam was obtained by irra-
diating carbon targets in the gamma beam of a synchrotron. “
The angular distributions of the slow fragments are peaked
at large angles when compared to the distributions of the
fast protons. Average values of the momenta of 3Li, @, and
p products were determined for reactions giving charged
products of 2ap, 3ap, 8Li2p, and Lic. It is generally



assumed that singly charged products are protons; how-
ever in up to 30% of the cases they were determined to be
deuterons and tritons. Neutron spectra were determined
for the reactions 2C + ™ —8Li + 3He + n; 2C + 7~ — 2a +
t +n; and 10 + =~ — 3a + t + n. The maximum energies
of the neutron spectra for these reactions are 87, .102, and
97 Mev, respectively. The spectra coincide < 80 Mev, .
fndicating that these neutrons arise from the reaction p +
7~ — n. The measured momentum distributions agree
better with calculations based on the one- -nucleon model

(p + »~ — n) than with the two-nucleon model (p + n +7~ =
2n; 2p + = — p + n). The distributions of the excitation
energy of the 1B, nucleus were found to be the same for
the 12C{(n~,n)"'B and ®C(p,2p)!!B reactions above 30 Mev,
indicating that excitation states of /B < 25 Mev are even,
but >25 Mev are odd. The only observed reaction on. nitro-
gen was ¥N + 2~ — 3a + 2n. (TTT) ° S
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9287 ENERGY LOSSES OF STRONGLY INTERACTING
PARTICLES PASSING THROUGH HYDROGEN. Yu. L.
Vartanyan (Inst. of Physics, Academy of Sciences,
Armenian SSR). Zh. Eksperim, i Teor Fiz., 43: 2143- 5
(Dec. 1962), (In Russian)

Energy losses due to strong interactions are calculated
on the basis of experimental data for nucleons and pions .
passing. through hydrogen (auth)
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14325
ELASTIC SCATTERING OF 300 Mev ¥ -MESONS ON HY-
DROGEN. I. M. Vasilevskif and V. V. Vishnyakov. Zhur.
Eksptl'. § Teoret. Fiz. 38, 441-4(1960) Feb. (In Russian)
The elastic scattering of 300 Mev *"-mesons on hydrogen
was studied using a hodoscope in which the countera were
fed by pulsed voltage. On the assumption that elastic scat-
tering 18 mainly due to S- and P-waves, an equation was
derived for the angular distribution. (auth)
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19769

THE POLARIZATION OF RECOIL - PROTONS IN =~
MESON SCATTERING IN HYDROGEN AT 300 MEV. 1. M.
Vastlevskil and V. V. Vishnyakov (Joint Inst. for Nuclear
Research, {[Dubna, USSR]). Zhur. Ekapzl { Teoret. Flz.
38, 1644-6(1960) May. (In Russian)

"The polarization of recoil protons in 300-Mev r-meson .
scattering by hydrogen was measured. 305 events of elas-.
tic r-meson scattering and proton. scattering in the hydro-
carbon target or In the counter walls were divided into '
three groups according to the angle of recoil protons. The
obtained data are tabulated, and the polarization as a func-
tion of the r-meson scattering angle for two sets of phases
was plotted. (R.V.J.)
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2544 NP-8058

Joint Inst. for Nuclear Research, Dubna U.S.8.R. Lab
of Nuclear Problems.

HODOSCOPE SYSTEM OF GEIGER COUNTERS WITH

" CONTROLLED PULSE SUPPLY FOR INVESTIGATION OF

7"-PROTON SCATTERING. I. M. Vasilevskit (Vasilevsky)
and V. V. Vishnyakov. 1959. 13p. (P-287).

The hodoscope system of gas-discharge counters with
controlled pulse supply which was used on the synchro-
cyclotron for investigation of 7~ -proton scattering is de- .
scribed.” The system consisted of 426 hodoscope counters.’
The details of the use of such systems in some experi-

_ments made on accelerators are given. (auth)
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20837 (JINR-D-1202) - POLARIZATSIYA PROTONOV
OTDACHI PRI RASSEYANI 7-MEZONOV-S ENERGII 300
Mev NA VADORODE. (Polarization of Recoil Protons in
300 Mev n-Meson Scattering on Hydrogen). 1. M. Vasilev-
skii 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 7 meson scat~
tering on hydrogen at 300 Mev. A hodoscope system with
800 Geiger counters was used for measuring elastic .x~
and proton scattering on carbon targets at 8 to 30° angles.
777 events of recoil proton scattering were found at 16 to
31° recoil angles, The results were tabulated a.nd com-
‘pared to published data. (R.V.J.) " '
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46366 RECOIL PROTON POLARIZATION IN ELASTIC
77p SCATTERING AT 300 Mev AND THE PHASE SHIFT
ANALYSIS OF PION-NUICLEON SCATTERING. Vasilev-
skii, I. M.; Vishnyakov, V. V.; Ivanchenko, I. M.; Lapidus,
L.1.; Silin, 1. N.; Tyapkin, A. A.; Schegelskii, V. A. (Joint
Inst. for Nuclear Research, Dubna, USSR). Phys. Lett.,
23: 174-6{Oct. 10, 1966).

The results of 2 measurement of recoil proton polanza-
tion for #"p — 7~p at 300 Mev are given, and a phase shift
analysis is made with the help of other data. (auth)
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456369 MASS DIFFERENCE ON THE NEGATIVE AND
NEUTRAL PIONS. Vasilevskii, I. M.; Vishnyskov, V. V,;
Dunaitsev, A, F.; Prokoshkin, Yu. D.; Rykalin, V. 1.;
Tyapkin, A. A. (Joint Inst. for Nuclear Research, Dubna,
USSR). Phys. Lett., 23: 281-2(Oct. 24, 1966),

The angular ‘correlation of gamma-quanta emitted in the
capture of stopping m"-mesons by protons was measured.
Measurements were made with a hodoscope of scintillation
and gas discharge counters. The mass difference of the
negative and neutral pions turned out to be (4.6034 % 0. 0052)
Mev/c?. (auth}) -
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22728 (NP-13870) REPORT ON RECENT EXPERI-
MENTAL DATA, 1963, Matscience Report 17, K. Ven-
katesan {Institute of Mathematical Sciences, Madras). 1107

Data from thé 1963 monthly reports (since. April) on
strong, weak, and electromagnetic interactions are com-
piled. Experiments on the third sound in liquid helium film#
and on the energy gap in superconductors are also reported.
The data include interaction, resonance production, and
particle production cross scctions; nucleon form faclors;
particle and resonunce properties; r-p phase shifts; and
meson(u”) capture rates. (D.C.W.)
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28139 (1SS-63/28(p.1-11)) ASSORBIMENTO DI
MESONI #7 IN NUCLEI COMPLESSI,. (Absorption of #~
Mesons in Complex Nuclei). - G. Campos Venuti, G. Fron-

terotta, and G. Matthxae (Italy. Istituto Superiore di Sanita, -

Romae).

The deexcitation processes in a nucleus as a result of
the absorption at rest of a #~ meson were ‘studied by meas-
urement of the energy of the neutrons emitted from 1 to 50
Mev. The experimental set-up for measurement of the .
neutrons emitted is described. Targets of ‘Cu, Su, and Pb
were used. The results are given as a function of number of
neutrons emitted per pion absorbed and per 1-Mev energy
interval. The three spectra show quite similar character-

. istics. The mean number of neutrons emitted per pion

absorbediss9:&04forCu.80:05f0rSn,and89:
0.5 for Pb. The results are in satisfactory agreement with
Monte Carlo calculations. (J.S.R.) .
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8437 THE ABSORPTION OF NEGATIVE PIONS BY

COMPLEX NUCLEI (COPPER, TIN AND LEAD). G. Cam- -

pos Venuti, G. Fronterotta, and G. Matthiae (Istituto = -
Superiore di Sanitd, Rome and Istituto Nazionale di Fisica
Nucleare ‘‘Sottosezione Saniti’’, Rome).. Nuovo Cimento
(1), 34: 1446-5'1{Dec. 16, 1964).

An experiment performed at the electron synchrotron is
described for measuring the energy spectrum of neutrons
emitted in the energy range from about 1 to 50 Mev in the
capture of negative pions at rest in complex nuclei. The

“‘experimental data obtained using targets of Cu, Sn, and Pb

are presented and discussed. Each of the energy spectra of
neutrons emitted is characterized by a low-energy evapora-
tion part with 2 maximum at about (2 — 3) Mev. Comparison
of data obtained in 7 absorption in the almost double magic
nucleus of Pb, with results of other experiments using the
same excitation energies, shows shell-model et'fects on
evaporation processes. (auth)
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32733 (1SS-64/10) ASSORBIMENTO DI MESONI n~
IN Cu, Sn E Pb. (Negative Pion Absorption in Cu, Sn, and
Pb). G. Campos Venuti, G. Fronterotta, and G. Matthiae

(Italy. Istituto Superiore di Sanita, Rome). Apr. 3, 1964.
27p.

An experlment performed at the Electron Syanchrotron in
Frascati is described for measuring the energy spectrum
of neutrons emitted at 1 to 50 Mev in the capture of nega-
tive pions at rest in complex nuclei. The experimental
data obtained using targets of Cu, Sn, and Pb-are presented
and discussed. Each of the energy spectra of ncutrons
emitted is characterized by a low-energy evapovation part
with a maximum at about 2 to 3 Mev, Comparison of data
obtained in 7~ absorption in the almost double magic nu-
cleus of Pb, with results of other experiments using the
same excitation energies, shows shell-model effccts on
evaporation processes. (auth) :
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19084 NEUTRON SPECTRA FROM n~ CAPTURE IN
Cu, Sn, AND Pb. G. Campos Venuti, G. Fronterotta, and
G. Matthiae (Istituto Superiore di Sanitd, Rome'. Phys.
Letters, 9: 45-8(Mar. 15, 1964),

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 at high excitation energy and the prompt emis-
sion of nucleons was obtained. (C.E.S.)
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25902 (LNF-62/37(p.138-42)) CATTURA DI MESONI
7" IN NUCLEI COMPLESSI. (Capture of n~ Mesons in
Complex Nuclei). G. Campos Venuti and G, Matthiae (ltaly.
Istitino Superinrva di Sanitd, Rama),

A sludy w determine the noutron spectram emitted irom
nuclei ay u result of the abdorption of ¥~ mesoins 18 Jde-
scribed. The time-of-flight method is 10 be used for the
detection and measurement of the neutrons. The correc-
tions which must be ‘made wilh the experimental apparatus
used are described. (J.5.R.)

739 .

17108 . (1SS-62/21) SULL'ASSORBIMENTO DI
MESONI r~ IN NUCLEI COMPLESSI. (On the Negative
Pions Absorption in Complex Nuclei). G. Campos Venuti
and G. Matthiae (Italy. Istituto Superiore di Sanitd, Rome).
May 30, 1962, abp. '

The existing experimental data on the absorption of
negative pions in complex nuclei are presented and dis-
cussed in connection with the present theories and hypoth-
eseg. It is shown that further information is needed about
the energy spectrum of the particles, particularly of the

‘neutrons, emitted after absorption. The project and the

experimental arrangement for measurirg the energy
spectrum of neutrons emitted in the energy range from
about 1 to 50 Mev at the electron synchrotron in Frascati
are described. 39 references. {auth)
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19175

pHYSICAL METHOD FOR DEVELOPING TRACK PIC-
TURES OF LOW IONIZING PARTICLES, Ya. M.
veprik, & P, Protsanova, and G, P. Faerman (Joint
tnst. of Nuclear Research, Dubna, U.S.S.R.). Pribory 1
Tekh, Ekspt. No, 3, 128-9(1959) May-June, (In Rus-—
stan)

Development of 16-Mev proton and 300-Mev 7+ meson
tracks in 200 p layers of NIKFI-R emulsion with n-
oxyphenylglycerin physical developer was studted, It is

" ghown that with the physical developing method it is
possible to regulate the size of siiver granules in the
track and to improve discrimination of proton tracks
from the y background. (tr-auth)
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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. Conu-a( W-7405- eng-48
71p. :
The recoil-~ proton polanzatim\ in 7" -p elastic scatter-
ing at 310 Mev was measured in the angular region

114 deg < 6. ,,,. < 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 at four angles
with results: 0.784 + 0.132 at 114,2 deg, 0.648 £ 0.076 at
124.5 deg, 0.589 + 0.072 at 133.8 deg, and 0.304 '+ 0.055 g
145.2 deg.'A beam of 3 x.10° pions/sec was incident on a
-liquid Hy 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 incarporated with data on »*-p
polarization and differential and total cross section, 7”-p
differential and total cross sectlon, and ¢harge-exchange

differential cross section. A phase- -shift analysis was per- -

formed. Analysis for spd waves (up to § = 2) shows the ex-
istence of a single satisfactory solution to all the availabi.
data. This solution is of the Fermi type in the I = %, phasc
shifts, and its I = Y, phase shifts are all small (<6 deg),
with the exception of the D* shift, which is ~15 deg. Er-
rors on the phase shifts vary from 0.4 through 1.1 deg.
Extension of the analysis to spdf waves (} = 3), allows
three satisfactory solutions, one of which is an extension

" of the spd solution. The other two solutions are also of -
the, Ferm1 type with I = 3/2 phase shifts, but the dominant
1= phase shift is the P* shift, which 1s >20 deg in both
cases. The phase-shift errors are larger for these three
solutions, ranging up to 2 deg. The single spd solution an:
the three spdf solutions are discussed and: compared with
theoretical pred\chons (auth)
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13437 PION-NUCLEON ELASTIC SCATTERING AT
310 Mev: PHASE-SHIFT ANALYSIS. Olav T. Vik and
Hugo R. Rugge (Univ. of California, Berkeley)., Phys.
Rev., 129: 2311-22(Mar. 1, 1963). (UCRL-10436) '

A phase-shift analysis of n*-p and n™-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 n*-p and 77-p elastic scattering, as
well as 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 7 -p differential
cross section, the best fit included f waves. A general
phase~shift search using s, p, and 4@ waves was carried out;
a single solution was obtained that adequately fit all the
available data. The most notable characteristics of this
solution are isotopic-spin ¥, phase shifts similar to those
obtained {n a previous analysis of the n* -p data and a rela-
tively large D, ; phase shift equn] to approximately 15 deg.
Errors on the isotopic-spin ! /5 phase shifts of this solu=
tion range from 0.3 to 0.9 deg. The isotopic-spin /
phase-shift errors are §lmll:\r to those obtained prcvlously.
Because the r™-p differentinl eross section data indicated a
possible need for f waves, and since the only satisfactory
spd solution displayed & large d=wave phase shift. in the
isotopic-spin Y, state, the analysis was cxtended to in- .
clude { waves, The result of allowing [ waves was Lo In-
crease the errors on each o'g the phase shifts (up to about
2 deg), and also to Intrgduce two new solutions, nelther of
which can be ruled out sfatistically, These new solutions
are similar to the d-wave solution in the isotopic-spin ’/,
phase shifts, but vary rwthbr widely in isotopic-spin Y,

_ phase shifts. Inelastic ,scwttermg processes were neg-

lected throughout most ‘gf the analysis; however, a study
of thelr effects on the fihal solutiong was made and these
effects were seen to be untmportant. (auth)
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28389 7~ -p INTERACTIONS AT 604 Mev. C. N.
Vittitoe, B. R. Riley, W. J. Fickinger, 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(n™) in a hydmgen
bubble chamber were systematically analyzed. In 33000
pictures a total of 8052 usable events were found, corre-
sponding to cross sections of 18.9 + 1 3 mb for o (elastic),
4.98 £ 0.54 mb for o(r"pr%, 7.87 £ 0.91 mb for o(r"ns",
14.0 + 1.0 mb for o {neutrals), with o (two-pion production)
<0.2 mb, for a total cross section of 45.9 + 1.9 mb at this’
energy. The angular distribution for elastic scattering
was fitted with a fifth-order polynom)al in cosb which gave
a value of do/ds2(0°) 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-production
kinematics. Simple one-pion exchange does not appear to
play a significant role. (auth)
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4624 MUON CAPTURE IN HELIUM-3. Richard L.
Wagner, Jr. Thesis, Salt Lake City, Univ. of Utah, 1963.
86p.

Negative muons were stopped in a He® gas scintillation
counter, and the rate of the interaction u~ + Hel — H3 +v
was measured, where the produéed H3 nucleus is in the
ground state. The interaction whs identified by the char-
acteristic 1.9 Mev pulse produced in the He? scintillant by
the monoenergic recoil tritium nucleus. Decay electrons
from the competing muon decay process were counied in 8
xenon gas scintillation counter that surrounded the cubical
He® target on 5 sides. The efficiency of electron detection
was measured directly. 'L'he counters were counstructed
almost entirely of materials with high atomic number, and
muon interactions in the materials were distinguished by
their characteristic short muon-disappearance mean lives.
Contamination of the data by muons stopping 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 contaminution. The
capture rate was found from the ratio of the number of
captures to the number of decays times the known decay
rate. The result for the capture rate to the ground state is
(gnd/c) = (1.4% £ 0.20/0.27) x 10% scc™!. This result is in
agreement with theoretical ealculations based on the uni-
versality of the V-A Fermi interaction and the validity of

the Feynman —Gell-Mann conserved vector current hypothe-

sis. (Dissertation Abstr., 24: No. 4, QOct. 1963)
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18444 - .
DEPOTARIZATION OF p* MESONS IN NUCLEAR
EMULSIONS. A, O. Waissenberg, N. V. Rabin, and -

V. A. Smirnitskil (Inst. of Theoretical and Experimental -
Physics, Academy of Sclences, S.5.5.R.). Zhur. Eksptl’.
1 Teoret. Fiz. 36, 1680-6(1959) June. (In Russian)

The asymmetry coefficient in 1% —p* —e* decay was
measured in an ordinary and diluted NIKFI-R emulsion
as well as in this emulsion placed 1h a strong magnelle
field. An analysis of thé results obtained and also of
those contained in the literature indicates that the
asymmetry coefficient in the NIKFI-R emulsion (a =
—0,077 % 0,012) is significantly smaller than that for the
Ilford G-5 emulsion (a = —0.139 * 0.014). A two-fold
dilution of the NIKFI-R emulsion with gelatin leads to a
sharp increase of the asymmetry coefficient (a =
—0.127 '+ 0.028).- The polarization'in the NIKFI-R
emulsion is restored by application of a magnetic fleld,
the asymmetry coefficient being increased up to a =
—0.28 + 0.02 at a field strength 017,000 G. (auth)
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18381 ' -
7-NUCLEON PHASE SHIFTS IN THE ENERGY RANGE

350 to 600 Mev, W. D. Walker, J. Davis, and W. D..
Shephard (Univ. of Wisconsin, Madison). Phys. Rev. 118,

1612-14(1960) June 15. .

The i'esplts of attempts to obtain a set of phase shifts
valid in the energy reglon just above the 3-3 resonance
are presented. It i8 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 are that
ay, ayy, are positive and a,, is negative and small. In
addition it was found that 6,y is positive and 6,5 negative.
At 600 Mev the results are probably consistent with a
resonance in the d.,‘ state, but do not conclusively indicate
such a resonance. This resonant state, however, decays a A
gizable fraction ot thé time into a final stute ‘with Lwu a
mesons. There are indications that at energies of 400 to
500 Mev that most of the single pion production cuomes
from s and p, states. (auth)
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12913 (TID-7686(p.63-107)) REPORTS ON THE EX-
PERIMENTAL STATUS OF NEW RESONANCES OR
HIGHLY UNSTABLE PARTICLES. . W, Walker (Wiscoasiu,
Univ., Madison).

Some experiments on meson(r) production and reso-
nances in p-d, #”-p, p-p, n*-d interactions are discussed,
together with the currently krnown particles and data on
mesons(n) and mesons(p). (D.C.W.) )
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29254 (NEVIS-128 and Add.) MUON CAPTURE IN
(pud)* MOLECULES (thesis). I-'Tung Wang (Nevis Labs.,
Columbia Univ., Irvington-on-Hudson, N. Y.). Jan. 1965,
Contract Nonr-266(78). 99p. (R-473 and Add.; CU 234
ind Add.; AD-613618) . ’ :
The (pud)* molecules and u-*He atoms formed in liquid
hydrogen were used to detect neutrons from muon caplure
by deuterons and from muon capture by 3He. 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 from the following rare muon caplure pro-
ceugeo: T A d e+ Ingpm ot Hlg = 4 e d, and pm +
SHe — v + 2n + p. Knowledge of the time distributions of
the various (pud)* hyperfine states and of the u-3He atoms
was used to obtain the various muon capture rates of in-
terest. Converted to the ud atom case, the measured rate
gives 388 + 101 sec™ for muon capture from the doublet
state of ud. This is to be compared with the theoretical
rate of 348 sec™! predicted by the current phenomenological
muon capture theory; and it provides the clearest verifica-
tion of the Pauli exclusion principle effect in muon capture.
The neutron rate from muon capture by 3He was determined
to be (1.20 + 0.17) x 10% sec™?, which is again in good agree-
ment with theory. A theoretical investigation of the ud
capture and p-He capture into break-up channels was
carried out. Neutron energy spectra for muon capture in
the separate ud 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 u-3He capture processes were
studied in the plane-wave approximation, with Gaussian-
type wave function for the SHe nucleus. The results ob-
tained are in fair agreement with the closure-approximation
results. (auth)
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33386 DESINTEGRATION OF PHOTOEMULSION NU-
CLEI BY SLOW u-MESONS. Weissenberg, A. O.; Kol-
ganova, E. D.; Rabin, N. V. (inst. of Theoretical and Ex-
perimental Physics, Moscow). Yadern. Fiz., 1: 652-8
(Apr. 1965). (In Russian) -

The desintegration of photoemulsion nuclei due to the
capture of slow gy~ -mesons was investigated. The distri-
bution of the stars with respect to the number of rays was
obtained for light (C, N, O) and heavy (Ag, Br) nuclei. The
probabilities of emitting a charged particle were estimated
and proved to be equal to W = 0.15 and Wy = 0.030 for
light and heavy nuclei respectively. Measurements of the
secondary particle masses showed, that the output of deu-
terons and tritium nuclei with energies in the region 5 to
25 Mev, is approximately equal to 50% of all charged par-
ticles for light nuclei and is not larger than 15% for the A#
‘and Br nuclei. {(auth)
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14221 (UCRL-10317) COUNTER DATA RECORDING
FOR ANALYSIS BY COMPUTERS. Clyde Wiegand (Cali-
fornia, Univ,, Berkeley. Lawrence Radiation Lab,).
June 12, 1962. Contract W-7405-eng-48, 12p. (CONF-
432-1)

From Confercence on Nuclear Physics, Claremont, Fer-
rand, France, June 1962,

The use of a computer system to record data from a
large counter array is described and is illustrated by con-
sideration of an expcriment on beta decay of mesons(r*).
(D.C.W.) : N
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6894 . .
r*-p INTERACTIONS AT 500 MEV. Willlam J. Willia..
(Yale Univ., New Haven and B;'ookhavgn National Lab.,
Upton, N. Y.). Phys. Rev. 116, 753-9(1959) Nov. 1. .
The interaction of ¥ mesons with proton*at an energy .
of 500 Mev was studied in a hydrogen bubblé chamber.
Phase-shift analyses with § and P waves were made, and
a near degeneracy was found between the Ferm{ and Yang -
solutions. When D waves were Included, an additional
ambiguity was found. The D-wave phase shifts are small
but they have a considerable effect on the other phase
shifts. The cross section for single plon production is
2.86 £ 0.5 mb. The ratlo (p + 0)/(n++) is 1.52}:3. The
cross section leading to p++~ was found to be of the order-
of 30 ub. (auth) - - ’
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16761 (NIRL/R/56) ANALYSIS OF NEUTRAL CAS-
CADE EVENTS FROM A HEAVY LIQUID BUBBLE CHAM-
BER. A. G. Wilson (Gt. Brit. National Inst. for Research
in Nuclear Science. Rutherford High Energy Lab., Chilton,
Berks, England). Oct, 1963. 21p. : .
Compléte neutral cascade events are observed in heavy-
liquid bubble chambers. Both photons from the 7° decay .-

‘are converted to electron pairs. The data for the problem
consist of angles and momenta for the two charged prongs
of the A% decay, angles for the photons calculated from the
electron angles, and the coordinates of all the charged ver-
tices. These are 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 =° decay ver-
-tex, and the =° mass are varied in the fit together with the

.usual kinematical variables, (auth)
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17229 ~ OBSERVABLE HYPERFINE EFFECTS IN MUON
CAPTURE BY COMPLEX NUCLEIL Roland Winston (Univ,
of Chicago). Phys. Rev., 129: 2766-85(Mar. 15, 1963).
The capture rates, AS®P, of the two hyperfine states of F,

of the (pu) atom are, in general, expected to be different
(spin dependence of muon capture). This difference depends
-quantitatively on the details of the interaction Hamiltonian,
being maximum for an-F—GT (i.e., V—A type) interaction.
An experimental comparison for the (py) system appears at
present difficult, but related spin dependence effects will be
exhibited by bound protons, i.e., complex nuclei. Observa-
ble hyperfine (hf) effects of this kind are summarized. The
character of such effects is dominated by the rate R at
“which the upper hf state can be converted into the true
ground state (through-an M1 Auger process). A detailed
calculation of R is given for all cases of practical interest.
A variety of possible experiments are discussed. The con-
_siderations 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
are described and analyzed. It is concluded on the basis of
measurements (1) and (3) that the interaction is definitely
of the F~GT (as opposed to F + GT) type, assuming that
both F and GT interactions are present, Invoking independ-
ent observations on muon capture by complex nuclei, this
assumption becomes redundant, and we may conclude that
the universal Fermi interaction (“V-xA?’’) is implied by
the results. This conclusion is in agreement with recent
results on muon capture in liquid hydrogen. The conversion
rate observed in experiments (1) and (3) (6.1 + 0.7 usec™)
agrees with the prediction (R = 5.8 usec™), which is quali-
tatively confirmed by experiment. (auth)
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6923 (UCRL-9507) ELASTIC SCATTERING OF PI
MESONS ON PROTONS IN THE ENERGY REGION 550 TO
1020 MEV (thesis). .Calvin D. Wood (California. Univ.,
Berkeley. Lawrence Radiation Lab.). Oct. 1, 1961. Con-
tract W-7405-Eng-48. 80p. )
The differential cross section was measured for elastic
scattering of negative m. mesons from protons at incident
pion kinetic lenergies' of 550. ‘800, 720, 900, and 1020 Mev.
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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 for beam optics. Elastic
scattering events were selected from a background of ine-
lastic events by demanding coincidences between pairs of
scintillation counters that were placed at the proper kine-
matical angles to count elastically scattered pions and their
corresponding recoil protons.  The resulting angular-
distribution curves were least-squares fitted with a cosine
power series. A study of the coefficients of the power
series permitted certain inferences to be made about the

angular momentum states contributing to the secund and
third maxima in the tntal z7-p cross section which occur’

at 600 and-900 Mev, respectively. The 600-Mev peak up-
pears to be due to a D state, with a total J value of 3/2
rather than %. The data at Y0U Mev cannol be well ex-
plained by a single (F,, ) state in resonance, but rather there
is strong evidence for at least D and F waves in superposi-

" tion..'The forward ‘‘diffraction’’ peaking of the angular

distribution indicates that absorptnve processes may be
predominant. (auth) :
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17519 n~-p ELASTIC SCATTERING AT 550, 600, 720,
900, AND 1020 Mev. Calvin D. Wood, Thomas J. Devlin,
Jerome A. Helland, Michael J. Longo, Burton J. Moyer, an¢
.Victor Perez-Mandez (Uniy, of California, Berkeley).
Phys.' Rev. Letters, 6: 481-3(May 1, 1961). (UCRL-9447)

The 7~ -p differential elastic scattering cross sections
(do/dQ2) are measured at 550, 00, 720, 900, and 1020 Mev.
The coefficients a, in the cosine power series for do/df?
‘are fit to the data by a least squares method to 1= 5 at oack
energy. The functional dependence of &, (for each 1) on
incident x~ energy is studied. (T.F.H.)
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22326

CHARGE-EXCHANGE SCATTERING OF NEGATIVE PIONS
AT 61 Mev AND 95 Mev, C. M. York, W. J. Kernan, and
E. L. Garwin (Univ. of Chicago). Phys. Rev, 119, 1096-
9(1960) Aug. 1.

The charge-exchange scattering of negative pions by
liquid hydrogen was measured at 61 + 1 and 95 + 2 Mev
bombarding energy. ‘I'ie measurements were made with
a gamma spectrometer which employs a lead glass
Cherenkov counter. I the charge exchange scattering
cross section i{s expanded as a series of Legendre poly-
nomials in the center-of-mass system of the collision,
it is found that at 61 Mev, do/df? = (1.00 % 0.05)[0.613
0.030 — (0.830 + 0,068) P (cosé’} + (0.183 + 0.150) P,(cos8’)],
and at 95 Mev, do/dQ =(1.00 0.03){1.05 + 0,05 — (1.15 *
0.12)P (cos8’) + (0.33 £ 0.25)P 5(cos8’)]. The total cross
section for charge exchange, obtained by integration is:
Oeorn™ =% = 7.7 + 0.6 mb at 61 Mev and 0, (1™ — 1% =
13.2 + 0.8 mb at 95 Mev. A table summarizing the meas-
urements pPrformed at 61, 95, 128, and 150 Mev is given,
(auth)
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21408 )

SEARCH FOR THE REACTION u* +e” —y +y. C. M.
York, C. O. Kim, and W. Kernan (Univ. of Chicago).
Phys. Rev. Letters 3, 288-91(1959) Sept. 15.

One of few reactiong-in which thé direct interaction of
two light fermions can be studied is the annihilation
process u* + e~ —y +y. This reaction can be com-
pared directly with the more familar positron annihila-
tion process. A beam of r* mesons was brought to rest
in a %}-In.-thick disk of copper. A schematic diagram
of the axperimental setup and a block dlag'ram of the .
elcctronic circults are given. (W.D.M.)
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14288

DECAY RATES OF BOUND NEGATIVE MUONS. D. D.
Yovanovitch {Univ, of Chiéago). Phys. Rev. 117, 1580-9
(1960) Mar. 15.

The decay rate of negatlve muons bound to nuclei of
atomic number Z, A4(Z), was investigated experimentally
by two independent methods: (a) the **sandwich” method,
and (b) the *“calibrated efﬂclehcy" method. Both methods
‘are based on the fact that the negatron yield per muon,
y~(Z}, is proportional to ALZ)/A.(2Z), where A.(Z) i8 the -
total disappearance rate of negative muons for element Z,
and are designed to avoid absolute measurements of y~(Z)-
In mnelhud (2), i7 are stopped in a multilayer ‘“sendwich’’
target made by alternately stacking sheets of two ele-
ments Z, Z’, and the resultant e” time distribution is de-
composed into components due to Z and Z’. The ratio of
muon atops in 7 and 2’ {s established empirically; know-
Ing A4Z’), Ad(Z) can be computed. This method was ap-
plied. to Al, Fe, Zn, Cd, Mo, W, and Ph. In method (b), p
and s* of tdentiend rnn;,,o (Ilqlrlhutlonn nre nmppod Ina

given target, und the oF yield, y , ia used an a enltbration
of tho o7 counttng efllclency, Thia method win applied to
C, O, T Ve My, Fe, Co, N Zn, 1, and h, Uhe saourcos

of error of cither method ure discussed (n detadl, The re-
sultg tndicate: (1) In the runge 20 < Z < 30, A,4(Z) > A4(0),
i.e., the bound decay rate excceds the vacuum (i.e., u*)
decay rate; A7) presents o oharp penk near Z = 28,

(2) For Z > 30, one finds A4(Z) < A40), L.e., the decay 18
inhibited by binding, The effect 18 very marked for the
heaviest elements, e.g., Aq(82)/A40) = 0.34 + 0.04. These
reoulte are compared with the predictions of simplified
theoretical models. The peak near Z = 26 is tentatively
attributed to the Coulomb enhancement of the outgoing
electron wave function at the point of decay. (auth)
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42751 INVESTIGATIONS OF A LARGE PLASTIC
SCINTILLATOR. Yudin, E, P.; Dovzhenkn, O. 1.; Denisov,
E. V. (Inst, of Physics, Moscow), Pribory i Tekhn,
Eksperim., No. 4, 77-82(July~-Aug. 1965). (In Russian),
The methodics of work with a plastic scintillator with
large dimensions (100 x 100 x 10 cm?) were described.



The logarithmic amplifier with large amplification range
for the pulse to be amplified was considered. . The probable
size of the pulse produced by passage through the scintil-
lator of a single y meson was determined. Different con-
ditions for the pulse collection were investigated. (tr-auth)
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17278 MEASUREMENTS OF PROBABILITIES OF u~ +
He® — Hed + ¥ REACTION. FINAL RESULTS. O. A.
Zaimidoroga, M. M. Kulyukin, B. Pontecorvo, et al. (Joint
Inst. for Nuclear Research, Dubna, USSR). Zh. Eksperim.
i Tcor. Fiz., 44: 389-90(Jan. 1963). (In Russian)

The results of 200 events of u~ + He* — He® + v reaction
studied in a He®-filled diffusion chamber showed that
(Aped)exp = (1.41 £ 0.14) - 10%sec™ and 1s in good agreement
with previous experiments studying 90 events. The uni-
versal theory with muon-electron symmetry in reaction with
a nucleon is in agreement with the results obtained within
10% order of error. (R.V.J.)
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38656 (JINR-D-1324) MEASUREMENT OF THE
TOTAL MUON CAPTURE RATE IN HELIUM-3, O. A.
Zaimidoroga, M. M. Kulyukin, B. Pontecorvo, R. M.
Sulyaev, I. V. Falomkin, A. 1. Filippov, V. M. Tsupko-
Sitnikov, and Yu. A. Scherbakov (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 rate for muons in heliuni-3 was measured to -
be A = exp (2140 + 200) sec™. This result is in agreement
with Primakof’s- calculations done on the basis of Universal
Fermi interaction theory. (auth) :
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11281 MEASUREMENT OF THE TOTAL MUON CAD-
TURE RATE IN He’. 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. for Nuclear Research, Dubna, USSR), Zh. Eksperim.
1 Teor. Fiz., 45: 1803-7(Dec. 1963). (In Russian)

The total muon capture rate in He® is measured with a
high pressure diffusion chamber. It is found to be Aexp =
2140 : 200 sec™®. This result is in agreement with the cal-

" culations of Primakoff carried out on the basis of the theory

of universal weak interactfon, (auth)
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31124 ) MEASURING THE PROBABILITY FOR THE
REACTION p~ + He® — H' + v, O. A. Zaimidoroga, M. M,
Kulyukin, B. Powlckorvo; R. M. Sulyaev, I. V, Falomkin,
A. L. Filippov, V. M. Tsupko-sitnikov, and Yu. A. Shcher-
bakov (United Inst. of Nuclear Studies, USSR). Zhur.
Eksptl’, i Teoret. Fiz., 43: 335-8(July 1862). (In Russim}

- 2.6 mg/em®,

A diffusion chamber in a magnetic {ield H = 6000 Oe was
filled with He® gas at a pressure 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 108 photographs were
subjected to a double scan for tracks having a length Ly > 20
mm in order to identify the mesons that were stopped. The

" total number of events from the reaction p~ + Hel — 1 +v

was established by counting all stars at a range of 2,0to

2, A total of 106 events was observed at L, > 20
mm. The number of u-e decays observed was 35,500, The
absolute capture probability was determined from the
known lifetime of the muon (2.21 x 107 seconds) and the
above data. The probability of the above reaction was found
to be A (He® Yexp = (1.36 £ 0.18) 10° sec'l This value agrees
well thh a theoretical value of A (He®) geor = 1.54 % 10’

. (TTT)
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12550 OBSERVATION OF THE REACTION u~ + Hed —
H®+ v, O. A. Zaimidoroga, M. M. Kulyukin, B. Ponte-
.corvo, R, M. Sulyaev, A. I..Filippov, V. M. Tsupko-Sitnikov,
and Yu. A. Shcherbakov (Joint Inst. for Nuclear Research,
Dubna, USSR), -Zhur. Eksptl’. i Teorct Fiz., 41: 1804-8
(Dec. 1961). (In Russian) o
A diffusion chamber filled with He® is used to observe the

u+ Hel — W3+ v reaction. The upper limit of the mass

m,, of the neutral particle emitted in the capture of muons -
by nucleons (m, < 6 Mev) was determined by measuring the
.recoil energy of H’. Preliminary data indicate that the -
probability of this reaction is (1.30 £ 0.40) x 10° sec™!,
which is consistent with the value predicted by the uni-
versal theory of weak interactions. (auth) :
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380N {JINR-P-2805) IZUCHENIE ZAKHVATA
PIONOV GELIEM~3. II. REAKTSII S RAZVALOM YADRA,
(Capture of Pions by He, II. Nuclear Decay Reactions).’
Zaimidoroga, O. A.; Kulyukin, M. M.; Sulyaev, R. M,;
Falomkin, L. V.; Filippov, A, I.; Tsupko-Sitnikov, V, M.;
Shcherbakov, Yu, A. (Joint Inst, for Nuclear Research,
Dubna (USSR). Lab. of Nuclear Problems). 1966, 15p.
Dep. mn, :

A high pressure diffusion chamber was used in the in-
vestigation of m meson capture by 3He leading to the
processes of nuclear decay. Relative probabilities of
these processes and the pulse spectra of the secondary
charged particles were measured. (B.G.D.)
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33080 FORMATION OF MESIC HELIUM ATOMS IN A
GAS MIXTURE CONTAINING HELIUM AND HYDROGEN.
O. A. Zaimidoroga, M. M. Kulyukin, R. M. Sulyaev, A. I.
Filippov, V. M. Tsupko-Sitnikov, and Yu. A. Shcherbakov
(Joint Inst, of Nuclear Research, Dubna, USSR). Zh. Fk-
‘sperim, | Tear, Fiz, 4 1852-8(June 1960). (In Runnlan)
The forination-of heliin mesle atoms in a mixture of

125
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helium and hydrogen Is studied in o diffusion cloud chamber
at 19 atmospheres. It is shown that the probability of cap-

ture of 4 mesons by helium from a hydrogen mesic atom in

the ground state is at least three orders of magnitude
smaller than the probability of capture by carbon or oxygen
nuclei and cannot exceed appreciably 108 sec™!, a result
which is in agreement with the theoretical estimates. .
There are indications that for direct attachment of the

mesons to the nuclei of the gas mixture agreement with the -

¢Z-law’’ should hold. (auth)
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20842  (JINR-P-1168) OBRAZOVANIE MEZOATOMOV

" GELIYA V GAZOVOI SMESI VODORODA S GELIEM. (He-

lium Mesic Atom Production in Gaseous Mixture of Hydro-
gen with Helium). Q. A. Zaimidoroga, M. M. Kulyukin,
R. M. Sulyaev, A. I. Filippov, V. M. Tsupko-Sitnikov, and
Yu. A. Scherbakov (Joint Inst. for Nuclear Research,
Dubna, U.S.S.R. Lab. of Nuclear Problems). 1963. 12p.

n arder to clarify the possibility of carrying out an
experiment on a4~ capture in He® using small amounts of
He mixed with Hj, 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 H; and He' and
H; and He® with methyl alcohol as operating liquid, the nu-
clear concentrations of He* and He“being 4.9 and 14.3%,
respectively. It is shown that the determination of the
number of stars due to p~ capture by C, O, and He at two
different concentrations of the He together with the use of
data on 7~ capture in the same mixture make it possible to
determine the probability Ay, of 4~ transfer to He from the
ground state of the H mesic atom. Data on »~ capture, the
transfer of which from mesic H is possible only from high
levels, allow estimation of the probability of direct H
mesic atom production in the mixture. In the experiment
with He?® it was possible to evaluate directly the total
probability of He mesic atom production through the yield
of the reaction y~ + He' — H? + v and the reaction rate
expected on the basis of the universal weak interaction
theory. The value Ay, turned out to be —(1.4 + 3.8) 10%/gec, .
{.e., it cannot be considerably larger than 10%/sec, if 1t is
in agreement with the theoretical value. This value is at
least 10? times smaller than the transfer rate to C and O
nuclei which may be found if Ay, is known. The experi-
‘mental data are consistent with the ‘‘Z-law" for the atomic
capture probability of the mesons in gaseous mixtures
H~He and H—CHy0H. (auth)
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10845 (JINR-P-1454) K OTSENKE MASSY MYUON-
NOGO: NEITRINO. (On the Upper Limit of the Muon Neu-
trino Mass). O. A. Zaimidoroga, M. M. Kulyukin, K. M.
Sulyaev, 1. V. Falomkin, A, I, Filippov, V. M. Tsupko--
Sitni}(ov, and Yu. A, Shcherbakov (Joint Inst. for Nuclear
Research, Dubna, U.S.S.R. Lab, of Nuclear Problems). -
1963. 8p.

The range-energy relation for 0.2 to 3.0 Mev tritons -

moving through heliurm was obtained experimentally and
was used to evaluate the mass of the neutrino in the inter-
action p~ + He® — H¥+ v as 6 Mev/c?. (D.C.W.)
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33392 - A STUDY OF PION CAPTURE BY Hed. I
CHARGE EXCHANGE AND RADIATIVE CAPTURE. Zai-
midoroga. O. A.; Kulyukin, M. M.; Sulyaev, R. M.; Falom-
kin, I. V.; Filippov, A..I.; Tsupko-Sitnikov, V. M.; Shcher-
bakov, Yu: A. (Joint Inst. for Nuclear Research, Dubna,
USSK). 2h. Eksperlm. | Teor. Fiz., 181 1267-78(May
1965). (In Russian)

A high-pressure diffusion chamber in'a magnetic field
was used to measure the ratio of the probabilities for:
charge exchange and radiative capture of pions by He¥
(Panofsky ratio). The ratio was fuund to be 2.28 = 0.18.
The magnitude of the nuclear form-factor was estimated
on basis of this ratio and was found to he F2=0.75  0.06
(transferred momentum q? = 0.47 fm™2). The relative
probabilities of charge exchange and radiative capture
are W(H%) = (15.8 + 0.8% and W(H3y) = 6.9 £ 0.5%. (auth)
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21236 * (JINR-P-1952) O YADERNYKH FORMFAK-
TORAKH V PROTSESSE ZAKHVATA MYUONOV GELIEM-
3. (Nuclear Form-Factors in Muon-Capture by Helium 3).
O. A. Zaimidoroga, B. V. Struminskii, R. M. Sulyaev, 1. V.
Falomkin, V. M. Tsulko-Sitinkov, and Yu. A. Shcherbakov
(Joint Inst. for Nuclear Research, Dubna (USSR). Lab. of
Nuclear Problems). 1965. 7p. Dep.(mn).

" The y~ + 3He — 3H + v reaction rate (A) has been calcu-
lated on the basis of data on form-factors obtained in ex-
periments on pion capture by SHe and the scattering of elec-
trons on SHe and SH. Its value turned out to be 1515 = 55
sec™! with gglgﬂ -1.16 and gglg"“ = 7. From the comparison

of experiment.a}’ahd theoretical results, the pseudoscalar

constunt gf = (8 « 3)gh has been evaluated. (auth)
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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, Dubna, USSR). Nuovo Cimento (10), 38: 1285-90
(Aug. 1, 1965).

The p~ + 3He — 3H + v reaction rate was calculated on
the basis of data on form factors obtained in experiments
on pion capture by 3He and the scattering of electrons on
3He and 3H. Its value turned out to be Afheor = (1515 # 55)
s~ and gf/e% = ~1.16 and g/g} = 7. rrom the comparison
of A§Y" to experimental results the pseudoscalar constant
gli-,‘ = (8 + 3)g{ was evaluated. (auth)
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39579 (JINR-P-2838) 1ZMERENIE VREMENI
KASKADNOGO PEREKHODA 7~-MEZONA V GAZO- -
OBRAZNOM GELIO-3. (Measurement of the Cascade
Time of Negative Pions in Gaseous He). 'Zaimidoroga,

.0. A.; Sulyaev, R. M.; Tsuko-Sitnikov, V. M. (Joint

Inst. for Nuclear Research, Dubna (USSR). Lab. of Nu-



clear Problems)., 1966. 7p. Dep. mn.

The cascade time of negative pions in gaseous helium-
3 was measured by using a diffusion chamber in a mag-
netic field. It was found to be (1.4 + 0.7) 10~1° sec. The
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 medium densnty.
({auth)

772

20223 FISSIONING OF NUCLEI BY r-MESONS. D. F.
Zaretskii and V. M. Novikov. Zhur. Ekspt!’. { Teoret
Fiz., 40: 982-3(Mar. 1961). (In Russian)

Presence of mesons increase the Tission barrier of the
nucleus; the effect of mesons in the 1S state increases the
probability of fission as a function of the nearness of the
threshold energy to the excitation energy. For uranium-
238 the fission threshold is higher than the excitation 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 is
proposed that plutonium-239 presents a better subject for
such investigations. (TTT)
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27476 THE ABSORPTION OF STOPPED »~ MESONS
BY C%2 NUCLEL N, S. Zeclenskaya, Yu. F. Smirnov, and
N. P, Yudin (Moscow State Univ.). Izv. Akad. Nauk SSSR,
Scr. Fiz., 29: 186-90(Jan. 1965). (In Russlan)
Experimental data of A.T. Varfolomeyev (Zhur, eksp. i
teor. fiz. 42: 713, 1962) on the 2C + 7~ — 2a + t + n reac-
tion are interpreted. Varfolomeyev measured the excitation
curve of B, the energy spectra of the emitted a parti-
cles and tritons, and the t-n angular correlation, The !B
excitation curve had two maxima, at 20 and about 35 Mev,
The 20-Mev maximum is due to ejection of a nucleon from
the s shell. The 35 Mev maximum is ascribed to absorp-
tion of the 7~ meson by an a-particle cluster in the 12C
nuclcus. The a-particle and triton energy spectra and the
t-n angular correlation were calculated on the basis of
the a-particle absorption mechanism, and the agreement’
obtitined heitween theory and calculation was very good In
the casc of the angular correlation and not bad in the case
of the cnergy spectra. The peaks.in the energy spectra
arc due to o-a and a-t interaction in the final state. It is
concluded that 1~ eapture in 2C is due to single-nucleon
and o -particle absorption. It is suggested that the o-par-
ticle absorption mechanism will also be important in
capture in %0, but that in other nuclei, specifically in 4N,
the two-nucleon absorption mechanism may predominate, .
(ATID)
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30508 (CERN-64-26) CERN WORK ON WEAK IN-
TERACTIONS, A, Zichichi (European Orginization for
Nuclear Rescarch, Geneva), June 3, 1964, 25p,

The: validity of the universality of the Fermi interaction
and of the conserved vector current hypothesis, the validity
of the (1 + y5) version of the universal Fermi interaction,
the weik structure of the m-meson, the existence of induced

pscudoscalar coupling (ph and ncutrino physics are dis-
cussed. Experiments accompanying the studies are de-
scribud. Invited paper presented at the Royal Society,
London, Feh,, 1964, (1L 1,U,)
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_ SEARCH FOR THE p°-MESON AND A CHECK OF THE DIs-

PERSION RELATIONS IN » N-SCATTERING. V. G. Zinov,
A. D. Konin, S. M. Korenchenko, and B. Pontekorvo (Ponte-'
corvo) {Joint Inst. for Nuclear Research, Dubna, USSR).
Zhur. Eksptl’. i Teoret. Fiz. 38, 1708 -14(1960) June. (In -
Russian)

The total r"p-interaction cross sectlons (oy) were meas-
ured with an accuracy of 1.5-to 2% for about 50 pion ener-
gles at 140 to 360 Mev. The plon energy was known to
within +1%. No anomalles in the energy dependence of gp
were found which could indicate the existence of a p®~meson
with a mass in the Interval of 270 to 410 Mev. The data are
inconsistent with the energy value E; = 650 Mev for the -
gecond maximum in gy found by Frisch et al. but agree
with the.conclusion drawn by Brisson et al. that it should
be located at a smaller energy (E; =~ 610 Mev) The data .
are in agreement with the dispersion relations for np-
gcattering. It is demonstrated that the Puppi-— Stanghellin{
problem as such no longer exists and that it arose as a.re-
sult of inaccurate knowledge of the total = p-interaction
cross gection. (auth)
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39366 (JINR-P-2183) ATOMNYI ZAKHVAT OTRIT-
SATEL’NYKH MYUONOV V KHIMICHESKIKH SOEDINENI-
YAKH. (Atomic Capture of Negative Muons in Chemical
Compounds). Zinov, V. G.; Konin, A. D.; Mukhin, A, L.
(Joint Inst. for Nuclear Research, Dubna (USSR). Lab. of
Nuclear Problems). 19G5. 19p. Dcp. mn.

The atomic capture of negative muons in binary com-
pounds is studied. The ratio of probabilities of the muon
atomic capture in oxides changes periodically with the
growth of the charge in accordance with the Mendeleev
Chart. It also depends on the type of a compound. The
ratio of probabilities of the atomic capture in compounds
of metals with halogens and metal alloys is described
satisfactorily by a linear depcndeace. (auth)
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7732 ATOMIC u~-MESON CAPTURE IN CHEMICAL
COMPOUNDS. Zinov, V, G,; Konin, A, D,; Mukhin, A. 1.
(Joint Inst. for Nuclear Research, Dubna, USSR). Yadern.
Fiz., 2: 859-67(Nov. 1965). (In Russian).

The atomic capture of mesons (47) in binary 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 periods in Mendele-
ev's table. This ratio depends on the type of the compound
(e.g., MgO and MgO,, 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
(24/Z,). (auth)
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28991 (JINR-P-2039) ISSLEDOVANIE STRUKTURY
K-MEZORENTGENOVSKOI SERII PRI ATOMNOM
ZAKHUATE p~-MEZONOV V KHIMICHESKIKH SOEDIN-
ENIYAKH. (Study of the K-Mesic X-Ray Series Structure
in the p~-Atomic Capture in Chemical Combi.mtions).

V. G. Zinov, A. D. Konin, and A. I. Mukhin (Joint Inst.
for Nuclear Research, Dubna (USSR). Lab. of Nuclear
Problems). 1965. 1l1lp. Dep.(mn).

The structure of the K mesic x-ray series was in-
vestigated in 4~ atomic capture in vanadium and vanadium
pentoxide as well as in chromium and chromium oxide. A
noticeable redistribution of the different K-line yields is
observed in the pure substance and its oxide. (auth)
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34947 THE TRANSITION OF NEGATIVE u MESONS
FIROM PROTON TO CARBON. V. G. Zinov, A. D. Konin,
and A, 1. Mukhin (Juint Inst, of Nuclear Investigations,
USSR).  Zh, Eksperim. i Teor. Fiz., 46: 1919-20(May
1964, {1y RUuSsian)

In the case of the stoppage of negatively charged mesons
in H-contuining compounds, some of the mesons arvce cap-
tured on the mesoatomic orbits of the proton, forming a
mesoproton atom. As a result of the collisions with the
atoms of the surrounding material, processes involving
the fast transition of mesons to be lower energy levels of

~ the mesoproton atom take place in the condensed media;

the mesons are also strongly taken up by atoms with a
charge of Z > 1. Similar processes occur also in the case
of the stoppage of the negatively charged muons in gaseous
H containing admixtures of the heavier elements, The
meson transfer from the proton to the heavy ion in con-
densed media occurs at highly excited levels; the take-up
of muons exclusively-at the excited level of the Z u-
mesoatom, with subsequent cascade transition of the
system to the ground state under emission of a K-meso
x-ray series may be used to study the mesoatomic phe-
nomeny in H-containing media. From the experimental
viewpoint, this involves the comparison of the intensities
of the K series from C mesoatoms formed by the stoppage
of the negatively charged muons in graphite and in'poly-
cthylene. Uptake of the muon dircctly at lower energy
levdls of the € p-atoms may result in losses of the meso
x-radiation of the K series. The problem was examined
by determining the x-quantum yield from the graphite and
polycthylene targets. (TTT)

780
19757 )
CHARGE EXCHANGE SCATTERING OF 240-330 MEV n™-
MESONS ON HYDROGEN. . V. G. Zinov and S, M. Koren-
chenko (Joint Inst. for Nuclear Research, [Dubna, USSR]).
Zhur. Eksptl’. i Teoret, Fiz.fgg, 139951406(1960) May.
(In. Russian) o T

Results are presented on-measurement of the differential

cross sections for charge exchangé scanering of 240, 270,
307, and 333 Mev 7~ -mesons on hydrogen. (auth)

781

10345

SCATTERING OF n-MESONS ON HYDROGEN AT 240
TO 270 MEV. V. G. Zinov and S. M. Korenchenko (Joint
Inst. of Nuclear Research (Dubna, U.S.S.R.). Zhur.
Eksptl'. | Teoret. Fiz. 36, 618-19(1959) Feb. (In Rus-
sian) -

The elastic and reverse scattering of 7~ mesons in
hydrogen at 240 to 270 Mev was measured with a scin-
tillation ennnter and lignid hydrogen target. The tatal
cross gections of 7~ meson interactions with hydrogen
at 240 to 2v0 Mev are (48.3 % 3.3) X 1w cml and (36.5 %
2.4) x 107% cm?, respectively. (R.V.J.)
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17330

ELASTIC SCATTERING OF 240 TO 330 Mev r~~-MESONS
ON HYDROGEN, V. G. Zinov and S, M, Korenchenko.
zhug. ERSptl’. § Teoret. Fiz. 38, 1099-1105(1860) Apr.
(In Russian)

Results of measurement of the differential cross sec-
tions. for elastic scattering of 240, 270, 307, and 333 Mev
»~-mesons on hydrogen are presented. (auth)
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19758

PHASE SHIFT ANALYSIS OF SCATTERING OF 240-330
MEV 7-MESONS ON HYDROGEN. V. G. Zinov, S. M.
Korenchenko, N. 1. Polumordvinova, and G. N. Tentyukova
(Joint Inst. for Nuclear Research, {Dubna, USSRJ). Zhur.
Lksptl’. 1 Teoret. Fiz. 38, 1407-18(1960) May. (In Russian)
Results are presented of a phase shift analysis of data
on the 7 meson scattering by nucleons at 240 to 330 Mev,
Information on phase shifts for the interaction of m-mesons
in states with a spin T = ¥ is obtained which is of satis-
factory accuracy. (auth) :
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28158  (UCRL-10720) THE REACTION r”p — r~r*n
BELOW 800 Mev. (thesis). Janos Zirz (California. Univ.,
Berkeley. Lawrence Radiation Lab.). Mar, 12, 1963.
Contract W=7405-eny-48. 81p. l

The reaction #~ + p — 7~ + z* + n is studied in the Law-
rence Radiation Laboratory 72-inch hydrogen bubble cham-
ber. Events are located by scanning the pictures for n*
tracks. Crouss sectivns, Dalitz plots, angular distributions,
and #*r” and 7*n mass spectra are given at beam energies
of 360, 430, 460, 480, 555, 605, 673, and 780 Mev. No clear
evidence is found for »*7~ resonances between threshold
and M;, = 680 Mev, However, there is a strong preference
for high n*7~ effective masses, especially at the lowest
beam energies.” Arguments are given to ascribe this anom-
aly to the I = 0 state of the r-r system. Production of the

; (1238) isobar is observed in its negative charge state.
33 references. (auth)
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32915 (TID-7668(Sect.VII)) NEW DETECTION METH-
ODS. .(Massachusetts Inst of Tech Cambrldge Lab. for
Nuclear Science). 29p.-

Apparatus for detecting gamma mys (particularly spark
and discharge chambers) are discussed, .and the design and
operation of a 7° detector are described. The design and
development of a sonic spark chamber is reported. ‘Meas-
urement of the cross section for gamma attenuation in hy-
drogen is discussed, as is the tagging of gamma rays by -
coinciding them with bremsstrahlung-producing electrons.
A spark chamber automatic scannirig system is also ex-
plained, and automatic or semi-automatic data reduction
systems developed or in development for huhhle chamber
work are reviewed. (D.C.W.) o ’
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14444

PROCEEDINGS OF THE INTERNATIONAL. CONFERENCE
ON THE NUCLEAR OPTICAL MODEL, MARCH 16 AND'17,
1959, FLORIDA STATE UNIVERSITY,; TALLAHASSEE,
FLORIDA. Alex E. 8. Green, Charles E. Porter, and

David 8. Saxon, eds. The Florida State University Studies,

Number Thirty-Two. Tallahassee, Florlda The Florlda.
State University, 1959, 292p.

A conference on the nuclear optical model was held at’
the Florida State University in Tallahassee on March 16 .
and 17, 1959, The purpose of the conference was to as-
semble sclentists actively engaged in large-scale optlcal
model calculations in order.to compare techniques, ideas;
and results and make other interchanges helpful toward
advancing the understanding of this model of thé nucleus.-
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28792 {(NP-10301) INTERNATIONAL 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- energy interactions oi cosmic-
mesons, nucleons, and nuclei with emulsion nuclei and
nucleons are repnrted. The properties of jets, stars, and
combinations of these two are examined. Interaction -models
are reviewed. The absorption of cosmic radiation by lead,
air, and earth is investigated. Thnrty-three papers were
presented at the conference,
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8023 . (NP-11232) PROCEEDINGS OF THE COSMIC
RAY SYMPOSIUM, AHMEDABAD, MARCH 16-19, 1960.
(India. Dept. of Atomic Energy. Cosmic Ray Research
Committee, Bombay). 447p.

Slxty-two papers are included on various aspects of
cosmic rays, such as time variations, solar and terres-
trial relaticnships, origin, extensive air sliowers, and
high energy nuclear interactions.
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N PROCEEDINGS OF THE 1960 ANNUAL INTER-

NATIONAL CONFERENCE ON HIGH ENERGY PHYSICS AT

ROCHESTER, THE UNIVERSITY OF ROCHESTER, ROCH-

ESTER, N. Y., AUGUST 25~-SEPTEMBER 1, 1960. E.C.G

Sudarshan, J. H. Tinlet, and A, C. Melissinos, eds. New

York, Interscience Publishers, Inc., 1960. 910p. $13.50.
Two hundred and twelve papers are iacluded.
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25916  (NP-11977) . RACCOLTA DELLE COMUNICA-
ZIONI DEL CONGRESSINO 1960 SULLA FISICA E LA
RICERCA DI ALTA ENERGIA, FRASCATI, 16-17 DICEM-"~
BRE 1960. (Compilation of the Reports to the 1960 Con-
gress on High Energy Physics and Research, Frascati,
December 16-17, 1960). (Italy. Comitato Nazionale per
I’Energia Nucleare.. Laboratori Nazionali, Frascati).

Mar. 1961. 186p. '(In English and ltalian)

" Fifty-one papers are included. . The topics discussed are
programs relative to the design and construction of new ac-
celerators and the research at-available accelerators.
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.20821 PROCEEDINGS OF THE INTERNATIONAL
SCHOOL OF PHYSICS “ENRICO FERML.” COURSE XIX.
.COSMIC RAYS; SOLAR PARTICLES AND SPACE RE-
SEARCH. VARENNA ON LAKE COMO. VILLA MON-

" ASTERO. MAY 23-JUNE 3, 1961. B. Peters, ed. New ’

York, Academic Press, 1963. 427p. $16.00.

- 792

29647 - (NP-11950(Vol.)) LECTURES ON HIGH EN- = -
ERGY PHYSICS DELIVERED AT THE SIXTH SUMMER
MEETING OF NUCLEAR PHYSICISTS, JULY-AUGUST 1961,
HERCEGNOVI, YUGOSLAVIA VOLUME 1. B. Jakgié, ed.
(Yugoslavia. Nuclear Energy Commission, Belgrade).
281p.

Six lectures on high energy physics delivered at the Sixth
Summer Meeting of Nuclear Physicists, July to August 1961,
Hercegnovl.‘Yugoslavia dre given.
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16925 (NP-11592(Vol.)) 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 d’Etudes Nucléaires, Saclay). 511p. - -

A total of seventy-six papers is included, thirteen of
which are presented in French.

129
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27350 PROCEEDINGS OF THE SYMPOSIUM ON NU-
CLEAR INSTRUMENTS, HARWELL, SEPTEMBER 1961.
J. B. Birks, ed. New York; Academic Press Inc., 1962.

252p.

Photoelectric devices, scintlllation chambers and
counters, semiconductor detecto_rs, spark chambers, etc.,’
are discussed. Methods for recording and analyzing com- )
plex nuclear data are explained. ’
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12804 (TID-7686) . ARGONNE ACCELERATOR USERS
GROUP MEETING HELD AT ARGONNE NATIONAL LAB-
ORATORY, DECEMBER 8-9, 1961. (Argonne National

Lab., 111.). Contract W-31-109-eng-38. "129p.
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25886 (LNF-62/37) RACCOLTA DELLE COMUNICA-
ZIONI DEL CONGRESSINO 1962 SULLA FISICA E LA
RICERCA DI ALTA ENERGIA, FRASCATI, 7-8-9 FEB- | -.
BRAIO 1962. (Compilation of the Reports to the 1962 Con-
gress on High Energy Physics and Research, Frascati,
February 7, 8 and 9, 1962). (Italy. 'Comitato Nazionale
per l'Energia Nucleare. Laboratori Nazionali, Frascatx)
May 1962. 255p. (In English and Italian)

Thirty-three papers are included. Topics discussed are
experiments with the Frascati electron synchrotron and
with t.he CERN accelerator.
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18510 (CERN-63-3) PROCEEDINGS [ON] 1962

EASTER SCHOOL FOR PHYSICISTS, USING THE NUCLEAR

EMULSION TECHNIQUE IN CONJUNCTION WITH THE ,
CERN PROTON SYNCHROTRON AND SYNCHROCYCLO-
TRON, HELD AT ST. CERGUE, APRIL 8-18, 1962.

N. Doble and W. O. Lock, eds. (European Organization for .

Nuclear Research, Geneva). Feb. 6, 1963. 394p.

An introductory lecture is 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 are consid--
ered. General problems of emulsion irradiations, handling,
and proccosing are inciudod along with measuremant
techniques. Production of high magnetic fields by the CERN
pulsed magnet apparatus, typical emulsion experiments,
and the organization of emulsion experiments at CERN -
are outlined.
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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 Research, 1962,

Two-hundred-and-seven papers presented at the confer-
ence are 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-énergy physics.
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28420 PROCEEDINGS OF THE INTERNATIONAL
SCHOOL OF PHYSICS *“ENRICO FERML* COURSE
XXVI, SELECTED TOPICS ON ELEMENTARY PARTICLE
PHYSICS, VARENNA ON LAKE COMO. VILLA MONA-
ETERO. JULY £3-AUGUST 4, 1962. M. Conversi, cd:

New York, Academic Pregs, 1963. 303p, $10,00.

*Nine papers are included.
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381N ‘DIRECT INTERACTIONS AND NUCLEAR RE-
ACTION MECHANISMS. Proceedings of the Conference
Held at the Institutc of Physics of the University of Padua,
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 generahzed optical model,
inelastic scattering, and compound nucleus processes ob-
tained from direct interactions is presented. Other topics
include direct and compound nuclear reactions from the
point of view of time delay technique, stripping and pickup
reactions, polarization in direct reactions, direct reac-
tions between complex nuclei, direct reactions other than
stripping, and dirret reactions at high tomperatores, Ah-
stracts of several related papers and discussion of a num-

‘ber of the presented papers are also included.
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24176 PROCFEEDINGS OF THF, FASTERN THEO-
RETICAL PHYSICS CONFERENCE, UNIVERSITY OF
VIRGINIA, OCTOBER 26-2%, 1962. M. ¥. Rose, ed. New
York, Gordon and Breach, Science Publishers, 1963,
468p. $5.00,

Twenty-four papers were presented on the general top-

les ol ouelyar phywive, p.ullulu phyelus, and gonoral rola-
tivity.
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38583  (CU(PNPL)-337) PROCEEDINGS [OF ] CON-
FERENCE ON THE UTILIZATION OF MULTIPARAM-
ETER ANALYZERS IN NUCLEAR PHYSICS [HELD AT|
GROSSINGER, NEW YORK, NOVEMBER 12-15, 1962,

L. J. Lidofsky, ed. (Columbia Univ., New York). 185p.
(NYO-10595)
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34319 MATSCIENCE SYMPOSIA ON THEORETICAL
PHYSICS. Volume 1. Lectures Presented at the 1963

First Anniversary Symposium of the Institute of Mathemati-
cal Sciences, Madras, India, Ramakrishnan, Alladi (ed.).

New York, Plenum Press, 1966, 180p. $9.50. (CONF-
£30102).
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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 Sclence).
Contract [AT(30-1)-2098). 168p.

Experimental and theoretical developments in quantum
electrodynamics, electromagnetic form factors, scattering
(Regge theory), and photoproduction are included. New tech-
niques for producing and detecting particles and radiations
are outlined, and developments in scanning and data reduc-
tion systems for spark chambers are described. Current
worldwide electron accelerator development is summa-
rized, and experiments in progress at the Cambridge Elec-
tron accelerator are reviewed.
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36640  (CERN-63-28) 1963 INTERNATIONAL CON-
FERENCE ON HIGH ENERGY PHYSICS AND NUCLEAR
STRUCTURE HELD AT CERN, FEBRUARY zsfMARCH' 1,
1963. Torleif Ericson, ed. (European Organization for
Nuclear Research, Geneva). July 1963. 195p.

" Separate abstracts were prepared for seven papers on
the investigation of nuclear properties with clectrons,
mesons(u), mesons(r), strange particles, and protons, and.
on fragmentation in high-energy nuclear reactions. Use of
complex nuclei to examine strange partlcles is also
treated. (D.C. W)
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10625 (LNF-63/47) RACCOLTA DELLE COMUNICA-

7ZIONI PRESENTATE AL CONGRFESSINO ANNUALE DELL'-
FRASCATI,

ISTITUTO NAZIONALFE DI FISICA NUCLEARE,
6-7-8-9 MAGGIO 1963. (Compilation of the Papers Pre-
sented at the Annual Congress of the Ist{ituto Nazionale di
Fisica Nucleare, Frascati, May 6-9, 1963). (Italy. Comi-
tato Nazionale per I'Fnergla Nucleare, Laboratori Na-
zionali, Frascati). June 1963. 264p,

Forty-two puapers presented at the Annual Congress of the

Istituto Nazionale dl Fisica Nucleare are compiled. An ap-
pendix presents preliminary survey of possible rescurches
with an clectron und positron lincar accelerator,
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128138 (ISS-63/28) . RELAZIONI PRESENTATE AL
CONGRESSINO DEI LABORATORI NAZIONALI DI -
FRASCATI (6-8. MAGGIO 1963). - (Papers Presented at -
the Congress of the National Laboratories in Frascati .
(May 6-8, 1963)). Italy. Istituto Superlore di Sanita, .
Rome). 42p.

The summaries of the papers presented by the Physlcs

- Laboratory of the Istituto Superiore de Sanita at the:High
Energy Physics Congress held in Frascati are compiled.
The papers deal with'the-following subjects: 7~ absorption
in complex nuclei, preliminary study of (e,e’p) experiment
to be carried out at Frascati, preliminary study ‘of (e,e’y)

e:&bexﬁlment to be carried out at Frascati, analysis of track

chamber pictures, and double v meson photoproduction on- -

‘protons.
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12803 - - (TID-7685) ARGONNE ACCELERATOR
USERS GROUP MEETING HELD AT ARGONNE.NA-
TIONAL LABORATORY, MAY 10-11, 1963. (Argonne
National Lab., IlI.). Contract W-31-109-eng-38. 48p. ..

Information on the status of the accelerator and experi~
mental facilities, the experimental program, and users’
arrangements and prbpedures is presented. The ap-
paratus and procedures. for measuring and analyzing
bubble chamber data are also described. Additionally, -
the design and performance of a polarized proton target
are discussed, and preliminéry results on elastic 7*-p
interactions are presented. (D.C.W.)
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37958 ° NUCLEON STRUCTURE. Proceedings of the
International Conference at Stanford University, June 24-
27, 1963. Robert Hofstadter and Leonard 1. Schiff, eds.

Stanford, Cahf Sl.mfoxd Umversxt) Press, 1964 428p.
$12.50. ’
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32378 - ATOMIC COLLISION PROCESSES, The I'ro-
ceedings of the Third International Conference on the
Physics of Electronic and Atomic Collisions, University
College, London, 22nd-26th July, 1963. M. R. C. McDow-
ell, ed. Amsterdam, North-Holland Publishing Company,
1964. -1176p. f126; £12,12s; $35.-. (CONF-186)

Slow electron scattering by atoms, resonances, po-
larization of radiation emitted on electron impact, excita-
tion and ionization atoms by. electron impact, electron.
molecular . colli‘sions recombination, ncgative ions, photo
processes, elastic and inelastic heavy particle colhsxons
and collisions with molecules.are discussed.
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41671 (LADC-6186) PIONS, MUONS AND NUCLEAR
STRUCTURE., Critchfield, Charles L.; Heller, Leon; Lee,
Clarence E.; Young, James E. (Los Alamos Scientific
Lab., Univ. of California, N, Mex.). [1963]. Contract
W-7405~eng-36. 30p. Dep. mn; CFSTI, $2.00 cy, $0.50
A summary of the papers presented at the pions, muons,
and nuclear structure conference held at LASA in August
1963 is presented. The papérs 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 particles and .
the boundary condition madel,. pion production facilities,
and a discussion on neutrino experiments. (M.O.W.)

. )
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131 PROCEEDINGS OF THE SIENNA INTERNA—‘
TIONAL CONFERENCE ON ELEMENTARY PARTICLES,
30 SEPTEMBER-5 OCTOBER, 1963.- VOLUME L. Gil-

berto Bernardini and G. P. Puppi, eds. Bologna, Societa.
ltallana dl Fisica, 1963. 708p. (CONF-214)
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26260 (BNL-837) INTERNATIONAL CONFERENCE

ON FUNDAMENTAL ASPECTS OF WEAK INTERACTIONS;,

HELD AT BROOKHAVFEN NATIONAL LABORATORY,

SEPTEMBER 9-11, 1963. (Brookhaven National Lab.,

Upton, N. Y.). Contract AT-30-2-GEN-16. 488p.
Thirty-two papers are included.
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14659 PROCEEDINGS OF THE EASTERN THEORETI-
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 motion in inany-body systems,
Toeplitz determinants and Coulomb gases, superconducting
condensation energy, complex spectra, group theory, mo-
mentum distributions in boson systems, quantum observa-
tions and measurements, equivalence of states, effects of
"strong interactions in peratization theory, »-p interactions,
.inelastic effects in' 7-N interactions, magnetic and electric
geons, unitary symmetry, perturbation theory, fermion
propagators, Yukawa field theory, Lamb shift calculations,
lattice thermal conductivity, intramolecular statistics of
chain molecules, and the application of Lie groups to the
nuclear many-body problem.

815 - .

1339 (ISS-63/40) RIASSUNTI DELLE COMUNICA-
ZIONI PRESENTATE AL 49° CONGRESSO NAZIONALE Di
FISICA BARI, 6-13 NOVEMBRE 1963. (Summaries of the

Papers Presented at 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 on
protons, statistical analysis of excitation curves of recoil
protons in photoproduction, meson (77) absorption in com-
plex nuclei, 662-kev y-ray scattering on bound electrons,
search for radioactivity induced by tetraneutrons in stable
isotopes, measurements on radiation emission by acceler-
ated electrons in the Frascati synchrotron, acoustic detec-
tion of spark position in a cylindrical spark chamber, and

a precision'trigger circuit are summarized. (auth)
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34964 © INTERNATIONAL CONFERENCE ON COSMIC
RAYS, JAIPER, DECEMBER 2-14, 1963, PROCEEDINGS.
VOLUME 6. MUONS AND NEUTRINNS. IInder 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;
Ereckantan; B. V., odo. Bombay, The Commereial Print-
ing Press Limited, 1964. 261p. Available from Tata
Inst. of Fundamental Research, Bombay. (CONF-320)
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14943 PROCELEDINGS OF THE ATHENS TOPICAL
CONFERENCE ON RECENTLY INSCOVERELD RESONANT .
PAITICLES.  Dashoarot & Muniv and Lawronce J, Galla-
her, eds.  Athens, Ohio, Ohio University, 1963, 316p.

The present Rnowledpe ol the various resonance states,
Inetudime their produetion, propevtios, and decays, are
discunned, .

818

31869 (CERN-64-30) PROCEEDINGS OF THE IN-
FORMAL MEETING ON FILMLESS SPARK CHAMBER
TECHNIQUES AND ASSOCIATED COMPUTER USE,
GENEVA, MARCH 1964. G. R. Macleod and B, Maglic,
eds. (European Organization for Nuclear Research,
Geneva). . 405p,

819

37640 VOPROSY FIZIKI FLEMENTARNYKH CHAS-
TITS. Chetvertaya Sessiya Vessenei Shkoly Teoreticheskoi
i Eksperimental'noi Fizilkd Nor-Amberd, 16-26 Aprelya
1964 g. (Problems in Physics of Elementary Particles.

- The Fourth Session of the Spring School of Theoretical and

Ex‘perimenta] Physics, Nor-Ambert, April 16-26, 1964).
Alikanyan, A, I. (ed.). Erevan, Publishing House of Acad-
emy of Scicncce, 1964. 600p.

Thirty -six lecture papers and one scientific communica-~
tion are included.
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820

36488 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.

821

44383 (CERN—65-4 (Vol.Il)) Vth INTERNATIONAL
CONFERENCE ON NUCLEAR PHOTOGRAPHY HELD AT

CERN, GENEVA, 15-18 SEPTEMBER 1964. Dahl-Jensen,

E. (ed.) (European Organization for Nuclear Research,
Geneva (Switzerland)). Jan, 1965. 387p. (CONF-787
(Vol.IN)). Dep. mn. :
Seventy-one papers are presented. on various aspects of
nuclear photography. '

822

42564 . (STI/PUB/91(Vol. 1I)) CHEMICAL EFFECTS
OF NUCLEAR TRANSFORMATIONS. VOL. II. Proceed-

ings Series. Proceedings of the $;mposium Held in Vienna,

7-11 December 1964. (International Atomic Energy

Agency, Vienna). Apr. 1965. 567p. (CONF-773(Vol.1l)).

IAEA 811.00; S 231,-; £3.6.U; F.Fr. 44,-; DM 38,50 cy. .
Thirty-five articles and one single abstract are included;

823

15398 RESONANT PARTICLES. Proccedings [of the)
Scecond Topical Conference, Ohio University, Athens, Ohto,’
June 10-12, 1965. Munir, B. A, (ed.). Contract AT(49-
12)-2802. 560p. Fazl-i-Umar Hescarch Inst., Athens,
Ohio $12.00, : .

824

9472 BIBLICGRAPHY UN WEAK INTERACTIONS. -
PERIOD JANUARY 1961 TO MAY 1962. p.857-66 of *1962
International Confercnce on Iligh-Energy Physies 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 1962 is pre-
sented. References are grouped first by subject and then
listed in alphabetic order by authors. (A.G.W.)

825

9433 (NP-11294) NUCLEAR REACTIONS BIBLi-

OGRAPHY. (Library of Congress., Aerospace Informa- .

tion Div., Washington, D. C.). Dec. 15, 1961. 96p.
(AID-Report-Gl 7

A bibliography is presented as a gulde to Soviet litera-
ture on nuclear reactions. The material covered are the
Soviet sources avallable at the Aerospace Information Ni=

yiéion and the Library of Congress prior to June 1960,
The 682 entries are arranged alphabetically by author

"within each of the followings 13 subject headings: Coulomb

éxcitation, deuteron-induced reactions, neutron-induced
reactions, proton-induced reactions, reactions induced by
alpha particles, reactions induced by gamma quanta and
electrons, reactions induced by light nuclei, reactions in-
duced by heavy fons, reactions induced by mesons (n), nu-~ "
clear fission, thermonuclear reactions and plasma, photo-

. nuclear reactions, and.general and miscellaneous. (M.C.G.)

826

7690 (ORNL-3499(Vol.ID(p.54-6)) LITERATURE-
SURVEY OF NONELASTIC NUCLEON AND PION REAC-
TIONS WITH COMPLEX NUCLEIL. H. W. Bertini (Oak
Rldge National Lab., Tenn.). ’

" Abstracts in Physica Abstracts are examined for litera-
ture on neutron yields and crogs sections for particle-
particle reactions and for meson () and secondary nu-
cleon production in meson (7) and nucleons reactions with
complex nuclei at 20 Mev to 30 Bev, A typical page from
a'previously issued report is included. D.C.W)

827

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. Bertini (Oak Ridge
National Lab., Tenn.). Aug. 23, 1963; Contract W-7405-
eng-26. 117p.

Experlmental data on nonelastic reactlons of protons, - -
neutrons, =+, and 7~ with complex nuclei at incident en-
ergies of 20 Mev to 33 Bev weré surveyed, The matetial
is grouped according to the incident particle in the above '
order. Information on the measured quantlty, experimenta.l
arrangement, and the experimental error is included. The
200 publications used in the survey, most of them abstracted
‘for Physi¢s Abstracts, are ll:,ted (D.C.W, )

828

4428 " (BNL-809) MUON BIBLIOGRAPHY. Marjorie

/:Comstock, comp, (Brookhaven National Lab., Upton, N. Y.).

Apr. 1963.. Contract AT-30-2-GEN-16. '22p.
References relating to u mesons are presented for 1958
to April 1963 and are arranged according to year. Sources

-for the 625 references are Nuclear Science Abstracts,

Science Abstracts, Series A, Physics, and the Brookhaven
Research Library. Subjects included are static proper-
ties, electromagnetic interactions, mesic atoms and mole-
cules, weak interactions, u-meson structure and anomalous
interactions, cosmic rays, and g-meson beams. (R.E.U.)

829

13872 (CCRL-9999) - RIRL I0GRAPHY ON PION-PION
INTERACTION. . M. Lynn S‘Levenson (California, Univ,,

133
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" Berkeley. Lawrence Radiation Lab.). Nov. 7, 1961. Con-
tract W-7405-Eng-48. 63p.

A bibliography on pion-pion interactions is presented,
The 241 references are those available through November 7,
1961. A chronological listing is given together with excerpts
or comments. In another part the references are grouped
according to subject. An author index is included. (M.C.G.)

830

20354 (BRN1-929) “ ANNUAL 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 are summarized
in eight sections. ’

19273 (BNL~929, 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 state physies are summarized. (J.R.D.)

18185 (BNL-928, pp 126-47) \/IEDICAL RESEARCH
(Bmokhaven National 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 (77),
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 syndrome of dogs. Research results are
also reported on bioenergetic mechanisms involving free

radicals, properties of hydroxylysine and.collagen, inheri- .

tance and protein synthesis, physiology of trace metals,
‘insulin protein structure and activity, tracer swdies of
obesity and diabetes, distribution of insulin in muscle,
mechanisms of neurohypophyseal peptide actions, effects
of genetics and sodium on hypertension, conversion of
glycine-2 “C to cyanide by chromobacterium, synchronous
growth and division in cell cultures, nucleic acid metabo-
lism, skeleton growth and aging, effects of tritiated thymi-
Adine incorporation in DNA, studies of fallout-exposed
Marshall islanders, blood culture cytology, neutron radiog-
raphy, Ga neutron capture, ¥Tc as a scanning agent com-
Juter uses, and positron scanning. (J.R.D.) .

831

11331 (TID-17023) .REPQRT 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 are given for research on the reaction
rate for y~ + He¥ — H% + v, on liquid helium scmtillation
counters, on solid state radijation detectors, on proton spal-
lation in light elements, on u~ lifetimes, on spark chamber
investlgatioh of Dalitz pairs from =° decay, on 7~ - p inter-
actions at 560 and 650 Mev, on radiative capture of u

832

862 {T1D-19590) REPORT OF RESEARCH IN HIGH
ENERGY NUCLEAR PHYSICS, NOVEMBER 1, 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 interactxons,
properhes scattering, and theory; nucleon reactions and
scattering; spark chambers; superconducting magnet
bubble chambers; beam production and handling; and solu-
tion of integral equations is reported. (D.C.W.)

833

25781 © (€CO0-1195-56) ANNUAL PROGRESS RE-
PORT [ON ELEMENTARY PARTICLE PHYSICS. 1965].
{(Illinois Univ., Urbana. Dept. of Physics). Apr. 1966.
Contract AT(11-1)-1195, ' 45p. Dep. mn. CFSTI $2.00
cy, $0.50 mn.

Some investigations of resonance production in 7~-p,
n*-d, K~~p, and p-p interactions at high energies, strange
partlcle production in p-p interactions, n-N coupling,
photoproduction of meésons (7~), and the decay of mesons
(K$) are summarized. Efforts in the development of count-
ers, wire spark chambers, and data analysis systems
are also outlined. (D.C.W.) .

834

25924 (NP-11977(p.55-7)) PROGRESS REPORT OF
THE TRIESTE GROUP FROM JANUARY TO OCTOBER
1960. C. Cernigoi (Italy. Istituto Nazionale di Fisica Nu-
cleare, Trieste). ’

‘The cross section at 0 for the charge-exchange scalter-
ing of negative p'ons at 170 Mev is being measured dl-
rectly by detecting pairs of gamma rays from the r° decay.
The gamiaa pairs are detected by two total-absorption
Cherenkov counters and simultaneously by two gamma tele-
scopes. The arrangement is shown schematically. The
Cherenkov counters were calibrated by the electrons pres-
ent in the 150-Mev 7~ beam. (J.S.R.)

835

6792 (ISS 62/14) THE PHYSICS LABORATORIES OF
THE ISTITUTO SUPERIORE DI SANITA UP TO 318T
MARCH 1962. (Italy. Istituto Superiore di Sanita, Rome).
Apr. 1962, 86p.

Research and development progress is reported on high-
energy physlcs, nuclear physics, nolecular physics, x-ray
physics, electron microscopy, solid-state phyéics, anrl the-
oretical physies and computers. The technienl services
performed are alan described. (M.C.GL)

836

2585 °©  (1SS-63/37) RELAZIONE SULL'ATTIVITA DEI
REPARTI 1° E 2° DEI LABORATORI DI FISICA (SOTTO-



SEZIONE “‘SANITA” ASSOCIATA ALL'INFN) NEL 1962-63.
(Progress Report of the Sanitd Subsection of the INFN Dur-
ing the Period 1962-63). (Italy. Istituto Superiore di
Sanit3, Rome). June 18, 1963. 27p.

Research dealt with meson(z®) photoproduction, the life-
time of mesons (z*) in flight, neutron spectra following
meson(z~) absorption at rest in nuclei, fluorescence yield
and coherent scattering in the interaction of 662-kev
gamma rays with bound electrons, and the interaction of
positrons at rest with matter. Technological development
included techniques 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 caiculated, and programs were prepared
for the IBM 7040 computer. (D.C.W.)

837

21388 (LNF-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 at about 90% effx- .
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’’ B
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
tilms 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 at 10 + 40 ns width was
developed. A transistorized binary decade courter was al-
so developed, and correct decoding for the decimal counter
was achieved. A smaller frame for the pulse magnets'
proved insufficient; a 135 kjoule condenser bank was de-
signed; Nb— Zr superconducting magnets were tested; a-
radiation effects on superconductors were studied; and an
elaotron gun was tested. Improvement of construction tech-
niques for image-intensifying tubes was studied. A card-
type input-output unit was installed permitting the statisti-
eal elahoration of experimental data. Work on didactio
activity continued. The calculation that includes the con-
tributions of hard photons in the production of paxrs of

- 4 mesons in electron-positron collisions was completed.
Calculations on n meson decay were made, particularly the
decay ratios of two y's to three r's, and to two 7’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 u~ cap-
ture were found to disagree with theoretical models for
this process. Activities of the health physics and other
supporting services are reported. (D.C W)

838

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(p.64-86)) NUCLEAR REAC-
TIONS. (California. Univ., Berkeley. Lawrence Radia-
tion Lab.).

Measurements of the proton polarization produced i
‘the elastic scattering of 22-Mev protons by deuterons
‘were made which show substantial polarization. In an-
optical-model analysis of 48-Mev alpha particles scat-

tered by '2C, real and imaginary potentials were derived
for several sets of parameters that gave good fits to the
elastic scattering data. Energy spectra and angular dis-
tributions were measured for the reactions '*O(p, t)™0 and .
%0 (p,3He)¥N at 43.7-Mev. The elastic and inelastic scat-

tering of 65-Mev helium ions by '®O and the resulting

excited levels of IsO were studied. The strong formation
“of hlgh-spm levels in several (a,d) Teactions was studied.

‘Results are summarized for calculations of u capture

transition rates in '2C and '€0. Differential cross sections

and angular distribations were measured for the elastic
and inelastic scattermg of 64.3-Mev alpha partlcles by

$#Ni and ®Fe. Alpha scattering by ®Cu and ®Ni 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 Al were

studied, and the anisotropy and neutron and photon ener-
gies for W3Th were determined. Excitation functions are
presented for (He,'Be) and {(*He,"Be) reactions of 2'Al and.
2C. The excitation function of the *C(r~,7™n) reaction was .

also measured at 53 to 1610 Mev. (D.L.C.).

839

9842 UCRL-8017
California. Univ., Berkeley. Lawrence Radiation Lab.
PHYSICS DIVISION SEMIANNUAL REPORT [FOR] MAY

THROUGH OCTOBER 1859, Dec. 10, 1959, 55p. Contract’

W-7405-eng-48. OTS.

Work by the various general physics research groups i
the Laboratory is briefly summarized in terms of bubble
chambers, strange particles, anti-particles, elementary
particle reactions, accelerator studies, etc. Operation of
the 60-inch cyclotron and the heavy-ion linear accelerator
is discussed. (For preceding period see UCRL-8936. )
w. D M.) .
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840

2305 (UCRL-9704) PHYSICS DIVISION SEMI-
ANNUAL REPORT, NOVEMBER 1960 THROUGH APRIL
1961. (California. Univ,, Berkeley. Lawrence Radiation
Lab.). May 1961. Contract W-7405-eng-48. 83p.
Develbpmex{t and operation of liquid hydrogen bubble
chambers are discussed. The following investigations are
summarized: particle interactions; search for Dirac
monopoles; strange-particle research; spark chamber
developments; emulsions; electron linear accelerators;.
particle production and scattering; charge independence;
and space physics. Theoretical studies are described for:.
the physics of the nucleus; strong and weak interactions;
mesons-7 and -u; field theory; atomic, high-energy, and
plasma physics; and accelerators. Computer programs
written for various applications are described. The oper-
ation of the 60-Inch Cyclotron is summarized. (B.0.G.)

841

177 (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. B80p.

‘A large part of the research with bubble chambers was
devoted to the operation of the separated high-energy K~
beam and analysis of the resulting data. Details of experi-

ments in this area are given along with work on data reduc-

tion, bubble chamber development, and superconductivity

studies for development of high-field magnets. Research on
the decay modes of T hyperons is reported along with other
strange-particle investigations and heavy ion research. De-

- velopinent work on a video track analyzer was continued.

Work on the S-matrix theory is described in published re-

ports along with various applications of the S-matrix theory-

Work on theoretical plasma physics is summarized along
with work on atomic phvsics, particle accelerators, and nu-
clear physics. The work in the mathcmaties and computing
group was devoted to program development f()r hubble
chamher data analysis and several miscellancous mathe-
matical programming developments. Work in physics re-
search is reported on K*-proton interactions, r-n interac-
tions, phase shift analysis of 7-p scattering, plon-proton
interactions, properties of radioisotopes, and other re-
search projects. Data analysis by the FOG program is re-
‘ported nlong with develapment of the CLOUDY program and
the FAIR program, Continned researvch on single meson
production in 7 + p colllsions {8 reported. A pummary of

work 18 2180 included on the 184-in. cyclotron and the 60-in,

cyclotron. (J.R.D.)

842

20594 (UCRL-10572) PHYSICS DIVISION SEMI-
ANNUAL REPORT, MAY 1962 THROUGH OCTOBER 1962,
(California. Univ,, Berkeley, Lawrence Radiation Lab.).
Nov. 28, 1962, Contract W-7405-eng-48, 121p.
Research is reported on pion beta decay, neutron polar-

fzation in 7~ + p charge-exchange scattering, n-n inter-
actions, plastic scintillator detection efficiency for 4 to
76-Mev neutrons, K* and K’ decay, K"—p interactions,
meson exchange and K* spin alignment in K* + p reactions,
beta decay of hyperons, 7-r resonances, n' -p scattering,
neutron polarization from X decay, the muonic decay rate
of the lambda hyperon, sigma-hyperon production, lambda
{ifetime, double hyperon production in D, three and four-
pion mass spectra, pion production in 7-p interactions, nu-
clear excitation from u~ capture, proton polarization in
elastic n-p scattering, phase-shift analysis in 7-p scatter-
ing, radlatiye capture of 7~ in flight, polarization in nuclear
scaltering of 740- Mcy protono; K™ =p intoractions, mesie

x rays, bound muon decay, meson production in p + d col-
lisions, K~ reactions in complex nuclei, hyperfragment
production processes, x' mean life, 16-Bev 7~ intcractions
with protons, multiple scattering of heavy ions, charged:
particles from 0 interactions and mirraring of geomag-
netically trapped protons on satellites. Bubble chamber
development, operation, and rescarch are included. Theo-
retical work dealt with s-matrix and clementary-particle
theory, lepton physics, nuclear theory, atomic and plasma
‘physics, liquid He, particle orbit theory and accelerator
design problems, complex angular momentum, Regge

poles, dispersion relations, and various other topics. Many
computer programs were written, and data handling sys-
tems were developed. Construction of a video track
analyzer is reported, and accelerator development and
operation are summarized. 139 references, (D.C.W.)

8493

31091 (UCRL-10862) PHYSICS DIVISION SEMI- °
ANNUAL REPORT, NOVEMBER 1062 THROUCH ADRIL
1963, (California,. Univ., Berkeley. Lawrence Radiation
Lab.). May 20, 1963. Contract W-7405-eng-48. 82p.

‘Progress 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,
meson studies (capturc, dceay, intcractiona, production),
nyperon properties and pruductun, nuelear reuciluns,
606mic proton research, particle physics, and spark
chamber development is reported. (D.C.W.)

844

14552 (UQRL-11132) PHYSICS DIVISION SFEMT-
ANNUAL REPORT MAY-OCTOBER 1963. (California.
Univ., Berkeley. Lawrence Radiation Lab.). Nov. 22
1963, Contract W-7405-eng-48. 111p.

Research progress on interactions, strange particles,
scattering, elementary particles, nuclear and plasma phys-
fes, cosmic particles, Dirac monopoles, heavy fon reac-
tions, and resonances is summarized. Development and
operation of accelerators, bubble chambers, and data re-
duction systems are also reported, together with computer
operation, development, and programming. (D.C.W.)
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9775 (UCRL-11466) PHYSICS DIVISION SEMIAN-
NUAL REPORT, NOVEMBER 1963~ APRIL 1964.- (Cali-
fornia.” Univ., Berkeley. Lawrence Radiation Lab,).
May 25, 1964. - Contract W-7405-eng~48. 59p. Dep.;
$3.00(cy), 2(mn) OTS.

Research and development is reported on bubble cham-
bers, strange particles, heavy ions, scattering, many-
body problems, weak interactions and other general phys-
icsareas. Developments in data handling, computer
proa'rams and accelerator operanons are also reported
(J.R.D.) -

846 .
25265 (UCRL-11776) PHYSICS DIVISION SEMIANNUAL
REPORT MAY-OCTOBER 1964. (Lawrence Radiation Lab.,
Univ. of Callt'orma Berkeley). Nov. 16, 1964. Contract
W-7405-eng-48. “73p. Dep.; $3.00(cy); 2(mn) CFSTIL

Research using bubble chambers is summarized along
with work on data rcduction and programming. Results of
research on strange particles and pions is also reported
along with space research and development of track ana-
lyzing microscopes. Theoretical work in physics is sum-
marized, and otheér work devoted primarily to elementary

' particles is reported. A summary of work on accelerator
operation and development is included. (J.R.D.)

847

40426 (NYO-10063) PROGRESS REPORT [ON NU-
CLEAR SCIENCE]. (Massachusetts Inst. of Tech,, Cam-'
bridge. Lab, for Nuclear Science). May 1, 1963, Con~ -
tract 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-
pared for each topxc (M c.G) .

40433 (NYO-10063(p.71-89)) HIGH ENERGY AC-
CELERATOR PHYSICS GROUP. (Massachusetts Inst. of
Tech,, Cambridge. Lab. for Nuclear Science),
Apparatus for the n%-photoproduction experiment,
hodoscopes, magnet platform, magnets and associated
electronics, were placed in operation. Cross sections
for they + p — P+ p reaction were plotted for 0 to 2.3
Mev. Events in the interactions of photons with deuterium
are being analyzed. Apparatus for studying the A° gyro-
magnetic ratio was assembled. Data on 7—p and K~ - P

elactic scattering are presented in graph form. Evidence -

for the formation of quasx—deuterons in the nitrogen nu-
cleus was sought in 7r 1eactlons with nitrogen, A search
is being made for ¢*in n*+ p reactions, A momentum-
analyzing spark chamber with scintillation-counter trig-
gers was designed. The elastic scattering cross section?
for gamma rays by protons in the energy range from 550
"to 850 Mev were measured. An experiment to measure the

cross section for the photoproduétion of it patrs frum

carbon is being carrfed out. Proton-proton and meson(r)-
proton scattering studies were also carried out. The cross
'section for photoproduction of intermediate boson pairs in
the reactions y+p—p+Wr+ W andy+p~ 2+ W' +
W~ was calculated. (M.C.G.)

848

. 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
f{ssxon elements, nuclear chemistry, cosmic radiation,
particle interactions in bubble chambers, particle physics .
using accelerators, physics measurements using radioiso-
topes, and theoretical elementary particle physics, and
nuclear physics, (J,R,D,) . )

849

19713 TID-6081
Columbia Univ., Irvington-on-Hudson, N Y. Nevis

Cyclotron Labs
QUARTERLY PROGRESS REPORT (FOR] MARCH 1, 1960
TO MAY 31, 1960. Warren F. Goodell, Jr. June 1, 1960,
20p. Contracts AT(30-1)-1932; AT(30-1)-1019; AT-30-1-
GEN-72; Nonr-266(72); and N6-ori-110-1, OTS.

Stable operation of the synchrocyclotron since February,
construction progress on the high-energy research building
and neutron velocity spectrometer flight path tube, and con-
tinued wark to provide satisfactory optics for the 30-in,
propane bubble chamber are reported. Analysis of the
decay curve for 4~ mesons stopped in Zn and Nb was ¢an-
tinued. Magnetic moments of the muons-were mcasured in
a ficld of 13.8 kllagausa and an r-f frequéncy of 180 Meps.
The mass of the ¢~ was measured by determining the mass
ahaorption In Pb of the phosphorus 3D-2P mesonic X ray.
Fine structure splittings were observed in the 2P-12 and
3D-2P transitions of the Pb u-mesonic atom, -Differential !
cross sections were measured for n~—carbon scattering at -
69.5 and 87.5 Mev and 7~ —oxygen scattering at 87.5 Mev
and at 20 to 125°C. Preparations were made to measure the
capture cross scctions of 4~ mesons by protons and to de-
termine the sign of the asymmetry parameter in y decay.

A search was completed for the decay mode u* —- et Y. arf\d
muonium u* + ¢7) formation was ‘observed in highly puri-
fied Ar gas. The posslbility and methods for observing
{nteractions of neutrinos for high-encrgy, high-intensity
accelerators were studied. A gencral purpogse 650 apace
reconstruction program was written for use with the
Columbia bubble chambers and computers. The mass dif-
ference of the ™ and n° mesons was measured by measur-
ing the momenta of the two intetnally converted electron-
positron pairs from n° decay. Scanning and analysis of the
12-in.‘h_\'drnge’n bubble chamber pictures were completed
for Cosmotron 7~ + d interactions and n~ + N* — £7 + ¢°
events and proposed for the reaction 7~ + p+ - A® -8,
Measurement of the polarization of recoil protons in 600-
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Mev 7 —p scattering was proposed to determine the char-
acter of the scattering resonance. Extensive slow neutron
transmission mecasurements were made with a flat detector
in As, Pbl;, PbBr,;, Mn, PrgOy;, Tm;Oy, Cs and Th at 20 ev
to 5 kev. Filament scintillation chambers were cxposed to
the meson beam of the cyclotron. Work was continued on
the energy variation of Ag figsion and on (p, pn) reactions.
(M.C.G.)
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22593 (SLAC-27) TWO-MILE ACCELERATOR PROJ-
ECT. Quarterly Status Report, October 1-~December 31,
1963. (Stanford Univ., Calif. Stanford Linear Accelerator
Center). Feb. 1964. Contracts AT(04-3)-400 and AT(04-
3)-476. 93p. g :

Development of accelerator structures, klystrons, the
physical slant, magnets, vacuum system, electronic and
microwave equipment, and beam control and handling equip-
ment is reported. Operation and modification of the Mark IV
accelerator are also summarized, together with experimental
and theoretical studies of particle production ard interac-
tions. (D.C.W.)

851

16852 (NP-14647) ANNUAL REPORT, APRIL 1963
MARCH 1964. (Tokyo Univ. (Japan). -Inst. for Nuclear
Study). May 1, 1964. 78p. Dep.(mn). :

‘T'he experimental facilities available for use in low-
energy physics research are described, and experiments
with'a synchrocyclotron are reported. An evaluation of
proposals for long-range low-energy physics research is
included. The experimental facilities available for use in
high-energy physics research are described, and experi-
ments with an electron synchrotron are reported. Mea- -
surements on cosmic air showers are reported, and data
on cosmic radiation obhtained in balloon flights are ana-
lyzed. Research on theoretical physics is reported along
with activities at the chemical laboratory. (J.R.D.)

. 852

15325 ~~ (TID-17766) YALE STUDY ON HIGH INTEN-
SITY PROTON ACCELERATORS. A PROGRESS REPORT
ON THE DESIGN OF A VERY HIGH INTENSITY LINEAR
ACCELERATOR FOR PROTONS AT AN ENERGY OF 750
Mev, Internal Report Y-G. (Yale Univ.,, New [aven).
Oct. 30, 1962. Contract AT(30-1)-2726. 121p.

The design of a very high intensity proton linear ac-
celerator and its associated facilities, that together form
a complete meson factory is discussed. The accelerator -
will deliver a 1 ma (avér_age) primary proton beam at an
energy that is 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-
ator, will produce intense well-defined secondary beams
of pipns, muons, neutrons, and neutrinos. These éecondary
beams will be separated from the proton beam and trans-
ported to various experimental areas where adequate

shielding, both flexible and fixed, is provided. The sec-
tions of the report outline the justification, establish the
feasibility, and estimate the cost of the installation. Ten-
tative characteristics of the accelerator and the beams’
are presented, as are a2 numt 2r of studies that ‘can be
made with the assembly. T2 references. (auth)

853

16953 (TID-20352) SUMMARY OF PROGRESS RE-
PORT [ON NUCLEON-NUCLEON INTERACTION] PERIOD
ENDING, FEBRUARY 1964. McAllister H. Hull, Jr., and
Gregory Breit (Yale Univ,, New Haven). Mar. 1964. Con-
tract AT(30-1)-1807. 12p.

Research progress on N-N interactions, 7-N interac-
tions; nucleon.-nucleus seattering, deuteren photodisinte-~
gration, heavy lon reactions and scattering, and 'hlgher

- order effects in Coulomb excitation is summarized.
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