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FOREWORD 

Starting with this  i s sue ,  the charac ter  of'the ANL Physics  

Division Summary Report will be changed somewhat to emphasize 

not-yet-published resu l t s  and work s t i l l  i n  p rogress ,  and to  reduce the 

labor of preparing-the. . reports .  The comments of r eade r s  will be 

welcomed. 

The Physic S '  Summary i s  issued a t  approximately .monthly 

intervals  f o r  the information of the m e m b e r s  of the Division and a l imited 

number of other persons  in te res ted  in the p rogress  of the work. It 

, includes shor t  r epor t s  on .hi-gkilights 6f:th.e. resear .ch,  abif i?adts .  dr 

summar ies  of o ra l ,  presentations a t  meetings,  abs t r ac t s  of papers  recent ly 

accepted fo r  publication, and publication notices of papers  appearing i n  

recent  journals and books. Many of these  cover  work s t i l l  in  p rogress ;  

the resu l t s  and data they present  a r e  therefore  prel iminary,  tentative, 

and often incomplete. 

The r e s e a r c h  presented in  any one i s sue  of the Summary 

i s  only a sma l l  random sample of the work of the Physics  Division. F o r  

a comprehensive overview, the r eade r  i s  r e f e r r e d  to  the ANL Physics  

Division Annual Review issued  each summer ,  the most  recent  being 

Argonne National Laboratory Report ANL-7081 which r epor t s  r e s e a r c h  

i n  the year  ending 3 1 March 1965. 

The - i ssuance  of these  r epor t s  . i s  not intended to  constitute 

publication in  any sense  of the word. ~ i n a l  r e su l t s  will be ei ther  

submitted for  publication i n  regular  professional journals,  o r ,  in  spec.ia1 

c a s e s ,  presented in  ANL Topical Reports .  
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Highlights 

1 .  RESEARCH H I G H L I G H T S  

NEUTRON CROSS SECTIONS QF B1 FOR ENERGIES BETWEEN 
10 AND 500 KEV':' (51312-01) 

F. P. Mooring, J. E .  Monahan, and C. M. Huddleston t 

10 7 
Values  of the  B (n ,  a ) L i  c r o s s  sect ion m e a s u r e d  by 

Bichse l  and Bonnerl  f o r  neu t ron  ene rg i e s  between 0 .02  and 4 . 8 0  MeV 

a r e  u sed  f requent ly  a s  a s econda ry  s tandard  f o r  the  m e a s u r e m e n t  of 
\ 

neutr.on flux. These  values  a r e  u sed  a l s o  in  shielding and r eac to r -de s ign  

calcula t ions  whe re  it i s  f u r t h e r  a s s u m e d  that  the  (n,  a) c r o s s  sec t ion  is 
10 

equal  t o  the absorpt ion c r o s s  sect ion of B f o r  neutron ene rg i e s  below 

1 .  0 MeV. Recently we have m e a s u r e d  the  neu t ron  to ta l  and  absorp t ion  
10 

c r o s s  sec t ions  of B f o r  ene rg i e s  between 10 anc! 500 keV. Our  values  of 

t h e  absorpt ion c r o s s  sect ion a r e  l a r g e r  (by an ave rage  of about 275 m b  

ove r  the  neutron -energy  in te rva l  f r o m  160 t o  500 keV) than  the  values  of 

t he  (n ,  a )  c r o s s  sect ion obtained f r o m  Ref .  1 .  These  mea.surements  a r e  

c o m p a r e d  i n  F i g .  1.  

Other  measu remen t s2 -*  of the  other  energe t i ca l ly  al lowed 

neu t ion-absorb ing  p r o c e s s e s  indicate  that  the  (n,  a)  and the  absorpt ion 

.lr -0. 

The  ful l  r e p o r t  h a s  been accepted fo r  publication in  Nuclear  Phys i c s .  

I P r e s e n t  a d d r e s s  : U .  S.  Navy Civil  Engineer ing Labora to ry ,  P o r t  
Hueneme,  Cal i fornia .  

I . H .  Bichsel  and  T .  W .  Bonner ,  Phys .  Rev.  108, 1025 (1957).  - 
P. D. Klein and F. P. Mooring (p r iva te  communicat ion) .  

J. A.  Biggers taf f ,  Some Recent  Nuclear  C r o s s  Section Measu remen t s  
at ORNL, edited by P. H. Stelson,  ORNL-TM-1271. (1965),  p. 8 (unpublished) 

4 C .  Eggle r ,  D. J. Hughes, and C .  Huddleston, P h y s .  Rev.  - 74,  1239 
( t 948).  
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PRESENT DATA 
o B I C H S E L  8 BONNIER 

V) - EXTRAPOLATION FROM 
V) 
0 T H E R M A L  VALUE 
Q 
U 

I I I I I 
100 2 0 0  3 0 0  4 0 0  5 0 0  

NEUTRON ENERGY ( k e V )  

Fig.  1. A com-  
parison of the 
present  measure  - 
ments  of the 
reduced absorp-  
tion c r o s s  section 
and the reduced 
(n , a )  c r o s s  
section of B1 O 

obtained f r o m  
~ k f .  1.  The. 
hor izo~l ta l  l i l~t:  
i s  a l / v  extrapo- 
lation of the 
thermal  value 
of t h e  (n , a )  c r o s s  
section. 'The 
measurements  
of Ref. 1 have 
been normalized 
to  this l / v  - 
extrapolation at  
the lowest ener -  
gies .  

10 
c r o s s  sections of B a r e  indeed very near ly  equa l  in  this e n e r g y  i n t e r v a l .  

The re  i s  substantial confirmation of the accuracy of the present  resul ts  

f r o m  other measurements5- of related c r o s s  sections.  We believe, 
10 

therefore,that the values of the PJ (n, a) c r o s s  section obtained f rom 

Ref.  1 a r e  in e r r o r  -by as much a s  30%-in the interval  f rom 160 to  500 

In addition to  (n,  a ) ,  the possible neutron absorbing 
10 

processes  in B are (11, t ) ,  (n, p), and (11, y ) .  These al ternat ive reactions 

have been investigated respectively by Klein and Mooring, Biggerstaff, 3 

S. A .  Cox, Status Report to  Nuclear Cross  Section Advisory Group, 
Argonne National Laboratory, compiled by A .  B. Smith (4  October 1965), 
p. 4 (unpublished) ., 

6 C .  K.  Bockelman, D.-.W. ~ i l l e r ,  R. K. Adair,  and H. H. Barschal l ,  
Phys.  Rev. - 84, 6 9  (1951) 

7 ~ .  0. Lane, A.  Elwyn, F. P. Mooring, and A .  Langsdorf, J r .  (to be 
published). 
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and Eggler et ,al..! From. these  meas'urements-it  i s  possible to  assign, an -- 
upper l imit  of l e s s  than 100 m b  for  the average contribution-from a l l  of 

these alternative reactions i n  the energy interval  f r o m  160 to 500 keV. 

Thus i t  i s  improbable. that  the difference between .the present  B 
10 

absorption resu l t s  and the (n,  a )  measuremen t s . i s  the resu l t  of neutron - 
. . 

absorbing processes  other than (n, a ) .  

The pre.sent  resu l t s  and recent  measurements  .of the B l o  

absorption c r o s s  section by Cox5 a r e  in  good agreement  over the interval  

(1  0-200 keV) common to both measurements .  Further. ,  our measurement  
10 

of the total  neutron c r o s s  section.of B ag rees  with the .measurement  of 

Bockelman et al .  6 and our scat ter ing c r o s s  section (obtained by subtracting -- 
the .absorption f r o m  the total  c r o s s  section) ag rees  with the - sca t te r ing  

cr-os s section obtained by integrating . the differential -scat ter ing m e a s u r e  - 

ments  of Lane et  a1. -- 



Highlights 

PROTON REACTION CROSS SECTIONS AND STRENGTH FUNCTIONS 
::< 

A. J. Elwyn, A. Marinov, and J. P. Schiffer. (51313-01) 

When a (p,n)  react ion on a 'given target '  element is induced 

by protons with energ ies  sufficiently below the Coulomb b a r r i e r ,  the 

emiss ion  of .charged par t ic les  is inhibited a n d  t h e  compound nucleus 

decays a lmost  ent i rely by neutron emission. Under these  c i rcumstances ,  

therefore ,  the total 'neutron yield inte'p-ated over al l  angles  of emiss ion  

is a good approximation to  the  total  react ion c r o s s  section. In a recent  

s e r i e s  of experiments ,  about 33 e lements . in ' the  region of atomic weight 

90 < ~ < 2 0 9  were  bombarded by monoen,ergetic protons f r o m  the Argonne 

tandem acce le ra to r .  Total  (p ,n)  react ion c r o s s  sections were  obtained 

f r o m  the m e a s u r e d  neutron yields and "reduced c r o s s  sect ions,  " 1  which 

a r e  closely re la ted  to  the proton s t rength function, w e r e  determined by 

dividing the total  neutron yields by the weighted s u m  of the penetrabili ty 

f ac to r s  of the Coulomb and centrifugal b a r r i e r s .  An optical-model 

descr ipt ion of the interact ion of nucleons with nuclei predicts  that the '  

@?!ston strength.function should show resonances a s  a function of A, much 

a s  the  neutron s t rength function does.  Previous measurements '  ., 2 '  of 

the  neutron yields from (p ,n )  react ions on' elements . f rom A = 37 to A = 130 

have established the exis tence of a peak in the S-wave s t rength function 

n e a r  A =: 68. The present  experiment  revea ls  a P-wave peak a t  about 

A = 105 and a s s e s s e s  the re la t ive , impor tance  of S-,  , P-, and D-wave 

c.ontributions i n  the various m a s s  regions.  It fu r the rmore  shows relatively 

good agreement  between measured  (p, n) c r o s s  sections and optical-model 

calculations of proton react ion c r o s s  sections up t o  A z 200. 

.l. 1- 

P r e s e n t  address :  The Hebr'ew University, Jerusale 'm,  I s r ae l .  

1 J. P. Schiffer and L .  L. Lee,.  Jr.., Phys.  Rev. 109,- 2098 (1958). - 

C. .H. J'ohnson, A. Galonsky, and J. P. Ulrich, Phys .  Rev. - 109, 
1243 (1958). 
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. x M E A S U R E D  ( p , n  ) CROSS S E C T I O N  

- O P T I C A L  M O D E L  C A L C U L A T I O N S  

F i g .  2.  The  c r o s s  sect ions  (a t  each  of the  indicated incident  proton 
ene rg i e s )  a s  a function of a tomic  weight A. The points  ( c i r c l e s  and  
x ' s )  a r e  m e a s u r e d  (p ,n )  reac t ion  c r o s s  sec t ions .  The compound-nucleus 
c r o s s  sect ions  ( cu rve s )  w e r e  calcula ted on the  b a s i s  of the  opt ica l  
model  of Ref. 3 .  

T h e s e  m e a s u r e d  and calcula ted c r o s s  sec t ions  a r e  compa red  

i n  F ig .  2 .  The calculat ions w e r e  ba sed  on the  sur face-absorp t ion  optical  

potential  of P e r e y , 3  which had been  obtained f r o m  a sy s t ema t i c  ana lys i s  

of proton e las t i c  - sca t t e r ing  data  i n  the  energy range between 9 and 2 2  

MeV. A s  can  be seen ,  the ag r eemen t  between the calcula t ions  and  the  

m e a s u r e m e n t s  i s  r emarkab ly  good-especial ly in the m a s s  reg ions  

100 - < A - < 150 and 180 < A  5 195. But a s  might be  expected,  i n  the  

in tervening range  f r o m  A - 150-180 ( a  region of s t rongly  deformed  
, , 

nucle i )  t he ' da t a  a r e  i n  l e s s  good ag reemen t  with calcula t ions  based  on a 

sphe r i ca l  pptical  mode l .  . . .  

F i g u r e  3 shows the  A dependence of the  m e a n  reduced  

c r o s s  sec t ions ,  the points being the m e a s u r e d  values  and the  c u r v e s  t he  

r e su l t  of a n  opt ica l -model  ca lcula t ion.  Although some  of the ac tua l  de ta i l s  

F. G .  P e r e y ,  Phys .  Rev.  - 131, 745 (1963).  
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$ PRESENT RESULTS 
P SCHIFFER 8 LEE 
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- - 
0 I t l l ~ I I I I I I 1 l l I  

5 0  100 1 5 0 ,  . 2 0 0  

A 

Fig .  3 .  The  m e a n  
"reduced c r o s s  
sect ions"  m e a s u r e d  
i n t h e p r e s e n t e x p e r i -  . 

ment  and that  of Ref. 1 
a s  a function of A 
(points.) compa red  
with calcula t ions  
based  on the  optical  
model  of Ref.: 3 .  
The  calcula ted c u r v e s  
r e su l t  f r o m  dividing 
the computed compolind - 
nucleus  c r o s s  sec t ions  
by the  weighted SUITI 

of the  Coulomb and 
centr i fugal  pene t ra  - 
bility f a c to r s .  

i n  the  da t a  a r e  not  reproduced  by the  calcula t ions  (notably in the  region 

of s t rong ly  deformed  nuc le i ) ,  the  d i s ag reemen t  between. ca lcula t ions  and 

m e a s u r e m e n t s  is  not  w o r s e  than 10-15%, a t  l e a s t  f o r  A 3 90. 

On the  h a s i s  of f u r t he r  ca lcula t ions ,  in which the  opt ica l -  

mode l  r e s u l t s  w e r e  decomposed in to  t h e i r  pa r t i a l  -wave components ,  we 

find that  t he  fall-off in the  " reduced  c r o s s  sect ions"  f o r  A = 120 t o  A = 140 

( in  F ig .  3 )  can  b e  a s soc i a t ed  with a l a r g e  d e c r e a s e  i n  t he  P -wavc  t r a n s -  

m i s s i o n  coeff ic ients .  F u r t h e r ,  a t  the higher  a tomic  weights,  the  ca lcu la -  

t ions  indicate  tha t  S-  and D-wave proton cap tu r e s  predominate .  We 

conclude,  then,  that  the  P-wave  proton s t r eng th  function peaks  a t  about 

A = 105, and  that  S-  and  D-wave s t reng th  functions dominate  n e a r  A n 65 

and  f o r  155 -< A -< 200. In the  m a s s  reg ion  between A =: 150 and A =: 180 ,  i t  

is l ikely tha t  speci f ic  p rope r t i e s  of de formed  nuclei  play an  impor tan t  

r o l e  f o r  the  proton s t r eng th  function, a s  h a s  previously  been shown to  be  

the  c a s e  f o r  the neu t ron  s t reng th  f ~ n c t i o n . ~  

* F. S. Troubetskoy and B.  Margolis , ,  Phys .  Rev.  - 106, 105 (1956);  D. M. 
Chase ,  L. Wile ts ,  and A. R .  Edmonds,  Phys .  Rev. 110, 1080 (1958).  - 
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A' NEW' METHOD FOR DETERMINING' CHARGE RADII OF NUCLEI 
.b '4. 

K . .  W :. Jones., L .  . L. Lee, Jr . , ' A. Marinov, -and . . 

J. P.. Schiffer (51312-01) . . 

The existence of sharply defined isobaric-analog s ta tes  in 

highly excited nucle'i i s  one of t h e ' m o r e  interest ing recent  discoveries  
, 

in experimental nuclear physic s o  Recently, i n  experiments  on the Argonne 

tandem Van de Graaff accelerator, such s ta tes  were  studied in the 
48 

scat ter ing of protons f r o m  a Ca target .  The energies  of these  resonant 
48 

s ta tes  in  ~c~~ can then be compared with the s ta tes  in the Ca + n + C a  
49 

- 3 

sys tem and the difference in their  energies  can be obtained. This 

difference in  energy should a r i s e  ent i rely f r o m  the Coulomb energy E 
48 

C 

of a proton interacting with the charge distribution of Ca ; the s ta tes  

a r e  otherwise identical. If the wave function of a s ta te  i s  well known, 

the radius  of the charge distribution can therefore be obtained if one 

a s sumes  a specific shape (such a s  a uniform sphere)  for  the distribution. 

The s t ruc ture  of the Ca isotopes i s  reasonably well known. 

We have used single -par t ic le  wave functions i n  a Woods -Saxon potential 
48 

well to  calculate a charge radius f o r  Ca , and have done s imi l a r  

calculations f o r  the other even-A Ca isotopes.  The r e su l t s  a r e  shown 

i n  Table I. As a check on the calculation, i t .was  repeated fo r  s t a t e s  

other  than the ground s tate  in two c a s e s  in which the energies  of other 

s ingle-part ic le  s t a t e s  were  known. The resu l t s  a r e  in  excellent agreement  

with the calculations f o r  the ground s tate .  
44 

The ra t io  of the charge radius of Ca40 to that  bf Ca  has 

recent ly been determined f r o m  a combination of electron-s cat ter ing and 

muonic x - ray  measurements .  1 The resu l t  was 1. 008 f 0. 003 which can 

.t. 

Brookhaven. National Laboratory. 

' R. Hofstadter,  G. K. ~ E l d e k e ,  K. J. van Oostrum, L. R. Suelzle, 
M. R. Yearian, B. C. Clark,  R. Herman, and D. G. Ravenhall, Phys.  
Rev. Let te rs  .15, 758 (1965). - 
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be  compared  w t h  the .present resu l t  of 0.998 + 0.007. The agreement  

s e e m s  reasonable i n  view of the approxi,mations made  i n  the present  

calculations.  

TABLE I. Summary of Coulomb 
energie 's  and charge radi i  f o r  the even-A 
ca lc ium isotopes.  . 

Observed C,1large 
Nucleus '% ' , . ' radius  

(MeV.) (F) 
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1 1 .  P A P E R S  PRESENTED AT MEET l NGS 
, . . .  . . . .  . . 

5 
the M6ssbauer Effect 

New York City, 25 January 1966 . 

MOSSBAUER ANALYSIS OF IRON IN STONE METEORITES .,, 

E. L. Sprenkel-Segel and S. S. Hanna"' 
. , 

57 
The absorption of resonant gamma rays  by F e  has been 

. . 

used in the analysis of i ron  in  stone meteor i tes .  By comparison with 

absorption patterns of t e r r e s t r i a l  reference minera ls ,  the meteori t ic  

compounds may be identified and the relative amount of i ron  in each 

minera l  determined. . Typical minera ls  analyzed (Fig.  4) a r e  olivine and 

pyroxene (f erromagnesian 

s i l ica tes ) ,  t roi l i te  (a  sulfide), and 

kamacite (an iron-nickel alloy). 

Iron analysis plays an important 

role in  both the classification of 

meteori tes  and the investigation of 

their  p re t e r r e s t r i a l  history.  

Important inferences concerning 

the evolution of meteori te  bodies 

can be deduce'd f rom the relative 

proportions of oxidized and 

reduced i ron  in stone meteori tes .  

-6.  ' - 4  -2 0 2 4 6 
VELOCITY (mm/sec) 

Fig. 4. MEssbauer spectrum of the 
magnetically separated fraction 
of the Plainview meteori te .  
Absorption l ines a and b a r e  f rom 
olivine, c is '  f r o m  pyroxene, and 
d i s  mainly f r o m  pyroxene but a l so  
includes some'  absorption by FeS. 

.,I 1- 
Stanford University. 
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Amer ican  phys ica l  Society Meeting 

New York, 26-29 January 1966 

INTERNAL SYMMETRIES ALLOWED IN A MANY -CHANNEL MODEL 
J a m e s  T.  Cushing 

Bull. Am. Phys.  Soc. - 11, 22 (January  1966) 

Numerical  ra t ios  of coupling constants produced. by crude 

N /  D calculations a r e  somet imes  in terpre ted  as .  indicating that a par t icular  

in te rna l  symmet ry  group is favored, ur pus silsly: chose11 irniqucly, by 

s t rong interact ions,  the general  philosophy being that a par t icular  

symmetry .  group may be the only .one compatible with a unitary,  c ross ing-  

symmet r i c ,  self -consistent se t  of sca t te r ing  amplitudes.  However, in  

prac t ice  c ross ing  symmet ry  i s  badly violated.in constructing apprux.ir1.1ate 

solutions s o  that i t  i s  unclear  to  what extent a . symmetry  generated in this  

manner  i s  indicative of a symmet ry  possessed  by the.actua1 scat ter ing 
. . 

amplitude.. - Therefore ,  a model has .been  considered in  which two types 

of par t ic les ,  each  ca r ry ing  internal  quantum numbers  and embedded in  

a two -dimensional world,  s ca t t e r  f r o m  each other .  All two-part ic le  

in te rmedia te  s ta tes ,  both elast ic  and inelast ic ,  a r e  t r ea t ed  wlthout 

approximation. . The nonlinear in tegra l  equations coupling the four possible 

sca t te r ing  amplitudes a r e  solved exactly. Analytic, unitary,  c ross ing  - 
symmet r i c  solutions a r e  obtained independent of the nature of the unspecified 

in te rna l  symmet ry  group. Therefore ,  in  this  model  a t  leas t ,  the usual 

assumptions of unitarity and cross ing  a r e  not sufficient to  explain the 

or ig in  of a n  in te rna l  symmetry .  

48 
T i  (d, d ) ~ i ~ ~  FROM 6 TO 11 MEV 

C. ~ a ~ e r  - ~ 6 r i c k e ' "  and R. H. S iemssen  
Bull. Am. Phys.  Soc. 1 I ,  82 (January  1966) - 

In o rde r  to  study the variat ion of the deuteron optical- 

model  p a r a m e t e r s  with decreas ing  bombarding energies,we have measured  
.*. . -6. 

P r e s e n t  address  : Max Planck Institut f c r  .Kernphysik, Heidelberg. 
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48 
the elast ic  scat ter ing of deuterons f r o m  Ti  i n  the energy range f r o m  

6 to  11 MeV. The sca t te red  deuterons were  detected with a solid-state 

counter telescope fo r  par t ic le  identification. Angular distributions have 

been obtained a t  6, 7, 8, 9, 10, and 11 MeV. The data have been 

analyzed i n  t e r m s  of the nuclear  optical model and comparison i s  made 

with the r e su l t s  .of other deuteron scat ter ing exper iments , in  the s a m e  

energy range. 

x RAYS FROM MUONIC BISMUTH .,. 
*a. 

S . R a b o y ,  R. E. Cot6, R. Guso,.  R. A. Carr igan ,  J r . ,  t A. 
Gaigalas, R. B. Sutton, and C .  C .  ~ r a i l l  

Bull. Am. Phys.  Soc. - 11, 129 (January 1966) 

The x r ays  f r o m  atoms of muonic bismuth have been studied 

with the aid of the muon channel a t  the synchrocyclotron of the Carnegie 

Institute of Technology and a lithium -drifted germanium gamma - r ay  

spec t rometer .  All of the l ines repor ted  by Acker .- et - al . '  have been observed 

and the i r  f ine-s t ruc ture  splittings and the absolute values.of the i r  energies  

have been measured .  Both of these  a r e  in excellent agreement  with the 

e a r l i e r  values.  In addition, the 2p + . i s  
312 112 

t ransi t ion has  been resolved 

into two components wh0s.e separat ion i s  compatible with the r a the r  sma l l  

intr insic  quadrupole moment of bismuth. The separation of these  two 

components i s  about 10 keV. An approximate theoret ical  t rea tment  of the 

relat ive intensit ies of the components of the 2p -. 1 s 
3 / 2 112 

t ransi t ion 

.Ir ,a- 

Special Mater ials  and Services .  

tCarnegie  Institute of Technology. 

fBrooklyn College. 

'H.  L. Acker,  G. Backenstoss,  C. Daum, J. C.  Sens, and S. A. DeWit, 
Phys .  Le t t e r s  - 14, 317 (1965). 
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1000 , I I I 

BISMUTH L X RAYS 

Fig.  5. The L x - ray  
spectrum of bismuth 
and a computed 
spectrum based on 
magnetic-dipole and 
electric-quadrupole 
interactions between 
the muon and the 
nucleus . 

.. . . . .  ENERGY ( k e V )  
. .  . . . 

predic ts  two pair's of l ines of roughly the same intensity separa ted  by 

about 7 k e v .  .The L x - r a y  spec t rum for  bismuth shows this  s t ruc ture ,  

caused mainly b y  the hyperfine splitting of the 2p level,, much m o r e  
312 

c l ea r ly .  Fur the rmore ,  the K line associated with 2p ' + 1 s 
112' 112 

t ransi t ions i s  broader  than the corresponding dalibration l ine.  This 

ex t ra  width i's caused by the magnetic -dipole interaction between the 

nucleus and the muon. A computed spec t rum for the L"X r ays  in bismuth, 

which includes the effects of both the magnetic-dipole and e lec t r ic -  

quadrupole interactions, i s  shown with the observed spec t rum in Fig.  5 .  

The spec t r a  f rom nine other atoms with nearly spherical  nuclei have 

been studied. 

See the report  below entitled "x Rays f rom Muonic Atoms with 
sph.e;ical,' Nearly Spherical,  and ~ o n s ~ h e r i c a l  Nuclei, " presented a t  the 
Williamsburg Conference on Intermediate Energy Physics .  

(d,p) REACTIONS ON ZII 
64,66,68 

J .  P. Schiffer, D. von Ehrenstein,  and L. L. Lee, J r .  
Bull. Am. Phys.  Soc. - 11, 100 ( ~ ~ n b a r ~  1966) 

0 ~ n ~ u l a r  distributions have been measured between 20 and 
0 0 

160 in s teps of 5 for  the (d ,p)  reactions on Zn 64' 66' 68 with 10-MeV 
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deuterons f r o m  the Argonne tandem Van de Graaff in o rde r  to  determine 

spins and pariti.es of the final s t a t e s  with the help of the previously 

established J-dependence ru les  .-1 ;. The data were  acquired with a solid 

s ta te  detector and-in forward direction-with the magnetic .spectrograph. 

We found a number .of new levels ,  were  able to  determine.unknown spins,  

and to  verify o r  c o r r e c t  previously assigned spin  value^.^ Most striking 

examples for  correct ions on the bas i s  of the J dependences1 a r e  the 
66 

spins  of the low-lying levels 0. 09 MeV and 0. 18 MeV of Zn (d, p)Zn 
67 

- 
to  which we assign J = i- and , respectively,  instead of the previous 

- - 
3 5  J = y  a n d T  . 

L. L. Lee ,  J r . ,  and J.  P. Schiffer, Phys.  Rev. - 136, B405 (1964). 

' ~ u c l e a r  Data Tables;  and E.  K. Lin and B. L. Cohen, Phys .  Rev. 

MOSSBAUER QUADRUPOLE RESONANCE IN s b i 2  J. 
R. E. Snyder, "' G. B. Beard,  $' S. L. Ruby, and G. M. Kalvius 1 

Bull. Am. Phys.  Soc. 11, 51 (January  1966) - 
7 +  5 4 -  Following the discovery that the 7 + t ransi t ion in  Sh 

12'1 

can  be studied via  MEssbauer techniquesjl we have taken spec t r a  f rom 

seve ra l  compounds with l a rge  e lec t r ic  field gr'adients. The resul t ing 

8-line spec t r a  a r e  partially resolved and can be in te rpre ted  in  t e r m s  of 
2 

the ground-state interaction constant e qQ, the r a t i0 .R  of the excited-state 

to  ground- s ta te  quadrupole moment ,  and the i s o m e r   shift.:^. F o r :  t4he 
2 

favorable.  c a s e  of Sb 0 where conventional EQR has  given e qQ = 551.38 
2 3' 

J, . . . . -,- 
~ a y n e  s t a t e  Unibei;iity. 

t Solid State Science Division 

* '  R.  E .  Snyder and G. B.  Beard,  Phys .  Le t t e r s  15, 3 (1965). - 
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0 
~ c / s e c  and q = 0 a t  300 K,2 our computer .fitting techniques :give the two 

r e s u l t s  R = 1. 38 o r  0. 59, with the former.  more.  likely. A. second compound, 

potas s ium antimono - t a r t r a t e  (unfortunately not yet examined by EQR) , 
gives spec t r a  which can be  well  fitted. only by the f i r s t  value of R and 

0 
using q z 0 . 5 .  Our final r e su l t s  f o r  Sb 0 a t  4 . 2  K using an Sb in  Sn -. 2 3 

L 
source  a r e :  e qQ = t ( 1 8 . 5  + 0 . 4 ) ' m m / s e c  = t ( 5 5 1  + .12) ~ c / s e c ;  

121 7 +  R = 1 .38  + 0. 03; and s = -0.47 + 0. 03 m m / s e c .  Q ( T  ) i s  8 . 5 %  l a r g e r  
123 7 +  

than Q (t ) which differs  f r o m  i t  only by a pa i r  of neutrons.  

S. L. Segal and R .  G. Barnes ,  Catalogue 'of Nuclear Quadrupole 
Interact ions,  TID 4500, 1962. 

CONCEALED CONFIGURATION MIXING IN THE NUCLEAR SHELL MODEL 
J. M. soper':: and R.  D. Lawson 

Bull. Am. Fhys. Soc. 11, 102 (January 1966) - 

We have examined the extent to  which various types of 

c.on.fi gura.tion admixture ,  which might reasonably be expected to  occur 

i n  nature,  affect the commonly measured  proper t ies  of nuclear s ta tes .  

We construct  wave functions with mixed configurations by means of a 

shel l -model  calculation in  a bas is  containing m o r e  than one shel l .  F o r  

th i s  purpose we u s e  a s imple potential which has ,  however,  many of the 

proper t ies  of the f r e e  two-nucleon interaction. W& dub the resul t ing 

s t a t e s  "pseudo-nature,  ' I  and proceed t o  fit the i r  proper t ies  within the 

f r amework  of a single shel l ,  exact'ly a s  i f  they were  experimental  

quantit ies.  We find that cer ta in  types of admixture can be present  i n  

overwhelming amounts .(over 80% for  example) and yet be sca rce ly  

.t. '6. 

A. E.  R.  E. , Harwell ,  England. On leave of absence a t  Argonne 
National Laboratory.  
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detectable in the i r  effects on spec t ra ,  ,moments ,  t ransi t ions,  or  spec-  

t roscopic fac tors .  , ,  These "pseudo-nuclei" behave largely as. unmixed 

simple shell-modcl sys tems.  , . . 

ENERGIES OF x RAYS FROM MUONIC TANTALUM .,. 
C. C. a ,  ,, R. A. Carr igan,  t A. Gaigalas, t R.  B. Sutton, 1 

. . 'R. E. Cot$, S: Raboy, and R. ~ u s o l  
Bull. .Am. Phys. ,Sot. - 11, ,129 (January 1966) 

The spectrum of x r ays  f rom muonic tantalum produced 

with muons f rom the muon channel a t  the s~ynchrocyclotron of the 

Carnegie Institute of Technology has been studied with a l i thium-drifted 

germanium gamma-ray  spec t rometer .  The spec t ram of x rays i s  

expected to be quite complex (a.hout 22 components fo r  the K lines) 

because of the la rge  intr insic  q'uadrupole moment of ~a~~~ and the 

consequent mixing of the nuclear s ta tes  and of the various mugon s ta tes .  

While the resolution 'and sensitivity of the present  experiments do not 

permit  observation of a l l  of these components, they a r e  good enough to 

F ig .  6. The K x- ray  
spectrum of tantalum 
and a computed 
spectrum based on 
an intrinsic quad- 

5140.9 keV 
TANTALUM 

K X RAYS 

rupole moment I .. . 
Q, = $ 9 . 0  and . . .. . . .. 

, . . .* . . *.-. . ' ..* . :..4 a, 
,u.. -. ..*.: 5.-- rotational levels a t  

136. 1 and 301. 3 
keV. 

IT ,, I S  T - ll I 
J. I 
-8- 5100 5200 5300 5400 

Brooklyn College. ENERGY, keV 
I 

tCarnegie  Institute of Technology. 

lSpecial Materials and Services.  
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produce a spectrum with .enough lines to allow a meaningful detailed 

comparison with a theoretical spectrum. Such a comparison of the present 

resul ts  with a theoretical spectrum i s  shown in  Fig. 6. ' The muonic 

x - r a y  spect ra  f r om ten other atoms with deformed nuclei have been 

' studied. 

- 'See the report  below entitled "x Rays f rom Muonic Atoms wit.h.Spherica1, 
Nearly Spherical, and Nonspherical Nuclei, " presented at the Williamsburg 
.Conference on Intermediate Energy Physics.  
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.Williamsburg Conference on Intermediate Energy Physics  

Williamsburg, Virginia, 10- 12 February  1966 

x RAYS FROM MUONIC ATOMS WITH SPHERICAL, NEARLY SPHERICAL, 
AND NONSPHERICAL NUCLEI" 

R. E. Cot&, S. Raboy, R. A. Carr igan ,  Jr . ,  I A .  Gaigalas, 1 f- 

R. B. Sutton, 1 and C. C. T r a i l  

, Of the atoms discussed,  those with near ly  spherical  nuclei 
,107-109 115 127 141 140 - 142 197 

were  Ag I n  , I  , P r  , C e  
209 , Au , and Bi ; 

159 165 
those with deformed nuclei were  Tb , Ho , and ~ a ' ~ ' .  ' An additional 

twelve elements  have been studied but a r e  not discussed.  

F o r  the most  par t ,  monoisotopic elements  were  chosen 

for  this  s e r i e s  of measurements  s ince these  offer the bes t  chances for 

unambiguous interpretation. Of the elements  discussed,  only two (s i lver  

and ce r ium)  had appreciable amounts of m o r e  than one isotope. Both of 

these a r e  composed almost  entirely.  of only two isotopes,  s o  that a 

reasonably unambiguous interpretat ion can be made. The .K x - r a y  spec t r a  
. . 

of both elements  showed a splitting caused by the presence  of the  two 

isotopes.  In the ce r ium spec t rum (Fig., 7) )  the ful l -energy.peaks of the 

K lines a r e  seen  a t  the left of the f igure;  the double -escape peaks .of the 
a 

K, l ines a r e  seen  on the right. The na tura l  abundance of Ce 
142 

is about 
r 142 

one eighth that of c e i 4 0 ,  s o  the K l ines  of Ce appear  a s  low shoulders 
a 

on the low-energy s ide of the K lines of cei4O0 The splitting of the K 
a P 

l ines i s  a measur 'e  of the f ine-s t ruc ture  splitting of the 3p levels .  

JI -1- 

Two papers ,  "x Rays f r o m  Muonic. Atoms with Spherical o r  Nearly-  
Spherical Nuclei" and "Studies of Muonic Atoms with Nonspherical Nuclei, " 

were  l is ted i n  the p rogram but were  presented together a s  a single 20- 
l m i i ~ u t e  paper dl: l11r ~rleel ir lg.  

t c a r n e g i e  Institute of Technology. 

Spectra  for bismuth and tantalum a r e  shown in F igs .  5 and 6 (in the 
abs t r ac t s  f o r  the New York meeting of the American Physical  Society). 
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K X R A Y S  I N  MUONIC ATOMS OF A u  . 
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, Definite splitting of the K and L l ines ,  caused  by hyperfinc 

spli t t ing of the muonic leve ls ,  was observed for .  gold, b ismuth,  iodine, 

F ig .  7 .  The Ka and 
K x r a y s  f r o m  P 
na tura l  c e r ium.  The 
Ka l ines a r e  r e p r e -  
sented by full-energy 
peaks ,  the  Kp l ines  
through the i r  double - 
escape  peaks .  

and indium. The K x - r a y  spec t rum of gold i s  shown in F ig .  8 .  The 

spli t t ing of the 2p + 1 s 
312 

t rans i t ion  i s  quite obvious. The r a t i o  of 

the  intensi t ies  of these  t h r e e  components i s  very  c lose  t o  that  expected 

on the  bas i s  of s ta t i s t i ca l  populations of the p leve ls ;  i .  e . ,  5:10:1. The 

r a t i o  of the s u m  of t he se  t h r e e  components to  the 2 p l I 2  + i s 1  l 2  line i s  

1 .  6 :  1,  not the near ly  2:  1 expected on the .basis of s ta t i s t i ca l  populations 

of the 2p levels .  S imi la r  d i sc repanc ies  a r e  found fo r  ,b ismuth and iodine. 

The highly deformed nuclide's produce fu r the r  splitting of 
165 . 

the  x - r a y  l ines .  The spec t rum of K x r ays  observed f o r  Ho i s  shown 
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F ig .  9. The K x - ray  
spectrum f o r  
holmium. The line 
spectrum shown 
below the experi-  
mental spectrum i s  
based on an intr in-  
s ic  quadrupole 
moment Qo = t 7 . 8  b 
and the excitation 
of four nuclear 
levels.  

in Fig.  9 .  The main breadth of the pattern i s  a rough measure  of the 

1200 

800 cn 
I- 
Z 
3 
0 
0 

400 

f ine-structure splitting of the 2p levels,  the separation of the peaks a t  

3828. 5 and 387 1 ..4 keV i s  a m e a s u r e  of the quidrupole intiGzction, and 

4700 4800 4900 
ENERGY ( keV 

4707.2 keV 
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the l ines near  the center  of the spectrum depend on the excitation of 

nuclear levels.  F o r  holmium, emission of a K x r ay  leaves the nucleus 

in  the f i r s t  excited s tate  about 23% of the t ime and in the second excited 

s tate  about 47'0 of the t ime.  
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PAPERS,  ACC E P T E ' D  
F O R  P U B L I C A T I O N  : 

PHENOMENOLOGICAL a-a.  POTENTIALS ' ..I 
S. Al i "  and A. R.  Bodmer . . 

Nucl. Phys.  

Phenomenological 1  -dependent a - a  potentials a r e  obtained 
fo r  1  = 0, 2 ,  and 4  f r o m  fitting the  re levant  phase shifts  f o r  c . m .  
energ ies  5 12 MeV. F o r  the nuclear  pa r t  of the  potentials ,  a superposi t ion 
of repuls ive  and at t ract ive  Gaussian shapes  was  used.  Following 
theoret ical  indications,  we t r y  t o  obtain f i ts  with an p -independent a t t rac t ive  
pa r t  having a longer range than the repuls ive  p a r t s .  F u r t h e r ,  we at tempt  
to  obtain, a t  f i r s t ,  the a t t ract ive  pa r t  f r o m  just the  p=4 phase shift in 
view of the effect of the l a rge  p=4 centrifugal b a r r i e r  i n  masking the  inner  
repuls ive  pa r t .  It  i s ,  i n  fac t ,  found possible t o  obtain acceptable  potentials  
with a common a t t rac t ive  par t .  These  potentials  a r e ,  however,  strongly 
1  dependent through the repuls ive  p a r t  which becomes weaker  a s  1  i n c r e a s e s .  
F o r  p = 4,  only a quite weak repuls ive  pa r t  i s  found to  be pe rmis s ib l e .  
Our potentials a r e  i n  good agreement  with those recent ly  obtained by 
Dar r iu la t  e t  a l .  The possible importance of the  a t t rac t ive  t a i l  of the  a - a  -- 
potential a s  a se lect ive  probe into just  the  cen t ra l ,  spin-independent, 
isospin-independent par t  of the nuclear  fo r ce  i s  pointed out and d i scussed .  

.v, -8- 

The Universi ty,  Manchester , England. 

NUCLEAR RESONANCE FLUORESCENCE IN K r 8 2  
G. B. Beard  

a .  Phys .  Rev. 

The 777-keV excited s ta te  of K r 8 2  has  been investigated by 
means  of nuclear  resonance.-fluorescence s.cattering experiments. .  The 
level  width was  found to  be ( 9 . 6  + 1 . 5 )  X 10-5 eV corresponding t o  a mean  
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life of (6. 9 -+ 1. 1) X 10-I sec.  F r o m  this  'result and the relative reduced 
transi t ion probabilities determined previously by ~ e y d e n b e r g ,  Pieper ,  
and Anderson, the .mean 1ives.for f i r s t  excited states of other even-even 
Kr.isotopes- can be obtained. . Nq resonant.scattering f rom the 1.475-MeV 
state  of KrS2  was .observed and i ts  mean life was estimated to be 
>. 1. 2.X 10- l2  sec .  

PROTON REACTION CROSS SECTIONS AND STRENGTH FUNCTIONS 
A. J. Elwyn, A.  Marlnov, and J. P. Schiffer 

Phys.  Rev. ( 2 0  May 1966) 

The average yields of neutrons f rom proton-induced reactions 
i n  thick targets  have been measured for  about 3 3  elements in the mass  
region 90 5 A G 209 at incident proton energies between 5 .5  and 9 .5  MeV. 
In this  region of energies and masses ,  the (p, n) reaction overwhelms 
competing reactions so  that, except in  a few cases ,  the average (p,n) 
c r o s s  sections deduced f rom the measured yields a r e  equal to the total 
react ion c ro s s  sections for  protons. Reduced c ross  sections, which a r e  
direct ly related to the proton strength function, were obtained f rom the 
measurements .  'These resul ts ,  a s  well a s  the resul ts  of previous 
measurements  f o r  A < 90, were  compared with optical -model calculations. 
Proton reaction c ro s s  sections calculated f rom the optical potential of 
F. G. Pe rey  a r e  in  remarkably good quantitative agreement with the 
measurements .  The data a r e  consistent with a resonance in the P-wave 
proton strength function a t  A z 105, and with dominant contributions f rom 
S-  and D-wave protons at A z 65 and for  155 L A i 200. The measured 

0 
angular distributions f o r  some of the nuclei showed symmetry about 90 
t o  about 2%) indicating no measurable direct-interaction component. The 
maximum anisotropy observed was about 7%. 

MEASUREMENT OF THE SPINS OF SOME STATES IN Fe5 5 

D. S. Gemmell, L. L. Lee,  J r .  ; .A .  ' ~ a r i n o v ,  and J. P. Schiffer 
Phys. Rev. 

The p-y angular corre la t ions- in  the reaction FeS4  (d, py)Fe5 * 
have been measured for  severa l  proton groups. The groups chosen correspond 
to  s ta tes  f o r  which the proton angular distribution shvMis forlnation by 1=1  
neutron capture. These s ta tes  must therefore have spins 3- or  f - .  A state 
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with spin $- must  exhibit an isotropic angular correlat ion while a s ta te  
of spin $- will ordinarily show some anisotropy. .The resu l t s  indicate 
spin $- for  the f i r s t  excited s ta te  of.Fe55 a t  413 keV and spin $- f o r  
s t a t e s  a t  2.490, 3.556, and 3.800 MeV excitation. The conclusions a r e  
compared with previous resu l t s  and with theoret ical  predictions.  

SUPPRESSION O F  MULTIPACTING IN PARTICLE ACCELERATORS 
Albert  J. Hatch . 

Nucl. Ins t r .  Methods 

A new method of suppressing the multipacting breakdown 
between conductors in evacuated high-frequency sys t ems  such a s  in 
cyclotrons and linac s is descr ibed.  Thin metal l ic  o r  insulating baffles 
a r e  used to  subdivide the i r~terconductor  space into gaps na r rower  than 
that f o r  multipacting cutoff. Measurements  in  a sys tem with plane-paral le l  
e lectrodes show the method to  be effective and electr ical ly  nonperturbing. 
The experimental resu l t s  a r e  cor re la ted  with an "average electron" theory 
of multipacting developed previously and presented h e r e  in a f o r m  suitable 
f o r  use  by the acce lera tor  designer .  

STUDIES O F  ELASTIC SCATTERING OF PROTONS AND DEUTERONS 
B Y  CALCIUM ISOTOPES 

A. Marinov, L .  L. Lee ,  J r . ,  and J. P. Schiffer 
Phys.  Rev. (2Z.April 1966) 

Angular distributions of elastically sca t te red  protons and 
deuterons f r o m  enriched isotopic ta rge ts  of C a 4 5  Ca4$, and Ca4 * have 

0 
been measured  a t  b ~ m b a r d i n g ~ e n e r g i e s  of 9 and 12 MeV, between 30 
and 1 6 8 ~ .  The data a r e  analyzed in  t e r m s  of the optical model, with 
par t icu lar  emphasis on the importance of a symmetry  t e r m  in  the proton 
potential. The energy dependence of the pa ramete r s  i s  a l so  discussed.  
The r e su l t s  a r e  compared with those obtained f r o m  e a r l i e r  work on isotopes 
of nickel and copper.  An attempt i s  made to  find systematic  t rends  in  the 
deuteron potential and a comparison is made with ea r l i e r  measurements  
of deuteron scat ter ing f r o m  Ca40 and f r o m  Ni and Cu.isotopes.  
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.NEUTRON CROSS SECTIONS OF THE BORON .ISOTOPES FOR ENERGIES 
BETWEEN 10 'AND 500 KEV . . .  

F. P. .Mooring, J.: E .  Monahan, .and.C. M. Huddleston 
Nucl. Phys .  . . 

The total  neutron c r o s s  sections of OB, ' 'B, C, and 0 . 
and the absorption c r o s s  section of OB have been measured  for  neutron 
energ ies  between 10 and 500 keV. The OB absorption c r o s s  section does 
not deviate appreciably f r o m  a 1 / v  dependence in this  interval  of neutron 
energ ies .  The present  values of the OB absorption c r o s s  section a r e  
systematical ly  l a r g e r  than previously measured  values of the OB(n, a )  
c r o s s  section; 'but the evidence presented . indicates that this  excess  cannot 
be explained i n  t e r m s  of other  neutron-absorbing reacCiu11s. 

GAMMA DECAY OF THE 5.16-MEV STATE IN BIO 
R. E .  Segel and R .  H. Siernssen 

Phys .  L e t t e r s  (15 Februa ry  1966) 

A transi t ion f r o m  the 5. 16-MeV s ta te  to the 3. 58-MeV 
s t a t e  i n  B1 O was sought and found; the s t rength of this  t rar ls i t io~l  i s  . in  
agreement  with the  theore t ica l  predictions of Cohen. and Kurath. It i s  
shown that the en t i re  gamma, decay scheme f r o m  the 5. 16 -MeV level  i s  
consis tent  with the theory.  . . . 

STUDY OF THE K39 (p,  a)ArJ 6 REACTION ' 

: D. von Ehrenstein,  L. ~ e ~ e r  -~c,h;tzrneister, and R. ~ . . ' ~ l l a s  
Nucl. Phys.  

The r caction K3 9 (p, a)Ar3 w a g  irlvestigated in  the incident - 
proton energy range 10.0-13.0 MeV in  s teps  of 20 keV and 100 keV a t  

0 
eight angles f r o m  25 to  160°. The excitation functions of the a groups 
leading to  different final s ta tes  in  Ar36 exhibit s t rong fluctuations in 
f o r w a r d  and backward angles.  These fluctuations usually a r e  not cor re la ted .  
The  analysis  was made  in  t e r m s  of Er i c son ' s  s ta t is t ical  model. The 
coherence width I' i s  around 10-15 keV. There  a r e  some indications 
f o r  nonfluctuating contributions (d i rec t  interact ion) .  Tentative spin 
ass ignments  of the  f i r s t  two excited s t a t e s  i n  Ar3 6 a r e  discussed on the 
bas i s  of the (21 + 1) rule .  



Publications 

i v .  PUBL l CAT i ONS THE 
LAST REPORT 

PAPERS 

HYPERTRITON WITH S t  STATE AND THE A-N INTERACTION 

. . A. R.  Bodmer  
Phys .  Rev. - 141, 1387-1397 ( J anua ry  1966) 

THE MASS -SEVEN HYPERNUCLEI AND THE MASS -SIX NUCLEI 
A. R. Bodmer  and J.  W .  ~ u r ~ h ~ ' : :  

Nucl. Phys .  - 73, 664-680 (November  1965) 

ELECTRON-SPIN RELAXATION AND THE MOSSBAUER EFFECT IN 
FERRIC AMMONIUM SULPHATE 

A. J. F .  Boyle and J .  R.  Gabr ie l  (Applied Mathemat ics  and 
Solid State Science Divisions) 

Phys .  Le t t e r s  - 19, 451 -452 (1  December  1965) 

ELECTRONIC g FACTORS O F  THE LOW LEVELS O F  Ni I 
W. J. Chi lds ,  M. S. F r e d  (Chemis t ry ) ,  and L. S. Goodman 

Phys .  Rev. - 141, 44-47 ( J anua ry  1966) 

HYPERFINE STRUCTURE O F  Ge73 IN THE PI AND Pz ATOMIC 
STATES AND THE NUCLEAR MAGNETIC DIPOLE MOMENT O F  Ge71 

W. J. Childs and L .  S. Goodman 
Phys .  Rev.  - 141, 15-21 ( J anua ry  1966) 

HYPERFINE STRUCTURE O F  THE 9161 -cm- l  QD12 STATE O F  Aul9 7 

A.ND THE NUCLEAR' ELECTRIC-QUADRUPOLE MOMENT 
W. J. Childs and L .  S. Goodman 

Phys .  Rev.  - 141, 176-180 ( J anua ry  1966) 

::: 
The Universi ty,  Manchester ,  England. 
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GAMMA RAYS FROM THE DECAY OF 35 -DAY Nb9 5 
.I. .l. 

L. B. Church,'. A. Gaigalas,'.' R . .  B. ~ u t t o n , "  R .  E .  Cotk, 
S. Raboy, and C. C. ~ r a i l t  

Phys .  Rev .  - 142, 690-691 (1'8 February:  . . 1965) 

RELATIVISTIC COMBINATION O F  INTERNAL AND SPIN SYMMETRIES 
IN S-MATRIX FORMULATION 

H. Ekstein 
Phys .  Rev. - 141, 1560-1571 (January 1966) 

POLARIZATION AND DIFFERENTIAL CROSS SECTIONS IN THE SMALL- 
ANGLE SCATTERING O F  NEUTRONS BY URANIUM 

A. 1. Elwyn, 3. E. Monahan, K. O. Lane, A. Langsdorf, J r . ,  
and F .  P. Mooring 

.- 

.Whys. Rev. - 142, 758-767 (18 February  196(1) 

ENERGY LEVELS IN Sc4 9 FROM Ca4 (He3 , d)Sc49 , AND OTHER REACTIONS 
PROCEEDING FROM Ca4 

J. R .  Ersk ine ,  A. Marinov, and J. P. Schiffer 
Phys .  Rev. 142, 633-637 (18 Februa ry  1966) - 

INELASTIC ALPHA SCATTERING AND ASSOCIATED GAMMA RADIATION. I1 
D, R. Inglis 

Phys .  Rev, - 142, 591-598 (18 Februa ry  1966) 

THE DYNAMO MODEL, FIELD REVERSAL, AND POLAR WANDERING 
D. R .  Inglis 

J. Geomagnetism and Geoelcctricity (Japan) - 17,  5 17 -529 
(1965) 

MEASUREMENTS O F  NEUTRON CROSS SECTIONS Q F  F e ,  Al, AND 
CF, . BY A RATIO METHOD 

A. Langsdorf,  J r . ,  J. .E. Monahan; K.  0. Lane, and A. J: Elwyn 
P2iy.s. Rev. - 142, 643-656 (18 F e b r u a r y  1966) 

K MASS FROM THE REACTION Ca(dj  3 He)4 ? K 
,. E .  Newrnnn, 1 J ;  C . .  Hiebcrt ,  1 and B. Za id inah  

' 

.Phys .  Rev. Le t t e r s  16, 28-30 ( 3  j anuafy  1966;) 
. . - . . 

.l. ',. 
Carnegie Institute of Technology. 

tBrooklyn College. 

IOak Ridge National ~ a b o r a t o r ~ .  
. ,  ' 



American  Physical  Society ~meeting,.,Ne,w York ,  26-29 January 1966.. 
,. 

. .. .. . .. - . . . 8 8 .  . .... 
INTERNAL SYMMETRIES ALLOWED IN A MANY -CHANNEL, 

. . .:MODEL 
J. T. ' ~ u s h i i g  

Bull. Am, Phys .  Soc; 11, 22 , ( Janua ry  1966) , .  . . . . . . - 
. . I  . 

Ti4 (d; d)  Ti4 FROM 6 T 0 1 1 MEV . . . . 

C. ~ a ~ e r - ~ g r i c k e  and R.  H. S iemssen  
~ u l l .  Am. Phys.  Soc. - 11, 82 (Janua'fy 1966) 

. . ! 

.x RAYS FROM.MUONIC BISMUTH . . 

S. Raboy, R .  E .  Cote', R.  'GU?O (Special Mater ia l s  avd, . . 
.I- 

Serv ices ) ,  R. A. Car r igan ,  Jr. ,' A. ~ a i g a l a s ; " . , R .  B. 
. Sutton, " and. C . C.  rail 1 . , 

Bull. Am. Phys.  Soc. - 11, 129 ( January  1966) 

9 6 6  . ~ 6 ~ ( , d , . p )  REACTIONS, 
J. P. ~ c h i f f e ' r ,  D. von Ehrenstein ,  and. L.  L.  Lee,  Jr. ., 

~ u l l . ' ~ m .  Phys .  Soc. - 11, 100 ( January  1966) 
... 

MOSSBAUER QUADRUPOLE RESONANCE IN sbl  
R.  E .  Snyder, 1 G. B. Beard,  1 S. L. ~ u b ~ ,  and G. M. 
Kalvius (Solid State Science) 

Bull. Am. Phys .  Soc. 11, 51 (January,  1966) - 

CONCEALED CONFIGURATION MIXING IN THE NUCLEAR SHELL 
MODEL 

J. M. soper'l  and R.  D. Laivson 
Bull. Am. Phys .  Soc. 11, 102 ( January  1966) - 

ENERGIES O F  x RAYS FROM MUONIC TANTALUM 
:$ -9. 

C. C.  T ra i l ,  t R.  A. Car r igan ,  A. Gaigalas, '  R .  B. 
.l. 

Sutton, -' R. E. Cote', S. Raboy, and R .  Guso (Special  
Mater ia l s  and Serv ices )  

Bull. Am. Phys.  Soc. 11, 129 ( January  1966) 
- -  

- 
.,. ,a- 

Carnegie  Insti tute of Technology. 

tBrooklyn College. 

1 Wayne State University . 
I A. E .  R .  E .  , Harwell ,  England. 



A MASS SPECTROMETRIC STUDY O F  TELLURIUM AND THE 
THERMODYNAMICS O F  Te; 

D. Bayer  
ACM student r e p o r t  to Knox Col'lege (December  1965) 

MANUAL FOR REDUCTION O F  'NUCLEAR-REACTION DATA . 

R: . J. Henninger 
: Co-op student r epo r t  t o  Nor ' thwestern University (15 December  

1965) . 

EXPLANATION O F  EQUIPMENT USED IN SECONDARY ELECTRON AND 
SECONDARY ION EMISSION FKUM MONOCRYSTAL METALS UNDER 
HIGH -ENERGY ION BOMBARDMENT 

K. Swenson 
Co-op student r epo r t  t o  the  University of Michigan ( F e b r u a r y  
1966) 

THE USE O F  LANGMUIR dc PROBES IN HIGH-FREQUENCY DISCHARGE 
PLASMAS 

N. M. U s s  
ACM student report to  K n o ~  Gnllege (23  December  1965) 



P e r s o n n e l  Changes  

V .  PERSONNEL CHANG-ES l N , . T H E  ANL 
P H Y S I C S D I V I . S I O N  

NEW MEMBERS O F  THE DIVISION 

Resident  R e s e a r c h  Assoc ia te  ( P o s t  -Doctora l )  

D r .  Norman  Wil l iams,  ~ a n c h e s t e r  Univers i ty .  Exper imenta l  charged  -- 

par t i c le  reac t ions .  Came  to  Argonne on 8 ~ e b r u a r ~  1966. 

un ive r s i t y  U s e r s  of the  ANL Tandem 

,Mr .  Gordon P. Eckley,  1 
M r .  C h a r l e s  C .  F o s t e r ,  Indiana Univers i ty .  Alpha-gamma co r r e l a t i on  

12  16 2 4 ::: 
M r .  Alvin Sau te r ,  s tud ies  of the  react ion C (0 , a)Mg . 

Sta r ted  work a t  ANL on ' 6  ' ~ a n u a r ~  1966. 

Student Aides (ACM) 

Mr .  Douglas Hunt, Knox College,  Galesburg,  I l l inois.  Working with 

W. A.  Chupka on photoionization of molecu les .  C a m e  to  

ANL on 3 1 J anua ry  1966. 

M r .  Rober t  G. P e t e r s o n ,  St.  Olaf College,  Northfield, Minnesbta.  

Working with G. J. Pe r low  on the Mijssbauer effect  in  a n  

y t t r i um- i ron  ga rne t .  Came  t o  ANL on 14 F e b r u a r y  1966 
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Co-op T.echnician 

Mr .  Roman Kuc, Illinois Institute of Technology, Chicago, Il l inois.  

Working with Manfred Kaminsky on sputtering experiments  

i n  the Rutherford collision region. Came to  ANL on 

24 January 1966. 

CSUI-ANL Honor Students 

Mr .  Russe l l  A. Bennett, Northern Illinois University, DeKalb, Il l inois.  

Working with G. T .  Wood on be ta- ray  spectroscopy. 

Came  t o  ANL on 24 January 1966. 

M r .  Richard H. Braun, Wisconsin State University a t  Platteville.  Working 

with L. Meyer -Schiitzmeister on analysis  of nuclear  spec t ra  

and modifications of the associated computer program.  

Came  to. ANL on 14 Februa ry  1966. ' 

M r .  Richard J. Gotz, Wisconsin state,  University, Superior ,   isc cons in. 

Working with F. P. Mooring on ion - source  deve1opnien.t. 

Came  t o  ANL 011.14 Februa ry  1966. 

. 
Mr.  Dwight Hinds, E a s t e r n  Michigan University, ,Ypsilanti, Michigan. 

Working with G. C. hdur'risull  611 recluctioli of data fi-bln 
. , 

proton sca t te r ing  on Ba isotopes.  Came to ANL.on 14 

F e b r u a r y  1966. 

Mr .  Rona1d.A.. Knief, Albion College,. Michigan. . Working with S. L .  

Ruby on ~ 6 s s b a u e r   experiment.^ . Game to  ANL on 14 

F e b r u a r y  1966. 
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Mr.  L a r r y  L. Learn ,  Western Michigan University, Kalamazoo, Michigan. 

Working with R .  0. Lane on neutron c r o s s  -section exper i -  

ments  with the 4 . 5  -MeV Van de Graaff. Came t o  ANL on 

3 January 1966. 

. . 5 %  

Mr.  Richard 'E. Menninger , ~ a v i e ' r  . University . , Cincinnati, Ohio. Working 

with J. R. Erskine on automation of the scanning of nuclear  

emulsion plates.  Came to  ANL on 14 February  1966. 

Mr.  Edwin S. Smith, Jr.;, Heidelberg College, Tiffin, Ohio. Working 

: .  with L. S. : Goodman on varidus problems. associated with 

. atomic-beam measurements .  Came to ANL on 14 Februa ry  

- 1966. 

Technician 

Mr. Victor J. Malasauskas joined the Physics  Division on 4 January 1966 

a s  a Scientific Technician, Sr .  , t o  work with R. E. Holland. 

Secre tary  

Mrs .  Nancy' smi th  joined the Physics  Division on 21 February  1966 a s  

s e c r e t a r y  i n  H wing. 
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. . . . . . - . . 

. . . - <  .. . . . '"' 

Dr.  Donald Lang has been on the staff of the-Physics  Division since 

17 February  1964. He has worked on Ericson fluctuations 

and experimental resolution, level densities with high 

a'ngu1a.r.-'momentum, and .synthetic . c ross  sec.tio11s .. for  . .  

correlat ion studies.  He terminated a t  ANL on 2 February  

.'1966. to go to  the Department of Physics and Astronomy, 

.,University of Kansas, ~ a w r e ; n c e ,  Kansas 66045. ( ~ f t e r  

I J l ~ n e  i q h h ,  his  address will be Theoretical Physics '. 

Division, A; E.'R,.E:, Har.wel1, Didcot, Berks.  , England. ) 

. . , . . . 

M r :  ~ l a d i r n i r  W .  ~ e m e c ,  technician, has bee i . in  the 'physics  Division 

since 14 October 1963. He terminated a t  ANL on 17 

January 1966. 

Mr.  Walte-r L. Schubert, technician, has been-in the Physics .Division 

since 20 ~ e ~ t e m b e r  ! 9 6 5 .  He terrninalecl a1 . A ~ J L  ,o,i .. 

25 February  1966. . .: 

M r s .  Josephine Snyder, sec re ta ry  to H wing, .has been in the .Physics  

Division since .l 8 :December 196 1. She terminated at ANL 

on 15 February  1966. 




