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g-ray in-plane t o  out-of-plane'  a n i s o t r o p y  and m u l t i p l i c i t y  a r e  

determined f o r  t h e  1O%o + 145170 r e a c t i o n  a t '  ECm = 450 MeV. 'I 

measurements are made as f u n c t i o n s  o f  Q-value and 8 f o r  t h e  c o i n c i d e n t  

q u a s i  o r  d e e p l y  i n e l a s t i c a l l y  s c a t t e r e d  i o n s .  S t r o n g  c o r r e l a t i o n s  o f  t h e  

a l i g n e d  a n g u l a r  momentum w i t h -  both  e n e r g y  l o s s  and s c a t t e r i n g  a n g l e  are 

observed.  
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h important a s p e c t  o f  quasi- and deeply  i n e l a s t i c  c o l l i s i o n s  between 

two heavy i o n s  i s  t h e  c o r r e l a t i o n  betwceea the observable  q u a n t i t i e s ,  such 

as t h e  i n e l a s t i c i t y  o r  t h e  s c a t t e r i n g  ang le ,  and t h e  i n i z i a l ,  i-in c t  c 
parameter,  o r ,  e q u i v a l e n t l y ,  t h e  o r b i t a l  angular  momentum involved in' t he  

c o l l i s i o n .  Most f r ~ c t i o n a l l ' ~  or mean f i e l d  t h e o r i e s 4  f o r  the dynamics of 

such c o l l i s i o n s  g i v e  a unique dependence o f  t h e  energy l o s s  and s c a t t e r i n g  

ang le  on impact parameter.  There is cons ide rab le  exper imenta l  ev idence  

suggestive of  such c a r r e l a t i o n ,  as f o r  example obta ined  i n  a "Vilczynski" 

p l o t  of  t he  duuble d i f f e r e n t i a l  crass sert inq as a funceion of Lutal 

k i n e t i c  energy (TKE) and s c a t t e r i n g  angle.5 The r i d g e  l i n e  of such a plot 

can  be q u a l i r a t i v e l y  reproduced i n  t h e o r e t i c a l  c a l c u l a t i o n s  - It has been 

suggesfed6, however, t h a t  t h e r e  may be strong f lwctua t fona  in the 

dependence o f  t h s c a t t e r i n g  ang le  a n  i n i t i a l  o r b i t a l  

angular moment u poin t  shape v i b r a t i o n s  on t h e  

dynamics of the c o l l i s i u n .  The k x p r i m e n t  discussed here is  addressed t o  

t h i s  ques t ion .  

During quasi- and deeply  i n e l a s t i c  c o l l i s i o n s  a po r t ion  o f  t he  i n i t i a l  

o r b i t a l  angular  momentum i s  t r a n s f e r r e d  t o  t he  r e a c t i o n  products ,  r e s u l t i n g  

i n  angu la r  momentum a l igned  perpendicular  t o  the react ion planes.  T t ~ e  

mgnitt~de s f  this al.igncd scsmponcae of the angu la r  'momentum can be deduced 

f r o n  f i s s i o n  f rrgment7-') and gamma ~ ~ a ~ ~ ~ * ~ ~  in-plane t o  out-of-plane 

a r i i sa t top%es .  For small energy l o s s e s  t h e  an i so t ropy  i n c r e a s e s  rapid1 y 

with  inc reas ing  energy  l o s s .  - A h  even tua l  dec rease  i n  t h e  a l i p e d  angular  

nlomentum with i n c r e a s i n g  I n e l a s t i c i t y  has been atserved i n  some t i s s i o n  

fragment experiments f o r  some systems7 but  n o t  i n  o t h e r s 8  9 .  A 
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d e t e r m i n a t i o n  o f  t h e  c o n t i n u u m  gamlna r a y  a n i s o t r o p y  i n  t h e  861:r + 1 6 f j ~ r  

s y s t e m  showed t h e  e x p e c t e d  r i se  o f  t h e  a n i s o t r o p y  w i t h  e n e r g y  l o s s  i n  t h e  

q u a s i e l a s t i c  r e g i o n  a n d  a  d e c r e a s e  i n  a n i s o t r o p y  f o r  t h e  m o s t  i n e l a s t i c  

S i m i l a r  r e s u l t s  h a v e  been o b t a i n e d  more r e c e n t l y  f o r  t h e  165!:o + 

lh5110 system1'. A 1 1  o f  t h e s e  m e a s u r e m e n t s  h a v e  b e e n  p e r f o r m e d  a t  a  f i x e d  

l a b o r a t o r y  s c a t t e r i n g  a n g l e  s e t t i n g  o f  t h e  d e t e c t o r  f o r  t h e  inelastic all,^ 

s c a t t e r e d  p a r t i c l e .  

\.Ie r e p o r t  h e r e  o n  t h e  f i r s t  :neasure lnen t  o f  a - r a y  i n - p l a n e  t o  

o u t - o f - p l a n e  n n i s o t r o p y '  a n d  1 - r a y  m u l t i . p l i c i t y  a s  a f r l n c t i o n  o f  b o t h  

r e a c t i o n  q - v a l u e  and  s c a t t e r i n g  an ; ; l e .  P r o d u c t s  f rom t h e  r e a c t  i o n  1651-10 + 

l."o>io a t  E~~ = A50 M e V  a r e  d e t e c t e d  o v e r  t h e  a n g u l a r  r a n g e  f r o n  55O - < 8c.m. , 

< 140°. n u r  p r e v i o u s  s t u d y  o f  t h e  R 6 ~ r  + l h 6 ~ r  r e a c t i o n  a t  a  f i x e t l  a n g l e  - 

r e v e a l e d  a  d c c r z a s e  i n  t h e  a n i s o t r o p y  of t h e  c o n t i n u u m  a - r a y  s p e c t r u m  w i t h  

i n c r e a s i n g  i n ~ l a s t i c i t y .  I n  o u r  p r e s e n t  work w e  w i s h e d  t o  e x t e n d  t h e s e  

m e a s u r e m e n t s  t o  backward  a n g l e s  - f o r  a s y s t e m  s i m i l a r  t o  96i:r + 1 6 6 ~ r .  

C o n c . i c i c r a t i o n 6  o f  axperimental C I e ~ a i . 1 ~  ltzd 11s t o  use an i n v e r s e  r e a c t i o n  o f  

a h e a v y  beam a n d  a l i g h t e r  t a r g e t ;  w i t h  t h e s e  c o n s t r a i n t s  t h e  165!?o + 

l o % ~ o  s y s t e m  w s  c h o s e n .  A c h a r g e d  p a r t i c l e  t e l e s c o p e  ( s o l i d  a n g l e  

a p p r o x i ~ i l a t e l y  0.3 n s r )  c o n s i s t i n g  o f  a 1 0  pm s u r f a c e  h a r r i e r  /\E and a  100 

. pol s u r f a c e  b a r r i e r  E d e t e c t o r  was u s e d  t o  m e a s u r e  b o t h  t a r g e t - l i k e  a n d  

pro j e c t i l c - l i k e  f r a i p e n t s .  I n  t h i s  manner  b o t h  f o r w a r d  a n d  hackward  

s c a t t e r i n g  i n  t h e  c.m. c o u l d  b e  s i ~ : i u l  t . t o < . r , u s l y  o b s e r v e d .  j - r a y s  w e r e  

c l e t e c t e t l  i n  three 3" x 3" I ' jaI(T1) c r y s t a l s .  One o f  t h e s e  d e t e c t o r s  

(01.1t-of-plane)  was p l a c e d  i n  a  d i r e c t i o n  p e r p e n d i c u l a r  t o  t h s  r e a c t i o n  

p l a ~ ~ e  d e f i n e d  by  t h e  beam and t h e  p a r t i c l e  d e t e c t o r .  The o r h e r  d e t e c t o r s  



w e r e  p l a c e d  i n  t h e  p l a n e  a t  a n g l e s  o f  45O a n d  135O w i t h  r e s p e c t  t o  t h e  heam 

d i r e c t i o n .  

E f f i c i e n c y  c a l i b r a t i o n s  f o r  t h e  j - r a y  d e t e c t o r s  w e r e  made b e f o r e  a n d  

a f t e r  t h e  e x p e r i m e n t .  A g r a d e d  a b s o r b e r  c o n s i s t i n g  o f  1 . 5  rnm Cu a n d  2 rnm 

Pb  s e r v e d  t o  make  t h e  t o t a l  d e t e c t i o n  e f f i c i e n c y  f o r  J - r a y s  f o r  E l  - > 1 2 0  

1 :  e n e r g y  i n d e p e n d e n t .  T h e  a n a l y s i s  b e g a n  w i t h .  a c l a p p i n g  o f  t h e  d o u b l e  

o ' i  f f e r e n t i a l  c r o s s  s e c t i o n ,  t i 2 ~ / d 4 d ~ ,  i n  t h r  Ti:E-Q,.,,. p lane f r o c ~  t he  

p n r t i c l c  detecrur :Iii~a. A t  c a c ! i  l a h o r a ~ o r y  a n g l e  f i v e  t \ . : o - t l i n ~ c n u i a n a l  

g n t e s  i n  c h c  AF-F p l a n e  w e r e  d e f i n e d ,  co r re sponc l in ; :  t o  Z b i n s  4 u n i t s  w i d e  

i ~ i t h  t h e  c e n t r a l  b i n  c e n t e r e d  o n  t!le Z o f  t h e  ~ r o j e c t i . l e - l i k e  o r  

~ a r z e t - l i k e  p r o d u c r .  The  i . ~ i d t h  o f  t h e  Z h i n s  w e r e  c. leterml.ned h y  
. . . ,  , 

c o n s i d e r i ~ i g  t h e  e : c p e r i n e n t a ' l  Z r e s o l u t i o n  a s  \<el l  as t l i e  n e e d  f o r  a d e q u a t e  

s t a t i s t i c s  i n  t h e s e  h i n s .  To e a c h  g a t e ,  a mean  m a s s ,  X, idas a s s i s n e d  

c o r r e s p o n d i n 2  t o  t l t e  h e a v i e s t  s t a b l e  i s o t o p e  f o r  t h e  ;! i n  q ~ l e s t i o n .  U s i n ?  

t h i s  p r o c e d u r e ,  two-body  k i n e t : i a t i c s  were u s e d  t o  d e t e r m i n e  t h e  c . m .  

s c a t t e r i n g  a n g l e  a n d  r e a c t i o n  Q - v a l u e  o n  a n  evenc by P v r n t  ' b a s i ~ .  F o r  eoch 

mass, :*I, 0 1 ) s e r v e d  a t  a f i x e d  X a h o r a t o r y  a n g l e ,  o n c  o b t a i n s  t h e  d o u b l e  

d i f f e r e r l t i a l  c r o s s  s e c t i o n  a l o n g  a c o n i c  c u r v e  w h i c h  c u t s  t h r o u g h  t h e  

-".- LIJ g C S m .  p l a n e .  W i t h  v a r y i n g  !mass a n d  1 . n b o r a t o r y  a n g l e ,  t h e n ,  oat! obcaiirti 

a f:imily o f  n s s t e d  c u r v e s .  From chtzse  c u r v e 6  c h c  r i d g e  poi11Ls i n  t h e  "Ck.E 

vs 8c.,, c o n t o u r  plot c a n  h e  1 o c a t . e d .  Thefie a r e  strowa i l l  P i g .  1. T h e  

r ' e n c t l o n  I!..-values are  c o r r e c t e d  f o r  n e u t r o n  e v a p o r a t i t r n  f r o m  t h e  o b s e r v e d  

f r a ~ r n e n t s .  T h e  a p p a r e n t  r ise i n  TGI: a t  t h e  n o s t  b a c k w a r d  a n g l e s  i s  n o t  

i ~ n t l e r s t o o c ! .  T h e  may .n i tud t !  t h e  r i s e  i s  h o w c v e r  n o t  o u t s i d e  Of t h e  

e i : i~c . r i t nen ta : l  c ~ n c e r t a i n t i e s .  A l s o  shown  i s  t h e  p r e d i c t e d  r i d g e  l i n e  f ro in  



t r a j e c t o r y  c a l c u l . a t . i o n s  e m p l o y i n g  a one-body . d i s s i p a t i o n  mechanism basecl o n  

a niodel o f  r \ andrup12  w h i c h  i n c l u d e s  a neclc d e g r e e  o f  f r e e d o m .  T h i s  model  

h a s  h e e n  t o  b e  q u a l i t a t i v e l y  s u c c e s s f u l  i n  r e p r o d u c i n g  some 
. . 

f e a t u r e s  o f  t h e  86Kr + I 3 ' ~ a  q u a s i  and d e e p l y -  i n e l a s t i c  s c a t t e r i n g  , 

a l t h o u g h  i t  f a i l s  t o  a c c o u n t  f o r  t h e  f u l l  m a g n i t u d e  o f  t h e  e n e r g y  l o s s  f o r  

t h e  m o s t  d e e p l y  i n e l a s t i c  e v e n t s  b e c a u s e  o f  t h e  n e g l e c t  o f  f r a g m e n t  

d e f o r m a t i o n s .  We +]ill u s e  t h e  t h e o r e t i c a l  c o r r e s p o n d e n c e  b e t w e e n  o r b i t a l  

a n g u l a r  momentum, e ,  a n d  (Qc-,,. , 'I'KE) va.1ue.s a s  a c o n v e n i e n t  way t o  l a b e l  

t h e  l o c a t i o n  o f  o u r  rneasured p o i n t s  a l o n g  t h e  r i d g e  o f  t h e  TKE-G,.,. 

c o n t o u r  p l o t .  F o r  t h e  p i i r p o s e s  t h a t  f o l l o w  we w i l l  n o t  d e p e n d  o n  t h e  

a b s o l u t e  v a l u e s  o f  t h e  c o r r z s p o n d i n g  v a l u e s  b u t  o n l y  t h e i r  r e l a t i v e  

l o c a t i o n .  

We n e x t  s e l s c t e d  b i n s  a l o n g  the.  e x p e r i m e n t a l .  r i d g e  l i n e  o f  niaximum 

d i f f e r e n t i a l  c r o s s  s e c t i o n .  T h e s e  b i n s  were 60 i.leV w i d e  i n  ( o r  TKE) 

v a l u e  i n  t h e  d e c p l y  i n e l a s t i c  r e g i o n  a n d  30 > I e V  w i d e  i n  t h e  q u a s i e l a s t i c  

r e g i o n .  A Z window, s i x  u n i t s  vide centpred o n  t h e  e n t r a n c e  c h a n n e l  was 

u s e d .  T h e s e  l r i n s  were l a b e l e d  b y  t h e  f v a l u e  f o r  which  t h e  t h e o r e t i c a l  

TKE-ec.,. v a l t r e s  lnos t  c l o s e l y  c o r r e s p o n d e d  t o  t h e  e x p e r i m e n t a l  l o c a t i o n  o f  

t h e  b i n .  The 1 - r a y  n i u l t i p l i c i t y  was d e t e r l n i n e d  b y  t h e  r a t i o  o f  t h e  y i e l d  

f o r  c l ~ a r g e d  p a r t i c l e s  i n  coincidence w i t h  j-rays of  Z J  > 1 0 0  lteV t o  t h e  

s i n g l e  y i e l d  f o r  c h a r g e d  p a r t i c l e s .  The gamma r a y  m u l t i p l i c i t y  and 

o u t - o f - p l a n c  a n i s o t r o p y  a r e  p l o t t e d  v c s u s  @ v a l u e  i n  F i g .  2 .  T h e  

an i . . sor ro l>y  va l raes  a r e  hasect o n  t h e  Q J = 450  i n - p l a n e  d e t e c t o r  a n d  a r e  

inte! : ra ted o v e r  8-ray e n e r g i e s  h e t w e c n  320 k r V  and 2600 keV. The  

h n i s o t r o p y  f o r  t h e  8~ = 13S0 d e t e c t o r  e x l l i h i t s  a s i m i l a r  d e p e n d e n c e  o n  TKE 
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a n d  8 b u t  s u f f e r e d  f rom a small n o r l n a l i z a t i o n  f a c t o r  d i s c r e p a n c y .  

The a n i s o t r o p y  is  s e e n  t o  i n i t i a l l y  i n c r e a s e  w i t h  i n c r e a s i n g  e n e r g y  

l o s s  a n d  d e c r e a s i n g  ' (  v a l u e .  A s  o n e  c o n t i n u e s  a l o n g  t h e  b e n d  i n  t h e  

W i l c z y n s k i  p l o t  ( c o  s m a l l e r  ( v a l u e s )  t h e  a n i s o t r o p y  r e A c h e s  a  maximum and 

c h e n  d e c r e a s e s .  . It i s  i m p o r t a n t  t o  n o t e  t h a t  t h e  a n i s o t r o p y  c o n t i n u e s  t o  

d e c r e a s e  s i g n i f i c a n t l y  e v e n  a f t e r  t h e  e n e r g y  l o s s  h a s  s a t u r a t e d  a n d  t h a t  

only t h c  nngle is chanefng as o n e  p r o g r e s s e s  a l o n g  t h e  r i d g e  l i n e  o f  the 

bl i  l c ~ j r n s i c i  p l o t *  Ilr I-111s rsglbri t h e  gaolma cay rn111 t i  p l  icity t l o v c v c r  i s  

p r a c t i c a l 1 . y  c o n s t a n t .  

\ Je  i n t e r p r e t  t h e s e  r e s v l . t s  i n  t h e  f o l l o w i n g  way.  F o r  small e n e r g y  

l o s s e s  t h e  a n i s o t r o p y  a n d  gamma r a y  i n u l t i p l i c i t y  i n c r e a s e  w i t h  i n c r e a s i n g  

i n e l a s t i c i t y .  This d e p e n d e n c e  h a s  b e e n  s e e n  i n  p r e v i o u s  s t u d i e s  b o t h  by  

gamma r a y  d e - e x c i t a t i o n  a n d  s e q u e n t i a l  f i s s i o n  p r o b e s .  I t  h a s  a n a t u r a l  

e x p l a n a t i o n  i n  e r r e r z y  l o s s  iaechanis tns  h a s e d  o n  n ~ ~ c l e o n  e x c h a n g e ,  w h e r e i n  

e a c h  p a r t i c l e  transfer c o n t r i b u t e s  t o  t h r  cor;lpc\nent o f  a n g u l a r  uiue~tlt~cuin 

a l i e n e d  per l?enc i icc l l a r  t o  t h e  r e a c t i o n  p l a n e .  1 4 s 1 '  T h e  a l i g n m e n t  i n i t i a l l y  

i n c r e a s e s  r a p i d 1  y  w i t h  t h e  n u m l ~ e r  of e x c h a n g e s  h e c a u s e  . t h e  a l i g n e d  

c c j n p o n e i ~ i  ErOlJS a p p r o x i ~ n a t e l y  l i n e a r l y  w t t h  s h e  nuinher o f  exchanged 

p a r t i c l e s  w h e r e a s  t h e  r a n d o ~ n l y  o r i e o t c d  c o m p o n e n ~  of a n g u l a r  mornenturn 

a s s o c i a t e d  w i t h  t h e  l?ermi moti.nn grows only w i t 1 1  t h c  s q u a r e  r o o t  o f  t h e  

a t l n b e r  of exchan{;ed p a r t i c l e s .  l 5  As o n e  p r o g r e s s e s  t o  l a r g e r  e n e r g y  l o s s e s  

t h e  r e l a t i v e  m o t i o n  o f  t h e  n u c l e i  h a s  d e c r e a s e d  a t  t h e  t i m e  o f  t h e  l a t e r  

e x c h a n z e s  f o r  a  g i v e n  c o l l i s i o n  d u e  t o  t h e  d e c e l e r a t i o n  a s s o c i a r e d  wIeR t h e  

cl1er:;y l o s s e s  froiii p r e v i o u s  c x c l i a n g e s ;  -The a l i z n e d  component  p e r  e x c h a n ~ e  



d e c r e a s e s  w h i l e  t h e  r a n d o r  c o n t r i b u t i o n  frola  t h e  Ferrni  m o t i o n  r e m a i n s  a t  

the same rate  p e r  e x c h a n g e .  I n  t h i s  d o m a i n  t h e  a n i s o t r o p y  will s t o p  

i n c r e a s i n g  w h i l e  t h e  gamna r a y  ~ n u l t i p l i c i t y  c a n  c o n t i n u e  t o  i n c r e a s e .  

E v e n t u a l l y  f o r  t h e  l a r g e s t  e n e r g y  l o s s e s  a n d  i n c r e a s i n g  s c a t t e r i n g  a n g l e s  

t h e  o r b i t a l  a n g u l a r  inomentun o f  t h e  c o n t r i b u t i n g  p a r t i a l  waves d e c r e a s e s  

and  t h e  a l i g n e d  c o ~ n p o n e n t  d e c r e a s e s .  Thus  t h e  a n i s o t r o p y ,  s e n s i t i v e  t o  the  

ali!;necl cornponznt ,  d e c r e a s e s ,  w h i l e  t h e  m u l t i p l i c i t y ,  s e n s i t i v e  t o  t h e  

t o t a l  a n g u l a r  rnoinent1.11;i t r a n s f e r ,  c a n  r e g a i n  a p p r o x i ~ n a t e l y  c o n s t a n t  d u e  t o  

t h e  c o n t i n u i n g  b u i l d u p  o f  t h e  r a n d o m l y  o r i e n t e d  component  f r o m  t h e  Ferrui  

m o t i o n  o f  e a c h  , e x c h a n g e d  n u c l e o n .  An a d d i t i o n a l  r a n d o m l y  o r i e n t e d  

component  c a n  a r i s e  froin c o l l e c t i v e  e x c i t a t i o n s  s u c h  a s  e x c i t a t i o n  o f  t h e  

b e n d i n s  n o d e  o r  o f  c o l l e c t i v e  e x c i t a t i o n s  o f  t h e  f r a g n e n t s .  C r u c i a l  t o  

a n  u n d e r s t a n d i n g  o f  t h e  d e c r e a s e  i n  a n i s o t r o p y  w i t h  i n c r e a s i n g  a n g l e  i s  a 

correspond in^ d e c r e a s e  i n  t h e  { - v a l u e  o f  t h e  d o n i n a n t  c o n t r i b u t i n g  p a r t i a l  

waves .  G!e c o n c l u c i e  froin t h e  o b s e r v a t i o n  o f  a s i z e a b l e  d e c r e a s e  i n  

i i n i s o t r o p y  - w i c h  i n c r e a s i n g  a n g l e  - ' t h a t  a  s t r o n g  c o r r e l a t i o n  b e t w e e n  

s c a t  t c r i u g  ar ts18 arid i m p a c t  paramprrr s ~ ~ r v i v e s  the e f f e c t s  o f  ,+py 

f l t i c t u a t i o n  phenomena p r e s e n t .  The e s t a b l i s h m e n t  o f  t h e  c o r r e l a t i o n  

b e t w e e n  b o t h  t h e  o b s e r v e d  e n e r g y  l o s s  and  s c a t t e r i n g  a n g l e  a n d  t h e  i n i c i a l  

ir:lpact p a r a n l e t e r  w i l l  e n a b l e  f u t u r e  d e t e r i n i n a t i o n s  o f  t h e  d e p e n d e n c e  o f  

o t h e r  i n t e r e s t i n ; :  q u a n t i t i e s  s u c h ,  as t h e  n e n n  v a l u e s  and  t h e  w i d t h s  o f  t h e  

char!;e a n d  mass d i s t r i h u t i o n s  on i a p a c t ,  p a r a n e t e r .  

T h i s  i .~orl< was s l l p p o r t e d  i n  p r t  by t h e  1J.S. D e p a r t m e n t  o f  E n e r g y .  I.le 

a r e  i n d c h t e d  t o  t h e  s t a f f  of t h e  Lawrence  B e r k e l e y  Laboratory SuperllTLAC, 

and  e s p e c i a l l y  t o  :I.!;. X i s a a n ,  f o r  t h e i r  c o o r p o r a t i o n  a n d  assistance i n  
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nakins t h i s  e x p e r i m e n t  p o s s i b l e .  We a l s o  rhan l r  ':.L. Wolf f o r  making a 

c h a m b e r  a v a i l a b l e  to u s .  

-+ Present a d d r e s s  : :.lax Pl.anclc Institute f o r  X u c l e a r  P h y s i c s ,  I I e i d e l h e r g ,  

I!. Germany . 



F i g .  1 D e f l 2 c t i o n  f u n c t i o n  f o r  i.10 + Ao S y s t e m .  The. f u l l  c u r v e  i s  a  t h e o r e t i c a l  

p r e d i c t i o n  b a s e d  o n  t h e  one-body  d i s s i p a t i o n  model  o f  Randrup .  The  numbers  

by f u l l  d o t s  a l o n g  t h e  c u r v e  i n d i c a t e  ( - v a l u e s .  The  e x p e r i m e n t a l  v a l u e s  

a r e  t h e  m o s t  p r o b a b l e  ? - v a l u e s  f o r  s e l e c t e d  Z and 8 c u t s .  

F i g .  2 Cont inuum gamma ray a n i s o t r o p i e s  ( b o t t o ~ n )  and m u l t i p l i c i t . i e s  ( t o p )  f o r  

s e l e c t e d  Q b i n s  as a f u n c t i o n  o f  l o c a t i o n  a l o n g  t h e  d e f l e c t i o n  f u n c t i o n .  

The  l o w e r  s c a l e  g i v e s  the ( - v a l u e  o f  t h e  c l o s e s t  p o i n t  o n  t h e  t h e o r e t i c a l  

c u r v e ,  and t h e  t r ~ o  r o w s  a b o v e  t h e  f i g u r e  give t h e  Bc.,. and (? v a l u e s  fo r  

e a c h  p o i n t .  
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