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i s o m e r s .  T h e . h a l f - l i f e  v a l u e s  o b t a i n e d  were 44 .8  a 1.0 a n d  

85.2 k 1.8  s e c o n d s .  S p i n  a n d  p a r i t y  a s s i g n m e n t s  were 

d e d u c e d ,  w h e n e v e r .  p o s s i b l e ,  o n  t h e  b a s i s  o f  gamma-ray t r a n s i -  

t i o n  p r o b a b i l i t i e s  a n d  b e t a  t r a n s i t i c n  lcgft v a l u e s .  T h e  

1361 a n d  137xe d e c a y  s c h e m e s  . a re  c o m p a r e d  w i t h  e a r l i e r  d e c a y  

s t u d i e s  a n d  w i t h  r e u l t s  . f r o m  ( p , p 9 )  a n d  p r o t o n  t r a n s f e r  ex- 

F e r i b e n t s .  A c o r r e s p o n d e n c e  o f  l e v e l s  s t r o n g l y  pop- 

u l a t e d  b y  b e t a  d e c a y  w i t h  n e u t r o n  p a r t i c l e - h c l e  s t a t e s  ob-  

s e r v e d  ' i n  ( p , p t )  e x p e r i m e n t s  is n o t e d  f o r  1361 l e v e l s  a r o u n d  

4  BeV. The s y s t e m a t i c s  a s s o c i a t e d  w i t h  t h e s e  l e v e l  s c h e m e s  

a r e  d i s c u s s e d  a n d  a c o m p a r i s o n  i s  made  w i t h  r e c e n t  . s h e l l -  

model  c a l c u  l a t  i c n s .  



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

f i s s i o n  a r e  t h e  s u b j e c t  o f  t h i s  work.  T h e s e  n u c l i d e s ,  1 3 6 1 ,  
. . 

'137Xe, a n d  1381,  a re  o u t l i n e d  w i t h  a s o l i d  b o r d e r  o n  a p o r -  

t i o n  o f  t h e  C h a r t  o f  t h e  N u c l i d e s  ( 1 )  shown  i n '  ~ i g u r e  1 .  

T h e y  h a v e  h a l f - l i v e s . r a n g i n g  f r o m  6 s e c o n d s  t o  3 - 8  mlnutes. 

W i t h  the e x c e p t i o n  of 1361, t h e  d a u g h t e r s  of t h e s e ,  n u c l i d e s  

a r e  u n s t a b l e  a g a i n s t  b e t a  d e c a y .  ~ h e ' d e c a ' y  e n e r g i e s ,  o r  Q- 

v a l u e s ,  f o r  t h e s e  n u c l e i  a r c  g r e a t e r  t h a n  4 ilev: t h e r e f o r e .  ' 

many e x c i t e d  s t a t e s  a r e  e x p e c t e d  t o  b e  p o p u l a t e d  i n  b e t a  

. d e c a y ,  a n d  t h e ,  c o r r e s p o n d i n g  gamma s p e c t r a  may be q u i t e  

c o m p l i c a t e d ,  N o  d e c a y  s c h e m e  f o r  1 3 8 1  h a s  b e e n  p u b l i s h e d  

p r e v i o u s  t o . t h i s  work.  Even  t h o u g h  t h e  d e c a y  of 1361 . h a s  

b e e n  s t u d i e d ,  n o  i n f o r m a t i o n  e x i s t s  o n  h i g h - ' e n e r g y  gamma 

t r a n s i t i o n s  a b o v e  3400 keV. 

The s t u d y  of  t h e  d e c a y  o f ' . t h e s e  n u c l i d e s  is d i f f i c u l t  

s i n c e  t h e y  h a v e  s h o r t  h a l f - l i v e s ,  t h e r e f o r e  many s a m p l e s  mus t  

b e  s t u d i e d  i n  o r d e r  t o  o b t a i n  s u . f f i c i e n t  s t a t i s t i c s .  Access 
. . 

t o  a c o n t i n u o u s  means  of p r o d u c i n g  t h e s e  i s o t o p e s  t h e r e f o r e  

c o n s t i t u ' t e s  a n  i m p o r t a n t  a d v a n t a g e .  N e u t r o n - r i c h  - i s o t o p e s  

are c o n v a n i e n t l y  p r o d u c e d  by  f i s s i o n ,  b u t  the number  o f  d i f -  

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

t e c h n i q u e s  s u c h  a s  o n - l i n e  mass s e p a r a t i o n  a r e  o f  g r e a t  v a l u e  

i n  s e p a r a t i n g  a n d  i d e n t i f y i n g  t h e  a c t i v i t y  o f  i n t e r e s t .  



Figure 1. Secthon.of the chart of nuclides show.ing 
the nuclides studied 
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A n o t h e r  r e a s o n  f o r  s t u d y i n g  t h e s e  n u c l e i .  is t o  a d v a n c e  

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

u s e d  i n  t h e  d e v e l o p m e n t  of  n u c l e a r  t h e o r i e s .  T h e  k n o w l e d g e  

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

r e a c t o r  d e c a y -  h e a t  c a l c u l a t i o n s .  

A.  A d v a n c e m e n t  o f  Bas ic  K n o w l e d g e  

A b a s i c  r e a s o n  f o r  s t u d y i n g  t h e s e  d e c a y s  is.t.0 e x t e n d  

t h e  s y s t e m a t i c s  of e x c i t e d  s t a t e s  f o r  n e u t r o n - r i c h  n u c l e i .  

The d e c a y s  of t h e  n u c l i d e s  s t u d i e d  i n  t h i s  w o r k  r e p r e s e n t  a n  
. . 

i m p o r t a n t  s o u r c e  o f  i n f o r m a t . i o n  o n  t h e  l e v e l  s t r u c t u r e  of 

1 3 6 X s ,  138Xe. a n d  1 3 ' C s  . . a n d  e x t e n d  t h e  k n o w l e d q e  of t h e  N=82, 

a n d  ~ = 8 4  i s o t o n e s  a n d  t h e  XB a n d  C s  i s o t o p e s  f u r t h e r  i n t o  t h e  
. . 

n e u t r o n - r i c h  s i d e  of . s t a b i l i t y .  

It is i m p o r t a n t , t o  n o t e  t h a t  a l l  of t h e s e  n u c l i d e s  are  , 

n e a r  t h e  m a g i c  n u m b e r s  Z=50 a n d  N=82, t h e r e f o r e '  t h e  r e s u l t s  

a r e  u s e f u l  a s  a test  of t h e  s h e l l  m o d e l  i n  t h i s  r e g i o n .  I t  

$s of i n t e r e s t  t o  d e t e r m i n e  i f  a , s h e l l - m o d e l  b a s i s ,  c o n s i s t -  

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

t h e  d o u b l y  m a g i c  core, is a d e q u a t e  t o  d e s c r i b e  t h e  l o w - l y i n g  

s t a tes  of  t h e s e  n u c l i d e s .  ' A  s h e l l - m o d e l  c a l c u l a t i o n  is de -  

p e n d e n t  o n  the n u c 1 e o . n - n u c l e o n .  i n t e r a c t i o n  ' and  h e n c e  is  a n  

i n d i c a t i o n .  o f  the a d e q u a c y  of  t h e  i n t e r a c t i o n  u s e d .  Irl a d d i -  

t i o n  t o  p r o ' v i d i n g  a t e s t  of t h e  s h e l l  m o d e l ,  t h e s e  r e s u l t s  

a s s i s t  . . i n  e v a l u a t i n g '  t h e  p o s s i b i l i t y  of  - c o l l e c t i v e  m o t i o n  i n  



t h i s  r e g i o n .  I t  is  h o p e d  t h a t  a t  s o m e  time a l l  n u c l i d e s  c a n  

b e '  d e s c r i b e d  a n d  t h e i r  p r o p e r t i e s  p r e d i c t e d  by  a  f u l l  s h e l l -  

mode l  c a l c u l a t i o n  u s i n g  a n  i n t e r a c t i o n  w h i c h  i s  c c n s i s t e n t  

w i t h  n u c l e o n - n u c l e o n  s c a t t e r i n g  r e s u l t s .  

F i n a l l y ,  there is a n e e d  t o  r e s o l v e  a  n u m b e r  o f  

d i s a g r e e m e n t s  among p r e v i o u s  r e s u l t s  o n  t h e  d e c a y  o f  1J61. A 

n o t a b l e  p r o b l e m  is  t h e  claim i n  o n e  of t h e  p r e v i o u s  s t u d i e s  

t h a t  t h e r e  e x i s t s  t w o  e x c i t e d  i s o m e r i c  s t a t e s  i n  1 3 6 1  t h a t  

b e t a  d e c a y .  O t h e r  i n v e s t i g a t o r s  h a v e  r e p o r t e d  o n l y  o n e .  

E.' T e c h n o l o g i c a l  A p p l i c a t i o n s  

T h e  p r i m a r y . a p p l i c a t i o n  cf t h e  ' r e s u l t s  c f  t h i s ' r e s e a r c h  

is i n  t h e  d e s i g n  a n d  m o d e l i n g  o f .  f i s s i o n  r e a c t o r s .  . T h e  

r e s u l t s  re.late b o t h  t o  t h e  o p e r a t i o n  o f  t h e  r e a c t o r  a n d  t o  

its g e n e r a t i o n  a n d  d i f f u s i o n  o f  h e a t .  A d e t a i l e d  i n t e n s i t y  

i n v e n t o r y  o f  t h e  b e t a  a n d  gamma r a d i a t i o n  a s  a f u n c t i o n  o f  

e n e r g y  i s  n e e d e d  f o r  m o s t  of t h e  r a d i o a c t i v e  f i s s i o n  

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

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

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

l o s t .    he v o l u m e  a f f e c t e d  by  gamma r a d i a . t i o n  h e a t i n g  i s  v e r y  

d e p e n d e n t  o n  t h e  e n e r g y  o f  t h e  t r a n s i t i o n '  a n d  t h e  d e s i g n  o f  

t h e  r o a c t o r . .  T h i s  w o r k  a l s o  d e m ' o n s t r a t e s  t h e  f e a s i b i l i t y  o f  

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

d a u g h t e r s  b y  u s i n g  a u r a n y l  s t e a r a t e  t a r g e t  w i t h  t h e  TRISTAN 



o n - l i n e  i s o t o p e  s e p a r a t o r .  

C. S u r v e y  o f  ~ a r l i e k  Work 

The  h a l o g e n  f i s s i o n  p r o d u c t s  were among t h e  f i r s ;  t o  b e  

s t u d i e d .  In 1 9 4 0  S t . r a s s m a n n  a n d  Hahn (2 )  i d e n t i f i e d  t w o  new 

i o d i n e  a c t i v i t i e s .  T h e y  m e a s u r e d  the h a l f - l i v e s  t o  b e  1.8 + 
0.4 m i n u t e s  a n d  30 k 6 s e c o n d s .  T h e s e  h a l f - l i v e s  c o r r e s p o n d  

" t o  t h o s e  o f  1 3 6 1  a n d  1 3 7 1 ,  r e s p e c t i v e l y .  The d e c a y  o f  1 3 8 1  

was f irst  o b s e r v e d  b y  s u g a r m a n  (3) i n  1949, He m e a s u r e d  t h o  

h a l f - l i f e  o f  t h i s  a c t i v i t y  t o  b e  5.9 + 0.4 s e c o n d s .  T h e  xe- 

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

The f i r s t  o b s e r v a t i o n  of l 3 7 X e  d e c a y  w a s  by S e e l m a n n -  

E g g e b e r t  a n d  B c r n  ( 4 )  i n  1943.  T h e y  r e p o r t e d  a  h a l f - l i f e  o f  

3.8 m i n u t e s .  

The t e c h n i q u e s  of e x p e r i m e n t a l  n u c l e a r  physics pro- 

g r e s s e d  from h a l f - l i f e  m e a s u r e m e n t s  w i t h  G e i g e r  c o u n . t e r s  a n d  

m e a s u r e m e n t s  of  t h e  maximum gamma- a n d  b e t a - d e c a y  e n e r g i e s ,  

u s i n g  a b s o r b e r s ,  t o  NaI ( T l )  a n d  p l a s t i c  s c i n t i l l a t o r '  d s t e k -  

t o r s  a n d  sma l l  m u l t i c h a n n e l  a n a l y z e r s .  D u r i n g  t h i s  p e r i o d  

. t h e r e  were two s t u d i e s  o f  the gamma a n d  b e t a  t r a n s i t i o n s  i n  

t h e  d e c a y  o f  1361: ( 5 , 6 )  , b u t  o n l y  d e l a y e d  n e u t r o n  e m i s s i o n  
. . 

s t u d i e s  of t h e  d e c a y  o f  1381..(7) H o l m  22 21. (8) p e r f o r m e d  

t h e  o n l y  N ~ I  (TI) study of t h e  d e c a y  of 137Xe.  Thi's s t u d y  w a s  

a l s c  t h e  f i r s t  f o r  a n y  o f  t h e s e  i s o t o p e s  i n  w h i c h  a mass-  . . 

~ e ~ a r a t e d  s o u r c e  was u s e d .  
8 .  



1. ~ r e v i o u s , r t i d i e s  o f t h e  d e c a y  o f  1 3 6 1  

T h e  f i r s t  s t u d y  of t h e  d e c a y  o f  1361 u s i n g  G e  ( L i )  d e -  

tectors  was by Lundan  a n d  S i i v o l a  (9 )  i n  1968 .  C h e m i c a l  s e p -  

a r a t i o n  was u s e d  t o  i s o l a t e  t h e  i o d i n e  a c t i v i t y  p r o d u c e d  i n  

f i s s i o n .  A t o t a ' l  o f  21 gamma t r a n s i t i o n s  l i e r e  i d e n t i f i e d  a s  

b e l o n g i n g  t o  t h e  d e c a y  o f  1361 w i t h  twc more p o s s i b l y  b e l o n g -  

i n g .  O f  these 2 3  t r a n s i t i o n s ,  2 2  were p l a c e d  i n  a  l e v e l  

s c h e m e  c o n s i s t i n g  o f  1 3  d e f i n i t e  l e v e l s  a n d  t w o  p o s s i b l e  

l e v e l s .  The l e v e l  s c h e m e  is s u p p o r t e d  b y  gamma-gamma c o i n c i -  

d e n c e  d a t a  o b t a i n e d  from b o t h  a G e ( L i ) - M a I ( T 1 )  a n d  a 

NaI (T I ) , -NaI  ( T l )  e x p e r i m e n t .  T h i s  was t h e  f i r s t  s t u d y  t o  p o s -  

t u l a t e  t h e  e x i s t e n c e  o f  a s h o r t - l i v e d  isomeric s t a t e  i n  1 3 6 I  

i n  a d d i t i o n  t o  t h e  8 3 - s e c o n d  s t a t e .  T h e  v a l u e  o b t a i n e d  f o r  

t h e  h a l f - l i f e  o f  t h e  s h o r t - l i v e d  isomeric s t a t e  . w a s  40 + 5 
. . 

s e c o n d s ,  w h i c h  w,as d e t e r m i n e d  b y  m e a s u r i n g  t h e  d e c a y  o f  many 

of t h e  t r a n s i t i o n s  i n  a s e q u e n c e  of 6 4  s u c c e s s i v e  s p e c t r a .  

C a r r a z  et pJ. ( 1 0 )  r e p o r t e d  t h e  r e s u l t s  of  a n  1 3 6 1  s t u d y  

i n  1970 .  T h e  i c d i n e  f i s s i o n  p r o d u c t s  were s e p a r a t e d  c h e m i -  

c a l l y .  T h i s  s t u d y  . , i d e n , t i f i e d  1 5  gamma t r a n s i t i o n s .  a s  b e l o n g -  

i n g  t o  t h e , d e c a y  o f  1361 a n d  p l a c e d  a l l  o f  t h e m  i n  a l e v e l  

scheme consisting . . of s i x  d e f i n i t e  e x c i t e d  l e v e l s  a n d  f i v e  

p o s s i b l e  e x c i t e d  levels .  T h i s  level s c h e m e  is  s u p p o r t e d  b y  

gamma-gamma c o i n c i d e n c e  d a t a  f rom a  G e  ( ~ i ) - N a I  ( T l )  s y s t e m .  

Gates were i n  o n l y  t h r e e  r e g i o n s  o f  t h e  s p e c t r u m .  , A 



m e a s u r e m e n t  of t h e  b e t a  s p e c t r u m  i n  c o i n c i d e n c e  w i t h  t h e  

, f i r s t  e x c i t e d  s ' tate t r a n s i t i o n  g a v e  a Q - v a l u e  o f  6.3 * 0.2  

#eV f o r  . t h e .  d e c a y  o f  . 1 3 6 1 .  A d e l a y e d  c o i n c i d e n c e  e x p e r i i n e n t  

h e t w e s n  t h s  197-keV t r a n s i t i o n  a n d  t h e  b e t a  s p e c t r u m  i n d i c a t -  

e d  a  h a l f - l i f e  o f  2.8 + 0 . 2  m i c r o s e c o n d s  f o r  t h e  1 8 9 2 - k e ~  

s t a t e  oi 136Xe.  C a r r a z  et 21. (10 )  m e a s u r e d  t h e  h a l f - l i v e s  

o f  t h e  1 3 6 1  i s o m e r i c  s t a t e s  by m u l t i s c a l i n g  t h e  gamma t r a n s i -  

t i o n s  u s i n g  a 2 0 - s e c o n d  c o u n t i n g  p e r i o d  f o r  a  t o t a l  time of 

f o u r  m i n u t e s .  The v a l u e s  o b t a i n e d  were 4 8  f 1  s e c o n d s  f o r  

t h e  s h o r t  h a l f - l i f e  a c t i v i t y  a n d  8 3  t 3 S e c o n d s  f o r  t h e  l o n g  

h a l f - l i f e  a c t i v i t y .  T h e r e  a r e  o t h e r  d i s c r e p a n c i e s  b e t w e e n  

t h i s  work a n d  t h e  e a r l i e r  w o r k  bf L u n d a n  a n d s i i v o l a  ( 9 ) .  

The ' se  d i s c r e p a n c i e s  ' i n c l u d e  t r a n s i t i o n  e n e r g i e s  a n d  i n t e n s i -  

t i e s  a n d  l s v e l s  i n c l u d e d  i n  t h e  d e c a y  s c h e m e .  

Lundan 1 1 1 )  p u b l i s h e d  . . a new s t u d y  o f  t h e  d e c a y  of 1 3 6 1  

i n  1971.  T h i s  r e v i s e d  s t u d y  u s e d  t h e  S t u d s v i k  i s o t o p e  

s e p a r a t o r . o n - l i n e  t o  a r e a c t o r .  T h e  r e s u l t s  were much more 

c o n s i s t e n t  w i t h  t h o s e  of C a r r a z  22 &. t h a n  w i t h  h i s  ea r l i e r  

s t u d y .  Be i d e n t i f i e d  2'1 gamma t r a n s i t i o n s  a s  b e l o n g i n g  t o  

t h e  d e c a y  o f  1 3 6 1 f  a n d  p l a c e d  a l l  o f  t h e , m  i n  a l e v e l  s c h e m e  

c o n s i s t i n g .  o f  1 8  e x c i t e d  l e v e l s .  O n l y  t h r e e  of  t h e s e  l e v e l s  

a r e .  t h e  same a s  t h o s e -  h e  r e p o r t e d  e a r l i e r ,  a n d  n i n e  o f  t h e m  

a r e  t h e  s a i e  a s  r e p o r t e d  by  C a r r a z  2% aJ.  he t r a n s i t i o n  e n -  

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

t a i n e d  b y  C a r r a z  ~ 2 . a . ~  b u t  t h e  i n t e n s i t i e s  were c o n s i d e r -  



ably d i f f e r e n t  f rom t h o s e  h e  r e p o r t e d  e a r l i e r .  H i s  l e v e l  

s c h e m e  i s  s u p p o r t e d  by gamma-gamma c o i m c i . d e n c e  d a t a  o b t a i n e d  

w i t h '  t w o  G e  ( L i )  d e t e c t o r s .  I n  t h i s  s t u d y  t h r e e  h a l f - l i v e s  

were m e a s u r e d  f o r  t h e  d e c a y  of. 1361. The v a l u e s  o b t a i n e d  

were 4 8  i 2 s e c o n d s ,  8 3  i 3 s e c o n d s ,  a n d  100 k . 3  s e c o n d s .  

The  h a l f - l i f e  m e a s u r e m e n t s  were o b t a i n e d  irom m u l t i s c a l i n g  

e x p e r i m e n t s  i n  w b i c h  g a t e s  were p l a c e d  o n  s e v e n  p e a k s  i n  o n e  

e x p e r i m e n t  a n d  f i f t e e n  i n  t h e  o t h e r .  T h e  time i n t e r v a l s  were 

8 , s e c o n d s  a n d  . 2  s e c o n d s  w i t h  t o t a l  m e a s u r i n g  times o f  1 0 0 0  

a n d  1 0 6 '  s e c o n d s  . . r e s p e c t i v e l y .  T h e  h a l f - l i v e s  of a l l  but a 

few weak p e a k s  were a l s o  m e a s u r e a  b y  f o l l o w i n g  t h e i r  i n t e n s i -  

t i e s  i n  a  s e q u e n c e  of  e i g h t  s u c c e s s i v e '  4K s p e c t r a  o f  5 7 - s e c -  

o n d  d u r a t i o n  e a c h .  

T h e  m o s t  r e c e n t  d e t a i l e d  s t u d y  of t h e  d e c a y  o f  1361 was 

by Ertan gi a l .  ( 1 2 )  i n  1 9 7 1 . .  T h e  i o d i n e  a c t i v i t y  w a s  ob -  

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

tie's. I n  t h i s  s t u d y  2 1  t r a n s i t i o n s  were i d e n t i f i e d  a n d  17  o f  

t h e s e  were p l a c e d  i n  a  l e v e l  s c h e m e  c o n s i s t i n g  o f  1 4  e x c i t e d  

l e v e l s .  T h i s  1 e v e . l  s c h e m e  i s  s u p p o r t e d  by gamma-gamma c o i n -  

c i d e n c e  i n f o r m a t i o n  o b t a i n e d  f r o m  a  ~e o if - N ~ I  (TI) s y s t e m .  

  he h a l f - l i k e s  o f  t h e  isomeric s t a t e s  i n  136.1 ,were d e t e r m i n e d  

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

6.5-minute p e r i o d  d i v i d e d  i n t o  2 0 - s e c o n d  i n  t - e r v a l s .  O n l y  two 

h a l f - l i v e s '  were o b s e r v e d ,  4 5  s e c o n d s  a n d  83 s e c o n d s .  Even  
. .  . 

t h o u g h  t h e  a c c e p t e d  Q . -va lue  is 6 9 8 0  k e V  ( i f  t h e  83 s e c o n d  ac- 



t i v i t y  i s  r e g a r d e d  . a s  . t h e '  g r o u n d  s t a t e  o f  1361  ( 13 ) ) .  t h e  
. . 

h i g h e s t  e n e r g y  gamma t r a n s i t i o n  i d e n t i f i e d  i n  hny o f  t h e s e  

t h r e e  s t u d i e s  is t h e  3949-keV t r a n s i t i o n  i n  t h e  s t u d y  b y  

E r t e n  2% pi. ( 1 2 ) .  T h e r e  are a l s o  d i s c r e p a n c i e s  i n  t h e  loca- 
. . 

t i o n  o f  t h e  e x c i t e d ,  s t a t e s  a n d  i n  t h e  number a n d  p l a c e m e n t  o f  

t h e  gamma t r a n s i t i o n s .  t he c o i n c i d e n c e  r e s u l t s  r e p o r t e d  a r e  

i n  g e n e r a l  a g r e e m e n t , ,  b u t  a r e  s u b j e c t  t o  d i f f e r e n c e s  i n  i n -  

t e r p r e t a t i o n s  b e c a u s e  l a 1  ( T l )  d e t e c t o r s  were u s e d  f o r  a t  

l ea s t  o n e  s i d e  o f  t h e  c o i n c i d e n c e  . d a t a  a n d  o n l y  a f e u  windows 

were set .  

A c h t e r b e r g  gg .=&. (14)  i n  1972  r e p o r t e d  a s t u d y  of t h e  
. . .  , . 

i n t e r n a l - c o n v e r s i o n  c o e f  f i c i , e n t s  of t h e  l o w - e n e r g y  t r a n s i -  

t i o n s  s e e n  i n  t h e  d e c a y  of 1361..  his. s t u d y  u s e d  t h e  B u e n s s  

Aires o n - l i n e  i s o t o p e  s e p a r a t o r , ,  a n d  c o e f f i c i e n t s  a n d  m u l t i -  

p o l a r i t i e s  were d e t e r m i n e d  f o r  . two t r a n s i t i o n s .  

The 197-,  381-, a n d  1313-keV t r a n s i t i o n s ,  w h i c h  

d e p o p u i a t e  t h e .  64, 4*, a n d  2 +  members o f  t h e  l a 6 X e  Y R A S T  

band ,  were o b s e r v e d  i n  two  s t u d i e s  . o f  t h e  f i s s i o n  p r o d u c t s  

p r o d u c e d  i n  t h e  s p o n t a n e o u s  f i s s i o n  o f  * s * ~ f .  The first 

' . s t u d y  was o f  t h e  i s o m e r i c  t r a n s i t i o n s  i n  f i s s i o n  f r a g m e n t s ,  

r e p o r t e d  by  J o h n  gfa. i n  1 9 7 0  (15)'. A f o u r - p a r a m e t e r  e x -  
. . 

p e r i m e n t  w a s  p e r f o r m e d  w h e r e  t h e  k i n e t i c  e n e r g y  of t h e  two 

f r a g m e n t s ,  t h e  e n e r g y  o f  t h e  gamma t r a n s i t i o n ,  a n d  t h e  time 

d e l a y  b e t w e e n  o n e  of t h e  f r a g m e n t s  a n d  t h e  t r a n s i t i o n  were 

r e c o r d e d .  The . c a s c a d e  .was . o b s e r v e d  b e c a u s e  t h e  64 is a n  
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is'ometic s t a t e  w i t h  a m e a s u r e d  h a l f - l i f e  o f  a b o u t  3 m i c r o s e c -  

o n d s .  T h e  o t h e r  s t u d y  m e a s l i r s d  t h e  p r o m p t  gamma. t r a n s i t i o n s  

e m i t t e d  i n  s p o n t a n e o u s  f i s s i o n ,  a n d  was  r e p o r t e d  by C h e i f e t z  

e t  g .  ( 1 6 )  i n  1971. I n  t h e s e  s t u d i e s  f r a .g ,men t  masses were -- 
i d e n t i f i e d  frcm t h e  k i n e t i c  e n e r g i e s  o f  t h e  f r a g m e n t s  i n  co- 

i n c i d e n c e  w i t h  t h e  gamma t r a n s i t i o n s .  T h e  e l e m e n t s  were 

i d e n t i f i e d -  by t h e  c o i n c i d e n t  K x - r a y s .  

E d v a r d s o h  and  M o r l i n  (17)  r e p o r t e d  i n  1 9 7 4  t h a t  t h e  

B(E2) v a l u e  f o r  t h e  f i r s t - e x c i t e d  t o  g r o u n d - s t a t e  t r a n s i t i o n  

i n  ,136Xe was 0 . 1 7  + 0 . 0 3  ez.b2.  T h e  l i f e t i m e  o f  t h e  f i r s t  

o x c i t e d  s t a t e  a t  1 3 1 3  keV was r e p o r t e d  t o  b e  0.59 + 0 . 1 5  

p i c o s s c o n d s .  T h e s e  v a l u e s  were o b t a i n e d  f r o m  Coulomb e x c i t a -  

t i o n  o f  s t a b l e  l 3 6 X e .  

1n 1971,  W i l d e n t h a l  2% .& ( 1 8 , 1 9 )  r e p o r t e d  t h e  r e s u l t s  

o f  a s t u d y  o f  p r o t o n  . t r a n s f e r  r e a c t i o n s  o n  t h e  N=82 n u c l e i .  

U s i n g  t h e  r e a c t i o n s  l a 6 X e  ( d ,  =He) 1351 a n d  l J 6 X e  ( J H e , d )  1 3 7 C . s  

t h e y  d e d u c e d  t h a t  t h e  d o u b l y - m a g i c  core o f  l 3 2 S n  is n o t  a c -  

t i v e  i n  t h e  g r o u n d  s t a t e  of 136Xe.  The e x p e r i m e n t a l l y  de -  

t e r m i n e d  s p e c t r o s c o p i c  f a c t o r ' s  f r o m  t h e  C W E A  c a l c u l a t i o n  a r e  

d i r e c t l y  r e l a t e d  t o  t h e  o ' c c u p a n c y  of the. o r b i t a l s  i n  t h e  

t a r g e t  n u c l i d e .  F o r  1 J e X e ,  t h e y  ' c o n c l . u d e d  f r o m  t h e  s p e c t r o -  

s c o p i c  f a c t o r s  o f  t h e  p i c k u p  r e a c t i o n  t h a t  t h e  r a t i o  o f  

c c c u p a n c y  i n  the gtonnd s t a t e  is  85% Ig,,, to 15% 2d,, , .  

T h e r e  h a v e  b e e n  t w o  1 3 6 X e ( p , p t )  l36Xe e x p e r i m e n t s  w h i c h  

p o p u l a t e d  e x c i t e d  s t a t e s  o f  l 36Xe .  T h e  f i rs t  o f  t h e s e  was 



. t h e  s t u d y  o f  t h e  i s o b a r i c  a n a l o g  r e s o n a n c e s  by  Hopre et _aL. 

(20)  i n  1970.  I n  t h i s  s t u d y ,  36 e x c i t e d  s t a t e s  o f  136Xe 

b e l o w  6 . 3  M e V  were o b s e r v e d  a n d  p o s s i b l e  s p i n s  a n d  p a r i t i e s  

were a s s i g n e d  t o  t h e  l e v e l s  a b o v e  3 .26  M e V .  A s e c o n d  

i n e l a s t i c  p r o t o n  s c a t t s r i n g  e x p e r i m e n t  was r e p o r t e d  by S e n  g; 

a l .  ( 2 1 )  i n  1972 .  T h i s  s t u d y  was  d e s i g n e d  t o  c o m p l e m e n t  t h e  - 
s t u d y  of Pioore 22 &., by ' c o n c e n t r a t i n g  o n  t h e  . l e v e l s  b e l o w  

3 .3  M e V .  F o u r t e e n  l e v e l s  b e l o w  t h i s  e n e r g y  were a n a l y z e d  

u s i n g  t h e  d i s t o r t e d - " a v e  B o r n  a p p r o x i m a t i o n .  A ' c o l l e c t i v e  
. . 

c o m p l e x  f o r m  f a c t o r  .as u s e d  t o  o b t a i n  s p i n s ,  p a r i t i e s  a n d  

def o r m a t i , o n  p a t a m e t e r s  f o r  t h e s e  l e v e l s .  

' p r e v i o u s  s t u d i e s  of t h e  d e c a y  o f  1 3 8 1  2, - - - - - - - - -  ------ 
V e r y  l i t t l e  i s  known a b o u t  t h e  d e c a y . ~ £  1381  a n d  t h e  

l e v e l s  o f  138Xe. Lundan  a n d  A n t t i l a  ( 2 2 )  o b s e r v e d  o n e  t r a n -  

s i t i o n  i n  t h e  d e c a y  of 1381  i n  1 9 7 0 .  K r a t z  & s&. (23) i d e n -  

t i f i e d  f i v ?  t r a n s i t i o n s  a s  b e l o n g i n g  t o  t h o  d e c a y  o f  1381 i n  

a  s u r v e y  of gamma-ray e m i s s i c n  f r o m  s h o r t - l i v e d  B r  a n d  I 

isotopes. NO a t t e m p t  was made t o  c o n s t r u c t  a l e v e l  s c h e m e .  

The  o n l y  s t u d y  o f  t h e  l e v e l s  o f  138Xe is t h e  2 5 2 C f  (SF)  

s t u d y  b y  C h e i f e t z  ( 1 6 )  , d i s c u s s e d  p r e v i o n s l y ,  I n  t h i s  s t u d y  

t h e  t r a n s i t i o n s  w h i c h  d e p o p u l a t e  t h e  4+ a n d  2+  members  o f  t h e  

YRAST b a n d  were c b s e r v e d .  



P r e v i o u s  s t u d i e s  o f  t h e  d e c a y  o f  1 3 7 ~ e  3-  - - - - - - - - - - - - - - - -  --------- 
The  f i r s t  s t u d y  o f  t h e  d e c a y  o f  137Xe i n  w h i c h  G e ( L i )  

d e t e c t o r s '  were u s e d  was  by  H o l m  ( 2 4 )  i n .  1968. T h e  1 3 7 X e  

f i s s i o n  f r a g m e n t s  were o b t a i n e d  f r o m  a  u r a n y l  s t e a r a t e  t a r g e t  

. . 
f r o m  w h i c h  X e  g a s e s  e m a n a t e  e a s i l y .  An i s o t o p e  s e p a r a t o r  on-  

l i n e  t o  t h e  N.obel .  I n s t i - t u t e  225-cm c y c l o t r o n  was u s e d  t o  s e p -  

a r a t e  t h e  x e n o n  i s o h p o s  p r o d u c e d  i n  t h e  f i s s i o n  o f  23aU. 

Ni ,ne t een  w e l l - e s t a b l i s h e d  t r a n s i t i o n s  were i d e n t i f i e d ,  a n d  1 4  

a a d i t i o n a l  v e r y  l o w - i n t e n ' s i t y  t r a n s i t i o n s  were r e p o r t e d . .  O f  

t h e  1 9  w e l l - , e s t a b l i s h e d  t r a n s i t i o n s ,  17 were p l a c e d  i n  a  
. .  . 

l e v e l  s c h e m e  c o n s i s t i n g  o f  n i n e  e x c i t e d  l e v e l s  a n d  o n e  p o s s i -  

b l e  l e v e l .  T h i n  l e v e l  s c h e m e  w a s  s u p p o r t e d  by  gamma-gamma 

c o i n c i d e n c e  d a t a  o b t a i n e d  w i t h  two NaI ( T l )  d e t e c t o r s .  T h e  

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

. . .  
i n t e n s i t y  of  , a l l  t r a n s i t i o n s  e x c e p t  t h e  . o n e  a t  456. keV. 

A more  c o m p l e t e  s t u d y  o f  t h e  d e c a y  o f  137Xe  was r e p o r t e d  

by Honnand qt 21. (25) i n  1975 .  The  t a r g e t ' .  i n  t h i s  s t u d y  was 
. . 

a  sampie o f  h e a t e d  23SU02. T h e  A R I E L  i s o t o p e  s e p a r a t o r  fa-  
. . 

c i l i t y  was u s e d  t o  m a s s  s e p a r a t e  t h e  x e n o n  w h i c h  e m a n a t e d  

f r o n t h e  t a r g e t .  I n  t h i s  s t u d y  8 3  gamma t r a n s i t - i o n s  were 
. . 

i d e n t i f i e d .    he p r o p o s e d  i e v e l  s c h e m e  c o n s i s t s  o f .  2 1  e x c i t e d  

l e v e l s  a n d  two p o s s i b l e  l e v e l s .  A t o t a l  o f  55 t r a n s i t i o n s  
. . 

we're . p l a c e d  . . . .  i n  t . h i s  d e c a y  s c h e m e .  T h e  c o i n c i d e n c e  d a t a  u s e d  

t o  c o n s t r u c t  t h e  l e v e l  s c h e m e  were o b t a i n e d  u s i n g  t w o  G e ( L i )  



d e t e c t o r s  a n d .  c o n s i s t e d  of g a t e s  on  s i x  t r a n s i t i o n s .  

T h e  e x i s t e n c e  of a l e v e l  a t  8 4 8 . 5  keV w a s  c o n f i r m e d  i n  a 

muon c a p t u r e  s t u d y  b y . l u c a s  21. ( 2 6 )  i n  1 9 7 3  a n d  its t r a n -  

s i t i o n s  t o  t h e  g r o u n d  a n d  t h e  f i r s t  e x c i t e d  s t a t e s  were ob-  

s e r v e d .  T h o  r e a c t i o n  1 3 a B a  (y- ,n)  lJ7Cs was u s e d .  T h i s  s t u d y  

d e m c n s t r a t e d  t h e  f e a s i b i l i t y  of s t u d y i n g '  n u c l e a r  p r o p e r t i e s  

by muon c a p t u r e .    he m u l t i p o l a r i t y  of t h e  4 5 6 - k e ~  t r a n s i t i ' o n  

from t h e  f i rs t  e x c i t e d  l e v e l  t o  t h e  g r o u n d  s t a t e  h a s  b e e n  d e -  

t e r m i n e d  t o  be  E2 (11046H1) by A c h t e r b e r g  al. ( 1 4 )  f r o m  

i n t e r n a l - c o n v e r s i o n  m e a s u r e m e n t s .  

The  c h a r a c t e r  of ' t h e  lowest  l e v s l s  i n  i 3 ? C s  h a s  b e e n  

s t u d i e d  by W i l d e n t h a l  gi a&. ( 1 8 , 9 ) ,  i n  1 9 6 8  a n d  1 9 7 1 ,  u s i n g  

p r o t o n  s t r i p p i n g  a n d  . p i c k u p  r e a c t i o n s  o n  l 3 6 ~ e  an,d l38Ba, re- 

s p e c t i v e l y .  S i x  l e v e l s  were o b s e r v e d  i n  the s t r i p p i n g  reac-  

t i o n  ( 1 9 )  bel0.w 2.2 M e V .  



11. EXPERIMENTAL T E C H N I Q U E S  

T h e  n u c l i d e s  s t u d i e d  were ' p r o d u c e d  . u s i n g  t h e  TRISTAM 

i s o t o p e  s e p a r a t c r ,  o p e r a t i n g  o n - l i n e  t o  t h e  A m e s  L a b c r a t o r y  

R e s e a r c h  R e a c t o r  ( 2 7 , 2 8 , 2 9 ) .  The s y s t e m  is shown i n  F i g u r e  2 

a i d  a b r ie f  d e s c r i p t i o n  i s  g i v e n  hn low.  

T h e  f i s s i c n  p r o d u c t s  a r e .  p r c d u c e d  when t h e r m a l  n e u t r o n s  

f r o m  a beam . e x t e r n a l  t o  t h e  r e a c t o r  a r e  a b + o r b e d  by u r a n i u m  

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

t o  93% i n  2SslJ. T h e  a s y m m e t r i c  m a s s  y i e l d  o f  f i s s i o n  

f r a g m e n t s  from t h e r m a l  n e u t r o n  i n d u c e d  f i s s i o n  cf 23sU i s  

shown i n  ~ i g u r e  3,. F o r  ' t h e  p r o t o n  n u m b e r s  36 ( K r ) ,  53 (I) , 
a n d  5 4  (Xe) t h e  c u m u l a t i v e  f i s s i o n  , y i e l d ,  a s  a f u n c t i o n  of A ,  

p e a k s  n e a r  t h e  m a s s  n u m b e r s  90,  1 3 4  ' a n d  1 3 8  r e s p e c t i v e l y ,  
. . 

T h u s  t h e  ' y i e l d  cf lJ?I  is much less t h a n  t h a t  f o r  1361. 
. . 

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

from t h e  s t e a r a t e ,  a n d  w i t h  f r e s h  t a r g e t s  som,e i o d i n e  a n d  
. . 

b r o m i n e ,  arc! t r a n s p o r t e d  t h r o u g h  ,a t e f l o n  t r a n s p o r t  l i n e  1 . 4  
, , 
meters . l o n g  t o  t h e  i o n  s o u r c e .  A s w e e p  g a s  c o n s i s t i n g  o f  a 

m i x t u r e  o f  h e l i u m  v i t h  smal l  a m o u n t s  o f  s t a b l e  k r y p t o n ,  a n d  

x e n o n  is u s e d  t o  a s s i s t  i n  m a i n t a i n i n g  a d i s c h a r g e  i n  t h e  i o n  

s o u r c e  a n d  t o  m:on i to r  t h o  f o c u s  a n d  mass number  o f  t h e  

s e p a r a t o r  i od  deani. 
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Figu re  2.  Schematic l a y o u t  of  t - h e  TRISTAN i s o t o p e  
s e p a r a t o r  f a c i l i t y  



Figure 3 .  .Fission. .pro.duct y i e l d  of. 235U for thermal n e u t r d n  f i s s i o n  



~ f t e r  t h e ,  s w e e p  g a s  a n d  t h e  f i s s i c n  p r o d u c t s  a r e  i o n i z e d  

t h e y  are a c c e l e r a t e d  t h r o u g h  a  p o t e n t ' i a l  o f  50 k i l o v o l t s  a n d  

f o c u s e d  by t w o  e l e c t r o s t a t i c  l e n s e s  b e f o r e  e n t e r i n g  t h e  900 

a n a l y z i n g  m a g n e t  o f  t h e  s e p a r a ' t o r .  T h e  m a s s - s e p a r a t e d  beam 

e n t e r s  a c o l l e c t o r  box  w h e r e  t h e  beam c a n  be f o c u s e d  v i s u a l l y  

by o b s e r v i n g  t h e  s t a b l e  i s o t o p e s  on  a f l u o r e s c e n t  s c r e e n .  

T h e  d e s i r e d  mass c a n  t h e n  b e  p o s i t i o n e d  i n  t h e  c e n t e r  o f  t h e  

slit .  Two p a r a l l e l  c o p p e r  s t r i p s  ( p i n s )  a re  p o s i t i o n e d  o n  

o p p o s i t e  s i d e s  of a n e i g h b o r i n g  mass t o  F r o v i d e  beam p o s i t i o n  

s t a b i l i z a t i o n ,  These s t a b i l i z a t i o n  . p i n s  a re  c c n n e c t e d  t o  t h e  

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

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

p i r i s  a n d  c e n t e r s  t h e  beam . b e t w e e n  t h e . p i n s  b y  a d j u s t i n g  t h e  

a c ' c e l e r a t i n g  p o t e n t i a l ,  

  he s l i t  i n  t h e  c o l l e c t o r  b o x  i s  a l i g n e d  w i t h  t h e  

e n t r a ' n c e  t o  a s w i t c h i n g  m a g n e t .  T h e  m a g n e t  d i r e c t s  ' t h e  se- 

l e c t e d  i s o t o p e  i o n  beam t o  t h e .  e x p e r i m e n t a l  s t a t i o n  b e i n g  

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

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

was . d i r e c t e d  t o  t h e  mov ing  t a p e  c o l l e c t o r  (MTC) . 
I n  t h e  MTC t h e  beam is  d e p o s i t e d .  o n  a l u m i n i z e d  m y l a r  

t a p e .  T h e  d e p o s i t e d  a c t i v i t y  c a n  be p o s i t i o n e d  i n  f r o ' n ' t  o f  

t h e  d e t e c t o r s  a h d  l a t e r  r e m o v e d  by m e a n s  of a tape t r a n s p o r t  

system. Two d i f f e r e n t  ITC systems were., u s e d  t o  o F t a i n  t h e  

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





t h e  s e c o n d  g e n e r a t i o n  d e s i g n  ( F i g u r e  4 )  and t h e  later  d a t a  

were t a k e n  u s i n g  t h e  t h i r d  g e n e r a t i o n  d e s i g n  ( F i g u r e  5). 

Both  d e s i g n s  h a v e  d e t e c t o r  p o r t s  a t  t h e  p o i n t  o f  d e p o s i t  and  

a t  "downstream" p o r t s  which a r e  u s e d  t o  s t u d y  d a u g h t e r  a c t i v -  

i t i e s .  The p u r p o s e  of t h e  MTC i s  t o  e n h a n c e  t h e  r a t i o  of t h e  

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

n u c l i d e s  of the same A .  The o p e r a t i n g  c y c l e  for the MTC a n d  

t h e  d a t a  a c q u i s i t i o n  is c o n t r o l l e d  by t h e  D a u g h t e r  A n a l y s i s  

System (DAS) which d e t e r m i n e s  t h e  times for beam c o l l e c t i o n ,  

d e l a y ,  d a t a  a c c u m u l a t i o n ,  and  t a p e  mot ion .  The c o a p u t e r  c o d e  

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

p a r a m e t e r s  w h i c h  g i v e  t h e  maximum enhancemen t  o f  a s p e c i f i c  

member of t h e  d e c a y  c h a i n .  A c o m p l e t e  d e s c r i p t i o n  of t h i s  

c o d e  a n d  t h e  p a r a m e t e r s  i n v o l v e d  is c o n t a i n e d  i n  a r e p o r t  by 

Norman ~2 gj. (30). 

I n  t h i s  s t u d y  t h e  p a r e n t  was t h e  a c t i v i t y  of i n t e r e s t ,  

and  the MTC was used  t o  l i m i t  t h e  b u i l d - u p  of t h e  daughter. 

I n  s t u d y i n g  i o d i n e  a c t i v i t y ,  xenon a s  well i s  d e p o s i t e d  d i -  

r e c t l y  o n  t h e  t a p e  and  a i s o  grows  i n  from t h e  i o d i n e  p a r e n t .  

B. Sepdrator  O p e r a t i o n  t o  O b t a i n  I o d i n e  A c t i v i t y  

Al though  a g i v e n ,  s t e a r a t e  sample is used far  a b o u t  s i x  

months,  t h e  i o d i n e  e m a n a t e s  from t h e  s t e a r a t e  f o r  a p e r i o d  of 

only about t h r e e  weeks. ' This o c c u r s  b e c a u s e  i o d i n e  e m a n a t i o n  
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. t h a n  i n e ~ t - ~ a s  e m a n a t i o n  a n d  h e n c e  i s  more, s e n s i t i v e  t o  
. . 

r a d i a t i o n  d a m a g e .  T h i s  p e r i o d  a l s o  c o r r e s p o n d s  t o  t h e  time 

of maximum h y d r i d e  c d n t a m i n a t i o n  d u r i n g  t h e  use o f  a  ~ t e a r a t e  

s a m p l e .  

T h e  d i f f e r e n t i a l  pump p r e s s u r e  i n c r e a s e s  15 t o  2C micro- 

tor r  when t h e  s a m p l e  i s  i n i t i a l l y  i r r a d i a t e d ,  t h e r e f o r e  a 

p e r i o d  o f  a  d a y  o r  two i s  r e q u i r e d  t o  o u t g a s  a new s t e a r a t e  

s a m p l e .  It i s  f o u n d  t h a t  t h i s  F r e s s u r e  has  t o  b e  10 t o  15 

m i c r o t o r r  before  a n y  i o d i n e  a c t i v i t y  c a n  b e  o b s e r v e d ,  a n d  

t h a t  t h e  maximum a c t i v i t y  i s  o b t a i n e d -  when t h e  p r e s s u r e  a d d e d  

by  t h e .  s u p p o r t  g a s  i s  m i n i m a l .  

A c u r r e n t  ; o f  4 1  t o  4 2  a m p e r e s  t h r o u g h  t h e  f i l a m e n t  of 

t h e  i o n  s o u r c e  was u s e d  fo r  t h e  i o d i n e  e x p e r i m e n t s  i n  t h i s  

s t u d y ,  s i n c e  t h i s  r e l a t i v e l y  h i g h  f i l a m e n t  c u r r e n t  was re- 

q u i r e d .  t o  o b t a i n  maximum i o d i n e  a c t i v i t y .  T h e  o t h e r  i o n  
, . 

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

g a v e  maximum a c t i v i t y .  A t y p i c a l  s e t  of v a l u e s  f o r .  t . h e  o t h e r  

p a r a m e t e r s  is a b o u t  330 m i l l i a m p e r e s  f o r  t h e  c u r r e n t  t h r o u g h  
. . 

t h e  i o n  s o u r c e  m a g n e t ,  4 5  v o l t s  f o r  t h e  a n o d e  v o l t a g e ,  a n d  

3.8 k i l o v o l t s  f c r  the e x t r a c t c r  v o l t a g e .  

The 1 3 6 1  a c t i v i t y  . ( t h e  . d a u g h t e r  l36Xe is  s t a b l e )  o b -  

t a i n e d  a f t s r  a t o u t  160 s e c o n d s  o f  beam c o l l e c t i o n  was  a b o u t  8  
, . 

kcps u s i n g  a n  11% . . G e ( L i )  d e t e c t o r .  T h e  h i g h e r  i o d i n e  m a s s e s  

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

d a u g h t e r s  a r e  n o t  s t a b l e  a n d  . . e m a n a t e  mcre r e a d i l y  t h a n  i o d i n e  



t h u s  m a k i n g  it i m p o s s i b l e  t o  g e t  a  r e l a t i v e l y  c l e a n  s p e c t r u m .  

~ l s o . t h e  f i s s i o n  y i e l d  is lower c o m p a r e d  t o  t h e  y i e l d  .of  x e -  

n o n ,  a n d  t h e  r a t i o  d e c r e a s e s  f o r  t h e  h i g h e r  masses. F i n a l l y ,  

t h e  i o d i n e  i s o t c p e s  h a v e  s h o r t e r  h a l f - l i v e s ,  t h e r e f o r e  t h e  

, e m a n a t i o n  a n d  t r a n s p o r t  times a r o  mo.re i m p o r t a n t .  An a t t e m p t  . 
w a s  made  t o  o b s e r v e  t h e  2 . 4 - s e c o n d  1 3 9 1  a c t i v i t y  b u t  n o  p e a k s  

c o u l d  be i d e n t i f i e d .  

C. Data A c q u i s i t i o n  

T h r e e  d i f f e r e n t  t y p e s  o f  m e a s u r e m e n t s  were p e r f o r m e d  i n  

t h i s  s t u d y .  T h e y  were gamma s i n g l e s ,  gamma-gamma c o i n c i -  

d e n c e ,  a n d  gamma m u l t i s c a l e  m e a s u r e m e n t s .  I n  a l l  o f  t h e s e  

e x p e r i m e n t s  t h e  d e t e c t o r s  u s e d  were l a r g e  v o l u m e  t r u e - c o a x i a l  

d e t e c t o r s  m a n u f a c t u r e d  b y  Ortec. T h e  c h a r a c t e r i s t i c s  of 

t h e s e  d e t ec to r s  a r e  s u m m a r i z e d  i n  , T a b l e  I. 

1. Gamma-ray  s i n q l e s  m e a s u r e m e n t s  

A b l o c k  d i a g r a m  of  t h e  e q u i p m e n t  u s e d  t o  o b t a i n  gamma 

s i n g l e s  m e a s u r e m e n t s  is s h o w n  i n  F i g u r e  6. T h e  e q u i p m e n t  

u s e d  and  t y p i c a l  s e t t i n g s ' w h i c h  g a v e  t h e  b e s t  r e s u l t s  are d e -  
< 

s c r i b e d '  i n  t h e  f o l l o w i n g  p a r a g r a p h s .  

T h e '  b i a s  v o l t a g e  f o r  t h e  d e t e c t o r  was s u p p i i e d  b y  a 

b a t t e r y  p a c k ,  a n d .  t h e  p o w e r  f o r  t h e  p r e a m p l i f i e r .  was s u p p l i e d  

b y  N I M . b i n s .  A . T e n n e l e c  TC 203BLR a m p l i f i e r  was u s u a l l y  u s e d  

t o  p r o c e s s  t h e  p r e a m p l i f i e r  s i g n a i .  T h e  v a l u e s  of  t h e  p u l s e -  

s h a p e  time c o n s t a n t  w h i c h  g a v e  t h e  b e s t  r e s o l u t i o n  were 
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T a b l e  I. Detectors u s e d  i n  t h i s  s t u d y  

--------------.--------------------------------------------- 
Detector 

A c t i v e  v o l u m e  

R e s o l u t i c n  2.7 keV 2 . 7  keV 
a t  1 . 3 3  M e V  a t  1 . 3 3  M e V  

E f f i c i e n c y  11 .8% 9% 

Pea  k-Compton r a t i o  34: 1  

A b s o r b i n g  l a y e r s  0 . 5  m m  A l  0 . 5  m m  A 1  
1.0 m m  t e f l o n  1 .0  m m  t e f l o n  
. 6 4  crn p l e x i g l a s s  . 6 4  cm p l e x i g l a s s  

B i a s  v o l t a g e  1 8 9 0  v o l t s  

e i t h e r  2 o r  4  m i c r o s e c o n d s .  T h e  a m p l i f i e r  was  d i r e c t  c o u p l e d  

t o  . t h e '  ADC e x c e p t  when a restorer/rejector u n i t  was u s e d .  

A C a n b e r r a  Model  1 4 6 4  B a s e l i n e  ~ e s t o r e r / ~ e j e c t o r  u n i t  

was u s e d  i n  a few of t h e  s p e c t r a  o b t a i n e d  f o r  t h i s  wc rk .  A 

t y p i c a l  s h a p i n g  time c o n s t a n t  u s e d  was 2 m i c r o s e c o n d s .  

G e o s c i e n c e  Model  8050 ~ K ' A D C ' S  were u s e d  i n  t h i s  w o r k .  

P i l e - u p  r e j e c t i o n  a n d  l o g a r i t h m i c  b a s e l i n e  r e s t o r a t i o n  were 

u s e d  w i t h  time c o n s t a n t s  o f  e i t h e r  6 . 4  o r  1 2 . 8  m i c r o s e c o n d s .  

. I n  most cases a  f u l l  8:K s p e c t r u m  was o h t a i n a d .  
. . 

T h e  a n a l y z e r  u s e d  i n  t h e s e  e x p e r i m e n t s  was a T e c h n i c a l  

M e a s u r e m e n t s  c o r p o r a t i o n  16K a n a l y z e r ,  w h i c h  h a s  a memory 

c a p a c i t y  of 1 0 5  - 1  c d u n t s  p e r  c h a n n e l .  T h e  r e s u l t i n g  



s p e c t r a  were. r e c o r d e d  o n  s e v e n - t r a c k  m a g n e t i c  t a p e  f o r  s u b s e -  

q u e n t  c o m p u t e r  a n a l y s i s .  U s u a l l y  t h e  memory w a s  e r a s e d  a f t e r  

a s p e c t r u m  w a s  r e c o r d e d .  T h e  i n d i v i d u a l  s p e c t r a  were a d d e d  

t o g e t h e r  b y  a n  I B M  3 6 0 / 6 5  c o m p u t e r  u s i n g  c o d e s  w h i c h  c o u l d  

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

F o u r  t y p e s .  o f  s p e c t r a  were o b t a i n e d  u s i n g  t h e  same  a p p a -  

r a t u s  s e t t i n g s  f o r  e a c h ,  a c t i v i t y  s t u d i e d .  T h e  first t y p e  w a s  

a s p e c t r u m  o f  t h e  unknown a c t i v i t y .  T h e  i o k a t i ' o n  of t h e .  de- 

t ec to r  a n d  t h e  D A S  p a r a m e t e r s  were c h o s e n  t o  e n h a n c e  t h e  a c -  

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

c o l l e c t i o n  time, b e c a u s e  g o o d  s t a t i s t i c s  a r e  i m p o r t a n t  t o  

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

o f  t h e  weak t r a n s i t i o n s .  

. I n  o r d e r  t o  c a l i b r a t e  t h e  e n e r g i e s  i n  t h e ,  a b o v e  s p e c -  

t r u m ,  i t  is n e c e s s a r y  t o  h a v e  a s p e c t r u m  i n  u h i c h , c a l i b r a t i o n  

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

i e d .  T h e  v a l u e s  o b t a i n e d  f o r  t h e  more  i n ' t e n s e  t r a n s i t i o n s  i n  

t h i s  c a l i b r a t i o n - p l u s - u n k n o w n  s p e c t r u m  a r e  t h e n  u s e d  t o  

c a l i b r a t e  t h e  u i k n o w n  s p e c t r u m .  

The  t h i r d  t y p e  of s p e c t r u m  is  c a l l e d .  t h e  c a l i b r a t i o n '  

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

p u r p o s e  o f  t h i s  s p e c t r u m  . i s  t o  map t h e  d i f f e r e n t i a l  n o n l i n -  

e a r i t y  o f  t h e  s y s t e m , a n d  t o  o b t a i n  t h e  r e l a t h e  e f f i c i e n c y  
. . 

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

s o u r c e s  i n  a d d i t i o n  t o  t h o s e  u s e d  i n  the c a l i b r q t i o n - p l u s -  
. . 
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 able 11. G a m m a - r a y . r u n  p a r a m e t e r s  f o r  t h e  1 3 6 1  

d e c a y  s t u d y  

S p e c t r u m  A E! C 1  D 

Range  ( k e v )  

D u r a t i o n  

C o u n t  Rate' 

D A S  C y c l e  

C a l i b r a t i o n  
~ c t  i v i t i e s  

MTC 

200  - 5 5 0 0  

8K 

3.3 h r  

8 k c p s 2  

1 6 0  s e c *  

5 6 c o  .. 
z26Ra  

2nd6  

3 5  - 1 3 4 0  

4 K 

1.5 h r .  

3 k c p s *  

2 0  m i n *  

S 7 C o 1 l 9 * I r  
l a 2 T a 8 1 3 3 B a  

3 r d 6  

1 A  s p e c t r u m  o f  1 3 9 1  u s e d  t o  i d e n t i f y  h y d r i d e  a n d  o t h e r  
c o n t a m i n a n t s .  
2The  a p p r o x i m a t e  c o u n t  r a t e  a t  t h e  e n d  o f  s o u r c e  d e p o s i t i o n .  
J E s t i m a t e d  c o u n t  r a t e  a t  t h e  b e g i n n i n g  o f  t h e  c o u n t i n g  
p e r i o d .  
4The  D A S  c y c l e  was t o  c o u n t  d u r i n g  d e p o s i t i o n  a n d  t h e n  move 
t h e  tape ' . '  
SThe DAS c y c l e  was ,  d e p o s i t  a c t i v i t y  for 30 m i n u t e s ,  d e l a y  
for' 1 , h o u r ,  a n d  c o u n t  f o r  1 2  h o u r s .  
6The  g e n e r a t i o n  o f  MTC. u s e d  f o r  t h e  e x p e r i m e n t .  D ~ t e c t o r  A 
(see Table I.) was u s e d  a t  t h e  p a r e n t  port o f  t h e  MTC a n d  t h e  

a m p l i f i e r  Was a T e n n e l e c  TC'  20.3B.LR. 



T h e  d e t a i l s  of  t h e  1 3 8 1  d e c a y  s t u d y  a r e  g i v e n  i n  T a b l e  

111. H o s t  of t.he p e a k s  o b s e r v e d  i n  the  138.1 s p e c t r a  were n o t  

t h e  r e s u l t  o f  t h a t  a c t i v i t y .  T h e  i o d i n e  p e a k s  were i d e n t i -  

f i e d  b y  d e t e r m i n i n g  t h e  r a t i o  o f  t h e  a r e a s  o f  t h e  p e a k s  i n  

t h e  unknown t o  t h e i r  a r e d  i n  t h e  d e l a y e d  s p e c t r u m .  T h e  re la-  

t i v e  e f f i c i e n c y  c u r v e  f o r  t h e  1 3 8 1  s t u d y  was o b t a i n e d  f r o m  

t h e  a r e a s  o f  t h e  138Xe a n d  1 3 8 C s  p e a k s  i n  t h e  unknown s p e c -  

t r u m  ( 3 1 , 3 2 ) .  T h e  p r o m p t  a n d  d e l a y e d  1 3 8 1  s p e c t r a .  were meas- 

u r e d  s i m u l t a n e o u s l y .  

T a b l e  IV c o n t a i n s  t h e  d e t a i l s  of t h e  l37Xe s i n g l e s  

m e a s u r e m e n t s .  T h e s e  spec t ra  were o b t a i n e d  a f t e r  i o d i n e  h a d  

c e a s e d  t o  e m a n a t e  f rom t h e  s t e a r a t e .  T h e  d a u g h t e r  a c t i v i t y  

137Cs  .was n o t  c b s e r v e d  e x c e p t  a s  a b a c k g r o u n d  c o n t a m i n a n t ,  

s i n c e ,  it h a s  a low s p e c i f i c  a c t i v i t y .  I t  was  e s p e c i a l l y  i m -  

p o r t a n t  t o  h a v e  t h e  b a c k g r o u n d  s p e c t r a  s i n c e  i 3 7 x e  d e c a y  i s  

almost c o m p l e t e l y  d o m i n a ' t e d  by .  t h e  456-keV t r a n s i t i o n ,  a n d  

most o f  t h e  o t h e r  t r a n s i t i o n s  a r e  v e r y  w e a k  i n  c c m p a r i s o n .  

T h e  c a l i b r a t i o n - p l u s - u n k n o w n  s p e c t r u m  B was u s e d  t o  d e t e r m i n e  

t h e  e n e r g y  of t h e  456-keV t r a n s i t i o n .  . S p e c t r a  D .  a n d  E were 

o b t a i n e d  u s i n g  a  P b  . a b s o r b e r  t o  e n h a n c e  weak h i g h - e n e r g y  

t r a n s i t i o n s  a n d  r e d u c e  t h e  d e a d  time d u e  t o  t h e  4 5 6 - k e ~  t r a n -  

s i t i o n .  



  able 11f. Gamma-ray r u n  p a r a m e t e r s  f o r  t h e  1 3 8 1  
d e c a y  s t u d y  

S p e c t r u m  

Range  (keV) 1 1 0 0  - 4100  1 0 0  - 4 1 0 0  

D u r a t i o n  lU .2  h u u r s  14 .2  h o u r s  

C o u n t  Rate2 . 1 1  k c p s  11 k c p s  

D A S  ' cyc le  D e p o s i t  arid 24.  sec  d e p o s i t  
c o u n t  f o r  1 2  sec d e l a y  
24  S e c o n d s  1 2  sec  c o u n t  

C a l i b r a t i o n  
' A c t i v i t i e s '  

HTC p o r t 3  P a r e n t  D a u g h t e r  

l T h e  l e n g t h  o f  t h e s e  , s p e c t r a  was 8K. 
2The  appro xi mat^ v a l u e  o f  t h e  maximum c o u n t  r a t e  d u r i n g  t h e  
c o u n t i n g  p a r t  o'f t h e  DBS c y c l e .  
'Detectors a r e  d e s c r i b e d  i n  T a b l e  I. T h e  a m p l i f i e r s  u s e d  
were T e n n e l e c  TC 203BLR a m p l i f i e r s .  T h e  t h i r d  g e n e r a t i o n  MTC 
was used fnr  t h e s e  spectra. . , 



~ a b l ~  IV.  amm ma-ray r u n  p a r a m e t e r s  f o r  t h e  1 3 7 ~ e  

. d e c a y  s t u d y  

S p e c t r u m  A 0 1  C D2 E2 

D u r a t i o n  1 6 . 5  h r  36 min 16.7 h r  4 2  h r  36 h r  

C o u n t  Rate I .  1 k c p s *  1 k c p s *  3 . 2  k c p = *  

DAS C y c l e  E = 2 . 5 7 . E  r 1s-J b k g  bkg 
I 9 2 s  - 1 0 0 s  

c a l i b r a t i o n  ' .  1921r 

A c t i v i t i e s  lg*Au 
S6Co 

MTC 2 n d 7  2nd' 2nd 7 3 r d '  3 r d '  

Res torsr Yes y e s  Yes No No 
R e j e c t o r  
A m p l i f i e r  . Ortec Ortec Ortec T e n n e l e c  ~ e n n e l e c  

ii 5 2  4 5 2  452  203RLR 20 3RI,R 

1 T h e  p u r p o s e  o f  t h i s  c a l i b r a t i o n - p l u s - u n k n o w n  s p e c t r u m  was 
t o  d e t e r m i n e  a c c u r a t e l y  t h e  e n e r g y  o f  t h e  456-keV t r a n s i t i o n .  
2 T h e s e  s p e c t r a  were o b t a i n e d  t h r o u g h  a n  a b s o r b e r  c o n s i s t i n g  
of 7 m m  o f  Pb f o l l o w e d  by 3 m m  of Cd. 
3 T h e  l e n g t h  o f  t h e s e  s p e c t r a  was 8K c h a n n e l s .  
* C o u n t  r a t e  a t  t h e  end o f  d e p o s i t i o n .  
s T h e  D A S  c y c l e  was t o  d e p o s i t  a c t i v i t y  f o r  t ime D f o l l o w e d  
i m m e d i a t e l y  b y  c c u n t i n g  f o r  time C. 
6 F o r  t h i s  c y c l e  c o u n t i n g  o c c u r r e d  d u r i n g  t h e  d e p o s i t i o n  time 
D a s  well a s  d u r i n g  time C. 
7The g e n e r a t i o n  of MTC used, Detector A was u s e d  a t  t h e  
p a r e n t  p o r t  o f  t h e  MTC. 



P g u l t i s c a l e  m e a s u r e m e n t s  2, - - - - - - - - - - - -  
. . 

. . 

M u l t i s c a Z e  . d a t a  o n  the  d e c a y  o f  1361 were o b t a i n e d  i n  

o r d e r  t o  d e t e r m i n e  t h e  number  of isomeric s t a t e s  i n  1361, 

c o n f i r m  t h e  assign. t r ient .  o f  t r a n s i t i o n s  t o  t h e  t w o  isomers i n  

1361 d e c a y ,  a n d  m e a s u r e  t h e  h a l f - l i v e s  a s s o c i a t e d  w i t h  t h i s  

d e c a y .  The  e n e r g y  r a n g e  f r o m  170  keV t o  2500  k e V  w a s  s p a n n e d  

i n  . t h r e e  s e p a r a t e  sets  o f  d a t a  c o n s i s t i n g  o f  3 2  s u c c e s s i v e  

5 1 2 - c h a n n e l  s p e c t r a  o b t a i n e d  a f t e r  t h e  d e p o s i t i o n  o f  t h e  

i o d i n e  a c t i v i t y .  A b l o c k  d i a g r a m  s h o w i n g  t h e  e q u i p m e n t  u s e d  

a n d  the c o n n e c t i o n s  b e t w e e n  t h e  u n i t s  is.  shown i n  . ~ i g ' u r e  7.  

A b r i e f '  d e s c r i p t i o n  is g i v e n  . . be low.  

A 1 1  of t h e  e q u i p m e n t  w i t h  t h e  e x c e p t i o n  o f '  t h e ,  d e t e c t o r ,  

t h e  a m p l i f i e r ,  t h e  DAS, a n d  t h e  m a g n e t i c  t a p e  u n i t  were manu- 

f a , c t u r . e d  by T e c h n i c a l  M e a s u r e m e n t s  C o r p o r a t i c n . .  T h e  d a t a  . a c -  

q u i s i t i o n  c y c l e  was c o n t r o l l e d  b y  t h e  C A S .  After a s o u r c e  

h a d  been . d e p o s i t e d  . a n d  t h e . b e a m  d e f l e c t e d ,  t h e  DAS g e n e r a t e d  

a n  . e x t e r n a l  s t a r t  p u l s e  f o r ,  t h e  THC 2 0 4  M u l t i s c a l e  m o d u l e  a n d  

moved t h e  t a p e  a t  t h e , e n d  o f  t h e  m u l t i s c a l e  cycle. 

, T h e  m u l t i s c a l e  m o d u l e  was i n s e r t e d  i n t o  a THC 1 2 - b i t  
. . 

Model  2 4 2  I n p u t  U n i t .  T h e  o u t p u t  w a s  a  ' b i t  p a t t e r n  w h i c h  was , 

i n c r e m e n t e d  a f t e r  a p r e s e t  time p e r i o d . ,    he d e s i r e d  time i n -  
. , 

t e r v a l  was  o b t a i n e d  by s e t t i n g  t h e  d w e l l  time o f  t h e  m u l t i -  

scale madule a n d  s , p e c i f y i n g  t h e  b i t s  r e t , a i n e d  w i t h  t h e  1 2 - b i t  

i n p u t  u n i t .  . .. 
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O n e  o f  t h e  l a r g e  G e ( l i )  d e t e c t o r s  w a s  u s e d  a t  t h e  p a r e n t  

p o r t  of t h s  s e c c n d  g e n e r a t i o n  MTC, a n d  t h e  o u t p u t  was a m p l i -  

f i e d  by  a  T e n n e l e c  TC 203BLR a m p l i f i e r .  The  b i p o l a r  o u t p u t  

o f  t h a  a m p l i f i e r  was  r o u t e d  t o  a Model  217A, 4K ADC w h i c h  was 

i n s e r t e d  i n t o  t h e  1 2 - b i t  u n i t .  T h i s  ADC c o n t a i n s  a l i v e - t i m e  - 

c h a n n e l - z e r o  p u l s e r  w h i c h  was u s e d  t o  o b t a i n  i n t e n s i t y  

c o r r e c t i o n s  f o r  t h e  d e a d  time o f  t h e  ADC. T h e  l e n g t h  of t h e  
. . 

, . 
s p e c t r u m  was s e t  o h  t h e  A D C  a n d  was  5 1 2  c h a n n e l s  f o r  t h e s e  

d a t a .  

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

t h r o u g h  t h e  T M C  Mode; 2 5 2  R e g i o n - o f - I n t e r e s t ,  S e l e c t o r  ( w h i c h  

was u s e d  i n  t h e  b y p a s s  mode) t o  t h e  Model  2 4 4  F o r m a t  S e l e c -  

t o r .  T h i s  u n i t  g e n e r a t e s  t h e  correct memory a d d r e s s  by com- . . 

b i n i n g  t h e  t . i m e - i n t e r v a l  number  from t h e  m u 1 t i s c : a l e  u n i t  ( 5  

b i t s )  w i t h  t h e  c h a n n e l ' n u m b e r  f r o m  t h e  ADC ( 9  b i t s )  . t o  c r e a t e  

a  1 4 - b i t  memory a d d r e s s .  T h e  a p p o r t i o n m e n t  o f  t h e  ' b i t s  f r o m  

t h e  t w o  i n p u t s  i n  t h e  1 4 - b i t  o . u t p u t  is s p e c i £ i e d  w i t h  t h e  ad-  

d r e s s  d i v i s i o n  . s w i t c h .  T h e  . . s e t t i n g  u s e d  was 128-.32, b u t  t h e  

a c t u a l  d i v i s i o n  r e s u l t i n g  irom t h i s  s e t t i n g  i s .  512-32  b e c a u s e  

o f  a m o d i f i c a t i o n  of t h a  s w i t c h  made f o r  t h i s  e x p e r i m e n t .  

T h e  s i n g l e  o u t p u t  o f  t h e  f o r m a t  selectcr was r o u t e d  t h r o u g h  

t h e  M o d e l  2 4 9  F o r m a t  S e l e c t o r .  a n d  t h e  r e g i o n - o f - i n t e r e s t  se- 

lector  i n  o r d e r  t o  b e  p r o p e r l 9 , i n t e r f a c e d  w i t h  t h e  memory 

c o n t r o l  u n i t .  The  d a t a  were r e c o r d e d  o n  m a g n e t i c  t a p e  a s  16K 

d a t a  se ts  f o r  l a t e r  c o m p u t e r  a n a l y s i s  w i t h  c o d e s  . . s p e c i f i c a l l y  



d e s i g n e d  f o r  th'ese da t a .  ~ h e s e  c o d e s  a r e  d e s c r i b e d  i n  t h e  

A p p e n d i x .  

B e c a u s e  o f  t h e  l i m i t o h  number  o f  c h a n n e l s  i n  t h e  s p e c -  

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

o f  d a t a  o v e r .  d i f f e r e n t  e n e r g y  r a n g e s  were o b t a i n e d .  T h e  

f irst  s p a n n e d  t h e  r a n g e  o f  1 7 0  t o  7 6 0  keV a n d  u s e d  a time i n -  

t e r v a l  o f  1 6  s e c o n d s .  .The a c t i v i t y  w a s  d e p o s i t e d  f o b  1 

m i n u t e  b e f o r e  c o u n t i n g  f o r  8.6 m i n u t e s ,  a f t e r  which  t h e  t a p e  

was move,d. T h i s  c y c l e  was r e p e a t e d  a b o u t  9 4  times f o r  a 

t o t a l  . r u n  . . time o f  a b o u t  15.5 h o u r s .  

I t  was d e t e r m i n e d  t h a t  t h e  b e s t  m e t h o d  t o  s h i f t  t h e  e n -  

e r g y  r e g i o n  f o r  t h e  s e c o n d  s e t  o f  d a t a  w a s  t o  raise the b a s e  

l i n e  o n  t h e  ADC. W i t h  t h i s  a p p r o a c h ,  c h a n n e l  z e r o  o f  e a c h  

time i n t e r v a l  c o n t i n u e d  t o  p r o v i d e  a n  i n d i c a t i o n  o f  the l i v e -  

time d u r i n g  t h e  time. i n t e r v a l .  T h e  e n e r g y  r e g i o n  was from 

a b o u t  7 4 0  kev t o  1 3 3 0  keV a n d  t h e  time i n t e r v a l  was 32  

s e c o n d s . ,  T h i s  i n t e r v a l  was o b t a i n e d  b y  s e t t i n g  t h e  m u l t i -  

scale  u n i t  t o  27 s t e p s  w i t h  a  d w e l l  t ime .o f  8 s e c o n d s  a n d  

d r o p p i n g  t h e  2 1 e a s t  s i g n i f i c a n t  b i t s .  I n  t h e  D A S  c y c l e  t h e  

a c t i v i t y  was d e p o s i t e d  f o r  2  m i n u t e s  a n d  t h e n  m u l t i s c a l e d  f o r  

17 .1  m i n u t e s  b e f o r e  m o v i n g  t h e  t a p e .  '  his c y c l e  w a s  r e p e a t e d  

79 times f o r  a . t o t a , l . t i m e  o f  26 h o u r s .  

The  t h i r d  e n e r g y  r a q ' g e  o f  1500  t o  2 5 0 0  keV was , o b t a i n e d  

by l o w e r i n g  t h e  g a i n :  of . . t h e  ~ m p l i f i e r  a n d  a d j u s t i n g  t h e  

b a s e l i n e  o f  t h e  ADC. T h e  l e n g t h  a n d  t h e  number  of time 



i n t e r v a l s  were . t h e  same a s  i n  t h e  p r e v i o u s  e n e r g y  r a n g e ,  T h e  

D A S  c y c l e  was t h e  same e x c e p t  t h a t  t h e  d e p o s i t i o n . t i m e : w a s  

2.2 m i n u t e s ,  A t o t a l  of.  24  h o u r s  was r e q u i r e d  t o  o b t a i n  t h e  

72 c y c l e s  c o n t a i n g d  i n  t h i s  d a t a .  

3, Gamma-qamm,a-coincidence m e a s u r e m e n t s  

A b l o c k  d i a g r a m  f o r  t h e  c o i n c i d e n c e  a p p a r a t u s  i s  shown  

i n  F i g u r e  8. T h e  t w o  d e t e c t o r s  u s e d  a r e  d e s c r i b e d  i n  . T a b l e  

I. F o r  e a c h  d e t e c t o r  o n e  of t h e  ~ r e a m ~ l i f i e r  o u t p u t s  was 

u s e d  t o  d e t e r m i n e  i f  a c o i n c i d e n c e  h a d  o c c u r r e d ,  a n d  t h e  
. . 

o t h e r  o u t p u t  w a s  u s e d  f o r  ' e n e r g y  a n a l y s i s .  T h e  e q u i p m e n t  

u s e d  i n  t h e  c o i n c i d e n c e  e x p e r k m e n t s  is l i s t e d  i n  T a b l e  V .  

T a b l e  V. E q u i p m e n t  u s e d  i n  c o i n c i d e n c e  e x p e r i m e n t s  

T i m i n g  f i l t e r  a m ~ l i f i e r s  Ortec . H o d e l  454  

. : C o n s t a n t - f r a c t i c n  t i m i n g  ,' Ortec H o d e l  453 
d i s c r i m i n a t o r s  

~ i m e - t o - ~ u i s e - h e i g h t  
c o n v e r t e r  

s i n g l e  c h a n n e l  ' a n a ' i y z e r  

Ortec dode: "437 

C a n b e r r a  Mode l  '1430 

c o n s t a n t - f r a c t i o n  t i m i n g  w a s  u s e d  b e c a u s e  t h e  t i m i n g  
. , 

s i g n a l  w h i c h  r e s u l t s  is a m p l i t u d e  a n d  rise-time c o m p e n s a t e d .  

T h i s  c o m p e n s a t i o n  was o b t a i n e d  b y  g a t i n g  t h e  l o g i c  p u l s e  o n  



A D C  A . 0  C 

' I 

TAPE 

Figure  . 8 .  B l o c k .  diagram o f  gamma c o i n c i d e n c e  
e l e c t r o n i c s  

FORMAT 
SELECTOR 
BUFFER 
MEMORY 

A - ,  



t h e  c r o s s o v e r  p c i n t  of a p u l s e  w h i c h  i s  the sum o f  t h e  

a t t e n u a t e d  o r i g i n a l  p u l s e  p l u s  t h e  o n ?  o b t a i n e d  from t h e  

o r i g i n a l  p u l s e  by i n v e ' r s i o n  a n d  d e l a y  ( b y  12 n a n o s e c o n d s ) .  A 

more c o m ~ l s t e  d e s c r i p t i o n  of  t h i s  t i m i n g  t e c h n i q u e  is  g i v e n  

. by C. A. G ~ d c k e  a n d  I?,.J. IYcDonald.  ( 3 3 , 3 4 )  ' T h e  two l o g i c  

p u l s e s  wers u s e d  a s  s t a r t  a n d  s t o p  s i g n a l s  f o r  t h e  

t i m e - t o - p u l s e - h e i g h t  c o n v e r t e r  a n d  the c c i n c i d e n c e  i i n d o u  

( t y p i c a l l y  60 n a n o s e c o n d s )  was d e t e r m i n e d  b y  t h e  w i d t h  o f  t h e  

S i n g l e  C h a n n e l  A n a l y z e r  (SCA) w i n d o w .  T h e  o u t p u t  o f  t h e  SCA 

was u s e d  t o  g a t e  t h e  two A D C 1 s .  A D e l a y  A m p l i f i e r  was 

sometimes r e q u i r e d  o n  t h e  e n e r g y  p u l s e  t o  o b t a i n  t h e  p r o p e r  

time' i n t e r v a l  a t t h e  A D C 1 s  b e t w e e n  t h e  a r r i v a l  o f  t h e  g a t i n g  
. , 

p u l s e  a n d  t h e  e n e r g y  s i g n a l .  T h e  ADC1s were u s e d  i n  t h e  8 K  

mode w i t h  2 t o  1 c o m p r e s s i o n  s o  t h a t  t h e , r e s u l t i n g  c o i n c i -  

d e n c e  a r r a y  . w a s  4096.  b y  4096 c h a n n e l s .  T h e  i n d i v i d u a l  c o i n -  

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

a n a l y s i s  u s i n g  e i t h e r  the TMC a n a l y z e r  o r  t h e  I B M  3 6 0 / 6 5  corn-, 

p u t e r .  T h e  d e t a i l s  of t h e  c o i n c i d e n c e  e x p e r i m e n t s  a r e ' g i v e n  
. ,  

. . i n  T a b l e  VI . 



T a b l e  VI. Gamma-gamma c o i n c i d e n c e  m e a s u r e m e n t s  

---------------.,-----------------.--------------------------- 

nass 136 137 138 

. . 

E l e m e n t s  I I 8 ~e I & X e  

Dur a t  i o n  16 h o u r s  4 3  h o u r s  44  h o u r s  

Number of 5 m i l l i o n  6 m i l l i o n  . , 10 m i l l i o n  
E v e h t s  

C o u n t  Rate2 8 k c p s  1 4  k c p s  12 k c p s  
. . 

DAS c y c l e  600 sec 2 5  sec ' 18 sec 
~ e n g t h ~ '  

MTC 4 2nd 2nd 3 r d  

%The  .'first a n d  s e c o n d  v a l u e s  are t h e  u p p e r  l i m i t s  f o r  t h e  A 
a n d  B s i d e s  of t h e  c o i n c i d e n c e  e v e n t s  r e s p e c t i v e l y .  
*The maximum c o u n t  r a t e  d u r i n g  t h e  DAS c y c l e .  
3 ~ h e  DAS c y c l e  was t o  c o u n t  d u r i n g  d e p o s i t i o n  a n d  t h e n  t o  
move t h e  t ape . .  
' T h e g e n e r a t i o n  of HTC u s e d .  T h e  p a r e n t  p o r t  was u s e d .  ' '  



111. DATA A N A L Y S I S  

E x p e r i m e n t s  i n  n u c l e a r  s p e c t r o s c o p y  g e n e r a t e  v e r y  l a r g e  

a m o u n t s  of d a t a  a n d  r e q u i r e  c o m p u t e r  a n a l y s i s  t o  o b t a i n  com- 

p l e t e  a n d  a c c u r a t e  d e c a y  s c h e m e s .  S e v e r a l  c o m p u t e r  c o d e s  

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

a n a l y s i s  of  t h e , d a t a ,  some o f  w h i c h  a r e  d e s c r i b e d  i n  g r e a t e r  

d e t a i l  i n  t h e  A ~ p e n d i x .  

A .  T r a n s i t i o n  E n e r g i e s  a n d  I n t e n s i t i e s  

T h o  d a t a  f r o m  the a n a l y z e r .  we're s t o r e d  o n  m a g n e t i c  ' t ape  

a n d  recorded a t '  f r e q u e n t  i n t e r v a l s  t o  m i n i m i z e  g a i n - s h i f t  

d i s t o r t i c n s  of t h e  ~ e a k  s h a p e s  a n d  o v e r f l o w  c o r r e c t i o n s .  . T h e  

c o m p u t e r  c o d e  ,DISKRITE .was u s e d  . t o  a d d  t h e s e  s p e c t r a  t o g e t h e r  

a n d  t r a n s f e r  t h e  sum o n t o  a p r i v a t e  d i s k  p a c k .  . T h i s  code 

p e r f o r m e d  o v e r f l o w  a n d  g a i n - s h i f  t c o r r e c t i o n s  w h i l e  summin-g 

t h e  s p e c t r a .  

T h e , s p e c t r a  were a n a l y z e d  t o  d e t e r m i n e  t h e  p e a k  ' 

c e n t r o i d s  a n d  a reas  u s ' i n g  t h e  c o m p u t e r  c o d e s .  PEAKFIND (35) 

a n d .  SKEWGAUS ( 3 6 ) .  The o u t p u t  from t h e s e  two c o d e s  i n c l u d e d  

p l o t s  of t h e  f i ts.  p u n c h e d  c a r d  o u t p u t  of t h e  p a r a m e t e r s ,  a n d  
. . 

e r r o r s  a s s o c i a t e a  w i t h  e a c h  p e a k  i n  t h e  f i t .  T h e  p l o t s  were 

u s e d  t o  d e t e r m i n e  t h e  q u a l i t y  of t h e  f i ts .  T h e ,  o u t p u t  c a r d s  



were u s e d  a s  i n p u t .  - f o r  t h e  c o d e s  ENERGY a n d  CRUDGE w h i c h  d e -  

t e r m i n e d  t h e  e n e r g i e s  a n d  i n t e n s i t i e s  k s p e c t i v s l y .  

T h e  p r o c e d u r e ,  f o r  d e t e ' r m i n i n g  t h e  e n e r g i e s  u s i n g  t h e  

c o d e  ENERGY i s  d e s c r i b e d  b e l o w .   w weighted l e a s t - s q u a r e s  

s t r a i g h t '  l i n e  f o r  t h e  e n e r g y  a s  a f u n c t i c n  o f  c h a n n e l  number  

w a s  o b t a i n e d  i o r  b o t h  t h e  c a l i b r a t i o n  a n d  . t h e  

c a l i b r a t i o n - p l u s - u n k n o w n  s p e c t r a  u s i n g  c a l i b r a t i o n  p e a k s  

t h a t  were p r e s e n t  i n . b o t h  s p e c t r a .  The n o n l i n e a r i t y  of t h e  

s y s t e m  w i t h  r e s p e c t  . t o  t h i s  LSQ l i n e  was o b t a i n e d  f r o m  t h e  

c a l i b r a t i o n  s p e c t r u m  a n d  was a s s u m e d  t o  b e  t h e  same f o r  t h e  

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

d e g r e e s  t w o  t h r o u g h  s e v e n  were made o'f t h e  n o n l i n e a r i t y  

c u r v e ,  a n d . t h e  bes t  o n e  w a s  u s e d  f o r  t h e  n o n l i n e a r i t y .  

.The l e a s t - s q u a r e s  l i n e  f o r  t h e  c a l i b r a t  i o n - p l u s - u n k n o w n ,  

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

w e l l - d e f i n e d  unknown p e a k s .  T h e s e  s t r a i g h t - l i n e  e n e r g i e s  

were used t o  o b t a i n  t h e  l e a s t - s q u a r e s  s t r a i g h t  l i n e  i n  t h e  

unknown s p e c t r u m  a s s o c i a t e d  w i t h  t h e  n o n l i n e a r i t y  c u r v e .  

T h e  r a t i o s  o f  t h e  d o u b l e -  a n d  s i n g l e - e s c a p e  p e a k  areas  

t o  t h e  area o f  t h e  f u l l - e n e r g y  p e a k  were d e t e r m i n e d  f r o m  

known e s c a p e  p e a k s .  T h e  r a t i o s  a s  a  f u n c t i o n  o f  e n e r g y  a l o n g  

w i t h  t h e  c a l c u l a t e d  e n e r g i e s  were u s e d  by  t h e  c o m p u t e r  c c d e  

DRUDGE t o  i d e n t i f y  p o s s i b l e  s i n g l e -  a n d  d o u b l e - e s c a p e  p e a k s  

i n  t h e  unknown s p e c t r u m .  ~ h e . e s c a p e  p e a k s  w.ere u s e d  t o  

extend t h e  e n e r g y ,  c a l i b r a t i o n  f o r  e n e r g i e s  g r e a t e r  t h a n  t h e  
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A few h i g h - e n e r g y  p e a k s  v e r e  o b s e r v e d  i n  t h e  1 3 6 1  d a t a  

f o r  w h i c h  t h e  e x p e c t e d  e s c a p e  were not o b s e r v e d .  It 

was a s s u m e d  t h a t  t h e s e  p e a k s  v e r e  d o u b l e - e s c a p e  p a k s  a n d  t h e  

a r e a s  o f  t h e  p h o t o p e a k s  were d e d u c e d  from t h e  e s c a p e - p e a k  

r a t i o s  i n  o r d e r  t o  d e t e r m i n e  t h e  r e l a t i v e  i n t e n s i t i e s ,  

Two d i f f e r e n t  n o r m a l i i a t i o n s ' w e r e  r e q u i r e d  f o r  t h e  1361 

d a t a .  T h e  1 3 2 1 - k e ~  t r a n s i t i o n .  was u s e d  for  t h e  t r a n s i t i o n s  

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

381-keV t r a n s i t i o n  f o r  t h o s e  of t h e  h , i g h - s p i n  s t a t e .  No 

isomeric t r a n s i t i o n  was i d e n t i f i e d ,  a n d  most t r a n s i t i o n s  . . 

a p p e a r  t o  h a v e  c n l y  o n e  h a l f - l i f e .  T h e  m o s t  i n t e n s e  t r a n s i -  

t i o n  (1313 .  keV)  c o n t a i n e d  b o t h  h a l f - l i v e s .  T h e  m u l t i s c a l e  

d a t a  v e r e  u s e d . t o , r e l a t e  t h e  i n t e n s i t y  o f  t h e s e  two compo-  

n e n t s  t o  t h e  381-  a n d  1 .321-keV n o r m a l i z ' a t i o n s , '  T h e  f i n a l  

n o r m a l i z a t i o n s  v e r e  1 0 0 0  f o r  t h e  s h o r t  a n d  l o n g  h a l f - l i f e  
. . 

c o m p o n e n t s  of t h e  131.3-keV t r a n s i t i o n .  

B. M . u l t i s c a l e  Data 

T h e  1361 m u l t i s c a l e  d a t a  ,were r e c o r d e d  . o n  m a g n e t i c  t a p e  

a s  16K d a t a  sets.  An o l d  t r a n s f e r  p r o g r a m  was m o d i f i e d  t o  

sum t h e s e  d a t a  sets a n d  t o  s tore  t h e  s u m  o n ' t h e  p r i v a t e  d i s k  

p a c k  . f o r  c o m p u t e r  a n a l y s i s .  P l o t s  were o b t a i n e d  of t h e  e n e r -  

g y  s p e c t r a  , a s scc ia ted  w i t h  t h e  sum of t h e  f i r s t .  t h r e e  a n d  t h e  

l a s t  f i v e  t ime i n t e r v a l s .  T h e s e  p l o t s  u e , r e  u s e d  t o  d e t e r m i n e  

, t h e  p l a c e m e n t  o f  w i n d o w s  t h a t  v e r e  set o n  t h e  p e a k s  of 



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

c o h p u t e =  c 0 d . e  u s e d  t h e s e  ' w i n d o w s  t o  o b t a i n  t h e  l i v e - t i m e  c o r -  
. . 

r e c t e d  a r ea s  o f  t h e  p e a k s  a s  a ; f u n c t i o n  o f  time. T h e  c a l c u -  

l a t i o n  o f  t h e s e .  c o r r e c t e d  a r e a s  i s  d e s c r i b e d  i n  t h e .  ~ p p e n d i x .  

T h e  c o d e  p r o v i d e d  p u n c h e d  c a r d  o u t p u t  a n d  f i t  t h e  d a t a  t o  a 

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

d i f f e r e n t  c o d e  i f  more t h a n  o n e  h a l f - l i f e  w a s  n e e d e d  t o  f i t  

t h e  d e c a y  c u r v e ;  

O n l y  t w o  ' t r a n s i t i o n s  were f o u n d  t.0 c o n t a i n  s i g r i i f i c a n t  

a m o u n t s  o f  b o t h  t h e  g r o u n d - s t a t e  a n d  i s o m e r i c - s t a t e  a c t i v i -  
. . 

t ies. Some o t h e r  p e a k s  were f o u n d  t o  c o n t a i n  a  c o m p o n e n t  o f  

c o n s t a n t  a c t i v i t y .  T h e s e  c o m p o n e n t s  were a t t r i b u t e d  t o  
. . 

. . c o n t a m i n a n t s .  

c.' Gamma-Gamma C o i n c i d e n c e  D a t a  

A p l o t  w a s  o b t a i n e d  o f  t h e  c o i n c i d e n c e  p r o f i l e s .  T h e  

two p r o f i l e s  a r e  t h e  p u l s e - h e i g h t  s p e c t r a o b t a i n e d  from t h e  

r e s p e c t i v e  A D C v s  g a t e d ,  by t h e .  o u t p u t  o f  t h e  c o i n c i d e n c e  

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

t r a n s i t i o n s  o f  i n t e r e s t .  T W O  g a t e s  were u s e d  f o r  e a c h  ' t r a n -  

s i t i o n .  One  was c e n t e r e d  o n  t h e  p e a k ,  a n d  t h e  o t h e r  was 

p l a c e d  above t h e  p e a k  t o  identify c o i n c i d e n c e s  d u e  t o  t h e  

Compton b a c k g r o u n d .   vents w i t h i n  t h e  a p p r o p r i a t e  g a t e s  were 
. . 

a s s e m b l e d  b y  t h e  c o m p u t e r  c o d e  BUFFTAPE w h i c h  i s  c a p a b l e  of 

p r o c e s s i n g  u p  t o  255 g a t e s  s i m u l t a n e o u s l y .  T h e  r e s u l t i n g  co- 



i n c i d e n c e  s p e c t r a  w e r e . r e c o r d e d  o n  m a g n e t i c  t a p e  by t h e  code ' .  
. . 

T h i s  t a p e  was r e a d  u s i n g  t h e  c o d e  BUFFREAD, a n d  b o t h  t h e  

p e a k  a n d  t h e  b a c k g r o u n d  g a t e s  were p l o t t e d .  T h e  c o d e  BRUTAL 

was u s e d  i n  some cases t o  o b t a i n  l i s t i n g s  o f  t h e  s p e c t r a  a n d  

a r e a s  of s o m e  o f  t h e  l a r g e r  p e a k s .  

The  c r  l i s t i n g s  were e x a m i n e d  t o  i d e n t i f y  c o i n c i - '  

d ' ences .  I f  . t h o  p e a k  was. s i g n i f i c a n t l y  l a r g e r  i n  t h e  p e a k  

g a t e  t h a n  i n  t h e  b a c k g r o u n d  g a t e ,  t h e n  t h e  c o i n c i d e n c e  was  

c a l l e d  d e f i n i t e .  I f  i t  was o n l y  s l i g h t l y  l a r g e r  o r  . s t a t i s -  

t i cs  were p o o r ,  t h e n  i t  was c a l l e d  a p o s s i b l e  c o i n c i d e n c e .  
. . 

D. I d e n t i f i c a t i o n  o f  C o n t a m i n a n t s  

C o n t a m i n a n t  p e a k s  were ' i d e n t i f i e d  u s i n g  s e v e r a l .  d i f f e r -  

e n t  t e c h n i q u e s .  . I n , o n e  . .  of t h e s e , t e c h n i q u e s  t h e  unknown s p e c -  

t r u m  was c o m p a r e d  t o  a b a c k g r o u n d  s p e c t r u m .  T h i s  w a s  u s e d  

f o r  t h e  l37Xe d e c a y  s t u d y .  I n  t h e  1 3 6 1  s t u d y  a s p e c t r u m  o f  

1351  was u s e d ,  b e c a u s e  h j d r i d e  c o n t a m i n a t i o n  from mass 135' 

was t h e  most s e r i o u s  p r o b l e m .  

A n o t h e r  me thod  u s e d  was  t o  c o m p a r e  s p e c t r a  o b t a i n e d  

u s i n g  d i f f s r e n t  H T C ' e n h a n c e m e n t s .  . , P ' e a k s  w h i c h  were n o t  s e e n  

i n  b o t h  s p e c t r a  o r .  d i d  n o t  c h a n g e  i n  c c n c o r d a n c e  w i t h  known 

p e a k s  were c o n s i d e r e d  t o  b e  c o n t a m i n  a n t s .  O t h e r  t e c h n i q u e s  

i n c l u d e d  i d e n t i f i c a t i o n  f r o n  t.he known r e n u l t ~ .  o f  o t h e r  

f i s s i o n  p r o d u c t  d e c a y s  a n d ,  i n  t h e . 1 3 6 1  s t u d y ,  i d e n t i f i c a t i o n  
\ .  

o f  h a l f - l i f e  a s  d e t e r m i n e d  f r o m ,  t h e  m u l t i s c a l e  d a t a .  



The  n a t u r e  o f  c o n t a m i n a t i o n  v a r i e d  w i d e l y  w i t h  t h e  

n u c l i d e .  s t u d i e d .  The c l e a n e s t  s p e c t r a  were o b t a i n e d  i n  t h e  

137Xe d e c a y  s t u d y .  A l m o s t  a l l  o f  t h e  c o n t a m i n a n t  a c t i v i t i e s  

o b s e r v e d  were t h o s e  , a s ' s o c i a t e d  w i t h  r e a c t o r  b a c k g r o u n d ;  6oC0, 

* O K ,  * * ~ r ,  a n d  some 1 3 ~ ~ s .  . T h e  o n l y  o b s e r v e d  t r a n s i t i o n  i n  

t h e  s p e c t r u m  a s s o c i a t e d  w i t h  t h e  o p e r a t i o n  o f  the TRISTAN 

s y s t e m  was  t h e  i n t e n s e  1 3 e C s  t r a n s i t i o n  a t  1 4 3 6  keV. T h e  . ' 

s p e c t r u m  o b t a i n e d  u s i n g  a Pb  a b s o r b e r  c o n t a i n e d  a few p e a k s  

h s s o c i a t e d  w i t h  l 4 o L a  a n d  ~ * d ~ a  a c t i v i t y .  

The  i o d i n e  d e c a y  s t u d i e s  c o n t a i n e d  s u b s t a n t i a l  a m o u n t s  

o f .  h y d r i d e  c o n t a m i n a t i o n  f r o m  t h e  l o w e r  . i o d i n e  masses. T h e  

c o n t a m i n a n t  a c t i v i t i e s  i d e n t i f i e d  i n  t h ' e  1367 d e c a y  s t u d y  i n -  

c l u d e d  l a 4 1 ,  13s1, and,  13sXe.   he m u i t i s c a l e  d d t a  were u s e d  

' t o ,  i d e n t i f y  a few . . o t h e r  . l o n g - l i v e d  t r a n s i t i o n s  a n d  d e t e r m i n e  

t h e  a m o u n t  of c o n t ' a m i n a t i o n  i n  sonie o f  t h e  1'36.1 be 'aks.  

T h e  1 3 8 1  s p e c t r a  c o n t a i n e d  t h e  l a r g e s t  a m o u n t  o f  c o n t a m -  
. . 

i n a t i o n .  H o s t  o f  t h e  a c t i v i t y  o b s e r v e d  was l38Xe a n d  1 3 8 C s .  

O t h e r  a c t i v i t y  o b s e r v e d  i n c l u d e d  t h e  a d j a c e n t  masses 137Xe  

and  139xe, h y d t i d e  c o n t a m i n a t i o n  f r o m  1 3 7 1 ,  a n d  1361 from t h e  

d . e l a y e d  n e u t r o n  e m i s s i o n  o f  1 3 7 1 .  

E.. C o n s t r u c t i o n  o f  t h e  L e v e l  Scheme 

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

t o -  t h e  c o n s t r u c t i o n  of : t h e  l e v e l  s c h e m e .  From t h i s  

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



a  p x e l i m i n a r y  . i e v e l  s c h e m e  was  c o n s t r u c t e d .  T h i s  s c h e m e  was  

e x t e n d e d  u s i n g  t h e  c o m p u t e r  c o d e  LVLSURCH. T h e  f i n a l  
. . 

d e c i s i o n  o n  w h e t h e r ,  a p r o p o s e d  l e v e l  w a s  a c c e p t e d  d e p e n d e d  o n  

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

i r i d e x  ( C I )  . w h i c h  i s  d e f i n e d  a s :  . . 

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

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

d e n c e s ,  a n d  i i s  t h e  number  o f  p o s s i b l e  c o i n c i d e n c e s .  

~ e s e l s  were a c c o p t e d  i f  t h e  c o n f i d e n c e  i n d e x  was  t h r e e  o r  

g r e a t  o r .  

F. S p i n  a n d  P a r i t y  ~ s s i ~ n m e n t s  i o r  L e v e l s  

Beta f e e d i n g  t o  t h e  l e v e l s  was c a l c u l a t e d  u s i n g  t h e  com- 

p u t e r  c o d e  LEAF, a n d  t h e  l o g a  v a l u e s  were c a l c u l a t e d  u s i n g  

the c o d e  LOGFT. It was n o t  p o s s i b l e  t o  m e a s u r e  t h e  g r o u n d -  

s t a t e  be ta  b r a n c h i n g  w i t h  a n  e q u i l i b r i u m  s p e c t r u m ,  b e c a u s e  

xenon  e m a n a t e s  front . t h e  s t e a r a t e  . a l o n g  w i t h  t h e  i . c d i n e .  

F o r  t h e  1 3 6 1  d e c a y  s t u d y ,  some  t r a n s i t i o n s .  were m u l t i p l y  

p l a c e d .  - s i n c e  t h e  . i n t e n s i t y  a s s o c i a t e d  w i t h  e a c h  p l a c e m e n t  

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

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

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

a t  a l l  p l a c e m e n t s  i n  o n e  c a l c u l a t i o n  a n d  z e r o  i n t e n s i t y  a t  



a l l  . p l a c e m a n t S  i n  t h e  o t h e r .  I f  ' t h e  t w o  v a l u e s  o b t a i n e d  were 

within u n c e r t a i n t i e s ,  a n  a v e r a g e  was u s e d ,  o t h e r w i s e  t h e  

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

Whenever  p o s s i b l e ,  limits were' p l a c e d  o n  t h e  s p i n  a n d  

p a r i t y '  a s s i g n m e n t s  o n  t h e  b a s i s  o f  d e d u c e d  lc .g& , v a l u e s ,  ob -  

s e r v e d '  gamina t r a n s i t i o n s  a n d  s y s t e m a t i c s .  T h e  r u l e s  f o r  as- '  

s i g n r n e n t s  b a s e d  on l o g f z  v a l u e s  a r e  t h o s e  o f  Raman a n d  Gove 

(37).  . A summary  o f  t h e s e  , r u l e s  i s  p r e s e n t e d  i n  T a b l e  VII. 

T a b l e  YII'. R u l e s  f o r  s p i n  a n d  p a r i t y  a s s i g n m e n t s  b a s e d  
on  l o g 2  v a l u e s  

. . 

L o g f i  Sp . in  C h a n g e  P a r i t y  C h a n g e  
V a l u e s  ' , 

Z < 80 
Logf t  < '5 .9 

Z > 80 
Logft < 5 . 1  

Yes. o r  No 
Yes 

Logft < 12.8  J = 0 , 1 , 2  Yes o r  No 



, . 

, I V . .  EXPERIflENTAL RESULTS. A N D  D E C A Y  SCHEf lES  

. . 

F o r  e a c h  a c t i v i t y  s t u d i e d ,  f i g u r e s  o f  gamma s i n g l e s  ' and  

coincidence s p e c t r a  a n d  t h e  p r o f f e r e d  l e v e l  s c h e m e  a r e  g i v e n .  

I n  t h s . ' l e v s l  s c h e m e  f i g d r e ,  a  s o l i d  d o t  a t  t h e  e x t r e m i t y  o f  

a  t r a n s i ' t i o n  was  u s e d  i f  a t  l e a s t  o n e  d e f i n i t e  c o i n c i d e n c e  

was o b s e r v e d ,  a n d . a  h o l l o w  d o t  w a s  u s e d '  i f  o n l y  a p o s s i b l e  

c o i n c i d e n c e  was '  o b s e r v e d .  A t a b l e  o f  t h e  c b s e r v e d  t r a n s i t i o n  

e n e r g i e s ,  r e l a t i v e  i n t e n s i t i e s  a n d  t h e i r  p l a c e m e n t s  i s  g i v e n .  

C t h e r  t a b l e s  p r s s e n t e d  i n c l u d e  c o i n c i d e n c e  r e s u l t s , ,  a com- 

p a r i s o n  o f  ' t h e  r e s u l t s  o f  t h i s  work t o  p r e v i o u s  s t u d i e s  a n d  

b e t a  b r ' a n c h i n g  d e d u c e d  f r o m  t h e  l o g 2 2  v a l u e s .  
. . . . 

A .  Cecay  o f  1 . 361  

. . 

A s i n g l e s  s p e c t r u m  ( s p e c t r u m  A o f  T a b l e  11.) f o r  e n e r -  

g i e s  less t h a n  1340 keV is  shown i n  F i g u r e  9 a n d  a s p e c t r u m  

( s p e c t r u m  , 0  o f  T a b l e  II..) f o r  e n e r g i e s  g r e a t e r  t h a n  1 3 5 0  keV 

is shown i n  F i g u r e  10. C o n t a m i n a n t  a c t i v i t i e s  o b s e r v e d  i n -  

c l u d e d  i s s l ,  l J s X e ,  1 s r X e  a n d  t h e  r e a c t o r  b a c k g r o u n d  

a c t i v i t e s  * 1 A r  a n d .  6oCo.  T h e  e n e r g i e s ,  i n t e n s i t i e s  a n d  

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

Table  V I I I .  I t  was  n o t  p o s s i b l e  t o  d e t e r m i n e  t h e  h a l f - l i f e  

o f  some t r a n s i t i o n s  f r o m  e i t h e r  m u l t i s c a l e  m e a s u r e m e n t s ,  

p l a c e m e n t  i n  t h e .  l e v e l  . . s c h e m e  o r  c o m p a r i s o n  o f  r e l a t i v e  i n -  

t e n s i t i e s  i n  s p e c t r a  A a n d .  B of T a b l e  11. T,he i n t e n s i t i e s  o f  



: Figure 9 .  ~pect-rum of gamma rays w j t h  energies 
l e s s ' . t h a n  1 3 4 0  keV from the decay of 
1 3 6 1  
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. :- T a b l e .  VITX. Gamma. t r a n s i t i o n s  o b s e r v e 6  i n  1 3 6 3 '  d e c a y  

. . 

E n e r g y  R e l a t i v e  I n t e n s f  t y  Pl .acsmen t 
(keV) 4 5  s e c o n d .  8 5  s e c o n d  H a l f l i f e  

A c t i v i t y l .  a c t i v i t y 2  Un:knownJ' 
. . 

I I n t ~ n s i  t y  n ~ r m a l i z e d  t o  1 0 0 0  f o r  t h o  4 5 - s e c o n d  c o m p o n e n t  o f  t h e  1 3 1 3 - k s V  t r a n s i t i o n .  
2 I n t e n s i t y  n c ~ r m a l i z e d  t o  1 0 0 0  f o r  the 8 5 - s e c o n d  c o m p o n e n t  o f  t h e  1 3 1 3 -  k e V  t r a n s i t i o n .  
JSam- n o r m a l i z a t i o n  a s  f o r  the 8 5 - s e c o n d  a c t i v i t y .  



T a b l e  V I I I .  ( c o n t i n u e d )  

E n a r ' gy  ~ n l a t ' i v e  I n t e n s i t y '  P l a - c e m e n t .  
(k?V) 4 5  s e : z o n d  8 5  s e c o n d  H a l f 1 i f . e  

. A c t i v i t y 1  A c t i v i t y z  Un know n3 



Table VIII. ( c o n t  i c u e d )  

Ensrqy  Relative I n t e n s i t y  Placement 
(kaV) 4 5  s e c o n d  85 s e c o n d  Half li fe 

Act i v i t  y l  A c t i v i t y *  Unknown 3 



E n e r  qy  Eiel.at_ i v e  . 1 n t 4 n s l  t y  P l a c e m e n t  
( ~ P V )  4 5  s e c o n d  85 s ~ c o . n d  H a l f l i f e .  

A c t i v i t y '  A c t i v i t y z .  Ur! kncwn.3  



Enorgy R e l a t i v e  I n t e n s i t y '  .Placemen+. 
( k e V ) '  .. 4.5 s e c o n ?  8 5  s e c o n d '  H a l f l i f e  

A c t i v i t y 1  A c t i v i t y 2  Un k n o w n 3  



T a b l ~  V I  I T .  (continued) 

E n ~ r y y  R e l a t i v e .  I n t e n s i t y  P l acemen t  
(keV 1 4 5  s s c o n d  85 second H a . l f l i f  e 

A c t i ~ i t y l .  A c t . F v i t y 2  .Un known3 



T a b l e  VIII. ( c o n t i n u e d )  

- - - - - - - - - - - - - - - - - . - - - - - - - - - -~ " -~ -~" - - - - - - - - - - - - - - - - - - - . - ' o . - - - - -L - -~ , ,~~~~, , ,~~~,~~~. , , ,~  

E n e r g y  R e l a t i v ?  I n t e n s i t y .  P lacemen?  
( k s V . ; ~  4 5  s e c o n d  8 5  s e c o n d  H a l f l i f e  

. . , . . Act i q r i t p *  A c t i v i t  y 2  06 known 3 . . 



t h e s z  t r a n s i t i o c s  were n o r m a l i z e d  t o  1 0 0 0  f o r  t h e  c o m p o n e n t  

o f  t h e  1 3 1 3 - k e V  t r a n s i t i o n . p o ~ u l a t e d  b y  t h e  8 5 - s e c o n d  i o d i n e  

a c t i v i t y .  T h i s  n o r m a l i z a t i o n  was c h o s e n  b e c a u s e  most s u c h  

t r a n s i t i o n s  a r e  of h i g h  e n e r g y  a n d  p r o t a b l y  d e c a y  t o  t h e  

g r o u n d  s t a t e  o r  a l o w - s p i n  e x c i t e d  s t a t e .  

A f e w  t r a n s i t i o n s  were p l a c e d  twice i n  t h e  d e c a y  s c h e m e .  

B o t h  p l a c e m e n t s  a r e  s h o w n  i n .  t h e  t a b l e  w i t h  t h e  s e c c n d  

p l a c e m e n t  i m m e d i a t e l y  f o l l o w i n g  t h e  f i r s t .  T h e  . l i s t e d  i n t e n -  

s i t y  i s  t h e  f u l l i n t e n s i t y  of  t h e  p e a k .  T h e  d o u b l y - p l a c e d  

t r a n s i t i o n s  a r e  a t  3 9 6 ,  2 3 1 3 ,  2 6 5 8 ,  3 4 8 3 ,  3 6 2 6 ,  3635, a n d  

C o m p a r i s o n s  of t h e  r e l a t i v e  i n t e n s i t i e s  o b t a i n e d  i n  t h i s  

w o r k  , w i t h  v a l u e s  r e p o r t e d  i n  p r e v i o u s  b e t a  d e c a y  s t u d i e s  a r e  

g i v e n  i n  T a b l e s  I X .  a n d  X .  fcr  t h e  4 5 - s e c o n d  a n d  8 5 - s e c o n d  

' a c t i v i t i e s  r e s p e c t i v e l y .  T h e  p e a k  a t  3 2 4 8  k e V ,  w h i c h  h a s  

b e e n  reported. i n  p r e , v i o u s  d e c a y  s t u d i e s  , ( l l , 1 2 )  a s  a gamma 
1 .  

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

p e a k  f o r  t h e  4 2 7 0 - k e v  t r a n s i t i o n .  

T h e  p o s s i b l e  1 0 0 - s e c o n d  isomeric s t a t e  o b s e r v 2 d  by 

L u n d a n  (11) was n o t  s e e n  i n  t h i s  w o r k .  T h e  d e c a y  c u r v e s  as-  

s o c i a t e d  w i t h  f i v e  t r a n s i t i o n s  p o p u l a t e d  by t h e  8 5 - s e c o n d  ac- 

t i v i t y  are s h c w n  i n  F i g u r e  11. L u n d a n  (11)  r e p o r t e d  t h e  

1 3 2 1 - k e V  a n d  1 5 3 6 - k e V  t r a n s i t i o n s  a s  b e i n g  p o p u l a t e d  by o n l y  

t h e  1 0 0 - s e c o n d  isomeric s t a t e ,  t h e  1 2 4 7 - k e V  t r a n s i t i o n  b y  

o n l y  t h e  8 5 - s e c c n d  s t a t e ,  a n d  t h e  2 2 8 9 -  a n d  2 4 1 5 - k e V  t r a n s i -  



T a b l e  IX.  C o m ~ a r i s o n  o f  g imma i n t e n s i t i e s 1  with 
p r e v i o u s  s t u d i e s  o f  t h e  4 5 - s e c o n d  

. '  i s o m e r  o f  1 3 6 1  

---------.--------------------,------------------------------ 

~ n e r g y  T h i s  W c r k  Car raz  L u r d a n  E r t e ~  
(keV 1 -- ~t &. i i o )  ( 1 1 )  -- e t  &. (12j 

w e a k  

weak , 

1 I n t e n s i t i e s  n o r m a i i z e d  t o  1000 fcr, t h e  4 5 - s e c o n d  
c o m ~ o n e n  t o f  t h e  1313-keV t r a n s i t i o n .  



Table  X. c o m p a r i s o n  o f  gamma i n t e n s i t i e s 1  w i t h  
p r e v i c u s  s t u d i e s  o f  t h e  8 5 - s e c o n d  
i s o m e r  of  1 3 6 1 ,  

E n e r g y  T h i s  Work 
'. (kev) 

C a r r a z  L u n d a n  E r t e n  
st a&. (10 )  (11) -- - e t  a l .  ( 1 2 )  

3 4 5  
363  
3 9 6  
43 1. 
4 3 4  
4 8 1 .  . 
5 9 8  ' 

75 1 
8 i 3  
8 6 6 '  
97.6 
994 

i o s i  
1 i o i .  

. . 
l r n t e n s i t i s s  n o r m a l i z e d  t o  1000 f o r  t h e  85-sacond 
c o m ~ o n e n t  af t h ;  1 3 1 3 - k e ~  t r a n s i t i o n .  ., . . 



T a b l e  X .  ( c o n t i n u e d )  

E n e r g y  . . T h i s  ~ c r k  Carraz Lundan Erten 
(kev) . -- e t  21. ( 1 0 )  ( 1 1 )  e t  gl. ( 1 2 )  - 

----------------------------i---------------------------------- 

1 8 2 0  3.2 0.4 
191 1  1 .4  + 0 . 3  . . 

196'2 3 4 . 2  + 1.9 50  + 5 32 3 8  + 4 
1 9 6 8  2.5 + 0 .4  
1 9 8 0  2.0 f 0 .3  
2 0 3 9  2.4 + 0. 
2 1 6 8  1 .2  + 0.8 
2290  156 .  + 8. 1 8 0  .k 1 8  1 4 5  1 6 8  k 1 7  
2 3 8 3  3.2 k 0 . 4  
241 5 102 .  + 5. 110 _+ 1 1  90 1 0 1  * 1 0  
2480  '2:O + 0.4 
2 5 4 8  1.9 i 0.4 
2 6 0 2  1 .8  'k 0..9 
2634  191 .  + 5. 1 2 0  _+ 1 2  1 1 0  

. . 
1 0 1  * 1 0  

2658  . i . 4  F 0.2 
28'2 8  1.5 k Ob2 ' 

2 8 4 9  0 . 5  i 0 .2  
2 8 7 0  59 .  .+ .3. 7 0  + 7 56 6 0  * 6 
2956  . 10.8  + 0.6 10  1 3  + 2 
2 9.7 9 4..6 0 .4  
3141  1 0 . 4  + 0.6 7  14 + 2 
3 1 9 5  2.5 + 0.3 

. 3 2 1 2  7.7 * 0.3 6  
3 2 4 8  DEP 5  1 2  * 2 
3272 1 3  + .o'. 3 



t i o n s  a s  b 4 i n . g  . p o p u l a t e d  b y  b o t h  t h e  1 0 0 - s e c o n d  a n d  8 5 - s e c o n d  
. . 

isomeric s t a t e s .  T h e  h a l f - l i f e  of  t h e  l o n g - l i , v e d  isomeric 

s t a t e  w a s  d e t e r m i n e d  t o  . b e  85 .2  i 1.8 s e c o n d s  f r o m  a  w e i g h t e d  

a v e r a g e  o f  t h e  h a l f - l i v e s  f o r  t h e .  1247-; 1321- ,  2289- ,  a n d  

241  5 - k e ~  t r a n s i t i o n s .  

Decay  c u r v e s  f o r  t h e  197- a n d  3 8 1 - k e ~  t r a n s i t i o n s ,  ~ o p u -  

l a t e d  b y  t h e  s h c r t  h a l f - l i f e  isomeric s t a t e ,  a r e  a l s o  s h o w n  

i n  ~ i ~ u r e  1 1 .  T h e  h a l f - l i f e  v a l n e  o b t a i n e d  f r o m  a v e r a g i c g  

t h e  v i l u e s  f o r  t h e s e  t w o  t r a n s i t i o n s  was  44 .8  + 1.0 s e c o n d s .  

E x a m p l ~ s  o f  t h e  c o i . n c i d e n c e  s p e c t r a  u s e d  t o  c o n s t r u c t  
". 

t h s  l e v e l  s c h e m e  are s h o u n  i n  F i g u r e  1 2 .  . T h e  g a t e s  u s e d  a n d  ' 

t h e  c o i n c i d e n c e s  o b s e r v e d  i n  e a c h  of t h e s e  g a ' t e s  a r e  

t a b u l a t e d  i n  T a b l e  XI. 

The  p q r c e n t  b e t a  f e e d i n g  a n d . l o g f 2  v a l u e s  f o r  t h e  l e v e l s  

from t h e  two iscmers a r e  p r e s e n t e d  i n  T a b l e  X I I .  LogfL 

limits were s p e c i f i e d  f o r  some  o f  t h e  l e v e l s  a s s c c i a t e d  w i t h ,  

m u l t i p l y  p l a c e d  t r a n s i t i o n s .  A Q - v a l u e  o f  6 8 9 0  keV ( a c c e p t e d  

by thcl N u c l e a r  Data . S h e e t s  ( 1 3 ) )  was u s e d  f o r  b c t h  isomers. 

The g r o u n d - s t a t e  b e t a  f e e d i n . g  f r o m  t h e  i c w - s p i n  i s o m e r  was  

a s s u m e d  t o  b e  l e s s  t h a n  2 %  a s  d e d u c e d  hy J o h n s o n  a n d  0' K e l l e y .  

(6) a n d . a c c e p t e d  b y  ' t h e  N u c l e a r  D a t a  ' s h e e t s  ( 1 3 ) .  

O n l y  0,ne . l e v 4 1  s c h e m e  i s  p r e s e n t e d  b e c a u s e  of t h e  com- 

p l e x  n a t u r e  of t h e  f s e d i n g  t o  the 1 3 e X e  l e v e l s  from t h e  two 

isomers. T h e  p ' r o p o s e d  l e v e l  s c h e m e  is shown i n  ' F i g o r e  13. A 

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

t a i n s d  i n  p r e v i c u s  d e c a y  s t u d i e s  1 0 1 1 , 1 2 )  a n d  ( p , p t )  e x p e r -  

i m e n t s  ( 2 0 , 2 1 )  is s h o w n  i n  F i g u r e  1 4 .  A l e v e l  b y  l e v e l  d i s -  



Figure  1 





T a b l e  X I .  . ~ o i n c i d e n c e s  o b s e r v e d  i n  1361 d e c a y  

------- ---- - ------ L-- -------------------------- - ------ - ------- 
. . 

. . 

G a t i n g  . , D e f i n i t e  ' . P o s s i b l e  
E n e r g y  C o i n c i d e n c e s  . . C o i n c i d e n c e s  
( k e  V) (kev) ( k e V )  

----------------,,,-------------------------------
------------ 

1 9'7 351,  1313 
2 i 9  . 2 4 1 s  1101, 1313 

345+347  ,370, ,976,  2290  
3 7 0  . 183,  3 4 7  1 7 9 6  

3 8 i  197, 431, 750, 771, 866, 914, 396, 483, 2178  

1313,  2136, 2 3 6 3  
43  1 381, 434, 483, 1 3 i 3  319 

4 3 4  399, 431, 813 , 3 8 1  

48  3 '431 ,  . 8 i 3 ,  1.313 381  

7 5 0  164, 381, 1313  
7 7  1 381,  1313 
8 1 3, 319,' 434, 483, 1 3 1 3  339 

9 1 4  391, 1313 
9 7 6  309, 345, 1313  
9 9'4 1313,  1962 

1'24 7 309, 1,313, 1709  . '  

13  1 3  197, 381, 431, .434,  483, 750, 3C9, 994, 2136 
771,  813, 914, 976, 1247, 1321, 
1536,  1556, 1962,  2956, 3 1 4 1  

132i '  1313 i 6 3 5 ,  1820 

1536  1 3 1 3  362 
196 2 ' 994,. 1313 . 

I 396, 5 9 8  
2 2 9 0  3 4 5  270, 1 9 8 0  

2415  2 1 9  
. . 

, 2 6 3 4  1 6 3 5  

2 9 5 6  1 3 1 3  
3.i 4 1 1.3 13 

c u s s i o n  f o l ' l o y s .  

Gro,und s t a t e .  T h e  s p i n  a n d  p a r i t y  o f  the 136Xe g r o u n d  

s t a t e  is a s s u m e d ' t o  be  O+ s i n c e  i t  is  a n  e v e n - e v e n  n u c l e u s .  

The s p i n s  o f  t h e  85- a n d .  4 5 - s e c o n d  1361 s t a t e s  h a v e  n o t  b e e n  



T a b l s  XII, B e t a . f e e , d i n g  ar?d l o g f L t s  for 1361 deca.y 

- 1 1 
L e v e l  e n e r g y  8 5 - s e c o n d  isome'r 4 5 - s e c o n d .  isolrer 

. . (key)  X b e t a  b r a n . c h i n g  L o g f t  % ' b e . t a  b r a n c h i n g  L o g f t  

, l ' S p r e a d  of  96 b e t a  f e e d i n q  and' l o g E  v a l u ' e s  d u h  t o  m u l t i p l e .  p l a c e m e n t  
of some gamma r a p s  

* L o g f , &  < 8 . 5  sc b e t a  t r a n s i t i o n  h a s  s p i n  c h a n g e  < 2 
% 



T a b l e  XII. ( c o n t i n u e d ) .  . 

L e v e l .  e n e r g y  8 5 - s e c o n d  isomer 4 5 - s e c o n d  isomer 

(keV)' X b e t a  branching  Logfg ' $  beta b r a n c h i n g  ~ o g ' f g  



Table XII. ( c o n t i n u e d )  

.Level , energy  8 5 - s e c o n d .  isomer 4 5 - s e c o n d  isomer 

% bet-a b r a n c h j n g  L o g f t  96 b e t a  b r a n c h ' i n g .  Logft 
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Figure 1.3. ( c o n t . i n u e d )  
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Figure 14. comparison of 1 3 6 x 0  levels with those 
from previous studies 



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

~ o s s i b l ?  s p i n  a s s i g n m e n t s .  

The  2634-keV l e v e l ,  w h i c h  i s  f e d  by t h e  l o w - s p i n  iscmer, 

d e c a y s  d i r e c t l y  t o  t h e  0 +  q r c u n d  s t a t e ,  t h u s  i t s  s p i n  i s  1  

o r  2. A l o g f , _ t  v a l u e  o f  8 .2  f o r  t h e  b o t a  f e e d i n g  t o  t h i s  

l e v e l  l i m i t s  t h e  s p i n  o f  t h e  8 5 - s e c o n d ,  l o w - s p i n  i s o m e r  t o  

b e t w e e n  0  a n d  3 .  T h e  a b s e n c e  o f  a n y  m e a s u r e d  b e t a  f e e d i n g  t o  

t h e  g r o u n d  s t a t e  ( 6 )  o r  t o  t h e  4 +  l e v e l  a t  1 6 9 4  keV f a v o r s  a 

s p i n  o f  2. N e g a t i v e  p a r i t y  i s  f a v o r e d  f r o m  s h e l l  m o d e l  

a r g u m 3 n t s  f o r  b o t h  t h e  85-  a n d  4 5 - s e c o n d  isomeric s t a t e s .  

T h e  s p i n  o f  t h e  4 5 - s e c o n d  i s o m e r i c  s t a t e  i s  l i m i t e d  t o  

5, 6,  o r  7 b y  a l o g f , - 2  v a l u e .  o f  8.0 f o r  b e t a  f e e d i n g  t o  t h e  

6 +  l e v e l  a t  1 8 9 2  keV.  A s p i n  o f  5  w a s  f a v o r e d  by N u c l e a r  

D a t a  S h e e t s  ( 1 3 )  o n  t h e  b a s i s  o f  s i g n i f i c a n t  b e t a  f e e d i n g  t o  

t h e  4 +  1694-keV l e v e l  a s  r e p o r t e d  by p r e v i o u s  d e c a y  s t u d i e s  

( 1 0  1 1 1 2 )  . After c o n s i d e . r a . t i o n  of i n t e r n a l  c o n v e r s i o n  

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

b e t a  f e e d i n g  t'o t h e  1694-keV , l e v e l  ,was s e e n .  A l o v e r  l i m i t  

o f  9.4 f o r  t h e  l o g f  , f v a l u e  i a s  o b t a i n e d ;  t h u s  t h e r e  i s  n o  

r e a s o n  t o  f a v o r  s p i n  5 f o r  t h e  4 5 - s 5 c o n d  i s o m e r .  I f '  a n  as- 

s i g n m e n t  o f  4 +  a s  ' i n d i c a t e d  by  ( p , p l )  d a t a  ( 2 j )  for t h e  

2444-ksV l e v e l  is  a c c e p t e d ,  t h e n  t h e  c b s e r v e d  b e t a  f e e d i n g  t o  . 
. , 

t h i s  l e v e l  w o u l d  e l i m i n a t e  s p i n  7 f o r  t h e  4 5 - s e c o n d  isomer. 

S i n c e  t h o  s p i n  o f  t h e  2126-keV l e v e l  i s  . l i m i t e d  t o  2 ,  3 ,  o r  

4 ,  t h e  sma l l  a m c u n t  o f  b e t a  f e e d i n g  t o  t h i s  l e v e l  d o e s  n o t  



s u p p o r t  an  a s s i g n m e n t  o f  7 t o  t h e  4 5 - s e c o n d  i s o m e r .  

l f i  3.0'7 i 0 . 0 8 - ) i e ~  l e v n l .  T h i s  w e l l - e s t a b l i s h e d  l e v e l  

h a s  b e e n  a c c e p t e d  a s ' a  2 +  s i a t e  by N u c l e a r  ~ a t a  S h e e t s  ( 1 3 )  

w h i c h  is  c o n s i s , t o n t  w i t h  t h e  s y s t e m a t i c s  o f  o t h e r  N=82 n u c l ' e i  

a n d  t h e  e v s n  Xe i s o t o p e s .  T h e  b e t a  f e e d i n g  is f rom o n l y  t h e  

l o w - s p i n  i s o m e r .  E d v a r d s o n  a n d  N o r l i n  ( 1 7 )  r e p o r t e d  t h e  

B(E2) v a l u e  o f  t h e  g r o u n d - s t a t e  t r a n s i t i o n  t o  b e  0 . 1 7  & 0.03 

' e z b 2  f r o m  a Coulomb e x c i t a t i o n  e x p e r i m ' e n t .  T h e y  a l s o  r e p o r t -  

e d  a l i f e t i m e  f o r  t h i s  l e v e l  o f  0 .59  + 0 .15  p i c o s e c o n d s .  

1 6 9 4 . 4 4  + 0.09-keV l e v e l .  T h i s  l e v e l  i s  e s t a b l i s h e d  by 

a s t r o n g  c o i n c i d e n c e  o f  t h e  381-keV t r a n s i t i o n  w i t h  t h e  

1313-keV t r a n s i t i o n .  T h e  s p i n  a n d  p a r i t y  a s s i g n m e n t  o f  4+ 

f o r  t h i s  love1 i s  c o n f i r m e d  by i t s  o b s e r v a t i o n  a s  a membsr o f '  

t h e  YRAST b a n d  by C h e i f e t z  gz.pl. ( 1 6 ) .  T h i s  a s s i g n m e n t  i s  

a l s o  c o n f i r m e d  i n  i c e l a s t i c  p r o t o n  s c a t t e r i n g  a n d  i s  c o n s i s t -  

e n t  w i t h  t h e  . s y s t e m a t i c s  o f  t h e  N=82 i s o t o n e s .  No b e t a  

f e e d i n g  to  t h i s  l e v e l  f r o m  t h e  4 5 - s e c o n d  i s o m e r  was o b s e r v e d  

i n  d i s a g r e e m e n t  w i t h  e a r l i e r  d e c a y  w.ork. 

1891 .77  ' k  0.10-keV l e v e l .  T h i s  l e v e l  i s  e s t a b l i s h e d  by 

a s t r o n g  c o i n c i d e n c e  b e t w e e n  t h e  197-  a n d  381-keV t r a n s i -  

t i o n s .  . Based  o n  t h e  E2 c h a r a c t e r  o f  1 ' 9 7 - k e ~  t r a n s i t i o n ,  t h e  

o b s e r v a t i o n  o f  t h i s  l e v e l  a s  a member, o f  t h e  YRAST b a n d  i n  

z s z C f  ( S F )  s t u d i e s  (1 5,16)  , a n d  t h e  s y s t e m a t i c s  o f  t h e  N=82 

i s o t o n e s ,  t h e  s p i n  a n d  p a r i t y  f o r  t h i s  l e v e l  i s  p r o b a b l y  6+. 

T h e  h a l f - l i f e  o f  t h i s  l e v e l  h a s '  b e a n  m e a s u r e d  u s i n g :  d e l a y e d  
. , 



7 4  t 
\ 

beta-gamma,  gamma-gamma a n d  f i s s i o n - g a m m a  c o i n c i d e n c e s  

( 1 0 1  1 1 ) .  The v a l u e  a c c e p t e d  by    ti clear D:ata s h e e t s  ( 1 3 )  

is 3.0 k 0 . 2  m i c r o s e c o n d s .  
. . 

Lundan  ( 1 1 )  p o s t u l a t e d  a l e v e l  a t  1 9 6 2  keV w h i c h  was 

d e p o p u l a t e d  o n l y  b y  a '  1 9 6 2 - k e v  t r a n s i t i o n .  I n  t h i s  w o r k ,  t h e  

1962-keV t r a n s i t i o n  was  s e e n  i n  c o i n c i d e n c e  w i t h  t h e  1313-keQ 

t r a n s i t i o n  a n d  was p l a c e d  d e p o p u l a t i n g  a  l e v e l  a t  3 2 7 5  keV, 

c o n s i s t e n t  w i t h  t h e  r e s u l t s  o f  . ~ a r r a z  22 ~ 2 .  (10)  a n d  E r t e n  82 
. - 

a i .  ( 1 2 ) .  -- . . 

2 1 2 5 . 7 7  5 0.10-keV l e v e l .  T h i s  l e v e . 1  i s  e s t a b l i s h e d  b y  

t h e  d s p o p u l a , t i n g  t r a n s i t i o n s  a t  4 3 1  a n d  8 1 3  keV w h i c h  a r e  

s e e n  i n  c o , i n c i d e n c e  w i t h  t h e  381- a n d  1 3 1 3 - k e ~  t r a n s i t i o n s  

r e s p e c t i v e l y .  The  l e v e l  was p o s t u l a t e d  by L u n d a n  ( 1  1 )  b u t  . . 

was n o t  o b s e r v e d  b y  C a r r a z  st gl. ( 1 0 )  c r  , E r t e n  22 22. ( 1 2 )  

o r  a c c e p t e d  b y  N u c l e a r  D a t a .  S h e e t s  ( 1  3 ) .  T h e  431-  a n d  

813-kaV ' t r a n s i t i o n s  h a v e  b e e n  m e a s u r e d  a s  h a v i n g  b o t h  h a l f -  

life c o m p o n e n t s  a n d  p o p u l a t e  t h e  ' 4 +  a n d  2+ l e v e l s  a t  1 6 9 4  a n d  

1 3 1 3  keV r e s p e c t i v e l y ;  t h u s  the s p i n  i s  l i m i t e d  t o  2 ,  3 ,  o r  

4. A s p i n  o f  3 o r  4  i s  f a v o r e d  f o r  t h i s  l e v e l  on t h e  b a s i s  

o f .  a smal l  a m o u n t  of b e t a  f e e d i n g  f ro in  t h e  h i g h - s p i n  isomer. 

A l e v s l  a t  2 1 0 8  keV was s e e n  i n  . t h r !  ( p , p v )  s t u d i e s  ( 2 0 , 2 1 )  

a n d  was  a s s i g n e d  a s p i n  o f  5 o r  6 'by Sen 23 a l .  ( 2 1 )  . T h i s  

is  i n c o n s i s t e n t  w i t h  t h e  r e s u l t s  of t h i s  w o r k  i f  t h e  levels 

a r e  t h e  same. 



2 2 6 1 . 8 6  + 0.11-keV i e v e l .  T h i s  l e v e l  i s  e s t a b l i s h e d  by 

t h e  d s - e x c i t a t i c n  t r a n s i t i o n  a t  370  keV w h i c h  is s t r o n g  a n d  

d e c a y s  w i t h  a 4 5 - s e c o n d  h a l f - l i f e .  I t  i s  n o t  s e e n  i n  p r o m p t  

c o i n c i d e n c e  w i t h  t h e  197- ,  381- ,  o r  1313-keV t r a n s i t i o n s ,  

b e c a u s e  it is  a s s u m e d  t o  f e e d  t h e  6+ l e v e l  a t  1 8 9 2  keV w h i c h  

h a s  a 3  m i c r o s e c o n d  h a l f - l i f e  ( 1 3 ) .  T h e  2262-keV l e v e l  was 

r e p o r t e d  by t h e  t h r e e  d e c a y  s t u d i e s  ( 1 0  1 1 , 1 2 )  a n d  was s e e n  

i n  b o t h  ( p , p l )  e x p e r i m e n t s  ( 2 0 , 2 1 1 .  An a s s i g n m e n t  o f  6 +  was 

made by  Sen ~ 1 .  (21 )  w h i c h  is  c o n s i s t e n t  w i t h  t h i s  work.  

2 2 8 9 . 5 4  0.11-keV l e v e l .  T h i . s  l e v e l  i s  e s t a b l i s h e d  by  

a .  g r o u n d - s t a t e  ? r a n s i t i o n  a n d  a  976-keV t r a n s i t i o n  w h i c h  i s  

s e e n  i n  c o i n c i d e n c e  w i t h  t h e  1 3 1 3 - k e v  t r a n s i t i o n . .  T h i s  l e v e l  

was r 2 p o r t e d  by e a r l i e r  d e c a y  s t u d i e s  ( 1 , l  2  a n d  by S e n  

et a. ( 2 1 )  who a s s i g n e d  i t  a s p i n  o f  2. T h e  e x i s t e n c e  o f  a - 
s t r o n g  g r o u n d - s t a t e  t r a n s i t i o n  limits t h e  s p i n  t o  1  o r  2 ,  s o  

a n  a s s i g n m e n t  o f  2 +  i s  f a v o r e d  f o r  t h i s  l e v e l .  

2 4 1 4 . 7 7  + 0.13-keV l e v e l .  T h i s  l e v e l  was s e e n  by t h e  

e a r l i s r  4 e c a y  s t u d i e s  ( 1 0 , 1 1 , 1 2 )  and  by b o t h  ( p , p V )  s t u d i e s  

( 2 0 , 2 1 ) .  1 g r o u n d - s t a t e  t r a n s i t i o n  l i m i t s  t h e  s p i n '  t o  1 or  

2. S i n c e  t h e  r o a c t i o n  a s s i g n m e n t  .i.s 2 +  f o r  t h i s  l e v e l ,  a  

s p i n  o f  2  i s  f a v o r e d .  

2 4 4 4 . 5 0  0.11-keV l e v e l .  T h i s  l e v e l  i s  e s t a b l i s h e d  by 

c o i n c i d e n c e  b e t w e e n  t h e  ,750-  a n d  381-keV t r a n s i t i o n s .  S i n c e  

it d e p o p u l a t e s  t o  l e v e l s  w i t h  s p i n s  o f  4 a n d  6 ,  t h e ,  p o s s i b l e  

s p i n s  a re :U,  5,  a n d  6. T h i s  l e v e l  h a s  b e e n  s e e n  o n l y  i n  t h e  



(p,p@') w o r k  o f . S e n  gt ( 2 1 )  who r e p o r t e d  i t  a s  a 4+ . l e v e l , '  

h e n c e  a s , p i n  o f  4  is f ' a v o r e d  f o r  t h i s  l e v e l .  P l u l t i s c a l e  d a t a  

o n  t h e  7 5 0 - k e V  t r a n s i t i o n  c o n f i r m s  t h a t  t h e  l e v e l  i s  f e d  by 

t h e  h i g h - s p i n  i s o m e r .  

2 6 6 5 . 1 3  k 0 .13-keV l e v e l .  T h i s  new l e v e l ,  w h i c h  h a s  n o t  

b e e n  r e p o r t e d  i n  e a r l i e r .  w o r k ;  i s  e s t a b l i s h e d  b y  a d e f i n i t e  

c o i n c i d e n c e  o f  the 7 7 0 -  with t h e  381-keV t r a n s i t i o n .  

2 5 5 9 . 9 3  + 0 .10-keV l e v e l .  T h i s  l e v e l  i s  e s t a b l i s h e d  by 

a d e f i n i t e  c o i n c i d e n c e  b e t w e e n  t h e  1 2 4 7 -  a n d  1 3 1 3 - k e V  t r a n s i -  

t i o n s  a n d  b y  o t h e r  c o i n c i d e n c e s .  It w a s  p r o p o s e d  b y  E r t e n  et 

a l .  ( 1 2 )  a n d  r e p o r t e d  i n  t h e  ( p , p g )  w o r k  ( 2 0 , 2 1 ) .  T r a n s i -  -- 
t i o n s  t o  t h e  2 +  l e v e l  a t  1 3 1 3  keV a n d  t h e  4+  l e v e l  a t  1 8 9 4  

k e ~  l i m i t  t h e  s p i n  t o  2, 3 ,  o r ,  4. An a s s i g n m e n t  of 4 +  i s  f a -  

v o r e d  b a s e d  o n  a n  a s s i g n m e n t  by S e n  g; 22. ( 2 1 ) .  

2 6 0 8 . 5 3  & 0 .11-keV l e v e l .  T h i s  l e v e l  i s  e s t a b l i s h e d  b y  

s e v e r a l  ' c o i n c i d e n c e s ,  a n d  was p o s t u l a t e d  by Lundtan ( 1 1 )  b u t  

n o t  a c c e p t o d  b y  N u c l e a r  D a t a  S h e e t s  ( 1 3 ) .  I t  is f e d  by t h e  

h i g h - s p i n  isomer a n d  t , r a n s i t i o n s  t o  t h e  4+ a n d  6 +  l e v . e l s  a t  

1 6 9 4  a n d  1 8 9 2  keV,  r e s p e c t i v e l y ,  l i m i t  t h e  s p i n  a s s i g n m e n t  t o  
. . 

4, 5, o r  6.  A t r a n s i t i o n  f r o m  t h e  2849-keV l e v e l ,  w h i c h  o 

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

t o  4+. 

2 6 3 4 . 1 8  * C .  10-keV l e v e l .  T h i s  l e v e l  was s e e n  i n  . . 

e a r l i e r  d e c a y  w o r k  ( 1 0  1 1  , 1 2 )  a n d  a s t r o n g  g r o u n d - s t a t e  t r a n -  

s i t i o n  limits t h e  s p i n  t o  1 ,  o r  2 .  A s p i n  ' o f  2 i s  f a v o r e d  



b a s e d  o n  t h e  r e s u l t s  o i  S e n  dl. ( 2 1 ) .  T h e  1 3 2 1 - k e ~  t r a n -  

sit i o n  w a s  p l a c e d  a s  , d e p o p u l a t i n g  t h i s  l e v e l ,  s o  no l e v e l  

d o u b l e t  was r e q u i r e d  a s  p r o p o s e d  by ~ u n d a n  ( 1  1 ) .  

2 8 4 9 . 3 9  t 0 . 1 5 - k e V  l e v e l .  T h i s  l e v e l  was p o s t u l a t e d  i n  

p r e v i o u s  , d e c a y  s t u d i e s  ( 1 0  1 1 1 2 )  M u l t i s c a l e  d a t a  o n  t h . e  

1536-ksV t r a n s i t i o n  i n d i c a t e s  t h a t  t h i s  l e v e l  Is f e d  b y  o n l y  

t h e  l o w - s p i n  i s c m e r  a n d  a g r o u n d - s t a t e  t r a n s i t i o n  limits t h e  

s p i n  of the i e v e l  t o  1 o r  2 .  An a d d i t i o n a l  t r a n s i t i o n  t o  t h e  

4+ l 4 v s l . a t  2 6 0 9  k e v . r e s t r i c t s  t h e  s p i n  t o  2 + .  

The  l o v e l  p r . o p o s e d  by Carraz  & a_l. ( 1 0 )  a t  2 8 5 4  keV is 

n o t  a c c e p t e d  i n  t h i s  work'. T h e  219-keV t r a n s i t i o n  w a s  p l a c e d  

o n  t h e  b a s i s  o f  c o i n c i d e n c e  r e s u l t s  ' a s  d e p o p u l a t i n g  t h e  

2 6 3 4 - ~ P V  l e v e l  a n d  a s m a 1 . l  p e a k .  a t  5 6 7  keV w a s  m e a s u r e d  a s  

b e i n g  l o n g - l i v e d  r e l a t i v e  t o  8 5  s e . c o n d s ,  

,2869' .  0 5 ,  + C. 13-keV l e v e l .  E a r l i e r  b e t a - d e c a y  s t u d i e s  

h a v e  e s t a b l i s h e d  t h i s  l o v e l  ( 1 0  1 1 1 2 )  . The  p r e s e n c e  o f  a 

g r o u n d - s t a t e  t r a n s i t i o n  limits t h e  s p i n  t o  1 o r  2.   he b r o a d  

p e a k  i n  t h e  ( p , p t )  d a t a  (20 .21)  a t  a p p r o x i m a t e l y  2 8 5 5  keV 

p r o b a b l y  r e s u l t s  f r o m  t h e  e x c i t a t i o n  o f  b o t h  the 2849-  a n d  

2869- k e ~  l e v e l s .  

A l e v o l  p o s t u l a t e d  a t  2956  keV i n  e a r l i e r  . d e c a y  s t u d i e s  

( 1 1 1 2 )  and  a c c e p t e d  b y  N u c l e a r  D a t a  ~ h o e t s  ( 1 3 )  was n o t  s u p -  

. p o r t e d  i n  t h i s  s t u d y .  T h e  2956-keV t r a n s i t i o n  was s e e n  i n  

c o i n c i d e n c e  w i t h  t h e  1 3 1 3 - k e ~  t r a n i i t i . c n  b n d  i s  p o s t u l a t e d  t o  

d e p o p u l a t e  a  l e v e l  a t  4 2 6 9  keV. 
. . 



T h e  l e v e l s  b e l o w  2 9 0 0  keV a r e  c o n s i d e r e d  t o  be well- 

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

L e v e l s  a b o v e  2 9 0 0  keV a r e  i n  many cases less  w e l l - e s t a b l i s h e d  
. . 

b e c a u s e  o f  p o o r  s t a t i s i c s  . f o r  gamma. t r a n s i t i o n s  g r e a t e r  t h a n  

2  MeV i n  t h e  c c i n c i d e n c e  s p e c t r a  a n d  t h e  l a r g e r  u n c e r t a i n t i e s  

i n  e n e r g i e s  f o r  t r a n s i t i o n s  g r e a t e r  t h a n  3.5 H e V .  

2 9 7 9 . 1  + 0.3-k5V l e v e l .  T h i s  l s v e l  was. n o t  r e p o r t e d  i n  

p r e v i o u s  d e c a y  s t u d i e s .  T h e  e x i s t e n c e  o f  a g r o u , n d - s t a t e  

t r a n s i t i o n  limits t h e  s p i n  ' t o  1 o r  2 .  .A r e a c t i o n  l e v e l  ob-  

s e r v e d  i n  t h e  ( p , p g )  work of Sen et a&. ( 2 1 )  a t  2969 keV w i t h  

a s p i n  of  2  may c o r r e s p o n d  t o  t h i s  l e v e l .  

A l ' e v s l  p r c p o s e d  b y  L u n d a n  ( 1 1 )  a t  3 0 0 6  keV was n o t  s u p -  

p o r t e d .  b y  t h e  r e s u l t s  o f  t h i s  s t u d y .  T h e  d o u b l e t  a t  345, 3 4 7  

k e g  was n o t  r e s o l v e d  i n  h i s  s t u d y  a n d  t h e  c o i n c i d e n c e  o b -  

s e r v e d  i n  t h i s  s t u d y  i s  b e t w e e n  t h e  370- a n d  the 3 4 7 - k e V  

t r a n s i t i o n  r a t h e r  t h a n  t h e  o n e  a t  3 4 5  kev a s  r e p o r t e d  b y  

L u n d a n  ( 1 1 )  . No c , o i n c i d e n c e s  w i t h  o t h e r  t r a n s i t i o n s  d e p o p u -  

l a t i n g  t h e  2634-keV l e v e l  were o b s e r v e d .  
. . 

A n o t h s r  l e v e l  a t ,  3 1 4 1  keV was p o s t u l a t e d  by ' ~ u n d a n  (1 1) 

a n d  E r t e n  sL 22 .  ( 1 2 )  a n d  a c c e p t e d  b y  N u c l e a r  Data S h e e t s  

(13) .  I t ' w a s  n o t  a c c e p t e d  i n -  th'is s t u d y .  The. 3 1 4 1 - k e ~  t r a n -  

s i t i o n  w a s  o b s e r v e d  i n  c o i n c i d e n c e  w i t h  t h e  1 3 1 3 - k e V  t r a n s i -  

tion a n d  was p l a c e d  a s  d e p o p u l a t i n g  a  l e v e l  a t  4454 keV. 

' 3 2 1  1.9 + 0.3-keV l e v e l .  ~ u n d ' a n  ( 1 1 )  . p r o p o s e d  t h i s  l e v e l  

o n  t h e  b a s i s  o f .  t h e  e n e r g y  sum of t h e  1 9 6 2 -  a n d  1247-keV 



t r a n s i t i o n s  a n d  on  t h e  e x i s t e n c e  o f  a g r o u n d - s t a t e  t r a n s i -  

t i o n .  I n  t h i s  work ,  t h e  1247-  a n d  1962-koV t r a n s i t i o n s  a r e  

p l a c e d  e l s s w h e r e .  T h s  3 2 1  1- k e V  g r o u n d - s t a t e  t r a n s i t i o n  

limits t h e  s p i n  t o  1  or: 2 .  

Lundan  ( 1 1 )  a n d  E r t e n  23 &A. ( 1 2 )  p r o p o s e d  a  l e v e l  a t  

3 2 4 3  a n d  3 2 5 0 .  keV r e s p e c t i v e l y  t h a t  was a c c e p t e d  by N u c l e a r  

Data S h e e t s  ( 1 3 ) .  T h i s  l e v e l  i s  n o t  s u p p o r t e d  i n  t h i s  work .  

The  p ~ a k  o b s e r v e d  i n  t h i s  work a t ,  3 2 4 7  keV w a s  i d e n t i f i e d  a s  

t h e  d o u b l e - e s c a p e  p e a k  of t h e  4269-keV t r a n s i t i o n .  

3 2 7 5 . 2  * 0.4-keV l e v e l .  This l e v e l  is  e s t a b l i s h e d '  f r o m  

t h e  c o i n c i d e n c e  o f  t h e  1962-  a n d  1313-keV t r a n s i t i o n s  a n d  w a s  

p o s t u l a t a d  i n  t h e  e a r l i e r  d o c a y  s t u d i e s  o f  Carraz  $3 p l .  ( 1 0 )  

a n d  E r t e n  2s 31. ( 1 2 ) .  W i t h i n  t h e  u n c e r t a i n t y  l i m i t s  o f  t h i s  

s t u d y ,  t h s  b e t a  f e e d i n g  t o  t h i s  l e v e l  i s  zero.  E a s e d  o n  t h e  

( p , p 8 )  d a t a  ( 2 0 , 2 1 ) ,  N u c l e a r  Data S h e e t s  ( 1 3 )  a c c e p t e d  a n  as- 

s i g n m e n t  o f  3-. T h i s  is c o n s i s t e n t  with t h e  o b s e r v a t i o n  of  

d e - e x c i t a t i o n  o n l y  t o  t h e  131.3-keV l e v e l .  Moore _et ,a&. ( 2 0 )  

h a s  i n t e r p r e t e d  t h i s  l e v e l  a s  a n  f 7 / 2 s i J 2  n e u t r o n  p a r t i c l e -  

h o l e  c o n f i g u r a t i o n  w i t h  a  s m a l l  a d m i x t u r e  o f  f 7 i 2 d 7 j 2 .  It is 

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

3 8 3 0 . 1  k 0.4-keV l e v e l .  T h i s  l e v e l  i s  e s t a b l i s h e d  by a 

c o i n c i d e n c e  b e t w e e n  t h e  2136-  a n d  381-keV t r a n s i t i o n s .  T h e  

de-excitation p a t t e r n  is o n l y  t o  h i g h - s p i n  l e v e l s  a n d  m u l t i -  

s c a l e  d a t a  o n  t h e  2136-keV t r a n s i t i o n  i n d i c a t e s  t h a t  t h e  

l e v e l  is f o d  b y  o n l y  t h ' e  h i g h - . s p i n  isomer o f  1361. T h e  s p i n  
. . 

, 



i s  restricted t o  4 ,  5, o r  6 by t r a n s i t i o n s  t o  t h e  4 +  a n d  6 +  

l e v e l s  a.t 1 6 9 4  a n d  1 8 9 2  keV r e s p e c t i v e l y .  

3 8 7 3 . 1  k 0.2-keV l e v e l .  T h r e e  p o s s i b l e  c c i r i c i d e n c e s  
. . . . 

e s t a b l i s h  t h i s  l e v e l .  I t  i s  p o s t u l a t e d  t h a t  ' it is f e d  b y  

o n l y  t h e  l o w - s p i n  isomer o n  t h e  b a s i s  cf i t s  d e - e x c i t a t i c n  

p a t t o r n .  T r a n s i t i o ~ s  t o  t h e  ' 1 6 9 4 -  a n d  2 2 8 9 - k e V  l e v e l s  l i m i t  

t h e  p o s s i b l e  s p i n  a s s i g n m e n t s  t o  2, 3 ,  o r  4. T h i s  i s  c o n -  

s i s t e n t  w i t h  a 3- . o r  4- a s s i g n m e n t  b y  M o o r e  && 22. (20)  from 

( p , p r )  d a t a .  T h e y  i n t e r p r e t e d  t h i s  l e v e l  t o  b e  p r e d o m i n a n t l y  

a f 7 , , d 5 f 2  n e u t r o n  p a r t i c l e - h o l e  s t a t e  w i t h  a sma l l  a d m i x t u r e  

o f  f , / 2 ~ ~ j 2 .  

4057.8  + 0.3-keV l e v e l .  A c o i n c i d e n c e  b e t w e e n  t h e  2363- 

a n d  381-keV t r a n s i t i o n s  c o n f i r m s  t h e  e x i s t e n c e  o f  t h i s  l e v e l .  

T h e ,  d . r - e x c i t a t i o n  p a t t e r n  of  t h i s  l e v e l  i n d i c a t e s  t h e  b e t a  

feeding t o  b e  f r o m  t h e  h i g h - s p i n  isomer. D e p o p u l a t i n g  t r a n -  

s i t i o n s  t o  t h e  4+ a n d  6+ l e v e l s  a t  1 6 9 4  a n d  1 8 9 2  k e V  l i m i t  

t h e  s p i n  t o  4 ,  5 ,  o r  6. From t h e  ( p , p n )  d a t a  o f  Moore 22 g&. 

( 2 0 ) ,  t h i s  level h a s  b e e n  i n t e r p r e t e d  a s  p r e d o m i n a n t l y  a 

f 7 /  2 ~ i ) 2  n e u t r o n  p a r t i c l e - h o l e  s t a t . e  w i t h  smal l  a d m i x t u r e s  of 

f 7 / 2 d ~ ) 2  a n d  p3 / 2 d . ~ f  2 .  T h e  3- a s s i g n m e n t  f r o m  r e a c t i o n  s t u d -  

ies ( 2 0 )  i s  n o t  c o n s i s t e n t  w i t h  t h e  r e s u l t s  f r o m  gamma d e -  

e x c i t a t i o n .  A 4- a s s i g n m e n t ' i s  p o s s i b l e  from a  ' f 7 / 2 ~ i > 2  

s t a te  b u t .  w o u l d  i m p l y  a n  H2 t r a n s i t i o n  b e t w e e n  t h e  4 0 5 8 -  a n d  

1892-keV l e v e l s .  - 1 t  i s  a l s o  p o s s i b l e ,  t h a t  t h e  l e v e l  s e e n  i n  

t h e  ( p , p r )  w o r k  (20): i s  n o t  t h e  same a s  o n e  s e e n  i n  be t a  
. .  . 



d e c a y .  

4 2 6 9 . 3 5  2 0.15-keV l e v e l .  T h r s e  d e f i n i t e  c o i n c i d e n c e s  

c o n f i r m  t h e  e x i s t e n c e  o f  t h i s  l e v e l .  H u l t i s c a l e  m e a s u r e m e n t s  

o n  t h e  9 9 4 - k e V  t r a n s i t i o n  i n d i c a t e  t h i s  l e v e l  t o  be  f e d  o n l y  

by t h a  l o w - s p i n  isomer. T h e  p r e s e n c e  cf a g r o u n d - s t a t e  t r a n -  

s i t i o n  limits t .he  s p i n  t o  1 o r  2 .  A b o u t  o n e  t h i r d  of '  t h e  

b e t a  f e e d i n g  f r c m  t h e  l o w - s p i n  i s o m e r  d f  1361 t o  l e v e l s  a b o v e  

3  B ~ V  g o e s  t o  t h i s  s t a t e  g i v i n g  i t  a l c u  l o g f t  v a l u e  of 6.5. 

The  l e v e l  h a s  b e e n  i n t e r p r e t e d  ( 2 0 )  a s  a f  7 / 2 d 3 4 2  p l u s  a p 3 /  2 

d 7 f 2  n ~ u t r o n  p a r t i c l e - h o l e  s t a t e  w i t h  a s m a l l  a d m i x t u r e  of 

t h e  p 3 / 2 ~ ? 4 2  s t a t e .  T h e i r  2- a s , s i g n m e n t  i s  c o n s i s t e n t  w i t h  

t h e  r e s u l t s  o f  t h i s  w o r k  b u t  w o u l d  r e q u i r e  t h a t  t h e  g r o u n d -  

s t a t e  t r , a n s . i t i o n  b s  N2. I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  t h e  

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

p l a c e m e n t  i s  c o n f i r m e d  by c o i n c i d e n c e  r e s u l t s )  is t o  t h e  

l e v e l  a t  3275 keV w h i c h  h a s  a l s o  b e e n  i n t e r p r e t e d  a s  a 

n e u t r o n  p a r t i c l e - h o l e  s t a t e .  

4 4 5 4 . 0  & 0.2-keV l e v e l .  T h i s  l e v e l  i s  c o n f i r m e d  b y  'a 

c o i n c i d e n c e  b e t w e e n  t h e  3 1 4 1 -  a n d  1 3 1 3 - k e V  t r a n s i t i o n s .  T h e  

d e - e x c i t a t i o n  F a t t e r n  i n d i c a t e s  t h a t  t h i s  l e v e l  i s  f e d  by t h e  

l o w - s p i n  isomer a n d  t h e  p r e s e n c e  of a  g r o u n d - s t a t e  t r a n s i t i o n  

limits t h e  s p i n  t o  1 o r  2 .  P rom (p, p w )  e x p e r i m e n t s  (20)  , 
t h i s  l e v e l ,  h a s  b e e n  i n t e r p r e t e d  a s  a m i x e d  p,3/7,s79;! p l u s .  

p, ,  , d j P 2  n e u t r o n  p a r t i c l e - h o l e  c o n f i g u r a t i o n ,  a n d  t h e i r  as -  

s i g n m e n t  of 1- o r  2- i s  c o n s i s t e n t  w i t h  t h e  r e s u l t s  o f  t h i s  



d e c a y  s t u d y .  

4474 .0  * 0.3-keV l e v e l .  . T h i s  l e s s  w e l l - d e f i n e d  l e v e l  i s  

i n d i c a t e d  b y  a  d a s h e d  l i n e  o n  t h e  d e c a y  s c h e m e .  A g r o u n d -  

s t a t e  t r a n s i t i o n '  f r o m .  t h e  4474-keV l e v e l  limits i ts  s p i n  t o  1  

o r  2. 

4 5 4 5 . 0  .+ 0.5- a n d .  4 7 1 1 . 2  k 0.4-keV l e v e l s .  T h e s e  l e v e l s  

a r e  a l s o  d a s h e d .  B o t h  l e v e l s  h a v e  g r o u n d - s t a t e  t r a n s i t i o n s  

w h i c h  l i m i t  t h e i r  s p i n  a s s i g n m e n t s  t.o 1 o r  2 .   hey h a v e  b e e n  
. . 

i n t ' e r p r e t e d  ( 2 0 )  t o  h a v e  m a j o r  p , / , s - f ) ,  a n d  p 3  l 2 d j V 2  n e u t r o n  

p a r t i c l e - h o l e  c c m p o n e n t s .  T h e  4711-keV s t a t e  was p o s t u l a t e d  

"20) t o  h a v e  a n  a d d i t i o n a l  c o m p o n @ n t  o f  ~ ~ / ~ d ~ 4 ~  a n d  s m a l l  

a d m i x t u r e s  of f j-1. n e u t r o n  p a r t i c l e - h o l e  . s t a t e s .  

4 9 4 7 . 4  2 0.3-keV l e v e l .  A l o g f  v a l u e  o f  1 'e .s~ t h a n  8.5 

l i m i t s  t h e  s p i n  a s s i g n m e n t  t o  1, 2, o r '  3 a n d  t h e  ' d e c a y  p a t -  

t e r n  i n d i c a t e s  b e t a  f e e d i n g  f r o m  o n l y  t h e  l o w - s p i n  isomer. 

The  n e u t r o n  p a r t i c l e - h o l e  i n t e r p r e t a t i c n  p o s t u l a t e d  f o r  t h e  

l e v e l  ( 2 0 )  i s  ,a c o m p l o x  m i x t u r e  of c o n f i g u r a t i o n c ,  i n v o l v i n g  

P 3 / 2 r  ? 1 / 2 r  a n d  f, 1, , p a r t i c l e  s t a t e s .  T h e i r  p r o p o s e d  a s s i g n -  

men t  of  2- is c c n s i s t e n t  w i t h  t h e s e  b e t a - d e c a y  r e s u l t s .  

5017 .0  + 0.3-, 5 7 6 0 . 3  k 0.3-,  a n d  6 6 2 4 . 1  * 0.4-keV 

l e v e l s .  T h e s e  a r e  t h e  o n l y  u n d a s h e d  l e v e l s  a b o v e  5 M e V .  D e -  

~ x c i t a t i c n  p a t t e r n s  i n d i c a t e  t h a t  a l l  a r e  f e d  by  t h e  l o w - s p i n  

isomer. A g r o u n d - s t a t e  t r a h s i t i o n  f r o m  t h e  5 0 1 7 - k e v  l e v e l  

limits t h e  s p i n  t o  1 o r  2. T r a n s i t i o n s  t o  t h e ' 4 + l e v e l a t  

1 6 9 4  a n d  t h e  l o w - s p i n  l e v e l  a t  2 4 1 4  k e y ,  l i m i t  t h e  s p i n  o f  t h e  



5 2 1 7 . 8  2 0.5-, 5 3 2 1 . 1  + 0.3-, a n d  5 6 0 8 . 3  2 0.3-keV 

l e v e l s .  A l l  o f  t h e s e  l e v e l s  h a v e  g r o u n d - s t a t e  t r a n s i t i o n s  

t i h i c h  i n d i c a t e  t h a t  t h e y  a r e  f e d  by  t h e  l o w - s p i n  isomer. 

T h i s  l i m l t s ' t h e i r  s p i n  t o  1  o r  2. 

5 8 3 2 . 2  f 0 l 6 - k e ~  l e v e l .  T h e  d e c a y  p a t t e r n  o f  t h i s  l e v e l .  

i n h i c a t e s  t h a t  it i s  f s d  b y  t h e  l o w - s p i n  i s o m e r .  A s p i n  o f  

1,  2, o r  3 ' i s  f a v o r e d  b a s e d  o n  a  l o g f , t  v a l u e  cf 7.3 .  

5 8 6 1 . 8  k 0.5- a n d  6 0 9 1 . 4  + 0.3-keV l e v e l s .  T h e s e  t w o  

l e v e l s  a p p e a r  t c  be t h e  o n l y  l e v e l s  a b o v e  5 M e V  t h a t  a r e  f e d  

by o n l y  t h e  h i g h - s p i n  isomer. T r a n s i t i o n s  from the 5862-keV 

l e v e i  t o  t h e  4 +  . a n d  . 6+  1 e v e l s . a t  2 1 2 6  a n d  2 2 6 2  keV r e s p e c -  

t i v e l y  l i m i t  t h e  s p i n  a s s i g n m e n t  t o  4 ,  5, o r  6. T h e  s p i n  o f  

t h e  6092-keV l e v e l  i s  l i m i t e d  t o  4, 5, o r  6  b y  a l o g f , z  v a l u e  

< 7.1 a n d  a  t r a n s i t i o n  t o  t h e  4 +  l e v e l ,  a t  1.694 keV. 

6 1 8 6 . 5  + 0.4- a n d  6 4 1 2 . 3  k 0.4-keV l e v e l s .  .The de -  

e x c i t a t i c r i  p a t t e r n s  f o r  t h e s e  l e v e l s  . i m p l y  p c s s i b l e  b e t a  

f e e d i n g  f r o m  b c t h  isomers. Eocause t h e  s p l i t t i n g  o f  t h e  b e t a  

f e e d i n g  t o  t h e s e  l e v e l s  i s  n o t .  known,  .no b e t a  f e e d i n g s  o r  

l o g f t  v a l u o s  wer4 c a i c u l a t e d .  
. . 

5800 .2  i 0.5-, 5 8 7 0 . 8  i 1 . 2 9 ,  , 5 9 6 8 . 5  + 1 . 0 - , , 6 0 1 3 . 0  + 

0.5-, 6169.8  & OL.8-, 6 2 0 0 . 0  * 1.3-, 6253.Q + 0 .80 ,  6 3 9 4 . 8  * 
. . 

0.6-, a n d  6 4 0 9 . 0  2 0.8-keV l e v e l s .  B e c a u s e  N u c l e a r  D a t a  

S h e e t s  ( 1 3 )  h a s  a c c e p t s d  a , Q - v a l u e  f o r  1 3 b I  o f  6 9 8 0  k e V ,  a n y  



t r a n s i t i o n  w i t h  e i i e r g y  g r e a t e r  t h a n  ( 6 9 8 0  - 1 3 1 3 )  keV m u s t  

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

were o b s e r v e d  a n d  t h e i r  s p i n s  a r e  l i m i t e d  t o  1  o r  2 ,  

B .  Decay  o f  1381 

T h s  p r o m p t  s i n g l e s  s p e c t r u m  f o r  t h e  Z e c a y  o f  1 3 8 1  ( s p e c -  

t r u m  A o f  T a b l e  111.) is  s h o w n  i n  F i g u r e  1 5  a n d  t h e  f i ts  f o r  

t h e  831 - ,  1 2 7 8 - ,  1463- ,  a n d  1 8 1 0 ' - k e ~  p e a k s  a r e  shown  i n  

F i g u r o  1 6 .  O t h e r  a c t i v i t i e s  o b s e r v e d  i n  t h i s  s p e t t r u m  

i n c l u d e  137Xe, r 3 8 ~ e ,  139Xe, l J e C s ,  a n d  1361. ~ i ~ h t  gamma' 

t r a n s i t i o n s  were , a s s i g n s d  t o  1 3 8 1  d e c a y ,  T h e  e n e r g i e s ,  r e f a -  

t i v e  i n t e n s i t i e s , . a n d  p l a c e m e n t s  o f  t h e s e  t r a n s i t i o n s  a r e  

l i s t e d  i n  T a b l e  X I I I . .  O t h e r  weak  t r a n s i t i o n s  w i t h  s h o r t  

h a l f - l i v e s  were o b s e r v e d  w h i c h  may . b e l o n g  t o  t h e  d e c a y  o f  
. . 

1381, b u t  t h e  s t a t i s t i c s  were i n s u f f i c i e n t  t o ,  make a d e f i ' n i -  

tive a s s i g n m 3 n t  o n  t h e  b a s i s  of h a l f - l i f e ,  a n d  n o  - o t h e r  

s u p p o r t i n g  e v i d ~ n c e  wa.s . f o u n d .  T h e  e n e r g i e s  o\f t h e s e  t r a n s i -  

t i o n s  a r e  2 3 0 2 ,  2544 ,  2 5 7 2 ,  2836 ,  3 2 9 7 ,  3 3 1 0 ,  3 4 9 6 ,  a n d  4 0 8 9  

A c o m p a r i s o n .  of . t h e  r e s u l t s  of t h i s  s t u d y  w i t h  t h o s e  o f  

p r e v i o u s  w o r k e r s  i s  g i v e n  . i n  ~ a b i . e  X I V .  T h e  t r a n s i t i o n s  re- 

p o r t e d  b y  K r a t z  22 gl. ( 2 3 )  a t  295. '4,  370 .4 ,  a n d  466 .1  k e v  ' 

were ' n o t .  s e e n  i h  t h i s  s t u d y .  An u p p e r  l i m i t  was o b t a i n e d  f o r  

t h e  i n t e n s i t y  o f  t h e  4 6 6 - k e ~  t r a n s i t i o n  b u t  n o t  f o r  t h e  295- 

a n d  3 7 0 - k e v  ' t r a n s i t i o n s ,  sin& t h e y  were o b s c u r e d  b y  t r a n s i -  
I '  
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T a b l e  XIII. Gamma t r a n s i t i o n s  o b s e r v e d  i n  1 3 8 1  d e c a y  

. . 

' E n e r g y  ( k s  V) R e l a t i v e  i n t e n s i t y 1  P l a c e m e n t  

1 I n t e n s i t p  n o r m a l i z e d  t o  1000 f o r  t h e  589-keV qamma 
t r a n s i t i o n .  

Table XIV. C c m ~ a r i s o n  w i t . h  p r e v i o u s  1381 s t u d i e s  

E n e r g y 1  f i e l a t i v e  E n e r g y 2  R e l a t i v e ,  E n e r g y 3  
( k s V )  Intensity1 ' ( k e  V )  ~ n t e n s i t ~ z .  (.keV) 

i~esults from t h i s  work .  
2 R e s u l t s  from R e f e r e n c e  23..  
s H e s u l t s  from Referenee 16.  
4 I . n t e n s i t y  n o r m a l i z e d '  t o  1000 f o r  t h e  5 8 9 - k e V  gamma . . 
t r a n s i t i o n .  



. . 

. T a b l o  X V .  C o i n c i d e n c e s  o b s e r v e d  i n  1 3 8 1  d e c a y  

G a t i n g  
E n e r g y  
(keV) 

C o i n c i d e n t  
T r a n s i t  i o n s  

( k e l l )  

t i o n s  a t  296.5  a n d  3 7 1 . 4  k e V  'from l 3 9 ~ e  a n d  , 1 3 8 X e  r e s p e c t i v e -  

l y .  I n t s n s i t i e s  r e p o r t e d  b y  ' ~ h e i f e t z  % .&. ( 1 6 )  c a n n o t  b e  

compar?d d i r e c t l y  i i t h  t h o s e  from b e t a  d e c a y ,  s i n c e  the p o p -  

u l a t i o n  m e c h a n i s m  is , d i i f e r e n t .  

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

' d a t a .  s u m m a r i z e d  i n  T a b l e  X V .  T h e  s p e c t r u m  o f  gamma t r a n s i -  

t i o n s  o b s e r v e d  i n  c o i n c i d e n c e  w i t h  t h e  m o s t  i n t e n s e  1 3 8 1  

t r a n s i t i o n  ( 5 8 9  k e V )  i s  s h o w n  i n  F i g u r e  17, a n d  t h e  s p e c t r a  

o b s e r v e d  i n  c o i n c i d e n c e  w i t h  t h e  gamma t r a n s i t i o n s  a t  4 8 4 ,  . 

8 3 1 ,  875, a n d  1 2 7 8  keV a r e  s h o w n  i n  F i g u r e  18 . .  T h e  l e v e l  

Scheme f o r  t h e  d e c a y  o f  1.81 is s h o w n  i n  ~ i g u r e  19. 

A . l t h o u g h  t h 9  p e r c e n t  b e t a  f e e d i n g  t o  t h e  g r o u n d  s t a t e  

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

n o  g r o u n d - s t a t e  b s t a  f e e d i n g .  T h e  r e s u l t s  a t e  g i v e n  i n  T a b l e  
. . . . 

X V I  ., The Q v a l u e  of: 7 . 8  h e v  u s e d  i n  t h i s  c a l c u l a t i o n  was o b -  

t a i , n e d  f r o m  the mass % a b l , e s  o f  G a r v e y  22 21. ( 3 8 ) .  T h e  as-  



ENERGY (keV) 
Figure  1 7 .  Gamma spec trum in coinc i 'denco  w i t h  t h e  

589-keV gamma ra.y from 1 3 8 1  



ENERGY (keV) 
F i g u r e  18. Gamma s p e c t r a  i n  c o i n c i d e ~ c e  with the 

( a )  484- (b) P 3 1 -  (c) 875-, a n d  
1278-keV gamma r a y s  from 1381 





s u i n p t i o n  of z e r o  f e e d i n g  t o  t h e  g r o u n d  s t a t e .  i s  b a s e d  o n  t h e ,  

b e t a  f e e d i n g  . tc  t h e  1 0 7 2 - k e ~ .  l e v e l  w h i c h  h a s  a p r e f e r r e d  as- 

s i g n m e n t  o f  4+.  R . d e t a i l e d  d i s c u s s i o n  o f  - t h e  ~ b s e r v e d  1 3 8 ~ e  

e x c i t e d  s t a t e s  f o l l o w s .  

Table X V I .  B e t a  ' f e e d i n g  a n d  l o g 2 2  v a l u e s  f o r .  1 3 8 1  d e c a y  

1381 ~ e v c i l s  P e r c e n t  E e t a  L o g f t 2  Logg,  2 2 

( k e v j  B r a n c h i n g 1  

lAssumed  . g r o u n d - s t a t e  f e e d ' i n g  is  O X .  
2 ~ - v a l u e  of 7 . 8  M ~ V  o b t a i n e d  f r o m  r e f e r e n c e . 3 8 .  

Ground s t a t e .  The s p i n  a n d  p a r i t y  f o r  1 3 B . X e  i s  a s s u m e d  

t o  b e  0+ s i n c e .  i t  i s  a n  e v o n - e v e n  n u c l e u s .  The g r o u n d - s t a t e  

s p i n  £ o r  1 3 8 1  h a s  n o t  beOn m e a s u r e d  b u t  t h e  be ta  f e e d i n g  t o  

t h e  e x c i t e d  l e v e l s  o f  l38Xe limits t h e  p o s s i b l e  v a l u e s  a s  de -  

s c r i b e d  b e l o w .  

588 .87 .  k 0.10-keV l e v e l .  T h e  m o s t  i r i t e n s e  t r a n s i t i o n  is 

t h e  589-keV t r a n s i t i ' o n  which .  is a s s u m e d  t o  e s t a b l i s h  t h e  

f i r s t  e x c i t e d  s t a t e .  i n '  a g r e e m e n t  w i t h  t h e  YRAST s e q u e n c e  p r o -  



.a. b y  ~ h e i f t i t z  gi. ( 1 6 )  . T h e  p r e f e r r e d  a s s i g n m e r i t  o f  

2+ f o r  t h i s  . l e v e l  is  c o n s i s t e n t  w i t h  t h e  r e s u l t s  f o r  a l l  

known e v e n - e v e n  X e  i s o t o p e s  a n d  N=84 i s o t o n e s .  T h e  l o g f l t  

v a l u e  o f  8 . 2  limits t h e  s p i n  o f  t h e  1381 g r o u n d  s t a t e  t o  1 ,  

2 ,  o r  3 .  T h i s  c o n c l u s i o n  i s  v a l i d  f o r  g r o u n d - s t a t e  be t a  

f e e d i n g s  u p  t o  45%. 

1 0 7 2 . 5 4  k 0.14-keV l e v e l .  Th& 1073-keV l e v e l  i s  e s t a b -  

. l i s h e d  f r o m  t h e  c b s e r v e d  c o i n c i d e n c e s  b e t w e e n  t h e  4 8 4 - ,  '589-, 

a n d  831-keV t r a n s i t i o n s  a n d  t h e ' f a c t  t h a t  t h e  484-keV t r a n s i -  

t i o n  is more i n t e n s e  t h a n  t h e  831-keV t r a n s i t i o n .  T h e  

p r e f e r r e d  a s s i g n m e n t  o f  4 +  f o r  t h i s  l e v e l  i s  b a s e d  o n  

s y s t e m a t i c s  a n d  the a b s e n c e  o f  a n  o b s e r v e d  t r a n s i t i o n  t o  tlie 

g r o u n d  s t a t e .  I t  is  a l s o  i n  a g r e e m e n ?  w i t h  t h e  a s s i g n m e n t  b y  

C h e i f z t z  et 22. ( 1 6 )  a s  t h n  4+ member o f  t h e  YRAST b a n d .  A 

l o g _ f z  v a l u e  o f  7 . 2  limits t h e  s p i n  o £ . . t h e  1381 g r o u n d  s t a t e  

t o  t h e  r a n g e  2 t o  6 w i t h  a  p r e f e r r e d  v a l u e  o f  2  o r  3. 

1 4 6 4 . 1 4  + 0.18-keV l e v e l .  T h i s  l e v e l  i s  e s t a b l i s h e d  by  

t h e  o b s e r v a t i o n  o f  o n l y  t h e  589-keV t r a n s i t i o n  i n  c o i n c i d e n c e  

w i t h  t h e  8 7 5 - k e V  t r a n s i t i o n .  T h e  o b s e r v a t i o n  o f .  a  weak gamma 

t r a n s i t i o n  t o  t h e  g r o u n d  s ta . te  e l i m i n a t e s  a s p i n  0  a s s i g n m e n t  

f o r  t h i s  l q v e l  a n d  m a k e s  a n  a s s i g n m e n t  o f  3  or  4  u n l i k e l y .  

From s y s t e m a t i c s ,  t h e  p r e f e r r e d . a s s i g n m e n t  i s  2+. . A  l o g f  

. v a i u e  of 8.4 i s  c o n s i s t e n t  . . w i t h  t h i s :  a s s i g n m e n t .  

1 8 6 6 . 5 5  + C.31-keV l e v e l .  T h i s  l e v e l  i s  e s t a b l i s h e d  b y ,  

' t h e  , o b s e r v a t i c n  of t h e  1277-kBV t r a n s i t i o n  i n  c o i n c i d e n c e  



w i t h  t h e  589-keV t r a n s i t i o n .  

1 9 0 3 . 3 4  + 0.32-keV l e v e l .  The  o b s e r v e d  c c i n c i d e n c e  o f  

t h e  831-keV gamma t r a n s i t i o n  w i t h  b o t h  t h e  589-  a n d  484-ksV 

t r a n s i t i o n s  e s t a b l i s h e s  t h i s  l e v e l .  . S i n c e  t h e  o n l y  c ' b s e r v e d  

d e c a y  o f  t h i s  l o v e 1  is t o  t h e .  ( 4 + )  l e v e l  a t  1 0 7 3  k e ~ ,  a n  a s -  

s i g n m e n t  o f  s p i n  3  o ' r  h i g h e r  is i m p l i e d ,  b u t  t h e  s p i n  i s  l i m -  . . 

i t e d  t o  less t h a n  6 by  a l o g 2 2  v a l u e  o f  6.9. 

2398.34 2 0.31-keV l eve l . '  o b s e r v a t i o n  o f  t h e  1810-keV 

t r a n s i t i c n  i n  c o i n c i d e n c e  w i t h  t h e  589-keV t r a n s i t i o n  e s t a b -  

l i s h e s  t h i s  l e v e l .  B e c a u s e  a g r o u n d - s t a t e  gamma t r a n s i t i o n  

o f  239.8 keV was. o b s e r v e d ,  a  s p i n  o f  0 is e l i m i n a t e d  a n d  a  

v a l u e  o f  1 or  2 is f a v o r e d .  

C. Decay o f  1J7Xe 

A gamma s i n g l e s  s p e c t r u m  ( s p e c t r u m  A of T a b l e  I V . )  f o r  

e n e r . g i e s  l e s s  t h a n  1 6 2 0  keV i s  shown  i n  ~ i g u r e  20 .  The  ob-  
I 

s e r v e d  ' c o n t a m i n a n t s  i n c l u d e d  * l A r l  ~ O C C ,  a n d  137C.s .  A s e c o n d  

s i n g l e s  s p e c t r u m  ( s p e c t r u m  ' D  o f  T a b l e  I V . )  was c o l l e c t e d  

t h r o u g h  an ibscrber.  T h e  energy r a n g e  o f  120.0 t o  4 2 0 0  keV 

f r o m  t h i s  s p e c t r u m  i s  shown  i n  ~ i g u r e  21.  T h e  a b s o r b e r  c o n -  

s i s t e d  o f  7 millimeters o f  l e a d  f o l l o w e d  by 2 millimeters . 

cadmium a n d  was u s e d  t o  s u p p r e s s  c o u n t s  f r o m  t h e  i n t e n s e  

456-keg  t r a n s i t i o n  a n d  e n h a n c e  c o u n t s  f r o m  w e a k  gamma t r a n s i -  

t i o n s  above 3 M e V .  s t r o n g  c o n t a m i n a n t  p e a k s  weze o b s e r v e d  

f r o m  1 4 o L a  d e c a y  t h a t  was p r e s e n t  u p s t r e a m  i n  t h e  s w i t c h  

m a g n e t  from p r e c e d i n g  e x p e r i m e n t s .  O t h e r  b a c k g r o u n d  a c t i v i -  
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t i e s  o b s e r v e d '  i n c l u d e d  l 3 a X e  a n d  1 3 a C s .  ~ ~ ~ r o x i m a t e l ~  1 5 %  o f  

t h e  p e a k  a t  1 4 6 1  keV i s  , b a c k g r o u n d  a c t i v i t y  f r o m '  *OK. 

A t o t a l  of 94 gamma t r a n s i t i o n s  wers a s s i g n e d  t o  t h e  

d e c a y  o f  137Xe.  T h e .  e n e r g i e s ,  r e l a t i v e  i n t i n s i t i e s  a n d  

p l a c e m e n t s  o f  t h e ' s e  t r a n s i t i o n s  a r e  g i v e n  i n  ~ a b i e  X V I I .  

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

a n d  r a l a t i v e  i n t e n s i t i e s  r e p o r t e d  by  f lonnand  gf a. (25)  a n d  

Holm (2 .4) .  S o v e r a l  o f  t h e  i n t e n s i t i e s  q u o t e d  ' by  f lonnand  gt 

a l .  ( 2 5 )  a r o  - s t a t e d  a s  b e i n g  (0.1 e .ven  t h o u g h  t h e  p e a k s  a r e  - 
c l e a r l y  l a b e l e d  a n d  v i s i b l e  i n  t h e i r  s i n g l e s  s p e c t r u i n .  A few 

p e a k s  r e p o r t e d  by R e f e r e n c e  2 5  were n o t  s e e n  i n  t h i s  s t u d y  

a n d  u p p e r  l imits a r e  g i v e n .  ~ h r e e  o t h e r  p e a k s  r e p o r t e d  i n  

R e f e r e n c e  25 were i n t e r p r e t e d  a s  b e i n g  escape p e a k s .  T h e  

933-ksV p e a k  was i n t e r p r e t e d  a s  a s i n g l e t  r a t h e r  t h a n  a doub-  

l e t  a n d  t h e  o n e s  a t  1 2 3 4  a n d  2 0 9 9  keV were i n t e r p r e t e d  a s  

d o u b l 9 t s .  T h e  1067-keV d o u b l e t  p r e s & n t e d  a  p r o b l e m  i n  t h i s  

s t u d y  b e c a u s e  t h e  e n e r g y  o b t a i n e d  f o r  t h e  h i g h - e n e r g y  compo- 

n e n t .  w i t h  t h e  c e n t r o i d s  f ree  t o  v a r y  d u r i n g  t h e  f i t t i n g  ' ' 

p r o c e s s  w a s  a b b u t  1  kaV l a r g e r  t h a n  t h e  p l a c e m e n t '  e n e r g y  i n -  

d i c a t s d  by t h e  c o i n c i d ? n c e  r e s u l t s .  T h i s  r e s u l t  was t r u e  f o r  

b o t h  s p e c t r a  A 6 D.. An a c c e p t a b l e  f i t  was  o b t a i n e d  f o r  t h i s  

d o u b l e t  w i t h  t h e  c e n t r o i d  f i x e d  ' a t  t h e  p l a c e m e n t  e n e r g y  a n d  

the height c o n s t r a i n e d  to v a r y  with t h e  height of t h e  

1066-keV p e a k .  



T a b l e  X V I I .  Gamma t r a n . s i t i o n s  o b s e r v e d  i n  137Xe d e c a y  

Ene.rgy 1, Energy2  . . .  E n e r g y 3  P l a c e m e n t  
(keV) . R e l a t i v e  (kev) R e l a t i v e  ( k e v )  R e . 1 a t i v e  

I n t e n  si t . y  1. I n t  e n s i t y 2  I n t e n . s i t y 3  

298.00 + ,0.07 3.8 k 0 . 3  297.6 k 0 . 6  3.0 
393.35 k 0.06 4.5 lt 0.3 393.5 2 0.3 . 4.3 394 5.7 
455.5'1 0..04 1000.4 .455.45 _+ 0.10 'loOD..* 456 1000.@ 
482.14 + 0.12  0.48 k 0.10 481.9 + 0 . 3  0.5 

(0.05 526.8 +_ 0.5 . .  0.2 
DEP (1570)  . . . . 547.3 + 0.5 Q O .  1 

(0.04 58'4.5 k. 0.5 (0.1 
59:4..70 * 0.06 2.7 * 0.3 594.5 + 0.2 2.7 595 3 .  

' 633 .4  k 0'.5 0.08 * '  0.0.4 
DEP (1665)  64'4.0 f 1.0 0.2 

683.2 k 9 . 1  0..65. k 0.07, 683.0 ,+ 0.3 ,007  684 0.7 
. . < o e o u  700.0 + 1.0 (0.1 

7 1 5 . 2  + 0.2  . 0.21 i 0..05 715.4 f 0.5 ~ 0 . 1  . 
750.65 k 9.1 0.67 ? 0.07 750.6 _+ 0:3 Oi.8 
802.4 k 0 .4  0.13 k 0.04 80.2.0 + . 1 . 0  . (0.1 
848 .95 .k  0.06 20. f 1. 849.0 + .0.2 22 .8 '  849-  21.7 

(0.04 865.0 + 1.0 S O .  1 

1 R e s u l t s  from t h i s  work. 
z l i e s u l t s  from Mdnna.nd 2% al. ( 2 5 ) .  
3 R e s u l t s  from 'Holm (24) . 

. . * I n t e n s i t i e s  n o r m a l i z e d  to 1000 for t h e  456-keV transition. 



Table X V  11.. ( c c n t i n u e d )  

E n e r g y  1 E n e r g y  2 Ene.rgy3  P l'ace me n't  
(keV) R e l a t i v e  . . (keV) ~ e l a t i v e  (kev) R . c l a t i v c .  

. . I n t e n s i . t y 1  . . I n t e n s i t y 2  I n t e n s i t y 3  



~ a b i s  ~~1.1.' ( c o n t i n u e d )  

Energy1 Energyz . .  Energ.yJ P l a c e m e n t  
(kev)  R e l a t i v e  (kev) R e l a t . i . v e  (ke l l ) '  ~ e l a t i v e  

, I x f t e n s i t y l  I n t e n s i t  y2, I n t e n s i t y 3  



Table X V I I .  ( c o n t i n u e d )  

E n e r g y 1  Energy 2 E n e r g y s .  P l a c e m e n t  
(keV) Rel.ati7e ( k e v )  R e l a t i v e -  . (keV)' Relat ive  

I n t e n s i t y 1  I n t e n s i  t.y* I n t e n . s i t p . 3  



T a b l e  X V I I .  ( c o n t i n u e d )  

En.ergy 1 En e.rgy2 E n e r g y 3  Place merit 
(key). . R e l a t i v e  , (keV) Re l a t i - v . e  (keg,) R e l a t i v e  

I n t e n s i t y 1  ~ n t e n s i t y *  I n t e n s i t y 3  
. . 



The p r o p o s e d  l e v e l  scheme is  s u p p o r t e d  b.y t h e  c o i n c i -  

d e n c e  r e s u i t s  c o n t a i n e d  i n  . T a b l e  X V I I I .  T h e  982-keV t r a n s i - .  

t i o n  was  o b s e r v e d  t o  be i n  c o i n c i d e n c e  w i t h  t h e  4:56-keV t r a n -  

s i t i o n  a n d  h e n c e  c a n n o t  b e .  a  g r o u n d - s t a t e  t r a n s i t i o n .  T h i s  

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

( 2 4 , 2 5 ) .    his c o i n c i d e n c e  was c o n f i r m e d  by a c a r e f u l  a n a l y -  

sis of a c c i d e n t a l  c o i n c i d e n c e s  a n d  gamma s i n g l e s  i n t e n s i t i e s .  

T h e  s p e c t r u m  s e e n  i n  c o i n c i d e n c a  w i t h  t h e  456-kaV t r a n s i t i o n  

is shown . i n  F i g u r e  2 2  a n d  t h e  s p e c t r a  s e e n  i n  c o i n c i d e n c e  ./ 

w i t h  t h e  849-  a n d  982-keV g a t e s  a r e  s h o w n  i n  ~ i g u r e  23. As a . 

c o n s e q u e n c e  o f  t h e  982-456  c o i n c i d e n c e ,  s e v e r a l  o f  t h e  gamma 

c a s c a d e s  p r o p o s e d  b y  Monnand %& a&. ( 2 5 )  a re  i n v e r t e d  i n  t h i s  

s t u d y .  The  p r o p o s e d  l e v e l  s c h e m e  f o r  1 3 7 X e  d e c a y  i s . s h o w n  i n  

F i g u r e  24 ,  The l e v e l s  p r o p o s s d  i n  t h i s  s t u d y  a r e  c o m p a r e d  i n  

F i g u r e  2 5  t o  t h e  b e t a  d e c a y  r e s u l t s  o f  Monnand et g&. ' ( 2 5 )  

a n d  t h e  p r o t o n - t r a n s f e r  e x p e r i m e n t s  of W i l d e n t h a l  22 a&. 

P e r c e n t  b e t a  f e e d i n g s  a n d  l o g f r  v a l u e s  were c a l c u l a t e d  

u s i n g  a  g r o u n d - s t a t e  b e t a  b r a n c h i n g  o f  6 7  + 3% a,s m e a s u r e d  by  

Onega  a n d  P r a t t  ( 3 9 ) .  A Q - v a l u e  o f  4 . 1 5  PleV was u s e d  i n  t h o  

l o g f t  c a l c u l a % i c n .  T h e  r e s u l t s  o f  t h e  p e r c e n t  b e t a  f e e d i n g  

anA l.nrjfL c a l c u l a t i o n s  arrz t a b d l a t o d  i n  T a b l e  X I X .  

The a c c e p t e d  a s s i g n m e n t  o f  7 / 2 + ,  f o r  t h e  g r o u n d  s t a t e  o f  

l V C s ,  h a s  b e e n  o b t a i n e d  by a t o m i c - b e a m  m e t h o d s  a n d  s h e l l -  

model  a r g u m e n t s .  From t h e  a n g u l a r  d i s t r i b u t i o n s  o f  t h e  



1 0 4  

T a b l e  X V I I I .  C o i n c i d e n c e s  o b s e r v e d  i n  1 3 7 X e  d e c a y  

G a t i n g  D e f i n i t e  
E n e r g y  C o i n c i d e n c e g  
(ke V) (keV)  

P o s s i b l e  
C o i n c i d e n c e s  

(ke V )  



ENERGY i k e ~ )  
. Figurs 22. Gamma spectrum in coincidence w i t h  t h e  

456-keV gamma ray from 1 3 7 X e  



ENERGY ( keV) 

F i g u r e  2 3 .  Gamma s p e c t r a  i n  c o i n c i d e n c e  w i t h  t h e  (a)  849 -  
a n d  (b) 982-keV gamma. r a y s  f r o m  137Xe 
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' '9-  P- (d?+H2Hz) ' .  

THIS REF3 (He3,d) 
WORK REF4 , 

... . . . 

~ i g u r e  2.5. C o m p a r i s o n  of  13?Cs l e v e l s  from t h i s  
w o r k  ' w i t h  pi-evLou's s t u d i e s  



. . 

Table XIX. Beta feeding a.nd logft values for 137Xe decay 

13'Cs L e v e l s  
(keV) 

P e r c e n t  Beta 
B r a n c h i r i g  

.----------'--------------.---------------.------------------ 
. . 

lLogf, - - t v a l u e  less t h a n  8.'5 ' .  
. . 



1 3 6 x e ( d , p ) l 3 7 x e  r e a c t i o n  ( 4 0 )  a n d  s h e l l - m o d e l  

c o n s i d e r a t . i o n s ,  an a s s i g n m e n t  o f  7/2- is p r e f e r r e d  f o r  t h e  

l 3 7 X e  g r o u n d  s t a t e .  T h i s  a s s i g n m e n t  i s '  c o n s i s t e n t  w i t h  a  

l o g f  v a l u e  o f .  8.2 f o r  t h e  b e t a  t r a n s i t i o n  t o  t h e  1 3 7 C s  

g r o u n d  s t a t e  ( s p i n  p a r i t y  r u l e s  a r e  s u m m a r i z e d  i n  T a b l e  V I I ) .  

Some p r e f e r r e d  a s s i g n m e n t s  o f  s p i n  a n d  p a r i t y  c a n  b e  made o n  
. . 

t h e  b a s i s  o f  r e a c t i o n  s t u d i e s  ( 1 9 ) ,  d e - e x c i t a t i o n  p a t t e r n s  

a n d  ,lo'w l o g f l f ,  v a l u e s .  A d i s c u s s ' i o n  of  t h e s e  l e v e l s  follows. 

455.51 * 0.05-keV l e v e l .  T h i s  l e v e l  is w e l l - e s t a b l i s h e d  

. . ' by p r e v i o u s  s t u d i e s  (19 ,24,25,26,39)  . S i n g l e  p r o t o n  t r a n s f e r  

r e a c t i o n s ,  ( 1 9 )  i n d i c a t e  t h a t  t h i s  l e v e l  c o n t a i n s  most of t h e  
. . 

d ,  ,, s i n g l e - p a r . t i c l e  s t r e n g t h ,  t h e r e f o r e  a n  a s s i g n m e n t  o f  

5 /2+  is  p r e f e r r e d  f o r  t h i s  l e v e l .  T h i s  a s s i ' g n m e n t  i s  con-  

s i s tent  w i t h  a l o g & , &  v a l u e  o f  8.2 t o  t h i s  l e v e l .  
. . 

848.90 0.06-keV l e v e l .  . T h i s  l e v e l  h a s '  b e e n .  o b s e r v e d  

i n  p r e v i o u s  . d e c a y .  s t u d i e s  ( 2 4 , 2 5 )  a n d  i n  a  muon c a p t u r e  s t u d y  

( 2 6 ) .  A s p i n . a n d  p a r i t y  a s s i g n m e n t  o f  5 / 2 +  is f a v o r e d  from 

t h e  r e s u l t s  o f  s h e l l - m o d e l ,  c a l c u l a t i o n s  of t h e  s e c o n d  . . e x c i t e d  

s t a t e .  . T h e s e  c a l c u l a t i o n s  w i l l -  b e  d i s c u s s e d  l a t e r .  

A m a j o r .  d i f i e r e n c e  i n  t h e  r e s u l t s  of t h i s  work c o m p a r e d  

t o  p i e y i o u s  d e c a y  s t u d i e s  (24 .25)  is t h e  a b s e n c e  o f  a  l e v e l  

a t  982 keV.. T h e ,  9 8 2 - k e ~  t r a n s i t i o n  was p l a c e d  a s  d e p o p u a t i n g  

t h e  2850-keV l sve !  i n s t e a d  o f  a g r o u n d - s t a t e  t r a n s i t i o n  p r i -  

m a r i l y  b e c a u s e  o f  a n  o b s e r v e d  c o i n c i d e n c e  of t h e  456- a n d  

982-keV t r a n s i t i o n s . .  A c a r e f u l  a n a l y s i s  o f  t h e  i n t e n s i t y  o f  



. t h e .  456-keV p e a k  i n  b o t h  t h e  982-  a n d  849-keV,  ga tes  s h o w s  

t h a t  i n  t h e . s p e c t r u m  r e s u l t i n g  f r o m  t h e  982-keV g a t e ,  4 0 %  o f  

t h e  c o u ' n t s  i n  t h e  456-keV p e a k  a r e  t r u e  c o i n c i d e n c e s .  T h e s e  

c o u n t s  c a n n o t  be a t t r i b u t e d  t o  e i t h e r  a c c i d e n t a l  o r  Compton  

b a c k g r o u n d  c o i n c i d e n c e s .  A s u p p o r t i n g  a r g u m e n t  i s  t h e  f a c t  

t h a t  t h e  456-  a n d  9 8 2 - k e y  t r a n s i t i o n s  were s e e n  t o  be i n  

s t r o n g  c o i n c i d e n c e  w i t h  t h e  1 1  14-keV t r a n s i t i o n  b u t  n o  

527-keV t r a n s i t i o n  c o n n e c t i n g  t h e  p r o p o s e d  982-keV l e v e l  t o  

t o  t h e  4 5 6 - k e ~  l e v e l  was o b s e r v e d ,  A c c o r d i n g  t o  t h e  d e c a y  

s c h e m e  o f  Monnand & p&. ( 2 5 )  t h e  456-  a n d  527-keV t r a n s i -  

t i o n s  w o u l d  be s e e n  a t  a b o u t  e q u a l  i n t e n s i t y ,  b u t  t h e  982-keV 

c o i n c i d e n c e  w o u l d  b e  much s t r o n g e r .  T h e  o n l y  o t h e r  p o s s i b i l -  

i t y  f o r  a  c o i n c i d e n c e  w i t h  t h e  456-keV t r a n s i t i o n  i s  a ,133- ,  

393-keV c a s c a d e  t h r o u g h  t h e  849-keB l e v e l .  A 133-keV gamma 
. . 

r a y  was n o t  o b s e r v e d  a n d  n e i t h e r  t r a n s i t i o n  was s e e n  i n - c o i n -  

c i d e n c e ,  w i t h  t h e  11 14-keV gamma r a y ,  

The  p l a c e m e n t  o f  t h e  982-keV t r a n s i t i o n  a s  d e p o p u l a t i n g  

t h e  2 8 5 0 - k e v  l e v e l  r e s u l t s  i n  a  r e v e r s e d  o r d e r  of t r a n s i t i o n s  

s e e n  i n  c a s c a d e  f r o m  , t h e ' 2 8 5 0 - k e v  l e v e l  c o m p a r e d  t o  t h e  l e v e l  

s c h e m e  o f  Monnand 9 pi ( 2 5 j .  T h e  o r d e r  p r o p o s e d  i n  t h i s  

work  f o , r  t h e s e  f o u r  , c a s c a d e s  is s u p p o r t e d  by s . e v e r a 1  o b s e r v e d  

c o i n c i d e n c e s  a n d  r e s u l t s  i n  n o n - z e r o  b e t a  f e e d i n g  f o r  two o f  

the i n t e r m e d i a t e  l e v e l s .  

1 1 8 4 . 7 1  k 0 . 0 5  a n d  1273 .20k  0 .06 -kev  l e v e l s .  T h e s e  

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



. . 

l o g E .  T h i s  s u g g e s t s  t h a t  t h e y  a r e  o f  s p i n  9 / 2  o r  g r e a t e r  

a n d  may c o r r e s p o n d  t o  t h e  l o w e s t  9 /2+ a n d  1 1 / 2 +  l e v e l s  ob- 

t a i n e d  i n  s h e l l - m o d e l  c a l c u l a t i o n s .  B e c a u s e  a l l  o f  t h e  ex-  

p e r i m e n t a l  l e v e l s  i n  t h i s  r e g i o n  h a v e  l o g f , &  v a l u e s  g r e a t e r  

t h a n  8 .5 ,  t h e i r  s p i n  a s s i g n m e n t s  are '  n o t  w e l l  d e t e r m i n e d .  

A l l  o f  t h e s e  l e v e l s  e x c e p t  t h o s e  a t  1868 ,  2368,  and  2796 keV 

d e c a y  b o t h  t o  t h e  '7/2+ g r o u n d  s t a t e  a n d  t h e  5/2+ first 

e x c i t e d  s t a t e .  T h e i r  s p i n  a s s i g n m e n t s  a r e  t h e r e f o r e  

r e s t r i c t e d  t o  t h e  r a n g e  3 /2  t o  9/2.  A l l  e x c e p t  t h e  2099- a n d  

2217-keV l e v e l s  a r e  c o n f i r m e d  by d e f i n i t e  c o i n c i d e n c e s  w i t h  

t h e  456- k e ~  t r a n s i t i o n .  

1569.84 t 0.06-keV l e v e l . .  T h i s  l e v e l  is s t r o n g l y  f e d  by 

t h e  1868-keV l e v e l .  I f  t h e  1868-keV l e v e l  is a c c e p t e d  a s .  t h e  

11/2- s t a t e ,  t h e n  t h e  a s s i g n m e n t  f o r  t h i s  l e v e l  i s '  r e s t r i c t e d  . 

t o  7/2  o r  9/2. ' S i n c e  t h e  d e - e x c i t a t i o n  o f  t h i s  l e v e l  t o  t h e  

5 /2+  l e v e l  is s t r o n g e r  t h a n  t o  t h e  7 / 2 +  g r o u n d  s t a t e ,  a n  as- 

s i g n m e n t  of 7 / 2  is p r e f e r r e d .  

. 1574.84 t 0.06-keV l e v e l .  An a s s i g n m e n t  ,of 5/2 or  7 1 2  

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

t h e  7 / 2 + : g r o u n d  s t a t e  a n d  t h e  5/2+ 456-keV l e v e l ,  

1867 .87  * 0.07-keV l e v e l .  T h i s  l e v e l  p r o b a b l y  corre- 

s p o n d s  t o  t h e  1 .85- lev  h ,  ,,, , s t a t e  s e e n  i n  t h e  p r o t o n  t r a n s -  

fer e x @ e r i m e n t s  of W i l d a n t l l a l  & u. (19)..  T h i s  c o r r e s p o n - .  

d e n c e  is c o n s i s t e n t  w i t h  'a  , d e - e x c i t a t i o n  p a t t e r n  w h i c h  

i n c l u d e s  t h e  7/2+ g r o u n d  s t a t e  a n d  l e v e l s  p r o p o s e d  a s  9/2+ 



a n d  1 1 / 2 +  a t  1 1 8 5  a n d  , 1 2 7 3  kev  r e s p e c t i v e l y .  A b e t a  f e e d i n g  

t h a t  is zero w i t h i n  e x p e r i m e n t a l  u n c e r t a i n t i e s  is a l s o  con-  

s i s t e n t  w i t h  t h i s  a s s i g n m e n t .  

2068.03 i 0.07-keV l e v e l .   his l e v e l  may c o r r e s p o n d  t o  

t h e  d , , ,  s i n g l e - p a r t i c l e  l e v e l  s e e n  a t  2.07 #eV i n  p r o t o n  

' t r a n s f e r  r e a c t i o n s  ( 1 9 ) .  T h i s  a s s i g n m e n t  i s  c o n s i s t e n t  w i t h  

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

5 /2+ s i n g l e  p a r t i c l e  s t a t e  a t  4 5 6  k e 8  a n d  o n l y  w e a k l y  t o  t h e  

7/2+ g r o u n d  s t a t e .  

2849.11 * 0.13- a n d  2850.04 i 0.09-keV l e v e l s .  A l e v e l  

d o u b l e t  is p o s t u l a t e d  h e r e  where  p r e v i o u s  s t u d i e s  ( 2 4 , 2 5 )  

h a v e  r e p o r t e d  a s i n g l e  l e v e l .  T h e  2849-kev l e v e l  r e s u l t s  

f r o m  t h e  l o w e r  e n e r g y  f o r  t h e  2'393.53- + 455.51- a n d  2000.3- 

+ 848.95-keV sums. Both  l e v e l s  h a v e  l o g f , t  v a l u e s  l e s s  t h a n  

8.5 w h i c h  restr ict  t h e  p o s s i b l e  s p i n  a s s i g n m e n t s  t o  5/2, 7 / 2 ,  

or  9/2 i f  t h e  a s s i g n m e n t  f o r  t h e  137Xe g r o u n d  s t a te  is 7/2-. 

The s t r o n g e s t  d e p o p u l a t i n g  t r a n s i t i o n  f o r  t h e  2849-keV l e v e l  

is  t o  t h e  5 / 2 +  s i n g l e - p a r t i c l e  s t a t e  a t  456-keV a n d  no t r a n -  

s i t i o n  t o  a h i g h e r - s p i n  l e v e l  was o b s e r v e d . .  An a s s i g n m e n t .  of 

5/2 o r . 7 1 2  i s  t h u s  p r e f e r r e d ' f o r  t h i s  l e v e l .  F o r  t h e  

2850-keV l e v e i ,  t h e  s t r o n g e s t  d e p o p u l a t i n g  t r a n s i t i o n s  are t o  

t h e  712, g r o u n d  s t a t e  a n d  the 1 1 ~ 2 -  l e v e l a t  1868 kev .  ha 

a s s i g n m e n t  of 912 is  p r e f e r r e d  for t h i s  l e v e l .  

, . A l l  ,of  t h e  l e v e l s  a b o v e  3 M e V ;  with t h e  e x c e p t i o n  of t h e  

3104-keV l e y e l ,  h a v e  l o g f , i  v a l u e s  less t h a n  8 .5 . .  I f  t h , e  as- 



s i g n m e n t  f o r  t h e  137Xe g r o u n d  s t a t e  .is 712- t h e n  t h e  a s s i g n -  

m e n t s  f o r  t h e s e  l e v e l s  a r e  r e s t r i c t e d  t o  5 / 2 ,  , 7 1 2 ,  o r  9/2. 

The l a r g e  n u m b e r  of h i g h - l y i n g  l e v e l s  w i t h  low l o g f t  v a l u e s  

is s i m . i l a r  t o  o b s e r v a t i o n s  made f o r  t h e  N=82 n u c l e u s  136Xe 

where  a n  a l l o w e d  b e t a  d e c a y  o f  a c o r e  n e u t r o n  t o  c r e a t e  

n e u t r o n  p a r t i c l e - h o l e  s t a t e s  was p r o p o s e d  t o  e x p l a i n  t h e s e  

o b s e r v a t i o n s .  
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V. DISCUSSION 

A .    he S h e l l  H o d e l  i n  t h i s  R e g i c n  

T h e  n u c l e i  s t u d i e d  i n  t h i s  w o r k  a r e  n e a r  t h e  d o u b l y  

m a g i c  1 3 2 S n  n u c l e u s .  T h e r e  h a s  b e e n  c o n s i d e r a b l e  i n t e r e s t  i n  

t h i s  r s g i o n  a s  a t e s t  of t h e  s h e l l  m o d e l .  T h e  s h e l l  m o d e l  

s t a t e s  b s t w e e n  t . h e  m a g i c  n u m b e r s  50 a n d  8 2  a r e  g 7 / , ,  d , / , ,  

h 1 1 . / 2 '  d 3  / 2  a n d  s,/;. T h e  ' s t a t c s  b e t w e e n  8 2  a n d  126 are 

f 7 / 2 f  h 9 / 2 f  ' 5 / 2 '  P 3 / 2 #  i , , ,2f  a n d  p, , , .  F o r  t h c n u c l e i '  

s t u d i 4 d  i n  t h i s  w o r k ,  t h e  e x p e c t a t i o n  is t h a t  t h e  p r o t o n s  

a b o v e  Z = 5 0  w i l l  o c c u p y  p r e d o m i n a n t l y  t h e  q 7  a n d  d  , ,, 
s i n g l e - p a r t i c l e  s t a t e s  f o r  t h e  l o w - l y i n g  e x c i t e d  s t a t e s .  

Prom t h e  o b s e r v e d  s y s t e m a t i c  t r e n d s ,  t h e  h , ,  , /, s t a t e  may b e  

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

l e v e l s  a s  w i l l  b e  more c o m p l e f e l y  d i s c u s s ~ d  l a t e r .  Two of  

t h e  d e c a y s  s t u d i e d  ( 1 3 6 I f 1 J 7 X e )  p o p u l a t e  l e v e l s  i n  N=82 
. . 

c l o s e d - s h e l l  n u c l e i .  T h e  n e u t r o n  c o m p o n e n t s  of t h e  w a v e f u n c -  

t i o n  a r e  n o t  e x p e c t e d  t o  b e  s i g n i f i c a n t  f o r  t h e  lower e x c i t e d  

l e v e l s ,  b u t  t h e y  a r e  e x p e c t e d  t o  F l a y  a n  i m p o r t a n t  r o l e  i n  

t h e  s t r u c t u r a  o f  138Xe l e v e l s  a n d  l e v e l s  a b o v e  t h e  .core 

b r e a k i n g  t h r e s h c l d  for i 3 6 ~ e .  a n d  1 3 I C s .  

B. s y s t e m a t i c s  f o r  E v e n - E v e n  N u c l e i  i n  t h e  h = 8 2  R e g i o n  

T h e  l s v e l s  p r o p o s e d  f o r  t h e  d e c a y  o f  13.81 a r e  i m p o r t a n t  

b e c a u s e  t h e y  - e . x t e n d  t h e  kno.wn s y s t e m a t i c s  o f  t h e  Xe i s o t o p e s  



. . 

t o  t h e  n e u t r o n - r i c h  s i d ' e . o f  N=82. T h e y  a l s o  e x t e n d  t h e  . . ' 

. s y s t s m a t i c s  of t h e  ~ = 8 4  n u c l e i  t o  w i t h i n  f o u r  F r o t o n s  o f  

' Z=50. I t  i s  h e l p f u l  t o  c o m p a r e  t h e  N=82 a n d  N-84 a n d  t h e  ~e 

a n d  Ba s y s t e m a t i c s .  A c o m p a r i s o n  o f  t h e  l o w e s t  2+,  4+, a n d  

3- s ta tes  f o r  N=82 a n d  N=84 n u c l e i  i s  shown i n  F i g u r e  26.  A s  

e x p e c t e d ,  t h e  e n e r g i e s  o f  t h e  l e v e l s  f c r  t h e  N=84 n u c l e i  a r e  

l o w e r  t h a n  f o r  t h e  N=82 n u c l e i .  T h e  s i m i l a r i t y  o f  t h e  t r e n d s  

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

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

c o n t r a r y  t o  w h a t  m i g h t  b e  e x p e c t e d ,  t h e  e n e r g y  o f  t h e  2+ 

a n d  4+ l e v e l s  i n c r s a s e s  a s  t h e  number  c f  p r o t o n s  a b o v e  Z=50 

is i n ' c r s a s e d .  A p o s s i b l e  . . e x p l a n a t i o n  of t h i s  i n c r e a s e  i s  a s  

f o i l o w s .  T h e  h i , , ,  s i n g l e - p a r t i c l e  e n e r g y  i s  c b s e r v e d  t o  de -  

c r e a s e  u i t h  i n c r e a s i n g  Z f o r  t h e  N=82 i s o t o n e s  a s  c o n f i r m e d  

by  p r o t o n - t r a n s f e r  e x p e r i m e n t s  ( 1 9 ) , a n d  i l l u s t r a t e d  i n  ~ i g u r e  
. . 

27. T h e  d e c r e a s e  r e s u l t s  i n  a n  i n c r e a s i n g  a d m i x t u r ~  o f  two  

h l  1 /2 
p r c t o n s  c c u p l e d  t o  s p i n  0 i n  t h e  g r o u n d - s t a t e  w a v e f u n c -  

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

i n c r e a s e r  w i t h  t h e  i n c r e a s i n g  h , , , ,  a d m i x t u r e ,  t h e r e f o r e  t h e  

g a p  b e t i e e n  t h e  O+ g r o u n d  s t a t e  a n d  f i r s t  e x c i t e d  2 +  l e v e l  

. i n c r e a s e s .  
. . 

T h e  s y s t e m a t i c s  f o r  Xe, a n d  Ba ( s h c w n  i n  F i g u r e  28)  a r e  

a l s o  s im i l a r .  The  d i f f e r e n c e  i n  t h e  l e v e l  s p a c i n g  b e l o w  N=82 

c o m p a r e d  t o ' , a b c v e  N=82 i s  o f  s i g n i f i c a n t  i n t e r e s t .   h he ' , 

, , ,  

n e u t r o n  F a i r s  a d d e d  a b o v e  N=82 f i l l  t h e  h i g h - s p i n  f  ,,, a n d  



Figure 26. s y s t e m a t i c s  o f  l o w - l y i n g  l e v e l s  for 
e v e n - e v e n  N=82 and. N=84 n u c l e i  



. : . . F i g u r e  27. R e l a t i v e  e n e r g i e s  of p r o t o n  s i n g l e -  
, p a r t i c l a  sta te -s  seer! i n '  odd-A N=82 n u c l e i  



P i g u r s  28. Systematics of the Qven Xe and Ea 
isotopes 



h, , , , o r b i t a l s ,  w h i l e  t h e  h o l e  . s t a t e s  b e l o w  N=82 o c c u p y  t h e  

l o w - s p i n  s, ,, a n d  d,;, o r b i t a l s .  T h e  p a i r i n g  e n e r g y  a s s o c i -  

a t e d  w i t h  t h e  0 +  g r o u n d  s t a t e  i n c r e a s e s  w i t h  i n c r e a s i n g  j 

t h u s  enlarging t h e  g a p  b e t w e e n  t h e  0+ l e v e l  a n d  ' t h e .  h i g h e r  

s p i n  l e v e l s  a s  j i n c r e a s e s .  The  d e p e n d e n c e  on  j c f  t h e  

p a i r i n g  . i n t e r a c t i o n  is o p p o s e d  by  t h e  n u c l e a r  q u a d r u p o l e  i n -  

t e r a c t i 0 . n .  T h e  q u a d r u p o l e  i n t e r a c t ' i o n  i s  t h e  " l o n g  r a n g e m  

p a r t  of the i n t e r a c t i o n .  C o h e r e n t  e f fec t s  i n v o l v i n g  many 

p a r t i c l e s  may - r e s u l t  w h i c h  c o m p e t e  w i t h  t h e  p a i r i n g  fcrce a n d  

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

f o r  n u c l e i  f a r  f rom t h e  m a g i c  n u m b e r s .  A l s o ,  t h e  n u m b e r  of 

a v a i l a b l e  s t a t e s  t h a t  t h e  i n t e r a c t i n g  p a r t i c l e s  c a n  s c a t t e r  

i n t o  i s  l a r g e r  f o r  t h e  p a r t i c l e s  a b o v e  N=82 t h a , n  f o r  t h e  h o l e  
, . 

s t a t e s  where t h e  ~ a u l i  p r i n c i p l e  res t r ic ts  t h e  a v a . i l a b l e  

p h a s e  s p a c e .  T h e  o b s e r v e d  b e h a v i o r  s u g g e s t s  t h a t  t h e  

q u a d r u p o l e  i n t e r a c t i . o n  p r e d o m i n a t e s  o v e r  t h o  p a i r i n g  i n t e r a c -  

t i o n  a s  o n o  moves  away f r o m  d o u b l y - m a g i c  132Sn. A d d i t i o n a l  

s u p p o r t  f o r  t h i s  h y p o t h e s i s  is  i l l u s t r a t e d  i n  F i g u r e  29 ,  

w h e r e  t h e  e x c i t a t i o n  e n e r g i e s  o f  . t h e  f i r s t  e x c i t e d  2 +  l e v e l  

for N-78, 8 0 ,  82, 84, a n d  8 6  a r e  c o m p a r e d .  F o r  Z=54 a n d  56 

t h e  asymmetry a t o u t  N=82 i s  e v i d e n t  b u t  d e c r e a s e s  u n t i l  by  

Z=62 t h e ' r w i s  s y m m e t r y .  A s  more  p r o t o n s .  a r e  a d d e d  t o  2250 

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

Z=62 a n d  N#82. 



Figure .2'9. Systemati.cs of t h e  f i r s t  e x c i t e d  2+ levels 
for N=78, 80, 82, 84, and 86 n u c l e i  - 



O t h e r  e f f e c t s  i n v o l v i n g  c o r e  e x c i t a t i c n s  a r e  s e e n  a t  

h i g h e r  e n e r g i s s .  T h e  h i g h - l y i n g  s t a t e s  o f  13bXe a n d  1 J a B a  

h a v e  b e e n  i n v e s t i g a t e d  u s i n g  ( p ,  p 8 )  r e a c t i o n s  p o p u l a t i n g  

i s o b a r i c  a n a l o g  r e s o n a n c e s  (20,4 1) . S e v e r a l  l e v e l s  a b o v e  3 

H e V  were i n t e r p r e t e d  a s  c o n t a i n i n g  s i g n i f i c a n t  n e u t r o n  

p a r t i c l e - h o l e  ~ c n f i ~ u r a t i o n s . .  

s s v e r a l  o f  t h e s e :  p a r t i c l e - h o l e  s t a t e s  a p p e a r  t o  b e  popu-  

l a t e d  by b e t a  d e c a y .  A' c o m ~ a r i s o n  o.f t h e  b k t a  d e c a y  r e s u l t s  

w i t h  . . t h e  . r e s u l t s  of ( p i p 1 )  s c a t t e r i n g  f o r  l e v e l s  a b o v e  3 '  H e V  

is showil i n  F i g u r e  30. O v e r  a  , q u a r t e r  o f  a l l  t h e  b e t a  

f e e d i n g  t o  l e v e l s  a b o v e  3 M e V  f o r  136Xe i s  t o  t h e  4269-keV 

l e v e l  w h i c h  h a s  b e e n  i n t e r p r e t e d  a s  a p a r t i c l e - h o l e  s t a t e .  

T h i s  l a r g e  f e e d i n g  c a n  be e x p l a i n e d  a s  a n  a l l o w e d  b e t a  d e c a y  

o f  o n e  o'f t h e  ccre n e u t r o n s  . . l e a v i n g  t h e  d a u g h t e r  n u c l e u s  i n  a 

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

A s  a n  e x a m p l e  t h e  f 7 , 2 d h 1 2  p a r t i c l e - h o l e  s t a t e  c o u l d  be 

f o r m e d  b y  a l l o w e d  b e t a  d c a y  of a d , , ,  n e u t r o n  i n  1 3 6 1  i n t o  a 

d,,,proton r e s u l t i n g  i n  a d y f ?  n e u t r o n  h c l e .  
. . 

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

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

h o l e  l e v e l s .  F c r  exampie, t h e  4269-keV l e v e l  a p p e a r s  t o  
. . 

p r e d o m i n a n t l y  decay. v i a  a  994-keV t r a n r i t i o n  t o  t h e  3 2 7 2 - k e ~  

l e v e l  w h i c h  h a s  a l s o  b e e n  i n t e r p r e t e d  a s  a n e u t r o n  p a r t i c l e -  

h o l e  l e v e l .  S i m i l a r  o b s e r v a t i o n s '  h a v e  k e e n  made f o r  t h e  

1 3 ' 8 ~ a  l e v e l s  (42 ,43 ) ' .  





T h e  l e v e l  a t  3 2 7 5  keV i s  b e l i e v e d  t o  b e  t h e  3- o c t u p o l e  

' s t a t e .  I t  i s  i n t e r e s t i n g  t h a t  ' t h i s  l e v e l  a l s o  . a p p e a r s  t o  

h a v e  a n e u t r o n  ~ a r t i c l e - h o l e  c o m p o n e n t .  S m a l l  a d m i x t u r e s  of 

s p e c i f i c  c o n £  i g u r a t i o n s  c a n  h a v e  s i g n i f i c a n t  e f f e c t s  o n  b o t h  

t h e  b e t a ,  ' and  gamma t r a n s i t i o n  p r c b a b i l i t i e s  s o  t h a t  t h e  

n e u t r o n  p a r t i c l e - h o l e  i n t e r p r e t a t i o n  i s  n o t  i n c o n s i s t e n t  w i t h  

a  c o l l e c t i v e  o c t u p o l e  i n t e r p r e t a t i o n .  

C.  tieo ore tical' C a l c u l a t i o n s  f o r  Even-A N=82 N u c l e i  

 heo ore tical c a l c u l a t i o n s  f o r  t h e  N=82 n u c i e i  h a v e  

paralleled t h e  d e i e l o p m e n t  o f  e x p e r i m e n t a l  i n f o r m a t i o n .  T h e  

f i rs t  N=82 n u c l e i  f o r  w h i c h  e x p e r i m e n t a l  i n f o r m a t i o n  was 

a v a i l a b l e  c o n t a i n e d  several p r o t o n s  o u t s i d e  t h e  Z=50  s h e l l .  

Q u a s i - p a r t i c l e  c a l c u l a t i o n s  were p e r f o r m e d  f o r  . t h e s e  n u c l e i  

a n d  were l a t e r  made f o r  l36Xe l e v e l s .  Lcmbard  (44 )  p e r f o r m e d  

a two q u a s i - p a r t i c l e ,  c a l c u l a t i o n  i n  1 9 6 8  u s i n g  a s  a b a s i s  a l l  

of t h e  s i n g l e - p a r t i c l e  s t a t e s  b e t w e e n  2=50 a n d  82 .  A g a u s s i -  

a n  t y p e  r e s i d u a l  i n t e r a c t L o n  w a s  u s e d  . a n d . l e v e l s  f o r  s p i n s  O +  

t h r o u g h  4+ a n d  3- .were c a l c u l a t e d .  

A n o t h e r  q u a s i - p a r t i c l e  c a l c u l a t i o n  f o r  N=82 e v e n - e v e n  

n u c l e i  was  made by  W a r o q u i e r  a n d  Heyde  ( 4 5 )  u s i n g  t h e  same 

' s u b s p a c e  a s  Lombard .  c a l c u l a t i o n s  were made u s i n g  b o t h  a  

s u r f a c e - d e l t a  i n t e r a c t i o n  a n d  a g a u s s i a i l  fotce  as t h e  

r e s i d u a l  n u c l e o n - n u c l e o n  i n t e r a c t i o n .  T h e y  o b t a i n e d  a s e t  of 

s i n g l e - p a r t i c l e  e n e r g i e s  from t h e  e x p e r i m e n t a l  level s c h e m e s  



f o r  t h e  o d d  p r o t p n  N=82 n u c l e i  b y  i n v e r t i n g  t h . e  g a p  

e q u a t k o n s .  I n  a  s e p a r a t e  p u b l i c a t i o n ,  H e y d e  22 qi. ( 4 6 )  g a v e  

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

i n  e v e n - e v ? n  N=82 n u c l e i .  O n l y  a g a u s s i a n  i n t e r a c t i o n  was 

u s e d  f o r  t h e  r e s i d u a l  i n t 2 r a c t i o n ,  a n d  t h e  p a r a m e t e r s  u s e d  

were t h e  same a s  f o r  t h e  p r e v i o u s  p a p e r .  

A s h e l l - m c d s l  c a l c u l a t i o n  f o r  l36Xe l e v e l s  h a s  . b e e n  

p e r f o r m e d  b y  W i l d e n t h a l  a n d  L a r s o n  ( 4 7 , 4 8 )  u s i n g  f o u r  p r o t o n s  

o u t s i d e  t h e  d o u b l y - m a g i c  l 3 z S n  c o r e .  T h e  c o n f i g u r a t i o n  s p a c e  

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

c n e  p r o t o r ,  i n  e i t h e r  t h e  s,,, o r  d , , ,  c r h i t a l .  The r e s i d u a l  

i n t e r a ' c t i o n  u s e d  was a n  i s o s p i n - d e p e n d a n t  s u r f a c e - d e l t a  i n -  

t e r a c t i o n  ( m o d i f i e d  s u r f  a c e - d e l t a  i n t e r a c t i o n  YSDI) . T h e  

s t r e n g t h  of t h e  i n t e r a c t i o n  a n d  t h e  s i n g l e - p a r t i c l e  , e n e r g i e s  

were c h o s e n  t o  o p t i m i z e  t h e  a g r , e e m e n t  k e t w a e n  t h e  m o d e l  a n d  

e x p e r i m e n t a l  l e v e l  e n e r g i e s  f o r  p o s i t i v e - p a r i t y  s t a t e s  i n  

N=82 n u c l e i  w i t h  A=136-140 .  A c o m p a r i s o n  of t h e s e  c a l c u l a -  

t i o n s  w i t h  t h e  e x p e r i m e n t a l  r e s u l t s  i s . s h o w n  i n  ~ i g u r o  31 .  

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

t i o n  f o r  t h e  g r c u n d  s t a t e  i s  g , , , .  L o m b a r d  ( 4 4 )  d o e s  n o t  

q i v e  a n y  w a v e f u n c t i o n s  o r  s i g n i f i c a n t  c o m p o n e n t s '  b u t  h a s  t h e  

b e s t . s n e r g y  f i t  f o r  t h e  f i r s t  2+ a n d  4 +  l e v e l s .  ' ~ l t h o u g h  t h e  

h1112  o r b i t a l  was - n o t  i n c l u d e d  i n  W i l d e n t h a l  a n d  L a r s o n ' s  

c a l c u . l a t i o n  ( 4 7 ) ,  t h e  r e s u l t i n g  s e t  of  l e v e l s  h a s  t h e  h i g h e s t  
, . 

f i r s t  o x c i t e d  2+ level .  T h e i r  r e p o r t e d  c a l c u l a t i o n  f o r  lJ4Te 
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( 4 7 )  g a v s  l e v e l  e n e r g i e s  t o o  h i g h  f o r  t h e  Y R A S T  s e q u e n c e .  

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

n a t u r e  o f  t h e  NSDI a n d  may b e  a n  a d d i t i o n a l  i n d i c a t i o n  o f  t h e  

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

r e s i d u a l  i n t e r a c t i o n .  L o m b a r d  ( 4 4 )  p r e d i c t s  a O +  l e v e l  a t  

a b o u t  2  N e V  w h i c h  was n o t  s e e n  i n  t h i s  w o r k .  A l l  o f  t h e  cal-  

c u l a t i o n s  h a v e  a 4 +  l e v e l  at. a b o u t  2 . 2  M e V  p r o b a b l y  c b r r e -  

s p o n d i n g  t o  t h e  e x p e r i m e n t a l  2 1 2 6 - k e V  l e v e l .  A s e c o n d  6+ 

l e v e l  was r e p o r t e d  b y  W i l d e n t h a l  a n d  L a r c o n  ( 4 7 , 4 8 )  a t  2 . 3 3  

MeV w h i c h  may c o r r e s p o n d  t o  t h e  e x p e r i m e n t a l  l e v e l  a t  2 2 6 2  

keV.  ~ d d i t i o n a l  p o s s i b l e  c o r r e s p o n d e n c e s  a r e  d i f f i c u l t  t o  

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

t a i n t y  a s  t o  t h e  s p i n s  a n d  p a r i t i e s  of t h e  e x p e r i m e n t a l  

l e v e l s .  T h e  3- l e v s i  o f  L o m b a r d  ( 4 4 )  is t h e  o n l y  n e g a t i v e -  .. . 

p a r i t y  s t a t e  c a l c u l a t e d .  The o n l y  o d d - p a r i t y  o r b i t a l  i n c l u d - .  

e d  was t h e  h1 p r o t o n .  

No t h e o r e t i c a l  c a l c u l a t i o n  h a s  b e e n  p u b l i s h e d  

s p e c i f i c a l l y  f c r  l 3 a X e  l e v e l s .  ~ a n d e r ,  E e r g h e  ( 4 9 )  h a s  pub-  

l i s h e d  a u n i f i e d - m o d e l  c a l c u l a t i o n  o f  t h e  'N=84 n u c l e i .  ' The 

p a r a m e t e r s  c h c s e n  r e s u i t  i n  a l e v e l - s p e c t r u m  w h i c h  i s  most 

c o n ' s i s t e n t  w i t h  e x p e r i m e n t  f o r  144Nd a n d  146 .5~1 .  T h e  m o d e l  

c o u p l e s  t h e  t v c  n e u t r o n s  o u t s i d e  t h e  N=82 c o r e  t o  q u a d r u p o l e  

v i , h r a t i o n s ,  The r e s u l t s  of t h i s  c a l c u l a t i o n .  g i v e  w a v e f u n c -  

t i o n s  w h i c h  s h o w  s u b s t a n t i a l  m i x i n g  o f  . s i n g l e - p a r t i c l e  s t a t e s  

r e s u l t i n g  from t h e  c o u p l i n g  c f  c o r e  e x c i t a t i o n s .  



D .  I n t e r p r e t a t i o n s  of 1 3 7 C s  L e v e l s  

Most o f  t h e  l e v e l s  o b s e r v e d  i ' n  t h e  b e t a  d e c a y  o f  l37Xe 

v e r e  n o t  o b s e r v e d  i n  t h e  p r o t o n  t r a ~ s f e r  e x p e r i m e n t s  of 

W i l d e n t h 3 l  st a l .  ( 1 9 ) .  , T h e  l e v e l s  a t  0-, 4 5 6 - ,  1 8 6 8 -  a n d  

2068-keV a p p e a r  t o   correspond t o  t h a  s i n g l e - p a r t i c l e  l e v e l s  

i d e n t i f i e d  i n  ~ e f e r e n c e  1 9 .  The  s y s t e m a t i c s  f o r  t h e  r e l a t i v e  

e n e r g i e s  of t h e  p r o t o n , s i n g l e - p a r t i c l e  . . s t a t e s  is s h o w n  i n  

F i g u r e  27. T h e  l a r g e  n u m b e r  o f  l e v e l s  b e t w e e n  1 a n d  2  heV 

f o r  t h e  odd-A N=82 n u c l e i  a n d  t h e  l i m i t e d  n u m b e r  o f s p i n  a n d  

' p a r i t y  a s s i g n m e n t s  i n h i b i t s  a n y  a t t e m p t  t o  c c n s t r u c t  c o m p r e -  
. . 

h e n s i v a  l e v e l  s t s t e m d t i c s  f o r  t h e  odd-A n u c l e i .  T h e  l o r -  

l y i n g  l e , v e l s  o f  1 3 7 C s  c a n  p r o b a b l y  b e .  i n t e r p r e t e d  a s  a n  e x t r a  

p r o t o n  c o u p l e d  t o  a !-J6Xe c o r e .  A c o n s e q u e n c e  o f  t h i s  i n t e r -  

p r e t a t i o n  is t h a t  s o m e  s i m i l a r i t i e s  w o u l d ' b e  e x p e c t e d  i n  com- 

p a r i n g  t h e  1 3 7 X e .  a n d  1 3 6 1  d e c a y  s c h e m e s .  

A p p r o x i m a t e l y  36% o f  a l l  b e t a  f e e d i n g  t o  l e v e l s  a b o v e  1 
. . 

M e V  is  t c  t h e '  2 8 5 0 - k e ~  i e v e l .  A s i m i l a r  o b s e r v a t i o n  was m a d e  .. 

e a r l i e r  ( i n  t h i s  c h a p t e r )  f o r  t h e  M=82 i s o t o n e  l36Xe  i n  w h i c h  

a l e v e l  a t  4 2 6 9  k e V , w a s  s t r o n g l y  p o p u l a t e d  b y  b e t a  d e c a y  a n d  

wap i n t e r p r e t e d  by  i s o b a r i c  a n a l o g u e  r e s o n a n c e  ( p , p g )  e x p e r i -  

m e n t s  a s  h a v i n g  a n e u t r o n  p a r t i c l e - h o l e  c h a r a c t e r . , .  A p o s s i -  

b l e  i n t e r p r e t a t i o n  of t h e  2850-keV l e v e l  i s  t h a t  of a n e u t r o n  

p a r t i c l e - h o l e  s t a t e  c o u p l e d  t o  t h e  g r o u n d - s t a t e  p r o t o n  c o n -  

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



t h e  2 8 5 0 - k s V  l e v e l  i s  t o  t h e  h ,  ,, , 1 8 6 8 -  k e V  l e v e l ,  a n c t . h e r  

: p o s s i b l e  i n t e r ~ r e t a t i o n  i s  t h a t  t h e  2 8 5 0 - ' k e ~  l e v e l  i s  a t h r e e  

q u a s i - p a r t i c l o  z t a t e  i n  w h i c h  o n e  of  t h e  g u a s i - p a r t i c l e s  i s  

h 1 1 / 2 *  

E. T h e c r e t i c a l  C a l c u l a t i o n s  f o r  1 3 7 C s  L e v e l s  

T h e o r e t i c a l  c a l c u l a t i c n s  o f  t h e  l e v e l s  i n  1 3 7 C s  h a v e  

b e e n  p e r f o r m e d  t y  Heyde  a n d  W a r o q u i e r  (SO) a n d  b y  W i l d e n t h a l  

a n d  L a r s o n  ( 4 8 ) .  . A c o m p a r i s o n  o f  t h e s e  c a l c u l a t i o n s  w i t h  t h e  

e x p e r i m e n t a l  r e s u l t s  is s h o w n  i n  F i g u r e  32.  

T h e  first c a l c u l a t i o n  is a q u a s i - p a r t i c l e  t r e a t m e n t  

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

t i o n s  of t h e  p r o t o n s  i n  t h e  s t a t e s  b e t u e e n  Z = 5 0  a n d  Z=82.  A 

c e n t r a l  f o r c e  o f  g a u s s i a n  s h a , p e  w i t h  s ~ i n  e x c h a n g e  was u s e d  

a s  t h e  r e s i d u a  1 n u c l e o n - n u c l e o n  i n t e r a c t . i o n .  

a i l d e n t h a 1  a n d  L a r s o n  p e r f o r m e d  a s h e l l - m c d e l  c a l c u l a -  

t i o n  i n  w h i c h  a l l  f i v e  p r o t o n s  o u t s i d e  t h e  Z = 5 0  s h e l l  were 

i n c l u d e d .  T h e  t a s i s  u s e d  i n c l u d e d  a l l  c c n f i g u r a t i o n s  o f  t h e  

g 5 , ,  a n d  g ,  /, o r b i t a l s  a n d  c o n f i g u r a t i o n s ,  i n  w h i c h  c n e  p r o t o n  
. . 

was e x c i t e d  t o  t h e  d , / ,  o r  s , , ,  o r b i t a l s .  , A  m o d i f i e d  

s u r f a c e - d e l t a  i n t e r a c t i o n  w a s  u s e d .  

I t  is n o t  p o s s i b l e  t o  make a d e t a i l e d  c o m ~ a r i s o n  w i t h  

e x p e r i m e n t a l  l e v e l s  b ~ c a u s e  the n u m b e r  o f  k n c u n  s p i n  a n d  

~ a r i t y  a s s i g n m e n t s  f o r  t h e  e x p e r i m e n t a l  l e v e l s  i s  l i m i t e d  a n d  

t h e  d e n s i t y  of  e x p e r i m e n t a l  a n d  t h e o r e t i c a l  l e v e l s  is h i g h .  
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A ' i o n - l y i n g  3 / 2 +  i t a t e  is p r e d i c t e d  a t .  a t c u t '  1 M ~ V .   his 

l e v e l  was n o t  cbserved i n  t h i s  s t u d y  p r o b a b l y  kecause it 

w o u l d  b e  f e d  by  a  f i r s t - f o r b i d d e n  u n i q u e  b e t a  t r a n s i t i o n .  

Above this l e v e l ,  t h e  d e n s i t y  o f  s t a t e s .  f r o m  t h e  t h e o r e t i c a l  

c a l c u l a t i o n s  i s  i n  g o o d  a g r e e m e n t  w i t h  t h e .  o b s e r v e d  e x p e r i -  

m e n t a l  l e v e l  d e n s i t y  a n ?  s p i n  a s s i g n m e n t s .  



V I .  CONCLUSIONS 

The r e s u l t s  of t h i s  s t u d y  c l a r i f y  many d i s c r e p a n c i e s  be- 

t w e e n  p r e v i o u s  s t u d i e s  of 1 3 6 1  d e c a y .  A p r o p o s e d  1 0 0 - s e c o n d  

isomer was n o t  o b s e r v e d ,  a n d  t h e  p l a c e m e n t  of most t r a n s i -  

t i o n s  c o n n e c t i n g  l o w - l y i n g  l e v e l s  was  e s t a b l i s h e d .  The  s p i n  

a n d  p a r i t y  of t h e  h i g h - s p i n  isomer c a n n o t  be l i m i t e d  t o  5-, 

riice b e t a  f e e d i n g  t d  t h e  4+ l e v e l  a t  1694 k e v  was  n o t  ob- 

s e r v e d .  

.Many new t r a n s i t i o n s  w i t h  e n e r g y  g r e a t e r  t h a n  3 M ~ V  were 

o b s e r v e d  a n d  ma'ny new. l e v e l s  a b o v e  3.3 M e V  were p r o p o s e d .  

Some of t h e s e  l e v e l s  a p p e a r  t o  c o r r e s p o n d  t o  n e u t r o n  

p a r t i c l e - h o l e  s t a tes  s e e n  i n  . ( p ,  p' )  i s o b a r i c  a n a l o g u e  reso- 

n a n c e  b x p e r i m e n t s .  A s i m i l a r  o b s e r v a t i o n  c a n  b e  made f o r  a  
. . .  . . 

few l e v e l s  i n  138Ba (42.43).  It would  b e  i n t e r e s t i n g  t o  
. . 

s t u d y  t h e  d e c a y  of 13*Sb i n  o r d e r  t o  s e a r c h  f o r  s imi la r  . .  

l e v e l s  a n d  t o  e x a m i n e  t h e i r  s y s t e m a t i c s .  

L e v e l s  c o r r e s p o n d i n g  t o  s i n g l e - p a r t i c l e  s t a t e s  i d e n t i -  

f i e d  i n  p r o t o n - t r a n s f e r  e x p e r i u i e n t s  (19) were o b s e r v e d  i n  t h e  

d e c a y  s c h e m e  f o r  137Xe. The 2850-keV l e v e l  was o b s e r v e d  t o  

be s t r o n g 1 . y  p o p u l a t e d  by b e t a  d e c a y  a n d  p o s s i b l e  i n t e r p r e t a -  

t i o n , ~  a s  a n e u t r o n .  partic'le-hole s t a t e  or a t h r e e  q u a s i -  
. . 

p a r t i c l e  s t a t e  c o n t a i n i n g  some h, ,,, s i n g l e - p a r t i c l e  s t r e n g t h  . . 

were p r o p o s e d .  
. . 



T h e  l e v e l  s y s t e m a t i c s  f o r  t h e  N=84 and Xe i s o t o p e s  were 

e x t e n d e d  by t h e  c o n s t r u c t i o n  of t h e  f i r s t  d e c a y  scheme for 

13.1. F u r t h e r  s t u d y  o f  t h i s  d e c a y  w i t h  s o u r c e s  c o n t a i n i n g  a  

l a r g e r  r a t i o  of I to .Xe i s  n e c e s s a r y  for a more c o m p r e h e n s i v e  

e x t e n s i o n  of t h e  Xe and N=84 s y s t e m a t i c s .  
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t o  d e t o r m i n e  t h e  p l a c e m e n t  o f  w i n d o w s  o n  t h e  b a c k g r o u n d  a b o v e  

a n d  ' b e l o w  t h e  p e a k  a n d  o n  t h e  peak i t s e l f .  

h he c o d e  H A L F L I F E  p e r f o r m s  t h e  a n a l y s i s  r e q u i r e d  t o  

o b t a i n  ' t h e  d e a d - t i m e  ' c o r r e c t ~ d  a r e a s  o f  a p e a k  a s  a  f u n c t i o n  

of time a n 3  p l o t s  a s i n g l e  h a l f - l i f e  f i t  t c  t h e  d e c a y  c u r v e .  

P e a k  a r e a s  a r e  d e t e r m i n e d  b y  s u b t r a c t i n g  t h e  a r e a  u n d e r  t h e  

b a c k g r o u n d  l i n e  i n  t h e  p e a k  w i n d o w  f r o m  t h e  sum o f  t h e  c c u n t s  

i n  the p s a k  window.  T h e  b a c k g r o u n d  l i n e  is t h e  l e a s t - s q u a r e s  

l i n e  t h r o u g h  t h e  c o u n t s  i n  b o t h  b a c k g r c u n d  w i n d o w s .  C o u n t s  

f r o m  t h e  o s c i l l a t o r  s t o r e d  i n  c h a n n e l  0 a r e  n c r m a l i z e d  t c  t h e  

c o u n t s  s t o r e d  f o r . t h e  l a s t  time i n t e r v a l ,  a n d  t h e  p e a k  a reas  

' a r e  d i v i r l e d  b y  t h i s  n o r m a l i z a t i o n  t o  o t t a i n  t h e  d e a d - t i m e  
. . 

corrected a r e a s .  P u n c h e d  cards.  were g e n e r a t e d  c o n t a i n i n g  t h . e  

time, c o u n t s  i n  t h e  p e a k  w i n d o w ,  b a c k g r o u n d  c o u n t s  i n  t h e  

p e a k  w i n d o w ,  u n c e r t a i n t y .  of t h i s  b a c k g r o u n d  a n d  t h e  d e a d - t i m e  

c o r r e c t i b n  f a c t o r .  ' T W O  d i f f e r e n t  m e t h c d s  a r e  us'ed t o  f i t  a 

s i n g l e  h a l f - l i f e  ' t o  . t h e  , . d s c a y  c u r v e .  T h e  f i r s t  i s  a least- .  

s q u a r e s  l i n ' e  f i t  t o  t h e  l o g a r i t h m  of t h e  d e c a y  c u r v e .  T h e  

s e c o n d  m e t h o d  p e r f o r m s  a  N e w t o n ' s  m e t h o d  . m i n i m i z a t i o n  of t h e  

c h i - s q u a r e  a s  a f u n c t i o n  of t h e  d e c a y  c o n s t a n t .  

I f  t h e .  d e c a y  c u r v e  c o u l d  n o t  be  f i t  w i t h  a s i n g l e  h a l f -  

l i f e , ,  t h e n  t h e  ~ u n c h e ' d  c a r d  o u t p u t  was, a n a l y z e d  u s i n g  t h e  

code i4ULTLMDA. 'rhiS code c u n s t ~ u c l s  a .decoy c u r v e  f r o m  ths 

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

s t e p p i n g  s e a r c h  on  t h e  d e c a y - c o . n ' s t a n t  p a r a m e t e r s .  T h e  c a l c u -  



, . l a t e d  d e c a y  c u r w e  c a n  c o n t a i n  'up t o  a  maximum o f  t e n  compo-  

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

d u r i n g  the m u l t i s c a l e  c y c l e .  T h e  c o d e  c a n  p l o t  a n d  l ist  t h e  

f i t  o b t a i n e d  u s i n g  t h e  i n i t i a l  g u e s s  for the p a r a m e t . e r s  i n  

a d d i t i o n  t.o t h e  fit o b t a i n e d  i i t h  t h e  f i n a l .  ~a rame te r  v a l u e s .  
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