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2 ,6  MeV NEUTRON INDUCED REACTIONS IN C s I

I . B o rb é ly ,  T .D o l in s z k y ,  G .H re h u s s ,  S . Z s o ld o s

C e n tre d  R e s e a rc h  I n s t i t u t e  f o r  P h y s i c s  
B udapes t

Summary
The c r o s s  s e c t i o n s  f o r  2 ,6  MeV n e u t r o n  in d u c e d  r e a c t i o n s  i n  

C sJ  have  been  i n v e s t i g a t e d .  U pper l i m i t s  o f  0 ,1  mb w ere fo u n d  f o r  t h e  / п , р /  
r e a c t i o n s  i n  b o th  o f  t h e  component n u c l e i  an d  6 , 3  mb and  2 8 ,3  mb f o r  t h e  
C s - 1 3 3 / n , r  /Cs-134  a n d _ I - 1 2 7 / n , r  /1 -1 2 8  r e a c t i o n s ,  r e s p e c t i v e l y .  The h a l f  
l i f e  o f  t h e  .137 keV / 8“ /  i s o m e r i c  s t a t e  o f  C s -1 3 4  and t h a t  f o r  t h e  g r o u n d  
s t a t e  /З- a c t i v i t y  o f  I —128 w ere  m easured  t o  be  2 ,7 5  h o u r s  and 2 4 ,6  m i n u t e s ,  
r e s p e c t i v e l y .

In  t h e  c a s e  o f  n u c l e i  b e in g  i n  t h e  n e ig h b o u rh o o d  o f  C s -1 3 3  and 
1-127 r e g a r d in g  t h e i r  mass num ber, th e  l e v e l  d e n s i t y  a t  e x c i t a t i o n s  t o  
s e v e r a l  MeV-s above t h e  n u c le o n  b in d in g  e n e rg y  i s  so h i g h ,  t h a t  t h e  a p 
p l i c a b i l i t y  of th e  s t a t i s t i c a l  t h e o r y  f o r  t h e  n u c l e a r  r e a c t i o n s  may be ex
p e c t e d .  A c c o rd in g ly ,  i t  i s  p o s s i b l e  to  c a l c u l a t e  t h e  c r o s s  s e c t i o n s  o f  th e  
d i f f e r e n t  r e a c t i o n s  e . g .  / п , р / ,  / п , с ( . / ,  / n , 2n /  e t c .  a n d  t h e  c o m p a r iso n  o f  
th e  c a l c u l a t e d  and m ea su red  v a lu e s  g iv e s  im m ed ia te  i n f o r m a t io n  a b o u t  t h e  
v a l i d i t y  o f  the  a s s u m p t io n s  made.

We know s e v e r a l  m easu rem en ts ,  p u b l i s h e d  i n  t h e  p a s t  f i v e  y e a r s  
which s u g g e s t ,  t h a t  t h e  v a l i d i t y  o f  the  s t a t i s t i c a l  t h e o r y  b re a k s  down f o r  
n e u c ro n  induced  r e a c t i o n s  a t  14 MeV bom bard ing  e n e rg y  f o r  th e  l i g h t e r  n u c le i  
o f  A« 60 [ 1] , ( 2 ] .  I t  h a s  b e e n  fo u n d  t h a t  t h e  r e a c t  ..on c r o s s  s e c t i o n s  a r e  
much g r e a t e r  th a n  e x p e c t e d  and  t h a t  th e  d e v i a t i o n s  a r e  due b o th  t o  t h e  low 
and t h e  h ig h  en e rg y  p a r t  o f  t h e  e n e rg y  s p e c t r u m .  I n  some c a s e s  th e  a n g u l a r  
d i s t r i b u t i o n  of t h e  e m is s io n  c o u ld  be m e a s u re d ,  and t h e  h ig h  e n e rg y  p a r t  
p ro v ed  t o  be s t r o n g l y  d i r e c t e d  f o rw a r d s ,  c o n s e q u e n t ly  a t t r i b u t e d  t o  d i r e c t  
p r o c e s s e s .  A d i r e c t  p r o c e s s  f a v o u r s  in  e m is s io n  th e  h i g h e r  en e rg y  t h e r e f o r e  
even i n  c a s e s  when no a n g u l a r  d i s t r i b u t i o n  was m e a s u re d ,  th e  p e a k s  a t  t h e  
top  o f  t h e  e v a p o r a t i o n  s p e c t ru m  u s u a l l y  w ere  b e l i e v e d  t o  r e p r e s e n t  d i r e c t  
c o n t r i b u t i o n s .  In  some p a p e r s  [8 ] ,  [9] c e r t a i n  h ig h  e n e rg y  peaks w ere  a l s o  
a t t r i b u t e d  to  p r o t o n s  p r o d u c e d  by  d i r e c t  p r o c e s s .  I n  a  c a r e f u l  r e p e t i t i o n  
o f  th e  experim en t  t h e  p e a k s  i n  q u e s t i o n  a c t u a l l y  d i s a p p e a r e d :  D e t a i l s  a r e  
to  be fo u n d  in  [ 4 ] .  On th e  o t h e r  hand th e  low e n e rg y  d i s c r e p a n c i e s  seem ed 
t o  be s u c c e s s f u l l y  e x p l a i n e d  by  A l la n  [ 3 ] a s  c o n t r i b u t i o n s  from t h e  / n , n p /
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p r o c e s s .  However t h e r e  a r e  s e v e r a l  c o n t r a d i c t i o n s  r e g a r d i n g  t h i s  p o in t  
among w hich  t h e  s t r o n g e s t  i s  th e  m easurem ent o f  Z n-64  / п , р /  Cu-64  where th e  
bom barding en e rg y  was c h o s e n  j u s t  be low  th e  t h r e s h o l d  o f  th e  / n , n p /  p r o c e s s  
[ 5 ] .  The number o f  s i m i l a r  m easu rem en ts  i s ,  how ever ,  po o r  an d  v e r y  much i s  
s t i l l  t o  be done in  t h i s  f i e l d .  One may co n c lu d e  t h a t  th e  p e n e t r a b i l i t y  o f  
th e  Coulomb b a r r i e r  i s  somewhat h i g h e r  [ 6 ] ,  t h e n  i t  was t h o u g h t  b e f o r e .  At 
any  r a t e  t h e  su c c e s s  o f  t h e  s t a t i s t i c a l  model i n  e x p l a i n i n g  t h e  main 
f e a t u r e s  o f  t h e  / n , n ’ /  a n d  / n , 2 n /  r e a c t i o n s  where no Coulomb b a r r i e r  
p rob lem s a r i s e  seems t o  g i v e  s t r o n g  s u p p o r t  t o  t h e  h y p o t h e s i s  o f  th e  lo w e r 
ed  Coulomb b a r r i e r .

We were to  i n v e s t i g a t e  t h i s  p rob lem . F o r  i t  we u s e d  bom barding 
n e u t r o n  e n e rg y  2 ,6  MeV t o  a v o id  any t w o - p a r t i c l e  e m is s io n  and  t a r g e t  n u c l e i  
o f  abou t 13О mass number i n  o r d e r  t o  s a t i s f y  th e  a s s u m p t io n s  o f  th e  
s t a t i s t i c a l  t h e o r y .  S in c e  we e x p e c te d  v e ry  low v a l u e s  f o r  t h e  c r o s s  s e c 
t i o n s ,  g r e a t  number o f  t h e  t a r g e t  n u c l e i  had t o  be u s e d .  A 1 1 / 2 "  x  2 " 
C s J / T l /  s c i n t i l l a t i o n  c r y s t a l  was i r r a d i a t e d  w i th  2 ,6  MeV n e u t r o n s  o f  th e  
d - d  r e a c t i o n  a t  400 keV bom barding  d e u te r o n  e n e rg y .  A f t e r  t h r e e  days o f  
c o n t in u o u s  a c t i v a t i o n  w h i le  th e  v a r i a t i o n s  in  th e  n e u t r o n  f l u x  was c a r e f u l 
l y  c o n t r o l l e d ,  th e  a c t i v i t y  o f  th e  c r y s t a l l  was m easu red  by i t s e l f  i n  a 
m ercu ry  s h i e l d  o f  5 cm a n d  an i r o n  box  o f  20 cm w a l l  t h i c k n e s s .  The p u l s e s  
o f  th e  s c i n t i l l a t i o n  c o u n t e r  were r e c o r d e d  by a  m u l t i c h a n n e l  a n a l y z e r ,  so 
t h a t  the  p u l s e s  due to  a  s p e c i f i c  d e c a y  c o u ld  e a s i l y  be c o l l e c t e d .  The 
method a p p e a r e d  to  be v e r y  u s e f u l  e . g .  i n  m easu r ing  th e  h a l f  l i f e  o f  C s-134m  
i n  th e  p r e s e n c e  of h ig h  1 -128  a c t i v i t y ;  th e  p r e v i o u s  one d e c a y s  w i th  an 
0 ,1 3 7  i n t e r n a l  c o n v e r s i o n  w n i le  t h e  l a t t e r  i s  ß  e m i t t i n g  w i th  a
sp e c tru m  e x te n d e d  to  a b o u t  2 MeV. The n e u t r o n  f l u x  m easurem ent was made 
w i t h  p l a s t i c  s c i n t i l l a t o r  a n d  we c o u ld  n o t  a c h ie v e  an  e r r o r  i n  f l u x  m easu re 
ment l e s s  t h a n  20 %. T h i s  i s  th e  d e te r m i n in g  e r r o r  in  ou r  c r o s s  s e c t i o n  
v a l u e s .  The background  i n  t h e  c r y s t a l l  was m easured a l s o  in  t h a t  box b e f o r e  
t h e  a c t i v a t i o n .  In  our p r e v i o u s  m easurem ent c a r r i e d  o u t  th r o u g h  a  p u l s e  
shape  d i s c r i m i n a t i o n  m ethod  th e  c r o s s  s e c t i o n  6  / n , o t /  was fo u n d  to  be 
c o m p le te ly  n e g l i g i b l e  a s  com pered  to  S' / n , p / + . T h e r e f o r e  t h e  p r o c e s s e s  
which can p l a y  a r o l e  i n  t h i s  m easurem ent a r e  a s  f o l l o w s :

+ 'u n p u b lish ed
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C s -1 3 5 /n , ? / l e - 13331 

C s-1 3 3 /n ,p /Id -1 3 3  

I -1 2 7 /n ,p /T e -1 2 7 m  

I - 1 2 7 / n , p /Т е -1 2 7

C s-1 3 3 /n ,y /C s-1 3 4 m

I -1 2 7 /n , - j1/ ! -128

T h re sh o ld
e n e rg y

- 0 ,3 5

-0 ,3 5

- 0 ,0 9

- 0 ,0 9

- 6 ,7 3

- 6 ,5 9

A c t i v i t y  
o f  r e s i d u a l  

n u c le u s

0 ,2 3 3  MeV 

0,345
0 ,083 

0 ,6 9 5

0 ,1 3 7

2,12

Ts o f  r e s i d u a l  n u c le u s C ross s e c t io n
l i t e r a r y p r e s e n t l i t e r a r y p r e s e n t c a lc u -
d a ta m easurem ent d a te measurem ent l a t e d

2 ,3  h - -
i - 0 , 1 Kub5 ,4  h - - j mb

105 h - - -
> 4 j ub

9 ,3 __ 0 ,0 5
mb

2,895+ 
+ 0 ,0 0 5  h 2 ,7 5 + 0 ,1 - 6 ,3 + 1 ,2  

mb

2 4 ,9 9  min 2 4 ,6 5 + 0 ,1 2 27 mb 28 ,3+6  mb
min
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I n  Gaia t a b l e  we g iv e  a l l  th e  decay co n s tan ts  and c r o s s  s e c t i o n s  g iv e n  i n  
th e  l i t e r a t u r e  a s  compared to  th e  d a t a  we m e a su re d .  I t  seems t h a t  w n i le  i n  
th e  c a se  o f  1-127 / n ,  g- /  1-128  t h e r e  i s  a good ag reem en t  w i th  th e  c r o s s  
s e c t i o n  m easu red  by M escheryakov [ 7 j  und a l s o  t h e  h a l f  l i v e s  we o b ta in e d  
a r e  good, t h e  c r o s s  s e c t i o n  f o r  th e  / п , р /  p r o c e s s e s  a re  below th e  s e n s i t i 
v i t y  o f  ou r  m easu rem en t.  Anyway th e  r e s u l t s  o b t a i n e d  do n o t  seem to  be in  
c o n t r a d i c t i o n  t o  th e  s t a t i s t i c a l  t h e o r y  and i t  i s  p r o b a b le  t h a t  t h e r e  i s  
no d i r e c t  p r o c e s s  o f  c o n s i d e r a b l e  am ount.
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