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MEASUREMENT OF THE NEUTRON-INDUCED FISSION CROSS SECTION 

OF 237Np RELATIVE TO 2 3 5 ~  FROM 0.02 TO 30 MeV 

ABSTRACT 

Cont inu ing  our  f i s s i o n  c r o s s - s e c t i o n  r a t i o  s t u d i e s  a t  Lawrence Livermore - 235 
L a b o r a t o r y ,  we have measured t h e  2 3 7 ~ p /  U f i s s i o n  c r o s s - s e c t i o n  r a t i o  from 

1 0.02 t o  30 MeV. Using t h e  t h r e s h o l d  method, we o b t a i n e d  a  v a l u e  of 1 .294 
..) + 0.019 f o r  t h e  average  c r o s s - s e c t i o n  r a t i o  i n  t h e  i n t e r v a l  from 1 .75  t o  4 .00 

MeV. 

'PRELIMINARY RESULTS 

2  35u 
We measured t h e  f i s s i o n  c r o s s  s e c t i o n  of 237Np r e l a t i v e  t o  t h a t  of 3 

u s i n g  i o n i z a t i o n  f i s s i o n  chambers a t  t h e  Lawrence Livermore L a b o r a t o r y ' s  

LOO-MeV e l e c t r o n  l i n e a r  a c c e l e r a t o r .  The t i m e - o f - f l i g h t  t e c h n i q u e  was used 

t o  measure t h e  c r o s s - s e c t i o n  r a t i o  a s  a  f u n c t i o n  of n e u t r o n  energy  o v e r  t h e  

energy range  from 0.001 t o  30 MeV. Using t h e  t h r e s h o l d  method , lv2 we o b t a i n e d  

a  v a l u e  of 1.294 + 0.019 f o r  t h e  a v e r a g e  c r o s s - s e c t i o n  r a t i o  i n  t h e  i n t e r v a l  

from 1 .75  t o  4.00 MeV. We conducted t h e  measurement a t  t h e  15.7-meter t i m e -  

of-£ l i g h t  s t a t i o n .  

F i g u r e s  1-4 show and T a b l e  1 l is ts  o u r  p r e l i m i n a r y  d a t a  f o r  t h e  2 3 7 ~ p /  - 

2356 r a t i o  from 0.02 t o  30 MeV. T h e  l i n e s  shown i n  F i g s .  1-3 were o b t a i n e d  - 

3  by u s i n g  f i l e s  of e v a l u a t e d  f i s s i o n  c r o s s  s e c t i o n s .  The ENDL e v a l u a t i o n  i s  
4  

shown i n  Fig .  1, and t h e  ENuF ' /B- IV  e v a l u a t i o n  is shown i n  F i g s .  2  and 3 .  I n  - 

F i g s .  3  and 4 ,  our  d a t a  a r e  compared w i t h  t h e  measurements of White e t  a l . ,  5 

6 7  - 
White and Warner, and S t e i n  e t  aZ. 

' *  
The Cross  S e c t i o n    valuation working Group (CSEWG) , r e s p o n s i b l e  f o r  t h e  

i upcoming ENDFIB-V e v a l u a t i o n s ,  r e q u q s t e d  t h i s  b r i e f  r e p o r t .  We p l a n  a  more 
\ e' 

complete  and fo rmal  p r e s e n t a t i o n  of t h i s  measurement. 



Neutron energy - MeV 

Pig .  1. Ra t io  of c l l r  237Np t u  2 3 5 ~  f i s s i o n  c r o s s  s e c t i o n s  i n  t h e  energy range  
from 0 . 1  t o  30 MeV. Our pr 'e l iminary work i s  given by +. The l i n e  denotes  
t h e  2 3 7 ~ p / 2 3 5 ~  r a t i o  ob t a ined  by us ing  t h e  ENDL eva lua ted  f i s s i o n  c r o s s - s e c t i o n  

. f i l e s .  
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Neutron energy - MeV 

1 '. Fig .  2. Ra t io  of t h e  237Np t o  2351J f i s s i o n  c r o s s  s e c t i o n s  i n  t h e  energy. range 
from 0 .1  t o  30 MeV. Our pre l iminary  work is  g iven  by +. T h e  l i n e  denotes  
t h e  2 3 7 ~ p / 2 3 5 ~  r a t i o  ob ta ined  by using  lie ENDFIB-IV eva lua ted  f i s s i o n  c ros s -  
s e c t i o n  I i les.  
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Neutron energy - MeV 

Fig. 1. Rat io  of t h e  237Np t o  235U f i s s i o n  c r o s s  sec t 'ons  i n  t h e  energy range 
f rom 0.02 t o  0.9 MeV. Our pre l iminary  work is g iven  b +. A l e t t e r  code 
i n d i c a t e s  t h e  work of o t h e r s .  The l i n e  denotes  t h e  23VNp/235U r a t i o  obta ined  
by us ing  t h e  ENDFIB-IV eva lua ted  f i s s i o n  c ros s - sec t ion  f i l e s .  



Neutron energy - MeV 

237 
Fig. 4. Rat io  of t h e  Np r n  2351.1 f i . s s ion  cross s e c t i o n s  i n  t h e  energy range 

from 1 t o  30 MeV. Our pre l iminary  work i s  g iven  by +. The s t a t i s t i c a l  e r r o r  
b a r s ,  r e p r e s e n t i n g  one s tandard  d e v i a t i o n ,  a r e  shown f o r  each po in t .  A 
l e t t e r  code i n d i c a t e s  t h e  work of o t h e r s .  



235u 
Table  1. F i s s i o n  c ros s - sec t ion  r a t i o  of 2 3 7 ~ p  t o  

Neu twn  S t a t i s t i c a l a  Neutron S t a t i s t i c a l  
a  

energy u n c e r t a i n t y  ener  gY u n c e r t a i n t y  
(MeV) Rat io  (.% (.MeV ) Rat io  (%> 



* ." . 
T a b l e  1 (cont  . ) 

Neutron S t a t i s t i c a l  Neutron S t a t i s t i c a l a  
a  

energy u n c e r t a i n t y  energy  uncert.a.i.n t y  
(MeV) R a t i o  ( % I  (MeV) R a t i o  (2)  

a 
T h i s  i n d i c a t e s  a c o u n t i n g  e r r o r  expressed  a s  one s t a n d a r d  d e v i a t i o n .  

T o t a l  e r r o r s  may be e s t i m a t e d  by combining t h e  ~w~u~a1i;iation error ul: 1.5% 
and t h e  e s t i m a t e d  o v e r a l l  s y s t e m a t i c  e r r o r  of 1% w i t h  t h e  coun t ing  e r r o r s  
i n  t h e  t a b l e .  
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