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Re-examination of 2200 metreisecond cross section 
experiments for neutron capture and fission 
standards 

A b s t r a c t  - The m e a s u r e m e n t s  of a b s o l u t e  s t a n d a r d s  f o r  n e u t r o n  
i n d u c e d  c a p t u r e  r e a c t i o n s  a n d  n e u t r o n  i n d u c e d  f i ss ion  r e a c t i o n s  
a t  t h e r m a l  n e u t r o n  e n e r g i e s  h a v e  been  compi led  a n d  r e e v a l u a t e d  
These s t a n d a r d s  i n c l u d e  c a p t u r e  r e a c t i o n s  i n  l g 7 A u ,  a n d  5 9 C 0 ,  a n d  
f i ss ion  r e a c t i o n s  i n  2 3 5 U  a n d  239Pu.  The r e c o m m e n d e d  t h e r m a l  
n e u t r o n  c r o s s  s e c t i o n  v a l u e s  f o r  t h e s e  r e a c t i o n s  a r e  a s  follows: 
U , ( ' ~ ~ A U )  = 98.7 * 0.1 b a r n ;  O , ( ~ ~ C O )  = 37.19 i 0.08 b a r n ;  

= 586. i 2. b a r n ;  a n d  U , ( ~ ~ ~ P U )  = 752. i 3. b a r n .  

INTRODUCTION 

N e u t r o n  c a p t u r e  a n d  f i ss ion  r e a c t i o n  c r o s s  s e c t i o n s  a r e  u s u a l l y  m e a s u r e d  o n  a r e l a t i v e  
bas i s ,  i.e. a r a t i o  m e a s u r e m e n t  based on  s o m e  s t a n d a r d  va lue .  The m o s t  c o m m o n  a b s o l u t e  
c r o s s  s e c t i o n  s t a n d a r d s  used  i n  t h e  t h e r m a l  n e u t r o n  e n e r g y  reg ion  a r e  c a p t u r e  r e a c t i o n s  
i n  l g 7 A u ,  a n d  i n  5 9 C 0  a n d  t h e  f i ss ion  r e a c t i o n s  i n  2 3 5 U  a n d  i n  2 3 9 P u .  

In t h e  e p i - t h e r m a l  e n e r g y  r e g i o n ,  i . e . ,  b e t w e e n  a b o u t  1 e l e c t r o n - v o l t ,  (eV)a,  a n d  a 
few keV, espec ia l ly  f o r  e l e m e n t s  w i t h  m e d i u m  t o  h i g h  m a s s  n u m b e r s ,  t h e r e  a r e  o f t e n  
p a r t i c u l a r  e n e r g i e s  f o r  which  t h e  r a t e  of n e u t r o n  c a p t u r e  o r  f i ss ion  is e x c e p t i o n a l l y  
l a r g e .  These n a r r o w  p e a k s  o r  r e s o n a n c e s  i n  t h e  c r o s s  s e c t i o n  c u r v e  h a v e  a n  a n a l y t i c a l  
f o r m  g i v e n  by t h e  d i s p e r s i o n  f o r m u l a  a n a l o g o u s  t o  o p t i c a l  d i s p e r s i o n  o r  a r e s o n a t i n g  
e l e c t r i c a l  c i r c u i t ,  i . e . :  

w h e r e  t h e  r e s o n a n c e  p a r a m e t e r s  a r e  d e f i n e d  a s  follows: E,. u,, a r e  t h e  e n e r g y  a n d  t h e  
peak cross section of t h e  resonance ,  A is t h e  n e u t r o n  wave length ,  g is t h e  s t a t i s t i c a l  weight 
f a c t o r  of t h e  s p i n  of t h e  t a r g e t  n u c l e u s ,  A i s  t h e  m a s s  n u m b e r  of t h e  t a r g e t  n u c l e u s ,  a n d  
r ,  r y ,  rn a r e  t h e  t o t a l ,  r a d i a t i o n  a n d  n e u t r o n  s c a t t e r i n g  w i d t h s  a t  half  m a x i m u m  of t h e  
resonance .  For t h e  fission c ross  s e c t i o n ,  t h e  fission w i d t h ,  r,, would be s u b s t i t u t e d  for  t h e  
c a p t u r e  wid th ,  r7, in t h e  f i r s t  equa t ion .  I f  t h e r e  a r e  no nearby  resonances,  t h e  cross sec t ion  
v a r i e s  a s  ( l / E ) %  (i .e.  a l / v  d e p e n d e n c e ) ,  w h e r e  Y i s  t h e  n e u t r o n  v e l o c i t y .  A n o n - l / v  
d e p e n d e n c e  c a n  be c a l c u l a t e d  f r o m  t h e  (Bre i t -Wigner )  d i s p e r s i o n  f o r m u l a  a b o v e .  

In t h e  following s e c t i o n s ,  t h e  t h e r m a l  n e u t r o n  c a p t u r e  a n d  f i ss ion  c r o s s  s e c t i o n s  w i l l  
be d e t e r m i n e d  f r o m  m e a s u r e m e n t s  p e r f o r m e d  a t  a n e u t r o n  velocity of 2200 m e t e r / s e c o n d  
( w h i c h  c o r r e s p o n d s  t o  n e u t r o n  e n e r g i e s  a t  r o o m  t e m p e r a t u r e ,  i . e . ,  a b o u t  1 /40  of a n  
e l e c t r o n  v o l t  o r  m o r e  p r e c i s e l y ,  0.0253 eV). I t  m i g h t  be n o t e d  t h a t  t h e r e  a r e  two o t h e r  
e l e m e n t s  which  h a d  p r e v i o u s l y  been  used  a s  t h e r m a l  n e u t r o n  c r o s s  s e c t i o n  s t a n d a r d s ,  
z . e . ,  b o r o n  a n d  l i t h i u m .  In b o t h  e l e m e n t s ,  t h e  l a r g e  c r o s s  s e c t i o n  f o r  t h e  n a t u r a l  
e l e m e n t  i s  d u e  t o  a s p e c i f i c  r e a c t i o n  i n  a p a r t i c u l a r  i s o t o p e  ' L i  o r  'OB. However ,  
a k n o w n  v a r i a t i o n  i n  t h e  i s o t o p i c  c o m p o s i t i o n  of 'Li a n d  l o B  i n  n a t u r e  m a k e s  t h e s e  
e l e m e n t s  poor  c h o i c e s  a s  s t a n d a r d s ,  s i n c e  t h e  c r o s s  s e c t i o n  f o r  t h e  n a t u r a l  e l e m e n t  
v a r i e s  s i g n i f i c a n t l y  d e p e n d i n g  o n  t h e  s o u r c e  of t h e  s a m p l e .  In a d d i t i o n ,  d e p l e t e d  
l i t h i u m  w i t h  o n l y  a b o u t  1 /3  of t h e  n o r m a l  i s o t o p i c  a b u n d a n c e  of 'Li a n d  t h u s  o n l y  
a b o u t  1/3 of t h e  u s u a l  t h e r m a l  n e u t r o n  c r o s s  s e c t i o n  h a s  been k n o w n  t o  h a v e  f o u n d  i t s  
way i n t o  c o m m e r c i a l  l i t h i u m  s t o c k s ,  s e e  d e  Goeij ( r e f .  1) .  

a ( l  e l e c t r o n - v o l t  = 1.602 x lo-'' jou les )  
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GOLD CAPTURE CROSS SECTION STANDARD VALUE 

The mos t  common  re fe rence  s t a n d a r d  fo r  n e u t r o n  c a p t u r e  r eac t ions  is t h e  gold c ross  
sec t ion .  In t h i s  s t u d y ,  no m e a s u r e m e n t s  were cons idered  which were m a d e  r e l a t i v e  t o  
a n o t h e r  c ross  sec t ion .  In a d d i t i o n ,  on ly  m e a s u r e m e n t s  in which t h e  n e u t r o n  ene rgy  
was m e a s u r e d  wi th  h igh  r e s o l u t i o n  a n d  a c c u r a c y  were  cons ide red .  This e l i m i n a t e d  
u n c e r t a i n t i e s  i n  t h e  d e t e r m i n a t i o n  of t h e  s h a p e  of t h e  n e u t r o n  f l u x  i n c i d e n t  on  
t h e  s t a n d a r d .  Q u e s t i o n s  a s  t o  w h e t h e r  a t r u e  Maxwel l ian  s h a p e  e x i s t e d  f o r  t h e  
n e u t r o n  d i s t r i b u t i o n ,  a n d  w h a t  was  t h e  a c t u a l  t e m p e r a t u r e  of t h i s  d i s t r i b u t i o n  
were  a l so  avoided  by t h i s  r e s t r i c t i o n .  E r r o r s  caused  by a n y  e p i - t h e r m a l  componen t  
of t h e  n e u t r o n  d i s t r i b u t i o n ,  w h i c h  c o u l d  c o n t r i b u t e  s i g n i f i c a n t l y  d u e  t o  t h e  
v e r y  l a r g e  r e s o n a n c e  in  gold a t  t h e  e n e r g y  of 4.9 eV were  s i m i l a r l y  e l i m i n a t e d .  

Table  1 l i s t s  a l l  of t h e  e x p e r i m e n t s  which  s a t i s f i e d  t h e  a b o v e  c r i t e r i a .  The t o t a l  
c r o s s  s e c t i o n  was  m e a s u r e d  below t h e  Bragg  s c a t t e r i n g  c u t o f f ,  w h e r e  s c a t t e r i n g  
c o n t r i b u t i o n s  t o  t h e  t o t a l  c ros s  s e c t i o n  become  s m a l l  ( a b o u t  0.1%). The l / v  c u r v e  
i s  f i t t e d  in  t h i s  long wavelength  reg ion  a n d  e x t r a p o l a t e d  t o  a n e u t r o n  ve loc i ty  of 
2200 m e t e r / s e c o n d  ( m / s ) .  A c o r r e c t i o n  f o r  t h e  n o n - l / v  p o r t i o n  of t h e  gold c r o s s  
s e c t i o n  d u e  t o  t h e  4 . 9  ev  r e s o n a n c e  i s  m a d e  by u s i n g  t h e  p a r a m e t e r s  of t h i s  
r e sonance  ( see  r e f .  2 ) .  This non  l / v  po r t ion  c o n t r i b u t e s  0.902 * 0.025 b a r n  t o  t h e  
va lue  of t h e  c ros s  sec t ion  a t  2200 m / s .  

T A B L E  1. ‘ s 7 A ~ ( n , y )  c ros s  sec t ion  m e a s u r e m e n t s  

Reference Repor ted  
Author  (Year )  ( b a r n b )  

Revised 
( b a r n b )  

~ 

Comment s  

C a r t e r 3  (1953) 98.7 + 0.6 98.72 + 0.48 Corrected non-l/v portion 

Egels ta f f4  (1954) 98.6 * 0.9 98.6 0.9 

Could’ (1960) 98.8 i 0.3 98.7 i 0.33 Corrected non-l/v portion 

Teutsch’ (1962) 96.9 + 0.3 98.8 * 0.33 Corrected non-l/v portion 

A l s  Nielsen7 (1964) 98.6 * 0.2 98.58 i 0.25 Corrected non-l/v portion 

Dilg’ (1973) 98.68 .t 0.12 98.63 f 0.14 Corrected non-l/v portion 

Weighted Average = 98.67 b a r n b  f 0.10 (Internal E r ro r ) ,  
i 0.03  (External Error) 

Recommended Value = 98.7 + 0.1 b a r n b  

b ( l  b a r n  = m 2 )  

COBALT CAPTURE CROSS SECTION STANDARD VALUE 

For n e u t r o n  c a p t u r e  r e a c t i o n s ,  coba l t  is  used a s  a s t a n d a r d  m o r e  o f t e n  t h a n  a n y  
o t h e r  m a t e r i a l  w i t h  t h e  e x c e p t i o n  of go ld .  In a d d i t i o n  t o  t h e  g r o u n d  s t a t e  of 
5.27 y e a r s ,  t h e r e  i s  a l s o  a n  i s o m e r  a t  58.6 keV e x c i t a t i o n  e n e r g y ,  w h i c h  h a s  a 
h a l f - l i f e  of 10 .5  m i n u t e s .  T h e  i s o m e r i c  s t a t e  d e c a y s  p r i m a r i l y  t o  t h e  g r o u n d  
s t a t e  by c o n v e r s i o n  e l e c t r o n  a n d  y - r a y  e m i s s i o n .  However ,  t h e r e  a r e  t w o  weak  

b r a n c h e s  of 0 . 2 4 %  a n d  0 . 0 0 8 6 %  i n t e n s i t y .  When “Co is f o r m e d  i n  t h e r m a l  
n e u t r o n  c a p t u r e ,  56% of t h e  c o m p o u n d  n u c l e i  a r e  f o r m e d  i n  t h e  i s o m e r i c  s t a t e .  
A c t i v a t i o n  of t h e  5 .27  y e a r  s t a t e  d o e s  n o t  a c c o u n t  f o r  a l l  n e u t r o n  a b s o r p t i o n  
i n  5 9 C 0 .  A s  a r e s u l t ,  t h e  c o b a l t  a c t i v a t i o n  c r o s s  s e c t i o n  i s  0 .139% l e s s  t h a n  
t h e  c r o s s  s e c t i o n  f o r  a b s o r p t i o n ;  i . e .  a 0 . 0 5 2  b a r n  d i f f e r e n c e .  T h e  q u o t e d  
c r o s s  s e c t i o n  fo l lowing  i n  Table  2 s h o u l d  be  r e d u c e d  by 0.05 b a r n  t o  o b t a i n  t h e  
a c t i v a t i o n  v a l u e ;  i.e. 37 .14  b a r n .  T a b l e  3 g i v e s  t h e  a c t i v a t i o n  v a l u e  t o  t h e  
10.5 m i n u t e  i somer i c  s t a t e .  

In Tables 2 a n d  3, t h e  c ros s  sec t ion  va lues  a s  r epor t ed  by t h e  a u t h o r s  have  been 
rev ised  t o  r e n o r m a l i z e  t h e  m e a s u r e m e n t  f o r  t h e  above  r ecommended  c ross  sec t ion  
va lue  fo r  t h e  gold s t a n d a r d  ( see  Table l ) ,  t o  c o r r e c t  t h e  a s sumed  ha l f - l i fe  t o  t h e  
v a l u e s  m e n t i o n e d  a b o v e ,  t o  c o r r e c t  t h e  y - r a y  e n e r g y  a n d  t h e  y - r a y  i n t e n s i t y ,  
E y ( I y ) ,  t o  t h e  l a t e s t  r e c o m m e n d e d  v a l u e s ,  a n d  t o  c o r r e c t  t h e  W e s t c o t t  
f a c t o r ,  g ( u ) ,  wh ich  a c c o u n t s  f o r  b o t h  s p e c t r u m  a n d  t e m p e r a t u r e  e f f e c t s  ( r e f .  9 ) .  
When t h e  i s o m e r i c  c r o s s  s e c t i o n ,  urn, is s t a t e d  a s  a r a t i o  t o  t h e  g r o u n d  s t a t e  
c r o s s  s e c t i o n ,  u g ,  u g  i s  n o r m a l i z e d  t o  t h e  r e c o m m e n d a t i o n  of T a b l e  2 .  
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T A B L E  2. 5 8 ~ o ( n , y )  c ross  sec t ion  m e a s u r e m e n t s  

Reference Reported Revised 
Author  (Year )  ( b a r n b )  ( b a r n  b, Comments  

Vaninbroukx'O (1968) 37.4 f 0.3  37.3 -t 0.34 Revised g(u),  T!., gold a ,  
revised u n c e r t a i n t y  

Merrit t"  (1968) 37.09 i 0.27 37.16 f 0.28 Revised g(u),  T b ,  gold o 
revised u n c e r t a i n t y  

Kim'2 (1968) 36.61 i 0.47 37.19 f 0.52 Revised T k ,  gold u ,  E r ( I r ) ,  
revised u n c e r t a i n t y  

Silk13 (1970) 37.245 f 0.11 37.245 i 0.15 Revised u n c e r t a i n t y  

Dilg' (1973) 37.145 f 0.07 37.145 f 0.11 Revised u n c e r t a i n t y  

Gryntakis14 (1978) 37.45 f 0.45 37.45 i 0.49 Revised u n c e r t a i n t y  

Weighted Average = 37.19 b a r n b  i 0.08  (Internal E r ro r ) ,  
i 0.03  (External E r ro r ) .  

Recommended Value = 37.19 i 0.08 b a r n b  

b ( l  b a r n  = lo-" m 2 )  

T A B L E  3. 58Co(n,y)BomCo cross  sec t ion  m e a s u r e m e n t s  

Reference Reported 
Author  (Year) ( b a r n b )  

Revised 
[ b a r n b )  Comments  

Deutsch" (1951) u g / u m  = 1.4 i 0.6 15.2 i 6.5 Revised bo th  half-l ives 
used recommended a g  

Moss" (1953) 18.3 + 1.7 b a r n  21.8 f 2.0 Revised gold s t a n d a r d ,  
revised be ta  b ranch ing  r a t i o  

Keisch17 (1963) u m / a g  = 1.19 i 0.16 21.8 f 1.4 Revised to t a l  convers ion  
coefficient - ( t cc )  

Schmidt-Ott" (1963) 18.5 b a r n  17.8 f (2.0) Revised ( tcc) ,  half-l ife,  
revised copper  s t a n d a r d  

G r y n t a k i ~ ' ~  (1978) 18.6 i 1.5 b a r n  19.7 i 1.6 Revised g(u) ,  gold s t a n d a r d ,  

Arifov'@ (1978) u m / a m + g  = 0.57 i 0.03 21.2 i 1.1 Used recommended u g  

revised E r ( I r )  

~~~ ~ 

Weighted Average = 20 7 b a r n b  i 0 67 (Internal E r ro r ) ,  
i 0 38 (External Error) 

Recommended Value = 2 0 7  i 0 7  b a r n b  

b ( l  b a r n  = lo-" m2)  

236U FISSION CROSS SECTION STANDARD VALUE 

The mos t  common  s t a n d a r d  for  t h e  m e a s u r e m e n t  of n e u t r o n  induced  fission r eac t ion  
c ros s  sec t ions  i s  235U. There  have  been m a n y  m e a s u r e m e n t s  pe r fo rmed  in t h e  p a s t  
f o r t y  yea r s ,  b u t  m u c h  of t h e  ea r ly  d a t a  has  had  t o  be d i sca rded  because  a u x i l i a r y  
i n f o r m a t i o n  o n  d e t a i l s  of t h e  m e a s u r e m e n t s  h a v e  been  u n a v a i l a b l e .  The v a r i o u s  
m e a s u r e m e n t s  of t h e  d i r e c t  2200 m e t e r / s e c o n d  c r o s s  s e c t i o n  h a v e  been e v a l u a t e d  
a n d  t a b u l a t e d  i n  T a b l e  4 .  M e a s u r e m e n t s  of t h e  c r o s s  s e c t i o n  i n  a Maxwel l i an  
f l u x  h a v e  n o t  b e e n  c o n s i d e r e d  h e r e  b e c a u s e  of t h e  d i f f i c u l t i e s  i n v o l v e d  w i t h  
e s t i m a t i o n  of t h e  m a g n i t u d e  a n d  s h a p e  of t h e  n e u t r o n  f lux  in  those  m e a s u r e m e n t s .  
The a s s u m p t i o n  t h a t  t h e  f l u x  is a p e r f e c t  Maxwellian a n d  t h a t  t h e  t e m p e r a t u r e  
is p e r f e c t l y  k n o w n  l e a d s  t o  e q u i v a l e n t  2200 m / s  c r o s s  s e c t i o n  v a l u e s  f o r  t h o s e  
e x p e r i m e n t s ,  which  a r e  s i g n i f i c a n t l y  s m a l l e r  by f ive  o r  m o r e  s t a n d a r d  d e v i a t i o n s  
t h a n  t h e  d i r e c t  2200 m / s  fission c ros s  sec t ion  m e a s u r e m e n t  va lues .  

The v a l u e s  l i s t ed  i n  Table 4 were  r e n o r m a l i z e d  us ing  a n  a b s o r p t i o n  c ros s  s e c t i o n  
f o r  log  of 3838 f 6 b a r n  ( r e f .  2 ) ,  a n d  a b r a n c h i n g  r a t i o ,  t o  t h e  exc i t ed  s t a t e  of 
7Li,  f o r  t h e  "B(n ,a )  r e a c t i o n  of (93 .7  i 0.1)%. The  ha l f - l i f e  of 234U was  a s s u m e d  
t o  be  2 .455  i 0.006 x l o 5  y e a r s  ( r e f .  20 ) ,  i n  o r d e r  t o  d e t e r m i n e  t h e  a m o u n t  of 
f i ss i le  m a t e r i a l .  
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T A B L E  4 .  '35U(n,f) c ross  sec t ion  m e a s u r e m e n t s  
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Reference Repor ted  Revised 
Au thor  (Year )  ( b a r n b )  ( b a r  n b )  Comment s  

SaplakogluZ1 (1958) 605. i 6. 590.5 i 15.8 Zero s a m p l e  th i ckness  

Deruyt te r"  (1961) 587. i 6. 590. i 8. Correc ted  s c a t t e r i n g  in  gold foil 

MaslinZ3 (1965) 572. i 6. 581.4 i 9.4 Zero sample  th i ckness  

Borceaz4 (1973) 581.7 i 7.8 587.3 f 7.9 Revised half-life, boron cross section, 

e x t r a p o l a t i o n  co r rec t ion  

e x t r a p o l a t i o n  co r rec t ion  

rev ised  boron  b r a n c h i n g ,  
co r rec t ion  fo r  fission losses 

Deruyt te r"  (1973) 587.6 i 2.6 585.6 i 3.0 Revised half-life, boron cross section 

Berceanuz6  (1978) 589.3 i 4.7 586.5 i 5.3 Revised boron  b ranch ing ,  
rev ised  a m o u n t  of fissile m a t e r i a l  

Weighted Average = 585.8 b a r n b  i 1 . 6  (Internal E r ro r ) ,  
i 0 . 6  (External E r ro r ) .  

Recommended Value = 586. i 2. b a r n b .  
~~ ~ 

b( l  b a r n  = lo-" m Z )  

23gPu FISSION CROSS SECTION STANDARD VALUE 

In a d d i t i o n  t o  i t s  i m p o r t a n c e  a s  a f u e l  m a t e r i a l  i n  t h e  n u c l e a r  power  r e a c t o r  
p r o g r a m ,  t h e  f i s s i o n  c r o s s  s e c t i o n  of 2 3 9 P u  i s  a l s o  of i n t e r e s t  a s  a s t a n d a r d .  
I t  i s  s e c o n d  o n l y  t o  2 3 5 U  i n  i t s  u s e  a s  a f i s s i o n  c r o s s  s e c t i o n  s t a n d a r d .  
As i n  t h e  c a s e  of 2 3 5 U ,  t h e r e  a r e  o n l y  a f ew m e a s u r e m e n t s  w h i c h  m e e t  t h e  
c r i t e r i a  of a d i r e c t  d e t e r m i n a t i o n  a t  t h e  n e u t r o n  ve loc i ty  of 2200 m e t e r / s e c o n d  
a n d  t h e s e  v a l u e s  a r e  r e p o r t e d  i n  T a b l e  5 .  T h e r e  h a s  b e e n  a p r o b l e m  w i t h  
e x p e r i m e n t s  on  e39Pu because  t h e  d e t e r m i n a t i o n  of t h e  a m o u n t  of m a t e r i a l  in t h e  
s a m p l e  is m a d e  u s i n g  a c o u n t i n g  a n d  t h e  a h a l f - l i f e .  T h i s  h a l f - l i f e  h a s  b e e n  
dec reased  by m o r e  t h a n  1.2 % o v e r  t h e  p a s t  10 t o  15 y e a r s .  In a d d i t i o n ,  whereas  
t h i s  h a l f - l i f e  h a d  b e e n  t h o u g h t  t o  b e  a c c u r a t e  t o  0 .1% a t  t h e  3 s t a n d a r d  
d e v i a t i o n  l e v e l  ( 9 9 . 7 %  c o n f i d e n c e  l e v e l ) ,  t h e  u n c e r t a i n t y  i s  now e s t i m a t e d  t o  
b e  a b o u t  0.15% a t  t h e  1 s t a n d a r d  d e v i a t i o n  l e v e l  ( 6 8 . 3 %  c o n f i d e n c e  l e v e l ) .  In  
Table  5 ,  t h e  ha l f - l i f e  u n c e r t a i n t y  is t r e a t e d  a s  a s y s t e m a t i c  e r r o r .  The ha l f - l i f e  
va lue ,  which h a s  been used fo r  t h e  r enomal i za t ion  of t h e  a m o u n t  of fissile m a t e r i a l ,  
is  2.410 i 0.003 x l o 4  y e a r s  ( r e f .  20 ) .  The  v a l u e s  used  f o r  t h e  b o r o n  a b s o r p t i o n  
c ros s  sec t ion  a n d  t h e  boron  b r a n c h i n g  r a t i o  a r e  t h e  s a m e  a s  in t h e  p rev ious  sec t ion .  

T A B L E  5 .  '39Pu(n,f)  c ross  sec t ion  m e a s u r e m e n t s  

Reference Repor ted  Revised 
Au thor  (Year )  ( b a r  n b )  ( b a r n  b, Comment s  

BorceaZ7 (1970) 741.0 f 7 0 752.9 i 7.6 Revised half-life, boron cross section, 
rev ised  boron  b ranch ing ,  
co r rec t ion  fo r  fission losses 

Deruyt te r"  (1974) 741.9 * 3.4 751.5 i 3.6 Revised half-life, boron cross section 

Weighted Average = 751.8 b a r n b  i 3 . 3  (Internal Er ror ) .  
i 0 . 2  (External Er ror ) .  

Recommended Value = 752. f 3. b a r n b .  

b ( l  b a r n  = lo-" m') 

Acknowledgement 
This r e sea rch  was c a r r i e d  o u t  u n d e r  t h e  ausp ices  of t h e  U.S. Depa r tmen t  of Energy 
u n d e r  c o n t r a c t  No. DE-AC02-76CH00016. 



1510 COMMISSION ON RADIOCHEMISTRY AND NUCLEAR TECHNIQUES 

REFERENCES 

1. J.J.M.de Goeij, J .P .W.Houtman,  J.B.W.Kanij , R a d i o c h e m .  Acta  2 ,  117 (1966). 
2. N.E.Holden, B r o o k h a v e n  N a t i o n a l  L a b o r a t o r y  R e p o r t ,  BNL-NCS-51388 (1981) 
3. R . S . C a r t e r ,  H.Pa levsky ,  V.M.Myers, D.J .Hughes,  P h y s .  Rev. E, 716 (1953). 
4 .  P.A.Egelstaff, J .  Nucl. Energy 1, 57 (1954), see also P.A.Egelstaff, J .  Nucl. Energy 5 ,  41 (1957). 
5. F.T.Gould. T.I .Taylor ,  W.W.Havens, B.M.Rustad, E .Melkonian ,  Nucl .  Sc i .  Eng.  g ,  4 5 3  (1960). 
6 .  H . T e u t s c h ,  N.Matescu,  P.Timis ,  N u k l e o n i k  !, 165 (1962). 
7 .  J .Als-Nielsen,  O.Die t r ich ,  P h y s .  Rev.  133, B925 (1964). 
8. W.Dilg, W . M a n n h a r t ,  E .S te iche le ,  P .Arnold ,  2 .  P h y s .  264 ,  427 (1973). 
9 .  C.H.Westcot t ,  J .  Nucl .  E n e r g y  g ,  5 9  (1955). 

10. R . V a n i n b r o u k x ,  Nucl .  Sci .  Eng.  2 4 ,  87  (1968). 
11. J . S . M e r r i t t ,  R.E.Green, Can .  J .  P h y s .  46, 2325 (1968) 
12. J . J .Kim,  F . A d a m s ,  R a d i o c h e m .  Acta  2,  61 (1968). 
13. M.G.Silk, B.O.Wade, J .  Nucl .  E n e r g y  2, 4 3  (1970). 
14. 
15. 
16. 
17. 
18. 
19. 

20.  
21. 

22. 
23. 
24 .  

25. 
26. 

27. 

28.  

E .M.Gryntakis ,  J . I .Kim,  J .  R a d i o a n a l .  Chem.  @, 159 (1978). 
M.Deutsch,  G.Schar f f -Goldhaber ,  P h y s .  Rev. g ,  1059 (1951). 
N.Moss, L.Yaffe ,  Can .  J .  Chem.  2, 391 (1953). 
B.Keisch,  P h y s .  Rev.  129, 769 (1963). 
W.D.Schmidt-Ott ,  2. P h y s .  174,  206 (1963). 
L.Ya.Arifov,  B.S.Mazitov, V.G.Ulanov, S .A.Yusupbekova ,  lzv .  Akad.  N a u k .  SSSR S e r .  
Fiz .  42 ,  831 (1978). 
N.E.Holden, P u r e  Appl. C h e m .  61, ( t o  be  p u b l i s h e d ) .  
ASaplakoglu ,  Proc .  Second I n t .  Conf. Peacefu l  Uses Atomic Energy  (Geneva,  S w i t z e r l a n d  
1958) 16, 103 (1959). U n i t e d  N a t i o n s ,  New York .  
A . J . D e r u y t t e r ,  J .  Nucl .  E n e r g y  15, 165 (1961). 
E.E.Maslin, J.A.Moore, J .M.A.Reichel t ,  J .B.Crowden,  P h y s .  Rev. 139, 852 (1965). 
C.Borcea,  A.Borza,  A.Buta ,  F .Ci rs to iu ,  L .Mar inescu .  I .Mihai ,  A. l sbasescu ,  I .M.Mihai lescu,  
T . N a s c u t i u ,  M . P e t r a s c u ,  V.Simion ,  V.Savu,  R o u m a n i a n  R e p o r t  IFA-NR-47 (1973). 
A . J . D e r u y t t e r ,  J . S p a e p e n ,  P . P e l f e r .  J .  Nucl .  E n e r g y  g ,  6 4 5  (1973). 
I .Berceanu,C.Borcea ,  A.Buta ,  A . C o n s t a n t i n e s c u ,  F .Ci rs to iu .  A.Galer iu ,  K.Galawez, 
A. l sbasescu ,  I .Lazar ,  L .Mar inescu ,  I .Mihai ,  I.M.Mihailescu, P .Osioeanu,  M . P e t r a s c u ,  
M.Pet rovic i ,  V.Simion ,  G.Voiculescu,  Rev. R o u m .  P h y s .  23, 867 (1978). 
C.Borcea,  A.Borza, A.Buta ,  A. Isbasescu ,  L .Mar inescu ,  I .Miha i ,T .Nascut iu ,  M . P e t r a s c u ,  
V.Simion,  V.Savu,  R o u m a n i a n  R e p o r t  IFA-NR-33 (1970). 
A . J . D e r u y t t e r ,  W.Becker, Ann.  Nucl .  Sc i .  Eng.  !, 311 (1974). 




