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ABSTRACT 

2 35 
A new set of resolved resonance parameters for U has been 

derived for inclusion in Version I11 of the Evaluated Nuclear Data File B. 

Single-level parameters plus a complementary smooth file describe the 

cross sections between 7 and 82 eV. The parameters were developed by 

simultaneously fitting three sets of fission cross section data and one 

set each of total and capture cross sections. The Automated Cross Sections 

Analysis Program (ACSAP) was used in the fitting. 
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I. INTRODUCTION 

Uranium-235 h a s  l o n g  been t h e  p r i n c i p a l  n u c l e a r  f u e l ,  and t h e  s t a n d a r d  

a g a i n s t  which o t h e r  r e a c t o r  f u e l s  a r e  compared. The resonances  of 2 3 5 ~  a r e  

c l o s e l y  spaced and s u b j e c t  t o  s e v e r e  d i s t o r t i o n s  i n  shape  due  t o  t h e  phenomenon 

of i n t e r f e r e n c e  i n  t h e  f i s s i o n  p r o c e s s .  T h i s  combination of importance and 

resonance  complexi ty  makes 2 3 5 ~  t h e  most c h a l l e n g i n g  of a l l  r e sonance  a n a l y s i s  

problems. The p r e s e n t  a n a l y s i s  was under taken  by ass ignment  from t h e  Cross  

S e c t i o n s  Eva lua t ion  Working Group, f o r  t h e  purpose  of r e v i s i n g  and ex tend ing  

t h e  ENDFIB r e s o l v e d  resonance  f i l e  f o r  2 3 5 ~ .  The t a s k  h a s  two a s p e c t s :  

S e l e c t i o n  and n o r m a l i z a t i o n  of d a t a  s e t s ,  and f i t t i n g  t h e  s e l e c t e d  d a t a  s e t s  

w i t h  a c o n s i s t e n t  s e t  of s i n g l e - l e v e l  pa ramete rs .  These  two p a r t s  of t h e  

problem a r e  abou t  e q u a l  i n  complexity and importance.  



11. PREPARATION OF DATA 

1. Se lec t ion  of Data S e t s  

There is  a g r e a t  weal th of d a t a  from many measurements of t h e  c r o s s  s e c t i o n s  
235u 

of . It would be  imprac t i ca l  t o  f i t  a l l  t h e  a v a i l a b l e  d a t a .  On t h e  o t h e r  

hand, no one experiment is  s o  d e f i n i t i v e  t h a t  i t  completely dominates t h e  f i e l d  

of view. The fol lowing d a t a  s e t s  were s e l e c t e d  f o r  prime cons ide ra t ion  f o r  t h e  

reasons given. As  no ted ,  t h e r e  a r e  some problems wi th  each d a t a  s e t .  

1. Simultaneous cap tu re  and f i s s i o n  measurements by deSaussure e t  a l .  [ l ] .  

These d a t a  were used p r i n c i p a l l y  t o  i n d i c a t e  t h e  r a t i o  of cap tu re  

t o  f i s s i o n  f o r  t h e  resonances.  The s t r e n g t h  of t h i s  experiment i s  

t h a t  i t  measured t h e  two most important p a r t i a l  c r o s s  s e c t i o n s  of 

2 3 5 ~  simultaneously,  under t h e  same condi t ions  of r e s o l u t i o n  and 

background. Moreover, c a r e  was taken t o  c o r r e c t  f o r  such e f f e c t s  

a s  backgrounds, resonance se l f - sh i e ld ing ,  and s c a t t e r i n g  i n  t h e  

f i s s i o n  chamber. The r e s o l u t i o n ,  however, was poorer  than t h a t  of 

t h e  o t h e r  d a t a  used i n  t h i s  a n a l y s i s .  The most severe  problem wi th  

t h e s e  d a t a  is  t h a t  t he  r e s o l u t i o n  was ev iden t ly  s u b s t a n t i a l l y  d i f -  

f e r e n t  from t h a t  t o  be  deduced from t h e  experimental  parameters  given 

by t h e  au tho r s  i n  t h e i r  r e p o r t .  Moderation t ime f o r  neut rons  slowed 

down i n  t h e  moderator i s  probably r e spons ib l e  f o r  most of t h e  

r e s o l u t i o n  problem. The moderation t ime c o n t r i b u t e s  a  width t o  t h e  

r e s o l u t i o n  func t ion  proport ioned t o  f4 [ 2 1  

During most of t h e  present  a n a l y s i s  t h i s  e f f e c t  was s imulated by an 

ad hoc adjustment of t h e  r e s o l u t i o n  func t ion .  An asymmetric resolu-  

t i o n  func t ion  was used,  and t h e  f l i g h t  pa th  u n c e r t a i n t y  was increased  

a t  low ene rg ie s  t o  g ive  a  r e s o l u t i o n  t h a t  would al low t h e  deSaussure 

d a t a  t o  be  f i t  by t h e  same parameters  a s  f i t  t h e  h ighe r  r e s o l u t i o n  

d a t a  s e t s .  Subsequent s t u d i e s  i nd ica t ed  t h a t  t h i s  t rea tment  w a s  

equ iva l en t  t o  a  moderation t ime of 1 . 5 ~  s e c  
/mj 



( 2  
2 .  T o t a l  c r o s s  s e c t i o n  measurements of Michaudon. These d a t a  were  

o b t a i n e d  a t  l i q u i d  n i t r o g e n  t empera tu res  and f a i r l y  h i g h  r e s o l u t i o n .  

They tu rned  o u t  t o  g i v e ,  i n  most c a s e s ,  t h e  b e s t  i n d i c a t i o n  of t h e  

t o t a l  w i d t h s  o f  t h e  resonances .  The d a t a  were a v a i l a b l e  on ly  a s  

c r o s s  s e c t i o n  v e r s u s  energy ,  w i t h  r e s u l t s  from s e v e r a l  samples 

mixed t o g e t h e r .  T o t a l  c r o s s  s e c t i o n s  a r e  measured from t r a n s m i s s i o n s  

of samples ,  and t h e  a n a l y s i s  shou ld  r e a l l y  b e  performed on t h e  t r a n s -  

m i s s i o n  d a t a  f o r  each  sample.  I n  many resonances  t h e  p a r t i a l  c r o s s  

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

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

r e s p o n s i b l e  f o r  t h e  d i sc repancy .  T h i s  problem i s  d i s c u s s e d  f u r t h e r  

i n  t h e  s e c t i o n  on n o r m a l i z a t i o n  of d a t a .  

(3) 
3. F i s s i o n  c r o s s  s e c t i o n s  measured by Blons e t  al. on t h e  Saclay 

l i n e a r  a c c e l e r a t o r .  These d a t a  were o b t a i n e d  a t  l i q u i d  n i t r o g e n  

t e m p e r a t u r e ,  w i t h  r e s o l u t i o n  s i m i l a r  t o  t h a t  of Michaudon's t o t a l  

c r o s s  s e c t i o n  measurement. Th i s  low t e m p e r a t u r e  i n  e f f e c t  g i v e s  

t h e  Blons d a t a  t h e  b e s t  r e s o l u t i o n  of a l l  t h e  f i s s i o n  d a t a .  The 

p r i n c i p a l  problem i s  t h a t  below about  35 eV t h e  n o r m a l i z a t i o n  becomes 

p r o g r e s s i v e l y  more e r r a t i c  because  of d i f f i c u l t y  i n  i n t e r p r e t i n g  

t h e  backgrounds i n  t h e  p resence  of a  'OB f i l t e r  used t o  e l i m i n a t e  

low energy o v e r l a p  n e u t r o n s .  Normal iza t ion  by a f o u r t h  o r d e r  

polynomial i n  energy a d j u s t e d  t h e s e  d a t a  t o  match t h e  desaussure  

n o r m a l i z a t i o n .  

C4 1 
4. F i s s i o n  c r o s s  s e c t i o n s  measured by Cao e t  al. on t h e  l i n e a r  

a c c e l e r a t o r  a t  C.B.N.M. (Geel) .  These d a t a  are t h e  h i g h e s t  r e s o l u -  

t i o n  of t h e  room t e m p e r a t u r e  measurements of 0 f o r  f  235~. They a r e  
u s e f u l  f o r  comparing w i t h  t h e  Blons d a t a  t o  conf i rm t h e  e f f e c t i v e -  

n e s s  of t h e  Doppler c o r r e c t i o n s  i n  t h e  a n a l y s i s  code.  They go t o  a 

lower  energy t h a n  t h e  Blons d a t a ,  6 e V  v e r s u s  17  e V .  However, t h e  

Cao d a t a  have a f a i r l y  broad s t a t i s t i c a l  s p r e a d ,  and a r e  t r o u b l e d  by 

e r r a t i c  background c o r r e c t i o n s  i n  t h e  v i c i n i t y  of resonances  i n  

f i l t e r s  used t o  de te rmine  backgrounds.  



(5) 
I n  a d d i t i o n ,  t h e  t o t a l  c r o s s  s e c t i o n  d a t a  of Shore and S a i l o r  

were used f o r  d i s p l a y  purposes t o  observe t h e  f i t  below 2 e V ,  bu t  d i d  n o t  

f i g u r e  d i r e c t l y  i n  t h e  f i t t i n g .  

2.  Enerpy Normalization 

It seems almost i n e v i t a b l e  t h a t  experiments on d i f f e r e n t  machines w i l l  

show s l i g h t l y  d i f f e r e n t  energy s c a l e s .  To compare energy s c a l e s ,  l a r g e  s c a l e  

p l o t s  of f i s s i o n  d a t a  were made over 1 5  resonances from 7 eV (where t h e  Cao 

d a t a  begin)  t o  100 eV. The Blons and Cao d a t a  showed energy d i f f e r e n c e s  smal l  

enough t o  b e  ignored.  The Michaudon d a t a ,  which were not  obtained u n t i l  a f t e r  

t h e  energy comparison had been made, a l s o  f i t  t h e  same energy s c a l e .  It is 

l i k e l y  t h a t  t h e  Blons and Cao measurements were normalized i n  energy t o  t h e  

Michaudon d a t a ,  which p reda te  them. The deSaussure d a t a  i nd ica t ed  a s l i g h t  

s h i f t ,  which increased  wi th  energy, a s  compared t o  t h e  o t h e r  d a t a  s e t s .  S ince  

t h e  European d a t a  agreed,  and used f l i g h t  pa ths  t h a t  were roughly twice a s  

long a s  t h a t  of t h e  deSaussure experiment,  t h e  l a t t e r  d a t a  were s h i f t e d  i n  

energy t o  b r ing  them i n t o  agreement. An energy s h i f t ,  l i n e a r  i n  energy, was 

der ived  from a l e a s t  squares  f i t  t o  t h e  apparent  displacement of resonances.  

The cons t an t s  f o r  t h i s  s h i f t  a r e  given i n  Table I. 

The s h i f t e d  deSaussure d a t a  agreed w e l l  enough w i t h  t h e  o the r  d a t a  t o  

al low simultaneous f i t t i n g .  However, a s  t h e  a n a l y s i s  progressed ,  i t  became 

apparent  t h a t  t h e  d a t a  had been overcorrected below about 8 e V  and above 60 eV. 

The cons tan t  term i n  t h e  c o r r e c t i o n  equat ion is  too  l a r g e .  A s t r a i g h t  cor- 

r e c t i o n  of about 0.1% would probably b e  p re fe reab le .  A s  a mat te r  of f a c t ,  t h e  

p l o t s  of t h e  desaussure d a t a ,  shown i n  Appendix A ,  used t h e  unnormalized d a t a  

below 8 eV. 



3 .  Cross Sec t ion  Normalization 

Since t h i s  a n a l y s i s  covered only t h e  resonance reg ion  above 1 .0  eV, 

i t  was necessary t o  normalize a l l  d a t a  t o  t h e  e x i s t i n g  ENDFIB-I1 low energy 

f i l e .  The low energy f i l e  is  i n  t u r n  normalized t o  t h e  IAEA evalua t ion  of 

2200 m ~ s e c ' ~ ) .  Of t h e  p r i n c i p a l  d a t a  s e t s ,  only t h e  desaussure  measurements 

go a s  low a s  1 eV. These d a t a  were r a i s e d  by 1.5% t o  b r ing  t h e  i n t e g r a l  from 

0.45 eV t o  1.0 eV i n t o  b e t t e r  agreement wi th  t h a t  from t h e  ENDFIB low energy 

f i l e .  The ca l cu la t ed  d i f f e r e n c e  i n  t h e  capture  i n t e g r a l s  was 2.4%; neve r the l e s s ,  

t h e  cap tu re  was r a i s e d  only 1.5% i n  order  t h a t  deSaussure ls  ct r a t i o s  might be 

preserved . 

A s e r i e s  of p a r t i a l  i n t e g r a l s  of t h e  Blons, Cao, and desaussure f i s s i o n  

d a t a  were ca l cu la t ed  a s  p a r t  of t h e  normalizat ion s tudy .  The energy i n t e r v a l s  

were chosen such t h a t  t h e i r  boundaries f e l l  i n  t h e  v a l l e y s  between resonances 

t o  minimize boundary e r r o r s .  Rat ios  of t h e  p a r t i a l  i n t e g r a l s  from each d a t a  

s e t  t o  t h e  o t h e r s  were ca l cu la t ed  and compared. A p l o t  of t hese  is  shown i n  

F igure  1. The e f f e c t s  pointed out  by ~ r e b s ' ~ )  and ~ i b o n ' ~ )  a r e  ev ident .  The 

r a t i o s  between d a t a  s e t s  a r e  no t  cons tan t  over t h e  energy range of t h e  experi-  

ments. The most s eve re  depa r tu re s  seem t o  be a s soc i a t ed  wi th  t h e  use  of f i l t e r s  

t o  determine backgrounds i n  t h e  l i n e a r  a c c e l e r a t o r  experiments. The Cao d a t a  

a r e  s eve re ly  d i s t o r t e d  i n  t h e  v i c i n i t y  of resonances i n  t h e  notch f i l t e r s  used 

f o r  background determinat ion.  desaussure  a l s o  d i scusses  such problems i n  h i s  

experiment, bu t  t h e  d a t a  he  suppl ied  f o r  t h e  present  a n a l y s i s  had been a t  l e a s t  

p a r t i a l l y  cor rec ted  i n  t h e  v i c i n i t y  of t h e  28 eV resonance i n  cadmium. The Blons 

d a t a  progress ive ly  f a l l  o f f  i n  r e l a t i v e  magnitude below about 40 eV. This  i s  

apparent ly  a s soc i a t ed  wi th  t h e  decreas ing  t ransmiss ion  of t h e  boron f i l t e r  used 

t o  e l imina te  overlap neutrons.  The d i s t o r t i o n s  a r e  a s soc i a t ed  wi th  t reatment  of 

experimental backgrounds. 

The Cao d a t a  were r a i s e d  7% t o  b r ing  them i n t o  agreement w i th  t h e  renor-  

malized desaussure d a t a .  No at tempt  was made t o  normalize piece-wise i n  t h e  

v i c i n i t y  of t h e  d i s t o r t i o n s  caused by t h e  background f i l t e r s .  The Cao d a t a  were 

simply ignored i n  such reg ions .  The Blons d a t a ,  which a l r eady  agreed w e l l  wi th  

t h e  renormalized desaussure d a t a  above 40 eV, were given an  energy-dependent 

renormalizat ion.  The r a t i o s  of t h e  incremental  i n t e g r a l s  from Blons d a t a  t o  t h e  

corresponding i n t e g r a l s  from deS ~ l s s u r e ' s  d a t a  were f i t t e d  w i t h  a f o u r t h  degree 

polynomial. The c o e f f i c i e n t s  from t h e  f i t  a r e  l i s t e d  i n  Table I. This  polynomial 



was then used t o  normalize t h e  Blons da t a .  The r e s u l t i n g  c o r r e c t i o n  ranged 

from about 19% a t  18 eV t o  zero a t  40 eV. The polynomial introduced some 

f l u c t u a t i o n s  of l e s s  than ha l f  a  percent  above 40 eV, but  t h e s e  were. deemed t o  

be  s f  no consequence t o  t h e  f i t .  This  c o r r e c t i o n  a p p l i e s  only t o  100 eV. I f  

appl ied  above t h a t  energy, i t  would in t roduce  seve re  f l u c t u a t i o n s .  

T o t a l  c ros s  s e c t i o n  d a t a  a r e  i n  p r i n c i p a l  t h e  e a s i e s t  of a l l  d a t a  t o  

a s s i g n  a b s o l u t e  va lues .  It is  consequently d i f f i c u l t  not  t o  favor  t h e  t o t a l  

c r o s s  s e c t i o n  va lues  when d i sc repanc ie s  a r i s e  between them and t h e  sum of t h e  

p a r t i a l  c r o s s  s e c t i o n s .  Nevertheless ,  t h e r e  a r e  d i sc repanc ie s  between t h e  

t o t a l  and p a r t i a l  d a t a  t h a t  do not  appear t o  be  a t t r i b u t e d  completely t o  

p a r t i a l  c ros s  s e c t i o n  normal iza t ion  e r r o r s  o r  t o  r e s o l u t i o n  e f f e c t s .  The 

t o t a l  c r o s s  s e c t i o n s  tend t o  go h igher  on t h e  peaks than  t h e  sum of t h e  p a r t i a l  

measurements would i n d i c a t e .  Rais ing t h e  p a r t i a l  c r o s s  s e c t i o n  va lues  would put  

them ou t  of l i n e  wi th  t h e  low energy measurements t o  which they a r e  normalized. 

Some of t h e  e f f e c t  i s  l i k e l y  due t o  r e s o l u t i o n  d i f f e r e n c e s ,  b u t  t h i s  does no t  

seem t o  b e  t h e  answer t o  t h e  disagreement over t h e  broad resonances near  14 eV. 

Some of t h e  discrepancy may a r i s e  from normalizations i n  t h e  t o t a l  c ros s  s e c t i o n  

d a t a .  Michaudon used f i v e  samples i n  h i s  experiment. Two of t h e s e  were w e l l  

c a l i b r a t e d ,  and served a s  t h e  b a s i s  f o r  normal iza t ion  of a l l  t h e  d a t a .  Any 

e r r o r  i n  t h i s  i n t e rno rma l i za t ion  would tend t o  g ive  t h e  s t rong  resonances an  

apparent ly  d i f f e r e n t  normal iza t ion  from t h e  weaker ones. 

Since n e i t h e r  t h e  t o t a l  nor t h e  p a r t i a l  c r o s s  s e c t i o n s  seemed t o  b e  f r e e  

from susp ic ion  i n  t h e  normal iza t ion  discrepancy,  a  compromise was i n  o rde r .  The 
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values  of rn repor t ed  he re  r ep re sen t  averages from s e p a r a t e  f i t s  t o  t h e  t o t a l  and 

p a r t i a l  c ros s  s e c t i o n  d a t a ,  us ing  t h e  same va lues  f o r  t h e  t o t a l  widths.  

4.  Resolu t ion  

For any shape a n a l y s i s  of resonance d a t a  t o  be  meaningful,  i t  i s  abso lu t e ly  

e s s e n t i a l  t h a t  t h e  experimental  r e s o l u t i o n  func t ion  be  w e l l  understood. We have 

a l ready  mentioned t h e  r e s o l u t i o n  problems encountered wi th  t h e  desaussure  d a t a .  

Lesser  d i f f i c u l t i e s  were experienced wi th  t h e  o the r  d a t a  s e t s .  A thorough s tudy  

of a l l  t h e  r e s o l u t i o n  problems of each experiment was not  p o s s i b l e  w i t h i n  t h e  

t ime a l l o t t e d  f o r  t h i s  s tudy .  The r e s o l u t i o n  func t ions  were ad jus t ed  so  t h a t  a l l  



d a t a  s e t s  were w e l l  f i t  by t h e  same parameters.  The experimental  r e s o l u t i o n s  

assumed a r e  summarized i n  Table 11. It i s  poss ib l e  t h a t  t h e s e  d e t a i l e d  break- 

downs may not  be s t r i c t l y  c o r r e c t ,  bu t  t h e  o v e r a l l  r e s o l u t i o n  func t ions  should 

be reasonably c l o s e  t o  r e a l i t y .  

The r e s o l u t i o n  parameters f o r  Michaudon's t o t a l  c ros s  s e c t i o n  d a t a  

were l e f t  e s s e n t i a l l y  a s  we understood them t o  b e  from Michaudon's r e p o r t .  

The e f f e c t  of t h e  moderator,  however, was introduced only a s  an  unce r t a in ty  

i n  f l i g h t  pa th ,  without using t h e  3-' term. The omission of t h i s  l a t t e r  term 

may c o n t r i b u t e  a  s l i g h t  b i a s  t o  t h e  resonance widths we der ived .  However, 

t h e s e  widths a r e  i n  most cases  i n  good agreement w i th  those  der ived  by Michaudon 

i n  h i s  a n a l y s i s ,  so t h e  o v e r a l l  r e s o l u t i o n  func t ions  should be  f a i r l y  c lo se .  

The t o t a l  c ros s  s e c t i o n s  seemed t o  come c l o s e s t  t o  being matched by t h e  theo- 

r e t i c a l  r e s o l u t i o n  func t ion .  Therefore ,  t h e  t o t a l  widths a r e  based mainly on 

t h e  a n a l y s i s  of t h e s e  d a t a .  

21.1sec 
For both Blons' and Cao's f i s s i o n  d a t a ,  a  moderator con t r ibu t ion  

was added t o  t h e  r e s o l u t i o n  func t ion .  I n  a d d i t i o n ,  a  f l i g h t  pa th  

unce r t a in ty  (moderator th ickness  i n  t h i e  case)  of 5 cm was used f o r  t h e  Blons 

d a t a  r a t h e r  than  t h e  t h e o r e t i c a l  2 cm. The f a c t  t h a t  more moderator e f f e c t  

was needed f o r  t h e  Blons f i s s i o n  d a t a  than  f o r  ~ i c h a u d o n ' s  t o t a l  d a t a ,  measured 

on t h e  same machine, sugges ts  t h a t  t h e  t r u e  source  of t h e  d i f f e r e n c e  does not  l i e  i n  

t h e  moderator a t  a l l .  The impression i s  t h a t  f i s s i o n  experiments show lower 

r e s o l u t i o n  than  t o t a l  measurements on t h e  same machine. This  may be due t o  

s c a t t e r i n g  of neutrons wi th in  o r  i n  the v i c i n i t y  of t h e  f i s s i o n  chamber. 

desaussure e t  a l .  made c o r r e c t i o n s  f o r  t h i s  e f f e c t  i n  t h e i r  d a t a ,  bu t  t h e  

o t h e r  experimenters do not seem t o  have done so .  



111. FITTING OF DATA 

1. The Automated Cross Sec t ion  Analysis  Program (ACSAP) 

The p r i n c i p a l  computer code used i n  t h i s  eva lua t ion  was t h e  Automated 

Cross Sec t ion  Analysis  Program (ACSAP). The program i s  descr ibed  i n  d e t a i l  

e l ~ e w h e r e ' ~ ) .  We g ive  only a  b r i e f  summary of i t s  c a p a b i l i t i e s  he re .  E i t h e r  

s i n g l e - l e v e l  o r  Reich-Moore m u l t i l e v e l  parameters can be  used i n  ACSAP. The 

f i t t i n g  procedure is  an i t e r a t i v e  one. For each resonance t o  b e  f i t ,  one t o  

t h r e e  p o i n t s  and a  s e t  of t r i a l  parameters a r e  s e l e c t e d .  The program a d j u s t s  

t h e  parameters  t o  f o r c e  t h e  ca l cu la t ed  c ros s  s e c t i o n  curve t o  pass  through 

t h e  s e l e c t e d  p o i n t s .  When t h r e e  p o i n t s  have been s e l e c t e d ,  i t  is  p o s s i b l e  
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t o  a d j u s t  t h e  resonance energy Eo, t h e  reduced neutron width Tn , and one 

o the r  p a r t i a l  width,  e i t h e r  t h e  capture  width ry  o r  t h e  f i s s i o n  width r f .  Such 

an adjustment  i s  termed a shape f i t .  When only one po in t  has  been s e l e c t e d  f o r  

a  resonance, only one p a r t i a l  width can be  ad jus t ed .  Since such p o i n t s  a r e  u sua l ly  

chosen near  t h e  peak of a  resonance, t h i s  adjustment is  r e f e r r e d  t o  a s  a  peak f i t .  

The peak f i t  i s  very u s e f u l  f o r  two s p e c i a l  circumstances.  The f i r s t  i s  t h e  

case  where a  resonance is too  poorly resolved t o  perform a r e l i a b l e  shape f i t .  

The second i s  t h e  case  where t h e  resonance energy and t o t a l  width have been 

determined by a  previous shape f i t ,  and i t  i s  next  des i r ed  t o  a d j u s t  t h e  p a r t i a l  

widths t o  f i t  one o r  more s e t s  of p a r t i a l  c ros s  s e c t i o n s  d a t a .  Af t e r  ACSAP has 

f i n i s h e d  a d j u s t i n g  parameters ,  i t  w i l l  upon r eques t  p l o t  a  c a l c u l a t e d  curve ,  

a p p r o p r i a t e l y  broadened f o r  Doppler and r e s o l u t i o n  e f f e c t s ,  along wi th  t h e  

corresponding experimental  d a t a .  These c a l c u l a t i o n  and p l o t t i n g  procedures may 

b e  repeaced a t  w i l l  i n  t h e  same run  so  t h a t  s e v e r a l  s e t s  of d a t a  may be p l o t t e d  

and compared w i t h  t h e  t h e o r e t i c a l  curves ,  each one broadened according t o  t h e  

a c t u a l  condi t ions  under which t h e  d a t a  were taken. 

These c a l c u l a t i n g  and p l o t t i n g  f e a t u r e s  proved a s  u s e f u l  i n  t h i s  evalua- 

t i o n  a s  t h e  a c t u a l  f i t t i n g  rou t ines .  They were used d i r e c t l y  t o  examine s e t s  of 

experimental  d a t a  and compare them t o  e x i s t i n g  s e t s  of parameters.  During t h e  

course of t h e  f i t t i n g ,  t h e  r e p e t i t i v e  p l o t t i n g  c a p a b i l i t i e s  made i t  p o s s i b l e  

r o u t i n e l y  t o  fo l low t h e  e f f e c t s  parameter changes had upon a l l  t h e  s e t s  of d a t a  

used. 



2. Der iva t ion  of Resonance Parameters 

S ing le  l e v e l  parameters were derived by f i t t i n g  t h e  experimental d a t a  

by means of t h e  automatic  i t e r a t i v e  f i t t i n g  f e a t u r e s  of ACSAP. One s e t  of 

d a t a  was chosen a s  prime s e t ,  and one t o  t h r e e  p o i n t s  per  resonance s e l e c t e d  

t o  r ep re sen t  t h e s e  d a t a .  Af t e r  ACSAP had ad jus ted  parameters s o  t h e  ca l cu la t ed  

curve would pass  through t h e s e  p o i n t s ,  i t  ca l cu la t ed  and p l o t t e d  t h e o r e t i c a l  f i t s  

t o  a l l  t h e  experimental d a t a  s e t s ,  using t h e  newly derived parameters.  Visual  

i n spec t ion  of t h e  curves was t h e  guide t o  modifying input  f o r  subsequent runs.  

Each of t h e  f i v e  d a t a  s e t s  was used a s  prime s e t  a t  va r ious  t imes during t h e  

a n a l y s i s .  This  procedure allowed d e t a i l e d  examination of t h e  d a t a  s e t s  t o  

determine whether anomalies were common t o  s e v e r a l  experiments o r  pecu l i a r  t o  

one. It a l s o  allowed comparison of experiments a s  t o  cons is tency  with r e s o l u t i o n  

parameters i nd ica t ed  by t h e i r  au thors .  From t h e  p r i n c i p l e  of p e r v e r s i t y  of n a t u r e ,  

i t  was deemed h ighly  un l ike ly  t h a t  any t r u e  r e s o l u t i o n  would be higher  than  t h a t  

der ived from t h e  known p r o p e r t i e s  of t h e  experimental system. This  c r i t e r i o n  l e d  

t o  t h e  acceptance of Michaudon's t o t a l  c ros s  s e c t i o n  measurements a s  t h e  t r u e s t  

a v a i l a b l e  i n d i c a t o r  of t he  n a t u r a l  widths of most resonances.  Exceptions t o  

t h i s  r u l e  were made i n  t h e  cases  of t h e  1.1 eV resonance, which Michaudon d id  

not  measure, s e v e r a l  resonances d i s t o r t e d  by t h e  presence of impur i t i e s ,  and 

s e v e r a l  o t h e r s  f o r  which inter-sample normalizat ion problems a r e  suspected.  On 

t h e  whole, however, t h e  most product ive  f i t t i n g  sequence seemed t o  be  t o  shape- f i t  

t h e  t o t a l  d a t a ,  peak- f i t  t h e  desaussure  f i s s i o n  and cap tu re  d a t a ,  and merge t h e  

parameters t o  maintain the  t o t a l  widths from t h e  t o t a l  d a t a  and t h e  a lpha  va lues  

from deSaussurefs  da t a .  

The only problem wi th  t h i s  procedure i s  t h a t  i t  can r e a l l y  be done only over 

a  very l imi t ed  energy reg ion .  The p re sen t  a n a l y s i s  was c a r r i e d  w e l l  beyond t h e  

reg ion  where shape f i t t i n g  can be considered accura te .  A pure a r e a  a n a l y s i s ,  

on t h e  o t h e r  hand, becomes imprac t i ca l  f o r  2 3 5 ~ ,  because of t h e  c l o s e  spacing 

and assymetry of t h e  resonances.  A f i t  t o  t h e  peak of d a t a  w i t h  t h e  same 

r e s o l u t i o n  func t ion  (desaussure o and o ), wi th  t h e  t o t a l  width f i x e d , i s  comparable f C 

t o  an  a r e a  f i t  of t h e  same da t a .  The combination of shape a n a l y s i s  of s e t s  of 

d a t a  having d i f f e r e n t  r e s o l u t i o n  func t ions ,  wi th  peak f i t t i n g  t o  t h e  p a r t i a l  c ros s  

s e c t i o n  d a t a ,  p a r t i a l l y  overcomes some of t h e  l i m i t a t i o n s  inhe ren t  i n  t h e  shape 

a n a l y s i s  approach. 



3. Cons t ruc t ion  of Smooth F i l e s  (ENDFIB F i l e  3)  
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Because t h e  U resonances a r e  asymmetric, i t  i s  not  poss ib l e  t o  g e t  

a  good f i t  us ing  a  reasonable  number of s i n g l e - l e v e l  resonance parameters a lone .  

It may no t  even be  p o s s i b l e  us ing  an unreasonable number. The ENDF/B format 

makes i t  p o s s i b l e  t o  circumvent t h i s  problem by using an a u x i l i a r y  f i l e  of 

po in twise  d a t a .  These "smooth" d a t a ,  when added t o  t h e  c ros s  s e c t i o n s  c a l c u l a t e d  

from t h e  resonance parameters ,  y i e l d  t h e  same o v e r a l l  c r o s s  s e c t i o n  t o  be  der ived  

from a  good m u l t i l e v e l  f i t .  

ACSAP w i l l  upon r eques t  p r i n t  and p l o t  t h e  d i f f e r e n c e s  between experi-  

mental  p o i n t s  and t h e  c r o s s  s e c t i o n s  ca l cu la t ed  from parameters.  Such d i f f e r -  

ence ou tpu t s  were used i n  cons t ruc t ing  t h e  smooth f i l e s .  I n  order  t o  main ta in  

proper  a va lues ,  t h e  deSaussure d a t a  were used a s  much a s  p o s s i b l e  i n  construc-  

t i n g  t h e s e  d i f f e r e n t  f i l e s .  However, t h i s  i d e a l  had t o  be  abandoned above 

about 35 eV, a s  degraded r e s o l u t i o n  spread t h e  in f luence  of i n t r i n s i c  r e s o l u t i o n  

t o  ene rg i e s  s i g n i f i c a n t l y  f a r  from t h e  resonances t o  which they  apply. 

I n  t he  p re sen t  a n a l y s i s ,  an  e f f o r t  was made t o  keep t h e  smooth f i l e  

smal l ,  sometimes by s p l i t t i n g  a  resonance i n t o  s e p a r a t e  cap tu re  and f i s s i o n  

resonances.  Such e f f o r t s  were n o t  always succes s fu l ,  however, and t h e  smooth 

f i l e  c o n t r i b u t i o n  remains s u b s t a n t i a l ,  p a r t i c u l a r l y  below 1 5  eV.  The f a c t  t h a t  

t h e r e  i s  l e s s  smooth f i l e  s t r u c t u r e  i n  t h e  upper p a r t  of t h e  resonance reg ion  

i s  doubt less  due t o  t h e  f a c t  t h a t  degraded r e s o l u t i o n  obscures  t h e  t r u e  reson- 

ance shapes a t  h igher  energ ies .  

The t rea tment  of t h e  s c a t t e r i n g  f i l e  should be  c l a r i f i e d .  No s c a t t e r i n g  

d a t a  were e x p l i c i t l y  f i t .  The only c o n s t r a i n t s  placed on t h e  s c a t t e r i n g  c ros s  

s e c t i o n s  were t h a t  they should b e  c o n s i s t e n t  w i th  t h e  resonance parameters ,  

should match t h e  low energy f i l e  a t  1 eV, and should n o t  go nega t ive .  A va lue  

of 11 .5  b  was used f o r  t h e  p o t e n t i a l  s c a t t e r i n g  c r o s s  s e c t i o n .  This  i s  t h e  

va lue  used i n  t h e  IAEA a n a l y s i s  of low energy c ros s  s e c t i o n   standard^'^), and 

i s  c o n s i s t e n t  wi th  t h e  r ecen t  de te rmina t ion  of 11.7 barns by Poortmans e t  a l .  (10) 



S c a t t e r i n g  c r o s s  s e c t i o n s  computed from t h e  s ing le - l eve l  parameters a r e  

a  f i r s t  approximation t o  t h e  t r u e  va lues ,  bu t  a r e  f a u l t y  on two counts .  I n  t h e  

f i r s t  p l ace ,  s c a t t e r i n g  is  i n t r i n s i c a l l y  a  m u l t i l e v e l  process ,  and t h e  s ing le -  

l e v e l  approximation g ives  erroneous r e s u l t s .  It may even go negat ive  under 

some circumstances ( l l ) .  I n  t h e  second p lace ,  any f i n i t e  s e t  of parameters w i l l  

show an imbalance a t  both ends of i t s  energy reg ion ,  because i n t e r f e r e n c e  terms 

extend i n  energy i n f i n i t e l y  f a r  i n  both d i r e c t i o n s .  These i n t e r f e r e n c e  con- 

t r i b u t i o n s  tend t o  make s c a t t e r i n g  too low a t  t h e  low energy end, and too  high 

a t  t h e  high energy end. To a r r i v e  a t  a  balanced s c a t t e r i n g  e s t ima te ,  a  s p e c i a l  
(12) s c a t t e r i n g  c a l c u l a t i o n  was made, us ing  t h e  Reich-Moore m u l t i l e v e l  formula . 

For t h i s  c a l c u l a t i o n ,  t h e  s ing le - l eve l  parameters descr ibed h e r e i n  were used, 
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bu t  t h e  negat ive  energy resonance was ad jus ted  i n  T, t o  g ive  t h e  same c r o s s  s e c t i o n  

a t  1 eV (12.9 b) a s  found i n  t h e  low energy f i l e .  To balance t h e  upper end, a  

mock resonance f i l e  was generated t o  110 eV by r e f l e c t i n g  a 30 eV band of reson- 

ances around 80 eV. The d i f f e r e n c e  between t h i s  c a l c u l a t i o n  and t h e  s ing le - l eve l  

p red ic t ion  became t h e  s c a t t e r i n g  smooth f i l e .  By means of an  i n t e r p o l a t i o n  

r o u t i n e ,  t h e  s c a t t e r i n g  smooth f i l e  was put  on t h e  same energy mesh a s  t h e  t o t a l  

smooth f i l e .  The l a t t e r  f i l e  was a l s o  compensated f o r  t h e  change i n  s c a t t e r i n g .  

The s c a t t e r i n g  smooth f i l e ,  when added t o  t h e  s c a t t e r i n g  c r o s s  s e c t i o n  given by 

t h e  Version I1 parameters,  t h e r e f o r e  e s s e n t i a l l y  y i e l d s  a  m u l t i l e v e l  s c a t t e r i n g  

c r o s s  s ec t ion .  This  is  s t i l l  not  t h e  "true" s c a t t e r i n g  c r o s s  s e c t i o n ,  because 

s p i n s  are m t  assigned t o  t h e  resonances.  It does, however, seem t o  be t h e  b e s t  

a v a i l a b l e  es t imate .  



I V .  RESULTS 

The f i n a l  ENDFIB, Version I11 resolved  resonance parameters f o r  2 3 5 ~  a r e  

shown i n  Table 111. It should be  kept  i n  mind t h a t  t h e s e  parameters a r e  t o  be  

appl ied  only between 1 and 82 eV. Resonances below 1 eV and above 82 eV a r e  

included only  t o  a i d  c o n t i n u i t y  between energy reg ions ,  and have no t  been ad jus ted  

i n  t h e  cu r r en t  i n v e s t i g a t i o n .  The two resonances below 1 eV a r e  those  used i n  

ENDFIB, Versions I and 11, whi le  t h e  two resonances above 82 eV a r e  from Blons. 

The parameters of t h e  negat ive  energy resonance a r e  r e a l l y  no longer  app ropr i a t e ,  

s i n c e  t h e  cu r r en t  a n a l y s i s  used a  d i f f e r e n t  va lue  f o r  a than  d i d  Version I. 
Pot 

The two resonances above 82 eV do no t  g ive  an  adequate  d e s c r i p t i o n  of t h e  c r o s s  

s e c t i o n s  above t h a t  energy, because they ignore  an unanalyzed bouquet of reson- 

ances between 82 and 87 eV. Nevertheless ,  t h e s e  resonances should be  l e f t  i n  

t h e  c a l c u l a t i o n s  because they were t h e r e  when t h e  c u r r e n t  resonance parameters 

and smooth f i l e  were cons t ruc ted .  

Appendix A d i s p l a y s  a  s e r i e s  of p l o t s  r ep re sen t ing  t h e  f i t  t o  a l l  d a t a  s e t s  

analyzed between 1 and 82 eV. The con t r ibu t ions  of t h e  parameters a lone  a r e  

represented  a s  a  dashed l i n e ,  whi le  t h e  complete c r o s s  s e c t i o n s ,  parameters p lus  

smooth f i l e ,  a r e  given a s  s o l i d  l i n e s .  While no s e t  of d a t a  i s  f i t  p e r f e c t l y ,  

t h e  reason f o r  depa r tu re  from a given d a t a  s e t  i n  a  p a r t i c u l a r  energy r eg ion  w i l l  

u sua l ly  be  ev ident  from an  examination of t h e  f i t  t o  t h e  o the r  d a t a  s e t s  over t h e  

same region.  I n  Table I V  i s  a  comparison of c r o s s  s e c t i o n  i n t e g r a l s  from t h e  f i t  

and from t h e  f i s s i o n  and cap tu re  d a t a  s e t s .  Table V p re sen t s  a  s i m i l a r  comparison 

f o r  t o t a l  c r o s s  s e c t i o n  da t a .  The e r r o r s  a s soc i a t ed  wi th  t h e  a n a l y s i s  a r e  d iscussed  

i n  Appendix B. 

The p r i n c i p a l  d i f f e r e n c e  between t h e  p re sen t  f i l e  and previous ENDFIB f i l e s  

f o r  2 3 5 ~  is  t h a t  t h e  p re sen t  t o t a l  widths a r e  sys t ema t i ca l ly  narrower.  This  d i f f e r -  

ence i s  not  obvious f o r  resonances t h a t  a r e  e i t h e r  wide o r  poorly reso lved ,  bu t  is  

c l e a r  i n  a  comparison of narrow, well-resolved resonances.  This  d i f f e r e n c e  has 

its o r i g i n  i n  t h e  r e s o l u t i o n  problems w i t h  t h e  ORNL-RPI measurements, which were 

t h e  only d a t a  considered i n  t h e  previous a n a l y s i s .  It may have a  s u b s t a n t i a l  

e f f e c t  i n  a p p l i c a t i o n s  where se l f - sh i e ld ing  must be  considered.  



A word might be  s a i d  concerning cap tu re  widths.  These a r e  expected t o  

vary  but  s l i g h t l y  from an  average va lue ,  fol lowing a  chi-squared d i s t r i b u t i o n  

wi th  many degrees of freedom. P u r i s t s  tend t o  become upse t  w i th  s e t s  of reson- 

ance parameters showing l a r g e  v a r i a t i o n s  i n  t h e  cap tu re  widths.  Experience 

gained during t h e  present  i n v e s t i g a t i o n  has l e d  t o  t h e  conclusion t h a t  a  l a r g e  

p a r t  of such v a r i a t i o n s  may be  due t o  r e s o l u t i o n  l i m i t a t i o n s .  A resonance t h a t  

appears  t o  have twice t h e  normal r a d i a t i o n  width may i n  t r u t h  be  a  double t ,  

cons i s t i ng  of two resonances having normal widths.  Moreover, t h e  degradat ion 

i n  r e s o l u t i o n  wi th  inc reas ing  energy may, i f  no t  proper ly  accounted f o r ,  induce 

an  apparent  growth i n  t h e  resonance widths a t  h igher  energ ies .  These thoughts 

have guided t h e  p re sen t  f i t t i n g  e f f o r t .  Nevertheless,  t h e  emphasis has  been on 

reproducing neutron c r o s s  s e c t i o n s ,  a s  opposed t o  de r iv ing  s u b t l e  conclusions 

concerning nuc lear  s t r u c t u r e .  Accordingly, t h e  p re sen t  f i l e  conta ins  a  few 

examples of what may be a r t i f i c i a l  r a d i a t i o n  widths.  I n  view of t h e s e  consid- 

e r a t i o n s ,  i t  is  not  thought p r o f i t a b l e  t o  specu la t e  on t h e  number of degrees of 

freedom represented  by t h e  d i s t r i b u t i o n  i n  r a d i a t i o n  widths.  

This  s tudy  has shown once aga in  t h e  c e n t r a l  r o l e  t h a t  experimental resolu-  

t i o n  p lays  i n  resonance a n a l y s i s .  It i s  un fo r tuna te  t h a t  t h e  present  c l ima te  does 

not  encourage t h e  d e t a i l e d  s tudy  of r e s o l u t i o n  c h a r a c t e r i s t i c s  and background com- 

p o s i t i o n  of t h e  new machines. Since t h e  p r i n c i p a l  p o i n t s  of disagreement between 

experiments seem t o  be t r a c e a b l e  t o  problems wi th  ins t rumenta l  backgrounds and 

r e s o l u t i o n ,  i t  would seem t h a t  such s t u d i e s  should be  assigned t h e  h ighes t  p r i o r i t y .  

We f e e l  that  the  present analysis provides a  description o f  the  2 3 ~  resonance 

c ros s  s e c t i o n s  t h a t  is  about a s  good a s  t h e  experimental d a t a ,  and c l o s e  t o  t h e  

q u a l i t y  t h a t  could be expected from a m u l t i l e v e l  f i t .  An improved d e s c r i p t i o n  would 

r e q u i r e  improved experimental da t a .  A remeasurement of t h e  t o t a l  c r o s s  s e c t i o n  

would be  very  advantageous, bu t  only i f  i t  w e r e  made us ing  a wel l -ca l ibra ted  set of 

p rec i s ion  meta l  samples, a t  low temperatures ,  us ing  high r e s o l u t i o n  t h a t  is w e l l  

understood. Simultaneous measurements of cap tu re  and f i s s i o n  c r o s s  s e c t i o n  a t  low 

temperature and h igh  r e s o l u t i o n  would a l s o  b e  welcomed, though t h e s e  would h e  more 

d i f f i c u l t  t o  achieve.  Meticulous a t t e n t i o n  t o  d e t a i l s  s u c h  a s  resolutPon d e t a i l s ,  

a l l  backgrounds, s c a t t e r i n g  c o r r e c t i o n s ,  and s e l f  s f i i e l d h g  c o r r e c t i o n s  w i l l  be 

requi red  i f  new measurements a r e  tti improve t h e  present  p i c t u r e .  
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VII. TABLES 

TABLE I 

DATA NORMALIZATION, 

Data Set I Energy Change 1 Cross Section Normalization Factor 
desaussure Fission 

and Capture 

Blons Fission 

Cao Fission 

Michaudon Total 

Shore Total 

none 

none 

none 

none 
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TABLE V 

Total Cross Section Resonance Integral 

Energy Width Shore Michaudon END FIB Shore Michaudon ENDFIB 
Interval (ev) (Lethargy) I11 

0.532 - 0.876 0.5 28.38 27.91 41.24 41.00 

.876 - 1.44 0.5 48.12 46.26 43.33 42.02 

1.44 - 2.38 0.5 35.20 32.28 33.63 18.51 17.14 17.85 

2.38 - 3.93 0.5 74.15 70.24 70.57 22.93 21.78 21.87 

3.93 - 6.48 0.5 166.68 169.87 29.30 29.75 

6.48 - 10.68 0.25 439.44 420.66 50.89 48.75 

10.68 - 13.7 0.25 407.66 398.29 33.47 32.69 

13.7 - 17.6 0.25 247.81 236.89 16.17 15.46 

17.6 - 22.6 0.25 657.82 626.86 33.36 31.78 

22.6 - 29.0 0.25 498.15 491.30 19.89 19.62 

29.0 - 37.3 0.25 885.19 883.80 26.20 26.14 

37.3 - 47.9 0.25 693.12 686.82 16.40 16.24 

47.9 - 61.4 0.25 1278.9 1271.2 23.64 23.49 

61.4 - 78.9 0.25 811.87 824.75 11.48 11.69 

78.9 - 82.0 0.04 109.31 112.03 1.36 1.39 

RMS fractional difference .040 .028 

* Using Shore data below 1.44 eV, 
Michaudon data above. 
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- Ratio desaussure / Coo 

--- Ratio Blons / Cao 

--- Ratio desaussure / Blons 

. - 
Neutron Energy (ev) ANC c 628  

Fig.  1 

Normalizat ion comparisons of t h e  t h r e e  f i s s i o n  d a t a  sets. P a r t i a l  

resonance i n t e g r a l s  were computed f o r  each d a t a  set ,  u s ing  energy 

i n t e r v a l s  whose end p o i n t s  f e l l  i n  v a l l e y s  between resonances .  The 

his tograms r e p r e s e n t  r a t i o s  between corresponding i n t e g r a l s  f o r  t h e  

i n d i c a t e d  p a i r s  of d a t a  sets. 
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APPENDIX A 

PLOTS OF THE FITS TO THE PRINCIPAL DATA SETS 

To ta l ,  f i s s i o n ,  and cap tu re  c ros s  s e c t i o n s  f o r  U-235. The dashed l i n e s  

represent  t h e  con t r ibu t ions  of t h e  s i n g l e  l e v e l  resonance parameters 

submitted f o r  ENDFIB, Version 111. The s o l i d  l i n e s  r ep re sen t  t h e  complete 

parameters and smooth f i l e .  The f i t  begins a t  1 eV. The curves have 

been reso lu t ion-  and Doppler-broadened t o  match t h e  condi t ions  under 

which t h e  var ious  s e t s  of d a t a  were c o l l e c t e d .  Shown a r e  t he  t o t a l  

c ros s  s e c t i o n  d a t a  of ~ a o ' ~ ) ,  and DeSaussure ( I ) ,  and cap tu re  d a t a  of 

~ e s a u s s u r e ( l ) .  I n  add i t i on  t h e  t o t a l  c ros s  s e c t i o n  d a t a  of Shore and 

~ a i l o r ( ~ ) a r e  shown below 1 . 8  eV. 
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APPENDIX B 

ESTIMATES OF ERROR 

Although ACSAP w i l l ,  upon command, c a l c u l a t e  and p r i n t  o u t  t h e  v a l u e  

of C h i - s q u a r e d  f o r  a g iven  r u n ,  i t  does  n o t  produce a  complete  e r r o r  summary. 

A thorough e r r o r  a n a l y s i s  i s  beyond t h e  scope  of t h e  p r e s e n t  e f f o r t .  Conse- 

q u e n t l y ,  t h e  fo l lowing  e r r o r  e s t i m a t e s  a r e  based upon a  v a r i e t y  of c o n s i d e r a t i o n s ,  

combined i n  a none t o o  r i g o r o u s  manner. 

We d i s c u s s e d  d i f f e r e n c e s  i n  energy s c a l e s  e a r l i e r .  The u n c e r t a i n t y  

i n  energy s c a l e  i s  e s t i m a t e d  t o  b e  about  0 . 1 % ,  r e p r e s e n t i n g  t h e  d i f f e r e n c e  

between t h e  d e s a u s s u r e  and European energy s c a l e s .  The e r r o r  i n  l o c a t i n g  t h e  

resonance  energy i n  t h e  c e n t r o i d  of t h e  exper imenta l  p o i n t s  r e p r e s e n t i n g  t h e  

resonance  i s  e s t i m a t e d  a t  0 ,010 eV. Because of i n t e r f e r e n c e  i n  t h e  f i s s i o n  

c h a n n e l s ,  t h e  c e n t r o i d s  of t h e  t o t a l ,  f i s s i o n ,  and c a p t u r e  peaks  may a l l  b e  

l o c a t e d  a t  d i f f e r e n t  e n e r g i e s .  We chose  t h e  t o t a l  peak a s  r e p r e s e n t i n g  t h e  

b e s t  compromise p o s i t i o n ,  b u t  t h e  c a p t u r e  peak i s  probably  n e a r e r  t o  t h e  t r u e  

resonance  energy .  We a s s i g n  an u n c e r t a i n t y  of 0.020 e V  i n  F t o  r e p r e s e n t  
0 

t h i s  i n t e r f e r e n c e  e f f e c t .  The o v e r a l l  u n c e r t a i n t y  i n  E  is  t h u s  dependent 
0 

upon energy ,  b u t  averages  about  0.050 eV. 

The f i s s i o n  and c a p t u r e  p a r t i a l  w i d t h s  shou ld  b e  good t o  10%. T h i s  

f i g u r e  is e s t i m a t e d  from c o n s i d e r a t i o n s  of o b s e r v a b l e  d i f f e r e n c e s  i n  t h e  f i t s .  

The n e u t r o n  w i d t h s ,  which were  a d j u s t e d  t o  make a  compromise between t h e  t o t a l  

and p a r t i a l  c r o s s  s e c t i o n  d a t a ,  have e r r o r s  determined e s s e n t i a l l y  by t h i s  

n o r m a l i z a t i o n  u n c e r t a i n t y .  The d i s c r e p a n c i e s  were a s  h i g h  as 7% i n  t h e  r e g i o n  

8-16 e V .  

From t h e  i n c r e m e n t a l  r esonance  i n t e g r a l s  d i s p l a y e d  i n  Tab les  I V  and V 

we have c a l c u l a t e d  r o o t  mean s q u a r e  f r a c t i o n a l  d i f f e r e n c e s  between t h e  f i t  and 
* 

t h e  v a r i o u s  d a t a  s e t s .  These v a l u e s  appear  i n  t h e  t a b l e s ,  and i n d i c a t e  a n  

*The q u a n t i t y  c a l c u l a t e d  i s  2 112 , where t h e  Fi a r e  from t h e  

2 

f i t  and the  d i  from the in&Tcated set B f  d a t a .  



average f i t  of about 3%%. Although t h i s  f i g u r e  inc ludes  t h e  e f f e c t s  of t h e  norm- 

a l i z a t i o n  discrepancy d iscussed  i n  t h e  preceding paragraph, i t  does not  f u l l y  

inc lude  normalizat ion e r r o r s .  Neither does i t  f a c e  up t o  t h e  f a c t  t h a t  t h e  

r e s i d u a l s  may no t  have a normal d i s t r i b u t i o n .  Making some allowances f o r  t hese  

f a c t o r s ,  we e s t ima te  t h e  o v e r a l l  accuracy of t h e  f i t  t o  be 5%, a t  a 67% confidence 

l e v e l .  










