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m rhe  energy dist-rib;i t ion x(E) of neu t rons  emi t ted  in t h e  P i s s i o r  2i-oceas of 

heavy n u c l i d e s  p l cys  a s i g n i f i c a n t  r o l e  i n  vz r ious  a r e a s  of teci1n.olu~icz.1 

i-elevarcc.  Eost  noticectbly, i n  ter!i:n o f  l i s c i o n  r;'rclear r e a c t o r s  : 

- i t  d e s c r i b e s  t h e  source-term energy d e p e z d e ~ c e  of t h e  inte t ; ro-diffnrent ia : .  

l i n e e r  t r a n s p o r t  e q ~ a t i o n ,  t h a t  governs the  .?pace r n c :  en?:yy bistrib.;kj.-.= ~. , L 

of  t h e  neut ron  angular  d e n s i t y  

- for dosimetry o f  t h e  ileutroz-induce6 ::;aterials p rcye r ty  chzr~s;.s (and i n  
. , o t h e r  t e c h n i c a l  branches l i k e ,  f o r  i n s t ~ x e ,  ac t i -mt i .on  n n d y c i s ~ ,  the  

nranium-235 thermal f i .ssion nez t ron  spectru::~ X,.-(E> has  ~~-st;?.b'cdl.y b ~ e 2  
r:, 

used a s  b a s i c  r c f e rancc  : ~:i icroscoplc  inte,-;.d cros,r ,-cections (I ( j .  ,:$.s~r ) 
r / > ., f o r  nuc lenr  r e a c t i o n  r i n  i s o t o p e  i, averaged over  n - - ( E ) ,  hav? beca 

2> 
quoted dur iug  about t v c  decades no far t o  cha i -uc te r ize  o r  eor i?s l ize  t h e  

recpoasn of neutron dosirnetera. Th i s  is because a sub r , t an t i a l  : izr t  of 

r=di.;-tion damge  is cause?, by lleutroria of e n e r g i e s  at ;rhick rcactcjr 

n e u t x n  s p e c t r a  do n o L d i f f e r  appreciably from X ( E ) ,  
25 

The accnracy  requirements  f o r  fundnmeztal ph;~:jical q u s u t i t i e s  i:i t h e  f i r i t  

,..:.,.~~ly nure seve re  t h a n  i n  t h e  s e c ~ z d  a r e a  above, e r e a c t o r  phys i c s ,  a r e  .,-**-l 

one, e s p c c i s l l y  an r e l a t e d  t o  t h e  developacnt  of LNFB3's [I: , Pa.ra5oxica2-1:; 

e n a , ~ h ,  i n  t r ig , -er inz-out  'the renewal of i f i t e x i a t i o a a l  concern aboct  f i s s i o n  

neutron q e c t r a  (best exs:aplif ied by t h e  1972 I,P;';A s p e c i a l i s t s  z e e t i a z  : 2 > ) ,  



i t  n igh t  be t h a t  t h e  d a t a  i n c o n s i s t e n c i e s  a s  faced by dosimetry [3] have 

weighted more heav i ly  tha.n t h e  ones i d e n t i f i e d  on t h e  r e a c t o r  phys ics  s i d e .  

I n  l e s s  a p p l i e d  r e sea rch ,  a f t e r  t h e  impe tus  t o  look r o r  s c i s s i o n  neut rons  

t h e i r  r e l c t i o n s h i p  t o  fundanenta l  f i s s i o n  nechanisms went ove r ,  e.g. around 

1966, s emi -enp i r i ca l  evaporati-on ciodels (41  p r e v a i l e d ,  inpos ing  a  s i n p l e ,  

onc-parameter, naxwellian-type p i c t u r e  of f i s s i o n  neut ron  s p e c t r a ,  and of 
- their l i n k  t o  a  nore  v i t a l  q u a n t i t y  : v , t h e  mean nunber of  neu t roxs  ex i t t ee .  

p e r  f i s s i o n .  By t h a t  t ime ,  sugges t ions  [5] f r o x  microscopic  i n t e z - a l  c r o s s  - 
s e c t i o n  r a t i o  dn ta ,  T ( i , ~ ~ ~ ) f i ~ , ( i * , X ~ ~ ) ,  t h a t  t h e  e n t i r e l y  e n p i r i c a l  ti'i'i'?? r 
f i t  [6] t o  t h e  o l d e s t  y2-(Ej  neasurenents  could be r e l i a b l e ,  were no t  c o n i -  

3 
dered t o  even deserve a t t e n t i o n .  

I n  1968, a n  ex t ens ive  and well-documented s tudy  [7] of  f i s s ion -neu t ron  s p c c t ~ a  

with  e i g h t  a c t i v a t i o n  d e t e c t o r s  cal . ibrated by exposure t o  n o l o - e n e r ~ e t i c  

neut rons  from t h e  Los Alanos Van de Graa f f ,  revea led  " i n t r a c t a b l e  d i sc repan-  

c i e s  between t h e  observed and p r e d i c t e d  f i s s i o n  spectrum responses"  : t h e  

237~:p(n,f) and '"IJ(n,f) were c a s e s  of t h e  f i s s i o n  r e a c t i o n s  2 5 5 ~ ( n , f ) ,  

emphasized. 

A r e p r e s e n t a t i o n  of f i s s i o n  neut ron  s p e c t r a  i n  a few d iscre te -energy  groups,  

unfolded from t h e  i n t e g r a l  r e a c t i o n  r a t e  r a t i o s ,  suggested a n  average energy - 
E2.5 

f o r  X ( E )  es high a s  2.20 MeV, i n  contrast wi th  t h e  va lue  of 1.935 He9 
25 

[4] accepted  i n  such widely used n u c l e a r  d a t a  f i l e s  as, by t h a t  t ime ,  

rnDJ?/3-1. 

Absolute i n t e g r a l  c ross -sec t ion  measurements appeared t o  provide  fu r the -  

suppor t  [8][9] t o  such hard spectrum and an  independent a n a l y s i s  [3] of t i e  

combined i n t e g r a l  c ros s - sec t ion  d a t a  from t h e  above experiments l e d  t o  .- 
E = 2.27 I3eV. 

25 

It is r a t h e r  c l e a r  to-day t h a t  t h e  i m p l i c a t i o n  of i n t e g r a l  microscopic  c r o s s  - 
s e c t i o n  d a t a ,  i n s o f a r  a s  X is concerned, sonewhat d i f f e r ,  depending on the 

25 
s e l e c t i o n  of  t h e  corresponding d i f f e r e n t i a l - e n e r g y  c ros s - sec t ions  & t h e i r  

u n c e r t a i n t i e s ;  t h e  choice of  t h e  i n t e g r a l  d a t a  themselves ,  w i t h i n  t h e i r  

p r e s e n t  accuracy l i n i t s  [IO!, has  a l e s s  s e n s i t i v e ,  though non-negligibl-e 

impact. The d i f f e r e n c e s  however remain wi th in  cs t imated  unce r t a i -n t i e s  



as shown by t a b l e  I. IJever theless ,  i n t e g r a l  d a t a  tend t o  su-ggest a s l i g h t l y  

ha rde r  (E) spec t run  t h a n  accord ing  t o  d i f f e r e n t i a l  neasurements,which 
25- 

encompass E va lues  ranging from (1.86 + 0.06) P:eV [18] vp t o  (2.05 c 0.G5; 
25 - - 

MeV [ I91  with  a weighted ave ra se  o f  1.97"0.04 ik?V[20]. The ciiscrepency i s  

c l o s e  t o  o r  w i th in  nu tua l  u n c e r t a i n t i e s .  

T h e i a s t  s t a t e n e n t s  above apply  as w e l l  t o  measurements of  t h e  age t o  i n d i m  

resonance energy i n  water ,  e.g. of t h e  second nonient o f  t h e  s i j a t i a l  d i s t r i -  

bu t ion  of 1.44 eV energy neut rons  s1owin.g-down from a  po in t  f iss i .cn source  

i n  i n f i n i t e  nediun. The discrepancy between c a l c u l a t e d  and measured agas  i n  

v a t e r  f o r  2 3 3 ~  and 2 3 5 ~  f i s s i o n  neu t ron  sou rces  is c o n s i s t e n t  wi th  t h e  d i s -  

crepancy between c a l c u l a t e d  and measured e igenvalues  f o r  uranium-fueled,v:ater 

m~dera t ed~honogeneous  c r i t i c a l  s p h e r e s  [21]. 

71 i h e  age discrepancy is known from long  and i s  of such r e l evance  t h a t  f a s t  - 
r e a c t o r  e x p e r t s  even iooked. at t h e  impact o f  E u n c e r t a i n t i e s  02 

25 
neut ron  s p a t i a l  d i s t r i b u t i o n s ,  i nc lud ing  w i t h i n  b lanke t  zcnes  [22][23]. 

These obse rva t ions  t ake  t h e  b e s t  o f  t h e i r  weight when age  d a t a  per"L.nent t o  

2 5 2 ~ f  sou rces  a r e  considered : age  measurenents he re  a r e  t h e  c l e a n e s t  and 

most a c c u r a t e  ones [24] and. r e c e n t  d i f f e r e n t . i a 1  d a t a  r e l a t i v e  t o  t h e  c a l i -  

fo rn iun  spontaneous f i s s i o n  neu t ron  spec t run  a r e  of good q u a l i t y .  - Tcble I1 

shorn s i m i l a r l y  d i sc repan t  t r e n d s  f o r  and f o r  E 
52' 

t h e  average  energy f o r  
25 

2 5 2 ~ f  spontaneous f i s s i o n .  Th i s  q a i n  nay i n d i c a t e  t h e  s t a n d i n g  of sons 

d i f f e r e n t i a l - i n t e g r a l  c o n f l i c t  r ega rd ing  a b s o l u t e  s p e c t r a l  shapes ,  but  ~ 3 t  

f o r  t h e e  of shapes;  t h i s  l a s t  p o i n t  is s t r o n g l y  supported by t h e  c o s t  

r e c e n t  and fundamental i n t e g r a l  c ros s - sec t ion  d a t a  i n  x and X , a s  
25 52  

o u t l i n e d  below. Th i s  is a  p a r t i c u l a r l y  g r a t i f y i n g  outcome, which c a l l s  f o ~  

reviewing b r i e f l y  t h e  s t a t u s  of  ano the r  fundamental q u a n t i t y ,  t h a t  p e r s i s t e n t l y  

chal lenged measurers : t h e  z2dZ r a t i o .  
25 

The r a t i o  of t h e  plutoniuai-239 t o  uranium-235 f i s s i o n  spectrum average 

e n e r g i e s  is p a r t i c u l a r l y  important  i n  p r a c t i c e  from t h e  s t andpo in t  o l  L?.I?BR's 

co re  physics .  

I f  t h e  X ( E )  and X ( E )  c r e c o n t i n u o u s  f u n c t i o n s  depending on a . f e*v  ycr-znetor-  
25 29 

i t  may be s h o m  t h a t  p r e c i s e  measurements of s u i t a b l y  s e l e c t e d  dou.>.:.$ ::;itn:zz.l 



parameters  t o  almost an  o rde r  of magnitude b e t t c r  t han  any known d i f f e r e n t i ~ ~ l  

technique ;  t h i s  s t a t e z e n t  g e n e r a l l y  a p p l i e s  t o  any couple of  cont icuous neu- 

t r o n  s p e c t r a  t h a t  do no t  d i f f e r  t oo  much from each o t h e r  end is due t o  t h e  

f a c t  t h a t  t h e  u n c e r t a i n t i e s  i n  t h e  r e l a t i v e  d i f f e r e n t i a l - e n e r g y  c ros s - sec t ions  

of d e t e c t o r  r e a c t i o n s  propagate l i t t l e , a s  l e s s  a s  t h e  two s p e c t r a  a r e  

s i n i l a r ,  It is seen  from t a b l e  I11 t h a t  t h e  most r e c e n t  d i f f e v e n t i a l  r a t i o  - - 
measurements t end  t o  ag ree  wi th  i n t e g r a l  d a t a  i m p l i c e t i o n s  f o r  E /E 2  25' 

a 
Another long-standing f a c e t  of t h e  i n c o n s i s t e n c i e s  between d i f f e r e n t i a l  and 

i n t e g r a l  d a t a  i n  f i s s ion -neu t ron  s p e c t r a  l i e s  i n  t h e  g e n e r a l  omzrpredict ion 

*35u t o  
238 

of  t h e  U f i s s i o n  r a t e  r a t i o  i n  thermal  as w e l l  as i n  f a s t  r e a c t o i s .  

1r .accuracies  i n  uraaium-238 i n e l a s t i c  s c a t t e r i n g  d a t a  a r e  r e s p o n s i b l e  f o r  

p a r t  of t h i s  d i f f i c u l t y ,  t o  an  e x t e n t  t h a t  may be d i f f e r e n t l y  ~ g p r e c i a t e d .  - 
It is most r e l e v a n t  t o  consider  h e r e  t h e  r a t i o  w.,( A Z 3 5 ~ , y ,  ) ; g f ( 2 3 8 ~ , ~ 2 5 )  , 

~5 
which h a s  been shown [10] t o  be a  c r u c i a l  mi les tone  a s  we l l  f o r  t h e  inprove-  

ment and s t a n d a r d i z a t i o n  of neut ron  dosimetry 1353. A l l  gubl i shed  i n t e g r a l  

d a t a  f o r  t h i s  q c a n t i t y  a r e  summarized and commented i n  t.able IV. 

A s  i s  t h e  case  f o r  a l l  f iss ion-spectrum average c ros s - sec t ion  r a t i o  measure- 

ments, two cons ide ra t ions  - only - dominate h e r e  t h e  a p p r a i s a l  : 

" what is t h e  d-egree of s p e c t r u n  p u r i t y  

what is t h e  accuracy i n  determining t h e  r e a c t i o n  r a t e s .  

The j o i n t  NOL-MBS measur6ncnts [37! have no t  y e t  been as ex tens ive ly  descr ibed  

as they  dese rve ,  bu t  involve  s u s t a i n e d  and s y s t e m a t i c s l l y  coord ina ted  e f f o r t s .  

The assessment 01 s p e c t r z l  p u r i t y  remains a ma t t e r  o f  c u r r e n t  s c r u t i n i t y  i r s o -  

f a r  a s  t h e  N 2.5% c o r r e c t i o n  f o r  neu t ron  s c a t t e r i n g  and abso rp t ion  1:ithin t h e  

source-de tec tor  assembl ies  is concerned. A t  p r e s e n t ,  t h i s  c o r r e c t i o n  i s  t h e  

dominating f a c t o r  o f  even tca l  b i a s  r e l a t e d  t o  spectrum d i s t o r s i o n .  A s i n i l a r  

r ena rk  a p p l i e s  t o  d i f f e r e n t i a l  neu t ron  spectrum measure~nents,  a aunber of 



v!iich, even among t h e  most c a r e f u l  and r e c e n t  ones ,  have n o t  bees  co r r ec t ed  

f o r  such nen-negl igible  [38], ene.-gy-depei;dent i n t r i n s i c  experii- lental  p e r t u r -  

bat ions .  ( * I  

F i s s i o n  r a t e  i?easureuents by neans of t h e  NZS a b s o l u t e  f i s s i o n  c'rnr.iber, which 

was t h e  major,  bu t  not  unique,  instxucient f o r  t h e  reaction -ra'cedetemirz.tion, a r e  

v e l l  docuaented [39j aad have been v a l i d a t e d  [40], 

A l l  t h e s e  i n t e g r a l  experiments l e a d  t o  a weighted b e s t  va lue  

It 13zq be r e g r e t t e d  t h a t  t h i s  i a p o r t a n t  q u a n t i t y  has  been %ensured only by 

two groups programnat ica l ly  connected s i n c e  1971, bu t  t h i s  is balanced by 

t h e  v a r i e t y  of  experimental  cond i t i ons  used and t h e  devoted amovrt of c r i t i -  

c a l  a t t e n t i o n ,  sharpened by a s u s t a i n e d  i n t e r e s t .  

P r e d i c t i o n s  f o r  t h e  q u a n t i t y  above d i f f e r  accord ing  t o  d i f f e r e n t i a l - e n e r g ?  

c ros s - sec t ions  and s p e c t r a l  shapes  accepted.  S p e c t r a l  u n c e r t a i n t i e s  nay 

induce d i f f e r e n c e s  of  t h e  o rde r  of 2 2.5%. A r e c e n t ,  s imultaneous e v a l u a t i o n  

[&I)  of t h e  f i s s i o n  c ros s - sec t ions  f o r  235 239pu and U, 2 3 ' S ~  ~ i v e s  a  r a t i o  3î  -. 
4--2.5 f o r  a  Vat t  [6] r e p r e s e n t a t i o n  ( E  = 2.00 >lev) and of 4,kk f o r  a  - 25 
Xaxwellian ( E  = 1.935 MeV) 141 . 
A b r i e f  look a t  t h e  major c l i f f e r e n t i a l r a t i o m e ~ s u r m - n t s  - Peg 1967 Gill Ear& -1'19;s 

[42j[43][44][4~][46] shows t h a t  t i le 0 (E)/o ( E )  i n  t h i s  evalu2:tior. nay be 
'5 f8 

hi.@ by up t o  3 - 4% above 1.5 MeV - eh ich  is wi th in  t h e  u c c c r t a i n t i e s  quote? 

by t h e  evalv.ators. I f  t h i s  is r e a l ,  a  energy s c a l e  c d l b r a t i o r :  S i c s  of - 551:2: 

i n  t h e  sha rp  th re sho ld  r i s e  be l ev  2 EeV would s u f f i c e  t o  renooe t h e  d i f f e r e n -  

t i a l - i n t e g r a l  discrepancy. The p o s s i b i l i t y  of such energy c a l i b r a t i o n  e r r o r  

has  been poin ted  ou t  [ I23  from s y s t e a a t i c s  i n  i n t e g r a l - v e r s u s - d i f f e r e n t i a l  

microscopic c ros s - sec t ion  r a t i o s .  A t  t h i s  t ime ,  t h e  d e t a i l e d ,  - 5 0  keV reso-  

l u t i o n  ne;isu.rernents of LA!,iPHERE [47] ,vere  u sua l ly  considered t o  provide t h e  

( * I  The importance t o  c a r e f u l l y  cons ider  such s m a l l ,  " in t ima ten  c o r r e c t i c n s  

nay b e s t  be  i l l u . s t r a t e d  by r evea l ing  he re  t h a t  a - 1.2% e r r o r  a f f e c t s  

t h e  r e c e n t l y  publ ished [37] HOL-NBS neptunium d a t a  : indeed,  energy - 
dependent e f f e c t s  were be l ieved  s n a l l  enough t o  S u s t i f y  a p p l l c a t i o r  of  

a same, 1.6% p e r t u r b a t i o n  c o r r e c t i o n  t o  t h e  2 3 7 ~ p  arid 238KJ f i s s i o n  r&t*:s, 

but  t h e  c o r r e c t i o n  is only  0.4% f o r  237 Np, as now evidenced. 



b e s t  ' 3  ( E )  shape below t h e  first p l a t eau .  The a t t e n t i o n  of i n t e g r a l  mea- 

s u r e r s  inc luded  a  wider a r r a y  of  nuc l ea r  r e a c t i o n s ,  such a s  t h e  oces  of 

re levance  t o  r e a c t o r  neutron dosimetry. It is voluable  t o  provide  here  a. 

s i n i l a r ,  though b r i e f  coverege. 

I n  t h c  p re sen t  con tex t ,  i t  is f i r s t  interesting t o  e:.;anine,table V ,  t h e  

d e p a r t u r e s  between fundamental f i s s i o n  r a t e  r a t i o s  i n  t h e  235U and 232,, 
".L 

f i s s ion -neu t ron  s p e c t r a  a s  r e c e n t l y  computed and measured [37![49]. 
". l n e  cons is tency  of d i sc repanc ie s  is rena rkab le  and aga in  p o i u t s  ou t  a t  n 

g r a t i f y i n g  agreement between d i f f e r e n t i a l  and i n t e g r a l  d a t a  regard ing  r a t i o s  

0 . of f i s s i o n  spectrum shapes. It is c l e a r  on another  hand t h a t  e i t h e r  t h e  

a b s o l u t e  s p e c t r a l  shapes  and/or d i f f e r e n t i a l - e n c r g y  f i s s i o n  c r o s s - s c c t i o z  

r a t i o s  involve  s i g n i f i c a n t  e r r o r s .  

Th i s  i s  confirmed by t h e  r e s u l t s  i n  t a b l e  V I ,  which i s  an  in te r im r e v i s i o n  

of a p rev ious  eva lua t ion  [iO]; t h i s  c u r r e n t  r e e v a l u a t i o n  accounts  f o r  r e c e n t  

i n t e g r a l  measurements not  covered b e f o r e  [48][~19ji~O][5lj[52][5~]~ Table vI 

c l e a r l y  p l a c e s  t h e  r ena in i ag  bundain ( i f  any)  of  integrrl-versus-difr"creni.?.?.?+ 

i n c o n s i s t e n c i e s  on d i f f e r e n t i a l - e n e r g y  and/or i n t c g r a l  c ros s - scc t ion  data .  
111 rne  l i s t e d  nuc lea r  r e a c t i o n s  have i n t e g r a l  responses  t h a t  span z l a r g e  

mnSe of  neut ron  ene rg i e s  and a r e  v a r i a b l y  s e n s i t i v e  t o  fission-spcctl-u;! 

shape inadequacies .  For  example, t h e  27~1 ( n , c )  d i f  f e r e n t i d - e n e r g j ~  c r o s s  

s e c t i o n  i s  dee:.~ed a c c u r a t e  t o  - c 544 [511], but  t h e  der ived  i n t e g F a l  c r o s s  - 
s e c t i o n  would d i f f e r  by ~ts nuch a.s - 30% f o r  a 5% chance i n  E 

25' 

I n  conc lus ion ,  t h e  main p o i n t s  i n  t h i s  b r i e f  review a r e  : 

I n t e g r a l  i n p l i c a t i o n s  of t h e  r a t i o s  of  average e n e r g i e s  of  t h e  2 5 2 ~ f  t o  
233, 239pU to 235, f i s s ion -neu t ron  s p e c t r a  a e r e e  wi th in  e r r o r s  with  

t h e  nicst r e c e n t  d i f f e r e n t i a l  measureeen'cs i n  which sane  o r  s i n i l s r  

approaches were adopted f o r  i n v e s t i g a t i n g  each couple of  nuc l ides ;  

i n t e g r a l  d a t a  i n h e r e n t l y  provide  s p e c i f i c a t i o n s  more a c c u r a t e  by about 

a n  order  of magnitude, t o  t h e  e x t e n t  t h a t  r epo r t ed ly  p o s s i b l e  s t r u c t u r e  

[64] i n  d i f f e r e n t i a l  ~ p c c t r u m  d a t a  remains of n e g l i g i b l e  p r a c t i c a l  

concern. 



I n t e g r a l  u e a s u ~ e n e n t s  t e n d . t o  i n p l i c n t e  s l i g h t l y  h a r d e r  f i s s ion -neu t ron  

s p c t r n  t han  t h e  bu lk  of d i f f e r e n t i a . 1  exper iments ,  bu t  t h i s  t r e n d  i s  

b e l i e v e d  t o  l i e  w i t h i n  t h e  p r e s e n t  mutual u n c e r t a i n t i e s  o f  d i f f e r e n t i a l  

and i n t e g r a l  c ro s s - sec t i on  d a t e  and of d i f f e r e n t i a l  neu t ron  s p e c t r o ~ e t r y  

A nore  s a t i s f a c t o r y  a n a l y s i s  o f  remaining i n c o n s i s t e n c i e s  i n  t h e  a r e a  

d i c c u s ~ e d  h e r e  r e q u i r e s  t h e  imp1.ementation o f  a p p r o p r i a t e  d i f f e r e n t i s l -  

energy c ros s - sec t i on  e r r o r  f i l e s  as w e l l  a s  c l o s i e r  cons i r ic ra t ion  of 

neu t ron  s c a t t e r i n g  and a b s o r p t i o n  c o r r e c t i o n s  w i t h i n  s a n p l e a  i n  most 

d i f f e r e n t i a l  f i s s i o n  spectrum neasuremeots. 

Fucdamental d i f f e r e n t i a l - e n e r r y  c ros s - sec t i ons  l i k e  2 3 5 ~ ( n , f ) ,  2 ' 8 ~ ( n , f ) ,  

2 3 9 ~ u ( n , f )  and t h e i r  ra t ios  a r e  no t  n s c e r t a i n e d  t o  t h e  a c c u r a c i e s  

r e q u i r e d  f o r  f a s t  r e a c t o r  d e s i g n  and o p e r a t i o n ;  t hey  do no t  na t ch  i :el l  

enough a c c u r a t e  i n t e g r a l  d a t a  i n  s t a n d a r d  neu t ron  f i e l d s  and c l ean  

nacroscopic  f a s t  neu t ron  a s s e n b l i e s .  



TABLE I : URANIUM-235 T E E W L  NEUTRON-IhWJCED FISSION NEUTRON SPECTRLX : AVERAGE ENERGY 

/ REFERENCES 

GRIJNDL 68 

MCELROY 69 131 

McELROY 72 Ell1 

PABRY et a1 70 p 2l 

rl43 McELROY 75 - 

IMPLICATED BY MICROSCOPIC INTEGRAL CROSS SECTION MEASUREXENTS 

SOURCE OF INTEGRAL DATA I IXPUT DIFFERENTIAL DATA 

Own /Own and literature 

Own evaluation and 
measurexfnt s 

1 I Literature evaluation ELQFIBIV 

(a) Except when otherwise indicated, xZ5 (E) is represented as a multigroup flux spectrum to be unfolded from 
the integral data 

(b)~he e m r  only quantifies the uniqueness of the unfolded spectrum, irrespectivily of the uncertainties in the 
integral and differential input data 

( c )  xZ5 (E) represented by a simplified, light-heavy fragment groups evaporation model with a % 18 % admixture of 
central neutrons. Three main parameters adjusted. Error deemed to be dominated by shape uncertainties in 
the 2 3 5 ~  energy-dependent fission cross section. 

(d) Involves essentially arecommandation among conflicting literature representations 



TABLE I1 : F I S S I C N  NEUTRON SPECTRA : AVERAGE EKERGIES IM- 

PLICATED BY AGE TO INDIUM KESOXANCE I N  WATER 

QUANTITY 

Observation 

Measured age to indium rr- 
sonance energy in water 

- 
Average energy E :.in- 
m a y  age data 

. from evaluated 1203 
differential spectrum 
measurements 

NUCLIDE I 

(a) Uncertainties (1 o )  esti ated by propagation of errors quotcd on 
recomanded group fluxesT20j 



TABLE 111 : FISSION NEUTRON S P E C W  : RATIO OF AVEUGE EKERGIES 

FOR PLUT0NIUt.I-239 AND UIIANIIJX-235 

r AUTHORS 

(a) Unfolding from a c t i v a t i o n  measurements 

(b) Reint .erpretat ion [7] of t h e  o r i g i n a l  e.xperimenta1 d a t a  
(whose r e s u l t  i s  quotedL271 a s  1.026) 

(c) Unfolding from response r a t i o s  of sphere  moderated neut ron  
d e t e c t o r s  

(d) Ac t iva t ion  measurements most ly conceived a s  t e s t  of s e l e c t i o n  
among previous ly  c o n f l i c t i n g  d a t a  ; no unfold ing  o r i g i n a l l y  
presented  

(e) Experiment e s p e c i a l l y  aimed a t  checking t h e  s p e c t r a l  shape 
rad3  



TABLE I V  : SUMMARY OF THE PUBLISHED liE 

CROSS SECTION ~ T I O  I N  THE 

SSI 

Type of in format ion  

F i ~ s i o n  source  

Cavity type  

F i s s i o n  d e t e c t i o n  

2  c o a x i a l  enr iched 
metal  d i s c s  

$ 10 x 0.13 mu 

10 cm diam. s p h e r i c a l  
i n  heavy wa te r (d )  

ont(d) - U / U  

computed 

a c t i v a t i o n  f i s s i o n  
f o i l s  c a l i b r a t e d  

a t  Van de ~ r a n f ( b )  

I o r  2 c o a x i a l  
enr iched  oxyde- d i e c s  

$3 19.5 x 2.8 nn 
and $3 9.68 :< 2.6 mm 

50 cm diam. s p h e r i c a l  
i n  carbon - 27L 
measured 

t r a c k  r e c o r d e r s  

GRTJNDL 1972 [361 

3.71 2 0.17 

1  enr iched  
metal  d i s c  

@ 15.9 x  0.1 mn 

30 cn? sid.0 cubic  
i n  carbon 

N G$ 
c o n p t e d  

f i s s i o n  i o n i z a t i o n  
chambers 

("'All measurements have been performed i n  c a v i t i e s  hollowed! o u t  o f . r c a c t o r  t h e r a a l  c o l m n s .  

( b ' ~ o r  a r a t i o  oig(")/u (E)  = 1185 nb (A 2$)/50j nb a t  2 -75  + 0.18 i iel .  
,- r \ f8 - 

3.9'1 - + 0.08 

0.1 Em t h i c k  
enr iched n e t a l  

c y l i n d r i c a l  s h e l l  
0 33 x  77 mn 

o r 6 1 O x G ~  am 

100 cm diam. s p h e r i c a l  
i n  carbon 

N 5:: t o  N 40$ 
( i n t en t ionc , a l l y  v a r i e d )  

measured and 
somputed ngree t o  < 0.5% - 

f i s s i o n  i o n i z a t i o n  
chcnbers 

( t h r e e  d i f f e r e n t  t y p e s )  

,! \ C j 
rx - ,  Thi s  is u s u a l l y  t h ?  h i g h e s t  and most quest ioned one i n  such e::peri.nerts, b u t  by f a r  not  t h e  moot c r i t i c a l  ( s e e  t e x t ) .  
'",' ( d )  27- -.~ Also c o n t r o l  runs  i n  21 cm a i d e  cubic  c a v i t y  i n  carbon, N 2% "U w d l  r e tu rn .  
:<, 
c:, 
'L' 



TABLE V : INTEGRAL FISSION CROSS SECTIOM RATIOS I N  STAiYQARD 

FISSION NEUTRON SPECTXA 

FISSION NEUTRON 
SPECTRUM + 

NUCLIDES 

+ 

235u 

P l e a ~ u r e d ~ ~ ~ ' ~ ~  c r o s s  s e c t i o n  measuredlpre- 

r a t i o  d i c t e d ( a )  

Measuredv 
c r o s s  s e c t i o n  
r a t i o  

(a) Convolution of ENDP/BIV c r o s s  s e c t i o n s  wi th  evaluated L2~1 
d i f f e r e n t i a l  neutron spectrum measurments  

(b) Rat io  l a r g e l y  i . n sens i t i ve  t o  shape d i f f e r e n c e s  i n  f i s s i o n  
neut ron  s p e c t r a  r- -71 

(c) The o r i g i n a l l y  published r e s u l t  L"J i s  updated h e r e  by im- 
proved c o r r e c t i o n  f o r  neut.ron s c a t t e r i n g  p e r t u r b a t i o n  w i t h i n  
t h e  source-de tec tor  assembly ( see  f o o t n o t e  p 5) 



,TABLE VI : ABSOLUTE MICROSCOPIC INTEGRAL CROSS SECTIONS ( a )  I N  THE TIIERMAL-NEUTRON INDUCED URANIUM-235 

FISSION REUTRON STECTRUN 

R E ~ ~ N N E N D Z D ' ~ )  
INTEGBAL DATA 

COizIPILATICN OF ALL KNOWN ABSOLUTE 
INTEGRAL MCCASUBEKEIV'TS * 

( a )  A l l  u n c e r t a i n t i e s  a r e  f o r  a 68.3 % c o n f i d e n c e  i n t e r v a l  (10). Only arc c o n s i d e r c d  h c r c  t h e  r e a c t i o n s  
w i t h  t h e  b e s t  known Q ( E )  d a t a .  

(b) A r r a n p d  i n  o r d e r  o f  i n c r e s . s i ~ . g  e n e r g y  r e s p o n s e .  
( c )  Eval .ua t ion  i n  p r o g r e s s ,  a l o n g  a n  approach  p r e v i o u s l y  documented [ l o ] .  
( d )  C o n v o l u t i o n  o f  ENDF/'/BIV c r o s s  , s e c t i o n s  w i t h  e v a l u a t e d  d i f f e r e n t i a l  n e u t r o n  s p e c t r u m  measurements  
( e )  E r r o r s  i n c l u d e  Y (El  u n c e r t n i n t i e u  assi;.;ned i n  [23!.and rough a p p r a i s a l  o f  o ( E )  u n c e r t a i n t i e s .  

'25 3 r ,- ( f )  O r i e i n a l  d a t a  o b t a m e d  w i t h  L - > ~ C ~  s o u r c e s  and t r a n s f e r x - e d  t o  X (E)  c a s e  (0.2 7; and 0.5 % a d j u s t m e n t  
f o r  2 5 5 ~  and 23% f i s s i o n  r e s p e c t i v e l y ) .  2 5  

( g )  ENDF/'/B17J d z t a  r e s c a l e d  t o  be  c o n s i s t e n t  w i t h  s b r a n c h i n 8  r a t i o  o f  45.9 % [ 6 2 ]  ( r a d i a t i o n  i n t e n s i t y  p e r  d e c a y )  
f o r  t h e  '115r1'~n 336 - 2  keV gamma r a y ,  as p r e f e r r e d  i n  i n t e r p r e  t i n 8  t h e  i n t e g r a l  measuremento.  . 

( h )  A '1967 KOL r e s u l t  [e l  of 200 5 8 nib i s  n o t  t e b u i a t e d  becanse  i f  is  now known [53! t o  be b i a s c d b y  N 2 , . - . 3 . % . ,  , 
i n s o f a r  as t h e  a c t i v n t i o n  r a t e  ~ i e t e r r ? : i n a . t i o ~  alor!c :i.o c o n c c m e d .  

( i )  A t h i r d , a p p a r e n t l y  cons i s t en t , rneaouremen t  [ 6 3 ]  is n o t  q u o t e d  f o r  r e a s o n s  o u t i i n c d  e l s e w h e r e  [ lo] .  
* -- X x c l u d i n ~  t h e  numerous and  more a c c u r a t e  r a t i o  d& c o n s i d e r e d  f o r  e v c i u r r t i o c  p u r p o s e s ,  column 2. 
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