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ABSTRACT 

An e v a l u a t i o n  of t h e  2 3 9 ~ u  neut ron  c r o s s  s e c t i o n s  has been completed 

f rom 1-300 eV, Total, f i s s i o n  and cap tu re  d a t a  were used i n  t h e  e v a l u a t i o n  

t o  produce a set of s i ng l e - l eve l  resonance parameters. Smooth files a r e  

included because the s ing l e - l eve l  parameters w i l l  no t  d e s c r i b e  t h e  c r o s s  

sections of a f i s s i l e  nucleus .  Techniques used i n  t h e  eva lua t i on  a r e  

d i scussed  and f i g u r e s  showing the t h e o r e t i c a l  f i t s  t o  the various sets of 

experimental d a t a  are shown. 
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INTRODUCTION 

An ex tens ive  eva lua t ion  of 2 3 9 ~ ~  i n  t h e  resolved resonance reg ion  from 

1-300 eV has been completed. Single- level  resonance parameters E (neutron 
0 

resonance energy),  r (neutron s c a t t e r i n g  width),  r (capture  width) and r f  n Y 
( f i s s i o n  width) were obtained. Since s ingle- leve l  resonance parameters w i l l  

no t  desc r ibe  t h e  c ross  sec t ions  of a f iss i le  nucleus a smooth f i l e  was r equ i red  

and i s  included i n  t h e  evaluat ion.  The resonance f i l e s  produced i n  t h i s  work 

have been submitted f o r  i nc lus ion  i n  Version 111 of t h e  ENDF/B d a t a  f i l e .  The 

approach used i n  t h i s  eva lua t ion  was t o  s e l e c t  a few sets of c r o s s  s e c t i o n  d a t a  

which we f e e l  r ep resen t s  the c ross  s e c t i o n s  of 2 3 9 ~ u .  These d a t a  were then  

reanalyzed simultaneously; thus,  producing a single set of s ing le - l eve l  resonance 

parameters which f i t  t h e  se l ec t ed  d a t a  s e t s .  

SELECTION OF DATA 

The d a t a  se l ec t ed  f o r  d e t a i l  u se  a r e  a s  fol lows:  

1.  win's f i s s i o n  and cap tu re  c ross  sections") were deduced from 

d a t a  taken using t h e  Rensselaer Polytechnic I n s t i t u t e  (RPI) 

Elec t ron  Linear Accelerator .  This simultaneous measurement of 

f i s s i o n  and capture da ta  is good and permit ted t h e  energy depend- 

e n t  c a l c u l a t i o n  of alpha.  The s t a t i s t i c a l  accuracy of h i s  d a t a  

is  not  a s  good a s  one would d e s i r e  but  is acceptable  over  t h e  

energy region  of t h i s  eva lua t ion .  GwinTs data d i d  add g r e a t l y  

t o  t h e  eva lua t ion  i n  that i t  p r e d i c t s  alpha.  The most s eve re  

problem wi th  h i s  d a t a  was i n  determining t h e  appropr i a t e  width 

f o r  t h e  r e s o l u t i o n  funct ion .  I n  t h e  energy regions  where the 

r e s o l u t i o n  funct ion  was known t o  be much wider than the a c t u a l  

width of t h e  l e v e l ,  i t  was found t o  be cons iderably  narrower 

than t h a t  indica ted  by t h e  experimental d a t a .  To c o r r e c t  f o r  

t h i s  e f f e c t ,  an a d d i t i o n a l  term of 1 .5  u s e c / f i  ( 2 )  was incor-  

porated i n t o  t h e  f u l l  width a t  ha l f  maximum of t h e  r e s o l u t i o n  

funct ion .  The o r i g i n a l  th inking  behind t h i s  l / f i  term was t o  

account f o r  moderation time i n  t h e  moderator. However, i n  t h e  

process of t h i s  eva lua t ion ,  it was observed t h a t  t h i s  term was 

not  needed i n  f i t t i n g  t h e  t o t a l  c r o s s  s e c t i o n  da ta .  This  tends 



t o  i n d i c a t e  t h a t  t he  smearing o u t  of t h e  p a r t i a l  c ros s  

s e c t i o n s  is assoc ia ted  with t h e  capture  and f i s s i o n  de tec to r s .  

2. The t o t a l  c r o s s  s e c t i o n  measurements of Derrien(3)were made 

us ing  t h e  Saclay Elec t ron  Linear Accelerator .  The measurements 

were made under exce l l en t  operat ing condi t ions  and using samples 

a t  l i q u i d  n i t rogen  temperature. The s t a t i s t i c a l  accuracy of t h e  

d a t a  was ve ry  good. The da ta  a t  f i r s t  viewing appear t o  be  of the 

h ighes t  c a l i b e r  but  as we progressed through t h e  eva lua t ion  s e v e r a l  

d i f f i c u l t i e s  appeared: (1) t h e r e  seems t o  be a s l i g h t  v a l l e y  b i a s  

(meaning t h e  c ross  sec t ions  between resonances) which changes as a 

func t ion  of neutron energy; (2) i n  the energy region over very  

broad resonance t h e  t o t a l  c ros s  s e c t i o n  appears t o  be normalized 

about 6% too high a s  compared t o    win's f i s s i o n  and cap tu re  d a t a  t h a t  

were normalized to  t h e  thermal energy region.  One would t h i n k  t h a t  

t h e  t o t a l  d a t a  would make t h e  b e s t  s tandard but  i n  t h i s  c a s e  i f  w e  

normalized   win's d a t a  t o  the t o t a l s  we would m i s s  t h e  thermal r eg ion  

6%. We accept  Gwin's normalizat ion and must ques t ion  t h e  t o t a l  d a t a ;  

(3 )  t h e r e  i s  a l s o  a  p e c u l i a r i t y  i n  t h e  t o t a l  d a t a  t h a t  the peak c ross  

s e c t i o n s  of t h e  s t rong resonances cannot be described proper ly  wi th  

resonance parameters t h a t  desc r ibe  t h e  o the r  t h r e e  s e t s  of d a t a .  

Derr ien  used t h e  t ransmission d a t a  obtained from s e v e r a l  d i f f e r e n t  

samples, having var ious  th icknesses ,  t o  deduce t h e  t o t a l  c r o s s  s e c t i o n  

as a func t ion  o f  neutron energy. There seems t o  be an incons is tency  

among t h e  c r o s s  s e c t i o n s  obtained from t h e  va r ious  samples. That is,  

t h e  in ternormal iza t ion  of t h e  t h i n  sample d a t a  t o  t h e  t h i c k  sample 

d a t a  does not  appear t o  be cons i s t en t .  This  eva lua t ion  would have 

been b e t t e r  had we included a l l  s e t s  of t ransmiss ion  d a t a  in s t ead  

of the one composite t o t a l  c ros s  s e c t i o n  d a t a  s e t .  

3 .  The f i s s i o n  measurements of ~ l o n s ( ~ )  were a l s o  made using t h e  Saclay 

Elec t ron  Linear Accelerator .  These d a t a  had much b e t t e r  r e s o l u t i o n  

than t h e  f i s s i o n  da ta  of Gwin's, p a r t i c u l a r l y  i n  t h e  r eg lon  above 



100 eV. They were measured a t  l i q u i d  n i t rogen temperature. 

It w i l l  be  very d i f f i c u l t  i n  f u t u r e  measurements t o  improve 

on these  da ta .  The parameters deduced by preserving a lpha  

from Gwin's f i s s i o n  and capture da ta  described t h e s e  f i s s i o n  

measurements very w e l l .  These da ta  were of p a r t i c u l a r  v a l u e  

i n  the  reg ion  above 100 eV i n  t h a t  they had good r e s o l u t i o n .  

As with Gwin's f i s s i o n  measurements an add i t iona l  ad hoc term 

was combined with t h e  width of the r e so lu t ion  f u n c t i o n  of 2.1 

u s e c / m .  

NORMALIZATION 

The energy s c a l e  of Gwin's was accepted a s  t h e  s tandard and t h e  o t h e r  

sets of d a t a  were normalized by adding t h e  va lue  of AE t o  their energies as 

given i n  Table I. Gwin's energy s c a l e  was accepted because two of t h e  fou r  

sets of d a t a  i n  t h e  eva lua t ion  were measured by him. 

The f i s s i o n  and capture  d a t a  of Gwin's were normalized by him t o  t h e  

ENDF/B f i l e ( 5 )  below 1 eV. This normalizat ion was checked by u s  and found 

t o  be i n  exce l l en t  agreement. Blons' f i s s i o n  da ta  were normalized t o  Gwin's 

f i s s i o n  d a t a  using t h e  i n t e g r a l s  of t h e i r  f i s s i o n  c ross  s e c t i o n s  over the 

energy region  of 54-300 eV. 

EVALUATION 

The evalua t ion  of these d a t a  r ep resen t s  a complete a n a l y s i s  of fou r  

sets of data with  one s e t  of resonance parameters being s e l e c t e d  t h a t  b e s t  

descr ibes  t h e  c ross  s e c t i o n s  of 2 3 9 ~ u .  The Automated Cross Sec t ion  Analysis  

Program (ACSAP) was used t o  accomplish t h i s  purpose. A 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  of 10.2 barns was assumed throughout the  a n a l y s i s .  The eva lua t ion  

w a s  ca r r i ed  out  a s  fol lows:  (1) a f t e r  the experimental d a t a  were normalized 

they were s tored  on d a t a  d i s c s  assoc ia ted  with a 360/75 IBM computer. These 

d a t a  d i s c s  are a c c e s s i b l e  t o  the  ACSAP code thus making poss ib l e  easy d i s p l a y  

of the experimental da t a ;  (2 )  opera t ing  condi t ions  of t h e  experiment, such 

a s ,  channel width, a c c e l e r a t o r  b u r s t ,  d e t e c t o r  th ickness ,  sample temperature,  

f l i g h t  path, e t c .  were determined f o r  t h e  d i f f e r e n t  s e t s  of experimental  d a t a  

(see Table T I ) ;  (3) Gwin's a lpha  va lues  a s  determined from his fission and 

capture  da ta  were preserved; (4) s t a r t i n g  resonance parameters were those  of 



~ e r r i e n ' ~ ) ;  (5) ACSAP has t h e  c a p a b i l i t y  of shape o r  peak f i t t i n g  t h e  d a t a .  

Shape f i t t i n g  i s  done when t h e  Doppler and r e so lu t ion  widths a r e  smal l ,  and 
0 w i l l  determine t h e  resonance parameters E o ,  rn,  ( $  O = r , / f i O ) ,  and I?. 

E i the r  r o r  rf can be  adjusted wi th  t h e  o ther  assumed t o  be cons tant .  I f  
Y 

t h e  Doppler and r e s o l u t i o n  widthsare  much l a r g e r  than r t h e  program w i l l  a d j u s t  

r0 f o r  assumed va lues  of Eo and I' u n t i l  t h e  t h e o r e t i c a l  d a t a  pass  through a n 
spec i f i ed  peak poin t .  Gwin's f i s s i o n  da ta  were f i t  using t h e  above techniques.  

The c ross  s e c t i o n s  as predic ted  from these  resonance parameters were then 

Doppler and r e s o l u t i o n  broadened and the  t h e o r e t i c a l  curve displayed wi th  

Blons' f i s s i o n  da ta .  A s l i g h t  compromise was then made on t h e  resonance 

parameters u n t i l  a good f i t  was obtained among t h e  s e t s  of f i s s i o n  and cap tu re  

da ta .  The parameters b e s t  descr ib ing  t h e  f i s s i o n  and cap tu re  d a t a  were then 

used t o  c a l c u l a t e  the  broadened t h e o r e t i c a l  t o t a l  cross s e c t i o n s  which were 

compared t o  Derr ien ' s  experimental da t a .  A s l i g h t  v a r i a t i o n  i n  resonance para- 

meters was aga in  made u n t i l  t h e  resonance parameters of Table 111 were obtained.  

The fit t o  t h e  experimental d a t a  using these  Doppler and r e s o l u t i o n  broadened 

parameters i s  shown i n  t h e  Figures of Appendix A. A subrout ine  MERGE au tomat i ca l ly  

d id  most of t h e  f i n e  adjustments of t h e  resonance parameters t o  produce t h e  b e s t  

f i t s .  For each run made on t h e  computer one can s e e  t h e  t h e o r e t i c a l  f i t  t o  t h e  

experimental t o t a l ,  f i s s i o n ,  and capture  da ta ,  thus  g iv ing  a complete p i c t u r e  a s  

t o  how t h e  resonance parameters desc r ibe  a l l  s e t s  of experimental da t a .  

SMOOTH FILES 

The resonance parameters were obtained i n  t h i s  eva lua t ion  by using t h e  

s ing le - l eve l  Breit-Wigner equat ion.  Since 2 3 9 ~ ~  is a f issile m a t e r i a l  i t  was 

known t h a t  the data could no t  b e  described us ing  s i n g l e  level parameters,  There- 

f o r e ,  smooth f i l e s  have been crea ted  and a r e  l i s t e d  i n  Tables IV-VII. The smooth 

f i le j s  a r e  i n t e r n a l l y  cons i s t en t  meaning t h a t  t h e  p a r t i a l  c r o s s  s e c t i o n s  add up 

t o  t h e  t o t a l .  The f i s s i o n  and cap tu re  smooth f i l e s  were e a s i l y  obtained from t h e  

ACSAP code by sub t r ac t ing  t h e  t h e o r e t i c a l  da t a  from t h e  experimental d a t a  and 

drawing a smooth l i n e  through t h e  poin ts .  The smooth f i l e  f o r  t h e  s c a t t e r i n g  d a t a  

was obtained i n  a d i f f e r e n t  manner. The t h e o r e t i c a l  s c a t t e r i n g  c r o s s  section 

was ca lcu la t ed  a t  s eve ra l  energy po in t s  o v e r t b  energy r eg ion  of 1-300 eV using 

t h e  -0.220, 0.296, and 7.813 eV resonance parameters.  The s c a t t e r i n g  c ross  

s e c t i o n  was then  ca lcula ted  using a l l  t h e  resonances of Table 111. The d i f f e r -  

ence between these  two t h e o r e t i c a l  curves then produced a set of d a t a  t h a t  can 



be described by the  equation a = -0.01375 E + 2.2 barns. The s c a t t e r i n g  smooth 

f i l e  was obta ined  using t h i s  equation i n  t h e  region of 5-300 eV. S l i g h t  modif i-  

c a t i o n s  were made t o  t h i s  equat ion i n  t h e  1-5 eV region so t h a t  t h e  smooth f i l e  

above 1 eV could be blended i n t o  t h e  smooth f i l e ( 5 )  below 1 eV.  Although no 

s c a t t e r i n g  d a t a  were used i n  t h e  evaluat ion a smooth f i l e  is  s t i l l  r equ i red  

because t h e  c r o s s  s e c t i o n  t a i l s  from t h e  resonance i n t e r f e r e n c e  term of t h e  

s ing le - l eve l  equat ion add up t o  such a  s i z e  t h a t  they must be accounted f o r .  

I f  t h e  s c a t t e r i n g  smooth f i l e  was neglected 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 s  a t  

1 eV would be about 2 barns too small  and about 2 barns too l a r g e  a t  300 eV. 

There would be only one p lace  where the  s c a t t e r i n g  cross  s e c t i o n s  would be  

c o r r e c t  and t h i s  would be i n  t h e  neighborhood of 150 eV. 

COMMENTS 

Several  pecul ia r i t ies  were found i n  t h e  experimental d a t a  dur ing  t h e  

process of t h i s  evaluat ion.  One of t h e  most s e r ious  was t h e  unce r t a in ty  t o  

the  f i s s i o n  and capture  r e s o l u t i o n  funct ions .  It seems t o  us  t h a t  a n  ex tens ive  

program of s tudying moderation times, r e s o l u t i o n  effects  and backgrounds should 

be c a r r i e d  out  on the  Electron Linear Accelera tors .  Too much e f f o r t  has been 

put i n t o  making quick measurements. It is important: now t h a t  more t i m e  be 

spent  i n  s tudying the machines and determine t h e i r  c h a r a c t e r i s t i c s  wi th  b e t t e r  

prec is ion .  

Listed  in Table V I I I  i s  a comparison between t h e  experimental ly measured 

c ross  s e c t i o n s  and those  ca l cu la t ed  using t h e  s ing le - l eve l  Breit-Wigner reson- 

ance parameters obtained from t h i s  evaluat ion.  Good agreement was obtained over 

t h e  va r ious  energy regions between t h e  i n t e g r a l s  of the f i s s i o n  t h e o r e t i c a l  and 

experimental da t a .  The v a r i a t i o n  over most reg ions  was l e s s  than  3 o r  4% wi th  

t h e  d i f f e r e n t  being i n s i g n i f i c a n t  when summed over t h e  energy r eg ion  below 

300 eV. The agreement between t h e  experimental and t h e o r e t i c a l  integrals was 

not  a s  good f o r  t h e  capture  da ta .  Although it was t h e  i n t e n t  of t h i s  eva lua t ion  

t o  preserve  t h e  experimental va lue  of alpha as measured by Gwin t h e r e  were s e v e r a l  

complications t h a t  d i s rup ted  t h i s  procedure. (1) Values of r and rf were v a r i e d  
Y 

t o  ob ta in  a compromise i n  t h e  f i t  t o  t h e  t o t a l  data. I n  t h e  process of making t h i s  

compromise t h e  va lue  of alpha was changed s l i g h t l y .  (2)  It appears  t h a t  t h e  smooth 



f i l e  could be improved s l i g h t l y  p a r t i c u l a r l y  i n  the region above 150 eV. 

Because of the  poor s t a t i s t i c s  i n  the v a l l e y s , i t  d i d n ' t  seem j u s t i f i a b l e  

t o  add a smooth f i l e  between 200-300 eV. However, a f t e r  t h e  completion of 

t h e  eva lua t ion  and studying the  f i t s  t o  t h e  da ta  i n  t h e  higher  energy r eg ion  

i t  seems t h a t  b e t t e r  agreement could have been obtained had a small  c a p t u r e  

smooth f i l a  been used above 200 eV.  (3) The contaminants of tungs ten  and 2 4 0 ~ u  

i n  the  cap tu re  d a t a  a r e  a l s o  troublesome and were only accounted f o r  where 

c l ean  resonances could be observed. Very f e w  cor rec t ions  were made f o r  these 

contaminants i n  t h e  reg ion  above 150 eV. Af ter  weighing a l l  of t h e  above 

s i t u a t i o n s ,  i t  was decided t h a t  t h e  present  da t a ,  p a r t i c u l a r l y  wi th  the uncer- 

t a i n t i e s  i n  t h e  t o t a l  c ros s  sec t ions ,  do not  j u s t i f y  a re-evaluat ion t o  t a k e  i n t o  

account the discrepancy between the t h e o r e t i c a l  and experimental cap tu re  d a t a .  

L i s t ed  i n  Table IX a r e  t h e  cap tu re  and f i s s i o n  i n t e g r a l s  of adE and G ~ E / E  

as a func t ion  of q u a r t e r  l e tha rgy  groups. The da ta  between 0.414 and 1.0 eV 

have been included f o r  completeness of t h e  t a b l e  and were obtained from the 

smooth f i l e  of Version 11 of ENDF/B. 

The va lue  of a lpha  obtained from Table IX from t h e  cap tu re  and f i s s i o n  

i n t e g r a l s  of ~ E / E  i n  t h e  energy region  of 61.4-275.4 eV, was found t o  be 0.71. 

From the d a t a  of Table V I I L  the capture  experimental i n t e g r a l s  over the  r eg ion  

of 61-285 eV were found t o  be approximately 7% l a r g e r  than t h a t  obtained f o r  t h e  

t h e o r e t i c a l  data over the same energy region.  Therefore, t h e  va lue  of 0.71 pre- 

d i c t e d  could be  considered a s  a lower l i m i t  and should be  increased by approxi- 

mately 7% giv ing  an a lpha  va lue  of 0.76. Calcula t ing  an alpha value from t h e  

Version I1 evaluat ion,  a s  suggested by N. C.  ~ a i k ' ~ )  a t  t h e  Knoxville Meeting 

and us ing  t h e  same i n t e g r a t i o n  technique a s  above g ives  a va lue  of 0.47 from 

61.4-275.4. The va lues  of alpha from t h i s  p re sen t  eva lua t ion  as given i n  

Table IX seem t o  be more c o n s i s t e n t  w i th  t h e  alpha adjustment above 300 eV 

a s  recommended by Paik a t  t h e  Knoxville Meeting. 

ERROR DISCUSSION 

When t h e  c ross  s e c t i o n s  of a f i s s i l e  nucleus a r e  analyzed using a s ing le -  

l e v e l  equat ion t h e  e r r o r  assignments t o  t h e  ind iv idua l  resonance parameters Eo, 

I' and rf become very d i f f i c u l t  t o  make. It is not  p o s s i b l e  a t  t h i s  t i m e  rns y y  



t o  apply abso lu te  e r r o r s  t o  t h e  indiv idual  resonance parameter bu t  genera l  

comments can be made as t o  the  o v e r a l l  accuracy of t h e  eva lua t ion .  

The condi t ions  under which t h e  var ious  s e t s  of data were normalized are 

given i n  Table I. There a r e  seve ra l  u n c e r t a i n t i e s  which c o n t r i b u t e  t o  the e r r o r  

i n  Eo. The energy s c a l e  d iscrepancies  can be the combined u n c e r t a i n t i e s  of 

s e v e r a l  a f f e c t s ,  some of which might be f l i g h t  path measurements, timing and 

shape of the neutron b u r s t ,  moderation e f f e c t s ,  channel width and v a r i a t i o n  i n  

f l i g h t  path a s  a  funct ion  of neutron energy because of the energy dependency 

of t h e  e f f e c t i v e  de tec to r  thickness.  Also adding t o  the  unce r t a in ty  of Eo is 

t h e  f a c t  t h a t  t h e  f i s s i l e  d a t a  were described using a  s ing le - l eve l  equat ion.  

I n  t h i s  case,  t h e  observed resonance energy is not t he  same f o r  the  t o t a l  and 

p a r t i a l  c ros s  sec t ions .  That is, E, obtained from t h e  f i s s i o n  d a t a  does n o t  

agree  wi th  those  obtained from t h e  t o t a l  and capture  da ta .  This  i s  expected 

because of t h e  i n t e r f e r e n c e  among neighboring l e v e l s  i n  the  f i s s i o n  c r o s s  s e c t i o n .  

The accuracy of the Eo values  i s  estimated t o  b e  + 0.1 t o  0.2%. 

There is s u f f i c i e n t  disagreement between t h e  p a r t i a l  and t o t a l  c r o s s  

s e c t i o n s  (see the discuss ion  under Se lec t ion  of Data Item 2 . ) ,  t h a t  a  d e t a i l e d  

e r r o r  ana lys i s  cannot be c a r r i e d  out because of i t s f  complexity and time 

involved. Indeed, such a s tudy might be more time consuming than  the evalua t ion .  

However, from t h e  i n t e g r a l  va lues  of Table VITI and using the Figures  i n  Appendix 

A i t  was est imated t h a t  the i n t e g r a l  c ros s  s e c t i o n s  a s  predic ted  from the reson- 

ance parameters and smooth f i l e s  of Tables 1 1 1 - V I I  have t h e  following accurac ies :  

(one standard devia t ion)  0-100 eVf- 5%, 100-200 eV -t 8%, and 200-300 eV +- 13%. 

RECOMMENDATIONS 

W e  have made comments throughout t h i s  r e p o r t  t h a t  the t o t a l  c r o s s  s e c t i o n  

seems t o  be i n  e r r o r  p a r t i c u l a r l y  over t h e  s t rong  peaks. While t h e r e  w e l l  may be 

some problems w i t h  t h e  p a r t i a l  c ros s  sec t ions ,  the  most p r o f i t a b l e  approach t o  

the  r e s o l u t i o n  of t h e  discrepancy would seem t o  be a remeasurement of t h e  t o t a l  

c ros s  sec t ion .  Such a remeasurement should be made a t  low temperatures  and 

with  high r e so lu t ion ,  us ing  a set of w e l l  c a l i b r a t e d  samples. The Oak Ridge 

Elec t ron  Linear Accelerator  is w e l l  equipped t o  make this t ype  of measurement. 

The t o t a l  c r o s s  s e c t i o n  of 242 Pu was recently measured t h e r e  a t  l i q u i d  nitrogen 



temperatures us ing  m e t a l l i c  samples. These f a c i l i t i e s  should be u t i l i z e d  

i n  reso lv ing  the 23 'PU discrepancy. 

There are  c u r r e n t l y  two o the r  sets of experimental d a t a  which were not 

included i n  this evaluat ion:  (1) those of Gwin (ORNL), which w i l l  y i e l d  a 

simultaneous remeasurement of t h e  capture  and f i s s i o n  c ross  s e c t i o n s  and; 

(2) those of F a r r e l l  (LASL) , which were measured using t h e  neutrons from an  

underground nuclear  explosion. It is suggested t h a t  when t he  c r o s s  sections 

a s  a function of neutron energy have been obtained from the above experiments,  

and when t h e  data from t h e  new t o t a l  measurements t h a t  we recommend became 

a v a i l a b l e ,  t h a t  t h e s e  s e t s  of d a t a  be  incorporated with those used i n  t h i s  

r e p o r t  and a new evalua t ion  be  done. 
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TABLE I 

DATA NORMALIZATION 

Data Set Energy Range AE (eV) a (multiplication) 

Derrien T o t a l  < 70 0,00141 E -0.005 X1 

Derrien T o t a l  70-151 + 0.05 X1 

Derrien Total 151-301 - 0.05 X1 

Blons Fission 40-300 -0.001313 E + 0.084 X.94 

Gwin F i s s i o n  No Changes 

G w i n  Capture No Changes 



TABLE I1 

CONDITIONS ASSUMED FOR RESOLUTION AllD DOPPLER BROADENING 

-- - 

Gwin 
F i s s i o n  and 

Capture Derrien Totals  Blons Fiss ion  

Machine LINAC ( sac lay)  LINAC (sac lay)  LINAC (RPI) 

Effec t ive  Temperature ( O K )  96 96 

Thinnest inve r se  sample 3968 
thickness (b/a) 

F l i g h t  path uncer ta in ty  (cm) 3.6 4.1 

Resolution Shape Gaussian Gaus s i an  Gaussian 

Derrien Tota l  

Energy 
(ev) 

Channel Width 
(nsec ) 

F l i g h t  Pa th  Accelerator Burst 
(meters ) ( n s e c )  

Blons  Fission 

Gwin F iss ion  & Capture 

* Where K i s  t h e  uncer ta in ty  i n  moderation t i m e  a t  1 eV. The term K/ 4 E ( ~ v )  
w a s  included as p a r t  o f  t h e  r e so lu t ion  width. 
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TABLE VIII 

COMPARISON OF THEORY TO EXPERIMENTAL DATA 

Theory Theory Theory 
E(eV) Theory Gwin* Gwin Theory . Gwin Gwin Blons Blons 

Totals 6967.9 7397.4 0.942 8197.6 8201.0 1,000 8203.5** 0.999 

* These experimental i n t e g r a l s  have been correc ted  for contaminats of 2 4 0 ~ u  
and W in as much as possible. 

** Includes Gwin's i n t e g r a l s  from 7-41 eV. 



TABLE IX 

QUARTER LETHARGY GROUP CROSS SECTION STRUCTURE FOR 2 3 9 ~ ~  

JO d~ JO ~ E / E  J o n f d ~  J o * ~ ~ E / E  
Group Lower Lower n-Y nY 

Number Lethargy Energy (eV) (b-eV) (b) (b-eV) (b) Alpha* 

* Determined from the  r a t i o  of ( lo ~E/E) / (jonfd~/~) 
nY 

Note: This table was calculated using the ACSAP code and resonance parameters 
from this evaluatf on assuming room temperature and infinite dilution. 



APPENDIX A 

The t o t a l ,  f i s s i o n  and capture  c ross  sec t ions  are shown as a  f u n c t i o n  

of neutron energy from 1-300 eV. The s o l i d  line is  a t h e o r e t i c a l  fit t o  the 

data and was obtained by Doppler and r e so lu t ion  broadening the  c r o s s  s e c t i o n s  

as  predicted by the resonance parameters and smooth files of Tables I1 I - V I I .  
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