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INTRODUCT LON 

The Dosimetry F i l e  i ssued  a s  p a r t  of t he  ENDFIB-IV 
Library  con ta in s  t h i r t y - s i x  r eac t ions  i n  twenty-six i so topes .  
Each i so tope  i n  t h e  ENDFIB-IV L ib ra ry  s t a r t s  wi th  a b r i e f  desc r ip -  
Lion of t h e  d a t a  and methods used i n  t h a t  p a r t i c u l a r  eva lua t ion  
( F i l e  I ) .  The purpose of t h i s  r e p o r t  i s  t o  p re sen t ,  where 
f e a s i b l e ,  a  more d e t a i l e d  d e s c r i p t i o n ,  summarizing those  evalu-  
a t i o n s  t h a t  appear on t h e  Dosimetry F i l e .  

The Dosimetry F i l e  evolved a s  a consequence of t h e  Task Force 
assembled a t  B a t t e l l e  Northwest by t he  Normalization and 
Standards Subcommittee of the  Cross Sec t ion  Evaluat ion Working 
Group (CSEWG) t o  review the  c ros s  s e c t i o n  sets used fo r  dosimetry 
purposes i n  t h e  In t e r - l abo ra to ry  W B R  React ion Rate (ILRR) Pro- 
gram. From t h e  l i s t  of necessary dosimetry m a t e r i a l s  prepared by 
t h e  Task Force, a l l  r e a c t i o n s  a l r eady  included i n  t he  ENDFIB 
General Purpose Library  (with subsequent updating) were t o  be 
ex t r ac t ed  and placed on t h e  Dosimetry F i l e .  A l l  o the r  r e a c t i o n s  
on t h e  l i s t  were assigned t o  Task Force members f o r  eva lua t ion .  
The "Table of Contents" of t h i s  volume l i s t s  a11 t h e  r e a c t i o n s  
from t h e  Task Force l i s t ,  name and a f f i l i a t i o n  of t he  au thors  
of each eva lua t ion ,  t h e  p a r t i c u l a r  r e a c t i o n  assigned,  and the  
Ma te r i a l  (MAT) Number. 

There a r e  s eve ra l  d i f f e r e n t  types of  e n t r i e s  i n  t h e  ensuing 
pages : 

Documentation for  threshold  r e a c t i o n s  (o the r  than 
f i s s i o n ) ,  which were eva lua ted  by Task Force Members and 
whose Atomic Number Z S 90, conra ins  a d e s c r i p t i o n  of  
t h e  eva lua t ion  by t h e  au thors ,  r e f e r ences  used, and a 
s e r i e s  of graphs d i sp l ay ing  the experimental  d a t a  and 
t h e  eva lua ted  curve i n  d i s c r e t e  energy reg ions .  Immedi- 
a t e l y  fol lowing each eva lua t ion  i s  a reproduct ion  of  t h e  
d a t a  f i l e  a s  it appears on t h e  Dosimetry F i l e  and a 
s i n g l e  curve over t h e  e n t i r e  energy reg ion  p l o t t e d  from 
t h e  eva lua t ion  on t h e  Dosimetry F i l e .  

Documentation f o r  th reshold  r e a c t i o n s ,  which were 
taken from the  ENDF/B-IV General Purpose Library  and 
whose Z 2 90, con ta in s  n ex t r ac t ed  p o r t i o n  of t h e  
Summary ~ocumenta t ion"  a (found in EMIF-201) , and t h e  
o r i g i n a l  r e p o r t  i s  i d e n t i f i e d .  These r e a c t i o n s  a r e  
followed ( a s  above) wi th  a  reproduct ion  of t h e  d a t a  on 
t h e  Dosimetry F i l e  and a s i n g l e  p l o t  of t he  r e a c t i o n  over 
t h e  e n t i r e  energy range. 



Documentation f o r  exoergic r eac t ions ,  which were 
evaluated by Task Force members and whose Z 90, 
conta ins  a desc r ip t ion  of the  eva lua t ions  by the  authors  
and the re ferences  used. FolLowing each evalua t ion  i s  a 
reproduction of t he  da t a  on the  Dosimetry F i l e  and a 
p l o t  of t he  dat$. For convenience, experimental d a t a  
from the  CSISRS Library  ou t s ide  of t he  resolved resonance 
energy region  i s  p l o t t e d  on the  curve. The references  
fo r  t h e  experimental da t a  se t s  a r e  included. 

Documentation f o r  exoergic r eac t ions  ( inc luding  
Threshold F i s s ion ) ,  which were taken from the  ENDF/B-IV 
General Purpose Library  and whose Z 5 90 conta ins  an 
ex t r ac t ed  po r t ion  of the Summary ~ocumentat ion")  (ENDF-201), 
and the  o r i g i n a l  r e p o r t  i s  i d e n t i f i e d .  These r eac t ions  
a r e  followed by a reproduction of the  da t a  on the  Dosi- 
metry F i l e ,  a s i n g l e  p l o t  of the r eac t ion  and the exper i -  
mental d a t a  (outs ide  o f  t he  Resolved Resonance Energy 
Region) and t h e  references  from CSISRS. 

Documentation fo r  r eac t ions  whose Z > 90 was con- 
s idered  too cqmplex (e.g.  the  r e l a t i o n s h i p  between 
0 0 and 5 ) t o  e x t r a c t .  Since a l l  r eac t ions  wi th  

f '  
Z > 96 a r e  from the  ENDF/B-IV General Purpose Library ,  
t he  reader  i n  need of  d e t a i l e d  information is  d i r ec t ed  
t o  E N D F - Z O ~ ' ~ ) .  I n  place of summary documentation, 
F i l e  1 from the  ENDF/B-IV General Purpose Library i s  
included here. A s  i n  t he  cases  above, a reproduction 
of t he  d a t a  from the  Dosimetry F i l e ,  a p l o t  of t he  
da t a ,  experimental po in t s  ou t s ide  t h e  resolved energy 
region,  and references  f o r  t he  experimental d a t a  a r e  
included. 

I n  the  case  of a3%(n, f ) ,  the  por t ion  of t he  curve 
from -10 keV-20 M e V  i s  enlarged and included a s  a 
sepa ra t e  page. 

Because of extenuating circumstances, not  a l l  the 
r eac t ions  included here  were renormalized t o  ENDF/B-IV. 
Those t h a t  were no t  a r e  i d e n t i f i e d  wi th  ENDF/B-111 i n  
t he  Documentation T i t l e s .  The r eac t ions  inc lude:  

6 8 
3 a ~ ( n , p )  , 5 4 ~ e ( n , P )  , 5 6 ~ e ( n , p ) ,  l n ( n , n t )  , Ni(n,p). 

+ Cross Sec t ion  Information Storage & Ret r i eva l  System(CS1SRQ 
Maintained a t  t he  National  Neutron Cross Sec t ion  Center. 



Appendix I con ta in s  a t a b l e  of  de r ived  parameters ,  i . e .  t h e  
2 35 

Resonance I n t e g r a l  of t h e  exoerg ic  r e a c t i o n s  and t h e  U F i s s i o n  
Spectrum Average Cross Sec t i ons  (T = 1.32)  of a l l  r e a c t i o n s  on 
the  f i l e .  

For a d d i t i o n a l  in format ion  concerning t h e  eva lua ted  f i l e s ,  
a s  we l l  as corresponding experimental  d a t a ,  con t ac t :  

Nat iona l  Neutron Cross Sec t ion  Center 
Brookhaven Nat iona l  Laboratory 
Upton, New York 11973 

( ')ENDF/B-IV Dosimetry F i l e ;  Tape 412, i s sued  January 1975 

( a  ) ENDF/B Summary Documentation EMDF-201 - BNL 17541, June 1975 
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Total Helium Production Cross Section 

for Neutron-Induced Reactions on 

for ENDF fB-TV 

L. Stewart and G.M. Hale 

Los Alamos Scientific Laboratory' 

Theoretical Division - January 1975 

Below 10 MeV, the following reactions produce alpha particles 

from neutron interactions with 6 ~ i :  

Reaction Q (MeV) Threshold (MeV) 

6~i(n, t)a +4.785 - 

'~i(n,n'd)a -1.472 1.717 

'~i (n, 2np) (Y -3.697 4.313 

In the alpha-production data that were provided for the Ver- 

sion IV dosimetry file only the 6 ~ i  (n, t) u contribution differs 

from the Version I11 dosimetry file. The (n,t) data below 2 MeV 

are based on the coupled-channel R-matrix analysis by Hale, Dodder, 

Young, and Stewart that were included in the general purpose Ver- 

sion IV file. The analysis included experimental data for the 

total and the (n,t) cross sections and various differential cross 

6 section measurements for n + Li and a + t elastic scattering, as 
described in the File 1 comments of the Version IV data. 

The (n,nld) and (n,2np) cross sections are the same as were 

provided for the Version 111 dosimetry files and are based on 

smooth curves through the available experimental data. These data 

are compared with the Version I11 evaluation and with experimental 

- 1 - 



d a t a  i n  P i g s .  1 and 2 .  Note t h a t  t he  dosimetry d a t a  f o r  t he  

(n ,n ld)  and (n,Znp) r eac t ions  a r e  lower and h ighe r ,  r e spec t ive ly ,  

than t h e  Version I11 evaluation. This remark a l s o  a p p l i e s  f o r  t h e  

Version I V  eva lua t ion ,  which is  t h e  same a s  Version I11 f o r  t he  

(n,n'  d) and (n, 2np) r eac t ions .  
6 .  

L l ( n , n ' d ) a  

N.P. Q7, I39  11968) 
V Cooksen, Dondy and Hopkins 

N.P A S ,  273 11967) 
x Botchelor and Towle, 

N.Pg 385 (1963) 
' ' ENDF/B-m 

- - This Evaluation 
0 

5 
b 

En (MeV)  

Figure 1 

This Evaluation 
o Mather and P a ~ n  1' 

~ ~ ~ ~ - 0 4 7 / 6 9 i 1 9 6 9 )  I 
x Ashby et ol,Phys.Rev. ' 

E9, 1771 11963) ,/ 

Figure  2 



3 - L I -  6 LASL E v A L * N O V 7 3  HALE IN ISLEY  AN3 YDUNC 
[3 1 S T - $ 9 7 4  

ACCEPTED f c R  D O S ,  F I L E  BY N O R M A L I t A T I O N  AtqD STANDARDS 
S U B C O M M I T T C E  1 2 t 7 3 , S U P P L I E D  BY P , t r Y O U h G  L A S L  

DATA TABLE BELOW I S  THE TOTAL H E L I U M  PHODUCTION CROSS 
SECYIRN OF L l - 6 ,  FOR C O ~ V E N I L N C E  I S  IS L I S T E D  AS 
M T s l 0 7 . T H E  CROSS S E C T l a h  I S  COMPOSLD OF THREE R E A C T I O N S  
11Ea 

L I - b [ N , T ) A L P H A  
C I - b ( N , N P R I M E  DIALPHA 
L I ; ~ ( N ~ ~ N P ) A L P H A  

P E R T I N E N T  HPLLOR I T H  FROM GENERAL F I L E  F O L L O ~ S ,  (MAT 1 2 7 1 )  
TOTAL IELAST~C,AND ( N l A L P H A )  CROSS S E C T l U N S  AYO 

E L A S T I C  hNGUCAR D I S T R I B U T ~ O N S  REPLACED FUR NEUTPON ENERGIES  
BELOW 1 , 2  M E V  BY WALE,DOCJWER~YOUNG AND STEWART AT LPSL J A N  7 4  

THE NEW D A T A  RESULT F R O M  A COUPLED-CHANNEL S a M A T R I X  A N A L Y S I S  
THAT IS D E S C R ~ B E D  1N THE GENERAL F I L E *  

{ N - A L P H A ~ M T ~ ~ ~ ~  ~ l G M A = 9 ~ ~ , 0 0  BARNS 
RES,PAR, M F F ~  MTej .51  SC4TTERING R A D I U S  ONLY. 
SMOOTH CROSS S E C T I O N  MFs3 M T P ~ ~ ~ ( I E  N,T ALPHA ONLY) 

BELOW 1 . 2  NEV BASED ON R ~ M A T R I X  ANALYSIS  DESCRIBED UNDER M T = 1  
ALTHOUGH THE DATA OF REF 13 WERE NOT E X P L I C I T L Y  INCLUDED I N  
T H E  ANALYSIS,TWESE DATL ARE GENERALLY cUNSLSTANT W I T H  THE 
RESULTS OF REF 1 4  AND 1 5  WHICH WERE 1 h ~ L U D 6 0 , I b  A D D I T I O N  THE 
EVALUATED (N,ALPMA)  CROSS S E C T I O N  AGREES WELL W I T H  THE 
VERSION I V  E V A L U A T I O N  OF B w ~ ~ ~ N , A L P H A ) C H O S S  SECTION AND THE 
R A T 1 0  MEASUREMENT OF R E F , ~ ~ , T H E  ( N , A L P Y A )  BETWEEN 2 AND I 5  
MEV I S  BASED ON R E F , ~ , E X T R A P O L A T I O N  TO 20 MEV I S  BASED ON 
KERN AMD K R E G E R  DATA IREFt8)BETWEEN 1 5  AND 1 8  M E V ,  

REFERENCES 
I, PENDLESiJRY, E , D t r  REPORT A W R E  0060/64,  
2, D I M E N ? ,  K0M.r  AND UTTLEY,  COAI, NUCLEAY PHYSICS D I V I S I O N  

PROGRESS REPORTS AEREbPR/NP 1 5  AND AERt *PR /NP  1 6  1 1 9 ~ 5 9 ) ~  
ALSO P R I V A T E  COMMUNICATION FROM CI A ,  UTTLEY T D  LEONA 
S T E W A R T ,  

3 ,  HIBOON,  C,?., AND MOORING, F s P a l  CQNFENENCE ON NEUTRON C / S  
TECHNOLOGY,  WASH^, D,C,r  l1 1 5 9  ( 1 9 6 8 k 1  

4, FOSTER*  D ~ G . , J R I I  AND GLASGOWr UWa73116 AND HW-77311 ,  
5 ,  PETERSON, J.Y,I € 1  ALI PHYS REV 1281 $23 (196f l1 ,  
6, HOPKINS,  J , d , r  E T  AL, LQS A L A M D S  SCI LAB REPORT L A - 3 7 6 5  

( 1 9 6 7 ) .  
7 r  PRESSER1 G.1 ET 4l.1 NUCL PHYS A 1 3 1 ,  670  (1969l. 
8 ,  KERN,  8,0+, AND KREGERI W r E l t  PHYS R E V  112, 926 ( 1 9 5 8 ) ,  
9 ,  LANE, R I O , ,  ET  A L I  ANN PHYS 1 2 t  1 3 5 ( 1 9 6 1 ) 1  
101 Lc ROSEN AND La STEWART, L A r 2 6 4 3 ,  
11, F I  AJZENBERG-SELOVE AND T,LAURITEEN, ENERGY LEVELS OF 

L r C H T  NUCLElr T O  BE PUBL ISHED,  
1 2 ,  JIWIMEADOWS AND J,P,WHALEN, NUCL,SCI ,ENGRt  41,351 (19701, 
13,  E,FORT IN0 J,P,MARQUETTEt P R I V A T E  cOMYUNICAT ION T O  

LISTEWARTI t i 9 7 3 1 1  
1 4 ,  M,S,CO&TESt GIJIHUNTI AND C,A,UTTLEYI P R I V A T E  COMMUNICAc 

TION TO LeSTEHART,  1 1 9 7 3 1 ,  
15 ,  W , P , P O E N I T E ,  P R I V A T E  COHMUNICATION TO L I S T E ~ A R T ,  ( 1 9 7 3 1 ,  
1 6 ,  A , A S A N ~  &NO M , C , M O X O N I  N U C L ~ D A T A  FOR RbACTORS, WELS!NKI 

1 9 7 0 ,  P i 5 3 .  
1 7 ,  R ~ J , S P ! ~ E R ~ A N D  T I A , T O M B R E ~ ~ O 1  PHYS,REVn 163, 9 5 4  ( i 9 7 0 ) I  
1 8 ,  M l ~ l S O ~ E R B Y  ET  AL,, J,NUCL,ENERGY 2 4 1  323 ( 1 9 7 0 1 .  
19, E,T#JURNEY, LASL, P R I V A T E  COMMUNICATION, (19731, 
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T o t a l  Helium Production Cross Sec t ion  From n + 'OB 

I n t e r a c t i o n s  f o r  ENDF/B-IV 

P.G. Young and G.M. Hale 

Los Alamos S c i e n t i f i c  Laboratory 

Theore t i ca l  Div is ion  - January 1975 

Below 10 MeV, the fol lowing r e a c t i o n s  produce helium from 

neutron i n t e r a c t i o n s  i n  'OB : 

Q (masses) Laboratory 
Reaction MeV Threshold (MeV) 

(1) 
7 

"I5(n,a0) Li +2.792 - 

The t o t a l  helium product ion c ros s  s e c t i o n  w a s  derived by sum- 

ming the  c ros s  s e c t i o n s  from reactions (1)-(3) p l u s  twice t h e  s u m s  

of r eac t ions  (4)-(6).  The d a t a  f o r  r eac t ions  ( I ) ,  ( 2 ) ,  and (4) 

were taken d i r e c t l y  from the Version I V  eva lua t ion .  Below 1MeV 

r e a c t i o n s  (1) and (2) a r e  based on a coupled-channel R-matrix 

ana lys is , '  and r e a c t i o n  (4) on a single-channel  a n a l y s i s .  The ex- 

per imenta l  data included i n  t he  ana lyses  a r e  referenced in t h e  

F i l e  1 comments of t h e  Version I V  eva lua t ion .  Above 1 MeV, reac- 

1. G.M. Hale, P.G. Young, and R.A. Nisley,  "R-Matrix Analysis  of 
the  n + ~ O B  System at  Low Energies , "  Trans. Am. Nucl. Soc. 18, 
327 (1974). 



t i o n s  ( I ) ,  (Z) ,  and (4) a r e  based on smooth curves through experi-  

mental da t a ,  a s  ou t l i ned  i n  the  F i l e  1 comments. 

The con t r ibu t ions  from r e a c t i o n s  (3)  and ( 5 )  w e r e  a l s o  ob- 

ta ined  from the  Version I V  eva lua t ion  by summing the  appropr ia te  

d i s c r e t e  ( n , n V )  c ros s  s e c t i o n s  t o  p a r t i c l e  uns t ab le  f i n a l  s t a t e s ,  

as  indica ted  by LR f l a g s .  Reaction (6), which was not  included i n  

the Version I V  eva lua t ion  because of i t s  smal l  magnitude, was es- 

t imated  from the  measurements of   at her^ a t  1 4  MeV. 

2 .  D.S. Mather and L.F. Pa in ,  "Measurement of (n,2n) and (n,3n) 
Cross Sec t ions  a t  1 4  MeV Inc iden t  Energy," AWRE r e p o r t  
047/69 (1969).  
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Evaluat ion of Sodium-23 Neutron Capture Cross 

Sec t ion  Data for t h e  EM)F/B V - I 1 1  File*? 

by 

N.C.  Paik and T . A .  P i t t e r l e  

Westinghouse Advanced Reactors  Division 

Waltz M i l l  S i t e  P.O. Box 158 

Madison, Pennsylvania 15663 

This r e p o r t  descr ibes  t h e  eva lua t ion  of neutron c ros s  s e c t i o n s  

of Na-23, m a t e r i a l  number 1156, f o r  t h e  ENDF/B F i l e ,  Cross sec- 

- 5 
t i o n s  were evaluated between 10 eV and 15  MeV.? Experimental 

d a t a  a v a i l a b l e  up t o  March 1971 were included i n  the  eva lua t ion .  

The t o t a l  c ros s  s e c t i o n  of sodium has been re-evaluated f o r  

t h e  ENIlF/B library i n  the neutron energy range from 100 eV t o  15  

MeV. The measurement of t he  t o t a l  c ros s  s e c t i o n  f o r  neutron ener- 

g i e s  above 600 eV and below 40 keV a t  t h e  Nevis Laboratory, 

Columbia Universi ty(2)  v e r i f i e s  a s p i n  assignment of  J=1 f o r  t he  

2.85 keV resonance and a neutron width of about 410 eV. The da ta  

i n d i c a t e s  that the width of t h e  resonance i s  wider than t he  earlier 

measurements by ~ a r ~ ' ~ ) ,  and more i n  agreement with the  measure- 

ments of M o ~ o n ' ~ )  and Lynn. (5) The peak va lue  of the  resonance is  

*Work perf omed under AEC Contract  AT (30-1) -4210. 

?Data ex t rapola ted  t o  20 MEV a t  NNCSC and c a r r i e d  over t o  Version 
I V .  

This repor t  ex t r ac t ed  from ENDF/B Summary Documentation ENDF 201 
BNL 17541 (May 1973). 



with in  the  s t a t i s t i c a l  uncer ra in ty  of t he  t h e o r e t i c a l  va lue ,  which 

is  380 barns f o r  a resonance wi th  J=l. 

Resonance parameters a r e  given i n  Table I. Yamamuro's (6) 

measured value of 0.47 eV f o r  r of t he  2.85 keV resonance has 
Y 

been used i n  the  p re sen t  eva lua t ion .  Parameters f o r  resonances 

a t  7.53, 35.4, 53.0, 114.7, 129.5,  and 139.1 keV were est imated 

from da ta  by M o ~ o n ' ~ ' ,  ~ o c k e n b u r ~ ' ~ ) ,  and ~ i b o n ' ~ )  with p a r t i c u l a r  

emphasis on the  capture  a reas  measured by Hockenbury. (7)  The 

parameters f o r  t he  53.0 keV resonance, f o r  i n s t ance ,  a r e  Moxon's 

va lues  with ~ o c k e n b u r y ' s  T da ta .  
Y 

The s c a t t e r i n g  radius  w a s  chosen t o  provide a good agreement 

between ca l cu la t ion  f o r  t he  2.85 keV resonance a t  energ ies  above 

t h e  resonance wi th  measured d a t a  from t h e  Nevis Laboratory. (2) 

Background c ros s  s ec t ions  a r e  given i n  F i l e  3 t o  improve agreement 

between ca l cu la t ed  and measured d a t a  below 1.50 keV. The resolved  

resonance range is defined t o  be  from 600 eV t o  150 keV. Below 

600 e V  t he  t o t a l  c ross  s ec t lon  i s  based on t h e  d a t a  of Columbia (2) 

and of Joki .  ( 9 )  

The sodium capture  c ross  s e c t i o n  between 100 eV and 200 keV 

is based pr imar i ly  on the  resonance parameter eva lua t ion  and i n  

agreement w i  rh the  capture a reas  measured by Hockenbury, (7)  The 

r a d i a t i o n  width f o r  the 2.85 keV resonance, which dominates Na 

capture c ross  s e c t i o n ,  is 0.47 evC6) compared t o  0.33 eV f o r  t he  

EXDFfB Version 1 evalua t ion .  Integral testing(''' of t h i s  capture  

c ross  s e c t i o n  change of sodium indica ted  t h a t  the eigenvalue cal-  
l 

I cu la t ion  of a f a s t  r eac to r  system wi th  a power r e a c t o r  spectrum i s  



Table  1 

Resonance Parameters i n  ENDF/B Version 111 Sodium Evaluation 

Resonance 
Energy, keV J 1 h , e V  Ty,eV 

2.85 1 0 4 10 0.47 

7.53 1 1 0 .012  1.5 

3 5 . 4  3 1 0.86 0.76 

53.0  2 1 1200 1 .48 

114.7 2 0 11.0 2 .72  

129.5 3 1 0.374 1.5 

139.1 2 1 3.33 1.5 

not significantly a f f e c t e d  (0.01% Ak change for Ty = 0.33 eV). 

Above 200 keV and below 100 eV, the capture cross section of 

the Vers ion  I s o d m  evaluation") was r e t a i n e d  for the p r e s e n t  
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Evaluat ion of the 2 7 ~ 1 ( n , p )  Mg and 2 7 ~ ~ ( n , a )  2 4 ~ a  

Cross Sect ions* f o r  ENDF/B-IV 

P.G. Young and D.G. Fos t e r ,  J r .  

Los Alamos Science Laboratory 

Theore t i ca l  Divis ion  March '72 

2 7 2 7 
The Version 111 ENDF/B cross  s ec t ions  f o r  t h e  Al(n,p)  Mg 

24 
and 2 7 ~ l ( n , a )  Na r eac t ions  were examined wi th  t h e  aim of imple- 

menting s e v e r a l  improvements f o r  s tandards use.  The suggested re- 

v i s i o n s  a r e  described below and i n  the  accompanying f i g u r e s ,  where 

the  recommended Version I V  d a t a  a r e  compared t o  experimental re-  

s u l t s  as w e l l  a s  t o  o the r  eva lua t ions .  

The only change suggested f o r  t h e  Version 111 ENDF/B (n,p) 

c ros s  s e c t i o n  (Yo72) i s  f o r  neutron energies  below 4 MeV. A t  

t hese  energ ies  t h e  data  were modified t o  correspond more c lose ly  

t o  t he  Henkel (He54) and Grundl (Gr67) measurements, which a r e  i n  

good agreement. The recommended curve from threshold  t o  7 MeV is  

compared t o  the  ava i l ab le  measurements i n  Fig.  1. The energy de- 

pendence of the  curve below 3 MeV i s  represented  by an R = 0 pen- 

e t r a b i l i t y  func t ion  f o r  t he  outgoing p + 2 7 ~ g  channel. From 4 t o  

7 MeV the recommended curve is based on a composite of the ava i l a -  

b le  measurements (Ba65, Ca62, Gr67, He54) . 

*Submitted t o  Normalization and Standards Subcommittee March 1972. 
T h i s  eva lua t ion  has s ince  been incorpora ted  i n t o  t h e  ENDP/B-IV 
general  purpose library. 



The recommended curve is compared to the available activation 

measurements from 7 to 13  MeV in Fig. 2, and from 13 to 20 MeV in 

Fig. 3. It should be noted that the data of Ferguson (Fe67), 

which are substantially lower than the evaluation, are relative 

data that have been normalized to a value of 55 rnb near 13  MeV. 

Similarly, absolute data were obtained at only one energy (SO mb 

at 14.4 MeV) in the Gabbard measurement (Ga62), and the remaining 

points were normalized to that value. Therefore, since the pre- 

ponderance of experimental results near 14 MeV suggests a substan- 

tially higher (n,p) cross section, the evaluation was chosen to 

approximately follow the measurements of Mani (Ma60), resulting in 

an evaluated cross section of 77 mb at 14.1MeV. 

D G r u n d l ,  1967 
x Colvi, 1962 
n Henkel, 1954 

- 
II - 
b 
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Figure 1 
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The recommended curve f o r  t he  (n ,a )  c ross  s ec t ion  was changed 

somewhat from t h e  ENDF/B-111 values  t o  b e t t e r  agree  wi th  t h e  ex- 

perimental d a t a  of Bu t l e r  (Bu63), Liskien  (~i66), and P a u l s e n  

(Pa65). The new curve i s  compared t o  the  experimental da t a  f r o m  

threshold  t o  9 MeV i n  Fig .  4 .  The energy dependence of the  curve 

below 6 MeV is approximated by an R = 0 p e n e t r a b i l i t y  funct ion  f o r  

t he  u + 24Na channel.  The r e s u l t s  from 6 t o  13 MeV and from 13 t o  

20 MeV a r e  shown on l i n e a r  s c a l e s  i n  Figs. 5 and 6 .  It is i n t e r -  

e s t i n g  t o  note  t h a t  if t h e  measurements of Tewes (Te60) a r e  re- 

normalized by a f a c t o r  of 1.37, very good agreement is obtained 

with the  Bu t l e r  da t a  (Bu63). The recommended curve has  a va lue  of 

124 mb a t  1 4 . 1  MeV. 
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32 Evaluat ion of t h e  3 2 ~ ( n , p )  F Reaction 

f o r  ENDF/B-I11 

N.D. Dudley and Robert Kennerley 

Argonne National  Laboratory 

The l i t e r a t u r e  examined i n  t h i s  review inc ludes  a l l  refer- 

ences i n  CINDA 7 1  and i t s  Supplements. Four experiments have re- 

ported 3 2 ~ ( n , p )  c ros s  s e c t i o n s  near  t h e  r e a c t i o n  threshold  of 1.6 

MeV. A l l  used the  a c t i v a t i o n  technique and measured r e l a t i v e  t o  a 

f l u x  monitor.  The b e t a  counting of t h e  su lphur  p e l l e t s  appears t o  

be t h e  weakest po r t i on  of these  measurements because of s e l f  ab- 

so rp t ion  and s e l f - s c a t t e r i n g  of b e t a  p a r t i c l e s  i n  the r e l a t i v e l y  

t h i c k  sulphur t a r g e t s .  

The four  d a t a  s e t s  a r e  shown i n  Pig. 1. KLerna and Hanson 

measured r e l a t i v e  t o  a  uranium f i s s i o n  chamber. Neither t h e  i so-  

t o p i c  composition nor  t h e  uranium c ros s  s e c t i o n s  are s t a t e d  s o  

renormalizat ion o f  their r e s u l t s  i s  no t  pos s ib l e .  ~ i s c h e r  meas- 

ured r e l a t i v e  c ros s  s e c t i o n s  and normalized t o  Klema and Hanson. 

Hurlimann and Huber c a l i b r a t e d  a  Hornyack button r e l a t i v e  t o  H(n,p)  

then measured 3 2 ~ ( n , p )  r e l a t i v e  t o  t h e  c a l i b r a t e d  Hornyack detec-  

t o r .  Allen et a l .  measured r e l a t i v e  t o  a  2 3 8 ~ ( n , f )  chamber and 





we have renormalized t h e i r  da t a  ro  the  ENDF/B-III 2 3 8 ~ ( n , f )  c ros s  

s ec t ions .  The s t r u c t u r a l  d e t a i l  a s  seen both by ~ G s c h e r  and 

Hurlimann-Huber is w e l l  reproduced with t h e  exception of a 20-50 

keV d i f f e rence  i n  t he  neutron energy s c a l e .  We have chosen t o  in- 

c rease  the  neutron energy s c a l e  of Hurlimann-Huber by 20 keV be- 

tween 2.2 t o  2.9 MeV and 50 keV f o r  da t a  g r e a t e r  than 3.0 MeV al- 

though t h i s  is not  shown on the  d a t a  p lo t t ed  i n  F ig .  l. With the  

exception of the  2.25 and 2.55 MeV energy region,  t h e  agreement be- 

tween the  four  experiments is reasonably good. 

Af ter  renormalizat ion of the Allen e t  a l .  d a t a ,  good agree- 

ment i s  obtained with Klema and Hanson from 3.4 t o  5.8 MeV. From 

5.8 t o  9.6 MeV d a t a  a r e  only a v a i l a b l e  from Allen.  Between 10.4 

t o  11.6 Santry and But le r  have d a t a  r e l a t i v e  t o  t h e  Allen d a t a  a t  

lower energy. We have renormalized t h e  Santry and Bu t l e r  va lues  

r e l a t i v e  t o  t he  renormalized Allen da t a .  From 13 t o  15 MeV, Allen 

measured the  cross  s ec t ion  abso lu t e ly  by t h e  assoc ia ted  alpha 

p a r t i c l e  technique.  Santry and But le r  measured r e l a t i v e  t o  Allen 

from 12.5 t o  20.3 MeV by normalizat ion a t  14.50 MeV. Both measure- 

ments seem acceptable  without  any renormalizat ion.  

Eight  i nd iv idua l  measurements a r e  repor ted  between 14.0 and 

14.8 MeV. These da t a  have l a r g e  s c a t t e r  b u t ,  i n  gene ra l ,  a r e  con- 

s i s t e n t  (on the average) with both Allen and Santry and But le r .  

These da t a  a r e  shown i n  F i g .  2 with error bars a ~ t a c h e d ,  Above 15  

MeV our eva lua t ion  follows t h e  Santry and But le r  da t a .  
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Because 3 2 ~ ( n , p )  has been extensively used as a cross sec t ion  

reference reac t ion ,  we feel additional measurements from threshold 

to 20 MeV are required.  The cross section situation for 3 2 ~ ( n , p )  

i s  n o t  s a t i s f a c t o r y  f o r  i ts  use as a standard. Our evaluation 

consis ts  of a "best" curve and is shown as t h e  solid l i n e  i n  Fig. 

1 and 2. An evaluation by J. Spaepen is also shown and is similar 

to ours up to 15 M e V .  
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46 Evaluat ion of the  4 5 ~ c ( n , y )  Sc Reaction* 

f o r  ENDF/B-LV 

B.A. Magurno and S.F.  Mughabghab 

National  Neutron Cross Sec t ion  Center 

Brookhaven Nat iona l  Laboratory 

Because of t he  importance of 4 5 ~ c  i n  dosimetry app l i ca t i ons  

and i t s  use a s  a f i l t e r  t o  produce a "monoenergetic" neutron beam 

a t  2 . 0  keV an accu ra t e  knowledge of the  cross sect ions  is requi red .  

In  another  srudy'l)  an ana lys i s  and eva lua t ion  of t h o  t o t a l  c ros s  

s e c t i o n  i n  t he  thermal and resonance region was presented.  That 

s tudy is  extended here  t o  include t h e  capture  c ros s  s e c t i o n  from 

the  thermal region t o  20  MeV. 

The only capture  c ross  s e c t i o n  data s e t s  (o the r  than  thermal) 

a v a i l a b l e  a t  t he  time of this evalua t ion  were those of Romanov (2)  

(3 )  (average c ros s  s e c t i o n s  a s  func t ion  of energy) Perkin , 

~sikai'~' , and Booth. (5' This l a ck  of d a t a  caused almost comple t e  

dependence on a m u l t i l e v e l  Breit-Wigner c a l c u l a t i o n  us ing  t h e  code 

RE SEND'^) fo r  the  thermal  and resonance reg ion  c ros s  section 

evalua t ion .  

A s  a s t a r t i n g  p o i n t ,  t h e  resonance parameters recommended i n  

BNL-325 (1973) were adopted. Since t h e  sp in  and p a r i t y  of t h e  

ground s t a t e  of t h e  t a r g e t  nucleus a r e  7/2-, s-wave neutron cap- 

tu re  by Sc-45 forms compound s t a t e s  wi th  sp ins  and p a r i t i e s  3- 

*Research supported by U. S . Energy Research and Development 
Adrninis t r a ~ i o n .  



and 4 - .  The sp ins  of t he  resonances below 10 keV were no t  de- 

termined. I n  add i t i on ,  thermal capture  y r a y  s p e c t r a  measure- 

(8) ments of ~ o l o t i n " )  and Delang e t  a l .  give some, but inconclu- 

s i v e ,  i nd ica t ion  t h a t  t h e  sp in  of the  bound l e v e l  is poss ib ly  3 .  

This is  based on t h e  observat ion of a  primary t r a n s i t i o n  t o  a low 

ly ing  s t a t e  a t  142 keV with sp in  and p a r i t y  1- and t h e  lack  of 

t r a n s i t i o n s  t o  s e v e r a l  low l y i n g  s t a t e s  with poss ib l e  s p i n  and 

p a r i t y  of 5+. It must be pointed out  t h a t  ar the  s t a r t  of the  

eva lua t ion ,  thermal. neutron p o l a r i z a t i o n  d a t a  which i s  important 

i n  shedding l i g h t  on t h e  coherent and incoherent  c ros s  s ec t ions  

and the spin of the bound l e v e l ,  were not  ava i l ab le .  

The t o t a l  c ross  s ec t ion  i n  the  energy range 3-10 keV was  

ca lcula ted  and compared wi th  the  experimental da ta .  The sp in  of 

the resonances a t  3.24, 4.27, 6 .59,  7.92, 8.90, 11.7 keV were 

found t o  be 3 ,4 ,3 ,4 ,3 ,4  r e spec t ive ly .  With such a choice f o r  t h e  

spins, s e v e r a l  at tempts were made t o  reproduce the  minimum a t  2.0 

keV on the  assumption t h a t  t he  sp in  of the bound l e v e l  is  3. How- 

ever,  t h e  b e s t  f i t  i n  t h e  region of the  minimum i n  t h e  t o t a l  c ross  

s ec t ion  was achieved by adopting a  sp in  4 fo r  the  bound l e v e l .  

With the  a id  of t h e  resonance parameters determined from 0 
t 

the  p a r t i a l  c ross  s ec t ions  can be ca l cu la t ed .  O f  p a r t i c u l a r  

i n t e r e s t  i s  the  comparison of t he  ca lcula ted  thermal c ross  sec- 

t i o n s  with the  experimental  c ross  s ec t ion  recommended i n  

BNL-325") and more r ecen t ly  repor ted  r e s u l t s  of Dilg. (10) As 

can be seen (Table I) t h e  r e s u l t s  are i n  e x c e l l e n t  agreement. 



Table I 

ENDF / B-zv ENI)F/B-IV 
BNL- 3 25 Evaluation Dilg. Evaluation 

The average data set of ~omanov(*)  ( t o  40 keV) and t h e  Booth (5) 

datum (20 keV) were n o t  used s i n c e  they  f e l l  i n s i d e  t h e  r e s o l v e d  

energy reg ion .  The d a t a  of ~ e r k i n ' ~ )  (. 15-15 MeV) and C'sikai ( 4 )  

(15 MeV) were used a s  guides  f o r  ex tend ing  t h e  c a p t u r e  c r o s s  

s e c t i o n  from 0.1 MeV (upper  end of t h e  r e s o l v e d  energy reg ion)  t o  

20 MeV. The e v a l u a t i o n  is a smooth curve  approximat ing t h e  d a t a  

of P e r k i n  and Csikai. 
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An Evaluat ion of t he  (n,p)  and (n,np) Reactions 

of the I so topes  of Titanium f o r  ENDF/B-IV 

B.A. Magurno 

NNCSC 

Brookhaven National  Laboratory 

Threshold d e t e c t o r s  genera l ly  use elemental  t i tan ium r a t h e r  

than i s o t o p i c a l l y  enriched samples n e c e s s i t a t i n g  the  evalua t ion  of 

a l l  t he  (n,p) , (n,np) , (n,pn) and (n,d)  r eac t ions  of t he  major 

con t r ibu t ing  i so topes  sepa ra t e ly .  4 9 ~ i  and 5 0 ~ i  w i l l  not  be d e a l t  

wi th  he re  s ince  they a r e  both approximately 5% abundant and have 

small  c ros s  s ec t ions .  The (n,np),  (n,pn) and (n,d) r eac t ions  w i l l  

be lumped together  and h e r e a f t e r  called (n,np).  The energy range 

w i l l  be divided i n t o  t h r e e  regions .  Region I i s  t h a t  of threshold  

t o  7 MeV. Region 11, 7 t o  12 MeV and Region 111, 12-20 MeV.  

4 6 ~ i  ( I I , ~ ) ~ ~ s c .  

4 6 
The 4 6 ~ i ( n , p )  Sc r eac t ion  is  use fu l  as a dosimetry ma te r i a l  

because of its long h a l f  l i f e  and simple mode of decay ( i . e .  83.8 

days,  0.89 MeV y). This  c ros s  s e c t i o n  i s  considered one of t h e  

primary r eac t ion  necessary i n  t he  ILRR program. u n t i l  re-  

cen t ly  the  only da t a  s e t s  a v a i l a b l e  i n  Region I were those of 

~ h o r a i ' ~ )  and Luklc. (3) Ghora i l s  d a t a  was taken on the 3-MeV 

Dynamitron a t  Auburn Univers i ty  and measured r e l a t i v e  t o  2 7 ~ 1  

27 
(n ,p)  Mg of Grundl. (4' Lukic, on the  4-MeV Van D e  GraaEf of the 

University of F lo r ida ,  measured re la t ive  t o  5 6 ~ e  (n,p)  5 6 ~ n ( 5 ) ,  



2 7 ~ l ( n , a ) Z 4 ~ a ( 6 )  and 5 8 ~ i ( n , p ) 5 8 ~ o . ( 7 )  These d a t a ,  however, where 

widely s c a t t e r e d  and had c ros s  s e c t i o n  e r r o r s  of t he  order  of 20%. 

smith(*) has  s l n c e  measured the c ros s  s e c t i o n  from 3-6 MeV on the 

ANL Fas t  Neutron Generator wi th  accurac ies  of about 6%, us ing  en- 

r iched  2 3 5 ~  i n  a f i s s i o n  chamber f o r  E 2 3 MeV and enriched 238u n 

f o r  h igher  energ ies .  This  d a t a  s e t  a lone was used a s  input  f o r  

t h e  eva lua t ion  from 3-6 MeV. From threshold  (1.62 MeV) t o  3 MeV 

(no d a t a  ava i l ab l e )  ~ l a v i c ' ~ )  from Knolls Atomic Power Laboratory 

supp l i e s  "guidance" wi th  model c a l c u l a t i o n s .  

Region I1 has no a v a i l a b l e  d a t a .  Smith of ANL, however, i s  

extending t h e  measurement (above) t o  10 MeV. I f  t he se  c ros s  

s e c t i o n s  being measured a r e  h igher  than t h e  p re sen t  eva lua t ion ,  

they may he lp  t o  so lve  t he  discrepancy between 2 3 5 ~  f i s s i o n  

spectrum averaged c ros s  s e c t i o n  ca l cu l a t ed  from above (10.2 mb) and 

the  p re sen t ly ,  accepted i n t e g r a l  c ros s  s e c t i o n ( l O )  (12.3 mb). 

Region I11 (12-20 MeV) has s e v e r a l  da t a  s e t s  measured a s  a  

func t ion  of energy. ~ i s I c i e n ( l )  accounted f o r  t he  p o s s i b i l i t y  of 

competing r eac t ions  i n  t he  r e x t  ( i  .e.  4 7 ~ i  (n ,np) 4 6 ~ c )  bu t  appar- 

e n t l y  d id  n o t  c o r r e c t  t h e  da t a .  ~ o r m a n n ' s ( ' ~ )  c ros s  s e c t i o n  

measurements a r e  a v a i l a b l e  but  very l i t t l e  information regarding 

the  experiment accompany t h e  r e s u l t s .  The b e s t  d a t a  a v a i l a b l e ,  

us ing  i s o t o p i c a l l y  enriched samples and c o r r e c t i n g  f o r  completing 

r eac t ions  a r e  those  of Pa i .  (I3) The s i x  14 MeV experiments 

(Table 1) range from 203 mb t o  a 520 mb making t h e i r  con t r ibu t ion  

t o  t h e  eva lua t ion  minimal. 
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The model ca l cu la t ion  of S l av ic ,  t he  d a t a  of Smith, P a i  

(heavily weighted), L i sk i en ,  and Bormann were used a s  input  t o  

 SPLINE"^) , a cubic sp l ine(15)  f i t t i n g  program which generated 

t h e  evaluated 4 6 ~ i  (n,p) 4 6 ~ c  ENDFIB-IV cross  s ec t ion  curve. 

4 7 ~ i ,  ( n , ~ ) ~ ~ ~ c ,  4 7 ~ i ( n , n p ) 4 6 ~ c .  

4 7 ~ i ( n , p )  is an exoergic r e a c t i o n  wi th  an apparent threshold  

of a 0.5 MeV. It i s  considered a secondary r eac t ion  i n  the  ILRR 

program. The d a t a  by wi th  t h a t  of Armitage(16) were 

the  determining f a c t o r s  i n  t he  eva lua t ion  of Region I. A s  i n  4 6 ~ i ,  

Ghorai 's  da ta  were deemed too high.  The data  of Gonzales ( I 7 )  seem 

t o  be of d i f f e r e n t  shape and magnitude compared t o  the o the r  ex- 

periments (see curve-3) and were ignored f o r  t h i s  eva lua t ion .  

46 
A s  i n  4 6 ~ i ( n , p )  Sc Region I1 has  no data a v a i l a b l e  but  

measurements by D.L.  S m i t h  are underway. 

Region 111 has only one d a t a  s e t  a s  a funct ion  of energy, 

t h a t  of Pa i .  (I3) The 14 MeV measurements of Cross, (I8) Allan (19) 

and Hillman are i n  genera l  agreement wi th  P a i ,  while  those  of 

Levkovski (21) and Pou la r ik i s  (22) a r e  high.  

The da t a  of S m i t h ,  Armitage, Ghorai,  P a i ,  Hillman, Al lan ,  

Cross, were used a s  i npu t  t o  SPLINE and t h e  c ros s  s e c t i o n  curve 

w a s  generated.  

4 7 ~ i ( n , n p ) 4 6 ~ c  was merely a connection of po in t s  a s  suppl ied  

by P a i  s i n c e  t h i s  i s  t h e  only information ava i l ab le .  



4 7 ~ i  ( r ~ , p ) ~ ~ s c  

o SMITH (ref 10) 

1 - EVALUATION 
[ I T 2 0 ,  

Figure  3 



48Ti(n,p) is  considered a secondary r e a c t i o n  i n  t h e  ILRR (1) 

program. I t  has t he  sma l l e s t  c ross  s ec t ion  o f  the  t i t an ium 

iso topes  construed as importanc i n  che program, but  t h e  h ighes t  

abundance (% 74%). 

The d a t a  i n  Region I are sparse,  c o n s i s t i n g  of a  f e w  p o i n t s  

measured by Smith, (8) Lukic, (') and Choral. (') See 4 6 ~ i  (np) 

above. A l l  t h e  a v a i l a b l e  da t a  s e t s  i n  t h i s  Region were used a s  

input .  

A s  i n  t he  above r e p o r t s  Region I1 has no da t a  bu t  measurements 

t o  10 MeV a r e  underway by D.L. Smith of ANL. 

I n  Region 111 Gabbard (23' measured the  r e l a t i v e  c ros s  s e c t i o n  

a s  a  func t ion  of energy on t h e  U of Kentucky E l e c t r o s t a t i c  Ac- 

c e l e r a t o r ,  and then normalized t o  h i s  own abso lu t e  measurements 

a t  12.98, 13.75 and 16.60 MeV. Vonach (24)  measured t h e  r e l a t i v e  

27 
c ros s  s e c t i o n  a s  a func t ion  of energy and normalized t o  Al(n,a)  

2 4 ~ a  = 111.5 mb a t  1 4 . 7  MeV. ~orrnann ' s ' '~ )  d a t a  was a v a i l a b l e  

but no t  t h e  d e t a i l s  of t h e  experiments. The d a t a  of Bormann, 

Vonach, P a i  and Gabbard were used as input  t o  SPLINE along wi th  

those  of Smith, Ghorai and Lukic. The r e s u l t i n g  curve was no t  

renormalized s i n c e  t he  14 .8  MeV value was approximately t he  same 

as  t h a t  der ived  from a weighted average of the 1 4  MeV experiments .  

(See Table 11). i. e .  66 mb. 

The 4 8 ~ i ( n , n p ) 4 7 ~ c ,  a s  i n  t h e  case of 4 7 ~ i  descr ibed  above, 

w a s  determined by connecting the values indicated by P a i .  
(13) 
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Table I ! 

I 
E (MeV) CJ (mb Reference 1 

1 4 . 0  203 + 21 D.L .  Allen, Muc. Phy. 21, 
274 (1961). 

14.0 240 + 40 Bayhurst and Prestwood, in 
Fast Neutron Physics, Part -- 
11, Interscience Publ., N.Y. 
London (1963). Chapter V 
by Ribe . 

14.5 268 ?r 30 W.G. Cross and H.L. Pai, 
Private Cow. to M.D. 
Goldberg (1963). 

324 ? 30 D.R. Koehler and W.L. A l -  
ford, J. Nucl. En. 18 A / B ,  
81 (1964). 

230 +_ 50 V.N. Levovskii et al., Yad 
F i z  10, 44 (1969). Trans. 
in Sov. J. Nucl. Phys. 10, 
25 (1969). 

14.8 Q 520 A. Poularikas and R.W. Fink, 
Phys. Rev. 115, 989 (1959). 

Table I1 

61 + 10 Bayhurst & Prestwood, Fast 
Neutron Physics, Part 11 
Interscience Publ. , N .Y. 
London (1963) Chapter V by 
Ribe. 

Hillman, Nuc. Phys. 37, 78 
(1962). 

14.5 93 * 33 Paul & Clark, Can. J. Phys. 
31, 267 (1953). - 

5 5 Koehler et al., J. Nuc. 
Energy 18, 81 (1964) .  

80 ? 4 Crumpton, J. Inorganic & 
Nuc. Chem. 31, 3727 (1966). 

70 + 6 Prasad et al., Nuova Cim. 
3A, 467 (1971). 

58 +_ 8 Poularikis et al., P.R. 115, 
989 (1959). 

14.8 63 + 6 Levkovskii et .a1 . , Yad F i z  
10, 41 (1969). - 
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f o r  ENDF/B-fV 

B.A. Magurno and H. Takahashi* 

WNCSC 

Brookhaven National  Laboratory 
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The 55~n(n ,2n )  Mn c ross  s e c t i o n  was one of t he  r eac t ions  t o  

be supplied by the  Cross Sec t ion  Evaluation Working Group (CSEWG) 

f o r  t h e  In t e r l abora to ry  LMFBR Reaction Rate Program (ILRR). This  

r eac t ion  was l a t e r  incorporated i n t o  a complete i s o t o p i c  eva lua t ion  

f o r  ENDFIB-IV by H. Takahashi. The desc r ip t ion  of the  evalua t ion  

(below) was ex t r ac t ed  from the  f i n a l  r e p o r t .  11) 

The (n,2n) a c t i v a t i o n  c ros s  s e c t i o n  of ~n~~ i n  the  neutron 

range from 12.6 t o  19.6 MeV has been measured by Menlove e t  a l .  (2)  

and A .  Paulsen,  and H. Liskien.  t3) The o the r  d a t a  f o r  the cross  

s ec t ions  were obtained e i t h e r  a t  one energy around 14 MeV o r  

measured over t h e  f i s s i o n  neutron spectrum. ( 4 )  

Paulsen and L i sk ien ' s  da t a  a r e  about 15% higher  than the  Men- 

I 
love da t a  and a l s o  show smal l  f l u c t u a t i o n s .  The Paulsen and Lis- 

1 kien  experiment was performed by us ing  a proton r e c o i l  te lescope  

1 t o  measure the  abso lu t e  f l u x ,  and t h e  Menlove d a t a  a r e  obtained 

i from t h e  r a t i o  measurements t o  t h e  f i s s i o n  c ros s  s ec t ion .  

These c ros s  s ec t ions  were evaluated by comparing these with 

1 the  r e s u l t s  ca lcula ted  by using t h e  nuclear  model codes GROGI- 

/ *Now a t  Tokyo I n s t i t u t e  of Technology. 

?Submitted t o  t h e  normalizat ion and s tandards  subcormnittee Oct. 
1973. This eva lua t ion  has s i n c e  been incorporated i n t o  the  
ENDFIB-IV General Purpose F i l e .  



0 0  

- 

0 PAULSEN JNE A/B 19,90765 
o MENLOVE P.R. 163,1308 6 7  
0 BORMANN NP A130,195,69 

0.4 /- / WENUSH OSA 99, \ , 6 2  4 
A WEIGOLD AUS.J.PHYS. 13,186,63 
r BENVENISTE GENEVA 2,15,3,58 

4 CSlKAl AHP 23,87, 6 5  
NIX ANN. PROG. RT. ARK. 

+ BARRALL NP 138 3 8 7  69  
+ GRANGER P.C. I 9 6 3  
(OFF SCALE)a,,, = 1.316 

Figure I 

There a r e  no experimental da t a  near  t he  threshold  energy, 

(Q= -10.225 MeV) and GR@GI-I11 code cannot t r e a t  t h e  d i s c r e t e  

exc i t ed  l e v e l ,  so  t h a t  t he  c ross  s ec t ions  near  t he  threshold were 

c a r e f u l l y  evaluated by using the  t ransmission c o e f f i c i e n t s  obtained 

from o p t i c a l  model ca l cu la t ions .  
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Evalua t ion  of t h e  5 4 ~ e ' ( n , p )  Mn React ion 

For ENDFIB-I11 Dosimetry F i l e  

R.E. Schenter  - August 1973 

Hanford Engineering and Development Laboratory 

The l i t e r a t u r e  reviewed i n  t h i s  eva lua t i on  i nc ludes  a l l  r e f e r -  

ences i n  CINDA 72 and i t s  supplements p lu s  papers  de sc r ib ing  

r ecen t  measurements by Smith and Meadows and Paulsen and Widera. 

Fig. 1-5 show the  eva lua t i on  made ( s o l i d  curve)  t oge the r  wi th  

a v a i l a b l e  experimental  d a t a  and some prev ious  eva lua t i ons .  Below 

2.5 MeV Smith and Meadows and Paulsen and Widera va lues  were used 

d i r e c t l y  (Fig.  1-2). Between 2.5 and 6.0 MeV Smith and Meadows 

r e s u l t s  were d i r e c t l y  used (Fig.  3 ) .  Smith and Meadows r e s u l t s  

were normalized r e l a t i v e  t o  t he  ENDFIB-III 2 3 5 ~  f i s s i o n  c ro s s  

s ec t i on .  Above 6.0 MeV a smooth "eye-guide" curve was cons t ruc t ed  

(Fig.  4-5) which f e l l  between previous eva lua t i ons  (6-13 MeV) and 

numerous exper imenta l  r e s u l t s  (13-17 MeV). 

Figure 1 Figure 2 
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5 6 Evaluat ion of t h e  '%e(n,p) Mn Cross Sec t ions  

f o r  ENDF/B-111 

N.  D. Dudey and Robert Kennerley 

Argonne National  Laboratory 

The l i t e r a t u r e  examined i n  t h i s  review inc ludes  a l l  refer- 

ences i n  CINDA 7 1  and i t s  supplements p l u s  some very r e c e n t  meas- 
I 

urements near  t he  r e a c t i o n  threshold .  A l l  r e fe rence  c ros s  sec- 
I 

I t i o n s  have been renormalized t o  ENDF/B-111 c ros s  s e c t i o n s  and 

I weighted leas t - squares  f i t t i n g  rou t ines  were used t o  sys temat ize  

i the eva lua t ions .  

I V i r t u a l l y  all measurements on 5 6 ~ e  used t h e  a c t i v a t i o n  tech- 

I nique t o  de te rmine  56& in ac r iva t ed  n a f u r a l  i r o n  samples. As a 

I r e s u l t ,  t h e  57~e(n,np+d) and 5 8 ~ e ( n ,  t )  c ros s  s e c t i o n  con t r ibu t ions  

t o  5 6 ~ n  a r e  included i n  t h e  measurements. For dosimetry purposes,  

/ elemental  i r o n  i s  usua l ly  used,  s o  t h e  eva lua ted  c ros s  s e c t i o n s  

I a r e  app rop r i a t e  f o r  t h i s  app l i ca t i on .  It should be recognized 

however, t h a t  t h i s  eva lua t ion  is n o t  s t r i c t l y  5 6 ~ e ( n , p ) .  Chit ten-  

1 
den has measured the 57~e(n,np) cross s e c t i o n s  a t  14.8 MeV t o  be  

6 . 1  mb. From this r e s u l t  i t  can be  concluded t h a t  below about 15 

MeV con t r ibu t ions  t o  t h e  5 6 ~ n  a c t i v i t y  a r e  n e g l i g i b l e  (<0.3%) but 

above 15 MeV they may be more s i g n i f i c a n t .  

The eva lua t ion  approach is l a r g e l y  based upon a s u b j e c t i v e  

analysis of t h e  experimental  t echn ique .  From t h i s  a n a l y s i s  a 

I 
weighting f a c t o r  was assigned t o  each of t he  repor ted  r e s u l t s .  

The next  s t e p  was t o  r e l a t e  a l l  r e l a t i v e  measurements t o  ENDF/B-I11 



cross  s e c t i o n s  i f  a monitor r e a c t i o n  was used. Sant ry  and Bu t l e r  
2 

measured r e l a t i v e  t o  t h e  3 2 ~  (n ,p)  r e a c t i o n .  The measurement was 

renormalized t o  the  eva lua t ion  of 3 2 ~  (submitted t o  the  t a sk  f o r c e  

working group) which was e s s e n t i a l l y  r e l a t i v e  t o  the 2 3 8 ~  (n ,f) 

reac t ion .  Lisk ien  and ~ a u l s e n ' ~ )  e s s e n t i a l l y  measured r e l a t i v e  t o  

H(n,p) and no renormal iza t ion  was necessary.  ~ r u n d l ' ~ )  and 

~ e a d o w s ' ~ )  measured r e l a t i v e  t o  2 3 8 ~ ( n , f )  and both s e t s  of d a t a  

were renormalized t o  ENDF/B-111. ~ u z z o c r e a ' ~ )  r e p o r t s  a  number of 

measurements f o r  5 6 ~ e  and s e v e r a l  o the r  c ros s  s e c t i o n s  inc luding  

27~l(n,a) between 13.7 and 14.7 MeV. I n  genera l ,  a l l  of t h e i r  re-  

s u l t s  w e r e  high; a f l u x  c a l i b r a t i o n  problem was  assumed and t h e i r  

5 6 ~ e  d a t a  was renormalized by r e l a t i n g  t h e i r  * ' ~ l ( n , a )  r e s u l t s  to 

t h e  r ev i sed  eva lua t ion  of 2 7 ~ 1  provided by P .G. Young. Heming- 

way(8) repor ted  5 6 ~ e  r e s u l t s  by t h e  assoc ia ted  alpha p a r t i c l e  

technique so no renormal iza t ion  w a s  necessary.  

Fourteen ind iv idua l  measurements ( 9 -22 )  a r e  repor ted  f o r  t h e  

energy region 14-15 MeV. Bonnann (23) has measured r e l a t i v e  5 6 ~ e  

c ros s  secrions and normalized t o  a va lue  of 112.5 a t  14 .1  MeV. 

S imi l a r ly ,  T e r r e l l  and Holm ( 2 4 )  normalized t h e i r  r e l a t i v e  d a t a  t o  

a  value of 110 mb a t  1 4 . 3  MeV. A l l  d a t a  between 13.5 and 15 MeV 

were f i t ,  weighted according t o  an i n  house assessment, t o  ob t a in  

renormalizat ion values f o r  Bormann and Terrell-Holm. The renor- 

I 

I 
mal iza t ion  va lues  were 110.3 and 108.8, r e spec t ive ly .  

Breses t  i (25' and Fabry ( 2 6 )  both measured a number of spectrum 

averaged c ros s  s e c t i o n  r a t i o s  i n  a thermal neutron induced 235u 



based upon Liskien-Paulsen and Santry-Butler and determined t h e  

magnitude based upon i n t e g r a l  r a t i o s  and an assumed f i s s i o n  spec- 

trum. Fabry d id  e s s e n t i a l l y  t h e  same, except  he  allowed t h e  

shapes t o  vary  i n  an i l l - de f ined  way t o  e s s e n t i a l l y  measure 5 6 ~ e  

r e l a t i v e  t o  6 o the r  c ros s  s e c t i o n s  Inc luding  2 3 5 ~ ( n , f ) .  An ad- 

justment t o  Fabry's 5 6 ~ e  d a t a  was made by renormalizing h i s  re- 

por ted  2 3 5 ~ ( n , f )  d a t a  t o  t h e  END??/=-111 evalua t ion .  

F ina l ly ,  a l l  renonnalized c ros s  s ec t ions  were weighted ac- 

cording t o  a  s u b j e c t i v e  ana lys i s  and l e a s t  squares  f i t  t o  ob t a in  

the  eva lua ted  e x c i t a t i o n  func t ion .  Figures 1 and 2 show a l l  t h e  

renormalized da t a  toge ther  wi th  t h e  evaluated curve. The evalu- 

a t ed  c ross  s e c t i o n s  a r e  t abu la t ed  i n  Table I using an energy g r i d  

such t h a t  a  l i n e a r  i n t e r p o l a t i o n  between po in t s  w i l l  r e s u l t  i n  

a n e g l i g i b l e  e r r o r .  I n  Fig.  3 a comparison is shown of t h i s  eva l -  

ua t ion  t o  those of Kanda and Nakasima C27) and the SAND-11 evalu- 

ated l i b r a r y .  (28) A l l  three eva lua t ions  a r e  very s i m i l a r  up t o  

about 15 MeV where SAND-I1 begins t o  dev ia t e  s i g n i f i c a n t l y .  

On the  b a s i s  of t h i s  eva lua t ion ,  i t  is f e l t  t h a t  t he  shape of 

t he  e x c i t a t i o n  func t ion  is  e s t a b l i s h e d  with cons iderable  confidence 

and the  magnitude of t h e  c r o s s  s e c t i o n s  seems t o  be e s t a b l i s h e d  t o  

w i th in  about 25%. For dosimetry app l i ca t i ons  t o  LMFBR-type neu- 

t ron  s p e c t r a ,  no f u r t h e r  experimental  work would seem necessary.  
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Evaluat ion of t h e  5 8 ~ e ( n , y )  Fe Reaction 

For ENDF /B-IV Dosimetry F i l e  

R.E. Schenter - October 1973 

Hanf ord Engineering and Development Laboratory 

The l i t e r a t u r e  reviewed i n  t h i s  eva lua t ion  inc ludes  a11 r e f -  

erences i n  CINDA 72 and i t s  supplements p lus  t h e  t h e o r e t i c a l  

ca l cu la t ions  o f  Green e t  a l .  The thermal va lue  of 1.18 

taken from Fabry e t  a l .  Resolved resonance parameters f o r  both s 

and p waves were obtained from Hockenbury e t  a l ,  and w e r e  pu t  i n t o  

F i l e  2.  Above 32 keV t h e  c ros s  s e c t i o n  is described i n  F i l e  3 

using t h e  r e s u l t s  of a Hauser Feshbach ca l cu la t ion  made with t h e  

NCAP code of Schmit troth.  For t hese  ca l cu la t ions  the  Moldauer 

Opt ica l  P o t e n t i a l  was used with I? = 0.200 and Dobs = 22860 eV. 
Y 

The NCAP r e s u l t s  were lowered 10% t o  give b e t t e r  agreement with 

i n t e g r a l  r e s u l t s  from CFRMF repor ted  by Rogers and Millsap.  No 

microscopic capture  measurements above 20 keV have been repor ted  

f o r  t h i s  i so tope ,  
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Evaluat ion of 5 9 ~ o ( n ,  6 0 ~ o ,  

58 56 5 9 ~ o ( n , 2 n )  Co, 5 9 ~ o ( n a )  Mn. For EMIF/B-IV 

T .  J. Krieger ,  (BNL) , A.B. Smith, D .I,. Smith (Am) and 

J . D .  Jenkins (ORNZ) 

The present  eva lua t ion  of Co-59 (n,y) f o r  ENDFJB IV c o n s i s t s  

of two p a r t s ,  an evalua t ion  below 100 KeV by T.J .  Krieger ,  

Brookhaven National  Laboratory, and one above 100 KeV by A.B. 

Smith and D.L. Smith, Argonne National  Laboratory. 

A .  5 9 ~ o ( n , y )  eva lua t ion  below 100 KeV, T.3. Kreiper ,  BNI,. 

-5 
The Resonance region  has been extended from 10 eV -36 keV 

i n  ENDP/B-111 t o  loa5 eV - 100 keV f o r  ENDF/B-IV. However, t h e  

lfst of resonances extends t o  119 keV. There is  no unresolved 

region. Care has been taken t o  t i e  i n  smoothly with the  evalua- 

t i o n  above 100 keV. 

The resonance parameters were taken from t h e  r e c e n t l y  pub- 

l i s h e d  new e d i t i o n  of t h e  BNL 325 compilation (Ref. 1 )  with the  

fol lowing modificat ions:  

(1) The e f f e c t i v e  s c a t t e r i n g  r ad ius  R' was increased 

from 5.3f (Ref. 1) t o  6.8f i n  o rde r  t o  improve the f i t  of the  

t o t a l  c ros s  s e c t i o n  between resonances with the d a t a  of J. Garg 

et a l .  ( R e f .  2 ) .  

(2) The change i n  R '  mentioned above e n t a i l e d  a change 

i n  the  bound s t a t e  parameters. These a r e  determined by f i t t i n g  t o  

t he  experimental va lues  (Ref. 1) of t h e  thermal s c a t t e r i n g  and 



thermal capture  c ros s  s e c t i o n s  and of the  coherent  s c a t t e r i n g  

amplitude. 

(3)  Unknown J-values were assigned t h e  va lues  3 o r  4 a t  

random, an attempt being made t o  keep t h e  l e v e l  d e n s i t y  pro- 

p o r t i o n a l  t o  2J+1. 

( 4 )  To improve the  f i t  with t h e  d a t a  of Ref. 2 ,  a few 

resonances i n  Ref. 1 were el iminated completely and some i n  the  

high energy region  were s h i f t e d  s l i g h t l y .  

( 5 )  Unknown gamma widths ( f o r  resonances between 18.92 

keV and 90 keV) were assigned t h e  va lue  I'yz0.48 eV. Above 90 KeV 

gamma width was increased  t o  1.55 eV i n  order  t o  improve the  f i t  

t o  capture  d a t a  and t o  smooth the t i e - i n  wi th  t h e  eva lua t ion  above 

100 keV . 
Using t h e  resonance paramerers of Ref. 1 with the  above modi- 

f i c a t i o n s ,  Breit-Wigner mul t i - leve l  calcuLations were performed 

and compared wi th  the d a t a  of Ref. 2 .  The f i t  was gene ra l ly  

very good. However, f o r  f u r t h e r  improvement, a small background 

con t r ibu t ion  (no l a r g e r  than +-lb below 95 KeV) t o  t h e  e l a s t i c  

s c a t t e r i n g  cross s e c t i o n  was introduced i n  se l ec t ed  energy regions 

of F i l e  3. The capture  c ros s  s e c t i o n  was not  assigned a F i l e  3 

background con t r ibu t ion  . 
The thermal (0.0253 eV) c ros s  s e c t i o n  ca l cu la t ed  from F i l e s  

2 and 3 fol lows:  

Thermal capture  c ros s  s e c t i o n  = 3 7 . 2 2  barns 

This  value is within t h e  l i m i t s  given in Ref. 1. 

The resonance capture  i n t e g r a l  (lower l i m i t  = 0.5 eV) calcu- 



l a t ed  from F i l e  2 is  76.7 barns which i s  within the l i m i t s  given 

i n  Ref. 1. 

3. 5 9 ~ o  evaluation 0.1 - 20 MeV, A.B. Smith and D.L. Smith, ANL.* 

The (n,y) Reaction 

The cross sec t ions  f o r  t h i s  process have been measured by 

ac t iva t ion  and by prompt gamma-ray detect ion techniques. There 

is a metastable s t a t e  i n  the res idua l  6 0 ~ o  nucleus bu t  the  isomer 

r a t i o  has been determined a t  a number of incident  energies by 

~ a u l s e n ' ~ )  and thus the  t o t a l  (n,y) cross  sec t ion  can be reason- 

ably deduced using ac t iva t ion  techniques. Johnsrud e t  a1. '7) have 

determined the  isomer ac t iva t ion  cross  sec t ion  a t  a number of 

energies up t o  2.0 MeV. Their r e s u l t s  have been corrected t o  

obtain the  t o t a l  (n,y) cross  sec t ion  using the isomer r a t i o s  of 

Paulsen. Paulsen has measured the (n,y) cross sect ions  a t  approxi- 

mately 2.0, 6.0 and 1 4  MeV. The Johnsrud e t  a l .  and Paulsen 

measurements are i n  agreement i n  the  region of overlap near 2.0 

MeV. Rigaud e t  a1. (8) determined a 14.8 MeV cross sect ion from 

observation of prompt gamma-ray emission. Their value is only 

about half  t h a t  of Paulsen but  both a r e  small (< 2.5mb). 

The avai lable  experimental information is  sparse  but  i t  does 

provide reasonable guidance f o r  the  present  evaluation i l l u s t r a t e d  

i n  Fig. 1. The evaluation follows the  small  s t r u c t u r e  near 0.5 

MeV reported i n  Ref. 7. The in te rpo la t ion  from measurements a t  

6.0 t o  those a t  14.0 MeV is  e s s e n t i a l l y  l i n e a r  with l i t t l e  slope.  

The avai lable  experimental information seems t o  preclude any ap- 

*Extracted from P.T. Guenther e t  a l .  ( ~ e f .  3). 
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Figure  1 

preciable g iant  resonance behavior between 2.0 and 14.0 MeV. 

Above 1 4  MeV the  evaluation slowly increases.  Such a behavior is  

q u a l i t a t i v e l y  consis tent  with a small  contribution from d i r e c t  

capture. The evaluation compromises between measured r e s u l t s  near 

14.0 MeV. The evaluation has some uncer ta in t ies  but  the cross 

sect ions  a r e  generally small  and as  a consequence credi table  

e r r o r s  w i l l  not  ser iously  influence most appl ica t ions .  

The present  (n,y) evaluation i s  grossly d i f f e r e n t  from t h a t  

of ENDF, MAT-1118 as  i l l u s t r a t e d  i n  F ig .  1. No experimental 

evidence jus t i fy ing  the ENDF-I11 r e s u l t  over much of the energy 

range could be found. 

The (n,2n) Reaction 

The product nucleus, 5 8 ~ o ,  has an isomeric s t a t e  which, 

for tunate ly ,  decays primarily by i n t e r n a l  conversion. Thus, with 

reasonable care ,  activation methods have been used t o  give good 

results. 

The avai lable  experimental Information was divided i n t o  three  

s e t s .  The f i r s t  of these was judged most r e l i a b l e  by experimental 
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e r r o r ,  d e t a i l  and consistency,  both i n t e r n a l l y  and with o the r  

s e l ec t ed  s e t s .  I n  t h i s  f i r s t  group were t h e  r e s u l t s  of Cabe e t  

a1. ('), Granger and ~ongneve('O), Bornann e t  a l .  (omit t ing the  

lowest energy poin ts )  (11) , Wenusch e t a1 . ("), Bormann e t  a l .  (13) 3 

Wenusch and ~ o n a c h  (14) , Paulsen and ~ i s k i e n ' ' ~ )  , and Goodwin and 

C,arter(16). The second s e t  of d a t a  was given l e s s  cons idera t ion  

i n  t h e  eva lua t ion  and cons is ted  of the  r e s u l t s  of Decowski e t  

a 1  . ( I 7 ) ,  Weigald e t  a l .  (18), and Jeronymo e t  a l .  (19). The t h i r d  

s e t  of da ta ,  cons i s t i ng  of the  r e s u l t s  of Refs. 20 t o  23, was not  

accepted f o r  t h i s  eva lua t ion  due t o  l a r g e  d iscrepancies  wi th  t h e  

body of a v a i l a b l e  information and/or l a r g e  u n c e r t a i n t i e s .  I n  

some ins t ances  the  va lues  of the t h i r d  set were not reasonably 

cons i s t en t  with ~ ~ s t e m a t i e s ( ~ ~ )  and/or were obviously much t o o  

small .  The experimental  information of a l l  t h r e e  s e t s  is summa- 

r i z e d  i n  Fig. 2. 

Giving most weight t o  the  f i r s t  d a t a  group (above) and, 

p a r t i c u l a r l y ,  t h a t  of Ref. 15 ( a s  i t  is d e t a i l e d  and of high 

V ref 12 x ref 20 
ref I3 ref21 

J ref 15 V ref 22 
," ' ,r- - --6 -3 

E , (MeV) 

Figure  2 



prec is ion)  a curve w a s  cons t ruc ted  through the measured va lues .  

This curve i s  r ep resen ta t ive  of experimental values a s  shown i n  

Fig. 2 and was used i n  the present eva lua t ion .  The choice of 

t h i s  curve was sub jec t ive .  However, more l o g i c a l  approaches may 

be deceptive i n  t h i s  i n s t ance  a s  some d a t a ,  repor ted  with the 

highes t  p rec i s ion ,  are obviously i n  e r r o r .  Furthermore, some merft 

should be given t o  demonstrated r e l i a b i l i t y  of p a r t i c u l a r  labo- 

r a t o r i e s  and/or methods. These a r e  sub jec t ive  judgments. 

Apparently t h e  energ ies  of the emit ted neutrons have not  been 

measured. Therefore,  we assume an evaporat ion d i s t r i b u t i o n  w i t h  

a temperature somewhat "softer" than that of the (n ,n' ) process.  

The present  eva lua t ion  and t h a t  of ENDF, MAT-1118 a r e  compared i n  

F ig .  2 .  There is not a great d e a l  o f  d i f f e rence  though the pre- 

s e n t  eva lua t ion  c l e a r l y  i s  more d e s c r i p t i v e  of measurements a t  

lower energ ies .  

C. 5 9 ~ o  (na) 56fi waluation, J.D. Jenkins ,  ORNL. 

Several  s e t s  of consistent data ex is t  f o r  this r eac t ion .  

The ENDFIB Version IT1 (MAT 1118) r ep resen ta t ion  foLlows the 

general shape of  t h e  da t a  a t  energies above 8 MeV but  does not  

represent the experimental shape below t h a t  energy. It is evident 

from Fig .  3 that the ENDF/B straight line r ep resen ta t ion  from 6.5 

t o  8 MeV can be Improved upon. 

Bresesti et al. ( R e f .  5)  have evaluated t h i s  r e a c t i o n  c ros s  

section and t h e i r  eva lua t ion  appears  on F igs .  3 and 4. It appears  

t o  fol low the d a t a  more c lose ly  in the lower energy range and re- 
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Figure  4 
5 6 7 8 

E, (MeV1 

Figure 3 

produces the  experimental threshold  a t  %5 MeV while t h e  ENDF/B 

eva lua t ion  is  zero up t o  5.5 MeV. A t  h igher  energ ies  the B r e s e s t i  

eva lua t ion  and ENDF/B Version 111 evalua t ions  a r e  s i m i l a r .  

The eva lua t ion  of B r e s e s t i  e t  a l . ,  t h e r e f o r e  is adopted t o  

r ep resen t  this r e a c t i o n  and replaces  the  cu r ren t  eva lua t ion  

of 5 9 ~ o ( n , a )  f o r  ENDF/B Version IV. 
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ENDF/B MATERIAL NO. 6199 

COBALT-59 RESOHANCE D A T A  

[S0TDPE- - - - - - - - - - - - - - - - - - - - - .C~BALTT5g  RESONPNCE PARlMETERS 

rRACTIONAL AYUYDANCE--------- 1-000flE.00 
NUMBER Of ENEROY RANGLS------ 1 

ENERGY RANGE NUMBER---------- I RESOLVED M U L ~ I L E V E L  EREIT-WlCNSR PARAMETERS 
LOWER ENERGY L I M I T  LEV)------ 1 .0000E-05 
UPPER ENERGY L l n I r  IEV I - - - - - -  I . E ~ B ~ E + ~ S  
NUCLEAR SPIN-------------.--- 

- -- - - -  
3 . 5 0 0 0 E * 0 0  

S P I N  SCATTERING LEhGTH ( A * ) - -  6 .800nE-01 
HUHBER OF L S T I T E S - - - - - - - - - - -  1 

L V A L U E - . - - - - - - - - - - - - - - - - - - - .  
WUMBER OF RE?ONANCES--------- 
S P I N  SCATTERING LENGTH ( A - I - .  0, 





IN
TC

R
P

O
LA

TI
O

N
 

LA
N

 B
ET

W
EE

N
 

E
N

E
R

G
IE

S
 

RA
NG

E 
$E

S
C

R
P

T
IO

N
 

1
 T

O
 

21
 

Y 
L
1
N
L
4
R
 

I
N

 Y
 

(
N
I
G
A
M
H
A
)
 

N
EU

TR
O

N
 

C
R

O
S

S
 
S
E
C
T
I
O
N
 

N
E

U
TR

O
N

 
C

R
O

SS
 

9E
C

T
lO

N
S

 
18

0E
Xm

 
EN

En
C

Y 
G

RO
SS

 
SE

CT
KO

N 
E

N
E

R
C

Y
 

C
R

O
S

S
 
S
E
C
T
I
O
N
 

E
 V 

S
A

R
N

S
 

E 
V 

B
A
R
N
S
 

1
 

l
t

8
0

0
~

~
~

0
5

 
t3

.L
0B

B
E

*0
0 

1
,O

B
R

IE
*0

0
 

0
.0

0
P

0
€

*0
0

 
b 

3
+

0
0

0
8

E
*0

5
 1

,2
5

8
0

E
-8

2
 

5
,0

0
0

0
E

*0
5

 
Q 

00
80

E
.0

3 
I 

9 
,B

@
B

B
EI

B
S 

8
.4

0
8

8
E

-8
3

 
1

,2
5

8
0

E
*0

6
 

7 
:6

0
0

0
€

-0
3

 
i
b
 

2
,
S
B
B
~
E
b
B
O
 3.

3
0

0
0

E
-8

3
 

4
,0

0
0

B
E

b
0

6
 

2
.5

0
0

0
E

-8
3

 
2

1
 

2
,g

B
P

U
L

c
B

I 
1

.9
0

8
0

E
a

B
S

 

EN
ER

G
Y 

C
R

O
S

S
 

S
E

C
T

IO
N

 
F

V
 

R
A

R
N

S
 

R
EF

ER
EN

C
ES

 
FO

R
 E

X
PE

R
IM

EN
TA

L 
D

A
TA

 

Y
r.

 
72

 
M
O
L
 

67
 

G
EL

 

66
 

G
EL

 

65
 

FA
R 

6
3

 
O

R
L 

6
1

 
B
U
C
 

6
1

 
AN
L 

6
1

 
O
R
L
 

60
 

M
U

N
 

52
 

FA
R 

5
1

 
BN

L 

A
u

th
o

r 

D
ew

or
m

 

P
a

u
ls

e
n

 

V
an

in
b

ro
u

k
x

 

C
a

rr
e

 ' 
M

ac
k

li
n

, 
e

t
 a

l.
 

S
te

p
h

a
n

e
sc

u
, 

e
t

 a
l.

 

M
ea

do
w

s,
 

e
t 

a
l.

 

G
ib

b
o

n
s,

 
e

t 
a

l.
 

W
o

lf
 

A
il

lo
u

d
, 

e
t 

a
l.

 

D
eu

ts
ch

, 
e

t 
a

l.
 

E
N

D
F

IB
 M

A
T
E
R
I
A
L
 
NO

, 
6
1
9
9
 

EN
ER

G
Y 

C
R

O
S

S
 

S
E

C
T

IO
N

 
F

 V
 

A
P

IN
G

 

R
e

fe
re

n
c

e
s 

P
ri

v
. 

C
om

m
. 

(1
9

7
2

) 

Z
. 

£f
ir

 
P

h
y

s.
 

20
5,

 2
26

 
(1

9
6

7
) 

N
uc

. 
S

c
i.

 
&

 E
ng

. 
2
4
,
 

8
7

 
(1

9
6

7
) 

E
A

N
D

C
-(E

) 
-5

7,
 

1
7

1
 (

1
9

6
5

) 

P
h

y
s.

 
R

ev
. 
12
9,
 2

6
9

5
 

(1
9

6
3

) 

R
e

a
c

to
r 

C
on

f.
 

B
u

c
h

a
re

st
, 

p.
 

5
5

3
 

(1
9

6
1

) 

N
uc

. 
S

c
i.

 
&

 E
ng

. 
9

, 
1

3
2

 
(1

9
6

1
) 

P
h

y
s.

 
R

ev
. 
12
2,
 1

8
2

 
(1

9
6

1
) 

N
uk

, 
2,
 2

55
 

(1
96

0)
 

J
. 

P
h

y
s.

 
R

ad
. 
l
3
,
 1

7
1

 (
1

9
5

2
) 

P
h

y
s.

 
R

ev
. 

8
3
, 

10
59

 
(1

9
5

1
) 

EN
ER

G
Y 

C
R

O
S

S
 

S
E

C
T

IO
h

 
F

 u 
a

h
 m

,b
C

 





C
O

~
A

L
T

-
~

P
 

R
E

A
C

T
IO

N
 O

 
VA

LU
E 

3
.3

7
8

8
L

*8
5

 
E

V
 

IK
T

E
R

P
O

L
4T

IO
N

 L
AW

 
B

E
lV

E
E

N
 

E
N

E
R

G
IE

S
 

R 
A
N
G
Z
 

O
E

S
C

R
S

P
I l

ON
 

1
 

TO
 

2
6

 
V

 
LI

N
E

A
R

 
IN

 X
 

K
E

U
TR

O
N

 
C

R
O

S
S

 
S

E
C

T
IO

N
S

 

I~
IA

L
P

H
A

I 
N

EU
TR

O
N

 
C

R
O

SS
 

S
E

C
T

IO
N

 

IN
~

E
X

, 
E

N
E

nG
V

 
C

R
O

SS
 

S
E

C
T

lO
N

 
EN

ER
G

Y 
C

R
O

SS
 

S
E

C
T

IO
N

 
E

V
 

R
A

R
N

S
 

F
U

 
U

IA
N

C
 

EN
ER

G
Y 

C
R

O
SS

 
SE

CT
IO

N 
EV

 
B

A
R

N
S

 
6

r0
0

B
fl

E
)B

b
 

I
I
B
Q
B
B
F
-
B
J
 

8
1

5
0

0
0

E
*%

b
 9

,9
0

8
8

tr
0

3
 

2
1

3
i8

8
E

0
0

7
 

2
a

7
9

8
0

E
'0

2
 

l
l
S
B
B
B
E
*
%
7
 

2
,8

0
0

0
2

"8
2

 
i1

a
9

0
0

~
*r

n
7

 1
,5

2
8

0
e

-8
2

 

E
N

D
F

lB
 

M
A

T
E

R
IA

L
 

N
O

. 
6

1
1

q
 

EN
ER

G
Y 

C
R

O
S

S
 
SE

CT
IO

N 
C

 U
 

R
A

R
N

P
 

E
N
E
R
G
Y
 

C
R
O
S
S
 S

EC
TI

ON
 

E 
V 

R
A

R
N

S
 





5 7 
58Ni  (n,2n) N i  Reaction f o r  ENDFIB-IV* 

M. R. Bhat 

NNCSC 

Brookhaven National  Laboratory 

There a r e  ex tens ive  d a t a  on t h e  (n,2n) cross-sect ion of 5 8 ~ i  

from i t s  threshold  of 12,415 MeV t o  20 MeV. The most ex tens ive  

d a t a  covering a wide range a r e  by Paulsen and ~ i s k i e n '  and by 

L Bormann e t  a l .  Paulsen determined the  (n,2n) c ross-sec t ion  from 

12.98 t o  19.6 MeV by the a c t i v a t i o n  method and t h e  measurement of 

t he  a n n i h i l a t i o n  r a d i a t i o n  wi th  an accuracy of about 7%. The ac- 

t i v a t i o n  experiments of Bormann measured t h e  gamma and pos i t ron  

a c t i v i t i e s  with a NaI(T1) d e t e c t o r  and a y-y coincidence spectro-  

meter and have a comparable accuracy and extend from 12.95 t o  19.6 

MeV. A s  can be seen from Fig .  1, though these  two s e t s  of da t a  

a r e  i n  good agreement wi th  one another  below 16 MeV, they d iverge  

above t h i s  energy wi th  t h e  Paulsen d a t a  being l a r g e r  by a s  much 

a s  1 2 %  o r  approximately two standard dev ia t ions .  Two o the r  d a t a  

s e t s  which extend up t o  20.0 MeV; one by Prestwood and Bayhurst 
3 

4 
and the  o t h e r  by Jeronymo e t  al. . Prestwood and Bayhurst counted 

the 5 7 ~ i  6 p a r t i c l e s  and used 2 3 8 ~  f i s s i o n  cross-sect ions t o  

monitor t h e  neutron f lux .  These d a t a  agree with the  general  t rend  

of o the r  measurements up t o  about 14.0 MeV; above t h i s  energy 

*Extracted from "Neutron and Gamma Ray Production Cross-Sections 
f o r  Nickel" BNL 50435 October 1974 M.R. Bhat. 



they a r e  h igher  g iv ing  77.4 mb a t  19.8 MeV. These cross-sec t ions  

were considered too  high and were not  included i n  the  eva lua t ion .  

The Jeronymo da ta  obtained by measuring the  gamma rays fol lowing 

the  decay of 5 7 ~ i  give a cross-sect ion of about 40 mb a t  20 MeV 

and a r e  considered too l o w  t o  mer i t  cons idera t ion  (not shown i n  

5 
F i g .  1). The data  of Lu and Fink a t  14.4  MeV and Cross e t  a l .  

6 

at 14.5 MeV a r e  h igher  than o the r  da t a  a t  t h i s  energy. The data 

of csikai7 (not shown) between 13.56 and 14.71 MeV appear t o  be 

h igher  than o the r  measurements and a l s o  show a pecu l i a r  t rend 

a t  var iance  wi th  o the r  experiments (see the  p l o t  i n  Ref. 8 p.  

28-58-4) and were n o t  considered i n  t h e  evalua t ion .  Other data 

s e t s  shown i n  the  p l o t  a r e  by ~ e m ~ e r l e ~ '  and by B a r r a l l  e t  a l .  
10-12 

Temperley measured the  a n n i h i l a t i o n  r a d i a t i o n  from t h e  decay of 

57Ni and t h e  d a t a  a r e  i n  good agreement wi th  o ther  measurements 

i n  t he  energy region 13.72 t o  14.79 MeV. Bar ra l l  and co-workers 

obtained 30.9 k 2.0mb a t  14.5 + .2MeV, 33.4 + 2.0mb a t  1 4 . 6 ?  

1.2 MeV,  and 36.0 + 3.0 mb and 14.8 MeV i n  good agreement w i t h  

o the r  data set a .  Rayburn13 measured t h e  (n ,214 cross-sec t  i on  a s  

3 4 . 2  + 2.6 mb a t  14.4 + .3 MeV based on 6 3 ~ u  (n,2n) = 503 mb. 

In the  ENDFIB-111 MAT = 1085 evalua t ion  this cross-sect ion i s  

found t o  be 533 mb. Therefore,  a renormalized value of 36.2 + 
2.7 mb is obtained which i s  s l i g h t l y  h igher  than o the r  d a t a  a t  

t h i s  energy. P r e i s s  and ~ i n k ' ~  obtained 52 + 5 mb a t  14.8 + .9 

MeV using 6 3 ~ u  (n.211) = 556 mb as t h e  s tandard cross-sect ion;  t h i s  

value appears t o  be too  h igh .  Bramlett and E'inkL5 obta in  31.6 t 

4.0 mb a t  14.7 4 . 2  a f t e r  t h e i r  va lue  i s  renormalized t o  



2 7 ~ ~  (,,a) = 116.1 mb, and i s  a l i t t l e  an t h e  low s ide .  

I n  add i t i on ,  Glover and ~ r i g o l d ' s l ~  measurements fol low the  general 

t rend  of other d a t a  except for  the l a s t  t w o  points a t  14.77 MeV 

and 14.88 MeV. Some of these  data were no t  p l o t t e d  i n  Fig.  I f o r  

f e a r  of c l u t t e r i n g  up the diagram. After considering a l l  these 

da t a ,  a  smooth curve was drawn through these  d a t a  po in t s  w i th  the 

curve following the  genera l  t rend of the Bormann da ta  at  h igher  

energ ies  and l i e s  l one r  than the  Paulsen measurements and h igher  

than the Bormann data.  I n  Fig.  1 the dashed l i n e  shows t he  In ,2n) 

cross-section as calculated us ing  the code  THRESH^^ which uses 

sys temat ies  of nuclear  data t o  c a l c u l a t e  t h e  var ious  (n, p a r t i c l e )  

cross-sect ions.  

o Paulsen I i u 8  Fink 

E n  ( M e V )  ----D 

Figure 1 
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58 Evaluat ion of t he  5 8 ~ i ( n , p )  Co Reaction 

f o r  ENDF/B-111 Dosimetry F i l e  

R.E. Schenter - August 1973 

Hanf ord Engineering and Development Laboratory 

The l i t e r a t u r e  reviewed i n  t h i s  eva lua t ion  inc ludes  a l l  r e f -  

erences i n  CINDA 72 and i t s  supplements p lus  papers descr ib ing  re- 

cen t  measurements b$ Smith and Meadows and Paulsen and Widera. 

Fig. 1-5 show the  evalua t ion  made ( s o l i d  curve) toge ther  with 

a v a i l a b l e  experimental  d a t a  and some previous evalua t ions .  Below 

6.0 MeV Smith and Meadows va lues  were d i r e c t l y  used (Figs. 1-3). 

Smith and Meadows r e s u l t s  were normalized r e l a t i v e  t o  t h e  

ENDF/B-111 2 3 5 ~  f i s s i o n  cross  s ec t ion .  Above 6.0 MeV a smooth 

"eye-guide1' curve was constructed (Figs.  4-5) which f e l l  between 

previous evalua t ions  and numerous experimental r e s u l t s .  

Figure 1 

Figure  2 



Figure 3 

" ~ i  ( r ~ , p )  5 8 ~ o  
I .o I \ I 1 I I 
0.9 - Evaluation 

0.4 
6.0 7.0 8.0 9.0 10.0 11.0 12.0 13.0 

€,(MeV) 

Figure 4 
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Evaluation 
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0 7 Temperley (68) - 

v Decowsk~ (68) 
0 6 
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- 

e Bresest~ (70) 
Poulssn-Wldera(721 

- 

0 4 -  '\ - 

- 

0 2  - P - 

Figure 5 
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60 60~i(n,p) Co Reaction for ENDFIB-IV* 

M. R. Bhat 

NNCSC 

Brookhaven National Laboratory 

The most extensive data on the 6 0 ~ i ( n , p )  cross section from 

5.76 to 19.55 MeV are by Paulsen and Liskien. In these experi- 

ments the induced activity was measured by y-y coincidence count- 

ing and the efficiency of the coincidence spectrometer determined 

from calibrated radioactive sources whose activities were known to 

t0.5%. The errors vary from 7-10% except for a f e w  points where 

they are larger, up to 16%. The measurements of Cross et. al. 5 

at 14.5, MeV when renormalized to an 2 7 ~ 1  (n,a) cross section of 

118.6 mb (MAT = 1135 ENDF/B-III), give 186 mb and a later result 6 

by the same authors is 165 mb; both appear to be too high compared 

7 
to the Paulsen and Liskien data. Allan determined the (n,p)  

0 cross section by measuring it at 120 to the neutron beam using 

photographic emulsion plates and multiplying by 4.rr the observed 

differential cross section. He obtained a value of 134 + 9 mb 
at 14 MeV in good agreement with Liskien and Paulsen. How- 

*Extracted from "Neutron and Gamma Ray Production Cross Sections 
for Nickel" BNL 50435 October 1974, M.R. Bhat. 



evern,  t h i s  technique has  given r e s u l t s  widely a t  var iance  w i th  

o thers .  S torey  e t .  a l S 8  have determined t h e  (n,p) c ros s  s e c t i o n  

t o  be 158 rt 32 mb a t  14 .1  MeV which appears t o  be  r a t h e r  high 

compared to t h e  genera l  t r end  of t h e  o t h e r  da t a .  ~ e m i n ~ w a ~ ~  ob- 

ta ined  a c ross  s e c t i o n  of 129 + 16 mb a t  14.7 + 0.2 MeV us ing  

5 6 ~ e ( n , p )  56Mn = 97.8 mb as a s tandard .  This  is  t o  be compared 

with 104 mb recommended f o r  the  s tandard i n  the  eva lua t ion  (MAT- 

6410) i n  ENDF/B-IV dosimetry f i l e s .  This  impl ies  a 6% upward re- 

normalizat ion of the Bemingway va lue  t o  g ive  137 mb. Levkovskii 

e t .  a1.l' have measured the  (n,p) c ros s  s e c t i o n  t o  be 130 rt 40 mb 

which again is higher  than t h e  genera l  t rend of t he  Lisk ien  - 
Paulsen data. The da ta  no t  considered i n  t h i s  eva lua t ion  are by 

P r e i s s  e t .  a l . l l  (c ross  s e c t i o n  t o  metas table  s t a t e  only) March 

et. a1. l2 ( too low) and ~ l l a n ' ~  (highly d i sc repan t ) .  I n  looking at 

all t h e  a v a i l a b l e  da ta  i t  is unfor tunate  t h a t  t h e r e  are no d a t a  

from t h e  threshold  energy t o  5.75 MeV, hence t h e  r i s i n g  p a r t  of 

t h e  curve was drawn s i m i l a r  t o  t he  58~ i  (n,p) c ros s  s ec t ion  curve 

( a f t e r  s u i t a b l y  s h i f t i n g  it  f o r  d i f f e rences  i n  t h e  Q-values) and 

smoothly joined t o  a curve drawn through the  experimental d a t a  a t  

higher energies .  The t rend  of t h e  curve i n  t h i s  energy region  is 

mainly determined by the  Paulsen and Lisk ien  d a t a ,  a s  shown 

i n  Fig. 1. 



o Poulsen 8 Liskien 
Cross e t  a l  
Al lon 

a Liskien & Paulsen 
v Storey et a l  

0 
u A Hemingway 
0 

10 
r Paulsen 

Levkovskii et a l  

Figure 1 



References 

H. Liskien  and A .  Paulsen,  Nucl. Phys. 63, 393 (1965). 

H. L isk ien  and A .  f aulsen ,  ~ u k l e o n i k ,  &, 315 (1966). 

A. Paulsen, Nukleonik 10, 91 (1967). 

A. Paulsen,  2. Physik 205, 226 (1967). 

W. G. Cross,  R. L. Clarke,  K. Morin, G. S l inn ,  N. M, Ahmed 

and K. Beg, Bul l .  Amer. Phys. Soc. 2, 335 (1962). 

W. G. Cross, R. L. Clarke,  K. Morin, G. Slinn, N.  M. Ahmed 

and K. Beg, EANDC (Can)-16 (1963). 

D. L. Al lan ,  Nucl. Phys. 24, 274 (1961). 

R. S. S torey ,  W. Jack, and A. Ward, Proc. Phys. Soc. 75, 

526, (1960). 

J. D.  Hemingway, Jour. Nucl. Energy 27, 241 (1973). 

V. N. Levkovskii,  G .  P. Vini tskaya,  G. E. Kovilskaya and 

V. M. Stepanov, Sovt. Jour.  Nucl. Phys. 2, 25 (1969). 

I. L. Preiss and R .  W. Fink,  Nucl.. Phys. 15, 326 (1960). 

P.  V. March and W. T .  Morton, P h i l .  Mag. 3, 577 (1958). 

D. L. Allan,  Proc. Phys. Soc. a, 195 (1957) 







6 3 ~ u ( n ,  y) ; (,,a) React ions f o r  ENDFIB-IV 

H. Al te r*  

Atomics I n t e r n a t i o n a l  

March 1972 

In t roduct ion  

Evaluated da t a  sets f o r  6 3 ~ u  (n,y)  and (n,o) r e a c t i o n s  con- 

tained i n  the ENDF/B-111 and SAND f i l e s  were reviewed, compared and 

where poss ib l e ,  intercompared wi th  measured da ta .  Spec i f i c  sources 

were: f o r  ENDF/B, Tape #303, MAT 51085, r e l e a s e  d a t e  1 / 2 1 / 7 2 ;  f o r  

SAM), the  National  Neutron Cross Sec t ion  Center  a t  BNL, provided 

the  reviewer with d a t a  decks f o r  t he  required neutron r eac t ions .  

I n  add i t i on ,  t he  NNCSC a l s o  provided a CSISRS l i s t i n g  of measured 

d a t a  f o r  the two r eac t ions  i n  6 3 ~ u .  

Review Procedure 

All d a t a  sets  were independently g raph ica l ly  displayed and 

r e spec t ive  d a t a  sets  were then  overlayed s o  that d i f f e r e n c e s  could 

be visually i n t e r p r e t e d  (e  . g. , Fig .  1-3 the  (n, y )  cross sec t ions )  . 
(n,y) Cross Sec t ion  

Below I eV t he  d a t a  from the  ENDF/B and SAND l i b r a r i e s  a r e  

e s s e n t i a l l y  i d e n t i c a l .  Above 1 eV t h e  d a t a  s e t s  diverge wi th  t h e  

SAND d a t a  being lower i n  magnitude. The ENDF/B d a t a  i n  the  re-  

solved resonance region  i s  more h ighly  resolved than t h a t  i n  t h e  

* Present Address: U. S .  Energy Research Development Adminis- 
t r a t i o n ,  Washington, D.C. 20045. 





i n t e g r a t i o n .  To be assured t h a t  t h i s  comparison was v a l i d ,  

t he  ENDFIB resonance parameters were used t o  genera te  t he  (n,y) 

l i n e  shape and these  d a t a  were then  numerical ly i n t eg ra t ed .  

Agreement between t h e  a n a l y t i c  c a l c u l a t i o n  and t h e  numerical 

i n t e g r a t i o n  is  genera l ly  q u i t e  good except  a t  t h e  f i r s t  few 

resonance peaks. The d i f f e rences  i n  group cons tants  (ENDFIB vs  

SAND) are apparent  and can e a s i l y  be xelated back t o  the energy 

dependent c ros s  s e c t i o n  da t a .  

I n  Table 2 ca l cu la t ed  resonance i n t e g r a l s  f o r  6 3 ~ u  (n,y) a r e  

compared with a number of repor ted  measurements. I n  a r ecen t  

compilat ion of resonance i n t e g r a l s ,  M.K. Drake* g ives  f o r  6 3 ~ u  a 

va lue  o f  5.1 t 0.2b. A r ecen t  compilat ion of va lues  f o r  resonance 

i n t e g r a l  c ros s  s e c t i o n s ,  given i n  "Nentron Fluence Measurements", 

Technical Report Se r i e s  f107, IAEA, Vienna 1970, range from 4.2 

t o  5 . 1  barns. These va lues  a r e  given f o r  various cutof f  energ ies .  

General ly the repor ted  data agree  reasonably w e l l  with ENDF/B-111. 

Above 30 keV experimental data, supplied by the NNCSC, are 

p l o t t e d  on the  overlay ENDF/B and SAND c ros s  s e c t i o n  curves (e.g. 

F ig .  4-5) .  Resolut ion of t h e  d i sc repan t  d a t a  i n  t h i s  energy re- 

gion r equ i r e s  a more extens ive  e f f o r t  than t h a t  cu r r en t ly  appl ied  

f o r  this t a s k  fo rce  review. One no te s  however, t h a t  t h e  magnitude 

of t h e  c ros s  s ec t ion  i n  t h i s  reg ion  i s  genera l ly  l e s s  than 120 mb. 

Based on t h i s  review, MAT #1085 (ENDF/B-111) is accepted 

t o  30 keV and above 1.8 MeV. Between 30 keV and 1 .8  MeV, 

a t  l e a s t  squares fit :  of t h e  d a t a  i n  (Fig. 4-5) is  u t i l i z e d ,  and 

* P r i v a t e  comunica t ion ,  M.K. Drake t o  E. Ot tewi t t e ,  1970. 
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* 
joined t o  MAT #I085 ( i n s u f f i c i e n t  d a t a  does not permit high 

confidence i n  the evaluation above 30 keV). 

(n,a)  Cross Section 

The SAND f i l e  (n,a) cross  sec t ion  data  were obtained from the 

NNCSC, and overlayed with the ENDF/B da ta  for  energies greater  

than $5.5 MeV. The SAND (n,cr) d a t a  extends from .0001 eV t o  $18 

MeV. 

In Fig. 6 ,  experimental values of the  (n,a) cross  sect ion 

supplied by the NNCSC and a l s o  obtained from a b r i e f  review of 

the  l i t e r a t u r e  a r e  p lo t t ed  against  t h e  overlay ENDFfB and SAND 

curves. Generally, the measured values f a l l  between the two 

evaluated curves. 

In  Table 3 ,  calculated values f o r  the  f i s s i o n  spectrum 

averaged (n,a) react ion a re  given. Results  are given f o r  both 

the  Cranberg and Watt representations o f  the f i s s i o n  spectrum. 

In  Table 4 ,  both measured and calculated values of t h i s  

quanti ty a r e  given. These values a r e  a l l  within a f ac to r  of %2 

of each other.  

* Data extrapolated from 15-20 Mev a t  NNCSC January 1974. 
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Paulsen ( ~ u k l e o n i k  Iq, 91) quotes  a  va lue  of 0.34 + 0.04 f o r  

the  (n,a)  r e a c t i o n  i n t e g r a t e d  over  a Watt spectrum. Taking 

measured d i f f e r e n t i a l  c ros s  s e c t i o n s ,  (e l imina t ing  t h e  data p o i n t s  

a t  10.17 and 10.98 MeV a s  he suggested) and c a l c u l a t i n g  the f i s s i o n  

spectrum average using t h e  Watt r e p r e s e n t a t i o n  t h e  fol lowing 

r e s u l t s  a r e  obtained : 

- 
AE c3 Imb) 

5.5 - 15.0 MeV 0 . 3 4 3  

5.5  - 19.55 MeV 0.344 

This r e s u l t ,  when compared t o  t h e  ca l cu l a t ed  q u a n t i t i e s  i n  

Table 3 ,  f a l l s  between t h e  ENDF/B value  0.298 and the SAND va lue  

0.442. 

From the  review of t h e  63Cu (n,a) r e a c t i o n  one concludes t h a t  

n e i t h e r  of the eva lua ted  sets i s  adequate. The spectrum averaged 

quan t i t y  us ing  t h e  ENDF/B d a t a  is c o n s i s t e n t l y  lower than the 

same quan t i t y  using the SAND da t a .  This is consistent wLth the 

r e spec t ive  s e t s  of eva lua ted  da t a .  The va lue  of 0.356 mb quoted 

i n  BNWL-1312 does n o t  appear t o  b e  c o n s i s t e n t  wi th  t h e  same 

spectrum averaged q u a n t i t y ,  0.490 mb, ca l cu l a t ed  f o r  this review. 

The reason f o r  t h i s  discrepancy is  not  known a t  this time. 

Therefore, for ENDF/B-IV t h e  Paulsen d a t a ,  (Nukleonik, 8, 315 

(1966) ; 10, 9 1  (1967), and Nucl. Phy. 63, 393 (1965) w i th  t h e  po in t s  

10.17 and 10.98 omit ted,  are t o  b e  adopted. 



Table 1 

Comparison of ENDF/B-111 and SAND 6 3 ~ u  Capture Cross Sect ion  for 

10 eV 5 E ( 25 KeV 

Group Boundary ENDFIB ENDFIB SAND 

=L (Barns) (Barns) (Barns) 

(A u = 0.5) (Analy t ic  Solu t ion)  (Numerical In t eg ra t ion )  

24.788 kev 



Table 2 

Comparison o f  Ca l cu l a t ed  and 

Measured Resonance I n t e g r a l s  f o r  6 3 ~ u  (n,  y )  

(Calcu la ted :  E- = 0.5  ev)  

ENDFIB SAND BNWL-1312 

5.35 4.79 4.64 

(MEASURED) 

Measured Cutoff 1 
m ,  Ad- 

Value Energy, Ec j u s t ed  t o  E= 
(b)  (ev)  0 .5  e v  In- 

Remarks c lud ing  1 /v(b)  Ref. 

4.4 0.52 1 / v  inc luded  4.4 1 

3.0920.15 0.5 No l / v ,  r e s t o r e d  5.11f0.2 2 
u s ing  o a 2 2 0 0 = ~ . ~  

3.17f0.18 0.62 No l / v ,  r e s t o r e d  4.9920.2 3 
us ing  o a220oZ4 s 5  

4.2t0.2 0.62 5 m i l  f o i l  5 .3 t0 .2  4 

1. R. Macklin and H. Pornerance, 2, 96 (1955). 

2. R. Dahlberg, K. J i r l o w  and E. Johansson,  J .  Nucl. Energy 
AB, 14, 53 (1961). 

3. N.P. Baumann, DP 817 (1963). 

4.  L .  Anderson, Hea l th  Phys ics ,  10, 315 (1964). 



Table 3 

Comparison of  Ca l cu l a t ed  Values 

f o r  the Fission Spectrum Averaged 

63Cu ( n , a )  Reaction 

(MILLIBARNS) 

DATA SPECTRUM ENERGY INTERVAL RESULT 

ENDF/B C U B E R G  5.5 - 15.0 MeV 0.274 

ENDF/B WATT 5.5 - 15.0 MeV 0.298 

SAND CRANBERG 5.5 - 15.0 &V 0.408 

SAND WATT 5.5 - 15.0 MeV 0.442 

SAND CRANBERG lo-'- 15 MeV 0.455 

SAND WATT lo-'- 15 MeV 0.490 

BNWL-1312 WATT ~O-''-LS MeV 0.356 

CRANBERG: f (E) = 0 . 4 5 3  exp (-E/0.965) sinh (2.29 E)' 

WATT : f (E )  = 0.484 exp (-E) s inh (2E)' 



Table 4 

Values of the Fission Spectrum Averaged 6 3 ~ u  (n,cr) Reaction 

Fission- 
Spectrum 
Averaged 
XSC (mb) Basis Reference Year 

- - - 

.76 Empirical estimate Roy, Hawton CRC-1003 1962 

.72 Measurement relative to R.S. Rochlin, Nucle- 
0.60 mb for 27A1 (n,a) onics 17, 54 1959 
2 4 ~ a  

.543.07 Measurement relative to R. Nilssm, Neutron 1963 
101 mb for 5 8 ~ i  (n,p) Dosimetry, V I I ,  275 
58c0 

.42 Measurement relative to C.H. Bogg, L.D. Weber 1963 
0.57 mb for 2 7 ~ 1  (n,a) Symposium on Bad. Eff. 
2 4 ~ a  on Metals and Neut. 

Dos. , 133 (ASTM) 

.36+.04 Measurement relative to R.L. Ritzman, et al. 1963 
65 mb for 325 (n,p) 3 2 ~  Ibid, 141 

.45+.05 Measurement relative to D.M. Clare, W.H. Martin 1964 
76 mb for 54~12 (n,p) J. Nucl. En. 18, 703 
54Mn 

.52+.04 Measurement relative to A. Fabry 1965 
(I) 63 mb for 3 2 ~  (n ,p)  EANDC (E) 66U 
3% 
(2) 0.63 mb for 2 7 ~ 1  
(n,a) 5 6 ~ n  
(3) 1.04 mb for 5 6 ~ e  (n,p) 

.44 Measurement relative to (Grenoble) 1965 
90.6 mb for 5 8 ~ i  (n,p) EANDC (E) 57U 
S8co 

.382 Integration of an Sov. J. At. E. 5, 1968 
evaluated curve 1251 

.34?.04 Integration of an Paulsen, Nukleonik 1967 
evaluated curve (over 10, 91 
Watt spectrum) 

.356 Integration of BNWL-1312 19 70 
evaluated curve 
(over Watt spectrum) 
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The 6 5 ~ u ( n y 2 n )  6 4 C ~  Reaction f o r  ENDFIB-IY 

P. F. Rose * 
Atomics I n t e r n a t i o n a l  

May 3 ,  1972 

1 In t roduct ion  

6 4 
The 6 5 ~ u ( n y 2 n )  CU r eac t ion  has  been re-evaluated f o r  t h e  

ENDFIB-files us ing  a combination of s e l ec t ed  experimental d a t a  and 

a semi-empirical technique f o r  f i t t i n g  t h e  da t a  a t  energ ies  above 

15 MeV. An e s t ima te  of t he  (n,3n) r eac t ion  was a l s o  obtained a s  

a r e s u l t  of t h e  ana lys i s .  

I1 Theory 

The t h e o r e t i c a l  approach of S .  Pearlstein(') was  u t i l i z e d .  

p e a r l s t e i n ' s  e s t ima te  of t h e  (n,2n) c ross-sec t ion  was based upon 

the  expression 

u an  M an 2n = o  X L X L  
n,2n ne one an,M (1) 

where o i s  t h e  non-e las t ic  c ross-sec t ion  and u is  the sum of n e n,M 

the  neutron emission cross-sec t ions .  P e a r l s t e i n  obtained t h e  r a t i o  

o / a  a s a n e m p i r i c a l f i t t o n u c l e a r d a t a .  
n,M ne 

P e a r l s t e i n  obtained t h e  energy dependent r a t i o  a n,2n1 ' n , ~  

from s t a t i s t i c a l  compound nucleus theory.  H i s  f i n a l  working 

equation is:  

"Presently a t  Brookhaven National  Laboratory. 



i n  which p = 4a Sn, s = s ~ / E ~ ,  and a is the  fami lar  l e v e l  dens i ty  

parameter of the r e s i d u a l  nucleus ( Z , N ) .  T f  t h e  threshold  f o r  the 

occurrence of t h e  (n,3n) r eac t ion  i s  overlapped by t h e  neutron 

energies ,  the  (n,3n) cross-sect ion is ca l cu la t ed  wi th  p=4aS and 
2n 

S Z S ~ ~ / E , .  For t h i s  case the  cross-sec t ion  us ing  S is f o r  t h e  sum n 

of the  (n,2n) and (n,3n) c ross-sec t ions .  Equation 2 was used f o r  

t he  eva lua t ion  of t he  65~u(n ,2n )  6 4 ~ u  r eac t ion  a t  energ ies  above 

15 MeV. 

III Experimental 

64 
I n  eva lua t ing  t h e  6 5 ~ u ( n , 2 n )  CU r eac t ion  fou r  s e t s  of d a t a ,  

represent ing  t h e  m a j o ~  amount of experimental information,  were 

se l ec t ed  f o r  t he  ana lys i s .  Ind iv idua l  experimental po in t s  (nota- 

bly around 14 Mev) were not  included i n  the analysis and, where 

measurements were repea ted ,  t he  l a t e s t  experiment w a s  used. 

The o l d e s t  experiment used were t h a t  of B. J .  Prestwood and 

B. P. ~ a ~ h u r s t ' ~ ) .  The d a t a  was p a r t l y  normalized r e l a t i v e  t o  the 

f i s s i o n  cross-sec t ion  of u~~~ (3 h ighes t  ene rg ie s ,  Circa 1961). 

The lmer energy p o i n t s ,  however, were obtained absolu te ly .  The 

e r r o r s  quoted i n  t h e  a r t i c l e  a r e  i n f e r r e d  from t h e o r e t i c a l  con- 

s i d e r a t i o n s  and a r e  not  experimental e r r o r s .  

A. Paulsen and H. ~ i s k i e n ' ~ )  measured an absolute e x c i t a t i o n  



funct ion  between 12.6 and 19.6 Mev, The measurement (1965) is 

based upon a neutron f l u x  determination by de t ec t ion  of r e c o i l  

protons. The quoted unce r t a in ty  is + 8% wi th  energy u n c e r t a i n t i e s  

between 5 0.11 t o  0.47 Mev. 

I n  1966, D. C .  Santry and J. P.  ~ u t l e r ' ~ )  presented da t a  f o r  a 

complete e x c i t a t i o n  funct ion  between 10 and 20 Mev. This was 

measured by a c t i v a t i o n  r e l a t i v e  t o  t he  s ~ ~ ( ~ , ~ ) P ~ ~  cross-sect ion.  

The uncer ta in ty  of t he  sulphur cross-sect ion and angular neutron 

i n t e n s i t y  a r e  included i n  the  quoted unce r t a in ty  of 5 8%. Santry 

and But le r  quote a f i s s i o n  average (n,2n) cross-sect ion of 0.251 + 
0,018 mb. 

A s e r i e s  of measurements have been reported by M. Bormann and 

co-authors. Bormann's 1963 data(5)  shows prominent (n,3n) compe- 

t i t i o n .  M. Bormann and B. Lammers (6) have re-measured the  

(n,2n) c ross-sec t ion  (1969). This  l a t t e r  measurement is  i n  agree- 

ment with the  o the r  experiments, and does not  show the  prominent 

reduct ion  of c ross-sec t ion  near  20 Mev which the  e a r l i e r  measure- 

ment i n d i c a t e s .  The e a r l i e r  d a t a  was no t  used i n  the  present  

eva lua t ion .  

I V  Resul t s  

Fig. 1 shows t h e  experimental d a t a  and t h e  evaluated curve. 

The evaluated curve was obtained from a l e a s t  squares s p l i n e  f i t  

of the  experimental d a t a  below 15 Mev, and by a parametric  f i t  of 

(2) t h e  d a t a  above 15  Mev us ing  t h e  formalulism of equation . 
An e f f e c t i v e  va lue  of S was fntroduced i n  order  t o  ade- 2n 

quate ly  f i t  t he  experimental da t a  a t  t h e  h igher  energ ies .  An 
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upward s h i f t  of t h e  (n,3n) r e a c t i o n  threshold  is supported by 

(8) 
LU(~) and has been discussed i n  an a r t i c l e  by Hankla and Fink . 
Table 1 summarizes t he  parameters used t o  ob ta in  the  evaluated 

curve. 

Table 1 Parameters f o r  65Cu (n,2n) 6 4 ~ u  Reaction 

Parameter Value 

1.081 barns 

6 ,O M~v- '  

Sn 
10.1 MeV 

'2n 
18.1 MeV 

'2n 
k9.0 Mev 

effective 

Values f o r  the (n,3n) r e a c t i o n  were a l s o  obtained f rom t h e  

t h e o r e t i c a l  f i t  as described i n  Sec t ion  11. 
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The 115~n(n,n' )115m~n Reaction f o r  ENDF/B-111 

R.  Sher 

Stanford Univers i ty  

May 4, 1972 

115~n(n,n')115m~n, E- = 335 Kev, T = 4.5 hours 
1 /2 

Several  measurements of t h e  energy-dependence 

of the  cross  s e c t i o n  f o r  e x c i t a t i o n  of t he  4.5 hour,  335 keV 

isomeric s t a t e  i n  'l51n by neutron i n e l a s t i c  s c a t t e r i n g .  There i s  

a l so  a c a l c u l a t i o n  by ~ a r d n e r ' ~ ' ,  and some 14-MeV measurements. (6-8) 

Ebel and ~ o o d r n a n ( ~ )  d id  r e l a t i v e  measurements up t o  about 1.8 

MeV, using an anthracene c r y s t a l  f o r  de t ec t ion  of the 335-keV g m a  

rays.  They subsequently normalized t h e i r  r e s u l t s  t o  those  of 

Martin e t  a1.(2)  a t  0.88 MeV. 

Martin et a1.(2) measured the cross s e c t i o n  up t o  5 MeV, using 

a 1-1/2" x 2" NaI c r y a t a l  f o r  gamma-ray de t ec t ion .  They measured 

the  neutron i n t e n s i t y  w i t h  a long counter  which had been c a l i b r a t e d  

with a Ra-Be source known t o  k5X. They cons ider  t h e i r  d a t a  above 

4 MeV suspect  s ince  the  neutron angular  d i s t r i b u t i o n  may have been 

i n  doubt, the neut ron  energy changing r ap id ly  wi th  angle  i n  t h i s  

region. For t h e  gamma counting they assumed an i n t e r n a l  conversion 

c o e f f i c i e n t  o f  0.98, and a B- branching r a t i o  of 6%. The p re sen t ly  

accepted va lue  of t h e  i n t e r n a l  conversion c o e f f i c i e n t  is 0.90; t h i s  

r e s u l t s  i n  a 5% change i n  the  c ros s  s ec t ions .  



Menlove e t  a1.(3) used various react ions  i n  a Van de Graaff 

Accelerator t o  cover the  energy range from threshold t o  8 MeV, and 

from 12 t o  about 19.5 MeV. Gamma-ray counting on 3" x 3" and 4" 

x 4" NaI c r y s t a l s  was employed. The cross sect ion was determined 

r e l a t i v e  t o  the f i s s i o n  cross sec t ion  of 2 3 5 ~  i n  t h i s  energy 

region; the  f i s s i o n  counter e f f i c i ency  was ca l ib ra ted  a t  thermal 

energy. A t  12.7 and 12.9 MeV the "Al(n,a) cross sec t ion  was used 

f o r  ca l ib ra t ion .  lenlove e t  a l .  w e d  BNL-325 values of o f ( 2 3 5 ~ ) ;  

i n  the present  repor t  these have been replaced by ENDF-B-111 

values ; the  resu l t ing  change i n  the  'I51n(n ,nl) cross sect ions  is 

of the order of 5-10% i n  the energy region between 2 and 8 MeV. 

Grench b P ? e n l ~ v e ( ~ )  used game-ray counting on a ca l ibra ted  

4" x 4" N a l  c r y s t a l ,  and determined t h e  cross sec t ion  r e l a t i v e  t o  

t h a t  of 197~u(n,y)198~u. For the 197~u(n,y) values they used the 

1966 evaluation of Vaughn and Grench. ('I) These r e s u l t s  have been 

(12) renormalized t o  a l a t e r  (1971) evaluation of Vaughn and Grench , 
and the new values,  together with those of Mart in  e t  al., a r e  shown 

i n  Fig. 1 and 2. Butler  and Santry ( 4 a )  have made measurements 

from 0.8 t o  6 MeV relat-ive t o  a ca l ib ra ted  Long counter, and a t  

32 higher energies ,  ca l ib ra ted  against  the ~ ( n , ~ )  3 2 ~  cross  sec t ion .  

These data  a r e  p lo t t ed  i n  Fig. 2 as read off a curve prepared by 

Dudey and Kennerley; the o r i g i n a l  data  a r e  not avai lable  i n  

published form. 

I n  the  14 MeV region there  a r e  measurements by Heert j  e e t  

a1. (6) and Bar ra l l  e t  a l .  (7-8) Heertje e t  a l .  obtained 81.0 f 5.6 



mb a t  14.6 MeV, normalized t o  t h e  5 6 ~ e ( n , p )  c ros s  s e c t i o n  of 117 mb. 

Apparently t h i s  resuLt was la ter  r ev i sed  t o  g ive  a va lue  f o r  '151n 

( n , n l )  of 55 2 8 mb. Barrall, Holmes, and ~ i l b e r ~ e l d " )  r e p o r t  

a value of 67  2 7 mb a t  14.6 MeV, and B a r r a l l ,  S i lbe rge ld ,  and 

~ a r d n e r ' ~ )  r e p o r t  a va lue  of 69 f 5 rnb a t  14 .8  MeV. 

~ a r d n e r " )  has ca l cu la t ed  t h i s  c ros s  s e c t i o n  from 2 t o  

% 10 MeV. These a r e  abso lu t e  c a l c u l a t i o n s ,  and the  r e s u l t s  

a r e  p l o t t e d  a s  t h e  dashed curve i n  Fig. 2 .  (The ca l cu la t ion  does 

no t  inc lude  precompound nucleus evaporation.) 

Gardner's calculations a r e  about 10% higher  than the  measure- 

ments of Menlove, bu t  support  t h e  r e l a t i v e l y  cons tant  c ross  s e c t i o n  

from 4 t o  8 MeV. There is  o the r  support ing evidence f o r  t h i s  i n  

o lde r  measurements of Cohen (10) and a broad-spectrum experiment of 

Heer t je .  (6) B e l o w  4 MeV, all t h e  experiments a r e  i n  reasonably 

good agreement. The 14 MeV po in t s  of Hee r t j e  e f  a1. (6) and 

B a r r a l l  e t  a l .  (7'8) a r e  a l s o  i n  good agreement with Menlove's da t a .  

Most of t hese  d a t a  a r e  shown on F ig .  2 .  

Discussion 

I n  Fig. 1 the  low energy da ta ,  from threshold  t o  about 2 MeV, 

a r e  p lo t t ed .  The data of Bbel and ~oodman(') and Martin e t  a l .  (2) 

have been s l i g h t l y  renormalized t o  account f o r  t h e  more r ecen t  

value of t he  gamma rays per d i s i n t e g r a t i o n  cons tant  mentioned 

above. The d a t a  of Menlove ef  a1.(3) and Grench and Menlove (4) 

have been renormalized t o  ENDF-B III values  of  the  re ference  c ros s  

s ec t ions ,  
19 7 

of ( 2 3 5 ~ )  and \ ( Au) , r e spec t ive ly .  The recommended 
I Y 

curve has been f a i r e d  through the ensemble of po in t s .  The in- 
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f l e c t i o n  a t  1.2-1.4 MeV i s  be l ieved  t o  be  r e a l ;  a  s i m i l a r  behavior 

seems t o  be present  i n  t h e  c ros s  s e c t i o n  f o r  e x c i t a t i o n  of t h e  

0.91 MeV gamma r ay  a t  about t h e  same energy. (13) 

Above 2 MeV, the  d a t a  a r e  shown i n  Fig .  2 ,  wi th  the  same 

renormalizat ion a s  mentioned above. The recommended curve from 

2 t o  8 MeV is f a i r e d  through t h e  points of Menlove e t  a1. (3) and 

But ler  and ~ a n t r ~ ' ~ ~ ) ;  a s  has been noted ,  t he  d a t a  of re ference  

(2) a r e  suspect  above 4 MeV. Gardner's c a l ~ u l a t i o n ' ~ )  , whi le  s10% 

higher than the measurements, f u r t h e r  suppor ts  t he  r e l a t i v e  f l a t -  

ness out  t o  8 MeV. Gardner's c a l c u l a t i o n s  a r e  s t a t e d  t o  have an 

unce r t a in ty  of a t  l e a s t  t h e  order  of lo%,  s o  t h e r e  is  no e s s e n t i a l  

c o n f l i c t  between t h e  ca l cu la t ions  and t h e  experimental da ta .  

A t  h igher  ene rg ie s ,  t h e  recommended curve is f a i r e d  through 

t h e  a v a i l a b l e  d a t a  which, i n  t h e  neighborhood of 14.6-14.8 MeV, a r e  

a l l  i n  reasonably good agreement. From 8 t o  12 MeV, t h e  curve is 

simply a guess designed t o  j o i n  t h e  lower and h igher  energy regions 

smoothly. Neither  experimental nor c a l c u l a t i o n a l  da t a  e x i s t  be- 

tween 10 and 12 MeV. 
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Evaluat ion of 115~n(n,y)116~n For ENDFIB-IV 

F . Schmittroth 

Hanford Engineering and Development Laboratory 

The evalua t ion  of t h e  '151n(n, y) 116m~n metas table  r eac t ion  

described he re  i s  pr imar i ly  f o r  use  i n  dosimetry. Emphasis was 

placed on F i l e  2 (MT=151, resolved resonance parameters) and F i l e  

3 (MT=102, smooth capture  c ros s  s e c t i o n s ) .  

Two metas table  s t a t e s  e x i s t  f o r  lL61n, a 54.2 min. s t a t e  a t  
I 

0.126 MeV and a shor ter - l ived  s t a t e  (2  - 2  sec)  a t  0.289 MeV t h a t  

decays i somer ica l ly  t o  the 54.2 min. s t a t e .  Therefore,  t h e  meta- 

s tab le  capture  described here  inc ludes  both isomeric s t a t e s .  
I 

Resonance Parameters 

The evaluation of resonance parameters is based on t he  new 

BNL resonance parameters.1 Since the  i-values f o r  t hese  reso- 

nances are not given, s- and p- waves were assigned by a 

p robab i l i t y  method2 based on the  neutron widths.  Although t h i s  

method i s  poor compared t o  more d i r e c t  experimental evidence, 

assignments were unambiguous f o r  most resonances. Typical  proba- 

bilities f o r  a p a r t i c u l a r  p wave resonance were e i t h e r  less than 

0.01 o r  g r e a t e r  than 0.80 s o  t h a t  a c lean  sepa ra t ion  was 

obtained. On t h i s  b a s i s ,  t h e  number of s-wave resonances, 

N(E), up t o  an energy, E,  w a s  p l o t t e d  a s  a funct ion  of energy. 

Numerical f i t t i n g  procedures gave an average s-wave spac ing ,  



Dabs' of (11.0 2 0.7) eV. Also, s i n c e  an in spec t ion  of t he  graph 

showed t h a t  resonances were being missed above I keV, t h e  resolved- 

resonance range was terminated a t  t h a t  po in t .  Except for 

the few cases where J-values were known, a value of J=4.5 was  

assigned f o r  both s- and p-wave resonances. This  unphysical  value 

is approp r i a t e  f o r  a ground s t a t e  s p i n  of 10=9/2 f o r  'I51n and 

provides a c lue  t h a t  t h e  numbers a r e  eva lua ted  and no t  measured. 

A weighted average of r a d i a t i o n  widths gives an  average va lue  of  

I' ~ ( 7 7  2 5) mV. Because, as descr ibed  below, capture  t o  t he  
Y 

isomeric  s t a t e s  accounts f o r  79% of t h e  t o t a l ,  a l l  r a d i a t i o n  

widths were reduced by t h i s  f a c t o r .  

Smooth Cross Sec t ions  

Above 1 keV, a s tandard  Hauser-Feshbach c a l c u l a t i o n  wi th  

wid th- f luc tua t ion  cor rec t ions3  was performed f o r  t h e  isomeric  

cap tu re  c r o s s  section. By varying t h e  r a t i o ,  r /D ob s ,  t h e  calcu- 

l a t i o n  w a s  ad jus ted  t o  an experimental  va lue  of 0.2 barns at an 

inc iden t  energy of 0.85 MeV. For the keV range,  the primary d a t a  

considered were from the  work of Grench and  enl love^ and Ryves et 

E I ~ . ~  Other da t a  given cons idera t ion  included measurements by Cox 6 

and e a r l i e r  work by Menlove et a l .  7 

Other d e t a i l s  requi red  f o r  the c a l c u l a t i o n s  i nc lude  i n e l a s t i c  

8 
l e v e l s  taken  from t h e  compilat ion of Bass e t  al. Col l ec t ive  and 

d i r e c t  cap ture  were es t imated  by a phenomenological model f o r  MeV 

energies . 



Beluw 1 keV, a small  "l/vl '  component was entered  i n  F i l e  3 

t o  give a thermal c ros s  s e c t i o n  of 161  barns when added t o  the 

resonance con t r ibu t ions .  Holden and walkerg recommend 41, 70 and 

91  barns  f o r  the thermal c ross  s ec t ions  leading t o  the ground 

s t a t e ,  and t h e  f i r s t  and second metas table  s t a t e s  i n  '161n, re- 

spec t ive ly  ( the  t o t a l  isomeric capture is  70 + 91=161 barns) .  

Since the resonance parameters gave a thermal c ros s  s e c t i o n  of 

157.09 barns ,  only 3.91 barns  had t o  be added a s  t he  "l /vt '  com- 

ponent. Notice t h a t  t he  thermal isomeric t o  ground s t a t e  c ros s  

s e c t i o n  r a t i o  is equal  t o  161/(161+41)=0.80. In  t h e  v i c i n i t y  of 

700 keV, t h i s  same r a t i o  is c lose  t o  0.78; t h e r e f o r e  a reduct ion  

of 0.79 for t h e  capture  widths was chosen f o r  t h e  resolved 

resonance parameters . 
References 

1. S.F. Mughabghab and D . I .  Garber, BNL 325, 3rd Ed. ,  Vol. 1, 
(Nat' 1. Neutron Cross Sect ion Center ,  Brookhaven Nat '1. Lab .) 
June 1973. 

2.  L.M. Bol l inger  a n d  G.E. Thomas ,  Phys. Rev. - 1 7 1 ,  1293 (1968). 

3. F. Schrnittroth,  heor ore tical Calcula t ions  of Fas t  Neutron 
Capture Cross Sections", HEDL-TME 7l, 106 (August 1971). 

4 .  H.A. Grench and H.O. Menlove, Phys. Rev. 165, 1298 (1968). 

5. T.B. Ryves e t  a l . ,  J. of Nuc. Energy, 27, 519 (1973).  

6. S.A.  Cox, Phys. Rev. 133, B 378 (1964). 

7. H.O.  Menlove e t  a l . ,  Phys. Rev. 163, 1299 (1967). 

8. W.T. Bass e t  a l . ,  "Current Nuc. Level Schemes, A=91-117,'' O m -  
4627, (December 1970), (Nuclear Data P r o j e c t ,  Oak Ridge  ~at'l. 
Lab.). 

9 .  N.E. Holden and F.W. Walker, Chart of t he  Nuclides, 11th  Ed., 
Revised t o  Apr i l  1972 (Knolls Atomic Power Lab.,  General. 
E l e c t r i c  Co. , Schenectady , NY.) . 

- 160 - 



ENDF/B YATERJAL NO, 6416 

R E S O N A N C E  D A T A  
R E S D ~ I N C E  P A R A M E T E R S  

! S O T O P E - - - - - - - - - - - - - - - - - - - - - -  INDIUM-115 
~ R l C ~ l o h l L  AULINOANGE----.z--- 1,00mPIE+Pl0 
NUMBER OF ENLRGY RANGES-----= 1 

ENERGY RANGE NUMBER------a'-* 1 RESOLVE0 SINGLE-LEVEL BREIT-WI~NEH P A R A M E T E R S  
LOWER ENERGY L I M I T  LEVI- - - - - -  1 .0000E-05 
llPPER ENERGY L I M I T  lFV)- - - - - -  1.003RE+03 
NUCLEIR S P I N d - - - - - - - - - - - - - - - -  4,500RE100 
S P I N  SCATTERING LENGTH (A:!-? 6.50URE-05 
NUMBER OF L S T A T E S - - - - - - - - - - -  2 

VALUE--- - - - - - - - - - - - - - - - - - - -  
NUMBER OF RE?ONANCES--------= 
SPIN S C A T T E R I N G  LENGTH ( A S ) - -  n .  

TOTAL 
RESONANCE WID 

NEUTRON 

3.8364E-03 
3.5444E-04 
1.5727E-03 
~ , 1 2 0 0 ~ . 0 4  
~ , 0 4 R 0 F s 0 3  
1 ,1800E-03 
4,0000E.03 
7,6000C-04 
6.0000E-04 
8.4000E-04 
4,0b00E-04 
$.5008F-03 
6,6000E-03 
2.9000E-03 
3.8010E-83 
5,4000E-03 
4.6000E-03 
~ , 8 8 0 0 E - 0 2  
2.1000E-03 
1,0000E-03 
7 ,0000E-02 
1 ,3000E-02 
9,2000E-04 
3.2000E~C12 
1.3200E-03 
6,0000E-02 
A.0000F-03 
2.008DE-02 
4 ,4000F-02 
$ ,5080E-02 
i.9000E.03 
6.ZB00E-GI3 
i . 0 8 8 0 E - 0 2  
bq90G10F-03 
$,220RE-03 
5,8600F-03 
S.li(B0E-02 
3,1480E-02 

F I S S I O N  

@ . 0 0 r l E * 0 0  





VALUE-.-----------------"-- 1 
NUPBER OF PE?ONANCES-----a--- 50 
D P l N  SCATTERING LEkG7H ( b . t - -  BIEEPBEIEQ 

RESONANCE YlDrns ( E V )  
INDEX ENERGT ( E V I  J VALUE TOTAL NEUTRON A A O I A T l O N  FISSIOK 







REFERENCES FOR EXPERIMENTAL DATA 

Y r .  Lab Author - -- References 

73 KOS Peto Act. yhys. Ac. Sc i .  Hung. 33,363 
(1973) 

71 WWA Brzosko, e t  a l .  Acta Phys. Pol/B 2, 489 (1971) 

68 LOK Grench e t  a l .  Phys. Rev. 165, 1298, (1968) 

67 LOK Menlove e t  a l .  Phys. Rev. 163, 1299, (1967) 

66 KFK Poenitz  EANDC (E) - 66, 5, (1966) 

64 ANL Cox Phys.  rev./^, 133, 378 (1964) 

59 WIS Johnsrud, e t  a l .  Phys. Rev. 116, 927 (1959) 

59 ORL Lyon e t  a l .  Phys. Rev. 114, 1619 (1959) 

58 LRL Booth Phys. Rev. 112, 226 (1958) 

58 CCP Kononov, e t  a l .  A t .  En, 5, 564 (1958) 

58 CCP Leipunsky, e t  a l .  Second Peaceful  Uses of A t .  En. 
Conf. Geneva Vol lS, 50 (1958) 

57 ORL Macklin e t  a l .  Phys. Rev. 107, 504 (1957) 



The lZ71(n ,2n)126~ Cross-Section f o r  ENDFIB-IV 

R. Sher 

Stanford Universi ty 

May 1, 1972 

127~(n ,2n )126~ ,  Q = -9.15 + 0.20 MeV, ELh = 9 . 2 3  + 0.20 MeV 

Rela t ive  cross  s e c t i o n s  f o r  t h i s  r e a c t i o n  have been measured 

from 13.2 Mev t o  18 Mev'l) and from 1 2 . 4  Mev t o  18.3 ~ e v ( ~ ) .  I n  

add i t i on ,  there are a number of measurements at' s i n g l e  energ ies  i n  

the  v i c i n i t y  of 1 4 . 6  Mev, (3-6) and ca l cu la t ed  cross-sect ion curves 

by P e a r l ~ t e i n ' ~ )  and ~ a r d n e r " ) .  Several  measurements of cross-  

s e c t i o n s  averaged over a broad neutron spectrum a l s o  e x i s t  (9,101 

I n  re ference  ( l ) ,  a t h i n  t r i t i u m  t a r g e t  was bombarded by 3 

MeV deuterons. The cross-sect ion values were normalized r e l a t i v e  

24 
t o  o 27~!L(n ,a)  Na = 107 107 + 5 mb at 15 -21  Mev. NaI counting of 

1 2 6 ~  decay gammas was employed with assumed branching r a t i o s  of 

29% f o r  t he  386 keV gamma ray  and 33% f o r  t he  667 keV gamma ray.  

Present ly  accepted values'9) f o r  t hese  branching r a t i o s  a r e  34% 

and 33%, r e spec t ive ly ;  the  present  va lues  would lower the  repor ted  

cross-sect ions by 62/67 = 0.925. 

I n  re ference  ( 2 ) ,  a NaI c r y s t a l  was used as a combination 

t a r g e t  and de t ec to r .  In  addi t ion  t o  r e l a t i v e  counting,  
Orel Was 

a l s o  based on t h e  angular d i s t r i b u t i o n  of ( d , t )  neut rons ,  known 

a t  the time to + 10%. The r e l a t i v e  cross-sect ions were normalized 

a t  14 .1  MeV i n  a sepa ra t e  experiment us ing  a Cockroft-Walton 



generator  and monitoring the  neutron f l u x  t o  + 5% by means of t he  

assoc ia ted  alpha p a r t i c l e s .  

I n  re ference  ( 3 ) ,  t he  c ross-sec t ion  a t  14.5 Mev was determined 

by beta-counting, with an unce r t a in ty  of + 35%. In  reference  (4 ) ,  

gamma counting was used,  and t h e  c ros s  s e c t i o n  was determined a t  

2 4 14.6 2 0.2 Mev r e l a t i v e  t o  o 2 7 ~ l ( n , c 0  Na = 120.7 mb. The va lue  

obtained was 1.66 + 0.15 barns.  I n  re ference  (5) , gamma counting 

was used, and the  neutron f l u x  was determined wi th  a proton re- 

c o i l  te lescope.  The neutron energy was 14.8 + 0.2 Mev. The cross-  

s ec t ion  obtained was 1.67 4 0.09 barns.  I n  re ference  (6 ) ,  t he  

cross-sect ion was determined a t  14.7 Mev r e l a t i v e  t o  0 2 ' ~ l ( n , a )  24 

N a  = 112 mb. Gamma-ray counting wi th  a NaI c r y s t a l  w a s  used. 

Chemical s epa ra t ion  was employed t o  remove Sb r e s u l t i n g  from 

1 2 7 ~  ( n , ~ i ) l ~ ~ ~ b .  The e f f i c i e n c y  of t h e  NaI c r y s t a l  was determined 

us ing  Heath's curves,  and a g raph ica l  spectrum-peeling procedure 

was used. The cross-sec t ion  obtained was 1.64 + 0.15 barns.  How- I 
ever ,  t he  2 7 ~ l ( n , a )  c ross-sec t ion  used f o r  normalizat ion seems 

low, and should be 120 mb; t h i s  would r a i s e  t h e  1271(n,2n) c ross-  

s e c t i o n  t o  1.76 + 0.16 barns.  I 
P e a r l s t e i n ' s  ca l cu la t ed  cross- section^'^) a r e  r e l a t i v e ;  he  

normalized t o  a neutron emission cross-sec t ion ,  o = 1.380 ba rns ,  nM 

which makes the  peak (n,2n) cross-sect ion around 14.5 MeV have a 

value of about 1.3 barns.  Gardner 's ca lcula t ion(8)  is abso lu t e ,  

and gives a peak (n,2n) cross-sec t ion  a t  1 6  MeV of 1.65 barns ,  and 

a value a t  14.7 MeV of 1.59 barns. 



It is seen that measurements up to 1968 give a ~ e a k  (n,2n) 

cross-section at Q 14.5 MeV of % 1.3 barns; measurements since 

1968 give a peak cross-section Q 1.7 barns. There are no obvious 

explanations for this discrepancy. The later measurements are 

favored on two grounds, however. First, they are more recent; 

second, Gardner's calculations, which are absolute in the sense 

that they are not normalized to any assumed cross-sections, favor 

the higher values. 

In Fig. 1, the data of references (I), (2) , (4-6), are 

compared with ~ardner's calculated curve. The experimental data 

of (1) and (2) have been renormalized at 14.1 Mev to agree with 

Gardner's curve. Gardner's curve extends to 17 Mev; the region 

from 17-20 Mev has been calculated by Pearlstein's method, 

normalized to Gardner's value at 17 Mev. 

There are two measurements of the average cross-section in a 

fission spectrum (9'10). These (0.647 mb, 1.62 mb) differ by more 

than a factor of two, and therefore are of no help in normalizing 

the differential cross-section curve, The recommended curve 

(Gardner's calculation) yields an average cross-section in a Watt 

spectrum of 1.1 mb, which is close to the average of the two 

measured values. 

The recommended curve for ENDF-B-IV is that in Fig. 1 (solid 

curve). 



- Gardener's Evaluation 
- - -  Pearlstein's Evaluation 

Figure 1 
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lg7Au (n, y) lg8.Au Reaction f o r  ENDF/B-IV* 

M.'D. Goldberg and S .F. Mughabghab 

Brookhaven National  Laboratory 

The capture  cross s e c t i o n  i n  the  ENDF/B-IV F i l e  below 2 keV 

is  represented by t h e  resonance parameters. I n  the energy region ,  

2-10 keV, the capture  cross s e c t i o n  was ca l cu la t ed  by us ing  the  

average resonance parameters s p e c i f i e d  i n  F i l e  2 and t h e  code 

AVRAGE-4") which fol lows t h e  method of Lane and ~ ~ n n ( ' )  and ap- 

p l i e s  width f l u c t u a t i o n  co r rec t ions  a s  discussed i n  t h e i r  paper. 

This  ca l cu la t ed  curve is  shown i n  Fig. 1 compared with t h e  ava i l -  I 

I -  I T - -  - 7 7  --7 
I 9~~ b l n m r )  

1-20 keV 

loono DATA N3T BASED O h  IUORMALIZATION 

0 FRIC,KF 7 0  
SZlRFi 7 3  

r KOMPF 69 

a aERGVlST 63 

EYDFfB-m 

Figure 1 

*Extracted from "Evaluated Neutron Cross Sec t ions  of 197~u" BNL 
50439 (ENDF-215) 74, S.F. Mughabghab e t  al. 



a b l e  da t a  i n  t h i s  range and with the  ENDFIB-I11 va lves  between 1 

and 6 keV. (The curve above 10 kev is t h e  same a s  t h a t  of Fig. 4.) 

For neutron energies  g rea t e r  than 25 keV, a  reassessment of 

the gold capture c ros s  s e c t i o n  is  requi red  because of t h e  ava i la -  

b i l i t y  of new measurements and because of a  reevalua t ion  of t h e  

2 3 5 ~  c ross  s e c t i o n  f o r  ENDFIB-IV. Fig. 2 shows t h e  new 
235u 

f i s s i o n  c ros s  s ec t ion  between 25 and 100 keV. It can be immedi- 

a t e l y  seen t h a t  t h e r e  is cons iderable  s t r u c t u r e  i n  t h i s  c ros s  

s ec t ion ,  wi th  f l u c t u a t i o n s  of a s  much a s  10% or  more wi th in  a  

k i l o v o l t  o r  so. Thus, i t s  use a s  a standard i s  q u i t e  compromised 

unless  t he  neutron energy and neutron energy spread a r e  well known 

and accounted f o r .  In  Fig.  3 t h i s  c ross  s e c t i o n  i s  "smeared out" 

by averaging points i n  groups of t e n  ( e f f e c t i v e  " resolu t ion"  %5 

keV) and compared t o  a s imi l a r  curve f o r  t h e  2 3 5 ~  f i s s i o n  c ros s  

s ec t ion  i n  ENDF/B-111. This p l o t  i n d i c a t e s  an average change tn 

the  absolu te  va lue  of t he  cross  s ec t ion  of 5-15%. 

Since it would seem that a f l u c t u a t i n g  cross  s e c t i o n  s u b j e c t  

t o  s u b s t a n t i a l  renormalizat ion,  does not  make a very  r e l i a b l e  

25 - 1 0 0  keV 

H. ALTER, P R l V A l E  
COMMUNICATION, 
APRIL.  1973 

2 . 4  2 5 - 1 0 0  Lev  

H.ALTER, PRIVATE 

2.2 COMMUNICATION, 

AVERAGED GROUPS OF TEN - 2.0 - 
b 

1.8 

1.6 

Figu re  2 Figure 3 



standard,  i t  was decided t o  perform the  gold capture  re-evaluat ion 

with d a t a  not involving 2 3 5 ~  f i s s i o n  s t anda rd iza t ion .  This fol lows 

the  procedure adopted by ~ a r l s o n ' ~ )  and by ~ o e n i f  z ( 4 )  in evalu- 

a t i o n s  presented a t  t he  1970 EANDC Normalization and Standards 

Conference held at Argonne National  Laboratory and fol lows t h e  

most recent  recommendations of t h e  Normalization and Standards 

Subcommittee of CSEWG (July 1973). Due t o  an abundance of ex- 

c e l l e n t  recent  experiments, i t  was a l s o  a r b i t r a r i l y  decided t h a t  

only da t a  measured s i n c e  1960 would be  considered.  

The capture  c ros s  between 10-100 keV is shown i n  Fig. 4. 

The fol lowing d a t a  s e t s  were were p lo t t ed :  (1) Czi r r  e t  a l .  (5) 

(2) LeRigoleur e t  a l .  (6) (3) Fr icke  e t  a l .  (7 ( 4 )  Kompe ( 8 )  

(5) foen i t z  e t  a l .  (6) Belanova e t  a l .  l o  (7)  and Berg- 

v i s t  . (I1) The da t a  of Spita e t  a l .  (12)  oxo on e t  a l .  (I3) and 

Bilpuch e t  a l .  (14) were not  used. 

The capture  c ra s s  s e c t i o n  between 100-1000 keV i s  shown i n  

Fig. 5. Data s e t s  of Refs. 6-10 were p l o t t e d ,  p l u s  the  d a t a  s e t s  

of Barry. (15) 

Inspection of Figs. 4 and 5 show t h a t  t h e  var ious  d a t a  s e t s  

a r e  i n  qu i t e  good agreement wi th  each o the r  wi th in  t h e  quoted 
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e r r o r s .  There is a genera l  tendency f o r  t h e  d a t a  of Fr icke  e t  

a1. (7) (Fig. 4) and Barry (I5)  (Fig. 5) t o  be h igher  than o the r s  

and f o r  t h e  d a t a  of Bergvis t  (11) t o  be lower; but  a l l  are never 

more than about two s tandard  dev ia t ions  from the  mean. The one 

po in t  of Belanova e t  a l .  (lo) i s  about t h r e e  s tandard devia t ions  

low. The evaluated eye-guide i n  F igs .  4 and 5 was drawn with no 

e x p l i c i t  weight f a c t o r s  f o r  t he  va r ious  experiments. 

For t h e  region above 1 MeV, t h e  only one s i g n i f i c a n t  new con- 

t r i b u t i o n  is  t h a t  of Lindner. (I6) These d a t a  should be considered 

prel iminary u n t i l  published and were measured r e l a t i v e  t o  235" 
Y 

but  the  lack  of measured f l u c t u a t i o n s  i n  t h e  2 3 5 ~  f i s s i o n  c ros s  

s e c t i o n  a t  t hese  high energies made i t  worthwhile t o  s e e  what t h e  

n e w  d a t a  i nd ica t ed  f o r  gold capture .  Fig. 6 shows two inde- 

pendently normalized data s e t s  from Lindner (16) between 0.5 and 3 

MeV. The curve between 0.5 a n d  1 MeV is  t h a t  of F ig .  5  and above 

I MeV is t h a t  of ENDF/B-111. The d a t a  up t o  2.2 MeV are i n  ex- 

c e l l e n t  agreement wi th  t h e  o ld  eva lua t ion .  The two h igher  energy 

po in t s  a r e  low by about 15% and 20% respec t ive ly .  It w a s  f e l t  

t h a t  i t  was not  worthwhile t o  g ive  these  po in t s  s u f f i c i e n t  weight 

t o  s e r i o u s l y  d i s t o r t  t h e  ENDFIB-111 curve,  which r ep resen t s  t he  

b e s t  curve through a l l  previous measurements. An added inducement 

f o r  not  t r y i n g  a s e r ious  reassessment of a l l  of t h e  d a t a  above 1 

MeV was the  impl ica t ions  of t h e  e f f e c t  noted by Devaney. (17) 

Devaney p a i n t s  out  t he  importance of a  mul t ip le  r eac t ions  cor- 

r e c t i o n  f o r  r eac t ion  c ros s  s e c t i o n  measurements above approxi- 

mately 100 keV. The co r rec t ion  i s  p a r t i c u l a r l y  important  f o r  





-- 

r a d i a t i v e  capture ,  even wi th  f a i r l y  t h i n  samples. The re levance  

of t h i s  e f f e c t  t o  s p e c i f i c  gold capture  experiments i s  unknown, 

bu t  should be determined before  t h e  h igher  energy gold capture  

d a t a  a r e  reeva lua ted  again.  

I n  conclusion,  t h e  eva lua ted  curve of ENDFIB-111 between 1 

and 20 MeV, which included t h e  eva lua t ion  of Vaughn and Grench (f 81 

(1.0 - 5.2 MeV) and t h a t  of Bogart (27) above 5.2 MeV,  a r e  adopted 

f o r  ENDFJB-IV. 

It is of i n t e r e s t  t o  c a l c u l a t e  t h e  f i s s i o n  spectrum averages 

of t h e  capture  and o t h e r  r e a c t i o n  c ros s  s e c t i o n s  and compare them 

with experimental  measurements. For t h i s  purpose, a Maxwellian 

2 5 2 ~ f  f i s s i o n  spectrum of c h a r a c t e r i s  t i c  temperature 1.39 MeV ind  

represented  by 

$(E) = C & e 
-E/T 

was used. (C is  a normalizing cons tan t . )  The ca l cu l a t ed  f i s s i o n  

spectrum average of the ENDFIB-IV (n,y) r e a c t i o n  of gold is  81.8 

mb. This number is t o  be compared wi th  an experimental  va lue  of 

95.5 ? 2.3 mb measured by Pauw and Aten. (I9) Since t h e  capture 

s e c t i o n  i n  the whole energy range 0.100-1.5 MeV is bel ieved t o  be 

known t o  b e t t e r  than 18%,  t h e  source of t h i s  discrepancy could be 

due t o  e i t h e r  t h e  measurement and/or  t h e  inadequacy of represent -  

ing  t h e  f i s s i o n  spectrum by a Maxwellian form a t  low energ ies .  

The 2 3 5 ~  f i s s i o n  spectrum average measurements of ~ a b r y ' ~ ' )  shed 

some l i g h t  on t he  former explana t ion .  Fabry ob ta in s  a  va lue  of 

88.0 f 4.5 mb f o r  197A~(n,y)198~u r eac t ion .  With a  c h a r a c t e r i s t i c  

temperature T = 1.32 MeV f o r  235U, we ob ta in  a  f i s s i o n  spectrum 
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average of 84.9 mb which is wi th in  t h e  s t a t e d  e r r o r  of Fabry. 
(20) 

After  t h e  completion of t he  eva lua t ion  of t he  capture  c ros s  

s e c t i o n  of Au, i t  was found t h a t  two p o i n t s  had been inadve r t en t ly  

omitted from cons idera t ion .  Both were measured wi th  t h e  same 

technique a t  the National  Phys ica l  Laboratory i n  England. A t  25 

keV, Ryves e t  a l .  (21) measured a va lue  of 640 1 25 mb. This i s  i n  

e x c e l l e n t  agreement with t h e  va lue  of 648 mb read from Fig .  4 .  A t  

966 keV, Robertson e t  a l .  (") measured a va lue  of 96.2 ? 2.0 mb. 

This value is approximately 12% higher  than t h e  va lue  a t  t h i s  

energy from Fig.  5. No changes were made a s  a  r e s u l t  of t h i s  

discrepancy f o r  t h e  reasons noted above regarding t h e  Devaney (17) 

mul t ip l e  r eac t ion  co r rec t ion  e f f e c t .  I n  add i t i on  the  fol lowing 

data s e t s  become a v a i l a b l e  ar t he  time of t he  w r i t i n g  of t h e  

repor t :  

(1) Poeni tz  (23) d a t a  i n  t h e  energy range 400 - 3500 keV. 

T h i s  is  an abso lu t e  measurement c a r r i e d  out  by a l a r g e  l i q u i d  

s c i n t i l l a t o r  f o r  t h e  de t ec t ion  of prompt capture  gamna r ays .  The 

Grey Neutron Detec tor ,  t h e  Black Neutron Detector  and a ' ~ i - g l a s s  

de t ec to r  were employed t o  measure and monitor t h e  neutron f lux .  

(2) Macklin e t  a l .  ( 2 4 )  data i n  t he  energy range from 3 t o  

6 550 keV. I n  t h i s  measurement a s c i n t i l l a t i o n  d e t e c t o r  and a L i  

neutron monitor were used. The e f f i c i e n c y  of t h e  d e t e c t o r  was 

normalized t o  the  4.9 eV gold resonance by the  s a t u r a t i o n  method. 

6 
The L i  neutron c ros s  s e c t i o n  of U t t l ey  , s l i g h t l y  modif ied,  was 

adopted. 

(3)  Rimawi and ~ h r i e n ' ' ~ )  using the i r o n  f i l t e r e d  beam, 



measured t h e  neutron capture  c ros s  s e c t i o n  of Gold a t  24.5 keV by 

7 t he  a c t i v a t i o n  method. Assuming a 1°~(n,ory) Li c r o s s  s e c t i o n  of 

3.487 b and a t o t a l  r e a c t i o n  c ros s  s e c t i o n  of 5.9175 b f o r  'OB, 

they obtained a t o t a l  capture  c ros s  s e c t i o n  f o r  l g 7 ~ u  of 0.630 + 
0.006 b. The e r r o r  i nd ica t ed  i s  only s t a t i s t i c a l  and does no t  in-  

clude the  unce r t a in ly  i n  t h e  normalizat ion.  These new measure- 

ments were p l o t t e d  and compared with the  ENDF/B-IV capture  c ros s  

s e c t i o n  i n  t h e  pert in 'ent  energy regions .  Good agreement is  noted 

between t h e  new measurements and t h e  evaluated ENDF/B I V  capture  

c ros s  s ec t ion .  

F ina l ly ,  i t  may be noted t h a t  prel iminary r e s u l t s  of the 

capture  cross section of gold between 100 keV and 500 keV were 

repor ted  by For t  (26) i n  a progress r e p o r t .  A 4nBy d e t e c t o r  was 

used t o  detect: t h e  induced a c t i v i t i e s .  The d a t a  i s  not a v a i l a b l e  

a t  t h i s  time. F o r t ,  however, made a comparison between his d a t a  

and those  of LeRigoleur and found reasonable agreement between 

the  two measurements. These new d a t a  s e t s  w i l l  be considered i n  

t h e  eva lua t ion  of  t he  Au(n,y) c ross-sec t ion  f o r  ENDF/B-V. 
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2 3 2 ~ h  Cross Sec t ion  Evaluat ion f o r  ENDF/B-IV* .** 
W.A. Wittkopf 

Babcock & WiLcox 

2 3 2 ~ h  Cross Sect ions Below 50 keV 

Capture Cross Sec t ions  in t he  Sub-resonance Region (0.001 t o  10 eV) 

The capture  c ross  s e c t i o n  of 2 3 2 ~ h  i n  the thermal and near- 

thermal energy range dev ia t e s  s u b s t a n t i a l l y  from l/v behavior; 

t h i s  i s  due t o  t h e  l a r g e  con t r ibu t ion  from resonance l e v e l s  whose 

energies  a r e  l e s s  than t h e  neutron sepa ra t ion  threshold.  From 

4.0 eV t o  approximately 10 eV, t h e  capture  c ross-sec t ion  p r o f i l e  

is  dominated by t h e  21.78 e V  resonance l e v e l ;  this p r o f i l e ,  how- 

ever ,  is e s s e n t i a l l y  unaffected by Doppler broadening even a t  

normal r e a c t o r  f u e l  temperatures. Thus, 10.0 eV was chosen a s  t h e  

cut-off between the sub-resonance and resolved resonance regions .  

For any E i n  t he  sub-resonance region ,  the  va lue  of u (E) 
n-Y 

can be computed by summing con t r ibu t ions  from t h e  var ious  p o s i t i v e  

and negat ive  energy resonance l e v e l s .  I n  this study,  t hese  con t r i -  

but ions  have been obtained with the s ing le - l eve l ,  Breit-Wigner 

formula corrected f o r  Doppler-broadening: 

*This r epor t  is  ex t r ac t ed  from a d r a f t  copy of BAW-317. 

**This 2 3 2 ~ h  evalua t ion  is  a ve r s ion  I1 s e t  updated a t  the NNCSC 
t o  meet the  s p e c i f i c a t i o n s  of ve r s ion  I V .  



where 

A t  E = 0.253 eV, t h e  f i r s t  32 p o s i t i v e  l e v e l s  i n  2 3 2 ~ h  con t r ibu te  

0.44 barns.  Parameters f o r  these  l e v e l s  were takne from Reference 

1. 

If  a ( 0 . 0 2 5 3 e V ) = 7 . 4 + 0 . 1 b a r n s  
n9-Y 

is  t h e  p re fe r r ed  experimental value") , then 6.96 barns must be 

a t t r i b u t e d  t o  t h e  negat ive  energy l e v e l s  and t h e  remaining posi-  

t i v e  energy resonances. In  t h i s  eva lua t ion ,  t h e  remaining con- 

t r i b u t i o n s  were a t t r i b u t e d  t o  a s i n g l e  negat ive  energy l e v e l  a t  

-7 eV ( f i r s t  negative l e v e l s  would be  expected a t  approximately 

-2 and -14 eV). With r0 = 0.0321 x IO-'(~V) and r = 0.0259 eV, n Y 

t h i s  . f i d u c I a l  l e v e l  con t r ibu te s  6.96 barns t o  the 2200 m/sec capture  

cross s e c t i o n ,  and, t h i s  model t he re fo re ,  w i l l  produce the pre- 

f e r r e d  value of 0 (0 .0253 dl) f o r  2 3 2 ~ h .  
nY 

The Resolved Resonance Energy Region (10 eV t o  3 . 9 4  keV) 

From 10 eV t o  3.006 keV, parameters f o r  t h e  resolved 

resonances i n  2 3 2 ~ h  a r e  the recommended va lues  given i n  Reierence 

1. The remaining parameters (last resolved resonance appears at  

3.931 keV) were obtained from measurements repor ted  by Garg, e t  

a l .  (') The capture  width was taken as cons t an t ,  I. = 0.0259 eV. 
Y 

A l l  levels were taken a s  s-wave (R = 0) l e v e l s  (none were i d e n t i -  



f i e d  as p-wave o r  "doubtful").  These parameters were used 

i n  t he  s ingle- leve l ,  Breit-Wigner formula. 

The Unresolved Resonance Region (3.94 keV t o  50 keV) 

Unresolved resonance parameters f o r  Th-232 are given i n  Table 

2 .  The s-wave parameters are i d e n t i c a l  t o  those used by Sehgal (3) 

i n  h i s  r ecen t  s tudy of t he  thorium resonance i n t e g r a l  and were de- 

duced from t h e  resolved resonance da t a .  The p-wave s t r e n g t h  

funct ion  was s e l e c t e d  such t h a t  ca l cu la t ed ,  i n f i n i t e l y - d i l u t e ,  

capture  c ross  s e c t i o n s  would agree  w e l l  wi th  experimental  va lues  

repor ted  i n  ~ e f  erence'') . The c a l c u l a t i o n s  were performed wi th  

t h e  ERIC-Z'~) code and comparison of the ca lcu la t ed  and experi-  

mental capture  c ros s  s e c t i o n s  was made over an energy range ex- 

tending from 10 keV t o  200 keV ( t h e  unresolved region cut -of f ,  

however, was taken a t  50 keV). For these  c a l c u l a t i o n s ,  t h e  R = 1 

s t r e n g t h  funct ion  was assumed cons tant  and independent of J ,  and 

-1 
t h e  average l e v e l  spacing assumed p ropor t iona l  t o  (25 + 1) ; t h e  

mean reduced neutron width can then be computed from 

where 

S1 = s t r e n g t h  funct ion  

v = pene t r a t ion  f a c t o r  
R 

x L  
3 - 

2 
f o r  Q = 1; x = 0.00191f l  

l+x 



The neutron l e v e l  widths were assumed t o  be d i s t r i b u t e d  i n  a 

chi-squared d i s t r i b u t i o n  with one degree of freedom (V = 1). For 

Sl = 1.20 x ld4, the calculated and measured c ross  s ec t ions  a r e  

i n  good agreement; sources f o r  the measured data  are given i n  

Reference 1. The Barwell d a t a  is given greater weight than t h a t  

of ~ e h ~ a l ' ~ ) ,  r e s u l t i n g  i n  a lower p-wave s t r e n g t h  funct ion .  The 

ERIC-2 ca lcu la t ions  u t i l i z e d  100 "narrow" groups and a p o t e n t i a l  

s c a t t e r i n g  cross  s e c t i o n  of 12.0 barns .  

Table 2 

Unresolved Resonance Parameters  f o r  2 3 2 ~ h  

The Radiative C a p t u r e  Cross Sec t ion  (.05-15 MeV)* 

From 0.05 MeV to 0.12 MeV a smooth curve i s  drawn t o  connect 

with the va lue  given by the solid line of Reference 1. From 0.12 

MeV t o  15 MeV the s o l i d  l i n e  of Reference 1 was used. This gives 

t h e  (n ,y )  c ros s  s e c t i o n  t abu la t ed  i n  F i l e  3 .  



The F i s s ion  Cross Sect ion* 

The f i s s i o n  c ros s  s e c t i o n  up t o  10 MeV was taken from t h e  

work of ~ a v e ~ ' ~ )  who made an eva lua t ion  of t h e  f i s s i o n  c ros s  

s e c t i o n  up t o  MeV. From 10 MeV t o  15 MeV t he  f i s s i o n  c ros s  s e c t i o n  

given by t h e  s o l i d  l i n e  of Reference 1 w a s  used. The fission c ross  

s e c t i o n  thus obtained is  t abu la t ed  i n  F i l e  3.  
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9 2 ~  U-235 L A S L ~ A I  fVAL'MAR74 L ~ S T E W A R I ,  H,ALTER !?,HUNTER 
D 1 3 7 - 1 9 7 4  

P , C .  T O  N O R Y A L ! ~ A T I O N  AND STANBARDS S u B C o M H I T T E E  MARCH 1 9 7 4  
P E R T I N E N T  w O L L O R I I H  FROM GENERAL FILE FOLLOWS ( M A T  1 2 6 1 )  
ALL REFERENCES C A R R I E D  OVER FROM GENERAL F I L E  

P R I N C l P A L  EVALUATORS-  L,STEWART L A S L ,  H,ALTEH A 1 1  R,HUNTER LASL 
C O N T R l B U T l N G  EVALUATORS 

NU-BAR--BIR, LEONARD BNWt L t  STEWART AND R A Y  HUVTER LASI., 
HUMMEL A N L *  

F ,p ,Y I€LDS-oR,seHENTER H E D L t  F I S S I O N  PROD, S U B C O M M ~ T T E E  
DELAYED NEUTRON DATA--H,HUMMEL ANL 
RAD1OACTIVE  D E C A Y  DATA--CmW*REICH ANC 
RESOLVED RESONANCE OATAS-J IR,  SMITH A N C j  A ,  G W I M I  R m  P E E L E t  AND 

G,DESAUSSURE ORNC 

SMOOTH D A T A  

THERMAL RANGE C I L U B I T ~  KAPLd J lWARDY B A P C I  B ~ R I L E O N A R D  BNw 
62 EV *25  K E V - - R I G W f N ~  G 0 D € ~ A U S S U R E  ORNC, R,BLOCU R P I ,  

J o R ,  S M I T H  ANC 
25 K E V - 1  MEV A,CARLSON N B S I  W,POENITt  ANLI L , S T E W A R T  

LASL I  H o A L T E R  
1 MEV-20 M E V - ~ R ~ H U N T E R I  L,sTEWART L A S L ,  W l A L T E R  
f N E L A S T i C  SCAl'-'LoSTEWART, R ,HUNTER L A 8 L  
SECONDARY NEUTRON D I ~ ~ O - - L , S T E W A R T ,  R,WUNTER L A S t  
GAMMA P R O D U C T I O N ~ - R . Y U ~ I E R ,  L,STEWART L A S L  

E V A L U A T ~ O N S  WILL BE DESCRIBED AND REFERENCED IN---TBD--m 

BASES FOR E V A L U A T l O N S  

CURRENT F I L E  i COMMENTS ARE R E L A T I V E  T O  EVILUATION 
BETWEEN 25 KEV AND 20 M E V l  ADDITIONAL F I L E  1 COYMENTS ARE 70 BE 
PROVIDED KARL AND BAPL  ( D A T A  BELOW I , 0  E V l r  ORNL AND BNL W I L L  
PROVIDE  COMMENTS FOR UNRESOLVED E N E R G Y  R E C l b N * 8 2 , @  E V  TO 25 KEY,  
A L L  A O D l T I O N A L  P I L E  1 COMMENT9 ARE T O  BE FORWARDED T o  STEWART 
WHO W I L L  COOROINATE AND S E T  UP NEW F I L E  1 CDMflENT F I E L D S ,  

RESOLVED RESONANCE REGION 
RESOLVED RESONANCE REGION REMAINS  UNCHANGED FROM E N D r / B * 3 ,  
ANC REPORT BY J ,R ,SMITH  A P P R D P R I A ~ F  REFERENCE--,TBD, 

UNRESOLVED RESONANCE REGION 
COMMENTS DN E V A L U A T I O N  IN THlS REGION W l L L  BE PROVIDED BY 
ORNL ( P E E L L E I  AND BNL (BHAT) 



SMOOTH DAT& 
THERMAL D A T A = - ~ C O M M E K ~ S - - - T B D ,  
1 EV TO R 2  EV COMMENTS---TED- J IRt  S M l T Y  
82  E V  T O  25 KEV COMPENTS-- -TBO~ PEELLE, BUAT 
25 K E V  TO $00 KEV 
I 0 0 K E V  TO 1 M E V - - - F ~ S S I O N  CROSS S E C T l u N  TAKEN AS CURVE 

SLIGGESTED BY U-235 TASK FORCE AND CSEWG STANDARDS AbD 
NORMALIZATION SUBCOMMITTEE, I N  T H I S  ENEKGY REGION DATA TAKEN 
FROM REFERENCES 1 THROUGH 9, DATA OF R E k p 4  S t A u O  ( 7 1 )  R A I S E D  
BY 1 , 0 4 ,  BETUEEN 1 AND 6 MEV CURVE DRAWN THROUGH D A T A  O F  
REFERENCES 3 ,  54 AND 7 THROUGH 11, WITH HEAVY WEIGHT G I V E N  T O  
REF. 11, ABOVE 6 MEV CURVE DRAWN THROUGH DATA OF REFERENCES 
7 1  8 ,  1 2  AND 131 DATA O F  REFS.  1 2  AND ?,a NORMALIZED 70  2,152 
BARNS A T  1 4 . 6  MEV*-p*ALPHA CURVE BETWEEN l a  KEV AND i B  MEV 
BASED OPJ REFERENCES I AND 1 4  THROUGH 1 9  AS RECOMMENOED BY 
U-235 TASK FORCE, ABOVE i MEV ALPHA CURVE SMOOTHLY 
EXTRAPDLATEO 7 0  20 MEV*-* -CAPTURE C R O S S  SECTION D E R I V E D  AS 
THE PRODUCT OF THE F I S S I O N  CROSS S E C T I ~ N  W I T H  ALPHA---ABOVE 
W,5 MEV TOTAL CROSS SECTION TAKEN F R O M  S P L I N E  F I T  TO DATA OF 
REFERENCES 2fl AND 2 1 ,  BETWEEN 25 KEV ANU 0.5 HEY A S M O O T H  
CURVE WAS F I T  T O  THE TOTAL C R O S S  S E C T I O N  OF ENDF/B-3,  

I., GWlN, R I f  ET,ALI  PRIVATE C Q M M U N I ~ A T I O N  t V R N L 1 1 9 7 3 )  
21 K h P P ~ L E R I F ~ S ~ M P O S I U M  N E U S e S T D S w t  ( A N L I  C Q N F * 7 0 1 @ 0 2 ,  2 7 2 t 1 9 7 0 )  
3 ,  S t A B o , I I ,  E T , A L l r  ( A S  R E F t S )  G o N F e t @ i 0 0 Z 1  25711978)  
4 ,  SZABOII,, ET,AL,, K N O X V I L L E  CPNF, VOL,2 373{1971) 
5 ,  KAPPELER,P,, 2ND IAEA PAWEL STANDARD X - ~ L C T I O N S , V ~ E N N ~ ( ~ ~ ~ ~ )  
6 "  GAYTHERp D8B, ,  E T I A ~ , ,  ( A S   REF,^) ( 1 9 7 2 )  
7,  HANSEN, G,, E?,AL,I PRIVATE C O M M U N I C A T I O N ~ L I S T E W A R T { L A S L  1 9 7 0 )  
8 .  WHITE, P . M . , ,  J,NUCL,ENEffGY 1 9 1 3 2 5 t 1 9 6 5 )  
91 DIVEN( P,C1, P H Y S s R E ~ c l 0 5 1 1 3 3 0 ( 1 9 ~ 7 )  

101 P O E N I T 2 1  W e  P A 1  VATE COMMUNICATION ( ~ ~ ~ 1 1 9 7 3 )  
11, HANSEN, G , ,  ~ 7 , A L t r  PRIVATE COMMUNICAT1ONrL tSTEwAR~ ( ~ 9 7 2 )  
12. P4NKRATOVl V . H 8 (  E T , A L * I  J*NUCLtENERGY 1 6 1 4 9 4  ( 3 . 9 6 2 )  
13. PANKRATOVl V.Me, E T , A L t r  S O V I E T  JtAT,ENERGY 1 4 , 1 6 7  ( 1 9 6 3 1  
1 4 .  DESAUSSURE, G., E T @ A L ~ ,  P A R I S  1 9 6 6 1  jAE4 2 1 2 3 3  (19671  
$5 ,  C!? IRR,  J . B e t  LTIAl,,*, H E L S I N K I  1 9 7 0 ,  IAEA 1 1 3 3 1  ( 1 4 7 0 )  
1 6 ,  P E R E Z ,  R , B , ,  L T e A L t ,  0 R N L - T ~ - 3 6 9 6  ( 1 9 7 2 )  
17, B I N O L l  R16 , ,  L T e A L e ,  NSE 48 ,324  ( 1 9 7 e )  
1 8 0  KONONOVt V r N e r  E7,AL. t  I N D C I C C P ) = ~ ~ L ,  (~971) 
19, KUROVl M , A n ,  ET,AL,,  J t  S O V ~ E T  ATIENRGY, 3 1 5 t ( M b R C ~  1 9 7 1 )  
2 0 0  HEATON, P e e e  ETIALI,  PR lVATE COMMUNICATION ( N B S 1 1 9 7 2 )  
211 FOSTER, D,G, E T I A L t r  PHYSeREV,C3,576 ( ¶ g t l )  
221 HUNTER* RIEI STEWART, L 8 ,  HIRONS TIJII C ~ m 5 1 7 3  119731 
2 3 ,  KAMMERDIENER, J e L r t  uCRL-51232  ( 1 9 7 2 )  
2 4 ,  HUNTER, R,E, STEWART, L.1 ~ ~ 1 4 9 0 1  ( 1 9 7 2 )  



2 5 ,  D R A K E ,  D I M l ,  HDPKINS, J e C t ,  YOUNG, C l S m  AND CONDE, H,, 
NSf  4 0 ,  2 9 0  ( 1 9 7 0 1  

2 6 ,  N E L L I S ,  D,O,, AND M O R C A k ,  1 , L n r  ORD-2991'17 (1966). 
ALSO EDOHANAN,  P,S,, O R O l ~ 7 9 1 - 2 8  (19691 

E R R O R  F I L E  
R E A C T I O N  ENERey R4NGE LSTlMATED ERROR 

(IN PERCENT)  
FISSION 25 KEY To 1'0 M E V  4 
F ~ S S I O N  1,0 M E V  TO i r 5  MEV 5 
FISS!ON i , S  M E V  YO 2 ,8  WEV 3 
FlSSI t IN  2 , 0  M E V  T O  SsB M E V  4 
FISSION 5 , 0  M E V  T O  6 r 0  MEV 7 
FISSlON 6,8 NEV T O  20  HEV 28 
ALPHA 25 K E V  TO l r O  YEV 10 
TOTAL 0 ,5  M E V  T O  2 0  M E V  2 

.1-- w . - s  --*- c--1 -.-- 



DATh TYPE 

RESONANCE PARAMEIERS 
NEUTRON CROSS S E C T I O N  

EkOF/B M A T E R I A L  N O .  6 2 6 1  
T4BLC Or CONTENTS 

GENERAL I N F O R M A T I O N  
REACI1DN C A R D S  

COMMEFilS 
T A B L E  OF CONTENTS 

R c s o ~ r u e t  D A T ~  
FISSION 

ENOFfB R A T E R I A L  N O *  6 2 6 1  
URANIUH"215 REGOhANCE D A T A  

RESONANCE PARAMETERS 
~ S ~ ~ Q ~ ~ - P - - - - - - - - - ~ - - ~ - - - . - - . ~ R A N ~ ~ ~ - ~ ~ ~  
FRACTIONAL AUUNDANCE--------- l m 0 R 0 0 E * 0 0  
NUMBER OF ENEAOY RANGES------ 2 

CNFRCY RANGE NUMBER---------- 1 RESOLVEO SINGLE-LEVEL B R € L T * V I ~ ~ N E R  PARAMETERS 
LONER ENERGY L I M I T  ( E V ) - - - - - -  1 . 0 0 0 B E + 0 0  
UPPER ENERGY L r n l r  r w r - - - - - -  B . ~ E B ~ E + B ~  
NUCLEls  SPIN-- - - - - - - - - - - - . - - -  T .4aaac .q#  

L VALUE-------------------.-- 0 
NUMBER OF RE5ONANCES-----.--- 1 3 0  
S P I N  S C A ? ? E R L V B  LECCIH ( A - I - .  0 .0000E100  

R E B O N A N C C  W I C T H S  ( E Y I  
INOEX EfJERCy I E V I  J VALUE T O T A L  NEUTRON RAOIATIDN FISSION 





URANIUM-235  RESOhANCE DATA 

~ ~ O T O P E - . - - - - - - - - - I - - . - - - - - - . ~ ~ ~ N I ~ ~ . ~ ~ ~  
RESONINCE PARAMETERS 

PRAETIONAL ABUNDANCE-----.--- 1 .00BAE100  
NUMBER OF ENERGY RANGES--- - - -  2 

CNERGy RANBE NUMBER---------- 2 U N R C S O L V E O  S!NGLE.LEVEL BREIT -WIGNER P A R A M E T E R S  
LOWER ENERGY L I M I T  (EVI-- - . - -  8 . 2 0 0 ' 0 E 1 0 1  
UPPER ENERQY L I M I T  (EV) - - - - - -  
NUCLEAR BPlN~--- -cm--- - - - . - -m 

2 . 9 0 0 0 L * 0 4  
3 . 5 E B f E r 0 0  

C~PECTIVE  BCATTERlNG RADIUS- -  9 . 5 6 6 3 E - 0 1  
NUMBER OF L STATES--- - - - - - - - -  2 

L VALUE-------------------.-- 0 
NUMEEP O f  J S T A T E 9 ~ - - - - - - - - - .  2 

DEGREES OC PREEOOH USE0 IN THE WIDTH U1STPIHUTION 

FISSION 



67  
6 E 
6 9 
70 
7 1 
72 
7 3 
74 
75 
76 
77 
7 B 
79 
6 0 
a1 
RZ 
B3 
R 4  
65 
R b  
8 7  
R E  
R V  
P0 
9 1  
9 2 
9 3  
9 4 
9 5  
9 6  
97 
9 8 
9 9  

1R0 
In1 
1P2 
1 R 3  
1114 
115 
l f l b  
lP7 
18'3 
1R9 
i1m 
111 
112 
113 
11' 
115 
ill 
117 
118 
I 1 9  
t e a  



- - 

DEGREES OF FREEDOH U S E D  IN THE UlD7H 0lSTRlEuTro~ 
- ---"-" 

J-VALUE COMPETITIYC YEUTROR R I O I h T l O N  FlsSlo~ 
4.0000E*00 R,0BBBE*RB l r 0 0 0 0 E + 0 0  OlOOROE*OO l l d l a @ f * 0 0  

ENCRCY l E U l  R A D I A T I O N  
~ . 5 B R 0 E - 0 2  
3 ,5000E-02 
S.50Pl0E*02 
J19000E-82 
3,5000E-02 
3.5000Es02 
~ ~ 5 0 0 0 E - 0 2  
3q5000E-C2 
3 .5000E-12 
3.5060E-02 
3,5000E-02 
3 ,5000E-02 
3 .5000E-02 
305000E.02 
5.5B00E.02 
5.5000E-912 
3.S008E-02 
3.5008E-02 
3.5008E-b2 
3.5000E-82 
315000E-02 
3.5008E-02 
3.5000E-02 
3 .500IE-82 
3.5000E=02 
3.5000E-@2 
3.5000E-02 
3,5000E-k32 
3.5080E-02 
3.5000E=E2 
3.5B00E-02 
S.5000E-82 
1.50BBE-02 
3,5000E-p2 
3.5000E-02 
3 ~ 5 0 0 0 E - 0 2  
3,530VE-82 
3 , 5 n ~ a ~ - 0 2  
3 ,5000E-02 
3.500aE-02 
3 , 5 8 u a ~ - g z  
3,5000E-U2 
3 0 5 8 8 8 E - 0 2  
3.50086-Q2 
3.5000L-W2 
3.5000E-82 
3 .5000L-02 
3.5000E-02 
3.5000E-02 
3.5001E-82 
3,5601E-02 
3.5580E-E2 
3.5000E-02 
Jb5BBL1E*02 
J1500BE=02 
~ . 5 0 8 8 ~ - r n 2  
3.5000E-02 
3 ,5000E-02 
3.5000E-02 
3!5000E-R2 
3.5000E-s2 
3.5000E-02 
3.5000E-42 
3.58a0E-Ln2 
3.5@00E-mZ 
3.500dE-g2 
515L10BE~02 
31swCleE-n2 
3.5[181E-p2 
3nS~SIE-112 
J.50VlEE-112 
Jb5@00E.@2 
3.5000L-M2 
9 .5805L-02 
3,5000L-112 
3.1000E-02 
3 .5800L-12 
3.5300E-m2 
3.5SBaE-02 
3.5a00E-02 
3 .5%00f -02 
3.5300E-E2 
3,510SE.02 
3.5000E-82 
3 .50086-@2 

FISSION 



c ~ A L U E - . - . - - - - - - - - - - ~ - - - - - - .  1 
NUMBER OP J STLTESm---- - - - - - -  4 

DEGREES OF FREEDOM U S E D  I N  THE hIDln UISTRIBU~ION 
"___-_l___"__-l--_-----~-------------.----+--*7-- 

J-VALUE CO!4PETlT!VE YEUTROh R I O t A T I 0 N  FISSION 
ZIEOOOE*OO 6.0000E100 1 . a 0 C B E i d 0  Q.B000E*30 Z.dOJIE+00 

A V E R A G E  RESOhhMCE W I D T H S  I E V )  ---. 
COMPETITIVE 
pl,0000E*OQ 
$08000E*B0 
ADBOOOEIOB 
R,fiBBBE*BO 
PnOOOOE*OO 
0,a000E*0n 
OIOOOOE*OO 
O,BBEBE+BB 
0.0000E100 

,-.---e---.-- 

R A D I A T I O N  
3,530BE -F32 
3.580EE-K2 
j.50EBEa02 
5 . 5 B B E E - b 2  
J , ~ ~ B B E - E Z  
3 .50001- t2  
3.5000EmE2 
3.5B00E-gZ 
3,50001-82 
31500'dE-a2 
3.JaBBE-02 
J.5000E-02 
3.5008E-02 
3.5000E-U2 
3.50BBE-P2 
3,IBBIE-PE 
J.SB00E-&.2 
3,5100Ea02 
3 ;5080E-02 
3,5000E-82 
3.5200E-82 
3,5B00E-y12 
3.5a00E-02 
3 ,5000E-02 
3 ,5000E-82 
519000E-B2 
S.Sa08E-02 
3.3080E-pi2 
1 . 5 r a a ~ - ~ z  
3.5000E-BZ 
3.5BB8E-02 
38500BE-uZ 
3n5001F-pI2 
3,9'dBBE-02 
3.5allE-02 
3,5aSBE-Y2 
3 0 5 0 8 8 E - 0 2  
3 , s a g a ~ . 0 2  
3,SldBBE-b2 
3m5008E-82 
3 . 5 0 B I E - 6 2  
3.5000E-92 
3.50BBE-E2 



4 4  
45 
4 b 
47  
4 8  
4 9 
3 0 
5 1 
5 2 
5 3 
5 4 
5 5 
56 
5 7 
58 
4 9 
6 0 
h i  
6 2 
63 
6 4  
a5 
OD 
67 
68 
6 9  
711 
7 1  
72 
73 
7 4  
75 
76 
77 
78 
7 9  
80 
81 
B e  
A3 
Flh 
65 
86 
07 
88 
R 0 
00 
P i  
92 
0 3 
94 
95 
9 6 
97 
PB 
9 9  

110 
I R L  
112 
in3 
in4 
1 I 5  
i n 6  
1P-7 
108 
ipl9 
110 
ill 
112 
113 
114 
115 
Ll6 
1 1 7  
1iS 
1 1 9  
120 



DEGREES OF FREEDOM U S E D  I N  THE W I D T H  D I S T R I B U T I O N  .----*.----_. 
FISSION 

l + a k l O I E * B 0  

AVERhGE RESONANCE HlDlHS {EV) -------.-----.-------------.- 
LEVEL SPACING 

1.0E00E+00 
COHPETiTlVE NEUTROL .4&DIA7IQN 
0 1 8 0 0 0 E h 0 0  2 , 0 8 E B E c E d  3,30EBE.f iZ 





DECREES OF FREEDOM USED IN THE WIDTH ------------.-.---------*-----.----- DISTRIBUT~ON .-----.--"-5. 
FISSION 

21a038L*@0 
J-VALUE 

4 . 0 0 0 0 E * 0 0  

~ V E R A C E  RESONANCE WlOTHS ( E V )  
___"_--=--_-----il------.----- 

NEUTRON 
2,aaOPIE-04 
21B000E-@4 
2,0008E-06 



DEGREES OF FREEDOM USE0 
- - - - - - - - - - - - - - - - - - - - - - -=  

COMPETITIVE NEUTROh 
0,8aDQE*00 1 1 0 B C 0 € + u I  

AVERAGE RESONANCE ---,.-..----------- 
COMPETITIVE NEUTRON 
0,0000E*00 2,2400E-04 
0,0000E100 2,2400E-B4 
8,0080E+00 2,2400E-94 
0 .0000EI00 2 t2400E-04 
@,0B00E*00 2 '2400E-04 
0,0000E100 2,2400E-84 
010000E.00 2,240EE-04 
0.0808Ed00 2,2400E-04 
0.0000E*00 212400E-04 
0.0000E100 2*2400E*E4 
Q.0000E*00 Z124E0E-0d 
0,0000E-00 2,2400E-04 
0.0000E.00 2,2400E-04 
fl.0000EA08 2r24E0E*04 
0,0UDIE*00 2,2400E-04 
@rBB00E*00 2,24R0E-04 
f l l000BE*00 2 1 2 4 0 0 E ~ 0 4  
0.0008E*09 2.2408E-84 
R.0@0#E-00 2.2400E-04 
B.0000E*00 212400E.04 
R.0000E*00 2,2400E-04 
0.0080E+00 2124fiDE-04 
0,0000E*00 2rP400E*04 
%,0000EI00 2124CBE-04 
f l a 0 % 0 0 E * 0 0  2 t24E0E-84 
0 ,0000E*00 2 t24E0E-61 
0,0008E*00 2 ~ 2 4 E 0 E - 8 6  
@,0000f100 2,2400E-04 
0,0000E*00 2 0 2 4 0 0 E - 8 4  
0,0000E*00 212400E-a4 
R,0000E*00 2 ~ 2 4 0 0 E - 8 4  
0,0000E*00 2 ~ 2 4 0 0 E * 0 4  
0 ,0000E*00 2,2400E-04 
0 , 0 ~ 0 0 ~ ~ ~ 0  2 ,2400c-a4 
0,0000E*00 2 ~ 2 4 R 0 E - 6 4  
0,0000E*00 2124C0E-04 
0,0000E*BB 2t2400E-04 
R,0000E*E0 2 ~ 2 4 0 0 E - 0 4  
%,0000E*00 282400E*e4 
0 , 0 0 0 0 E ~ 0 0  2,24EBE-06 
n.00B0EI00 2.24PBE-04 
BIOQOIE*OO 2,2408E-E4 
0,0008Eb00 2,2480E-04 
0 , 0 B B B ~ 0 0 0  2,2480E-E4 

I N  T H E  W I D T H  - - - -  - -  ------. 
R A D I A T I O N  

~ ~ a a a a ~ * a s  
J -VALUE 

5 .8008E+00 

-EVEL S P A C I N G  
1.1200E100 
1.1200E*00 



45 
4 6 
A / 
4 8 
49 
58 
5 1 
92 
5 3 
5 4  
55 
5 6 
7 7 
58 
39 
6 0 
0 1 
6 2 
6 3  
6 4  
6 1  
0 6 
0 7 
60 
69 
78 
7 1 
72 
7 3  
7 4 
75 
76 
7 7 
7 8 
7 9 
A 0 
R 1 
02 
AJ 
R 4  
85 
R 6 
07 
A 8 
6 9 
PU 
P i  
P 2 

94 
95 
9 6 
97 
98 
99 

1RB 
181 
IRZ 
lU3 
lU4 
285 
1116 
in7 
1118 
1119 
110 
Ill 
112 
113 
114 
115 
116 
1 1 7  
118 
119 
12VI 



F I S S I O N  
NFUTAOk CROSS SECTION 

ENDFtB MATERIAL NO, b 2 6 l  

R E h C T l O N  0 VALUE 1 . 9 2 5 0 6 * 0 8  EV 

I N ~ C R P O L I T ~ O N  LAW BETWEEN ENERGIES 
RANCE QESGRIPT ION RANOE DESCRl  P l l O N  

1 TO 6 7  LN Y L l N E A R  I N  LN X $7 TD 4 7 4  Y L I N E A R  I N  X 
RANGE O E S C R l P T I O h '  

4 7 8  TO 8 1 0  Y LINEAR I N  LN Y 

ENERGY CROSS S E C T I O N  ENERCY C R O S S  SEFTION 
E V BARMS i'4 BARNS 

1 ,0000E-03 3 .1234C*03 5 ,0808E-03 1 ,3832E*03 
2,5Zn0L.01 S.B540E*BZ S~A000E-02 5 , 3 1 5 9 L * 0 2  
5 ,0800E-02 3 , 9 E V i E * 8 2  5 r 5 8 0 B ~ m 0 2  3,7U39E*02 
7.58RBC-a9 3 L l A S F * 0 2  8 . B B f f B F m 0 2  2.9175E102 

ENERCY C R O S S  S E C T l l  E N E R G Y  C R O S S  SECTION 
E u C l A R N S  
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REFERENCES FOR EXPERIMENTAL DATA 

a35~(n. f )  

yr. Lab 
74 ANL 

73 WK 

73 SAC . 

71 LAS 

71 GEL 

71 CAD 

70 LAS 

70 HAR 

68 ANL 

65 ALD 

65 DUB 

65 SAC 

63 LRL 

63 CCP 

62 CCP 

61 MOL 

59 CCP 

58 ANL 

58 COL 

Author 

Poe-nitz 

Kaeppeler 

Blons 

Lemley, et al. 

Deruytter, et al. 

Szabo, et al. 

Cr amer 
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f oenirz 
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Brown, et al. 

White 

Wang, et al. 

Michaudon, et a l .  

Bowman 
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Melkonian, et al. 
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92- Up238 WARD E v A L P S E P T ~ ~ N ~ C S P A I K  
D I S P - M A Y 7 4  R E V - N O V 7 4  

P,C. T O  N o R Y A L I Z A T ~ O N  AND STANDARDS SUBCOMMITTEE M A R C H  1 9 7 4  
P E R T I N E N T  H O L L O S I S H  f R O M  GENERAL F I L E  FOLLOWS ( M A T  1262) 
A L L  REFERENCES C A R R I E D  OVER FROM GENERAL f ~ L E  

MF a 2 
RESONANCE PARAMETERS 

RESOLVED RESONANCE PARAMETERS 
F , J ,  MCcROSSQN ( S A V A N N A H  R I V E R  L A B q H A T O R Y )  , I N  THE 
E V A L U A T I O N  RESULTS OF T E S T I N G S  OF P F E L I M ~ N A R Y  P A R A M E T E R S  
ON ISOLATED R O O  RESONANCE I N T E G R A L  C A L C L J L A T I O N S  B Y  
J, HARDY ( B E T T I S  ATOMIC POWER LABOHATORY)  WERE C O N S ! -  
QERED, COMMENTS BY G ,  QESAUSSURE ( O H N L )  AND BY P A I K  
C O ~ S I O E R L O  I N  THE F I N A L  VALUES,  

M T x i S i  R E S O L V E D  RESONANCES PARAMETERS INCLUDED F D R  1 9 0  S-WAVE 
AND 220 P-WAVE RESONANCES B A S E D  P R I M A R I L Y  ON DATA OF REF 1-7, 
MEASURED P A R A M E T E R S  WERE M O D I F I E D  T O  I H r R D V E  F I T  TO P O I N T W I S E  
CAPTURE MEASUREMENTS OF REF 8 ,  RESOLVED R A N C E I  E V - 4  K E V O  

UNRESOLVED RESONANCES - AVERAGE R A D I A T i O N  W I D T H * U , @ ~ ~ ~ E V ,  
ENERGY R A N G E  1 KEV TO 4 5  K E v , S T A T I S T I C A L  F I T  TO D A T A  B Y  
P A I K  (REF, 361 SAME TECHNIQUE AS WAS DUNE F0q ENOF/B I 1  I + 

AVERAGE S-WAVE L E V E L  S P A C I b J G = 2 0 r B  EVIS-WAVE STRENGTH F U N C T I O N  
=llB5E-4BASEP Oh E V A L U A T E D  RESOLVED RESONANCES, P-WAVE 
STRENGTH F U N C T I O N  O B T A I N E D  BY A D J U S T I N G  C A L C J L A T I O N  TO THE 
EVALUATED CAPTURE CROSS S E C T I O N *  NEUTRUN H I D T H S  AND L E V E L  
S P A C I N G  ARE G I V E N  AS ENERGY DEPENDENT A T  15 E N E R G I E S  SETWEEN 
4.06 AND 4 5 , 8  KEV,  PIWAVE P E N E T R A T I O N  F A C T O R S  TO B E  CALCULA-  
TED USING A R A D I U S  OF 8 . 4  F E R M I  PER R E V I S E 3  E N D F / B  FORMATS, 

THE TECHNIQUE I S  E S S E N T I A L L Y  SAME As W A S  FOR E N O F / B  3 ,  
MF 3 

M T = 1 8  F I S S I O N  R A T I O  R E L A T I V E  T O  U-235 E V A L U A T E D  FROM 0 , 9 8  T I M E S  
L P M P H E A E ( R E P . 2 5 )  BELOW 2 MEVs REFS,  26 AND 27 BETWEEN 2 8 0  -U 

5 , 4  M E V ,  AND R E F S ,  27 AND 28  W I T H  C O R R e C T I O h S  TO REF,  2 8 *  
THESE R A T I O S  ARE I K  GOOD AGHEEHENT W I T H  MEASURED VALUES OF 
REFERENCES 3$ AND 3 z 1  
THESE F l S S I O N  R A T I O S  WERE C O M B I N E D  W l T H  THE E N D F / B  I V  U ~ 2 3 5  
P I S S l O N  CROSS S E C T I O N S O  

M T e P 0 2  (N,GAMMA) - METHODS OC REF,  9 USED BELOW I EV, BUT VALUE 
OF 2 , 7 0  8 USED AT ,0293 EV, #ATHER THAN 2 , 7 2  0 ,  SMOOTH C R O S S  
SEC (1 EV-45 K E V I  I N C L U D E  C Q N Y R ~ B U T ~ O N B  FROh ( A )  BOUND LEVELS 
ll*i00 E V l r  ( 0 )  UNRESOLVED PTWAVE RESONANCES ( , b e - 4  K E V ) r  AND 
t C j  A SMALL D - W A V E  COMPONENT ( 1 0 0 4 5  K E Y ) ,  
BETWEEN 4 AND 1U0 K E V l  BASED ON AVERLCE OF REFS, 36 AND 8 ,  
ABOVE 100 KEVITHE E V A L U A T I O N  ARE D E T E R M I N E D  BY FRIESENHAHN 
(REPa33), P Y Y E S ( R E F ,  3 4 ) A N D  REFERENCE 35 ,  
ABOVE 2 MEV THE EVALUAT'!ON BY DEVANEY tPEF1371 WAS ADOPTED 



REFERENCES 
1 0  A S C H ~ R I H ~ O E T  ALttNUC1PHYS,,85t385(1056) 
2 0  B O L L I N ~ E R , L , M ~ ~ T ~ O M A S I C , E , , P H Y S I R E V ~ ~ ~ T ~ , ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  
3 s  C A R R A R O , G , , K ~ L A R ~ ~ , ~ N U C . P A T A  FOR A E A C T O K S I V Q L ~ L ~  I P E A ( 1 9 7 0 )  
4, C A R R A R 0 , G . t ~ ~ ~ A R ~ W , I e O N F = 7 i ~ 3 ~ 1 ~ 7 0 1 ( 1 9 7 1 ~  
5 1  M A L E T S K J ~ K H ~ ~ E T  A L o , S O V 9 A T , ~ N t , , 3 2 p 4 5 W 7 2 )  
6 ,  R A H N I F , , ~ ~  A ~ , I P H Y S , R E V . I ~ C , ~ ~ ~ ~ ( ~ P ~ ~ ~  
7, ROHRIGOIET A L , ~ N U C , D A T A  FOR R E A C T O R S ~ V O L o 1 t I ~ E ~ 1 1 9 7 0 ~  
8 ,  DE SAUSSURE,GOlET A L l t O R N L - ~ M - 4 0 3 9 ( $ 9 7 f )  
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U R I K ~ I J M ' P J B  

DATA T Y P E  

GENERAL I N F O R ~ A T I O N  

RESONANCE PARAMETERS 
NEUTRON CROSS S E C T I O N  

CARDS 

C O M M E N l S  9 3 
TABLE OF CCNlENTS 4 

R E S D h A N C k  DATA 47 1 
F I S S I O N  3 3 
( W l S I f l W h I  91 

ENDF/R M A T E R I A L  N O .  6 2 6 2  
U R A N I U M - 2 3 8  RESONANCE D ~ T A  - - -  

PESONANCE PARAMETERS 
I ~ o T o ~ ~ - - - - - - - . - - - . - - - - - - I - - - - U R C . N I U M M ~ ~ B  
F R A C T ( 0 N A L  AUUNDANCE-- - - -s- - .  i , 0 0 0 0 E + 0 0  
NUMBER O? ENERQY RINGES-- - - - -  2 

ENERGY RANGE NUMBER-- - - - - - - - -  1 REqUlYED 5 1 t d C L E - L E V C L  BREIT-WICNER PARAMETERS -. 
LOUER ENERGY LIMIT (EV) - -= - - -  1 , 0 E 0 0 E + 0 0  
UPPER ENERGY LIMIT ( E V ) - - - - - -  4 . a 0 0 0 ~ + 0 3  
NUCLEAR SP)N------P---------- 0 . 0 0 @ P E * 0 0  
S P I N  S C A T T E R I N O  L E N G T H  ( A * ) - =  9 1 1 8 4 0 E - 0 1  

,, "AL"E-----*-*----------'--' 0 
NUMBER Of RE?ONANCES-- - - - - . - -  190 
S P I N  SCATTERING L E N G T H  ( A - ) - -  0 . 0 0 0 0 E + B B  

RE6OMbMCE Y I D T l 4 S  ( E V )  
l N D E X  LNERGY ( E V I  J V A L U E  T O T A L  H L U l R O N  R & ~ l l l l O N  F I S S I O N  





C ,,ACuC"---------'----"---"- 1 
NUMBER OF REbONANCES-- - - - - - - -  2 2 1  
S P I N  S C A T T E R I N G  LENGTH ( A - I - -  8.0080€+00 

J VALUE 



39 
4 0  
4I 
42 
r J  
44 
45 
4 6  
47 
4 1  
49  
50 
3% 
se 
53 
74 
55 
5 6  
1 7  
38 
5 9  
b l  
6 1  
62 
d 3  
64 
65 
66 
b7 
6 8 
6 9 
7m 
7  1 
72 
7 3 
74  
7 1  
7 6  
7 7 
7 8 
7 9 
00 
E7i 

112 
0 3  
8 4 
05 
bb  
R 7 
R B  
A9 
911 
0 1  
9 2  
0s 
94 
05 
96 
97 
P 8 
9 9  

1 A l l  
i n 1  
1 n 2  
1 1 3  
l P *  
l R 5  
i n 6  
1 0 7  
l a 8  
lrn9 
110 
111 
1 1 2  
I I S  
1 1 4  
1 1 5  
1 1 6  
1 1 7  
1 1 8  
1 1 9  
120 
1 2 1  
1 2 2  
1 2 3  
1 2 4  
1 2 5  
1 2 6  
1 2 7  
1 2 0  
129 
1 3 0  
1 3 1  





ENDF/B  M A T E R I A L  NO, 6262 
URAPIIUM'23U R L S O h l N C E  DATA 

~~~~DPE-.-.--..--II------~---~R~N!UMM~SB RESCNINCE P I R A M E T E R S  

P A A C T I O N I L  A ~ u H D A N C E - - - - - ~ - - ~  1 ,000BEc00 
NUMBER OF ENEROY RbkCES--- - - -  2 

K N t R G l  R L N C E  NUMBER------=--- 2 UNeCSOLVED 9 I h G L E - L E V E L  B R E I T - H I G N E M  P A R A H E Y E R S  
LOWER ENERGY ~ l n ! ~  IEV>- - - - - -  ~ . B E B B E * # S  
UPPER FNEROI L l R I l  ( E V I - - - - - .  4 . 5 0 0 0 E 1 0 4  
NUCLEAR S P ~ N - - - - - - - - - - - + - = - - .  0.000PE10B 
C f f E G Y I V E  SCIIICRlNO R I D I V S - a  9 , 1 8 4 0 E - 0 1  
NUflREB OF L STLTES----------- 2 

DEGREES OF FREEDOM USED IN THE W I D T H  UISTRIBUTIOV 
-*--1_1-1*.---.---1__-.------lr--------p------------ 

J-VALUE COMPETITIVE N E U T R O h  RAOIATION F I S S I O N  
310B8BE-fll  R , 0 0 0 8 E * 8 8  1,0BBBE+E0 0 , 0 0 0 0 E * 0 0  BlaOaOE*OO 

LVCMGE RESONANCE u I D T H S  ( E V I  
._-1-__1--_____7_.-----.- 

N E U T R O N  R A D I A T I O N  

A V E R A G E  RESONANCE W I D T H S  I E V )  

L E V E L  S P A C I N G  
2 .000PE*t ;  
1 1 9 9 8 8 E * 0 1  
I . V 9 5 0 E * l l  
I, Y9Z@E+Pl 
149BBBE+Bl 
5,.VB~0E101 
l.?E0EE*Rl 
l , V ? I 0 E * 0 1  
1. VslsL'Ol 
i t ' 1 4 1 E E * 0 1  
1 .YZbIE+PI  
1 , 9 0 P 0 f . I :  
1.8928€*3; 
i, s ~ a e c * a i  
L l b S 9 0 E * 1 1  

..-- C7--C-L---- .  

: NEUTRON 
3 ,0269E-13 
3r lb72E-0 .3  
3 r 2 4 2 4 E m E 3  
3 ,2073E-83 
2,9739f-63 
2 , 7 5 9 1 8 - $ 3  
S , G J W ~ E - ~ ~  
3 , 0 l E 9 E - E 3  
J10944E-83 
2 , 9 ~ 6 2 ~ - e a  
2 ,9895€ -@3 
z183q8E-B3 
2,7951E-03 
2,8279E-03 
2,9299E703 

,---- ------- 
R A D I A T I O N  F I S S I O N  

2 , 3 5 0 s ~ - g a  a , a a 3 a ~ * a e  
2 , 3 5 0 0 ~ . 8 2  ~ . @ E ~ B E + B R  
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93-NP-237  ANCaLASL EVAL-JUN73 J t  RpSMf TH ( A N C I ,  WtE,STEIN ( L A S L )  
D I S T - P A Y 7 4  

0 Q * Q 0 * * 
P,C. TO N O R M A L l t A T 1 0 N  AND S T A ~ U A R D S  SUBCOMMITTEE MARCH 1 9 7 4  
PERTINENT W O L L ~ R I T H  FROM GENERAL F I L E  FOLLOWS (MAT 1263) 
ALL REFERENCES CARRIED OVER FROM GENERAL F I L E  

237-NEPTUNIUM EVALUATED JUNE 1973 BY J ,H ,SMlTH (AEROJET 
NUCLEAR CO) AND W,E,STEIN ( L D S  A L A M Q S )  

4 0 * 0 * Q 

THE B A S I C  CHANCES FROM THE VERSION 1 1 1  EVALUATION ARE: 
1. A NEW F I S S I O N  EVALUATION BY W t E t S 7 E I N r  FHDM 4 0  KEV T O  

20  MEVt 
2. tvEW RESONANCE PARAMETERS, BOTH RESOLVED AQD UNRESOLVED 
3 .  REVISED CAPTURE CROSS SECTIONS,  
4 .  RENORHALl tEO (Np2N)ANO ( ~ 1 3 N )  DATA. 
5 .  READJUSTMENT OF THE I N E L A S T I C  CROSS SECTIONS T O  

ACCOMMODATE THE ABOVE CHANGES, 
F I L E S  1 1  I V ,  AND V AND THE LOW ENERGY POINTWISE DATA I N  
F I L E  I I I  ARE UNCHANGED, 

C R O S S  S E C T I O N  V A L V E S  A T  ~ = 8 , m 2 5 3  E V  A R E :  
T O T A L  1 8 6 , 6 3  BARNS 
SCATTER 1 7 . 5 1  BARNS 
CAPTURE 1 6 9 , l U  BARNS 
F l SS I ON 1 6 , b 3  M I L L I B A R N b  

M T = i 8  BELOk D 1 3  EV THE F I S S I O N  CHOSS S t C T I O %  I S  G IVEN BY 
THE SAME POINTWISE F I L E  THAT WAS USED I N  VERSION 1 1 1 ,  
THE FISSION CROSS SECTION AT Ben253 EV I S  16,153 MB, 
ABOVE 4 0  KEV THE F I S S I O N  CROSS SLCTIOY HAS BEEN 
REEVALUATED BY W,E,STLIN, ThE EVALUATION FOLLOWED 
WHITE ET AL ( 1 4 )  FROM 4 @  TO 5 0 5  K E V t  K L E M A t l S ) ( R E N O R M )  
TO 1,1 MEV4 S T E I N ( 1 6 ) a  1 , e  TO 4 , 3  MEV, AN0 PANKRATOV 
( 1 7 ) ,  4 ,5  TO 2 0  MEVI NORMALIZED f 0  WHITE AND 
WARNERt l8 )q  THE ESTIMATED ERRORS I N  ?'HE FISSlON 
CROSS SECTION A R E  AS FOLLOWSI 

ENERGY RANGE STANDAHD ERROR 
(MEV) (PER CENT) 

RESl RANGE 5 d 
0 ,04@<E<P,505  1 

0,505 5 
0,505<E<2,0 18 

1 0<€<5 ,4  3 
5 , 4 < E < 1 4 . 1  1 

1 4 1 1  4 
1 4 , i < ~ < 2 0 , 0  1 a 
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2 ,  B,D,KUZMINOV E T  ALI SOV JoURN AT EvERGY VOL 4 1  P250 

(1958  1 
3 ,  V , I t L E B E D E V t  V, I ,KALASHNIUOVAt  SOV JOURN AT ENERGY 
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1 6 ,  W ,L,STEIN E l  AL, c U ~ F a 6 6 0 3 D 5 ,  P 6 2 3 ,  W A S H I N G T O N  1 9 b b  
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ENDF/B  M A T E R I A L  NO, 6 2 6 3  
N E P T U N ~ U M - ~ ~ ~  TABLE OF CONTENTS 

GENEHAL l N F 0 R n A T l O N  
DATA TYPE R E A C T I O N  CARDS 

GENERAL INFORMATION COMMEFITS 7 8  
T l B L E  OF CONTENTS 3  

RESONANCE P A R A M E T E R S  RESONANCL DATA 9 9 5  
NEUTRON CROSS S E C T l O N  F [ S S ! U N  1 0 9  

E N D F I B  MATERIAL  NO. 6 2 6 3  

ENFRCY RPNCE NUMBER--- - - - - - - -  1 RESOLVED S I N G L E - L E V E L  B R E I T - W I C N E R  PARAMETERS 
COWER ENERGY L l H l T  ( C V I - - = - - =  3,0080E-01 
~ P P E R  E N E R G Y  L I M I T  IEV)-----• ~ , J O ~ ~ E + E Z  
~ U ~ L E A R  ~ p r ~ - - - - - - - - - - - - - - - - -  Z 1 5 0 0 8 E * 0 0  
S P I N  S C C T T E R l N G  L E h G I H  [ A * ) - -  9 . 1 4 l P E - 0 1  
NUMBER OF L STATES--- - - - - - - - -  1 

! N O E X  ENERGY ( E V I  J VALUE 
R E S O N ~ N C E  WII 

TOTAL NEUTRON 







EVOFIB MITERtAI NO. 6263 
NEPTUNIUV-237 RESOhANCE DATA 

RESCNANCE P A R L Y E T E R S  
I ~ O ~ O P E - - - - - - - - - - - - - - - - - - - - - .  - NEPTUNIUM-237 
FRICTION~L AILINDANCE--------- 1.000C18*00 
NUn@EH OF ENCRGY RANGES--=--- 2 

ENERGY RANEE NuHBER---------- 2 UNRESOLVED SINGLE-LLVEL BREIT-UIGYER PARAMETERS 
LOWER ENERGY L I M I T  ( E V ) - - - - - -  1.3000E102 
UPPER ENERDY L I M I T  (EL')------  4.0000E104 
MUCLEAR S P I N - - - - - - - - - - - - - -  ---- 2.5000E000 
E F F E C T I V E  SCATTERING RADIUS-- 9.1410E-01 
YUMYER OF L STATES----------- 2 

INDEX ENERGY ( E V I  I 
1 113k'ABE*82 
2 l 1 9 8 0 0 E * 0 Z  
3 2:0URQE*BP 

.EVEL S P A C I N G  
l . a 0 0 0 E * 0 0  
1.0000E*00 
1.0000E400 
1.0000E*00 
1.0000E*00 
i,0BBBE+BB 
t .0000E*00 
1.0000E+00 
J.0000E+00 
1 .0000E*00 
1,0000E*00 
l .B000E+00 
1 . 0 0 0 0 E ~ 0 0  
1.0000E.00 
%,0000E*00 
1.0000E*00 
1.0000E.00 
l t B 0 0 0 E * 0 0  
1 .0000€*00 
1.0000E*08 
l , 0 0 0 0 E * 0 0  
llOOOOE*OO 
1.YI000E*00 
1.0000E400 
1 ,0000E*00 
llOOOOE*OO 
llOOOOE*OO 
1.0000€*00 
1.0000E*00 
1.0000E*00 
l .B000E*00 
l.YI000E*00 
1.0000E*00 
1.0080E*00 
l .B000E*80 
1.0000E+00 
1.0000E*00 
1.0000E.00 
1.0000E.00 
1.0000E.00 
I .B000E*00 
1.0000E.00 
llOBOOE*OO 
$.0000f..00 
1 .0000E*00 
1.0000E*00 
I r 0 0 0 0 E + 0 0  
1 .0000E*00 
i l l 0 0 0 E + 0 0  
1.0000E*00 
t . l 0 0 0 E * 0 0  
1.Y10BBE-00 
l.YIBBBE+BB 

DEGREES OF FREEDOM USED 
- - - - - - - - - - - - - -= - - - - - - - - -  

COHPET~ TIVE NEUTROh 
O,0000E*00 110a00E+BB 

AVERAGE RESONANCE 
_____- -E- -_-=- - - -  

COHPETlTlVE NEUTRON 
0.0000E.00 1 t 3 0 6 4 E - 8 4  
0 . 0 0 0 0 b r 0 0  1n1157E-04 

IN THE WIDTH __-------_--. 
RAOIITION 

010000E*OII 

DISTRIBUTION .---- ---- 5- - -  

F I S S I O N  
l,YIBII0E*B0 

F I S S I O N  
5,4391E-06 
S.0718Es84 





DECREES OF FREEDOM USED !N 7% ElO7H D I S T R I ~ U ~ I O N  

JmVACUE C O M P E T I T l V E  N E U T R O N  RAOI*TION F I S S I O N  
3.8000E+00 0.0000E10O llOOQOt*BO 010000E*Q0 z.d01aE*00 

AVERAGE RESONANCE WIDTHS l E Y l  "__"__-.__~_"-__-__~------"-- 
lNDEX ENERGY I E Y )  LEVEL SPACING COMPETITIVF NEUTRON R A D I A T I O N  F I S S I O N  





INDEX 
1 

J 
4 

FREEDOM USED 
._--=--P------ 

NEUlRCN 
1 ~ 8 0 3 0 E + 0 0  

?AGE RESONANCE .--- .--_- ----. 
NEUIRDk 

1 , 3 4 2 8 8 - 0 4  
1 , 3 5 4 0 E - 0 4  
1 ,344:E- t4  
1 ,3474E-04  
1 , 3 4 4 P E - 1 4  
l 1 3 4 S U E - E 4  
1 , 3 4 4 8 E - E 4  
1 1 3 4  8%-14 
1 , 3 4 5 0 E - 0 4  
1 , 3 4 1 6 E - e 4  
1 ,3454E-C4 
1 , 3 5 2 9 E - 8 4  
1 , 3 4 5 6 E - 0 4  
1 , 3 5 2 1 E - 0 4  
1 ,3459E-e4  
i 0 3 5 $ 0 E - e 4  
i 1 3 4 b & E - E 4  
1 , 3 4 7 7 E - 1 4  
1 , 3 4 6 3 E - 1 4  
1 , 3 4 9 2 E - @ 4  
1 , 3 4 6 4 E - 0 4  
1 . 3 5 4 6 E - a 4  
1 1 3 4 6 4 E - 0 4  
1 , 3 5 1 0 E - 8 4  
L 4 3 4 b 4 E - 0 4  
1 , 3 5 3 2 E - 0 4  
1 , 3 4 6 3 6 - 0 4  
1,3569C-B4 
1 , 3 4 6 2 E - 0 4  
l r 3 4 4 3 E - E 4  
1v34b0Em04 
l 1 3 5 4 2 E - 8 4  
1 , 3 4 6 2 E - 8 4  
i 1 3 4 7 1 E - ( d 4  
1 , 3 4 5 9 E - E 4  
l r 3 4 9 S L - R 4  
l r 3 4 4 6 E r E 4  
1 ,3571E"P4 
1 . 3 4 1 6 L - 0 4  

I N  THE U I D T H  
--*--------- 

R A D I A T I O N  
0 , 0 0 0 0 E + 0 0  

WIDTHS ( E V )  
----------.* 

RADIATION 
4 1 0 0 0 8 E - 0 2  
4 , 0 0 0 0 E - 0 2  
4 . 0 0 8 0 1 - 0 2  
4,E00BE-'d2 
4,0UEME-1112 
4 , 0 0 0 0 E - 0 2  
4.00005.112 
4 .0000E-02  
4.0BEBt-E2 
4 .0000E-02  
4 ,0000E-02  
4 .0000E-02  
4 , 0 0 0 0 E - 0 2  
4 , 0 0 0 0 E - 0 2  
4 , 0 0 0 0 E - 0 2  
4 .0U00E-02 
4 r 0 0 0 0 E - 8 2  
4 . 0 0 0 8 6 - 0 2  
4 1 0 0 0 8 E - 0 2  
4 ,0000E-02  
4,8008E-1)2 
q.0000E-W2 
4 , 0 0 0 0 E - 0 2  
4.0RBBE-82 
qn0'd0BE-1?2 
4 0 0 f l 0 8 t - 0 2  
4,000DE-02 
4 . I 0 0 0 E - 0 2  
410000E-02 
4,!4000E-ff2 
( , 0 0 0 @ E - 0 2  
4 .1088E-02  
4 , 0 0 0 0 E - 0 2  
4.0B0BC-ld2 
4 , 0 0 0 0 E - 0 2  
4,BklQBE-BZ 
4 , 0 0 8 8 E - 0 2  
4 .000f lE-02  
4,VB00E-E2 
g .Qf l00E-02  
) , IBBBL-B2 
4,0000E-P12 
4,0UIIOE-02 
4:0008E-02 
4 1 0 0 0 8 E * 8 2  
4 ,0000E-M2 
4  : a m 0 a ~ - e e  
4 ,000BE-52 
4 , 0 0 ~ 0 ~ - 0 2  
4.000BC-12 
4,0000E.02 
4 ,10n8E-02 
4 ,0000E-02  
4.000BE-02 
4,BEBBE-EZ 
4 .0000E-d2 
r ; ~ l r a ~ - s 2  
4 .0008E-02  
4.00BIE-kt2 
4 .0088E-02  
4 ,000BE-82 
4 ,008BE-02 
4 .0000E-02  





DEGREES OF FREEDOM USED 1 

A V E R A G E  RESONANCE 
r - _ _ - O - E - _ _ - . . - - - - .  

FISSION INDEX 





DEGREES OF FREEDOM USED !V  IUE WIDTH O I S T R I B U l l O N  r_______.__--.l-___.--..*-.*--.---.----------.--- 
J-V~LUE COMPETITIVE NEUlROh RADIATION F I S S I O N  

3 , 0 0 0 0 6 * 0 0  R , 0 0 0 0 ~ * 0 0  I 4 0 0 C 0 E * B 0  E.EBE@E+60 i r d B J 0 E * 0 0  

hGE RESONANC .--*--.--.-- 
NEUTROh 

1 , 3 4 2 6 E - 5 4  
1 , 3 5 4 0 t - E 4  
1 , 3 4 4 i E - 0 4  
1 ,3474E-84  
1 ,344VE-04 
L r 3 4 8 6 t - 0 4  
1 1 3 4 4 8 6 - B 4  
1 , 3 4 8 ~ ~ - e 4  
1 ,34506-84  
1 ,34BbE-e4 
1 I 3 4 1 4 E d 4  
1 ,S529L-&4 
11115bE-B4 
1 , 3 5 2 1 E - 0 4  
1a3439E-ell  
i , s w u ~ - e *  
1 , 3 4 6 i E - 8 4  
1 ,3477C-04 
1 ,3463E- f l4  
1 ,3492E-04  
1 1 5 4 6 4 E - I 4  
1 ,319bE-0d 
1,3464E-04 
1 ,3510E-84  
1,1444E-04 
1 , 3 5 3 2 1 4 4  
1 ,3413E-S4 
1 1 3 5 6 5 E * 0 4  
113462E-e4 
l134b3E-eA 
1, 3 4 ~ 1 ~ - e 4  
1 , 3 5 4 2 C - 0 4  
1 , 3 4 6 2 E - 0 4  
l t 3 4 7 l E - 8 4  
1 , 3 4 5 P E - e 4  
1,349SC-S+ 
l 1 3 4 b b E - E 4  
1 , 3 5 7 1 1 - 0 4  
l t 3 4 5 6 E - 0 4  
1 ,3478E-04  
1 ,3412E-04  
1 , 3 5 5 8 1 - 0 4  
1 34DlE-0d 
1 ,3564E-04  
1 , 3 4 4 9 E - 1 4  
1 ,3462E-04  
1 ,3449E-04  
l ,S517E-04  
1 , 3 4 4 5 1 - 0 4  
1 , 3 3 1 0 E - 1 4  
1 1 3 4 4 3 E - 0 4  
1 , 3 4 5 5 E - e 4  
1 , 3 4 4 1 E - 0 4  
1 ,344PE-04 
1 , 3 4 4 1 E - 0 4  
l r 3 4 5 ? E - 0 4  
l t 3 4 S f E - 0 4  
1 , 3 4 6 1 t - 0 4  
1 .3436E-04  
1 , 3 4 3 7 E - 8 1  
1 .3433E-E4 
1 .34CJE-01 
1 .34JZE-84 

WIDlhS t e v j  .-.-.---.-.- 
R A D I A T I O N  

4 , 0 0 8 0 E - 8 2  
4 . 0 0 0 0 1 - 8 2  
4.05BIE-02 
4 . 0 0 1 0 1 - 0 2  
4.0003E -12 
4.00B0E=02 
) , 0 P 0 0 i - @ P  
4 . 0 0 0 0 E - 0 2  
4 .0S0BE-02 
4 ; s a e s ~ - r z  
4 , 0 0 0 0 E - 0 2  
4 , 0 0 8 0 E - 0 1  
4 . 0 0 8 0 E - 0 2  
4 .#8@1E-02 
4 . 0 W 0 E - 0 2  
4 , a a a e ~ - g 2  
4 .0BBIE*0P 
4 .00 IBE-0Z 
41000SE*02 
4 : ' 8 8 0 8 ~ - 0 2  
4 .0$0BE-02 
4:00001-12 
+',000BE-@Z 
4,0a00E.132 
4.PI000E-82 
4 .000BE-02 
) .0000E-02  
1 .0000E-02  
4 l 0 B l l E - 0 2  
4 1 0 0 0 0 E - 0 2  
4.0000E.02 
4;0000E-@2 
4 . 0 0 0 0 E - 0 2  
4 a b f l 0 I E - 0 2  
4,8000E-LIZ 
d.0000E-ff2 
4 ' . 0 0 0 0 ~ - 0 2  
4 . 0 0 0 0 E - 0 2  
110000E-02 
4 : ' a a e a ~ - e ~  
4 , 0 0 0 0 E - 0 2  
4 .0000E-H2 
4 . 0 8 0 0 f - 1 2  
4 .0B00E-02 
4.0000C-02 
1;BBBBE-02 
4 3 0 0 0 0 L - 0 2  
4 .000BE-12 
I n 0 I 0 0 E - 8 2  
4 ; 0 0 0 0 ~ - 0 2  
4 0 P H C - 8 2  
4 . 0 0 0 0 E - 0 2  
4.0BBBE-y12 
4.00B0E-02 
4 . a 0 0 0 c - 0 2  
4 + 0 0 0 0 E - 0 2  
4 .0000E-02  
4 .000PE-02 
4aBP0at -02  
4 . 0 0 8 m ~ - e z  
4.E0QEE-112 
~ . C ~ B ~ C - Q Z  
4 ~ e E B € f L - 1 2  



6 4  
65 
6 6 
67 
66 
6 9  
70 
71  
72 
7 3  
7 4  
75 
7 6 
7 7  
76 
79 
80 
I1 
11 2 
RJ 
04 
85 
Rb 
8 7  
A B 
8 9  
90 
91 
9 2  
9 3 
94 
95 
O b  
9 7 
9 6 
9 9 

100 
ill 
in2 
l n 3  
1 A  4 
105 

6 
117 
l f l B  
1CQ 
l l D  
a1i 
112 
113 
114 
ill 
116 
117 
118 
119 
170 
191 
1 2 2  
1 2 3  
1 7 4  
175 
1 2 6  
177 
170 
171  
140 
131 
1 3 2  
133 
134 



J-VALUE 
4 . 0 0 0 0 € + 0 0  

FREEDOM USED 
r-_- . -__C--_--  

NEUlROhi 
i t 0 0 Q 0 E + ~ f f  

R A G E  RESDNANCE 
r p - - w - - . . r - - - - -  

NEUTRON 
1,34:8E-84 
1,3440E-P4 
1 , 3 4 4 1 E - 0 4  
l r 3 4 7 4 c - e 4  
1 , 3 4 4 9 E - 8 4  
1 .3468E-04  
113448E-E4 
1 , 3 4 8 5 E - 0 4  
l r 3 4 5 0 E - S 4  
1 8 3 4 8 6 E ~ E 4  
1 ,3454E-P4 
1 ,3529E-04  
l 1 3 4 5 6 E - E 4  
1 .3521E-04  
1 ~ 3 4 5 9 E - R d  

I N  THE W I D T H  
----------*-. 

R A D I A T I O N  
Eob@EEE+00 

w ~ D T H S  I E Y )  ------------ 
Q A D I P T I O N  

4 .  B B08t  -62 
4 . 0 0 0 0 E - 1 2  
4.0801L.k!2 
4.00BBE-IJZ 
4 . 0 0 0 6 E - 0 2  
4 .0300E-VZ 
4 I B ~ B B E - 0 2  
4.0B00E-BZ 
4.OB00t-BZ 
1 0 0 0 0 0 E - 0 2  
q ,0000E*f l2  
4 ,00%BE-02 
4 . 0 0 0 0 ~ - ~ 2  
qadB0IE-$2  
4 . ~ a ~ a ~ - m z  
4 .E000E-e2 
4 , 0 0 0 ~ ~ - 0 2  
4.0000E-112 
4 , 0 0 0 0 ~ - ~ 2  
4 . 0 0 0 0 ~ - 8 2  
4 , 0 0 0 0 E - 0 2  
4 0 0 0 0 0 E - 0 2  
4  ~8000E-02 
4a0000E-k12 
4 , 0 0 0 0 E - a 2  
4.000BE-S2 
4.000BE-y2 
4 , 0 0 0 0 8 - 8 2  
4.0%0BE-EZ 
4 .  EBBBE-02 
4,E00BE-m2 
raBB00E.g2 
4,EBEBE-SZ 
4 .0000E-02  
4 , 0 0 0 0 E - 0 2  
I,BBBBE-BZ 
4 ~ 0 0 0 0 E - 1 2  
4aBB00E-12 
4a0808E-02 
4 , 0 a m a ~ - ~ r z  
((;meme~-g2 
4r0000E- f i2  
4nR888E-12 
4 .0000C-82 
4 . 0 0 ~ 0 ~ - 0 2  
4 .0018E-02  
4 ~ 0 0 0 0 E - 8 2  
4 . a v a m ~ - ~ 2  
4 t 0 0 0 0 E - 0 2  
4,000BE-CJ2 
4 , 0 1 8 0 E - g ?  
410000E-H2 
r : s a a s ~ - s z  
4 . 8 8 8 ~ ~ - r n z  
4 ~ 0 0 ~ 0 E . i ? 2  
4 1 0 0 0 1 E - 0 2  
4 .0000E-E2 
4 .0000E-02  
4 .0010C-02 
4 ~ 0 0 0 B E - S E  
4,0000E.02 
4 : 0 0 0 0 ~ - ~ 2  
4 a 0 0 0 0 C - 0 2  

F I S S I O N  
~ , a s a a ~ * e e  











REFERENCES FOR EXPERIMENTAL DATA 

Yr. Lab - - 
73 SAC 

72 LAS 

70 LAS 

67 ALD 

65 ALD 

65 ALD 

63 CCP 

60 CCP 

59 HAN 

59 ORL 

59 CCP 

58 CCP 

57 LAS 

47 IJls 
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Plattard, et al. 

Jiacoletti, et al. 

Brown, et al. 

White, et al. 

Perkin, et al. 

White, et al. 
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Leonard, et al. 
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Renkel 

?4% ema 
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94.p~-239 GE-BRO, LAS Eu AL-MAR74 0 ,  ASHUTCH I N S ,  R ,  HC~NTER, L lSrEWART 
D I s T - 1 9 7 4  REV-OCT74  

P ,  C ,  TO N O R M A L  I Z A T I  ON-AND STANDARDS S ~ B C O V M I  T T E E  M b R C H  1 9 7 4  
PERT INENT HOLLORITH  FROM GENERAL F I L E  FOLLOWS [ M A T  1 2 6 4 )  
A L L  REFERENCES C A R R I E D  O V E R  FROM GENERAL ~ I L E  

P R I N C I P A L  EVALUATORS s B , 4 *  HUTCHINS  ( G E - B R O I I R n H J N T E R ( L A S L ) r  
L ,STEWARTILASL) ,R ,LABAUVE~LASL) ,  

NU-BAR-=B~R,LEONARD,JR, (BNW L A B ) ,  THERMAL UATA TASK FORCE 
F,P,YIELDS--R,  SCHENTER (HEDLI, FIS AND D E C A Y  PROD T A S K  F O R C E  
DELAYED NEUTRONS--HI HUMMEL ( A N L I r  C O X  ( A N L )  
R A O I O A C T I V E  DECAYS-C,W,REICH ( A N C )  
RESOLVED RE$,-,J.R, SMITH ! A N C ) r  H I  G W l N  tORNL), R ,  U l N S E Y  tBML 

THERMAL RANGE--Bo RI LEONARD(BNW L A B ) ,  THERMAL DATA TASK F O R C E  
1 E V  1 HEV - -F I  S C H M I T T R O T H L H E D L ) ~  T ,A IP ITTERLE(wARO)  

G I  DESAUSSURE COANL1t  w r  P O E N I T £  ( A N L )  
1 MEV; 2 0  MEVr -La  STEWAPT ( L A S L ) ,  R o  H U N T E R ( L 4 S L )  
I N E L A S ?  IC S C A T - - L  ,STEWART, R  , HUNTER ( L A b L  1 
SEC NEUT OISTPIBUTIONS-e L ,  STEWART, RIYUNTER ( L A S L )  
CAMMA-PROD-a R e  HUNTER AND L ,  STEWART (LASL )  

E V A L U A T I O N S  ARE D E S C R I B E O  AND REFERENCED I v  tNDF-199 ( R E F ,  1) 

RESOLVED RES e 

P R I M A R Y  DATA SOURCES ARE G W I N ( 7 )  F O R  F l S S l O N  AND CAPTURE 
AND D E R R I E M ( 8 )  FOR TOTAL,  PARAMETERS ( 9 L B W )  GENERATED B Y  
S M I T H ,  K l N S E Y  AND GARBER, ENERGY RANGE 1 EV 70 301 E V ,  

UNRESOLVED RES, 
PR IMARY DATA SOURCES ARE GWINI9) AND WESTON t i e ) ,  ENERGY- 
DEPENDENT SLRW PARAMETERS PROVIDE  SECOVUARY STRUCTURE 
IN FISSION, CAPTURE AND TOTAL C R O S S  SECTIONS,  ENERGY RANGE 
3 0 1  EV PO 28 KEV, I N T E R P O L A T I O N  SHOLLD BE O N  CROSS S E C T I O N S ,  

SMOOTH D A T A  
THERMAL DATA--ENERGY DEPENDENCE SAME AS VERSION 1 1 1 ,  

R E N O R M A L I Z A T I O N  OF P I S S I O N  AND C A P T U R E  T O  22aa MISEC 
VALUES OF 7 4 1 , 7  AND 270 ,2  FROM 1973 LSO A N A L Y S I S  OF 
THERMAL DATP TASK F O R C E ( 6 ) ,  



i EV 25 KEYS-SMOOTH CONTRIBUTIONS IN THE, RESOLVED RANGE 
C H O S E N  TO M A K E  COMBINED R F S O N A N C E  AND %HOOT4 FISSldN A N D  
CAPTURE C R O S S  S E C T I O N S  CONSISTENT WITH c W I N t 7 )  MEASUREMENTS, 
AND TOTAL W!TM O E R A I E N  V A L U E S ~ B I  
S H O O T H  D A T A  I N  UNRESOLVED ONLY FOR INELASTIC S C A T T E R I N G  
AND M I N O R  P O J U S T Y E N ~ S  4 7  RANGE ~ O U N O A R I E S ~  

25 K E V  70 1 HEV-;TOTAL BASED O N  MEASUREMENTS OF S M I T Y L I I )  
AND H E A T O N ( 1 2 ) t  FlSSlQN P R l H A R l L Y  BASED ON C H I N  D A T A ( 9 )  A N D  
THAT OF P F L E T S C H I N G E R ( ~ ~ I ,  CAPTURE O B T A I N E D  F R O M  ALPHA 
MEASUREMENTS bp GW lh'I92 1 W E S T O N I ~ B )  A N D  H ~ P K I N S { I ~ ) ,  
INELASTlC LEVELS ADJUSTED FDR LDW LYING L E V E L S  70 P A R T I A L L Y  
COMPENSATE FOR INCLUSION I N  THE ELASTIC CHANNEL, 
ELASTIC DETERMINED F R O M  B A L A N C E  OF T D ' f A t *  

5 M E V  PO 20 HEVn=OATA B A S E D  ON E V A L U A t t Q N  O F  H U N T E A ( 2 1 ,  
W I T H  POLI,,OW!NG ADJUSTMENTS - I ) F I S S I O N  70 COUPORM T O  
E N D P / B - I V  ~ 0 2 3 5  FISSION AND I N T E G R A L  MLASUREMENTS 2 ) T O T A L  
T O  &CREE BETTER WITH HEATON (121 3)ELASTIC FOR B A L L N C E  AND 
AGREE WItn U N I T A R I T Y I  F I R S T r  SECOND4 T H r R O  A N D  FOURTH 
C H A N C E  PISsfON ;NCLUDEDI V I T H  M T = l t 3  B E I N G  t Y E  SUM,  

RETERENCES 
t )  PU-239 DATA E V A L U A T I O N S  FOR LNOF/B-IV, ENUF-L99(TO BE ISSUEalt 
2 )  HUNTER,  S T E W A R ? ,  H 1 R O N S r  LA-3172 ( J U N E ,  1Q7311 
3 )  S O L E I L A C ,  FREHAUT, G A U R I A U ,  J, PJUCL, ENG, 23 ( 1 9 6 9 ) .  
4 )  FISSION PRODUCT DATA F O R  ENDFIB-TVI  R,E, SCHCNtER 

{ T O  B E  P U B L I S H E D ) ,  
5 )  DELAYED NEUTRON DATA FOR ENDP/B-IVI S ,  C O X  ( T O  BE P U B L I S H E D ) ,  
6 )  THERMAL N E U T R O N  D A T A  F O R  ENDFfB-IVi J, STEHN IT0  BE P U B ~ I S W E D I ,  
7 )  G W I N i  P R I V A T E  COMMIJNICATIDN ( 2 9 7 9 1 1  
8 )  O E R R i E N ,  C N 2 6 t 6 1 ,  H E I S I N # I  tiPV0)t 
9 )  G U I N ,  S I L V E R ,  INGLE,  T R A N S ,  A M ,  NUC, gDC, 151  481  11972)~ 
~ B ) U E S T Q N I  TODD, T R A N S ,  A M ,  NUC, S O C ,  48B ( 1 9 7 2 ) .  
II)SMlTH, C U E H T H t R ,  WHALEN (197211 
i2)HEATON, SCWWARTZ tiP721r 
~ ~ ) P F L € T S C H I N G E R ~  K A P P E ~ E R I  NUC, S C I t  AN0 EtdGt*  4 0  (19701 ,  
% ~ ) H U P K I N S I  E l V E N ,  NUCa SClt AND ENGa t 2 p  169 (19621, 
l 5 ) C O P P O L 4 r  K N I T T E R ,  Z I P H Y S I  232,  2 8 6  (1970)  - 2 2 6 1 2 8 6  t 1 9 6 9 ) a  
~ ~ I K A M M E R D I E M E R *  UCRLsS1232 ($97218 
$ ,9 lBARNAAP,  FERClJbONr M C M U R R A Y ,  VAN HEEADEN, NUCL,  P H Y s ,  7 f  ( 1 9 6 5 )  
~ B ) E I H Y A ~ N I M ,  SAFlNA, C u T N I K O V A ,  I V A N N O V A ,  AYOMNAYA ENER. 4 (1958)  
i 9 ) U U N T E R b  STEbiARTr LA-4901 (19721.  
~ B ~ O R I K E ,  H O P K I N S l  Y O U N G ,  C a W D E j  kUC9 S c l t  E N G ,  40, (1970r, 
PI)NELLISI MORGAN, oRC-2791 -1: (1966) 



ENDF/B MATERIAL NO, b Z b 4  
TADLE OF CONTEkTS 

GENERAL INFORMAIION 
REACTlON OATA TYPE 

GEMERAL INFORMATION 

RESONANCE PARAMETERS 
NEUTRON CROSS SECTION 

COMMENTS 
TABLE OF CONTENTS 

RESONANEL DATA 
F l S S l O N  

E N D F I B  HATERILL  No. 6 2 6 4  
RESONANCE DATA 

RESONANCE PARAMETERS 
!~o~O~E-------.---.--.---=.--~~UT~NIU~~~~~ 
FRACTIONAL AOUNDANCL--------- 1 . 0 0 0 0 E b 0 0  
NUMBER O f  PNEPGY RANGES--.--- 2 

ENERGY R4NGE NUMBER---------- 1 RESOLVED SINGLE-LEVEL BREIT-WILNER PARAMETERS 
LOUER ENERGY L I M I T  ( E V I - - 9 - - .  1.000 f lE*00  
UPPER ENERGY LIMl1 (EVI---'-- 3 . 0 1 0 0 E + 0 2  
NUCLEAR SPIN----------------. 5 . 0 0 0 0 E - 0 1  
S P I N  SCATTERING LENGTH ( A * ) - -  9 .0094E-01  
NUMBER OF L STATES----------- 1 

c "AL"EI----"-----.--.-------. 0 
NUMBER OF RE?ONANCES-----1--- 1 2 8  
B P I N  SCATTERINO LENGTH ( A - ) - -  0 .000REo00 

REBONANCE HIOTHS f E V )  
INDEX ENERGY I E V )  J VALUE TOTAL NEUTRON R A D I A T I O N  F I S S l O N  

1 -2 .2000E-01  0 1 0 0 0 F E + 0 0  5 , 4 0 0 5 E - 0 1  1 . 7 0 0 0 E - 0 5  4 .0000E=02 5 ~ 0 0 0 0 2 ~ 0 1  





ENOF/Q MATERIAL NO. 6264 

PLUTOH l u l l - 2 3 9  R E S O N A N C E  D A T A  
RESONANCE PARAMETERS 

~SOTOPE- - - - - - - - - - - I - - - - - - . - - *PLU?QWIUHH~S~ 
FRACTIONAL IBUNDPNCE-----3--- i r O e B B E * O O  
NUMBER OF ENERGY RANGES-- - - - -  2 .  
CNfRGY RANGE N U M B E R - - - - - - = - - -  2 UNRtSOCVEO SINGLE-LEVEL BREIT-WIGNER PARAMETERS 
LOHER ENERGY L I M I T  ( E V I - - - - - '  S m 0 1 0 8 E + 0 2  
UPPER ENERGY LIMIT IEVI-----* P1500PE+04 
NUCLEAR SPIN-------------.--- 5 ~ 0 0 0 B E - 0 1  
CFFLCTIVE SbA7TERIHG RADIUS--  9.853SE-01 
NUMBER OF L  SThTES----------- 2 

L "AL"E-------.-------------. 0 
NUMBER OF J ST4lESr--r------- 2 

DECREE5 DT FREEDOM U S E 0  iN THE WIDTH U l S T R l B U T l O N  

AVERACE RESONANCE W I D T H S  IEV)  *----.-.------------------.-- 
I N D E X  ENERGY ( E V I  I 
I 3,81RBE*02 
2 3,2fl00E*BZ 





DEGREES OF FREEDSW 3SfD IN THE WIDTH U ~ S T R I B U ~ I O N  

J-VALUE C D ~ P E T I T I Y ~  U E U ~ R O ~  R A O I A T I O N  F I S S I O N  
1.0@00E+00 0,00BBE*Ba 110I00E+00 01010BE+6B lel@a0E*00 

AVERAGE RESONANCE W I D T H S  ( E V )  





OEGREES Of F R E E D O M  USED I N  THE WIDTH 
-__ - -_____r - - - . - -_ -F - - - - - - - - - - - - - - - -  

J-VALUE 
0 . l l000E10a 

LEVEL S P A C I N  
8 ,7800E*00 
8 .7800E*00 
8 . f 8 0 0 E l 0 0  
8 .7800E*00 

'AGE R E S O N A N C E  
,-. - --_. ----- 

NEUTRON 
1 , 7 5 6 0 1 - 6 3  
1 ,7560E-03 
117560E-E3 
1 ,7560Eu03 
1 ,7560E-03 
117560E-03 
1 ,7460E-03 
1 ,7560E-03 
1 ,7560E-83 
117560E-83 
1 ,7560E-a3 
1 ,7560E-03 
1 ,7560E-83 
1 ,7560E*83 
l r 7 5 6 0 E - 0 3  
117560E-03 
l t 7 5 6 0 E " f l 3  
117560E-03 
1 , 7 5 6 0 E - ~ 3  
L17560E-03 
1t7560E-03 
1 ,7560E-83 
i r 7 5 b B E - 0 3  
117560E-03 
1 ,7560E-03 
l r 7 5 6 0 E d S  
117560E-03 
1 ,7560E-03 
l 1 7 5 6 0 E ' 0 3  
1 ,7560E-03 
1,7fibBE"03 
l17S60E.03 
1 ,7560E-03 
1 ,7560E-03 
1 ,7560E-03 
1 ,7560E-03 
1 ,7560E-03 
1175b0E"E3 
1 ,7560E-03 
1 ,7960E-03 
1,156mE-03 
l r 7 5 6 0 E n 0 S  
1,?560E*03 





DEGREES OF FREEDOM USED 1 N  TNE WIDTH U I S ~ R I B U T I O N  
r__--__--_r_--.--_----------------.-.------*----* 

J-VALUE C O H P E T ~ T ~ V E  NEUTRON RADIATION FISSION 
l.U0B0E*00 0,0000E108 2 ~ 0 0 0 0 E * 0 0  0.0U00L*00 2.0000E400 

LEVEL SPACING 
3,1 /54E*00 
3.1154L*B0 
3,1154E*00 

NEIITRON RADIATION 
4e1608E-82 
4 ~ 1 6 0 0 E - 0 2  
411608E-02 
4,1600C-112 
4,160aE-02 
411601E-02 
4.1600E-02 
4.1608E-02 
4.1600E-02 
4.1600E-02 
4,1600E-02 
4 ,16088-02 
411600E-02 
4.1600E-@2 
4,1600E-02 
4 ,1600E-02 
4!1600E-V2 
4,1600E-02 
4 - 1 6 0 0 C - 8 2  
4.1600E-R2 
4.1600E-S2 
4 ,1600E-82 
4,1608E-02 
4.1600Ez02 
4 ,16008-02 
4,1600E-02 
4.1600E-02 
4.1608E-02 
4.160FE-fl2 
4.1600E-62 
4.1600E-02 
4,1600E-02 
4.1600E-02 
4 & 1 6 0 0 E - @ 2  
4.1600E-02 
4.1600E-02 
4,1600E-12 
4 ,1600E-02 
4,1600E.yi2 
4.1600E.H2 
4.1608E-02 
4.1600E-02 
4 .1600t -02 





DECREES OF FREEDOM USED IN THE WIOTN U l S T R l a U T l g ~  

I C E  RESON4NC ~ l 0 l H S  { E V )  
- - . - 7 - - - - - - -  

R A D I A T I O N  
4,16BBE-82 
4 .1608E-02  
4 , l b B I E - b Z  
4 , 1 6 8 U E - 8 2  
4 , 1 6 0 1 E - 0 2  
411600E-02 
4 , 1 6 0 8 E - 0 2  
4,16W%E-82 
4 . 1 6 0 0 L - 8 2  
4 . 1 6 8 0 E - 0 2  
4.:600E-12 
4 . 1 6 0 0 E - 1 2  
4 . l b 0 0 E - 0 2  
4 . 1 6 0 0 E - 0 2  
4 . 1 6 0 0 E - 0 2  
4 .1600E-02  
4 .1600E-02  
4.160QE-02 
4 .1600E-02  
4 t l 6 0 0 E - 0 2  
4 .1600E-82  
4 , 1 6 0 0 E - 0 2  
4 , 1 6 0 0 E - 0 2  
4 0 1 6 0 0 E - g 2  
4 , 1 6 0 0 E - 0 2  
4 ~ 1 b 3 8 E - f i 2  
4 ,1600E-02  
4 , 1 6 0 1 E - a 2  
4 . 1 6 0 B t - 8 2  
4 , 1 6 0 0 E - 0 2  
4 . 1 6 0 0 E - a 2  
~ , I ~ B B E . G Z  
4 . 1 6 0 0 L - p 2  
4 , 1 6 8 1 L - 0 2  
4 , 1 6 0 0 E - 8 2  
4 , t b ~ O E - $ 2  
4.1bBEE-P2 
4 , l b a 0 E - 0 2  
4 . 1 6 0 0 E - 0 2  
q.1608E.flZ 
4.1600E-fiZ 
4.16111E-U2 
4 . 1 6 0 0 E - 0 2  





Z Z Z  
W 0 -. u- 
3 t P  .- m. 
w - w  m Q Z  

0- 
3-2 
< w  J O l r  



0 0 O o O O O O o O o e O h ~ ~ C L  
~ * ~ e m m Q r n f i " N B B O N & w ~ E  ..+......*....**. t 

W L W J W W L d W W Y W W W Y W W W  
C & L B ~ 2 I C . C C 3 c 5 D E O N P C O ~  
8 0 0 9 r % N 1 0 0 8 9 m N N B m B m  
s 9 5 . Z b % B I - a E 3 Z F . n P P m n  
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Derived Parameters C m ~ a r e d  With I n t e g r a l  Mea?.urements 

Res- Int -era1 (barns) U235 Fiss ion  Spectrum Avetage 

Dosimetry F i l e  FABRY ** 
Isotope/Reaction Dosimetry F i l e  BNL-325* (T=1.32) (mb) (mb ) 

' ~ i ( n ,  t o t a l  He) 425.87 486 .O 

1°g(n, t o t a l  He) 1722.17 1722 f 5 512.3 

2 3 ~ a ( n , ~ )  0.346 0.311 2 0.010 0.291 

2 7 ~ l ( n , ~ )  4.222 4.0 +- 0.4 

2 7 
A 1  (n, a) 0.801 0.73 -+ 0.02 

*S.F. Mughabghab and D.I. Garber, Neutron Cross Sect ions ,  Vol. 1. Resonance 
Parameters, BNL-325, Brookhaven National Laboratory (1973) .  

**A. Fabry, "Evaluation of Microscopic I n t e g r a l  Cross Sect ions  Averaged i n  a 
23% Thermal Fiss ion Neutron Spectrum (for  29 Nuclear Reaction Relevant t o  
Neutron Dosimetry and Fas t  Reactor Technology)," BLC-065, Centre dlEtude de 
1'Energie Nucleaire (1972). 

+All cross  sections In t h i s  column have been normalized t o  u~~~ (n , f )  1250 
(chosen by A. Fabry. See reference above.) 



APPENDLX I (continued) 

Derived Parameters Compared With Integral Measurements 

k Resonance Integral (barns) 
5 

Isotope/Reaction Dosimetry F i l e  BNL-325* 

f 5 8 ~ i  (n, 2n) 
i 58~i (n , p) 

''Ni (n,p) 

63~u(n ,y )  

'j3cu(n, a) 

65~u(n  ,2n) 

u~~~ Fission Spectrum Average 

Dosimetry F i l e  FABRY** 
(T-1.32) (mb) (mb) 

4.9 

101.5 113 -+ 3 

*S.F. Mughabghab and D . I .  Garber, Neutron Cross Sections, Vol. 1. Resonance 
Parameters, BKL-325, Brookhaven National Laboratory (1973). 

**A. Fabry, "Evaluation of Microscopic Integral Cross Sections Averaged in  a 
2 3 5 ~  Thermal Fission Neutron Spectrum (for 29 Nuclear Reaction Relevant to 
Neutron Dosimetry and Fast Reactor Technology)," BLG-465, Centre d'Etude d e  
L1~nerg ie  Nucleaire (1972). 

tAll cross sections i n  chis column have been normalized to u~~~ (n,f) = 1250 
(chosen by A. Fabry. See reference above.) 












