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DEFENSE NUCLEAR AGENCY WORKING CROSS SECTION LIBRARY: 

DESCRIPTION AND CONTENTS 

1. INTRODUCTION 

The R a d i a t i o n  S h i e l d i n g  In fo rma t ion  Cen te r  (RSIC) s e r v e s  as a r e p o s i -  

t o r y  f o r  t h e  Defense Nuclear  Agency (DNA) c r o s s - s e c t i o n  l i b r a r y .  

a working l i b r a r y  i n  ENDF’ format  whose c o n t e n t  can  be modi f ied  and re- 

v i s e d  whenever t h e  e v a l u a t o r  deems such  changes t o  b e  n e c e s s a r y .  The key 

t o  t h i s  approach i s  a s e l e c t e d  e v a l u a t o r ,  t h e  pe r son  r e s p o n s i b l e  f o r  

making t h e  o r i g i n a l  e v a l u a t i o n  f o r  a p a r t i c u l a r  e lement  or e lemen t s .  

is t h e n  r e s p o n s i b l e  f o r  a u t h o r i z i n g  changes i n  e v a l u a t i o n s  f o r  t h o s e  

e l emen t s .  The e v a l u a t e d  d a t a  a r e  f o r  t h o s e  m a t e r i a l s  o f  i n t e r e s t  t o  D N A ,  

whose c r o s s - s e c t i o n  v a l u e s  a r e  i n  a s ta te  o f  r a p i d  f l u x ,  and emphasis  i s  

p l a c e d  on n e u t r o n  e n e r g i e s  up t o  20  MeV and on secondary  gamma-ray p ro -  

d u c t i o n .  E v a l u a t i o n s  o f  i n t e r e s t  t o  DNA which are n o t  i n  a s t a t e  o f  r a p i d  

change a r e  found i n  t h e  ENDF/B l i b r a r y ,  which is a v a i l a b l e  from t h e  N a t i o n a l  

Neutron Cross  S e c t i o n  Cen te r  a t  Brookhaven N a t i o n a l  Labora to ry .  

T h i s  i s  

He 

The c l e a r i n g h o u s e  f o r  t h e  program i s  RSIC. I n i t i a l  v e r s i o n s  o f  

e v a l u a t i o n s  a r e  r e c e i v e d ,  p rocessed  th rough  checking  codes  t o  e l i m i n a t e  

obvious  fo rma t  e r r o r s ,  and modi f ied  as n e c e s s a r y  i n  c o l l a b o r a t i o n  w i t h  t h e  

e v a l u a t o r .  

r e v i e w e r s  w i l l  be p rov ided  wi th  l i s t i n g s ,  o u t p u t  from checking  codes ,  

g r a p h i c s ,  e t c . ,  and asked  t o  r ev iew t h e  d a t a  and f e e d  back t h e i r  comments. 

These w i l l  be  r e l a y e d  t o  t h e  e v a l u a t o r  and ,  upon h i s  i n s t r u c t i o n ,  a p p r o p r i -  

a t e  changes w i l l  be  made. 

Next DNA Phase I d a t a  t e s t i n g  i s  performed whereby s e l e c t e d  

The d a t a ,  a l o n g  wi th  a v a i l a b l e  documenta t ion ,  a r e  d i s t r i b u t e d  upon 

r e q u e s t .  

u s i n g  t h e  d a t a .  

The u s e r s  a r e  asked  t o  f e e d  back any comments t h e y  have th rough  

The o f f i c i a l  DNA l i b r a r y  w i l l  b e  ma in ta ined  a t  RSIC. Changes t o  it 
w i l l  be  i n i t i a t e d  o n l y  by t h e  e v a l u a t o r  and each change w i l l  b e  documented 

so  t h a t  u s e r s  c a n ,  a t  any t i m e  refer  t o  an i d e n t i f i a b l e  d a t a  s e t  when 

r e p o r t i n g  r e s u l t s  o f  t h e i r  c a l c u l a t i o n s .  
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Because t h e  d a t a  are a p t  t o  b e  r e v i s e d  w i t h  some f r equency ,  each  

The DNA e v a l u a t i o n  i s  d e s i g n a t e d  by a DNA MAT number and a MOD number. 

MAT number is a unique  i d e n t i f i c a t i o n  number f o r  an e v a l u a t i o n  and is 

e q u a l  t o  ENDF MAT number p l u s  t h r e e  thousand for t h o s e  e v a l u a t i o n s  which 

are submi t t ed  f o r  i n c l u s i o n  i n  t h e  ENDF/B l i b r a r y .  

n a t e s  t h e  number o f  times t h e  DNA e v a l u a t i o n  h a s  been modi f ied  s i n c e  i t s  

i n i t i a l  a v a i l a b i l i t y  th rough  RSIC. 

The MOD number d e s i g -  

The cur ren t  c o n t e n t s  o f  t h e  l i b r a r y  are g iven  i n  Tab le  1. The format  

used  f o r  d e s i g n a t i n g  t h e  MOD number f o r  DNA e v a l u a t i o n s  i s  d e s c r i b e d  i n  

S e c t i o n ' 2 .  A h i s t o r y  o f  t h e  m o d i f i c a t i o n s  t o  t h e  e v a l u a t i o n s  i s  summarized 

i n  S e c t i o n  3 .  S e c t i o n  4 c o n t a i n s  t h e  l i s t i n g s  o f  f i l e  1 i n f o r m a t i o n  on 

t h e  t a p e s .  

u s e f u l  i n f o r m a t i o n  can be  found t h e r e i n .  

T h i s  i s  t h e  E v a l u a t o r ' s  d e s c r i p t i o n  o f  h i s  e f f o r t  and much 

Table 1. 

Material 

Ni t rogen  

Oxygen 

Aluminum 

Lead 

Hydrogen 

S i l i c o n  

Calcium 

Beryl l ium 

Sodium 

Tantalum 

I r o n  

U-238 
U-235 

E v a l u a t o r s  

Young, F o s t e r  - LASL 

Young, F o s t e r  - LASL 

F o s t e r ,  Young - LASL 

Fu, Perey  - ORNL 

S t e w a r t ,  LaBauve, Young - LASL 

Drake ,  Kinsey - BNL 

Fu, Perey  - ORNL 

Howerton, P e r k i n s  - LLL 

P a i k ,  P i t t e r l e ,  Perey  - WARD, ORNL 

Howerton, P e r k i n s ,  MacGregor - LLL 

Penny, Kinney, Wright ,  Pe rey ,  Fu - ORNL 

Howerton, MacGregor - LLL 
Howerton, MacGregor - LLL 

DNA 
MAT 

4133 

4134 

4135 

4136 

4148 

4151 

4152 

4154 

4156 

4179 

4180 

4187 

4188 

- MOD 

3 

1 

2 

2 

1 

1 

2 

0 

0 

0 

0 

0 

0 

Date of 
MOD 

2-72 

2-72 

2-72 

4-72 

2-72 

2-72 

5-72 

2-72 

2-72 

2-72 

3-72 

7-72 

7-72 

1. M .  K .  Drake, E d i t o r ,  "Data Formats and Procedures  f o r  t h e  ENDF Neutron 
Cross  S e c t i o n  L i b r a r y , "  BNL-50274 (ENDF-102, Vol. I ) ,  October  1970,  and 
D. J .  Dudziak, Compiler ,  "ENDF Formats and Procedures  f o r  Photon P roduc t ion  
and I n t e r a c t i o n  Data," LA-4549 (ENDF-102, Vol. I I ) ,  J u l y  1971.  
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2 .  FORMAT FOR DESIGNATION OF MOD NUMBER FOR DEFENSE NUCLEAR AGENCY 
EVALUATION 

The d a t a  fo rma t s  and p rocedures  t o  be  used  f o r  t h e  DNA Working Cross  

S e c t i o n  L i b r a r y  are e s s e n t i a l l y  t h e  same as t h o s e  used  f o r  t h e  ENDF/B. A l l  

p r o c e s s i n g  codes ,  such  as CHECKEF?, SUPERTOC?, AMPX, w i l l  b e  a b l e  t o  r e a d  t h e  

d a t a  t a p e  r e g a r d l e s s  o f  whether  t h e  t a p e  i s  a DNA or ENDF/B d a t a  t y p e .  

The on ly  d i f f e r e n c e  between t h e  two t a p e s  i s  a f l a g  i n  t h e  HEAD r e c o r d  o f  

t h e  first s e c t i o n ,  MT = 451, i n  F i l e  1. Also t h e  f i rs t  p a r t  o f  t h e  

H o l l e r i t h  in fo rma t ion  ( f i r s t  two BCD c a r d  image r e c o r d s )  w i l l  have an 

a r t i f i c i a l  s t r u c t u r e .  

4 

T h i s  s t r u c t u r e  a l l o w s  t h e  s p e c i f i c a t i o n  o f  t h e  DNA MOD number i n  a 

Thus,  a computer code o p e r a t i n g  on a DNA e v a l u a t i o n  p a r t i c u l a r  fo rma t .  

can r e a d  t h e  MOD number and use t h a t  i n fo rma t ion  t o  i d e n t i f y  more p r e c i s e l y  

t h e  c r o s s  s e c t i o n  d a t a  be ing  p rocessed .  

The modi f ied  s t r u c t u r e  is an a d a p t a t i o n  o f  a format  a l lowed f o r  ENDF/A 

d a t a  which i s  d e s c r i b e d  i n  Appendix H of "Data Formats and Procedures  f o r  

t h e  ENDF Neutron Cross  S e c t i o n  L i b r a r y , "  BNL 50274, ENDF-102, Vol. 1, 
E d i t e d  by M .  K .  Drake. 

The s t r u c t u r e  is as f o l l o w s :  

[MAT, 1, 451/ZA, AWR, L R P ,  L F I ,  N T Y ,  NXC] HEAD 

[MAT, 1, 451/0 .0 ,  0 . 0 ,  L D D ,  LFP, NWD, O /  

A I D ,  ALAB, DATEl ,  AUTH 

REF, DATE2, MOD, DATE3, /H(N)] LIST 

[MAT, 1, 451/0 .0 ,  0 . 0 ,  MF1, MT1, NC1, 01 CmNT 

[MAT, 1, 451/0 .0 ,  0 . 0 ,  MFNXC, MTNXC, NCNXC,  0 1  CmNT 

[MAT, 1, O / O . O ,  0 . 0 ,  0, 0 ,  0 ,  0 3  SEND 
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where 

NTY i s  f l a g  t o  i n d i c a t e  t h e  t y p e  o f  d a t a  t a p e .  

If NTY = 0 or b lank  - ENDF/B t a p e .  

= 6 - DNA t a p e ,  

The first p a r t  o f  t h e  H o l l e r i t h  i n f o r m a t i o n  (first two BCD card 
image r e c o r d s )  has  t h e  s t r u c t u r e :  

F i e l d  Co l s .  

2-11 

12-22  

23-33 

34-66 

2-22 

23-33 

34-39 

40-44 

Name 

( F i r s t  Card) 

A I D  

ALAE 

DATE1 

AUTH 

(Second c a r d )  

REF 

DATE2 

MOD 

DATE3 

D e s c r i p t i o n  

Material name ( l e f t  a d j u s t e d )  

@ r i g h a t i n g  Labora to ry  ( l e f t  a d j u s t e d )  
Date of e v a l u a t i o n  ( l e f t  a d j u s t e d )  

Author o f  e v a l u a t i o n  ( l e f t  a d j u s t e d )  

Reference ( l e f t  a d j u s t e d  

O r i g i n a l  d i s t r i b u t i o n  d a t e  ( l e f t  a d j u s t e d )  

Latest m o d i f i c a t i o n  number ( f o r m a t  i s  3X,I2) 

Date o f  l a t e s t  m o d i f i c a t i o n  ( l e f t  a d j u s t e d )  

NWD h a s  t h e  same meaning as an ENDF/B t a p e ,  i . e . ,  NWD i s  t h e  coun t  o f  

t h e  number of e l emen t s  i n  t h e  H o l l e r i t h  s e c t i o n  (for t h e  BCD card image 

t a p e s . )  

t h i s  material. NWD i n c l u d e s  t h e  count o f  t h e  f irst  two BCD c a r d  images.  

NWD is t h e  number o f  c a r d  images used t o  d e s c r i b e  t h e  d a t a  s e t  of 

2 .  O d e l l i  Ozer ,  E d i t o r ,  " D e s c r i p t i o n  of t h e  ENDF/B P r o c e s s i n g  Codes and  
R e t r i e v a l  S u b r o u t i n e s , "  BNL 50300 (ENDF-110). Revised June  1971. 

3. R.  Q .  Wright ,  N .  M .  Greene ,  Jr., J .  L .  L u c i u s ,  and C .  W .  Craven ,  Jr., 
"SUPERTOG: 
M a t r i c e s  f o r  ENDF/B," ORNL-TM-2679, September ,  1969. 

A Program t o  Genera t e  F ine  Group Cons tan t s  and Pn S c a t t e r i n g  

4.  N .  M .  Greene e t  a l . ,  "AMPX: Mul t igroup Coupled Neutron-Gamma Cross-  
S e c t i o n  G e n e r a t o r , "  Neutron P h y s i c s  D i v i s i o n  Annual P r o g r e s s  Report  f o r  
P e r i o d  Ending May 31,  1972,  ORNL-4800. 
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3. HISTORY OF THE MODIFICATIONS TO THE DNA LIBRARY 

A b r i e f  h i s t o r y  o f  t h e  m o d i f i c a t i o n s  made t o  DNA e v a l u a t i o n s  is g i v e n  

below. 

1. Ni t rogen  - MAT 4133 
a .  MOD Oft  - February  1971  

b .  MOD 1 - A p r i l  1971  
Minor c l e r i ca l  e r r o r s  were c o r r e c t e d ,  e l a s t i c  s c a t t e r i n g  
Legendre c o e f f i c i e n t s  were a d j u s t e d  t o  a g r e e  w i t h  Wick 's  
l i m i t ,  n o r m a l i z a t i o n  e r r o r s  were c o r r e c t e d  f o r  t h e  ( n , 2 n )  re- 
a c t i o n ,  and some c a p t u r e  gamma r a y  e n e r g i e s  were c o r r e c t e d .  

C.  MOD 2 - J u l y  1971  
Minor c l e r i ca l  e r r o r s  were c o r r e c t e d  and i n f o r m a t i o n  t o  d e s i g -  
n a t e  t h e  decay  mode o f  i n e l a s t i c  l e v e l s  w a s  added t o  f i l e  3.  

d .  MOD 3 - Februa ry  1972 
M o d i f i c a t i o n  c o n s i s t e d  o f  u s i n g  t h e  ENDF/B I11 versionfcfc o f  
n i t r o g e n  (MAT 1 1 3 3 ) ,  as t h e  c u r r e n t  DNA v e r s i o n .  I n  a d d i t i o n  
R S I C  added ENDF/B f i l e  23 photon i n t e r a c t i o n  d a t a  t o  t h e  
e v a l u a t i o n ,  u s i n g  t h e  RSIC d a t a  l i b r a r y  DLC-7D. 

2 .  Oxygen - MAT 4134 
a .  MOD 0 - September 1971 

b .  MOD 1 - February  1972 
Modified t o  be  t h e  same as ENDF/B-I11  oxygen (MAT 1 1 3 4 ) .  
A l so ,  f i l e  23 d a t a  added from DLC-7D. 

3. Aluminum - MAT 4135 
a. MOD 0 - J u l y  1971  

b. MOD 1 - July 1971 
In fo rma t ion  w a s  added t o  d e s i g n a t e  t h e  decay  mode o f  
i n e l a s t i c  l e v e l s  and t h e  t h r e s h o l d  energy  f o r  t h e  ( n , n ' p )  
r e a c t i o n  w a s  c o r r e c t e d .  

c. MOD 2 - February  1 9 7 2  
Modified t o  conform t o  ENDF/B-I11 aluminum (MAT 1 1 3 5 ) .  
f i l e  23  d a t a  added from DLC-7D. 

Al so ,  

4. Lead - MAT 4136 
a. MOD 0 - September 1971  

b .  MOD 1 - February  1972 
Modif ied t o  conform t o  ENDF/B-I11  l e a d  (MAT 1136) .  

3 . 1  



c. MOD 2 - A p r i l  1972 
The c a p t u r e  c r o s s  s e c t i o n  from 1 keV t o  1 MeV w a s  r e e v a l u a t e d  
based  on r e c e n t  measurements by B .  J .  Al l en  e t  a l .  , of ORNL. 
Corresponding changes have been made i n  t h e  e l a s t i c  and non- 
e las t ic  s c a t t e r i n g  c r o s s  s e c t i o n s .  

5. Hydrogen - MAT 4148 
a. MOD 0 - February  1971  

b .  MOD 1 - February  1972 
Modified t o  conform t o  ENDF/B-I11 hydrogen (MAT 1148)  and f i l e  
23 d a t a  added from DLC-7D. 

6.  S i l i c o n  - MAT 4151 
a. MOD 0 - September 1971 

b .  MOD 1 - February  1972 
Modified t o  conform t o  ENDF/B-I11 s i l i c o n  (MAT 1151)  and f i l e  
23 d a t a  added from DLC-7D. 

7.  Calcium - MAT 4152 
a. MOD 0 - September 1971 

b .  MOD 1 - February  1972 
Modified t o  conform t o  ENDF/B-I11 calcium (MAT 1152) .  

c. MOD 2 - May 1972 
The lower  l i m i t  of t h e  energy  r a n g e  w a s  ex tended  from 
0 . 0 0 1 t o  0 .00001  eV. F i l e  3 c r o s s  s e c t i o n s  f o r  ( n , n ' ) ,  
( n , p )  , ( n , a )  , ( n , n ' p )  and ( n , n ' a )  were r e e v a l u a t e d  above 
9 MeV. The f i l e  5 energy  d i s t r i b u t i o n s  o f  secondary  n e u t r o n s  
were r e e v a l u a t e d .  
i t i e s  for ( n , a > ,  ( n , n ' ) ,  ( n , p >  and ( n , a > ,  which w e r e  p re-  
v i o u s l y  combined, are now g iven  s e p a r a t e l y .  Also ,  m u l t i p l i c -  
i t i e s  are now g iven  for ( n , n ' p )  and ( n , n ' a ) .  

I n  f i l e  1 2 ,  gamma-ray p roduc t ion  m u l t i p l i c -  

8.  Beryl l ium-9 - MAT 4154 

MOD 0 - February  1972. Note t h a t  t h i s  i s  t h e  same as ENDF/B-I11  
be ry l l i um-9  (MAT 1154)  

9.  Sodium - MAT 4156 

MOD 0 - February 1972. Note t h a t  t h i s  is t h e  same as ENDF/B-I11 
sodium (MAT 1156) .  

1 0 .  Tantalum-181 - MAT 4179 

MOD 0 - February  1972. 
I t  became a v a i l a b l e  a f t e r  Vers ion  I11 was r e l e a s e d .  

Note t h a t  t h i s  is  - n o t  i n  ENDF/B-111. 
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11. I r o n  - MAT 4180 

MOD 0 - March 1972. Note t h a t  t h i s  is  t h e  same as ENDF/B-I11  
i r o n  (MAT 1 1 8 0 ) .  
4124 i r o n ,  which h a s  t h e  f o l l o w i n g  h i s t o r y .  

Note a l s o  t h a t  t h i s  supe r sedes  DNA MAT 

a.  MOD 0 - September 1970 

b .  MOD 1 - September 1 9 7 1  
M u l t i l e v e l  Brei t -Wigner  r e sonance  pa rame te r s  used f o r  t h e  
energy  r a n g e  1 t o  60  keV, d i r e c t  i n t e r a c t i o n  r e a c t i o n s  f o r  
i ne l a s t i c  sca t te r  were c o r r e c t e d ,  and t h e  number o f  energy  
p o i n t s  and a n g u l a r  d i s t r i b u t i o n s  were reduced .  

c .  MOD 2 - December 1971. Note t h a t  t h i s  i s  e s s e n t i a l l y  t h e  
same as DNA MAT 4180 MOD 0 .  
The minimum i n  t h e  t o t a l  c r o s s  s e c t i o n  a t  24 keV was reduced  
t o  425 mb and t h e  gamma-ray p r o d u c t i o n  d a t a  were made con- 
s i s t e n t  w i t h  t h e  d a t a  of Hoot and Orphan, GRT. 

1 2 .  Uranium-238 - MAT 4187 

MOD 0 - J u l y  1972 

13 .  Uranium-235 - MAT 4188 

MOD 0 - J u l y  1972 

& MOD 0 deno tes  t h e  o r i g i n a l  v e r s i o n  ma in ta ined  by RSIC 

&$:DNA e v a l u a t i o n s  were submi t t ed  t o  NNCSC and a c c e p t e d  by CSEWG f o r  
ENDF/B-111. 
form t o  t h e i r  s p e c i a l  needs .  
e v a l u a t i o n s  were modi f ied  t o  be  t h e  same as i n  ENDF/B-111. 

However, NNCSC made minor a d j u s t m e n t s  t o  t h e  d a t a  t o  con- 
For c o n s i s t e n c y ,  t h e  co r re spond ing  DNA 

3 . 3  





4 .  ACKNOWLEDGEMENTS 

The Defense Nuclear  Agency Working Cross  S e c t i o n  L i b r a r y  r e s u l t e d  from 

c o n c e p t s  developed by Cap ta in  Dean C .  Kaul o f  t h e  Defense Nuclear  Agency. 

We a r e  g r a t e f u l  f o r  h i s  s u p p o r t  o f  t h e  R S I C  work a s s o c i a t e d  w i t h  t h e  DNA 

l i b r a r y .  

e v a l u a t o r s  a t  v a r i o u s  i n s t a l l a t i o n s  i n  r e v i e w i n g  t h e  c o n t e n t s  o f  t h e  d a t a .  

We acknowledge t h e  h e l p  and c o o p e r a t i o n  o f  t h e  c r o s s  s e c t i o n  

Our s i n c e r e  a p p r e c i a t i o n  i s  extended  t o  Mrs. J u a n i t a  B .  Wright o f  t h e  

RSIC s ta f f  f o r  h e r  c o n t i n u i n g  e f f o r t s  i n  a l l  phases  o f  check ing ,  u p d a t i n g ,  

and m a i n t a i n i n g  t h e  l i b r a r y .  

4.1 





5. LISTINGS OF FILE 1 OF THE DNA LIBRARY TAPES 

There f o l l o w s  t h e  l i s t i n g s  o f  f i l e  1 from each  t a p e  i n  t h e  DNA Working 

Cross S e c t i o n  L i b r a r y .  The e v a l u a t i o n  e f f o r t  i s  summarized t h e r e i n .  Much 

u s e f u l  i n f o r m a t i o n  is g iven .  
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TAPE NUMBEF = 1 

NITROGEN-14 MOD 3 FEB. 1972 YOUNG, FOSTEE, J?. 
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N -  1 4  LA SL EV1.L- J A N 7  1 P.G. YCUNG A N D  E. G .  r"OSTEF., J? 
M I T E E I L L =  4 1 3 3  ZP.= 7014 .  AWE = 13.8830 F I L E =  1 S E C T I O N =  4 5 1  

D I S T - F E B 7  1 MOD 3 - F E B 7 2  

T H L S  MODIFICA'IZOK WAS MLDE T O  ENABLE T H P  CUF;?.ENT 
DNA L I B R A E Y  TO C@NFORM TO THE ZNDF/B-I; I  LIBF.ARY 
AND T O  A D D  PHOTON INTPRAC' I ICN DATA 

THE DATE COEEESPONDS TO THE E N D F / B - I I I  SVALUP.'TION 
WITH THE MAT NUMBER H A V I N G  THE SRMY L k S Y  3 D I G I T S .  

F I L E  2 3  DATA - PHOTON INTEE;-CTION - TAKEN FROM Z S I C  
DATA LIBEAEY (DLC-7 D) I S  B k S Z D  ON D$.TA PPCM 
U C 2 L - 5 0 1 7 4  SEC.  11, FEV. 1 9 6 9  BY MCMASYE? ET AT,. 
AND UCRL-504CC. VCL. V I  BY FLECHATY A N D  TFFFALL.  

** **** ** * MP.T=4133 NIIROGYN MOD. 2 7-3C-71 ********* 
MF=I ONE E3IIOF I N  THE BIBLIOGFAPHY WLS C03EYCTEi3. 

MF=2 EH CHANGED FPOM 1. C)E+30 T O  1. cF+C)3. 
MF=3, M T = 6 0 - 8 2  M O D I F I E D  TO I N C l U D E  INFOPMATION DESIGNETLNG 

DECAY O F  THE I N E L A S T I C  LEVELS BY FFOTON CF 
ALPHF. E M I S S Z O N ,  AS P F O V I D E D  FOC AT THE LAST 
CSEWG MEETING. 

M F = & , M T = 2 , 5 1 - 6 2  HAVE BEEN THINNED SCMEWHET. 

******** 4 M I T = 4 1 3 3  NITPOGEN MOD. 1 4 -6 -71  ********* 
MF = 1 SFVEEAL CO!??ECTIONS A N D  A D D I T I O N S  WEF3 MLDE. 

MT = 3 TWO MINOR CLEFLCAL EPFOFS I N  MT=7@0 WHICH 
FFOFOGBT?:C T F T O  M T = 1 0 3 ,  3 ,  A N D  2 WEFE CCPSFCTEC. 

MT = 4 THE E L A S T I C  LEGENDFE C O E F F Z C I E N T S  ( M T = 2 )  
ABOVE ABOUT 1 3  MEV WE?? ADJUSTED SCMEWHAT 

TO PIiODUCE AGIIEEMENT WITH WICKS L I M I T .  I N  A D D I T I O N ,  
EN EFFOF I N  "HE NOEMhLIZATION OF T H E  F I E S T  
( N , 2 N )  ANGULAF DTSTEIBUTZON (MT=16)  WAS 

COFREC TED. 

MT = 5 THE O S I G I N A L  ( N ,  2N) ENEFGY D I S T S I B U T I O N  
(MT=16)  WEOE EBEONEOUSLY GIVER I N  UNITS Or' 
MEV-1, T H E S E  WF9E 3EPUCED BY A F A C T 0 0  OF 
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N- 1 4  L A S L  EVAL-JAN71 P.G. YOUNG A N D  D. G. FOSTYF., J F  
MATEEILL= 4133 ZA= 7c114. AWR = 13.8830 S I L E =  1 SECTLON= 451 

1CE+6 TO G I V E  THE RESULTS I N  EV-1.  

?IT = 12  SCME O F  THE CP.PTU?E (MT=102)  G A M M A - R A Y  ENYEGIES 
WERE O F I G I N A L L Y  I N  EFF.OF. BY AS MUCH 7 DE? CENT. 
THESE WERE COERECTED. 

* * * * * * * 
N-14 F F E E  ATOM EVAL. J A N .  1971 P.G.YOUNG,D.G. FOSTEF,JF. ( L k S L )  
MF=2 ---- EESONANCE PARAMETERS ----- 
N F = 3  ----- SMOOTH C E O S S  S E C T I O N S  ----- MT=151  E F F E C T I V E  SCATTEBZNG RADIUS = 0. 89C 142- 1 2  CM 

THE 2 2 0 0  M/S CROSS S E C T I O N S  AFE AS FOLLOWS, 
MT=l SIGME= 1 1 85 1 B E 2 N S  
MT= 2 SIGMA= 9.957 BARNS 
MT=3 SIGMA= 1 . 8 9 4  BEF’NS 
M T = l G 2  S I G M A =  0 . @ 7 5  Bhf iNS 
M T = 1 0 3  S I G M A =  1 .819  BAFNS 

MT=1 T O T h L  C P O S S  S E C T I O N  
ZERO TO 1 EV, S I G T  = 9 . 9 5 7 + @ . 3 0 1 3 / S Q Z T ( E )  BAFNS, FPOM ABSOFP- 

T I O N  OF 1.894 B AT 2200 M/S A N D  MZ49 DBTP. ABOVE 1 2 V .  

I(! KEV T O  . 5  MEV, FCOM H152, B I 5 9 ,  HU61, A N D  B I 6 2  WITH ENEFGY 
1 EV TO 10 KEV, FFOM DATP. O F  ME49. 

SCALES ADJUSTED TO MATCH, NOEMALIZED SEPAZATELY T O  J O I N  
TIME-OF-FLIGHT DATA SMOOTHLY A I  0 . 5  MEV. 

. 5  MEV TO 20 MEV, FEOM C A 7 0 ,  H E 7 P ,  A N D  F071 USIVG C.470 ALONE 
A T  SHAIiF RESONANCES. 

SMOOTHED BY A P P S O F E I E T E  F I T S .  LOG-LOG INTEBPOLP-TION I S  GOOD TO 
1.3 P C T  T O  0 . 4  MEV, L I N E A R  INTESPOLATION IS GOOD TO 0. 5 
P C T  FEON 0 .4  TO 2 0  MEV. GBSOLUTE EFROR LESS THAN 1 PCT 
ABOVE C.75 MEV, M A Y  RISE TO 5 C C T  I N  EV FEGZON. 

MT=2 E L E S T I C  SCATTEFING C C C S S  S E C T I O N  
ZERO TO 1 C  MEV, SUBTSACTED EVALUITED NON-ELLhSTIC FPOM THE 

EVALUATED TOTlL, ALTHOUGH D I F E C T  E L A S T I C  MEASUFZKFNTS OF 
F C 5 5 , F 0 6 6 , B 0 5 7 , C H 6 1 ,  B A 6 7 , P H 6 1 , K E 7 0  WEiiE CONSIDFEED. 

10  TO 1 2  MEV, ‘ ISANSITION REGION. 
12 T O  20 MEV, BASED U P O N  DATA OF CH61,BA67,NE7@,BL63,BO68. 

MT= 4 SUkl O F  M T = 5 1 - 8 2  C F O S S  SECTICNS.  
MT=16 ( N , 2 N )  CBOSS S E C T I O N  

M T = 5 1 - 6 2  I N E L A S T I C  CEOSS S E C T I O N  TO D I S C F E T E  S T A T E S  
BASED U2ON DATA OP F E 6 0 , B E 6 1 , B 0 6 5 , F B 6 0 ,  YSTIMATE + - 3 0  PCT EFE. 

MT=51  O=-2.313 MEV MT=55 Q = - 5 . 6 9 1  MEV MT=59 Q = - 7 . @ 2 8  MZV 
52 - 3 . 9 4 5  56 - 5 . 8 3 4  6 0  -7 .966  
53 - 4 . 9 1 3  57 - 6 . 1 9 8  6 1  -8.061 
54  -5.1C6 58 - 6 . 4 4 4  6 2  - 8 . b 8 9  

THRESHOLD TO 1 5  MEV, FFOM ( N , N G )  DATA OF D 1 6 9 . 0 2 6 9 , C L 6 9 , B U 6 9 ,  

ABOVE 15 MEV, SMOOTH E .  TEAPOLP-IIONS. 
N Y 6 9 e C 0 6 8 e  

MT=63-82  I N E L A S T I C  CFOSS S E C T I O N  TC GFOUDS OF E I S C P E T E  S T A T E S  I N  
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N-14 LA SL EVAL-JAN71 P.G. YOUNG A N D  D. G. F O S T T E , J F  
MBTEFIAL= 4133 Z B =  7014. AWE = 13.8830 F I L E =  1 S S C T I O N =  451 

BANDS CENTERED ABOUT THE Q-VALUES THAT AFP GIVEN. 
MT=63 O=- 9.25 MEV MT=70 O=-12. 75 MEV MT=77 Q = - 1 6 . 2 5  MEV 

6 4  - 9.75 71 -13.25 7 8  -16.75 

66  -10.75 73 - 1 4 . 2 5  8 0  -17.75 
67 -11.25 7 4  -14.75 8 1  -18 .25  
68 -11.75 75 -15.25 8 2  -18.75 
6 9  -12.25 7 6  -15 .75  

6 5  -10 .25  7 2  -13.75 7 9  -17 .25  

THE INTEGPATED C P O S S  S E C T I O N  OVEF T H E S F  BANDS WAS ADJUSTED 
SUCH TH1.T THE D I F F E R E N C E  BETWEEN THE TOTAL A N D  NCN-ELASTIC 
C F O S S  S E C T I O N S  AGREED WITH E L A S T I C  DATA ( S E E  MT=21. THE 
D I V I S I O N  OF THE CIiOSS S E C T I O K  BMONG THX BANDS I S  BASED O N  
HAUSEF-FESHBACH A N D  NUCLEAB TEMPEEAYUFE CALCULATIONS. 

****SUBSEQUENTLY EESULTS I N  FFOTON EMISSION.  SLNCE THESE DA-TA- 
****ARE NOT INCLUDED E . P L I C 1 T L Y  A-S (N ,FP)  RSA-CTIONS, I T  I S  
****IMPORTANT THAT THE USEE INVOLVED I N  CERTAIN CALCULA-TIONS 
****(E.G. , LOCAL HEATING) BE AWAFE O F  T H I S  INFORMATION. 

ZEEC TO 0 .25  MEV, 1 / V  FFCM 75 MB (+-1CPCT)  E T  THFFMAL ( J U 6 3 ) .  
. 2 5  TO 1 MEV, T S E N S I T I O N  BEGION. 
1 TO 20 MEV, DEDUCED FEOM N 1 4 ( F , G ) 0 1 5  DATA OF KU70,ASSUMING 

****PLEASE N O T E  T H A T  H O S T  OF THE CPOSS SECTION ro  T H E S Z  B A N D S  

MT=102 ( N , G A M M A )  CEOSS S E C T I O N  

CHARGE INDEPENDENCE. ENEPGY S C A L E  A.DJUSTED TO MATCE FOCT- 
H I L L S  OF (P,G) G I A N T  RESONANCE TO 3ESONANCE CLUSTFRS CB- 
S E P V E D  I N  N15 COMPOUND NUCLEUS. 

M T = 1 0 3  SUM OF M T = 7 @ 0 - 7 0 4  C E O S S  SECTIONS.  
M T = 1 0 4  SUM OF MTz720-723 CROSS S E C T I O N S .  
M T = 1 0 5  SUM OF M T z 7 4 0 - 7 4 1  C P C S S  SECTIONS.  
M T = l C 7  SUM O F  M T = 7 8 0 - 7 9 0  CROSS S E C T I O N S .  
M T = 1 0 8  ( N ,  2ALPHA) CROSS SECTION.  

M T = 7 0 0  (N,F)  CBOSS S E C T I O N  TO C 1 4  GFOUND STATE. 
BASED O N  L 1 5 2  , M067 A-ND IiAUS EF-FESHBACH CSLCULETION. 

ZERO TO 4 MEV, FFOM DATA OF 5050 A N D  G A 5 9 .  
4 TO 13 MEV, FTGM I N V E F S E  F E A C T I O N  DATA OF W067. 
1 3  TO 20 MEV, SMOOTH E.TRAPOLATION. 

M T = 7 0 1 - 7 0 4  ( N , F )  C S O S S  S E C T I O N S  TC C 1 4  E.CI!!'EED S T A T Z S .  
M T = 7 0 1  Q=-5. 4 6 8  MEV E . = 6 . @ 9 5  MEV (6 .58 ,6 .  8 9  MEV LEVEL 

' r .CITLTZON CIiOSS S F C T I O N S  AFE 
ALSO INCLU3ED)  

M T = 7 0 2  0=-6 .102  MEV E . = 6 . 7 2 8  MEV 
7 0 3  -6. 385 7. @ 1 2  
7 0 4  -6 .71  1 7.337 

ZHH-PES. T O  15  MEV, FROM (N,PG)  D b ' I P .  O F  @?69,DI69,CL69,BU69,KY69. 
1 5  TO 20 PIEV, SMOOTH E.TFGPCLATIONS.  

THRES.TO 1 5  MZV, FEOM I N V C F S E  C F O S S  SSCTION DATA OF C H 6 1 , B E 6 3  
M T = 7 2 0  (N,C)  CEOSS S E C T I C N  TC C 1 3  GRCUND STATE. 

NEAE THFES.  A N D  D I F E C T  DATA C F  M 1 6 8 , F E 6 7 , C A 5 7 , Z A 6 3  A -  14MEV 
15 T O  20  MEV, SMOOTH E.13APOLATIORS.  

M T = 7 2 1 - 7 2 3  ( I i , D )  C P O S S  S E C T I O N  TO E . C I T E I ?  C 1 3  L Z V S I S  
M T = 7 2 1  O = - 8 . 4 1 1  MEV E . = 3 . 0 8 6  MEV 
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N- 14 L E S L  EVAL-JAN7 1 P.G. YOUNG A N D  D. G. FOSTTR,  JC 
MATEEIAL= 4133 ZA= 7014. AWE = 13.8830 F I L E =  1 S E C T I O N =  451 

7 2 2  - 9 , 0 0 9  3.684 
7 2 3  -9.179 3 . 8 5 4  

OF O R 6 9  A N D  D169 BELOW 1 3  MEV. 
THRES.TO 15 MEV, D I F E C T  CBTA O F  F E 6 7 , Z A 6 3 , C E 5 7  A N D  (N,DG) DETA 

15 T O  20  MEV, SMOOTH E.TPAPOLATIONS. 
M T = 7 4 0 - 7 4 1  (N,T) C S O S S  S E C T I O N S  TO C 1 2  GFOUND A N D  4 . 4 3 9  MEV E.- 

C I T E D  STATE. 
THRES.TO 15 MEV, D I R E C T  DATA OF G A 5 9 , S C 6 6 , ? E 6 7 , F E 6 7 .  

15 T O  20 MEV, SMOOTH E.TRAPOLATIONS. 
M T = 7 8 0 - 7 9 0  (N,ALPHA) C R O S S  SSC ' I ICN T O  D S S C P E T E  B 1 1  STATES. 

MT=780 Q = - 0 . 1 5 7  MEV E.=O.OnO MEV 
78 1 -2 .282  2 .124  
7 8 2  - 4 . 6 0 2  4 .444  
783 -5.176 5.019 
784 -6 .900  6.743 
785 -6.950 6.793 
786 -7 .453  7.296 
78 7 -8.153 7 .996  
78 8 -8.723 8.566 
789 -9 .082  8 .925  
7 9 0  -9. 3112 9. 185 

THRES.TO 6 MEV, FROM D I F E C T  DATE. OF J 0 5 C , G E 5 9 , S C 6 6 .  
6 TO 15 MEV, USED ABOVE D I R E C T  DATA, TOGETHEI! WITE IX,AG) DATA 

O F  HA59,DI69,0€!69,NY69,BU69. NEAR 14 MEV, D I P E C T  ( N ,  A )  
DATA OF L I 5 2 , B A 6 8 , L E 6 8 , M i 6 8  WEFE ALSO USEP. 

15 TO 20 MEV, SMOOTH E.TEAPOLATIONS. 
MF=4 ----- SECONDAFY NEUTFOh'  AIiGULAR CLSTEIBUTZONS ----- 

MT=2 E L A S T I C  ANGULAR D I S T F I B U T I O N S  
ZERO TO 8 MEV, BASED UPON RESONANCE THEOFY 2 N A L Y S I S  OF DATA OF 

F C 5 5 , F 0 6 6 , B 0 5 7 , C H 6 1 ,  BA67 ,  U S I N G  PAPAMETEFS PEOM TOTAL A N D  
PE.STIAL CSOSS S E C T I C N  ENALYSES A N D  P.J70. 

8 TO 15 MEV, EASED UPON DATA O F  C H 6 1 , B A 6 7 , N E 7 0 , B A 6 3  
15 TO 20  MEV,BESED UPON O P T I C A L  MODEL CALCULATION. 

I N  THE k B S E N C E  O F  DATA, ZSOTSGFY I N  THE CM SYSTEM I S  ESSUMZD, 
MT= 16 ANGULAF D I S T F I B U T I O N  F09 (N, 2N) PEACTION 

AND T H E  COFSESFONDING 3-BOCY PHASE-SPACE I P A N S C 3 C M E D  TO 
THE LAB SYSTEM I S  GIVEN. F C F  A N Y  EEASONABLE CM D I S T Z I B U -  
T I O N  THE STSONG FOFWARD PEAKING OF THE TFShNSFOFPlETION 
WILL DOMINLTE. KORMALIZED FOF T F A P E Z O I D S L  INTEGZLTION. 

ABOVE 7 MEV TAKEN FEOM PROTON D A T A  O F  D064,  HA70,  A N D  OD60 
A S S U M I N G  CHAFGGE SYMMETRY, END FEUTEON DATE. OP B 1 6 3 .  
THRESHOLD SHE?ES MODELED AFTSR HEUSZF-FESEBACH CPLCS. 

M1=63-82 ANGULAF D T S T F l B U T I O N S  FOF INELASTIC SChTTEEI!JG. 

Ml'=51 ' I O  6 2  ANGULLE D I S T F I B U T I O N S  FOF I N E L A S T l C  SCATTTEfrIYG 

lSSUMED I S O T 3 0 F i C  I N  CM AT ALL ENEFGIES.  

MT=16 SPECTFUM O F  ( N . 2 N )  SECCNDASY NEUTFONS 
f lF=5 ----- ENZEGY D I S T P I B U T I O N  OF SECONDAIJY NEU'IF@NS ----- 

I N  THE ABSENCE O F  DATA, ONLY THE 3-BODY FHbSE-SPACE DIS l iEIdU-  
T I O N  I S  GIVEN. NOEMALIZED FOF ? F h P E Z O I D L L  INTEGSATION. 

MF=12 ----- FHOTON M U L T Z P L I C I T I E S  ----- 
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N-14 LASL EVAL-JAN71 P.G. YOUNG A N D  D.G.FOST?P,JFi  
MATEFIAL= 4133 ZP.= 7014.  AWF = 13.8830 F I L E =  1 S E C T I O N =  4 5 1  

MT= 102  ( N , G A M M A )  M U L T I P L I C I T I E S  
Z E 9 0  TO 0 . 2 5  MEV, THERMAL SPECTFUM BASED FEiIMAFILY U P O N  MEA- 

. 2 5  TO 1 MEV, T R A N S I T I O N  REGION WHE!?E THERMAL SPECTDUM I S  

1 TO 20 MEV, DEDUCED FPOM N14 (P ,G)  0 1 5  DATA OF KU7@,WHO OB- 

SUREMENTS OF T H 6 7 , J 0 6 9 , G R 6 8 .  A N D  M062. 

PHASED I N T O  S I N G L E  GFOUND- STATE TRANSITION.  

SEEVED NO S I G N I F I C A N T  T B A N S I T I O N S  E. CEPT T O  GFOUND S!TC_E.TE. 
ENERGY V A R I A T I O N  OF T H I S  S I N G L E  PHOTON I S  APPFO.IMETED BY 
P H A S I N G  I N  AND OUT F I C T I T I O U S  PHOTONS COEBESPONDING T C  
NEUTRONS OF 0 . 4 ,  1 . C ,  2 . 5 ,  4. 6 ,  10 ,  15, A N D  2C  MEV. 

~ ~ ~ 1 3  ----- P HOTON - PRO D UC T I  0 N C 30 S S S EC TI0 N S - -- - - 
I L L  ( N , . G )  CROSS S E C T I O N S  AGREE WITH THE E.CIT;I':ION CBOSS 

S E C T I O N S  I N  MF=3 VIP. THE RELPVRNT DECAY SCHEME (AJ68 ,6J70)  
HOWEVER, M T = l O 4 , 1 0 5  INCLUDE C O N T F I B U T I O N S  FROM ( N , N ? G )  END 
( N W N D G )  

MT=4 (N,NG) CFOSS S E C T I O N  

M T = 1 0 3  (N ,PG)  C P O S S  S E C T I O N  

M T = 1 0 4  (N,DG) + ( N , N P G )  CFCSS S E C T I O N  

M T = 1 0 5  (N,TG) +(N,NDG) C F O S S  S E C T I O N  

FROM DATA OF HA59,DI69,@F69,CL69,BU69,NY69,CO68. 

FROM CATP, OF D169,OF169,  BU69.NY69.CL69.  

FROM DATA OF DI69 , O E 6 9  , BU69  , N Y  69, CL 69. 

(N,TG) ESTIMATED FEOM I N , ? )  AS CTSCUSSED UNDEE: d F = 3 .  MT=741 .  
( N ,  NDG) ESTIMATED FFOM MT=63-82.  

MT=107 (N,EG)  CROSS S E C T I O N  
FRON ( N . E ? )  CATA O F  G A 5 9 . S C 6 6  A N D  ( N , A G )  DATP. C F  HP.59 ,DI69 ,  

NY69 . 0 F L 6 9  , EU69.  
~ ~ ~ 1 4  ----- PHOTON ANGULAE D I S T S I B U T I O N S  ----- 

DATP. ON 9 S'IEONGEST L I N E S  FROM I N E L A S F I C  SCAT?. A N D  F A F T I C L E  

MT= 4 I N E L .  SCATT. T O  N14, 1 .63  A Y D  4 . 9 1  MEV E N I S O T F O P I C  
M T = 1 0 2  (N.GAHMA) ANGULAE G I S T P i B U T I O N S  

E E A C T I O N S  TAKEN FROM M064. 

ZEFO TO C . 4  MEV, ALL PHOTONS APE I S O T F O P I C .  
.4 TO 2 0  MEV, C_E-NZSOTFOFIC D I S ' I F I B U ' I I O N  FO9 T H E  S I N G L E  GROUND 

S T A T E  S F A N S I T I O N  I S  BASED UPON N 1 4 ( P , G O ) 0 1 5  D3.T; BY K U 7 G .  
M T = 1 0 3  ( N , P )  TO C l 4 ,  ALL I S O ' I E O P I C  
MT=1'34 (N ,NP)  + (N.D) T O  C 1 3 .  3.85 MEV BNISO?FEOFIC 
i ' l T = 1 0 5  ( N , N D )  + (N .T)  TO C 1 2 ,  E L L  I S O T P O F ' I C  
MT=107  (N,ALPHL) T O  B 1 1 ,  ALL I S O T F O P I C  

S E F E F  ENCES ----- --- - - 
E J 6 8  F. AJZEIiBEFG-SELOVE+T, L A U F l T S E N  ( H A V )  , NUCi.FHYS. E l  1 4 , 1 ( 1 9 6 8 )  
A 5 7 0  F.AJZENBE€G-SELOVE (PEN)  , NUCL. FHYS. A152.1 (197C)  
B E 6 3  R. W,BAUEE ET P.L. (LRL) , NUCL. PHYS. 4 7 ,  2 4 1  ( 1 9 b 3 )  
B A 6 7  F!. W .  BAUEa ET AL. ( L R L )  , NUCL. FHYS. A93, 673  ( 1 9 6 7 )  
B k 6 8  S.BACHINGER+M.UHL ( I E K )  , NUCL.PHYS.P-116, 6 7 3  ( 1 9 6 8 ) .  
B E 6 3  9. E.BENENSON+R. YAFAMIS (COL)  , PHYS.REV. 1 2 9 ,  72C! ( 1 9 6 3 ) .  
B I 5 9  S.G.BLLPUCH E T  AL. (DKE) , F Z I V .  CGMM. TO BNL ( 1 9 5 9 )  
9 2 6 2  F . G . B I I 2 U C H  E >.I. ( D K E ) ,  2371V. COMM. TO 3 . J . H 3 W E P T C Y  ( 1 9 6 2 )  
B C 5 7  N.-?.BOS?3CM ET J-2. ( T K C ) ,  WADC-TF-57-Ub6, ( 1 9 5 7 ) .  
t 0 6 5  Pl.BOilYhNN YT B L .  (EAM) ,  NUCL.FHYS.63 ,  1138 ( 1 9 6 5 ) .  
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N -  1 4  LASL EVRL-JAN71 P.G.YCUNG L N D  D . G . F O S T S F , J ?  
M.E.TEFI-;L= 3133 zp.= 7 0 1 4 .  LW;, = 1 3 . 8 8 3 0  F I L E =  1 S E C T I O N =  d 5 1  

BO68 
BE6 1 
BU69 
c p . 5 7  
C A 7  0 
CH6 1 
CL6  9 
C 0 6  8 

E 1 6 9  
DO64 
F E 6 0  
F E 6 7  
F 0 5 5  
F C 6 6  

PO7 1 
G A 5  9 
G E 6 8  
HA59 
HP.70 
H E 7  0 

H I 5 2  
HU6 1 
J O  50 
5 0 6  9 

JU6 3 
KU7 0 
LE6 8 
L 1 5 2  
MA6 8 
ME4 9 
M I 6 8  
M06 2 

M06 4 
NO67 
N E 7 0  
KY69 
CD60 
OD6 9 
PH6 1 
P E 6 C  
“ E 6  7 
S C 6 6  
? H 6 7  
WC67 
Z E 6 3  

F . B O S E L i  E T  AL. (TE.) , PHYS.REV. 1 7 4 ,  1 2 2 1  ( 1 9 6 8 ) .  
0 . D . B I i I L L  ET AL. ( P U S ) ,  SOV.PHYS. -DCK1.6 ,  2 0  ( 1 9 6 1 ) .  
P. S o  B U C H A N A N  ( T N C ) ,  P F I V .  COMM., ( 1 9 6 9 ) .  
E.E.CEELSCN (LAS) , PHYS.EEV. 1 0 7 ,  1 0 9 4  ( 1 9 5 7 ) .  
A.D.CAFLSCN, R. J. CERECNE ( G G A ) ,  NUCL.  S C I .  E N G .  4 2 , 2 8 ,  ( 1 9 7 0 )  
L.F.CHE.SE YT AL. ( L O K )  , A F S W C - T F - 6 1 - 1 5 ,  ( 1 9 6 1 ) .  
G.CLAYEU.+G. G R E N I E R  ( F R ) ,  C E E - F - 3 8 0 7 ,  ( 1 9 6 9 )  
H. C O N D E  ET AL. (SWD) , NEUT. CROSS SECT.  A N D  T E C H .  CONF.,  WASH. , 
J, K. D I C K E B S t F .  G. PEFFY (OFL)  , NUCL.  SCI .ENG.  3 6 ,  28C ( 1 9 6 9 ) .  
D.F.DONOVAN ET AL. ( B N L ) ,  PHYS. PEV. 133, B113 ( 1 9 6 4 )  
J. M.FERGUSONtW.E.THOMFS0N (NFD) , PHYS.?EV. 118, 2 2 8  ( 1 9 6 0 ) .  
P. FESSENDENtD.E.  MP..SON ( B R N ) ,  PHYS.REV. 1 5 8 ,  9 4 8  ( 1 9 6 7 ) .  
J .L.POWLEE+C.H.  JOHNSON ( O R L 1 ,  PHYS.REV. 9 8 ,  7 2 8  ( 1 9 5 5 ) .  
J .L.FOWLEP ET EL. ( O R L ) ,  NEUT.CEOSS SECT.AND IECH.CO?TF. ,  

D. G.FOSTE€i , JF .  +D. W. GLASGCW (PNL) , PHYS.E;EV. (TO B E  PUB. , 1 9 7 1 )  
F. G A B B E R D  E T  AL. ( E I C )  , NUCL. FHY S. 1 4 , 2 7 7  ( 1  9 5 9 ) .  
E.C.GFEFNWOOD (MTP) , FHYS. LETT. 2 7 B ,  2 7 4  ( 1 9 6 8 )  

L. HANSEN ( L 9 L )  , PRIVATE C O M M U N I C R T I O N  ( 1 9 7 C )  
H . T . H E A T O N  ET P.L. ( N B S ) ,  BULL.  AM. PHYS. S3C.  1 5 ,  5 6 8  ( 1 9 7 C )  

J. J . H I N C H E Y  ET AL. ( M I T ) ,  PHYS. PEV. 8 6 ,  4 8 3  ( 1 9 5 2 )  
C. M.HUDDLESTCN, F.P.MOOIiING ( A N T ) ,  A N L - 6 3 7 6 ,  P. 13 ( 1 9 6 1 )  
C . H . J O H N S C N + H . H . B E . R S C H A L L  (WIS)  , FHYS.P,ZV. 8 0 ,  8 1 8  ( 1 9 5 0 ) .  
L. JCNSSON,  P. HAPDELL (SWD) , SYMPOSIUM O N  N S U T E O N  CEPTUEE 

E. T.  J U R N E Y ,  H. T. MCTZ (LAS)  , A N I - 9 7 9 7 ,  P. 2 4 1  ( 1 9 6 3 )  
H . M . K U A N  E T  AL. ( S T F )  , NUCL. FHYS. A 1 5 1 ,  1 2 9  ( 1 9 7 / 1 )  
B . L S R O U .  E T  A i .  ( F F ) ,  N U C L . P H Y S . A l 1 6 ,  1 9 6  ( 1 9 6 8 ) .  
A .  B. L I L L I E  ( F I C )  , PHYS. ?EV.  87,  7 1  6 ( 1  9 5 2 ) .  
D.R.ME. SON E T  P L .  (E>ihT), NUCL.PHYS. A I I G ,  6 3 9  ( 1 9 6 8 ) .  
E . M E L K O N 1 A N  ( C O L ) ,  PHYS. IIEV. 7 6 ,  1 7 5 0  ( 1 9 4 9 )  
D.MILJANIC E T  AL. ( Y U G )  , N U C L . P H Y S . R l 0 6 ,  40 1 ( 1 9 6 8 ) .  
H . T . M O 1 Z  E T  A L .  (LE-S) , P1LE N E U T D O N  PESEAFCH I N  PHYSICS 

I o L . N O P G A K  ET L L .  ( T N C )  , TNC NUCL.PHYS.DIV. A N N .  3 F T .  ( A U G .  1 9 6 4 )  

D. 0. N E L L I S  I T K C )  , PFIIV.COMM. , ( 1  9 7 C )  . 
Y . O D A  E T  AL. ( T O K ) ,  J. FHYS. SOC. J A ? A N  1 5 ,  7 6 0  ( 1 9 6 0 )  
V. J .OFPHAN E T  L L .  ( G G A ) ,  G E - 8 0 C 6 ,  ( I  9 6 9 ) .  
D. D. P H I L L I P S  ( L E S )  , F F I V .  COMM. T C  E.  J .  HCWZF T O N ,  ( 1  9 6  1 ) .  
J.T.PEUDHCMME ET AL. ( T N C )  , B F S W C - T R - 6 0 - 3 0 ,  ( 1 9 6 9 )  . 
D . D Y N D I C  ( Y U G )  , NUCL.PHYS.B91,  6 0 4  ( 1 9 6 7 ) .  

D O C . ,  P 7 6 3  ( 1 9 6 8 ) .  

WASH. , D O C . ,  P 6 5 3  (1 9 6 8 ) .  

H.E. HALL+?.  W. B O N N E R  ( F I C )  , NUCL. PHYS. 1 4 ,  2 9 5  ( 1 9 5 9 )  

A N C  PRIVATE C O M M U N I C A T I O N  FFOM I;. B. SCHWARTZ ( 1 9 7 0 )  

GAMMA RAYS, STUDSVIK ( 1 9 6 9 )  

( I A E A ,  V I E N N A ,  1 9 6 2 ) ,  P. 2 2 5  

J. MCSNER E T  AI.. ( G E T ) ,  NUCL. PHYS. A 1 0 3 ,  2 3 8  ( 1  9 6 7 )  

K e N Y B E F ’ G  (SWD) , PIILV.COMM. TC L. CTEWAFT,  ( 1 9 6 9 )  

We SCOBEL ET AL. ( H A M ) ,  Z. FHYSIK 1 9 7 ,  1 2 4  ( 1 9 6 6 )  
G.E.THOMAS E T  AL. ( A K L ) ,  NUCL. I N S T P .  MSTH. 5 6 ,  3 2 5  ( 1 9 b 7 )  
C. WCNG E T  bL. (LRL)  , FHYS. D E V .  1 6 C ,  7 6 9  ( 1 9 6 7 ) .  
M . F . Z A T Z I C K + D .  E. MA.  SON ( B E N ) ,  FHYS-REV.  1 2 9 ,  1 7 2 8  ( 1 9 6 3 )  
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N-14 L A  SL EVAL-JAN71 P.G.  Y O U N G  A N D  D. G. FCSTEF.,  JI: 
MATEEIBL= 4133 Z A =  7014. A W R  = 13.8830 F I L E =  1 S E C T I O N =  451 

F I L E  
1 
2 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

S E C T I O N  
451 
151 

1 
2 
3 
4 

16  
51 
52 
53  
54 
55 
56  
57 
5 8  
59 
60 
61 
62 
63 
64 
65 
66 
67 
68  
69 
70  
71  
72  
7 3  
74 
75  
76 
77  
78 
79 
80 
81  
82 

162  
1C3 
l e 4  
105  
1 C7 
108 
251 
252 
253 
700 
7C 1 

DES C R I P T I G N  
D E S C R I P T I V E  

F E S ONF. N C E 
TOTAL 

EL AS T I C  
N O N - E L A S T I  C 

(N.N*)  TOTAL 
( N , 2 N )  

(N .N*)  LEVEL 
( N , N * )  LEVEL 
( N , N * )  LEVEL 
( N , N * )  LEVEL 
(N.N*)  l E V E L  
( N , N * )  Z V E L  
(N.N*) LEVEL 
( N , N * )  LEVEL 
( N , N * )  LEVEL 
( N , N * )  LFVEL 
(N.N*) LEVEL 
( N , N * )  LEVEL 
(N.N*) LEVEL 
(N.N*) LZVEL 
( N , N * )  LEVEL 
( N , N * )  LEVEL 
(N.N*)  LFVEL 
( N , N * )  LEVEL 
(h’ ,N*)  LEVEL 
( N , N * )  LEVEL 
( N , N * )  ZEVEL 
(N.N*)  LEVEL 
(N.N*) LEVEL 
( N , N * )  LEVEL 
(N,?J*)  LEVEL 
(N.N*) LEVEL 
( N , N * )  LEVEL 
( N , N * )  LZVEL 
( N , N * )  LEVEL 
(N.N*)  L?VEL 
( N , N * )  LEVEL 
( N . N * )  LEVEL 

(R, G A M M A )  
(K,F) 
(N*D) 

( N  , L L D H A )  
( N  , 2 lLPHF. )  

Y U  B1.F 
X I  

G A M M A  
(h’.P) LZVEL 
(X,?) LEVEL 

( N  .I) 

N O  @ F  CP-EDS 
425 

4 
348 
346 
344 

67 
11 
67 
63  
59 
57 
54 
53 
50 
4 9  
4 6  
41 
40 
38 
37 
34 
32 
30 
28 
26 
25  
23 
21 
20 
18 
17 
15  
14 
1 L  
11 

9 
8 
6 
5 

32 
233 

24 
2 9  

2f‘ 3 
16 

1 C8 
108 
IC8 
233 

23 
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N -  1 4  LA S i  S V A L - J A N 7  1 P.G. Y O U N G  A N D  D. G. FOSTEC, JS  
MATEFILL= 4 1 3 3  Z A =  7 0 1 4 .  AWE = 13.8830 FILE= 1 SECTION= 4 5 1  

FILE 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
il 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

S E C T I O N  
70 2 
7 0 3  
7 0 4  
7 2 0  
7 2  1 
7 2 2  
7 2 3  
7 4 0  
7 4  1 
7 8 0  
78 1 
7 8 2  
7 8 3  
7 8 4  
7 8  5 
7 8 6  
787 
788 
7 8 9  
7 9 0  

2 
1 6  
5 1  
5 2  
53  
5 4  
55 
5 6  
57 
58 
5 9  
6 0  
6 1  
6 2  
6 3  
6 4  
6 5  
6 6  
6 7  
6 8  
6 9  
7 0  
7 1  
7 2  
7 3  
7 4  
7 5  
7 6  
77 
78 

DSSCF IPT 10 N 
( N I P )  LEVEL 
( N , P )  LEVEL 
( N , P )  LEVEL 
( N , D )  LEVEL 
( N , D )  LEVEL 
( N , D )  LEVYL 
( N , D )  LEVEL 
( N , T )  LEVEL 
( N , T )  LEVEL 
( N , A )  LEVEL 
( N , A )  LEVEL 
( N , A )  LEVEL 
(!!,A) LEVEL 
( N , A )  LEVPL 
( N , A )  LEVEL 
( N , A ]  L E V E L  
( N , A )  LEVEL 
( N , A )  L E V E L  
( N , A )  L E V E L  
( K , P . )  LEVEL 

E L R S T I C  
( N , 2 N )  

( N , N * )  LSVEL 
( N , N * )  LEVEL 
( N , N * )  LEVEL 
( N , N * )  L E V E L  
( N , N * )  L E V E L  
( N , N * )  L E V E L  
(F,N*) LEVEL 
I N ,  N * )  LZVEL 
( N , N * )  L E V E L  
( N , N * )  L E V E L  
( N , N * )  LEVEL 
( N , N * )  L E V E L  
( N , N * )  LZVEL 
( N , N * )  LEVEL 
( N , N * )  L E V E L  
( N . N * )  L E V E L  
( N , N * )  L E V E L  
( N , N * )  L E V Z L  
( K , N * )  LZVEL 
( N , N * : )  L E V E L  
( N , N * )  L E V E L  
( N , N * )  L E V E l  
( N , N * )  L?VEL 
( N , N * )  LEVEL 
(N,N*)  L E V E L  
( N , N * )  LEVBL 
( N , N * )  LEVEX 
( N , N * )  LFVZL 

NO OF CAEDS 
2 1  
2 0  
2 0  
2 4  
1 6  
1 3  
1 3  
2 9  
1 4  

2 0 3  
158 

6 6  
5 6  
15 
1 8  
1 6  
1 3  
1 1  
1 1  
1 1  

6 9 5  
4 6  
8r) 
6 0  
4 4  
3 0  
4 4  
5 4  
4 8  
2 0  
1 8  
18 
1 4  
1 0  

8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
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N- 14 L A  SL EVAL-JAN7 1 P.G. Y O U N G  AND D. G. FOSTT?.,  JP 
MATEBIAL= 4133 ZA= 7014. A W R  = 13.8830 F I L E =  1 S E C T O N =  451 

F I L E  
4 
4 
4 
4 
5 
7 

12 
13 
13 
13 
13 
13 
1 4  
14 
14 
14 
14 
14 
23 
23 
23 
23 
2 3  

S E C T I O N  
7 9  
80  
81 
8 2  
16  

4 
102 

4 
103 
104 
105 
107 

4 
102 
103 
104 
105 
107 
50 1 
50 2 
504 
516 
6 0 2  

DE S C ? I P T I O N  
(N,N*) LEVEL 
(N,N*) LEVEL 
(N,N*) LEVEL 
( N , N + )  LEVEL 

( N , N * )  TOTAL 
( N , G A M  M A  ) 

(N,N*) TOTAL 

( N , 2 N )  

( N v P )  
( N  E) 
( N  , T I  

( N ,  ALPHA) 
( N , N * )  T0TP.L 

( N ,  G A M M A )  

( W  8 D) 
(N v T )  

(N,ALPHL) 
TOTAL FHOTON 

COHEEEN T 
I NCOHEEENT 

P A I S  PRD TOT 
PH OTOE LEC T F C 

NO OF CAFDS 
8 
8 
8 
8 

65 
4 

20 4 
636 
161 

79 
14 

633 
32 

119 
1 

13 
1 
1 

17 
17 
1 7  

9 
17 
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TAPE N U M B E P  = 1 

OXYGEN-16 MOD 1 FEB. 1972 YOUNG, F O S T E F ,  JF. 
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0- 16 LA SL EVAL-AUG71 P.G. YCUNG AND D.G. F O S T z E , J F  
MATEFIAL= 4 1 3 4  ZA= 8016. AWR = 15.8580 F I L E =  1 S E C T I O N =  4 5 1  

D I S T - S E P 7  1 MOD 1- F E B 7 2  

T H I S  M O D I F I Z h T I C N  WAS MACF T O  ENABLS THE CU_?RZNT 
DNA L I B F A E Y  TO CONFORM TO T H E  E N D F / B - I 1 1  LIBRARY 
A N D  TO ADD PHOTON I N T E B B C T I O N  DATA 

THE DATA COFDESPONDS TO THE E N D F / B - I I I  EVALUP.TTON 
WiTH THE MAT NUMBER H A V I N G  T H E  SAME LE-ST 3 D I G I T S .  

F I L E  23  DATA - FHOYON I N T E R A C T I O N  - TAKEN FFOM F S I c  
DATA L I B E L P Y  (DLC-7 D )  I S  BASED ON DATA F2OM 
U C I i L - 5 0 1 7 4  SEC. 11, REV. 1 9 6 9  BY MCMBSTE? FT AL. 
AND U C R L - 5 0 4 0 0 ,  VOL. V I  BY PLECHATY A N D  TErFPALL. 

* * * * * 9 * 
0-16 F F E E  ATOM EVAL. - A U G .  197 1 - P. G .  YOUNG,D. G .  FOSTER, J R .  (LLSL) 
MF=2 -------- FESONANCE PP.FAMETE?S --------- 
MF=3 -------- SMOOTH C F O S S  S E C T I O N S  -------- 

MT= 1 S I G M A  = 3 . 7 0 4  B h B N S  
MT= 2 SIGMA = 3.704 BARNS 
MT=3 S I G M A  = C . 1 7 8  M I L L I B A F B S  
M T = 1 0 2  S I G M A  = 0.178 M I L L I B A f N S  

M"151 E F F E C T I V E  SCA'ITERING R A D I U S  = @ . 5 4 2 9 T - 1 2  CM. 

THE 220C B/S CROSS S E C T I O N S  ARE AS FOLLOWS, 

MT= 1 TCTAL C R O S S  S E C T I O N  
O . C  TO 0. 1 KFV, S I G T  = 3 . 7 C 4  + 2 . 8 3 E - 6 / S Q ? T ( E )  BAI;.NS, PFOM 

0.1 ' IO 7 @ 0  KEV, P I T  TO C K 5 5  NCRMP.IIZBL, TO ADJACENT PEGIONS.  
0.7 TO 4 MEV, FROM S C 7 1  WITH VEEY NAFSOW PELKS FTOM 

A D 4 9 , J 0 4 8 , M E 4 9 ,  END J U 6 4 .  

5067 A N D  F070. 
4 TO 1 2  MEV, FFCM S C 7 1  WITH I N S E S T S  OF C I 6 8  (KOZMALIZED T O  

S C 7  1 )  WHEFE NEEDED T C  P F E S E F V E  STFUCTUFE. 
1 2  TO 20  MEV, COMPOSITE OF S C 7 1  A N D  CT68 .  
SMOOTHED BY S L I D I N G  POLYNOMIAL FZTS BETWEEK K A ? . ? C W  FESONANCES 

ABOVP 0.7 MEV. LINEA? I N T E P P C L Z T I O N  I 5  G O O D  T O  ABOUT 
1 P C T  AT ALL E N E P G I E S .  ABSOLUTE ACCUFP.CY 1 PC? ABCVE 
0.7 MEV, E I S E S  TO 4 F C T  BELOW 442-KEV ?ESONP.MCE. 

MT=2 E L A S T I C  SCATTEBING CROSS S E C T I O N  
0.0 TO 20 MTV, SUBTRACTED NONELASTIC FCOM T O T A L .  EL?-STIC DLTA 

OF N E 7 1 ,  C H 6 1 ,  B A 6 3 ,  B E 6 7 ,  A R C  MC66 UEFE U S E D  IV 
ESTABLXSHING THE NONSLASTIC. 

MT=3 NONELASTIC CROSS S E C T I O N  

MT=4 I N E L A S T I C  CROSS SECTTON 
0.0 TO 2 0  MEV, SUM OF M ~ = 4 , 1 0 2 , 1 0 3 , 1 0 4 , 1 0 7 .  
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C-16 LASL E V A L - A U G 7  1 P.G. Y O U N G  A N D  D. G. FnSTSE, J C  
MATSEIBL= 4134 Z A =  8016. AWR = 15.8580 FILS= 1 SECTIOL= 451 

THFES. T O  20 MEV, SUM CF MT=51-89. 

MT=51 O=-6.052 MEV MT=58 Q=-10.354 MEV MT=65 Q=-11.63 MEV 
5 2  -6. 1 3 1  59 -1C.952 66 -12.C53 
53 -6 .917  60 -11.C80 67 -12.442 
54 -7.119 6 1  -11.096 68 -12 .528  
5 5  -8.872 6 2  -11.26 69 -12.795 
56 -9.597 6 3  -11.44 70 -12 .967  
5 7  -9.847 64 -11.521 

MT=51-70 INELASTIC CEOSS SECTION TO DISCEETE STLIES 

T H F E S .  T O  20 MEV, MT=52-55,59,60 A R E  BASED M A I N L Y  O N  ( N , N G )  
DATE OF D170 , O F 7  0 ,  DR70 , B US9 , N Y 69 , C16 9 , E N64 BELOW 1 5  MEV 
A N D  WEFE LTRAPOLATED TO 20 MEV W I T H  COMPOUND NUCLEUS 
R E A C T I O N  T H E O R Y  CALCULATIONS. THE F E M A I N I N G  MT NUMBEES 
A R E  BASED CN COMPD. NUC. CALCULATIONS N O R M A L L Z E C  TO G I V E  
A N  MT=3  I N  AGBEEMENT W I T H  FLASTIC DATA OF BA63,BE67,MC66. 

MT=71-89 INELASTIC CFOSS SECTIION T O  0. 3-MEV BF-NDS C E N T E P E D  
A B O U T  Q-VALUES G I V E N  ( E Q U I V A L E N T  T O  C O N T I N U U M ) .  
MT=71 O=-13. 1 5  MEV MT=78 Q=-15.25 M E V  MT=85 Q=-17.35 M E V  

7 2  -13 .45  7 9  -15.55 86 -17.65 
7 3  -13.75 80  -15.85 87 -17 .95  
7 4  -14 .05  81 -16.15 88  -18 .25  
7 5  -14.35 8 2  -16.45 89 -18 .55  
7 6  -14 .65  8 3  -16.75 
7 7  -14.95 8 4  -17.05 

THFYS. TO 20 MEV, I N T E G I I A T E D  CROSS SECTION APJUSTZD T O  GIVS 
A N  MT=3 I N  AGREEMENT W I T H  OFTTCkL MODZL CP.LC. U S I N G  
PAEAMETZES FFOM F I T  O F  1 4  MEV ELASTIC DE.TL OF BE.63 A N D  
T O T A L  . /S.  CROSS SECTION C l V I D E D  A M O N G  B A N D S  A C C O R D I N G  
TO E h'UCLE.E.3 TEMFEPATUFS C A L C U L A T I O N  U S I N G  T = 2  MEV. 

****PLEESE N O T 5  THAT MUCH OF T H E  CFOSS SECTION TO 2:EVFLS ABOVE:  
****9 MEV SUBSEQUENTLY FESULTS I N  C H E F G E D  PASTZCLS Z M I S S I O Y .  
****MT=56-58,61-66,68-70,72-73,75,77-78,8C,82-83,85,87,89,  A F E  
****FLEGGEU AS D E C A Y I N G  B Y  ALFHA E M I S S I O N .  T H I S  C E O I C E  LEADS TC 
****A T O T A L  ALPHA EMISSION . / S  SIMIIP-F ?O D A T A  OF l I52 ,DA68,B066 
****BELOW 17 MEV. THE F E N L I N I N G  MT NUMBE?.S ABOVE MT=66 ?.RE 
****FLAGGED A S  B E I N G  PFOTCN EMITTEFS. 

MT=102 ( N , G A M M F . )  C O O S S  S E C T I O N  

MT=103 (N,P) CFOSS SECTION 
1/11 V A B I A T I O N  FFOM 178 M I C R O E A R N S  AT 2200 M/S, ? F O Y  JU64. 

THRES. TO 1 5  MEV, U S E D  EVALUATED PATE. OF S I 6 5 .  
15  TO 20 M E V ,  B A S E D  O N  E.PERIflENTAL D A T A  OF B066,S562,3E62, 

AND MA54. 
M"104 (N,D) CPOSS SECTION 

THXES. T O  20 MEV, COMFD. NUC. EiEEC?. THEOFY C f - L C .  NCFM. T O  
SINGLE DATUM POINT OF LIS2 E T  14 MEV. 

MT~107 ( N , B L F H A )  CIiOSS SECTTON 

MT=780 ( N , A )  CFOSS S E C ' I I C N  TO C13 G F O U N D  STATE 
THFES. T O  20 MEV, SUM C F  MT=78C-783. 

THFES. TO 6.3  M E V ,  USED ?VALUATED D A T A  OF Si65. 
6 .3  TO 2 0  M E V ,  BASED C N  D A T A  CF DA63, DE68, S I 6 8  >.VI) 
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0- 16 LA SL EVAL-AUG7 1 P.G. YOUNG A N D  D. G. F O S T S ? ,  JFI 
MATSE;AL= 4 1 3 4  ZP.= 8016. B W R  = 15.8580 P I L E =  1 SECTZON= 451 

COMPOSITE OF MC66A. MA68, AND L E 6 8  AT 1 4  MEV. 
M T = 7 8 1 - 7 8 3  (N,L) CROSS S E C T I O N  TO E . C I T E C  L E V E L S  OF C 1 3 .  

THFES.  TO 1 5  MEV, USED (N,B) DATA OF DP.63 A N D  (N,AG) DATA O F  

15 T O  20  MEV, BASED ON DATA OF S I 6 8 .  
DI70.  G R 7 C ,  C L 6 9 ,  NY69, EN64 ,  A N D  BU69. 

MF=4 --- NEUTEON ANGULAR D I S T R I B U T I O N S  --- 
MT=2 E L A S T I C  ANGULAR D I S T F I B U T I C N S  

C.C I O  5 MEV, USED EVALUATEEC DATA O F  S L 6 5 .  
5.0 T O  1 4  MBV, FEOM SMOOTH CUPVE THROUGH C O E F F I C I E N T S  DERIVED 

FEOM F I T S  T O  E L A S T I C  DATA OF PH61, N E 7 1 ,  C H 6 1 ,  E A 6 3 ,  B E 6 7  
A N D  MC66. 

EEOl‘l F I T  OF 1 4  MEV DATA OF B E 6 3 ,  ADJUSTED T O  G I V S  CCPZECT 
TCTLL . / S  UP T O  2 0  MEV. 

1 4 . 0  T O  20  MEV, FROM O P T I C A L  MODEL CALC. U S I N G  PAPLMFTEDS 

MT=51- 8 9  I N E L A S T I C  PNGULBS D I S T F I B U T I O N S  
ASSUMED I S O T E O P I C  I N  CM. 

PHOTON M U L T I P L I C I T I E S  -- ------ MF= 1 2  ------- 
MT=102  RADZATIVE CAPTURE, P F I V A T E  CCMMUNlCATIGN F30M J U 6 u .  

MT=U ( N , N G )  C f O S S  S E C T I O N S  
MF=13 --- GE-MML. FAY SMOOTH C S O S S  S E C T I G N S  --- 

THRES. TO 15  MEV, BASED MAINLY ON DATP. OF D170, O E 7 Q ,  P F 7 0 ,  

15 TO 20  MEV, BASED ON 2 . T R A P C L E T I C N  OF MT=51-60  U S I N G  
B U 6 9 ,  NY69, C L 6 9 ,  EN64.  

COMPOUND NUCLEUS FEACTION THEOFY. 
****NOTE THAT ?HE FIFST E . C I T E D  LEVEL OF C 1 6  A i  6 .352  YEV I S  
****ASSUMED T O  DECAY WITH EMISSXON C F  TWO C.51 ElEV GFMMP. PAYS 

MP=L2 (14 .NAG)  C ? O S S  S E C T I O N S  
THFES. 10 2r) MEV, SMOCTH CUSVE B A S E C  CYUDELY ON (N,NA)  C 3 O S S  

SEC‘I’ION A N D  KNOWN L E V E L S  IIi C 1 2 ,  LDJUSTED I O  S G P Z E  WITH 
COMPOSITE OF 1 4  MEV DATA OF C L 6 9 ,  0970.  

M T = 1 0 3  ( N  ,PG)  CCOSS S E C T I O N S  
THF.ES. ? C  20  MEV, BASED O N  CRUDE E I V I S I C N  OF MF=3, M T = 1 0 3  . / S  

AMOKG L V L I L k B L E  LEVELS ACCOFCING TC ( 2 * 5 + 1 ) .  
MT=lCI7 ( N , I G )  CFOSS S E C T I O N S  

THFES.  T O  15 MEV, BASED MBINLY ON ( N , A G )  DaTE OF DT73, C F 7 C ,  

15 TO 2C MEV, BASED O N  DATA O F  S 1 6 8 .  
C L 6 9 ,  NY69, ON64,  B U 6 9 ,  A K D  (It,&-) DATE C F  D.E.63. 

HF=14 --- GAMM€- FLY ANGULAF DISTFIBUTZCNS --- 
MT=4 ( N ,  N G )  ANGULAF D I S T ? I B U T I O N S  

MT=22 ( K ,  N A G )  ANGULAE! D Z S T F  I B U T I O N S  

M T = l C 3  ( N  ,PG) ANGULAI! D T S T F I B U T I O N S  

MT=177 I N , A G )  ANGULAF D T S T P Z B U T I C N S  

AS SUMZD I SO T F O P I  C. 

A S SUMED I SOT? OP I C .  

ASSUMED IS0 T B C P I C .  

AS SUPl ED I SC TF OP Z C. ------------------- ---- ---- E p EF  ExC E S -- --- --- - - - - -- - - -- - - - - - - - - 
AD49 F.K.ADAIF E T  AL. ,  FHYS. FEV. 7 5 ,  1 1 2 4  ( 1 9 0 9 )  
B h 6 3  Ij.W.BAUEP ET BL.,  NUCL. PHYS. 4 7 ,  2 4 1  (15E3)  
B 3 6 7  2.L.BEACH ET AL.,  FHYS. FEV. 1 5 6 ,  1 2 0 1  ( 1 9 6 7 )  
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0- 1 6  
MATE R I A L =  

BO 6 6  

BU69 
CH61  
C T 6 8  
CL 6 9  
D.963 
DP. 6 8  
D E 6 2  
D I  70 
DR 70 
E N 6 4  
F 0 7 0  
J 0 4 8  
5 0 6 7  
J U 6 4  
L E 6 8  
31 5 2  
M A  5 4  
MA68 
MC66 
MC669 
11249 
NE71 
NY69 
OK 55 
O F 7 @  
PH61  
S C 7  1 
S E 6 2  
S - 6 8  

LA SL EVAL-AUG71 P.G. Y O U N G  A N D  D. G. F O S T T F ,  JE! 
4 1 3 4  ZB= 8 0 1 6 .  A W R  = 1 5 . 8 5 8 0  FILE= 1 S E C T I O N =  4 5 1  

M a  BORHANN ET AI.. q PPOC. I A E A  CONF. NUCL. DhTP.8 
P A F I S  ( 1 9 6 6 )  , P . 2 2 5  

F. S. B U C H A N B N .  P F I V A T E  COMMUNICBTIOX ( 1 9 6 9 )  
L. F.CHBSE ET AL. , AFSWC-TR-61-15  (1  9 6  1 )  
S . C i P R J A C K S  ET AL. , K F K - 1 0 0 0  ( 1 9 6 8 )  
G.CLBYEU. + G . G R E N I E F ,  C E A - P - 3 8 0 7  ( 1 9 6 9 )  
E.A.DAVIS E T  A L . .  NUCL. PHYS. 118, 1 6 9  ( 1 9 6 3 )  
D - D A N D Y  E T  AL. , A W F E  0 6 @ / 6 8  ( 1 9 6 8 )  
J . A . C E J U S E N  E T  AL. ,  FHYS. REV. 1 2 7 ,  1 2 2 9  ( 1 9 6 2 1  

D.M.DFAKE E T  AL. , NUCL. S C I .  E N G .  4 0 ,  2 9 4  ( 1 9 7 c )  
F.C.ENG3SSEF+W.E.THONPSON8 J. NUCL. S N G .  2 1 ,  4 8 7  ( 1 9 6 7 )  
J .L .FOWLSR A N D  C.H.JCHNSON, PHYS. P Y V ,  C 2 ,  1 2 4  ( 1 9 7 0 )  
W . B . J O N E S , J R . ,  PHYS. PEV. 7 4 ,  3 6 4  ( 1 9 4 8 )  
C . H .  JOHNSOX A N D  J . L .  FOWLER, PHYS. FEV. 1 6 2 ,  8 9 P  ( 1 9 6 7 )  
E .T . JUSKEY A N D  H.T. MOTZ,  BULL.AM.?HYS.SCC. 9 ,  1 7 6  ( 1 9 6 4 )  
B.LEFOU. E T  A L . ,  NUCL. PHYS. A 1 1 6 ,  1 9 6  ( 1 9 6 8 )  
A . B . L I L L I E ,  PHYS. FEV. 87, 716 ( 1 9 5 2 )  
H.C.MEFTIN, PHYS. F E V .  9 3 ,  0 9 8  ( 1 9 5 4 )  
D.R.MA.SON + F.D.MURPHY, NUCL. PHYS. A l l @ ,  5 5 5  1 1 9 0 8 )  
W ,  J.MCDCNBLD ET EL. , NUCL. PHYS. 75 ,  353 ( 1 9 6 6 )  
W . N . M C D I C K E N  + W. J A C K ,  NUCL. PHYS. 8 8 ,  4 5 7  ( 1 9 6 6 )  
E . M E L K O N I A N ,  PHYS. FEV. 7 6 ,  1 7 5 0  ( 1 9 4 9 )  
D . O . N i ; L I S + P .  S. B U C H A N B N ,  PPIV?.TF COMNUKICL?IICF ( 1 9 7 1 )  
K.NYBEEiG,  P S I V ,  COMM. T O  LECNB STEWAPT ( 1 9 6 9 )  
A . O K P . Z B K I ,  PHYS. X E V .  9 9 ,  55 ( 1 9 5 5 )  
V.J,OSPHAN E T  AI., NUCL.  S C I .  E N G .  4 2 ,  3 5 2  ( 1 9 7 0 )  
D. D. P H I L L I P S ,  P F I V A I E  COMMUNICATI3N T O  BNL, ( 1 9 6 1 )  
F. B. SCHWABTZ , P?IVE. IF  C O M M U N I C A T I O N  ( 1 9 7  1 )  
K. W.SEEMANN+W. E. MOOPE, K k P I - 2 2 1 4  ( 1 9 6 2 )  
VON I. SICK ET EL. , HELV. PHYS. L C T  4 1 ,  5 7 3  ( 1 9 6 8 )  

J. K. D I C K E N S + F .  G. P E F E Y  , NUCL. SCI. E N G .  4 c , 2 8 3  I 1 9 7 0 )  

S L 6 5  E.I. SLAGGIE+J .T.F .ZYNCLDS.  K E P I - M - 6 4 5 2  (1 9 6 5 )  
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0-16 L E  S I  E V A L - A U G 7 1  F , G .  YOUNG A N D  D. G. FOSTESE’, JF 
MSTE?IAL= 111 3 4  

F I L E  
1 
2 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

Z A =  8016. A W F  = 15.8580 

S E C T I O N  D E S C R I P T I O N  
4 5  1 
1 5 1  

1 
2 
3 
4 

5 1  
52 
53  
54 
55  
56 
57  
58 
5 9  
60 
6 1  
62 
63 
64 
6 5  
66 
6 7  
68 
6 9  
70 
71  
7 2  
73  
7 4  
7 5  
76  
77 
7 8  
7 9  
80 
81  
8 2  
83 
84  
85  
86 
87 
88 
89  

102 
1 C3 
1 0 4  
107 
2 5 1  

DE S C B I P T I  V E  
R E S O N A N C E  

TOTI: L 
ELAS T I C  

N O  N - E L A S T I  C 
( N , N * )  T C T A L  
( N , N * )  L E V E L  
( N , N * )  L E V E L  
( N , N * )  L E V E L  
( N , N * )  L E V E L  
( N , N * )  L E V E L  
( N , N * )  L E V E L  
( N , N * )  L E V E L  
( N , N * )  L E V E L  
( N , N * )  L E V E L  
(N.N*)  L E V E L  
( N , N * )  L E V E L  
( N , N * )  L E V E L  
( N , N * )  L E V E L  
( N , N * )  L E V E L  
(N.N*)  L E V E L  
( N , N * )  L E V E L  
( N , N * )  L E V E L  
( N , N * )  L E V E L  
( N , N * )  L E V E L  
( N , N * )  L E V E L  
( N , N * )  L E V E L  
( N , N * )  L E V E L  
( N ,  N*) L E V E L  
( N , N * )  L E V E L  
(N.N*)  L E V E L  
(N.N*)  L E V E L  
( N , N * )  L E V E L  
( N , N * )  L E V E L  
(N.N*)  L E V E L  
( N , N * )  L Y V E L  

( N . N * )  L E V E L  
( N , N * )  L E V E L  
(N,N*) L E V E L  
( N , N * )  L E V E L  
( N . N * )  L E V E L  
( N . N * )  L E V E L  
( N , N * ]  L E V E L  
( N , N * )  L E V E L  

(N, G A M M A )  

( N , N * )  L E V E L  

( N  E )  
( N  , ALPHA) 

M U  BP.F 

F I L E =  1 S E C T I O I . =  451  

N O  OF C P - F D S  
2 9 5  

4 
3 42 
342 
342 

59 
59 
59 
53 
51 
39 
36 
35 
31 
28 
28 
27 
27 
26 
25 
25 
24 
23 
22 
21 
21 
23 
19 
18 
17 
16 
15 
1 4  
13 
12 
11 
11 
10 
9 
8 
7 
7 
6 
5 
4 
4 

22 
11 
9 3  
95 
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F I L E  
3 
3 
3 
3 
3 
3 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

12 
13 
13 
13 

S E C T I O N  
2 52 
253 
780 
7 8  1 
7 82 
7 8 3  

2 
5 1  
52  
53 
5 4  
55 
56  
57 
58 
59 
60  
6 1  
6 2  
63  
64 
65  
6 6  
67 
6 8  
69  
70 
7 1  
7 2  
73 
7 4  
7 5  
76  
77 
78  
79  
8 0  
8 1  
82  
83 
84 
85  
86  
87 
88 
89 

102 
4 

2 2  
103 

D E S C R I P T I O N  
X I  

G A M M A  
( N , A )  L E V E L  
( N , A )  L E V E L  
( N , A )  L E V E L  
( N , A )  L E V E L  

E L l S T I  C 
( N , N * )  L E V E L  
( N . N * )  L E V E L  
( N , N * )  L E V E L  
(N.N*) L E V E L  
( N , N * )  L E V E L  
( N , N * )  L E V E L  
( N , N * )  L E V E L  
( N , N * )  L E V E L  
( N , N * )  L E V E L  
( N , N * )  L E V E L  
( N , N * )  L E V E L  
( N , N * )  L E V E L  
( N , N * )  L E V E L  
( N , N * )  L E V E L  
( N , N * )  L E V E L  
(N.N*] L E V E L  
( N , N * )  L E V E L  
( N , N * )  L E V E L  
( N , N * )  L E V E L  
( N , N * )  L E V E L  
( N , N * )  L E V E L  
( N , N * )  L E V E L  
( I i , N * )  L E V E L  
( N , N * )  L E V E L  
( N , N * )  L E V E L  
( N , N * )  L E V E L  
( N . N * )  L E V E L  
( N , N * )  L E V E L  
( N , N * )  L E V E L  
( N , N * )  L E V E L  
( N , N * )  L E V E L  
( N , N * )  L E V E L  
( N , N * )  L E V E L  
( N , N * )  L E V E L  
( N , N * )  L E V E L  
( N , N * )  L E V E L  
( N , N * ]  L E V E L  
( N , N * )  L E V E L  
( N , N * )  L E V E L  

( N  , G E M M A )  
( N , N * )  T O T A L  

( N , N * ) A L F H A  
(N , D l  

A N D  D. G. FOSTE!?, J-”. 
F l L F =  1 S E C T I O N =  451 

N O  OF C A E D S  
95 
95 
93 
55 
4 7  
46 

6 2 1  
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 

16 
40  1 

10 
47 
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F I L E  
13 
14 
14 
14 
14 
14 
23 
23 
23 
23 
23 

S E C T I O N  
107 
4 

22 
102 
103 
107 
501 
50 2 
504 
516 
6 02 

D E S C R I P T I O N  
(N,ALPHA) 

( N , N * )  TOTAL 
( N  , N*) ALPHA 

( N ,  GAMMA) 

( N ,  ALPHA) 
TOTAL PHOTON 

CO HER EN T 
INCOHERENT 

P A I R  PRD TOT 
PHO TOELECTR C 

(N.P) 

NO O F  CARDS 
277 

1 
1 
1 
1 
1 

17 
17 
17 
9 
17 

5.21  





TAPE NUMBER = 1 

ALUMINUM-27 MOD 2 FEB. 1972 FOSTER, JE, Y O U N G  

5 . 2 3  





AL-27 L A S L  EVAL-EPR7 1 I). G. FOSTEI?, J F  A N D  P. G. YOUNG 
MATEEIAL= 4135  ZA= 13027. BWR = 26.7500 FZLE= 1 S E C T I O N =  4 5 1  

D I S T - J U L 7  1 NOD 2 - F E B 7 2  

T H I S  MODIFICATION WAS MADE TO ENABLE THE CUPSENT 
DNP. L I B R A F Y  TO CONFOFM TO THE E N D F / B - I 1 1  LIBRARY 
AND T O  ADD PHOTON I N T E R A C T I O N  DATA 

T H E  DATh COERESPONDS T O  THE E N D F / B - I I I  EVALUATION 
WITH THE MAT NUMBEC H A V I N G  THE SANE LhST 3 D I G I T S .  

F I L E  2 3  DETA - FHOTON I K T E F B C T I O N  - TAKEN FROM F S I C  
DATA LIBRAEY (DLC-7 D)  I S  BASED ON DATA FCOM 
U C R L - 5 0 1 7 4  SEC. 11, PEV. 1 9 6 9  BY MCMESTEF ET hL. 
A N D  U C 9 L - 5 C 4 0 0 ,  VOL. V I  EY PLECHBTY A N D  TEFPALL.  

********* M A T = 4 1 3 5  ALUMINUM NOD. 1 7-30-71 * **** ** *** 
MP=3, M T = 7 5 -  9 0 M O D I F I F D  TO INCLUDE INFOFMATLON DESIGNATING 

DECEY O F  THE I N E L A S T I C  LEVELS BY PFOTON OF 
ALPHE E M I S S I O N  

MF= 13, MT=28 THE THEESHOLD ENEPGY WAS CHAPGED FFOM 
1 4 . O E t 6  TO 13. 0 9 3 E + 6  EV 

**St+~**+*+*++*+**$******************************************* * * * * 4 * * 
AL-27 F E E E  ATOM EVAL. , AFE. 197 1 ,  D. G. F C S T E S ,  JR.  , P .  G. YOUNG ( L A S L )  
MF=2 --- RESONANCE PARGMETFPS --- 
f i F = 3  --- NEUTFON SMOOTH C F O S S  S E C T I O N S  --- 

MT= 1 SIGMh = 1 .743  BARNS 
MT= 2 S I G M A  = 1.511 BARNS 
MT=3 SIGMA = 0 . 2 3 2  B A R N S  
M T = I C 2  S I G M A  = 0.232 BARNS 

MT=151 E F F E C T I V E  S C A T T E F I N G  X A D I U S  = 0. 3 4 6 8 5 -  1 2  CM 

THE 22OC M/S CPOSS S S C T I O N S  ACE AS FOLLOWS, 

MF=l TCTAL C C O S S  S E C T I O N  
ABOVE . 4 6  MEV, TAKEN FFGM C 1 6 8  KGFMALIZED TO .EVS?'AGE @F C B 6 7 ,  

BELOW .U5 MZV, MAINLY FFOM ME52 A N D  H I 5 9 ,  U S I N G  GF.65 F@F 
S C 7 0 .  AND F071 .  PROBABLY GCOD TO 1.5 PCT. 

SHE?.P STFUCTUEE. GAF A I  . 4 5 - . 4 6  MEV BFIDGZC WITH C H 6 6 ,  A K D  
NOEMhLIZETIGN CONTINUED DOWNWP.I)DS F F O Y  MEV 5'LNGE 'IHZGLJGd 
C H 6 6  A N D  H I 5 9  TO Y552. M A Y  BE 5 PCT H I G H  I N  ZV EZGION. 

BELOW 1 EV, S Y N T H E S I Z E D  FEQM 1 / V  CAPTURE C F C S S  S E C T I O N  OF 
2 3 2  MB LT THEFMAL A N D  SCATTEEPING CROSS S E C T I O N  ABOVE 1 TV. 

NAZFOW FZSONANCES SMOOTHED BY AFPFO. IMATE FITS, CEMEINDEh BY 
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M A T E S I A L =  4135 ZA= 13027. BWF = 26.7500 FILE= 1 S E C T I O N =  451 

SLIDING POLYNOMIAL FIT. FLUCTUATIONS P R E S Y F V T D  BELOW 3 MEV, 
D E L I B E R A T E L Y  SMOOTHED O V E R  A B O V E  3 MFV. 

MT=2 ELASTIC SCATTESING CFOSS SECTICN 
BELOW 5 MEV, SUBTRACTED NONELASTIC FEOM TOTEL. 
5 TO 16 MEV, M A I N L Y  BASED O N  ELASTIC D A T A  O F  H069, ST59, K27G 

8 ST65, C058,  C059, BE58, 1168, BE56 TOGSTHEF WITH THE 
EVAL. TOTAL A N D  THE NONELASTIC MZASUREMENTS LISTZD BELCW. 

16 T O  20 MEV,  SMOOTH E.TBBPOLATION TO 1/2 T H Z  T O T E L  ET 20 MEV 

BELOW 9 MEV, BASED ON T H E  NONELASTIC MEASUFEMENTS OF BA58, 
BE56, TA55, DE65, O N  THE SUM OF MT=4,102,103,107, A K D  O N  
T H E  DIFFERENCE BETWEEN T H E  EVALUATED TOTAL E N D  THE ELASTIC 
MZASUREMENTS OF H069, KI70 ,  BE56, Mi68. 

9 T O  16 M E V ,  BASED ON NONELASTIC MEASUPEMENTS OF BB58, TA55, 
GF55, PH52, MA57, DE61, FL56, CH67, A N D  O N  THF DIFFEPPNCE 
BETWEEN MT=1 A N D  ELASTIC MEASUFEMENTS OF ET59, ST65, CC56, 
C059, BP58. 

MT=3 NONELASTIC CFOSS SECTION 

16  T O  20 MEV, DIFFERENCE BETWEEN MT=1 A N D  ET=2 

THRES. T O  5 MEV, SUM C F  MT=51-63. 
5 TO 9 MEV. B A S E D  O N  (N,NPFIME) D f - T A  OF TH63, T067,  T H E  EVEL.  

(N,NPRIME) D A T A  C F  D171 WHICH I N C L U D E S  CONSI’DSBATTON OF 
SEVERAL OTHER MEASUEEMENTS, AFD THE ( N , N G )  D A T A  OF DI71. 

MT=4 I N E L A S T I C  CFOSS SECTION 

9 T O  20 MEV, THE DIFFEFENCE BETWEEN MT=1 A N D  T H E  SUM OF 
MT=2,16,102 , 1 0 3  I 104,105,  107. 

MT=16 (N.2N) CROSS SECTION 
THRES. TO 20 M E V ,  ESTIMATED USING A NUCLEAT TEMP. C A L C U L A T I O N  

ASSUMlNG T H A T  H I G H L Y  E . C I T E D  S T A T E S  I N  AL-27 DEC.E.Y 50 FE-C. 
CENT B Y  NEUT2ON EMISSION. 

MT=51-63 I N E L A S T I C  CFOSE SECTION T O  DTSCFETE STP-TZS 
MT=51 0=-@.843 MEV MT=56 Q=-3.001 MEV MT=60 Q=-4.409 MEV 

5 2  -1 .013  57 -3.676 61  -4 .508  
53 -2.210 58 -3.956 62 -4.580 
5 4  -2.732 59 -4 .c55 6 3  -4. 811 
5 5  -2.980 

THFES. T O  5 MEV, BASED ON T H E  ( N , N ? R T M E )  D A T A  OF T062, WI63, 

5 10 9 MEV, B A S E D  ON A N  EVALUATICM OF SEVTFAL MELSUFEMEN‘IS 

9 T O  20 M E V ,  S M O O T H  E.TFAFOLATION F A S S I N G  I H F C U G H  1 4  MFV i l A T B  

I S 6 1 ,  A N D  THE ( N , N G )  DATE OF CH68, ML.65. 

GIVEIU’ I N  9171 (TABLE B l ) .  

OF ST65, B065A. 
M1=64-90 I N E L A S T I C  C E O S S  S E C T I O N  T O  GFOUPS OF D I S C F F I T E  STETES 

I N  B A N D S  CENTERED AB@UT THE Q-VALUES G I V E N  BELOW, 
MT=64 0=- 5.25  MEV M1=73 Q=- 9.75 E E V  M?=82 Q=-14 .25  M E V  

6 5  - 5 . 7 5  74 -10.25 8 3  -14.75 
6 6  - 6.25  75 -IC. 7 5  8 4  -15 .25  
6 7  - 6.75  76 -11.25 8 5  -15.75 
6 8  - 7 . 2 5  77 -11.75 66 -16 .25  
6 9  - 7.75  78 -12.25 8 7  -16.75 
7 0  - 8 .25  79 -12.75 88 -17 .375  
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7 1  - 8.75 80 -13.25 89 -18.125 
7 2  - 9 . 2 5  81 -13.75 9C -18.875 

THFZS.  TO 20 MEV, INTEGRATED CROSS SECTION OVEF BSNDS 
OBTAINED BY SUBTRACTING M T = 5 1 - 6 3  FFOM MT=4. C?OSS SECTION 
DZVIDED AHCNG BANDS ACCORDING TO A NUCLEAE, TEMPYUATURE 
CAlCULATION U S I N G  TEMP. BASED O N  (N,NPRIME) DATA OF “63, 
GF 53. 

****PLEASE N O T E  T H A T  M U C H  O F  T H E  CROSS SECTION ro B A N D S  A B O V E  E.= 
****9 MEV SUBSEQUENTLY BESULTS I N  CHARGED P A F T I C L E  EMTSSION. 
****SINCE THESE DATA BEE KOT INCLUDED E . P L I C I T L Y  L S  (N,N.) PEAC- 
* * * * ? I O N S ,  I T  I S  IMPORTANT THBT USERS INVOLVED I N  CEOTAIN CP-LCU- 
****LATI@NS (E. G., LOCAL HEATING) BE AWARE OF T H I S  INFORHATION, 

H T = 1 0 2  ( N , G A M M A )  CROSS S E C T I O N  
BELOW 1 KEV, 1 / V  FFOM THERMAL VALUE OF 232  MB ( G 0 7 1 ) .  
1 TO 1 4 0  KEV, FROM BL68 .  6-KEV FESONANCE HES WIDTH DEDUCED 

ABOVE 1 4 0  KEV, MAINLY FFOM H E 5 0 ,  H E 5 3 ,  A N D  CA62 .  

THRES. T O  5 MEV, EVALUATION OF 5 0 6 4  USED. 
5 T O  20 MZV, SHOOTH CURVE THROUGH DATA OF G F 6 7 ,  GP.62, MA60, 

FaOM TOTAL .-SECT. SMALL RESONANCES NEARBY ALSO FFOM TOTAL, 

MI=103 ( N , P )  CROSS S E C T I O N  

FE67, B 0 5 9 ,  AS WELL AS SEVEFAL 1 4  MEV POINTS.  
MT=lO4  ( N , D )  CFOSS S E C T I O N  

M T = 1 0 5  ( N , T )  CBOSS S E C T I O N  
THFES. TO 2 0  MEV, SMOOTH CURVE THFOUGH S I N G L E  D?ITUM OF 6161. 

THFES. T O  2C MZV, SMOOTH CURVE WITH SAME SHAFT A S  M T = l C 4 ,  
FEACHING M A . I M U M  OF 15 MB AT 2 0  MEV. 

MT=107  (N,ALFHA) CROSS S E C T I O N  
THkES.  TO 20  MEV, SMOOTH CUSVE THFCUGH DATA OF GF67,  S C 6 1 ,  

G R 5 8 .  B A 6 1 ,  P A 6 5 ,  MA60,GA62,  I M 6 4 ,  K E 5 9 ,  AS WELL E S  SEVZBP.1 
1 4  MEV POINTS.  

MF=4 --- NEUTFCN ANGULAP D I S T F I B U T I O N S  --- 
MT=2 ELP.STIC ANGULAE D I S T F I B U T I O N S  

FROM SMOOTH CUEVES THFOUGH PLOTS OF C O E F F I C I E N T S  F P O J  F I T S  
TG ALL AVAILABLE DATA ABOVE . 2 5  MEV, WITHOUT EVALUlTiON 
O f  MESSUF.EMENTS. MhINLY FFOM L A 5 7 ,  C H 6 6 ,  T 0 6 2 ,  T S 6 1 ,  KI7C, 
B E 5 8 ,  WITH OPTICAL-MODEL BFIDGE T O  S T 6 2 .  SOME C F  DATA 
AUGBENTED BEFOFE F I T T I N G  BY ZEFC-DEGSEE P O I N T  SLIGHTLY 
A B O V E  W I C K  LIMIT, A K D  C O E F F I C I E N T S  ADJUSTED E M F I Q I C A L L Y  
BFTEFWBFDS TO OBEY WICK L I M I T ,  BUT ONLY BARSLY AT HIGHEE 
EN El iGI  E S. 

MT=16 ( N , 2 N )  ANGULAO D I S T F I B U T I O N S  
ASSUMED I S O T F C P l C  I N  CM, USING 2-BODY KINEMATICS TO E S T I M A T E  

IFANSFORMATION TO LAB SYSTEM. 
MT=51-90  I N E L A S T I C  ENGULAR D I S T F I B U T I O N S  

ASSUMED I S O T R O P I C  I N  CM. 
MF=5 --- NEUTRON ENEFGY D I S T F T B U T I O N S  --- 

MT=16 ( N , 2 N )  ENERGY D I S T F I B U T I O N S  
BASED ON S T A T I S T I C A L  THFOP Y CALCULATION. 

MF=12 --- G A M M A  R A Y  M U L T T P L I C I T T E S  --- 
MT=102  ( N , G )  CAPTURE M U L T I P L I C I T I E S  
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E N E E G I E S  FFOM P A 7 0 ,  I N T E N S I T I E S  FEOM BP.67. BA67 DECAY SCHEME 
DOES NOT ACCOUNT FOF I N T E N S I T Y  O P  LOW-ENEFGY T F A N S I T I O N S ,  

(JU71) A N D  HAVE BEEN DROPPED. 
EVEN AFTER F E V I S I O N .  L I N E S  I N  E A 7 0  BELOW 1 MEV 1.F.F S P U S I O U S  

M F = 1 3  --- GEMMA R A Y  SMOOTH CROSS S E C T I O N S  --- 
MT=4 (N,NG) CROSS S E C T I O N S  

THRES. T O  5 MEV, CALCULATED FROM M T = 5 1 - 6 3  IK MF=3 V I A  A L - 2 7  

5 TO 2 c  MEV, MAINLY FFON ( N , N G )  DATA OF D171, DR70, P E 6 4 ,  
DECAY SCHBM E. 

B E 6 6 ,  C L 6 9 ,  E N 6 7 ,  B 0 6 5 ,  NA68, C A 6 0 ,  P B 6 0 ,  SUPPLEMENTED BY 
S T B T l S T I C A L  THEORY CAICULATION. 

MT=28 (N,NPG) CROSS S E C T I O N S  
THRES. T O  20  MEV, 1.809 MEV GAMMA BASED ON DATA OF YN67, 

P E 6 0 ,  C L 6 9 ,  B E 6 6 ,  B O 6 5  TOGETHSR WITH S T A I .  THEOSY CALC. 
EEMAINING L I N E S  A N D  CONTINUUM BASED ONLY O N  CALCULATION. 

M T = 1 0 3  ( N , P G )  CROSS S E C T I O N S  
THPES. T O  9 MEV. USED DATA O F  DI71. 
9 TO 20  MEV, SMOOTH E.TEAPOLATION. 

MF=14 --- G A M M A  R A Y  ANGULBF D I S T R I B U T l O N S  --- 
MT=4 (N,NG) ANGULAE D I S T P I B U T I O N S  

M T = 2 8  (N,  NPG) ANGULE-F D I S T B I B U T Z O N S  

M T = 1 0 3  ( N , P G )  ANGULAE D I S T R I B U T I O N S  

ASSUMED I S O T R O P I C .  

ASSUMED I S C T E O P I C .  

ASSUMED ISOTPOPLC.  
M F = 1 5  --- G A M M A  EEY ENERGY D I S T S I B U T I O N S  --- 

MT=4 (N,NG) ENERGY D I S T F I B U T I O N S  
BASED OF S T A T I S T I C A L  THEOFY CALCULATICN. 

MT=28 (N,  NPG) ENERGY D I S T F I B U T I O R S  
BASED O N  S T A T I S T i C A L  THEOFY CALCULATION. 

MT=lG2 ( N , G )  CAPTUEE ENERGY D I S T P Z B U T I O N S  
FEOM WEAK L I N E S  A N D  CONTINUUM OF EA70.  ........................... R E F E F  ENCES -- ---- ---- -- ------ -- 

.EL58 W.P.BELL E T  AL. ( L E L )  , PHYS.REV. 1 1 0 , 1 3 9 2  ( 1 9 5 8 ) .  

B E 6 7  G.E.BAETHOLOMEW ET AL., NUCL. DATA .93, 367 ( 1 9 6 7 )  
B E 5 5  J. R. BEY STER ET AL. (LES) , PHYS. FEV. 9 8  , I  2 1 6  (1  9 5 5 ) .  
B E 5 6  J. F. BEYSTEF E T  AL. (LAS)  , PHYS. REV. 1 0 4 , 1 3 1 9  ( 1  9 5 6 )  . 
B E 5 8  S.BE?KO E T  EL. ,  NUCL. PHYS. 6 ,  2 1 0  ( 1 9 5 8 )  
B E 6 6  V.  M.BEZOTOSNYI ET AL. ( P U S )  ,SOV. J .NUCL.PHYS. 3 , 6 3 2  ( 1 9 6 6 ) .  
B L 6 8  E.C. BLOCK, PFZVATE CGMMUNICATIOK TO P. J. HOWE?TGF ( 1  9 6 8 )  
BO59 N. A .  BOST30M ET AL. (TNC) , WACC-TN-59-107 ( 1 9 5 3 ) .  
B O 6 5  
B C 6 5 B  G. C. BONBZZOLA E T  ZL. (IUF) , EHYS. REV, 1 4 0 , 8 3 5  ( 1 9 6 5 ) .  
CA6C E. L. CBLDWELL ET BL. (SOC) ,NUCL. S C I .  ENG. 8,173 ( 1 9 6 0 ) .  
CA62 G.CALV1 E T  EL. , NUCL. PHYS. 3 9 ,  6 2 1  ( 1 9 6 2 )  
C.367 A.D.CAFLSON A N D  H.H.BEFSCHALL, PHYS. FEV. 1 5 8 ,  1 1 4 2  ( 1 9 6 7 )  
C H 6 6  J. P. CHIEN AFD A. B.SMITH, NUCL. S C I .  ENG. 26 ,  500 ( 1 9 6 6 )  
C H 6 7  A . C H A T T E F J E E + E . M . G H O S P ( B O S )  , PHYS.FiEV. 161 ,1181  ( 1 9 6 7 ) .  
C H 6 8  K. C.CHUNG E T  EL.  (KTY) ,NUCL. PHYS. 6 8 , 4 7 6  (1 9 6 8 )  

B A 6 1  Be P. BAYHURST+F. J. PSESTWOOD (LAS) SPHYSeFEV. 1 2 1 , 1 4 3 8  ( I  9 6 1 )  

V. N. BGCHKAFEV+V. V. NEFEDOV (LEB) , SOV. J. NUCL. PHYS. 1 , 5 7 4  (1  9 6 5 )  
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M A T E R I A L =  4 1 3 5  ZA= 1 3 0 2 7 .  A W R  = 2 6 . 7 5 0 0  F I L E =  1 S E C T I O N =  4 5 1  

C i 6 8  
C L 6 9  
C C 5 8  
C 0 5 9  
DE6 1 

DE65  
D I 7 1  
DR70 
3 N 6 7  
F E 6 7  
F L 5 6  
YO71 
GA62 
G A 6 5  
GL6 1 
G O 7  1 
Gi5 53 
G R 5 5  
G F 5 8  
G 2 6 7  
HE50 
H E 5 3  
H I  5 9  
H 0 6 9  
I M 6 4  

J G  6 4  
J U 7 1  
K E 5 9  
K I  7 9  
5 3 5 7  
MA 57 
MA6C* 
MA65 
Mk68 
ME52 

PA65  
?E 6 4  
PH 5 2  
P a 6 0  
S A 7 0  
S S 6 1  
S C 7 0  
S i 5 9  
S T 6 2  
S T 6 5  
T A 5 5  

SI 68 

r ~ 6 3  

S. C I E R J A C K S  ET A L . ,  K F K - 1 0 0 0  ( 1 9 6 8 )  
G .  CLAYEU. +G. G R E N I E F  
J . H . C O O N  ET AL. ( L A S ) ,  PHYS.REV. 1 1 1 , 2 5 0  ( 1 9 5 8 ) .  
J. H. C O O N  (LAS)  , P F I V P . T E  C O M M U N I C A T I O N  TO P. J. HOWEFTON ( 1 9 5 9 )  
Y U .  G. DEGTYAFEVtV. G. N A D T O C H I I  (RUS)  , SOV. J .  AT. E N E R G Y  1 1 , 1 c 4 3  
( 1 9 6 1 ) .  
Y U . G . D E G T Y A E E V  (PUS), J. NUCLENERGY 2 C , 8 1 8  ( 1 9 6 5 ) .  
J. K. DICKENS ( O R L )  , OFNL-TM-3284,  1 9 7 1 .  

F.C.ENGESSEFtW.E.THGMPS0N ( N E D ) ,  J.NUCL.ENTEGY 2 1 , 4 8 7  ( 1 9 6 7 )  
J. M.FERGUSON+J .C .ALBEEiGOTTI  ( N R D )  ,NUCL.?HYS. 9 8 , 6 5  ( 1 9 6 7 ) .  
N.  N.PLEROV+V. M . T A L Y Z I N  (?US) , A T O M N A Y A  ENEFGZYL 1 , 1 5 5  ( 1 9 5 6 )  
D.G.FOSIER J9. A N D  D.W.GLASGOW, PHYS. REV. C 3 ,  5 7 6  ( 1 9 7 1 )  
F. G A B B A E D t B .  D. KEFN (KTY) , 
J. B.GkFG E T  AL.,  P B I V .  COMM. T O  R. J. HOWEFTON ( 1 9 6 5 )  
F. N.GLOVEF+E.WIEGOLD ( C B R )  , N U C L . P H Y S . z 4 , 6 3 C  ( 1 9 6 1 ) .  
D. I, G O L C M A N ,  UNPUBLISHED EVELUETION ( 1 9 7 1 )  
E . S . G B A V E S + L . ? O S E N ( L A S )  ,PHYS.PEV. 8 9 , 3 4 3  ( 1 9 5 3 ) .  
E. 3. GRAVES+F. W. DEVIS ( L A S ) ,  FHYS. F E V . 9 7 ,  1 2 ( ? 5 ( 1 9 5 5 ) .  
J. A.GEUNDL ET AL. ( L A S )  ,PHYS.  RFV. 1 0 9 , 4 2 5  ( 1 9 5 8 ) .  
J . A . G F U N D L  ( L A S ) ,  N U C L . S C I . E N G . 3 0 , 6 9  ( 1 9 6 7 ) .  
R. L. H E N K E L  A N D  H. H. BADSCHALL, PHYS. FEV. 8C, 1 4 5  ( 1  9 5 c )  
F.L.HENKEL, P h I V .  CONM. TO SIGMA CENTEF ( 1 9 5 3 )  
C . T . H T B D C N ,  PHYS. EEV.  1 1 4 ,  1 7 9  ( 1 9 5 9 )  
B. HOLMOVIST+T. WIEDLING (LE)  , A E - 3 6 6  ( 1 9 6 9 ) .  
W. 1. IMHOF (LOK) , PRIVATE COMdUNIC$ .TICN T O  B N L  C I G M > .  CENT'S 
( 1 9 6 4 ) .  

G.  D. J C l N G U + C . A .  STEVENS ( G E )  , G A - 5 8 8 4  ( 1  9 6 4 ) .  
E. T. J U R N E Y ,  FRIVATE C C M M U N I C A T I O N  ( 1 9 7  1) 
B. D.KEhN ET h L .  ( N I I D )  , NUCL. FHYS. 1 0 , 2 2 6  ( 1  9 5 9 ) .  
W. E. K I N N E Y t F .  G. PEDEY 
B.LANGSDOSF ET AL., EHYS. FEV. 1 0 7 ,  1 0 7 7  ( 1 9 5 7 )  
M.H.BACGFZGOF E T  AL. ( L R L )  , PHYS. FEV. 1 0 8 , 7 2 6  ( 1 9 5 7 ) .  
G. S. M A N 1  ET AL. ( H A R )  , N U C L .  PHYS. 1 9 , 5 3 5  ( 1 9 6 C ) .  
S. C.MP.THU-? E T  AL. (TNC)  , N U C L . P H Y S . 7 3 , 5 6 1  ( 1 9 6 5 ) .  
G. N. MASLOV ET AL. ( F U S )  ,SOV. J . A T .  ENZFGY 2 4 , 7 0 4  ( 1 9 6 8 ) .  
A. W.MEF5ISON A N D  B.F. W I B L I N ,  PECC.FCY.SOC. ( 2 )  2 1 5 , 2 7 8 ( 1 9 5 2 )  

A. P A U L S E N + H . L I S K I E N  (GEL) , J .NUCL.  ENESGY 1 9 , 9 r 7  ( 1 9 6 5 ) .  
J . L . P E R K I N  (BLD)  .NUCL.PHYS. 6 0 , 5 6 1  ( 1 9 6 4 ) .  
D. D. P H i L L I P S  E T  AL. (LBS)  , PHYS. FkV. 8 8 , 6 0 0  ( 1 9 5 2 ) .  
J. T. DZUDHOMME ET AL. (TNC) , AFSWC-TE-60-30  ( 1 9 6 C ) .  
N.C.SESMUSSEN E T  A i . ,  G E - 1 0 2 4 8  ( 1 9 7 0 )  

( F F )  , C E b - F - 3 8 0 7 ,  ( 1 9 6 9 ) .  

D e  M. D R A K E  ET AL. ( L A S )  , NUCL.SC'S. E N G .  4 0 , 2 9 4  ( 1 9 7 ' 3 )  0 

PHYS. O E V .  1 2 8 , 1 2 7 6  ( 1  9 6 2 ) .  

(OFL)  , C r " N L - 4 5 1 6 ,  ( 1  9 7 c ) .  

h . M I T T L E F  ST AL. (KTY), BUIL.XM.PHYS.SOC.l3,142~ ( 1 9 6 8 ) .  

H e  W. S C H M I T T + J .  H A L P E R I N ( 0 F L )  ,PHYS.  FEV. 1 2 1 , 8 2 7  
R e  B o  SCHWAfiTZ, P R l V A T E  C O M M U N I C A T I C N  ( 1 9 7 0 )  
C. S?. P I E E R E  ET A L e  (MCN) , FHYS. FEV. 1 1 5 , 9 9 9  ( 1 9 5 9 ) .  

( 1 9 6 1 ) .  

T.P.S?UAE:T ET A L . ,  PHYS. O E V .  1 2 5 ,  2 7 6  ( 1 9 6 2 )  
Pa H a  STELSON+R. L e P O B I N S O N  (OEL) NUCL. PHYS. 6 8 , 9 7  ( 1 9 6 5 )  
H e  L. TBYLOS ET AI.. ( P I C ) ,  PHYSeDFV. IO?, 1 7 4  ( 1 9 5 5 )  
D e  B. THOMFSCN (LP-S)  ,PHYS. FEV. 1 2 9 , 1 6 4 9  ( 1 9 6 3 ) .  

5.29 



AL-27 LA SL EVAL-EPR7 1 D. G. FOSTER, J R  A N D  P. G. Y C U N G  
MATEFiIAL= 4135  ZA= 13027. A W R  = 26.7500 FILE= 1 SSCTiON= G 5 1  

TO62 J. H-TOWLE A N D  W.B.GILBOY,  NUCL. PHYS. 39, 30C (1962)  
TO67 J.H.TOWLE+I?.O.OWENS(ALD) ,NUCL. PHYS. A10@,257 ( 1 9 6 7 ) .  
TS61 K.TSUKADE ET AL. ,  PHYSICS OF FAST A N D  I N T E E M E D I A T E  

W163 D. WINTERHALTER (ZAG), NUCL. PHYS. 43 ,339  ( 1 9 6 3 ) .  
BEBCTOR S, V I E N N A  (1 96 1)  . 

5.30 



AL-27 LASL EVAL-APR71 D . G .  F O S T E R , J F  A N D  P. G. Y O U N G  
M A T E F I A G  4135 ZA= 13027. AWE = 26.7500 F I L E =  1 S E C T I O N =  451 

F I L E  
1 
2 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

S E C T I O N  
451 
151 

1 
2 
3 
4 

16  
5 1  
5 2  
53 
54 
55 
56 
57 
58 
5 9  
60 
6 1  
6 2  
63 
6 4  
65 
66 
67 
6 8  
6 9  
7 0  
7 1  
7 2  
73 
7 4  
7 5  
7 6  
7 7  
78 
7 9  
80  
8 1  
8 2  
8 3  
84  
8 5  
86 
8 7  
88  
8 9  
90  

102 
1 0 3  
104 

DE S C R I P T 1 0  N 
DE S C  R I P I I  VE 

R E S O N A N C E  
TOTAL 

E L A S T I C  
N O N - E L A S T I C  

( N , N * )  TOTAL 

( N , N * )  LEVEL 
( N , N * )  LPVEL 
( N , N * )  LEVEL 
( N , N * )  LEVEL 
( N , N * )  LEVEL 
( N , N * )  LEVEL 
( N , N * )  L E V P I  
( N , N * )  LEVEL 
( N , N * )  LEVEL 
( N , N * )  LEVEL 
( N , N * )  LEVEL 
( N , N * )  LEVEL 
( N , N * )  LEVEL 
( N , N * )  LEVEL 
( N , N * )  LEVEL 
( N , N * )  LEVEL 
( N . N * )  LEVEL 
( N , N * )  LEVEL 
( N , N * )  LEVEL 
( N , N * )  LEVEL 
( N , N * )  LEVEL 
( N , N * )  LEVEL 
( N , N * )  LEVEL 
( N , N * )  LEVEL 
( N . N * )  LEVEL 
( N , N * )  LEVEL 
( N , N * )  LEVEL 
( N , N * )  LEVEL 
( N , N * )  LEVEL 
( N . N * )  LEVEL 
( N , N * )  LEVEL 
( N , N * )  LEVEL 
( N , N * )  LEVEL 
( N , N * )  LEVEL 
( N , N * )  LEVEL 
( N , N * )  LEVEL 
( N , N * )  LEVEL 
( N , N * )  LEVEL 
( N . N * )  LZVEL 
( N , N * )  LEVEL 

( N  , G A M M B )  

( N ,  2N) 

( N  P )  
(N,D) 

N O  OF CARDS 
37 1 

4 
4 57 
457 
4 57 

60 
1 5  
60 
5 8  
54 
51 
50 
50 
47 
46 
45 
44 
43 
42 
41 
39 
37 
3 5  
33 
32 
31 
30 
28 
27 
26 
25  
24 
22 
21 
2G 
19 
18 
16 
15 
14 
1 3  
12 
10 

9 
8 
6 
5 

40 
45 
22 

5.31 



AL-27 L A S L  EVAL-APR7 1 D. G. FOSTER, J F  A N D  P. G. Y O U N G  
MATEEIAL= 4135 

FILE 
3 
3 
3 
3 
3 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
5 

12 
1 3  

ZA= 13027. BWR = 26.7500 

SECTION DE SCRIPTIC N 
105 
107 
251 
252 
2 53 

2 
16  
51 
-5 2 
53 
5 4  
55 
56  
57 
58  
5 9  
60 
61 
62  
63 
6 4  
65  
6 6  
67 
6 8  
69  
7 0  
71 
7 2  
73  
7 4  
75  
7 6  
77  
7 8  
7 9  
80 
81  
8 2  
83 
84  
8 5  
86  
87 
88 
8 9  
9 0  
16 

IC2 
4 

( N  8 T) 
( N ,  ALPHA) 

MU BAR 
XI 

G A M M A  
ELASTIC 

( N , N * )  LEVEL 
( N , N * )  LEVEL 
( N , N * )  LEVEL 
( N , N * )  LEVEL 
( N , N * )  LEVEL 
( N , N * )  LEVEL 
I N ,  N * )  LEVEL 
( N , N * )  LEVEL 
( N , N * )  LEVEL 
( N , N * )  LEVEL 
( N , N * h  LEVEL 
( N , N * )  LEVEL 
( N , N * )  LEVEL 
( N , N * )  LEVEL 
( N , N * )  LEVEL 
( N , N * )  LEVEL 
( N . N * )  LEVEL 
( N , N * )  LEVEL 
( N , N * )  LEVEL 
( N , N * )  LEVEL 
( N , h ’ * )  LEVEL 
( N , N * )  LEVEL 
( N , N * )  LEVEL 
( N , N + )  LEVEL 
( N . N * )  LEVEL 
( N , N * )  LEVEL 
( N , N * )  LEVEL 
( N , N * )  LEVEL 
( N , N * )  LEVEL 
( N , N * )  LEVEL 
( N , N * )  LEVEL 
( N , N * )  LEVEL 
( N , N * )  LEVEL 
( N , N * )  LEVEL 
( N , N * )  LEVEL 
( N , N * )  LEVEL 
( N , N + )  LEVEL 
( N , N * )  LEVEL 
( N , N * )  LEVEL 
( N , N * )  LEVEL 

( N ,  G A M M A )  
( N , N * )  T @ T A L  

( N e  2 N )  

( N ,  2N) 

F I L E =  1 SECTION= 451 

NO OF CARDS 
14 
28 
1 5  
15  
1 5  

126 
28 

8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 

104 
1C3 
8 4 0  

5.32 



AL-27 L A S I  EVAL-APR7 1 D. G. FOSTEF.,JR A N D  E’. G. YOUNG 
MATEEIP.L= 4135 ZA= 13027. AWR = 26.7500 F I L E =  1 S E C T I O N =  451 

FILE 
13 
13 
14 
14 
14 
14 
15 
15 
15 
23 
23 
23 
23 
23 

SECT TON DE S C R I P T I O N  
28 (N,N*) P 

103 ( N  , P I  
4 ( N , N * )  TOTAL 

102 (N , G A k l M A  ) 

4 ( N , N * )  TCTLL 

102 (N ,  GAMMA) 
5c 1 TOTAL PHOTCN 
5C2 COHERENT 
50 4 1 NCO HER EN T 
516 P A L R  PRI) TOT 
6C 2 FHOTOELECTZC 

28 (N,N*) P 

103 ( N , F )  

28 (N,N*) P 

NO OF CAnDS 
92 
7 1  

1 
1 
1 
1 

153 
66 
32 
18 
18 
18 
9 

18 

5 . 3 3  





LE AD 

TI-FE NUMBEI:  = 1 

MCD 1 FEB. 1972 C. Y. FU, P. G. DERFY 

5.35 





LEP.3 OE. KL EVAL-JUL71 C.Y. FU A N D  F.G. PEREY 
EZTEPTEL= 4136 ZA= 82000.  AWR = 2 0 5 . 4 3 0 0  F I L E =  1 SECTTON= 451 

DIST-SEP71 MOD 2-AP3’72 

THE CAPTUFF CIiOSS S F C T I O K S  FROM 1 K S V  TO 1 MTV 
HAVE BEEN COMFLEIFLY SEEVELUETEC BRSED F S I F A R I L Y  
ON A RECENT HIGH-FESOLUTIGN MEASUFEMENT OF C I F T U E E  
C f O S S  S E C T I O N S  FCE THE LEP-D I S O T O P E S  204, 2 0 6 ,  
2 0 7  A N D  2 0 8  B Y  B. J .  ALLEK F’T AL. OF @FNL. 
LPPROXIMATELY 75 PEP CENT OF THE C A T U P E  CCOSS: 
S E C T I O N S  I N  THE ? A N G Y  FROM 1 KEV T O  2 @ 0  K S V  WESE 
GIVEN E X P L I C I T L Y  AS PESCNENCES. CORFELATION OF 
THESE PESONENCES WITH THE TCTAL CFOSS SECTTONS 
ENABLES US TO R E F I N E  THE EESQNANCE WIDTHS P.ND 
ABEES OF THE TOTLL COCSS S E C T I O N S  P-S WELL. 
COPFESPON9ING CHANGES HAVE EEEN MADE I N  TEIP 
E L A S T I C - S C E T T E P I N G  A N D  NON-ELASTTC CFOSS SECTIONS. 

D E T E I L S  OF THE EBOVE MODIFICATIONS HLVE BEEN 
D Z S C F I B E E  I N  A N  RDDENDUM OF THE EFPaE?, EVPT,UB?IION 
OF NZUTEON A N D  GEMMA-SAY-PFCDUCTION C F O S S  SZCTTONS 
FOE LEAD, OFNL-47116, C. Y. FU A N D  F. G.  PZC’PY. 

T H I S  DATA I S  FROM E Y D F / E - I Z I ,  MAY##1136 %BYL< 

8 * * * * * * 
* 

DAYL M O D I F I E D  J A N .  1 9 7 2  
‘TOW SFEilGY FEDIA‘TZVE CAPTUT-E C F C S S  S E C T I O N  CHASGED TI? CONFO?M TO 
!I H E C S E W G NO F H EL T Z E? I C  h7 A N  P S T A I4 C AI: D S 
2200  M/SEC VE.LUE OF 0.178 BARNS 
A L S C  LCW ZNSPGY S C A T T E F I N G  CXCSS SECTION C H A N G E C  TO FEPYjSSENT 
FFEP ATOM SCATTEPING * * * * * * 9 

S U B C 0 M MI ‘T 7 E E P E C 0 M M EN DE D 

KATUU‘BL LEAP, JULY 1 9 7 1 ,  C .  Y. FU ANI!  F. G .  DEFEY OF O C Y L  
FILI 1 GSNEFiihL TNFCSMATION 

FTLE 2 FESONAWCE PF-IIEMETFEFS 
S E C T I C N  4 5 1  D I S C S I I T I V E  D A T A  B E D  C I C T I O F X ? Y  

S Y C T I O F  151 GENEEAL D E S I G N b ’ X O S  FOP FSSCNXNCE I N F 3 F E I Y Z O N  
ONLY EFFEC’TZVE SCE.’ITF?ING LEXGTH GIVEV. T A K I N  F?OM BY;-325. 

F I L E  3 NEUT2CN C P O S S  S E C T I G Y S  
S E C T I O N  1 TOOTEL, INTEFJ-CTICN 

o . r o o o i  E V  T C  1 K E V  P S O M  BKL-325 

5 . 3 7  



LE AD ORNL EVAL-JUL71 C.Y. FU A N C  F. G. DFFEY 
I IATEEIEL= 4 1 3 6  Z A =  82000.  .swz = 2 0 5 . 4 3 0 0  FILE= 1 S E C T I O N =  451 

1 KEV TO 0.47 MJEV M@STLY FFOM W. M.  GOOD OF OFNL. 
0 .47  MEV TO 20 .0  MEV FFOM C .  B. SCHWfiPTZ OF NBS. 

DEBIVED BY SUBTFACTING THE YON-ELL'TIC CCOSS S E C T I C N  FEOM T H E  
i O m A L  CTOSS S E C T I O N  

CALCULAFEED, VESY GOOD 1-GFEFMENT WITH E .FEFIMENT 

CALCULATED. VERY GOOD AGREEMENT W I T B  E.DE?IMENT 

CELCUIATSD.  2. FERIMENTAL DE.TA AVAILABLY ONLY NEB? 1 4  MEV 

CALCULATEI:, NO DATE. AVAILABLE 

CALCULbFZD. COMFF.FED FEVCRE.BLY WTTH E. CFSIMF'NT. 
4 8  LEVTLS I N  2 0 6 ,  4 9  LEVELS I N  207  A N 3  2 2  LEVELS I Y  2 0 8  AFE 
MERGEC T O  FOfiM 35 LEVELS I N  WATUt.$L LEEC 

L E S I V S D  BY SUBTPECTIWG THE LEVEL C O N T I B U T Z O N  F?OM THE T0TE.I 
I N E L E S T I C  C F O S S  SECTION. 

0 . 0 @ @ 0 1  FV TO 10 F V - - l l V  DEFENDEKCE P.SSUMPD WZTH C.198  BAFKS 
AT 0 .0253 EV. CUEVE DCAWW THRCUGH L I M Z T E D  DETA F C P  HIGHER E 

D E P I V E D  FFOM E L A S T I C  LKGULE-P D I S T F Y B U T I O N S  ? N D  KIEZMP-TICS 
U S I N G  THE COYPUTEF PD0GFE.M SAD. 

SEE S E C T I O N  251.  

SEE SPCTZON 251.  

ALL DIST?. IBU'?IONS A C E  GIVEN I N  THE LEGEBD3E CCLY NOMIAl 
9 T ? Z  S EN'I b l  I O  NS . 
@.C@OOI PV TC 5 MEV--C@?FFICIENTS CBTAA'YFD B Y  FITT"_iG D>TZ 
5 MZV TO 2 0  MEV--0PTICEL MCCFL C I L C U I A T I C K .  CF'TIC!L M3P41 
P h F P M E T E F S  BEST F I T  DATE AT 7 ANI!  1 4  MEV. 
F E P F Z S 3 N T h 7 I I O N  I S  I N  CENTTF C F  MASS SYSTEM. 
T Z A F S F d ? M A Y O N  MIiTFI.  I S  G I V S N  

CALCULATED A N D  COMPSPED EAVOEhELY WZTH DATA. 
F S P B E S E N T A T I C R  I S  I f 1  CEKTY2 OF MFSS SYSTFM. 

LSSUYED TSOTCOBIC.  

S E C T I O N  2 F L A S T I C  S C A T T E F I N G  

S E C T I O N  3 NON-ELASTIC I N T E S A C T I O N  

S E C T I O F  4 T0TP.L I N E L A S T I C  SCATTEEING 

S E C T I O N  16  N , 2 N <  P E A C T I C N  

S E C T I O F  17 N , 3 N <  PEP-CTIOF 

S Z C T I O K  51 THFOUGH 85 I N E L A S T I C  SCATTEl i lNG 2.  CITI fTG L E V S L S  

S E C T I C N  9 1  I N E L A S T I C  SCATTERING E. C I T I N G  CCNFZNUUM 

SECTT@K 1 0 2  FXD'IATIVE CLPTUFE 

S E C T I O N  251 MU BE? 

S E C T I C N  252  .I 

S E C T I C N  253 GLMMA 

F ' ILE 4 ANGUSAf: DISTEIBUTTOK OF SECONDAFY N E E S O N S  

SECTION 2 P L A S T I C  SCBTTEFZNG 

SECTION 51 THCOUGH 85 I N E L A S T I C  SCATTEPING S. CI"?iG L E V Y I S  

SECTION 9 1  Z N Z L X S F I C  SCP,TTZF'LNG E.CIT'ZKG CCY\rTINUUi.I 

-7 - !--E 5 ENE3GY D Z S T F I B U T I O K  OF STCONDbFY NEUT?ONS 
SECTION 16 K 8 2 N <  FEACT'ICN 

ME-. WTLLIAN r I S T ? I B U T I O N S  W I T H  ?EMPPF?.TU3ES DZFIVZD ??C!1 
LEVEL DEYSITTES LND LE CCUT3UE THEFY. 

Y A .  WFLLI2N C I S T C T B U T I O S S  WITH TZMEEFATU?ES D I F I V E I )  CFO!! 
S E C T I O N  17 N,3N< FEACTICN 

5.38 



SYAD CEiNL EVAL-JUL71 C.Y. FU A N D  F.G. F E F 4 Y  
M.E.TE?I:.I= & I 3 6  LA= 82000 .  LWE = 2 0 5 . 4 3 C O  v-:E= - -  1 SCCTZ@N= 4 5 1  

LEVEL D E N S I T I F S  AND L E  CCUTEUR THERY. 

EVEPOFATTON SPECT??!  U I ' I H  TEMFEPATUF ES C E F  T V 7 2  F?QM L E V 4 L  
DENSIT'TES , COMPIFED FAV03LBLY WZT3 F A T H E P  S C B F C S  DRY?!. 

SECTTON 91  I N E l S T I C  S C B T T F F I N G  S . C I T I N G  THE CONTINUUM 

F I L T  1 2  M U L T I P L I C I T I E S  C F  GAMMA ??.YS FZCDUCZD BY NSUTEON PEz.CTIC?! 
S E C T I C Y  3 NON-ELASTIC SCA?TE?ING 

c o M B I N 5 D F 90 M co M TP I BUT TON s F W M  E ;- r 1.9 T I v P r -1. r TU 2 E , I NE L ?. s TT c 
S C A T T E P I N G ,  N . 2 N < ,  A N D  N , 3 N <  PFP-CTIOUS. 

FILE 1 4  ANGULAE D I S T E I B U T I C N S  O F  SECCNDAPY G?!MMF. F?Y S 
S F C T I C N  3 NON-"ASTIC SCATTXFING 

L. S S U PI E D I S  O'I ? O P I  C . 
FTLX 15 E N F G Y  DZST?ZBUTIOK OF SECCNDPFY GPMMP. TLYS 

SECTTCN 3 NCN-ELESTIC S C A T T E F I X G  
O.C@OOI E V  TO 10 EV--ONE S I N G L E  SFFCT'iUM 7.ESULYIING PSCM 
THHEI).FrLL NZUT'aON CAPTURE I S  ASSUMED VALID. 
1 K E V  TO 573 KEV--@NE S I N G L E  SDECTfUM I S  ASSUME3 VALTD WH'ZCE 

10  EV TG 1 K?V--iIYYAF ZNTEFPCLATICN BETWEEX' P.BOVE TWQ S P 4 C T P B  
573 KEV TO 20  MEV--CllCULFT?D SPEC'IFA F E S U L T I N G  FFCV 
I N E L B S T T C ,  N.2N< AND K 8 3 N <  S E L C T I O N 3 ,  GTV5:N FOT INTF?VE.LS 
V A F Y I N G  ? 3 @ M  0 . 2 5  T O  1 . 0  MEV, CC\?IFA?ED F!!VO?F.ELY WTTH CJTP.. 

FFOM W. H. MCMASTEF ET AL.,UC?I-50&!)0 1968< 

WES D E R I V E C  FFOM FJ-THE? L I M I T E I :  F P S C N S N C E  CA2TUUFE DATA. 

FILE 2 3  PHOTON INTE3I.CTZION C F O S S  S F C T I O B  

S F C T I O N  501 T G T A l  INTEPACTTON 
SECTTCN 502 COHEPENT S C A I T P S f M G  
SFCTIOEj  504  IKCOHEPENT SCATTERING 
SECTTON 516 P A I F  PSODITCTICN F L U S  P I 1 L E T  i D O D U C T I C N  
S E C T I O N  602  !?HOTOEIFCTFIC TNTEBACTIOK 

5.39 



L I ? P  @E KjY EVhL-JULY1 C.Y. FU F.YC F. G. CEFZY 
MATE3TAL= 4136 ZA= 82000. AWF = 205.U3Q0 ?:LE= 1 S E C T I O B =  451 

FILE 
1 
2 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
4 
4 

2 

SECT I 3 N  
451 
151 

1 
2 
3 
U 

16 
17 
51 
52  
53 
54 
55  
56 
57 
58 
59 
60 
61 
62  
63  
6 0  
65 
66 
6 7  
5 8  
6 9  
70  
71 

73  
7 4  
75  
76 
77  
78  
79  
80 
81 
9 2  
83 
84 
8 5  
91 

102  
251 
2 52 
253 

2 
1 6  

7 2  

E E  S C E I F  T 70 N 
DE SC F I P T I V  E 

F E SO I? P N C E: 
TOTAL 

E l E S  T I  C 
N O N - E I A S T I  C 

( N , N * )  TOTAL 

( N ,  3h') 
(N,N*) L E V Y 1  
(K' .N*)  LEVEL 
( N , N * )  LEVSL 
( N , N * )  LEVEL 

( N . N * )  LZVEL 
I h ' , N * )  LEVSL 
(N.N*)  LEVEL 
fN,N*)  L P V F L  
( N , N * )  LEVEL 
( N , N * )  LEVEL 
( N , N * )  L E V T I  
( N , N * )  LEVEL 
( N , N * )  LEVEL 
( N . N * )  LEVEL 
(N,N*) LTVCL 
( N , ? * )  LEVEL 
( N . N * )  LEVEL 
( N , N * )  LEVEL 
( N . W * )  LZVFL 
( h ' , N * )  L7VEL 
( N , N * )  L F V E L  
(N.N*)  L E V E i  
( N , N * )  LEVEL 
( N . N * )  L E V E l  
( N , N * )  LEVY1 
( N , N * )  LEVEL 
( N , N * )  LEVEL 
( S I N * )  LEVEL. 
( N ,  N*) I Y V E L  
( N ,  !'*) L E V F I  
(E:.F*) LEVEL 
(!?*F*) LZVEL 
( N , R * )  l ? V E l  
( ' " J * K * )  LEVEL 

( K * M * )  cor:" 
(M ,G!!EM€.) 

MU BE? 
X'T 

GBMMX 
ELASYTTC 

( K g  2 N )  

( N , N * )  LEVEL 

( N ,  2 N )  

N C  CP C A 3 D S  
228 

209 
209 

78 
13  

9 
6 

11 
1 2  
11 
10 
10 
10 
l e  
11 

9 
9 

10 
9 
9 

10 
10 
10 

9 
8 
8 
9 
8 
7 
8 
8 
A 
8 
8 
7 
8 
7 
8 
7 
7 
8 
8 
8 

66 
11 
11 
11 

143  
8 

U 

5.40 



L Z & E  O3Nl ZVAL-JUL71 C.Y. FU A N 3  F. G. F:E9ZY 
ME.TEFI?-L= 4136 ZB= E 2 C O O .  LWF = 205.4300 

F I L E  SECTIOB D E S C P I P T I C  N 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
G 
4 
4 
4 
4 
4 
4 
4 
u 
4 

L 
1 
h 
L! 

I - 

c 
k 
11 
Li 
4 

5 

5 
1 2  
1 4  
15 
23 

- 
3 

- 
L 
9 2  
L 4  

2 3  
23 

1 7  
5 1  
5 2  
53 
5 4  
5 5  
56 
57 
58 
39 
5 0  
6 1  
62 
6 3  
5 k  
6 5  
66  
67 
58 
6 9  
?O 
7 1  
72 
7 3  
711 
? 5  
70 
7 7  
7 8  
1 0  

89 
81  
8 2  
8 3  
eu 
8 5  
5 1  
1 6  
17  
a i  

3 

5 P l  
535 
5 ? k  
516  
€ 0 2  

- 

1 - 

7 

FO OF C.E.FI?S 
8 

51 
75  
51 
5 4  
45  
u7 
un 
66 
42 
35 
110 
35 
39 
5 4  
511 
5 4  
3 2  
3cl 
30 

27 
2 6  
21, 
24 
2 b  
3 9  
39 
2;. 
22 
20 
3 6  
3n 

18  
3 3  
35 
s 
si 
4 
5 

18 
1 

2 3  
2 3  
:a 

9 
2 3  

a a  

a m  

- -  

5.41 





TAPE N U M B E R  = 1 

HYDROGEN-1 MOD 1 FEB. 1972 STEWART, LABAUVE, Y O U N G  

5.43 





H- 1 LA SL E V A L - A U G ? C  L.STEWERT,R.  J .LABAUVE,P.  G. Y O U N G  
MATERIAL= 4 1 4 8  ZA= 1001. A W R  = 0.9992 P I L E =  1 S E C T I O N =  4 5 1  

D I S T - F E B 7  1 MOD 1- F E B 7 2  

T H I S  MODIFICATION WAS MADE T O  ENABLE THE CUFFENT 
D N A  LIBRABY TO CONFORM ‘IO THE E N D F / B - I 1 1  LIBSARY 
A N D  T O  A D D  PHOTON INTERACTION DATA 

THE DATA COERESPONDS TO THE E N D F / B - 1 1 1  EVELUP-TION 
WITH THE HAT NUMBER H A V I N G  THE SAME LAST 3 D I G I T S .  

F I L E  23 DATA - PHOTON I N T E F A C T I O N  - TAKEN FROM R S I C  
DATA L1BBAF.Y (DLC-7 D) I S  BASED ON DATA F30M 
U C E L - 5 0 1 7 4  SEC.  11, IIEV. 1 9 6 9  BY MCMASTEI! ET EL. 
AND U C R L - 5 0 4 0 0 ,  VCL. V I  BY PLECHATY AND T E F F A S L .  

* * * * * * * . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  * * * CSOSS S E C T I O N  STANDARD HYDfiOGEN TOTAL CEOSS S Z C T I O N  * * * * * * * + * * + * * * * * + * * * + * * * * * * * * * * * ~ * * ~  
4: * * THE TOTAL C F O S S  S E C T I O N  H A S  BEEN ZECOMMENDED AS ;i STANDLED * * 8 
* BY THE CSEWG NOFMALIZATION A N D  STANDARDS SUBCCMMITTYE FOP THE * * f * PNEFGY RANGE FROM 1.0-5 EV TO 20.0 MEV * 
* * + + * * * * * * * * * + * * * * * + + * * * * * * * * * * * * * *  

HYDXOGEN F R E E  ATOM CFOSS S E C T I O N S  
ENTRY B Y  L. STEWAKT. F..J. LABAUVE, A N D  P.G. Y O U N G  
LOS BLAMOS S C I E N T I F I C  LABOEATORY 
L O S  ALAMOS,NEW ME. I C 0  8 7 5 4 4  
OCT OBXE 2@ . 1970 

MF- 2 

MT=151 . S C A T T E R I N G  LENGTH=I.  2 7 5 6 E - 1 2  CM. 

MF=3 

5.45 



H- 1 LA SL EVAL-AUG'IO L.STEWA?T,E. J.LABAUVE,P. G. YOUNG 
MATESIAL= 4 1 4 8  ZA= 1001. AWR = 0.9992 F I L E =  1 S E C T I O N =  4 5 1  

MT= 1. TOTAL CROSS S E C T I O N S  --- THE TOTAL CEOSS S E C T I O N S  A F T  
OBTAINED BY A D D I N G  THE E L A S T I C  SCATTEEING A N D  
E A D I A T I V E  CAPTURE CYOSS S E C T I O N S  AT ALL E N E S G I E S .  

1 . O E - 0 5  EV TO 20 MEV. 

B T =  2 ,  E L A S T I C  SCATTERING --- FROM A N  E. T E N S I V E  THZORETICBL 
TREATMENT OF FAST NSUTRON MEASUBEMENTS 
6 Y  J. C. H O P K I N S ( L A S L )  A N D  G. BRElT(STAT'P  
U N I V E R S I T Y  OF NEW YORK). 

1 .OE-05 EV TO 20 MEV. 

M T = 1 0 2 ,  R A D I A T I V E  CAPTURE --- THESE CIiOSS S E C T I O N S  AFE: T A K E I  
FROM THE 1966  P U B L I C A T I O N  OF A .  BOPSLEY WHZ:CE A VALUE 
OF 3 3 2  M B  WAS ADOPTED FOE, T H E  THFRMAL VlLUE.  

1 .OE-05 EV TO 2 0  MBV. 

M T = 2 5 1 ,  AVERAGE VALUE OF C O S I N E  O F  SCATTEEING ANGLS 
I N  LAB SYSTEM. 

1 . O E - 0 5  EV TO 2 0  MBV. 

MI=252, AVERAGE LOGARITHMIC ENERGY CHANGE PER COLLISON,  TAKEN 
A S  1 ,  FEOM 1 . O E - 0 5  EV TO 20 MEV. 

KT=253,  GAMMA. TAKEN AS 1, FFOM 1.03-05 EV T O  20 MEV. 

MF=4 

MT= 2 ,  NEUTRON E L A S T I C  SCATTERING ANGULAE D I S T E I B U T I O N S  LN 
T H E  CENTEI: OF MASS SYSTEM--GIVEN AS NOEPIALIZED 
P O I N T W I S E  P R O B A B I L Z T I E S .  

M F = 7  

MT= 4. . 0 0 @ 0 1  TO 5 EV FEEE G A S  S I G M A = 2 0 . 4 U 9  BZENS. 

M F = 1 2  

MT=1@2.  G A H M A  EBY M U L T I P L I C I T I E S  --- MULTIPLICZTY , [PEFFFFED 
I O  M T = 1 0 2 ,  MF=3) , I S  UNITY AT ALL NEUTFON E N E S G I E S .  
S I . T E E N  ENEPGY BANDS A R E  GIVEN FROM . 2 MFV TO 20  M S V ,  
A N D  THE P.VEEAGE GAMMA EAY ENERGY, Z A G ,  I S  DSTERMINEC 
FROM THE AVERAGE NEUTRON ENERGY, EAN, I N  THE BAND B Y  
E A G = 2 . 2 2 5 E + 0 6 + E A N / 2 .  , R E C O I L  ENEEGY IGN0E)ED. 

MF= 1 4  

PIT=lC2,  G A M M A  R A Y  ANGULAR D I S T R I B U T I O N  --- ASSUMED ' I S O T 3 O F I C  
AT ALL NEUTRON E N E E G I E S .  

5 . 4 6  



H- 1 L A S L  EVAL-BUG70 L.STPWART, 9. J.LEBAUVE,?.  G. YCUNG 
MATEBIAL= 4148 Z A =  1001. ?!WE = 0.9992 F I L E =  1 S E C T I O N =  451 

F I L E  
1 
2 
3 
3 
3 
3 
3 
3 
4 
7 

12 
14 
23 
23 
23 
23 
23 

SECTION 
451  
151  

1 
2 

102 
251 
2 52 
253 

2 
4 

102 
102 
5G 1 
502 
504 
5 1  6 
602 

DF S C F I P T I O N  
D E S C R I P T I V E  

RE SONA NC E 
T0TP.L 

E L A S T I C  
( N  , GAMMA) 

MU BAR 
X I  

GEMMA 
E L A S T I C  

( N , N * )  TOTAL 
( N ,  GAMMA) 
(N,GBMME) 

TOTAL PHOTON 
COHERENT 

I N C C HER EM T 
PAIR PED TOT 
FHCTOELECTP C 

NO OF CAFIDS 
120 

4 
48 
48  
48 

8 
4 
4 

88 
4 

70 
1 

17 
17 
17 

9 
17 

5.47 





TAFE N U M B E R  = 1 

DEIEKE, Y O U N G ,  W B  I G H T  S I L I C O N - N A T  NOD 1 FPB. 1972  

5.49  





S I - N A T  Bli id EVAL-RUG7 1 DRAKE, YOUNG, WRIGHT, KINSEY 
MATERIAL= 4 1 5 1  ZA= 1 4 0 0 0 .  AWR = 2 7 . 8 4 4 0  F I L E =  1 S S C T I O N =  451 

D I S T - S E P 7 1  HOD 1 - F E B 7 2  

T H I S  MODIFICATION V A S  MADE TO ENABLE THE CUFF'ENT 
D N A  L I B E A R Y  TO CONFORB TO THE E N D F / B - I 1 1  L I B S A S Y  
AND T O  ADD PHOTON I N T E E A C T I O N  DATA 

THE DATA CORRESPONDS TO THE E N D F / B - I I I  EVALUATION 
WITH THE MAT NUMBER H A V I N G  THE SAME LAST 3 D I G I T S .  

F I L E  23  DATA - PHOTON INTEEACTION - TAKEN FROM B S l C  
DATA LIBBAPY (DLC-7 D) I S  BASED ON DATA FROM 
U C R L - 5 0 1 7 4  SEC. 11, REV. 1 9 6 9  BY MCMASTEII ET AL. 
A N D  U C R L - 5 0 4 0 0 ,  VOL. V I  BY PLECHATY A N D  TEFFALL.  

S I L I C O N  (NLTUZAL) NEUTRON A N D  G A M M A  R A Y  PRCDUCTION CROSS S E C T I C K S  
DATA TEKEN F R O M  A N  EVALUATION BY M.K. DFAKE GULF GENZEAL ATOHIC 
FEEORT GA-8628 ( M A Y ,  1 9 6 8 )  
TOTAL A N D  P E E T I A L  NEUTRON CROSS S E C T I O N S  GIVEN FOE NEUTFON 
E N E F G I E S  F F O H  O . @ o O ~ l  EV T O  2 c . 0  MEV 
5 E V I S E D  FOF FO?MAT CHANGES BY P . G . Y O U N G ,  LASL, 6 / 2 / 7 0  
***** S I L I C O N  F E V I S E D  BY 3. Q. YFIGHT,  09NL, 2-C5-71 **+ F I L E  3 *** 

TOTAL CROSS S E C T I O N  R E V I S E D  1 . 8 0 - 3 . 6 2  MEV 
E L A S T I C  C F O S S  S E C T I O N  F E V I S E D  1.80- 3 . 6  2 MEV 
NON-ELASTIC CEOSS S E C T I O N  ADDED 
I N E L A S T I C  C E O S S  S E C T I O N  F E V I S E D  1. 85-3. 53 MPV 
MT 5 2  C T O S S  S E C T I O N  3 E V I S E D  1. 85-3.53 MEV 

E L A S T I C  f .NGULAF(  D I S T .  GTVEN AS LEGENDRE COFFF. 
*** F I L E  4 *** 

**** B E V I S E D  BY R. F. KINSEY,  BNL, 1-15-72 *** F I L E  3 +** 
S E C T i O N S  251 ,252 ,  AND 253 ADDED 

ZEEVbLUATION OF CADTUUDE G A M M A  F A Y S  

1 .78  MEV G A M M A  FAY CHANGED TO AGRPF WITH MODIFICATION 
O F  M ' I  5 2  I N  HF 3 BY 2 .  G. WFIGHT 

*+* FILS 12 *** 
*** FILE 13 *** 

* * ** ** ** **+ 
D E S C T I P i I O N  O F  EVALUATION BESED ON G E - 8 6 2 8  A N D  INCLUDING R E V I S I O N  

S E C T I O N  3 - TOTAL 
F I L E  3 - NEUTRCN CFOSS S E C T I O N S  

2% 1.E-5EV T O  5KEV S U M  OF CONSTAN? SCATTEEING A N D  1 / V  RADIATIVE 

EN 5 TO 1 @ C  KEV YEP. 1 
C A PT U F E 

5.51 



S I - N A T  BNL EVAL-AUG71 DRAKE. YOUNG. WRIGHT, KINSEY 
MATEBIAL= 4151 ZA= 14000. AWR = 27. 8 4 4 0  F I L E =  1 S E C T I O N =  451 

EN 100 TO 5 0 0  KEV 3 E F .  2 
EN - 5  TO 1.2 MEV REF.  4 
EN 1.2 TO 1.8 MEV REF. 5 
EN 1.8 TO 3.62 MEV REF. 3 
EN 3.62 TO 5 MEV REF. 6 
EN 5 TO 14 MEV REF.  7 AS ADJUSTED A S  RECOMMENDED BY REF. 8 
EN 1 4  TO 20 MEV REF. 9 A N D  10 

S E C T I O N  2 - E L A S T I C  
EN 1 . E - 5  EV TO 5KEV 2. 1 5 B  BASED ON R E F . 1 2  
EN 5 KEV TO 20 MEV SUBTRACTED NONELASTIC FROM THE TOTAL 

S E C T I O N  3 - NONELASTIC 
EN 1 . E - 5  EV TO 9MEV SUM O F  S E C T I O N S  4 # 1 0 2 # 1 0 3 # A N D  107 
EN 9 TO 20 MEV O P T I C A L  MODE CODE 

EN 1 . E - 5  EV TO 9MEV SUM OF D I S C R E T E  E.CITATION LEVELS S E C . 5 1 - 7 1  
EN 9 TO 2 0  MEV SUBTRACTED THE S U M  OF S E C T I O N S  1 6 , 1 0 2 , 1 0 3 ,  

S E C T I O N  4 - i N E L A S T I C  (TOTAL) 

A N D  1 0 7  FROM THE NONELASTIC 
SECTION 16 - ( N , 2 N )  

THE S I - 2 9  A N D  S I -30  C F O S S  S T C T I O N S  WERE CASCULETED WITH A 
S T L T I S T I C A L  MODEL A N D  COMBINED WITH THE MEASUfiED S i - 2 8  CROSS 
S E C T I O N  ( 3 E F .  13) T O  OBTAIN ESTIMATED ( N ,  2N) C R O S S  SECTION.  

THRESHOLD AND A VALUE AT 14  MEV ( R E P . 1 4 )  WERE USED ?OR ESTIMATE 

1 .78(2+)  MEV LEVEL S I - 2 8  

S E C T I O N  2 8  - (N.NP) 

S E C T I O N S  51-71 - I N E L A S T I C  E. C I T E T I O N  O F  DISCEiETE L E V E L S  

EN 1.85 TO 3.53 MEV REF. 15 
EN 3.53 TO 7.5 MEV AVAILABLE DATA 
EN 7 .5  TO 20 MEV DECFEASING CURVE FROM . 4 3 B  AT 7 .5  (REF.  16)  

THEU . 1 1 B  AT 1 4 . 5  ( E E P . 1 7 . 1 8 , A N D  19)  
4 . 6 1 4 ( 4 + )  ,4. 975(0+)  , A N D  6.272 ( 3 + )  L E V E L S  SI-28 

EN 6 . 0  TO 7.5 MEV REF. 16 
EN 1 4  MEV R E F . 1 7  A N D  18 
SHAPE OF CBCSS S E C T I O N  FROM E L I E S E  CODE ( S E F . 2 C )  

EN THRESHOLD T O  20 MEV FPOM E L I E S E  

EN THRESHOLD T O  9 MEV FROM E L I E S E  

EN THLZSHOLC TO 4 MEV FFOM E L I E S E  A N D  DATA 3P R E F . 2 1  

6.878 TO 6. 887 LEVELS S I - 2 8  

6 . 8 8 7  PO 8. 260 LEVELS S I - 2 8  

F I R S T  F I V E  L E V S L S  C F  S I - 2 9  A N D  F I P S T  F O U R  LEVELS O F  S I - 3 0  

S E C T I O N  9 1  - CGNTINUUH OF THE I N E L A S T I C  
EN 4 TO 9 MEV P. CONSTANT FEPRESENTING THE T0TF.L CONTZI-  

3 N  9 T O  20  MEV SUBTFACTED FYOM THE TOTAL Ih’ELP.STIC THE SUM 
B U T I G N S  O F  THE M I N O R  ISOTOPES 

OF THE S I - 2 8  LEVELS UP T O  6 . 8 8 7  MEV 
S E C T I O N  102 - F A D I A T I V E  CAPTUFE 

EN 1 .E-5ZV T O  2OKEV 0.16B ASSUMED AT . @ 2 5 3 E V  AED Ii 
1 / V  DEPENDENCE O N  ENElGY 

EN 20 KEY ‘ io  2 0 0 K E V  BASED ON R E F . 2 2  
EN 2OoKEV T O  20 MEV ASSUMEC CONSTANT 

SECTION 103  - ( N , P )  

5.52 



S I  - N A T  BNL EVAL-AUG7 1 D R A K E , Y O U N G ,  WEIGHT, KINSEY 
MATERIAL= 4 1 5 1  ZA= 14900. A W R  = 27.8440 FILE= 1 SECTION= 451 

T H E  (N,P) C?OSS SECTION I S  A S U M  OF T H E  ISOTOPIC (N,P) CEOSS 

SI -28  
EN THRESHOLD - 6  MEV BEF.23 
EN 6 T O  9 MEV REF. 24  
EN 9 TO 12.6 MEV SMOOTH C U R V E  C O N N E C T I N G  D A T A  AT 9 T O  12.6 
E N  12.6 TO 20  MEV REF.25 R E N O R M A L I Z E D  TO 220MB AT 14.5 MEV A N D  

SI -29  A N D  SI -30  
ESTIMATED USING VALUES OF 101 A N D  180MB AT 1 4 . 5  MEV A N D  THE SBME 

SECTIONS WEIGHTED B Y  THEIP RELATIVE A B U N D A N C E .  

REF. 2 6  

GENERAL SHAPE AS SEEN I N  T H E  SI-28 (N,P) CROSS SECTION. 
SECTION 104 - ( N , D )  

SECTION 107 - (N,ALPHA) 
SPECULATIVE - ZERO ET 10.5,19MB AT 1 4 ,  A N D  .7MB AT 20 MEV 

THIS CROSS SECTION O B T A I N E D  BY COMBINING ISOT3PIC BY A B U N D A N C E  
S I - 2 8  
EN LESS T H A N  6.2MEV FEF. 26 
EN 6.2 TO 8 .4  MEV FiEP.27 R E D U C E D  B Y  30PERCENT 
E N  8.4 TO 1 4  MEV INCREASES T O  318. 6MB AT 11 THEN DOWY T O  2 7 5  
SN 14  T O  2C MEV E. TRAPOLATED USING OBSERVED SHAPE OF PAFTIAL 
S I - 2 9  
EN 2.4 TO 3. 5 MEV REF.28 
E N  3.5 TO 5.5 MEV ?EF.29,30, A N D  2 7  
EN 5.5 TO 8.0 M E V  BEF.26 
SN 8 T O  20 MEV CURVE D F A W N  E E A C H I N G  MA. E T  11MEV AS FEF.31 
S I- 30  
EN THRESHOLD-20 MEV SHAFE OF SI-28  A N D  V A L U E  AT 14MFV BASED OF 

COOSS SECTION FATIO OF REF.32 
SECTIONS 251 -253  

CALCULATED USING ANGULAE DISTRIBUTIONS OF FILE 4 S E C T I O N  2 
FILE 4 - B N G U L A F  DlSTFIBUTIONS O F  SECONDESY NEUTZONS 

SECTION 2 - ELI-STIC 
E N  BELOW 158KEV ISOTROPIC AS OBSERVED BY CEF.33 A N D  34 
2N . 15 TO . 7 0  MEV REP.3b 
E N  . 70  T O  1. 17 MEV REF.35 
EN 1.2 TO 3.0 MEV EEP.33,36,37,  A N D  38 
E N  3.0 TO 7 .0  MEV REF. 16 ,39 ,  A N D  40 
? N  7.0 TO 20 MEV E L I E S E  CODE (REF.20) USED. BESULTS AGBEE 

WELL WITH A V A I L A B L E  E. D E ? I M E N T S  
S Z C T I O N  16 - (N.2N) 

SECTIOF 28  - (N,NF) 

SECTIONS 51- 9 1 

A N G U L A F  DISTPIBUTION ASSUMED T O  €?E ISOTROPIC. 

ANGULAE DISTFFIBUTION ASSUMED T C  B E  ISOTFOFIC. 

1 . 7 8 ( 2 + )  LEVEL I N  SI -28  
ZN THRESHOLD-3.5MEV C A L C U L A T E D  (FEF. 2 0 )  
Z N  3.5 TO 7. 5 MEV FPF. 16,4C, A N D  4 1  

4.61 ( 4 + )  A N D  4 . 9 8 ( 0 + )  LEVELS OF SI-28 
EN THBESHOLD-6. O M E V  CALCULATED (EEF. 2 0 )  

EN 14 MEV REF. 1 8  

5.53 



SI-NAT BNL EVAL-BUG7 1 DBAKE, Y O U N G ,  WRIGHT, KINSEY 
MATERIAL= 4151 ZA= 1 4 O C O .  AWE = 27. 8 4 4 0  F I L E =  1 S E C T I O N =  451 

EN 6.9 TO 7.5 MEV R E F . 1 6  
EN ABOVE 7.5 MEV CALCULATED ( R E F . 2 0 )  
6.27.6.88.6.69 v A N D  7.38 LEVELS OF S I - 2 8  CALCULATED ( 9 E F .  20) 
ALL OTHER L E V E L S  ASSUMED I S O T F O P I C  I N  CM SYSTEM 

F I L E  5 - ENEFGY D I S T R I B U T I O N S  OF SECONDAPY NEUTRONS 
S E C T I O N S  16 ,28 ,  A N D  91 - ( N , 2 N )  , (N,NP) , A N D  ( N ,  N GAM) -CONTINUUM 

THE SECCNDARY NEUTRON ENERGY D I S T R I B U T I O N S  HAVZ BEEN CONSIDERED 
TO HAVE A IYIA.WELLIBN SHAPE. ALL THREE REACTIONS USE THE NUCLEAR 
TEMPERATUEE FOUND FOR THE (N,N GAM) ?EACTION AT 1 4 . 1  MEV ( E E F 4 2 )  
THE NUCLEAR TEMPERATURE WAS ASSUMED PROPORTIONAL T O  THE SQUARE 
ECOT OF THE ENERGY. 

F I L E  12 - M U L T I P L I C I T I E S  F O R  PHOTONS 
SECTION 102 - ( N , G A M )  

EN 1.E-5EV T O  50KEV R E P . 4 3 , 4 4 ,  AND 4 5  
EN 5 0 K E V  TO 20 MEV R E F . 4 6  MEASURED AT 68KEV E.T:EMDED TO 20 MEV 

BY I N C R E A S I N G  P F I f l A R Y  GAMMA F h Y S  ENEBGY BY 
THE K I N E T I C  ENERGY. UP TO 1 MEV THE PFIMAFY 
G A M M A  R A Y S  ARE I N C R E A S E D  I N  IKSV S T S P S  A N G  
TFEATEC AS D I S C F E T E  GAMMA RAYS FOX 1 KEV 
I N T E P V E L S .  ABOVE 1 MEV,THE G A M M A  R A Y S  AFE 
TFEATED A S  A CONTINUUM. 

F I L E  13 - PHOTON PRODUCTION CROSS S E C T I O N S  

EN 9 TG 20 HEV SUM C F  THE PRODUCTION CROSS S E C T I O N  FOK 
D I S C R E T E  G A M M A  R A Y S  S U B T S l C T E D  FF3M THE 
TOTAL PHOTON PPODUCTION CROSS SECTZON. 

S E C T I O N  3 

S Z C T I O N  4 - (N,N G A M M A )  
EN THRESHOLD-9 HEV GENEEATED U S I N G  THE E. C I T A T I O N  CRQSS S E C T I O N  

OF F I L E  3, S E C T I O N S  51-71, A N D  T F A N S I T I O N  
P E O B E B I L I T I E S  OF S E C T I O N  2 . 4  I N  G A -  

PN 9 TO 20 MEV F O R  THE 1.78,6.88,5. 11, A N D  2 . 8 4  GC-MMA FAYS 
ONLY ,THE PRODUCTION CDOSS S E C T I O N S  AT 1 4 . 5  
MEV WEKE DETEPMINED FEOM P E F S .  4 7 , 4 8 , 4 9 ,  END 
50. ?HE C B O S S  S E C T I O N  WAS THEN E. T?APOL?.TED 
FROM THE 9 MEV VALUE THFOUGH THE VALUP L T  
1 4 . 5  HEV. 

S E C T I O N  103 - ( N , P - G A M M A )  
EN THESSHOLD-9 MEV OBTAINED BY ANALYZING THE FEETIP-L CROSS 

S E C T I O N S  FOUND I N  R E F S . 5 1 , 5 2 ,  bND 53 A N D  
U S I N G  THE T€?P.NSI?ICN P R O B A B I L I T I E S  

SECTION 107 - /!I, ALPHA-GAMMA) 
EN THRESHOLD-9 MEV AS IN S E C T I O N  1C3. G R O U N D  STATE F90M F E F S . 2 6  

A N D  5 4 .  F I E S T , S E C O N D ,  A N D  T H I S D  F A F T l A L  FFOM 
D E F . 2 7  ?EDUCED BY 30 PEFCENT. POUETH P S F I A L  
FROM REF. 55. 

VALUES AT 14.7 MEV FROM F E F . 4 7  W2:CE USED TO 
E.TRLFOLI.TE FROM 9 T C  20 MEV. 

EN 9 TO 20  MEV FOR THE . 9747, .5852,  A N D  . 3 8 9 4  G F M M A  RAYS, 

FILE 1 4  - AKGULAP. D I S T R I B U T I O N S  O F  PHOTONS 
S E C ' I I O N S  3 , 1 @ 2 , 1 @ 3 ,  A N D  IC7 - CONTINUUM PHOTONS , (N,GC.MME.) , 
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SI-NAT BNL E V A L - R U G 7  1 DPAKE, Y O U N G ,  W R I G H T ,  KINSEY 
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(N,P-GAMMA) , A N D  (N, ALPHA-GAMMA) WERE ALL 
ASSUMED TO BE ISOTROPIC. 

CODE (REF . 5 6 )  
SECTION 4 - ( N , N  -GAMMA) CISTRIBUTIONS CALCULATED USING H A N D Y  

FILE 15 - ENERGY DISTRIBUTICNS OF PHOTONS 
SECTION 3 

EN 9 T O  20 MEV CALCULATED MA. WELLIAN TYPE SPECTRA USING TH2 
EMPIEICALLY DETERMINED TEMFEEATU93 OF REF. 57 

SECTION 102 - PADIATIVE CAPTURE 

NO REFERENCE 
EN 1 TO 20 MEV SEF.46 E. TBAPOLATED 

1 FIELDS P . N D  WALT, PHYS. REV.  83, 4 7 9  (1951)  
2 WHALEN A N D  MEADOWS, WASH-1068, PG. 9 - ALSO FRIVATE COMM FEB68 
3 CIEEJACKS ET AL. , KFK-1000,SUPP. 1 (1968)  
4 CO., WASH-1068, PG.7 - UNPUBLISHED D A T A  FROM SClSIiS O C T  67  
5 FREIER ET hL., PHYS. FEV. 78, 5 0 8  (1950)  
6 FOSTER, UNPUBLISHED DATA FTOM BNL SCISRS DATE. IAFE GCT 67 
7 CAELSON A N D  EARSCHALL, PHYS. REV. 158, 1142 (1967)  
8 DAVIS A N D  NODP., SECOND CONF. ON NEUTPON CF3SS SECTION E N D  

TECHNOLOGY, ABSTRACT, WASHINGTON, D.C. , 1968 ,  PAPER B. 8 
9 PETEFSON, ESATENAHL, A N D  STOEPING, PHYS. BEV.  120 ,  521 (1960)  

10 DAY A N D  EENKEL, PHYS. REV. 9 2 ,  358 (1953)  
1 1  NIKLAUS E T  AL. , Z. PHYSIK 1 9 0 ,  2 9 5  (1966)  
12 WEISS, PHYS. FEV. 83, 379 (1951) 
13 A R N C L D ,  DISSEETATION ABSTEACTS 26 , 3425  (1965)  
1 4  ALLAN, NUCL. PHYS. 24,  274 (1961)  
15 PEREY, QFNL PRIV. COMM. FEB 71 
1 6  SATCLZF ET AL., BULL. AM. PHYS. SOC. 11, 909 (1966)  ALSO SEE 

CONDE ST AL.,  PEOC. OF CONF. FOF NUC. D A T A  FOR FEhCTORS, 
I A E A ,  PARIS, OCT 66,  VOL. I ,  PG.419 

1 7  STELSON ET AL. ,  NUCL. PHYS. 68, 9 7  (1965)  
18 CLAPKE A N D  CFOSS, N U C L .  PHYS. 53,  177 (1964)  
1 9  MAFTIN, STEWAFT, A N D  ME?.TIN, NUCL. PHYS. 6 1 ,  524 (1965)  
20 NAKASHIME., JEFRI  1096  (SEP 1965)  
21  LIND A N D  D A Y ,  A N N ,  PHYS. ( N . Y , )  1 2 ,  485  (1961)  
22 M A C K L I N  E N C  GIBBONS, FEV. MOD. FHYS. 37,  166  (1965)  
2 3  M A E I C N ,  EIiUGGE13, A N D  CHAPMAN, PHYS. FEV. 121 ,  2 4 7  (1956)  
2 4  B A S S  E T  AL.. E Z N D C ( E )  6 6  U, P G .  64 
2 5  K E ? N ,  THOMFSON, L&D FEFGUSON, NUCL. EHYS. 10 ,226  (1959)  
26 B E T Z  A N D  FOSSLE, EANDC(E1  57 U, (FEB 65)  , PG.3 
27 MAINSBSIDGE, B O N N E F ,  E N D  PABSCN, NUCL. PHYS. 48 ,  8 3  (1963)  
28  K O N I J N  A N D  LAUBPE;, NUCL. PHYS. 4 8 ,  1 9 1  (1963)  
29 EOTENZA, RICAMO,  A N D  F U B B I N O ,  NUCL.  PHYS. 41 ,  298  (1963)  
30 B I E K ,  G O L D Z I N G ,  A N D  HILLMAN, NUCL. INSTF'. METHODS 21,  1 9 7 ( 6 3 )  
31  KHUPENB A N D  G O V T L ,  NUCL. PHYS. 6 9 ,  153 (1965)  
3 2  G A A D N E F  A N D  Y U .  NUCL. EHYS. 60, 49  (1964)  
33 LANE E T  AL. , A N N .  PHYS. ( N . Y . )  1 2 ,  1 3 5  (1961)  
34 LANE. ELWYK, A N D  LP.NGSDO!iF, PHYS. FEV. 126, 1105  (1962)  
3 5  SEF EEF.4 
36 B R E D I N ,  PHYS. BFV. 135 ,  B412 (1964)  
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37 
38 

3 9  

40 

4 1  
42 
43  
44  
4 5  
46  
47 
48 
49 
5c 
51 
52  
53 
54 
55 
56 
57  

COFPOLA A N D  KNITTEP, EUF 2798.E, GEEL ESTABL., B E L G I U M ,  (66 )  
OKLHOVSKIL A N D  TSEKHMISTRENKO, I Z V .  AKAD.  N L U K  SSSS, SEF. F I Z  

29, 3 1 9  (1965)  
POPOV, SOViET PROGRESS I N  NZUTRGR PHYSICS, ED. KPUPSCHITSKII, 

1966,  PG. 224 
TSUKADA, PROC. OF IAEP.  CONF. ON PHYS. OF FAST E N D  INT3SMEDIET 

FEACTOES, V I E N N A ,  A U G  6 1 ,  VCL. I, PG.75 
PETITT ET AL. , NUCL. FHYS. 7 9 ,  2 3 1  (1966)  
ENUFRIENKO ET AL., YACERN.  FIZ. 2 ,  5 8 9  (1966)  
SPITS ET k L . ,  NUCL. PHYS. AI 45 ,  4 4 9  (1970)  
LYCKLANA ET AL.,  CAN. JOUF..  PHYS. 45,  1871 (1967)  
BLICHEST-TOFT A N D  TRIPBTHl, 69STUDSVIK, STI/PUB/235 (1969)  
LUNDBEEG A N D  BERGQVIST, PHYS. SCFIPTA 2, 265  (1970)  
ENGESSEF. A N D  THOMPSON, J. NUCL. E N E R G Y  21,  487 (1967)  
CALDWELL, MILLS, A N D  H I C K M A N ,  NUCL. SCI. ENG. 8 ,  173 (1960)  
NELLIS E T  XL., USAEC FEFOFT TID-20657 (1962)  
MAPTIN A N D  STEWP-RT, J. NUCL. E N E R G Y  1 9 ,  447 (1965)  
ANDSFSSON-LINDSTPOM A N D  FOSSLE, PHYS. LETT. 5,  71  (1963)  
MAUSBEEG, IKP-14 (DEC 65)  
D E B E R T I N ,  G U N T H E R ,  A N D  ROSSLE, NUCL. PHYS. A l c l ,  473  (1967)  
M I L L E 9  A N D  K A V A N A G H ,  NUCL. INSTF. METHODS 48,  1 3  (1967)  
SHANKON BNL TEICE, NUCL. INSTE.  METHODS 4 1 ,  255  (1966)  
SHELDON A N D  V A N  PATTEF, FEV. MOD. PHYS. 38, 143  (1966)  
HOWERTON A N D  PLPCHATY, U C E L - 5 C 1 8 5  (1967)  
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S I - N A T  B N  L E V A L - A U G 7  1 D E A K E ,  Y O U N G ,  W R I G H T ,  K I N S E Y  
M A T E I ? I h L =  415 1 

F I L E  
1 
2 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

Z A =  14000. AWII = 27.8440 

S E C T I O N  D E  SCRIPT10 N 
45 1 
151 

1 
2 
3 
4 
16 
28 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
91 
IC2 
103 
IC4 
107 
25 1 
252 
2 53 
2 

16 
28 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 

D E S C R I P T I V E  
R E S O N A N C E  

T O T A L  
E L A S T I C  

N O N - E I E S T I  C 
( N , N * )  T O T A L  

( N e  2 N )  
( N , N * )  P 

( N , N * )  L E V E L  
( N , N * )  L E V E L  
( N , N * )  L E V E L  
( N , N * )  L E V E L  
( N , N * )  L E V E L  
( N , N * )  L E V E L  
( N , N * )  L E V E L  
( N , N * )  L E V E L  
(N.N*) L E V E L  
( N , N * )  L E V S L  
( N , N * )  L E V E L  
( N , N * )  L E V E L  
( N , N * )  L E V E L  
( N , N * )  L E V E L  
( N , N * )  L E V E L  
( N , N * )  L E V E L  
( N , N * ]  L E V E L  
(N.N*) L E V E L  
( N , N * )  L E V E L  
( N , N * )  L E V E L  
( N , N * )  L E V E L  

( N , N * )  CONT 
( N ,  G A M M A )  

( N  , D )  
( N  , A L P H A )  

MU BA? 
X I  

GEMMA 
E L A S T I C  

( N ,  2NI 

( N , N * )  L E V F L  
(N.N*)  L E V E L  
( N , N * )  L E V E L  
( N . N * )  L E V S L  
( N , N * )  L E V E L  
( N , N * )  L E V Z L  
( N , N * )  L E V E L  
( N , N * )  L E V E L  
( N , N * ]  L E V E L  
( N , N * )  L E V E L  

( N , N * )  P 

F I L E =  1 S E C T I O N =  451 

N O  OF C A R D S  
358 
4 

393 
393 
393 
155 
84 
25 
52 
121 
38 
35 
31 
20 
12 
9 
7 
6 
23 
19 
16 
15 
15 
14 
8 
8 
7 
6 
5 

37 
335 
197 
49 

211 
25 
25 
2 5  

223 
10 
IC 
31 
112 
31 
10 
IC! 
10 
10 
1 0  
10 
10 
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F I L E  S E C  TI0 N D E  S C R I P T I O N  N O  OF C A R D S  
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
5 
5 
5 

12 
13 
13  
13 
13 
14  
14 
14 
14 
14 
15 
15 
23 
23 
2 3  
23 
23 

6 1  
6 2  
63  
6 4  
6 5  
66  
67 
68 
6 9  
70 
71 
9 1  
1 6  
28 
9 1  

102 
3 
4 

103 
107 

3 
4 

1 0 2  
103 
1 C 7  

3 
102 
5 0  1 
50 2 
5c4  
51 6 
60 2 

( N 8 N * )  L E V E L  
( N , N * )  L E V E L  
( N , N * )  L E V E L  
( N , N * )  L E V E L  
( N , N * )  L E V E L  
( N , N * )  L E V F L  
( N , N * )  L E V E L  
( N , N * )  L E V E L  
( N , N * )  L E V E L  
( N , N * )  L E V E L  
( N , N * )  L E V E L  

( N , N * )  C O K T  
( N 8 2 N )  

( N , N * )  P 
( N , N * )  C O N T  

( N ,  G A M M A )  
N O N - E L A S T I C  

(N.N*)  T O T A L  

( N ,  A L P H A )  
N O  N-ELAS TI C 

( N , N * )  T O T A L  
( N . G A M M 1 )  

(N SF) 
(N A L P H A )  

N O  N -  E L A S  T I  C 
(N ,GP.MMA)  

T O T A L  F H O T C N  
C O H E R E N T  

I N C O  HEF. EN T 
P A I R  P F D  T O T  
P H O T O E L S C T F  C 

( N 8 P )  

40 
40 
31 
31 
22 
22 
10 
10 
10 
10 
10 
10 
7 
7 
7 

446 
10 

625 
83 
77 

1 
482 

1 
1 
1 

125 
2 95 

18 
18  
18 
9 

18 
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CA ORNL EVAL-AUG7 1 FU,PEREY,  DRAKE, DUDZIAK, Y O U N G  
MATERIAL= 4152 ZA= 20000. AWR = 39.7360 F I L E =  1 SECTION= 4 5 1  

D I S T - S E P 7 1  MOD 2-MAY72 

***************** D N A  4152 MOD 2 . . . . . . . . . . . . . . . . . . . . . . . . . . .  
MAJCR R E V I S I O N S  

1. 

2 .  

3. 

4. 

5. 

EXTENSION OF THE LOWER ENERGY L I M I T  FEiOM 
0.001 EV TO 0.00001 EV. 

REEVALUATION OF MF=3 CROSS S E C T I O N S  FOR 
( N * N * )  * ( N v P )  , [NeALPHAI , fN,N*P) A N D  
(N,N*ALPHA) ABOVE 9 MEV. 

REEVALUATION OF MF=5 ENERGY D I S T R I B U T I O N S  
OF SECONDARY NEU'l?RONS. 

MF=12 GAMMA-RAY-PRODUCTION M U L T I P L I C I T I E S  
F O R  ( N , G A M M A )  , ( N , N * ) ,  ( N , P )  , A N D  (N.ALPHA) 
REACTIONS. PREVIOUSLY COMBINED FOR NONELASTIC 

ADDITION OF MF=12 GAMMA-RAY-PRODUCTION 
M U L T I P L I C I T I E S  FOR ( N ,  N*P) A N D  (N, N*ALT'HA) 

REACTIONS,  ARE NOW SEPARATELY GIVEN. 

RE ACT1 ON S 

T H I S  DATA I S  FROM E N D F / E - 1 1 1 ,  MAT=1152 (BNL) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
CALCIUM EVALUATION - ORNL AUGUST 1971, MODIFIED J A N  1 9 7 2  
T H I S  EFFORT WAS UNDERTBKEN TO IMPROVE THE O P I G I N A L  EVALUATION BY 
l .K.DRAKE,GULF GENERAL ATOMIC PEPOPT G A - 7 8 2 9 , V O L . 4 , 1 9 6 7 .  THE DRAKE 
EVALUATION WAS ORIGINALY TRANSLATED I N T O  ENDF FORMAT BY 
D.J.DUDZIAK, LASL,  JULY 1969. REVISED B Y  P . G . Y O U N G ,  LASL,  M A Y  1970 
A N D  BEARS MATERIAL NUMBER 540. 
QUESTIONS A N D  COHMENTS CONCERNING THIS EVALUATION, MAT 1152,  
ARE WELCOME A N D  SHOULD BE ADDRESSED TO F. G. PEREY,  OFNL. 
F I L E  1 GENERAL I N F O R I A T I O N  

F I L E  2 FESONANCE PARAMETERS 
S E C T I @ N  4 5 1  D I S C B I P T I V E  DATA A N D  DICTIONARY 

SECTION 151 GENERAL DESIGNATION FOR RESONANCE INFORMATION 
ONLY E F F E C T I V E  SCATTERING LENGTH GIVEN.  TAKEN FROM BNL-325. 

F I L E  3 NEUTRON CBOSS S E C T I O N S  
SECTION 1 TOTAL INTERACTION 

0.0000~ EV TO 10.0 EV -- ASSUMED TO BE THE SUM OF A CONSTANT 
SCATTERING CBOSS SECTION A N D  1 / V  CAPTUBE CROSS SECTIONS.  
10.0 EV TO 0.466 MEV -- TAKEN FROM THE DIiAKE EVALUATION 
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CA ORNL EVAL-AUG71 FU,PEREY,DRAKE.DUDZIAK,YOUNG 
MATEPIAL= 4152 ZA= 20000. A Y R  = 39.7360 F I L E =  1 SECTION= 451 

(CURVE DRAWN THROUGH EXPERIMENTAL DATA). 

COMPARISON OF C I E R J A C K S '  DATA WITH THOSE OF R.B. SCHWARTZ OF 
NBS REVEALS SUBSTANTIAL DISCREPANCY (UP TO 2 0 % ) .  SVALUATION I S  
CONTINUING U I T H  ADDITIONAL MEASUREMdNT AT ORNL. 

DERIVED BY SUBTRACTING THE NON-ELASTIC CROSS S E C T I O N  PROM THE 
TOTAL CROSS S E C T I O N  

0.466 MEV TO 20.0 MEV -0 TAKEN FROH S. C I E R J A C K S  O F  KARLSRUHE. 

S E C T I O N  2 E L A S T I C  SCATTERING 

S E C T I O N  3 NON-ELASTIC INTERACTION 

S E C T I O N  4 TOTAL I N E L A S T I C  SCATTERING 

S E C T I O N  16 ( N , 2 N )  REACTION 

DERIVED BY S U M M I N G  THE P A R T I A L  CROSS SECTIONS.  

DERIVED BY SUBBING THE P A R T I A L  CROSS SECTIONS.  

TAKEN FROM THE DRAKE EVALUATION(CUEVE DRAWN THROUGH 
PXPERIMENTAL DATA). 

S E C T I O N  22 ( N , N A )  REATION 
CALCULATED. DISCREPANCY AMONG EXPERIMENTAL DATA TOO LARGE TO 
PROVIDE S U F F I C I E N T  BASIS FOR EVALUATION. 

SECTION 28 (N,NP)  PEACTION 
CALCULATED. AVAILABLE DATA NEAR 1 4  MEV ARE SMALLER BY A 
FACTOR OF 2. HOWEVER, OEVERALL CONSIDEBATIONS SUGGESTED THE 
ADOPTION OF THE CALCULATION. 

S E C T I O N  51 F I R S T  EXCITED STATE I N  CA-44 .  DATA TAKEN 

S E C T I O N  5 2  TO 6 4  F I R S T  13 EXCITED S T A T E S  I N  CALCIUM-40.  
CALCULATED DATA WITH GOOD AGREEMENT WITH EXPERIMENT. 
S E C T I O N  6 5  TO 74 FROH MERGING 48 LEVEL I N  CA-40, CALCULATED. 

A N D  I S  TBEATED AS A D I S C F E T E  LEVEL I N  SECTION 75. 

S E C T I O N  51 THFOUGH 75 I N E L A S T I C  SCATTERING E X C I T I N G  LEVELS 

FROM EXPERIMZNTSo 

THE CCNTINUUM COVERS A SHALL ENERGY RANGE FROM 9 . 0  TO 9.35 MEV 

S E C T I O N  102 RADIATIVE CAPTURE 
TAKEN FBOM THE DRAKE EVALUATION WITH REDUCED DATA POINTS.  
1 / V  UP TO 1.0 KEV. RESONANCE STRUCTURE CALCULATED WITH 
A CONSTANT RADIATION WIDTH OF 2.5 EV. 

S E C T I O N  103 (NIP)  REACTION 

S E C T I O N  107 ( N , A )  REACTION 

S E C T I O N  251 HU BAR 

TAKEN FRCM A COMBINETION OF CALCULATION A N D  EXPERIMENTAL DATB. 

CALCULATED COMP AB ED F A V O R  A BL Y WITH EX PER I HE NTS 

TAKEN FROM ?HE DRAKE EVALUATION( DERIVEC FROM E L A S T I C  ANGULAR 
D I S T R I B U T I O N )  

F I L E  4 ANGULAS. D I S T R I B U T I O N  OF SECONDARY NEUTRONS 
ALL D I S T R I B U T I O N S  ARE GIVEN I N  THE LEGENDRE POLYNOMIAL 
P EPRE S ENT A T I  0 N S 

SECTION 2 E L A S T I C  SCATTERING 
TAKEN FROM THE DRAKE EVALUATION(AGREES WELL WITH RECENT DATA). 
0.00001 EV TO 0.1 MEV-- ASSUMED I S O T R O P I C ,  
0.1 MEV TO 6.0 MEV -- FROM EXPERIMENT. 
6.0 MPV TO 20.0 MEV-- CALCULATED, G O O D  AGREEMENT WITH 
AVAILABLE DATA. 

5 . 6 2  



CA ORNL EVAL-AUG71 FU,PEEEY,  DRAKE, D U D Z I A K ,  Y O U N G  
MATERIAL= 4 1 5 2  ZA= 2 0 0 0 0 .  AWR = 39.7360 F I L E =  1 SECTION= 451 

REPRESENTATION I S  I N  CENTER OF MASS SYSTEM. 
TRANSFORHATION HATRIX I S  GIVEN.  

SECTION 1 6 , 2 2  A N D  28  

SECTION 52 THROUGH 6 4  

SECTION 65 THROUGH 75 

ASSUMED I S O T R O P I C  (CM) 

CALCULATED. REPRESENTATION I S  I N  CENTER OF MASS SYSTEM. 

ASSUMED I S O T R O P I C  (EACH S E C T I O N  REPRESENTS A GROUP OF LEVELS) 
F I L E  5 ENERGY D I S T R I B U T I O N  OF SECONDARY NEUTRONS 

S E C T I O N  16 ( N , 2 N )  REACTION 
MAXWELLIAN D I S T R I B U T I O N S  WITH TEMPERATURES DERIVED FROM 
LEVEL D E N S I T I E S  AND LE COUTEUR THEFY. 

SECTION 22 ( N , N A )  REATION 
( N ,  N A )  A N D  ( N ,  A N )  REACTIONS ARE CON SIDERED SEPARATELY, EACH 
REPRESENTED BY A N  EVAPORATION SPECTRUM. 

S E C T I O N  28 (N,NP) REACTION 
(N,NP) A N D  /N, PN) REACTIONS A R E  CONSIDERED SEPARATELY, EACH 
REPRESENTED BY A N  EVAPORATION SPECTRUM. 

F I L E  12 M U L T I P L I C I T I E S  OF GAMMA R A Y S  PRODUCED BY NEUTRON REACTION 
S E C T I O N  4 TOTAL I N E L A S T I C  SCATTERING 

BASED O N  CALCULATED GAMMA-RAY SPECTRA. REASONABLE AGREEMENT 
WITH EXPERIHENT.  THE 1.158 MEV G A M M A - R A Y  FFOH CB-44 I S  
BASED ON EXPERIMENTAL DATA A N D  I S  TREATED AS A D I S C R E T E  
P H O N N .  

BASED ON CALCULATED GAMHA-RAY SPECTRA. ONLY ONE GAMMA-RAY 
OF 1.97 HEV IS S I G N I F I C A N T  A N D  I S  TREATED AS A D I S C S E T E  PHOTON 

SECTION 22 ( N , N A )  FEATION 

S E C T I O N  28 ( N . N P )  REACTION 

S E C T I O N  102 RADIATIVE CAPTURE 
BASED ON CALCULATED GAMMA-RAY SPECTRA. 

ONLY G A M A - R A Y S  FROM THERMAL-NEUTRON CAPTURE ARE INCLUDED. 
SPECTRUM I S  CONSTRUCTED FROM THE DECAY SCHEME PROPOSED BY 
H. GRUPPELAAR A N D  P .  S P I L L I N G - - N P  A102 (1967) 226. 

S E C T I O N  103 ( N , P )  REACTION 

S E C T I O N  107 ( N , A )  REACTION 
CALCULATED, REASONABLE AGREEBENT WITH EXPERIMENTS. 

CALCULATED REASONABLE AGREEMENT WITH EXPERIMENTS 
F I L E  14 ANGULAR D I S T R I B U T I O N S  O F  SECONDARY GAMHA RAYS 

F I L E  15 ENERGY C I S T P I B U T I O N  OF SECCNDERY G A H M A  R A Y S  

F I L E  23 PHOTON INTERACTION CROSS SECTION 

ASSUMED I S O T R O P I C .  

S E E  FILE 12. 

FROH W. H .  MCMASTEF ET AL. , U C R I - 5 0 4 0 0 ( 1 9 6 8 )  
S E C T I O N  501 TOTAL INTERACTION 
S E C T I O N  502 COHEFENT SCATTERING 
SECTION 504 INCOHEfiENT SCATTERING 
SECTION 516 P A I R  PRODUCTION PLUS T R I P L E T  PRODUCTION 
S E C T I O N  602 PHOTOELECTRIC INTERACTION 
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C A  OR N L  
H A T E R I A L =  4152 Z A =  

F I L E  
1 
2 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

E V A L - A U G 7  1 F U , P E R E Y ,  D R A K E ,  D U D 6 I A K .  Y O U N G  
20000- A W R  = 39.7360 

S E C T I D N  D E S C R I P T I O N  
451 
1 5 1  

1 
2 
3 
4 

16 
22 
28 
5 1  
52 
53 
54 
55 
56 
57 
58  
59 
60 
61 
62 
63 
64 
6 5  
66 
67 
68 
69  
70 
7 1  
72 
73 
74 
75 

1 0 2  
103 
107 
2 5 1  

2 
16 
22 
28 
51  
52 
53 
54 
55 
56 
57 
58 

D E S C R I P T I V E  
RE S C N A N C E  

T O T A L  
E L A S T I C  

N O N - E L A S T I  C 
(N.N*) T O T A L  

( N , N * )  A L P H A  
2N) 

I N , N * )  P 
( N , N * )  L E V E L  
( N , N * )  L E V E L  
( N , N * )  L E V E L  
( N , N * )  L E V E L  

( N , N * )  L E V E L  
( N , N * )  L E V E L  
( N , N * ]  L E V E L  
( N , N * )  L E V E L  
( N , N * )  L E V E L  
( N , N * )  L E V E L  
( N , N * )  L E V E L  
( N , N * )  L E V E L  
(N.N*) L E V E L  
(N.N*)  L E V E L  
( N , N * )  L E V E L  
( N , N * )  L E V E L  
( N , N * )  L E V E L  

( N , N * )  L E V E L  
f N , N * )  L E V E L  
( N , N * )  L E V E L  
(N.N*)  L E V E L  
( N , N * )  L E V E L  
(N.N*)  L E V E L  

( N  , G A B M A )  
(N,P) 

( N ,  A L P H A )  
MU BAR 

E L A S T I C  

( N ,  N*)  A L P H A  

( N , N * )  L E V E L  
( N , N * )  L E V E L  
/ N , N * )  L E V E L  

( N , N * )  L E V E L  
1 N , N * l  L E V E L  
( N , N * )  L E V E L  
( N , N * )  L E V E L  

( N , N * )  L E V E L  

( N , N * )  L E V E L  

( N v 2 N 1  

( N , N * )  P 

( N , N * )  L E V E L  

F I L E =  1 S E C T I O N =  451 

NO OF CARDS 
242 

4 
622 
622 
181 
42 
10 
9 
9 
9 
9 

10 
8 
8 
7 
9 
9 
9 
9 
8 
9 
7 
6 
7 
6 
7 

8 
7 
8 
8 
8 
8 
9 

139 
10 
12 
25  

233 
8 
8 
8 
8 
45 
38 
36 
34 
34 
29 
32 

a 
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C A  O R N L  E V A L - A U G 7  1 F U , P E R E Y .  D R A K E .  D U D Z I A K . Y O U N G  
M A T E E I A L =  4152  Z A =  20000. A W R  = 39.7360 FILE= 1 S E C T I O N =  451 

F I L E  
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
5 
5 
5 

12 
12 
12 
12 
12 
12 
14 
14 
1 4  
14 
14 
14 
15  
15 
15 
15 
15 
23 
23 
23 
23 
23 

S E C T I O N  
59 
60 
61  
6 2  
63 
64 
65  
66  
67  
68  
6 9  
70  
71 
7 2  
7 3  
74 
75  
16 
22  
28 

4 
22 
28  

102 
103 
107 

4 
22 
28 

102 
103 
107 

4 
28  

102  
103 
107 
50 1 
502 
504 
516 
602 

D E S C R I P T I O N  
(N.N*) L E V E L  
( N , N * )  L E V E L  
(N.N*) L E V E L  
( N 8 N * )  L E V E L  
(N.N*)  L E V E L  
( N , N * )  L E V E L  
( N , N * )  L E V E L  
( N , N * )  L E V E L  
( N , N * )  L E V E L  
/ N 8 N * )  L E V E L  
( N , N * )  L E V E L  
( N , N * )  L E V E L  
( N , N * )  L E V E L  
(N.N*)  L E V E L  
( N 8 N * )  L E V E L  
( N , N * )  L E V E L  
(N.N*)  L E V E L  

( N .  N*) A L P H A  

( N . N * )  T O T A L  
( N 8 N * )  A L P H A  

( N I N * )  P 
(N G A M M A )  

( N  vp) 
( N  A L P H A )  

( N , N * )  T O T A L  
( N , N * )  A L P H P .  

( N  G A B H A )  

(N .  2N) 

( N I N * )  P 

/ N , N * )  P 

(N 8 p)  
( N  8 A L P H A )  

(N ,W*)  T O T A L  

( N  . G A M M A )  

(N, A L P H A )  
T O T A L  P H O T O N  

C O H E R E N T  
I N C  0 H E R  E N  T 

P A I R  P F D  T O T  
P H  0 TO EL EC TR C 

( N , N * )  P 

( N  

NO OF C A R D S  
28 
29 
27 
27 
27 
27 

8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
7 

15 
17 
25 

6 
7 
4 
8 
8 
1 
1 
1 
1 
1 
1 

5 87 
207 

3 2  
601 
595 

18 
18 
18 

9 
18 
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TAPE NUMBE-P. = 1 

BERYLLIUM-9  MOD 0 PEB. 1972 HO WEETON, PEFKINS 
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BE-9 L L L  EVAL-DEC71 R.J. HOWERTON A N D  S. T . P E R K I N S  
MATEFIAL= 4 1 5 4  ZA= 4009. $.WE = 8.9348 F I L E =  1 S E C T I O N =  451 

D I S T - J A N 7 2  MOD O-FEB-72 

T H I S  MODIFICATION WAS MADE TO SNABLE THE CUEEiENT 
DNA LIBRARY TO CONFOPM TO T H E  E N D F / B - 1 1 1  L I B S A S Y  
A N D  TO A D D  PHOTON I N T E R A C T I O N  DATA 

THE DATE CORRESPONDS TO THE E N D F / B - 1 1 1  EVALUATION 
WITH THE MAT NUMBER HAVING THE SAME L E S T  3 D I G I T S .  

FILZ 2 3  DATA - PHOTON I N T E S A C T I O N  - TAKZN F R O M  3SIC 
DATA L I B S E R Y  (DLC-7 D) I S  BASED ON DATA F2OM 
U C R L - 5 0 1 7 4  SEC. 11, REV. 1 9 6 9  BY MCMASTER E T  AL. 
A N D  U C R L - 5 0 4 0 0 ,  VOL. V I  BY FLECHATY A N D  TERYILL.  

* * * * * * 
BE-9 EVALUATED NEUTRON CEOSS S E C T I O N S  

EVALUATED BY R. J. HOWEETON A N D  S. T. PEOKINS 
LAWRENCE LIVERMORE LABORATORY, LZVERMORE, CA. 

DECEMBER, 197 1 

GENERAL COMMENTS 
THE NEUTRCN ENE3GY RANGE COVSPED €.TENDS FROM 1-0-5 FV TC 

20 MEV. I N  ADDTTION TG E L A S T I C  SCATTEEING WHICH OF COUiiCF I S  
EVERYWHERE ENEFGETICALLY PCSS I BLE, THE POLL0 W I N G  ? F A C T I O N S  HAVE 
IHBESHOLDS ( U C F L  50400 ,  VOL.9) AT E N E R G I E S  L E S S  THAN 20 MEV 

FEACTION THFESHOLD (MEV) 
N ,  2N 1. 85 
N ,  P 1 4 . 2 6  
N. NP 18.76 
N e  D 16 .29  
N. N D  18.55 
NnT 11 .60  
N .  NT 19.  65 
N e  ALPHA C. 67 
N , N  ALPHA 2 . 7 4  
N ,  G A M M A  E. O E F G Z C  

FOE THE ( N . N P ) ,  ( N , N D )  , A N D  ( N ,  NT) 2EEILCTICNS. T H E ? E  A ? ?  
NO MEBSUEEMENTS A N D  S I N C E  THE THRESHOLGS ARE S U F F I C I E N T L Y  
H I G H ,  THESE CROSS S E C T I O N S  WILL BE CCNSICERED NEGLIGZBLZ. THE 
( N , N  ALPHA) F E L C T I O N  I S  ZN E E A L I T Y  A DECAY MODE F O R  T H E  ( N , 2 N )  
FEAC'IION S I N C E  HE-5 I S  UNSTABLE, DECAYING IMMEDIATELY TO B 
NEUTFON A N D  A N  ALPHA F A F T I C L E .  ADDITIONALLY, THE I N Z L A S T I C  
SCATTERING REACTION IS ALSO A DECAY MADE F 0 9  THE ( N , 2 N )  ZEACYIdN 
S I N C E  THE BE-9* l i F C C I L  NUCLEI ALWAYS DECAYS TO T H E  F I N A L  END 

* 
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BE- 9 L L L  EVAL-DEC71 R . J .  HOWEIiTON A N D  S. T. P E R K I N S  
MATERIAL= 4154  ZA= 4009.  A W R  = 8 . 9 3 4 8  F I L E =  1 S E C T I O N =  4 5 1  

PRODUCTS O F  A NEUTRCN A N D  TWO ALPHA PE3TICLE:S .  THE W1.Y I N  WHICH 
THE CYOSS S E C T I O N S  AEE SELECTED F O F  S L A S T I C  S C A T T E S I N G ,  ( N , 2 N ) ,  
( N , P ) ,  ( N , D ) ,  (N,T)  8 ( N ,  ALPHA),  ( N ,  G A M M A ) ,  AS WELL AS THE 
( N , .  GABMAI REACTION I S  D I S C U S S E D  BELOW. 

E L A S T I C  SCATTEEING C R O S S  S E C T I O N  

L L L  EVALUATED CF.OSS S E C T I O N  LIBRARY,  T H E  PRYE ATOM CROSS S E C T I O N  
I S  USED F O B  ALL E N E R G I E S  BELOW T H E  USUAL UPPE!? L I M I T  O F  THE 
MOLECULAR B I N D I N G  ENERGY (LBOUT 10  E V ) .  T H I S  I S  E F F T C T I V E L Y  ONLY 
THE NUCLEAR PAET O F  THE C F O S S  SECTTON OF A STATIONAaY TZFGET AT 
ZEEO DEGREES KELVIN. I T  I S  STRONGLY EMFHASIZZD THAT T H P  NUMEEFS 
E R E  MEANINGLESS I N  THE ABSFNCE OF A P F O P E E  THEEiMAL TSEATMSNT EY 
E I T H E R  T H E  P E O C E S S I N G  CODE OP THE NEUTEONICS CODE WHICH USES 
THESE NUMBEflS. THEY APE L I K E W I S E  MEANINGLESS IF THE MATEPIP-LS F 0 3  
WHICH THEY A K E  TO BE USED E F E  BOUND I N  MOLECULES UNLESS MOLSCULhE 
B I N D I N G  IS TAKEN I N T O  ACCOUNT. 

FBOM 0.0@@1 EV UP T O  c .01  MEV. FFOM T H I S  ENEFGY UP T O  THE 
(N,ALPHA) THEFSHOLD OF 0.67 MEV, THE SCATTEPING CFOSS S E C T I O N  I S  
EOUAL TO THE TOTAL C F O S S  S E C T I O N  BECAUSE THE (N,GEMMA) ZFOSS 
S E C T I O N  I S  E S S E K T I A L L Y  N E G L I G I B L E .  THE C F O S S  S Z C T I O N  HEEiE WAS 
BASED ON CATA O€ FEFS.  63, 9 2 ,  7 2 0 ,  772 A N D  1 0 0 2 .  

ABOVE T H E  (N,ALPHA) THFESHOLL, "HE SCATTZRlKG C?OSS S E C T I O N  
WAS TAKEN AS THE D I F F E E E N C E  BETWEEN THE TOTAL A N D  THr" NONFLESTIC,  
WITH THE NONELASTIC B E I N G  EQUAL TO THE SUM OF I T S  FZ?TS. UP TO 2 
MEV, THE TOTAL CFlOSS S E C T I O N  WAS BASED ON THE PFEVIOUSLY 
MENTIONED DATA, 3 s  WELL AS THAT FFOM F E F S .  72 ,  336  L N D  1642.  
ABOVE T H I S  ENEEGY, WE ? F L I E D  HEAVILY ON THE EESULTS OF DEF. 3088 
OVEF I H E  2.7 MEV RESONANCE, A N D  REF. 750 UP TO 1 5  MEV. THE: 
E.TENSION TO 20 MEV U T I L I Z E D  DATA FFOM DEFS. 1 0 7 ,  6 7 3  A N L  682.  

I N  K E E P I N G  YITH THE P R I N C I P L E  E S T A B L I S H E D  FOF THS E N T I E E  

THE S C B I T E B I N G  C S O S S  S E C T I O N  WAS TAKEN EQU1.L T O  6 BARNS 

E LA S T I C  SCATT E R I  N G  ANGULAF DIST '9  I B U T I O N S  , NO EM A L I  ZED P F  (S8EEIL  ITIES 
UP TO 7 MEV. THERE AFE E.PERIMEBTAL C I F F E S E N T I A L  S C h T T E F I N G  

DATA I N  REPS. 1 2 1 ,  151, 2 3 1 ,  2 9 6 ,  500 ,  571 ,  9 4 5 ,  1 6 4 3 ,  1 6 4 5 ,  1 6 4 6  
A N D  1647. T H E S E  FYSULTS WEFE USED TO DETERMINE T H E  NOFMAL'TZEC 
F S O B A B I L I T I Z S .  I N  BE BELOW THZ ( N , 2 N )  THRESHOL3,  THB TCTAL 
SCATTERING DATA I S  EQUIVALENT T O  THE: F O R  ELASTLC SCP.TTEI;..ING, 
S I N C E  THERE I S  NO I N E L A S T I C  S C E T T E F I N G  AS SUCH. T E E  C H A K G F .  IIi 
SHAPE OF THE ANGULAP D I S T B S B U T I O N  GOlNG TH3OUGH TH2 SCP.TTZEING 
FESONANCES W A S  :!KEN I N T C  P.CCOUNT. AT 1 4  MEV, THE ? ? @ B E I ~ I L I T I E S  
WERE BASED ON THE RESULTS O F  REF.  402 ,  2585 A N D  31C6. A SMOOTH 
E.TRAPOLLTION WAS MACE TO 2 0  MBV. 

(N ,2N)  CF,OSS S E C T I O N  
THE ( N , 2 N )  C F O S S  S E C T I O N  I S  BASED ON ?HE ( N , 2 N )  C F O S S  

S E C T I O N S ,  AND NONELASTIC M I N U S  ABSOFDTICN CROSS S E C T I O N S  
FSFEBENCED I N  PEi iKINS ( L N - 1 4 4 3 ,  1 9 6 5 ) ,  AS WELl E S  THE YEW N , 2 K  
DATA UP TO 6 . 4  M 3 V  GIVEN I N  FEP. 763. T H E  NO?U'Z'SF.STIC F Z S U L T S  OF 
F E F ,  2595 APFEAE TOO LRFGE END WEKE NOT USEE. T H 5  20 MZV P O I K T  
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BE-9 L L L  EVAL-DEC7 1 R . J .  HOWEB'ION A N D  S. T. PYRKINS 
EFIATSEIAL= 4154 ZA= 4009.  A W R  = 8.9348 F I L E =  1 S E C T I O N =  451 

WAS BASED O N  I K T E R P O L A T I N G  NCNELASTIC CROSS S E C T I O N S  BETWEEN THE 
1 4  MEV VALUE AND THE VALUE AT 25. 5 MEV QUOTED I N  F E F .  356. 

( N , 2 N )  ENEFGY D I S T R I B U T I O N S  
THE L=C LEGENDFE MOHENT OF THE TRANSFEFENCE FUNCTION H A S  

BEEN TAKEN FEOM THE WORK O F  P E F K I N S  ( E N - 1 4 4 3 ,  19651,  S'PE P.LS@, 
U C R L - 5 0 5 2 0  ( 1 9 6 8 ) .  B R I E F L Y ,  T H I S  TREATED THE (N ,2F)  PEACTION 1.S A 
S S E I E S  OF TIME-SFQUENTIAL DECAYS, 
LEVELS E . C I T E D  WERE AT 2 .43 ,  6.76 A N D  9. 1 MEV IH BE-9*,  
2.90 A N D  11 .4  MEV I N  BE-8*. 
ANGULAF D I S T F I B U T I O N  OF THE INELASTICALLY SCATTEFED NEUTZON FEOM 
BE-9* ( 2 . 4 3  MEV) WAS DESCRIBED BY A P6 LEGENDFE E.PANSION. ALL 
OTHER REACTIONS WEFE CONSIDEFED I S O T 2 O F I C  I N  T H E I F  

BE-9 ( N , N I )  BE-9* ( N 2 )  BE-8*. 
A N D  c . ,  

THE E.EERIMENTA-L CENTEF OF MASS 

D T S P E C T I V E  
CENTER O F  NASS 

THE CALC 
1965)  MULTIGSO 
FOR E N E E G I E S  A 
T H I S  INTRODUCE 
F I N I T E  GF.OUP W 
THAT OF 2 MEV, 
CONSERVATION. 

SYSTEMS. 
ULATION WAS PERFOIiMED WITH THE AGN-SIGMB (I!-N-144 
UP CODE WITH 66  GROUFS. LETHAFGY WIDTHS WEFE 0 . 2  
BOVE 10  MEV, AND 0 .25  FOE Z N E F G I E S  BELOW I @  MEV. 
S A S P F E A D  I N  THE EMEEGENT S P X T R B  DUE TO THE 
IDTHS.  THE THFESHOLD SPECTEA WAS TAKEN EQURT, T O  

LLTHOUGH MODIFIED S O  AS KOT TO VIGLP-TE ZNEZGY 
S I M I L A F L Y ,  THE 20 MEV SPFCTEUM WAS YF-KEN 5QUP.L T 

7 ,  

0 
THST AT 1 4 . 6  MEV. 

( N 8  2N) ANGULAR D I S T F I B U T T O N S  
THE L h B  SY STEPl ANGULAR D I S T R I B U T I O N S  WEE5 OBTBII!ED BY 

APPFOFRIA'IYLY S U M M I N G  THE F A P T I A L  C I S T R I B U T I O N S  OF P E F K I N S  
I U C E L - 5 0 5 2 0 ,  1968)  THE THFESHOLD D I S T R I B U T I O N  I S  ESSENTIBLLY I N  

THE FORWARD DIRECTION. 
THE D I S T F I B U T I O N S  

THAT AT 3. MEV, THOSE A 
ET 4. MEV, THOSE AT 9. 
12. MEV, AND THLT AT 20 

THE ANGULET; D I S T C  
( N , 2 N )  ENERGY D I S T P I B U ?  

COBSELATICN. T H I S  I S  A 
H A S  BEEN D I S C U S S E D  PREV 

AT 2.  END 2.5 MEV WS3E TAKEN EQUAL TC 
T 5.5 A N D  7. MEV WEYE TAKEN EQUAL TO I H A  
END 11. MEV WE?? TAKEN EQUAL TC TH3-T AT . MEV WAS TP-KEN EQUAL ?O THAT A9 1 4 . 6  ME 
I B U T I O N S ,  USED I N  CONJUNCTION WITH THE 
I O N S ,  NEGLECT THE ENEFGY-HFGLE 
VALID APPRO.IMATiON FOI, T H I S  RELCTTON, I! 
IOUSLY (NUCL. S C I .  ENG. 31,  1 5 6  ( 1 9 6 8 ) ) .  

(N,F) C D O S S  SECTZON 
T H I S  C E C S S  S E C T I O N  WAS FSTIMATEC FROM THE KNOWN THFESHCLD 

VALUE A N D  THE SZNGLE MEASUREMENT AT 15. 5 MEV GIVEN I ? T  ?";. 913 .  

( N , D )  C F O S S  SECTION 
T H I S  C P O S S  SECTZON I S  EF-SED I N  TTS ENTIDETY CN THE D3-T;. 

BETWEEN 1 6 . 5  A K D  18.8 MEV FFPORTEC TN FEF.  31C1. 

(X,T) CROSS SECTION 
THE C E G S S  SECTION FOF THE (N,T)  FEBCTION I S  BESED ON THE 

ASSUMPTION THAT ALL T F A N S I T I O N S  PROCEED TH50UGH T_I-7* (0 .477  MEV) . 
T H I S  I S  I N  F E L A ' I I V E  EG?EEHMENT WITH THE FESULTS OF ?ET. 4 9 6  P.&D 
650 BUT ZN TOTAL DISAGSEEMENT WITH THE DATA FFljM !?:E?. Q 9 4 .  T H E  
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BE -9 L L L  EVAL-DEC7 1 R. J. HOWEXTON A N D  S.  T. DEF!KINS 
MATERIAL= 4154 ZA= 4009.  EWF = 8 .9348  P I L E =  1 S E C T I O N =  451 

U N C E E T A I N T I E S  I N  T H I S  LATTEE FEFERENCE,  HOWEVES, 1.F.E LARGY 
ENOUGH S O  AS T O  NEGLECT THE WORK. 

THE C B O S S  S E C T I O N  WAS BASED CN THE WOIiK I N  BEE;. 6 0 5  PFCM 

STRUCTUFE SEEN I N  THE TOTAL CROSS S E C T I C N  EEPOBTED I N  REF. 107 
AND 682. T H I S  WAS ASSUMED TO BE DUE TO THE (N,T) EEACTION AND I S  
NOT I N  C O N F L I C T  WITH THE R A P I D  I N C R E A S E  I N  THE ZEOSS S E C T I O N  
ABOVE 1 4 . 5  MEV S E E N  BY REF. 605. 

13.6 - 14.7  MEV. ABOVE T H I S  ENERGY, THERE I S  A ZESONARCE 

(N,ALPHA) CROSS S E C T I O N  
THE CCOSS S E C T I O N  WAS BASPD ON THE MZASUPEMENTS F S P O S T E D  

I N  EEF. 160,  4 9 4  AND 733 UP T O  NEUTFON ENERGIES O F  8 . 6  MEV. I T  
WAS THEN T I E D  I N T O  THE THREP VALUES G I V E N  AT 1 4  MEV, EEFS. 86 ,  
650 AND 2367, A N D  THEN SMO@THLY E.TPP.POLATED TO 20. MEV. NOTE 
THAT THE MEASURED CROSS S E C T I O N  I S  TO H E - 6 ( 0 .  MEV) WHICH BETA 
DECAYS TO L I - 6 ,  HIGHEF. S T A T E S  I N  HE-6 DECAY TO ALPHA + 2 N .  

( N . G A M M A )  C F O S S  S E C T I O N  
THE CROSS S P C T I O N  WAS ASSUMED TO BE 1 / V  BELOW 1 0 0  EV WITH 

A 2 2 0 0  M/SEC CROSS S E C T I O N  O F  9 .5  MB. I T  WAS THE& E. T s A P O L E T E D  
LINEARLY ON A LOG-LOG B A S I S  TO 0 .1  MB AT 1 K S V ,  LND THEN HELD 
CONSTANT AT T H I S  VELUE UP T O  20 MEV. 

( N , .  GEMMA) CROSS S E C T I O N  
G A M M A  BAYS I N  BE-9 AFE PEODUCED BY THE (N,GAMMA) A N D  THE 

( N , T )  REACTIONS. AT T H E F M A L  ENERGIES,  FEF .  2415 O u o r E s  G A M M A  PAY 
E N E R G I E S  OF 0.8535, 2.59, 3.368, 3 . 4 4 4 ,  5.958 A N D  6 . 8 1  MEV AND 
THE CORFESPONDING ( N , .  GAMMA) C R O S S  S E C T I O N S .  WE HAVE 3-SSUMED 
THAT THESE E N E E G I E S  AND T H E I F  M U l T I P L I C I T I E S  AF.2 INDEPENDENT O F  
ENEEGY, AND HAVE USED THEM I N  CONJUNCTION WITH 3 U F  ( N , G A M M A )  
CROSS S E C T I O N  TO DEVELOP T H I S  COMPONENT OF THE ( N , .  GAMME) C F O S S  
SECTION. T H I S  VIOLATES ENEFGY CCNSEPVAYION AS THE INCIDZ'NT 
NEUTEON ENERGY I S  INCFEASED. WE INTENTIONALLY USED T H l S  APPEOP-CH 
BECAUSE WE DONT KNOW HOW TO HANDLE T H I S  FROBLEM. THE COYPONENT 
FELEVANT T O  T H E  (N,T)  CROSS S E C T I O N  I S  I N  FACT EQUAL TO THE (N,T) 
CROSS S E C T I O N  S l N C E  I T S  M U L T Z P L I C I T Y  I S  UNITY. 

PEFEEENCES 

E.PEFIHENTAL NEUTRON C F C S S  S E C T I O N  LIBFAFY.  S E E  U C B L - 5 0 4 0 0 ,  VCL. 
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92. P f I V A T E  COMMUNICATION ( 1 9 5 4 )  F. H. STELSON. 

107. PHYS. REV. 9 4 ,  651  ( 1 9 5 4 )  C.F. COOK, T. W. BONNEF. 
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N.S. LEBEDEVA, V.M. M O F O Z O V ,  SEE ALSC, YAD.  P I Z .  5 ,  91@ 
(1967) .  
PEIVATE C C M M U N I C A T I O N  (1 960)  3. S. LE V I N  , i. C E A K B E F G ,  SZE 

135 (1961)  

J.P. STOEE.ING. 

G.C. K Y K E F ,  J R . ,  P.B. FAFKS, H. NEWSON. 

CN-23/18 (1966)  

C. T H I B A U L T ,  F a  VERRIEFE. 

5 . 7 3  



BE-9 LLL EVAL-DEC7 1 R . J .  H O Y E R T O N  A N D  S. T. PSRKINS 
M A T E E I A L =  4154 ZA= 4009. AWR = 8.9348 FILE= 1 SECTIOK= 451 

1646. 
164 7. 

2367. 
2415. 

2585. 

2595. 

3088. 

3101. 
3106. 

ALSO, WASH-1028 P. 26 ( 1 9 6 0 ) ,  HASH-IO29 P. 44  (196C) 
PFIVATE COMMUNICATION (1961)  D. D. PHILLIPS. 
PHYS. YEV.  133,  409  (1964)  R.0. L A N E ,  A . J .  ELWYN, 
A. LANGSDOBF, J R .  
NUCLEAR PHYS, 96,  476 (1967)  G. PBIC, D. R E N D I C ,  P. ‘IOMhS. 
GA- 10248 (DASA-2570) (1970)  N.C. RASMUSSEN, V. J. OFPHBN, 
1.L.  HAEPER, J. C U N N I N G H A M ,  S.A. ALI.  
P S I V A T E  C G M M U N I C A T I O N  (1966)  F. B O U C H E Z ,  SEE ELSO, ILEA 

CONFERENCE O N  N E U T R O N  CROSS SECTION TECHNBLCGY, 
WASHINGTON D. C., VOL. 1,  P. 169  (1968)  J.E.P. E A T O N ,  
J. WALKER. 
CONFERENCF O N  N E U T R O N  CFOSS SECTION TECHNOLOGY, 

m 

CCNFERENCE O N  NUCLEAF D A T A ,  PARIS, PAPER CN-23/75 (1966)  

WASHINGTON D. C . ,  Po 851 (1968)  C.H. JOHNSON, F... HAES,  
J . L .  FOWLER, F.D. MAFTIN,  R.L. K E R N E L L ,  H.0. C O H N  
Z.  NATURFORSCH. 2 4 ,  2 8 9  (1969)  W. SCOBEL. 
NP-17794 (1968)  J. R O T U R I E R ,  SEE ALSO, COMPT. SEND.  260 ,  
4491  (1965)  , BNL-400, 3 9 D  ED. ( 1 9 7 0 ) .  

5.74  



BE- 9 LLL EVAL-DEC71 E. J. HOWERTON A N D  S. T. P E R K I N S  
M B T E I i I A L =  4154 ZA= 4009. A W R  = 8.9348 FILE= 1 SEC?ZON= 451 

F l L E  
1 
2 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
4 
4 
5 

13 
1 4  
23 
23 
23 
23 
2 3  

S E C T I C N  D E S C P I P T I O N  
DE SC RIPTI V E 

R E  SON A N  C E 
1 TOTX L 
2 E l  A S  T I C  

102 ( N ,  G A M M A )  

451 
151  

16 ( N v 2 N )  

103 ( N  8 

105 (NvT) 
104 (N 8 E )  

107 ( N ,  ALP HA) 
25 1 MU BAR 
2 52 X I  
253 G A M M A  

2 E L L S T I C  
1 6  (Nv2N)  
16 ( N v  2N)  

3 NON-ELASTIC 
3 NO N-ELASTIC 

501 TOTAL PHOTON 
5C 2 COHEP ENT 
504 INCOHSRENT 
516 P A I R  PED TOT 
602 PH 0 TOE LEC TI: C 

NO OF CADDS 
293 

4 
311 
21 

7 
12 

5 
6 
6 
8 

11 
11 
11 

156 
57 
60 
73 

1 
17 
17 
17 

9 
17 
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N A - 2 3  WARD-ORNL EVAL-197 1 PAIK,  P I T T E R L E ,  PEREY 
HATERIAL= 4156 ZA= 11023. AWR = 22.7923 F I L E =  1 SECTION= 451 

D I S T - F E B 7 2  HOD 0 F E B 7 2  

T H I S  DATA I S  PROR ENDF/E-111.  MAT=1156  (BNL) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* * * * * * * 
NEUTRON CROSS S E C T I O N S  EVALUATED BY P A I K  A N D  P I T T E R L E  (WARD) 
PHOTON PRODUCTION CROSS S E C T I O N S  EVALUATED BY PEREY (ORNL) * * * * * * * 

SODIUH-23  ENDF/B V 3  EVALUATION BY PAIK AND P I T T E R L E ,  WARD(1971)  
I F =  1 GENERAL INFORHATION 

ATOHIC MASS GIVEN A S  22.991 FOR NEUTRON MASS OF 1.008986 A H U  
MTs .453  RADJOACTIVE DECAY DATA-REF. I 

H T = 1 5 1  PARAHETEBS GIVEN FOR RESONANCES AT 2.8587. 53,350 48 53.0 
I F =  2 RES ON AN C E PAR AM ET ER S 

114.7.129.5 AND 139.1 KEV, 2.85 KEV PARAMETERS FROM REFS. 
3 AND 28. 53.0 KEV PARAHETERS F R O H  REFS.2  A N D  3. 
PARAHETEBS FOR OTHER RESONANCES FROM REFS. 2 A N D  5 WITH 
EMPHASIS ON CAPTURE AREAS OF REF.2. 
SCATTERING R A D I U S  CHOSEN TO PROVIDE GOOD ARGEEMENT BETWEEN 
CALCULATION OF THE 2.85 KEV RESONANCE AT ENERGIES ABOVE THE1 

S E C T I O N S  ARE GIVEN I N  F I L E  3 TO IHPROVE AGREEMENT BETWEEN 
CALCULATED A N D  REASURED DATA BELOW 1.5 KEV. THE RESOLVED 

RESONANCE WITH HEASURED D A T A  OF REF. 20. BACKGROUND CROSS 

RESONANCE RANGE I S  600 EV TO 150 KEV. 
RF= 3 SMOOTH CROSS S E C T I O N S  

MT=l TOTAL CROSS S E C T I O N S  O.001 TO 600 EV - REF.6 ,  600 EV TO 
150 KEV CALCULATED SAME AS HT=2, 0.15 MEV TO 0.52 MEV-REF. 7 
A N D  8. ABOVE 0.5 HEV-REF. 8 AND 9. 

MT=2 E L A S T I C  SCATTERING OBTAINED BY SUBTRACTING NONELASTIC 
CROSS SECTION FfOM T O T A l  CROSS S E C T I O N  E.CEPT F R O R  600 EV TO 
. I 5 H E V .  I N  T H I S  ENERGY RANGE,IT I S  CALCULATED FROH RESONANCE 
PARARETE3S OF P I L E  2. I N  T H I S  ENERGY RANGE F I L E  3 INCLUDES 
ONLY BACKGBOU ND CORRECTION TO THE RESONANCE CALCULATION. 

MT=3 N O N E L A S T I C  C R O S S  S E C T I O N  I S  SUM OF SEPARATELY EVALUATED 

HT=4 THE I N E L A S T I C  CROSS S E C T I O N  FOR THE 0 . 4 4  MEV LEVEL I S  BASED 

A N D  ON REP. 12 A N D  13 ABOVE 4 HEV. DATA FOR OTHER SEVENTEEN 

CORP C NE NT S 

O N  REF. IO BELOW 2 MEV,  REF. 11, 12, 17 A N D  18 F R O H  2 TO 4 H E V ,  

RESOLVED LEVELS ARE FROM REF. 15,168 17 AND 11 BELOW 4.5HEV. 
ABOVE 4.5 HEV, DATA WERE OBTAINED FROH BEPm 12. 
CONTINUUM DATA REPRESENT THE UNRESOLVED LEVEL ABOVE 7.79 HEV. 

THE DOUBLET AT 2.671 MEV H A S  BEEN S P L I T  I N T O  TWO LEVELS,ONE AT 
2.640 (1/2-) A N D  2.705 (9/2+)  ,ACCORDING TO CALCULATED RESULTS B Y  
FeG. PEREY AT OBNL. 
HT=16 ( N 8 2 N )  CROSS SECTION-REP.  19. 
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N A - 2  3 WARD-ORNL EVAL- 197 1 PAIK, P I T T E R L E ,  PEREY 
MATERIAL= 4156 ZA= 11023. AWR = 22.7923 F I L E =  1 S E C T I O N =  4 5 1  

MT1102 IHERHAL CAPTURE G R O S S  SECTION FROM R E F . 2 7  = 0 . 5 3 4  BARN, 
1 / V  BEHAVIOR ABOVE THERMAL ENERGY I S  J O I N E D  WITH RESONANCE 

INCLUDES ONLY A BACKGROUND TO RESONANCE PARAMETER CALCU 
CALCULATION NEAR 600 EV. FROM 600 EV TO 150 K E V , F I L E  3 1 

LATION ABOVE 150 KEV, EVALUATION I S  BASED O N  B E F S . 2 1  A N D  22. 
M T = 1 0 3  (N,P) REF. 2 3  
MT=107 (N,ALPHA) -REF. 2 3  
MT=251  UBAR CALCULATED FRCM LEGENDRE POLYNOMIALS O F  F I L E  4. 
MT=252  .I CALCULATED FROM LEGENDRE POLYNOMIALS OF F I L E  4. 
MT=253  GAMMA - REF. 24-BASED O N  I S O T R O P I C  SCATTERING I N  CM SYS. 

MF= 4 LEGENDRE POIYNOHIALS 
MT=2 0.03 TO 0.3 MEVo-REF.25, 0.3 TO 1.5 MEV-REF.14. 

1.5 TO 4.0 HEV EoTRAPOLATION BASED O N  DATA O F  REP. 26. 
4. 0 TO 8.52 MEV-REFS. 11,12,15. ABOVE 10. OMEV-REFS. 29, 30. 

HT=4 NUCLEAR TEMP. FOR MAoWELLIAN DIS. ESTIMATED T O  G I V E  SAME 
HF=5 SECONDARY ENERGY D I S T R I B U T I O N S  

AVERAGE ENERGY LOSS AS RESOLVED LEVELS AT 4 HEV. A N D  E-TRAPO- 
LATED TO HIGHER ENERGIES 

H T = 1 6  NUCLEAR TEMP. I S  GIVEN F O R  MA. WELLIAN D I S T R I B U T I O N  
MF= 7 THERMAL SCATTERING LAW 

MT=4 FREE G A S  LAW U S I N G  FREE ATCH CROSS SECTION = 3 . 1 2 8 o - R E F .  2 
Q VALUES FOR THRESHOLD REACTIONS ARE PROM REF. 2 4 .  

1. 
2. 

3. 
4. 
5. 
6. 
7. 
8. 

9. 

10. 

11. 

12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 

REFERENCES 
CHART OF NUCLIDES - D o  GOLDHAN, KAPL ( 1 9 6 4 )  

A N D  BLOCK,R.C., PHYS. REV. 178, 1 7 4 6  -1769 (1969) 
HOoON, Me C. PATTENDON, N o  J. C N - 2 3 / 2 7 ( 1 9 6 6  P A R I S  CONF.) 
LE RIGOLEUR,  C . ,  ET AL., J. NUC. ENERGY A/B 2 0 ,  67 ( 1 9 6 6 ) .  
RIBON,  P o ,  ET. AL., C N - 2 3 / 7 2  (1966 PARIS CONF.)  

HOCKENBUBY,P. Wo ,BARTOLOME Z o  M. TATABCZUK, J. E. HOYER,W. R e  

J O K I ,  MILLER,  EVANS, PHY. REV. 109,610 (1955) 
WHALEN, J. , A N D  SMITH,  A. B., PRIVATE COHMUNICATION, ANL, (1 970) 

e H *  R E V I S E D  KFK DATA- KFK- 1 0 0 0 , S U P P L E H E N T  2 (1968) 

F B I B C H I L D .  3.. T H I R D  CONFERENCE ON NEUTRON CROSS S E C T I O N S  
AND TECHNOLOGY, KNO. VILLE , HARCH 15-1 7 ( 197 1) 

ON NEUTRON CROSS S E C T I O N S  A N D  TECHNOLOGY, KNO.VILLE, MARCH 
15-17, (TO BE PUBLISHED) (1971) 
FASOLI ,U . ,  TONIOLO,D.,  ZAG0.G. A N D  BENZ1.V.. NUC. PHY. A125, 
227-240 (1969)  
PEREY,F.G, ,  A N D  KINNEY,W.E., O R N L - 4 5 1 8 ,  AUGUST (1970) 
T0WLE.J. H . ,  A N D  OWENS, NUCLOPBY. A100, 257 (1967) 

CHIEN.  J.P., S H I T H ,  A. B., NUC. SC. +ENG. , 26,50C ( 1 9 6 6 )  

FBEEMAN,J. ,  MONTAGUE, J., NUC. PHY. 9, 181 (1958) 
L I N D ,  D. A. ,  A N N .  OF P H Y S I C S  1 2 ,  4 8 5  (1961) 

C1ERJACKS.S.  , F O R T I , P .  .KOPSCH,D. KROPP,L. ,HEBE, J. AND UNSELD 
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SODIUM PHOTON PRODUCTION EVALUATION - ORNL AUGUST 1971 

THE PREVIOUS PHOTON PRODUCTION EVALUATION FOR SODIUH BY 
HeKoDBAKE ET AL,HAT 5001, REF 1, WAS PERFORHED I N  1967. S I N C E  
THEN, MUCH NEW E. PERIMENTAL INFORMATIONS HAVE BECOHE AVAILABLE 
TO WARRANT A R E V I S I O N  O F  T H I S  EVALUATION I N  THE LOWER ENERGY 
REGION. T H I S  REEVALUATION, MAT 1156, WAS ENDEBTAKEN TO BE 
COMPATIBLE I N  FORMAT WITH A REEVALUATION O F  THE NEUTRON CROSS 
S E C T I O N S  CONCURENTLY PEBFORHED AT WARD. BECAUSE HUCH DATA WERE 
AVAILABLE A N D  DUE TO THE FORHATS CHOSEN, THESE PHOTON PRODUCTION 
F I L E S  SHOULD BE Q U I T E  RELIABLE UP TO 8 HEV I N C I D E N T  NEUTRON 
ENERGY. ABOVE THAT ENERGY, WE HAVE BORROWED FROH MAT 5001 TO 
E.TEND THE F I L E S  UP TO 15 HEV.  

PHOTON PBODUCTION I N  S O D I U M .  ALTHOUGH ( N , P )  AND ( N ,  ALPHA) 
REACTIONS HAVE LOW THRESHOLDS, THE CROSS S E C T I O N S  ARE SHALL 
BELOW 8 HEV A N D  CALCULATIONS I N D I C A T E  THAT HOSTLY THE GROUND 
STATES ARE POPULATED. THEREFORE WE HAVE NEGLECTED PHOTON 

UP TO 8 MEV NEUTRON CAPTURE A N D  I N E L A S T I C  SCATTERING DOHINATE 

PRODUCTION A R B I S I N G  FROM ( N , P )  A N D  (N,ALPHA) REACTIONS. 
ABOVE 8 HEV T H E  ENERGY D I S T R I B U T I O N  FOR PHOTONS FOR H T = 9 1  WAS 

FROH HAT 5001. 
F I L E  12 

H T = 5 1  TO 63 
T R A N S I T I O N  P R O B A B I L I T I E S  ARE RATHER WELL ESTABLISHED FOR 

M T = 5 8  R E P R E S E N T S  A D O U B L E T  OF LEVELS HAVING THE SAME S P I N  BUT 

TO EACH HEHBER ARE EQUAL TO WITHIN A FEW PER CENT. THE TRANSITION 
P R O B A B I L I T I E S  FOB HT=58 ARE THE AVERAGE OF THOSES FOR THE TWO 

THESE LEVELS A N D  THE VALUES ADOPTED FOLLOW THE REVIEW OF REF. 2. 

O P P O S I T E  PARITY.  CALCULATIONS I N D I C A T E  THAT THE CROSS S E C T I O N S  

LEVELS. 
MT=64 TO 68 

EACH CNE OF THESE MT NUMBERS REPRESENT GROUPS OF LEVELS. NO 
E. PERIHENTAL DATA ARE AVAILABLE TO CORRECTLY DESCRIBE THE 
TRANSITION P R O B A B I L I T I E S  FOR H T = 6 4  T O  68. FOR MT=64  A N D  65 
EQUAL P R O B A B I L I T Y  FOR DECAY TO THE GROUND STATE A N D  F I R S T  E . C I T E D  

AVERAGE BBANCHING B A T 1 0  FOR 6 LEVELS SEEN F R O H  6.9 T O  7.1 MEV 
STATE HAVE BEEN ASSIGNED. FOR H T = 6 6  TO 68 WE HAVE GIVEN THE 

I N  REF. 3. T H E S E  ASSIGNMENTS FOR MT=64 TO 68 SHOULD NOT 
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N A - 2 3  WABD-ORNL EVAL- 197 1 PAIK, P I T T E R L E ,  PEREY 
HATERIAL= 4156 ZA= 11023. B Y 3  = 22.7923 F I L E =  1 SECTION= 4 5 1  

UNDERESTIMATE THE AMOUNT OF PENETRATING PHOTONS FOR THESE LEVELS 
MT=9 1 

HT= 102 
T H I S  I S  ADAPTED FROM BAT 5001,  REF. 1, 

THE LOW ENERGY NEUTRON CAPTURE I N  SODIUM I S  DOHINATED BY THE 
2.85 KEV BESONNANCE. THERE BBE NO DATA WHICH I N D I C A T E  THAT THE 
GAHMA R A Y  SPECTRUH OBSERVED AT THEBHAL SHOULD NOT APPLY TO THE 
2.85 KEV BESOHNANCE. WE HAVE THEREFORE USED A S I N G L E  GAMHA R A Y  
SPECTRUH TO DESCRIBE CAPTURE OVER THE COMFLETE ENERGY RANGE. 
THE H U L T I P L I C I T I E S  WERE ARRIVED AT PROH A DECAY SCHEME BASED ON 
THE VERY CONSISTENT THERHAL CAPTURE DATA OF BEF. 4 A N D  5. 

F I L E  1 4  
ALL GAHMA R A Y S  HAVE BEEN ASSUHED TO BE I S O T R O P I C .  THERE I S  

S U P F I C I E N T  INFORHATION ON M A N Y  T R A N S I T I O N S  TO GENERATE FAIRLY 
ACCURATE ANGULAR D I S T R I B U T I O N S  SHOULD THE NEED 'AARISE. 

F I L E  15 
THE CONTINUOUS PHOTON ENERGY SPECTRA FOR MT=91 I N  T H I S  F I L E  

WERE TAKEN PROM MAT 5001. 
F I L E  23 

F I L E  I S  FROM UCBL 5 0 4 0 0  
THE S E H I - E M P I R I C A L  PHOTON CROSS S E C T I O N  INFORMATION I N  T H I S  

BEFEBE NCES 
1- H.K.DBAKE E T  AL GA-7829 
2- A.R.POLETT1 ET AL PHYS. REV. C 2 - 9 6 4  (1970) 
3. C.P.SUANN NUC. PHYS. A167-201 (1971) 
4. R.C.GREENWOOD PHYS. LETTERS 23-482 (1966) A N D  GIVEN I N  

5. NICHOL ET AL CAN. J O U R .  PHYS. 47-953 (1969) 
BARTHOLOHEW E T  AL NUC. DATA 3-367 (1967) 

5 . 8 2  



N A - 2  3 W A R D - O R N L  EVAL-197 1 P A I K ,  PITTEBLE, P E R E Y  
H A T E R I A L =  4 156 

FILE 
1 
1 
2 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

Z A =  11023. B U R  = 22.7923 

S E C T I O N  D E  SCRIPT10 N 
451 
453 
151 

1 
2 
3 
4 

16 
51 
52 
53 
54 
55 
56 
57 
58 
59  
60 
6 1  
62 
63 
64 
65 
66 
67 
68  
91  

102 
103 
107 
251  
252 
253 

2 
16  
5 1  
52 
53 
54 
55 
56  
57 
58  
59 
60 
6 1  
62 
63 
64 
65 

D E  S C R I P T  I V E 
D E C A Y  C H A I N  

R E S O N A N C E  
T O T A L  

E L A S T I C  
N O N - E L A S T I C  

(N.N*) T O T A L  

( N , N * )  L E V E L  
( N , N * )  L E V E L  
( N , N * )  L E V E L  
(N,N*)  L E V E L  
( N , N * )  L E V E L  
(N,N*)  L E V E L  
( N , N * )  L E V E L  
( N , N * )  L E V E L  
( N , N * )  L E V E L  
( N , N * )  L E V E L  
( N , N * )  L E V E L  
( N , N * )  L E V E L  
( N , N * )  L E V E L  
( N , N * )  L E V E L  
( N , N * )  L E V E L  
( N , N * J  L E V E L  
( N , N * )  L E V E L  
( N , N * )  L E V E L  

( N ,  G A H H A )  
(N ,P) 

( N  , A L P  H A )  
NU B A R  

X I  
G A M M A  

E L A S T I C  
( N , 2 N )  

( N , N * )  L E V E L  
(N.N*) LEVEL 
( N , N * )  L E V E L  
(N.N*) L E V E L  
( N , N * )  L E V E L  
( N , N * )  L E V E L  
(N.N*) L E V E L  
( N , N * )  L E V E L  
(N,N*)  L E V E L  
( N , N * )  L E V E L  
(N.N*) L E V E L  
( N , N * )  L E V E L  
( N , N * )  L E V E L  
( N , N * )  L E V E L  
( N , N * )  L E V E L  

( N e  2N) 

( N , N * )  C O N T  

F I L E =  1 S E C T I O N =  451 

N O  OF  C A R D S  
283 

11 
13 

608 
592 
152 
94 

6 
95 
32 
27 
24 
24 
20 
16 
15 
13 
12 
12 
12 
11 
11 
11 
10 

8 
9 
7 

20 
37 
37 
21 
21 
21 

225 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
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NA-23 W A R D - O R N L  E V A L -  197 1 P A I K .  PITTERLE. P E B E Y  
M A T E R I A L =  4 15 6 

F I L E  
4 
4 
4 
4 
5 
5 
7 

12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
14 
14 
1 4  
14 
14 
14 
1 4  
14 
1 4  
1 4  
1 4  
14 
1 4  
1 4  
1 4  
14 
14 
1 4  
1 4  
14 
15 
23 
23 

ZA= 11023. 

S E C T I O N  
66 
67 
68  
91  
16 
91 

4 
5 1  
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
6 7  
68 
91  

102 
5 1  
52 
53 
5Y 
55 
56 
57 
58 
59  
60 
61 
62 
63  
64  
65 
66 
67 
68 
91 

102 
9 1  

50 1 
502 

B U R  = 22.7923 

D E S C R I P T I O N  
( N , N * )  L E V E L  
( N , N * J  L E V E L  
( N , N * J  L E V E L  

( N , N * )  C O N T  
( N ,  2N) 

( N , N * )  C O N T  

( N , N * )  L E V E L  
( N , N * )  L E V E L  
( N , N * )  L E V E L  

( N , N * )  L E V E L  
(N.N*) L E V E L  
( N , N * )  L E V E L  

( N , N * )  L E V E L  
(N.N*) L E V E L  
(N.N*) L E V E L  

( N , N * )  L E V E L  
( N , N * )  L E V E L  
( N , N * )  L E V E L  
(N.N*) L E V E L  
( N , N * )  L E V E L  

( N , N * )  C O N T  
( N ,  G A M M A )  

( N , N * )  L E V E L  
( N , N * )  LEVEL 
( N , N * J  L E V E L  

( N , N * )  L E V E L  
[ N , N * )  L E V E L  
( N , N * )  L E V E L  

( N , N * )  T O T A L  

( N , N * )  L E V E L  

( N , N * )  L E V E L  

( N , N * )  L E V E L  

( N , N * )  LEVEL 

(N.N*) L E V E L  

( N , N * )  L E V E L  
( N , N * )  L E V E L  
( N , N * )  L E V E L  
( N , N * )  L E V E L  
( N , N * J  L E V E L  
( N , N * )  L E V E L  
( N , N * )  L E V E L  
(N.N*) L E V E L  

( N , N * )  L E V E L  
( N , N * )  LEVEL 

( N , N * )  C O N T  
( N ,  G A H H A )  

(N .N*)  C O N T  
T O T A L  P H O T O N  

C O H E R E N T  

( N , N * )  L E V E L  

FILE= 1 S E C T I O N =  451  

N O  O F  C A R D S  
10 
10 
10 
10 

7 
8 
4 
3 
3 
3 
3 
3 
3 
4 
4 
3 
3 
3 
3 
3 
3 
3 
5 
5 
5 
8 

187 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

48 
18 
18 
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NA-23 WARD-ORNL EVAL-1971 PAIK, PITTERLE,  PEREY 
MATERIAL= 4156 ZA= 11023.  AWR = 22 .7923  P I L E =  1 SECTION= 451 

PILE S EC TI0 N DESCRIPTION NO OF CARDS 
23 504 INCOBERENT 18 
23  516  PAIR PRD TOT 9 
23 6 02  PH 0 TOELECTRC 18 
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TAPE N U H B E R  = 1 

TBNTALUH-181 HOD 0 PEB. 1972 HOWERTON, P E R K I N S ,  HACGREGOR 
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T A - 1 8 1  L L L  EVAL-JAN72 HOHERTON, P E R K I N S ,  MACGREGOR 
MATERIAL= 4179 ZA= 73181. AWR = 179.3900 F I L E =  1 SECTION= 451 

D I S T - J A N 7 2  HOD 0 - F E B 7 2  

***************** DNA 4 179 MOD 0 . . . . . . . . . . . . . . . . . . . . . . . . . . .  

F I L E  23 DATA - PHOTON INTERACTION - TAKEN FROM R S I C  
DATA LIBRARY (DLC-7 D) I S  BASED ON DATA FROM 

A N D  U C B L - 5 0 4 0 0 ,  VOL. V I  BY PLECHATY A N D  TERRALL. 
U C R L - 5 0 1 7 4  SEC. 11, REV. 1969 BY MCMASTER ET AL. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

TA- 18 1 EVALUATED NEUTRON CROSS SECTIONS 
EVALUATED BY R. J. HOWERTON, S. T. P E R K I N S ,  A N D  LI. MBCGREGOR 

LAWRENCE LIVERMORE LABORATORY LIVERMORE, CALIFORNIA 
J A N U A R Y  197 1 

GENERAL COMMENTS 
THE NEUTRON ENERGY RANGE EXTENDS FROM .0001 EV TO 20  NEV. I N  

ADDITION TO E L A S T I C  SCATTERING,  WHICH OCCURS AT ALL ENERGIES,  THE 
FOLLOWING REACTIONS HAVE THRESHOLD ( U C R L - 5 0 4 0 0 ,  VOL. 9) ENERGIES 
L E S S  T H A N  20 NEV. 

REACT10 N THRESHOLD (HEV) 

N, 3 N  1 4 .  3 
N ,  2N 7. 69  

N, P 0.24 
N,  NP 5.97 
N.D 3.73 

N, NT 11.00 

N, N D  11. 16  
N e  T 4. 87 

N ,  HE3  6.20 

N, ALPHA EXOERGIC 
N , N  ALPHA EX0 ERGIC 
N , G A B B A  E X O E R G I C  

N, NHE3 13.24 

ALL CHARGED P A R T I C L E  PRODUCING REACTIONS,  EXCEPT THE (N ,P) 
PROCESS WILL BE NEGLECTED AS THERE ARE ESSENTIALLY NO MEASURE- 
MENTS. THE CROSS S E C T I O N S  FOR E L A S T I C  SCATTERING,  ( N , 2 N ) ,  ( N # 3 N )  # 

( N e P )  8 (NeGAHBA) 8 A N D  ( N , X  GAMMA) REACTIONS ARE DISCUSSED BELOW. 

VOL. 2 AND 3. REFERENCES NOT S P E C I F I C A L L Y  C I T E D  HERE ARE GIVEN I N  
THESE TWO VOLUBES. 

THE DATA BASE FOR THE EVALUATION I S  GIVEN I N  U C R L - 5 0 4 0 0 ,  

NEUTRON CROSS S E C T I O N S  

E L A S T I C  SCATTERING CROSS SECTION 

5.89 



TA-181  L L L  EVAL-JAN72 HOWEBTON, PERKINS.  MACGREGOR 
MATERIAL= 4179 ZA= 73181. AWR = 179.3900 F I L E =  1 S E C T I O N =  451 

THE E L A S T I C  SCATTERING CROSS SECTIONS I S  EQUAL T O  6 .25  BAfNS 
AT 0.0253 EV, THE DIFFERENCE BETWEEN THE TOTAL A N D  N , G A l H A  CROSS 

REGION. I N  THE BESOLVED RESONANCE REGION, UP TO ABOUT 300 EV, THE 
S E C T I O N S ,  A N D  I S  ESSENTIALLY CONSTANT OVER THE THERMAL ENERGY 

CROSS S E C T I O N  WAS D E T E R I I N E D  FRO! A S I N G L E  LEVEL ANALYSIS FOR 
ZERO DEGREES KELVIN HATERIAL TEIPERATUBE.  THE PARAIETERS USED 
WERE THE RECOHMENDED S E T  I N  BNL-325 ,  SUPPL.  2 ,  VOL. I I C  ( 1 9 6 6 ) .  

AT HIGHER ENERGIES,  THE E L A S T I C  SCATTERING CROSS S E C T I O N  WAS 
TAKEN AS THE DIFFERENCE BETWEEN THE TOTAL AND THE NONELASTIC CROSS 
SECTION. THE NONELBSTIC WAS DERIVED FRO! THE SUH OF I T S  PARTS 
WHERE DATA WERE AVAILABLE, FROH IEASUREHENTS OF THE NONELASTIC C / S  
WHERE AVAILABLE AND OTHERWISE FRO! SYSTEMATICS.  

E L A S T I C  SCATTERING ANGULAB D I S T R I B U T I O N S ,  
NORMALIZED PROBABTL I T I E S  

THE E L A S T I C  SCATTERING WAS ASSUMED TO BE I S O T R O P I C  IN THE 

TO 14.6 I E V ,  EXPERIHENTAL DATA WERE USED. OPTICAL I O D E L  CALCU- 
LATIONS WERE PERFORMED FOR HIGHER ENERGIES.  

CENTER OP HASS SYSTEH FOR ENERGIES L E S S  THAN 50 KEV. FBOH 50 KEV 

I N E L A S T I C  SCBTTEfl ING CROSS SECTION 
THE EXCITATION FUNCTIONS FOR THE F I R S T  6 LEVELS WERE OBTAINED 

FROM REF. 885. THE RESULTS WEPE SHOOTHLY EXTRAPOLATED TO 10 I B  AT 
2-4 MEV A N D  KEPT CONSTANT TO 20 IEV. 

THE TOTAL I N E L A S T I C  CROSS SECTION WAS BASED O N  I N D I V I D U A L  

I E V  THERE ARE PEW IEASUREMENTS A N D  THE EXCITATION FUNCTION WAS 
ESTIMATED F 3 0 H  NUCLEAR S Y S T E I A T I C S .  THE DIFFERENCE BETWEEN THE 
TOTAL I N E L A S T I C  A N D  THE LEVEL DATA WAS ASSIGNED TO THE I N E L A S T I C  

LEVEL DATA AT ENERGIES OP THE ORDER OF ONE IEV. FROH 1 TO 20 

CONTINUUH CROSS SECTION.  

I N E L A S T I C  SCATTERING ANGULAR D I S T R I B U T I O N S ,  
NORHALIZED P R O B A B I L I T I E S  

SYSTEM A N D  THE CONTINUUM COHFONENT WAS ASSUMED I S O T R O P I C  I N  THE , 
THE LEVEL DATA WERE ASSUHED I S O T R O P I C  I N  THE CENTER OF MASS 

LABORATORY SYSTEM. 

I N E L A S T I C  SCATTERING ENERGY D I S T R I B U T I O N S  
THE CONTINUUI  I N E L A S T I C  SCATTERING ENERGY D I S T R I B U T I O N  I S  

COHPOSED O F  A N  EVAPORATION COIPONENT PLUS A H I G H  ENERGY PRE- 

F I N A L  NEUTRON ENERGY A N D  I T S  CONTRIBUTION INCREASES WITH THE 

TO V A R Y  AS THE SQUARE ROOT OF THE I N C I D E N T  NEUTRON ENERGY. 

E Q U I L I B B I U M  COHPONENT. T H I S  LATTER PORTION I S  TAKEN CONSTANT OVER 

I N C I D E N T  NEUTRON ENERGY, THE EVAPORATION TEIPERATUBE WAS ASSUMED 

( N . 2 N )  CROSS SECTION 
THE f N . 2 N J )  EXCITATION FUNCTION WAS BASED I A I N L Y  ON THE WORK 

OF REF. 2 4 0 2 ,  WITH A SHOOTH EXTRAPOLATION TO 20 IEV.  
( N  , 2  N )  EN ERGY DISTR I B U T  ION S 

THE F O R I A L I S H  Of THE TEMPERATURE I O D E L  WAS USED FOR CONVENI- 
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TA-781  LLL EVAL-JAN72 HOYEBTON, PEBKINS I flACGREGOR 
MATERIAL- 4 1 7 9  ZA= 73181. AHR = 179.3900 P I L E =  1 SECTION= 451 

ENCE I N  THE ABSENCE OF MEASUBEBENT. THE EVAPORATION TEMPERATURE 
H A S  SELECTED SUCH THAT ENERGY I S  CONSERVED ON THE AVERAGE, INCLUD- 
I N G  GAHMA EMISSION.  

( N ,  3 N )  CROSS SECTION 

BETWEEN A CONSTANT NONELASTIC CROSS S E C T I O N  OF 2.45 BABNS AND THE 
SUfl OF THE I N E L A S T I C  A N D  ( N , 2 N )  CROSS SECTIONS.  

THE ( N 1 3 N )  EXCITATION FUNCTION H A S  BASED ON THE DIFFERENCE 

( N . 3 N )  ENERGY D I S T R I B U T I O N S  
T H I S  I S  I D E N T I C A L  I N  CONTEXT TO THE SECTION ON (N12N) ENERGY 

D I S T R I B U T I O N S *  

( N I P )  CROSS SECTION 
THE (N,P) CROSS S E C T I O N  HAS BASED ON THE DATA OF REF. 2887, 

WITH SHOOTH EXTEAPOLATIONS TO THRESHOLD AND TO 20 MEV. 

( N  ,GAMMA) CROSS S E C T I O N  
THE ( N , G A M H A )  CROSS S E C T I O N  I S  EQUAL TO 21.9 BARNS AT 

RESONANCE REGION,  THE CROSS SECTION (AT ZERO DEGREES KELVIN)  WAS 
OBTAINED FROM A S I N G L E  LEVEL ANALYSIS - S E E  SECTION UNDER E L A S T I C  

FROH ABOUT 300 EV TO 10 KEV, THE LEAD SLOWING-DOWN-TIME 

LY INTO THE RELATIVELY LARGE AMOUNT OF D A T A  AVAILABLE FOB ENERGIES 
BELOW 5 HEV, AND SHOOTHLY EXTRAPOLATED T O  20 MEV. 

0.0253 EV A N D  I S  1 / V  OVER THE THERMAL REGION. I N  THE RESOLVED 

SCATTERING CROSS SECTION. 

SPECTROMETER DATA OF REF. 1960 WAS USED. T H I S  WAS MERGED SHOOTH- 

GAMHA R A Y  PRODUCTION CROSS S E C T I O N S  

( N . X  GAMMA) CROSS SECTION FROM THE 
(N,GAMMA) REACTION 

THE M U L T I P L I C I T Y  FOB GAMMA R A Y S ,  M [ E ) ,  FROM THE ( N , X  GAHMA) 
REACTIONI AS A FUNCTION OF I N C I D E N T  NEUTRON ENERGY, E, HAS TAKEN 
A S  M(E)=MO(BE+E) /BE,  WHERE BE I S  THE B I N D I N G  ENERGY. MO I S  THE 
M U L T I P L I C I T Y  AT ZERO NEUTRON ENERGY A N D  WAS TAKEN EQUAL TO 2.61 
FROM THE THERflAL CAPTURE DATA OF REF. 2415. THE ( N , X  GAMMA) CROSS 
S E C T I O N  A I  A N E U T R O N  E N E R G Y  E I S  E Q U A L  T O  THE C O B R E S P O N D I N G  

ASSUMED ENERGY VARIATION OF THE M U L T I P L I C I T Y  CONSERVES ENERGY FOR 
(N,GAMHA) CROSS S E C T I O N  T I M E S  THE M U L T I P L I C I T Y .  NOTE THAT THE 

THE REACTION WITH THE ENERGY D l S T R I B U T I O N  DESCRIBED BELOW. 

( N ,  X GA M M A )  ENERGY D I S T R I B U T I O N  FROM 
THE (N,GAMMA) REACTION 

THE ENERGY D I S T R I B U T I O N  H A S  TAKEN FROM THE THERMAL CAPTURE 
RESULTS O F  REF. 2415. I T  I S  EXPRESSED I N  A NOBHALIZED HISTOGRAHMIC 
F O R I  WITH 250 KEV B I N S ,  I N  THE L L L  LIBRARY BUT WAS CONVERTED TO A 
NORMALIZED P B O B A B I L I T Y  D I S T R I B U T I O N  FOR THE ENDF/B MAT 4540 
BECAUSE THE ENDF/B FORHAT WILL ACCEPT ONLY THE LATTER TYPE D I S T R I -  
BUTION, A N D  I S  ASSUMED INDEPENDENT CP I N C I D E N T  NEUTRON ENERGY. 
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T A - 1 8  1 L LL EVAL-JAN72 HOWEBTON, PERKINS,  PIACGREGOR 
MATERIAL= 4179 ZA= 73181. A H R  = 179.3900 F I L E =  1 S E C T I O N =  451 

( N , X  GAHHA) CROSS S E C T I O N  
T H I S  COMPONENT INCLUDES ALL GAHMA R A Y S  EXCEPT THAT FBOH THE 

PfOM THE I N E L A S T I C  SCATTERING THRESHOLD TO 1 MEV, I N D I V I -  
( N , G A M H A )  BEACTION. 

DUAL G A H H A  RAYS (0.137 A N D  0.485 HEV) FROM I N E L A S T I C  SCATTERING 
WERE TAKEN FROM 3 E F .  137, 140, A N D  11. THE REHAINING PORTION OF 
THE ( N , X  G A M M A )  CROSS S E C T I O N  W A S  CALCULATED BY U S I N G  ENERGY 
CONSEBVATION HITH THE E X I S T I N G  I N E L A S T I C  SCATTERXNG CROSS S E C T I O N  
AND A S S U M I N G  THAT THE EMERGENT NEUTRON TAKES HALF THE AVAILABLE 
EN EEGY 

FROH 1 MEV TO 20 HEV, THE R E C I P E  OP HOWERTON A N D  PLECHATY 
(I?UCL. S C I .  ENG. 32, 178 (1968)) WAS USED TO OBTAIN THE CBOSS 
SECTION.  

( N , X  GAHflA) ENERGY D I S T R I B U T I O N S  
T H I S  COMPONENT, EXTENDING FBOH A N  I N C I D E N T  NEUTRON ENERGY 

OF THRESHOLD FOR I N E L A S T I C  SCATTERING TO 1 l E V ,  INCLUDES ONLY 
GAMMA R A Y S  FROM I N E L A S T I C  SCATTERING. I T  I S  EXPRESSED I N  A 
NORMALIZED HISTOGRAMMIC FORM WITH 250 KEV BIN WIDTH (SEE COHMENT 
ABOVE ABOUT CONVERSION TO NORHALIZED P R O B A B I L I T I E S  FOR E N D F I B  
MAT 4540) XNCLUDED ARE THE 0.137 AND 0 . 4 8 5  1 E V  PHOTONS AS WELL AS 
THOSE F R O H  THE REHAINXNG PORTION OF THE ( N , X  GAMHA) CROSS SECTION.  
THE PHOTON ENERGY FROH THIS U T T E R  COMPONENT WAS D I S T R I B U T E D  
UNIFORMLY OVER THE AVAILABLE BINS.  

FROH 1 TO 20 HEV, I T  WAS ASSUHED THAT ONLY CONTINUUH GAMHA 
R A Y S  WERE PRESENT,  AND THE R E C I P E  CF HOYERTON A N D  PLECHATY (NUCL. 
S C I .  ENG. 32, 178 (1968)) WAS USED. T H I S  D I S T R I B U T E S  THE PHOTONS 
I N  A N  EVAPORATION SPECTRA. THE INVERSE TEHPERATURE, R ,  FOR T H I S  
D I S T R I B U T I O N  WAS TAKEN PROM WORK ON G A H M A S  FROH I N E L A S T I C  NEUTRON 
S C A T T E 3 I N G  ONTO TUNGSTEN (REF. 1019 AND 1 4 9 7 ) .  THE ADDED ASSUHP- 

TEBPERATUBE I S  PROPORTIONAL TO l / U ,  WHERE U I S  THE AVAILABLE 
T I O N  H A S  MADE. BASED ON EXPERIHENTAL RESULTS,  THAT THE INVERSE 

EXCITATION ENERGY I N  THE RESIDUAL NUCLEUS. T H I S  PRODUCES SHARP 
CHANGES I N  THE SPECTRA WHEN G A H M A S  FBOH OTHER REACTIONS,  E. G, 
( N . 2 N )  A N D  ( N , 3 N ) ,  BECOHE PREDOMINANT. 

RE FE RENCES 
REFERENCE NUMBERS QUOTED HEBE REFER TO DATA I N  THE LLL 

E X P E R I l E N T A L  NEUTRON CROSS S E C T I O N  LIBRARY. S E E  U C R L - 5 0 4 0 0 ,  
VOL. 2 A N D  3 FOR COlMENTS AND INDEXES TO THE DATA, AS HELL AS FOB 
OTHER EXPERIMENTAL RESULTS THAT HERE USED I N  THE EVALUATION. 

11. A N N .  PHYS. 12,  485 (1961) D e A o L I N D ,  RaBeDAY (UeCOLORADO) 
137. PHYS. REV. 101, 1516 (1956) JoBoGURNSEY,  A. WATTENBEBG ( B I T )  
140. PHYS. REV. 102, 767 (1956) ReBmDAY (LASL)  
885. P R I V A T E  COMMUNICATION (1 966) A. B e  SHITH (ANL) 

1019. PRIVATE COBMUNICATION (1968) We E. TUCKER (TEXAS NUCLEAR) 
1497. NUCLEAR SCI. ENG. 40, 294 (1970) DaMoDRAKE ET AL. (LASL)  
1960. J .EXPTL.  THEORET. PHYS. (USSR)  4 6 ,  80 ( 1 9 6 4 )  V. A. KONKS ET AL. 
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T A - 1 8  1 LLL E V A L - J A N 7 2  HOUERTON,  P E R K I N S .  MACGREGOR 
M A T E R I A L =  4179 !ZA= 73181. AWR = 179.3900 P I L E =  1 S E C T I O N =  451 

2402. I N R - 7 9 5 / I / P L  (1967)  J. BRZOSKO E T  AL. ( P O L A N D )  
2415. GA-10248 (DASA-2570) (1970)  I e C o B A S B U S S E N  ET AL. (GGA) 
2887. NUCLEAR P H Y S .  123, 603 (1969) J e S o B R Z O S K O  ET A L .  ( P O L A N D )  
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TA-181 LLL EVAL-JAN72 HOWEBTON, PERKINS, HACGREGOR 
MATERIAL= 4179 

FILE 
1 
2 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
4 
U 
4 
4 
4 
4 
4 
4 
4 
4 
5 
5 
5 

12 
1 3  
14  
1 u  
15 
15 
23 
23 
2 3  
23  
2 3  

ZA= 73181. 

SECTION 
45  1 
151 

1 
2 
4 

16 
17 
51 
52  
53 
54  
55 
56  
91 

102  
103  

2 
16  
17  
5 1  
52 
53 
5 4  
55 
56 
9 1  
16 
17 
91 

102  
3 
3 

102  
3 

102 
50 1 
502 
50 4 
516 
60 2 

AWR = 179.3900 

DE SCRIPTIO N 
DESCRIPTIVE 

RESONANCE 
TOTAL 

ELAS TIC 
(N,N*)  TOTAL 

f N ,  2N) 
( N , 3 N )  

(N.N*) LEVEL 
(N,N*) LEVEL 
(N,N*)  LEVEL 
(N,N*) LEVEL 
(N,N*) LEVEL 
(N.N*) LEVEL 

( N , N * )  CONT 
( N  ,GAMMA) 

( N  , P) 
ElASTIC 

f N ,  2N) 
(N,3NI 

( N , N * )  LEVEL 
( N , N * )  LEVEL 
(N.N*Q LEVEL 
( N , N * )  LEVEL 
(N,N*) LEVEL 
(N,N*) LEVEL 

( N , N * )  CONT 
(Ne2N) 
( N e  3 N )  

(N,N*) CONT 
( N ,  GAHMA) 

N 0 N-E LA S T I  C 
NO N- ELAS T I C 

( N  .GAMMA) 
NO I- EL AS T I  € 

(N ,GAMHA)  
TOTAL PHOTON 

COHERENT 
INCOHERENT 

PAIR PRD TOT 
PHOTOELECTRC 

FILE= 1 SECTION= 451 

NO OF CARDS 
245 

4 
887 
351 

18 
7 
5 
8 
6 
7 
7 
6 
6 
8 

6 16 
5 

1 1 5  
8 
8 

10 
10 
10 
10 
10 
10 

8 
64 
60 

109 
4 

11 
1 
1 

224 
18 
23 
23 
23 

9 
23 
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T A P E  NUMBER = 1 

N A T U R A L  I R O N  HOD 0 MAR. 1972 PENNY,KINNEY,W%IGHT,PEREY,FU 
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I R O N  ORNL EVAL-1970  PENNY,KINNEY,WRIGHT,PEREY,FU 
HATERIAL= 4180 ZA= 26000. BUR = 55 .3650  F I L E =  1 SECTION= 451 

OBNL-46 1 7 ( 19 7 0 )  DIST-MAR72 MOD 0-MAR72 

. . . . . . . . . . . . . . . . . . . . . . . . . . . .  DNA 4 1 8 0  MOD 0 *************** 
T H I S  DATA I S  FBOH ENDF/B-111 ,  MAT=1180 (BNL) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* * * * * * * 
DATA H O D I P I E D  JAN.1972 
THE 2200 H/SEC CROSS S E C T I O N  WAS CHANGED TO 2.56 BARNS TO 
CONFORH TO THE CSEYG NORMALIZATION A N D  STANDARDS SUBCOHHITTEE 
RECOMdENDED VALUE. ALL LOW ENERGY R A D I A T I V E  CAPTURE CROSS 
S E C T I O N S  HERE H O D I F I E D  BELOW 500 EV TO BE CONSISTENT * * * * * * * 
NATUBAL IRON DEC. 1971 * * * * * * * 
NATURAL IRON DEC. 1971-ORNL-PENNY,KINNEY, WRIGHT,PEREY ,FU 

D E T A I L S  OF THE EVALUATION ARE REPORTED I N  
S.K. PENNY AND W.E. KINNEY, A RE-EVALUATION OF NATURAL IRON 
NEUTRON A N D  GAMMA-RAY-PRODUCTION CROSS SECTIONS,  ENDF/B HATEB- 
I A L  1 1 2 4 ,  ORNL-4617  ENDF-139  1970 

THE GAMMA-RAY PRODUCTION F I L E S  HAVE BEEN MODIFIED 
TAKING I N T O  ACCOUNT THE DATA OF ORPHAN A N D  HOOT, REF. 50. 

F I L E  2 RESONANCE PARAMETERS 
MULTILEVEL BBEIT-WIGNER PARAMETERS ARE GIVEN F O R  FE-54, F E - 5 6  

A N D  F E - 5 7  FOB THE ENERGY RANGE 1-60 KEV. 
REFS. 1 A N D  2. 

F I L E  3 NEUTRON CROSS S E C T I O N S  
SECTION 1 TOTAL INTERACTION 

000001 EV TO 330 KEV --- REFS. 1, 2,  A N D  3. 
BACKGROUND CORBECTIONS FOB THE 24-KEV WXNDOW HAVE BEEN EN- 
TERED T O  R A I S E  T H E  H I N I H U M  TO 425  HBNS.---- PR E L I M I  N A R Y  RE,- 
SULTS FROM OBELA MEASUREMENTS OP JACK HARVEY ET AL. 
330 KEV T O  15 M E V  --- REFS.  4, 5 .  6 ,  AND 7. 

S E C T 1 0  N 2 E L A S T I C  SCATTERING 
DERIVED BY SUBTRACTING THE NON-ELASTIC CROSS SECTION FROM 
THE TOTAL CROSS SECTION. 

SECTION 3 NON-ELASTXC INTERACTION 
DERIVED BY A D D I N G  THE TOTAL I N E L A S T I C  SCATTERING, N . 2 N  , 
CAPTURE, N , A  A N D  N,P CROSS SECTIONS.  

SECTION 4 TOTAL I N E L A S T I C  SCATTERING 
DERIVED BY ADDING I N E L A S T I C  SCATTERING CROSS S E C T I O N S  FOR 
E X C I T I N G  D I S C R E T E  LEVELS A N D  THE CONTINUUM OF LEVELS. 
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IRON OBNL EVAL-1970  PENNY, KINNEY ,W%IGHT, PEREY,FU 
MATERIAL= 4180 ZA= 26000. BUR = 55.3650 F I L E =  1 SECTION= 451 

S E C T I O N  16 N , 2 N  BEACTION 

S E C T I O N  51 I N E L A S T I C  SCATTERING E X C I T I N G  F I R S T  LEVEL I N  F E - 5 6  
REF. 8 

0.8611 MEV TO 1.5 MEV --- REFS. 8 A N D  9. 

2.122 HEV TO 15 BEV --- REFS.  11 - 19, 4 7 ,  A N D  4 8 .  

REF. 4 

I. 5 HEV TO 2. 122 HEV --- REFS. 9 AND 10, 

S E C T I O N  52 I N E L A S T I C  SCATTEBING E X C I T I N G  F I R S T  LEVEL I N  F E - 5 4  

SECTION 53 I N E L A S T I C  SCATTERING E X C I T I N G  SECOND THROUGH 

S E C T I O N  70 

SECTION 91 I N E L A S T I C  SCATTERING E X C I T I N G  THE CONTINUUM 

SECTION 102 R A D I A T I V E  CAPTURE 

/THROUGH/ NINETEENTH LEVELS I N  FE-56 .  

BEPS. 11 - 19, 47, A N D  48. 

REPS.  11 A N D  20. 

Q-VALUE IS AVERAGED WITH THERMAL CROSS SECTIONS.  
REFS. 1 A N D  2. 

SECTION 103 N.P REACTION 
Q-VALUE I S  AVERAGED WITH ABUNDANCES. 
REPS.  3 AND 4. 

Q-VALUE I S  AVERAGED WITH ABUNDANCES. 
SECTION 107 N , A  REACTION 

REFS. 3 AND 4. 
SECTION 251 H U  BAR 

DERIVED FROM E L A S T I C  SCATTERING ANGULAR D I S T R I B U T I O N S  A N D  
KINEMATICS U S I N G  THE COHPUTER P R O G R A H  SAD. 

S E C T I O N  252 X I  

SECTION 253 G A M H A  
S E E  SECTION 251. 

SEE SECTXON 251. 
F I L E  4 ANGULAR D I S T R I B U T I O N S  OF SECONDARY NEUTRONS 

ALL D I S T R I B U T I O N S  ARE GIVEN I N  THE CENTER O F  MASS SYSTEH I N  
THE LEGENDBE POLY NOHIAL REPRESENTATION. 

SECTION 2 E L A S T I C  SCATTERING 
.00001 EV TO 1.23 MEV --- REFS. 21, 22, A N D  23. 

4 BEV TO 15 MEV --- REFS. 11. 12, A N D  24. 
1.23 MEV TO 4 MEV --- REFS.  11, 12,  A N D  2 4  THROUGH 34. 

TRANSFORMATION HATRIX G I V E N  H A S  CALCULATED U S I N G  THE COHP- 
UTER PROGRAM SAD. 

SECTION 16 N , 2 N  BEACTION 

SECTION 51 I N E L A S T I C  SCATTERING E X C I T I N G  F I R S T  LEVEL I N  F E - 5 6  

SECTION 52 I N E L A S T I C  SCATXEBING E X C I T I N G  F I R S T  LEVEL I N  F E - 5 4  

SECTION 53 I N E L A S T I C  SCATTERING E X C I T I N G  SECOND THROUGH 

SECTION 70 

SECTION 91 I N E L A S T I C  SCATTERING E X C I T I N G  THE CONTINUUM 

BOTH NEUTRONS ARE ASSUMED TO BE I S O T R O P I C .  

REFS. 11  THROUGH 19. 

ASSUHMED I S O T R O P I C .  

/THROUGH/ NINETEENTH LEVELS I N  FE-56. 

REFS. 11 THROUGH 19. 
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I R O N  ORNL EVAL-197 0 PENNY KINNEY ,WRIGHT, PEREY FU 
BATERIAL= 4 1 8 0  ZA= 26000. A U R  = 55.3650 F I L E =  1 SECTION= 451 

AS SUMM ED I S O T R O P I C  --- REF. 11. 
F I L E  5 ENERGY D I S T R I B U T I O N S  OF SECONDARY NEUTRONS 

SECTION 16 N , 2 N  REACTION 

SECTION 91 I N E L A S T I C  SCATTERING E X C I T I N G  THE CONTINUUM 
REP. 49. 

THERE ARE TWO LAWS FOR T H I S  SECTION NAMELY, A MAXUELLIAN 
D I S T R I B U T I O N ,  WHICH HAS A NON-ZERO PROBABILITY ONLY AFTER 
7.2 MEV I N C I D E N T  NEUTRON ENERGY, A N D  A N  ARBITRARY TABULATED 

F I L E  12 H U L T I P L I C I T I E S  OF GAMHA RAYS PRODUCED BY NEUTRON REACTIONS 
D I S T R I B U T I O N .  --- REFS. 11, 47, A N D  48 .  

THERE I S  NO R E P E T I T I O N  OF GABMA BAYS I N  THIS F I L E .  TO ACCOUNT 
FOR ALL GAMMA BAYS ONE MUST TAKE THE J O I N  OF ALL SECTIONS.  

S E C T I O N  3 NON-ELASTIC INTERACTION 
THESE GAMMA R A Y S  ARE FROM N , N *  , N , A  , A N D  N,P REAC- 
T I O N S  I N  FE-56 .  THE REPRESENTATION I S  A CONTINUUM D I S T R I -  
BUTION A N D  THE NEUTRON ENERGY RANGE I S  2. 122 MEV TO 15 MEV. 
REFS. 11 THROUGH 19, 35. 36, 37, AND 50. 

THESE GAMBA R A Y S  ARE TREATED AS A CONTINUUM D I S T R I B U T I O N .  
SECTION 16 N , 2 N  REACTION 

SECTION 51 I N E L A S T I C  SCATTERING E X C I T I N G  F I R S T  LEVEL I N  F E - 5 6  
NEUTRON ENERGY RANGE IS 0. 8611 TO 2,122 MEV, ONE DISCRETE 
GAMMA RAY I S  GIVEN. 

SECTION 52 I N E L A S T I C  SCATTERING E X C I T I N G  F I R S T  LEVEL I N  F E - 5 4  

SECTION 102 R A D I A T I V E  CAPTURE 
ONE D I S C R E T E  GAMMA RAY I S  GIVEN. 

THESE GAMBA R A Y S  ARE REPRESENTATIVE OF NEUTRON ENEBGY 

I S  ASSUMMED TO EXTEND TO 15 MEV. THE GAMMA BAYS ARE TREATED 
RANGES. THE LAST RANGE STRICTLY EXTENDS ONLY TO 1 MEV BUT 

AS A CONTINUUM D I S T R I B U T I O N .  
REFS,  1, 2, 15, 18, AND 38 THROUGH 44. 

F I L E  14 ANGULAR D I S T R I B U T I O N S  OF SECONDARY GAMMA R A Y S  
THE S E C T I O N S  CORRESPOND TO THE S E C T I O N S  I N  F I L E  1 2  A N D  I T  I S  
ASSUMED THAT ALL THE D I S T R I B U T I O N S  ARE ISOTROPIC.  

THE D I S T R I B U T I O N S  ARE HISTOGRAMS U I T H  U N I F O R M  GAMMA R A Y  
ENE3GY WIDTHS OF 50 KEV. -0 -  3EFS. S E E  F I L E  12 

F I L E  15 ENERGY D I S T R I B U T I O N S  OF SECONDARY GAHMA RAYS. 

F I L E  23 PHOTON INTERACTION CROSS S E C T I O N S  
REFS. 4 5  AND 46.  

SECTION 50 1 TOTAL INTERACTION 
SECTION 502 COHERENT SCATTERING 
S E C T I O N  5 0 4  INCOHERENT SCATTERING 
SECTION 516 P A I R  PRODUCTION PLUS T R I P L E T  PRODUCTION 
SECTION 602 PHOTOELECTRIC INTERACTION 

REFERENC E S  
1. J. S. STORY, U.K.A.E.A. U I N F R I T H ,  P R I V A T E  COMMUNICATION 1970 

3. J.J. SCHMIDT, NEUTRON CROSS S E C T I O N S  FOB FAST REACTOR HATER- 
2. R.W. HOCKENBURY ET AL.. PHYS. REV. 178, P e l 7 4 6  1969 

I A L S ,  PART I - EVALUATION, KFK-120 EANDC-E 35 U 1966 
4. D.C. I R V I N G  A N D  E.A. STRAKER, EVALUATION OF THE CROSS S E C T I O N S  
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I R O N  OENL EVAL-1970 PENNY,KINNEY,U%IGHT,PEREY,FU 
MATERIAL= 4180 ZA= 26000. BUR = 55.3650 PILE= 1 SECTION= 451 

5. 

6. 

7. 
8. 

9. 
10. 
11. 

12. 

13, 

14. 
150 

16. 
17. 

18. 
19. 

20. 

21. 
22. 
23. 
24. 
2 5 ,  
26. 
27. 
28. 
29, 
30. 
3 1. 

32. 

OF I R O N -  ENDF/B MAT-1101, ORNL-TM-2891 ENDF-138 1 9 7 0  
S o  CIERJACKS ET A L . ,  H I G H  RESOLUTION TOTAL NEUTRON CBOSS SEC- 
TIONS BETWEEN 0.5 AND 30  MEV,  KFK-1000 1968 
A .  D o  CABLSON A N D  B o  J. CERBONE, H I G H  RESOLUTION MEASUREMENTS OF 
THE TOTAL NEUTRON CROSS SECTIONS OF NITROGEN A N D  I R O N ,  68-9149 

1969 
E. BARNARD ET A L . ,  NUCL. PHYS. A 1 1 8 ,  3 2 1  1968 
NESTOR A Z Z I Z  ET AL., I R O N ,  NICKEL, A N D  C H R O H I U H  NEUTRON CROSS 
SECTIONS FRO1 0 TO 15 MEV, WCAP 7 2 8 1  ENDF-129 1 9 6 9  
R.L. HACKLIN ORNL, PRIVATE COMHUNICATIOI  
W o B .  G I L B O Y  A N D  J . H .  TOULE, NUCL. PHYS. 64,  130 1965 

SCATTERING CROSS SECTIONS FOR PE-56 I N  THE E N E R G Y  R A N G E  4.19 
TO 8.56 MEV,  ORNL-4515 1970 
S o  K O  PENNY HELENE-A COBPUTER PROGRAM TO CALCULATE NUCLEAR 

Y.E. K I N N E Y  A N D  F.G. PEREY, NEUTRON ELASTIC- AND INELASTIC- 

CBOSS SECTIONS EBPLOYING THE HAUSER-FESHBACH MODEL, POBTER- 
THOMAS Y I D T H  FLUCTUATIONS, A N D  CONTINUUM STATES, ORNL-TM-2590 

1969 
A. ASPINALL ET A L e ,  NUCL. PHYS. 46, 33 1963 - A ,  SPERDUTO A N D  
N m Y o  BUECHNER, PHYS. REV. 1 3 4 ,  B142 1964 - A.D. KBTSANOS ET 
AL., PHYS. REV. 141, 1053 1966 - G o  BROUN ET AL., NUCL. PHYS. 
77, 3 6 5  1966 - B.L. COHEN A N D  R. MIDDLETON, PHYS, REV. 146, 
7 4 8  1966 - J . R .  BACDONALD A N D  H . A .  GRACE, NUCL. PHYS. A92, 
5 9 3  1967 - P.F. HENRICHSEN ET AL., NUCL. PHYS. A 1 0 1 ,  81 

1967 K. V B U G H A N  ET A L . ,  NUCL. PHYS. A130, 6 2  1969 
1I.N. RAO ET A L . ,  NUCL. PHYS. A121, 1 1968 
NUCLEAR DATA GROUP, NUCLEAR DATA SHEETS B 3 ,  NOS. 3-4, ACADEMIC 
PRESS, 1970 

C.4. PEREY ET AL., DISTORTED-HAVE BORN ANALYSIS OP 11-HEV PRO- 

E N D I N G  H A Y  31, 1967,  ORNL-4134 1 9 6 7  
A. G I L B E R T  A N D  A.G.W. CAMERON, CAN. J. PHYS. 43, 1 4 4 6  1 9 6 5  
R. H. BASSEL ET AL.. THE DISTORTED WAVE THEORY OF DIRECT NUC-  
LEAR REACTIONS, ORNL-3240 1962 
M.D. GOLDBERG ET AL., NEUTBON CROSS SECTIONS , VOL. IIA, Z 21 

R. H a  BASSEL, PRIVATE COMHUNICATION 

T O N  SCATTERING, NEUT. PHYS. D I V .  A N N .  PROGR. REPT. FOR PERIOD 

TO 40. BNL-325, 2ND ED., SUPPL. 2 1966 
SOB.  COX, BULL. A B .  PHYS. SOC. 8, 4 7 8  1963 
1.0. KORZH A N D  MOT. SKYLAR, UKR. FIZ. ZH. 8, 1389 1 9 6 3  

F. G. PEBEY, ORNL, PRIVATE COI¶!!lUNICATION 
W.D. WHITEHEAD A N D  S.C. SNOWDON, PHYS. REV. 9 2 ,  114  1953 

B. HOLMQVIST, A R K I V  FYSIK 38, 403 1968 
K. TSUKADA E T  AL., E A N  J 3, 18 1966 
C. 0. MUEHLHAUSE ET AL., PHYS. REV. 103, 720 1956 

n.v. PASECHNIK ET AL., AI. EN. USSR 16,  2 0 7  1964 

NORBAN A. EOSTROM ET A L . ,  YADC-TR-59-31 1959 

H.H. L A N D O N  ET AL., PHYS. REV. 112, 1192 1958 
LAURENCE CRANBERG A N D  JULES So L E V I N ,  PHYS. REV. 103, 3 4 3  

1969 
J . R .  BEYSTER E T  AL. PHYS. REV. 1 0 4 ,  1319 1956 
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IRON OBNL EVAL-1970  PENNY K I N  NEY ,WRIGHT, PEREY, FU 
MATERIAL= 4180 ZA= 26000. BUR = 55.3650 F I L E =  1 SECTION= 451 

33. 
34. 
35. 
36 
37. 

38. 
39. 
40. 

41. 

42. 

43. 
44. 
45. 

46. 

47. 

48. 
49. 
50. 

R.L. BECKER ET AI.., NUCL. PHYS. 89, 154 1966 
H.K. HACHUE ET AL., PHYS. BEV. 114 ,  1563 1959 
J .B .  MCGRORY, PHYS. REV. 160, 915 1967 
J. K. DICKENS,  ORNL, PRIVATE COHBUNICATION 
R. E. HBEBKER A N D  F. J. BUCKENTHALER, GAMHA-RAY SPECTRA A R I S I N G  
FBOH FAST-NEUTRON I N T E R A C T I O N S  I N  ELEHENTS POUND I N  SOILS, 
CONCBETES, AND STRUCTURAL WATERIALS, O R N L - 4 4 7 5  1970 
J. E. WHITE, ORNL, P R I V A T E  COHHONICATION 

%,E.  CHRIEN ET ZLL. , GABHA R A Y S  FOLLOWING RESONANT NEUTRON CAP- 
TURE I N  P E - 5 6 ,  B N L - 1 4 1 0 4  1970 

GAMHB R A Y S  I N  I R O N ,  COBALT, A N D  SCANDIUM, AAEC/TM 512 1969 
NORHAN C, BASMUSSEN E T  AL., THERHAL NEUTRON CAPTURE GAMMA-RAY 
SPECTRA OF THE ELEMENTS, A E C R L - 6 9 - 0 0 7 1  HTNE-85 1969 
C.Y. FU, ORNL, P R I V A T E  COHMUIICATION 

W.H. HCMASTEB ET AL., COMPILATION O F  X-RAY CROSS S E C T I O N S ,  
UCRL 5 0 1 7 4  SEC. 11, REV. 1 1969 
EBNEST P. PLECHATY A N D  J O H N  R. TERRALL, A N  INTEGBATED SYSTEM 
FOR PRODUCTION O F  NEUTRON I C  AND PHOTONIC CALCULATIONAL CON- 
STANTS-VOL. V I  PHOTON CROSS S E C T I O N S  1 KEV T O  100 MEV, 
UCRL 5 0 4 0 0  1968 
G.S. M A N I ,  SPIN ASSIGNMENTS TO EXCITED STATES OF F E - 5 6  U S I N G  
I N E L A S T I C  PROTON SCATTERING,  SCHUSTER LABORATORY, MANCHESTER 
U N I V E R S I T Y ,  MANCHESTER, ENGLAND 1970 

K.J .  YOST, NUCL. S C I .  ENG. 32, 62 1968 

B.B.Y. R A J U  E T  AI.. THE HEASUREHENT OP THERMAL NEUTRON CAPTURE 

S.K. PENNY, BVA. TO BE PUBLISHED 

R.J.  PETERSON, ANNALS OF P H Y S I C S  53, 4 0  1969 
SURESH C. MATHUR ET A L . ,  PHYS. REV. 186, 1038 1969 
V. J. O R P H A N  A N D  C. G, HOOT, GAMBA-RAY PRODUCTION CROSS S E C T I O N S  
FOR IRON A N D  ALUMINUH, G U L F - R T - A l 0 7 4 3 ,  1971 
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I R O N  O B N L  E V A L - 1 9 7 0  P E N N Y , K I N N E Y , W R I G H T , P E R E Y , F U  
H A T E R I A L =  4180 Z A =  26000. 

F I L E  S E C T I O N  
1 
2 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

45 1 
15 1 

1 
2 
3 
4 
16 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
91 
102 
103 
107 
25 1 
2 52 
253 

2 
16 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 

AWR = 55.3650 

D E S C R I P T I O N  
D E S C R I P T I V E  

R E S O N A N C E  
T O T A L  

EL AS T I C  
N O N - E L A S T I  C 

( N , N * )  T O T A L  
f N ,  2 N )  

( N , N * )  L E V E L  
( N , N * )  L E V E L  
( N , N * )  L E V E L  
( N , N * )  LEVEL 
( N , N * )  L E V E L  
(N.N*) L E V E L  
( N , N * )  LEVEL 
( N , N * )  L E V E L  
(N.N*) L E V E L  
( N , N * )  L E V E L  
( N , N * )  L E V E L  
(N.N*) L E V E L  
( N , N * )  L E V E L  
(N.N*) L E V E L  
( N , N * ]  L E V E L  
( I , N * )  L E V E L  
(N.N*) L E V E L  
( N , N * )  L E V E L  
( N , N * )  L E V E L  
( N , N * )  L E V E L  

( N , N * )  C O N T  
( N , G A H B A )  

f N , P )  
( N  , A L P H A )  

MU B A R  
X I  

G A M M A  
E L A  S T I  C 

f N ,  2N) 
( N , N * )  L E V E L  
[ N , N * J  L E V E L  
( N , N * )  L E V E L  
( N , N * )  L E V E L  
( N , N *  L E V E L  
( N , N *  I L E V E L  
(N.N*) L E V E L  
/N.N*) L E V E L  
( N , N * )  L E V E L  
( N , N * )  L E V E L  
( N , N * )  L E V E L  
(N.N*) L E V E L  
( N , N * )  L E V E L  
( N , N * J  L E V E L  

FILE= 1 S E C T I O N =  451 

N O  OF C A R D S  
309 
45 

1268 
764 
3 26 
461 

6 
431 
34 
13 
13 
12 
13 
12 
14 
14 
16 
13 
13 
13 
14 
14 
13 
12 
14 
14 
15 
1 1  
97 
44 
24 
37 
37 
37 

2 82 
8 

260 
8 

45 
40 
39 
35 
35 
35 
31 
30 
31 
31 
32 
29 
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I R O N  O B N L  E V A L -  1970 P E N N Y  . K I N N E Y  , W % I G H T  . P E R E Y ,  PU 
M A T E R I A L =  4180 Z A =  26000. A W R  = 55.3650 FILE= 1 S E C T I O N =  451 

F I L E  
4 
4 
4 
4 
4 
4 
4 
5 
5 

12 
12 
12 
12 
12 
14 
1 4  
14 
14 
14 
15 
15 
15 
23 
23 
23 
23 
23 

SECTION 
65 
66 
67  
6 8  
69  
70 
9 1  
1 6  
9 1  
3 

16 
51 
52  

102 
3 

16 
5 1  
52 

102 
3 

16 
102 
50 1 
502 
504 
516 
602 

D E S C R I P T I O N  
( N , N * )  L E V E L  
( N # N * )  L E V E L  
( N , N * )  L E V E L  
( N , N * )  L E V E L  
(N.N*) L E V E L  
( N , N * )  L E V E L  

( N # N * )  C O N T  
( N 0 2 N )  

( N , N * )  C O N T  
N O N - E L A S T I  C 

( N , N * )  L E V E L  
( N , N * )  L E V E L  

( N  . G A M H A )  
N O  N - E L A S T  I C  

( N I 2 N )  
( N , N * )  L E V E L  
( N # N * )  L E V E L  

( N .  G A H H A )  
N O N - E L A S T I C  

( N , G A H H A )  
T O T A L  P H O T O N  

C O H E R E N T  
I N C O H E R E N T  

P A I A  PRD T O T  
P H O T O E L E C T 3 C  

( N I  2N) 

( N ,  2 N )  

N O  O F  C A R D S  
26 
27 
27 
25 
25 
25 

8 
549 

2132 
12 

5 
4 
9 
8 
1 
1 
1 
1 
1 

1030 
74 

8 37 
18 
18 
18 
9 

18 
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U-238 L I Z  FVAL-MAF72 HOWEFTON, MF-CGF ESOP 
MATERIAL= U187 Z l i =  92238.  AWF = 236.0100 F T L E =  1 SEZTTON= 4 5 1  

D I S T - J U L 7 2  MOD 0 - J U L 7 2  

. . . . . . . . . . . . . . . . . . . .  D N A  4 1 8 7  MOD 0 ********************* 
U-238 EVRLUATED NEUTRON CROSS S E C T I 3 N S  

EVELURTED BY F.J.HOWEFTON A N D  M.H.MAZGREGOR 
LAWRENCE L I  VEFMOFE LABOPETOBY, LTVFBMORX, CALI  FORN'IA 

MAFCH 1972 

GENERAL COMRFNTS 
THE NEUTFON E N E F G Y  F A N G E  EXTENDS F R O M  . O O O I  E V  ro 20 H E V .  IN 

ADDITION TO PLASTIC SCETTEFING, unIcn OCCURS A T  P.LL E N E R G T E S ,  T H E  
FOLL3WING REACTIONS HAVE THRESHOLD ( U C R L - 5 0 4 0 0 ,  VOL. 9 )  3 N E F G I E S  
LESS THEN 20 MEV. 

FFACTION THF ESHOLD (MF V) 
N , 2 N  6 .  17 
N , 3 N  11.32 
N , 4 N  17.89 

N,NP 7 .69  
N 8  5.46 
N , R D  1 1 . 4 1  
N I T  5.13 

N , P f S S T O N  0 . 4  
N ,  NBLPHP. EXOERG'IC 
N ,  GAMMR E XO ER G I C  

P , P 3.19 

N,NT 9.99 

ALL C H A F S F D - P A R T T C L E - P R O D U C I N S  REACTIONS A P E  NEGLECTED, B3TH 
BECAUSE T H E Y E  AFE ESSENTIALLY N 3  MERSUREMENTS A N D  BFCAUSE THE5.F 
FEF.CTIONS R R E  SUPPRZSSED BY THE COULOMB BAFRIER. CBOSS S F C T I 3 N S  

( N , S A M M A )  , ( N , F I S S T O N )  , P N D  ( N , X , G ~ - M M ~ )  REACTIONS AFE DISCUSSED 
BELOW. THY DATE BASE FCLR THF EVALURTICN TS GfVFN I N  U C R L - 5 0 4 0 0 ,  
VOL. 2 A Y D  3. F E F E P Z N C P S  NOT S P F C I F I C A L L Y  CTTFD HEPE P.?E GIVFE: 
I N  THFSE TW3 VOLUMES. BFLOW 1 KEV, POOR-RESOLUTTON C R 3 S S  S E C T I O N S  
APE USED, CONSTITUTING AVE3P.GES @VI?? RESONANCES. N 3  3ESONAICE-  
FAFAMETE!? DETA P.9E I N C L U D E D  EXPLICiTLY I N  THIS EVALU l T I 3 N .  

FOR E L A S T f C  P.ND T N E L R S T I C  SCATTEFING,  ( N 8 2 N )  8 (N83NI  8 ( N t 4 N )  8 

NEWTFON C R O S S  S P C T I O N S  

E L A S T I C  SCATTTRING CF3SS SPCTION 
THE E L A S T I C  SCP-TTEFING CROSS S E C T I O N  H A S  A THEPMAL VALUE OF 

8 BARNS (TOTAL CROSS S E C T I O N  M I N U S  CAFTUFE CFOSS SEZTTTON). 

BETWEEN 0.3 AND 4 MEV A N D  AT 7 AND 111.1 MEV. THFSE MEASUREMENTS 
WEQE C3MBINED WTTH THE SYSTEMATICS OBTAINED F9OB ?!HE: D I F F E R S N C F  
BYTWEPN TOTAL A N D  ROMFLASTTC "GSS S E C T I O N S  WHERE THESE HEVE BEEN 
MFASUF3D. 

EXPEPIMENTAL M E E S U F E M E N T S  OF T H F  P L A s r I c  CROSS S E C T ~ ~ N  z x n r  
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U-238 LLL EVAL- MAR72 HOWERT ON, MACGFES 3 R  
MATERfP.L= 4187 Z A =  92238. A W 9  = 236.0100 F I L E =  1 S E C T I O N =  U51 

F L A S T I C  SCATTEFTNG P.NGULEF D I S T P I B U T T O N S ,  
NOIiMALT ZED P ? O B A B I L I T I E S  

EXPERIMENTAL MEASUPEMENTS OF ELASTTC S C A T T F F f N S  F.NSULAI? D f S -  
T F I B U T I O N S  E X I S T  FROM 0.075 TO U MEV A N D  AT 7 A N D  14.1 HFV. AT 
H I G H P R  E N E R G I E S  3 P T I C A L  MODEL CALCULATIONS FClRMED THE BASTS FOR 
THE EVALUATTON. 

I N E L A S T I C  SCATTFPZNG CPOSS SECTT3N 
A BROAD-EESOLUTTON E X C I T R T I O N  FUNCTT3N I S  USFD TO DESEPTBE 

T H I S  CROSS S E C T I O N ,  FOR NPUTFON E N F T G I E S  UP T O  U MEV, T H E  
3 X C I T A T f O N  OF INDIVIDUAL L I N E S  IS COMBINED WITH A ZDNTRLBUTTON 
FROM THE CONTINUUM, WITH THE FESULTS BASED ON EXPE2IMENT3-L D A T A .  
ABOVF MEV, ONLY THE CONTINUUM EXCITETION I S  ?3NSTDERED,  A N D  THE 
T N E L B S T I C  SCATTERING EVF.LUATION I S  BASED O N  NUCLElZF SYSTEMATICS.  

TN ELP.ST1C SCATTE? I N G  ANGULAR D T S T P I B U T I 3 N  S , 
N O R  MALIZED PROBBBTLT Tf ES 

TTCbLLY-SCATTE9ED NEUTRONS. HOWEVER, THESE DATP. I N D f C A T F  ALMOST 
I S O T P O P I C  ANSULF.? DISTRIBUTTONS.  HENCF, P.LTHOUSH P.NGULAF D I S T R I -  
BUTION DAT9 APT ENTFFFD INTO THE FVALUP.TION, P.LL OF THESE EXCEPT 
FOR THE LCUFST LEVEL (0.05 MEV) SHOW I S O T R O P I C  DTSTPTBUI ' I3NS.  

SOMF DATP. EO E X I S T  ON THE ANGULAF D I S T R I B U T I O N 3  OF TNELAS- 

I N EL AS T I C  S C A T T P 9 I N  G E NFF GY D f  ST F I  BU T I  3 N S 
AT NEUTFON ENEPGIES BELOW U MEV, THE ENSRGY SPEZTEUM OF T H E  

INELLSTTCELLY-  SCATTEFFD NEUTFONS I S  OBTAINED FR3M EKPFFTMENT' ( S 3 E  
REFEFENCES 397, 1264, 1267, 1232, END 127u) P.B)VE 1 H E V ,  T H E  
ENEPGY S P F C T F  UM 3F THE ZNELASTICALLY-SCATTE9ED NEUTFONS I S  TAKEN 
FROM A KODEL THAT TNCLUDES BOTH A LOW ENERGY TEHPERATUPF COMP3- 
NENT A N D  A H I G H  ENEFGY T A I L .  THE H I G H  FNERGY TRTL,  W H I Z H  CPM- 
P R I S E S  ABOUT 15 FEPCENT OF THE INELASTICALLY-SCATTEEED NEUTRONS 
AT 4 MEV A N D  ESSEN'I IBLLY 100 PPFCENT AT 15 MEV 4 N D  ABOVE, C O N -  
SISTS DF DIRECT-INTERACTION A N D  P P E - E Q U I L I S F I U H  NEUZFDNS, CHOSEN 
I N  APPROPRIATE FRACTTONS. 

(N, 2N) C R O S S  S E C T I @ N  
THF (N82N) EXCITP-TfON FUNCTION IS BASFD O N  EXPERTHWNIAL D A T A  

F9OM 6.U TO 16 MEV ( S E E  REFERENCES 359, 2092, A N D  2519) I N D  ON 
N UCL E 3P S Y STE M A T I  C S . 

( N 8 2 N )  ENEPGY D I S T E I B U T I O N S  

IFNZY IhT THE ABSENCE OF MEkSUREMENT. T H E  EVAPOFATI3N "EMFEFAI'USE 
I S  ASSUMED T O  BF THE SAME F O R  BOTH NEUTFONS A N D  TS SPLEZTITD SO 
THPT ENEFGY I S  CONSEPVED ON THE AVEPAGE, TAKING IN13 ACCOUNT T H 9  
ENEFGY THAT APPEARS AS GAMMA 3LDIP .TIOR.  

THE FOPMALISM 3P THE IEHPPRATUFE MODEL I S  USED FOP CONVEN- 

(N, 3N) C P O S S  SECTION 
THE ( N , 3 N )  E X C I T A T I O N  FUNCTION I S  BASED ON EXPERIMENTAL DAP?. 
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U-238 LL L EVAL-MAF72 HOWEFTON, MACGREG3P 
F T L E =  1 SECTTON= a51 M I T E R I A L =  a187 ZA= 92238. F.WF = 236.0100 

FROM 1 2 . 6  TO 18.8 MEV ( S E E  F E P E P E N C F S  1270, 1 3 4 7 ,  F-ND 2 5 1 9 )  A N D  
O N  NUCLEP.P SYSTEMATICS.  

( N ,  3 N )  ENERGY D I S T F I B U T T O N S  
THE FOFMALISM FOZ ( N , 2 N )  SPECTFA WAS ALSO U S E D  FOP ( N , 3 N )  

SPECTPA.  

(N,4hT) C F O S S  S E C T I O N  
THE ( N , 4 N )  EXCITBTTON FUNCTION IS BASED @ N  EXPERIMENTAL D A T P .  

A ?  17.8 A N D  18.8 MEV ( S E E  ?EFERENCE 1 3 4 7 )  A N D  ON NUCL3AP S Y S T F -  
HATTCS. 

(N,  4 N )  ENEFGY D I S T P I B U T I O N S  
THE FORMALISH FOR ( N , 2 N )  SPECTRA WAS ALSO iJSED F 3 F  (?I,UN) 

SPECTFA.  

( N ,  G A M M A )  C F O S S  SECTTON 

DATA UP TO 7.6 F!?V AND AT 1 4 . 5  MEV, A N D  FFOM NU3LEP.P SYSTFMP.TTCS. 
THE (N,GAMM?.) :ROSS S E C T I O N  WAS OBTAINED FEOM EXPERIMENTAL 

( N ,  F I S S I O N )  C P O S S  SECTTON 
THE (N,FISSION) C R O S S  SECTTON WAS TAKEN FF3M EXPERIMENT. 

( N ,  F I S S I O N )  ANGULAR DISTRIBUI 'TON,  
N O R  MAL fZ ED PDOBP. B I  L I TT ES 

THE ANGULAP D I S T P T B U T I O N  OF F I S S I O N  NEUTRONS I 3  ASSUMED TO 
BE I S O T P O P I C .  HENCF N O  DITA ?!'NTF.Y IS I'lFJ.DE F01 T H E S E  DPTA. 

(N, F I S S I O N )  ENEFGY D f S T F I B U T I 3 N S  
THE ENE?GY S P E t T F U M  OF F I S S I O N  NEUTRONS WAS DBTRLNFD FPOM THE 

PAPERS @ F  HOWEFTON (QEF.  1) A N D  OF HOWFFTON I N D  D0YP.S ( P F F . 2 )  . 
THE F T P S T  OF THESE P I P E R S  G I V E S  A MFTHOD FOR DEEDICTING THE VRLUE 
O F  NUBAR f N  T H E  ABSENCE @ F  MEASUREMENTS, WAEFE: NUB1.F I S  THE: 
AVERAGE NUMBEF OF NEUI'FONS EMITTED P F P  P T S S I O N .  THE SEZOND P A P E F  
G l V E S  THE F I S S I O N  TEMFEPATUPE l!S l! FUNCTION O F  NUBAF. THUS A 
COMBINATION OF T H E S E  P E S U L T S  G I V E S  THE F I S S I O N  NEUTFON E N E a S Y  
SPEZTFUM. THHP SLOPE OF THE FNEBGY DEPENDENCE OF N U B A R  CHANGES LS 
T H E  T H 4 F S H O L D S  C 3 R P E S P O N D I N G  TO (N ,FTSSIOt i )  , (N,N* F I S S T C N )  , 
( N , 2 N  F I S S I 3 K ) ,  YTC., AFE ?EACHED. HFNCE TN THE F V & L U A ? I O N ,  THF 

F I S S I O N  NEUTPON ENEFGY SPFCTFUM TS QUOTED AT FNZPGTES T H L T  CCPEES-  
P O N D  T O  T H W S H O L D S  A N D  MIDPOfNTS BETWEEN THEESHSLCS.  

( N ,  P I S S T O N )  PROMPT NUBIF 
THE DATA F.ND THF S Y S T E M E T I C S  FOP CALCUL?-TfNG PFOMPT NUBAF 

FOF U-238 A R E  GTVElN I N  DEI'?-IL I N  THE P P P E R  OF H?WERTON (REFEFENCE 

l!GREEHtLNT W I Y H  EXPE?fME:NTS C A I i F f E D  OUT SUBSEQUENT T3 THE DEVELOP- 
MENT OF THE SYSZXMATICS ( S E E  ESPECTALLY REFEPFNZE 21 1 ,  NFASURE- 
MSNTS BY SOLIELHAC ET ?.L.). 

1 ) .  PREDICTED V A L U E S  FFOM THE s Y s T P m A r f c s  ( 1 9 6 3 )  A R E  T N  V E P Y  ~ 3 3 ~  
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U-238 L L L  E VAL- MAR 7 2 HOW E F  T CN, MACGF EG 3 F  
MP.TERTAL= 4187 ZA= 92238. A W R  = 236.0100 F T L F =  1 S E C T I O N =  4 5 1  

GAMMA R A Y  PRODUCTION CRDSS S E C T I 3 N S  

GENEFAL COMMENTS 
AT NEUTFON E N E F G I E S  OF 0.3 MEV AND ABOVE, EXPERIMENTAL 

( N I X  G A M M A )  MERSUFEMENTS E X I S T  WHICH FNCOMPASS 3 L L  3F THE SAMMA- 
PRODUCING REACTICNS.  AT E N E F G I E S  B3LOW 0 . 3  MEV, BHERE 
( N , X  GAMMA) MEASUREMENTS HAVE NOT YET B I ? W  C B F R I E D  3 U T ,  G A M M A  FAYS 

&RE PFODUCSD BY NEUTFON CAPTUFE P P O C E S S E S ,  A N D  LLSD BY 
I N E L A S T I C  SCATTERING TO SOME LOW-LYTRG LEVELS.  THF :BOSS S E C T I O N S  
FOR I N E L A S T I C  SCATTEFING AT NEUTRON E N E R G I E S  BELCW 3.3 MEV 6 ? E  
SMALL AS COMPAPED TO CAPTUPE C R O S S  SECTTONS. ALSO, THE 
GAMMA R A Y S  F F O M  I N E L A S T I C  S C A T T E E I N G  AT LOW NEIJPFON ENEFGTYS P-FE 
NECESSARILY LOW I N  ENEPGY P.S COMPARED TP THE GAMMA PAYS FFOM 
NSUTPON CAPTUPE.  THUS IT INTFODUCES N E G L I G I B L E  E P F 3 P  I N T O  THE 
EVALUATION I F  WE ASSUME THAT 3NLY NEUTRON CAPTUPE C3YTRLBUTES TO 
G A M M A  98Y PRODUCTION FOP NFUTFON E N E F G I E S  BTLOW 0.3 MEV. 

( N , X  GAMMA) CROSS SECTTON FR@M THE 
( N ,  GAMMA) REACTTON 

U-238 HP.S BEEN NEASUFED ONLY P.T THERMAL ENERGTES. T O  OBTAIN T H E  
PROPEF M U L T I P L I C I T Y  FOF G A M M A  FAY PFODUCTZON AT HIGHER E N E R G I E S ,  
TYE MULTIPLLCTTY AT THEFMAL WAS TNCREASED BY THE F P - T T O  ( P N  +Q238) 
/Q238, WHFRE EN IS THE NEUTRON K I N E T I C  ENEFGY P.ND 4238 I S  T H E  
TIIERMP.L NEUTFON CAPTUJnE E J F F G Y  FELEASE.  

THE SNEFGY SPECTJnUM OF GAMMA FAYS FPCM NEUTEON CAPTUFF I N  

( N , X  G A M M A )  ENEFGY D I S T R I B U T I C N  FFOM 
THE (N,GAMMA) REACTION 

THF GAMMA FP.Y ENEFGY SPXCTBUM FFOM THERMAL NEUTRON CP.PTURP 
WAS TAKEN FROM P E F F R E N C E S  3 A N D  1561. I N  THE L B S E N Z E  OF D R T P . ,  
T H I S  ENE?GY SPECT?UM WAS ASSUMED TO BE INDEPENDENT DF T H F  I N C I D E N T  
NEUTFON ENEPGY. 

(NIX GP-@'?MA) C?@SS S F C T I O N  

FROM 1.09 YEV TO 14.8 MEV BY P .  S. BUCHANAN E T  EL.  (FEFEPENZE 4 ) .  
THESP MEASUFEMENTS G I V E  BOTH THF ABSOLUTE CFOSS S E C T I O N 3  AND THE 
SPSCTRAL SHAPES. THE l Q . 8  MEV MEASUPEMFNT WRS ASSUMED TC APFLY 
AT Z V F R G I F S  ABOVE 14.8 MEV. AT E N E F G I E S  BELOW 0 . 3  MEV,  G L M M B  PAY 
PR@DUCTI@N WAS h T T F f B U T E D  SOLELY TO CAPTUFE PROCESSES,  A S  U?.S 
DES CI) TBPD ABOV E. 

THIS C C O S S  S S C T I O N  WAS MEASURED AT NFUTAON E N E F G I E S  EXTENDING 

T E S T I N G  OF THE EVALUJATFD DP.TP. 
TN THE M09E E X T E N S I V E  REPOST FOFR OF THTS D I S C U S S T 3 N 8  RESULTS 

OF C F I T T C A L  ASSEMBLY CALCULATIONS WILL BE GIVEN TN SOME D E T A I L .  
FDR T H I S  ABBFEVIATED D E S C R I P T I O N ,  TT S U F F I C E S  T3 P O I N T  ?UT THAT 
A LA?GE NUMBEF CF U-238-CONTATNTNG INTEG2P.L NEUTB3P EXPEPIMFNTS 
HAVE BZEN CALCULATED , WITH SATTSFACTOFY AGRESMENT BETWEEN T X P E R I -  
MEN? A N D  CALCULETION. 
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2. NUCL. S C I .  AND E N G .  4 6 ,  U14 (1971) R . J . H O W E R F O N  A N D  P.J.DOYP.S 
3. C A N .  J. PHYS. 37, 377 (1959)  P.J.CAMPTON ET LL.  (CHALK R I V E R )  
4. TEXAS NUCLEAR REPORT OR@-279 1-32, FEB. 15 (1371)  P. S. B U C H A N A N  
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U-238 LL L E VP. L- M A R 7  2 HOW ERT ON, 
MATERIAL= 4187 Z A =  92238. EWF. = 236.0100 

FfLE S ECT I O N  DESCRIPTiON 
1 451 DE SC P I  PTI V E 
1 452  N U  B A R  
2 151 RESONl! NCE 
3 1 T3?P.L 
3 2 ELASTIC 
3 4 (N,h’*)  TOTAL 
3 16 (N,2N) 
3 17 (N, 3 N )  
3 18 SUM FISSION 
3 37 N O T  ASSIGNED 
3 51 (N,N*) LFVFt, 
3 52 ( N , N * )  LEVEL 
3 53 ( N , N * )  LEVEL 
3 54 ( N , N * )  L E V E L  
3 5 5  ( N , N * )  LEVFL 
3 56  (W,N*) LEVFL 
3 57 (N,N*)  LEVEL 
3 9 1  ( N , N * )  C3NT 
3 102 (N ,GAMMP.)  
4 2 ELASTIC 
4 16 (N,2N) 
4 17 ( N ,  3 N )  
4 18  SUM FISSTClN 
4 37 N O T  P.SSTGNPD 
4 5 1  ( N , N * )  LEVEL 
4 52  ( N , N * )  LFVFL 
4 53 ( N , N * )  LEVEL 
4 54 (N,Er*)  LEVEL 
4 55 ( N , N * )  LEVEL 
4 56 ( N , N * )  fEVFL 
4 57 ( N , N * )  LEVEL 
4 9 1  ( N , N * )  C 3 N T  
5 16 (N, 2 N )  
5 17 ( N ,  3N) 
5 18 SUM FISSION 
5 37 N O T  ASSIGNFI! 
5 9 1  ( N , N * )  CON? 

12  102 (N, G A M M A )  
13 3 N O N -  E LAS T I  C 
14 3 ?ON-ELP-STfC 
14 102  (El , G A M H A )  
15 3 N 0 N- ELA S T f C 
1 5  102 (N,GP.MMA) 
2 3  50 1 TOTAL PHOTON 
2 3  502  C OHEP F NT 
23  50 4 TKC 0 HFP EN T 
2 3  516 PAIS PPD TOT 
2 3  602  PHOTOEZFCTF C 

M A C GP E G 3 9 
F I L E =  1 SE:TLON= 451 

N O  OF Z.9FDS 
2 7 3  

6 
4 

75 
4 3  
18  

8 
5 

13 
4 
9 
7 
6 
7 
7 
7 
6 

11 
50 

210 
13 
10  
10 
10 
13 
10  
13 
10  
10 
10 
10 
10 
83 

104 
233  

37 
143 

!I 

6 
1 
1 

87 
2u 
24 
24 
24 

9 
24 
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i LL L EVAL-P.FR72 HOWFFTON, MACGFEG3F U-235 
MP.TERIP.L= 4188 ZA= 92235. C W ?  = 233.0200 F I L E =  1 S E C T ' I 3 N =  451 

DTST-JULY2 HOD 0 - J U L 7 2  

0-235 EVALUkTED NEUTPON C R 3 S S  S E Z T I O N S  
EVALUATED BY F .  J.HOWEPTON A N D  M.H.HACGREG3P 

LP.WRENCE LIVEFMOR E LABORATORY, LIVERHOPS,  C k L I  FOPNIA 
J P. NU A R Y 1 97 2 

GENEBEL COMMENTS 
THE NEUTRON ENESGY FANG?!! EXTENDS FROM .0001 FV TO 20  MFV. I N  

ADDITION TO E L A S T I C  SCATTEFING,  WHICI! OCCURS AT I L L  E N E F G I E S ,  THE: 
FOLLCIWING REACTIONS H A V E  THFESHOLD ( U C P L - 5 0 4 0 0 ,  VOL. 9 )  ENEaGTES 
L E S S  THIN 20  HEV. 

RE ACTION THRFSHOLD (HEV) 
N ,  2N 5.33 
N , 3 N  12.20 
N #  4N 17.97 

0 .62  
N,NP 6.76 

8 D  u .53 
N ,  ND 9.75 
N I T  3 . 4 7  
N,NT 10.01 
h' HE3 U.70 
F , NHF3 9.50 
N,ALPHA EX O E P G I C  
N ,  NALPHA f XO EP G I C  
N ,GAMflk EX OFr iGIC 
N ,  F I S S T O N  EXOEF G I C  

.9 L L 2 H AF G F D - P A R T I  C LE - PROD U C I  NG 
BTCAUSE THERE A F E  ESSENTIALLY NO ME?.SUFEMENTS €!!ID BECKUSE THESE 
REACTIONS IRE S U P P F P S S E D  BY THE COULOMB BBRR'IPR. CFOSS S E C T I 3 N S  

( N , G F . M M P )  # ( N  , F I S S I O N )  , A N D  (N,X,GEMMA) REACTIONS AFE DTSCUSSED 
>FLOW. T H 9  DATA BBSE FOR THE EVALULTfQN I S  GIVEN I N  U C R L - 5 0 4 0 0 ,  
VOL. 2 RND 3. REFEPENCES R O T  SPECTFICALLY CTTED H F R E  A P F  G I V E N  
I N  THESE TWG VOLUMES. BPLOW 1 KEV, POOF-SESOLUTTON CROSS SECl'L@NS 
A9E USFD, CONSTITUTING PVEFFGES OVEF FESONANCES. N 3  BESONLNCE- 
PP.FBMFTEP DATA E R E  'INCLUDED E X P L I C I T L Y  I N  T Y I S  E V P L U A T I 3 N .  

FF ACT1 0 NS I RE N S G  L E CT ED BO T H 

FOR F L A S T I C  P.ND I N E L A S T I C  S C A T T F P I N G ,  ( N 8 2 N )  8 ( N 8 3 N )  8 ( N , " N I  8 

NTUTYON CPOSS SECTTONS 

z:'_p.srIc S C P T T E F I N G  C R O S S  S E C T I ~ N  
THE F L A S T I C  SCATTEBING C I i O S S  S E C T I O N  HP.S A THEFMAL VALUE CF 

1 4  BPPNS (TOTP.1  CROSS SECTTON MTNUS C F P T U F F  MTNUS F I S S I O N ) .  
EXPERIMENTAL FlElSUF!!!MENTS OF THE E L A S T I C  CROSS SECT 'ZCN EXTST 
BETWF?!?? 0 . 3  A N D  1 .5  MEV. ABOVE A h ' 3  BELCW T H I S  ENFFGY FANGE, TH9 
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U-235 L L L  EVAL - A  PF 7 2 HOWER T@N, MP C G P  ES@? 
MP.TEFIAL= 4 1 8 8  Z A =  92235. AWF = 2 3 3 . 0 2 0 0  F f L E =  1 S E C T I O N =  4 5 1  

ELASTTC S C E T T E F I N G  CROSS S E C T I O N  WAS DFTERMTNED FP3M SYSTEMP-TICS 
A N D  FFOM THE D I F F E F E N C E  OF MEASURED T3TAL A N D  N3NFLASTIZ  CROSS 
S T C X O N S  WHEFE THEY E X I S T .  

F L A S T I C  SCETTEFING ANGULAF D I S T P I B U T T O N S ,  

T P I B U T I O N S  E X I S T  FFOM 0.5 MEV T O  11 MFV. ABOVE T H I S  ENEFGY, OFTI- 
EXPSFTMENTAL MEASUFEMFNTS OF E L A S T f C  SCATTFPING ANGULAF D I S -  

CAL MODEL CALCULATIONS PFOVTDED THE B A S I S  FOE THE EVALUATION. I N  
THE ENERGY RANG??  BELOW 0.5 MEV, THE EVPLUPTION I S  F 9 S E D  ON D A T P .  
MEASURED FOR U-238. 

N 0 R M P. L I Z  ED PF 0 BAB f L T T I  E S 

I N E L A S T I C  SCATTERING C P O S S  SECTT3N 
A BFOAD-FESOLUTTON EXCTTP-?ION FUNCTION T S  USFD TO DSSE'FTBE 

mHIS CROSS S E C T I O I .  FOR NEUTFON ENERGIES UP T O  4 MEV, T H I S  
PXCIFATTON FUNCTfON 'IS BASED O N  EXPERIMBNTAL D A T A .  A B O V E  0 MEV,  
I? I S  BESFD O N  NUCLEAR SYSTEMATICS.  

I N E L A S T I C  SCATTEPING ANGULA? DTSTRIBUTIONS,  
N O R  MALT ZED PFCBABIL I T I P S  

THE I N E L A S T I C A L L Y - S C A T T E ~ E D  NEUTFONS APE A S S U M E D  r3 B E  ISO- 
T F O P I C  I N  THE LABORATORY FFAME O F  REFERENCE. S fNCE T H I S  RESULT 
I S  I M P L I C I T  I N  THE EVALUATION, NO ENTPY TS MP.DE F09 T H S S E  DRTP.. 

INEL A S T I C  SCPTT'ERING ENFFGY D I S T F I B U  TI3NS 
AT NPUTSON Z N F F G I E S  BELOW 4 MEV, THE ENERGY SPECTRUM OF THE 

INFLP. STICP.LLY- SCATTEFED NEUTRONS IS OBTAINED FF3M SXPERIMENT 
REPEFENCES 7 7 ,  1377, A N D  2 5 9 8 ) .  ABOVE 4 REV, THF ENEFGY SPEZTFUM 
OF THE INELP-STICALLY-SCATTERED NEUTIJONS I S  TAKEN FR3M A M3DEL 
THPT INCLUDES BCTH A LOW PNEFGY TEMPEPATUFE COMPONENT A I D  A H I G H  
FYERGY TCA'IL. THE H' IGH ENEPGY TAZL, W H I C H  COMPR'ISFS PBOWT 1 5  
PERCENT 3 F  THE I N F I A S T I C A L L Y - S C A T T E F E D  NEUT3ONS AT U MEV P.ND 
ESSENTTALLY 100 PERCENT AT 15 MPV A N D  ABOVE, C O N S I S T S  OF D I P F C T -  
'INTERP-CTION P N D  PFE-EQUI  L I B F f U M  NEUTPONS, CHOSTN I N  APPROPRIATE 
FYACTIOWS.  

(SFP 

(N, 2 N )  C P O S S  SECTION 
THE ( N , 2 N )  E X C I T A T I O N  FUNCTION IS BASED O N  TWO MEASUFED 

PO'INTS (AT 7 A N D  8 MEV) A N D  @1 NUCLEAR SYSTEMATICS.  

( N ,  2N) EPEFGY D I S T F I B U T I O N S  

TT'BCF I N  ?HE ABSENCE O F  MEASUFEMENT. THE E V P P O F ? . I I 3 N  TEMPEPATUFE 
I S  ASSUMFD T@ BE' THE SP.ME FOP BOTH NEUTFONS A N D  I S  SELECTED S:! 
THP.2 FNEPGY I S  CONSEFVED O N  ?HE BVERLGE, TAKTNS f N T 3  A C ' Z O U N I  THE 
ENEPGY THAT APOEAliS AS G A M M A  RADIATION. 

THE FORMAXSM OF THE TEMPERATUFE MODEL I S  USED FOF CONVEN- 

( N , 3 N )  A N D  ( N , 4 N )  C R O S S  SECTZ3NS 
THE ( N , 3 N )  3-ND (N,UW) ??XCITA?ION FUNCTI@NS P.PE B A S E D  ON 

N UCL E AR S Y STE MA I1 C S . 
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( N ,  3 N )  A N D  (N,uN)  ENEFGY D I S T R I B U T I 3 N S  
THE FORMALISM FOR ( N , 2 N )  SPECTFG WAS ALSO USED FOR (N,3N)  

A N D  ( N , U N )  SPECTRA. 

( N , G A M M A )  C?OSS SFCTICIN 
THE ( N , G A M M A )  Z R O S S  S E C T I O N  UP T O  1 MEV WAS DBI'AINED FROM 

EXPEFIMPYT. ABOVT 1 MEV, THE C R O S S  SECTTDN WP.S ASCESTAINED BY 
USE OF NUCLEF.P. SYSTEMATTCS, 

( N , F I S S T O N )  C?OSS S E C T I O N  
THE ( N ,  F I S S I O N )  C R @ S S  SECTTON WPS TAKPN PR3M EXPERTMENT. 

F3P E N E R G I E S  CF L E S S  THAN ONE KEV, BROPD-RFSOLUFION MSASUREHENTS 
WEFE USED. IN THE MODEFR.TE KEV RANGE, THF S T R U Z T U P E  OBSEFVED I N  
EXPEFIMENTS PERFORMED AT L L L ,  L P S L ,  LND I N  F?ANCE H A S  USED. I N  
THE H I G H  KEV AND MEV RANGES, THE NECESSP.FY SELEZTTON FFOM AMONG 
THE M A N Y  MEASUREMENTS UAS MADE BY R F A D I N G  THF EXPEFIM3NTAL F E P O F T S  
A N D  D I S C U S S I N G  THEM WITH VGRIOUS EXPF!?IMENTP.LLS?S. 

( N  , FT S S I O N  ) P. N G UL I P. D I S T P  LB UTI 0 N , 
NOFMAL? ZED F O B A B I L f T I E S  

THE ENGULP.? D I S T F I B U T T O N  OF F I S S T O N  NEUTFONS I S  ASSUMED T O  
BE T S O T Y D P I C .  HENCE NO DATA ENTPY I S  MADE F O R  THESE D A T A .  

( Y ,  FISSTON) FNEFGY DISTRTBUTT3N.S 
THE ENEFGY SPECTRUM OF F I S S T O N  NEUTRONS WAS 3 B T A I N E D  FROM THE 

F A P E F S  OF HOWEFTCN (REF.  1) A N D  OF HOWERTON AND DOYAS ( P E F . 2 ) .  
THE FTRST OF THESE P A P E R S  GTVES A METHOD FOR PFEOZZTING THE VGLUY 
O F  NUBAR TN THE ABSENCE OF MEASUREMENTS, WHEFE N U B A ?  I S  THE 
BVEFAGE NUPlBEP OF NEUTRClNS EMITTED P E P  F I S S I O N .  THE SECOND P E P E R  
G I V E S  THE F I S S T O N  TEMPTFATU!'F P.S A FUNCTION OF N U 0 P . F .  THUS P. 
COMBINATION OF THESE RESULTS G I V E S  THE F I S S T O N  NFUTF3N ENERGY 
SPFCTFUM. TH? S L O P E  OF T H E  ENEFGY DEPENDENCE 3F N U B R R  EHANSES P-S 
THE THRESHOLDS COFFESPONDING TO ( N , F I S S T O N )  , ( N ,  N*  FTSSTDN) , 
( N , 2 N  F I S S T O N ) ,  ETC. ,  ACE FEACHED. HENCE TN THE FVP.LUA?ION, THE 
F f S S f O N  NEUTRON ENERGY SPECTFUH I S  QU9TED AT E N E F G f F S  THAT CORRES- 
POND TO THFESHOLDS A N D  MIDPOINTS BETWEEN T H T S H 3 L C S .  

( N ,  F I S S I O N )  PFCMPT WUBAP 
A PFCMPT NUBA? VALUE OF 2 . 4 2  WAS SELECTED FOF F, NEUTRON 

ENERGY OF 0.025 E V .  THE VRLUE F O F  NUBP.R WAS INC?EP.SED SM30THl.Y 
AS A FUNCTION OF I N C F E A S I N G  NEUTRON FNEPGY SO AS T'@ MATCH THE 
M3ASUPEMENTS OF SOLFTILHAC E T  AL. (FEF.  2 11)  . THESE MSASUFSMEKTS 
WE??? USED FOE THE EVF.LU!TION OVER THE E N T I ? ?  FP.NGE 3F F N E S G I Y S  
C3VEPED B Y  T H E I F  EXPERTMENT. FROM P.BOUT 15  MEV T3 2 0  MTV, THF 
TSEND E S T A B L T S H I D  BTL3W 1 5  MEV WAS CONTZNUSD. THE V A R I O U S  CONTFA- 
DICTOFY MEASUFEMENTS BYLOW 1 MEV WEFE NOT USED FOF T H I S  
EVALUATTON. 

S A M M A  P A Y  p?emcnoN C R O S S  S B C T I ~ N S  
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GENEPP-L COMMENTS 

( N , X  G A M M A )  MEASUREMENTS E X I S T  WHICH ENCOMPASS ALL 3 F  THE GAMMA- 
PRODUCING REACTTONS. AT E N E 9 G I E S  BELOW 1.09 MEV, WHESE 
( N , X  GAMMA) MEASUREMENTS H A V Y  NOT YET BEEN C A R 3 I E D  3UT,  GAMMP. RAYS 
2RE PRODUCED BY CAPTUFE A N D  F T S S I O N  P F O C E S S E S ,  A N D  P.LS0 B Y  
I N E L E S T I C  SCATTEFING TO SORE LOW-LYTNG LEVYLS. T H E  C R 3 S S  S F C T I 3 N S  
FOR TNELASTTC S C A T T E P I N G  AT NEUTRON E N E F G I E S  BELOW 1 MZV A9E SMALL 
AS COMPARFD TO THE CAPTUFE END F I S S I O N  CROSS S E C T I O N S .  ALSO, THF 
GINMA FAYS FFOM I N E L A S T T C  SCATTERING P.T LOW NEUTRON ENERGIES LRE 
NECESSARILY LOW I N  ENERGY AS COMPABYD T O  THE GAHMA FAYS FPOM 
CP-PFUPE .AND FROM FISSION. THUS I T  INTRODUCES NEGLISTBLE EREOF 
I N T 3  THE EVALUATION I F  WE ASSUME THAT ONLY CAPT3FE A N D  F I S S I O N  
PSOCESSES CONTRIBUTE TO GAMEA 9 A Y  PPODUCTION PO3 NEUTRON E N E P G I F S  
BELOW 1.09 REV. 

AT NEUTRON ENERGIES O F  1.09 MEV A N D  F.BOVE, EXPEFIMENTAL 

( N I X  GAMMA) CYOSS S E C T I O N  FROM THE 
( N ,  G A M M A )  REACTION 

N O  MEASUREMENTS E X I S T  ON THE SPFCTFUM OF G A N K A  RAYS FROM 
NEUI'F'ON CAPTUFE I N  U-235. ACCORDINGLY, THE SPEZTFUM OF GAMMP. 
PAYS FROM NEUTFON CAPTUFE I N  0-238 WAS TAKEN OVER A N D  USED FOR 
THE U-235 EVALUATION. DENOTING THE M U L T I P L I C I T Y  3 F  GF.MMA R I Y S  
F93H THERMAL NEUTPON CAPTURE I N  U-238 A S  MO, WE r33R THE MULT'I- 
P L I C T T Y  F O R  THEPMAL NEUTRON CAPTURE TN U-235 TO BE M O  X Q 2 3 5 / Q 2 3 8 ,  
WHERE Q235 A N D  Q 2 3 8  P.?E ( N , G A M M A )  Q-VAIUES FOR U235 , U238, ALS3 ,  
FOR NEUTRON CAPTUFE AT H I G H F F  NEUTRON E N E F G I E S ,  THE THEPMAL 
M U L T I P L T C I T P  WBS I N C s E A S E D  BY THE F A T I O  (EN + Q 2 3 5 ) / Q 2 3 5 ,  BHEPE 
FN I S  THE I N C I D E N T  NEUTRON ENEFGY, P.LTHOUGH THE CAPTURE CFOSS 
SECTTON I S  INCLUD3D E X P L I C I T L Y  OVEF THP E N T I R E  ENEFGY RANGE UP T O  
20 MEV, THE M U L T I P L I C I T Y  I S  SET EQUAL T O  ZSRO AT 1 . 3 9  R E V  A Y D  
ABOVF, S I N C E  CAPTURE G A M M A  PAYS A9E I M P L I C I T L Y  TNCLUDED I N  THE 
MEASUBED ( N , X  GBMMP.) SPECTDA, WHICH START AT 1 .09  MEV. 

( N ,  X G A M M A )  ENEFGY D I S T F I  BUTTON FPOM 
THE ( 8 ,  GAMMA) FEACTIDW 

AS STP.TED ?-BOVE, THE ENEPGY D I S T F I B U T T O N  OF CP.PTUPE G A M M A  
FAYS WAS TAKEN FPOM THEFMAL CAPTUPE MELSUPEMENTS I N  U-238. I N  
THE LLL L I B F P R Y  I T  I S  EXPRESSED ' I N  A NCRRALIZED HiST3GFAf lMIC F3FM 
WITH 250 KEV BTNS, BUT FOR THE ENDFA3 FORMAT I T  WAS CONVE?TED T O  
A N3FMbLIZED PFOBABILTTY D I S T P I B U T I O N ,  S I N C E  THE E N D F / B  F 3 P M A T  
WILL ACCEPT ONLY THE LATTYF T Y P F  O F  DTSTRIBUTION.  THE ENEPSY 
D I S T F T B U T I O N  I S  RSSUMED, f B  THE ABSENCE OF D A T A ,  T3 BE INDEP!?NDENT 
OF I N C I D E N T  NPUTRON ENERGY. THE U-238 CAPTURE G A M M A  SPFZTRUM WAS 
DYTEFMINED FROM THE MEASUREMENTS O F  REFERENCES 3 A N D  u. 

( N , X  G A M M A )  CROSS SECTTON FROM TAE 
(!I, F I S S T O N )  REACTION 

THE F I S S I O N  G A M M A  R A Y  SPECTRUM W R S  TPKSN FROM THE MEASURE- 
MENTS OF PTF. 5 .  I N  THE ABSENCE OF DATA, THTS SPEETRUM WAS 
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ASSUMED TO APPLY P.T RLL E N E P G I F S  UP TO 1 . 0 9  MFV. AB3VE 1 . 0 9  MEV, 
THE F I S S I O N  G A M M A  R A Y S  ARE INCLUDED I N  THE MEASUFEP ( N I X  G R M M P . )  
SPECTFA. HENCE NO F X P L I C I T  F I S S I O N  G A M M A  RAYS P.RP INCLUDED ABOVE 
1 . 0 9  MTV, EXCEPT THAT T H E  MEASURED F f S S I O N  SPECTRUM WAS USED AS 
THE B A S I S  FOT? ATTACHING A SMALL ( A N D  PFOBABLY UNIMP3RTANT) HIGH 
ENEFGY G A K M A  RAY T A I L  ONTO THE MEP.SUREC (NIX G A M M P )  SPEZ:TFA. 

( N , X  GAMMA) CROSS SFCTTON 

FROM 1 . 0 9  MEV TO 1 4 . 8  MEV BY P. S. BUCHANPN E ?  P.L. (REF.6)  A N D  P.T 
4, 6 ,  A N D  7 . 5  MEV BY DRAKE ( F E F . 7 ) .  T H E S F  MEASTFEMENTS GIVP B3TH 

MEASUREMENTS 3GFEE WELL I N  T H E I F  F"EGf3N @F 0VEFLP.P. ALSO, THE 
MEASUREMENTS WEFE COMPAPED T O  THE F E C I P 3  OF HOWFFTON A N D  PLSCHATP 
(E?Ef .8) ,  ANC THE P.GF.FEMENT WPS GOOD. THE DATA 3 F  REF. 7 P.FE 
USEFUL I N  EXTRAPOLATING THE DATA OF P E F .  6 DOWN T 3  ZERO GAMMA R A Y  
ENERGY. THF 1 4 . 8  MEV ENEFGY MPASUFEMENT WAS 1-SSUMED TO APPLY A? 
E N E F G I E S  ABOVE 1 4 . 8  MEV. f.S STATED RBCVE, F. SMPLL H I G H  ENTFGY 
T A I L  OF F I S S I O N  G A M M A  R A Y S  WAS ADDED TO THF MEASUFED ( N , X  SP'MMA) 
SPECTRA. AT E N E R G I E S  BFLOW 1 . 0 9  MEV, GAMMP. R A Y  P a 3 D U C T I 3 N  I S  

T H I S  CROSS SECTION WAS MEASUREO P'T NFUTRON E N E P G I E S  EXTENDING 

T H E  ABSOLUTE CPOSS SECTIONS A N D  T H E  S P F C T P E L  SHAFES.  THF rwo 

A T T R T B U T E D  ro CEPTUFE A K D  FISSION PROCESSFS, A S  D E S Z F I B F D  A B O V E .  

TFSFTNG OF THE FVALUATPD DATA 
I N  THE MORE F X T E N S I V E  REPORT FORM OF T H I S  D I S C U S S I O N ,  EESULTS 

OF C F I T T C A L  ASSEMBLY CALCULATIONS WTLL BE GIVEN Th' SOME DETAIL.  
F 9 9  "HIS ABBPEVIATED D E S C F I P T I @ N ,  I T  S U F F I C E S  T3 P O I N T  3UT THAT 
U P W A R D S  OF FORTY U - 2 3 5 - C O N T A  I N I N G  INTEGPAL NFUTF O N  EXPERTMENTS 
HAVE BEEN CALCULATED, WITH SETISFACTORY AGQEEMENT BETWFEN EXPE?T- 
MEN? P.ND CALCULATTOP. 

1 .  
2 .  
3 .  
b. 
5 .  
6 .  
7 .  
8 .  

F P F E F E N C E S  
NUCL. S C I .  P.ND ENG. 4 6 ,  4 2  ( 1 9 7 1 )  R.J.HOWEPT3N (LLL)  
NUCL. S C I .  P.ND EYG. 46,  U14 (1971)  R.J.HOWFFT3N P.ND F.J.DOYA5 
Z A N .  J .  PHYS. 37, 3?7 ( 1 9 5 9 )  P.J.C?.MFION ET AL. (CHALK DTVFF) 
PHYS. PEV. 151,  1011 ( 1 9 6 6 )  ? .K .SAELINF E T  A L .  (FLORIPF .  STATF) 
NUCL. SCI.  ENG. 4 0 ,  485 (1970)  B.W. PEELEE,P.C.MAIFNSCHEIN (OFNL)  
TFXAS NUCLEAF REPORT 0F0-2791-32 ,  FEB.  15 ( 1 3 7 1 )  P.S. BUCHLNAN 
N U C L .  PHYS. P.133, 108 ( 1 9 6 9 )  D.M.DPP.KE (LP.SL) 
NUCL. SCZ.  EKG. 3 2 ,  178 ( 1 9 6 8 )  F.J.HOWPRTON A N D  E. P L F C H I F Y  

THE PEFFRENCE NUMBERS QUOTED BELOW PEFER T:! D P . T A  T N  THF LLL 
EXPERIMENTAL NEUYFFON CFCISS SECTTON LZBFAFY ( W H I Z H  TiLSD INZLUDPS 
SOME OF THE FEFERENCES L I S T Y D  ABOVE). S E E  U C 9 L - 5 0 4 3 0 ,  V O L .  2 E N D  
3 ,  FOF COMMZBTS A N D  INDEXFS TL) THE D R I P . ,  AS WELL P S  FOF OTHVF! 
3XPEFIMEMTAL RESULTS THP.? WPPE USED I N  THY EVALiJATI3N. 
7 7 .  L O S  ALAMDS PY'PO!?? LF.-2177 (1959)  L .  CFAYBER; 
211.  PRIVP-TE COYMUNICATZON ( 1 9 6 8 )  M.SOLPILHAC E? AL. (FFP-NCE) 
1377.  I A E P  CONFE?ENCE O N  NUCLSPF DATA, F A F T S  ( 1 9 6 6 )  PP.PE3 CN-23/22 
2 5 9 5 .  bWRE-0-55/69 ( 1 9 6 9 )  P.B?.TCHELOP A N D  K . W Y L D  ( 4 W F E )  
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U-235 L L L  Y V A L - A P ?  7 2 H O W E F T O N ,  NP.CGPESOR 
M A T E R I A L =  4188 ZA= 92235. F.WR = 233.0200 F I L E =  1 S F C T I O N =  U 5 1  

F I L E  
1 
1 
2 
3 
3 
3 
3 
3 
3 
3 
3 

. 3  
4 
4 
4 
U 
4 
4 
5 
5 
5 
5 
5 
12 
12 
13 
14 
14 
14 
15 
15 
15 
23 
23 
23 
23  
2 3  

S E C T I O N  
451 
4 52 
151 

1 
2 
U 
16 
17 
18 
37 
91 
102 

2 
16 
17 
18 
37 
91 
16 
17 
18 
37 
91 
18 

102 
3 
3 
18 

102 
3 
18 

102 
50 1 
502 
50 U 
5 16 
602 

D E S C S I P T I O N  
D E S C R I P T T V E  

NU B A R  
R E  SON AN C E 

TOTAL 
ELP. S T I  C 

( N , N * )  TOTEL 
( N ,  2N) 
(N, 3N) 

SUM F T S S T O P  
N O T  A S S T G N F D  

( N , N * )  CONT 
(N, G B  M H A )  

E L A S T f  C 
(N. 2 N )  
(N, 3 N )  

SUN F I S S I O N  
N O T  A S S I G N E D  

( N , N * )  C O N T  
(N, 2):) 

SUN F I S S I O N  
N O T  A S S I G N E D  

( N , N * )  C 3 N T  
S U M  F I S S I O N  

( N , GP. H M P. ) 
N O N - E L A S  T I  C 
N O N - E L A S T f C  
S U M  F I S S I O N  

( N , G A M M P . )  
N O N - E L A S T I C  
SUM F l S S T O N  

( N  . G A M M A )  
T O T A L  P H O T 3 N  

C O H E R E N T  
I N C O H E R E N T  

PAT3 P R D  TOT 
P H O T O E L E C T F C  

(N, 3 N) 

N O  CF C A R D S  
289 

9 
U 

130 
32 
12 

8 
5 

93 
U 
12 
6 5  

330  
13 
10 
13 
10 
13 
73 
61 

150 
37 
131 

U 
U 
7 
1 
1 
1 

123 
32 
2u 
24 
24 
24 
9 

21, 

5.120 
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