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v i i  

AB ST RACT 

A s t a t e - o f - t h e - a r t  c r o s s - s e c t i o n  l i b r a r y  h a s  been developed f o r  t h e  

Defense Nuclear Agency i n  a 37-21 neutron-gamma energy group s t r u c t u r e  

tha t  can b e  used f o r  r a d i a t i o n  t r a n s p o r t  c a l c u l a t i o n s  on most a v a i l a b l e  

computer f a c i l i t i e s .  

L ib ra ry  and t h e  Evaluated Nuclear Data F i l e ,  t h e  l i b r a r y  c o n t a i n s  c r o s s  

s e c t i o n s  f o r  35 n u c l i d e s  t h a t  will. b e  updated and added t o  r e g u l a r l y .  

The documentation p resen ted  h e r e  i n c l u d e s  d e s c r i p t i o n s  of t y p i c a l  sou rces  

and responses  i n  t h e  37-21 s t r u c t u r e  

c a l c u l ~ a t i o n s  performed f o r  t e s t i n g  purposes .  

through the  Rad ia t ion  Sh ie ld ing  Informat ion  Center a t  Oak Ridge Na t iona l  

Labora tory .  

Based on d a t a  from t h e  DNA Working Cross S e c t i o n  

and r e s u l t s  of comparative 

The l i b r a r y  is a v a i l a b l e  





I. INTRODUCTION 

Many c o n t r a c t o r s  performing r a d i a t i o n  t r a n s p o r t  c a l c u l a t i o n s  f o r  t h e  

Defense Nuclear Agency do n o t  have access  t o  t h e  l a r g e  computer f a c i l i t i e s  

r equ i r ed  t o  use  t h e  d e t a i l e d  sets of coupled neut ron  and gamma-ray 

i n t e r a c t i o n  c r o s s  s e c t i o n s  developed by t h e  s e v e r a l  s h i e l d i n g  r e s e a r c h  

o rgan iza t ions .  To a i d  t h e i r  c o n t r a c t o r s ,  DNA r eques t ed  t h a t  ORNL develop 

and test a coupl.ed c ros s - sec t ion  l i b r a r y  having t h e  minimum number of 

neu t ron  and gamma-ray energy groups t o  o b t a i n  a c c e p t a b l e  accuracy i n  t h e  

t r a n s p o r t  r e s u l t s .  The r e s u l t i n g  l i b r a r y ,  processed wi th  t h e  AMJ?X code, 

c o n t a i n s  37 neu t ron  groups and 2 1  gamma-ray groups and i n c l u d e s  c r o s s  

s e c t i o n s  f o r  35 n u c l i d e s  of s p e c i f i c  i n t e r e s t  t o  t h e  de fense  community. 

The l i b r a r y  i s  based on c ross - sec t ion  d a t a  from t h e  DNA Working Cross 
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Sec t ion  L ib ra ry  (DNA WCSL)" and t h e  Evaluated Nuclear Data F i l e s 2  AS new 

d a t a  become a v a i l a b l e  from t h e s e  two sources ,  t h e  l i b r a r y  w i l l  be  s u b j e c t  

t o  r e g u l a r  maintenance and r e v i s i o n  and the reby  w i l l  r e p r e s e n t  t h e  s ta te  

of t h e  a r t .  

This  r e p o r t  p r e s e n t s  t h e  documentation of t h e  l i b r a r y .  Sec t ion  IT 

g i v e s  a l i s t i n g  of t h e  c o n t e n t s  of t h e  l i b r a r y  i n  terms of n u c l i d e s ,  with 

a p p r o p r i a t e  r e f e r e n c e s .  It a l s o  p r e s e n t s  t h e  energy group s t r u c t u r e ,  a long  

wi th  d e t a i l s  r ega rd ing  t h e  p rocess ing  employed. 

Sec t ion  III c o n t a i n s  a l i s t i n g  of t h e  response  f u n c t i o n s  inc luded  i n  

the l i b r a r y  and a d i s c u s s i o n  of t h e i r  a p p l i c a t i o n ,  t o g e t h e r  w i th  desc r ip -  

t i o n s  of f r e q u e n t l y  employed source  d i s t r i b u t i o n s .  

t o  test  t h e  l i b r a r y  by comparison wi th  o t h e r  l i b r a r i e s  are desc r ibed  i n  

C a l c u l a t i o n s  performed 

*R. W. Roussin,  "The Defense Nuclear Agency Working Cross Sec t ion  Library :  
Desc r ip t ion  and Contents , "  ORNL-RSIC-34 (1972) Revised 1973. Th i s  
document I s  p e r i o d i c a l l y  r e v i s e d  t o  r e f l e c t  changes i n  t h e  DNA WCSL, bu t  
a more t ime ly  s t a t u s  i s  g iven  by means of t h e  RSIC Monthly N e w s l e t t e r .  
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S e c t i o n  I V .  Complete probl-em d e s c r i p t i o n s  are g iven ,  as w e l l  as t h e  

r e s u l t s  ob ta ined  and conc lus ions  drawn, p a r t z c u l a r l y  wi th  r ega rd  t o  group 

s t r u c t u r e  and weight ing  func t ions .  

Appendix A contaLns a listhi: of tire p a r t $ a l  reaetAon CTOSS 

s e c t i o n s  ( f o r  example, e l a s t i c ,  i n e l a s t i c ,  etc.) by element,  and d e s c r i b e s  

a s imple  module f o r  c o l l a p s i n g  t h e  37-21 neutron-gamma group l i b r a r y  t o  

fewer energy groups,  as i n  a 22-18 neutron-gamma s t r u c t u r e .  

I n q u i r i e s  o r  r e q u e s t s  f o r  t h e  l i b r a r y  package may be mailed to:  

Data Coordinator 
Rad ia t ion  Sh ie ld ing  Informat ion  Center (KSTC)  
Oak Ridge Na t iona l  Labora tory  
Pos t  O f f i c e  Box X 
Oak Ridge, Tennessee 37830. 

The l i b r a r y  is  desi-gnated DLC-31/(DPL-l/FEWGl) by RSIC. 

11. LIBRARY CONTENTS 

A l i s t  of t h e  35 n u c l i d e s  inc luded  i n  t h i s  c ros s - sec t ion  l i b r a r y  i s  

presented  i n  Table  1, a long  wi th  t h e  names of t h e  e v a l u a t o r s ,  t h e  d a t e  of 

t h e  e v a l u a t i o n ,  and t h e  d a t a  set i d e n t i f i c a t i o n  i n  the DNA Working Cross 

Sec t ion  L i b r a r y  and/or  Evaluated Nuclear Data F i l e  (ENDF/H). 

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

coupled 37-21 neutron-gamma energy graup s t r u c t u r e ,  w i th  gamma-ray 

product ion  inc luded  f o r  each element.  The energy s t r u c t u r e ,  shown i n  

Table 2 ,  is  qui te  b i a s e d  a t  h igh  e n e r g i e s  f o r  b a t h  t h e  neu t ron  and t h e  

gamma-ray groups owing t o  t:he importance of high-energy p a r t i c l e s  f o r  

t h e  c a l c u l a t i o n  of t i s s u e  dose and s i l i c o n  damage i n  e l e ~ t r o n i c s . ~  rn 

a d d i t i o n ,  t h e  neu t ron  groups are t a i l o r e d  t o  a l l o v  f o r  the major peaks 

and v a l l e y s  i n  t h e  t o t a l  neu t ron  c ros s  s e c t i o n s  of n i t r o g e n ,  oxygen, 

s i l i c o n >  and i r o n ,  and t h e  gamana-ray groups are t a i l o r e d  t o  a l low 
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Mat eri.a 1 

II 
H-3 
Li-6 
Li-7 
Be-9 
B-10 
8-11 
c-12 
N 
0 
F 
Na 

A1 
S i  
Cl 
K 
C a  
v 
C r  
Mn 
Fe 
Ni 
cu 
Mo 
Ta-181 
W-182 
IJ-183 
W-184 
W-186 
Pb 
U-235 
U-238 
Pu-239 
Pu-240 

Q_^ 

Mi3 

Table 1. DATA DESCRIPTION FOR THE DEFENSE NUCLEAR AGENCY 
FEW-GROUP CROSS-SECTION LIBRARY 

Evaluators 

Stewar t ,  LaBauve, 
S t e w a r t  - LASL 
Rattat ,  LaBauve - 
Battat, LaBauve - 
Howerton, Pe rk ins  

Young - LASTA 

LASL 
M S L  
- LLL 

LaBauve, Young, Hale - LASL 
LaBauve, Young, Hale - LASL 
Perey, Perey - ORNL 
Young, Fos t e r  - LASL 
Young, Fos t e r  - LASL 
Fu, Larson, Perey - ORNL 
Paik,  Pit terle,  Perey - WARD, OWL 
Drake, F r i c k e  - SA1 
Fos te r ,  Young - LASL 
Larson, Perey, Drake, Young - ORNL 
Drake - GGA 
Drake - GGA 
Fu, Perey - ORNL 
Penny, Owen - ORNL 
P r i n c e  - BNL 
Takahashi - BNL 
Perey,  Fu, Penny, Kinney, Wright - ORNL 
Bhat - BNL 
Drake, F r i c k e  - SA1 
Howerton - LLL 
Howerton, Perk ins ,  MacGregor - LLL 
Young - LASL 
Young - LASL 
Young - LASL 
Young - LASL 
Fu, Perey - OWL 
Howerton, MacGregor - LLL 
Howaton, MacGregor - LLL 
Stewar t ,  Hunter - LASL 
Stewar t ,  Hunter - LASL 

DNA 
- Date MAT-MOD 

10173 4148-2 
10173 4169-1 
1974 
1974 
1973 4154-3 
1972 
1973 
2/74 4274-0 
7/73 4133-4 
8/73 4134-2 
9/74 4509-1 
2/72 4156-0 
2/74 4512-1 

1 1 / 7 3  4135-3 
2/74 4151-3 
1967 
1967 

9/72 
4/74 
2/74 
2/74 4180-2 
12/73 

9/74 

2/73 4152-3 

2/74 4529-1 

10173 4179-3 
3/74 4582-2 
3/74 4583-2 
3/74 4584-2 
3/74 4586-2 

10/73 4136-5 
3/73 4188-1 
3/73 4187-1 
3/73 4539-0 
3/73 4540-0 

ENDF/B-IV 
Equivalent  

1269 
1169 
1 2  71 
1272 
1289 
1159* 
1160* 
1274 
1275 
1276 
1277 
1156 
1280 
1193 
1194 
1149 
1150 
1195 
1196 
1191 
1197 
1192 
1190 
1295 
1287 
1285 
1128 
1129 
1130 
1131 
1288 

"Secondary gamma-ray product ion c r o s s  s e c t i o n s  processed wi th  POPOP4. 
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Tab le  2. NEUTRON AND GAMMA-RAY ENERGY BOUNDARIES 
FOR THE 37-21 COUPLED NEUTRON-GAMMA LIBRARY 

Group No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10  
11. 
1 2  
13  
14 
15 
1.6 
1.7 
18 
19 
20 
2 1  
22 
23 
24 
25 
26 
2 7  
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 

Neut-ron Group (eV> Gamma Group (eV)  
En- Lethargy E n e r a  E f f .  Avg. -- _- 
1.96+7* 
1.69+7 
1 49+7 
I. 42+7 
1.38+7 
1.2867 
1.22i-7 
1 . l l t - 7  
1.00+7 
9.05+6 
8.19+6 
7.41+6 
ti. 3866 
4.97+6 
4.721-6 
4.07+6 
3.01+6 
2.39+6 
2.31+6 
1. 83+6 
1.11+6 
5.50+5 
1.58-l-5 
1.11+5 
5.25i-4 
2.48-l-4 
2.19+4 
1.031-4 
3.35+3 
1.23+3 
5.83+2 
1.01+2 
2.90+1 
1.07-i-1 
3.06+0 
1.131-0 
4.14-1 
1.00-5 

-0.675 
-0.525 
-8.400 
-0.350 
-0.325 
-0.250 
-0.200 
-0.100 

0 e 000 
0.100 
0.200 
0.300 
0.450 
0.700 
0.750 
0.900 
1.200 
1.433 
1.467 
1.700 
2.200 
2.900 
4.150 
4.500 
5.250 
6.000 
6.125 
6.875 
8.000 
9.000 
9.750 

11.500 
12.750 
13.750 
15.000 
16.000 
17.000 
27.631 

1.4Ot-7 
1.00-l-7 
8 e 004-6 
7.00+6 
6.00+6 
5.0O-i-6 
4.00+6 
3 e OW6 
2.50+6 
2.0Ot6 
1 50+6 
1.0W-6 
7. 00+5 
4.50+5 
3.004-5 
1.. 50+5 
1 0045 
7 . 0 ~ ~ 4  
4.50+4 
3.00+4 
2.00+4 
1.00+4 

1.20t-7 
9.00-i-6 
7.50+6 
6.50+6 
5.50+6 
4 .5 04-6 
3.5Qi-6 
2 75+6 
2 e 25+Q 
le 75+6 
1. e 25+Q 
8.50+5 
5.75+5 
3.75+5 
2 "  %5+5 
1.254-5 
8.50+4 
5.75+4 
3.75+4 
2.50+4 
1. S0+4 

7 *Rend as 1 . 9 6 ~ 1 0  . 
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a c c u r a t e  c a l c u l a t i o n  of p a i r  p roduc t ion ,  a n n i h i l a t i o n  photon t r a n s p o r t ,  

hydrogen c a p t u r e ,  and b a c k s c a t t e r  photon t r a n s p o r t .  There is a l s o  

s u f f i c i e n t  low photon energy s t r u c t u r e  t o  a l low f o r  r a p i d l y  changing 

c r o s s  s e c t i o n s  and response  f u n c t i o n s .  The c ross - sec t ion  d a t a  w e r e  

p rocessed  w i t h  t h e  AMPX code, us ing  a 1 / E  weight ing  spectrum f o r  a l l  

neu t ron  groups except  t h e  thermal  group, f o r  which a 300'K Maxwellian 

1 

weight ing  spectrum w a s  used. A P Legendre expansion i s  g iven  f o r  each 

4 element i n  t h e  ANISN format ,  as fo l lows :  

3 

For Energy Group g 

Table  P o s i t i o n  Cross  S e c t i o n  

U abso rp t ion  a 1 

2 V 0  f i s s i o n  f 

3 

4 

t o t a l  T 

gg 

cr 

(s s c a t t e r  w i t h i n  group g 

5 5 downsca t te r  i n t o  group g 

6 1  

0' g-2-t.g s c a t t e r  from groups g-1, 
8-2,  etc.  t o  group g 

0 downsca t te r  from group 1 t a  g 1% 

0 

ci 

The t a b l e  l e n g t h  of the c r o s s - s e c t i o n  set is t h e r e f o r e  6 1  t o  a l l o w  f o r  

downsca t te r  and p roduc t ion  from a l l  h i g h e r  groups t o  group 58 (gamma-ray 

group 2 1 ) ,  and t h e  c r o s s  s e c t i o n s  b a s i c a l l y  f i l l  i n  t h e  upper d iagonal  

matrix below t h e  f i r s t  three p o s i t i o n s .  



111. SOURCES AND RESPONSES 

T h i s  s e c t i o n  p r e s e n t s  t h e  sou rces  and response  func t  i ons inc luded  

wi th  t h e  l i b r a r y  f o r  u s e  i n  defense- re la ted  c a l c u l a t i o n s .  The t i t l e s  

of t h e  response  f u n c t i o n s  are l i s t e d  i n  Table 3 ,  along wi th  %he a p p l i -  

c a b l e  u n i t s .  Responses 1 and 2 ,  t h e  neut ron  and gamma f r ee - io -a i r  

t i s s u e  kerma response f u n c t i o n s ,  w e r e  generated f o r  an 11-dement  

staridard man5 Composition from t h e  same d a t a  used f o r  the c ross - sec t ion  

l i b r a r y  wi th  t h e  MACK6 code. Free- in-air  t i s s u e  kerma i s  also r e f e r r e d  

t o  as a s i n g l e - c o l l i s i o n  o r  f i r s t - c o l l i s i o n  dose.  Responses 3 ,  4 ,  and 

5 are e s s e n t i a l l y  e l -ec t ronic  damage func t ions .  Responses 6 and 7 

are neut ron  and gamma t l s s u e  dose responses ,  r e s p e c t i v e l y .  These 

t i s s u e  dose responses  were obtained by t r a n s p o r t i n g  monoenergetic 

neut ron  and gamma broad-beam sources  through t i s s u e  phantoms aid 

s c o r i n g  t h e  maxi.mum energy d e p o s i t i o n  (kerma) i n  t h e  phantoms. Response 

6 ,  t h e  Snyder-Auxier neutron t i s s u e  dose f u n c t i o n ,  considered a th ree -  

dimensional  homogeneous c y l i n d r i c a l  t i s s u e  phantom and Inc ludes  t h e  

e f f e c t s  o f  secondary gammas produced i n  t h e  phantom, Response 7 ,  the 

Claiboune-Trubey gamma t i s s u e  dose f u n c t i o n ,  considered a one- 

dimensional  homogeneous s l a b  t i s s u r  phantom. Table  4 p r e s e n t s  t h e  

f r ee - in -a i r  kerma f u n c t i o n s  (responses  1 and 2 ) ,  t h e  t i s s u e  dose ( in-  

phantom) f u n c t i o n s  (responses  6 and 7),  and inc ludes  t h e  o l d e r  Henderson 

neut ron  f r ee - in -a i r  kerma f u n c t i o n  f o r  comparison. The e n t i r e  set of 

response  f u n c t i o n s  l i s t e d  i n  Table  3 are presented  i n  c ros s - sec t ion  

format as Appendix B. Responses 8 through 2 1  and 22 through 35 are 

neut ron  and gamma e lementa l  kerilaa f a c t o r s ,  r e s p e c t i v e l y .  K e r m a  i s  
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Table 3. RESPONSES INCLUDED WITH THE 37-21 LIBRARY 

PG s i tion 

1 
2 
3 

- ,  . 

4 
5 
6 
7 
8 
9 
10 
11 
1 2  
1 3  
14 
15 
16  
1 7  
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 

38 

39 

Response Function Units 

Neutron Free-in-Air Tissue Kerma Rads/ (Neutron/cm2 ) 
Gama Free-in-Air Tissue Kerma Rads / (Neutron/ cm2 ) 
Neutron Displacement in Silicon (Equiv. 1-MeV Neutrons/ (cm2-sec) I /  

Neutron Ionization in Silicon (Rads-Si) / (Neutron/cm2) 
Gamma Ionization in Silicon (Rads-Si) / (Photon/cm2) 
Snyder-Auxier Neutron Tissue Dose Rads/ (Neutron/cm2) 
Claiborne-Trubey Gamma Tissue Dose Rads/ (Photon/cm2) 
H Neutron Rerma (Rads/Atom) / (Neutron/ (cm2 * g )  ) 
C Neutron Kerma (RadslAtom) / (Neutron/ (em2 g) ) 
N Neutron Kerma (Rads/Atom)/ (Neutron/ (crn2*g)) 
0 Neutron Kerma (Rads/Atom) / (Neutron/ (em2 g) ) 
Na Neutron Kerma (Rads/Atom) / (Neutron/ (cm2=g)) 
Mg Neutron Kerma (RadslAtom) / (Neutron/ (cm2 *g)  ) 
A 1  Neutron Kerma (Rads/Atom)/ (Neutron/ (cm2.g)) 
S i  Neutron Kern (Rads/Atom) / (Neutron/ (cm2 m g )  ) 
P Neutron Kerma (Rads/Arom)/ (Neutron/ (cm2*g)> 
S Neutron Kerma (Rads/Atom) / (Neutron/ (cm’ g) ) 
C1 Neutron Kerma (Rads/Acom) /(Neutron/ (em2 ,, 9)) 
K Neutron Kerma (Rads/Atom) / (Neutron/(cm2-g)) 
Ca Neutron Kerma (RadslAtom) / (Neutron/ (cm2-g) ) 
Fe Neutron Kerma (Rads/Atom) / (Neutron/ (cm2 g) ) 
N Gamma Kerma (Rads/Atom) / (Photon/ (cm2 * g )  ) 
C Gamma Kerma (Rads/Atom) / (Photon/ (cm2*g)) 
N Gama Kerma (Rads/Atom) / (Photon/ (cm2*g)) 
0 Gamma Kerma (Rads/Atom) / (Photon/ (cm2*g) ) 
Na Gamma Kerma (Rads/Atom) / (Photon/ (cm2 g )  ) 
Mg Gamma Kerma (Rads/Atom)/ (Photon/ (crn2*g)) 
A1 Gamma Kerma (Rads/Atom) / (Photon/ (cm2*g) 
Si Gamma Kerma (Rads/Atom)/ (Photon/ (cm’ag)) 
P Gamma Kerma (Rads/Atom) / (Photon/ (cm2.g) ) 
S Gamma Kerma (Rads/Atom)/ (Photon/ (cm2*g)) 
61 Gamma Kerma (Rads/Atom)/ (Photon/ (cm2=g)) 
K Gamma Kerma (RadslAtom) / (Photon/ (cm2 - g )  ) 
Ca Gamma Kerma (Rads/Atom)/ (Photon/(cm2*g)) 
Fe G a m a  Kerma (Rads/Atom) /(Photon/ (cm2.g)) 
Snyder-Neufeld Neutron Tissue Dose Rads/ (Neutron/cm2) 
Henderson Neutron Free-in-Air 

Rads / (Neu t ron/cm2 ) 
Henderson Gamma Free-in-Air 

Snyder-Auxier Neutron Tissue Dose 

Neutron/ (cm2*see) 

Tissue Kerma 

Tissue Kerma Rads/ (Photon/cm2) 
Rem/ (Neutron/cm2) 



Groul. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
13 
1 4  
1 5  
16  
17 
18 
19 
20 
2 1  
22 
23 
24 
25 
26 
27 
28 
29 
3 0  
3 1  
32 
33 
34 
35 
36 
37 
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T a b l e  4.  SELECTED TISSUE RESPONSE FUNCTIONS 
2 

4.h. Neutron Responses iu Rads/ (Neutron/can 

Upper Energy 
Boundary (MeV) --- 

19.6 
16.9 
14.9 
14.2 
13.8 
12 .8  
1 2 . 2  
11.1 
10.0 

9.0 

7.4 
6.4 
5.0 
4.7 
4 .1  
3.0 
2.4 
2.3 
1.8 
1.1 
5.5-01 
1. 6-01 
1.1-01 
5.2-02 
2.5-02 
2.2-02 
1.0-02 
3 4-03 
1 2-03 
5.8-04 
1.0-04 
2.9-05 
1.. 1-05 
3.1-06 
1.1-06 
4.1-07 
1" 0-1.1 

8.2 

Neutron Free-in-Air 
T i s s u e  K e r n i a  _c-.I_____ x_.-l_l_ 

7.00-09 
6.64-09 
6.43-09 
6 a 33-09 
6.19-09 
6.00-89 
5 . 9 3 4 9  
5 I 68-09 
5-53-09 
5.22-09 
5.12-89 
4.86-09 
4.56-09 
4.32-09 
4.25-09 
4 e 04-09 
3.43-09 
3 e 14-89 
3 * 07-09 
2 65-09 
2 I 01-09 
1 , 2 5 0 9  
7.68-10 
5.35-10 
3.02-10 
2 e 05-10 
I s 41-10 
6.01-11 
2 (I 12-11 
8.88-12 
3.07-12 
1 e 14-12 
1.12-12 
1.69-12 
2.82-12 
4.60-12 
2.20-10 

Snyder-Aux i er  
Neutron Tissue  

Dose . -...--- 
7.85--09 
7.78-09 
7.74-09 
7.71-09 
7 .  Lk9-09 
7.21-09 
6.89-09 
5.49-09 
6.21-09 
6.10-09 
5 e 97-09 
5.82-09 
5.57-09 
5 + 34-09 
5.09-09 
4 I 56-09 
4.00-09 
3 82-09 
3.74-09 
3.52-09 
2 e 94-09 
1 , 6 9 4 9  
9.72- 1.0 
7.45-10 
5.89-10 
5.13-10 
4.49-10 
4.21-10 
4.79-10 
5 e 25-10 
5.58-10 
5.94-10 
6.18-10 
6.28-10 
6.22-10 
6 e 00-10 
5-17-10 

Henderson 
Free- 1 CI -Air 
T i s s u e  Kerma ______ - 

5 e 64-09 
5 e 64-09 
5 52-09 
5.41-09 
5 a 48-09 
5.44-09 
5 e 30-09 
5.09-09 
4 e 83-09 
4 e 85-89 
4.84-09 
4.55-09 
4.46-09 
4.26-09 
4 , 3 3 4 9  
4 e 06-09 
3,37-09 
3.14-09 
3.09-89 
'2 66-09 
z e 01 -09 
1.21-09 
7.5 3-1.0 
4 e 97-10 
2-53-10 
1.72-10 
1.25-3.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
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2 4.B. Gamma Responses in Rads/(Photnn/crn 1 

G-l-OUg 

1 

2 

3 

4 
5 

6 

7 

8 

9 

10 

11 

1 2  

13 

14 

15 
16  

1 7  

18 

1 9  
20 

2 1  

Upper Energy 
Boundary - (MeV) 

14.0 

10.0 

8.0 

7.0 
6.0 

5.0 

4.0 

3.4) 

2.5 

2.0 

1.5 

1,00 

0.70 

0.45 

0.30 

0.15 
0.10 

0.07 

0,045 

0,030 

0.020 

0.010 

Gamma Frce-in-Air 
- .  T i s s u e  Kern%- 

3.04-09 
2.41-09 

2,09-09 

1.88-09 

1.67-09 

1.46-09 

1.23-09 

1.05-09 

9.15-10 
7 e 68-10 
5,98-10 

4.36-10 

3 L 05-10 

I., 98-10 

1.11-10 

5.56-11 

4.02-11 

4.09-11 

7.34-11 

P 63-10 

5.22-10 

C l a  iborne-Trubey 
Gamma Tissue ilose_ 
_____^ ~ 

3.05-09 

2.43-09 

2.12-09 

1 * 92-09 

1.71-09 

1.50-639 

11.27-O9 

1.. 09-09 

9.59-10 
8 13-10 

6 41-10 

4 e 82-10 

3.60-10 

2 * 48-10 

1 * 64-10 

1.01-10 

7.44-11 

7.73-11 

1.17-3.0 

2 * 23-10 

6.26-10 
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an acronym f o r  K i n e t i c  Energy Release i n  MAterials. ‘The e lementa l  

kerma f a c t o r s  given h e r e  must b e  n i u l t i p l i e d  by t h e  normal atomic number 

24 2 d e n s i t y  (atoms/g/lO ) t o  g i v e  c a l c u l a t i o n a l  u n i t s  of r a d s /  (neutron/cm 1 ,  

s i m i l a r  t o  liiiose given i - c i  t h e  t i s s u e  kernla responses  1. and 2 ,  The 

e lementa l  kerma d a t a  included h e r e  were used i n  t h e  g e n e r a t i o n  of  response.r: 

1 and 2 .  

responses  37 and 38 are o l d e r  f r ee - in - - a i r  t i s s u e  kerma f a c t o r s , ”  s t i l l  

f r e q u e n t l y  employed, 

I - I - 

Response 36 i s  an o l d e r  neut ron  t i s s u e  dose funct ion,’  w h i l e  

A w o l d  of c a u t i o n  should b e  expressed  regard ing  t h e  use of  response 

37, s i n c e  t h e  Henderson neut ron  t i s s u e  kerma h a s  no v a l u e s  below group 

27  (10 keV), w h i l e  t h e  newer kerrna have v a l u e s  a t  a l l  e n e r g i e s  and 

have a f a i r l y  s i g n i f i c a n t  v a l u e  a t  thermal  e n e r g i e s .  Response 39 i s  

t h e  Snyder-Auxier neut ron  t i s s u e  dose response i n  u n i t s  of r e m /  (neutron//  

c m  ). The d a t a  i n  response 6 ,  t h e  Snyder-Auxier neut ron  t i s s u e  dose 

i n  rads/(neutron/cm j , were m u l t i p l i e d  by a q u a l i t y  f a c t o r  which accounts  

f o r  the d i f f e r e n c e  i n  I . inear energy t r a n s f e r  (LET) f o r  neut rons  of  

d i f f e r e n t  e n e r g i e s  i n  o r d e r  t o  o b t a i n  response  39.  The LET q u a l i t y  

f a c t o r s  are s i m i l a r  to t h e  r e l a t i v e  b i o l o g i c a l  e f f e c t i v e n e s s  ( R K E )  

f a c t o r s  f r e q u e n t l y  used i n  r a d i o b i o l o g i c a l  a p p l i c a t i o n s .  S e l e c t e d  

neutron and garrtrna s o u r c e s  are given In Table 5 i n  t h e  37-21 group 

s t r u c t u r e .  These sources  are comon1.y used i n  defense- re la ted  c a l c u l a -  

t i o n s ,  and some of t h e  neut ron  s o u r c e s  w e r e  u t i l i z e d  i n  t h e  comparative 

c a l c u l a t i o n s  presented  i n  S e c t i o n  I V .  

2 

2 



Group -. 

x 
2 
3 
4 
5 
6 
7 
8 
9 

1 0 
11 
1.2 
13 
I 4  
1.5 
16 
1 7  
1.8 
1 9  
20 
2 1  
22 
2 3  
24 
25 
26 
27  
28 
29 
30 
31 
3 2  
33 
34 
35 
36 
37 

TOTAL 

Table 5 e SELEC'1'ED XOUKCE DISTRIBUTIONS 

5.R. Neutron Sources  

Upper Energy 
-* Boundary (MeV) >-- 

19.6 
16.9 
14,9  
14.2 
13.8 
1 2 . 8  
12.2 
11.1 
1 0 . 0  

9.0 
8.2 
7 * 4  
6.4 
5.0 
4.7 
4.1 
3.0 
2 , 4  
2.3 
1.8 
1. J. 
5 , 5 0 1  
l a  6-01 
1.1-01 
5.2-02 
2.5-02 
2 "  2-02 
E * 0-02 
3 , 4 - 0 3  
1.2-03 
5 * 8-04 
1.0-05 
2.9-05 
1 , 1 4 5  
3.1-06 
I .  1-06 
4.1-07 
1.0-11 

1 4  M e V  

0.0 
1.89-02" 
3 1.2-01 
3.12-01 
3 54-01 
4 * 37-03 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0,0 
0.0 
0.0 
0.0 
8.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

1.00 
-_ 

0.0 
0.0 
1 89-02 
9.34-03 
2.66-02 
1.67-02 
1.69-02 
1.24-02 
7.48-03 
6.82-03 
6.78-03 
1.03-02 
1.81-02 
3.62-03 
1.24-02 
2.60-02 
2.37-02 
3.75-03 
2.56-02 
6.44-02 
8.85-02 
9.14-02 
1.1642 
1 * 11-01 
5.40-02 
5-68-03 
9.26-02 
1.16-01 
7.38-02 
2.32-02 
2 03-02 
1.90-03 
0.0 
0.0 
0. I) 
0,O 
0.0 

(1 e o 
0.0 
0.0 
0.0 
O * O  
0 * 0  
0.0 
0.0 
3 84-03 
3.50-03 
5 e 39-03 
7.35-03 
1.84-02 
3.25-03 
8,47-03 
5 * 50-02 
3 24-02 
I.0!,-02 
9,72-02 
J.,47-01 
2 a 16-01 
1.5O-01 
1.93-02 
1.21-01 
5.73-02 
6.00-03 
2.40-02 
1 e 44-02 
0.0 
0.0 
0.0 
0.0 
0.0 
Q,0 
0.0 
0.0 
0.0 

1.00 1.00 

..--.-.-_**__ 
*Read 1.89-02 as 1.89 x 

)W?oni reference 11. 

+"*From reference 12 % 
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5 .B. Prompt  Gaiirma Y:! ssion Source" 

G r  oily -- . 

8 

9 

10  

11 

1 2  

13 

14 

15 

16 

17  

18 

19 

20 

21 

Upper Energy 
Boundary (MeV> --- . 

14.0 

10.0 

8.0 
1.0 

6.63 

5.0 

4.0 

3.0 

2.5 

2-0 

1 . 5  

1.00 

0.70 

0 e 4 5  

0.30 

0.15 

0.1.0 

0.070 

0.045 

0.030 
0.020 

0.010 

Gamma/Sousce Gamma 

1.65-5** 

1.34-4 

3.02-4 

9.08-4 

2.13-3 

8.19-3 

2./s6-7 

2. /o-2 

4.69-2 

8.17-2 

1./11-1 

1.30-1 

1.47-1 

I. 09-1 

1.29-1 

4.19-3 

3.01-2 

2.58-2 

1.58-2 

1.07-2 

1.08-2 

0.98 
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I V .  TESTING 

T h i s  s e c t i o n  p r e s e n t s  tlie resu3-t.s u t  e f f o r t  s designed t o  dererrninc> 

t h e  a b i l i t y  of t h e  37-21 l i b r a r y  t o  sol.vc: problems of b a s i c .  i .nt:ecest  to 

t h e  de fense  community. These e f f o r t s  were spec i f i . c :a l3y  directed timart1 

Table  6 p r e s e n t s  t h e  resu l t s  of as  a i r  t ranspor t :  c a l c u l a t i o n  in 

s p h e r i c a l  geometry us ing  an S16 angular  quadra tu re ,  

t i s s u e  doses  

i o n i z a t i o n  i n  s i l i c o n  are given a t  2000 m .in air 3 w  to a t - h e r n i u n u v l ~ ~ a r  

source. The c a l c u l a t i o n s  were extendPtl t o  3000 m to a.14aw f;3c aceqitatc, 

r e f l e c t i o n .  

ments p e r  i n c i d e n t  neut ron ,  'This y r o b i c m  was ca L e u l n t ~ ~ i  w i t h  s. 

c ross - sec t ion  sets. 

( 1 / C )  weight ing  was s e l e c t e d  as n standard h e c a u s ~  mt~rgy--g t -c \up  b g w ~ d , ~ r j  

f o r  chis s t r u c t u r e  were s p e c i f i c a l l y  ctmsen t o  Tit i n  d e t a i l  thr. p e ' i k s  

and v a l l e y s  i n  t h e  neut ron  c r o s s  sect ior is  and t o  bracket ma 

product ion  l ines  for elements involved i n  t r a n s p o r t  through a i r  and C~STI- 

Crete. The 129-43 case wi th  (l/ECT) weight ing i n d i c a t e s  ?he e d c ~ q ~ ~ a r y  o f  

t h i s  group s t r u c t u r e  f o r  t h i s  problem, :>inc-e the resul~s :>;;re? t a  w i l  

"See Appendix D .  

N e u t  CUXP and 

neut ron  displacement  i n  sfl. i-con, and n e  1 1 t : ~ o m  atid gama  

T h e  results are g i v e n  i n  r ads  o r  eyuFv:~1~-.nr ?-MeV t l l s p i ~ c r = -  

~fre ~29-3-ne1itron 4>y,acnma cra;ss-sa.!ct i o r i  & e t *  mti i  a 

- 
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4%. The 129-42 set  i n d i c a t e s  t h e  importance (.J 15%) of inc lud ing  t h e  

gammas wi th  e n e r g i e s  above 10 MeV,  s i n c e  t h e  42-group g a m a  s t r u c t u r e  

c u t s  of f  a t  10 MeV.  The 37-18 ( 1 / E )  r e s u l t s  a g r e e  q u i t e  w e l l  w i th  t h e  

129-43 set and i n d l c a t e  the *adequacy of the 37-group,neutron s t r ~ r c t u r e  

f o r  t h i s  problem. 

f a i r l y  l a r g e  d iscrepancy ,  exceeding t h e  a r b i t r a r i l y  s e l e c t e d  goal of 

agreement w i t h i n  10%. Th i s  is be l i eved  t o  be due  t o  an overemphasis on 

r e l a t i v e  minima conta ined  i n  r e l a t i v e l y  broad energy groups i n  t h e  

1.8- t o  0.1-MeV range,  so  t h a t  r e s u l t i n g  downscat ter  i s  t o o  low f o r  the  

(l/ECT)-weighted case. The 37-21 ( 1 / E )  results a g r e e  ve ry  w e l l  fur the 

neut ron  responses  and f o r  t h e  gamma t i s s u e  dose.  

gamma s i l i c o n  response  is  due t o  t h e  importance of low-energy gammas 

(E < 0.10 M e V )  f o r  t h e  s i l i c o n  i o n i z a t i o n  response  as compared wi th  t h e  

Henderson gamma t i s s u e  dose response  (see Appendix B ) .  The 21-group 

gamma s t r u c t u r e  w a s  designed t o  provide  s u f f i c i e n t  energy groups f o r  

low-energy gamma t r a n s p o r t  (5 groups below 0 .1  MeV) and hence g i v e s  an  

enhanced s i l i c o n  i o n i z a t i o n  compared t o  t h e  4 3 g r o u p  s t r u c t u r e .  

The 37-18 (l/ECT) r e s u l t s ,  on t h e  o t h e r  hand, show a 

The increase i n  t h e  

Table  7 p r e s e n t s  t h e  r e s u l t s  of a series of c a l c u l a t i o n s  f o r  a 

thermonuclear sou rce  spectrum i n c i d e n t  on a 40 i n .  conc re t e  s l a b .  The 

responses  and c r o s s s e c t i o n  sets u t i l i z e d  are very  s i m i l a r  t o  t hose  

p re sen ted  i n  Table  6 ,  b u t  an  S 

t h e  slab geometry. 

ob ta ined  f o r  t h e  a i r  case. In g e n e r a l ,  t h e  r e s u l t s  were s a t i s f a c t o r y  

(wi th in  10% of t h e  129-43 ( l / E )  r e s u l t s )  f o r  all conibinatrions oE weight ing 

f u n c t i o n s  and group s t r u c t u r e s  employed. The f i n a l  c a l c u l a t i o n  w a s  

angu la r  quadra tu re  set w a s  employed f o r  8 

The r e s u l t s  h e r e  are g e n e r a l l y  similar t o  those 
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added t o  determine t h e  e f f e c t  of t h e  new ENDF/B-IV eva lua ted  d a t a  and 

does i n d i c a t e  a s i g n i f i c a n t  i n c r e a s e  i n  c a l c u l a t e d  responses ,  e s p e c i a l l y  

due t o  t h e  high-energy c r o s s  s e c t i o n s  f o r  s i l i c o n .  

Table  8 p r e s e n t s  t h e  r e s u l t s  of a s tudy  of ve ry  deep ( 9 O O O w )  

a i r  p e n e t r a t i o n  from 14-MeV and weapon f i s s i o n  sources .  R e s u l t s  f o r  t h e  

14-MeV c a s e  i n d i c a t e  t h a t  bo th  weight ings  m e e t  t h e  10% c r i t e r i a  f o r  

about  4 0 0 0 m ,  and t h a t  t h e  37-21 r e s u l t s  are always w i t h i n  a 20% c r i t e r i a  

f o r  t h i s  problem. These r e s u l t s  are q u i t e  g r a t i f y i n g ,  s i n c e  t h e  un- 

c e r t a i n t y  i n  t h e  dose  due ta u n c e r t a i n t i e s  i n  t h e  b a s i c  c ros s - sec t ion  

d a t a  i s  cons ide rab ly  l a r g e r  t han  t h i s  d i screpancy .  The weapon f i s s i o n -  

weighted c r o s s  s e c t i o n  set d i s p l a y s  a d e f i n i t e  s u p e r i o r i t y  t o  t h e  1 / E -  

weighted set f o r  t h e  weapon f i s s i o n  source  w i t h i n  t h e  f i r s t  3000m* 

The weapon f i ss ion-weighted  c r o s s  s e c t i o n s  f o r  n i t r o g e n  and oxygen w e r e  

2 

t h e r e f o r e  inc luded  i n  t h i s  l i b r a r y  f o r  u s e  i n  similar problems. 

A r e l a t e d  s tudy  t o  determine P (degree  of Legendre expansion)  
R 

requirements  f o r  a i r  t r a n s p o r t  determined t h a t  t h e  P expansion w a s  

adequate .  For example, With a weapon fission source ,  t h e  r e s u l t i n g  
3 

Snyder-Auxier neut ron  dose from a P c a l c u l a t i o n  w a s  w i t h i n  7% o f  a 

similar P c a l c u l a t i o n  out  t o  9000 m ,  wh i l e  t h e  gamma dose was w i t h i n  

13%. 

3 

5 

I n  summary, t h e s e  r e s u l t s  i n d i c a t e  t h a t  t h e  37-21 l i b r a r y  is  ade- 

qua te  t o  s o l v e  many problems of i n t e r e s t  t o  t h e  defense  community. 

Add i t iona l  t e s t i n g  of t h e  l i b r a r y  con t inues ,  and a d d i t i o n s  and updates  

w i l l  b e  performed as r equ i r ed .  



Cross  S e c t i o n s  Weight ing 
Range (m) 

500 
1000 

1500 

2000 

2500 
3000 
3500 
1,000 

4 500 

5000 

5 500 
6000 
6500 
7000 

7500 

8000 

8 500 
goo0 

T a b l e  8. NEUTRON TISSUE DOSE' C O M P l z R I S 0 N S  

FOR 14 MeV M D  WEAPON FISSION S O U R C E S  I N  9000 10 OF A I R  

14 M e V  Source  Wemon Fission S o u r c e  
37-21 37-21 

129-43 
1 / E  

b 1.72-19 
1.25-23 
9.75-22 
8.03-23 
7.31-24 
6.64 -25 
5.01-26 
5.50-27 
5.88-29 

6.05-30 
5.54-29 

5.73-31 
5-54-32 
5-31-33 
5-05-34 
5.61-35 
5.36-36 
3.17-37 

37-21 
I / E  

+G%c 

+0% 

+1% 

+0% 

-0% 

-2% 

- 5% 
-7% 
-9% 
-ll% 

-i2% 

-1 3% 
-14% 
-13% 

-13% 
-11% 

-9% 
-6% 

Weapon Fissior. 
9 Weighted 

-0% 

-2% 

-2% 

-3% 
-4% 
-6% 
-8% 
-11% 

-12% 

-14% 
-16% 
-1 6% 
-17% 
-16% 
-16% 
-1 5% 
-1 3% 
-11% 

129-43 
1/5 

I .  C5-19 
3.43-21 
i .65-22 
5.58-24 
5.82-25 
1;. 41-26 
3.58-27 
3.07-28 
3.lii-29 
2.86-30 
3.03-3: 
2.82-32 
2-63-33 
2.46-34 
2.64-35 
2.47-36 
2.30-37 
1.32-38 

37-21 
1/E 

+ 5% 
+12% 

+19% 

+187 

SI2X 

4% 
-4% 
-9% 
-l2% 

-14% 

-Lb% 

-14% 
-12% 

-LO% 

-6% 
-2% 

+4% 
+lo$ 

- 
22apon Fission 

4 Weigkced 

+4% 

+ 5% 
+8% 
+?% 
+2% 

- 5% 
-10% 

-14% 

-17% 
-176 

-15% 

-17% 

-15% 
-13% 

-13% 

-25 

+b% 

7* - I P 

a. Snyder-Neufeld a e u t r o n  r e s p o n s e  f u n c t i o n ,  see Appendix B,  i n  RadsfIncident Neutron. 
5 .  Read as 1.72~10-19. 
c .  P e r c e n t  C i f f e r e n c e  from t h e  value c a l c u l a t e d  w i t h  t h e  129-43 c r o s s  s e c t i o n  s e t .  
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APPENDIX A 

L i s t i n g  of P a r t i a l  Cross  Sec t ions  

This  Eppendix c o n t a i n s  p a r t i a l  c r o s s  s e c t i o n s  l i s t e d  by n u c l i d e  

f o r  each c ross - sec t ion  set inc luded  i n  t h e  l i b r a r y .  P a r t i a l s  are in -  

cluded f o r  bo th  neu t ron  and gamma c r o s s  s e c t i o n s  i n  a one-dimensional 

a r r a y  p r i n t e d  by t h e  AMPX code a t  t h e  completion of p rocess ing  t h e  

p o i n t  d a t a  i n t o  mult igroup form. 

is  t h e  sum of t h e  e l a s t i c ,  i n e l a s t i c ,  (n ,2n ) ,  and abso rp t ion  c r o s s  

s e c t i o n s .  The c o n s t i t u e n t  p a r t i a l s  of t h e  abso rp t ion  c r o s s  s e c t i o n  

[such as (n ,y ) ,  (n ,P ) ,  (n,D), (n ,T) ,  ( n , a ) ,  etc.] are then  l i s t e d  

s e p a r a t e l y .  The i n e l a s t i c  c r o s s  s e c t i o n  i n c l u d e s  (n ,  n', xy)-type 

r e a c t i o n s .  The gamma p a r t i a l s  l i s t e d  are t h e  pa i r -product ion  and photo- 

e lec t r ic  c r o s s  s e c t i o n s  and t h e i r  sum, p r i n t e d  as t h e  abso rp t ion  c r o s s  

s e c t i o n .  The Compton s c a t t e r i n g  c r o s s  s e c t i c n  is  not  g iven  he re ,  but  

may be obta ined  by s u b t r a c t i n g  t h e  abso rp t ion  c r o s s  s e c t i o n  from the  

t o t a l  n u c l i d e  c r o s s  s e c t i o n .  T h e  energy d e p o s i t i o n  v a l u e s  g iven  h e r e  

are gamma kerma v a l u e s  i n  u n i t s  of (MeV-barn) / (photon-atom) , and are 

c o n s i s t e n t  w i th  t h e  t i s s u e  kerma v a l u e s  i n  ( rads/atom)/(photon/cm /gram) 

The t o t a l  c r o s s  s e c t i o n  f o r  neut rons  

2 

g iven  i n  Appendix B. No gamma p a r t i a l s  are l i s t e d  f o r  t h e  weapon 

f i ss ion-weighted  n i t r o g e n  and oxygen c ross - sec t ion  sets, s i n c e  t h e  

gamma t r a n s p o r t  c r o s s  s e c t i o n s  are una f fec t ed  by the weight ing f u n c t i o n  

and are t h e r e f o r e  t h e  same as those  l i s t e d  under t h e  ( l /E)-weighted 

n i t r o g e n  and oxygen. The p a r t i a l  c r o s s  s e c t i o n s  l i s t e d  can  b e  used 

f o r  a n a l y t i c a l  purposes  o r  as response  f u n c t i o n s  t o  determine r e a c t i o n  

rates. 
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R E A C T I O Q  CROSS S E C T i C M S  

GROUP 
1 
2 
3 
6 
5 
6 
7 

9 
1 3  
11 
12 
13 
1 4  
15 
Lb 
17 
18 
19 
2 5  
2 1  
22 
23 
24 
25 
26 
2 7  
28 
29 
33 
31 
32 
33 
34 
35 
36 
37 

a 

rti C A C  
5 32 302f-0 1 
b. k2659E-01 
6.6 95 94E -0 1 

7.2 5 9 76 E _I 5 1 
7 .69675E-01  
8.24SBfPF-81 
9.02482E-0 1 
Y .  84 P 3 6 E - 0  1 

6 . 9 2 2 o a ~ - o i  

1 .37176E 3 3  
1.16450E 00 
1.28TSf4E Lao 
1 . 5 0 O L r k  00 
1.67237E 00  
1.79253E 5 3  
2.08199E .IO 

2.65745E 00 
2.87296E 00 
3.53525E ) 3  

8 .123)YOE 00 
1 . 1 5 1 9 r E  0 1  
1.38983E 0 1  
1.659856 J I  

1 . 8 6 0 3 Z E  i)l 
1.9659LE 01. 
2.01747E 01 
2 .33353F  J l  
2.04851E 01 
Z104c559E 31 
2.04617E 01 

2 . J 4 8 R l E  0 1  
2 , 0 5 1 3 5 €  0 1  
4,5aQQOE 01 

2 . 4 5 5 4 Y E  00 

+.a83913~ qo 

1 .77896E 01 

2.04716E 01  

GROUP S I C  A 8 5  

1 
2 
3 
4 
5 
4 
7 
8 
9 

10 
11 
12  
1 3  
14 
15 
16 
1 7  
16 
19 
2Q 

S I G  PE 

A B S O R P T I O N  
2 .Q 8 6 7  3E-0 5 
2,83339E-QP 
2 . 9  3 46 3E- 8 5 
2.9 PSP3E-05 
3. JOJS5f-05 
3.06025E-85 
3. L3505E-05  

3.294076-05 
~ . Z ~ E I ~ ~ E - Q Y ~  

3 e 3 5 58PE- 0 5  

3 .52371E-05  
3 5 i S S Z E - O S  
3.639 i 3 E - $ 5  
3.6 3 248F-05 
3 . 5 9  786E-Q 5 
3.52369E-05 
3.4 7338E-05 
3 .I 4 3 73hE - 0 5  
3.4 3483E-05 
3 , 5 3 6 3 6 6 - 8 5  
5 .  I J 7 3 1 E - 0 5  

1.32163E-04 
2 .2188%-96  
2.9 3n IbE -0% 
3.8’3943E-84 
S.RZLS%E-04 
1.lfFSoE-1?3 
1 . 8 14OlE-03 

3.42 19 lE-05  

a, 7 I C ~ Q ~ E - Q ~  

3 . 6 8  I ~ P E  03 
7 , 2 t 3 3 ~ 6 ~ ~ 0 3  
1.271C7E-02 
2.24407E-02 
3 9 15’3 O f - 0 2  
6.45676F-02 
2 .Q6028E-31 

S 1 G  PP ENERGY DEP 
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1 
2 
3 
1 
5 
6 
1 
8 
9 
IO 
11 
12 
13 
14 
15 
16 
11 
L8 
19 
20 
2 i  
22  
13 
24 
23 
26. 
2 1  
29 
29 
30 
31 
32 
33 
34 
33 
30 
37 

1.22294E 00 
1.31776€ 00 
1.3813At 0 0  
1.9191bL 00 
1.45g56€ 00 

1.47761E 00 
1.6586% 00 
1.73368E 00 
1.8001bLi 60 
1. f 5976E 00 
1.93012E 00 
2.0279IE 00 
2.09039E 00 
2.11817€ 00 
2.06508E 00 
i . 72905E 00 

1.43264E 00 
1.23541€ 00 
1.4241w 00 
1.94943E 00 
1.899996 00 
1.45313E 00 
l .S5@53E 00 
1.12242E 00 
L.558ZlE 00 
2.69330E 00 
4.06189t 00 

1.0Q064E 01 
L13416E 91 
3.57133E OL 
b.6I lI f lE 01. 
1.116266 02 
1.03586E 02 
7.53991E 0.2 

1 . 3 i 3 n i ) ~  00 

1 . 5 6 2 7 2 ~  oa 

5 ~ 1 2 7 4 ~  00 

(n,n') G a m a  

3.66721E-01 
3.93739E-01 
*.22078€-01 
4.37152E-01 

4 A 1  lbBF-0)L 
4. A+2b IE-0 L 
5.58190E-01 
5.95161E-01 
4.29051141 
6.39866E-01 
6.53761€-01 
b. 5521,l t -01 
6.290LSE-01 
6.32269E-03 
4.05437E-01 
1.901ACE-03 
9. 44 144 E-02 
3.19200E-01 
4.82415t -04  
0.J 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
U.0 

1.543jac-01. 

(n.2") ALPHA 

8.b3760E-02 
7 -8  163 J E - 0 2  
1 a20 7 36 E-02 
6.90893E-92 
6.5396+ f-02 
6 -0  LIBlE-0 Z 
5.2i89aE-03 
4.0 lB9IE-02 
2.196 19 €4 2 
1 rS17V5E-92 
6.97083E-03 
9.95999 E-04 
0.0 
0.0 
0 .o 
0.0 
0 .O 
0.0 
0.0 
0.D 
0.0 
0.0 
D.4 
0.3  
0.0  
0.0 
0 .0  
0.0 
0.0 
0.0 
0.0 
u .u 
D.0 
0.0 
0 .O 
0.0 
0.0 

AUSORPT ION 

2 .  2 7 r  iw-oP  
2.85370E-03 
3.17s 1 he-02 
3.3180zE-OZ 

3 . 7 5 b W E - 0 2  
4.16483E-02 
4-63425E-02 
5.lT461E-OS 
5.a1831f-02 
6.52052E-02 
7.59274E-02 
9.ItJl23E-02 
1 l456SE-0 L 
I .2B92QE-01 
1.378856-0 I 
1.69894E-01 
2 a 4 0 4  I € - D l  
2.34850E-0  i 
2.52527E-09 
2.83903E-31 
l . S l ? l O E  03 
0.37 7 s4c- 01 
6.96325E-01 
4.50 17IE-01 
1.31593E 00 
L.25913E 00 
1.98087E 00 
3-34516t 00 
5 . L S i 1 4 E  0 0  
9 - U d 7 0 2 E  00 
2.0620bE 01 
3.59925E 01 
4.355305 01  
i.lO905E 0 2  
1.82865E 0 2  
b.53370E 0 2  

3 .IO r m - 0 2  

CAPTURE 

2.257 LEE - 02 
2 .E53 7OE- 02 
3. L 15L 1E- 02 
3.31 U02E - 02 
3.90180t-tK 
3.156Mi-OL 
4.16.485E - 01 
4.63423t- 02 
5.11461 E - 02 

4.5ZB52F - 02 

9.78123E- OZ 
1.14568i-01 
1.289ZOE- 01 
I .37885€-01 
1.69B9CE-01 
2.34021E - 0: 
2.34950E-01 
2.52427E-Oi 
2.80903E- OI 
1.5171oi OB 

ir.94325E-01 
8.5913?E-O1 
1.015935 00 
P.249'13E 00 
1.98091E 00 
1.3*57a€ 00 
5.15114E 00 
9.dU7WE 00 
2.062Mi 01 
3.5992% 01 
0.35s30i 01 
1.10905~ 02 

7.5321M 02 

5 .  a i  ti3 LF - 32 
I .  592 14c-o~ 

8.3 1 1 5 4 ~  - 01 

i.az845~ JZ 

(n.GAHIU) 

I .  0 0 $ 5 + € - 0 5  
1.0112*k-05 
1.0155Lt-05 

1.0: Qd*€ -05 
1.02 h 9h€ -05 
8 .03161E-03  1-96 443E-05 

L.0346lE-05 
1.OI16iE-05 
1.OIbQBE-OS 
I .  O5JB3E-05 
d.00JZbE-05 
1.0TI OBt-05 
i .  ObblPE-O§ 
1.0819Zt-05 
L. 10108E-OS 
1.1091~€-95 
1.  L 18392-05 
1.1 3 63 E -w, 
1.1 69 84E -04 
S - 2 736OE-05 
1.6 a45 ~ - 0 5  
2.22925E-05 
3.21351E-05 
4.013 7**1-04 
5 . O L 3 b S E - 0 5  
1). OBbbOE-05 
1. a l l  7%-M 
2. I I  501E-04 *. O5189E-OI 
b.+SZ 39E-06 
1. 4 7482E -03 
2.60352€-03 
4. 342 716-03 
7.*6963t -03 
3.08514t-02 

1 . 0 i r 3 ~ - 0 5  

(n.W 

1.42599E-03 
5 .96339E-03  
S . 825 13E-03 
7-19664E-03 

8.41382E-03 
9.3L 5SO E+3 
L .04072 t -02  
1.15111 E 4 2  
I .  2844 7 E - 0 2  
1. +6008€4)2 
6.16126E-02 
2.44586 E-Ob 
2.92314EdiZ 
3.26020 E -02 
1.311bOSE-02 
0.0 
0.3 
0.0 
0.0 
0 .0  
0.0 
0 .0  
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0 . 0  
0.0 
0 .0  
0 .0  
0.0 
0.0 

? . n m + ~ - ~ 3  

GRWP FLUX 

L.1994PE-OX 
1. 25OlgE-61 
4.99605E-02 2.5W50E-02 

7. *9975E-02 
4.99824E-32 
9. 99711i-02 
i .  00026E-Oi 
9.99910E-Ob 
1.000Mh-OL 
9. 9996Qf-02 
1. 1999X-01 
2.49993i-01 
5.00021t-02 
I .  >OoWt-Ol 
3.00015t-01 
2 .  33288E-01 
3.331SJE-02 
2 .  333592-01 
5. OCOO9E-01 
4. 9991%-01 
>.23002E 00 
3.99973E-01 
7. 50003E-0L 
1.59917E-Ot 
l.25915E-OP 
?. 50DOlE-01 
l .IL'5OIE 00 
9.99990E-01 
1.49995E-01 
1. 7SOOSE 00 

9.99996E-01 
1.2500oE OU 
9. Y9949E-01 
i.00003E 00 
Q.rl585bi Bo 

1.250a0~ w 
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R E A C T I O N  C R O S S  SECTIONS FOR 6-10 

GROl lP  
I 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
I 4  
15 
16 
17  
18 
19  
20 
2 1  
22 
23 
24 
25 
2 6  
27 
28 
29 
30 
3 1  
32 
33 
34 
35 
36 
37 

T O T A L  
1.36415E 00 
1.36466E 00 
1.36421E 00 
1 .3618E 00 
1.3634OE 00 
1.36633E 00 
1 . 3 7 2 9 E  00 
1 . 3 5 3 2 f f  00 
1.33406E 00 
1.3559BE 00 
1.40617E 00 
L.41501E 00 
1.29311E 00 
1.45415E 00 
1.66661E 00 
1 . 6 9 8 3 E  00 
2.20164E 00 
1.90060E 00  
2.02502E 00 
2.13999E 00 
3.21603E 00 
4.70947E 00 
4 .7793E 00 
4.45545E 00 
5.45695E 00 
6.07526E 00 
6.9693lE 00 
9 .9132F 00 
1.5446~t 0 1  
2.2811OE 01  
4.20996E 01  
8.59009E 01 
1.41640E 02 
2.6112E 0 2  
4.54372E 02 
7e40050f  02 
3.076186 03 

?YOTON I NfERACTfOh CROSS 

GR 0UP S I G  ABS 
1 

1 6.68678E-02 
2 5.32839E-02 
3 4.42092E-QZ 
4 3.62392E-02 
5 3 .23147E-0 i  
6 2 - 5 4  1 J3E-02 
1 1.7 1 t 54E -02 
6 1.03894E-02 
9 6+1+952E-03 

L O  2.48UOBE-03 
I 1  1.75854E-04 

1 3  3.62595E-05 
1 4  I .  lPbG5k-04 
1 5  b e  531 $*E-31 
I t  3 . 5 5 l l O E - 0 ’  
I f  l .22377E-02 
1 0  4.7 1 3 93 E-02 

1 2  1.2543 7 ~ - 1 5  

ELASTIC 
9.92555E-01 
9.78913E-01 
9.63464E-01 
9.53732E-01 
9.CShZOE-01 
9.42048E-01 
9.46624E-01 
9.36153E-01 
9.33532E-01 
9.61997E-01 
l.OLO9OE 00 
1.05297E 00 
9.6 132 LE-01 
1.09829E 00 
1.29303E 00 
1.35420E 00 
1.14000E 00 
1.55256E 00 
1.52606E 00 
1.6461bE 00 
Z.81053E 00 
3.61582E 00 
3.06104E 00 
2.62991E 00 
Z.30590E 00 
2.20660E 00 
2.15566E 00 
2.10517E 00 
2.09297E 00 
2.0929CE 00 
2,09655E 00 
2.10049E 00 
2.lOZ87E 00 
2.10404E 00 
2.10489E 00 
2.10520E 00 
2.10567f OB 
5 EC f IONS 

S I G  C E  

2.590 I 7E-07 
3.52lO?E-07 

5. IO371E-07 
C. 1925 IE-07 

I.0954 3E-G6 
1. SOZJDE-Ob 
2 . 3 J B ~ E E - O 6  
4.0 3 12 4E -06 
5.54937E-06 
1.25437E-I5 
3.6259%-05 
1.19605E-04 
6.53114E -09 
3. jS l lOE-03 
I e 225 77E-02 
4.7 139 3E-02 

4 -  3ZS7ZE-37 

r .922 I TE-o r 

t N U F  540 L l l E  YT. 4 

I N E L A S I t C  
2.81362E-01 
2.7572 1 E-0 1 
2. OPi96E-0 1 
2 +E5 273E-0 I 
2.91291E-01 
2.95362E-01 
2.93 135E-01 
2.71761E-01 
2.5490YE-0 1 
2.40 939E-0 1 
2.26079E-01 
1.12229E-01 
1.32558E-01 
1.21 Z50E-0  1 
1.03200E-01 
6.24302E-02 
4.11128E-02 
3.6L933E-02 
5.55979E-02 
6.04 59 1 E-03 
U.913E5E-05 
0.0 
0.0 
0.0 
0.0 
0.0 
9.0 
0.0 
0.0 
3.0 
0.0 
0.0 
3.0 
0.0 
0.0 
0.0 
0.0 

SI& PP 

6.686 15E- 02 

4.42088E-02 
3.0 2 3 8 ?E- 02 
3.231 4 LE- 02 
2.54095E-02 
I ,  ? I  1 4 3 E - O Z  

6 , 1 4 7 3 1 € - 0 3  
2.47705E-05 

0.0 
0.0 
0 . 3  
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

5.32 a 3 SE - 02 

I .  03s I ~ E - O ~  

L. 7 0 3 0 5 ~ 0 4  

A 8 S O R P l l W  
Y.0934OE-02 
1. 10023E-0 I 
1 - 2 0  13 OE-0 1 
1.22875E-0 1 
1.2547 3E-0 1 
1-2892bE-01 
1.3321 3E-0 1 
1.39349€-01 
1.4561aE-01 
1.53045E-01 
1.59193E-OL 
1.7981lE-01 
I ,99928E-0 1 
2.34607E-0 1 
2.73384E-0 I 
2.5 I74OE-0 1 
3.20529E-01 
3.11426E-01 
4.43361E-0 1 
2 8 7 ?8 1 E-0 1 

1.0936bE 0 0  

2.22554E 00 
3,15106E 00 
3.86866E 00 
4.833bCE 00 
1.00003E 00 
1.33539€ 01  
2 .Of la lE  0 1  
Q.00031E 0 1  
8.38044E 01  
1,46537E 0 2  
2.59024E 02 
4.522brE 0 2  
7.4395ZE 02 
3.07407f 03 

3.4 540 5 5 0  I 

L . T I ~ ~ + E  00 

E N E R G Y  OEP 

2.59724E 00 
2.0Y964E 00 
L.9427M 00 
1.67439E 00 
1.504236 00 
1.32383E 00 
1.12693E 00 
9.648139E-01 
8- 44980E-Ol 
7.1064Z€-OI 
5. 53668E-01 
4.0~t.293E-01 

I. PZBOOE-OL 
1.01847E-01 
4. 74553E-02 
2. ILBBOE-02 
I. 69902E-02 
l.4L329E-02 

2. a ~ + i 3 ~ - 0 i  

4 &.?I 
1.86797E-02 
2.64940E-02 
3.39 561E - 0 2  
3,27537E-02 
3.50152E-02 
3.7 7 22OE - 0 2  
4.07306E-02 
4.437bOE-02 

+.79302€-02 
4.06995E-02 
2.92 18%-02 
2.Y4898E-02 
2.67705E-02 
2.20849E-02 
1.43380E-02 
1.21581E-02 
1.OE878E-02 
9.6632EE-03 
+.94033E-03 
5.25131E-04 
3.5 17  16E-05 
4.32108E-06 
2.03 138E -06 
1.46 654E-06 
I. 59 318E-06 
1.7346lE-06 
2.07Y81E-06 
2.550EOf-06 
3.21 190E-06 
6.07 934E-06 
1.26048E-05 
2.19037E-05 
3.0 5 0 2  4E -0 5 
6.69060E-05 
I.  10099E -04 
4.53 52 3E- 04 

+ . t i m 2 9 ~ - 0 2  

(NrDI  
2.20 b26E -02 
2. b4223E - 02 
2.89305E-02 
2.99442E-02 
3.1233 3E-02 
3.2 7301E -02  
3.4239pE-02 
3.5Y 73 7E- 02 
3.7124EE-02 

3.749736-02 
3.3384%-02 
1.3096%-02 
i. 76405E-04 
0.0 
0.0 
0.0  
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

3 . ~ 7 5 0 4 ~ - 0 2  

LOENTlF ICAlION 5ao 

(NtlLPHh4 
5.01917E-02 
5. ?I 063E-02 
6.02131E-02 
6.01 77bE-02 
5.Y22C5E-02 
5.84742E -02  
5 .0242S E - 02 
5.909UOE- 02 
6.13133E-02 
6.73643E-02 
L L O O b 5 E - 0 2  
l . lTZO9E-01 
1.5834ZE-01 
2.07500E-01 
2.51299E-01 
2.37COZE-01 
3.0d3 71E -01 

4.33697E-01 
2.82840E-01 
3.4bl79E-01 
1.093bZE 00 
1.71033F 00 
2.22554E 00 
3.15106E 00 
3.8b96bE 00 
L E 3 3 6 4 E  00 
7.00E03E 00 
1.33539E 01 
2.3719kE 01 
4.00031E 01 

L 4 6 5 3 7 E  02 
2.59024E 02  

.4.52Z67E 02 
7.45952E 02 
3.0740tE 03 

3 .03539~-01 

o .3eop4~ 01 

G R W ?  FLUX 
1.49959 E - 0 1  
1 .25WlE-01 
4.99605E-02 
2.5045 IE-02 
7.49 978E-02 
4.99023E-02 
9.99715E-02 
1.OOOZbE-01 
9.99977E-02 
1.00 005 E-O 1 
9.99 9h6E -0 2 
1.49 999E-0 1 
2.49995 5.00026E-02 E-0 1 

1.50008E-01 
3. O O O I P E  -0 I 
2.33290E-01 
3.33 783E-02 
2.37 34 1 E-0 1 
5.00008E-01 
6.99975E-01 1.25002E 00 

3.49 973E-0 1 
7.50003E-0 I 
7.49 97 6 E -0 1 
1.25015E-01 
7.50000E-01 
1.125OlE 00 
9.99 990 E-0 I 
7.49WSE-01 
1.75001E 00 
1.25000E 00 
9.99996E-a1 
1.25000E 00 
9.99949E-01 
1.00003E 00 
6.85056E 00 
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REACTION C R P S S  SECTIONS FOR C-12 DNA 427410 (PIE YT. 8 IDENY IFICAT1ON 4274  

w n w  
1 
2 
3 
4 
5 
6 
7 
8 
9 

IO 
I 1  
1 3  
13 
14 
15 
16 
I 7  
I 8  
19  
20 
7 1  
22 
21 
2 4  
7 5  
26 
2 7  
28 
29 
30 
31 
32 
73 
34 
35 
36 
37 

TOTAL 
1.3700?€ 00 
1.36987E 00 
1 . 3 0 8 1 9 ~  00 
1.27037E 00 
1.34410E 00 
1.33372E 00 
L.38432E 00 
1.2 2 246 E '30 
1.24310F 00 
1.13849E 00 
I.90756E 00 
9.40747E-01 
1.21653E 33 
1.31749E 00 

2.17502E 00 
1.88012E 00 
1.58473F 00 
1.78454E 00 
2.10054E 00 

3.8OR7OE 00 
4.28885F 00 
4.46417E 00 
4.60149F 00 

4.67315F 00 
4.70434F 00 
4.7196IE 00 
4.72468E 00 
4 .72736E 00 
4.72880E 00 
4.72908E 00 
4.72921E 00 
4.72940E 00 
4.72966E 00 
4.73152E 00 

1 . 8 0 8 3 e ~  00 

? . ~ ~ z ' ) o F  00 

4 .6 r rn87~  00 

PPOTOh INTERACTION CRCSS 

CYI I I IP  S I C  A B S  

1 9.45196E-02 

3 6.28020E-02 
4 5.44108E-02 
5 4.6062 3E-02 
6 3.62921 E-02 
7 2.45103E-02 
8 1.49212E-02 
9 8.85019E-03 

10 3.57596E-03 
11 2.48250E-04 
12 3.26986E-05 
I 3  9.6265 BE-05 
1 4  3.2069SE-04 
1 5  1.75226E-03 
16 9.44243E-03 
17 3.22312E-02 
18  I .21826€-0 1 
19 b.98471E-9: 
20 1.94450E OC 
? I  1.29489E 01 

7 r . m 3 5 ~ - ~  

E C A S T  I C  
8 . 4  1 11 7E-0 1 
8 -40990 E - 0  1 
7 . 8  3 L 6 1 E- 0 1 
7.3 08 13 E-0 1 
7.95541E-01 
7 - 6 7 2  17 E - 0  1 

6.73363f-01 
6.6485 1 E-01 
7.72565F-01 
1 . 4 2 6 3 2 E  00 
7.32 2 04 E- 0 1 
1.05990E 00 
1.304981 00 
1.80838€ 00 
2 . 1 7 5 0 2 E  00 
1.88012E 00 
1.58473E 00 
1.78454E 00 
2.10054E 00 
2.86290E 00 
3.80870E 00 

4.464176 00 
4.60149E 00 

4.63315F 00 
4.70434€ 00 
4.71960E 00 
4.72466F 00 
4.72732E 00 
4.72873E 00 
4.72895E 00 
4.72900E 00 
4.32900F 00 
4.72900E 00 
4.72881E 00 

SECTIONS 

B . 4 1684 E- o I 

4 . 2 a 8 8 5 ~  00 

4 . 6 4 8 8 7 ~  00 

S I G  P f  

6 . 6 6 7 ~ 9 ~ - 0 7  
9. J665 iE -0?  
1.11439E-Ob 
1.31449E-06 
1.59436E-06 
2.04028E-06 
2.8229AE-06 
3.84376E-06 
5.17911E-06 
7.81809E-06 
1.43102E-05 
3.26986E-05 
9.62458E-05 
3.20695E-04 
1.75226E-03 
9.44243E-03 
3.22312E-02 
1.21826E-01 
4.98431F-01 
1.94450E 00 
1.29489E 01 

INELASTIC 
4 .4  8 0  OYE- 0 1 
4.47985E-01 
4.4 47 3 3 6 0  1 

4.6 1279E-01 
4.66193E-01 
4.62877E-01 
4.248996-01 
3.34531E- 01 
2.69368E-01 
3.70934E-01 
2.06040E-01 
I .  560 9 7E- 0 1 
1.25121E-02 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.3 
0.0 
0.0 
0.0 
3.0 
0.0 
0.0 

4.5ooaa~-o1 

S I G  PP 

9.45 190E-02 
7.55126E-02 
6.28009E-02 
5 e 4 4  095 E-02 
4-60 607E- 02 
3.b2 9 0 1  E-02 
2 - 4 5  135E-02 
1.49233E-02 
8.84  501 E-03 
3.56 014E-03 
2.33940E-04 
0 .o 
0.0 
0.J 
0.0 
0.0 
0.0 
0.0 
0.J 
0.0 
0.0 

A8SCRPBlON 

8.08904f-02 
8.02989E-02 
8.16615E-02 
8.72 759E-02 
1.00312E-01 
7.97544E-32 
1.242OOE-01 
2.43721E-01 
9.65620E-02 
1.10313E-Q1 
2.50377E-03 
2.91522E-05 
0.0 
0.0 
0.0 
0 .0  
0 .0  
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
2.962 52E-07 

a.  o a 9 7 5 ~ - 3 2  

1 .o 7 1 2 e ~ - o 5  
i . a i 3 9 x - 0 5  

i .  3 0 2 4 6 ~ - 0 4  

3.5 8 IOOE-05 
7 .46458E05  

Z.29925E-04 
4.3 1 180E- 04 
6.6 143 I E-04 
2.70633E-03 

E NE R GY OE P 

3.27446€ 00 
2.41233E 00 
2.27453E 00 
2.05608E 00 
1.03382E 00 
1.60892E 00 
1.362346 00 
1.16217E 00 
1.01582E 00 
8.53246E-01 
6.64423E-01 
4. 84923E-01 
3.38925E-01 
2.19423E-01 
1.22409E-01 
5.75666E-02 
3.4b649E-02 
2.39474E-02 
2.63575E-02 
5.00983E-02 
1 . 7 3 3 6 8 5 0 1  

0 .o 
0 .o 
0 .o 
0.0 
0.0 
0.0 
0.0 
3 .O 
9.0 
0.0 
0.0 
0.0 
0.0 
9.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0 .O 
0.0 
0.0 
0.0 
0.0 
2.96252E-07 
I .0712%€-05 

3.581OOE-OS 
7.46458E-05 
I .30246E-04 
2.29925E-04 
4.3l lBJE-04 
6.61431E-04 
2.70633E-03 

i . n w m - 0 5  

1 N. ALPHA 1 
8.08975E-02 
8.089 04E-02 
8.029896-02 
9.14675E-02 
8.72759E-02 
1.00312E-01 
7.9 1544E-Q 2 
I.2420OE-01 
2.4332iE-01 
9.65620E-02 
1.10313E-01 
2.50377E-03 
2.9 I 5  2.2 6-05 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.6 
0.0 
0.0 
0.0 
0 . 0  
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.3 
0.0 
0.0 
0.0 
0.0 

CROUP FLUX 
k.49950E-01 
I .25O4 1E-01 
4.99605E-02 
2.5045 I€-02 
7.4 9 9 7% E-02 
4.99823E-02 
9.99715E-02 
1.00026E-01 
9.99977E-02 
A. 00 305E-01 
9.99966E-02 
1.49999E-01 
2.49995E-01 
5.00026E-02 
1.50008E-01 
3.00014E-01 
2.33288E-01 

2.333416-OI 
5.00008E-01 
6.99975E-01 
1.25002E 90 
3.49973E-01 
7.50003E-01 
7.49916E-01 
1.25015E-01 
7.50000E-0 1 
1.12501E QO 
9.99990E-01 
7.49995E-01 
1.75001E 00 
1.25000E 00 
9.99996E-01 
1.25000E 00 
9.999696-01 
1.00003E 00 

3 .337e3~-02  

6 . 8 5 8 5 6 ~  00 



R E A C T I O N  CROSS SECTIONS FOR NITROGEh DNA 4133/4 ( 1 I E  YT. 1 

GRWP 
1 
2 
3 
4 
S 
6 
1 
0 
9 

10 
11 
12 
13 
14 
IS 
16 
11 
ld 
19 
20  
21 
22 
23 
2 4  
25  
26 
27 
21 
29 
30 
31 
32 
33  
34 
3s 
36 
3 1  

1.724121 00 
1.446951 00 
1.UO17E PO 
1.60538E 00 
2.0SS16E 00 
1.8bSl7E 00 
3.18098t 00 
4.04250E 00 

6.05923E 00 
6.65b39E 00 
1.13024t 00 
l.WO16E 00 
8.4199lE 00 
8.13982C 00 
9.4lllSE 00 
9.9021lE 00 
9.996721 00 
1.W016F 01  
1.01799E 01 
1.03254E 01 
1.14143E 01 

4.0355oe 00 

E L I S T  IC 
3 . 6 4 2 1 S F O i  
9.2837bE-01 
8.91205f-01 
8.15978E-01 
0.879S3E-01 
9.09433E-01 
8.21604EOl 
0.8S53tE-Ot 
9.00899E-01 
8.81593E-01 

9.95072E-01 
1.lkkl8E 00 
1.61463E-01 
1.40989E 00 
1.35418F 00 
1.25611E 00 
1.36049E 00 
1.5111ZE 00 
1.91816E 00 
1 .02 l l5 t  00 
3.11330QE 00 
4.01D97E 00 
4.83393E 00 
6.05141E 00 
6.65l)bE 00 
7.12776E 00 
1.166IPE 00 
8.41322E 00 
0.92941E 00 
9.4St81f 00 
9.8612OE 00 
9.92411E 00 
9.953S3E 00 
9.9SbWf 00 
9.9S695E 00 
9.95664E 00 

1 .067 i6~  ao 

PWfOh IMTERILflON C l t S S  StCttOkS 

GROUP 216 ABS 

1 1.26028E-01 
2 1.01547€-01 
3 B.Wl62E-02 
4 1.34017E-02 
5 6.22343E-02 
6 4.9118OE-02 
7 3.32694E-02 
n z.omiz~-oz 

11 3.3n601~-04 

9 1.205981-01 
IO 4.11345C-03 

12 1.16848E-03 
13 2.19800E-t)4 
1k 7.22619E-Ok 
15 3.94172E-01 
16 2.11417E-02 
17 7.lbJ04E-OZ 
18 2.btW45E-01 
19 l.OIl2OE 00  
20 4.15182C 00 
21 2.69104E 0 1  

S I C  cc 
h.46452t-06 
1.9926lE-06 
2 .4'1017E-06 
2. IPZm-Ob 
f.51021€-06 
4. 494OtE-06 
L.L1*66€-06 
0.539S,F-c& 
l.l4269€-0S 
I .  72630L-O( 
3.16221t-05 
1.26148F-05 
2.LSIOOE-04 
7.22419t-34 
3.9457ZE-03 
2.11477C-02 
7.16504E-02 
2.67I95E-01 
1.0812Oz 00 
4.1518ZE 00 
2.69101E 01 

INELASTIC 
k. 09666E-0 1 
4.2 S768E-0 1 
4r30159E-01 
4.2933lE-01 
4.22584E-01 
4.OlbOZE-01 
3.7902ZE-01 
3.09141E-01 
2.12242t-Ol 
2.0 19399-01 
2.00 1k8F-01 
1.5b925E-01 
6.1blIlE-02 
4.066~1E-02 
2.1 11 1%-02 
S.832699-03 
8.621lOC-01 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

S I 6  PP 

1.26k26E-OI 
iiiiSisE-oi 
8.4613lE-02 
1.34 048E-02 
&.22308E-02 
4.91 13SE-02 
3.32632E-02 
2.02986E-02 
1 .204ME-02 
4.06619E-03 
3.06985E-04 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

1NvZNI 
I.OZ876E-02 
9.2111+E-03 
1.1Z132E-03 
6.5 381 SE-03 
4.43195E-03 
1.99OOlE-03 
2.01304E-04 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

E N E P G Y  OEP 

4.003OOE 30 
3.15550E 00 
2.72127E 00 
2.43328E 00 
2.10230E 00 
1.90013E 00 
1.6011SE 00 
1.36093E 00 
1.18731t 00 
9,96011E-01 
1.7S193E-01 
S.65173E-01 
3 * 9 S4 70E -01 
2.561 19E-01 
1.4319OE-01 
6 s 837SIE-Or  
4.32399E-02 
3. 40002€-02 
4.Obl16E-02 
1.04414E-01 
3.58281E-01 

h 8 S O l P T I O h  
1.7S03 OE- 01  
2 18999E-01 
2.41635E-01 
2 -k1379€- C i  
2.s280oE-01 
1 .51 i3z~-a i  
2.3k315E-01 
2.1614oF-01 
1.88634E-Cl 
1 1S433E- 01 
1.9S864E-01 
1. 6123 1E- 01 
1.96618E-01 
2.51402E-01 
3.92WJE-01 
3.64113E-01 
1.89318E-01 
9.96724E-02 

IN  GAMMA 1 
5.64542E-Ob 
9.85100E-Ob 
1.443SlE-05 
1.6448SE-05 
l.T8944€-05 
1.92481 E-05 
1.92156E-05 
2.142k5E-05 
1.93212E-05 
1.51391F-05 
lr82145E-OS 
1.35216E-05 
1.90195€-05 

1.65029E-05 
2.36451E-OS 
1.634S7E-05 
2. I1 1 ME-05  

9.36531E-CZ 2.72215E-05 

~.PPPZTE-W 

l N q P l  f N I O I  
1.9216lE-02 2.42210E-02 
2.961llE-02 3.2244bE-02 
3.8 8S92E-02 3.83062E-02 
4. 3 1349E-02 4alOk35E-02 
4. 77637E-02 4.433976-02 
5.05572E-02 4.51901E-02 
4~84022E-02 4.W946E-02 
4.797936-02 3.59114E-02 
4.k6Ob8E-02 2.kb94lE-02 

2. k8290t-02 1.83896E-02 
2.01695E-02 1.30920E-02 
2.71 341 E-02 1.70 2 36E-Ok 
3.3015ZE-02 0.0 
4.65678E-02 0.0 
4.56914E-02 0.0 
6.07300E-02 0.0 
2*50440€-02 0.0 
2.29123E-02 0.0 

3.62513~-02 i.aoiirE-oL 

1 ~69915E- 02 
3.00213E-02 
1.61915E-03 

3.471lOE-05 4.66741F-02 0.0 
2.632lZE-05 3.71237E-02 0.0 
2.3436M-05 7. 63567E-03 0.0 

1.533019-03 3.3004bE-OS 1.50002E-03 0.0 
1.5634kE-E3 4.36210E-05 1.51982E-03 0.0 
1.15951E-03 6.34113E-OS 1.69610€-03 0.3 
2.02641E-03 TbO431lE-05 1.94198E-03 0.0 
2.40038E-03 1.61120E-05 2.3822lE-03 0.0 
3.9784OE-03 1.517501-04 3.82065E-03 0.0 
6.Tk855E-C3 2.61ZllE*O4 6.48121E-03 0.0 
1.04044E-02 4.11171E-04 9.99286E-03 0.0 
1.9947lE-02 1.89082E-04 1.91SOOE-02 0.0 
4.15191E-02 1.64421E-03 3.9934EE-02 0.0 
1.25483E-02 2.86806E-03 6.96803E-02 0.0 
1.2OD69E-Ol 5.06149E-03 1.23008E-01 0.0 
2.2345TE-01 8.82868E-03 2.14628E-01 5.0 
3.66419E-01 1.4559OE-02 3.53860E-01 0.0 
1.517flE CO 6.00179E-02 1.45763E 00 0.0 

5133 

1N.T) 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.5 
0.0 
0.0 
0.0 
0.0 
0.0 

I h . l L P M 1  
6.00931F-02 
8.44039E-02 
9.71925E-02 
I .O 1S52 E-01 

3.13175E-02 1.06945E-01 
3.19137E-02 L.lO664E-01 
2.99105E-02 
2. 40419 E-02 
1.3074 1 E-02 
1.2316OE-02 l.OB7fZE-01 
1.65k9EE-02 1 36077E-0 1 
2.49346E-02 1.0842lE-01 
1.32059E-02 1 .56OOEf-01  
9.64413E-04 2.214 1ZE-  01 

3 -4  5 5 WE-0 1 
3.18998E-01 
1.28S72E- 01 
7.4bO4lE-02 
7.ObS36E-02 
3.02116E-02 
2.71315€-0+ 
I .  06403E- 05 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0 .0  
0.0 
0.0  
0.0 
0.0 

I h t  ZLLPHll 
6.0034+E-02 5.04485E-02 

3.91f12E-02 
3.113ZM-02 
2.23 I .22818E-02 5 'IO€-02 

3.6 1.47799E-04 lZ5CE-03 

2.0 7 35 TE - 0 5  
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
050 
0.0 
0.0 
0.0 
0.3 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0  
0 .3  



REACTI~IY CR3SS S E C T I J N I  

GROUP 
1 
2 
3 
4 
5 
6 
1 

9 
I J  
11 
12 
13 
14 
1 5  
16 
17 
18 
19 
LO 
21 
2 2  
23 
24 
2 5  
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
3b 
37 

n 

1.6015dE 00 
1.55634E 1J 
1.61934E 00 
1.35599E 00 . . ~  ~. 
1.23322E 00 
1.26114E 00 
I.IBBY5E 30 
1 . l l i L J Z E  00 
1.29471E 00 
1.28J74E 00 
I . I Z O * b E  JU 
L.b6188E J J  
1.05751E 00 
2.408 '31E-01 
1.65294E 00 
Z . 6 9 7 1 4 E  00 
3.bOPDOE J J  
4.86092E 0 0  
3.52875E 00 
3.6JSd3E 30 
3.67811E 00 
>.10394E JO 
3.71730E 00 
3.13414E 00 
3.1TJ58E 00 
3.74b29E 00 
3.?4742€ 30 
3.74198.5 0 0  

3.748llE 00 
3.?4812E 00 
3 . ? C B I 3 E  1J 
3. I481OE 00 

3 . r 4 ~ 0 8 ~  00 

ft3R O X V G E h  

ELISTIC 
1 -3C704E 13 
9.38C69E-01 

DNA 413412 I l l €  hT.  I 

INELASTIC 
5.78655E-0  1 
5.627 ME-0 1 

9.563+0E-01 5.16233E-01 
9.6 1216E-01 4.7b219E-01 
9.8867Of-C1 4.25581E-01 
1.J3515F J3 3.45506E-51 
1.12923F 00 3.3C554E-OL 
9.32725E-01 Z.35835E-01 
8.43464F-01 2.+1390€-01 
8.86C34E-0 1 2 . 1 3  106E-0 1 
9.02938E-11 2.2 lL99E-01 
9.3143YE-01 7.64141E-02 
1.24C83E C C  0.J 
1.2OtLOF o c  0.0 
1 . 6 3 7 t 3 E  OC 0.0 
2.65252E 1 0  0.0 
1 .C57516  C O  
2.4C8SIE-Cl 
1.6!25+F C C  
2.65714F 00 
3.6C90JE J J  
4.86C92f 00 
3 . f Z F 1 5 f  cc 
3.6C780E 0 0  
3 . 6 1 E l l F  00 
3.7C394E 3 3  

3.13414E C C  
3 . 7 4 3 5 8 E  C C  
3.34t29E 00 
3.74742E S9 
3.74758E CO 

3.34E10E C O  
3 . 7 4 e 1 0 E  00 
3.14813E 3 2  
3.3419LE GO 

3 . 1 1 7 3 ~ ~  o c  

3 . 7 4 8 ~ 8 ~  c c  

PHOTCh INTFRLCTIUN C P C S S  SECTICLS 

G R O U P  S I C  4 8 s  

i 1.63813E-CI 
2 1.313Y3.E-01 
3 1.59652E- 31 
4 9.52302E-02 
> 8.C8305E-02 
6 6.38719E-02 
1 4.3346 BE-02 
a i.65ZllE-02 
0 1.57734E-02 

10 6.40297E-C3 
11 4.52115E-C4 
12 1.45418E-04 
13 4.33223E-04 
14 1.45123E-03 
15 7.d9112E- 3 3  
i L  4.15181E-02 
17 I .41098E -0 1 
18 3.21433E-01 
19 2.07501~ 00 
20 1.84357E 00 
ZL 4.9385?E 01 

S I G  PE 

2.9 0548 E-06 
3.9 55 05 E-06 
4.86732E-36 
4.74655E-06 
6.97869E-06 
8.938 22E-06 
1.23736E-05 
1.69976i-35 
2.27619E-05 
3.44117E-05 
6.30798E-05 
1.454 L E E - 0 5  
4.33223E-01 
1.45123E-03 
?.89 1 IZE-33 
4.1978E-02 
1.41098E-01 
S.2 1433E-01 
2.07501E 00 
7.84057E 00 
4 . 9 3 ~ 1 5 1 ~  01 

0.0 
0.0 
0.0 
0.0 
3.3 
0.0 
0.0 
0.0 
0.0 
3.0 
0.0 
0.0 
0 0  
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.3 
0.0 

511; PP 

1 . 5 3 U A O € - J l  
1.31 3d 7 t - 4  I 

9.5L244C-JZ 
8.)d235E-JZ 
6.3db30E - J 2  
4 . 3  3 h4€ - J 2  
L . 5 ) 0 >  1E-J2 
1 . 5 1 C J 6 E - J 2  
0 . 3 6  81bC-h3 
3.89US5E - J 4  
0.3 
O.J 
U.O 
3.1  
0.3 
0.0 

i.nyw,eE-dL 

~.~ 
0 .3  
0.0 
0.3 
0.3 

LBSCRPT 1 C  h  
4.95468E-02 
i . 1 3 0 l 3 E - C I  
1.698CZF-01 
1.831 IZE-01 
i.86929E-Ci 
1.75687E-Cl 
2 . 1 3 5 5 6 E - C 1  
1 . 3 2 4 3 S F - 0 1  
1.48365F-Cl 
I.CBOWE-01 
6.4 1414 E- 02 
1.021 7OF-01 
s.39+51 r-C2 
7.4bkbBE*02 
8.283t2E-02 
8.96511E-33 
2.603 14E-C? 
1.6486lc-08 
1-97697E-08 
2.3?961 F-08  
3.22OICE-OB 
S.39IBIF-CtJ 
7.79212i-08 
1.030§6E- C7 
1.45946E-01 

2.32241.E-07 
3 . 1  3841 E-01 
6.34181E-07 
5.77789E-C7 
1.U ?461 E-Ob 
3.907656-06 

I .  85552~-07 

6.81832~-06 1.20366E-C5 

3.10019E-05 
3.4b265E-05 
la42t35E-C4 

ENERGV 6EP 

I N.GAUY4) 
6.6335YE-OY 
7.105OIE-OY 
7 - 4 2  L I  I E - 0 9  
7 - 56204E -09 
7.75401E -09 
7 a 9 9 9 9 1 E  -09 
8. 3O6l4C-Oc# 
8.132UCE -09 
9.17915E-JY 
9.6504 1 E - O Y  
1.01453E-Jd 
1 . uao11 E - LJd 
l.1941dE-011 
1.2863oE-Jd 
I .  352b 5€ - Jd  
1.514TJE-Jd 
I .  73015E-Od 
1.64841E-Ud 1.9769iE-Vd 

2.37961E-08 
3.22314E-Ud 
5 -331LI I t - 0 9  
7.7921LE-Ud 
1.03056F-u7 
1. W944E -111 
1.8555ZE-J? 
2.32241'-01 
3.73841E- 31 
6.34181E -07 
9.77?89E-81 

( N I P )  -. 43524: -02  
3.3432Oi-02 
3 . 9 52 43E -02 
C. 6 I732E-02 
c .  095 ? 1 E-02 
L .47957E-02 
C.  20511E-02 
1.3  1310E -03 
J.J 
U.0 
J.J 
J . 0  
J.0  
J . 0  
U. 0 
J.J 
J .0  
J . 0  
d.0 
U.0 
J . O  
11.0 
d . O  
U " 0  
J.0 
J.2 
Ll.0 
J . 0  
*.u 
".@ 

1.8746IE-Jo J. 0 
3.W76bE-Db J.0  
6 . 8 1  B 3 L t  -Uo J .O 
1.M36bE-03 J .  0 
2.1001YE-05 J.0 
3.+6265E-J) 3 . 0  
1.426J5F-U4 J .0  

IOEh T I  F ICA I I ON 

im.01 
4.36244E-03 
9.15659E-C3 
L.jb965E-02 
1.51 7 15E- C Z  
1.49219E-02 
1.11512E-02 
3 . 7 9 4 3 0 € - 0 3  
2.77858F-35 
0.0 
0.0 
0.0 
0.0 
0.J 
0.0 
0.0 
0.0 
0.0 
'3.3 
0.0 
0.0 
0.0 
0.3 
0.J 
0.0 

( N I I L P H A )  
2.08320E-JZ 
7 , 0 4 8 4 8 5 - 0 2  
1.L856iF-Ok 
1.25767E-01 
I.31050E-01 
1.39741E-01 
1.67 109E -01 

1.48365E-01 
1. 0 8 O O O E  -01 
6.47474E-02 
1.03 170E-0i 
5.39651E -02 
7.46468E-02 

8.96010E-03 
2.43013E-07 
2.02 825E- 12 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 0.0 

i . m n 9 3 ~ - 3 1  

8.28372~ -02 

0.0 0.0 
0.0 0.0 
0.3 0.3 

0.0 0.0 
0.0 0.0 
0.0 0.0 

0.0 a.o 

4 1 3 4  



A1.5 

H .P 76 I L t - 0 1  
9 .JYC2 3 F - 0 1  

d .LIZ56 + E - U l  
d .a9 cu d B t  - 0 1 
8.ROa44f -01 
1 . 3 h 4 1 7 F  0 0  
9 . 9 2 b R Z F - 0 1  
I n 1 4 U 3 V F  00 
7 .(, J 0 5 O E - 0 1  
l . I C H ? I , F  ou 
1.3411RC 0 0  
1.2551'9F 00 
1.36213E 0 3  

e .24000t-01 

I N E L A S T I C  
4.092 79F-01 
4.75517F-01 
4 .  30165F-01 
4 .2OJ34f  -01 
4.227)ZF -01 
4.0 7 766F -01 
3.79569F-01 
3 .  I 1 5 6 7 F - 0 1  
2.10')5vF-01 
2.0 1895F-01 
I -99984F -01 
1 . 5 3 4 5 5 F  -01 
h.75016F-02 
4.06024F-02 
2.27217F-02 
'I. 4 b824E-a3 
7.84385F-04 
n.n 
n.0 
0.0 
82. 0 
0.0 
c. 0 
0.0 
0.0 
111 . 0 
Id.0 
C.0 
0. 0 
0. n 
0.0 
C.0 
a. o 
0.0 
0.0 
0.0 
0.0 

G n n w  
1 
2 
3 
4 
> 
6 

8 
Y 

10 
11 
12 
13 
1 4  
IS 
lb 
17 
18 
19 
2 0  
2 1  
2 2  
23 
24 
2, 
26 
2 7  

2 9  
30 
5 1  
3 2  
33 
34 
32 
36 
3 7  

r 

z a  

L A . r )  
7 -40138E-07 
3 t20701F-02 
3.82114F-02 
4.10321 t -02 
4 - 4 2 9  12F - 02 
4.57977E-02 
4.35413t-02 
3-617lOE-02 
2.44603E-02 
1.79203F-02 
1.84109€- 02 
I -17931F-02 
I -58655F-0'4 
0.0 
0.0 
0.0 
0.0 
0.0 
0 .0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
9.0 
0.0 
0.0 
0.0 
0.0 

0.0 

I Y ,  T I  
1.1255ZE-OL 
7.17863F-02 
2.6 085 YE-02 
2 .98Y1  LE-07 
3.136 rat- 02 
3 - 1907 3F- 0 2  
2 -9 YCb dE- 02 
2.41940E-02 
I -2  877 9 E  - 02 
I .24318E-02 
L.05312E-02 
2 .> 1014E-02 
1 . 2 @ 3 5 1 E - 3 2  
Y .5 13JbF-04 
1.1461 16-04 
0 .u 
0.0 
0.0 
0.0 
J . O  
0 -0 
0 .0 
0 .o 
0.0 
0.2 
0.0 
0 -0 
0 .O 
Ll -0 
0.0 
0.0 
0 .0 
0.0 
11.11 
U .i) 
0.0 
0.7 

["I , A L P H P I  
5.947 OBF -02 
6.39491F-02 
9.710976 -02 
1.01527E-01 
1 .068ZZF -0 1 
1.10667F-01 
1.08939E-01 
1.07953E-01 
1.0417OF-01 
I. 0895 LE-01 

I .  05035F -01 
1.57844E-01 

3.41777E-01 
3.148 1 O E - 0 1  
1.2339OF-01 
7.50002F-02 
6.9325 2F -07 
2.69923f -02 
2.0743?F -04 
I .  90399F -05 
or 0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
3.0 
c.0 
0.0 
0.0 

1.3630~-01 

2. z 3 7 0 5 ~  -01 

n.o 

0. n 

f q t 2 N l  
1.03 0 79f-02 
9.243 78f -03 
7.77379F-03 
6 a 5 4 3 7 4 F - 0 3  
4-47 17 l r -03  
2.00 550 E- 03 
3.0 S Z 6 66-04 
D . 0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0 . (1 
0.0 
0.0 
0 * 0 
'3.0 
u .<I 
0.0 
0 - 0  
0.0 
0* 0 

0 .o 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 

o.n 

0 '0 

0.0 
0.0 

0.0 

10-4-7413 I 

(N97ALPHAI  
6.0245RF-02 

3.92596F-02 
3.17775F-02 

5.06a5+~-02 

0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0 .O 
0.0 
0.0 
0.0 
IJ . 0 
0.0 
9.0 
0.0 

0.0 
0.0 
0.9 

0. n 

o.n 

0.n 

A B S J Q  PT ION 
1 . T 3 9 5  IF-01 

7.4153RE-Dl 
2.473CYF-01 

2 .  i n k  3 4 ~  - 1 1  

2.577 3 7 r - 0 1  
Z . 5 1 2 0 8 F - U I  
2 . 3 % 5  b8F-O I 
?. lhQ72F-OI 
1.67955 F - 0 1  
1 755046-01 
1.96l45F-01 
1.63039F - 0 1  
1.981'3ZF-01 
2.51575E-0 I 
3.Rb3 7UF-01 
3.58762E-01 
L -83  I 8BF -01 
t .m 7 2 ' IC-0 1 
9.16305~-07 
7.11 5 I 8 F - 0 2  
4.05228F-07 
1 . 1  5771 E-03 
I .. 53 L Q 9 F - 0  3 
1-55351f-03 
L -75668E-03 
7.025?0E -0 3 
? .67575F-03 
3 -9b4T4F-03 
4.72679F-03 
1-93351F-02 
1,981 15E-02 
4 . L 5 3 0 1 F - 0 2  

1.27 2 40 F-01 
2.219 3%-01 
3.64522E-01 

? . m , a 4 ~ - o z  

1.43158F 00 

3.10699F-02 
1.45L43F-02 
3.95085F-02 
2 .36705F-02 
6.OR405F-02 
3 -388 C5F-02 
3.57881F-02 
4.38355E-02 
6 -25 Y b7F-02 
1.2276BE-01 
3.15687E-01 
9 .ll689F-O2 
1-99? 19F-01 

8 .2T463F-D1 

1.55R7AF 00 

6.298ao~-ni  

i . 9ez67~-n i  

4.11802F 00 

1.27297f 01 
R . B I I ~ O F  00 

3.39074E 00 
7.OR299F 00 
6.47934F 00 

5.93484: 00 
3.42Y35F 00 
6.96101F 00 
4.90186F 03  
1.0?627$ 01 
7-111708F 00 
5.46510F 119 

1.02746~ on 

6 . 2 b r z n ~  00  
4.34567~ no 
3.53427E 00 
1.111 I nor nn 

7.16472F- 01 

1.755D4F-01 
1.961 45F- 01 
I .  63039f- 01 
1.9R132F-01 

I . a 7 9 5 5 ~ - 0 1  

2.51695F-M 
3. A6370C -01 
3.58762 €- 01 
1. H3188F- 01 
1.002 2 I r - 01 
9.16'105C -02 
7.115 IBF-02  
4.06228f-02 
P.15971F-03 
1.53199MF-03 
1 " 56; 5?F - 03 
1.755hBE-03 
7.02590F- 03 
7.47675F- 03 
3.96574E-03 
h .  7767OE-03 
1.03951F-CQ 
1 , 9 4 1  15 E- 02 
4. 7.2 15001F-02 36a QF - 02 

1.2774OF-01 
2.21932F- 01 
3.64522F-01 
1.40158F 00 

(U. I ;AM*&!  
5.54459F-06 
9. 141SOc-06 
I A4061f-05 
1.6434bF-05 
I .7887EF-O5 
1.92189F-05 
1.92940F -05 
2.13691E-05 
1 .92098F-05 
1.57LTZF -05  
1 .92484F-05 
1.33372E-05 
I .u3a32~-05 
1.002 OO€-O 5 
1.60619F-05 
2.348)$4-05 
1.652946-05 
2.1 T758F-05 
2.734RM-05 
3-46? 1 OE- 05  
Z.61765f -05 
2.54221F-05 
3.29867F-05 
4 - 3  51RZF-05 
h.32679E-05 

9.79648F-05 
1.572 50E -04 
L66411E-04 
4.. 1 1 3 7 E F - 0 4  
1 . 8 3 7 2  i f -04  
1.441 WE-03 
2.BbWbE-03 
5-028nF -03 
8.7686E-03 

5.5 4 I T7F -02 

7.84100~-05 

i . 4 4 0 ~ 4 ~ - 0 2  

t Y . @ I  
1. R9599f-Q7 

?.B7971F-02 
4.31047F-01 
4. 770bW-02 
5.046 7 I € - 0 2  

4. T9804E-02 
4.4408SE -02 
3.61851F-02 
2.48624E-07 
2.10962E-02 
2.72755F-02 
3 . 3 O Z B B E - 0 2  
4.49425F-02 
4.3929OF-02 
5 .978lOE-02 
7. S19B7F-02 
2.22779F-02 
4r61249F-02 

6-11525E-03 
1.500OOF-03 
L.51998F-03 
1.94749E-03 1.693w.F-03 

7 . 3 1 8 7 9 f - 0 3  

5.66038F-03 
9.983 76F-03 
1-90278E-02 
3.9Y590E-02 
6.95075F-02 
1.2221 IE-01 
2-13ILJF-01 
9. so1 18E-01 
1.34610E 00 

2.46330~-02 

4 . 8 4 z m ~ - o 2  

4.038 9 2 ~ - 0 2  

3. ~ O E ~ O F - O ~  



R E A C T I O N  ihCSS SECTlWl5 FnR 0 1276  A R R  3 l N - Z i G  300K InFNT I F I C A 7  1 O N  

SRUJP 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
l i  
12 
13 
14  
1 5  
16 
1 7  
1 8  
19 
20  
2 1  
22 
23 
2 4  
2 s  
26 
27 
2 8  
2 9  
30 
31 
32 
33 
3 4  
3 5  
36 
37 

T O T A L  
1.63624E 00 
1.61063F 00 
1.68321F 00 
1.62511F 00 
1.60188E 00 
1.55671F 00 
1.b7777F 00 
1.35621F 00 
1.22829F 00 
1.76P30E 00 

1.08527E 00 
1.29361F 00 
1.27927E 00 
1.67382F 00 
2.61142F 00 
1.54232F 00 
2.44115F-01 
1.67301E 00 
2.7400oF 00 
3.41249F 00 
4.73457E 00 
3.57885E 00 
3.60815E 00 
3.67781E 00 
3.70321E 00 
3.71833E 00 

3.74344f 00 
3.74732f 00 
3.74753E 00 
3.74799F 00 
3.74808F 00 
3.74742F 00 
3.74812F 00 
3.74813F 00 
3.74015F 00 

i.iaiz3~ on 

3.73516~ no 

E L A S T  IC 
1.0095SE 00 
9.35Y75E-01 
9 .Y73jbE-01 
7.6 l l 2 2 E - 0 1  
9.8773YE-01 
l.03519E 00 
1.12797E 00 
9 - 5  324 i E-01 

8.90221E-01 

9.13575E-01 
1.Z3725F 00 
1.20530E O C  
1.5S378F 00 
2.60431F 00 
1 . 0 4 2 5 2 E  O C  
2.44115F-01 
I.a7301i O C  
2.74036E 00 
3.41249E 00 

3.52885E 00 

3.617alE 00 
3.70321F 00 
3.71833E 00 
3.73516' 00 
3.74344E 00 
3.74732F 00 
3.74753E 00 
3.74799f 00 
3.7480HE 00 
3.7474IF 00 

3.7481CE 00 
5.7480ZE 00 

a .4 036 5 ~ -  o i 
i, . 9 6 4 3 r ~ - i ) i  

4 . 7 3 4 5 7 ~  no 

3 . 6 0 ~ 5 ~  03 

3 . 7 4 a i c ~  00 

i N E C A S T I C  
5.77547E -0 I 
5.6 376OF-01 
5.l6295E-01 
4.76313E-01 
4.27006'-01 
3.4 5 8 9 Of -0 1 
3 . 3 5 8 1 7 F - 5 1  
2 .36828E -01  

2.72237E-01 
2.20009E-0 1 
6.87159F-07 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
i1.0 
3.0 
5.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

z . 4 0 5 0 8 ~ - 3  I 

0.0 

0.0 

Ln-4-74 I 3  ) 

6 8 5 7  RPTIOY 
4 - 9  1422 f-07 
1.10997F-01 
i . 6 Y  5 6 1  F-01 
1.87679E-0 1 
1.8714OF-01 
1.75626F-01 
2.13975F-01 
1 a 861  415-0 1 
1.47715F-01 
1 -05847E-01 
6 . 4 d l  Z S E - 0 2  
1.02% I E - 0 1  
5.6366SE-02 

H. 003 88F-02 

2.11212F-~.1 
1.84997F-08 
1.97999F-05 
2.40004E-OR 
3.2681LF-08 
5.28237i-08 
7.7R76HF-08 
1.0286Oi-07 
1.4955 7F-07 
1.8550ZE-07 
2.31891F-07 
3.72651F-07 
6.32136E-07 
9.760986-37 
1.86186F-06 
3.90323F-06 
6.801 4 1E-06 
1.19586F-05 
2.08587F-05 
3.42603F-05 
I. 3172 iF-04  

7 .38868~-02 

7 - 1 1  2 0 5 ~ - r 7  

C A P  T I J R F  
4.91472F-02 

1.69561 F-01 
1.07679F-01 
1 -07  14OF-31 
1.756267-01 
2.139 75p-01 
1 .A5 I 4 1  F -01  
1.47715'-01 
1.05847E-01 
6.48125i-02 
L ~ O 2 3 6 l E - O l  
5.63665F-02 
7.38EhRF-02 
a.OO?RRF-32 
7.11 205F-03 
2 - 1 1  2 lZE-07 
1.84997F-08 
1.97399C-OR 
2 -43004E-08 
3.268 12F-OR 
5.28237 E-OR 
7.7878RE-08 
1.02860i-07 
L .495 57F-07 
1.855 O2E-0 7 
2.31891F-07 

6.32136F-07 
9.76898F-07 
I .85 18bF-06 
3 -933 Z3E-06 
6 .R0141 E-06 

2 .OR 58 lE-05 
3.42603F-05 

1 . 1 3 3 9 7 ~ - 0  1 

3.72651~-07 

i . i 3 5 8 6 ~ - n 5  

I . ~ I ~ z I E - ~ ~  

( N I G A Y M A  1 
6 .621 71 F - C I  
7.09625E-09 
7.47034 F- 09 
7 . 5 6 1 6 1 E - 0 9  
7.75049F-09 
7.99834F- 09 

3.72502F-09 

9.66207F- 09 
1.01445F-08 

1.1 9642 F- OR 
1.79672F-OR 
1.3477ZF-08 
1.52555F-08 
1.73688F-CR 
1.84981E- C8 
1.97999f-08 
2.40004E-08 

5.2 823 7F - 09 
1.02R6OF-07 
1.49557F-07 

2.3 1891F- 07 
3.7265lc- 07 
6.3'136F- 07 
9.76R98F- 07 
1.861 86p- 35 
3.9 0 0 2 3 F - 
6.0 0 I 4 1  F - 06 

2.0 858 7E- 05 
3.42603F-05 
I .31721F- 04 

a . z 9 q s o ~ - m  

9 . 1 9 n ~ s ~ - m  

I .  08361 F- oa 

3.26812~- aa 

~ . 7 a 7 q a ~ - o a  

I .  n 55 02 E - 07 

1. I 9586'- 05 

I V , P I  
2 -42198F-02 
3.3 2387F -02 
3.943 52E -02 
4.67642F-02 
4.12441F-02 
2.481RIF-02 

1.61836F-03 

0.0 
0.0 
0.0 
3.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 

0.3 
0.0 
0. fl 
0.0 
0.0 
0.0 

4. 2 e 1  5 2 ~  -02 

n. n 

0. 0 

0.0 

n.o 

o.n 

(h l .D I  

9.0203OF-03 
1. S671OF-O? 
1.5169QF-02 

1.11937F-02 
3.93075F-03 
2 - 96 1 8 4F -05 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0. 0 
0.0 
0.0 
0.3 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
3.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.3 
0.0 
0.0 
0.0 
a. 0 
0.0 

4.29381~-03 

1 . 4 q 4 r 7 ~ - 0 2  

0. 0 

( h l .  ALPH)  1 
2.062RoF-02 
6.873 74F - 02 
1.1 6455F-J l  
1.25745F-01 
1.3O94Bc - 31 

1.07221F-01 
i.P4493i-01 
1 .47715c-1)1 

6.46 I 2 5E - 02 

5. b 36tV-02 
7.3RP68i-02 
d.001.98'-0? 

1 -9qP44F-07 
1.57298F-12 
0 .o 
0 .o 
0.0 
0.0 
0.0 
0.0 
0 . 0 
0.9 
0 .O 
0.0 
0.0 
J.0 
0.0 
0.0 

0 .O 
J.0 
0.0 
0.0 

I . 3 5 6 1 4 r - 0 ~  

I .n5n47=-n i  

1 . 0 2 9 6 1 ~ - 0 1  

7.11203r-03 

a .n 



A17 

RELCIIOW CROSS S F T . l l B ( S  FOR f-19I12711 

C I N P  
1 
2 
3 
5 
5 
b 
1 
n 
9 

io  
II 
I 2  
1 3  
14 
I 5  
I C  
I7 
111 
14 
70  
2 1  
7 2  
1 3  
24 
23 
Z b  
21 

?9 
30 
3 1  
32 
33 
34 
3 5  
36 
31 

zn 

&IOUP 
I 
2 
3 
4 
5 
6 
7 
0 
9 

10 
I I  
I2 
1 3  
14 
I5 
i b  
1 7  
111 
I 9  
20 
7 1  
2 2  
23 
24 
29 
7b 
27 
78 
29 
30 
31 
32 
3 1  
1 4  
35 
36 
31 

C.I%bOE-(R 
5.11223E-03 
Z.IBo35C-03 
4.7254IE-OI 
I. 70701E---05 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
C . 0  
C.0 
0 .0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
c.0 
c. 0 
c.0 
c.0 
0.0 
0.0 
0.0 

. . . _ _  
8.271IJSF-CL 
8.204IbE-01 
i k Z O 5 M f -  0 I 

1.65772f-01 
7.4ZCME-01 
b.VOlWE-OI 
6 . 9 1 2 1 1 ~ 0 1  
6.40195e01 
8.96028r-01 
9.62910E-01 
l -239WF 00 
I.IS48SE 00 
1.79(10f 00 
1.547OlF 00 
I-81431f 00 

2.260%€ 00 
3.63520F 00 
4.6119*€ 00 
4-.)2516E 00 
4.71336E 00 
3.51143E 00 
3.411lJZE 00 
3.4744% 00 
3.*694ZE 00 
3.40341E CO 
3.119OIE 00 
3.99730E CO 
3.99730E 00 
3.99130E co 
3.P9730E CO 
3.99730E 00 
3199717E 00 

a.03332e-01 

i .wa30~ 00 

k-8136.)€-03 
1-5786ZE-03 
3.13909E-01 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0. 0 
0.0 
0.0 

I .5976(1~-05 

3 7 N - L i b  I / E S f  P-3 3001 

a. w9260E-oI 
h2Ib-E-01 
b 2 8 C O 3 L - 0 1  
8.351 f + E - 0  I 
LI .CCZ35E-01 
&52079€-01 
&3YZ59E-O1 
8.0p126€-01 
7.552OM-01 
7- OWkl € 4 1  
&40508€-01 
& S l O S 4 € - O L  
7 . O I I  77E-01 
7.653076-01 

8. b U l 8 t - 0 1  
I .13OWP 00 
1.5Y0511 od 
Z - Z l S Z I P  00 
4. 1 BI ICE -01 
0.0 
0.0 
0.0 
0.0 
0.0 
9 0  
P O  
P O  
0.0 
P O  
0.0 
0.0 
0.0 
0.0 

8.oaoi ?E-OI 

1 N ALPH A I 
2- I Zb 78E-02 
2- 34239E -02 
2.454a7E-02 
2-53033E-02 
3-127OBE-02 
3. S87SZE-02 
C 1 3 7 3 5 E - 0 2  
5. I'flCIE-02 
k713%E-02 
P.ZLL38E-02 
1.05U IOE-0 I 
1.3952CE-01 
1.b2Z ICE-01 
l.3873OE-01 
9-4* 53E-02 
2.2 5761 E-02 
7.P27QbP-04 
5-3100SE-04 
3.28II9E-04 
A 2 C I  IbE-05 
A0 
0.0 
0.0 
(Lo 
0-0 
(10 
0.0 
0.0 
0.0 
0.0 
P O  
0.0 
9 0  
0.0 
0.0 
0.0 
0.0 

0 .O 
0 .o 
0.0 
0 .O 
0.0 
0.0 
0.0 
0.0 
0.0 
0 .o 
0.0 
0.0 
0.0 
0.0 
0.0 
0 .o 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0 .o 
0.0 
0.0 
0 .O 
0 .O 
0.0 

GROUP FLUX 
2 .1323CF-01  

P.11bBBE-02 
4.57192E-02 
1.3b980E-01 
9.13513E-02 
1.8 388 I€-01 
ld3b053E-01 
1.86564E-01 
1.9123SE-01 
1-93785f-01 
3.0512LE-01 
4.49107€-01 
9-0470CE-02 
2.402bOE-01 
k.8ZZ3lE-01 
2.90529F-01 
6- 5 '491 *F-OL 
2-70814F-01 

z . z 7989 E-o I 

~ . I V ~ Z P E - ~ I  
~ . L I O ~ I ~ E - O ~  
6.8 IOVZt-0 1 
Z . I 8 6 O 2 € - O l  
4.87304E-01 
5.0 90 7bE-0 I 
1.1364bE-01 
6.9 7 1E.b E-0 1 
1.03933E 00 
9.7381lE-01 
7.6091ZE-01 
2.53351E 00 
Z.S8b*IE 00 
1.314392 00 
2.529Wf 00 
1.31192C W 
1.9351bE 00 
7.51k57E 00 

ABSORPT IIJh 

5.7653bE- 0 2  
6-04'a52E- 02 
6.19794E-C2 
6.9872 5E-02 
1.9853 I€-02 
9 - 1 3 LICE- 02 

I .  1565(L€- c 1 
1.38380t- C 1 
1 AS570E-01 
1.72 13iE-0 1 
I .  754 ISE-0 1 
1.3958bE-Cl 
9.47058E-CZ 
2 - 2 6  I4lE-02 
9.4481 lE-C4 
5.90b89€-C4 
3.8633%-Ok 
I . Ib43SE-04 
1-41222E-04 
5 34 12bE-04 
3*785L$+-C1 
8.7MOSE-04 
b.OM34E-C3 
1.27056E-03 
3 -263612-03 
6.20551E-CS 

b.37127E-05 
1.03540E-C4 
2 - 147 I X - 0 4  
3.55 305E-C4 
6.58023E - 04 
I .08549€-03 
1.9 1389€-03 
l - l b 3 0 3 E - 0 3  

5.27 ir4t-02 

I .os07 ic-ai 

5 .ona49~- 05 

b. 19794t-02 
b.91725E-02 
7.98531E-02 
9- 13146f-02 
1.0507 LE-01 
1.15656E-01 
1.3 838OE-0 I 
1.49SYOE-Cl 
1.72139E-01 
L7541SE-01 
L395ME-01 
9.47058E-02 
2.26 14IE-02 
8.44817E-OI 
S.VOb89E- 04 
3.8b330E-04 
1.l6435E-04 
1.41Z2ZE-04 
5.3412bE-04 
3.78S25E-04 
8,73605F-04 
6.0 5034E- 03 
1-2785bE-03 
3-26367E-03 
6. .?OSSI€-05 
5- 08849E-(15 
b.3 712 1E-05 
1.035kOE-04 
2-14112E-04 
3. 553OPE-04 
6.58023E-04 
1.08549E-03 
1.91389E-03 
7.16303E-03 

I O E N r l F I C A T I C U  1271003 

I N  e G A W l k )  
7.b9157E-Cb 
0.8222lE-Ob 
9-62 12 7E-06 
9.99232E-Ob 
1.05013E-05 

1.20605E-05 
1.3 329bE-05 
1.4?ZZM-05 
1.62755E-05 
1.19926E-05 
2- 06343E-05 
2-49224E-05 
2.89055E-05 
3.19865E-05 
3.9975(te-W 
5.2021Of-OS 
5.9be49E-05 
5.818OtE-OS 
9.+0239E-05 
I. 41 222E -04 
5.34126E-01 
3-70 525E -04 
8.73605E-04 
6.05C34E-03 
1.2 I E%€-03 
3.Z616lE-03 
6.2055IE-C5 
5.08849€-05 
6.31127E-05 
1.0354OE-04 
2.16lLZE-04 
3.54309f-C4 
b.58023E-04 
1.0854SE-03 
1-91 389E-03 

~ . I I ~ ~ ~ E - o s  

7.16~a3e-03 

I hrP1 
1.13532E-02 
1-44 8 1  1E-02 
1-62 72bE -02 
1.70492t-02 
l.91409E-02 
2.172302-02 

3.261bBE-02 
3.1190lE-02 
4.Ob437E-Dt 
3.75455E-02 
3.21 2 17E-02 
1.30964E-02 
8.2b 749E -0k 
1.28281E-DI 
0.0 
0.0 
C. 0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
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R € K T U N  CROSS S € C T I O Y S  FOR HG 4512/1 37N-LIG i / E  I I - Z O - I 4 1 5 1  I D E M T I F I i A T I O h  

3.17702E-01 
2*84825€-81 
2.  IBAb?E-01 
1- 1 I 3  11E-01 
1.17349E-01 
1.-75u\7F-n7 
2.14106E-02 
1 - 5 8 7 6 4 E - U Z  
1.23433E-02 
5-67 102E-03 
L336IOE- 0 3  

3.00006.E- 04 
3.000G6f- 04 

33.00008E- 04 
3.0000TE-04 

m Q b r d -  01 
3 . 0 0 5 0 s -  04 
3.0T75&-04 
5 -  L4005E- 04 
3.4078iE-04 
3.9233AE-04 

S . O S ~ O E - O ~  

1.39569i-01 
I.  32 82 i k - 0 1  
1.08394E-OL 
1.0t66Tk-01 
7. C7338E-02 

3.zL&u&=LxL 
1 .ZY044E-O3 
1.01 a i s - O b  
0.0 
0.0 
0. C 

~~ W U d P  r C L X  
1. 4 9  5Lli - 01 
1.2 5040:- 31 
4 . 4 Y  b b 5 t  - 02 
2 - 5 0 4 2 L t - 6 L  
7-4E972t-02 
t J . 5 9 b z 4 k - ~  
9.9571Y-02 
I .cuuzoE-o1 
9.99s 1 c t - 0 2  
1 C Ob C4t - G 1 
9.5 F 96 6r - 0 2  
1.119ppEL- 91 
2.49553t- 01 
3 . O U L Z k - 0 2  
1.50006t-01 
3 .  COO1 5 t  - 01 
2.332dtc-01 

-2 
2 . 3 3  33Yc- 01 
5.0000% - 01 
6.599 7 5t - 01 
i.25UOZt Gi 
3.454 73t- 01 

U Q O Q j E - 3 X  
7 . 4 9 Y  7 T t  - 01 
i.25015€-01 
7.50001E-01 
6.12501k J O  
9.SYYSOt-CI 

A 4 9  P93L2.k 
1. 15001t UO 
1.250005 3 6  
Y.9955&- o i  
1.2500& 0 b  
9.S9948-01 

1 . 0 0 U 0 3 t  O G  
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FJR bLUClhUC D N A  413513 i l l E  hT.  I ISEkl!FlCATION 4135 R E A C T l  JN C R O S S  SECT I J N S  

GROUP T O T A L  
L 1.18402E 00 
2 1.76057E 30 
3 1 .14~133~  00 
4 1.74494E 3 J  
3 l.lJ669E 30 
b i . r 3 + 4 0 ~  30 
7 1 . r 4 1 4 i ~  00  
8 1.10030E 5 0  
9 I.?i648E J O  

I O  1.74967E 00 
I I  i.829ZEE 00 
12 1.94326E 00 
L3 2.09114E 00 
14 2.4Id15E 00 

16 Z.47823E 00 
I 7  2.8910ZE 00 
18 2.72014E 00 

1 5  2 . 2 3 8 ~ ~  0 3  

19 3.043396 00 
2J J.19441E 20 
2A 3.614LdE 00 
L 2  4.14513E 00 

26 5.35693: 00 
2 5  7.2YlJIE J O  

23 5.83284~ 00 

26 6.47375E-01 
2 7  1.05299P)E 00 
2 8  1.624516 00 
29 1.3417YE 00 
3J 1.54U93E 3 0  
3 1  i . 3 5 0 1 3 E  00 
32 1.35240E 00 
33 I.3562Oi 00 
34 1 . 3 6 Z V I E  00 
35 1.3745PE J J  
3b 1.39222E 00 
3 7  1.53357E 00 

E C l S T I C  
1.7S75qE-OL 
4.7 I S Z b F - O l  
6.477 iiE-0 I 
6 .  5 C t  49E-0 L 
6.37969E-01 
6 . 3 2  10ZC-0 1 
6.41329E-31 
6.36S79E-C I 
6.99446E- 0 I 
7.6ClS4E-tl 
8.64 153C-Cl  
i.04C?+E 00 
1.26929E 00 
1.41910E 00 

L.8251OE CO 
2.4EbS4F 3 3  
2.4C?IZC G O  
2-74297f C O  
2.Si47iE C0 

4.14457E I C  

5.35511E C C  
7 . 2 8 5 i F  O C  
6.44342E-0 I 
1.04956E 53  
1.61261F O C  
1.1445ZF O C  
1.34t99F C C  
1.34721F O C  
1.J413Ic 2 0  
1.J4730E C O  
i.34?22€ CC 
1.34712E O C  
1.34766E 00 
1.34152E C J  

1 . 4 e i 8 1 ~  0 0  

3 . 6 z e 6 6 ~  00 

5 . e 3 c i 6 ~  co 

CPil l lP 'IC 4 8 5  

I 4.18050E-01 
2 ?.37284E-OL 
3 i.BZ917E-Ji 

i.*6605f -31 
5 2 .  IOi65E-Oi 
(. 1.66686 E - O  1 
1 1.13838E-OL 
B 7.C23?OE-O2 
V 4.23613E-02 
10 I . ?  % V 6 E  -02  
I L  L.62671E-C3 
I2 I .60160E-03 

14 1.5WdLE-02 
15 8.59716E-32 
16 4.492 1 9 E - 0  I 

13 + . 1 8 9 4 2 ~ - 0 3  

11 I.+blZBE 00 

S I G  PE 

3.13584E-05 
4.2 7 6 82 E- 05 
5.2 15  89E-05 
6.21129C-05 
7.595996-05 
9.145 35E-05 
1.3 S050€-(34 
i .a51 1 3 ~ - 0 4  
z -4% 58 E-04 
3.38492E-34 
b.9 51 25E-04 
1.60760f -03 
4.18942E-03 
1.555 81 6-02 
8.55 716F-J2 
4.49219E-01 
I.4812BF 00 
5.3iP13E 00 
2.03811E 01 
7.35289E OL 
6.24lSZE 02 

INELASTIC 
5 ,  5 b S I B E - 0 1  

8.012+7E-O I 
8.39118E-01 

B.llZ19E-J1 
8.17930E-01 
0.57CC4E-01 

8.3f29ZE-OL 
8.43394E-OL 
8.235596-01 

1.41134E-01 
1.37254E-01 
6 , 4 6 8 4 3 E - 0 1  
4. J39S8E-01 
3. I1486E-01 
3.00471E-0i 
2.1956ZE-01 
5 e 3 5545E-03 
0.3 
0.0 
0 .0  
0.3 
0.0 
l3 .J  
0.0 
0.0 
0.0 
0.0 
0. J 
0.0 
0.0 
0.0 
0.0 
0. J 

~ . ~ B ~ ~ z E - o I  

a.63618~-01 

a. 3 I 99 SE-OL 

7.8 e491~-0  I 

I h . Z N I  
3.06919E-01 
1.94352E-01 
7.16 1.25 5-a2 
2.630%4~-a2 
2.00575E-C3 
0.3 
0.0 
0.0 
0.0 
0.0 
0.3 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
c.0 
0.0 
0.0 
0.0 
0.0 
0.0 
u.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0 .O 
0.0 
0.0 
0.0 
0.0 
0 .o 
0.3 

ABSORPrl lJN 
1 45 29 I €  - J I  
1.9660dE-01 
Z.21755t-01 
Z.28865E-01 
2.33095E-31 
2.31 08 JE-J I  
2.22 179E-0A 
2.56315E-dA 
1.85039f-01 
1 . 5 3 5 0 5 t - 0 1  
i s  iP135E-di 
I. 896V5t -0.2 
3.93635E-UL 
1 a 7 9  16 I E  - 02 
I .  39OldE -02 
3.69732E-03 
4.168JZE - 54 
I .3597UE-04 
1.4419dE-1)* 
1.38807E-04 
2.6124d~ -04 
8.349J5E-J4 
2 .W?5JE-03 
1.8$10bi-03 
7. 846 10E - 03 
3.03288E-03 
3 .02695E-J3 
I .1892bE-OL 
2 .a72 16E -03 
1.965liE-03 
2 .d3257i-03 
5.09711E-J> 
8 .9050YE-OJ 
i s  571 ?*E-OL 
E .  7WPIE-02 
4 . 5151aE-OL 
I .8605JE-J1 

i 1 G  P P  F N E R G Y  DEP 

4.Id019E-~L 
3.37 ,?*it-* I 
L - 8 L 8 b l E - J i  
2.60 > 4 l i - 3  1 
2.1 > JIIJE-J i 
1.56588E-dL 
1.  i 374 35-J I 
7 . 0 0 4 5 2 t - J L  
4.1 d II  X - J 2  
I . L J O A I E - J 2  
Y.31WYE-d4 
0.3 
0.3 
0.D 
3.3 
0.3 
0.0 
0 . 3  
0.3 
0.3 
0 . 2  

9.45049E 00 
7.05193E 00 
5 .S8126E 00 
5.1617oE 00 
4.47191E 00 
3.7946bE 00 
3.10481E 00 
2.58449E 00 
2.229d7E 00 
1.85659E 03 
1.440586 00 
1.05194E 00 
7 . 3 6 8 5 6 C O l  
4.8093ZE-Ol 
2.81632E- J I  
i.76095E-OB 
I .  91253 E- 01 
3.28053E-OL 
7.30358E-01 
1.71021E i )J  
5.b4492E 00 

I N , G A M Y A I  
0 - 6 1  396E-04 
b .300.?5E-W 
>. 21361E-04 
5.00342E-04 
r.65936E-M *. 251  97E-04 
1.7965OE-04 
3.23904E-04 
L .  73452E-04 
~.21938E-04 
I .866JIE-O+ 
1 -40677E-04 
?.83478E-05 +. Y4698E-05 
>-V47JOE-05 
0.35848E-05 
1 .i56)5€-0* 
1.327185-04 
r.44695F-04 

L .612+BE-O4 
8.549 J5 E - 04 
~.68?50F-O3 
r.813566F-03 
7.B461OE-03 
3.03288E-03 
J. 32695E-03 
1.18925t-02 
L .  812 L6E-03 
I.9+531€-03 
L.83227E-83 
>. 09 1 klE-03 
0.90509E-03 
L -5'Pa 71 E-02 
L. 7 391 i E-02 
C. 5LS78F-02 

~ . 3 a 8 0 7 ~ - 0 4  

A .  a 6 0 5 3 ~ - 0 1  

t N . P I  
4.59868F-02 
6.34481E-02 
7.35292E-02 
7.76135E-02 
8.26442E-CZ 
8.81198E-C2 
9.51301E-02 
L .32163€-31 
1.02379E-CI 
9.39949E-C2 

6.50200E-C2 
3.83268E-02 
1.1865JE-C2 
1.38422E-02 
5 6i377E-C3 
3!bi169E-04 3.25164E-06 

9.6621ZE-CB 
0.3 
0.0 
0 .o 
0.0 
3.5 
0.0 
0.0 
0.0 
0.0 
3.3 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0 .o 
0 .o 

I I . Z ~ Z ~ ~ E - C Z  

{NIDI 
2.71 151F-02 
3.09 709E -02 
2.88645E -02 
2.63315E-02 
2.21 192E-02 
1.65 7OlE-OZ 
I .  045 55E -02 
4.39693E-03 
6. I518OE-04  
7.71924E-05 
5.01 526E-05 
2.00500E -05 
1.13261E-01 
0.0 
0.0 
0.0 
0.0 
0.0 
3.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
C. 0 
0.0 
0.0 

a. o 

I b . T l  
l . O S C 4 Z E - 0 2  
3 . 0 8 4 8 8 5 - 0 3  
2.1107 I+€-04 
2.14'Jd2E-J5 
l.O2020t-~Jb 
4.238C3E-UL 
I.2302bE-06 
0.0 
J . J  
0.0 
.I. J 
0.0 
0.0 
3 . 0  
0.0 
J . J  
9.0 
0.0 
J.0 
0.0 
l . J  
0.0 
0.0 
O.J 
0.0  
J.J  
0.0  
0.0 
0.0 
0.0 
1.J 
0.0  
0.0 
9.0 0.: 
0.0 0.a 
> . J  J.0 
0.0 0.C 

( h  .bLPt'A J 
6 .% 8 C S 4 E - C Z  

i .  18:-2E-0 I 
1 . 2 4  142E-0 I 
1 .i1859F-C1 
I .  25501E-C 1 
I. 162 1ZE-01 
9 .  CI r 304 E- o 2 
8.17719E-02 
5.528r9F-CZ 
3 . S 4 t S 3 C - 3 2  
1.37689E-CZ 
Y.:e293E-C4 
1 . 1 2 2 9 l E - C b  
5 .C?  CZBE- C 8 
1.63111E-13 
c.c 
4.G 
O . C  
0.0 
J.J 
0.C 
0.0 
d.0 
3.0 
>.O 
0.c 
0.0 
0.C 
0.0 
1.c 
0.C 
0.C 

s . e 4 6 8 2 ~ - c z  



A23 

I;e(cIuP 
1 
2 
3 
4 
'5 
h 
7 
8 
9 

LO 
11 
I 2  
13 
I4 
15 
16 
I 7  
111 
19 
20 

25 
26 
27  
28 
2 %  
30 
31  
32 
3 3  
34 
15 
36 
31  

I,XIU(" 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
SI 
12 
13 
I 4  
1 5  
a6 
11 
10 
I 9  
20 
i l  
22 
23 
2 4  
I 5  
26 
2 1  
28 
29 
30 
3 1  
32 
3 3  
34 
3 5  
36 
3 7  

f O  74L 
l .8ZOl*E 00 
1 . 8 ~ 7 e ' l ~  00 
1.8Qlt6E 0 0  
I . i l ~ 3 2 1 E  00 
r .ep432~ CE 
1.BSOIdE 00 
1.83011E 00 
i . 7 9 3 4 1 ~  oc 
1.82255E CC 
1 . 9 ~ 4 1 3 ~  oo 
1.F9010E CC 
1.89957E C C  
2.144i4E 00 
2-679LZE 00 
2.3521rlE CC 
2.19325E 00 
2.6471UE 00 
2.51431E O C  
3.ZSbt8E 00 
2.81518E 00 
3.803CZE 00 
f a . 1 4 8 ~ ~  oa 
5. sat. cap- o i 
i . 6 3 0 ~ 0 ~  oa 
1-414t5k 00 
3..*lbSZ€ 0 0  
I.6944bE C O  
Z.109iOt 00 
2-15057E CO 
Z-150€9€ 00 
Z.i5ltpE 00 
2.15353E 00 
Z.L561?t 00 
2.16UESE 00 

2.18129E 00 
2.2765% 00 

I P l . 0 1  
6.574 ( I f -  03 
I.479e'tE-02 
1.8ZOSLE- 02 
1 -88537E- 02 
1.808 CW- 0 2  
I.447 3W- 02 
6.1581kE- 03  
L.ZZ4WE-  04 
0.0 
0.0 

2.16a(6t: 00 

0 .C  
0. G 
0 . E  
0.C 
0°C 
0.c 
0.C 
o., 0 
0.0 

0.0 
0.0 

0.c 

0.C 

0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
Q.0 
C.0 
0.0 
0.0 
0.U 
0.0 
0.0 
C.0 

C L A S T I C  
a. il041t -01 
7.89756E-01 
7.2712CE-C1 
7.3036M-01 
7.42352t-Cl 
I. 4 9 0 0 x -  01 
?.233C4€-CI 
6.79214E-01 
7.2394Y-CI 
8.1682ff-01 
8.64091E-CI 
(1.531 Z g E - C L  
1 .2633e  UC 
L.955FQ 90 
l.baal2r: 00 
1.61353f GO 
2.203CZE 00 
2 . 1 7 1 0 5  00 

2.80722E 00 
3.802Fff 00 
5.1477K CO 
5.'3'103X-P1 
1 .SL842E GO 
L1437ZY 00 
1.17314€ CO 
1.6FQICE 00 

2-1500oE CO 
2.ISOCIP 00 

2.15C06 00 
2 . 1 5 0 O Q  co 
2.150OcE 00 
2.L500Q 00 
2.1500Q GO 
2.149Ut 00 

3.0335~ oo 

z.ioa81t oo 

z . ~ s o c ~  00 

I N r A L W A )  
6.4851 4 -02  
1.2S3OM -01 
L . S P 5 4 X - 0 1  
1. ?03 7oE -01 
1- 766bCZ-01 
1- 81 73dE- 01 

I - 1861 I€ -01 
1.6*253€-QO1 

1.191 S%-G1 
7.8119Y-02 
L.43745E-02 
Z.Z(lb9ZZ-03 

6.81674E-01 

0.0 
0. c 
0.0 
0. c 
0.0 
0.0 
0.0 
0. G 
0.c 
0. c 
0. c 
0.0 
0.0 
0.0 
0.0 
0. C 
0. c 
0.0 
0 . 0  

1 . a 3 6 w - 0 1  

1.5 a7  7 ~ -  01 

i.mioIix-(u 

2.62160~ - m 

0. a 

I k E C A S r t C  
7. 1601 SE-01 
6 r 8 2 3 6 6 E - 0 1  
6.2 8 728f -01 
6.161 IO€-01 
6.14981E-01 
e. 21 859E -01 
6.311 1 L E-OI 
6.55325EQI 
6.69776E-01 
b. 70453E-01 
6rb90?0E-01 
1.44684E-01 
6. OQd93E-01 
7.08593E-01 
6.54692 E-01 
5.7L)355€-01 
4. 1319i E-01 
3.42683E-01 
Z . 2 2 . 4 8 ~ E - O I  
7. 4I 06 ?E-03 
0.0 
0.0 
0. 0 
0. 0 
0.0 

0.0 
ao 

a a  
ao 
0 .0  
0.0 
0.0 

0.0 
G O  
0.0 
0.0 

GRCUP FLUX 
1,14950E-01 
1.2506 OE -01 
4.99605E -02 
L . 5 M S O E - O Z  
7.4997 5 f -a2 
4-WB24E-02 
9.99714E-02 
1.0002bE-01 
9.99970E-02 
1.00001E-01 
A. WQbbE-02 
1.19999E-01 
2.49943 E - 0 1  
5.0002 1 E  d Z  
1.5000bE-01 
3.0001 5E-01 
2.33208E-01 
3.33 783 € -02  
2.33339E-01 
S.0000QE-01 
6.99935 € 4 1  
1.25uoze 00 
3.49973E-01 
7.50003 E -01 
7. 49977E-01 
1.2501 5E-Ol 
?. 50001E-01 
1.LZ5OlE 00 
9. Q W P O E - O l  
7. 49995E-01 
1.fSOOiE 00 
1.25000E 00 
9.90996E-01 
1.250OOE 00 
9.99949E-01 
1.00003E 00 
6.8585CE 00 

0, a 

~14.2141 
5.82529L-02 
5 57 SO 5 E -02 
5.06d36 E - 0  2 
4.66373E-02 
3.9Bh89f -02 
3.14492E-02 
z.20356~-a2 
1.1063ZE-O2 
3.72387E-03 
2.057ia 5-04 
U .0 
0.0 
0 -0 
0 rO 

0.0 
0 .O 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0 -0 
0.0 
0.0 
0.0 
0 .O 
0.0 
0.0 
0 .o 
0.0 
0.0 
0.0 

0 .o 

0 .a 

a .o 

A 8 S O R P T  ION 
1-62785€-0 I 
3.lOOlS L-0 I 
3.96 IZPE-0  I 
4 . 2 2 0 4 2 E - 0  1 
4.37124E-01 
4.47791E-01 
4.50664E-0 I 
4.47812 E-0  1 
4.25105E-JI 
4,27246E-0 1 
+.56Y37E-O 1 
3.017OSE-01 
7.2962 16-0 2 
1 .45264€-02 
4 .7OZ3BE-0  3 
1.32113E-03 
6.b6251E-04 
6.400 14f  -04 
6 .  *9 130 E-0 4 
6.34C.8VE-04 
6 .b LZLqE-04 
6.70007 E-04 
6.71570E-04 
1 -37563f -0 3 
7.608 76 E-0 3 
3.361186-03 

3- 3990 2E-04 
3 . i 7 r q i f - o ~  

5 . 7 5 9 6  Z E-04 
d r a 579 >E-0 4 
1.b9090L-03 
3.52994f-03 
6.175608-03 
L.0840 3E-D2 
1-89579E-02 
3.12920E -0 ? 
1.28629E-0 1 

CAP TUR E 

3.10015E-01 
2 96 I B E -  0 I 
4.2 20 42 E -  0 I 
4 .37124E-  0 1  
4.471FlE-01 
4 - 506 641 - G 1 
4.478ILE- 01 
4 . 2 5 1  CSE- CL 

1 . 6 2 7 8 5 ~ - 0 1  

4,2724bf-01 
4.5693?t-C1 
!.OI?CSE- GI 
7.LYbzl€-  C2 
I.43264E- 0 2  
S r  70238E- C 3  
i. 32715E- 03 
6.60257E-04 
6.400 14E- 04 
6 . 4 9 1 3 0 t - 0 4  

6 - 6 1  2 29E-04 
6 .7OOC7E-04  
6.7 IS  IO€- 01 
1 - S 1563E- 03 
1 . 6 0 B I l b C -  03 
3.361 1dE- 0 3  
3.1 7 7 F l E -  QC 
3.394 Czi- 04 
5.159 &?E- 04 
8.857SjE-01 
1.6905Ot-03 
3.52954E-03 
t .1756OE-03 

1.695 19t- 02 
3.1292w- c 2  
1.2BeZ9E- OL 

t .  5 4 6 8 9 ~ -  04 

I . O ~ ~ C ~ E - O Z  

l t i t N r l f  I C A l l  C h  

I NrGAMMA) 

*. 6 1 i s *  -04 
6 I 9 t C 2 C E  -04 
5.  C 1 74%-04 
5 . 1 2 e a k - 0 4  
5.23C31E-04 
5 ,  23FtISE-OC 
5 " 4 5 € 3 4 €  -02 
5 . 5 ? 4 9 t € - O 4  
5. I ? 692E -04 
5.8OCl5t-04 
5.89279E-Ok 
6 - C t  1 4 h - O b  
6. L3212E-04 
6 .  r'COLbF-04 
6.31t44E-04 
6.SCOIIE-04 
6.5C014E-04 
b.4F13oE-04  

6.tl229C-04 
6. ?COCK-04 
6.71 fXE-04 
1.57563E-03 
7. f C B  W -0s 
3 . 3 t  1 LE-03 
3. P T l C I E - 0 4  
3.359Clt-04 
5.1?9C2E-04 

1. t 9 C S O t - O P  
3.52SS4E-03 
b v  L156E-03 

1.8'4 5 79E - 02 

4 . 5 4 1 5 2 ~ - 0 +  

c. ~ ~ 6 a 9 ~ - 0 r r  

a,  e 5 ~ F X  - 04 

i. C B ~ C + E - O Z  

3.12sz(x-02 
i . z e w ~ - o i  

0. 0 
0. a 
0. a 
0.0 
0. 0 
0.0 
0.0 
a. 0 
a. o 
0. a 
0.0 
0. 0 
0.0 
0. a 
0.0 
0. 0 
0.0 
0. 0 

0.0 
0.0 





A
25 



A
2 6 

- >
 

ul 
x 
v
 



, . .. 

K E A L I L U N  C R O S S  SECTIONS FUR X ENOF 1150 ( L I E  UT. 1 

GROUP 
L 
2 
3 
4 
5 
b 
1 
8 
9 

10 
11 
12  
13 
14  
1 5  
16 
17 
18 
1 9  
20 
21 
22 
23 
24 
25 
26 

28 
29 
30 
31 
32 
33 
34 
35 
36 

zr  

37 

T O l A L  
1.93642E 00 
L.96102E 00 
2.Olb35E 00 
2.04537E 00  
2.08988E 00 
2.14659E 00 
2.22065E 0 0  
2.32073E 00 
2.42434E OD 
2.54843E 00 
2.67603E 00 
2.825OZE 00 
3.04346E 00 
3.23738E 00 
3.35593E 00 
3.48587E 00 
3.265OZE 00 
2.99321E 00 
3.04259E 00 
2.69377E 00 
Z.22912E 00 
1.95984E 00 
2.18213E 00 
3.04702E 0 0  
2,70235E 00 
1.63596F 00 
I.T5919E 00 
5.6i289E 00 
1.19471E 03 

1.5071W 00 
l .79762E 00  
1.98165E 0 0  
2.1594OE 00  
2.29953E 00 
2 .44234E 00 
~~~~~~~E 00 

i . 29r ioE  0 0  

ELGr I C  
Y.41191E-01 
9.16296E-01 
9 -44628 E-0 I 
9.b3151E-01 
9 .9554JE-01  
1.03225E 00 
1.09543E 00 
1.11504E 00 
1.25906E 00 
1.3573LE 00 
1.45772E 00 
i . 5 9 3 8 3 t  00 
1.89641E 00 
2.21834E 0 0  
2.44460E 00 
2.95903E 00 
3.07238E 00 
Z.iI2823E 00 
2.93170E 00 
2.66013E 00 
Z . Z Z 7 4 1 E  00 
1.95798E 0 0  
2.17835E 00 
3.04028E 00 
2.689L1E 00 
1 . 6 1 4 4 2 E  00 
1.74685E 00 
5.40191E 00 

1.28527E 00  
1.4844OE 00 
1.75033E 00 
1.69YOBE 00 
2.01363E 00 
2.04518E 00 
Z.OZ3OOE 00 
2.15865E 0 0  

i . i r 9 5 2 ~  00 

?HUTON i N T E R * C T l O k  CROSS SECTIONS 

GROUP 

I 
2 
3 
4 
5 
6 
7 
8 
4 

1 0  
l i  
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
L O  
1 s  
2 0  
2 1  

SfG ABS 

8.7 35 5 CE-C 1 
7 .074056-01  
5 .%73?€-0 1 
5.20 8 ICE-01 
4 ~ 4 5 3 5 9 E - 0 1  

2.3?017E-01 
1.51665L-01 
9 19 455E-C2 
3.956 3 5 E-02 
b.57LTQE-03 
L.0449QE-02 
2.91 6 l l E - 0 2  
9.2563.E-02 
4.71Y86E-01 

3.47 I ICE-o i 

2 . 4 4 6 4 ~ ~  oo 
T . Y L C L E  00 
2 . a 1 4 1 3 ~  a i  
L.05&32€ 02 
3.69822t 02 
1.98915E 03 

S I C  ?E 

2 .  C516 4E-04 
2.90353E-04 
3.45537E-04 
4.lOblZE-04 
5.00693E-04 
b.44Y5M-04 

1 .2424of -03  
l.Cbb30E-03 
ZaS303bE-03 
4. C7809E-03 
1. C4499E-02 
2 .  S1818E-02 
9.2Fb3.E-02 
4.7880CE-01 
2.44640E 00 
7.96011E 00 
2.11493€ 01 
1-05132t  02 
3.L9022E 02 
1.5898X 03 

B.SSY~AE-OI 

INtELASt IC 
6.7956OE-01 
6.28926E-01 
6.09292E-01 
f.03906E-0 I 
5.99480 E-0 1 
6.0 2 56 7E-0 1 
6 .OO 888 E-C 1 
6114919E-01 
4.35341E- C 1 
t z+bl?O3E-Ol  
7.06468 E-0 1 
1 .36562E-01  
4.66169E-01 
5.90454E-0 1 
5. L2818E-01 

6.3Y263E-02 
3.10835E-CZ 
3.38133E-CZ 
1.a 11 bE-02 
1.1595OE-04 
0.0 
0.0 
0.0 
0.0 
0.0 
0 .o 
0.0 
0.0 
0.0 
0 .o 
0.0 
0 .o 
0.0 
0.0 
0.0 
0.0 

2.5885 IE- a I 

SIG ?? 

E.  73785E-01 
7.07125E-01 
5.953$7E-01 
5.20400€-01 
4.44B59E-01 
3-4?131E-01 
2.36917E-01 
1.50423E-01 
9.02193E-02 
3.70335€-02 
I. 99361 E-03 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

( N e 2 P O  
3-0C54 1E-02 
1.49638€- 02 
5 1572 BE- 03 
2.70385E-03 
3.18275E-04 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0 . 0  
0 .  a 
0.c 
0 .0  
0.0 
0.0 
0 . 0  
0.0 
0 . 0  
0 . 0  
0.0 
0.0 

A8 50RPTi  ON 
2.854 12E-01 
4.00935f-01 
4.56 6 7 bE -01 
4.15001E-01 
4.9454OE-01 
5-11 IT=-01 
5.24 33 7E - 0 1 
5.299iM-0 1 
5.23406E-01 
5.11844E-01 
4.9462%-01 
4.60883E-01 
4. 2 8583E - 0 1 
3.9851%-01 
2.61986E- 01 
1.28  7 I3€-0 1 
1.27893E-01 
7.10 161E-02 
1.96287E-02 
1.53bOX-03 
1.86342E-03 
3.83029E-03 

1 - 4 2  3 75E- 02 
2.15441E-02 
1.29391E-02 
2.1098ZE-01 
1.51 88lE-02 
1.183bM-02 
2.2?035E-02 
4-73  253E-02 
13.2575bE-02 
1.4577ZE-01 
2 -54 34 7E-01 
4.19346E-01 

5.30 7 6 8 ~ - 0 1  

6. r 3 5 7 ~ ~ - 0 3  

I . I Z T ~ Q E  0 0  

ENERGY OEP 

1.67179E 01  
1.20253E 01 
9.77871E 00 
8.42523E 00 
7 . Ib612E 00 
5.912T2E 0 0  
4 .71712E 00 
3-8C403E 00 

2.72b47E 00 

1.54416E 00 
1.0391TE 00 
7.28023E-01 
4.82371E-01 
4 s  71Y3ZE-01 
T .  56059E-01 
1.59343E 00 

8.88132E 00 
2.bb029E B t  

3.291150~ GO 

z . t t 3 1 6 ~  oa 

3 . 0 2 3 4 1 ~  0 0  

I N  . G I  MH A I  
2.146686-05 
3. L50bZE-05 
3.4368?E-05 
3.56189E-05 

3.9931 4E -05 
4.30553E-05 
4.75 E1 6E -05 
5.25 86OE-05 
5.Bll67E-05 
6.42 32 OE -05 
1.28190E-05 
8.90 886E -05 
1.0324YE-04 
1.142DZE-04 
1.4 3 42 3E -W 
1 .86 913E-04 
2.13 I6 7E-04 
2.4411 9E-04 
3-55  12 LE-04 
6.5352 5E -04 
1.81045E-03 
3.79768E-03 
6.7033 LE-03 
1.41907E-02 
2.14 84 LE -02 
1.2 866bE -02 
2.10865E-01 
1.4 9 POOE -02 
1.15 3056-02 
2.21 l79E-02 
4.61 W6E-02 
8.0445 BE -02 
1.4 Z # l  2E -01 

3 .75177~-05  

2.47 T B ~ E - O L  
+ . o a 5 3 0 ~ - 0 i  
1.68215E BO 

I D E N T I F I C A T I O N  L 150 

IN,?) 
2-29913E-01 
3.16905E-01 
3.53299E-01 
3.63499E-01 
3.73b62E-0 1 
3.60544E-01 
3.832blE-01 
3.8005 LE-01 
3.73489E-01 
3.6436CE-01 
3.5 1 9 4  LE-0 1 
3 3664OE-0 1 
3.12919E-01 

2.800#3E-0 1 
2.11616E-01 
1.16314E-01 
1.2 29 Z7E-0 1 
b.BL109E-02 
1-9OZ93E-02 
8.81348E-04 
5. 13?01€-05  
3.05l75E-05 
2.97419E-05 
4.29662E-05 
5 . 3 1 6 V l E - 0 5  
b s 654b9E-05 
1 - 0 7 l Z  IE -04 
1.8 I 1  LOE- 04 
2.801 77 E-04 
5.371 41E-04 
L.11967E-03 
1.95368E-03 

Z . Q ~ T ~ ~ E - O I  

3 . 4 4 8 a i ~  -03 
~ . O I T ~ J E - O ~  
9092121E-03  
4.08663E-02 

I N ,  & ? H I )  
5.56 719E-02 
8.3898TE-02 
1.03 343E-01 
1- 11472E-01 
1-20 840E-01 
1.31 186E-01 
1.41 033€-0 1 
1.50669E-01 
1- 56 399E-01 
1.59263E-01 
1.59839E-01 
l.Sl916E-OI 
1.478?5E-01 
1 U692E -0 1 
1.18402E-01 
5.62271E-02 
1.21519E-02 

2.72 112E-0 3 
2.W301E-04 
1.1523ZE-06 
1.57460E-06 
2-09012E-Ob 
2.66579E-06 
3.87 538E-06 
4. 7958 $€-Ob 
6.00227E-06 
9.6619OE-06 
1 63904E-0 5 
2.52709E-05 
4.W49OE-OS 
l sW989E-04  
3.11067E-04 L.16211E-04 

5.42760E-04 
8.94861E-04 
3.686C 3 E-0 3 

4. t 5  36 1 ~ 4 3  



REACYIOY C R J S S  SEC1 IUNS FOR CALCIUM DNA 4 I 5 2 / 3  11ff LT.  I 

GROUP T O T A L  
I 2.J12ObE 33 
2 2.0b52bk 00 
3 L.11178E 00 
4 2.14498E 00 
5 2.22158E 00 
6 2.2U224E J O  
7 2.3Y.19E 00 
8 2.51982E 00 
9 2.68234E 00 

10 2.76666€ 00 
11 2 . 8 8 3 1 3 8  3J  
1 2  3 . 0 I Y Y I ) E  00 
13 3.233bOE 00 
1I 3.39804E 00 
I 5  3.58083E 00 
I b  3 . 5 5 Y l l E  )0 
I 7  3.b1855E 00 
18 2.8889bE 00 
19 3.Z1581E 00 
20 2 .54239 i  00 
2 1  L.ZJ640E )J 
2 2  2.43291E 00 
2 9  L . 7 3 3 1 4 E  00 
24 1.45753E 00 
2 5  1.69854E 00 
2 6  2.3jC55E J O  
27 2 .18 iB lE  00 
28 2.41445E 00 
29 2 . 5 6 1 3 4 E  00 
30 2.57ZbOE 00 
3 i  Z.57459E 13 
32 2.579501 00 
3 3  2.50675E GO 
34 2.6bb93E ‘0 
35 2.8065bE 00 
Jb 2.93989E JO 
31  3.32709E 00 

P t i o i c h  I N T C R K T I O N  cncss 

G R J U P  

Z 
.I 
4 
5 
b 
7 
8 
9 

13 
11 
I 2  
1 3  
14 
1 5  
l b  
1 1  
18 
19 
2 2  
7 1  

9.65670E-01 
1 . n 1 9 5 7 ~ - 0 1  
b. 5 1  889 E-o  I 
5.162bSF-OL 
4.933llE-Ol 
2.92b08E-01 
2.69967E-01 
1.68334E-01 
1 .OZZZ3E -0 1 
4 .522  73E-J2 
7.13632E -03 
1.30734E-02 
3.8674OE-02 
1.27COOE-01 
a . 6 3 i Z l E - O i  
3.34141F 0 0  
1.J6533E 01 
3.66199F OL 
I . 3 3 2 3 J F  0 2  
4 .53953F  32 
i.37497E C3 

, .  

E L A S T I C  
3.60203E-31 
d.53184E-01 
8.C3157E-Ci 
8 .a 1599 f -c  1 
9.24826E-0 1 
9 . 4 t 3 7 3 E - 3 1  
I.064C81 C O  
1.11t50F CO 
I .?C177E 00 

1.52589E 00  
1. lCC19t 00 
2.04145E C O  
2.33515F C O  
2.63458E 00 
3.05753L 3 3  
3.42479f 0 0  
2.7FCS7E 00 
3.16117F CO 

2.2CZBJL 00 
2.42935E CO 
2.1252OE cc 
1.452e4E c c  
1.65426F 00 
2.22588E 20 
i . l b 5 0 l F  L O  
2.41019E 00 
2 .55 f3bE C C  
2.58150f CO 
2.56153E C O  
2 . 5 C 3 5 0 F  c o  
2.56750E OC 

Z.7f’JXZE 00 
2.65335E 00 
2.98602F 00 

i.?’it.naE 0 0  

2 . 5 2 a 2 5 ~  c o  

z . e ? 4 0 n ~  oc 

S E C T I C L S  

S!C P E  

2.46735E-04 
3.37255E-04 
4.16999E-01 
4 . 942  3 i E - 0 4  
6. 328  Z 9 E  - 3% 
7.76957E-04 
1.08524E-JJ 
1.499ClE-03 
2.0 1001E-03 
j. 3 5  308 E-03 
5.64931E-03 
1.30734E-02 
3.Ub740E-02 
1.2 14COE-01 
5.631 27F-OL 
3 .34141F  OU 
1.06533E 31 
3 .66199E 0 1  
1.33233E 02 

2.37497E 03 
4 . 5 3 8 2 3 ~  02 

I N E L A S T I C  (k .2Nt  
1.13?.1E 30 2.3b036E-02 
1.JZZ60E 00 3.43435E-03 
9.407lCE-01 1 . 7 8 6 T l E - 0 3  
8.8287bE-01 
B.OZl*4E-OI 
?. 356 SIC- 0 I 
6.03362E-01 
J.2Z*5bE-O 1 

4.15P26E-01 
4.6 1*7 IE -01  
4.35223E-01 
3.90961E-01 
3.62925E-01 
3.01347E-01 
4.66578E-02 
8.1182OE-03 
8.65398E-03 
Y.043C8E-03 
5 .84313E-03  
0.3 
0.0 
0.0 
0.0 
0.0 
0.3 
0.0 
0.0 
0.0 

+ . ~ ~ ~ z B E - o I  

0.0 
O . J  
0.0  

0.0 
0.0 
0. J 
0.0 

o. n 

SI” YP 

9 . b ~ I L 3 E - d i  

b.)J472E-dl  
3.7,llOl -J 1 
i .VL4141-J I  
3.4183 I f - J i  
2 .5d8dZE- J A 
1.5083 5F- J il 
I.OJZA3E-J 1 
4.1 I I C Z F - J L  
2 . 3 d 7 d i t - J 3  
J.) 
0. I 
0.3 
J.3 
0.0 
3. J 
0.3  
0.3 
0.3 
0.3 

I . a i  62 OL - J  1 

. .. 
1.70293E-03 
1 .56383E-03  
I. 30902  E- 03 
4.7 5 0  39 E-04 
0.0 
0.0 
0.0 
0 . 3  
c.0 
0.0 
0.0 
0.0 
0.J 
C.0 
0.0 
0.0 
“2.0 
0.J 
c.0 
n.O 
0.0 

0.0 
C.0 
0 .o 
0 .o 
3.0 
0.5 
C.0 
c.0 
0.0 
0.0 
0.0 
0.0 

0.0 

E N E R G Y  PEP 

1.81024E 01 
1.29573:  01 
1.J4998i 0 1  
9 .02272E 00 

6.31572E 00 
5.316276 OJ 

3.41917E 00 
2.872J6E 00 
2.22Zi5E 00 
: .b2113E OJ 
I . I S O B ~ E  00 
7.769WJE-01 
5.3960*E-Ji  
5.88855E-01 
9.!33+66E-31 
2.06I62E 00 
4.821655 00, 
1.09055E 01, 

1 . 6 5 2 1 ~ ~  0 0  

4 . 0 ~ 7 7 5  0 0  

3 . 1 7 9 0 0 ~  OL 

ABSORPl1 LJN 
9 -5b9DOE -UL 
1 .8595 lE -01  
3 -05521E-51  
3.7880IE-Oi 
4-9245LE -01 
6.14909E-01 
7.232YCE-01 
8.ZOBbbE-JL 

a .93nb>E-01 
8 98 37LE - 01 
8 .OS57CE-OI 
T.9519CE-JI 
6.999bCE-01 
6.38901E-01 
4.5G525E-06 
1.8562bE-Ji 
8 193364E-36 
4.4998CE -a* 
8.Z+BUIE-J3 
3.60385E -03 
3.55529E-03 
I .  9339Y E -  33 
4.686C4E -0.4 
4 .21870e-03  
7.P679UE-OL 
1 . ~ ~ W I E - O L  
4 .265b IE-J j  
4 . 9 8 5 0 ~ E  - 03 
5.102P~E-UA 
1.0925 I E -03 
I . Z O O Z J E - 0 2  
I .92)2469E-JL 
3.232975 -UZ 
5.341 IJE  -02  
a .65IZ*€-OL 
3.41031E-01 

a .74 X*LE -01 

L N ~ G A M M A  I 
A.080IbE-05 
I. 209 19E-05 
L t 2 9 9 7 3 E - 0 5  
L .34043E-05 
A. 397LWE-05 
r .47070E-05 I. 56C75c-05 
~ . 6 ? 9 1 l t - 0 5  
r .80768F-05 
A. 87581‘;-05 
A.93572E-05 
d.13392E-05 
1.10172E-05 
3 .92439C-05  
v. 853WE-05 
1 .24203E-55  
I .01680E-04 I .  lS561F-OI  
L - 3  119L E - 0 4  
A m  8 7 2 8 2 t - 0 4  
L . 9 9 1 9 O E - 0 4  
9.49445E-OL, 
2.389 18E-03 
L. 15918E-03 
I .  76583E-03 
I .  6 i l l Z E - 0 2  
A .)24>0in~-02 
I .76340E-O3 
r .4842bE-03 
c .60264E-03 
C . 5 9 2 4 b i - 0 3  
#.5022dF-03 
L .6 7469E-02 
1.98297E-OS 
>.091IOE-O2 
6 .40424E-O2 

. W I ~ B E - O I  

! O E N T  I F  ! C A T I O N  

.- . . 
4.90914F-Cl 

b . P I t 10E-0 I 
6 .*0246€- C 1 
ba45731E-01  
6.3862 1E-0 1 
3 - 6 7 6 1  JE- C 1  
4.89130E-01 
4.40331E-01 
3.26382E-Cl 
1.34586E-CX 
6 . 3 4  e l  JE- 02 
3.16222E-02 
2.23117E-C3 
5.31928E-04 
2.27672E-C7 
J.0 
0.0 
0.0 
0.0 
0.0 
3.0 
0.0 
0 .o 
0.0  
0.0 
5.3 
0.0 
0.0 
0.0 
0.0 

( N I D I  
1.7i842E-02 
I. 16 996E-02 
1.1916bF-02 
1.79769E-02 
1.1732bE -02 

1.46590E-02 L .M52b f -02  

0.80240E -03 
2. 16529E-DC 
6.02 3 I bE -a 
2.43l f . IE-36 
1.62 393E - 08 
0.0 
0.3 
0.0 
0.0 
0.J 
0. (I 
0.0 
0.0 
0.0 
0 .  J 
0.0 
0 .0  
0 . 0  
0.0 
0. J 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0  
0 .0  

i.71oias-02 

0. a 

4 1 5 2  

1.3381OE-02 l N , ( I  

3.7b10lE-03 
7 . 4 2 +  JqE-06 +. 34YHZE-06 
Y.55318E-37 
0.0 
0.0 
0.0 
0.0 
3 . 3  
0.0  
0 . 0  
0.0 
0.0 
J .  3 
3.0 
0.0 
0.0 
0.0 
J. J 
0.0 
0.0 
5.0 
0.0 
J.J 
0 . 0  
u.0 
0.0 
0.0 
0.3 
0.0 
0.0 
0.0 
0.0 
a. 2 
0.0 
0.0 

l L . P F 3 I  
1.46E72E-03 
7.5t270E-03 ? . + f I Z Z E - C 3  

b .BC l I3b -03  4.F2704C-03 

1.??12bC-C3 

I .  2 92n3c- o 3 

3.otc33E-c5 I .26129C-C6 

4 .4t 5CZE- 06 
1.9?285E-C6 

0.0 
0.c 
1.3 
0.C 
0.0 
0.C 
d.C 
1.0 
0.C 
0.0 
0.c 
0.C 
0.0 
0.C 
0 . c  
0 . 0  
0 . 0  
J.0 
0.C 
0.0 
0.0 
0.c 
1.0 
0.c 
0.C 

~ . L * S ~ ~ Z - C B  

I N  , A  L P n 4  I 
2.05659E-02 
~ . ~ v + ~ o E - o z  1.128C IF -  0 1 

S.18679E-01 
1.b5838E- J l  
1.9222VE-01 
2 .14374E-01  
2.34222E-01 
2.412COE-01 
2.53372E-01 
2 . 4 5 9 2 8 ~ - 0 1  2.526 12E-0 1 

2.21552E-01 
2. IC795E-01 
I . q € S i l E - 3 1  

2.57398E-02 5. C F 38OE- 0 2  

1.32444E-02 
3.83035E-03 
2.76673E-03 
2.6056ZE-03 
2.54481E-03 
2.5212bE-03 
2.5i287E-03 
2.50171E-03 
Z . Z C 5 3 1 E - 0 3  
2 . 5 0 L 2 8 E - 0 3  
2.5Ci Z.5iO31-03 77E-03 

2.50011E-03 
2.5COOZE-03 
2.50000E-03 
Z.JC000E-03 
2.50000E-03 
2 . 5 0 0 0 0 t - 0 3  2 .283 lJE-03  

I . Z ~ C I L E - O I  

I ~ . Z L L T ~ . ~ I  5 . 5 2 5 7 L E - C 3  

<.+€192:-Qk 
i .37114c-C5 
I .  8 i b 2 0 L - 06 
b . 4 7 J 4 Y F - 9 b  
5.83043E-Cb 
5.1 L4UbF-Ob 
k .24045 t -0b  
2.73311’-% 3.44753r-ot. 

0 d 1 I O  ‘ - 0 6  
i .  3 4 9 0 9  E-Ob 
? .9  1 3  Yi  t - c  7 
0.u 
J.J 
z.0 
0.0 
0.0 
0.0 
0.3 
c.0 
C.0 
0.0 
C.0 
J.O 
c . 0  
C.0 
0.0 
c.0 
0.9 
C.0 
0.0 
2.0 
3.0 
C.0 
0.0 
0.1 



A29 

6RMlP 
1 

I M L A S l I C  t**2lrt 
Z.ZO709E-O I 9 e 17230 C - 0 1  
L29842E-01  0.35967E-01 
*.MO?TE-O& T - 1 5 6 1 6 E - O i  
S.aO551E-OL hr3SCISf -01 
7-4%9VE-OI ~. -9 lbObE-O1 

09 3.&7*&9~-91 
09 3.4*504F-O2 
ao 0.0 
00 0.0 
00 0.0 
00 0.0 

00 0.0 
1.49947€ w 010 

l . S t O l l E  00 0.0 
L X S O I I E  00 0.0 
%14325€-41 0.0 
L3J1P7f-01 0.0 
1.26Q%3E-O& 0.0 
L 3 l O t ? E - 0 1  0.0 
dUt583E-02 0.0 
0.0 0.0 
a. 0 ~- 0.0 
e o  0.0 
a0 0 .o 
a0 0 rO 
a0 0 .o 
ao 0.0 
0.0 0 ._o 
0.0  0 -0 
ao 0 .o 
a0 0 .o 
a0 0.0 
P O  0.0 
a0 9.L __ 
0 0  0 .o 

00 a.o 

~ ~ 1 3 5 ~  00 0.0 

1. oo*Qrf 
L Z 7 4 M E  

0.0 
..%.a 
ao 
ao 

0.0 

CbO 

L.12953€-01 l.L2953€-01 1. 1255E-01 Q Q  
1.%4JlE-OI l.s4*31€-01 1.14431E-01 0.0 
3-42233E-01 3.*2233€-01 9*4223*-01  R O  
5,97040E-01 5.9704OE-01 5-SlC44-01 0.0 

4.0SMOE 00 4.05460E 00 4-0546& 00 Q O  
9.a-02 ms--jxtmIpE-u e P __ 

L.12953€-01 l.L2953€-01 1. 1255E-01 Q Q  
1.%4JlE-OI l.s4*31€-01 1.14431E-01 0.0 
3-42233E-01 3.*2233€-01 9*4223*-01  R O  
5,97040E-01 5.9704OE-01 5-SlC44-01 0.0 

4.0SMOE 00 4.05460E 00 4-0546& 00 Q O  
9.a-02 ms--jxtmIpE-u e P __ 

I N . 0 1  
3.429is€E-O2 
3.3#11&02 
3.13bMC 02 
3.OZOSE-OZ 
2.009tse02 

2.033W-02 
1.4231IE-02 
0 1 0 0 7 ~ 0 3  
1 .07~1Y-03 
3. 7 S S t K -  05 
0 .g 
0.0 
0.0 
0.0 
0.0 
0 .o 
0.0 m- - 
0 -0 
0-0 

2.4ol~*-w 

0.0 
0- 0 
0.0 
0. Q 
0.0 
0.0 
0.0 
0. a 
0. a 
0.0 
01 0 

~ ~ - 

_....._.._...I_ ~ I__ 

n z  n.0 
21 0.0 

0.0 
ab 0.0 
21 0.0 
24 0.0 
2s 0.0 
30 0.0 
31 0.0 
32 0.0 
33 O.& 
34 0.0 
JS 0.P 
IC 0.0 
31 0.0 

&e ... 

I_ ..--.... - . . . . 

__._..._....I_- 

0. n 
0.0 
0.0 
0. B 
0. (I 
0.0 
0.0 
0. a 
a. o 
0. a 
0.0 
0. m 
0. 0 
0.0 
9.0 
0.0 

& a  I. 
0.0 3. 

_I- a0 7. 
a0 7. 
0. 0 1. 
Q O  7 .  
( L O  1. 
0.0 9. 

a0 I* 
0.0 1. 
0 0  9. 
ao L. 
a 0  9. 

I__ k Q  I* 
0. 0 6 -  

- - ap_ -r, 

2 
c 
1 
a 
5 
I 
e 
4 
1 
2 
0 
2 
9 
P 



A
30 

3
 

cn 
zo w, w

 
E-l 
6
)
 

cn 
cn 
0

 
p: 
V
 

o
c
 

. *I 
3

0
8

O
B

C
 

. . . e 
6 

3
O

O
C

O
O

O
C

O
G

O
C

 
Ill 

I
 
I
 
I 

I
 

I 



A3 x 

SRQW 

1 
I h r P )  

7.!MorS€42 
L203.QE-02 
h t l W 4 E - 0 2  
&t242#€42 
8.1323&€42 
7,949HH-02 
7.IP3%f -02 
6.87511E-02 
%.41#a€-Qz 
4. $3662 € 4 2  
3.81463jC-02 
2. T5ZWE-42 
1. o L I I o E - 0 2  
5- 1 1 923 € 4 3  
4 . 1 0 0 1 3 E ~  

*.Z44a3€-# 
1.5922zf-OI 
6 & 4 4 I L E 4  
5.156&E-QL 
2. I30U&-O1 
4.WO29E-IO 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0. 0 
0.0 
0.0 

z.~~Lc~E-B) 

a. o 

6 1.Op139~ 00 
I. 14 785 f 00 
I .  19S79€ 00 
1.2*¶63€ 00 
l.lotaI€ 00 
1.36408€ 00 
l . t O # S €  00 
1.45999€ 00 
I.*ZSPE 00 
1.3Q534f 00 
1.120831 00 
P.47&4€-0 1 
I.)(U64tQI 
7.SO1OPt-01 
2.9185q2-01 
2. )Oal5€-02 
0.0 
0.0 
0.0 
0.0 
0. 0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0. a 

a. o 

a 
E 
F X IT I i21 f -52  

1.33416E-02 
1.461* L f-04 
0 -0 
0 .O 
0 .o 
0 -0 
0.0 
0.0 
0 .o 
0.0 
0.0 
0 -0 
0 . D  
0.0 
0 “0 
0.0 
0.0 
0 -0 
0 -0 

0-0 
0 .o 
0 .o 
0.0 
0.0 
0 .o 
0 .o 
0.0 

a .o 

L O  
11 
12 
13 

111 
IC 
PO 

.? 4 
2 1  
26 

i a  
29  
10 
3 1  
3 2  
3 1  
3 4  

uIaw 
I 
2 
3 
4 

I W D I  
2..1C ..et-c2 
2-  1 I O C R - 0 2  
1 . 4 s  YE- c2 
1.434bbe az 
1.13Pi I E 0 2  
$. 114 IlE-03 
3.Obti4E-03 
L.5Oa lOE.04 
i.303C2E-06 
2.102?$€-04 
5 .E78 4 R -  09 
C.C 
0.42 
c.0 
C.0 
C.C 
0 . c  
0 .0  
O . C  
c.0 
C.0 
C -0 
C.E 
c,c 
0.6 

l I I .71  

2.  SCPCSE-03 
1. tCI56E-03 
(LUIGM-04, 
1. -1 4.F. -C+ 
4.54C%?€-Oo 
2.195CQ-01 
6.4C274E-IO 
0.C 
0. C 
0. c 
0. c 
a. c 
a. c 

1. 31 q t e - a z  

0. c 
0 . C  
0. t 
0.C 
0 . C  
0. c 
0, E 
a. c 
a. c 
a. c 
0. L 

tY.HIJ1 
8 .  %4b 1 E -04 
3.42119€-05 
3. M332E-41 
4.8*002C-Q? 
I.ZSP2 I E-08 
1.2M7 LE-OI 
9.13797 f -09 
3-Y322t -49  
2.3303 O t - 0 0  
I.  157lIE-IO 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
a. o 
0.0 
0.0 
Q O  
0.0 
0.0 
0.0 
0. 0 
0.0 
0. a 
0.0 
0 .0  
0.0 
0.0 
0.0 

0.0 
0.0 

0. a 

I arhLfCbj  
3.19911f-02 
4.3610lE-02 
4. 33’3 26 e-02 
4~1012?€-02 
3.6495t€-02 
3.022SiE-01 
2-2(I6bbE-O2 
l .cuolEco2 
9.36 7*b€-O3 
5.856791-03 
3.67733f-03 
I. 42165 t -03 
4.*I170€-04 
2.  tk335€-OI 

7*56*87E-06 
2 -4331 t t-07 
5 -0 3420 € -08 
1.33425 t -08 
0 .o 
0 -0 
0.0 
0 .o 
0 -0 
0.0 
0.0 
0 .o 
0 .o 
0 .o 
0 .o 
0 .o 
0 *O 
0 rQ 
0 -0 
0.0 
0.0 
0.0 

t . a m t - a ~  

S 
6 
1 
c 
P 

16 
I 1  
12 
13 
I 4  
1 5  
16 
11 
I I  
1% 
PC 
21 
22 
23 

i% 
a4 

0.0 

0.0 
c.a 

0. C 
0. E 
0. c 

0.0 

c.0 
c. 0 

0.0 
c.c 
c.0 
c .a 

c.a 

c.a 

0. c 
0. c 
0.0 
0. c 
0, c 
0. c 
0. C 
a. c 
a. c 



A3 2
 

cn 
z
 

0
 

H
 

E1 
W
 
w
 

rn z
 

0
 

H
 

E-r 

2 w E+ z t-! 

Q
 
0
 

w
 c
 

LT 
a
 

m r
 

c
 

w
 

le
t

 
c
 

u-! 
r
l
 

Q
 



A3 3 

G R W P  
1 
2 
1 
4 
5 

8 
P 
IO 
I 1  
12 
13 
i.4 
IS 
16 
I7 
IO 1r- 
20 
2 1  
22 
23 
2% 
2s 
26 
2 1  
2% 
29 
30 
3 1  
32 
33 
34  
35 
36 
37 

CROUP 
1 
2 
3 
A 
s :- 
a 
9 
IO 
11 
I2 
13 
14 
IS 
16 
17 
18 
19 
20 
2 1  

. .. . ... 

22 
23 
24 

-2s 
26 
21 
20 
29 
30 
31 
32 
33 
34 
35 
36 
T- 

2 . 5 9 9 1 9 ~  BO 
2.13115E 00 
2.914tSE 00 
3.06314E 00 
3.0335SE 00 
3 .17S lH 00 
3.3WCIE 00 
3.412322t 00 
3.53SIY 00 
3 . 6 6 3 ~ 5 ~  oa 
3.732UE CO 
3.111Cff 00 
3.?234.E. 00 
3.65S2.W 00 
3-64S3E 00 
3-361b?€ 00 
9.436toF: M 
l . Z Z 4 I n E  09 
*.271¶9€ co 
7.23lC2E 00 
1.9MClE 00 
1.193ME 01 
1.5653% 01 
0.619Ut 00 
2.*52$3€ o i  
P . W ~ S E  02 
I . Z H t 2 E  o_l 
1.930UE 02 
LZHIIE aa 
2.5462% 00 
2.13373E W 
3.363elE 00 
4 . 3 5 8 3 1  00 
1.231YE 01 

( W 9  # 
21701 2 s - 0 2  
4.304 2?E- 02 
4 .663tIE- 02 
4.b92 31E-02 
4.53CSIE- 02 
4.OSOi8f-02 
3.481 tIL- 02 
2. *-CUE- 02 
Z.l%#50€-0Z 
2.bB4S3E-02 
%.6073t€-02 
2.363 30E- 02 
1.377 3515- 02 
5.6143- 03 
2. k 4 4 S E  I3 
2.065 ¶7t+ 04 
4.103CQE-06 
2.4454Lf- 06 
1.04I;IE-06 
0.0 
0.0 
0.0 
0.0 
0.0 
d .o 
0.0 
0.0 
0.0 
0.0 
0.0 
0 .a 
0.0 

0.0 
0.0 

0.0 

0.0 

c - 0  

% b 5 9 1 4 € + L  5 r 4 Q . i g l E - 9 L  !LQ 1.331 1 P F P t  L 3 2 1 2 ( + - Q L  
1.3+600€ 00 2.T9112E-01 0.0 6 . 0 6 7 U E - 0 2  6.Q6'182E-02 
L.Wh4OE 00 2.194ME-02 0.0 4.?5300€-02 +. 7530oE-02 
i . m e a e  00 0.0 0 .a 4-11lC9E-02 4. LIICFL-02 
1.62630E 00 0.0 0 .o 3.632 HE- 02 3. a321 E-02 

(+I&) 
9.18104€-(13 
e. 9 540 E - a3 
4.+Ult€€:-O) 
4.3998E- (B 
4.0155E-U3 
3.rs5rx-ip 
2.7l4mE-(13 
1.7990€-@ 
9.1191 IE-06 
7.5121pt-05 
2.3SWiE-Q6 L O  
4. aZ3SlE-09 0.0 
3.0955(IE-l6 L O  
0.0 0 . 0  
0.0 0.0 

0-0 & O  
0.0 0.0 

0. 0 .- -9.5 
0.0 0.0 
0.0 0.0 
0. a Q O  

2.oo2oaS-03 0.0 
Z.PlIS2E-OI 0.0 
2.10645f-05 0.0 
6.2216Qf-06 0.0 
1.201400fQ6 0.0 
0.&4+70€-01 0.0 

_- 7.63056E-07 0,O 
6.34316E-07 0.0 
3.48310t-07 0.0 
7.b736JE-04 0.0 

0.0 
0.0 
0.Q 
0-0 
0.0 
0.0 
0.0 
0.0 
0,o - 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 

a. o 

P a  0.0 
a 0  0.0 
9.S- 0 .o 
4 0  0.0 
0.0 0.0 
0.0 0.0 
0 . 0  0.0 
0.0 0.0 

0 .o a-0 - - -  - -  
0.0 0.0 
L O  0.0 
P O  0.0 
0 .0  0.0 
0.0 0.0 
0.0 0.0 
0.0 0 .o 

9.999-E- 0 2  

5.000CPE-01 
6.9S915EOl 

0 .o I.25002E 00 
0 .o 3 .4 IP  ?)E- 0 1 
3 . 0 5 ~ 5 ~ - ~ 3  73VQG3E- OL 
9.22429E-03 1.499 71f- 01 
1.Y3b6SE-02 I -2S015E- 01 
I.UPJ9E-02 1.500CIE-01 
3.390)0€-02 I.IZ50IC OQ 
2.23315f-01 9~'499PO€-OL 

0 eo 9.P9949E-01 

0.0 
_QdL_-_-.. 



A
3 4 

VI 
VI 
0
 

c4 
V
 



GROW 
I 

3 
4 
5 
e 
? 

4 

2 6  
i l  
it 
2 4  
3 c  
3 1  
32 
? 3  

A 3  5 

E 
s 

IC 
I1 
12 
13 
14 
I f  

3*193i?€-C3 e. c 
1-131%2E-03 0-C 
4.CSlilC-C5 0-C 
0.c 0.0 
c.c 
C.C 
c.c 
c.c 
E . E  

16 c ia  
11 a.c 
i e  0 .c 
15. c.c 
2c c.0 
i l  C.C 
2 2  c.0 
2 3  E.0 
24 o.a 
2 5  o .a 
2 6  c.a 
2 7  c.c 
Z f  c .c 
is 0.c 
3C c.0 
3 1  C.0 
? Z  C.0 
2 3  C.C 
34 c.c 
2 5  c.0 

3 1  C.0 
31 c.4 

0. c 
0. E 
0. c 
0. c 
a. E 

~~ 

a. c 
0. c 
0. c 
0. r 
0. c 
0.c 
0. c 
0. c 
E .  c 
0. c 
0. t 
0. c 
0. c 
0. C 
0 .  c 
0.1. 
0. t 
0. c 
0. C 
0. c 
0. c 
0. t 

)E 3TN-216 I h t  

I (If LA s t rc 
5-70ZCIf-0L 
5.89979E-Ol 
1.OZPQ1E-O I 
7uB1B73EIOL 
9.29164€-41 
1.1406SE 00 
1.29944F 00 
1.34973E 00 
1.38103E 00 
1.41719E 00 
$ .Wl i7€  00 
L.41986€ 00 
1.S3148E 00 
1.55653E 00 
ir+5a58e 00 
1.27814E 00 
9.56525E-01 
8.6163 T € 4 1  
8.19436f-01 
5.91648f-01 
1.1M47E-01 
0.0 
0.0 
0.0 
0. 0 
0.0 

0.0 
0.0 
0. 0 
a0 
0.0 
0.0 
0.0 
0.0 
0.0 

a.0 

a. o 

lN .YL I1  
6.15566 E -03 
z .5++02~-03 
S - W O Z S L d 4  
1. *Z690€-04 
3.466846E-05 

0.0 
0.0 
0. 0 
0.0 

0. a 

a, o 
a. a 
0. a 
0.0 

o.a 
0.0 
0.0 
0. I2 
0.0 
ao 
0.0 
0.0 
0.0 
0.0 
0.0 
0. 0 
0.0 
0.0 
0.0 
a0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

a. o 

E l l  300% 10-3- 

I h r t h l  
6,ZW91rlf -0 1 
6.k893kt-dl 
5.1323fE-CI 
4 .331  1Of -0 1 
2.95006E-0 1 
1.0835Pt-01 
1.1864lE-Oi 
0.0 
0 .o 
0.0 
0.0 
0.0 
0.0 
0 .O 
0 .o 
0.0 
0 .o 
0 .o 
0.0 
0.0 

0.0 
0 .o 
0.0 

0 .o 
0 .o 
0.0 
0 .o 
0.0 
0 .o 
0 .o 
0 .0 
0 -0 
0.0 
0.0 
0 .(I 

a. o 

0.0 

T41JJ 

&BSOUPT tu1  
1.3559 3f-0 1 
1.60 11 8L-0 1 
1.71963L-01 
1.8342 I t-0 1 
1.12171f-01 

1.60025f-C1 

I .  t % O 8 l & - O l  
9.9604Of-02 

6.27125L-02 
3 - 1982 2 P-0 2 
2.5Z869i-0 i 
2.01675f -0 2 
1.21 l4)f-02 
5. $PO40 E-0 3 
? -7673 3 E-0 3 
2-61437E-03 
2 . L Q l Q l f - 0 3  
4.39631€-03 
5.49M7k-03 
5 * 3 0 1 T a € - 0 3  
9-0745if-03 
L 6 2 1 3 h t - 0 2  
1.41251E-02 
S.OIhO3EO Z 
1-73414E-02 
8.28iObE-03 
3.07039E-01 
2.b93791-02 
f..6ZCZ5€-02 
9.80650f-C2 
1.1311bf-0 1 

1.7496 i t -n  I 

L. m q 3 w i i  

e . 2 ~ v m - o ~  

3.02060 t-a i 
4.9801 ZL-0 I 
2.05145L OC 

( h e 1 L t t A l  6llOUP FCUX 
1-63369f-02 1.+'395'3t-C1 
3.23711f-02 1.2506Of-0 I 
3 4 5 5 5 0 f - 0 2  4-99605f-01 
3,9?697f-01 2-50450f-02 
3 . ~ 7 9 i a t - a ~  L ~ O Q ~ S C - Q Z  
~ . ~ + s ~ z E - o z  4.59a24t-c2 
3.5zosaf -cz 9.991 i i f - 0 2  

z .  zw 1 9 ~  -02 9.99978 P-c2 

I I 208a7~-02  5 . v ~ g ~ 6 c - a  2 

i . a 4 6 4 ~ - 0 3  2 . 4 9 ~ ' 1 f - a i  
3 ~ 5 1 5 4 ~  -24 s.oao2 I e-cz 

7 .WOI)JL-O~ i. 33zee I - c  I 

Z-920 19E-Oi LOO026f-0 I 

I .69fl1 f - 0 2  1.00004f-01 

6 -7084 I f -0  3 1.49999E-0 1 

L54490t -C4 I v SOOOC I-0 1 
3.59832€-QS 1.00015€-01 

0 .o 3 .33183CC2 
0 .o 2.33339f-01 
0 .a '?.000O9E-0 1 
0 .o c .9997JE-0 I 
0.0 1.23002f O C  
0 -0 3.499131-01 
0.0 7.5000 3€-G 1 
0 -0 >. 4911 1 f -01 
D .O 1.25at5f -a i  
0.0 1.5000 1 E-0 I 
0 .o 1.b2501t oc 
0 .a 9. q9990 E-0 1 
0 .o 1.49995L-C 1 
0 "0 1.130Olf 01: 
0 .a 1.25000f a t  
0.0 9.9994t t -0  1 
0 .o 1.2S000E P C  
0 .o 9 .WP49€-4 1 
0 .0 1.00003f CC 
0 .o t.(1S85d€ cc 

1.192 

IbmPI 

9.4lIOSE-02 
1.lSlllf-OI 
L.244IOE-01 
1.28938E -01 
L21650E-01 
1.20710E-01 
1.O*OW)E-O1 
9.50699E-02 
8.23214E-Qt 

5-96 779E-OZ 
3. W283E-!I2 
2.43925E-02 
1 . 9 S i M C - 0 2  
1.19251E-02 
5.01 134 E 4 3  
2.M n O E - 0 3  
1.38609€ -03 
1.52245E -04 

3. T83 WE-M 
0.0 

6 . 3 2 7 a x - o ~  

7 . 0 3 ~ 5 ~ - a 2  

b. z a131 E -(M 

a. o 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
C h O  
0. 0 
0. 0 

0.0 

0.0 

a.0 

0.0 



A
36 

I
!

 

!
I

 

I
i

j
I

i
 

a, 
Fr, 

cn 
cn 
0
 

Fr; 
V
 

43 

u1 
M
 

ru 
8

 
I 
w

 
a
 
8
 

c
 

D
 

6
 

(u
 
. 



WOW 
1 
2 
1 
4 
5 
4 
1 
8 
s 

10 
11 
11 
I3 
14 
IS 
a6 
11 
18 
I% 
20 
21 
22 
23 
24 
2 9  
26 
2 1  
2 1  
19 
30 
11 
11 
33 
34 
35 
36 
3 1  

I N E L l f f t C  
1*95061f -01 

W656E91 
8.06009t-OI  
S.OS013E-Ol 
8.01 33 2 E 9  I 
1.%369€41 
7. % T Q O E - O l  
b o 3 6 3 2 1 9 1  

8.3399 LE+ 1 

9.15312E*01 
l .lZ519f 00 
& + 2 Z O i ? E  00 
1.24624E 00 
1.2€€3&€ 00 
9- 01469E-91 
1.##91€91 
S.87132f41  
l.fO861 € & A  
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0. a 
0.0 

8. w e 4 4  €41 

8.9038 I €4 I 

( N t 2 R l  
2.0123bf-01 
I - W W l I - Q l  
1.86341f-01 
1 4 6 2 0 2 E - 0  1 
1.0051SL-01 
3 e57J51 L-02 
Z.LPbll€-OZ 
6.62889E-03 
3 4 2 2 S l f - 0 3  
8.R135bf-GI 
9.508821-06 
0.0 
0 .o 
0 .o 
0 .o 
0.0 
0 .o 
0 .O 
0.0 
0 .o 
0.0 
0.0 
0 .o 
0.0 
0.0 
0 .o 
0 .o 
0 .o 
0.0 
0 .o 
0.0 
0.0 
0.0 
0 .o 
0.0 
0.0 
ow0 

CAP TIIRE 
a.S6513€-01 
3.38330E-01 
4.105COEOI 
4.413Qpf-01 
4.51630E-01 
5-46LIIE-01 
J.94818E-01 
6.212l lE-01 
6 . 2 ~ 0 ~ 3 € - 0 1  
S.QO913L-01 
5.bb964E-0 1 
s. lt813L- 0 I 

3.2!4178-01 
2 .* 22 TIL- 0 1 
1.9 1202L- 0 1 
5,431 a€ -02  
6. 13t96E- 02 
3.66tt6E-02 
I .52844E-O2 
1 .83409E 03 
Z*8?911€-03 
t .rctWE-02 
L.B69CI-O2 
3 .6OSlla-02 
3.44rw-02 
F..10164&02 
1.0161OE-02 
~.S~OSOE-OZ 
2.66073E-02 
4.&8hC4€-02 
1.006J7E-01 
1.15SZZE-Oi 
3.0Ft WE-0 I 

8.9CUCPE-01 

W ~ W J L - ~ ~  

1.404cIE-ai 

1 . a r t z 9 ~  ao 

8 C ,GAHUAB 
a. c 
e. c 
0.0 
0.0 

(htPt 
1.196WE-01 
2. 133140-01 
2.69306E-Q I 
2.971 lOL-01 
3. W 6 6 E  -0 I 
3.91657E-01 
4.*0ST2€-01 
4.1938ZE-Ol 
4.89316L-01 
4.83426E-01 
4.7l441E-Ol  
4.469WL-01 
3.6312tE-01 
2-95 7 l3E-0 I 
2.11879E-OL 
1.848WE-01 
9 . l l t8 lE-02  
6.363 13E-02 
3.256HE-02 
1.39115t-03 
2.62954E-DS 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 

0. a 

0. a 

1 Ut A LPHk 8 
5 . 6 t l i 2 E - 0 2  
1.249?5€- C l  
1.4 11 r e - 0 1  
1 . 4 b i i 9 t - 0 1  
I .5 11 t 4E- 0 I 
1.54450E-01 
1 . f 4  2c6€- 01 
1.41t 41E- 01 
1.344 %E- C l  
I .  I6 1 i8E- 01 
5 . % O I t l E - C 2  
1 .c 28 ?2€-02 
4.214L2E-03 
2.44618E-02 

4.452 StE-03 
1.513CE-01 

.o.c 
0.c 
0.0 

0.0 
0.0 

.c.c 
O.C 
C.E 
C . E  
c.0 
0.0 

.c.a 
c.0 
C.0 
c.0 
c.0 
0.Q 

.o.a 
0 .o 

1 . m  ~ O E - O ~  

c.a 

5.G0021E-02 
1.5C006E-El 
3 . E C C l 5 E - 0 1  
2.33PRY-01 

2.3333%-01 
5. c o c c ~ - o l  
6.9991iF-01 
1.2JOOEE 00 
3.49013E -01 
1. ICGtlE-01 
1.49$7?E-Q1 
1- 2 J C I  51 -01 
1.SOCCIE-01 
1 ~ 1 2 5 O l E  00 
S. % 9 9 9 4 - 0 1  
1.4CSSSE-01 
1.7SOCIE 00 

9. Ef996E-01 
I .ZJ0OQ 00 
5.$5949€-01 
laCC903E 00 
b.tS856E C O  

3 .33ta3~-cz  

L Z J C C Q  ao 



A
38 

L
 

0
'
0
 

.. 
3

3
 0
0
 

3
1
 

.. 
0
0
 

3
3

 
.. i 

.-'IN
 

0
0
 

iJ
 

b
 

v, 

a
 

r-1
 

.. 
cu la

 
LA 
z
 

0
 

H
 

E+ u 
w

 
Ln 

0
0
 

c
c
 

m
 

rn8 
a
 

m
 

m
 

0
 

8
 

r3 

ul 
M

 

.... 
N

b
m

m
 

o
k
2
 

0
 !
O

 
r-4

 

0
 

I 
w 0 C C 0 c 

>
 

CL' 
x 

. I-?
 

. ry
 

3
8

-
4

 

0
0
0
 

I 

0
4
 

o
w

 
w

'w
 

9
 la 
e
o
 

a
 

3
 

Q
 

EL 
c' 

W
W

W
 

3
3

0
 

a
0
0
 

c. c
 c
 

c
c
 

2
.
2
 

e
c

 



A3 9 

R E K r  1w 

GRW P 
I 
2 
3 
4 
5 
6 
I 
8 
0 

IO 
11 

13 
14 
i5 
Ab 
17 
I r )  
l'i 
20 
t I  
l?z 
23 
Zf 
25 
2 6  
2 7  
28 
29 
30 
31 
3 1  
3 3  

11 
12 
13 
16 
IS 
Ib 
I7 
14.- 
19 
20 
2 1  
22 
2 3  
2% . 
25 
26 
27 
28 
29 

34 
35 
xi - 
37 

--p9 _ _ _ J G 9 - - - - 0 1 0  -- 
c. 0 0.0 1.75301L 00 0.0 

0.0 G. c 0.0 1.25000E 00 
0.0 C. G 0.0 Q.9999bE-O 1 
0.0 f i n  0. 0 1-253OOE 00 
0.0 C. C U. u 9.9994q€-O 1 
P.L c, 0 L o a a Q l f a L I -  
0 .0  c. E 0.0 6.05BSbE 00 



PHOTON INTERACTION CROSS SECTIONS FOK Cu 

S Z G  A B 5  SIG PE SIG PP ENERGY DEP 



A
4 1 

N
N

 
0

0
 

r
n
 

4: 0
0

 
m

a
 

:: 
N

L
) 

-
1
 

0
0

 

-.I& 
3k,:i 

- 
=
"
e
 

m
 

-o
m

~
o

o
o

o
o

o
o

o
o

o
o

o
o

o
a

o
o

o
o

o
o

a
o

o
o

o
r
a

o
o

o
o

o
o

o
 

"
 ..................................... 

I
 

~
~

~
~

~
~

~
~

~
~

~
o

o
o

a
~

~
a

a
o

o
o

o
c

a
o

o
o

o
o

~
o

o
o

o
o

o
o

 
c
 

l
 

0
 

& 
a

s
3

g
Z

3
8

g
a

G
g

 
-

.
 

... 
Y

Y
Y

I
W

W
Y

Y
W

Y
Y

 
I
 
a
 C

I~
IU

L
)O

*
-N

C
 

o
 

~
=

e
o

o
m

n
n

w
u

p
-r

 

.J 
..................................... 

I
 

a
~

r
~

~
4

~
r

~
~

e
~

0
0

0
0

0
0

0
0

0
0

0
~

0
0

0
0

0
~

0
0

0
o

0
0

~
 

Y
 

...... 
-
+
+
m
-
*
 

-
0

0
v

0
0

 
P
0
0
0
0
0
 

v C
 

c
 

c c U
 

u c I 
L
 

a 5 l. 44 

a 3
 

: 0
 

Q www
w

w
w

w
 

fff 'F ....... 
." 

m
c

s
ln

r
 



R E A C T I O N  C R O S S  S E C T I O N S  F O R  T I - L B P  

GROUP 
I 
2 
3 
4 
5 
6 
7 
8 
9 

10 
I1 
12 
13  
14 
15 
16 
I 7  
18 
19  
2 0  
2 1  
2 2  
2 3  
2 4  
25  
26 
2 7  
2 8  
2 9  
30  
31  
3 2  
33 
34 
39 
3 6  
3 7  

TOTAL 
5.335428 90 
5.38819E 00 
5.40MbE 00 
5.350371 00 
5.29575E 00 
5.23016E 00 
5.16644E 00 
4.11832E 00 
5.170511 00 
5.30116E 00 
5.46656E 00 
5.110645E 00 
6.49380E 90 
7.03195E 00 
7.31235E 00 
7.80648E 00 
8.21270E 00 
8.25654E 00 
8.12869E 00 
7.32470E 00 
6.246026 00 
6.565bbE 00 
7.56915E 00 
8.70862E 00 
9.77179E 00 
1.04600E 01 
1.18299E 01 
1.45066E 01 
1.885961 01 
2.442831 01 
5.71994E Ol 
1.397931 02 
5.74142E 01 
4 .598841  02  
1.18159E OL 
1.10556E 01 
2.375178 01 

ELASTIC 
2.81452E 00 
2.930956 00 
2.94014E 00 
2.90054E 00 
2.84321E 00 
2.774566 00 
2.70815E 00 
2.64652E 00 
2.58658€ 00 
2.42891E 00 
2.4611326 00 
2 . 5 8 e 7 6 ~  00 
2.93954E 00 
3.25527E 00 
3.4t373E 00 
3.76794E 00 
4.10714E 00 
4.L7OL)OE 00 
4.P3201E 00 
3.69525E 00 
3.502066 00 
5.14014E 00 
6.72452E 00 
7.82859E 00 
8.73328E 00 
9.21203E 00 
1.02236E 01 
1.13988E 01 
1.19183E 01 
1.20792E O S  
3.01349E 0 1  
5.26173E 01 
1.12370E 01  
3.81976E 01 
5.00249E 00 
5.79734E 00 
6.21OIOE 00 

PWTQh l N T E I A C T I O N  CROSS S E C I I O W S  

GROUP S I G  A B S  SIC PE 

i 
2 
3 
4 
5 
L 
7 
a 
9 

10 
r a  
12 
13 
14 
15 
16 
P7 
15 
19  
20 
2 1  

ONA 417913 < I / €  UT. t 

I .12757E 01  
9 .38635t  00 
l . i T 6 2 3 6  00 
7.34978E 0 0  
6.50848E 00 
5.48288E 00 
4.210521 00 
3. l6270E 00 
2.48402E 00  
2.07073E 00 
2.48966C 90 
5.18338E 00 
1.27109E 0 1  
3.63514E 0 1  
1.601159E 02 
4,960631 02  
1.91477E 03  
9.371531 03 
3.58B57E 03 
1.07195E 04 
4.137236 0 4  

8.46  P b2E-02 
i. AS426E-01 
1.4197kE-01 
1.7809iE-Of 
2 . 2 I  i 6 2 E - O l  
2.918 IOE-OL 
4.20427E-06 
5.98577E-01 
8.2554tE-01 
I.2887SE 00 
2.45450E 00 
5.18338E 00 
1.27109E 01 
3.63514E 01 
1.60U59E OL 
6.96063E 02  
1.91477E 0 3  
1.37883E 03 
3.5Bb51E 03 
I.OY195E OI 
4.187238 04 

I N E L I S T l C  
2.3000§€-01 
2.30003E-01 
2.30003E-01 
2.30002E-01 
2.30003E-OL 
2.36691E-0 1 
3.6 L 3k7E-0 1 
6 .351 79E-31 
P.Zl622E 00 
2.26647E 00 
2.93757E 00 
3.202026 00 
3.543028 00 
3.763598 00 
3.814418 00 
4.0185ZE 00 
4.0i'106E 00 
4.04103E 00 
3.94197E 00 
3.53578E 00 
2.59076E 00 
1.175778 00 
5.66948E-3 1 
3.05173E-01 
3.8CC99E-01 
3. I6bOlE-Ol  
2 -0609 1 E - 0  1 
2.23796E-02 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
a.o 

l lN12N) 
9.14894E-01 
P.72239E 00 

Z.21160E 00 
2.21536E 00 

2.092?2€ 00 
1.82961E 00 
1.359966 00 
5.973 76E-OI 
5. I6673E-02 
0.0 
9.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.8 
0.0 
0.8 

2 . 1 7 8 2 a ~  00 

2.212zsar 00 

SIG PP 

1.1P9iLE 01 
9.26893E 00 
ea402825E 00 
7.17169E 00 
6.25732E 00 
5.19iOBE 00 
3.98999E 00 
2 .964126 00 
1.6584IE 00 
Y.81987E-01 
3.5 16 12 E- 02 
0 .0 
0.0 
3.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

(# ,3N)  
1.29306E 00 
4.94430E- ol 
+.89829E-82 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
a .O 
a.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0 .0  
0.0 
0.0 
0.0 
3 . 0  
0.0 
0.0 
0.0 
0.0 
0 . 0  
0 .0  
0 .0  
0 . 0  
0.0 
3.0 
0.0 
0 .0  
0.0 
0 . 0  

CNEP6V DEP 

1.517388 02 
9.97060E OB 
7.59150E Oi 
6.190158 01  
4.929538 OL 
3.75045E 01 
2.680446 01 
i .99033E 01 
1.Q1420E 01 
S.3PBOaE 01 
1.1089lE 01 
1.02090E 01 
1.11513E 01 
1.51296E OP 
3.401nE 01 
8.45468E 08 
1.58722E 02 
?.955L8E 01 
1.29692E 02 
2.58427E 02 
5.80034E 02 

ABSORPTION 
1 I 09318E -02 
1.04143E-02 
9.05433E-03 
8.22208E-03 
7.L6343E-03 
6.026 12E-03 
6-229996-03 
7.02285E-03 
7.75000E-03 
8.4136kE-03 
9.00811E-03 
9.61060E-03 
1.12477E-02 
1.30852E-02 
1.421 13E-02 
2.00216E-02 
3.45093E-02 
C.47107E-02 

9.56729€-02 
1.53196E-03 
2.4975OE-OX 
2.7766*E-Q1 
3 .7486  1E-0 1 
6.540106-91 
9.31386E-01 
1.40002E 00 
3.08550E 00 
6.94141E 00 
1.234916 01 
2.70645E 01 
8.71759E 01 
4.61771E 01  
4.2168bE 02 
6.88649f 50 
5.25827€ 00 
1.75416E 01  

5 . + 7 2 m ~ - 0 2  

( N , G A M R A I  
3 I )  4 3 9 3 8 ~ 0 3  
+ . o z ~ ~ B E - o ~  
4.36270E-03 
4.49656E-03 
4.66781E-03 
4.86980E-03 
5.3237bE-03 
6.23461E-03 
7.06854E-03 
7.82578E-03 
8.5 A 06kE-03 
9.21029E-03 
1.09693E-02 
I .  2 8 9 1  7E-02 
1. k0370E-OL 
1.98839E-02 
3.44061E-02 
4.46217E-02 
5.46449E-02 
9.54219E-02 
1.53 I7ZE-0 1 
2 .497 i6E-Qi  
2.77664E-OP 
3 7 4  86 1e-0 1 
6.5401OE-OP 
9.31384E-01 
L.*00026 00 
3.08550E 00 
6.941416 00 
1.23491E 01 
2.70645E 81 

4.bIIYPt 01 
4.21686E 02 
6.88449E 09 
5.29827E 00 
1.75416E 01 

a.71759E 01 

l N t P l  
7.498WE-03 
6.38674E-03 
4.69162E-03 
3.725526-W3 
2.69961E-03 
1.156326-03 
9.06226E-04 
7.882kZE-04 
6.814686-01 
5.84869E-(H 
4-97 469E - 04 
*.0031?E-OH Z . ~ B ~ ~ L E - O I  

1 - 9  3 4 70E -64 
1.74336E-04 
1.37747E-04 
1.03235€-04 
8.90 39OE-05 
7.69449E-05 
5.1045IX-65 
2.427136-05 
4.33 805E-06 
0.0 
0.8 
0.0 
0.8 
0.0 
0.0 
0.0 
0.0 
0.0 
0.9 

0.0 
0.0 
0.0 
0.0 

a.0 

3 .c- 
M 
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REACYiON C R O S S  S E C T I O N S  FOR Y-186 IOENT l F l C A T I  ON 4 5 5 6  

GROUP 
9 
2 
3 
4 
5 
6 
I 
8 
9 
10 
I I  
12 
13 
14  
15 
16 
I7 
18 
19 
2 0  
21 
22 
23 
24 
25 
2 B  
2 1  
28 
29 
30 
31 
32 
33 
34 
35 
36 
31 

TOT A C 
5.40209E 00 
5.39472E 00 
5.3605iE 00 
5.34154E 00 
5.31055E 00 
5.27562E 00 
5.23103E W 
5.17041E 00 
5.08995E 00 
5.03934E 00 
5.10398E 00 
5.21285E 00 
5.69210E 00 
6.08919.5 00 
6.35298E 00 
6.82258E 00 
7.16604E 00 
7.26286E 00 
7.30226E 00 
7.25676E 00 
4.82933E 00 
7.05420E 00 
1.38737E 00 
8.44ZB7E 00 
9.07354E 00 
9.45980E 00 
9.6461.1f 00 
1.003r)ZE 01 
2.13827E 01  
4.85331E 0 1  
3.4330?€ 01 
I.BIPS7E 01 
2.74566E 03 
8.50162.E 00 
6.09844E 00 
8.1774SE 00 
3.034L5E 01 

E L A S T I C  
2.82798F 00 
2.82548E 00 
2.77788E 00 
2.74328E 00 
2.68689E 00 
2.60945E 00 
2.50494E 00 

2.25458E 00 
2.30029E 00 
2.43657E 00 
2.47229E 00 
2.84778E 00 
3.23659E 00 
3.49638E 00 
3.94988E 00 
4.27183E 00 
4.35996E 00 
4.41836E 00 
4.996512 00 
5.04401E 00 
6.19647E 00 
B.I9246E 00 
8.36645E 00 

9.39264E 00 
9.59614E 00 
9.95037E 00 
2.13365E 01  
4.84896E 01 
3.4287OE 01 
1.80864E 01 
2.74564E 03  
4.52796E 05 
6.64991E-01 
3.5500aE-01 
i?.+61fJseos 

2.38a74~ 00 

9.006ao~ go 

PHOTON I N T E R ~ C T I O N  mass 
GROUP SIC A 0 S  

1 1.15527E 0 1  
2 9.62137E 0 0  
3 8.38608E 00 
4 I.54119E 00 
5 6.65188E 00 
6 5.632618 0 0  
7 . +.32979€ 00 
8 3.23479E 00 
9 2.55169E 00 
10 2.13011E 00 
I 1  2.55331E 00 

13 1.33332E Oi 

15 1.72536E 02 
16 1.45058E 0 2  
17 2.02999E 03 
18 1.24131E 03 
19 3.63832E 03 
2 0  1.1599YE 04 
k i  4.34281E 0 4  

12 5.35481~ oa 
14 3.8628~~ O P  

SECT rapls 
SIG PE 

8.63434E-02 
I. L9852E-01 
1.5108lE-01 
1.8 1890E-OA 
2.25958E-01 
2.98297E -01 
4.30158E-01 
6.12126E-01 
8. 4569fE-01 
1.32100E 00 
2.516956 00 
5.35491E 00 
1.33332E OL 
3.86282E 01 
1.12536E 02 
7.4504BE 02 
2.02999E 03 
1.24131E 03 

1.15999E 04 
3.83832~ 03 

4.3~za7~ 04 

I N E L A S T I C  
2.0407lE-OB 
2.103 16E-01 
2.31256E-01 
2.50386E-0 1 

3.36065E-01 
4.2 83 76P-0 1 
5.87164E-0 1 
9.04677E-OL 
1.37688E 00 
2.19051E 00 
2.8037bE 00 
Z.84019E 00 
2.84134E 00 

2.86087E 00 
2.87377E 09 
2.8774OE 00 
2.85371E 00 
2.62000E 00 
3.73493E 00 
7.94658E-01 
9.2 e41 I f - 0 2  
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0. 0 
0.0 
0.0 
0.0 

2 .  a 3 6 4 5 ~ - 0 1  

2.84978~ 00 

S I G  PP 

B.14664E 01 
9.50132E 00 
8.23300E 00 
7.35991E 00 
4.45592f 00 
5.33431E 00 
3.89963E 00 
2.62206E 00 
l.71200E 00 
9 .Q9 1 l 4 E - O  1 
3.631ikZE-02 
0.0 
0.0 
0 .o 
0.0 
0.0 
0.0 
0.0 
0.0 
0 .o 
0.0 

IN12N)  
2.67296f-01 
1.231386 00 
2 . 6 2 1 5 1 %  00 
2.32310E 00 
2.32885f 00 
2.32605E 00 
2.294468 00 
2.19224E 00 
1.92917E 00 
1.36001E 00 
C.75618E-01 
5.015kCE-03 
0.0 
0.0 
0.0 
3 . 0  
3.0 
9.0 
3.0 
0 . 0  
D.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
1.0 
3.0 
1.0 
3.0 
J.0 
>.O 
1.0 

ENERGY OEP 

1.55169E 02 
1.01924E 02 
7.759011 01 
6.3258OE 01 
5.03504E 01 
3.82815E 01 
2.732959 OP 
2.02673E 01 
1.44212E OP 
1.33990E 01 
1.12164E 01 
1.04306E 01 
1.15349E 01 
1.66853E 01 
3.63875E 01 
9.047968 01 

6.930396 OP 
1.38727f 02 
2.7955% 02 
6.08984E 02 

1 . 6 8 3 ~ ~  02 

(#.3N) 
2.07869~ 00 
1. Il4ObE 00 
1.21779E-06 
1.92L95E-02 
5 e992666- 03 
0 .o 
0.0 
0.0 
0.0 
0 .0  
0 .o 
0.0 
0.0 
0 . 0  
0 . 0  
0 .0  
0 . 0  
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
I) .0 
0.0 
0.0 
0.0 
0.0 
0 -0  
0.0 
0 . 0  
0.0 
0 .o 
0.0 
0.0 

A5SGRPT ION 
2.40472E-02 
I.  34900E-02 

6.55064E-03 
5 .  i7922E-03 
4.35451E-03 
3.25380E-03 
2.32376E-03 
1.52723E-03 
1. Ib580E-03 
1.22624E-03 

3.53815E-03 
5.25925E-03 
6.82768E-03 

2.044l lE-02 
2 5 4989E- 02 
3.0 18 49E -0 2 
4.024112-02 
5.03842E-02 
6.30735f-02 
1.02067E-0 3 
7.62203E-02 
b.67449E-02 
6.71§98€-02 
7.03353E-02 

4.62420E-02 
4.l4693E-02 
4.3 7441E-02 
2.92605E-02 
1.95211E-02 
3.97366E 00 
5.433k5E 00 
7.822k4E 00 
3.00953E 01 

a.02489~-03 

1.7n 1 OBE- 03 

I .  i e 3 1 5 ~ - ~ 2  

~ . ~ B ~ P S E - O Z  

(HIGAMMA) 

4. I32BbE-03 
4.00453E-03 
3.95 826E-03 
3.86919E-03 
3.66336E-03 
3.18239E-03 
2.32368E-03 
1.52723E-03 
1. S6580E-03 
1.22624E-03 
1.7 8 I O B E - 0 3  
3.53815E-03 
5 - 2  592%-03 
6.82768E-03 
1.18315E-02 
2 . 0 4 4 1  I€-02 
2.54989E-02 
3.01849E-02 
4.02681E-02 
5.53B62E-02 
6.30135f-02 
1.02067E-08 
7.62203E-02 
6.674C9E-02 

7.03353E-02 
8.3 8495E-02 
4.62420E-02 
4.14693E-02 
5.3 Y44kE-02 
2.9S405E-02 
3.97346E 1.9521iE-02 00 

5.43345E 00 
7.82244E 09 
3.00953E 01 

4,+9a81~-03 

6.a1598~-02 

( N I P )  
1.03 394E-02 

2.27 T I L E - 0 3  
1.47419E-03 
7.0642OE-04 
1.69447E-04 
1.7677OE-05 
0.0 
0.0 
0.0 
3.3 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
a. 0 
0.0 
0.5 
0.0 
0.0 
0.5 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

+.r6277~-03 

a.o 

0.0 

(Nt ALPHA) 
9.20899E-03 
4.59433E-03 
I .  74324E-03 
1.118i9E-03 
6.03609 E-04 
2.21 104L-M 
5.31265E-05 
7.521086-08 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
L O  
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

IO CAP1 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0 .0  
0.0 
0.0 
0.0 
0 .0  
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
8.296201 

6.310521 
5.88689t 
4.82404f 
1.72516t 
0.0 
0.0 
0.0 

3.34992 I + 
-F- 
cn 



GROUP 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
1 3  
1 4  
15  
16 
17 
18 
19  
20 
2 1  
22 
23 
2 4  
2 5  
26 
2 7  
2 8  
2 9  
30 
31 
32 
33 
3 4  
35 
36 
37 

TOTAL 
5.87824E 00 
5.64504E 00 
5.42713f 00 
5.34086E 00 
5.30084E 00 
5.22526E 00 
5.17345E 00 
5.14734E 00 
5.15393E 00 
5.28034E 00 
5.5293JE J 0  
5.953625 00 
6.87219E 00 
7.56772E 00 
7*67180E 00 
7.80692E 00 
7.34366E 00 
7.02418E 00 
6.09555E 00 
5.31136E BO 
5.29634E 00 
7.L19L9E 00 
9.78616E 00 
1.11635E 01 
1 . 1 1 1 4 l f  0 1  
1.00958E 0 1  

1.12781E 01 
1.13*46E 01 
1.12006€ 01  
1 ~ 1 1 9 8 6 E  0 1  
I.11984E 01 
1.12010 E 01  
1.12061E 01 
1.12150E 0 1  
1.1228bE 0 1  
1 . t 3 3 6 1 E  01 

1 .0922a~  o i  

E C A S T  IC 
3.37317E 00 
3.16294E 00 
2.93616E 00 
2.84690E 00 
2.80518F 00 
2.73653E 03 
2.69799E 00 
2.67I72E 00 
2.68765F 00 
2.79397E 00 
3.04311E 00 
3.46416E 00 
4.40796E 00 
5.09208E 00 
5.41974E 00 
6.23716F 00 
6.45161F 00 
6.33861E 00 
5.4q363E 00 
4.93817F 00 
5.19626E 00 
7.11505E 00 
9.78191F 00 
1*11604E 01 
1.11094E 0 1  
1.00934E 01  
1.09181F 01 

1.13414E 01 
1.1199t)E 0 1  
1.11967E 0 1  
1.11945E 01  
1.11941f  0 1  
1.11941E 0 1  
1.11940E 01 

1.11935E 01 

1 . 1 2 7 4 3 ~  a i  

i . i i q 4 0 F  a i  

GROUP 

1 
2 
3 
4 
5 
6 
7 
8 
9 

IO 
11 
12 
13 
14 
15 
16 
17 
18  
19 
2 0  
2 1  

S I G  PBS 

1.38949t 0 1  
1.16260E 01  
1.0185ZE 0 1  
9 . ~ 0 1 4 0 ~  (IO 
e .zo i6aF  00 
T.31530E 00 
3.'54601E 00 
4.30275€ 00 
3.57207E 00 
3.2280SE O C  
4,18019E 00 
8.75542E 00 
2.14943F 0 1  
6.06348E 01 
Z.57521E 02 
1.06105E 03 
1.25812€ 03 
1.ROLJOE 0 3  

1.69434E 0 4  
3.84208E 04 

5.70i1n9~ 03 

SIC PE 

1 ~ 3 8 9 9 5 E - 0 1  
1693633E-01 
2.43801E-01 
2. Q3227E-01 
3.63853E-01 
4.81204E-01 
6.97729E-01 
1.00013E OJ 
1,39041E 00 
2.17695E 00 
4.13364E 00 
8. l554ZE 00 
2.14943E 3 1  
6.06348E 01 
2,57521E 0 2  
1.06105E 03 
1.25812E 0 3  
1.806OOF 03 
5.70889E 03 
1'69434E 04 
3.84208E 04 

t N E L b S T  IC 
3 * 0 9 8 2 I € - J l  
3.26480E-01 
3.37831E-01 
3.43993f -01 
3.5 3 9 50E- 0 1 
3 f 4929E- 3 1 
4.2994TE-01 
b . l 8380€-O l  
1.03691F 00 
1.74757E 00 
2.24766E 30 
2.458CBE 00 
2.463fZE 00 
2.47504E 00 
2.25139E 00 
1.56890E 00 
8.90909E-01 
6 84258E-01 
6.00393E-01 
3.70307f- 0 1 
9.6 2901F-02 
0.0 
0.0 
0.0 
0.0 
0.0 
0 . 0  
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

S t t  PP 

1.37559F 0 1  
1.14323E 01  
9.94136E 00 
8.90617E 00 
7.83783E 00 
6.53410E 00 
4.84628E 00 
3.30262F 00 
2.18166E 00 
1.05110E 00 
4.71531E-02 
0 .o 
0.0 
0.0 
0.0 
0 .o 
0 .o 
0.0 
0.0 
0.0 
0.0 

l h . 2 h l  
3.16876F-01 

2.03007F 00 
2.14971E 00 
2.14150E 00 
2*11360E 00  
2.04928E 00 
1.8569FE 00 
1.429C8F 00 
7.3847EE-01 
2.32172E-01 
3.09659E-02 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
3.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0  
0.0 
0.0 
0.0 
0.0 
0.0 

i.165ec~ 00 

ENFRGY GEP 

1.84046E 02 
1.20711E 02 
9.18441E 01  
7.4821OE 01  
5.94858E 01 
4.52666E 01 

2.40293E 01 
1.95637E 01 
1.61986E 01 
1.41371E 01 
1.39044E 01 
1.65306E 01 
2 ~ 4 9 6 4 8 E  01 
5.39139E 01 
1.28794E 02  
1.11677E 02 
9.95759E 01 
2.06454E O? 
4.08519E 02 
5.78363E 02 

3 . 2 3 6 8 5 ~  01 

tN93N) 
fs87823E 00 
9.89647E-01 
1 -22885E-01 
7.198396-05 
0 .o 
0.0 
0 .o 
0.0 
0.0 
0.0 
3 . 3  
0.0 
0 .o 
0.0 
0.0 
0.0 
0 . 0  
0.0 
0.0 
0.0 
0.0  
0.0 
0 .o 
0.0 
0.0 
0 . 0  
0 .o 
0 .Q 
0.0 
0.0 
0.0 
0.0  
0 . 0  
0.0 
0 . 0  
0 . 0  
0.0 

ABSORPTIPC 
1 .4  3912 E-04 
1 -66885F-04 

1.90857F-04 
2.01502E-04 
2.15530E-04 
2.3378 3E-04 
2 ~ 6 3 4 3 5 E - 0 4  
2.90117F-04 
3.23203E-04 
3.60050E-04 
4r12318E-04 
5.12676E-04 
6.01049E-04 
6.70219E-04 
8.573136-04 
1.14132E-03 
1.31461F-03 
1.522lZE-03 
2.28286E-03 
3.78554E-03 
4.13655E-03 
4.25433E-03 

4.68147E-03 
2 ~ 3 5 3 3 l E - 0 3  

3.81360E-03 
3.20186F-03 
9.75707E-04 
1,87472f-03 
3.90784E-03 

1.203?0E-02 
Z.lOO26F-02 
3.46272E-02 
1.42638E-01 

i . a 3 3 0 3 ~ - 0 4  

3 t a 7 ~ ~ 8 ~ - 0 3  

3 .94a34~-03  

a.siesi~-o3 

4136 



ELASTIC (n.2n) 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 - 

V 

Z SZSb7C-0 
2 '76052t -0  
3' 3438E-0 
3: 327 a t - 0  

5 '88§53€-0  
b 0 p998E -0 
5'85b20L-0 
5: 678bE-0 

2*34;+::: 

4.ijUSSlE-0 

0.0 
0 .0  
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0 0  

0.0 
0.0 
0.0 
0.0 
0 0  

0:0 

0:o 

0: 0 

0: 0 

8.1 
0.0 
0 0  

GROUP FLilX 

0.0 

I. 33625t-0 1 

7 U3b95E-C 
P:UbbbQE-O$ 

I S € - O b  
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0 0  

0.0 
0.0 
0.0 
0.0 
0.9 
0.0 
0 . 0  
0 0  
3.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
3 . 0  
9.0 
0.0 
0.0 

4:4;:%::.A 
3:5#4€-02 

0:0 

0 : 3  

5 5 8 1 b E - 0 2  
C c ; 

6.0 
0.0 
0.0 
0.0 
0.0 
3.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
5 . 0  
0.0 
0.0 
0.0 
0.0 
0.0 
0 . 0  
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 



.: . , 

PHOTON INTERACTION CROSS SECTIONS FOR U-235 

A 
9 

1.00n00t' 0 1  
00000k 0 0  9: O O O O D k  00 

6,000QOk 00 
5.00000E 00 
4,OOOciOk 00 
3.00000k 00 
.2.56000€. 0 0  
2.nOfloOF. 00  
1.50000k 00 

O O O ~ O E  
0 0 0 0 O E  
50000E 
O O O O O E  
500006 
99999 t  
99999t 
500001. 
000GOt 
O O D U O t  
999996 

._ 
1. 
7. 
3. 

b o  
4. 
3. 
2 .  
9 .  

4: 

00 
-0 1 
-0 1 
- 6  1 
- 0  1 
-02  
-02 
-117 
-02 
- 0 2  
- 0  3 

1 .  
l e  
1. 
1. 
Q e  
8 .  
h.  
'1. 
2. 
1 .  
b e  
0 .  
0; i 
0.0 
0.n 
0.0 

0.0 
0.0 
0.0 
0.0 

0 8 0  

0 1  
01 
0 1  
0 1  
00 
00 
0 0  
G O  
0 0 
0 0  

-02 
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I .  

R E A C T I O N  C P G S S  S i C T I O k S  FCR PU-23s  O N 4  453910 ( I I E  kT. 1 

GROUP 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
1 2  
13 
1 4  
1 s  
16 
17  
18 
1 9  
20 
2 1  
2 2  
23 
2 4  
2 5  
26 
27 
2 8  
2 9  
30 
3 1  
32 
33 
3 4  
35  
36 
37 

T(?T&L 
6 .257lSE 00 
6.12497E 00 
6.03698E 00 
5.99792E 00 
5.933626 00 
5.84818E 20 
5.8407ZF 00 
5.89593E 00 
6.02446E 00 
6.21934E 00 
6.409946 00 
6.79290E 00 
7.42960E 00 
7.79082E 00 
7.93467E 00 
1.9962OE 00 
7 .76010 f  00 
7.60429E 00 
7.47034E 00 
7 .25#3€ 00 
7.77244E 00 

1.13496E 01 
1.236496 01 
1.33368E 01 
1.20134E 01 
1.21506E 01 
1.29111E 01 
1.38081E 0 1  
1.432226 01 
2.31051E 01 
2.162876 0 1  

1.50402f  0 1  
3.38262E 01 
1.94523F 02 
1.18195E 03 

9 . 7 4 5 3 8 ~  00 

t . 9 ~ 1 3 ~  01 

E L 4 S T  IC 

3.07541E 00 
3.01883E 00 
2.998E3E 00 
2.96730E 00 
2.94561E 00 
3.01740E 0 0  
3.12390E 00 
3.Zbb09E 00 
3.46509E 00 
3.6465SE 00 
3.1)5436€ 00 
4.11365E 00 
4.39053E C O  
4.52287E 00 
4.528526 '30 
4.23923F 00 
4.07016E 00 
3.990636 00 
4.08IG3E 00 
5.094296 0 3  
7.53302E 00 
9.21278E 00 
1.01660E 01  
1.09174E 01 
9.93064E 00 
1.00581E 0 1  
1.05916E 01 
1.068216 0 1  
1.Obb62E 01 
1.58126E 01  
2.02745E 0 1  
1.43645F CI 
9.32558E C O  
1.06lOSE 0 1  
1.235986 0 1  
8.79669E 00 

3 . t 3 a 8 3 ~  00 

CROUP SIG A B S  

1 
2 
3 
4 
5 
b 

8 
9 

10 
11 
12 
1 3  
14  
15  
16 
17  
18 
19 

t 

20 
21  

Slt PE 

OI-OTCh IhTFRh&TlOk CRCSS SECTIONS 

1.761036 0 1  
1.48952E 0 1  
1.32298E 0 1  
1.20927E 0 1  
L.0940bE 01 

7.83233E 00 
6.42f15F 0 0  
5.69272F 00 
5.65231E 00 
1.94b66E 00 
1.65986E 01  
3.9+950E 0 1  
1.05872E 02 
4.22847E 02 
9.32645E 02 
1.09569E 0 3  
3.25378E 03 
9.95698E 03 
2.43464E 0 4  
3.58525E 04 

9 . 5 4 a 0 4 ~  00 

2.67L74E-01 
3.71935E-OL 
4.bEE53E-31 
5.644546-01 
7.012 WE-0 t 
9.27264E-01 
1.34233E 00 
1.91910E 30 
2.65787E 00 
4.15217E 00 
7.87972E 00 
I .65986E 01 
3.94950E 01 
l . 058 f2E  02  
4.22847E 02 
9.72665€ 02 
1.09569E 0 3  
3.2437EE 03 
9.95698E 03 
2.43464E 04 
3.58525E 04 

l N E L A S T l  C 
2.1281 7E-01 
2.1819ZE-01 
2.227B2E-01 
2.2449SE-01 
2.17793E-01 
2 . 0  2359E- 01 
6.85627E-01 
1.?5642€-01 
1.84974E-01 
2.33943E-01 
3.53769E-01 
7.798046-0 I 
1.54714E 00 
1.6610ZE 00 
1.661026 00 
1.65651E 00 
1.631566 00 

1.52579E 00 
1.32910E 00 
9.4 5469E-0 1 
5.21094E-OL 
3.52926E-01 
2.67449E-01 
2.3 1220E-01 
2.113016-31 
1 b1706E-01 
1.317856-02 
0.0 
0.0 
0.3 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

1 .5a760~  00 

SIG PP 

1.73431E 0 1  
1.45232E 01 
1.27t09E 01 
1.15282F 01 
I.U2394€ 01 
E -6 2 C78f 00 
6.49001E 00 
4.50EObE 30 
3.03485E 00 
1.50014E 00 
b.69367E-02 
0 .o 
0.3 
0.0 
0.0 
0 rO 
0.0 
0.0 
0.0 
0.0 

IP1.2hl 
2.1960 Of-02 
1 *03803E-01  
1 767  72E-01 

2 - 271 15E-0 1 
2.37354E-01 
2 ~ 3 S 2 8 3 E - 0 1  
2.26668E-Ql 
2 12824E-0  1 
1.92628E-01 
1.66789E-OL 
1.15177E-01 
1.08133F-02 
0.0 
0.0 
0.0 
0.0 
0.0 
0 .o 
6.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0  
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0 .o 
0.0 
0.0 
0.0 

~ . 0 3 9 a t ~ - o i  

ENERGY OEP 

2.29628E 02 
1.51049E 02 
1.15549E 02 
9.44690E 01  
7.53744E 01 
5.75202E 01 
4.13155E 01 
3.0918% 01 
2.54693E 01 
2.14583E 01 
2.00412E 01 
2.13990E 01 
2.72099E Cil 
4.18603E 01 
4.79697E 01 
1.26269E 02 
9.09752E 01 
1.79419E 32 
3.60460E 0 2  
5.99567E 02 

0.0 5.04486E 02 

I N, 3N) 
9.54764F- 02 
7.7 780% - 02 
3 a76572E-02 
2.285IEE-02 
1 -09028 t -02  
2 -361576-04  
0.0 
0.0 
0.0 
0 .o 
0 .o 
0.0 
0.3 
0.0 
0.0 
0 .o 
0 .o 
0.0 
0.0 
0 .o 
0.0 
0 .o 
0.0 
0.0 
0.0 
0 .o 
0.0 
0.0 
0 .0  
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0 .o 

SUN FISSION 
2.67042F 00 
Z.59895E 00 
2.55686F 00 
2,52943E 00 
2.49128k 00 
2.45366E 00 
2.39650L. 00 
2.36592F 00 
2.35836E 00 
2.32211E 00 
Z.23163F 00 
2.04266E 00 
1.757*7E 30 
l.73923E 00 
1 . 7 5 0 7 ~  00 
i . e a 9 1 7 ~  00 
1.88931E 00 
1.94526E 00 
l r 9 4 8 6 1 E  00 
1.81836E 00 
1.64467E 00 
1 ~ 5 2 8 7 4 E  00 
1.55210E 00 
1.65416F 00 
1.71985E 00 
1448759E 00 
1.49647f 00 
1.66602E 00 
L.JO32tE  00 
3.01937F 00 
3.55507E 00 
1.19903E 00 
4.33768E 00 
4.15697E 00 
1.87173t 0 1  
1.23174E 02 
8.00281.E 02 

ABSORPTION 2.78806E 00 

2.64980E 00 
2*58094E 00 
2.54777E 00 
2.51052E 00 
2.46263E 00 
2.40241E 00 
2.3695JE 00 
2.36057E 00 
2.32368E 00 
2.23284E 00 
2.04356E 00 
1.75800E 03 
1.73927E 00 
1.75078E 00 
1.80917E 00 
1.88941F 00 
1.946536 00 
1.95392E 00 
1.83E5OE 00 
1.73218E 00 
1.69127E 00 
1.7E393E 03 
1.9124ZE 00 
2.19034€ 00 
1.87150E 00 
1.93018E 00 
2.30610E 33 
3.126036 00 
4.05594E 00 
4.29248E 00 
1.35421E 00 
5r49bBbE 09 
5.71457E 00 
2.32158E 01 
1.82163E 02 
1.17315E 03 

CAPTURE 
L.1764OE-01 
5.08463E-02 
2.40799E-32 1 83  35 5E -02 

1.32359E-02 
8 696296E-03 
5.91 211E-03 
3.57905E-03 
2.21052E-03 
1.57 74OE-03 
1.21 5 79E - 0 3  
9.04 E86E-04 
5.23907E- 04 
3.80842E-05 
c.0 
0.0 
1.06435E-04 
1.26458E-03 
5.31 465E -03 
2.01430E-02 
6.75 1 W E - 0 2  
1.62529E-01 
2.31827E-01 
2.78255E-01 
4.T0295F-01 
3.8 39126-01 
4 a 3431?€-01  
beZJJB2E-01 
8.228166-01 
1.03657E 00 
7 3741  6E-01 
1.55 18ZE-01 
1.18898F 10 
1.55760E 00 
4.4Y851E 00 
5.89896F 01 
3.7286YE 02 



H t A C T l U N  LHOSS S E C T I O N S  F O R  P U - 2 3 5  DNA 4 5 3 9 / 0  ( 1 / E  Y T .  I IOENT I F I C A T  1 0 H  

GROUP 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
L I  
I 2  
1 3  
14 
1 5  
16 
1 7  
18 
19 
20  
2 1  
22 
2 3  
2 4  
2 5  
2 6  
2 7  
2 8  
2 9  
3 0  
3 1  
32 
33 
3 4  
3 5  
36 
37 

(b ,  G A M M A  I 
0.0 
0.0 
0.0 
0.0 
3 . 3  
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
3.0 
0.0 
1.06435E-04 
1.2645 8 E-03 
5.3 146 5 E-03 
2.01430E-02 
6.75157€-02 
1.62529E-01 
2.31827E-01 
2.78255 E-01 
4.70295E-01 
3.83912E-01 
+.343176-01 
6.2008 Z E - 0 1  
8.22816E-01 
L.03657E 00 
7.3741bE-01 
1-55 18 2 E-01 

1.55760E 00 
4.498516 00 
5.8989bE 01 
3.72869E 02  

i . i e e 9 8 ~  00 

l N t P I  
3.10627F-02 
9 .60168f -03  
3.69583E-03 
2.55135E-03 
1.65997E-33 
9.57148F-04 
5.4 9202 E-04 
2.0 3634E- C4 
2.54212E-05 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.3 
0.0 
0.0 
0.0 
0.0 
0.3 
0.0 
0.0 
0.0 
0.0 
3.0 
0.0 
0.0 

(he01 
1.53477E-02 
4.81296E-03 
1.57547E-03 
1.29627E-03 
8.56515E-04 
5.15229E-04 
2 2 8360E-04 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.3 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

2.80 L ~ O E - O ~  

1 N J I  
3.32818E-02 
1.01389E-02 
3.8 8 2 4  3E-03 
2. 6 6 164E- 03 
1.75998E-03 
1.04381E-03 
5.70849E-04 
3.0 3 3 5 8 E- 04 
5.08423i-05 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.3 
0.0 
4.0 
0.0 
0.0 
0.0  
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

( N v A L P H A )  
3.79482E-02 
2.62928E-02 
1.+9262F-02 
1.182626-02 
8.95943E- 03  
6.4467BE-C3 
4.5 6370E- C3 
3.04405i-C3 
2.13426E-C3 
1.57743E-03 
1.21579E-C3 
9.04886E-C4 
5.23907€-04 
3.80842E-05 
0.7 
0.0 
0.0 
0.0 
0 . 0  
0 . 0  
0 . 0  
0 .0  
0 . 0  
0.0 
0.0 
0.0 
3.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

NU 
5.38626E 00 
5.1'3331E 00 
4.94320E 00 

4 .  79376=  00 
4.69848E 00 

4.42776E 00 
r.27709E 00 
4.14170E 00 
4.01891E 0 0  
3.88317E 00  
3.69668F 00 
3.57600E 00 
3.50756E C O  
3.37605E 00 
3.25123E 00  
3.20014E 00 
3.15731: 00 
3.06533E 00 
2.96849E 00 
2.89596E 00 
2.86801E 00 
2.85979E 0 0  
2.85380E 00  
2.851506 00 
2.85042E 00 
2.84903E 00 
2.84834E 00 
2.84814E 00 

2.848016: 05 
Z.04800E 00 
2.B4800E 00 

2.84800E 00 
2.85217E 00 

4 . 8 7 8 3 9 ~  00 

4 . 5 6 7 7 8 ~  30 

2 . 8 4 8 0 5 ~  00 

2 . 8 4 e o o ~  00 

I O  C I P T U R E  
0 .0  
0 . 3  
0.0 
0 .0  
0 . 0  
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
9. 0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0. 0 
0.0 
0.0 
0.0 
1.02481E 01 
3.55363E 01 
6.31272E 01 
1.75432E 01 
0.0 
0.0 
0.0 

30 FISSIUk 
0.0 
3 . 3  
0 .0  
0 .0  
0 . 0  
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
3.0 
0.0 
0.0 
0.0 
0.0 

c.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
9.420IYE 00 
3.656115 01 
8.73135E 01 
2.17476E 01 
0.0 
0.0 
0.0 

0.2 

4539  

cr I 
I. a2 1 4 1 3 ~ 4 1 5  
6.30096E-05 
5.47301E-05 
3 . 7 9 0 2 3 6 - 0 5  
i 743C8F-34 
1-81 560E- 04 
6.496 79 E- 04 
1.23456E-C3 
2.17493i-03 
3 -58 144 E-03 
5.54553E-C3 
1.3 3437E- C2 
4.036 16E- C Z  
1.12583E-02 
4. Q 4 O i C  E-02 
1.084 79E-0 I 
I .02084E-C 1 
1.52716E-02 
1 075  48  i- 0 P 

1.90745E-0t 
1.21086E-C1 
1.06473E-02 

3.62 179  E-03 
3.012CbF-04 
9.91074E-04 

b -9  1504:- 05 
1.3424ZE-05 
5; 98494 E-C6 
3 . 9 5 0 6 8  E-C7 
5.4646 1 G O 8  
1.28759F-08 
1.57754 E- 09 
2.6248bE-10 
0.Q 

z . oa t 72 F-o 1 

i . 0 ~ 0 8 5 ~ - 0 2  

3.90a e I F- 04 
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APPENDIX 13 

L i s t i n g  of Response Functions 

This Appendix contains a listing of response f u n c t i o n s  inc luded  

with this l i b r a r y  as material 1. 

of group number (neutron groups 1 through 37; 

The responses are given as a f u n c t i o n  

gama groups 38 through 

S 8 )  ai 



- 4 6  CROSS-SECTIONS TO B E  PRINTED OB POWCAEO A R E  LISTEE BELOW **e** (02-18-76)  ***** 
RESPOWSES INCLUOED WITH THE 37N-216 L I B R A R Y  A S  I IhTEPIAL 1 .  

KQ3.S. 
1 
2 
3 
I( 

5 
6 
7 
8 
9 

10 
1 1  
1 2  
13 
14  
15 
16 
17 
18 
19 
2 0  
21 
2 2  

GBP. 1 
6 . 9 9  5uigE-09 
0 . 0  
2.50000B 00 
9 .1949  9E- 10 
0 . 0  
7 .8506  9E-09 
0 . 0  
7.86089E-08 
4 . 42  13%-08 
7 .94  539E-OR 
6 .97  929E-OB 
5.61 169E-OB 
7 .8836 9E-08 
1.03W OE-07 
8 . 9 1  14 ?E-08 
6.607Y81-08 
9.33 33 8E-08 
6 .487391-08  
1.164003-07 
1.36430E-07 
6.577593-08 
0 .0  

GBP. 2 
6.63978E-09 
0 .0  
2.50000E 00 
9.194993-  10 
0 . 0  
7.78399E-09 
0 .0  
7.87899E-08 
3.7574OE-08 
6 . 9  15498-08 
5.776493-08 
4 . 6  1 1  4 9’8-08 
7 . 9 5 0  18E-08 
1.30630E-07 
8.298498-08 
6.096092-08 
9.239281-08 
6.176291-08 
1.35000B-07 
1.2882OE-07 
5 .  46  1798-08 
0.0 

CRP.  3 
6 .430581-09  
0 . 0  
2 .50000& 00 
9.19499E-PO 
0 . 0  
7.739UBB-09 
0 . 0  
7.865671-08 
3- 27839E-08 
6.199688-08 
5.183498-08 
4.24109Z-.O8 
8.22778E-08 
1.473501-07 
7.84448E-08 
6. C6900E -08 
9.08489E-08 
5.92000E-08 
1.36770E-07 
1.302901-07 
5.064291-08 
0 . 0  

G P P .  4 
6.327291-09 
0 . 0  
2.49800E 00 
9.794991- 10 
0 . 0  
7.711693-09 
0 . 0  
7 .853881-08 
3 .088601-08  

4 .  874591- 08 
4.  21659%- C8 
8 .978  19 E-08 
1.517708-07 
7.570691- 08 
6.028 09 E- 08 
9.129291-08 
5.193591-  C4 
1.354 00 E- 07 
1.341 201- 07 

0 . 0  

5.860 29 B- 08 

4 . 8 ~ 0 6 0 a - o a  

G R P .  5 
6 .18579E-09 
0 . 0  
2 .863001  00 
9.194991-  10 
0 . 0  
7.49489E-09 
0.0 
7.831193-08 
3 .065301-08  
5.47389E-08 
4. 337091-08 
4 .23  3393- 08 
7 . 8 1  I U 9 E - O B  
1 .508106-07 
7.063118E-08 
5. BOBOOE-08 
9.21307E-08 
5,598891-08 
1.319501-07 
1.4 1760E-07 
4.59329B-09 
0 . 0  

G R P .  6 
6.00249E-09 
0 . 0  
2.4170CE 00 
7.07 1008-09 

7 . 2 1  4091-09 
0.0 
7.79659E-08 
2 .9854  OB-08 
5.00590E-08 
3.70589E-08 
C - 1  4689 E- 08 
7.28668E-08 
1.4681 OE- 07 
6.46078E-08 
5.52579E-08 
9.2 5708E-08 
5.36079E-08 
1.2596OE-07 
1.47600E-07 
U. 212493- 08 
0 . 0  

0 . 0  Y 

GAP. 7 
5.9347913-09 
0 . 0  
2.362003 00 
1.07900E-09 
0 . 0  
6.89439E- 0 9  
0 . 0  
7.74428E- 08 
2.5544OE-08 
4.25939 E-08 
3.801001-08 
3.783801-08 
6.28428E-08 
1,390908- 07 
5.769731-08 
5.173391-08 
9 .206188-08  

1.174OOE-07 
1,482301-07 
3 .68339t -08  
0 . 0  

5 . 0 8 5 2 9 ~ - 0 e  

CUP. 8 
5.68159E-09 
0 . 0  
2.29200E 00 
1.1490QE-09 
0 . 0  
6 .4856%-09  
0.0 
7.66267B-08 
2.376001-08 
3.663391-08 
3.04659E-08 
3.1896OE-08 
5 .  l4lUOE-08 
1.263202-07 
4.911691-08 
4.69359E-08 
8.63739E-08 
4. 709001-08 
1.0543OE-07 
1. UU790E-07 
3.01630E-08 
0 . 0  _ _  ..- .. 

POS. 23 T A R O  POS. 35 SAnE AS ABOVE 
36 7.005561-09 7.00558E-09 7.005583-09 7.00558E-09 7.00558E-09 7.00558E-09 7.005582-09 7.005581-09 
37 5.643393-09 5.613391-09 5.51549E-09 S.UO9901-09 5.48209E-09 5.44049E-09 5.298701-09 5.09289E-09 

39 6.177191-08 5.97138E-08 5.8463OE-08 5.379591-08 5.507191-08 5.159693-08 4.7787bE-08 4.30900E-08 
38 0.0  0.0 0.0 0 . 0  0 . 0  0.0 0.0 0 . 0  

40 0 .0  0 .0  0.0 0 . 0  0 . 0  0 . 0  0 . 0  0.0 

WS. 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12  
1 3  
14 
15 
16 
17 
18 
1 9  
20 
21 
2 2  

38 
3 7  
38 
3 9  
4 0  

ms. 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
t 2  
13  
1 4  
1 5  
1 6  
17 
1 8  
19 
20 
21 
2 2  

36 
37 
38 
3 9  
40 

POS. 41 TBRn POS. 61 SAIE &§ PBOVE 

CIP. 9 GRP. IO G R P .  11 GW. 1 2  
5.5283%-09 5.221198-09 5.12309E-09 4.86389L-09 
0 . 0  0 .0  0.0 0 . 0  
2 .223002  00 2.15700B 00 2.046ODB 00 1 .821001  00 
1.159008-09 1.120001-09 1.03300E-09 7.685991-10 
0 .0  0 .0  0.0 0 . 0  
6.2271 9E-09 6.699291-09 5.97419E-0 9 5.815791- 09 
0 . 0  0.0 0 . 0  0.0 
7 . 5 6 0 1 7 ~ - O B  i . q 3 9 4 ~ 1 ~ - 0 ~  7 . 3 1 0 3 9 ~ - 0 8  7 . 1 2 8 7 ~ 1 -  08 
2 .93  200%-08 1.67790E-08 2.34270E--O8 9.521 08 1-09 
3.050602-08 2.602892-08 2.8 13291-08 2.305901-08 
2.41060%-08 2.0966OX-08 1.671Wll--08 1.110901- C8 
2.35 5201-  OB 1.82430E-08 1. r(6550B-08 1 -  fZ850 1- M) 
3.729891-08 2.784OOE-08 1.9749OE-08 1.383501- 08 
1.069208-07 9.11037%-08 7.770988-08 6.107681-08 
4. 09 96 91-08 3.714 101-08 3.644601-08 2 .  996501-OB 
4. 20 1791-08 3 .  584791-OB 2.951801-08 2.368602- Q8 
7.6626%-08 6.817298-08 6.05459E-08 5.193291-08 
u.36019c-08 L O I ~ ~ ~ B - O ~  3. M o ~ ~ E - o ~  3 .  Z U I ~ O X - C B  
9 . 4 0 2 6 9 ~ - 0 8  8 . 3 7 1 7 9 ~ - 0 8  7 .4~6581t -08  6 .a6158z-c8  
1.388501-07 1.29230E-07 1.17780E-07 1.028301-07 
2.419001-0.9 1 . 9 8 2 1 0 ~ - 0 8  1 . 6 0 7 2 0 ~ - 0 8  1 . 2 3 ~ 4 0 ~ ~ - 0 8  
0.0 0 .0  0 .0  0.0 
POS. 23 TBRU POS. 35 S M C  AS A B O I L  
7.05279%-09 7,102891-09 7.036193-09 6.110898-  09 
4.828801-09 4.84829E-09 8.84269t-09 4.553591-09 
0 .0  0 - 0  0 .0  0.0 
U.0R9398-03 0.089398-08 4 .08939t -08  Y. 111603?-03 
0 . 0  0 . 0  a. o 0.0 
POS. 41 TRPO POS. 61 S A l E  AS I B O V B  

6 B P .  17 GRP. 18 G R P .  19 GSP. 2 0  
3.428908-09 3.139591-08 3.070903-09 2.645708-09 
0 .0  0.0 0 .0 0 . 0  
1.8760OE 00 1.498001 00 1.317002 0 0  9.612001-01 
5.226991-11 1.780991-11 4.194996-11 2 . 9 3 6 9 9 6 1 1  
0.0 0.0 0.0 0 . 0  
4.503201-09 3.822493-09 3.739091-09 3,522301-09 
0.0 0.0 0.0 0 .0  
5.283391-08 5.001791-08 4.730193-08 U.03019E-08 
1.189501-08 8.572392-09 8.059691-09 6.385091-09 
1.5466 CB-08 1.005401-08 8.988891-09 7.190391-09 
4.322891-09 1.180508-09 5.735191-09 b.!i71198-09 
5.573595-09 5.4585911-09 5,03299E-09 3.79069E-09 
5.57 3591-09 3.8504Ot-09 3.9U719E-09 3.156601-09 
1.153901-08 9.54058E-09 9.056293-09 6.66559E-09 
4.66 69  92-09 3. 871 001-09 1 . 4  20 60s -0 9 3.04700E- 09 
6.65018E-09 4.62109B-09 9.139398-09 3.003992-09 
1.364801-08 1.008801-03 7.35599E-09 2.Q613OB-09 

1.0368 OB-08 8.8591 9E-09 5 .878391-09  2.697COC-09 
1.316lQK-08 7 .272082-08  5.437891-09 2.33700L-09 
3.t$97301-09 2.88510E-09 2.59470E-09 1.75440E-09 
0.0 0.9 0.0 0.0 
PQS. 23 TBBU POS, 35 S l d E  IS ABOVE 

3.372101-09 3.144201-09 3.085801%-09 2.65850X-09 
0.0 0.0 0.0 0 . 0  
3.56 1201-08 3.4889OX-08 3.513898-08 3.58620% 08 
0 .0  0.0  0 .0  0.0 
POS. 41 TRRU POE. 61 S1nE AS bBOI1 

6 .  e352 9t3-09 5 . 5  1 6 1 9 ~ - 0 9  I . Q Z ~ O ~ ) E - O ~  2.54699 3-09 

4 .47859s -09  0.382393-09 4 . 2 ~ 8 3 9 ~ - 0 9  3.978191-03 

GRP. 13 
4.5597%-09 
0 . 0  
1.70808B 00 
3.027991-  10 
0 .0  
5 . 5 7  109E- 09 
0 .0  
6.792282-08 
1.193208-08 
2.546101-08 
1.269901-08 
9 .081391-09  
9.54858B-09 
4 . 3  7 1393- 08 
9.9784BE-09 
1 .695701-08  
3.850RPE-08 
2. I 7  82OE- 08 
5.086088- 08 
7.767191-08 
8 . 3  3 119B- 09 
0.0 

6.07Q39E-09 
4.461891-09 
0 . 0  
4. 2533911-08 
0 .0  

G B P .  21 
2 .0  0 900%- 09 
0.0 
9.951001-01 
1.946008-  11 
0.0 
2 .94  12OB-09 
0 . 0  
3.052OOt-08 
4.80139B-09 
3.637601-09 
5.357891-09 
3.66 4008- 09 
2.222101-09 
2.392508-  09 
2.322101-09 
1.6181OB-09 
1 . 2 7  9101- 09 
1.173203-09 
1.069SOE-09 
1.174501-09 
8. 45599B- 10 
0 . 0  

3.389901-09 
2.009101-  09 
0 .0  
3.227601-08 
0 .0  

GRP. 19 
4.3202 9E-09 
0 . 0  

1 .0  2 1001- 10 
0.0 
5.3431 91-09 
0 .0  
6.51439X-08 
1.03140B-08 
2.2b2101-08 
1.081OOE-08 
7.589091-09 
9.670981-09 
3- 438901-09 
8.52OU8E-09 
1.35170E-O@ 
3.1066OE-OB 
1.956601-08 
4.177791-08 
6.039781-08 
6.48559E-09 
0.0 

5.696198-09 
4 .26  1693- 0 9  

2.05600p1 ao 

0.0 
4.297891-08 
0 .0  

GPP. 22 
1.2Y68OE- 09 
0.0 
7.114001-01 
1.27700E- 11 
0 .0  
1.694101-09 
0.0 
1.919801- 08 
2.5702 08- 09 
2 007YOE-09 
2.883791- 09 
1.349608-09 
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APPENDIX C 

ARID - A Simple Co l l aps ing  Code 

A s imple  c o l l a p s i n g  code, ARID, h a s  been developed from t h e  COMAND 

module of t h e  ASPX p rocess ing  code t o  enab le  c o l l a p s e  of t h e  37-21 

l i b r a r y  t o  smaller group s t r u c t u r e s .  The A R I D  code i s  inc luded  i n  t h e  

l i b r a r y  package, and is  t a i l o r e d  t o  r e c e i v e  t h e  37-21 energy group 

s t r u c t u r e  c r o s s - s e c t i o n  sets as input  d a t a  sets. The u s e r  then  s p e c i f i e s  

t h e  f i n a l  group s t r u c t u r e  and t he  c o l l a p s i n g  spectrum. A (1 /E)  t o  

thermal Maxwellian neu t ron  spectrum and a f l a t  g a m a  spectrum are b u i l t  

i n t o  t h e  code, o r  t h e  u s e r  can i n p u t  a n  a r b i t r a r y  weight ing  spectrum, 

such as t h a t  ob ta ined  f a r  a s p e c i f i c  c a l c u l a t i o n  w i t h  t h e  o r i g i n a l  37-21 

l i b r a r y .  T h i s  g i v e s  t h e  u s e r  t h e  c a p a c i t y  t o  g e n e r a t e  problem-dependent 

c r o s s - s e c t i o n  l i b r a r i e s  as d e s i r e d ,  o r  t o  c r e a t e  smaller problem- 

independent l i b r a r i e s .  The fo l lowing  pages g i v e  d e t a i l s  on procedures  

f o r  running A R I D  and d i s c u s s  ou tpu t  cho ices .  



ARID 

The c o l l a p s e r  t o  go w i t h  t h e  DNA Few Group L i b r a r y  i s  a s i m p l i f i e d  

v e r s i o n  of t h e  AYPX COMAND module. 

T h i s  module, ARID (ANISN - Reduction I- I f  - DNA Few Group Library  is  Your 

Base Cross Sec t ion  S e t ) ,  assumes t h e  fol lowing:  

1. An A N I S N  l i b r a r y  i n  card  image o r  b i n a r y  format i s  mounted on 

l o g i c a l  u n i t  20. 

c a r d s  i n t e r s p e r s e d  as i f  one w e r e  g e t t i n g  ready t o  run  A L C l  t o  

make an  AldISN l i b r a r y .  

It has t h e  ANLSN P decks s tacked  wi t :h  control.  R 

2. A c o l l a p s e d  l i b r a r y  w i l l  b e  w r i t t e n  i n  A N I S N  b ina ry  format on 

l o g i c a l  u n i t  18, 

free-Eorm Be13 fo rma t  on l o g i c a l  7. 

These can be punched onto c a r d s  i n  t h e  A N I S N  

3 .  ARIL) assumes:: 

a. t o t a l  number of groups' on DNA l i b r a r y  i s  58 (37 neut ron  and 

2 1  gamma), 

b. t h e  tota.1 c r o s s  s e c t i o n  i s  i n  p o s i t i o n  3 ,  

c ,  t h e  w i t h i n  group c r o s s  s e c t i o n  is  i n  p o s i t i o n  4 ,  

d. t h e  t a b l e  1-ength of t h e  DNA l i b r a r y  i s  61. 

One can se1ecI:iuely c o l l a p s e  t h e  d a t a  over  a b u i l t - i n  spectrum, 

o r  t h e  u s e r  may o v e r r i d e  t h e  b u i l t - i n  d a t a  by i n p u t t i n g  h i s  own. 

The b u i l t - i n  spectrum c o n s i s t s  of a l / E  v a r i a t i o n  joi.ned t o  a 

thermal  Maxwellian (300k) f o r  neut rons  and h a s  a f l a t  v a r i a t i o n  

f o r  gamma groups.  

4 .  

The d a t a  r e q u i r e d  are as f o l l o w s :  

I.$$ Col laps ing  Case D e s c r i p t i o n  
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1. IGMF - t o t a l  number of groups i n  broad s t r u c t u r e .  

2. IHTF - pos i tLon of ~7 i n  broad s t r u c t u r e .  T 

3 .  IHSF - p o s i t i o n  of CI i n  broad s t r u c t u r e .  
6% 

4 .  ZHMF - t a b l e  l e n g t h  i n  b r o d  s t r u c t u r e .  

5 .  TEDIT - 0, almost: no e d i t ,  

1, e d i t  c o l l a p s e d  data,  

2, edit f h e  group and co l l apsed  d a t a .  

6 .  NSPEC - spectrum number t o  u s e  i n  c o l l a p s i n g  ( inpu t  a ze ro ) .  

7 .  NPNCM - 0 ,  no puncb, 

1, punch c o l l a p s e d  cross s e c t i o n s  i n  A N I S N  free-form 

format a 

8. NFM - -1, DNA Few Group L i b r a r y  is  i n  ANISN b i n a r y  format ,  

0 ,  DNA Few Group L i b r a r y  i s  i n  ANISN BCD free-form 

format, 

l., DNA Few Group T,ibrary i s  i n  ANISN BCD f i x e d  form 

f o m t .  

T Terminate Block 1 

3 

4 $$ Broad Group Numbers by Fine  Group 

Weighting Spec t rum (This  will o v e r r i d e  a s e l e c t e d  spectrum.) 

T h i s  cor responds  t o  t h e  28$ a r r a y  i n  ANISN o r  51$ a r r a y  i n  XSDRN. 

A ze ro  e n t r y  w i l l  suppres s  a group. 

T T e n i n a t e  Case Data 

Note t h a t  one can u s e  A R I D  t o  conver t  ANISN l i b r a r y  formats,  either BCD 

t o  b i n a r y  o r  b i n a r y  t o  BCD. 

. . . . . . . . . . . . . . . . .- . . . .~ .. . 





Group 
L 
2 
3 
4 
5 
6 
7 
8 
9 

1- 0 
11 
1 2  
13  
14 
15 
1 6  
1 7  
18 
1 9  
20 
21 
2 2  
23 
24  
25 
26 
27 
28 
29 
30 
31 
32 
33  
34 
35 
36 
37 
38 
39 
40 
4.1 
42 
43 
44 
45 
l+ 6 

hPt’)l:NIlTX D 

Energy Group  S t r u c t u r e  ~ Q S  129n-43y Cross-section Set 

1.3250E07 - 1.4000E07 
1,250OE07 - 1,3250E07 
1..1750E07 - 1,2500B07 
1,1500E07 - 1.1.75OE07 
1.1250E07 - X.1500E07 
L.1000E07 - 1.1250E07 
1.080OE07 - I.IOOOE07 
1.050OEO-i - 1.08OOE07 
1..0000E07 - 1,0500E07 
9.7500E06 - 1.0080E07 
9.5000EO6 - 9.7500E06 
8.90OOE06 - 9.5000EO6 
8,6000E06 - 8,9000E06 
8.4000E06 - 8.6000E06 
8.2000E06 - 8.4000E06 
8 100OE06 .- 8.2OOOE06 
8 I OQOOE06 - 8 .. l000E06 
7.9000E06 - 8.0000E06 
7.7500306 - 7.9000E06 
7.500OEO6 - 7.7500E06 
7.2500E06 - 7.5000E06 
7.100OE06 - 7.2500EQ6 
7.000OE06 - 7.1000E06 
6.S500E06 - 7.0000E06 
6,7000E06 - 6.8500E06 
6.5700E06 - 6.7000E06 
6.4300E06 - 4.5700E06 
6 I 2500E06 - 6 * 430OE06 
5,7500E06 - 6,2500E06 
5,5200E06 - 5.7500E06 
5.2000E06 - 5.52OOE06 
5.0700E06 - 5.2000E06 
5.0000E06 - 5.0700E06 
4.9200E06 - 5.0000E06 
4.8000E06 - 4.9200E06 
4.7200E06 - 4.8000E06 
4,4500E06 - 4.7200E06 
4.4500E06 - 4,6500E06 
4.3000E06 - 4,4500E06 
4,1400E06 - 4.3000E06 
4.0500E06 - 4,140cfEOG 
3,9500E06 - lt.0500E06 
3.801iOE06 - 3.9500E04 
3.6QOOE06 - 3,8000EO6 
3.4500EO6 - 3.6000E06 

- Lethargy Range 
-0.372 - -0.336 
-0.336 I- -0,251 
-0.281 - -0.223 
-0.223 - -0.141 
-0.161 - -0.140 
-0.140 - -0.118 
-0.118 - -0.095 
-0.095 -. -0,077 
-0.077 - -0.049 
-0.049 - 0.0 

0.0 - 0.025 
0.025 - 0.051 
u.li.51 - 8.117 
0.117 - 0.151 
0.151 - 0.174 
0 ,174  - 0,198 
0.198 - 0.211 
0 .211  - 0.223 
0 . 2 2 3  - 0.236 
0.236 - 0.255 
0.255 - 0.288 
0.288 - 0.322 
0.322 - 0.342 
0.342 - 0.357 
0.357 - 0.378 
0.378 - 0.400 
0.400 - 0.420 
0.420 - 0.442 
0.442 - 0.470 
0.470 - 0.553 
0.553 - 0.594 
0.594 - 0.654 
0.654 - 0.679 
0.679 - 0.693 
0.693 - 0.709 
0.709 - 0.734 
0.734 - 0 .751  
0.751 - 0.766 
0 ,766  - 0.810 
0.810 - 0.844 
0.844 - 0.882 
0.852 - 0.904 
0.904 - 0.929 
0.929 - 0.968 
0 ‘ 9 6 8  - 1 .022  
1.022 - 1.064 
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Ene rgy  Group S t r u c t u r e  (Con[:'d.) 

Group 
47 
48 
49 
5 0  
51 
52 
53 
54 
55 
56  
5 7  
58  
59 
6 0  
6 1  
62 
6 3  
64 
65  
66  
67 
6 8  
69 
70 
7 1 
72 
7 3  
74 
75 
76 
77 
7 8  
79 
8 0  
81 
8 2  
83 
84  
85 
8 6  
8 7  
88 
89 
9 0  
9 1  
92 
9 3  
9 4  
9 5  

Energy  Range 
3 . 3 0 0 G 0 6  - 3.4500E06 
3.1500E06 - 3.3000E06 
3.0000E06 - 3.1500E06 
2.9400E06 - 3.0000EO6 
2,8700E06 - 2.9400E06 
2.7800EO6 - 2.8700EOQ 
2,7200E06 - 2.7800E06 
2.4500E06 - 2.7200E06 
2.4000EOQ - 2.4500E06 
2.380QE06 - 2.4000E06 
2.360CE06 - 2.3800E06 
2.3400E06 - 2.3600E06 
2.3200E06 - 2.3400E06 
2.3000E06 - 2.3200EO6 
2,2600E06 - 2.3000E06 
2.1800E06 - 2.2600E06 
1.9700E06 - 2.1800E06 
1.8500E06 - 1.9700E06 
1 - 8200E06 - 1 .8500EO6 
1.7500E06 - 1.8200E06 
1.6600E06 - 1.7500E06 
1.6300E06 - 1.6600E06 
1.5700EO6 - 1.6300E06 
1.4500E06 - 1.5700EOS 
1 .3900E06 - 1.4500E06 
1.3300EO6 - 1.3900E06 
1.2900E06 - 1.3300E06 
1.2700E06 - 1.2900E06 
1.2450E06 - 1 .2700E06 
1.2200E06 - 1.2450E06 
1 ,2000E06 - 1.2200EO6 
1.1500E06 - 1.2000E06 
1.1000E06 - 1.15OOE06 
1.0500E06 - 1 .1000E06 
9.8000E05 - 1.0500E06 
9.3000E05 - 9.8000E05 
8.3000E05 - 9.3000E05 
7.3000E05 - 8.3000E05 
6.3000E05 - 7.3000E05 
5.8000E05 - 6.3000E05 
5.0000E05 .- 5.8000E05 
4.0000E05 - 5.0000E05 
2.5000E05 - 4.0000E05 
1.5500E05 - 2.5000E05 
1.3000E05 - 1 .5500E05 
1.1100E05 - 1.3000E05 
8.2500E04 -. 1.1100E05 
8.1000E04 - 8.2500E04 
7.2000E04 - 8.1000E04 

L e t h a r g y  Range 
1 . 0 6 4  - 1 .109  
1 . 1 0 9  - 1.155 
1 .155  - 1 .204  
1 . 2 0 4  - 1 .224  
1 . 2 2 4  - 1 . 2 4 8  
1 . 2 4 8  - 1.280 
1 . 2 8 0  - 1 .302  
1 . 3 0 2  - 1 .406  
1 . 4 0 6  - 1 . 4 2 7  
1 . 4 2 7  - 1 . 4 3 5  
1 . 4 3 5  - 1 . 4 4 4  
1 . 4 4 4  - 1 .452  
1 . 4 5 2  - 1 . 4 6 1  
1 .461  - 1 . 4 7 0  
1 . 4 7 0  - 1 .487  
1 . 4 8 7  -" 1.523 
1 . 5 2 3  - 1 . 6 2 5  
1 . 6 2 5  -- 1 .687  
1 .687  - 1 .704  
1 . 7 0 4  - 1 . 7 4 3  
1 . 7 4 3  - 1 . 7 9 6  
1 . 7 9 6  - 1 . 8 1 4  
1 .814  - 1 . 8 5 2  
1 . 8 5 2  - 1 , 9 3 1  
1 . 9 3 1  - 1 , 9 7 3  
1 . 9 7 3  - 2.017 
2.017 - 2 . 0 4 8  
2 .048  - 2 .064  
2 .064  - 2 .083  
2 .083  - 2.104 
2 .104  - 2.120 
2 .120  - 2 .163  
2 .163  - 2.207 
2 .207  - 2.254 
2 .254  - 2 .323  
2 . 3 2 3  - 2 .375  
2 .375  - 2 .489  
2.489 - 2.617 
2.61.7 - 2 .765  
2 .765  - 2.847 
2 .847  - 2 .996  
2 .996  - 3.219 
3.219 - 3.659 
3 .689  - 4 .167  
4 .167  - 4 . 3 4 3  
4 . 3 4 3  - 4 . 5 0 1  
4 . 5 0 1  - 4 , 7 9 8  
4 .798  - 4 .816  
4 .816  - 4 . 9 3 4  
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Energy Group Structure (Cont'd.) 

Group 
96 
97 
98 
99 

LOO 
101 
102 
10 3 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
12 2 
123 
124 
125 
1-26 
12 7 
128 
129 

Energy Range 
6.8000E04 - 7.2000E04 
4.0860E04 - 6.8000E04 
3.5000E04 - 4.0860E04 
3.0000E04 - 3.5000304 
2.7000E04 - 3.0000E04 
2.5000E04 - 2.7000E04 
2.3OOOE04 - 2.5000304 
1.9300E04 - 2.3000304 
1.5030E04 - 3.9300E04 
9.1100E03 - 1.5030E04 
5.5300E03 - 9.1100E03 
3.3500E03 - 5.53001503 
2.0300E03 - 3.3500E03 
1.2300E03 - 2.0300E03 
9.6100302 - 1.2300E03 
7.4900E02 - 9.6100302 
5.8300E02 - 7,4900302 
3.5300E02 - 5.8300E02 
2.7500E02 - 3.5300E02 
1.6700E02 - 2.7500E02 
1.0100E02 - 1.6700E02 
7.8900E01 - 1 - 01.00E02 
4,78001501 - 7.8900E01 
2.9000E01 - 4.7800E01 
1.7600E01 - 2.9000EOl 
1.0670E01 - 1.7600E01 
6.4700E00 - 1.0670E01 
3.9300E00 - 6.4700E00 
2.3800E00 - 3.9300EOO 
1.4400E00 - 2.3800E00 
8.7600E-01 - 1.4400E00 
5.3100E-01 - 8.76003-01 
4.1400E-01 - 5.3100E-01 
1.000OE-04 - 4.1.400E-01 

Lethargy Range 
4.934 - 4.991 
4.991 - 5.500 
5.500 - 5.655 
5.655 - 5,809 
5.809 - 5.915 
5.915 - 5,991 
5.991 - 6.075 
6.075 - 5.250 
6.250 - 6.500 
6.500 - 7.001 
7,001 - 7.500 
7,500 - 8.001 
8.001 - 8.502 
8.502 - 9.003 
9.003 - 9.250 
9.250 - 9.499 
9.499 - 9.750 
9,750 - 10.252 
10.252 - 10.501 
10.501 - 11.000 
11.000 - 11,503 
11.503 - 11.750 
11.750 - 12.251 
12.251 - 12.751 
12.751 - 13.250 
13.250 - 13.751 
13.751 - 14.251 
14.251 - 14.749 
14.749 - 15.2.51. 
15.251 - 15.753 
15.753 - 16.250 
16.250 - 16.751 
16.751 - 17.000 
17.000 - 25.328 
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Photon Interaction Cross Sections (C0nt'd.j 

Group Group Limits (MeV) S I C  ABS 
34 1.77000E00 I. 79000E00 6.53062E-03 
35 
36 
37 
38 
39 
40 
4 1  
42 
43 

i.64000E00 
1.62000E00 
7.38000E-01 
7.18000E-01 
5.20000E-01 
5.00000E-01 
3.00000E-01 
l.000OOE-Ol 
1.00000E-04 

1.77000E00 
1.64000E00 
1.62000E00 
7.38000E-01 
7.18000E-01 
5.20000E-01 
5.00000E-01 
3.00000E-01 
1.00000E-01 

5.32255E-03 
4.26155E-03 
7.67590E-04 
2.08687E-04 
3.39119E-04 
5.5476GE-04 
1.25594E-03 
1.64216E-02 
6.05122E02 

S I G  PE 
3.28530E-05 
3.54684E-05 
3.83345E-05 
8.1562SE-05 
2.08657E-04 
3 - 39119E-04 
5.54766E-54 
1.25594E-03 
1.642163-02 
6.08122E02 

SIG PP 
6.49777E-03 
5.28709E-03 
4.22322E-03 
6,86027E-04 
0.0 
0.0 
0.0  
0.0 
0.0 
0.0 

ENERGY DEP 
1.15399E00 
1.11890E00 
1.06330E00 
8,40891E-01 
5.64813E-01 
4.85497E-01 
4.02880E-OB 
3.13480E-01 
1.43309E-01 
1.71055E00 
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