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GAMMA-RAY PRODUCTION DUE TO NEUTRON INTERACTIONS WITH NITROGEN 
FOR I N C I D E N T  NEUTRON ENERGIES BETWEEN 2.0 AND 20 MeV:  

TABULATED DIFFERENTIAL CROSS SECTIONS 

J. K. Dickens,  T. A.  Love and G. L. Morgan 

ABSTRACT 

Numerical v a l u e s  of d i f f e r e n t i a l  c r o s s  s e c t i o n s  f o r  
gamma r a y s  produced by neu t ron  r e a c t i o n s  wi th  n i t r o g e n  
have been obta ined  f o r  neu t ron  e n e r g i e s  between 2 . 0  and 
20  MeV f o r  8 = 90 and 1 2 5  deg u s i n g  a N a I  spec t romete r .  
These d a t a  c x n s i s t  of neu t ron  and gamma-ray product ion  group 
c r o s s - s e c t i o n  v a l u e s  of  d2a/dwdE f o r  0 .7  < Ey < 10.5 M e V ,  
w i t h  gamma-ray i n t e r v a l s  ranging  from 20 XeV f g r  E 1 MeV 
t o  250 keV f o r  Ey - 9 MeV. Neutron energy i n t e r v a x s v a r i e d  
from 1 MeV f o r  E 
20 MeV. 

= 2 t o  10 MeV t o  3 MeV f o r  En = 1 4  t o  n 

INTRODUCTION 

A s  p a r t  of a c o n t i n u i n g  program f o r  de t e rmin ing  numerical  v a l u e s  of 

gamma-ray p roduc t ion  c r o s s  s e c t i o n s  f o r  neutron-induced r e a c t i o n s ,  w e  have 

measured t h e  a b s o l u t e  d i f f e r e n t i a l  c r o s s  s e c t i o n s  f o r  gamma r a y s  produced 

by neu t ron  i n t e r a c t i o n s  w i t h  n i t r o g e n .  The d a t a  are presented  i n  t h i s  

r e p o r t  i n  t a b u l a r  and g r a p h i c a l  forms. 

EXPERIMENTAL CONDITIONS 

The d a t a  f o r  neu t ron  i n t e r a c t i o n s  w i t h  n i t r o g e n  were c o n s i d e r a b l y  

more d i f f i c u l t  t o  o b t a i n  and e x t r a c t  than  those  d a t a  p r e v i o u s l y  r epor t ed  

i n  t h i s  program.' D i f f i c u l t i e s  were encountered because (a )  w e  could 

not  use  a s e l f - s u p p o r t i n g  e l emen ta l  sample,  and (b) t h e  c r o s s  s e c t i o n s  

be ing  measured were known t o  be  an  o r d e r  of  magnitude smaller2 than  those  

measured f o r  t h e  e lements  i n  t h e  r e p o r t s  of Ref. 1. Consequent ly ,  t h e  

background c o n t r i b u t i o n s  were cons ide rab ly  la rger  than  ou r  p rev ious  

expe r i ence .  These c o n s i d e r a t i o n s  r equ i r ed  a much longe r  per iod  of d a t a  



2 

accumulat ion as w e l l  as more d e t a i l e d  and l e n g t h y  background c o r r e c t i o n  

a n a l y s e s .  

A f t e r  s e v e r a l  unsuccess fu l  a t t e m p t s  t o  o b t a i n  s a t i s f a c t o r y  d a t a  u s i n g  

s a m p l e s  of l i q u i d  N (maintained i n  low-mass Dewars),  w e  i n v e s t i g a t e d  t h e  

f e a s i b i l i t y  of  u s i n g  some n i t rogenous  compound f o r  t h e  sample.  The chosen 

sample w a s  i n  t h e  chemica l  form o f  1 . 3  kg of b e r y l l i u m  n i t r i d e  (Be N ) 

ob ta ined  i n  i r r e g u l a r l y  shaped chunks3 having  a d e n s i t y  of  - - 1 . 3  gm/cm . 
The s i z e s  of t h e  p i e c e s  ranged from g r a i n  s i z e d  t o  - 15 c m  . S m a l l e r -  

s i z e d  material w a s  n o t  used because of t h e  bery l l ium-poisoning  hazard .  

A sample h o l d e r  w a s  f a b r i c a t e d  from aluminum having  i n s i d e  dimensions of 

28  c m  wide x 26 c m  h igh  x 2 .5  c m  t h i c k .  Windows of  0.012-cm-thick mylar  

w e r e  f a s t ened  t o  t h e  f r o n t  and back of t h e  sample h o l d e r ,  and t h e  sample 

material w a s  l o o s e l y  packed i n t o  t h i s  h o l d e r .  The sample m a t e r i a l  d i d  n o t  

f i l l  t h e  ho lde r  and (as expec ted)  w a s  n o t  of uniform t h i c k n e s s .  

2 

3 2  
3 

3 

The e f f e c t i v e  sample t h i c k n e s s  was measured by de termining  t h e  a t t e n u a -  

241 t i o n  of t h e  E = 59.4-keV gamma r a y  emi t t ed  by a Am source .  This  sou rce  

w a s  co l l ima ted  s o  as t o  scan  a s p o t  o f  - 2 by 3 c m  on t h e  sample.  Scans 

were made on s i x  d i f f e r e n t  areas of t h e  sample which c o l l e c t i v e l y  accounted 

f o r  about  80% of the  p a r t  of t h e  sample which had been i n  t h e  beam s p o t ,  

The beam a r e a  a t  t h e  sample p o s i t i o n  w a s  a r a d i u s  of  - 6 c m  (Ref. 4)  and 

t h e  sample w a s  mounted a t  45 deg w i t h  r e s p e c t  t o  t he  beam l i n e  f o r  8 = 125 

deg  and a t  60 deg f o r  8 = 90 deg.  Photon c r o s s  s e c t i o n s  f o r  E = 60 keV 

5 were ob ta ined  from Storm and Israel .  These were, f o r  B e ,  2.24 b/atom, and 

f o r  N ,  4.22 b/atom, which were combined f o r  B e  N t o  g i v e  7.58 b/atom (of 

N ) .  

known B e  p l a t e .  This  p l a t e  w a s  p r e v i o u s l y  measured t o  have a t h i c k n e s s  of 

Y 

Y 

Y Y 

3 2  

The v a l u e  f o r  B e  w a s  checked by measuring t h e  a t t e n u a t i o n  through a 
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0.151 atoms/b;  t h e  v a l u e  ob ta ined  from t h e  gamma-ray a t t e n u a t i o n  measure- 

ment w a s  0.154 atoms/b.  One should n o t  assume t h a t  t h e  photon c r o s s  s e c t i o n  

f o r  N i s  t h a t  a c c u r a t e ;  t h e  a u t h o r s  of Ref .  5 sugges t  - -t 10% u n c e r t a i n t y  i n  

t h e i r  t a b u l a t e d  v a l u e s .  However, u s i n g  t h i s  method as t h e  b e s t  a v a i l a b l e  

r e s u l t s  i n  a t o t a l  sample t h i c k n e s s  of 0.066 a toms/barn ,  o f  which - 0.001 

atoms/b i s  due t o  t h e  mylar window, l e a v i n g  0.065 atoms of N/barn as t h e  

average  sample t h i c k n e s s .  The range  of d e n s i t y  f o r  t h e  s i x  measurements 

w a s  0.0607 t o  0.0730 a toms/barn ,  and t h e  s t anda rd  d e v i a t i o n  of t h e  s i x  

measurements w a s  -0.005 atoms/barn.  Cons ider ing  a l l  a s p e c t s  of t h e  measure- 

ment of sample t h i c k n e s s ,  w e  a s s i g n  a n  u n c e r t a i n t y  of + l O W  t h e  v a l u e  of 

0.065 atomsjbarn.  

The expe r imen ta l  da t a - t ak ing  system (based on a 12.5-  by 12.5-cm N a I  

c r y s t a l  spec t romete r )  has  been d i s c u s s e d  i n  d e t a i l  i n  Ref.  4 ,  and i n  t h a t  

paper  t h e  u n c e r t a i n t y  ass igned  t o  beam-flux measurements w a s  5 10%. Our 

estimate f o r  t h e  o v e r a l l  u n c e r t a i n t y  i n  a .bsolute  d2a/dwdE v a l u e s  i n  t h i s  

r e p o r t  i s  - + 15%. 

. 

DATA REDUCTION 

By methods d i s c u s s e d  i n  Ref.  4 ,  f o r  each gamma-ray s c a t t e r i n g  a n g l e  

s p e c t r a  were accumulated f o r  two b a s i c  c o n f i g u r a t i o n s ,  (a) t h e  foreground 

o r  normal c o n f i g u r a t i o n  and (b) t h e  background which i s  t h e  same as t h e  

foreground w i t h  t h e  a d d i t i o n  of a 5.1-cm-thick Pb shadow b a r  p laced  between 

t h e  sample and t h e  d e t e c t o r .  The t o t a l  background spectrum, s u i t a b l y  normal- 

i z e d ,  w a s  s u b t r a c t e d  from t h e  foreground spectrum. The n e t  spectrum w a s  

unfolded us ing  t h e  FERD code and a f t e r  no rma l i za t ion  t o  expe r imen ta l  parameters  

and c o r r e c t i o n s  f o r  gamma-ray s e l f - a b s o r p t i o n  gave v a l u e s  of d2a/dwdE f o r  

125 mesh p o i n t s  of t h e  response  matrix used i n  FERD. The d i f f e r e n t i a l  
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c r o s s - s e c t i o n  v a l u e s  were determined as t h e  middle  v a l u e  of t h e  c a l c u l a t e d  

conf idence  i n t e r v a l ,  w i th  h a l f  o f  t h e  conf idence  i n t e r v a l  des igna ted  as 

t h e  a s s o c i a t e d  re la t ive  e r r o r .  

For t h e  e lements  r e p o r t e d  i n  Ref.  1, t h i s  p rocess  w a s  s u f f i c i e n t  t o  

produce t h e  f i n a l  t a b u l a t e d  v a l u e s .  However, f o r  t h e  p r e s e n t  sample t h e s e  

d a t a  had t o  be  c o r r e c t e d  f u r t h e r .  For E > 5 MeV c o n t r i b u t i o n s  w e r e  observed n 

due t o  t h e  4.43-MeV gamma r a y  i n  "C and (weaker) due t o  t h e  6.13-MeV gamma 

r a y  i n  l 6 O .  

w e r e  determined by measuring t h e  gamma-ray y i e l d  wi th  t h e  empty frame ( inc lud -  

i n g  mylar) i n  p l a c e .  Another c o r r e c t i o n  had t o  be  made because of t h e  appear-  

ance of an  E 

r a y  w a s  a s c r i b e d  t o  i n e l a s t i c  e x c i t a t i o n  of 208Pb i n  t h e  l e a d  shadow b a r  

by n e u t r o n s  e l a s t i c a l l y  s c a t t e r e d  from t h e  sample,  The c o r r e c t i o n s  were 

e s t ima ted  by un fo ld ing  s e p a r a t e l y  t h e  foreground and background s p e c t r a .  

The unfolded background r e s u l t s  w e r e  s u i t a b l y  normalized t o  t h e  unfolded 

foreground ( f o r  each neu t ron  energy b i n )  so  t h a t  t h e  d i f f e r e n c e s  f o r  t h e  

s ix  mesh p o i n t s  i n  t h e  v i c i n i t y  of  E 

ob ta ined  i n  t h e  foreground-background unfo ld ing .  

a "new" background w a s  e s t ima ted  by i g n o r i n g  t h e  2.61-MeV peak. 

i n g  "new" d i f f e r e n c e s  w e r e  t hen  computed. The magnitude o f  t h i s  c o r r e c t i o n  

w a s  - 5% of t h e  magnitude of  t h e  2.3-MeV peak and w a s  q u i t e  s i g n i f i c a n t  f o r  

t h e  mesh p o i n t s  i n  ques t ion .  

These two elements are i n  t h e  mylar  window. These c o n t r i b u t i o n s  

= 2 . 6 1  MeV gamma r a y  i n  t h e  background spectrum. This  gamma 
Y 

= 2.61  MeV w e r e  approximate ly  t h o s e  
Y 

Then f o r  t h e s e  mesh p o i n t s  

The r e s u l t -  

Another c o r r e c t i o n  t o  t h e  d a t a  involved  t h e  o b s e r v a t i o n  of weak gamma 

r a y s  a s c r i b e d  t o  aluminum. 

c o n t r i b u t i o n  c o n s i s t e n t  w i t h  an  e f f e c t i v e  A 1  sample t h i c k n e s s  of = 0.0003 

atoms/b,  i . e . ,  - 0.5% t h e  t h i c k n e s s  of t h e  B e  N Th i s  background 

The s t r e n g t h  of t h e s e  l i n e s  sugges ted  an  A 1  

sample. 3 2  
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could  have been due t o  penumbra-neutron i n t e r a c t i o n s  w i t h  the  frame, o r  

else t o  s c a t t e r e d  neu t rons  impinging on t h e  frame o r  on t h e  aluminum i n  t h e  

s h i e l d  su r round ing  t h e  d e t e c t o r .  Recent ly  w e  ob ta ined  and reduced d a t a  

f o r  neu t ron  i n t e r a c t i o n s  w i t h  A 1  f o r  6 = 125 deg.  These unfolded gamma- 

r a y  s p e c t r a  w e r e  compared p o i n t  by p o i n t  w i t h  t h e  B e  N 

s p e c t r a ,  and c o r r e c t i o n s  t o  t h e  l a t t e r  were made f o r  t hose  mesh p o i n t s  

f o r  which t h e  A 1  d a t a  sugges ted  a s i g n i f i c a n t  c o n t r i b u t i o n .  

f o r  E between 2 and 4 MeV, t h e  A 1  l i n e s  dominated t h e  spectra ,  and d a t a  

f o r  E < 1 . 6  MeV were d i s c a r d e d  because  of t h e  v e r y  l a r g e  u n c e r t a i n t i e s  

which r e s u l t e d  a f t e r  t h e  s u b t r a c t i o n  of t h e  A 1  gamma r a y s .  C e r t a i n  d a t a  

p o i n t s  f o r  o t h e r  E and E were s i m i l a r l y  a f f e c t e d ,  and t h e  r e s u l t i n g  c r o s s  

s e c t i o n s  w e r e  s i m i l a r l y  t r e a t e d .  The t a b l e s  t h a t  f o l l o w  i n c l u d e  s t a t e m e n t s  

Y 
unfolded gamma-ray 3 2  

I n  p a r t i c u l a r ,  

n 

Y -  

n Y 

n o t i n g  which r e g i o n s  of E were n o t  r e p o r t e d ,  i . e . ,  se t  e q u a l  t o  ze ro .  
Y 

The on ly  remain ing  c o r r e c t i o n  n e c e s s a r y  t o  o b t a i n  t h a t  p o r t i o n  of t h e  

gamma-ray p roduc t ion  due t o  n e u t r o n  i n t e r a c t i o n s  w i t h  n i t r o g e n  i s  t o  c o r r e c t  

f o r  t h a t  due t o  b e r y l l i u m .  

are no gamma r a y s  r e p o r t e d  known due t o  n + B e  r e a c t i o n s .  2 ' 6  

l e v e l s  i n  'Be are known t o  decay predominantly by neu t ron  emiss ion ;  t h e  

f i r s t - e x c i t e d  s ta te  a t  Ex = 1 . 6 7  MeV h a s  a measured y- t o  n-emission r a t i o  

of -. 0.02. However, because  of t h e  sma l lnes s  of t h e  c r o s s  s e c t i o n s  f o r  

n i t r o g e n ,  w e  r a n  t h e  same experiment f o r  t h e  B e  p l a t e  mentioned above. 

experiment w a s  run  f o r  two days  and 0 = 125 deg  compared t o  

f o r  each  0 

gamma r a y ;  o t h e r w i s e  a l l  o t h e r  gamma-ray peaks observed ( a l l  of which were 

weak) could d e f i n i t e l y  be a s c r i b e d  t o  background e f f e c t s .  W e  cannot  be c e r -  

t a i n  t h a t  t h e  r e s u l t s  p re sen ted  i n  t h i s  experiment are due e n t i r e l y  t o  t h e  

We were aware t h a t  f o r  4 - < En 5 11 M e V ,  t h e r e  

The low-lying 

7 

This  

2 weeks r e q u i r e d  
Y 

f o r  t h e  Be3N2. There w a s  a v e r y  weak i n d i c a t i o n  of  a 1.7-MeV 
Y 
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n i t r o g e n  i n  t h e  B e  N 

measured. 

t h e  Be-plate experiment i s  < 0.5% of t h a t  f o r  t he  1.7-MeV g a m a  r a y  i n  t h e  

B e  N 

E i n  t h e  B e  N experiment due t o  be ry l l i um.  

sample,  e s p e c i a l l y  i n  view of t h e  small c r o s s  s e c t i o n s  3 2  

However, t h e  measured y i e l d  f o r  t h e  E = 1.7-MeV gamma ray  i n  Y 

experiment ,  and i t  i s  u n l i k e l y  t h e r e  i s  any c o n t r i b u t i o n  f o r  o t h e r  3 2  

Y 3 2  
It w a s  e v i d e n t  even be fo re  t h e s e  c o r r e c t i o n s  w e r e  made t h a t  the  rela- 

t i v e  u n c e r t a i n t i e s  w e r e  q u i t e  l a r g e  f o r  many i n d i v i d u a l  va lues  of d2a/dwdE, 

e s p e c i a l l y  a t  h igh  and l o w  va lues  of i n c i d e n t  neu t ron  energy and f o r  l a r g e  

gamma-ray e n e r g i e s .  Therefore ,  t o  reduce t h e s e  u n c e r t a i n t i e s  and t h e  appa ren t  

f l u c t u a t i o n  i n  t h e  d a t a ,  d a t a  f o r  some a d j a c e n t  mesh p o i n t s  w e r e  combined. 

This  w a s  done on an  i n d i v i d u a l  b a s i s  f o r  each neut ron  energy b i n  a t  each 

s c a t t e r i n g  ang le .  

The fo l lowing  graphs show t h e  un fo ld ing  gamma-ray s p e c t r a  thus  ob ta ined .  

Included on the  graphs  are comparison spectra ob ta ined  u s i n g  t h e  r e c e n t  evalu-  

a t i o n  of Young and Fos te r8  (ENDF/B Material 4133 Mod 3 )  as t h e  eva lua ted  d a t a  

se t .  The gamma-ray f i l e  of t h i s  d a t a  se t  c o n s i s t s  of e x c i t a t i o n  f u n c t i o n s  

f o r  45 d i s c r e t e  gamma r a y s ;  t h e r e  i s  no continuum i n  t h e  f i l e ,  For each 

neutron-energy b i n  an average  eva lua ted  c r o s s  s e c t i o n  w a s  determined f o r  

each i n d i v i d u a l  g a m a  r a y  i n  t h e  f i l e .  These c r o s s  s e c t i o n s  w e r e  then  fo lded  

(smeared) by t h e  i n t r i n s i c  gamma-ray energy dependent window f u n c t i o n  (a  

gauss i an  d i s t r i b u t i o n )  f o r  t h e  N a I  spec t rometer  and t h e  expected y i e l d  cal- 

c u l a t e d  a t  each o r i g i n a l  mesh p o i n t  t o  a r r i v e  a t  t h e  expected comparison 

spectrum f o r  each neutron-energy b in .  A more complete r e p o r t  on t h e  cornpari- 

son w i t h  e v a l u a t i o n  i s  i n  p rogres s .  9 
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The computer t a b l e s  which fo l low t h e  graphs g ive  t h e  numerical  v a l u e s  

of t h e s e  d a t a .  The f i r s t  s e t  of t a b l e s  c o n t a i n s  d a t a  i n  c o a r s e  gamma-ray 

energy groups of 250 o r  500 keV. These d a t a  were obta ined  by f i r s t  d e t e r -  

mining polynomial  r e p r e s e n t a t i o n s  t o  t h e  upper  and lower bounds of p e r t i n e n t  

conf idence  i n t e r v a l s  and then  i n t e g r a t i n g  each  polynomial between t h e  d e s i r e d  

l i m i t s  on E This  method w a s  necessa ry  i n  v i e w  of t h e  va ry ing  b i n  wid ths  

i n  t h e  f i n a l  r e s u l t s .  The e r r o r s  i n d i c a t e d  i n  t h e s e  t a b l e s  r e p r e s e n t  h a l f  

t h e  area of t h e  conf idence  i n t e r v a l  given by the  unfo ld ing  code FERD and a r e  

over -es t imates  s i n c e  ( u s u a l l y )  s e v e r a l  FERD ou tpu t  p o i n t s  w e r e  combined. The 

second set  of t a b l e s  g i v e  v a l u e s  o f  d2a/dEdw f o r  up t o  125 va lues  of E 

The quoted e r r o r s  do n o t  i n c l u d e  an a b s o l u t e  e r r o r  of about  15% es t ima ted  

above. The r e l a t i v e  e r r o r s  f o r  c r o s s  s e c t i o n s  cor responding  to  a d j a c e n t  

neu t ron  energy groups should b e  less than  10%. 

Y' 

Y' 
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NEUTRON G A R f l A  F A Y  PPODUCTTON CROSS SECTIONS FFO?! NITPDGEN. TABULETEC VALUES P.?E DIPFEFFNTTAL CPOSS 
SECTIONS AT 125 DEGREES,IW MB/SR, FOR ?HE G A U A A - Q A Y  E N E R G Y  I!??S?VALS, I N  KEV, S H O W N  I N  T H E  LEFTMCST 
COLUIIR. THE ERRORS IWDICATFD ARE I N  THE SAUE UNITS A N D  DO NOT INCLUDE A N  ??STI?IATED 15 PFRCENT FRROF 
DUP T O  THE A B S O L U T E  FLUX MEASUREUENT. THE PELATIVE YPRORS FOF ADJACENT COLUMPS S H O U L D  RE LESS “RAN 
5 PERCENT. THE COLUMN HEADINGS APE,IIB UFY, THE LCPER L I R f T  OF T H f  NFUTPON E N E P G P  INT’EFBAL *OF THAT 
COLURN. THE UPP3F L I M I T  F O R  ?HE LAST NEUTRFN FNEBGY INTERVAL I S  20.00 MEV 

750- 1000 
1000- 1250 
1250- 1500 
1500- 1750 
1750-2000 

2 00 0- 2500 
2500-3000 
3000-35 00 
350 0- 4000 
4000-4500 

4500- 5000 
5000-5500 
5 500- 6000 
6000-6500 
6 50 0- 70 00 

7000- 7500 
7500-8000 
8000- 8500 
8500-9000 
9 00 0- 95 00 

9500-9999 

8.09 

0.21 0.18 
0.05 0.18 
0.03 0.03 
U.41 0.59 
0.2U 0.15 

10.20 0.82 
1.6U 0.66 
1.06 0.40 
0.60 0.39 
2.36 0.40 

3.09 0 . 3 9  

1.39 0.25 
1.46 0.19 
1.53 0.13 

4.02 0.30 

0.61 0.06 
0.01 0.02 
0.01 0.01 
0.00 0.01 
0.00 0.00 

0.01 0.00 

9.00 

0.36 0.23 
0.01 0.22 
0.14 0.31 
2.93 0.63 
0.15 0.36 

8.55 0.93 
1.3a 0.67 

0.78 0.54 
2.50 0.54 

2.8a 0.48 
3.76 0.40 
1.91 0.34 
2.19 3.29 
2.16 0 . 2 1  

1.22 0.09 
0.06 0.03 
0.01 0.02 
0.01 0.u1 
0.00 0.01 

0.01 0.00 

1.24 0.69 

10.00 

0.27 0.26 
0.15 0.41 
0.30 0.50 
2.35 0.60 
0.03 0 . 1 2  

7.85 0.99 
1.52 0.98 
1.14 0.46 
1.36 0.50 
3.05 0.53 

3.18 0.51 
2.76 0.Q3 
1.UR 0.41 
2.11 0.38 
4.34 0.28 

2.39 0 .  14 
0.17 0.07 
0.04 0.05 
0.09 0.03 
0.01 0.00 

0.02 0.00 

12.00 

0.02 0.03 
0.01 0.06 
0.17 0.71 
1.85 0.82 
0.13 0.32 

6.21 1.17 
1.40 0.93 
1.17 0.58 
2.07 0.85 
3 . 8 7  0.81 

2.67 0.70 
3.27 0.58 
1.00 0.50 
2.01 0.55 
3.59 0.43 

2.33 0.28 
0.29 0.20 

0.28 0.10 
0.15 0.05 

0.02 0.02 

0.26 0.16 

lU.00 

0.01 0.09 
0.01 0.21 
0.16 0.69 
1.12 0.91 
0.22 0.17 

3.54 1.32 
1.44 1.08 
1.89 0.99 
2 .88  0.96 
3.111 0 . 8 6  

2.U3 0.75 
2.46 0.66 
1.12 0.63 
1.47 0.59 
2.82 0.48 

2.03 0.32 
O . l U  0.20 
9 .28  0.21 
0.U6 0.15 
0.18 0.07 

0.02 0.03 

17.00 

0.20 0.56 
0.02 0.31, 
0.07 0.83 
0.75 1.05 
0.  10 0.33 

2.611 1.63 
1.13 1.23 
1.38 1.41 
4.60 1.33 
1.91 1.06 

2 .11  0.96 
1.58  0.88  
0.50 0 .73  
1.46 0.73 
1.56 0.59 

1.30 0.40 
0.17 0. 15 
0.13 0. 18 
0.37 0.18 
0.20 0. 10 

0.00 0.ou 
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BEUTBON G A H H A  R A Y  PBODUCTION CROSS SECTIONS F R O U  NITROGEN. TABULATED VALUES hRE DIFFERENTIAL CROSS 
SECTIONS AT 90 DEGREES, I N  RB/SB, PO3 TBE G A N H A - R A Y  ENERGY INTERVALS, Ill KEV, SHOWN I N  THE LEFTHOST 
COLUHN. THE ERRORS INDICATED ARE I N  THE SAUE UNITS &ND DO NOT INCLUDE A N  ESTIRATED 15 PERCENT ERROR 
DUE T O  THE ABSOLUTE FLUX UEASUREHENT. THE RELATIVE ERRORS FOR ADJACENT COLUUUS SHOULD BE LESS THAN 
5 PERCENT. THE COLURN HEADXMGS A R E , I M  H E X ,  THE LOWER L I M I T  OP THE IEUTRON ENERGY INTERVAL FOR THAT 
COLUUN. THE UPPER LIUIT POR THE LAST NEUTRON ENERGY INTERVAL IS 8.00 HEV 

750- 1000 
1 0 0 0- 1 250 
1250- 1500 
1500-1750 
1750- 2 000 

2000- 2500 
2 500-3000 
3000-3500 
350 0- 4 00 0 
4000-4 5 00 

U 50 0- 5 000 
5 0 0 0- 5 500 
5 500- 6 000 
6000-6500 
6 5 00- 7000 

7000-7500 
7 5 00- 8000 
8000- 8500 
8500-9000 
9000- 9500 

9500-9999 

2.00 

0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.00 0.01 

0.05 0.02 
0.01 0.01 
0.00 0.01 
0.00 0.00 
0.00 0.00 

0.00 0.00 
0.00 0.00 
0,oo 0-00 
0.00 0.00 
0.00 0.00 

0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 

0.00 0.00 

3.00 

0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0-0 
0-00 0.00 

0.83 0.11 
0.02 0.02 
0.01 0.01 
0.00 0.01 
0.01 0.01 

0-00 0.01 
0.00 0.00 
0.00 0.01 
0.00 0.00 
0.00 0.00 

0.00 0.00 
0 - 0 0  0.00 
0.00 0.00 
0.00 0.00 
0-00 0.00 

0.00 0.00 

4.00 

0.0 0.0 
0.0 0.0 
0.01 0.03 
1.24 0.19 
0.07 0.03 

4.38 0.21 
0.04 0.04 
0.03 0.03 
0.ou 0-02 
0-01 0.02 

0.01 0.01 
0.01 0.01 

-0.00 0.00 
0.01 0.01 

-0.01 0.01 

0.01 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 

0.00 0.00 

5.00 

0.0 0.0 
0.00 0.00 
0.02 0.02 
3.07 0.33 
0-23 0-07 

7.73 0.34 
0.13 0.05 
0.03 0.03 
0.12 0.07 
0-03 0.03  

0.42 0.05 
0.27 0.03 
0.01 0.01 

-0.00 0-01 
-0.00 0.00  

0.00 0.00 
0.01 0.00 
0.00 0.00 
0.00 0.00 
0.00 0-00 

0-00 0.00 

6 .00  

0.30 0.01 
0.0 0.0 

-0.01 0.02 
5.30 0.47 
0.07 0.06 

10.40 0.54 
0.52 0.18 
0.119 0.16 
0.19 0.12 
0.57 0.12 

1.78 0-15 
1.83 0.08 
0.35 0.05 
0.15 0.03 
0.04 0-02 

-0.00 0.00 
0.00 0.00 
0.01 0.00 
0.00 0-00 
0.00 0.00 

0.01 0.00 

7.00 

0.20 0.19 
0.00 0.14 
0.19 0.09 
5.70 0.58 
0.16 0.16 

12.80 0.76 
1.40 0.41 
1.10 0.30 
0.U4 0.30 
2.73 0.31 

2.60 0.25 
3.92 0.17 
0.97 0.11 
0.99 0.08 
0.U3 0.05 

0.22 0.02 
0.01 0.01 
0.00 0.01 
0.00 0.00 
0.00 0.00 

0.00 0.00 



NEUTRON G A U H A  R A Y  PRODUCTION CROSS SECTIONS F R O 1  NITRDGEN. TABULATED VALUES ARE DIFFERENTIAL CROSS 
SECTIONS AT 90 DEGREES, I N  MB/SB, FOR T E E  GAFINA-RAY EUERGY INTERVALS, I N  KEV, SHOPN I A  THE LBPTROST 
COLUMN. TEE E R R O R S  INDICATED ARE I N  THE SAUE UNITS A N D  DO NOT INCLUDE AH ESTIUATED 15 PERCENT ERROR 
DUE TO THE ABSOLUTE FLUX UEASURE6ENT. THE RELATIVE ERRORS FOR ADJACENT COLUUNS SHOULD BE LESS THAN 
5 PERCEAT. THE COLURN BEADINGS ARE,IU H E V ,  THE LOWER L I R I T  OF THE llEUTROP E H E R G Y  INTERVAL FOR TEAT 
COLUNN. THE UPPER LIUIT  FOR THE LAST NEUTRON ENERGY INTERVAL I S  20.00 HEY 

750- 1000 
1000- 1250 
1250- 1500 
1500-1750 
1750- 2000 

2000- 2500 
2 50 0- 3 0 00 
3000-3500 
3 5 0 0- 4 0 00 
4000-4500 

4 500- 5000 
5 0 00- 5 50 0 
5500-6000 
60 0 0- 6 5 00 
6500-7000 

70 0 0- 75 00 
7500- 8000 
800 0- 8500 
85 0 0- 9 000 
900 0- 9500 

95 00- 9999 

8.00 

0.33 0.30 
0.13 0.21 
0.04 0.01 
4.66 0.62 
0.03 0.03 

9.76 0.78 
1.84 0.53 
1.23 0.37 
0.59 0.35 
2-02 0.35 

2-87 0.32 
4.37 0.24 
1.10 0.19 
1.50 0.14 
1.26 0.10 

0.89 0-04 
0.01 0.00 
0.01 0.00 
0.01 0.00 
0 .00  0.00 

0.00 0.00 

9-00 

0.55 0.38 
0.07 0.23 
0.05 0.26 
3.06 0.63 
0.01 0.07 

8-36 0.88 
1.82 0.55 
0.83 0.43 
1.33 0.47 
2.14 0.38 

3.04 0.40 
3.67 0.32 
1.25 0.28 
2.10 0.24 
2.24 0.18 

1.84 0.08 
0.07 0.03  
0-02 0.01 
0.01 0.01 
0.00 0.00 

0.00 0 .00  

10.00 

0.32 0.28 
0-04 0.27 
0.19 0.38 
2.80 0.69 
0.03 0.15 

8.27 0.99 
1.77 0-62 
1-42 0.53 
1-68 0.54 
2-69 0.47 

2.73 0.43 
3.81 0.36 
1.06 0.32 
2.28 0.30 
3.40 0.23 

2.88 0.13 
0.29 0.07 
0.12 0-05  
0.10 0.04 
0.06 0.02 

0.01 0.01 

12.00 

0.38 0.84 
0.06 0.23 
0.24 0.40 
2.01 0.81 
0 .03  0.14 

6.20 1.15 
1.74 0.91 
1.68 0.71 
2.33 0.71 
2.96 0.66 

2.98 0.54 
3.27 0.47 
0.95 0.45 
1.97 0.41 
2.68 0.3U 

2.77 0.23 
0.22 0.17 
0.21 0.14 
0.40 0.10 
0.26 0.06 

0.03  0.03 

14-00 

0.80 1.36 
0.16 0.57 
0.00 0.01 
0.96 0.94 
0 . 0 6  0.17 

4.24 1.36 
1.68 1.03 
1.58 0.89 
3-53 0.77 
2.48 0.69 

2.38 0.60 
2.04 0.52 
0.80 0.48 
1.50 0.45 
2.17 0.36 

1.80 0-24 
0-08 0.00 
0.38 0.17 
0.25 0.06 
0.35 0.07 

0.02 0.03 

17.10 

1.17 1.23 
0.30 1.22 
0.29 0.07 
0.87 0.92 
0.20 0.90 

2.60 1.37 
1.60 1.21 
0.99 1.07 
5-08 1.02 
2.09 0.88 

0.96 0.19 
2-09 0.64 
0.25 0.60 
1.26 0.56 
1.43 0.46 

0.98 0 . 3 3  
0.28 0.27 
0.18 0.24 
0.26 0.18 
0.32 0.11 

0.02 0.05 



NITROGEN GAUMX-RAY PRODUCTION CROSS SECTIONS 

E N - M f N =  2.00 UEV EN-UAX= 3.00 UZV THETB=125. DEG 

E - t i A U f i A  DATA DATA- ERF E - G A U U A  DATA DATA-ERR 
L¶ EV B/SR/UEV B/SP/t lEV R E V  B/SF/EEV B/SR/UEV 

1,970B 00 
2.030E 00 
2.090E 00 
2,150E 00 
2.2106 00 
2.270E 00 
2.330E 00 
2.390B 00 
2.690B 00 
2 .7503  00 
2,810E 00 
2.870E 00 

2.990E 00 
2.9303 00 

3.119E 00 

2 .. 5 5E-0 5 

8 . 0 5 B - 0 6  
5.70E-05 
1.10E-04 
2.0 1E-0 4 
1.70B-0 4 
5.58E-05 
2.28E-06 
4.2 5E-0 6 
9.7 1E-06 
1 3%-05 
1.283-05  
2.026-05 
2.7SE-05 

2 e6 72-05 
6.5E-05 
6.5F-05 
2.3E-05 
3.5E-05 
3.9E-05 
4 6F-OS 
5, IF-05 
4.8E-05 
3.5E-05 
3.5F-05 
3.5E-05 
3.5E-05 
3.5X- 05 
3.9E-05 
2.3E-05 

3 . 3 8 0 E  00 -4. 13E-06 
3.660E 0 0  1.56E-05 
3.900E 00 1.30E-05 
Q,l4OF 00 2.44R-05 
U.380F 00 -1.96P-05 
I(. 637X 00 3. 76E-06 
b.880E 00 3. 22E-05 

5.38033 00 5.42E-06 
5.630E 00 1 ,06P-05  
5.930E 0 0  -2 .31E-05 

6.387E 00 2.393-05 
6.620E 00 -8.91E-06 
6. 9208 00 7.51E-06 

5.130X 00  -3.09E-06 

6. 180R 00 2.07R-05 

1.7E-05 

1.85-05 
1 7E-05 
1.6E-05 
1.6E-05 
1 9E-05 
1. SE-05 
1.7E-05 
1. 2F-05 
1.12-05 
1. YE-05 
1.13-05 
1.1E-05 
6.3E-06 

2.OP-05 

E-GAMEA 
nEV 

7 .2202  OO 
7 .460?  00 
7.702F 00 
7.960F 00 
8.170E 00 
8 . 3 8 0 9  00 
8 .660F  00 
8.9UOv 00 
9.227E 00 
9.460R 00 
9.700E 00 
9.940E 00 
1.018P 0 1  
1.0427 01 
1.058E 01 

D A T A  SET=ZERO FOP P-GAWUIP < 1 . 9 7 ,  2 .45 -2 .63  NZP, DUE TO LBPGE A L  B A C K G R O U N D  

D A T A  
B /SF /N EV 

1.9QE-05 
8.25E-06 
1.67E-06 

- 6 . l l E - 0 7  
1.75R-06 
3 . 3 5 ~ 3 - 0 6  
4.OBE-06 
4 . 4 3 E - 0 6  
2 . 6 3 r - 0  6 
1.29E-06 
l.lr6E-06 
1.06E-06 
U.06E-0 7 
6.3bE-OS 
8.37%-09 

D A T 3. -E RF 
B /SF/MEV 

6.OE-06 
4. 3E-06 
3.3F-06 
2.5.P-06 
2.8”-06 
1.7E-06 
1. U E - 0 6  
1.3E-06 
1 .1F-06  
1.2E-06 
6. UR-07 
6.50-07 
3.OE-07 
2.6F-07 
2.3F-07 

W 
U 



NITROGPN GA t l H A - R A Y  PRODUCTION CROSS SECTIONS 

E N - M I N z  3.00 HEV E N - U A X r :  4.00 UEV THETA=125. DEG 

E - G A H H A  DA TP. DATA- E R R  E-GI4 U U  A D P.T A DATA- EF F 
MEV B / S R / H E V  B/SR/UEV MEV B/SR/NEV B/SR/UEV 

1.970E 00 
2.03OE 00 
2.090E 00 
2.150E 00 
2.210E 00 
2.2703 00 
2 .3303 00 
2 , 3 9 0 3  00 
2 .4503 00 
2.510E 00 
3.340E 00 
3 .4203 00 
3 .6203 00 

6.03E-0 5 
1 00E-04 
3.793-04 
9.35E-04 
2.593-03 
4 .01E-03 
3.2 523-0 5 
1 . 3 ~ 3 - 0 4  
2.31E-04 
2.6 1F-06 
1). 11X-06 
2.12E-05 
9.6 43-0 6 

2.1E-OU 
2.1F-04 
1.7E-04 
1 . 8 ~ 0 4  
2.3E-04 
2.1E-04 
1.8E-04 
1.42-04 
9 .9E-05  
6 .  UE-06 
4.9x-05 
5.6E-Of 
2 .  SP-05 

3.900E 00 4. 21E-06 
4.140E 00 -6.43F-06 
4.380E 00  3.20E-05 
4 .6371  00 -2.42B-05 
4.8ROE 00 -4.96E-05 
5.130E 00  -7.9373-06 
5 .380E 00 3.79E-05 
5.630E 0 0  3.27E-05 
5.880E 0 0  -4.013-06 
6. 130E 00  -5. 131.'-06 
6.387E 00  -3.93E-05 
6 .6203  00 7.393-06 
6 .920E 00  2.36E-05 

2.9E-05 
2.5P-05 
2.3T-OS 
1. BE-05 
1.7E-05 
1.5E-05 
2. 1E-05 
2.OE-05 
2.3E-05 
1 . m - 0 5  
2.2E-05 
1.9E-05 
1 .33-05  

E-GAHHT! 
MEV 

7.220E 00 
7.460F 00 
7 .702F 00 
7.9hOE 00 
8.170E 00 
8.380E 00 
8.660F 00 
8.940P 00 
9 .227E 00 
9 .460P 00 
9.700E 00 
9.940P 00 
1.018E 0 1  
1.0u2k: 0 1  
1.058E 01 

DATA 
B/SR/PIEV 

- 1.642-06  
1.12E-05 
1.1YF-05 
5.81F-06 
2.31R-0 6 
1.09E-06 
1.93E-06 
1.19E-07 

-6.97B-07 
1.232-06  
3.92E-06 
1 1 . 2 4 ~ 0 6  
2.21E-06 
4.88E-07 
9.79F-08 

DATX-PPP 
B /SR/NPV 

9.3E-06 
7.1E-06 
4.8?-06 
3.8E-06 
4.8"-06 
2.8F-06 
2. UE-Oh 
2 1 F-06 
1.7E-06 
2.2E-06 
1.3E-06 
1. SE-06 
7.1F'-07 
5.9E-07 
5. 1F-07 

W 
co 

D A T A  SETzZERO FOE! E-GARMA < 1 .91 ,  2 .57-3.26 HEV 



E - G A B B A  
BEV 

1.4UOE 00 

1.520E 00 
1.560E 00 
1.600E 00 
1.64OB 00 
1.68GE 00 
1.720E 00 
1.760E 00 
1 . 9 I O E  00 
1.970E 00 
2.030E 00 
2,090E 00 
2.150E 00 
2.210E 00 
2.2702 00 
2 .3303 00 
2 .3903  00 

1 . 4 8 0 ~  00 

2.450E 00 
2.510E 00 

N I T R O G E N  G A U U A - R A Y  PRODUCTION CROSS SZCTTONS 

E N - M I N =  4.00 HEV E N - M A X Z  5.00 MEV THPTA=125. DEG 

DATA 
B / S R  /a EV 

3.56E-05 
2.313-04 
1.873-03 
5.87FT-03 
8.53R-03 
6 .4 lE-03  
2 5 4E-0 3 
7.05E-04 

3.75E-04 
6 -422-04  
6.9 03-03  
1.03E-02 

1.092-02 
1.29E-02 
9.24E-0 3 
3.67E-03 
7.8 1E-OY 

3.06E-04 

9.33E-03 

7.02E-05 

DATA-ERP 
B/SF/nEV 

7.9E-04 
8.3E-04 
8.OE-04 
8.5E-04 
8.1E-04 
8 .OE-OU 

4.6E-Ob 
3.9 F- 04 
5.1E-04 
5.1E-04 
5.9E-04 
5.8E-04 
5.9E-04 
5 1E- 04 
4.7E-04 
3.7P-04 
2.8F-04 
2.3E-04 
3.1E-05 

6 6E-04 

E- G P. F M A 
UE v 
2.57r)E 00 
2 .630F 0 0  
3 .3UOE 0 0  
3 .420E 00 
3 .500F  00 
3.580E 00 
3.660E 00  
3.740E 00  

3.90rJE 00  
3 .9809 00 
&.060P 00 
U.300E 00 
4.380E 00 
4. 460E 0 0  
k .637F 00 
4 , 8 8 0 2  00  
5 .  1 3 0 3  00  
5.380E OQ 
5.630% 00  

3.82013 00 

DATA 
B /S P /REV 

6.1073-05 
1.01E-OS 
1.19E-05 
2. 19E-05 
2.703-05 
4. 75E-05 
6.29E-05 
1. 37E-OU 
2. 05E-04 
1. 65F-OU 
3.27E-05 
1.OlE-OR 
3. 43F-06 
9.37s-06 
LI. 54E-05 
5.00E-05 

-8.75E-05 
-8 .39E-05 

3.642-05 
7. 91P-05 

D A T A - E R R  
B/SQ/WV 

3.2E-05 
5.OE-07 
R. 6E-05 
8.62-05 
8.6E-05 
8.5e-05 
7.4E-05 
8.1E-05 
7.OE-05 
7. OR- 05 
5.23-05 
5.OE-07 
5.3E-OS 
5.3X-05 
5 .  BE-05 
3.  UE-05 
3.5F-05 
3.2E-05 
3.4E-05 
2.9E-05 

E-GP.WR8 
n ~v 
5.880T 00 
6 .130F 00 
6.387E 00 
6 .620E 00 
6.860E 00 
7 .160?  00 
7.u60E 00 
7.7022 00 
7.960E 00 
8.17OF: 00 
8.380E 00 
8.650P 00 
8,9QOE 00 
9.227E 00 
9.460EI 00 
9.700E 00 
9.940F 00 
1.0182 0 1  
1.042F 0 1  
1.058F 01 

DATA 
B/S?/HEV 

1.63E-OS 
-6.46E-06 

3.72B-05 
-1.19E-0 7 
5.87E-06 
1.6 qE-0 5 
5.79E-06 
9.7DF-06 
7 .46F-07  

-2 .653-06  
11.075-07 
9. U8B-06 
6.66F-06 

-2.03E-06 - 1 U9E-06 
2.953-06 
5.82E-00 
4.403-06 
1.55E-06 
5. S3E-07 

DATA-ERP 
B /SS /MEV 

3.1EI-05 
2.7P-05 
3.1E-0s 
2 .92-05  
2 .39-05  
1.2E-05 
8.69-06 
6.6E-Oh 
5.3E-06 
6.5E-06 
Y. I??-06 
3.6F-06 
3.2E-06 
2.9F-06 
2.9E-06 
1.7E-06 
2. 3E-06 
1.2E-06 
1 . 1 ~ 0 6  
8.9E-07 

W 
W 

D A T A  SETrZERO FOP E-GAMMA < 1 .44 ,  1.80-1.65, 2.69-3 .26 ,  A N I )  tl. 14-11.26 REV 



NITBOGEI GP.UHA- R A Y  PRODUCTION C R O S S  SECTIOlS 

E I - U T I =  5.00  U E V  EN-PAX= 6 . 0 0  MEV TRETA=125. D E G  

E-GAUUA 
nEV 

1.440E 00 
1.480E 00 
7.520E 00 
1.560E 00 
1.600E 00 
1.6UOE 00 
1.680E 00 

1,760E 00 
1.800E 00 
1.850E 00 
1.910E 00 
1,970E 00 
2.030E 00 
2.090E 00 
2.150E 00 
2.210E 00 
2.270E 00 
2.330E 00 
2.390E 00 
2 .4503 00 
2.510E 00 
2 .5703 00 
2.630E 00 

1.720E 00 

DF. TA 
B / S A / H E V  

8 U3E-06 
4. 43E-0 4 
4.282-03  
1.29E-02 
2.04E-0 2 
1.7 9E-02 
9.13E-03 
3.1 9E -0 3 
1 - 1 % - 0 3  
1,02E-05 
1.43W-0 4 
3.72E-04 
9.1 5E-04 
1.29E-02 
2-16E-02 
1.9 1E-02 
1.8 1E-02 
2.12E-02 
1.60E-0 2 
6.48E-03 
1 3 2E-0 3 
7 .202-05  
1.01E-08 
1.80E-04 

D A? E- ERR 
B /S R /REV 

1.2P-04 
1.3E-03 
1.3E-03 
1.5E-03 
1.4F-03 
1.4E-03 
1 . 2 ~ 0 3  
1.1E-03 
9.32-04 
1.1E-03 
4.9E-04 
7 .  OE-OU 
7.6P-04 
1.1E-03 
9.7P-04 
9.3E-04 
8.4F-04 
6.9E-04 
6.OF-04 
4.6E-04 
3.9E-04 
1. UE-04 
5. OR- 07 
2.OE-04 

E- GA M U  A 
UE v 
2. 690E 0 0  
2 .750B 0 0  
2.810E O@ 
2.870F 00  
2.930E 00 
2.990E 00  
3.050E 00  
3 .110P  0 0  
3.50OE 00  
3 .580P 00 
3.660E 0 0  
3.7UOF 0 0  
3.820E 0 0  
3.900E 00 
3.980E 00 
4.060E 0 0  
4.3OOF 00  
4.38OE 00 
4.460E 00 
4.5408 00  
4.630V 00  
4.730E 00 
4.830E 00 
4.930F 00 

D A T A  
B /S r! /UEV 

1.90E-Oa 
8. 5073-05 
2.92E-Ou 
3 .9  1E-04 
3.29E-00 
2.5OF-Oa 
1. 55E-OQ 
1 .OlE-OB 
6.769-05 
8.48F-05 
1. 15E-OU 
3. U7F-04 
2.33E-04 
1. UOF-00 
8, 50E-05 
1.01E-08 
2. 48P-011 
5.70E-04 
5.175-C.4 
3.24E-04 
3. 26E-Ob 
5.74B-04 
S.62E-04 
9.1UE-04 

DATA- EF Q 

B/SQ/HWV 

2.973-OU 
1.8E-04 

1.4Z-OU 
1. lE-OU 
9.8X-05 
3.2E-00 
5.9E-07 
1.93- 04 
1.5Y-04 
1.5E- 04 
1.6E-04 
1.6E-0U 
1. UE-Oa 
1 . 1 3 - O U  
5.OE-07 
1.2E-OU 
1.4E-04 
1. UE-Oa 
1 3E-04 
1.3E-00 
1.33-04 
1.43-9a 
1.3E-04 

1.7~-04 

F-G A NMA 
UEV 

5.030E 00 
5 .130a  QO 
5.230P 00 
5.330E 00 
5.430E 00 
5.630E 00 
5.8ROF 00 
6 .1302  00 
6.387E 00 
6.620F: 00 
6.860E 00 
7. l O O E  00 

7 .7029 00 
7.96013 00 
8.170E 00 
8.38OF: 90 
8,660? 00 
8.940F 00 

9.06OF 00 
9.700P 00 
9.940E 00 
1.018P 0 1  
1.042E 0 1  
1.058F 01 

7 . 4 0 0 ~  00 

9.227E 00 

DATA 
B / S R  / H P V  

6.363-04 
3.28E-04 
1.6OE-0 4 
1.33-04 
1.6 1E-0 4 
9.63E-0 5 

-3.96E-0 5 
-1 .563-05  

3.7OE-06 
-2.13Y-05 

J . l 'E-06 
2.89F-05 
1.37P-0 5 

-2.0uE-05 
-4.56E-06 

1 . 3 3 ~ 0 5  
1.6RE-05 
7.21E-06 

-1.36E-06 
-2.38E-06 

2.16R-06 
U.53E-06 
3.46F-06 
2.22E-06 
9.4 1 s - 0 7  
4.633-07 

D A T A - E P R  
B / S R / n E V  

1.3F-04 
1.OE-04 
7. QF-05  
7.2E-05 
7.5E-05 
3.1E-05 
4.2E-05 
2.5T-05 
2.9P-05 
2.4E-OS 
2 . l r - 0 5  
1.7T-05 
1. lw-05 
9.3E-06 
7.45-06 
7 .99 -06  
6 .1  E-06 
4.2E-06 
4 .07-06  
3.OE-06 
3 . 7 F - 0 6  
1.9E-06 
2.OE-06 
9.1 E!-07 
9.PP-07 
9.1E-07 

D A T A  S E T l Z E R O  FOE! ?+GARHP. C 1 - 4 4 .  3 .18-3.42,  4.14-4.22 UEV 



E - G A H H A  
n E v  

6.900E-01 
7.100E-01 
l.440E 00 
1.480E 00 
1.520E 00 
1.560E 00 

1 , 6 4 0 2  00 
1,6802 00 
1.720E 00 
1,760E 00 
1.910E 00 
1.970E 00 
2.030E 00 
2.090E 00 
2.150E 00 

1.600E 00 

2.2YOE 00 
2 .2703  00 
2.3303 00 
2 .3903 00 
2.450E 00 
2.630E 00 
2.690E 00 
2.750E 00 
2.81OE 00 
2.870E 00 
3.050E 00 

N I T R O G E N  G A M A - R A P  PPODUCTTON CROSS SECTIONS 

EN-UII= 6.00 HEV E B - R A X =  7.00 PEV T H E T A = I ~ S .  DEG 

D A T A  
B/SF /REV 

4 8 1E-03 

2.42E-04 

5.8 1E-03 

3.6 12-0 2 

1.55E-02 
4.25E-0 3 
9.973-04 

1 6 1E-03 

2 64E-0 3 

2 e4 1E-02 

3.13B-02 

5.8 3E-0 5 
3.10E-03 
1.303-02 
2.072-02 
2.03E-02 
2.74E-02 
3.653-0 2 
2.783-02 
1.13E-02 
1.83E-0 3 
5.96~3-0 4 
1.6 lE-03  
2.28B-03 
1.8%-03 
7.723-00 
2.203-04 

D A T A -  ERE? 
B /SR 1 HEV 

4.9E-03 
3.6E-03 
3.9E-04 
1.2E-03 
1.6E-03 
2.OE-03 
2 .OE-03 
1.9E-03 
1 . 6 ~ 0 3  

1. 3E-03 
1.4E-03 
1.2E-03 
1.3E-03 

1.3E- 03 
1.3zS-03 

9 6 E- 04 
6.81-2-04 
0.3E-04 
5.OE-04 
7 . 9  P- 04 
4.7E-04 
4.1E-04 
3.2E-04 
1.8B-04 

1.5E-03 

1.3E-03 

1 2E-03 

E- G A  HR A 
UP v 
3.110E 00 
3.180E 00 
3 .2603  0 0  
3 . 3 4 0 3  00  

3.500E 00 
3.740B 0 0  
3 . 8 2 0 3  00 
3.900R 00  
3.980B 00  
u . 0 6 C E  00 
4 , 1 4 0 P  00  
4.220E 00 
4.300E 00  
4.380E 00 
4.460E 00  
4.54OF 00  
4.630E 00 
4.730E 00 
0.030E 00 
4.930E 00  
5.030r 0 0  
5.130E 00 
5 .2303  0 0  
5.330E 00 
5.43@F 0 0  
S.53OF 0 0  

3.420E 00 

DATA 
B / S R / H E V  

2.30E-04 
0,335’-04 
1.35E-03 
1. 39P-03 
1.05E-03 
5. 14R-04 
1.70F-04 
2.67F-OB 
4.51E-04 
3.49F-04 
2.87F-Ob 
3.93R-04 
3 ,362-00  
1.07E-03 
1.39E-03 
1.463-03 
1.26E-03 
8.77E-00 
1.91E-03 
4.35E-03 
5. 89k-03  
6.598-03 
5.72E-03 
3.28E-03 
1.17E-03 
5.930-04 
6. SOE-09 

DATA-EFR 
B /SF /RPV 

2.OE-00 
2.8E-04 
3.373-04 
3.6E-Ob 
3.6E-04 
3.39-0a 
3.3E-04 
3.3E-OU 
2.7F-04 
3.4E-04 
3.3E-08 
3.2E-04 
2.6E-OU 
3. l e -04  
2.9E-04 
3,OE-04 
3. 2E-011 
3.3F-04 
3.3E-04 
3.3E- OU 
3.2E-04 
2.95-00 
2.6F-OU 
2.2E-04 
1.6P-00 
1.49-04 
1 3E- 04 

E - G A n H A  
n m  
5.630P 00 
5 . 7 3 0 s  00 
5.830E 00 
5.930E 00 
6.030E 00 
6 . 1 3 0 E  00 
6.230F 00 
6.330E 00 
6.400P 00 
6.560Q 00 
6.680F 00 
6.800E 00 
6.920E 00 
7.100F 00 
7.3401.: 00 
7.6Q3P 00 
7.890E 00 
8.100F 00 
8.38OP 00 
8.66OP 00 
8.9bOF 00 
9.227E 00 
9.460P 00 
9 . 7 0 0 3  00 
9,9110): 00 
1.018E 0 1  
l.Orc2E 0 1  
1.058F 01 

DATB 
B/SR /R EV 

5.9 1E-0 0 
4.02E-04 
2.30E-0 4 
1.92E-0 4 
2 . 5 t E - 0 4  
2.4 3E-0 4 
1 . 7 2 ~ 0 4  

5 . 5 4 ~ 0 5  
5 .22E-05 
4.04E-0 5 
1.82E-05 
F1.1RE-06 - 1.78E-06 - 1.28P-0 5 

-5.13E-0 6 
1 .529-05  
1 .163-05  
4 ,498-06  
9.61E-06 
1 . 2 6 ~ 0 5  
4.19E-06 

-2. ROE-06 
7.38E-07 
6.37E-06 
4.77E-06 
1.4%-06 
4.6 ?E-0 7 

a. m - 0  s 

D.a?!P.-ER? 
B/S? /RFV 

1.3E-04 
1.3E-04 
1.OP-04 
8.8P-05 
8.9F-05 
R.6E-05 
7.3F-05 
5.3E-05 
U. 8E-OS 
5.4P-05 
4.5??-05 
3.8E-05 
3.8E-05 
1 9E-05 
1 5E-OS 
8.2E-06 
1.4E-05 
7.1E-06 
R.3!?-06 
7.5”-06 
7.4E-06 
5.3E-06 
7.2E-06 
3.8E-06 
4. IT-06 
1.9E-06 
1.7E-06 
1.59-06 

c 
CL 

D A T A  SET=ZERO FOR E-GAnHlA .73-1.4, 1.8-1.85,  2 .51-2.57,  2 .93-2.99,  3.58-3.66 R E V  



E - G A U H A  
HEV 

6.9001-01 
7.100E-01 
7 . 3  OOE- 01 
7.500E-01 
7.700B-01 
1.240E 00 
1.280E 00 
1.480E 00 
1.520E 00 
1.560E 00 
1.600E 00 
1.64OE 00 
1.680E 00 
1.720E 00 
1.760E 00 
1.910E 00 
1.970E 00 
2.030E 00 
2.090E 00 
2.150E 00 
2.210E 00 
2.270E 00 
2 .3303 00 
2.39013 00 
2.450E 00 
2.510E 00 
2 .5703 00 
2.6303 00 
2.6903 00 
2.7503 00 
2.810E 00 
2.870E 00 
2.930E 00 

NITROGEN G A n H A - R A P  PRCDUCTLOB CFOSS SECTIONS 

EN-IZIIP= 7 .00  U E V  E N - M A X =  8.00 BFV THETA=125. DEG 

DA T? 
B/SF/U EV 

1.8 1E-02 
1 . 4 7E-0 2 
1.23E-0 2 
9.11E-03 
3.193-03 
1.1 DE-03 
7.623-04 
2.5717-0 4 
9 .8  5E-03 
3.07E-02 
4.473-02 
3.7UE-02 
1.943-02 
6.553-03 
1 .973-03  

7 6 213-04 
1.15E-02 
2.16E-0 2 
2.3 8E-0 2 
3.533-02 
4.8RE-02 
3.782-02 
1.543-02 
3.003-0 3 
3.50E-04 
1.03F-04 
1.113-03 
U.16E-03 
6. 4313-03 
5.5 73-03 
3.8 9E-0 3 
3.943-04 

2.883-04 

D P T A - E R R  
E /SF/MEV 

6.3E-03 
4.7E-03 
4.OE-03 
3.9E-03 
3.7E-03 
7.2E-03 
6.4E-03 
2 . 3 ~ 0 3  
2.4E-03 
2 .52-03  
2.6E- 03 
2.3E-03 
2.2E-03 
2.OE-03 
1.9E-03 
1 . 5 ~ 0 3  
1.5E-03 
1.7E-03 
1 .7F-03  
1 . 6 ~ 0 3  
1.7E-03 
1.8E-03 
1 .4F-03  
9.8E-04 
9 ,7E-04  
1.3E-03 
7 SE-04 
7.8F-OU 
9.9E- 04 
8.1E-04 
7 .63-04  
8.2E-04 
U .OE-04 

E-GBMUA 
R E V  

3.110E 00  
3.180E 00 
3.260E 0 0  
3.340E 00  
3 .4203  00 
3.500E 00 
3.580E 00 
3.660E 00 
3 . 7 4 0 3  0 0  
3.8202; 00  
3.900E 00  
3 .9803  00  
4.060F: 00  
4. 140E 00  
4.22OE 00  
4.300E 00 
4 ,380E  00 
U.460E 00 
4 .540E 00 
4.630E 00  
4.730?? 00 
U.830E 00  
4.930E 00  
5.030E 00 
5. 130E 00  
5 .2302  00  
5 . 3 3 0 3  00  
5.430E 00  
5 .5303  0 0  
5.630R 00  
5 .7303  00  
5 .8302  00  
5 .9302  0 0  

DATA 
B/SP/REV 

3. 31E-04 
1.31E-03 
2.833-03 
3. 17E-03 
2. 36E-03 
5.953-04 
3.30E-05 
2. 48E-04 
1. 43F-04 
7.67F-04 
1.60E-03 
1.45E-03 
2.85E-04 
1.0 1E-08 
2.22E-03 
7.72E-03 
1. l lE -02  
1.02B-02 
6.352-03 
2.32E-03 
1.25B-03 
3.593-03 
7 ,64E-03 
1.20E-02 
1. 17E-02 
6.78B-03 
2.55E-03 
1. 28B-03 
1.28pl-03 
1.44F-03 
1. 75E-03 
1.923-03 
1.97E-03 

DITA-EPF 
B /SF / U E B  

4.OE-04 
5.9E-04 
6.4R-04 
7.1E-04 
6.3E-04 
6.OE-011 
3 5E- 04 
5.3E-04 
4. BE-04 
6. UE- 04 
6.8E-00 
6. 43-01, 
4.6E-00 
5.OE-07 
5.7E-04 
6.99-ou 
7 . lR-04  
6.7T-04 
6.  UE-04 
5.6E- 04 
5 .  03- 04  
5 .  OE- 04 
5.1E-04 
5.1E-04 
U.7E-04 
3.73-04 
3.3E-OU 
2.9E-04 
2.8E-04 
2.8a-04 
2.6E-04 
2.6X-04 
2.4E-Oa 

E-GP unp. 
PEP 

6.030f: 00 
6.130E 00 
6.230E 00 
6 . 3 3 0 1  00 
6.4bOL 00 
6.560E 00 
6.680E 00 
6.800E 00 
6 .920E 00 
7.0uoa 00 
7.160F 00 

7 .400F 00 
7.520T 00 
7.6UOE 00 
7.760E 00 
7.890P 00 
8.030T 00 
8.170E 00 
8.310E 00 
R.450E 00 
8.590F 00 
8.730E 00 
8.870E 00 
9.01OP 00 
9 .150f  00 
9 .300F 00 
9.460Y 00 
9.620E 00 
9.780E 00 
9.9kOE 00 
1.010E 0 1  
1.026E 01 
1.042E 01 
1,OSRE 01 

7 . 2 8 0 ~  00 

DETA 
B/S? /U EI 

2.13R-03 
2.05E-0 3 
1 . 7 3 3 - 0 3  
1.39E-03 
1 .16E-03 
1 .01E-03 
7.8 1E-0 0 
6.61E-04 
6 .169-04  
4.29E-04 
1. RYE-04 
3.21E-OS 

-6 .69F-08  
2. 49E-05 
1.35E-0 5 
1.31E-05 
9.65P-06 
6.2 3E-0 6 
5.783-06 
6 .93E-06 
7.44E-06 
7.663-0 6 
7.95E-06 
9.32E-06 
9. h7R-06 
9.473-06 
8.54F-06 
2.39E-Oh 
4.37R-07 - 3.2%-0 7 
2.4 3E-0 6 
3.18E-06 
3.15E-06 1.66E-06 

7 .749-07  

DATA-EF!, 
B/S? /3aV 

2.2E-04 
2. OE-OU 
1.7P-Oa 
1.6E-04 
1.5P-04 
1.4F-OU 
1. 1E-04 
9.69-05 
8.7E-OS 
7.5??-05 
5.5E-05 
4.OE-05 
3 .4P-05  
3.1E-05 
7.7F-06 
7.72-06 
7.79-06 
7.7E-06 
7.7E-06 
7.7E-06 
7.7E-06 
7.7P-06 
7.7E-05 
7.7E-06 
7 - 7 9 - 0 6  
7.7E-06 
7.7E-Oh 
5.9R-Oh 
4.6”-06 
3.6P-06 
3.9F-Oh 
3.1E-06 
2.7E-06 
1.9E-06 
1.712-06 

D A T A  SETtZEQO FOR E-GAMMA BETWEEN 0.79-1.20,  1 .32-1.44,  1.80-1.85, 2.99-3.05 HEV 



N I T R O G E N  GA HR A- R A Y  PRODUCT I O N  CROSS S ECTIONS 

E N - R I W  8.00 MEV E N - U A X z  9 . 0 0  H E V  THFTP.=125. DEG 

E-GAMBA 
nEv 

6.900E-0 1 
7.100E-01 
7.3002- 01 
7.SOOE-01 
7 70013- 0 1 
7.900E-01 
1.200E 00 
1 ,240E 00 
1.280E 00 
1.320.E OG 
1.520E 00 
1.560E 00 
1.600E 00 
1.6UOE 00 
1.680E 00 
1.720E 00 
1.760E 00 
1 .9102 00 
1.970E OD 
2.0302 00 

2.1SOE 00 
2.110E 00 
2.270E 00 
2.330E 00 
2.390E 00 
2.450E 00 
2.510.E 00 

2.630E 00 

2.750E 00 

2.090E 00 

2.570E 00 

2a690E 00 

DATA 
B/SR/UEV 

2.3  6E -0 2 
2.08F-02 
1 . 6 3 ~ 0 2  
1.lOE-02 
5.16E-03 
5.50E-04 
4.80E-04 
9 .929-04  
7.900-06 
1.01.E-08 
6.80E-03 
2.03E-0 2 
3.14E-0 2 
3.01E-02 

5.0 4E-0 3 
1 .3%-06 
1.12E-03 
2.64E-03 
4.83.E-03 
1.54E-02 
1.85E-02 
3.12E-02 
0.01E-02 
3.53E-02 
1.58E-02 

1.91E-03 
1 .273-03  
1.721~-03 
4.4 1E-03 
6.12E-03 

1 7 5E-0 2 

Y 39E-0 3 

D A T A -  ERF 
B /S P / MEV 

6.4B-03 
4 .7E-03 
4.1F-03 
4.1E-03 
3.9E-03 
3.OE-03 
2 .6F-03  
2.OE-03 
1.6E-04 
5 .OE-07 
2.6E-03 
2.7F- 03  
2.6E-03 
2.5F- 03 
2.2E-03 
2.2E-03 
8.3E-05 
9.33-04 
1 - 3 9 - 0 3  

1.8E-03 
1.9E-03 
1.9R-03 
1.9E-03 
1.6E-03 
1 .2E-03  
1.2F-03 
2.772-03 
1.3P-03 
1.7E-03 
1 . 5 f -  0 3  
9.6E-04 

1 e 5E-03 

E-GARUA 
IEV 

2.810E 00 
2.870E 00 
2.930'3 0 0  
2 . 9 9 0 8  00 
3.050E 00 
3.110R 00  
3 .1808  O D  
3.260E 0 0  
3.340E 00  
3.b20F 00 
3.500E 00  
3 ,580E  00  
3.660E 0 0  
3.74OE 00 
3 .8202  00  
3.900E 00  
3. 980E 00 
4 .0603  0 0  
4.1UOE 00 
4.22oJT 00  
U.300F 00 
4.380E 00  
U.U60E 0 0  
4.540E O C  
4 . 6 3 0 8  00 
4.730B 00 
4.830E 00  
4.930E 00 
5.030E 0 0  
5 . 1 3 Q E  0 0  
5.230E 0 0  
5.330E 00  

DATA 
B /SR /HEV 

5.48E-03 
3.97P-03 
2.36E-03 
1.02E-03 
7. 1lE-00 
1.07P-03 
1.51E-03 
2.523-03 
0. 19R-03 
3. OOE-03 
3. 55E-OU 
4. 11E-04 
5.4UF-04 
9.1YE-04 
1 .643-03  
2.50E-03 
1.76E-03 
b. U7E-OY 
1,122-03  
1.49P-03 
6.82E-03 
9.88P-03 
9.04E-03 
5.692-03 
2. 57P-03 
2.48E-03 
5.91E-03 
1 ,2oe -02  
1.67-0 2 
1. 51E-02 
8. 43E-03 
2 .528-03  

DATA-EFP 
B /SR/B?V 

9.6E-04 
1.22- 03  
1.2E- 03 
8. OE-04 
6.5F-04 
6.9F-Ou 
?.?-04 
8.6E-04 
8.9F- 04 
8.2P- Ob 
8.4E-04 
6.3E-04 
6.3R-04 
8 . lE-04  
8.3E-00 
8.9E-04 
8.6Q-04 
7. 65-04 
6.8E-04 
6. BE- On 
8.8E-OU 
9.1E-04 
9 .12-04  
9.09-011 
8.4E-03 
7.5F-011 
7 . 3 ~ 0 4  
7.5R-04 
7.5F- 04 
7.13-04 

5.4E-04 
6. OY-04 

E-G k E MA 
NE v 
5.430E 00 
5.5302 00 
5.630E 00 
5.730F 00 
5.830F 00 
S.930F. 00 
6.030E 00 
6.130E 00 
h.230P 00 
6.330p 00 
6.040F 00 
6.560E 00 
6.680F 00 
6.800E 00 
6 .920P 00 
7.040P 00 
7.160E 00 
7.280E 00 
7.000F 00 
7 .5201  00 
7.6UOF 00 
7.760F 00 
7 .890f  00 
8.100E 00 
8.380P 00 
8.660F 00 
8 .940F 00 
9.150r 00 
9.380P 00 
9.7COF 00 
9.94OE 00 
1 . O l R F  01 
1.042E 0 1  
1 .058p  01 

DATA 
B/SR / H E V  

5.53E-04 
1.19E-03 
2. ISE-03 
2.83E-03 
3.47E-0 3 
3.71E-0 3 
3 .77F-03  
3 .393-03  
2.68E-03 
2.31B-03 
2.67P-0 3 
3.10E-03 
3.04E-0 3 
3.06Y-0 3 
3.13E-0 3 
2.7 1 E-0 3 
1 .743-03  
8.23E-0U 
2.96E-Oa 
8.19B-05 
4.70?-06 
2.94E-06 
4.12E-06 
2.55F-05 
2.10F-0 5 
2.00E-06 
2.792-06 
4.37E-0 6 
7.35E-06 
1.17E-05 
1.29E-05 
7 . l l P - 0 6  
1.74E-06 
3.17E-O? 

DF.TR-ERW 
B/SQ/WV 

0.9E-04 
4.9E-OU 
5.3P-00 
5 , l F - 0 4  
5. O R - 0 4  
4.6P-OY 
4.3E-00 
4. OE-04 
3.7E- 04 
3.6E-04 
3.5E-04 
3.3E-04 
2.8P-04 
2. UE-04 
2. 19-04 
1 9E-04 
1 .5E-O4 
1. OE-04 
6.9'E-OS 
5.6 F-05 
3.9F-05 
3.9F'-05 
3.9E-05 
2.1E-05 
1.6P-05 
1.4E-05 
1.02-05 
1.2E-05 
7.53-06 
5.62-06 
7.5E-Oh 
3.6E-06 
3 1 E-06 
2 ,  BE-06 

c 
w 

DATA SET=ZEFO FOR E - G A M M A  BETWEEN 0 .81 -1 .16 ,  1 .36-1.48,  AND 1 .80-1 .85  !'IO'# 



N I T R O G E N  GA MMA- R A Y  PRODUCTTON CROSS SECTIONS 

EN-MITI= 9.00 UEV PR-nAx= 10.00  R E V  TRETA=125. DEG 

E - G A I I I A  
n EV 
6.900E-01 
7.100E-01 
7.300E-01 
7.500E-01 
7.7 00E-01 
7.900E- 01 
8.100E-01 
1.080E 00 
1.120E 00 
1.240E 00 
1.280E 00 
1.400E 00 
1.440E 00 
1.480E 00 
1.520E 00 
1.5403 00 
1,600E 00 
1.640E 00 
1.680E 00 
1.720E OD 
1.760E 00 
1.800E 00 
1.850E 00 
1.910E 00 
1.970E 00 

2.090B 00 
2.150E 00 
2.210E 00 
2.270E 00 
2 .3303 00 
2.390E 00 
2.450E 00 
2.510E 00 
2.570E 00 
2.630E 00 
2.690E 00 

2.030E 00 

D A T A  
B/SR/UEV 

2.19E-02 
2.22E-02 
1.93):-02 

7.98E-03 
3.35E-03 
4.48E-05 
8 9 3E-0 5 
3.26E-05 
1.07E-04 

1 040E-02 

5 08E-0 U 
3 073-04  
U.17E-04 
2.08E-03 
6.57E-03 
1.60E-02 
2.323-02 
1.90E-02 
7.773-0 3 
1 .523-03  

6.08E-OU 
3.0 1E-0 1l 
1 .O 1E-08 
1.07E-03 
7.6 5E-0 3 
1 .2 2E-0 2 
1.43E-02 
2.42E-0 2 

6.32E-OU 

3 -593-02  
2 e9 2E-02 
1 48E-0 2 
4.3 1E-03 
1 . 25E-03 

1.55E-03 
2.74E-03 

1.15E-03 

DATA- ERF 
B /SR/MEV 

7.5E-03 
5.0 E- 03  
U.4E-03 

.UE-03 
4 . l E - 0 3  
3 .92-03  
1 .2E-03  
9.2F-04 
3. Or- 0 3  
2.9F- 0 3  

1 . 9 ~ 0 3  
1.9E-03 

2.7E-03 
2.61"-03 
2 .73-03  
2.7E-03 
2.5E-03 
2.1E-03 
2.2F-03 
2.2E-03 
2.2E-03 
5.OE-07 
1.7E-03 
2. OE- 0 3  
1.92-03 
1.9E-03 
2.1E-03 
2 173-03 
1.8E-03 
1.3E- 03  
1.7E-03 
1.6E-03 
1.4E-03 
1.7E-03 
1.2F-03 

7 2P-04 

2 S a - 0 3  

E-GAMMA 
MPV 

2 . 7 5 0 3  00 
2 . 8 1 0 3  00  
2.870E 00  
2.930E 0 0  
2.990E 00  
3.050F: 00  
3.110E 00 
3. 180E 00  
3.260E 00  
3 .3402 00  
3.U20E 0 0  

3.580E 00  
3.660): 00  
3.7UOE 0 0  
3.820B 0 0  
3.900E 0 0  
3 .980P 00  
u.060E 0 0  
4.1UOE 00 
4.220R 00  
U.300E 0 0  
U.380E 00  
4.U60E 00  
4.54OE 00  
U.630E 00  
U.730E 00  
U.830E 00  
U,930E 00  
5.030* 0 0  
5.130E 0 0  
5.230P 0 0  
5.330X 0 0  
5.4303 0 0  
5 . 5 3 0 3  00  
5 . 6 3 0 3  00  
5.730E 00 

3 ,50CF 00  

D A T A  
B / S  R/NEV 

a. 6 9 ~ - 0 3  
5.3 1E-03 
3. 582-03 
1. f l E - 0 3  
1. 16F-03 
1. 07E-03 
1.172-03  
1. UlP-03 
3. 46E-03 
U. 18E-03 
3. 18F-03 
2.64F-03 
1 .37F-03  
7.4 117-04 
2.09E-03 
2 .473-03  
1.751"-03 
2.265-OU 
7.91E-05 
1.89E-04 
2.21E-03 
6.762-03 
1.131;1-@2 
1.06E-02 
5.98E-03 
2.2OP-03 
1.98E-03 
5.03E-03 
1.12E-02 
1. 58P-02 
1.40E-02 
7. 423-03 
2.012-03 
8.63E-04 
8. 50E-04 
9.21E-Oll 
2.03E-03 

D ATA-EFF 
B/SS/ IPV 

1.2E-03 
1.2T- 03 
1, 1E-03 
1. 1E-03 
2. 1E-03 
2. 11-03 
2.2E-03 
9.3F-04 
1.1R-03 
1.1E-03 
1.12-03 
1. OE- 03  
1. DE- 03 
l.Ot?-03 
1 . lE-03  
1.1E-03 
1.25-03 
1. 1E-03 
1.1E-03 
1.12-03 
9.45-04 
1.1E-03 
1.1E-03 
1.1E-03 
1.1P-03 
1.CE-03 
9. UE-04 
9.2E-04 
9.3E-OU 
9.6E- 04 
8.8E-0k 
8 3E- 04 
6.9E-0k 
6. SR-OU 
7.2E-Ou 
6.6p-04 
6.9E- 00 

E-GAMRA 
nev 

5.830E 00 
5.930E 00 
6 .030P 00 
6.1302 00 
6.230F 00 
6 . 3 3 0 9  00 
6.UUOF 00 
6 .5609 00 
6.68OP 00 
h .8OOF 00 
6.920E 00 

7.160E 00 
7 .280F 00 

7 .520P 00 
7.6UOT 00 
7.760P 00 
7.890E 00 
8.030E 00 
8 . 1 7 0 r  00 
8 . 3 1 0 0  00 
8.450E 00 
8.590p 00 
8.730F 00 
8 . 8 7 0 p  00 
9.010E 00 
9.150P 00 
9.300" 00 
9 .460a  00 
9.620E 00 
9.78OE 00 
9 . 9 u O E  00 
1.01OE 0 1  
1.026E 0 1  
1.OU2P 0 1  
1.058F 0 1  

7.0~02 00 

7 . 4 0 0 ~  00 

DATA 
B / S Q / R P V  

3.80E-03 
5. 3P-0 3 
6 .30E-03 
5 .57E-03 
3.93R-03 
3.04E-0 3 
3.172-0 3 
3.23F-03 
3. U2P-0 3 
U.61F-03 
5.82E-03 
5. b6E-03 
3 . 5 ~ - 0 3  
1. bOE-0  3 
5.0GF-04 
1.76F-011 
1.202-0 U 
1.03F-0 4 
8.29E-0 5 
6.37F-05  
1.17E-05 
6 , 6 4 9 - 0 6  
5.34E-06 
6.85E-06 
1.7 1R-05 
9.05P-06 
7. UUE-06 
6.09E-06 
6.63E-06 
8.16E-06 
2.00E-05 
1,R7l?-05 
1.28.E-05 
7.U9E-06 
4.02E-06 
1.32-0 6 
1.95E-07 

DATA-ERP 
B /S /FIE V 

7.OF-04 
6.9P-0U 
6.5E-Ou 
h.3P-011 
5.9F-04 
5.6E-04 
5.4P-00 
U . 9 E - 0 0  
4.5E-Ou 
3.8IT-OU 
3.5E-OU 
3. O E - O U  
2. YF-04 
1. SP-OU 
1.OF-00 
R.  3%-05 
7.5F-05 
6 .13-05  
5 .7P-05  
5. UE-05 
2.72-05  
2.7E-05 
2.7):-05 
2.7'8-05 
2.3E-05 
1.3E-05 
1.3E-05 
1.3F-05 
1 .3p-05  
1.3E-05 
1.19-05 
9.9E-06 
8.Ov-05 
5.8E-06 
U. 1P-06 
3.7E-06 
3.4?-06 

DATA SETzZERO FOR E-GAHAP. BETWEEN 0.83-1.04 A N D  1.32-1.36 HEV 



E-GAMMA 
MEV 

6.900E- 0 1 
7.100E-01 
7 . 3 0 0 ~  0 1 
7.500E-01 
7.700E-01 
7.900E-01 
1.200E 00 
1.240E 00 
1.280E 00 

1.440E 00 

1.520E 00 
1,560E 00 
1.600E 00 

1 ,680E 00 

1.970E 00 
2.030E 00 
2.090E 00 
2.150E 00 
2.210E 00 
2.270E 00 
2.330E 00 
L.390E 00 
2 .4503 00 
2.510E 00 
2.5703 00 
2.630E 00 
2.690E 00 
2.7502 00 
2.810E 00 
Z . 8 7 O E  00 
2.930E 00 

1.320E 00 

1.4BOE 00 

1.64OE 00 

1.720E 00 

NITElOGEN G A H N A - R A Y  PRODUCTION CROSS SECTIONS 

EN-HTNZ 10.00 MEV E N - N A X = :  12 .00  H D V  THETAz125. DEG 

D A T A  
B/ SR /H EV 

1 552-02 
1 e31E-02 
1.10E-02 
9.64E-03 
6.59E-03 

1.35E-03 
3 5 8E-0 3 
3.76E-03 
3.20E-0 4 
8.22E-04 
1 782-03  
5.26B-0 3 
1 .322-02  
1.882-02 
1.49E-02 
6.35F-03 
8.11E-04 
1.47E-04 
6 .2  3E -0 3 

1.623-02  
2.34E-0 2 
2.99E-02 
2.5 5E-02 
1.3 1E-02 
3.62E-0 3 
1.17E-03 
5.9OF-04 
1 . 2 4 . ~ - 0 3  
3.3OX-03 
6.0 1E-0 3 
6.5 5E-03 
4 .223-03  
1.98E-03 

2.31E-03 

1.29E-02 

DATA-ERF 
B /S P / HE Y 

8.6E-03 
6 . 2 ~ 0 3  
5 .  SE- 03  
5.3E-03 
5 .OE-03 
4.873-03 
5 .  UE- 03  
5 8E-03 
5.02-03  
2.23-03 

2.6E-03 
2.9E-03 

2 .8  F- 03  
2.9E-03 
2.5E- 03  
1.8E-03 
2 2 E- 03  
2 .22 -03  
2.1E-03 
2.OE-03 
2. IF-03  
2 .12-03  
1.9E-03 
1.4E- 0 3  

4.4E- 03  
3.OP-03 
3.7E-03 
1.9E-03 
1.3E-03 
1.2E- 0 3  
1.2E-03 
9.3E- 04 

2.2E-03 

3.OF-03 

1 5F-03 

E- G B  HM A 
SE V 

2.990E 00 
3.05OE 00 
3.110E 00  
3. l6OE 00  
3.26@E 00 
3.340E 00  
3.420E 00  
3.500F. 00  
3 .580F 00  
3 .660Q 00  
3.74OE 0 0  
3.82OE 0 0  
3 .9002  00 
3 .9808 00  
4.060E 0 0  
U.140E 00  
4 .220F 00  
d.300E 0 0  
U.380E 00 
4.460E 00 
4.540E 00 
U.630E 00 
4 .7302  00  
4,830E 00  
4.930E 00  
5 . 0 3 0 3  00  
5.130E 0 0  
5 .230F 00  
5.330E 0 0  
5 .430P 0 0  
5.530E 00  
5 .6302  0 0  
5.730E 0 0  
5.R30F 00  
5.930E 0 0  

DATP. 
B/SR/NEV 

1.28E-03 
7.50E-04 
2.20E-04 
5. 10E-OU 
3.58B-03 
5.  17E-03 
3. 2 52- 0 3  
1.533-03 
2. 55E-03 
3 ,882-03  
3.582-03 
3. 32E-03 
2.31F-03 
5.092-04 
1.60E-04 
1.0 5R-03 
3. UOE-03 
8. 393-03 
1.27-F-02 
1.24F-02 
8. b3E-03 
3.6 1F-03 
2.7UP-03 
6.21F-03 
9.963-03 
1. 16E-02 
1.0 1E-02 
5.48E-03 
1. 39F-03 
9.87p-04 
2. 32B-03 
2.75P-03 
2. 83F-03 
3. 17F-03 
3.38E-03 

DATA- ITF P 
B /SR / R E V  

8.0E-00 
7,lE-OU 
5, UP-OU 
7 .  8E-OU 
1.1B-03 
1.2E- 03 
1.1E-03 
l.O??-03 
1.1E-03 
1. 1R-03 
1 .1E-  03 
1.1E-03 
1.1E-03 
9.27-04 
7.3E-011 
1. OE- 03 
1. l p - 0 3  
1.2F-03 
1.2E- 03  
1.2E-03 
1.2E- 03 
1.1E-03 
9.82- O b  
9.7E-011 
9.6E-04 
1.3E- 03 
9.3E-04 
8.7E-OU 
7.7E:-04 
7.43-04 
8.1E-Orr 
8.3E-04 
R . 2 R - W  

8. 1E-04 
a .  2s- 04 

F-GARBF. 
HEV 

6.030E 00 
6. 130E 00 
5 .230F 00 
6.330F 00 
6.440E 00 
6.560E 00 
6.680E 00 
6 .800F 00 
6 .9203 00 
7.040E 00 
7 .160F 00 
7 .280F 00 
7.400F 00 
7 .520P 00 
7 . 6 U O E  00 
7.7hOP 00 
7 .890F 00 
8.030P 00 
8.1?0? 00 
8.310E 00 
8.450P 00 
8.590p 00 
8.730E 00 
8.870f 00 
9 .010P 00 
9 .150P 00 
9.300E 00 
9 , 4 6 0 P  00 
9.620F 00 
9.780F 00 
9 .9402 00 
1.01OF 0 1  
1.026" 0 1  
1.042Y 0 1  
1.058E 0 1  

DBTA 
B/S?/flEV 

3.90E-0 3 
4. 43E-03 
4.22E-03 
3 .85E-03 
4.52E-03 
6.1AF1-03 
7.70E-0 3 
9.53E-03 
1.10E-02 
1.OOE-0 2 
6.75E-03 
3.38E-03 
1.40E-03 
5 .2  IF-0 4 
2.643-OU 
3.10E-04 
3 .52E-04 
2.31F-04 
4.40?-05 
1.21E-05 
7.03E-0 5 
1.8 3E-04 
2.26P-0 ri 
1.6QE-0 U 
7.9UE-05 
2.38!?-0 6 

-1.2UE-06 
-1.U8E-07 

2.12F-0 S 
3.92F-0 5 
4.06E-OS 
2.81F-05 
1. U3f-05 
4.762-06  
8 . 9 2 f - 0 7  

D AT A - 3 R? 
B /SS/HEV 

8.OE-04 
7. RE-04 
7 . 5 F - 0 4  
7.3F-04 
7. UE-04 
6.6E-OU 
6.2E-04 
5.2E-04 
4.9E-0U 
4.19-04 
3.2P-04 
2.5E-04 
1.9F-04 
1.6E-04 
1 . 4  E-04 
1. YE-04 
1.3F-04 
1.2P-04 
7.8E-05 
1 , l E - 9 4  
9 .3P-05  
8.2F-05 
6.79-05 
5. 4F-05 
a.5F-05 
2.9E-05 
2 .9P-05  
2.9F-05 
1 .6F-05  
1.3E-05 
1.1P-05 
8.2P-06 
5.1F-06 
3.9E-06 
3 . 4 ~ 0 6  

DATA S E T = Z E R O  FOR E-GASMP. BETWEEN 0 .81-1 .16 ,  1.36-1.40, A N D  1.76-1 .91  R F V  



N I T R O G E N  G A  M I A -  R A Y  PRODUCTTON CROSS SECTIONS 

E N - M I N =  12.00 MEV E N - H A X X  14 .00  U E V  THETAz125. DEG 

E-GAMMA 
U E V  

6.900E-01 
7.100E-01 
7.300E-01 
7.500E-01 
7.700E-01 
7.900E-01 
1.200E 00 
1.240E 00 
1.280E 00 

1.360E 00 
1.480E 00 
1.520E 00 
1.560E 00 
1.600E 00 
1.640E 00 
1.680E 00 
1.720E 00 
1.850E 00 
1.910E 00 
1.970E 00 
2.030E 00 
2.090E 00 
2.150E 00 
2.210E 00 
2 .2703 00 
2.3303 00 
2.390E 00 
2.450E 00 
2.510E 00 
2 .5703 00 
2.630E 00 
2.690E 00 
2.750E 00 
2.610E 00 

1.320E 00 

DATA D A T A -  ERR 
B / S F  /M EV B /SF / R E V  

1.54E-02 1.OE-02 
1.31E-02 7.8F-03 
7.85E-03 6.6E-03 
3.03E-03 6.4E-03 
3.94E-04 6 .OE-03 

-6.023-04 5.6E-03 
1.0 1E-08 5.OF-07 
1.55E-04 2 - 5 2 - 0 3  
2.562-03 6.8E-03 
9.222-04 5 .42-03  
2 . 3 2 - 0 4  1.8E-03 
4 5 1E-04 3.3E-03 
4.32E-03 3.5F-03 
8.25E-03 3.5E-03 
1.253-02 3.4E-03 
1.252-02 3.3E-03 
7.26E-03 3 .32-03  
2.11E-03 3.22-03 
1.01F-08 5.033-07 
3.29E-04 2.5E-03 
1.535-03 2.5F-03 
5.743-03 2 .42 -03  
1.09E-02 2.4E-03 
1.423-02 2.6E-03 
2.083-02 2.6!?-03 
2.443-02 2.7F-03 
1.85E-02 2 .43-03  
8 .043-03  2 .12-03  
1.18E-03 1.8F-03 
3.59E-04 2.OE-03 
1 .933-03  2.OE-03 
1.93E-03 1.9E-03 
1.53E-03 2.OE-03 
3.20E-03 1.9E-03 
4.92E-03 1.8F-03 

E- G A E U A  
np v 

2.870E 00  
2.9302 0 0  
2.990E 0 0  
3.180E 00  
3.260E 0 0  
3.34OE 00 
3 . 4 2 0 3  00  
3.500E 00  
3.580E 00  
3.660P 0 0  
3.740E 0 0  
3.820E 0 0  
3.900E 0 0  
3.980E 00  
a .060E 0 0  
4. 14075 0 0  
4.220E 0 0  
4.300E 00  
4.3SOE 00  
U.U60E 0 0  
4.540E 00  
4 .6302  00 
4.730E 0 0  
4.830E 00  
4.930Z 00  
5.030F 0 0  
5 .130E 0 0  
5.230E 00  
5 .3302  0 0  
5.430R 00  
5 .530P 00  
5.630E 0 0  
5.73OE 0 0  
5 .8303  0 0  
5 .930F 00  

D A T A  
B /S F/MEV 

4. 593-03 
3 . 6 9 ~ 0 3  
1. 223-03 
1.03E-03 
3.883-03 
2.90E-03 
4.00E-03 
4.92q-03 
5.233-03 
U.83E-03 
4.48E-03 
4. 79E-03 
3.28E-03 
9.12E-04 
3.07E-04 
5.09E-Ou 
6. 59E-03 
1. 32E-02 
1. 50F-02 
1. 25E-02 
7.16E-03 
2. 623-03 
1. 28E-03 
U. 20E-03 
9. R6E-03 
1.4OF-02 
1.20E-02 
6.53E-03 
2.44F-03 
U.43E-04 
3.32E-04 
3.693-04 
5. 55E-04 
2.993-03 
u. USE-03 

DATA- E? P 
B /SI? / W  V 

1. BE-03 
1.837-03 
1. 3E- 03 
1.OE-03 
1.7B-03 
1.8E-03 
1.7E-03 
1.6E-03 
1 . X - 0 3  
1.72-03 
1.8E-03 
1.7E-03 
1.82-03 
1.73-03 
1.5E-03 
1.5E-03 
1. hE- 03 
1. 8E-03 
1.82-03 
1.62-03 
1.6E-03 
1. UY-03 
1. 4E-03 
1. U?-03 
1.3R-03 
l .4E-03 
1.3E- 03  
1.2E-03 
1.1E-03 
8.6E-04 
8.6E-Ou 
8.6F-04 
R.6E- 0a 
1.237-03 
1.23- 03 

D A T A  S E T = Z E R O  POR E-GAMUA = 0.81-1.16,  1.76-1.8, 3.05-3.11 nFv 

E-GAUHA 
R E V  

6 .0309  00 
6.130E 00 
6.230E 00 
6 .3302  00 
6.440E 00 
6 .560F 00 
6 .680P  00 
6 .800F  00 
6 .920F  00 
7 . 0 4 0 ~  00 
7 . lhOF 00 
7 .280F 00 
7.400E 00 
7.520E 00 
7.6UOF 00 
7.760F 00 
7 .890E 00 
8.030F 00 
R.170E 00 
8 .310P 00 
8 .450F 00 
8.590F 00 
8 .7302  00 
8.870P 00 
9.010f  00 
9.15OF 00 
9.300F 00 
9.460E 00 
9 .6202 00 
9 .780p 00 
9 ,9402  00 
1,010I1 0 1  
1.026F 0 1  
1 . 0 4 2 r  0 1  
1.0582' 0 1  

DATA 
B / S F  / R E V  

6.04E-0 3 
6. URF-03 
5 .19F-03  
3.692-03 
3 .19Q-03 
3 .  M E - 0 3  
5.9613-0 3 
8.64E-03 
9.84E-03 
9.09E-0 3 
6.8OE-03 
3 .75P-03  
1.29E-0 3 
1. ROE-0 4 
1.56E-0U 
5.60F-04 
1.0 1E-0 3 
1. lUE-03 
7.51E-04 
2.37E-04 
1.36E-04 
3.9OE-04 
6 . 4 4 ~ 0 4  
6.99E-04 
5.76E-04 
3.92~3-04 
2 .25r -04  
1.lUE-09 
5.07p-0 5 
2.36E-05 
2.11E-05 
1.79E-0 5 
1.25E-05 
5.42E-06 
1.92E-06 

D 8. T A -E B ? 
B 1 s ~  / n v  
1.2E-03 
1. 1E-03 
1.1E-03 
1 .19 -03  
l.O??-03 
9.773-011 
9.3P-04 
8.3F-Ou 
7.773-04 
6.8E-OU 
h .  OF-ou 
5.22-04 
5.OE-04 
U.5P-OU 
4. 3E-04 
u, O-OU 
3.8Y-04 
3.7F-04 
3.4E-04 
3.09-QU 
2.7P-04 
2.3E-Oa 
2. 13-04 
1.673-04 
1.3P-04 
1.2F-04 
9 .6F-05  
5.8E-05 
4.1P-05 
4.1'4'-05 
2.8'-05 
1.9E-05 
1.1E-05 
7.6E-06 
6.7P-06 

I 



E-GARHA 
H E Y  

6.900E-01 
7.10QE-01 
7 .3  00 E- 01 
7.500E- 0 1  
1.120E OG 

1.280E 00 
1.320E 00 
1.360E 00 
1.400E 00 
1.520E 00 
1.560E 00 

1.640E 00 
1.680E 00 
1.720E 00 
1.760E 00 
1.800E 00 

2.030E 00 

2 ,150E  00 
2.210E 00 
2.2703 00 
?.330E 00 
2.390E 00 
2.450B 00 
2.510E 00 
2.570E 00 
2.6303 00 
2.590E 00 
2.750E 00 
2.810E 00 
2.870E 00 
L.930E 00 

1o16OE 00 

1.600E 00 

1.970E 00 

2,0902 00 

N I T R O G E N  GF.? lUA-RAY P ? O D U C T I O N  CFOSS SYCCTIONS 

EH-!fIIN= 14.00 REV EN-RAX= 17.00 REV THETA=125. DEG 

DATA 
B/SR/KEV 

1 833-02  
1.36E-02 
6 . f7F-03  
1.7QE-0 3 
8.6 IE-05 
5 ,122-05  
9 0 0 7 ~ - 0  4 
2.19E-03 
3 2 2E-0 4 
1 .o 1E-08 
2.19E-03 
5.6SE-0 3 
8.11E-03 

3.8 1B-03 
1.62E-03 
1.173-03 
1.01E-08 
3 53E-0 3 

6 68E-03 

‘4.152-03 
4 o66E-0 3 
7. UOE-03 
1.1OP-02 
1.76E-02 
1 .Y3E-02 
4.532-03 
7.83E-04 
1.12E-03 
2 4 SE-04 
2 55E-OY 
2.042-03 
Y . 80E-03 
5 .133-03  
3.851”-03 
3.74E-03 

D A T A - E R F  
B / S F / H E V  

1.4E-02 
9.7E-03 
9.OE-03 
8.751-03 
4 52-03 
1.5E-03  
6 .8P-03  
6 .22-03  
4 . lE -03  
5 .OE-07 
4 .OE-03 
4 .  0 E- 0 3  
3.9E-03 
Y .  1E-03 
3.9E-03 
2 .6E-03  
1.8E- 03 
5 .OF-07 
2.UE-03 
2.4E-03 
2.4P-03  
3.22-  0 3  
2.9F- 03 
3.1E-03  
2.UE-03 
2 .32-03  
2.5E-03 
2.4 E- 0 3  
2.4E-03 

2.2E- 03  
2.1E-03 
2 , l E - 0 3  
2 . l F - 0 3  
2 .OE-O3 

2.2E-03 

3 - G A N R A  
UFV 

2.990E 00 
3.050E 00 
3 . l l O E  O @  
3.18OE 00  
3.260E 00 
3 .3409  0 0  
3.420E 00  
3.500E 00 
3 .580E 00 
3.660E 00  
3 .740E 00 
3.820E 00  
3.900R 00  
3.980E 00  
u.060E 00  
4 . 1 4 0 3  00  
4.220E 00 
4.300E 00  
4.38OQ O@ 
4 , U O E  00 
U.5409 00  
0 .6305  00  
4.730B 00  
0.830B 00 
U.930E 00 
5.030E 0 0  
5.130E 0 0  
5.230B 00 
5.330E O C  
5.U30E 00  
5.530E 00  
5 .6302  00 
5.730E 00  
5.830E 00 
5.93CP 00  

DATA 
B /SF/BEV 

5.04E-03 
5.71)F-03 
0.40E-03 

3.832-03 
3.23E-03 
2. 753-03 
3. 19E-03 
5.873-03 
7.89E-03 
7.08E-03 
6. YOP-03 
5-3OF-03 
1.56E-03 
5.69E-00 
1.70E-03 
tr. 80E-03 
8.31F-03 
1.20E-02 
1. 17E-02 
7 .932-03  
U. 13E-03 
2.31F-03 
2.72E-03 
6.67P-03 
1.09P-02 
9.84B-03 
U. 723-03 
1 .0  1P-03 
1.35P-frO 
9 .10f -04  
1.76E-03 
2. 10E-03 
2.51F-03 
3.30E-0 3 

3.50F-03 

DATA- EQP 
B /SP /MFV 

1.9E-03 

2.OE-03 
2.03-03 
2.0F-03 
2 ,  19-03 
1. RE-03 
1 - 9 s - 0 3  
2,OE-03 
1.9E-03 
1.9E-03 
2. DE-03 
1 . 9 ~ 0 3  
1.713-03 
1. ‘E-03 

2. 1’-03 

1 7E-03 
1 73-03 
1 94-03 
1.9E-03 
1.7E-03 
1.6F-93 
1.5B-03 
1.5E- 03  
1.5E-03 
1.573-03 
1.5X-03 
1. 3E-03 
1 ,3E-03  
1.3R-03 
1.2E-03 
1 3F-03 
1.2F-03 
1. 3a- 03 
1.3X-03 
1 . 3 ~ 0 3  

E- G F. M M A  
BEY 

6 . 0 3 0 0  00 
6 .1303  00 
6.230E 00 
6.330E 00 
6 .4uQF 00 
6 .560p  00 
6.68OE 00 
5.800p 00 
6 .9202  00 
7 . O U O r  00 
7.160F 00 

7,4110F 00 
7.520E 00 
7.6&0?, 00 
7.760F 00 
7.890R 00 
8.030F 00 
8 .170f  00 
8 .310P 00 
8.~50E 00 
S.59OP 00 
8.730E 00 
R.870F 00 
9.010F 00 
9 .1507  00 
9.3COF 00 
9.U60F 00 
9 .6202 00 
9.7807 00 
9.9uOE 00 
1.010E 0 1  
1.026F 0 1  
1 .042F 0 1  
1.05BP 01 

7 . 2 ~ 0 ~  00 

DATA 
B / S 9  /M O V  

3.77E-0 3 
3.601~-0 3 
3.09P-0 3 
2 . 4 3 ~ 0 3  
2.06P-0 3 
2. 88E-03  
6.117 4.49E-03 I?-0 3 

8 .305-03  
8.28F-0 3 
6,OOP-0 3 
3 ,1@??-@3 
9.36E-04 
3.07E-04 
6.23E-0 5 
2.538-04  
Y.  23E-OQ 
7 .583-04  
6.35F-04 
4.46E-OY 
6.59E-04 4.39E-04 

9.72E-0 4 
1.12E-03 
9.32E-OU 
5.51E-0 0 
2.05U-OY 
2.29F-0 5 
5.86P-06 
5.37E-OS 
7.53F-05 
5 . 9 3 ~ 0 5  
2.97E-05 
9.36Z-06 
1. R4F: -0 6 

D A T A - F R ?  
5 /SF /!K?v 

1.2E-03 
1 .23-03  
1.277-03 
1.2F-03 
1.1E-03 
1 .19 -03  
9.93-0U 
9. ua-ou 
8.7-04 
7.6E-OU 
7.1R-04 
6.2E-OU 
5.5P-OU 
5 .  up-04 
1.6E-04 
Y .  9Q-04 
L1.9F-OU 
4.5a-00 
Y.25-01) 
1). 1E-04 
3.8”OU 
3.5E-04 
3.2P-011 
2.69-0Y 
2.1 E-OY 
1. BE-04 
1.3”-0U 
8.9E-05 
7.5E-05 
4.85‘-05 
3. 6E-Or  
2.5Y-05 
1.4F-05 
1.1E-05 
9.2P-06 

c. 
U 

DATA SET=Z!?!?O FOR E-GAHMP. = 0.77-1 .08 ,  1.2-1.24, 1.44-1.U8, 1.85-1 .91  R E V  



WITROGRN GAM?IA-RAY P R O D U C T I O N  CROSS S E C T I O N S  

E N - # I N =  17.90 YETI E N - M A X =  20.00 MEV THETA= 12 5. D E S  

E - G A N Y A  
N E V  

6 -  900E-01 
7. IOOK-01 
7. 300E-01 
7.500E-01 
7.700E-01 
7.900E-01 
1.200E 00 
1.2UOT 00 
7.2ROE 00 
1-3205  00 
1. 520E 00 
1.560E 00 
1.5OOE 00 
1 . h U O E  0 0  
1,680R 00 
1.720”: 00 
1.760E 00 
1 , H O O E  0 0  
1.970R 00 
2.030E 00  
2,0901 00 
2,150E 00 
2,210E 00 
2.770“ 00 
2.330F 00 
2,390E 00 
2-4507  00 
2.510E 00 
2.570E 00 
2,630E 00 
2,690E 00 
2.750E 00 
2.8109 00 
2.8709 00 

DATA 
B / S B / R E V  

1.99E-02 
1.5ue-02 
1. 13E-02 
9-6UE-03 
6.3UE-03 
1.28E-03 
1-01E-08 
8. l hq -04  
1. 76E-03 
3.219-04 
1.05E- 03  
1-41E-03 
5. A7E-03 
6 - 0 1  s-0 3 
3-5%-03 
1.2 ? E - 0 3  
l.4UE-03 
7. SOE-OU 
1.0%-03 
U,2AE-03 
U. 27E-03 
4. 6 39- 0 3 
1,039-03 
1.46E-02 
9.13E-03 
u. 33E-03 
2.01E- 0 3  
7.67E-OU 
1.63E-04 
3-52E-04 
3,759-03 
5-63E-03 
3.96E-03 
1.30E-03 

3ATA-ERR 
B/SR/MFV 

2. OE- 0 2  
1-62-02 
7.3E-02 
1 - 2E-02 
1.1F-02 
1.1E-03 
5.OE-07 
1 - 4  E-02 
7 -79-03  
7.7E-03 
3.9E-03 
3,9E-03 
5-2E-03 
4.6E-03 
0. SR-03 
3.7E-03 
3 - 2 9 - 0 3  
2.1E-03 
2.5E-03 
3.7E-03 
3.7E-03 
3.6E-03 
1 . lF -03  
3.9E-03 
3.8E-03 
3-hE-03 
3.2E-03 
1.6F-03 
3-6E-04 
3-OE-03 
2-7E-03 
2 ,  AE-03 
2-8E-03 
3.1E-03 

E - G A Y M A  
MPV 

2.930X 00 
2.990E 00 
3.050E 00 
3.110E 00 
3. 190E 00 
3.260E 00  
3. 3UOE 00 
3.420E 00  
3.500E 00  
3.5ROE 00 
3.660X 0 0  
3.7UOE 00  
3.820E 0 0  
3,900E 00 
3.980E 00 
U.OhOE 00 
U.1UOE 0 0  
4,220E 00  
u.3ooF: 0 0  
4.380E 00 
4 .460E  00 
4.5402 00  
U,630E 0 0  
U.730E 00  
4.830E 0 0  
U.930E 00 
5.030E 0 0  
5. 130E 00 
5.230E 00 
5.330E 00 
5.430E 00 
5,530E 00 
5.630E 00 
5.730E 00  

D A T A  
B / S R / Y E V  

1.08E-03 
3.66E-03 
5.27E-03 
3- 98E-03 
1-9%-03 
1.6 5E- 0 3  
1 - 06E-03 
1.736-02 
7.5OF-03 
1. 38E-02 
1 -  U8F-02 
1.25E-02 
8 - 3  3E-03 
3.50E-03 
4. 73E-04 
3.90E-04 
2, U3E-04 
4, 07E-OU 
5.UUE-03 
9.10F-03 

4 -8hE-03  
2.63E-03 
2-62E-03 
4.36E-03 
6 .  07E-03 
6.65E-03 
5.70E-03 
3.  30E-03 
9-86E-04 
4. U6E-04 
1.9 1E-04 
1-25E-OU 
1.53E-04 

a ,  O ~ E - O ~  

D A T A -  ER R 
E /SR/ME V 

3 - 2 E - 0 3  
3-1E-03 
2.8E-03 
2-8E-03 
2.9E-03 
2.7E-03 
2.RE-03 
2. RE- 03  
2.7E-03 
2.6E-03 
2 - 9 E-03 
2.8E-03 
2.6E-03 
2.5E-03 
2 - 2E-07 
2.2E-03 
2.2E-03 
2 - 2e- O ?  
2.0s-03 
2.1E-O? 
2.lE-03 
2 , lE -03  
2,OE-03 
1 -9E-03 
1 .BE-03 
1-9E-03 
? - 9 q- 0 3 
2 - OE-03 
1.7E-03 
1 -63-03  
1-6E-03 
1.UE-03 
1-4E-03 
1 .UE-03 

E - G A f i U A  
N E V  

5.830E 0 0  
5.930E 0 0  
6.030E 00  
6,130E 00  
6.230E 0 0  
h.330E 0 0  
6 , U U O E  0 0  
h.560T 00  
h .680E 00  
6 . 8 O O E  0 0  
6,920E 00  
7.04OE 0 0  
7.lhOE 00  
7.2AOE 00  
7.4OOE 0 0  
7.520E 00  
7.6UOE 00  
7.760F 0 0  
8.170E 00  
8, 310E 0 0  
R.450E 0 0  
9,590E 0 0  
R.730E 00  
8.97OE 00  
9.010E 0 0  
9.150E 00  
9.300E 0 0  
9.060E 0 0  
9.620E 00  
9.780E 00 
9 - 9 4 0 E  00  
1.010E 0 1  
1,026E 0 1  
1.042E 0 1  
1,0599 01 

D A T A  
R/S R /n EV 

1. U3E-03 
2. U5E- 0 3  
2.66 E-0  3 
2.83E-03 
3-19  E- 03 
3- 23E-03 
2.79E-03 
2.31 E - 0  3 
2.46E-03 
?. 31; E-03 
U. 19E-03 
4.11 E-03 
3.19E-03 
2.20E-03 
1.66E-03 
1.33E-03 
3.79E-04 
2.87E-04 
7.42E-05 
3.83T-04 
5.55E- 0 4  
h.10E-04 
h.83E-04 
8. 53 E-0 4 
8-32E-04 
h.32E-04 
2.UrrE-04 
4.05E-05 
5 - 0  2E- 0 5  
1 .02~-0U 
1.06E-04 
7.04Z-05 
3. 4 3 2 - 0 5  
1.01E-05 
1. 32E-06 

D A T A - E R R  
B/SR/IEV 

1 -6E-03  
1.6E- 0 3  
1. h E - 0 3  
1.5E-03 
l .4R-03 
1. UE-03 
1. UX-03 
1. UE-03 
1.2E-03 
1, 1E-03 
1 , O E - 0 3  
1-OE-03 
8. h E - 0 4  
7.6E-04 
7.OY-04 
6. UE-04 
4. 1E-04 
0. 19-04 
U.7E-OU 
4. 3 E - 0 4  
4.1E-04 
4 -  1E-04 
3.7E-OU 
3. 1E-04 
3.09-01r 
2. UE-04 
1.7E-04 
1.3E-0U 
1 I 09-04  
R.7E-05 
6.7E-05 
5.0E-05 
3.OE-05 
2.2E-05 
2.OE-05 

c 
W 

D A T A  S E T r Z E R O  FOR E-GANMA = 0.81-1.16, 1 -36 -1 -48 ,  1.85-1,97, A N D  7.89-8.03 REV 



N I T R O G E N  GAM?!A-RAY PRODUCTION C B O S S  SECTIONS 

EN-BIV; 2 - 0 0  MEV E N - H A X =  3.00 NEV THETA= 90. D E G  

E - G A M Y A  D A T A  D A T A - E R R  I -GAHIY IA  D A T A  D A T A - E R  R 
MEV B/SR/MEV E/SR/4EV M E V  E/SR/iI FV B/SR/ f lEV 

1.850E 00 
1.910E 00 
1.970E 00 
2.030E 00 
2.090E 00 
2. 150E 00 
2 ,2103  00 
2-270E 00 
2..330E 00 
2,390E 00 , 
2.45OE 00 
2,510F 00 
2-570E 00 
2.630E 00  
2.690E 00 
2.7509 00 
2.810E 00 

3-36E-05 
6-  91E-06 
U.02E- 06 
6 .  TOE-06 
9, 67E-07 
2. U2E-Oh 
1.3lE-OU 
2. ROE-04 
2.61E-0U 
1.35E-04 
6.999-04 
6-17E-05 
2.67E-05 
2. UBE-06 
1.00R-06 
1-7OE-06 
1 -51E-06  

7,7E-OS 
7 .3  E-05 
2.2E-04 
0.1E-05 
6.7'3-06 
7.OE-06 
4.OE-05 
4.OE-05 
5. OE- 05 
4.YE-05 
3.5E-05 
3-5E-05 
3.3E-05 
2-3E-05 
1 (. 7E-05 
1 9 E -  05  
1.9E-05 

2.870E 00 
2.930E 00  
2.990E 00 
3.119E 00  
3.380E 00 
3.h5OX 00 
3.900E 00 
4. 1UOE 00  
4 , 3 8 0 3  00 
4 ,6372  00  
4.880E 00 
5.130E 00 
5.3ROE 00 
5.630E 00 
5.9308 00 
6.lsoe 00 
6.387E 0 0  

2.06E-06 
1.28E-05 
2.1RE-05 
5.52E-06 
8.559-06 
4.9OF.-07 

-5.16E-07 
1.35E-06 

-2.56E-07 
1 - 26E- Oh 
7 -73E-08  
5.65E- OB 
1.94E-Oh 
2.9 le-07 
9.82P- 07 
R.83E-Oh 
8 . 9 6 ~ 0 6  

2-SE-05 
2 - 7 2 - 0 5  
2.6E-05 
1 -6E-05 
1.3F-05 
3 (. 7 R -  Oh 
1 .) 2E-06 
4.1E-06 
8.63-07 
2-6E-OF, 
2.2E-Oh 
1. 3X-Oh 
2.5E-06 
1-58-05 
2.5E-06 
9.UE-Oh 
8.5 E- 06 

e- G A El R A 
MPV 

D A T A  
B/S  R / ME V 

6,620E 0 0  2.55E-Oh 
6 .9202  0 0  3.1QE-Oh 
7.220E 00  4.9UE-06 
7,U60E 0 0  1.07E-05 
7.702E 00 4.2fE-06 
7-9hOR 00  1.25E-06 
8.170E 00  9.87E-OR 
8.380E 00  1.72E-07 
B.660E 0 0  2.32E-06 
8.940E 00  3.h5E-06 
9,227E 0 0  2,5UE-06 
9,460E 0 0  1.32E-06 
9.700E 00  4.99E-07 
9.9409 00  7.249-07 
1.018E 0 1  9.23E-07 
1.042E 0 1  6.27E-07 
1,OSBE 0 1  3.21E-07 

DATA-ERR 
R / S R / I E V  

8. BE-Oh 
3.3E-06 
2.9F-06 
3.7E-06 
3.OE-06 
2. h E - 0 6  
2 - 9 2 - 0 6  
1.9E-Of, 
1. SE- 06 
1. BE-06 
1.2E-06 
1.UE-06 
7. B E - 0 7  
7.1E-07 
3.6E-07 
3.OE-07 
2.212-07 

F- 
W 

D A T A  SET=ZERO FOR E-GAPIYA < 1 .55  R E V  



E - G A E M A  
M E V  

1.850E 00 
1.910E 00 
1,970E 00 
2,030E 00 
2.090F: 00 
2.150E 00 
2.21OE 00 
2.270B 00 
2.330E 00 
2.390E 00 
2.450E 00 
2.510E 00 
2.570F 00 
2.630E 00 
2.690T 00 
2.750E 00 
2,.910E 00 

N I T R O G E N  G A M Y A - R A Y  PRODUCTION C R O S S  SECTIONS 

E N - B I N =  3 - 9 0  YEV E N - P l A X Z  4.00 MEV THETA = 

DATA 
B/SR/P! EV 

1 0 ?E-  08 
2.20E-06 
2-R5Z-05 
5.51E-05 
3 .  U5P-011 
1 - 7 7 s - 0 3  
3.22E-03 
U. 18F-03 
3. ? U T - 0 3  
1.21E-03 
4.092- OU 
1.2qE-04 
4.909- 05 
6 ,  30?-05 
5. DOE- os 
R.3OE-06 
1-03E-05 

D A T A - E R R  
R/SR/rlSV 

5.OF-07 
9, ?E-06 
3 -42-  0 5  
9.1X-05 
1.5E-04 
1.8E-01) 
3 , l E - O U  
3.7E-Ou 
3-OE-04 
1. YE-04 
2, ?E-00 
h.7E-05 
5.OE-05 
5-6E-05 
1.1E-01, 
1.9E-05 
2.09-05 

E-GAYqA 
MZ V 

2.870E 00 
2.930E 0 0  
2.990E 00  
3.119E 0 0  
3.38OE 0 0  
3.h60E 00  
3.900E 00 
U. 140E 0 0  
U.380E 00 
U.637E 0 0  
4.88OE 00 
5 . 1 3 0 E  00 
5 .380E 0 0  
5.630E 00 
5.930E 00  
h.180E 00 
6.387E 00  

DATA 
B/S R/’I EV 

1-02E-05 
1 - O U R - 0 5  
1.06F-05 
3 -  40E-05 
9,369-06 
2.22‘2-06 
5.09E-06 
2.79E-05 
2.49F-06 
1.83E-06 
U.64E-06 
3.12E-06 
1.10E-06 
6.59E-07 
5-77E- Oh 
7. h53-06 
6 I 67E-06 

90, D E 6  

D RTR-ERR 
R / S R / Y P  v 
2-OE-05 
2.0E-05 
1.7E-05 
2.7E-05 
2 -29-05  
2.2E-05 
2.3E-05 
2 - 2E- 05 
2, lE-05 
1 -9E-05  
2.0E-05 
2.1E-05 
u. 3E-06 
2.0E-05 
5.2 X- 06 
3.1E-06 
2.RE-06 

E-G A MFA 
ME v 
6.620E 00  
6 - q 2 0 3  0 0  
7 ,2205  0 0  
7,UhOE 0 0  
7.7023 0 0  
7,960E 0 0  
8.170E 00  
R . 3 R O E  0 0  
8.66OE 00 
Q.940E 00  
9.227E 0 0  
9.U60E 0 0  
9.700E 00 
9.9QOF: 0 0  
1.018E 0 1  
1.042E 0 1  
1.058R 0 1  

D A T A  
B/SR/IWPV 

3.2UE-06 
4.89 E-Oh  
6.72E-Oh 
6.91 E-06 
6-59E- 06 
2.59E- Oh 
2.76E-Oh 
2.21E-Oh 
1.41 E-06 
U.56E-07 
1. 3 h E - 0 6  
6 -  U3E-07 
1. 44E-Oh 
2.33E-Oh 
1.85E-06 
1.13E-06 
6.93E-07 

D A T A - E R R  
3 /SR / V  EV 

2 -22-06  
2. 5E-06 
2-6E-06 
7 -72-06  
4. UY-06 
3 ,  I E - O h  
2-  62- Oh 
1,5E-06 
1.lE-Oh 
8.7E-07 
1.2E-Oh 
1 - 5E-06 
1.1E-06 
1 . 4 ~ 0 6  
7.9E-07 
6.2E-07 
5.2E-07 

Ln 
0 

D A T A  SET=ZERO F O R  P - G A Y V A  < 1.85 M F V  



E - G A Y Y A  
FEV 

1,520E 00 
1.560E 00 
1,SOOE 0 0  
l*hUO!?  00 
1,680E 00 
1.720E 00 
1.760E 00 
1.R00E 00 
1.8509 00 
1.910E 00 
1 ,9709  00 
2.03oF: 00 
3.090E 00 
2,1509 00 
2.210E 00 
2,270E 00 
2.330E 00 
2.390T 00 
2.450F 00 
2.510E 00 
2.570E 00 
2,630E 00 
2.690E 00 
2.750E 00 

N I T R O G E N  G A M P I A - R A Y  PRODUCTION CROSS SECTIONS 

E N - M I N =  4.00 MEV E N - R A X =  5 - 0 0  MEV THETA= 90, D E G  

D A T A  
B/SR/REV 

1.77E- 03  
5.94Z-03 
9.19E-03 
8.05E- O ?  
b, U 7 E - 0 3  

1.05E-04 
1.18W-05 
2,86E-07 
2.4hE-04 
4.91E-04 
h.94E-03 
1.14E-03 
1 I 12E-02 
1.21E-02 
1.429-02 
1.1UE-02 
4-83R-03 
1.27E-03 
2-87E-04 
1.02E-04 
1.29E-04 
1.2 1E-04 
4.91 E-05 

i . 7 a ~ - o 3  

DATA- ERR 
B/SR/WEV 

U.2E-04 
8.6E-04 
8.1E-04 
7.9E-04 
6-9E-04 
6.6E- 04 
2.OE-04 
'J, 1 E-05 
3.3E-06 
1.6E-04 
2.3E-04 
6 - O E - 0 4  
6.2E-04 
5.  4E-04 
4.8E-04 
4.1E-04 
3.2E-04 
2.55-04 
2.5E-04 
9.5E-05 
8-7E-05 
9.7E-05 
9, 1E-05 
1 - OE-04 

E-GAYRA 
rlEV 

2.810E 00 
2.870E 00  
2.930E 00  
2,990E 00  
3.05OE 00 
3. l l O E  00 
3,180E 00  
3.260E 00 
3.3UOE 00  
3.420E 00 
3 -500E  00  
7.580E 00  
3.660E 00  
3 .7403  0 0  
3-A%0E 00 
3.900E 00  
3.980E 00  
4 , 0 6 0 E  00  
1). lUOF 00  
4,220E 00 
4.3OOE 00  
4.380E 00 
4.460E 00  
4.637E 00  

DATA 
B/S R/M EV 

5.50E-05 
5.99E-05 
2.0 1E-05 
1 , 99E-05 
7.07E-05 
1. 11E-04 
1.2 le-04 
1.02E-04 
4 . 0  1E-05 
1 - 0 1 E-07 
6.78E-Oh 
9.25E-07 
h.63E-07 
3.16E- 07 
1. U1E-04 
2. 13E-04 
1. U7E-04 
6 .  h5E-05 
1.25E-05 
2.26E-Oh 
1. h2E-05 
1-50E-05 
9-93E-Oh 

-3-57E-06 

DATA-ERR 
B/SR/ n13v 

5.7E-05 
6.OE-05 
3.OE-05 
3.OE-05 
h .7E-05  
9.4E-05 
I. OE-04 
7.7 E- 05 
7-12-05 
8-OE-07 
8. OE-  05 
7.1E-06 
7 ,  4E-06 
7.3E-Ofi 
6.3E-05 
6-2E-05 
5.5E-05 
4.8 E- 05 
4.4E-05 
5, lE-05 
5.1E-05 
3,RE-05 
3,3E-05 
2.6E-05 

E-GAII I IA  
MEV 

U - 8 8 0 E  00  
5,130E 0 0  
5,3809 00 
5.630F 0 0  
5 , R U O E  0 0  
6.130E 0 0  
h.3R7E 00  
6.620E 0 0  
6.860E 0 0  
7.160E 0 0  
7.4hOE 0 0  
7.702R 0 0  
7.960E 0 0  
8. 1 7 0 3  00  
8.3809 00  
8.660E 0 0  
8.940E 00  
9.227P 0 0  
9,460E 0 0  
9.700E 0 0  
9.9UOE 0 0  
1.018E 0 1  
1.042E 01  
1.05UE 01 

D A T A  
R/SR / M  E V 

2.11 E-05 
3 . 0 4  E -  0 5  
5. l 4 E - 0 6  

- 1. 43 E-05 
8.2BE-06 
4.9fiE-05 
1-07  E - 0 5  

-1. 45E-05 
-1,SOE-05 

2.62E-05 
1 -80  E- 05  

-1.92E-06 
-11.35E-06 

4. 34E-06 
8.06E-06 
5.1QE-06 

-3.54E-07 
1.94E-07 
3.27 E- OF, 
3.32E-Oh 
2.36E-06 
1.27E-Oh 
1, ?DE-06 
1.04E-06 

DATA-ERR 
B/SR/MEV 

3.2E-05 
2-5E-05 
2. RE-05 
7.2E-05 
2.4E-05 
2.OR-05 
2.OE-05 
2.OE-05 
1.5E-05 
9,8E-06 
8. RE-06 
6-7E-06 
b. 4E-06 
5.1E-06 
3.lE-Oh 
2.9E-06 
2, RE-06 
2.5E-06 
3.1E-06 
1.8E-06 
1.9E-06 
1. Ot-Oh 
8.5E-07 
1.OE-06 

DATA SET=%ERO FOR E - G A M H A  < 1.52 R E V  



V I T S O G E N  G A M f i A - R A Y  PRODUCTION CROSS SECTIONS 

EN-"?N= 5.00 R E V  SN-NAX= 5.00 YEV THETA= 90. DE6 

E - G A Y M A  
M E V  

1.200E 00 
1 ,7409  00 
1.2803 00 
1.320X 00 
1.360E 00 
1.400E 00 
1.440E 00 
1,480-E 00 
1.520E 00 
1.560R 00 
1,6009 00  
1-540E 00 
l.6RO-E 00 
1,720E 00 
1.760E 00  
1,ROOE 0 0  
1 ,8503  00 
1.910E 0 0  
1.9705 00 
7.030E 00 
2.090F 00 
2,150E 00 
2,210E 0 0  
2.2705 00 
2,330T 00 
2-790E 00  
7.45OE 00 
2.510E 00 
2.570E 00 

D A T A  
B/SR/P!!?V 

1 - 53E- 05 
2. U R E -  05 
1-22E-04 
6 -  7LE-05 
7.18P-05 
U.719-05 

-1.75E-04 
1 . 59E- 0 4  
3- 43E-03 
1- 34E-02 
2 -  72F-02 
2- 18E-02 
1.17E-02 
3.769-03 
6 - 0  1E- 04 
9-599-07 

-5 .  h 6 5 - 0 h  
6-07E-07 
3-12E-03 

2.32E-02 
2 - 1  BE- 02 
2-  09Y-02 
2. 32E-02 
1- 7593-02 
7-60E-03 
1 I ?RE-03 
1 . 09E-07 
1 . 6717-07 

1.395-07 

D A T A - E R R  
S/SR/IIEV 

2.3E-05 
6.OE-05 
3.9E-04 
1 .. 6 3-04 

9.3E-05 
1.4E-03 
3.4E-03 
1. UE-03 
1.5E-03 
1. UE-03 
l .4E-03 
1.2E-03 
1.2F-03 
9-7E-04 
1.1E-04 
9.hE-05 
9.1E-06 
9 . OF-04 
1.OE-03 
1. ? E - 0 3  
9.OE-04 
8.3E-04 
6. ?E-04  
5.4E-04 
U.2E-04 
2.5F- 04 
2.2E-05 
1.3E-06 

i - m - o u  

E- G A M M  4 
ME V 

2.63OE 0 0  
2.690E 0 0  
2.750E 00 
2.R10E 00  
2 -870E  00 
2.930E 0 0  
2.990E 0 0  
3.050E 00 
3.110E 0 0  
3.180E 00 
7.260E 0 0  
3.34OF 0 0  
3.42OE 0 0  
3.500E 0 0  
7.580E 00 
3.560E 0 0  
3.74OE 0 0  
3.920E 00 
3.900E 0 0  
3.950E 0 0  
U.060E 00  
4.1YOE 00 
4.220E 00 
U.300E 00 
4.380E 0 0  
4.4hOE 0 0  
4.5U0E 0 0  
4.630E 00 
U.730E 00 

D A T A  
B/S R/9 ,PV 

2, 6OF-05 
3.0 3F-04 
3.57E- O U  
7. 24E-00 
7.71E-04 
7.07E-05 
5 ,  l h E - 0 6  
4.23E-OR 
1.9RE-06 
8 .  A8E-07 
7.OOE-05 
2-6%-05 
1.51F-04 
1.50E-04 
2.4 1E-04 
2.OSF-04 
1.69E-04 
2-32E-04 
3.16E-04 
2.92E-04 
5-90E-05 
3-01E-05 
1.95E-05 
4.01E-05 
8-OUE-05 
5-70E-05 
1.29F-07 
2.37E-04 
6.90E-04 

D A T A - E R R  
B/SR /YE V 

4 - l E - 0 5  
3-4F-0U 
1.5E-04  
1.5E-04 
1 I UE-04 
4.7E-05 
1. UE- 05 
1 - 5E-06 
1 ,. 313-05 
1.5E-05 
9-7E-05 
5 - 0 9 - 0 5  
1.5E-OU 
1, SE-04 
1-5E-04 
1 - ue-04 
1.4E-04 
1.4E-04 
1-43-04 
1 -4E-0'4 
6.2E-05 
3.7E-05 
4 I 2E- 05 
1. UE-04 
5.9E-05 
R.1E-05 
U. 1E-06 
1 . lE-Olr 
1.2E-04 

E- C A M !4 A 
MEV 

U-830E 0 0  
4.930E 0 0  
5 . 0 3 0 E  00  
5.130E 0 0  
5.230E 0 0  
5. 330E 0 0  
5.4305 0 0  
5.530E 0 0  
5.63OE 0 0  
5.7302 0 0  
5.830E 0 0  
5.930E 0 0  
6 .13OE 0 0  
6.387E 0 0  
6.620E 0 0  
6.860E 0 0  
7,100E 0 0  
7.400E 0 0  
7.702E 0 0  
7.9hOE 00  
8.170E 00  
8.380E 0 0  
3.6602 0 0  
8.940E 0 0  
9.227E 0 0  
9.460X 0 0  
9.700E 00  
9.9403 0 0  
1.019E 0 1  
1.0429 0 1  
1.05RE 0 1  

D A T A  
B/S  R /ME V 

1.23E-07 
l.65E-07 
1.4hE-03 
9.33E-04 
4.35E-Ou 
1.50E- 01, 
2.83 E-05  
1.17E-OR 
1.32E-OS 
2.03E-0 5 
1.70E-05 
7.H3E-06 

-6.53E-06 
-9.06E-06 
-6.39E-06 

6.903-07 
2.86E-0h 
6.72E-06 
2.09E-OS 
5.8 6 E -  Oh 
2.25E-Oh 
2.17E-06 
7.87E-07 
2.35R-06 
1 -94  E- 06 
3.05E-07 
5 . 5 3  E- 07  
l .h?E-06 
2.3OE-06 
1-79E-06 
8. R3E-07 

DA T A - E R R  
B/SR/NEV 

1.2E-04 
1. 1E-04 
9.9E-05 
H.8E-05 
7-OE-05 
5.7E-05 
4 . 2 ~ 0 5  
l.UE-06 
3.1R-0s 
3 -2E-05  
3.3E-05 
2. BE-05 
1.6E-05 
1.9E-OS 
1. RE-05 
1.3E-05 
1.2E-05 
7-2E-Oh 
7.7E-06 
5-OE-Oh 
5. he-Oh 
3.2E-06 
2.4E-Oh 
2. YE-06 
1.7E-06 
1.9R-06 
1.3E-06 
1.4E-06 
1-2E-Oh 
9.7E-07 
1 , O E - 0 6  

D A T A  SET=ZEHO FOR E - G A M M A  < 1.20 M Y V  



NITROGEN G A M Y A - R A Y  PRODUCTION CROSS SECTIONS 

E"I!IIN= 6.00 A E V  EN-NAXZ 7 - 0 0  MEV TFIETA= 90. DES 

E - G A M f l A  
MEV 

6,90Oi?-Ol 
7.100E-01 
7.300E-01 
7.5OOP-01 
1.4UOE 00 
1,480E 00 
1.5209 00 
1.560E 00 
l.600E 00 
1.64OE 00 
1.6ROE 00 
1.720F 00 
1.760E 00 
1.800E 00 
1.850Y 00 
1.910E 00 
1.970E 00 
2.030E 00 
2-990E 00 
2.150Y 00 
2.210E 00 
2.270E 00 
2.330E 00 
2 ,3903  00 
2.450E 00 
2.5105 00 
2.570E 00 
2,630F: 00 
2,6903 00 
2 -750E  00 

D A T A  
B/SR/Y FV 

5.70E-07 
3. l11E-03 
3. R4E-04 
2-27E-OU 

-6-47E-OU 
7.02E-05 
8.77F-03 
2, SOE- 02 
3.7UE-02 
3.44E-02 
1.99E-0 2 
7.42E-03 
2, 17E-03 
1-50F-04 - 9.96E - 0 4  - 1 . 03E-04 
2.116E-OU 
1.07E-02 
2-02E-02 
2.2UE-02 
3-01E-02 
4 . 08E-02 
3-27E-02 
1.43E-02 
3.4OE-03 
2-80E-04 
2. h3E-08 
6.2OE-04 
1.65E-03 
2-92E-03 

DATA-ERR 
B/SR/rlEV 

5.4E-03 
U.OE-03 
1.8E-03 
8 , O E - O U  
1.9E-03 
2.02-03 
2. OE- 03 
2.OE-03 
2.1E-03 
1 . 9 E-03 
1.7E-03 
1.6F-03 
1.5E-03 
1,273-03 
1.4E-03 
8.5E-05 
3.2E-04 
1. 3E-03 
l .4E-03 
1.3F-03 
1 . 3E-03 
1.3E-03 
f . OF- 0 3  
7.3E-04 
6.8E-04 
2.7E-04 
7.OE-07 
4.6%-04 
5-7E-04 
4.2E-04 

E - G A Y M A  
NE V 

2.810E 00  
2.870E 00 
2.930E 00  
2.990E 00  
3.050E 00 
3.110E 00 
3.180E 00 
3.26OE 00 
3.340E 00 
3.420E 00 
3.500S 00 
3.5ROE 00 
3.560E 00  
3.74OE 00  
3.R20E 00  
3.900E 00 
3.9ROE 00  
4.060E 0 0  
4. l4OE 00 
U.220E 00 
4. 300E 00 
4.33OE 00 
4.U60E 00  
4.54OE 00 
U.630E 00 
U.730E 00 
4.830F 00 
4.93OE 00 
5.030E 00  
5,130E 00 

DATPA 
B/S R/M EV 

2.56E-03 
1.36E-03 
7.353-04 
6.00E-04 
2.94E-04 
1.80E-04 
6.50E-04 
1.53E-03 
1,778-03 
1 . 3 3 ~ 0 3  
7.38E-04 
1.31E-04 
2.56E-07 
3. 12E-04 
R.12E-04 
7.54E-04 
3.21F-05 

- 3.23E-06 
2.2 OE- 04 
7.97E-04 
1. l6E-03 
2. QOE-03 
2.52E-07 
2.28E-03 
1.07E-03 
1.75E-03 
4.50E-03 
7-03E-03 
8.13E-03 
6.64E-03 

DATA-ERR 
B/SR/MEV 

4.1E-OU 
5 . 7E- 04 
2.9E-04 
2.5E-04 
3.8E-04 
3.1E-04 
2 - 9E- 04 
3.3s-OU 
3 . ?E- 04 
3 . U E- OU 
3.2B-04 
2.8E-04 
3.1E-05 
2.JE-04 
3.2E-01, 
3.3E-04 
A. 7E-05 
2.8R-05 
2 .9 E- OU 
3.0E-04 
2.5E-04 
2.9E- 011 
2.9E-04 
3.5E-04 
3-OE-04 
4.4E- OU 
2-7E-04 
2.5E-04 
2.4E-04 
2.1E-04 

E - G A Y M A  DATA 
MEV R /S R / M E V 

5.230E 00  3 - 6 l E - 0 3  
5.330E 0 0  1.21E-03 
5.430E 00  2.94E-04 
5.530E 00 3.46E-04 
5.63OE 0 0  7.53E-04 
5.730E 00  9.40E-04 
5.830E 0 0  8-75E-04 
5,930E 0 0  5.95E-04 
6.030E 0 0  5.45E-04 
6.130E 00  5.102-04 
h.230E 00  3.39E-04 
6.330E 00  1.41E-04 
h.UYOE 0 0  6.09E-05 
6,560E 0 0  8.24F-05 
6.680E 00  1.0UE-04 
6.8OOE 00  8.9OE-05 
5.920E 0 0  4.35E-05 
7.100E 00  -4.59E-06 
7.3UOFI 0 0  -1.49E-05 
7.643E 0 0  -4.29E-06 
7.8909 0 0  1-OUE-05 
8,100E 0 0  1.44E-05 
8.380E 00  9.53E-06 
8.66OE 00  8.B3E-Oh 
8.94OE 0 0  -2.47E-06 
9.227E 0 0  -2.2YE-06 
9.4hOE 0 0  6.90E-06 
9.700E 00  1.15E-05 
9.940E 0 0  7,036-05 
1.018E 0 1  U.33E-06 
1.042E 0 1  4.67E-07 
1.058E 0 1  -2.13E-07 

D A T A - E R R  
B/SR/MEV 

1-6E-04 
1.2E-04 
1 - OE-04 
1-OE-04 
1.OE-04 
9.8E-05 
8.9E-05 
7-9E-05 
7.5E-OS 
7.2E-05 
6. 8E-05 
5.9E-05 
5.4E-05 
4-7E-05 
U. 2E-05 
3 . 7 ~ 0 5  
3.1E-05 
1.5E-05 
1.1E-05 
6. ?E-06 
1 I OE-05 
h.3E-06 
U.8B-06 
4.1E-06 
1.6E-06 
3.4E-06 
5. 1E-06 
3.2E-Oh 
U. 4E-06 
2.2E-06 
1.7E-06 
1.4E-06 

cn 
w 

D A T A  SET=ZERO F O R  E - G A S n A  RETSEY!? 0.77-1.4 N E V  



N I T R O G E N  G A M M A - R A Y  PBODUCTXON C R O S S  S E C T I O N S  

E N - P I I N =  7.00 KZV EN-P!AX= 8.00 mEV T ! i E T A =  90, D E G  

7 - G A F I Y A  
I E V  

h.900E-01 
7 . 1 0 0 ~ - 0 1  
7.300$-01 
7.500E-01 
7,7003-0 1 
7.900E-01 
1,200E 00 
1,2409 00 
1.440E 00  
1.480E 00 
1.520E 00 
1,ShOE 00 
l,hOOn, 00 
1,640E 00 
1.680E 00 
1-720E 00 
1-7hOP: 00 
1,ROOE 00 
1.R50E 00 
1.910E 00 
1,970E 00 
2.030E 00 
2.090E 00 
2.150E 00 
2.210E 0 0  
2.270E 00 
2.330E 00 
2 ,3909  00 
2.450E 00 
2.510E 00 
2.570E 00 
2.630E 00  
2.690E 01) 

DATA 
B / S R / F I E V  

2.13%-02 
1.82E-02 
1.37E-02 
9.32E-03 
4.97E-03 
9 , OOE-  0 4  
5.71E-05 
U, 24E-05 
1.6 1E-0 3 
2.835-03 
4. RSE-03 
2.62E-02 
u. 10E-02 
3.85E-02 
2.25E-02 
R.40Y-03 
2,5?E-03 
3.70E-05 

-1. U4E-07 
1 . 7RE-04 
6. 623-04 
1,352-02 
2.11E-02 
2-69E-02 
3.643:-02 
4. 97$-02 
‘J.07E-02 
l,RUr”-02 
U. 69E-03 
2.02E-03 
9.79E-0U 
1.375-03 
3.19E-07 

D A T A - E R R  
R / S R / M E V  

6.8E-03 
’i.1E-03 
U.5E-03 
4.5E-03 
4.2E-03 
2.9E-03 
2.1E-03 
1.QE-03 
7.6E-04 
1.1E-03 
2.OE-03 
2.5E-03 
2.61- 03 
2.SE-03 
2.3E- 33 
2. f E - 0 3  
2 . OE-03 
1.UE-03 
1. SE-05 
7.7E-05 
5.5F-04 
1 . 7E-03 
1.8E-03 
1.7E-03 
1.7E-03 
1.8E-03 
1 - 5E-03 
1. l F - 0 3  
1.1E-03 
1 . 3 E - 0 3  
8.5E-04 
1 . 1 ~ 0 3  
9.2E-04 

E - G  A M R  A 
ME V 

2.750E 00  
2.810E 00  
2.A70E 0 0  
2.930E 0 0  
2.990E 00  
3-05OE 00 
3. l l O E  00  
3.180E 00 
3.260E 00 
3 .340E 0 0  
3 .4209  00  
3.5OOE 00 
7.5ROE 00 
3 . 6 6 0 E  00 
3,740E 00 
3.820E 00 
3.900E 00 
?.980E 00 
4 . 0 6 O E  00  
4.140E 00 
4.220E 0 0  
4.3OOE 00  
U.180E 00 
4.U60E 00 
U . 5 4 O E  00 
4 , 6 ? 0 E  00 
4.730E 00 
U . q ? O E  00 
U. 93OE 00 
5.030E 00 
5.1303 0 0  
5.230E 00 
5 .3302  00 

D A T A  
B/SR/!?EV 

6-11E-03  
5.72E-03 
3.03E-03 
1. U2E-03 

6.62E-04 
1. IRE-03 
1.4UE-03 
2.46E-03 
7. 95E-03 
3.35E-03 
1.56E-03 
3.95E-OU 
2-02E-04 
8. UOE-04 
1.43E-03 
1.3UE-03 
9.26E-04 
4, 28E-04 
2. 5 Y E - O U  
1 . 75E- 03 
7 , lRE-03  
1.21E-02 
1.22E-02 
7.20E-03 
3.21E-03 
1.78B-03 
3.4UE-03 
8.88E-03 
1.46E-02 
1 4 4 r - 0 2  
8. h2E-03 
3 - 2  OF- 03  

a. SOE-OQ 

D A r  A - m a  
B/SR/WEV 

7.3E-04 
7,173-04 
6.9E- 04  
5.7E-04 
h .5E-04  
4.3E-04 
5.3E-OU 
5 ,SE-04  
6. hE-04 
6 . 5 E- OU 
6.22-00 
6.3E-011 
5 , 7 E - 0 4  
5-YE-04 
6 -  2E-0U 
6. U E- 04 
6.5E-04 
6,UE-Or( 
h OE-04 
5- ?E-04 
5,UE-OU 
6,2E-04 
R , OE-04 
h .5E-04  
6.2E-04 
5. UR- 04  
U.7E-OU 
0 . 5 E- OU 
0.6 E- O b  
4.5E- 0 4  
4. 1E-04 
3.2 E- 04 
2.7R-04 

E-G A M P  A 
FIE V 

5 , 4 3 0 E  0 0  
5.530P 00 
5.h30E 0 0  
5.730E 0 0  
5.R30E 0 0  
5.93 OR 0 0  
6.030E 0 0  
6.130E 0 0  
6.230E 0 0  
6.330E 0 0  
5.440E 0 0  
6.56OE 00  
6.680E 00  
5.800E 0 0  
6.920E 0 0  
7.040E 00  
7,160E 0 0  
7.28OE 00 
7.400E 0 0  
7.520E 00  
7.640F 0 0  
7.760E 0 0  
7.890F: 0 0  
8.100E 0 0  
8.380E 00 
8.6hOY 00  
8.9UOE 0 0  
9.150E 00  
9.3ROE 0 0  
9.700E 0 0  
9.94OE 0 0  
1 .0183  0 1  
1.042E 0 1  

D A T A  
B/SR/H E’? 

1.0 1 E-03 

1.55 E- 03 
2.13E-03 
2.393-03 
2.31E-03 
2. U7E-03 
2.47E-03 
2.12E-03 
1 .67E-03  
1. U3E-03 
1.07E-03 
7.66E-04 
7.11E-04 
9-09E-04 
9.552-04 
6.59E-04 
3.03E-0U 
9.43E-05 
3. U4E-05 
2.57E-05 
2.3UE-05 
1.68E-05 
6 .14E-Oh 
3.21 E - 0 6  
5. SRE- Oh 

-3.05E-06 
9.53E-07 
A. 223-06 
9. 4 6 E - O h  
8.39E-06 
h, 72 E- Oh 
U.76E-06 

9 , ~ 5 r . - a u  

D A T A  - E R R  
R / S R / M E V  

2. SE-04 
2.5E-01, 
2. SE-OU 
2. UE-04 
2.3E-04 
2.OE-04 
1.9E-04 
1. RE-04 
1. 6E-04 
1. UE-04 
1. UE-OU 
1.2E-04 
1.15-OU 
9.OE-95 
7.9E-05 
7.OE-05 
5. RE-05 
4. 3E-05 
3.2E-05 
2.6E-05 
2. UE-05 
2. 1E-05 
2,OE-05 
1.1E-05 
9.OE-Oh 
7.4E-06 
5. RE-Oh 
7 -8E-06  
4.7E-06 
3.9E-06 
5.3E-06 
2. hE-Oh 
2.5E- Oh 

1.058E 0 1  2.67E-06 2.0‘2-06 

P 4 T A  SFTzZERO FOR E-GAMMA BETWEEN 0.81-1.16, 1.28-1,40 A E V  



N I T B O G E N  GAPI’IA-RAY PRODUCTXON CROSS SECTIONS 

E N - Y I N =  8-00  Y B V  EN-EAX- 9.00 qEV TAETA= 90. D E G  

E - G A Y H A  
flEV 

6.900E-01 
7.100E-01 
7,300E-01 
7,500E-01 
7.7OOE-01 
7.9OOE-01 
8.100E-01 
8.300E-01 
1.200E 00 
1.240E 00 
1.7839 00 
1.320E 00 
1.360E 00 
1.400E 00 
1.U40E 00 
1.480E 00 
1.520E 00 
1,560E 00 
l.hO0E 00 
1.640E 00 
l.680E 00 
1,720E 00 
1.760E 00 
1.800E 00  
1 ,8502  00 
1.910E 0 0  
1.970E 00 
2.030E 00 
7.090E 00 
2.150E 00 
2.210E 00  
2.270u 00 
2.330E 00 
2.390E 00 
2.050!? 00 

DATA 
B/SR/M EV 

2.319-02 
2.32E-02 
1 . 959-02 
1-34E-02 
7.04E-03 
2.55E-03 
5.46E-04 
1-65E-OU 
1.55E-03 
2.28E-03 
1-05E-03 

-4.10E-04 - 9.73E- 04 
-5.24E-04 

6.94E-05 
9-09E-04 
5.83E-03 
1 - 89E-02  
3.22%-02 
3.20E-02 
1-98E-02 
8.04E-03 
2-39E-03 
1.35E-OU 

-4.94E-05 
-6-05E-04 
- 3 -  96E-04 

6.69E-03 
1. 35E-02 
1-75E-02 
2.77E-02 
4-11E-02 
3.50E-02 
l.64E-02 
5.03E-03 

DATA-ERR 
B/S R /MeV 
7.2E-03 
5.3E-03 
4.7E-03 
U.6F-03 
4.4E-03 
4.OE-03 
2 I RE-03 
1.7E-03 
2-9E-03 
2, RE-O 3 
2.8E-03 
2.7E-03 
2.7E-03 
2.8E-03 
2.5E-03 
2. 6E-03 
2.6E-03 
2.6E-03 
2.5E-03 
2 - 5 8 - 0 3  
2.4E-03 
2. 3E- 03 
2 -1E-03  
U.8E-04 
1.1E-04 
1.1E-03 
5.8E-04 
1 -8F-03  
1 7E-03 
1 . 7 E- 0 3  

1 - 8F- 0 3  
1.5E-03 
1.2E-07 
1.3E-03 

i . a ~ - 0 3  

E- GAiYHA 
MEV 

2.510E 00  
2.570E 00 
2,530E 00 
2.690F: 00  
2.750F: 00 
2.810E 00 
2.870E 00  
2.930E 00 
2.9901;: 00  
3.050E 00 
3.11OE 00  
3.180E 00  
3.260E 00  
3.340E 00  
3.U2OE 00  
3.500E 00 
3.580E 00 
3.660E 0 0  
3.740E 00 
3.520E 00  
3.900E 00 
3.980E 00 
0.OhOE 00  
4.140E 00 
U.220E 00 
4 .7OOE 00 
4. 780E 00 
4.460E 00  
4.540E 00 
4.630E 30 
4,730E 0 0  
4.830E 00 
4 , 9 3 0 3  0 0  
5.030E 00 
5.130E 00 

D A T A  
B/SR/VFV 

1.85E-03 
1.64E-03 
2-85E-03 
4.94E-03 
6. 479-03 
6 -53F-03  
4.18E-03 
2.07E-03 
1. 19E-03 
1.ORE-03 
9.85E- 01, 
1.23E-03 
3.15E-03 
4-26E-03 
3.69E-03 
2.03E-03 
2.37E- 04 
3. 34E-04 
1.UOE-03 
1.93E-03 
1.85E-03 
1.03E-03 
1.87P-04 
5.259-04 
1 - 9  2E-03 
4.95R-03 
8.47E-03 
8.95E-03 
6.31E-03 
2.93E-03 
1.8%-03 
4.9 2E-03 
1.07E-02 
1.64E-02 
1.57E-02 

DATA-ER R 
B/SR/REV 

1 -2E-03 
1.2E-03 
2.OE-03 
1.3E-03 
8-9E-011 
8. ?E-04 
8.3E-04 
7-3E-04 
6 .  3E-04 
6 . OE- 04 
h.3E-04 
6 9E-04 
8-7E-04 
8.6E-04 
7 . 7E- 04 
7-1E-04 
6. 4 E- 04 
6.5E-04 
7,OE-01, 
7.4E- 0 4  
7.5E-04 
7-3E-04 
6,OE-OU 
6.8E-04 
6-7E-OU 
7.3E-04 
7-UE-04 
7.4E-04 
7.hE-04 
6.8E-OU 
6 . OE- 04 
5.9E-04 
6 - O E - 0 4  
h.OE-OU 
5.4E-04 

E - G A R R A  
R E V  

5,230E 0 0  
5.330E 0 0  
5,430E 0 0  
5.530E 00  
5,630E 0 0  
5,730E 0 0  
5-83OE 0 0  
5.93OE 0 0  
6.030E 0 0  
6 -130E  0 0  
6.230E 0 0  
6.330E 0 0  
6.440E 0 0  
6.560E 00  
h.hROE 0 0  
6.800F 0 0  
6.920E 0 0  
7.040E 0 0  
7.16OE 0 0  
7.2ROE 00  
7.400E 0 0  
7.52OE 0 0  
7.6403 00  
7.76072 0 0  
7.890E 0 0  
8.100E 0 0  
R.780E 00  
8.66OE 00  
8-94OE 00  
9.150E 0 0  
9.38OE 0 0  
9,700E 00  
9.940E 0 0  
1.018E 0 1  
1.042E 01  
I.058E 0 1  

D A T A  
B/SR / M E V 

9.13E-03 
3.67E-03 
1.69E-03 
1, 4 3  E- 03  
1.77E-03 
2.14E-03 
2.43 E-0 3 
2.79E-03 
3.34E-03 
3.53E-03 
3-16E-03 
2 -67  E - 0 3  
2, 43E-03 
2.29E- 0 3 
2. Oh E-0 3 
2.39E-07 
3.22E-03 
3-45E- 0 3 
2.59 E -  0 3  
I.35E-03 
5.73E-04 
1.84E-04 
4.09E-05 

- 1.83E-05 
-3.01 E-05 

1.43E-06 
2-RUE-05 
2.43 E - 0 5  
6. 9 5  E- 0 6  
3.58 E- 06 
4-99 E- 06 
9.23 E-06 
1 - 0 1  E- 05 
5.7573- Oh 
2.60E-06 
1.03E-OF, 

D A T A - E R R  
B/SR/MEV 

4.6E-04 
4. 1E-04 
4.OE-04 
3.9E-04 
3.9E-04 
3.8E-04 
3 .  RE-04 
3.5E-04 
3.2E-04 
3.OE-04 
2. RE-04 
2- 6E-OY 
2-6E-04 
2.5E-04 
2. lE-04 
1.8E-04 
1.6E-04 
1.4E-04 
1. 1E-04 
7.3E-05 
5.1E-05 
3. B E - 0 5  
3.2E-05 
2.OE-05 
1.5E-05 
8.1E-Oh 
6.7E-06 
7.3E-Oh 
6 .  Y E - 0 6  
8.6E-06 
5 . 3 E -  06 
5.2E-06 
7.23-06 
3.9E-06 
3.9E-06 
2.9E-06 

D A T A  S E T = Z E R O  FOR E - G A M M A  BETWEEN 0.85-1.16 V E V  



E - G A F Y A  
nF: v 
6.9001-01 
7.100E-01 
7.700E-01 
7.500”-07 
7.7OOE-01 
7. 90OF-O1 
R.100E-01 
8.300E-01 
1.200E 00 
1.2409 00 
7.2ROE 00 
1.320E 00  
1.360;: 00 
l.UO0F 0 0  
1.UUOE 00 
l.48OE 00 
1.52Ov 00 
l . 5 i h O Y  00 
1.6Or)E 00  
1.hUOE 00 
1.680* 00 
1,720E 00 
1.76OE 00  
1.AOOF 00  
1.85OF: 00 
1.910F: 00 
1.970E 00 
2,030P 0 0  
2.090E 00  
2.150P 00 
2.210? 00  
2.270Y 00 
2.330E 00  
2.390E 00  
2-U50F 00 

Y I T R O  G E Y  G A !MA- R A Y  PRODUCTION CROSS S ECTIONS 

EV-YIN= 9.00 MEV EN-!?AX= 1 0 - 0 0  Y E V  THFTA= 90. DES 

DAT4 
B/SR/MEV 

2.30E-02 
2.2HE-02 
1.9 13-02 
1-U5E-02 
1,035-02 
6.7UE-03 
2.97O-03 
5.5OP-OU 
8,UhE-OU 
1-13E-03 

-7-75E- 05 
1.16R-04 
1.5OP-04 

-9.07E-06 - 1-00E-07 
U. 86E-OU 
4.693-03 
1.27E-07 
2.02-3-02 
2.03E-02 
1.329-02 
5 .5hE-07 
8.  OOF-OU 

- R,  6 8  F-0 11 
-1.13E-05 
-6 .  q7E-05 

2. U U Y - 0 4  
7.39T-03 
1.31E-02 
7.602-02 
2.75F-OL 
3,299-02 
2.8 5F- 02  
1.19E-02 
4.13P-03 

D A T A - E R R  
B/SR/MEV 

P o  2E-03 
h.OE-03 
5 -5F- 0 3  
5.4E-07 
5.OE-03 
4.SE-03 
3.9E- 03 
2.89-03 
3.2E-03 
3 -  1P-03 
2.9E-03 
2.9F-03 
2 - 7 E-0 3 
2.8E-OU 
2-5E-05 
2.7E-03 
2 . X - 0 3  
2.7E-03 
2.5E-03 
2.5E-03 
2. UP-03 
2. UF-03 
2.05-07 
2.3E-02 
7 ,  I F - 0 4  
7. ?E-05 
U. YE-OU 
1.9E-03 
2.OE-03 
1.9E-03 
1.9E-03 
1.9F-03 
1.7E-03 
1. UE-03 
1.7!?-03 

E - G A Y Y A  
?IE v 
2.510E 00  
2.570E 00 
2.6305 0 0  
2.690Y 0 0  
2.750E 0 0  
2,R13E 30  
2.870E 00 
2 .930F  0 0  
2 .9901  00 
3.050E 03  
3.110E 0 0  
3. lBOE 00 
3.260E 0 0  
3-3UOE 0 0  
3.U2OF 0 0  
3.500E 00 
3.5AOE 0 0  
3.660E 0 0  
3.7UOE 0 0  
7.520E 00 
3.900E 0 0  
3.9ROE 9 0  
U.360E 0 0  
U.7UOE 0 0  
4.220E 0 0  
4.300E 30 
U.3ROE 0 0  
4.460E 0 0  
U.540? 00 
U.6303 0 0  
U.730E 00  
4.8303 90  
U.730E 0 0  
5.030E 00 
5.130E 00 

DATA 
B/S R/Y  EV 

2.72F-03 
2. U8E-03 
2-37E-03 
4.05E-03 
5 -22B-03  
5.17E-03 
U. 69B-03 
3.20E-03 
1.7 3E- 0 3  
1.36E-03 
5. ’70F-011 
5 ,  ORE-04 
1.79E-03 
3.209-03 
3.69’2-03 
8.82E-01, 
7.51F-0U 
1.96E-03 
2 ,  3E-03 
3.82F-03 
4. 32E-03 
2.96E-03 
2.8 2Y- OU 
2.07E-04 
1. UUE-03 
5.00E-03 
9.025-03 
1.0 1E-02 
7.34E-03 
3 .  RqE-03 
7.36E-03 
5.11E-03 
9. U6E-03 
1.439-02 
1.36E-02 

D A T A - E R R  
B/SR/MEV 

1.3F-03 
1. %E-03 
1.29-03 
1 -4-z-03 
1.1E-03 
1.OE-03 
1 , 0 E - O ?  
9.1E-OU 
8.3E-04 
7.4 E- 04 
7.2E-OU 
7.8E-00 
9-2E-0U 
9-9E-04 
9.3E-04 
9. O E -  OU 
8.5E-OU 
9.2E-04 
9-7E-04 
9.89-04 
9 .3E-OU 
9.2E-Ou 
6.7E-04 
4.2E-OU 
7.5E-04 
8.7 E- 04 
9.UE-04 
9.19-94 
9-1E-04 
A. 5z-01, 
7-AE-01, 
7.3E-0U 
7.5E-OU 
7 -  7E-OU 
7.1E-04 

E-G A R f l  A 
Y E V  

5.230F: 0 0  
5. 330E 0 0  
5.43OE 0 0  
5.530E 0 0  
5 .h30F  00  
5.730E 9 0  
5.830E 0 0  
5.93OE 00  
h.03OR 0 0  
6.130F 0 0  
6.230E 0 0  
6,330E 0 0  
5 .QUOE 0 0  
6.56OE 00  
5.68OF 00  
6.ROOE 0 0  
6.920E 0 0  
7.0UOE 0 0  

7.280F 0 0  
7.U009 0 0  
7.520E 00  
7.6UOE 0 0  
7.760E 0 0  
7,890F 0 0  
8,100Z 0 0  
R.3ROE 0 0  
8.66OE 0 0  
A.3UOE 00  
3.150E 00  
9.380E 00  
9.700E 0 0  
9,940E 00  
1.018E 0 1  
1.042E 01  
1.058E 0 1  

7 . 1 6 0 ~  a o  

D A T A  
R/S4 / V  E V 

R.12E-03 
2.93E-03 
4.90E-04 
5.17E-0U 
1.61 E-0 3 
2.U9E-03 
3.09E-03 
3.93E-0 3 
U. 95E-03  
5.13E-03 
U. 39 E-0 3 
3 -65  E-03 
3.17R-03 
3.05E-03 
3.67E-03 
U.75R-03 
6,0bE-O3 
6.73E- 0 3 
5.47F-03 
3.33E-03 
1.15E-03 
3.63E-OU 
1 ,. 68 E- 0 4 
1.22E-00 
7.53 E- 0 5  
7.75E-05 
3.07E-05 
2.12E-05 
2-52  Y- 0 5  
9.45 E-06 

-1.2UE-06 
2.73E-06 
5. A2E-06 
1.23E-05 
9.16E-06 
5.52 T- 06 

DATA-CRB 
B/SR/REV 

h . 3 E -  04 
5.7E-04 
5. BE-04 
5.8E-011 
5.9E-04 
5.7E-04 
5.5E-0U 
5.4E- 04 
5.2E-04 
5 .1E-OY 
4.9R-OLI 
U.7E-04 
U.6E-04 
4.2E-04 
3. R E - 0 4  
3 .3E-OU 
3. OE- OU 
2.6E-04 
2. ?E-04 
1.5F-01) 
1. OR-OU 
7.6E-05 
6 .  B E - 0 5  
6.1 E-05 
U. R E - 0 5  
2.6F-05 
2.2E-05 
1 -8E-05  
1.3E-05 
1.54- 05 
6.7E-06 
4 -  2T-06 
5 -06-06  
3. 1E-06 
3.OE-06 
3.5E-Oh 

DATA S E T = Z E R O  FOR E-GAMMA BETWEEN 0.85-7.16 REV 



N I T  RO G E N G A M CI A - R A Y  PRODUCT I Q W CR O S  S S ECT I O  N S 

? N - M I W =  10.00 flEV E N - M A X -  12.00 MEV THETA= 90. DES 

E - G A M M A  
REV 

6.900E-01 
7,100E-01 
7,300E-01 
7.500E-01 
7.7003-01 
7.9005-01 
1.200E 00 
1.2UOE 00 
1.280E 00 
1,320E 00 
1.360E 00 
l.uO0E 00 
1.UUOF: 00 
1.480E 00 
1.520E 00 
1.560E 00 
1.600E 00 
l.hU0E 00 
1.680E 00 
1.720E 00 
1.760E 00  
1 , R O O E  00 
1.350E 00 
1.910E 00  
1.370F 00 
2.030E 00 
2.090E 00  
2,1509 00 
2.210E 00 
2.270E 00 
2-330E 00 
2.390E 00 
2,450E 00 
2,510E 00 
2.5708 00 
2.630F 00 
2.690T 00  

DATA 
B/SR/?IEV 

1.93E-02 
1 .RSE-02 
1-55E-02 
1 - 12E-02 
7.01E-03 
3.59E-03 
6.14F-04 
11.279- 04 
1.37E-03 
2.25E-03 
7.24E-05 

- 1, ROE-05 
-6-52E-04 

1.28E-03 
5.18E-03 
1.24E-02 
1.78E-02 
1.729-02 
1.19x-02 
5-U2E-03 
1-53E-03 
4.02E-04 
1. U YE-07 

-9*30i?-OU 
3.52~3-04 
6-21E-03 
1.2UT-02 
1 . 56E- 02 
2 . 3 6 ~ 0 2  
3. 30E-02 
2. R3E-02 
1.34E-07 
4. 91P-03 
2.97E-07 
2.40E-03 
3,109-03 
U .7 5E- 0 3  

DATA-ERR 
B/SR/?lEV 

9.9E-03 
7.2E-03 
6.3E-03 
6.OE-03 
5.6E-03 
5.1E-03 
3.6E-03 
3. he-03 
3.4E-03 
3.2E-03 
3.1E-03 
3.1E-04 
2.9E-03 
2.8E-03 
2,RE-03 
2.9E-03 
2 -85-03  
2.8E-03 
2. 6E-0.3 
2. SE-03 
7. UE-03 
2.23-03 
2. 3 E - O U  
2 . 3 ~ 0 3  
2.2E-03 
2.1E-03 
2.2E-03 
2.1E-03 
2.1E-03 
2.1E-03 
1.8E-03 
1.6E-03 
2.OE-03 
1.2E-03 
1.1E-03 
1.1E-03 
1.7E-03 

E- G A R  M A  
YE v 

2.750E 0 0  
2 - 8 1  OR 00 
2.870E 00  
2.9303 00  
2.990E 00  
7.050E 00 
3.110E 00  
3.180E 00 
3.260E 0 0  
3.340E 00 
3.U20E 00 
3.500E 00  
3.580E 00 
3.660E 0 0  
3.7UOE 00  
3.820E 00  
3.900E 00 
3.980E 00  
4.060E 00  
4.140E 0 0  
4.220E 00  
4,3002 0 0  
4.380E 00 
U.460E 00  
U.54OE 00  
4.h30E 00 
4.730F 00 
4.830E 00 
U.930E 00  
5,030E 0 0  
5.130E 00  
5.230E 00  
5.330E 00 
5.430E 00 
5.530E 30 
5.630E 00 
5.730'E 00 

D A T A  
B/S H/rl?  V 

5.2 3E- 03 
5 -  23E-03 
?. 63B-03 
2.398-03 
2.32E-03 
2.37E-03 
l .65E-03 
1 - 4 1E-03 
2.79E-03 
4.26E-03 
U. 07F-03 
3.19E-03 
3.00E-03 
3.28E-0.3 
11.12E-03 
U, 85E-03 
3. U7E-03 
7,75E- 04 
6.50F-05 
1.07E-03 
2.49E-03 
6. U4E-03 
1. 12E-02 
1.22E-02 
7.773-03 
2.66E-03 
1. UOE-03 
4.16E-03 
9.86v-03 
1. U9E-02 
1.3RE- 02 
8.OUE-03 
3.27E-03 
8.5 3E- 0Ir 
1.35E-04 
1 (. 00E-03 
2.17E-03 

DATA- ER R 
B/SR/flEV 

1.2E- 03 
1 . 3E-03 
1.2E- 03 
1.1E-03 
1.OE-03 
1-OE-03 
1-1E-03 
1 .3E-03 
1-1E-03 
l . lE-03 
1.1E-03 
1 . 1E-03 
1.OE-03 
1 . OE- 03  
1.1E-03 
1 , lE -03  
1.1E-03 
1 .OE-03 
6 . 113-04 
9.5E-OU 
9 . 2E- 00 
1.0E-03 
1 - 33- 03 
1 . OE- 0 3  
1,OE-03 
9.1E-011 
8-5E-011 
8.  OE- 04 
R.1E-04 
8-3E-04 
7-9E-0U 
7 .  I)E-OU 
h ,5E-  nu 
6.4E- 04 
5.2E-04 
h.7E-04 
6-9E-04 

E - G A M N A  
' I E V  

5.A30E 0 0  
5.930E 0 0  
6.030E 0 0  
6.130E 0 0  
6.230E 0 0  
6.330E 0 0  
6.U40E 0 0  
6.560E 0 0  
6.68OE 00  
6.8OOE 0 0  
6.920E 0 0  
7.040E 0 0  
7.160E 0 0  
7.2808 00  
7.4OOE 0 0  
7.520E 0 0  
7,640E 00  
7.760E 00  
7.890E 0 0  
8.030E 0 0  
8,170E 00  
8.310E 0 0  
8.U50E 00  
8.590E 00  
8 -730E  0 0  

9.010E 0 0  
9.150E 00 
9.300E 0 0  
9.U60E 0 0  
9.620E 00  
9.78OF 00 
9.940E 0 0  
1,010E 0 1  
1.016F 0 1  
1.042E 0 1  
1.058E 0 1  

8 . 8 7 0 ~  0 0  

D A T A  
B/S  R/M E V 

2.81 E-03 
3, %E-03 
5.02E-03 
5 -63  E-0 3 
5.03E- 0 3  
4.1OE-03 
3.23E-0.3 
3.33E-03 
5 -40  E- 03 
A. 03E-03  
9,83E- 0 3  
1 - 0 1  E-02 
8,048-03 
4.81 E-0 3 
2.111 E-03 
1.29E-03 
7.43E-0U 
4.13E-0U 
2.9OE-04 
2. i33E-04 
2.37E-04 
2.10E-04 
2.27 E-0 4 
2.25E-04 
2.03E- OU 
1.99E-04 
1.85E-04 
1.50E-OU 
9.37E-05 
U. 03X- 0 5 
1.09E-05 
7.27E-Oh 
2.01 E-05 
3- 02E-05 
2.72E-05 
1. h3E-05 
6.33E-Oh 

D A T A - E R R  
R/SR/MEV 

6.7E-011 
6.3E-04 
6.3E-04 
6.2E-04 
6.2E-04 
6.1E-04 
5.9E-011 
5. UE-04 
U. 9E-0U 
4. UE- 04 
3.9E-0U 
3.4E-04 
2.95-04 
2. UE-04 
2. OE-OU 
1.7E-04 
1.6E-04 
1. 5E-00 
1.3E-04 
1.3E-04 
1. 1E-04 
1, OE-OU 
9. U E - 0 5  
A. 7E-05 
7.6E-05 
6.7E-05 
5.7E-05 
5 . l E - 0 5  
4.2E-05 
3.2E-05 
2.9E-05 
2. UE-05 
1.6R-05 
1.2E-05 
1.1E-05 
h.9E-Oh 
11. UE-06 

D A T A  S E T = Z E R O  F O R  E - G A M M A  BETWEEN 0 - 8 1 - 1 - 1 5  WEB 



E - G  AFM A 
PlFV 

h.900E-01 
7.100E-01 
7. 300E-01 
7.500E-01 
7.7005-01 
7,900E-01 
8,100E-07 
9 - 3005-  0 1 
8.900F-01 
9,1009-03 
q-30OE-01 
9,500E-01 
9,700E-01 
1,000E 00 
1.040E 00 
1.0809 00 
1.120F: 00  
1.160E 00 
1.2009 00 
1.24OF 00  
1.240E 00 
1.32OP 00 
1.360E 00 
1 . ~ 0 0 F  00 
l . U U O E  00 
1,480E 00 
1.52073 00 
1.560E 00 
1.6OOP 00 
7 . 6 U O E  00 
1.6805 00  
1.720E 0 0  
1.76i)E 00  
1,300:: 00 
1.850E 00 
1.910E GO 
1,970Y 00 
2.330x 0 0  
2 , 0 9 0 1  00 
2.150? 00 
2.210F: 00 

N I T B 3 G F . N  G h M M A - R A Y  PRODUCTION CROSS SECTIONS 

??N-YIN= 12.00 REV E N - H A X =  14,OO V E V  THETA= 90. D R G  

DATA 
B/SF/N EV 

1,591-02 
1.50P-02 
1.10E-02 
6.599-03 
4.UlY-03 
4 . 2 9 ~ 0 3  
3.55X-03 
1. 159-03  
l o  01 E- O R  
5.50E-04 
1.385-03 
7.02E-011 
5- 6 OE-06 
7.7kT-05 
1.239-04 - 1.75E-05 
1,52E-O5 
2. 47E-00 
3.60E-OU 
1.26F-03 
1.89E- 03  
1. 5%-03 

- 1.73:-OU 
-3.09F-011 

1-16E-03 
1-15E-03 
2 -62s -03  
7 - 4  19- 0 3 
1-17Y-02 
1.23E-07 

6.0%-03 
3-842-04 
1, 158-04 - 9 - 0 1  E- 0 5  

-1.69Z-04 
7,332-05 
4. 3 8 Z - 0 3  
1. 0us-02 
1.35R-02 
1.779-07 

9. a 7 ~ - 0 3  

D ATR- E R R  
B / S  R / N F V  

1.2F-02 
9.2E-0? 
3.1E-03 
7.8E-03 
7. SE-03  
7.OF-0 3 
6 - ? E - 0 3  
4.9T- 0 3  
5-3 E -  07 
4.5F-03 
4.5F-03 
U. 1E-03 
5-2E-04 
5.8F-OU 
1.2E-03 
6 . 3 ~ 0 5  
1. @ E - 0 5  
6.52-04 
1 I 1E-03 
4-OE-03 
4.19-03 
3.8E-03 
3.7E-03 
3.7E-03 
? -  5E-03 
3-3E-03 
3-5E-03 
3.5E-03 
3.3P-03 
3.2E-03 
3. %E-03 
3.2E-03 
9,f;E-04 
1.5E-OU 
1.1E-04 
2-72-04 
2. 3E-03 
2-5T-03 
2 . 4 E - 0 3  
2.UE-03 
2.5F-03 

E- G A Y Y A  
HE V 

2.2705 00 
2.330E 0 0  
2. 390E 0 0  
2,450E 0 0  
2.510E 0 0  
2.570E 00 
2,630E 0 0  
2.690E 0 0  
2,750E 00 
2,810E 0 0  
2.870E 00 
2.930E 0 0  
2.930E 00  
3.050E 00 
3.110E 00  
3.180E 00 
3.260E 0 0  
3,340E 00  
3.420P 0 0  
3.500E 00 
?.SROE 0 0  
3.660E 00  
3.740E 0 0  
3.920E 00  
3.900E 00  
3.9808 90 
U.06OE 00  
4. 1UOE 00 
4.220E 00  
4.300s 0 0  
4. 350E 0 0  
Y * U h O F .  00  
4.540E O C  
4.630E 30 
U.730E 00  
U.830F 00  
4.930F 0 0  
5.030F 3 0  
5. 1 3 0 F  0 0  
4.230E 30 
5.330E 00 

DATA 
R/SR/BEV 

2.36F-02 
1.97Y-02 
9.70E-03 
7.7UE-03 
3.20E-03 
2.505-03 
2.35F-03 
3.955-03 
5.09a-03 
4. 90E-23 
3.52E-03 
2.6%-03 
2. ROE-03 
3. 22E-03 
3.75E-03 
3.17E-03 
2.28E-03 
3.58F-03 
3.97E-03 
3. 8 6 F - 0 3  
5.23E-03 
6 .  39E-03 
5 . 9 0 ~ 0 3  
4. 42E-03  
3.38E-03 
2.25E-03 
9 - 5  le- 04  
1-30E-03 
3, 98E-03 
7.79E-03 
1.13E-02 
1 - 139-02 
8-29E-03 
Y.5UE-03 
2.55E-03 
4, 47E-03 
8 - 9  ?E-03 
1 , 2 3E-02 
1, l8E-02 
7. U3E-03 
2.6UE-03 

D ATA-ER R 
R /SR/#F V 

2 , UF- 03 
2 2E- 0 3 
2. OF- 03  
1.8E-03 
3-1E-03 
1 -7E-03 
1.7E-03 
7. 3E-03 
1 , hE-07  
1 ,BE-  03 
1 - 9E- 0 3  
1 .bE-03 
l.UT-03 
1.5E-03 
1.5E-03 
1-4.E-03 
1.4E-03 
1-5E-03 
1 - !+ E- 0 3  
1.4E-03 
'1-5E-03 
1 . U F O 3  
1 .4E-03  
1 -4E-03 
1-5E-03 
1-UP-03 
1.3E-03 
1.3E-03 
1. 3E-07  
1 3E-03 
1.3F-03 
1.3E-03 
1.2E-03 
1.1E-03 
1-1E-03 
1.OE-03 
1 .OE-03 
1 - 15-03 

9.2E- 04 
U. 9E-0U 

? .OF-Oi  

E - G R f l N R  
YEV 

5.430E 0 0  
5. 530E 00  
5.630.F 0 0  
5.730E 00  
5-83O.E 0 0  
5.93OE 00  
6.030E 0 0  
6.130E 0 0  
6.230E 00  
6 ,3?0E  0 0  
6 . 4 4 0 E  0 0  
6.5hOE 0 0  
6 ,680E  0 0  
6.ROOE 00  
6.920E 0 0  
7.OUOF 0 0  
7-16OE 0 0  
7.2801! 00  
7.U00E 0 0  
7.520E 0 0  
7.hUOE 7.7609 00  0 0  

7,8909 0 0  
8,030E 00  
8.170E 0 0  
8.310E 0 0  
R . U 5 0 P ,  00 
f3.590E 0 0  
8.730E 0 0  
R.870P. 00  
9.010E 0 0  
9.150E 0 0  
9.300E 0 0  
9-U60F 0 0  
9.620E 0 0  
9-78OE 00  
9-9UOE 00 
1,010E 0 1  
1.026E 0 1  
1.042E 0 1  
1.05RE 0 1  

D A T A  
R /SR /PI  E V 

8.47E-OU 
9.54 E- 0 4  
1.25 E- 0 3  
1.617E-03 
2.15E-03 
2.93B-03 
4.09E-03 
4,%7E-03 
4. 0 3  E- 03  
3.42E- 0 3 
3. U 7 E - 0 3  
3.63E-03 
4.3hE-03 
5.75E-03 
7 . 2 6 ~ 0 3  
8. 27 E-0 3 
7, SUE-03 
5.22E-07 
2.9UE-03 
1, U3E-03 
4. 33E-04 
6.8 0 E- 05  
2.70E-OU 
5. 30E-04 
4 .52E-04  
3 . 2 8 E - 0 4  
Q. 5 3 F - 0 4  
6.62E-04 
7.92E- 0 4  
9.23E-04 
9.65 E- 0 4 
7.53E-04 
3.77E-OY 
1.13E-04 
4.63E-Oq 
4.85 E- 05 
6,09E- 05  
5,60E-05 
3.71E-05 
1, R 3  Z- 0 5  
6.31E-Oh 

DATA-ERR 
B/SR/fl E V  

R.9E-04 
9.2E-04 a. ~ E - o &  

9 . lE -04  
9. OE- 04 
8 .  RE-04 
R. 7E-04 
8.4E-04 
R.2E-04 
U. 3E-0U 
7.9E-04 
7.6E-04 
7.2E-04 
6.6E- 04  
6 ,  OE-04 
5.7E-04 
4.8E-04 
4. 4E-OU 
3.9E-04 
3- 72-04 
3.5E-04 
3.2E-04 
3.2E-04 
3. 1E-04 
2.9E-04 
2.6E-04 
2. YE-04 
2.3E-04 
2. 1E-04 
1.7E-04 
1. 6E-04  
1. 3E-04 
9. RE-05 
8. 3E-05 
6 .  4E-05 
U. 9E-05 
3.7E-05 
2. RE-04 
2. lT-05 
1.2E-05 
A. 2E-06 

D A T A  SET=ZSRC) FOR E - G A V ! f A  BETWEBN 0.85-0.87 N E V  



E - G A M H A  
MFV 

6.90OE-01 
7.1 ODE-01 
7.300E-01 
7.500E-01 
7.700E-01 
7.900E-01 
8.100E-01 
8.3009-03 
8. 500E-01 
8.700E-01 
8. 9003-01 
9.100Y-01 
9.300E-01 
9.500P-01 
1.520E 00 
1.5603 09 
l .600E 03 
1.6UOE 00 
1.680E 00  
1.720E 00 
1.970E 00 
3.030E 00 
2.090E 00 
2.150E 00 
2.2108 00 
2.270E 00 
2.330E 00 
2.7909 00 
2.U50E 00 
2.5102 00 
7.5701 00 
2.630E 00  
7.6903 00 
7,750E 00 
2 ,9103  00 

N I T R O G E N  C A Y M A - R A Y  P R O D U C T T O N  C R O S S  SECTIDNS 

E?I-F!IN= 14 -00  MEV E N - M A X -  17.00 !lSV THETA= 90. DE6 

DATA 
R / S R / Y S V  

1.9UE-02 
1,697-02 
1.381- 02 
1.195-02 
8.50E-03 
5. 473-03 
2.95E-03 
1- 97E-03 
2.573-03 
3.URT-03 
3.807?-03 
3, 04 E -  03 
1.92E-03 
h.90E-05 
3-77E-04 
2 ,909-03  
6.70E-03 

5.  OOR-  03  
1.39P-O? 
9.56'?-04 
3.8RE-03 
U.67?-0? 
9. DOE-03 
1. 49R-02 
1.45E-02 
1.162-02 
7.97E-03 
3-61E-03 
2-10E-03 
7.3 92-0 3 
2 -  89E-03 
4.22B-03 
4.hUY-03 
3.8YE- 03 

7.982-03 

D A T A - E R R  
B / S R / F E V  

1-6E-02 
1- 2E-02 
1 -0E-02 
9.65'-03 
R I 7E-03 
R.4E-03 
7. 8E- 03 
7.2E-03 
6-7E-03 
h.3E-03 
6-UE-03 
6.3E-03 
6.1E-03 
1.4E-03 
4.4E-03 
4. 2E-03 
3 - 8 R - 0 3  
3-9E-03 
3.7E-03 
3.7B-03 
3 .OF- 03 
2.9E-0 3 
3.OE-03 
2 - 9 5 - 0 3  
2 . n - 0 3  
3.0E-03 

2-3'?-03 
2.3E-03 
1.9E-0? 
1.9E-03 
2 . OE- 03  
2.7E-03 
2 -  3E-03 
2.OE-03 

2 .  HE-03  

E-G A?l M A  
Y E V  

2 , 8 7 0 9  0 0  
2.930E 0 0  
2.990E 00  
3.0SOE 00 
3.1 l o ?  00  
3 , l R O E  0 0  
3,260E 00  
3.340E 00 
3.U20E 00  
3.500E 0 0  
3.58OE 00 
3.660E 00 
3.740E 00  
3.820E 00  
3.9008 0 0  
3.9ROE 00 
4.060E 0 0  
4.140E 0 0  
4.220E 0 0  
4.300E 0 0  
u.340E 0 0  
U.460E 0 0  
4.5UOE 0 0  
4.630E 00  
4.730E 0 0  
4 . 8 3 0 E  00  
4.330E 00 
5.0303 00 
5.130E 00 
5.230E 00 
5.3309 00  
5.U30E 00 
5.530E 00 
5.630E 00 
5.730E 00 

D A T A  
B/S R/R EV 

2.958-03 
3-04E-03 
3.S5R-03 
3.96E-03 
3.89E-03 
2.9 U1- 03 
2.46E-03 
2,511E-03 
3.0 1E-03 
u. 193-03 
6.85E-03 
9.9 31-03 
1.0 1E-02 
7 * quP- 0 3 
5.047-03 
2.29E-03 
1.04E-03 
1.72F.-03 
3,219-03 
5, S W - 0 3  
8 - 9  2E- 03  
1.00E-02 
6.9UE-03 
2.86E-03 
2.70E- 0 3 
4. 8OX-03 
6 .  3 1E-03 
7.525-07 
7.02E-03 
4 .08E-03  
1.66E-03 
1.28E-03 
1 U O E - 0 3  
1. U9E-03 
1.92E-0'1 

D ATA-ER R 
R/SR/nlE V 

2 . DE- 03 
1.9E-03 
1 . 9E- 03 
2 .OE-03 
1-9E-03 
1.4E-03 
1-7'3-03 
1 -72-03  
1 72- 03 
1.6E-03 
1.7E-03 
1 -62-03  
1 .iE-03 
1. SE-03 
1.5E-03 
1 .YE-03 
1 .UFO3 
1-UE-03 
1 ,UE-03 
1 . & E O 3  
1.4F-03 
1. 3E- 03 
1.3E-03 
1 . 3E- 03 
1-2R-03 
1 -1E-03 
1.1E-03 
1-2E-03 
1.1E-07 
1 -0E-03  
9.7E- 0 U  
9-57-04  
9 . 7  E- 0 U  
9 - 6F- 011 
9 -6E-04  

E - G A R R A  
R E V  

5.830E 0 0  
5.930E 0 0  
6.030E 0 0  
6.130E 0 0  
6.230F: 0 0  
6 ,3?0E  0 0  
6.UUOE 0 0  
6.560E 0 0  
6.680E 00  
6.800E 00  
6.920E 0 0  
7.OUOE 0 0  
7.16OE 0 0  
7.28OE 00  
7.400E 00  
7.520F: 0 0  
7.6UOE 0 0  
7.76OE 0 0  
7,990E 0 0  
R.030E 00  
8.170E 00 
q.310E 0 0  
9.450E 00  
8.590E 0 0  
8.730E 0 0  
R.870E 00  
9.01OE 00  
9.150E 00 
9.300E 00  
9.U60E 0 0  
9.6201 00  
3.780E 00  
9.9UOF. 0 0  
1.010E 0 1  
1.02fiE 0 1  
l.OU2R 0 1  
1.058E 0 1  

D A r 4  
R/SR /M E V 

1. ASE-03 
1.31.~-03 
1.92E-03 
1.1) 1 E-  0 3  
3.42E-03 
3.07E-03 
2,59E-03 
3.03 E-03 
3.628-03 
4-69E-07 
5.84 E-  0 3  
5.82E-0 3 
4.72E- O ?  
3.31E-03 
1.99E-03 
6 . 7 3 E - O U  

-4.40E-05 
-1.Y3E-04 

2.3u9-0u 
9.19E-04 
1.17E-01 
7.59 E -  00 
9.35 E -  05  

- 1.63E-0U 
2-94 E -  0 4  
1.05E-03 
1. 3 9 E - 0 3  
1-05E-03 
4.7LE-011 
1.07E-OU 
2-4613-05 
3.75E-05 
5.lUE-05 
6.13E-05 
5 .533-05  
3.89E-05 
1. i3UE-0s 

D b T A - E R R  
B / S R / I E V  

9.5E-011 
9.5E-04 
9 . 5 ~ 0 4  
9.2E-04 
9.OE-04 
R. 9E-04 
R. 3Y-04 
8. 1 E - O U  
7.6E-04 
7,OE-04 
6.3E-04 
5 . 7 ~ 0 4  
5.2E-04 
I). 7E-04 
4, U E - O U  
4. 1E-OU 
4. 1E-04 
4.OE-04 
U. OE-04 
3 . 7 E - 0 4  
3.6E-04 
7.5E-OU 
3 .  3E-04 
2.9E-04 2.7E-04 

2 .  3E-04 
1.9E-0U 
1.6E- 0 4  
1.3E-OU 
1.OE-04 
7.9E-05 
6.2s-05 
5 .  OE- 0 5  
3.7E-05 
2, RE-05 
1.9E-05 
1.2E-05 

DATA SF.T=ZERO F O R  E-GAf lMA BFTVEEY 0.97-1,UR MEV 



N I T R O G E N  G A M M A - R A Y  PFODIJCTTON CROSS SECTIONS 

THETA= 90. D E G  EY-MI!?= 17.00 YBV E N - M A X =  20.00 MEV 

E - G  A M  Y A 
M EV 

6. YOOE-01 
7.500E-01 
R.50flY-01 
9.h08E-01 
1,060E 00 
1.16OF 00  
1.260E 00 
1.360F: 00 
1.460E 00  
1.5609 00 
l.660E 00  
1.7h3E 00  
1.95OT 00 

2.0hOF: 00 

2.770E 00 
7.760E 0 0  
2 .480E 00 
2.570E 00 
2.660F 0 0  
7.780E 00 
7.870E 00 
2.960E 00  
3.082Y 00 
3.1809 00 
3.350E 00  
7.380P 00 
3.500E 00 

1 . 9 ~ 0 ~  on 

2 . 1 ~ 0 ~  on 

DATA 
B/SR / Y  EV 

2, hZ?-02 
1.81E-02 
2,7UE- 0 3  
2-53E-03 
2.31E-03 
1.37E-04 
1.90E- 0 3 

- 3.3’39-04 
3 -23E-0  3 
l.h6!-03 
4.6%-03 
2.9RT-03 
2.13E-04 
3.155-04 
1.828-03 
5.24:-03 
9. R 3 E - 0 3  
7.25E-03 
1.86E-0 3 
3.013-03 
3 ,  R2E-03 
3.0’1E-03 
7 -  99E-03 
3.39R-03 
3.21Z-03 
2.429-0 3 
1. k7E-03 
5. 3dE-04 
3 . 3 l R - 0 3  

D A T A - E R R  
B/SR/MEV 

2.5E-02 
7 . DE-0 3 
4.9E-03 
4-OE-03 
6 - 2E-03 
4. 3E-03 
U. BE-03 
3 I 7P-03 
4 .1  E-03 
3-3E-03 
3.4F-03 
?.RE-03 
4.6E-03 
3-OE-03 
2.8E-03 
2.8E-03 
4-OF-03 
2.hE-03 
2.5E-03 
3.3E-03 
2.1E-03 
2.OE-03 
2.RP-03 
2.0F-03 
2.OE-03 
2.8F-03 
2.hE-03 
1.7E-03 
2.3F-03 

E - G A Y M A  
PIEV 

3.5BOE 00 
3.660E 00  
3.780E 00  
3,900E 0 0  
3.990E 0 0  
4.060E 00 
4.190E 00 
U.30OE 00 
4.380E 0 0  
4.U60E 00 
4 .5873  0 0  
4.730E 0 0  
4 .930E  00 
4 , 9 3 0 E  00 
5.030E 0 0  
5.13OE 0 0  
5,23072 0 0  
5.330E 0 0  
5 .4302  0 0  
5.5308 00 
5.630E 0 0  
5,730E 0 0  
5.330E 0 0  
5.930E 0 0  
6.030E 0 0  
6.130E 00  
6.230E 0 0  
6.330E 0 0  
6.U40E 0 0  

D A T A  
B/S R / Y  EV 

9.9 ?E-03 
1.29E-02 
1.19E-02 
9.558-03 
6.31E-03 
2.9HE-03 
1.53E-03 
5.0 39-03 
h.8SE-03 
6.37.r-03 
2. AOE-03 

-1.3hE-03 
6-27E-04 
4. 3UE-03 
6.61E-03 
6.249-03 
4.9 3E-03 
3.09E-03 
1. 31E-03 
1.9 hE-04 
6.10E-05 
3 - 3 5 E - O U  
5-6 3E- 04  
1.08E-03 
2. 19E- 03 
3.13E-03 
3-27E-03 
2.5UE-33 
1.5 l r - 0 3  

DATA- ER R 
B/SR/MEV 

2.2%-0? 
2.3E-03 
1 . 6R- 03 
2.OE-03 

2-OE-03 
1 - UE- 03 
2 -0E-03 
1.9E-03 
1.9Z-03 
1.2E-03 

1.5E-03 
1 4E- 03 
1 .UE-03 
1 - 3E-03 
1-UE-03 
1.2E-03 
1.2E-33 
1.2E-03 
1.2E-03 
1.2E-03 
1.2E-03 
1.2R-03 
1.2E-03 
1.2E-03 
I .  1E-03 
1 . 1E-03 
1 .OR-O? 

2, i ~ - n 3  

i . 6 ~ - 0 3  

E - G A M I 1 A  D A T A  
H E V  B/S R / M E V  

5 . 5 h O E  30  
6.680E 0 0  
6.800E 00 
6,920E 0 0  
7.0uOE 0 0  
7.16OE 00  
7.28OF 0 0  
7.300E 0 0  
7.520E 0 0  
7.64OE 0 0  
7.7hOE 0 0  
7.890E 0 0  
S.030E 0 0  
8.170F 0 0  
8.31OE 00  
R.450E 00  
R.590E 0 0  
8.730T 00  
R.870E 00  
9.01oF: 00  
9.150E 0 0  
9,300E 0 0  
9,460E 0 0  
9.620E 0 0  
9.78OE 0 0  
9.94OE 0 0  
1,010E 0 1  
1.026E 0 1  

1.05AE 0 1  
1 . 0 4 2 ~  0 1  

l . ?2E-03  
2,15E-03 
7.33E-03 
U. 32E-0 3 
4. 2.97E-03 33E-03 

1.29 E-0 3 
3.71 E- 0 Y  
1.67E-04 
3.39E-04 
6 .  31E-04 
8. U U E - O U  
7. Ub i? -04  
4.25E- 0 4  
1.9UE-01, 
1.59E-04 
2 - 8 5  E- 0 4  
4.65E-04 
7-09  E-0 4 
9.1’3E-04 
9.OUE-04 
5.93E-04 
2.19E-04 
2.9uE-05 
1. 27E-05 
3.90E-05 
6.AUR-05 
6.62E-05 
Y. 8’3E-05 
2.74E-05 

D A T A - E R R  
B/SR/YEV 

1.0’2-03 
9.7E-04 
9.8E-04 
8. 3E-04 
7. h e -  01, 
6 .  RE-04 
6. ? E - 0 4  
5.9E-04 
5. RE-04 
5- 3E-04 
5.2E-04 
5.4E-OU 
5.2E-04 
4 .7E-04  
4. 7R-04 
4.52-04 
Y. O E - O U  

3. 4 E - 0 4  
3- O E - O Y  
2.3E-04 
1.9E-04 
1. hE-04 
1 . 2 E - 0 4  
9.1 E-05 
7.2E-05 
5. BE-05 
4.7E-OS 
3.2E-05 
2.2E-05 

rn 
O .,- 

3.5E-04 --”.-. - 

L O V E R  ZNERSY D A T A  C O M B I Y E D  I N T O  100-KEV BINS 
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