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I. INTRODUCTION 

The emphas i s  u n d e r  t h i s  c o n t r a c t  h a s  been  upon the 

f o l l o w i n g  s p e c i f i c  t a s k s :  

1. Measurements o f  t h e  f a s t - n e u t r o n  f l u x  and e n e r g y  
s p e c t r u m  n e a r  t h e  t o p  of  and  above  t h e  a t m o s p h e r e ?  

2 .  Measurements o f  t h e  gamma-ray ( y - r a y )  f l u x  and 
e n e r g y  s p e c t r u m  i n  t h e  e n e r g y  i n t e r v a l  0.5-10 M e V  
s i m u l t a n e o u s l y  on t h e  same f l i g h t s ;  

3 .  Extend  t h e  e n e r g y  r a n g e  of t h e  n e u t r o n  and gamma- 
ray d e t e c t o r s ;  

4. Complete  a  r o c k e t  f l i g h t  t o  measure t h 6  f l u x e s  
o f  n e u t r o n s ,  y - r a y s ,  X-rays (0 .1 -2 -0  W r a n g e )  
and low-energy c h a r g e d  particles above t h e  
atrnosphe re. 

2 .  THE ENERGY SPECTRA AND FLUXES OF FAST NEUTRONS 

AND GAMMA RAYS I N  THE ATMOSPHERE 

A ser ies  o f  b a l l o o n  f l i g h t s  have  been  made c a r r y i n g  

a  UNH-designed p a y l o a d  t o  measure  t h e  f a s t - n e u t r o n  energy 

s p e c t r u m  and  flux a t  t h e  t o p  o f  t h e  a tmosphere .  The dates 

and  l o c a t i o n s  were  a s  f o l l o w s :  

1. A p r i l  22,  1969,  P a l e s t i n e ,  Texas  

2 ,  A p r i l  3,  1970 ,  P a l e s t i n e ,  Texas  

3 .  J u l y  5 ,  1970 ,  Ft. C h u r c h i l l ,  Canada 

4. O c t o b e r  22,  1970,  and November 18, 1970,  
P a r a n a ,  A r g e n t i n a .  



I n  a l l  t h e  above f l i g h t s ,  e x c e p t  a t  P a r a n a ,  e x -  

t e n s i v e  d a t a  were  o b t a i n e d  on t h e  f a s t  n e u t r o n  and 

gamma-ray f l u x e s ,  I n  t h e  F t .  C h u r c h i l l  and A r g e n t i n a  

f l i g h t s  t h e  t o t a l  n e u t r o n  f l u x  from a b o u t  t o  90 Mev 

w a s  measured  w i t h  a  modera t ed  ~e~ p r o p o r t i o n a l  c o u n t e r  

s i m i l a r  t o  t h a t  f lown p r e v i o u s l y  on r o c k e t  f l i g h t s  

(Lockwood and F r i l i n g ,  1 9 6 8 ) .  T h i s  ~ e ~  d e t e c t o r  i s  a l s o  

a p r o t o t y p e  o f  t h e  U N H  O G O - 6  d e t e c t o r  (Lockwood e t  aJ-,, 

1 9 6 9 ) .  The b a l l o o n  f l i g h t s  c a r r y i n g  t h e  H e 3  d e t e c t o r ,  

a l t h o u g h  n o t  s i m u l t a n e o u s  w i t h  t h e  s a t e l l i t e  d e t e c t o r ,  

do  p r o v i d e  compar i sons  o f  t h e  n e u t r o n  f l u x  a t  " 5  g 

and  t h e  n e u t r o n  l e a k a g e  f l u x .  The r e s u l t s  o f  the first 

f l i g h t  have  b e e n  a n a l y z e d  p r o v i s i o n a l l y .  The f i n a l  ana-  

l y s i s  o f  all t h e  f l i g h t s  w i l l  be  comple t ed  when t h e  fast 

n e u t r o n  d e t e c t o r  h a s  b e e n  c a l i b r a t e d ,  p r o b a b l y  a t  t h e  

Lowel l  T e c h n o l o g i c a l  I n s t i t u t e  a c c e l e r a t o r ,  l a t e r  t h i s  

summer, I n  t h e s e  a n a l y s e s  c o n s i d e r a b l e  e f f o r t  w i l l  be 

made t o  deduce  a y - r ay  s p e c t r u m  i n  t h e  e n e r g y  i n t e r t ~ a l  

1-10 MeV. S i n c e  o u r  d e t e c t i n g  s y s t e m  s e p a r a t e s  t h e  

e l e c t r o n s  f rom p r o t o n s  and a l p h a s ,  we can  d i s c u s s  a y - f l u x  

and s p e c t r u m  w i t h o u t  any c o n t r i b u t i o n s  f rom t h e s e  back- 

ground  e f  f  o r e s .  

T h e  d a t a  f rom t h e  A p r i l  2 2 ,  1969,  f l i g h t  were n n -  

e l u d e d  w i t h  t h o s e  o f  an e a r l i e r  f l i g h t  (September  7,?  

1968)  and a n a l y z e d  (Lockwood e t  a l . ,  1 9 7 0 ) .  I n  the neu- 

0 
t r o n  e n e r g y  range (3-17 Mev) a t  42 N (PC = 4.4 G v )  and 



a t  an a l t i t u d e  5 .5  g cmm2, t h e  s l o p e  of  t h e  d i f f e r e n t i a l  

n e u t r o n  e n e r g y  s p e c t r u m  g i v e n  by dN/dE = B E - B ( E )  was 

2.0  2 0.15 be tween  3 .5  - 7.0 Mev and 1 .0  + 0.15 i n  t h e  

r a n g e  7-17 MeV. The d e t a i l s  o f  t h e s e  measurements  a r e  

p r e s e n t e d  i n  Appendix A .  

3 .  ROCKET FLIGHT MEASUREMENTS 

A new r o c k e t  p a y l o a d  w a s  p r e p a r e d  i n  1969 f o r  launch 

i n  t h e  summer of  1970.  The l a y o u t  o f  t h e  p a y l o a d  i s  

shown s c h e m a t i c a l l y  i n  F i g u r e  1. The f o l l o w i n g  e x p e r i -  

ments  were  o r i g i n a l l y  i n c l u d e d :  

1, Neutron-y d e t e c t o r  ( ~ o c k w o o d )  ; 

2.  Modera ted  He3 c o u n t e r  t o  measure  t h e  n e u t r o n  flux 

f rom t o  10 Mev (Lockwood) ; 

3 .  S o l a r  X-ray measurements  (Hous ton )  ; 

4 .  E l e c t r o n  d e n s i t y  measurements  (Hous ton)  ; 

5. Low e n e r g y  e l e c t r o n  d e t e c t o r s  (Arno ldy )  ; 

6 .  Low e n e r g y  X-ray measurements  (Webber) . 

The e x p e r i m e n t s  i n c l u d e d  a r e  b r i e f l y  d e s c r i b e d  as 

f o l l o w s :  

1. Neutron-y D e t e c t o r  

The n e u t r o n - y  r a y  d e t e c t o r  was d e s i g n e d  t o  measure 

t h e  f l u x  and e n e r g y  s p e c t r u m  of  t h e  two n e u t r o n  radi- 

a t i o n s  i n  t h e  e n e r g y  r a n g e  3-17 Mev and 1-10 Mev, 

The n-y d e t e c t o r  and  s u r r o u n d i n g  c h a r g e d - p a r t i c l e  



a n t i c o i n c i d e n c e  s h i e l d  were  s i m i l a r  t o  t h o s e  f lown on 

b a l l o o n  f l i g h t s  ( S t .  Onge and Lockwood, 1969;  St, Onge -- 
and Lockwood, 1969)  . The p u r p o s e s  o f  t h e  measurements  

a r e  d i s c u s s e d  i n  Appendix A and i n  Lockwood e t  al, (19701, 

2, Modera ted  ~ e ~  Neu t ron  D e t e c t o r  

A mode ra t ed  He3 n e u t r o n  d e t e c t o r  was i n c l u d e d  t o  corn-" 

p a r e  w i t h  p r e v i o u s  f l i g h t s  (Lockwood and  F r i l i n g ,  1968) 

and w i t h  t h e  U N H  OGO-6 d e t e c t o r  (Lockwood e t  a l , ,  , 1969) , 

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

i n  t h e  r e f e r e n c e s  c i t e d .  T h i s  p r o v i d e d  a  d i r e c t  com- 

p a r i s o n  o f  t h e  1-10 Mev ( " f a s t " )  n e u t r o n  l e a k a g e  f l u x  

w i t h  t h e  t o t a l  n e u t r o n  l e a k a g e  flux. 

3 .  S o l a r  X-ray Measurements  

The X-ray d e t e c t o r  w i l l  b e  u s e d  p r i m a r i l y  t o  measure  

t h e  s o l a r  X-ray i n  t h e  u p p e r  " D "  l a y e r  (85-95km) a n d  

t h e  "E" l a y e r  (95-120 km) . X-ray f l u x  measurements  

w i  11 b e  t a k e n  s i m u l t a n e o u s l y  w i t h  measurements  of  the 

e l e c t r o n - d e n s i t y  ( F a r a d a y  r o t a t i o n )  and a Lyman 

a - f l u x ,  The s o l a r  X-ray f l u x  t h r o u g h o u t  t h e  whole 

f l i g h t  w i l l  b e  m o n i t o r e d ;  and ,  i n  a d d i t i o n ,  t h e  de-  

t e c t o r  w i l l  s c a n  a  l a r g e  p o r t i o n  o f  t h e  s k y .  T h i s  de-  

t e c t o r  s u b t e n d s  a  t o t a l  s o l i d  a n g l e  o f  n/40 s t e r ,  

0 w i t h  t h e  a z i m u t h a l  r e s o l u t i o n  e q u a l l i n g  36  . The X-ray 

e n e r g y  r a n g e  t o  be c o v e r e d  i s  from 0 .08  t o  6 keV t o  be 

d i v i d e d  i n t o  t h r e e  bands :  0.08-0.3 keV, 0 .3-1  keV, 

and 1-6 keV. The d e t e c t o r  w i l l  b e  t i m e - s h a r e d  between 



these t h r e e  b a n d s  i n  t h e  t i m e  r a t i o s  of  a b o u t  6:1:% 

r e s p e c t i v e l y .  Energy  r e s o l u t i o n  f rom 0 -08-0.30 k e V  

w i l l  a v e r a g e  a b o u t  50% o r  b e t t e r  ( d e p e n d i n g  upon 

s t a t i s t i c s ) ,  w h i l e  t h e r e  w i l l  b e  n o  e n e r g y  r e s o l u t i o n  

i n  t h e  o t h e r  bands .  The l a r g e  dynamic r a n g e  of  f l u x e s  

w i l l  b e  c o v e r e d  by  s p l i t t i n g  t h e  r a n g e  (0+109 p h o t o n s /  

cm2/sec)  up i n t o  p u l s e - c o u n t i n g  and a n a l o g u e  ( c u r r e n t )  

r a n g e s .  

The d e t e c t o r  c o n s i s t s  o f  a r o t a t i n g  ( 0 . 3  Rev/sec) 

a b s o r b e r - p h o t o c a t h o d e  c o m b i n a t i o n  mounted c o n c e n t r i c -  

a l l y  on a  w h e e l ,  w i t h  t h e  p h o t o e l e c t r o n s  d e t e c t e d  by 

an e l e c t r o n  m u l t i p l i e r  ( C h a n n e l t r o n )  . The absc~rbe r  

i s  a c o n s t a n t l y  v a r y i n g  aluminum l a y e r  d e p o s i t e d  o n  

1000 8 of Formvar  and 2000 8 of  c a r b o n .  The photo- 

c a t h o d e  i s  u n i f o r m  MgF2 (3000g)  . The c o m b i n a t i o n  

g i v e s  a swep t  h i g h - p a s s  f i l t e r  c h a r a c t e r i s  t i c ,  The 

geome t ry  o f  t h e  p h o t o c a t h o d e ,  and t h e  2000 ca rbon  

l a y e r  ( a n d  At) g i v e  e x t r e c e l y  h i g h  r e j e c t i o n  of  the 

u l t r a v i o l e t  l i g h t .  A p a i r  of  d e f l e c t i o n  p l a t e s  pro- 

v i d e  l ow-ene rgy ,  c h a r g e d  p a r t i c l e  re j e c t i o n ,  w h i l e  p ro -  

t e c t i o n  a g a i n s t  a r c i n g  i s  p r o v i d e d  by f e e d b a c k  c i r -  

c u i t r y  which d i s e n g a g e s  t h e  h i g h  v o l t a g e  f o r  5 s e c  

s h o u l d  a r c i n g  o c c u r .  

4 .  E l e c t r o n  d e n s i t y  m e a s u r e n e n t s  

T h i s  i s  a  r a d i o  p r o p a g a t i o n  e x p e r i m e n t  a t  1 . 6  MHz t o  

d e t e r m i n e  t h e  e l e c t r o n  d i s t r i b u t i o n s  i n  t h e  lower 



i o n o s p h e r e .  Fa raday  r o t  a t i o n  d a t a  o b t a i n e d  f rom t h e  

r o c k e t  t e l e m e t r y  s i g n a l  and t h e  a p p r o p r i a t e  l i n e a r l y  

p o l a r i z e d  g round  t r a n s m i s s i o n  a r e  u s e d  t o  d e t e r m i n e  

t h e  d i f f e r e n c e  i n  t h e  o r d i n a r y  and e x t r a o r d i n a r y  

i n d i c e s  o f  r e f r a c t i o n ,  I n  a d d i t i o n ,  measurements  o f  

t h e  1217  a and 1450 8 r a d i a t i o n  f l u x  a r e  made. 

5 .  Low Energy  E l e c t r o n  D e t e c t o r s  

One d o u b l e  e l e c t r o s t a t i c  a n a l y z e r  i d e n t i c a l  t o  t h a t  

b e i n g  b u i l t  a t  U N H  f o r  t h e  NASA ATS-F s a t e l l i t e  will 

b e  f l own .  I t  w i l l  b e  o p e r a t e d  i n  t h e  e l e c t r o n  mode 

on b o t h  s i d e s .  F i f t y  p o i n t  s p e c t r a l  measurements  w i l l  

b e  made e a c h  s e c o n d  from a  few eV t o  175  eV and a f e u  

eV t o  1 5  keV e n e r g y  by t h e  a n a l y z e r s .  Bendix  Chan-  

n e l t r o n  e l e c t r o n  m u l t i p l i e r s  w i l l  be u s e d  a s  t h e  

e l e c t r o n  s e n s o r s .  The d a t a  w i l l  b e  h a n d l e d  by a 

d i g i t a l  e n c o d e r  w i t h  a  b i t  r a t e  o f  2000 BPS t r a n s -  

m i t t i n g  on s u b c a r r i e r  1 7  o f  t h e  FM-FM p a y l o a d  telemetry, 

The e x p e r i m e n t  o b j e c t i v e s  a r e  b o t h  s c i e n t i f i c  and 

d e v e l o p m e n t a l .  S c i e n t i f i c a l l y ,  we wi sh  t o  e x p l o r e  

t h e  s u p r a t h e r m a l  e l e c t r o n s  o b s e r v e d  by low a l t i t u d e  

s a t e l l i t e s  a t  low L v a l u e s .  The s o u r c e s  o f  t h e s e  

p a r t i c l e s  i s  p o s t u l a t e d  t o  b e  t h e  i n n e r  Van Allen b e i t  

f rom which t h e  p a r t i c l e s  a r e  c o n v e c t e d  down by Ikhe 

dynamo e l e c t r i c  f i e l d .  The i n s t r u m e n t a l  o b j e c t i v e  i s  

t o  s t u d y  t h e  u l t r a v i o l e t  immunity  of  t h e  e l e c t r o s t a t i c  

a n a l y z e r .  A s  m e n t i o n e d  above ,  s i m i l a r  a n a l y z e r s  w i l l .  



b e  f l own  on t h e  ATS-F m i s s i o n  and  w i l l  b e  exposed  a t  

c e r t a i n  p a r t s  o f  i t s  o r b i t  t o  s t r o n g  s o l a r  u l t r a v i o l e t  

r a d i a t i o n .  I t  i s  b e l i e v e d  t h a t  t h e  d e s i g n  of  the m a . -  

l y z e r  i s  a d e q u a t e  t o  o p e r a t e  n o r m a l l y  d u r i n g  t h i s  e x -  

p o s u r e ,  b u t  we welcome t h i s  o p p o r t u n i t y  t o  e v a l u a t e  

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

6 .  Low Energy  X-ray Measurements  

The X-ray e x p e r i m e n t  was d e s i g n e d  t o  s u r v e y  t h e  back- 

ground  r a d i a t i o n  and t o  l o o k  a t  known s o u r c e s  i n  t h e  

1 .5  t o  1 5  keV e n e r g y  r a n g e  u s i n g  two back- to-back  

p r o p o r t i o n a l  c o u n t e r s  w i t h  t h i n  B e r y l l i u m  w i n d o ~ r s ,  The 

c o u n t e r s  h a v e  l a r g e  a r e a s  ( 2 0 6  cm2 e a c h )  and nar row 

c o l l i m a t i o n .  One c o u n t e r  v iewed t h e  s k y  t h r o u g h  a 

3O h e x a g o n a l  c o l l i m a t o r  and c o v e r e d  t h e  1 . 5  t o  6 - 0  

keV e n e r g y  r a n g e  i n  two i n t e r v a l s .  Both c o u n t e r s  

were  f i l l e d  w i t h  one a tmosphe re  o f  a  Xenon-C02 mix- 

t u r e  and o p e r a t e d  i n  a n t i c o i n c i d e n c e  t o  g r e a t l y  r educe  

t h e  c h a r g e d  p a r t i c l e  background .  

The r o c k e t  f l i g h t  was l a u n c h e d  0830 EDT J u l y  3 0 ,  1970, 

a f t e r  what  was assumed t o  b e  t h o r o u g h  p r e f l i g h t  tests, 

Break-up o f  t h e  p a y l o a d  was c o n c l u d e d  t o  o c c u r  a t  T+%$ sec, 

An e x t e n s i v e  r ev i ew  was made, b o t h  a t  G S F C  and  U N M ,  o f  

t h i s  f a i l u r e .  A s  a  r e s u l t ,  a  more comprehens ive  F l i g h t  -- 
Loads ,  Moments and D e f l e c t i o n s  Program h a s  b e e n  made t o  

check b e n d i n g  and s t a b i l i t y .  The p a y l o a d  s c h e d u l e d  for 



f l i g h t  on August  1, 1971 ,  h a s  been  m o d i f i e d  s l i g h t l y  to 

come w i t h i n  t h e  a l l o w a b l e  t o l e r a n c e s  f o r  b e n d i n g  and, sta- 

b i l i t y .  

4 .  NEW NEUTRON-GAMMA DETECTING SYSTEM 

The neutron-gamma r a y  d e t e c t i n g  s y s t e m  p r e v i o u ~ ~ l y  

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

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

s y s t e m  w i l l  b e  made t h i s  f a l l -  

The p r i m a r y  neutron-gamma d e t e c t o r  c o n s i s t s  o f  a 

5 x 5 i n c h  d i a m e t e r  l i q u i d  s c i n t i l l a t o r  c e l l  (NE2131, 

t h e  l i g h t  o u t p u t  f rom which i s  p u l s e - s h a p e d  d i s c r i m l . n a t e d ,  

( U l t i m a t e l y  an 8 x 8 i n c h  d i a m e t e r  c e l l  w i l l  b e  u s e d  t o  

i n c r e a s e  t h e  gamma-ray e f f i c i e n c y ) .  The p u l s e - s h a p e  d b s -  

c r i m i n a t i n g  c i r c u i t  h a s  been  improved  and i s  b a s e d  upon 

a  t y p e  u s e d  by S t .  Onge ( p r i v a t e  communica t ion ,  1 9 7 0 ) .  -- 
With t h e  new PSD c i r c u i t ,  M ~ s l u e s  o f  4-5 f o r  2 x 2 inch 
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d i a m e t e r  c e l l s  a r e  o b t a i n e d .  F o r  5 x 5 i n c h  d i a m e t e r  

c e l l s  M 2 i s  o b t a i n e d .  The o u t p u t  d i s p l a y  on  a con- 

v e n t i o n a l ,  two p a r a m e t e r  P H A  can  be  v a r i e d  t o  a c h i e v e  a 

w i d e r  dynamic e n e r g y  r a n g e  w i t h o u t  s a c r i f i c i n g  p u l s e  sepa* 

r a t i o n .  The n e c e s s a r y  c i r c u i t r y  t o  a c h i e v e  t h i s  i s  shown 

s c h e m a t i c a l l y  i n  F i g u r e  2. A s  shown, t h e  s y s t e m  u t i l i z e s  

O r t e c  o r  C a n b e r r a  modules .  Some p o r t i o n s  o f  t h e  system 



have  b e e n  r e p l a c e d  w i t h  o u r  own c i r c u i t s .  We a r e  i n c k u d z n g  

w i t h  t h i s  s y s t e m  a  new 1024  c h a n n e l  PHA ( K i s h ,  p r i v a t e  

communica t ion ,  1 9 7 1 ) .  

The above n-y d e t e c t o r  w i l l  u l t i m a t e l y  i n c l u d e  a 

d i r e c t i o n a l  a n t i c o i n c i d e n t  s h i e l d  s o  t h a t  one  o r  more o f  

t h e s e  d e t e c t o r s  can b e  u s e d  t o  d e t e c t  gamma r a y s  f rom 

e x t r a - t e r r e s t r i a l  s o u r c e s .  S i n c e  t h e  s c i n t i l l a t o r  i s  

r e l a t i v e l y  i n e x p e n s i v e  and t h e  a s s o c i a t e d  e l e c t r o n i c s  

r e l a t i v e l y  s i m p l e ,  i t  s h o u l d  b e  a  r e l i a b l e  gamma-ray de- 

t e c t o r  i n  t h e  0.5-15 Mev e n e r g y  r a n g e .  The f i n a l  design 

of  t h e  s h i e l d  w i l l  b e  made a f t e r  f l i g h t s  i n  c o l 1 a b o : r a t i o n  

w i t h  P r o f e s s o r  W. R .  Webber ' s  12-2000 keV X-ray detceetssr, 

S i n c e  i t  is  p o s s i b l e  t o  p u l s e - s h a p e  d i s c r i m i n a t e  

l a r g e  NE213 c e l l s  ( 5  x  5 i n c h  d i a m e t e r  o r  g r e a t e r ) ,  t w o  

c e l l s  c a n  b e  f l own ,  s e p a r a t e d  by  30-75 cm t o  p r o v i d e  

d i r e c t i o n a l i t y  t o  t h e  n e u t r o n  measurements .  The pulse 

h e i g h t  d a t a  f rom b o t h  d e t e c t o r s  w i l l  b e  s e p a r a t e l y  

i d e n t i f i e d ,  a s  w e l l  a s  c o i n c i d e n c e  e v e n t s  w i t h i n  50 ms i n  

t h e  two d e t e c t o r s .  The n e c e s s a r y  f  a s t - t i m i n g  c i r c u i t s  

a r e  now b e i n g  d e v e l o p e d .  (These  c i r c u i t s  a r e  q u i t e  con- 

v e n t i o n a l  b e c a u s e ,  f o r  a  s e p a r a t i o n  o f  20-75 c m ,  the time 

of f l i g h t  o f  20 &lev n e u t r o n s  i s  a b o u t  4-12 n s .  O f  course, 

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

w i t h  5 x 5  i n c h  NE213 c e l l s ,  t h e  p u l s e s  w i l l  b e  m e r e l y  

i d e n t i f i e d  and t h e  t ime  of  t h e  f l i g h t  d i s t r i b u t i o n  read 

o u t  by t h e  s c a l e r ,  C l e a r l y ,  t h e  r e s o l u t i o n  i s  p o o r ,  b u t  



n e u t r o n s  moving  upwards  a n d  downwards c a n  b e  d e f i n i t e l y  

s e p a r a t e d .  I n  s p e c i a l  s o l a r  e v e n t s  t h i s  c r u d e  t i m e - o f -  

f l i g h t  a n a l y s i s  i s  u s e f u l  i n  a s s i g n i n g  an  u p p e r  l i m i t  

t o  t h e  n e u t r o n  f l u x .  
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7IHE ENEliGU SPECTRUM OF kAST NEUTRONS 
1 N  THE ATMOSPHERE 

University of New Hampshire. Physics Department, 
Durham, New Hampshire 03824, U.S.A. 

The energy spectrum of fast neutrons (3-17 MeV) in the atmosphere was measured 
at geomagnetic latitude 42"N (PC = 4.4 GV). The r z - y  detector, enclosed in an anti- 
coincidence charged particle shield, was a 5 x 5 cm diameter cell of organic liquid scintil- 
lator (NE213) coupled to a high-resolution, two-parameter, n~ultiparticle pulse-shape 
discriminator (PSD) with a two-parameter ( 6 4 ~  64) logarithmic pulse-height analyzer. 
At 5.5 g/cm2 the slope of the differential neutron energy spectrum given by dN/dE = 
- - BE-P'E' was 2.0 & 0.15 between 3.5-7.0 MeV and 1.0 & 0.15 in the range 7-17 MeV. 

Introduction 

The present experiment is part of a study to evaluate the neutron energy 
spectrum and flux in the range 1 - 50 MeV at the top of and above, the atmosphere. 
The neutron detector utilized a separate charged-particle rejection scheme and a two- 
parameter display system for the pulse-shape discriminator (PSD) which separates 
gamma rays from neutrons. In this paper the neutron energy spectrum and flux 
in the interval 3 - 17 MeV measured during balloon flights on 7 September 1968 and 
22 April 1969 are presented with some discussion of the experimental techniques 
used. 

Experimental system 

A major difficulty encountered in determining the secondary neutron decay 
populatioli in the atmosphere is to detect reliably a small flux of fast neutrons in 
a much larger background flux of gamma rays and charged particles. To accomplish 
this, the counter logic first separated the particles into two groups: charged and 
neutral. Second, the neutral particles were separated into their predominant com- 
ponents: gamma rays and neutrons. Experimentally the charged particles were 
separated from the neutral particles by placing the neutron and gamma-ray detector 
inside a thin, hollow, 4 7c-enclosure of plastic scintillator [I], as shown in Fig. 1. 
The wall thickness of the shield was greater at larger distances from the phototubes 
to allow particles which enter the shield farther from the photomultipliers to generate 
a larger scintillation, thus compensating for the light attenuation in the scintillator. 
For the most effective use of such a 4 n shield a parallel sum and coincidence logic 
scheme were included. 

" Present address: Michigan State University, East Lansing, Michigan, U.S.A. 
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Fig. 1. Charged particle anticoincidence shield design 

Fig. 2. Two-parameter (SL dr vs. dL/dt) display of flight data taken froin 541 to 6 2  l ~ b a r  On 

7 September 1968 



Tile i-ieritial partrcle detector. cor~tained wt th~n lhls clo\ed shell. uas qared ofT 
wi-ienever a chaiged particle passed th iougl~ the shield Then-y sepalatton was made 
by tlre pulse-shape d ~ s c i i l n r s ~ a t ~ o ~ ~  121 of an olgasric lrquid scr~~trllator (NE2I 3 )  
tiewed by a fast photomultlplrei (RCA 8575). The PSD sgstern ~ornpnr ed tile snte- 
g~ nted sciiitiilntio~~ llglit yeId (J L dt)  with the slow-decay cornpoilent of the scsntsi- 
lation (dL/di) rn the cyilildiical liq~ird sciiltrllator of 4 . 6 0 ~  4 65 cm dialnetel Tlte 
photomult~pl~e~ (PM) pulses were fed to a h~gh-resolutron, mult~particle PSD and 
were subsequently analyzed and digitized by a loganthm~c, two-parameter (64 x 64) 
pulse-height analyzer (PBA). The effectiveness of the PSD for separating gamma 
rays and neutrons can be seen quantitatively in Fig. 2 where the two-parameter PSD 
data for the Pfotzer maximum on the 7 September 1968 flight are plotted. 

An inflight calibrator (IFC) was incorporated into the neutron detector by 
optically coupling to the NE213 scintillator a small ( ~ 3  x 3 mm diameter) crystal 
of NaI(T1) doped with a radioactive salt of the alpha emitter AmZ3l. 

Measurements 

The PSD system separated four different scintillation pulse shapes as show11 
in Fig. 2. These correspond to Compton electrons, recoil protons, alpha particles 
from (n, a) reactions and alpha particles from the IFC. 

The individual groups of particles (e, y ,  a) in Fig. 2 were extracted to obtain 
pulse-height spectra, which are shown separately in Fig. 3. Then, the pulse-height 
spectrum for protons (Fig. 3) was converted to the recoil-proton energy spectrum 
shown in Fig. 4. This conversion involves correcting for the non-linearity of the flight 

C h a n n e l  number 

Fig. 3. Recoil proton, alpha particle, and Compton electron histograms from the 22 April 1969 
flight taken at  5.5 gm/cm2 



piilse-hc~gllt aiialyzer and foi t h e  dependence of sc~ntri lat~on light jr~eld upon cneigj  
[ 3 ] .  Fol example, the channel w ~ d t h  of the l o g a ~ i t h m ~ c  PIHA was 0.078 MeV at 
channel numbel 10 (3.6 MeV) and 0.463 MeV at cllannel riurnbei 60 (15.3 MeV) 

The n~etlloil of BKOEK and ANDERSON [4J was used t o  o b t > i ~ ~ ~  the iieutiotl 
energy spectruni shown 111 Fig. 5. 111 this method the d e ~ ~ v a t ~ v e  d/dE(dN,/dE) as 
a function of C,, was evaluated from Fig. 4. Corrections were also made fol second 
scattering and wall effects, and for the neutron flux attenuation 111 the scintillator. 

Fig. 4. Recoil proton energy spectrum derived Fig. 5. The differential neutron energy spec- 
from the data of Fig. 3. The error bars shown trum at 5.5 gm/cm< The error bars shown are 

are statistical only the estimated uncertainties in deducing the 
neutron spectrum from Fig. 4 

The unfolded differential neutron energy spectrum at 5.5 g/cm%hown in Fig. 
5 was fitted to a spectral shape of the form: 

[ between 3.5 and 17 MeV, From a simple regression analysis on the values of ---- 

f i  was found to be 1.6 $ 0.1 and B = 0.54. For the energy range 3- 10 MeV the 
measured neutron flux was 0.23 n/cm%ec. 

From Figs. 4 and 5 it appears that the energy spectrum flattens after 7 MeV. 
An analysis indicated that spectral parameter f i  decreased from 2.0 + 0.15 between 
3.5-7.0 MeV to 1.0 + 0.15 in the range 7- 17 MeV. 

A careful comparison was made of the energy spectrum at 5.5 g/cm\ith that 
at ~ 1 0 0  g/cm"Pfotzer maximum) on both the 7 September 1968 and the 22 April 
1969 flights. There was no difference in f i  outside the estimated errors. 



i n  t l ~ i i  expeiiirlcrlt the ldrgesl tlllceridrrlitrei in llle p~ololr-iecod spectlurn 
, k i i \ t t ~  i n  Fig 4 nri\c from bnci~ iyitem'tirc a d  st 'ii~it~c~il eiiols, the I'ltter bemg 
easrly evaluated The systernat~c eriols. oil the other hand. are nitich more drficult 
to evaluate The ~-r?ain contl~butioii\ come fiom the  conversion of pulse helght to 
energy and fioni the differentiai non-linea~rty of the logalithmic PHA in the lowei 
chaiinels. The latter are comparable to the stattstical errors in the lower channels 
of the flight PHA but less than statistical in the upper channels. The error bars shown 
in Fig. 4 are, however, only statistical. To obtain the error bars shown in Fig. 5 the 
uncertainty in the slope of the proton-recoil spectrum was determined at the energies 
for which error bars are plotted. 

The most serious experimental difficulties in atmospheric neutron measure- 
ments arise from Compton electrons not being properly identified by the PSD, 
charged particles "leaking" through the anticoincidence system and thereby being 
falsely measured as neutrals, and the PSD falsely identifying neutron-produced 
secondary alpha particles as recoil protons. The first two difficulties are most serious 
because the electron and proton flight channel spectra (Fig. 3) are different and the 
ratio of electrons to protons in the detector was > 10. 

Let us compare the neutron flux and energy spectrum measured here with 
values obtained in other experiments. At essentially the same geomagnetic latitude 
HAYMES [5] measured 0.12 E-'.~'~.' n/cm2 sec MeV in the energy range 2 - 8 MeV 
at 4.4 g/cm2. MENDELL and KORFF 16) and HOLT et al. [7] found /l = 1.0 rt 0.1. 
For depths greater than 20 g/cm2 BAIRD and WILSON [8] obtained /l = 1.35 + 
0.30 unchanging with height. TAJIMA et al. [9] measured a neutron spectrum with 
f i  < 1 from 2- 10 MeV at depths > 200 g/cm2. These experiments give consistently 
lower values of /l than calculated by LINGENFELTER [lo] or observed in this experi- 
ment. 

Conclusions 

The differential neutron energy spectrum at 5.5 g/cm2 altitude and 42" geo- 
magnetic latitude was 0.54 E-1.6+0.1 n/cm2 sec MeV from 3 - 17 MeV and the flux 
from 3- 10 MeV, corrected to solar minimum was 0.21 n/cm%ec. /l was observed 
to change from 2.0 ) 0.15 to 1.0 + 0.15 over the 3 - 17 MeV range. Since the un- 
certainties are large for E,, > 10 MeV, additional data should be obtained at energies 
to 50 MeV. No change in spectral shape with altitude was observed from Pfotzer 
maximum (100 g/cm2) to 5.5 g/cm2. If the recent results of ZYCH and FRYE [11] are 
included, the neutron spectrum from 3.5- 100 MeV is independent of altitude from 
100 - 5.0 g/cm2. 

8 

This research was supported by N A S A  under contract NASr-164 and by U S A F  under 
contract F19628-68-C-0107, 



I .  R.  N. ST. O%GL, .I. A. LOCKWOOD, NLICI. Instr. and Methocis, 69, 347, 1969. 
2. I<.  N .  S I .  ONGL, . I .  A .  LOC.KWOOI>. NIICI. Iilsti. a n d  Methods. 69, 25. 1969. 
3. V. V. VERI~INSK~,  W.  R.  BURRUS, T. A.  LOVE, W.  ZOBEL, N. 'W. HILL, R. TESTER. N U C I .  h ~ t ? ' "  

and Methods, 65, 8, 1968. 
4. H. V. BROEK, C .  E. ANDERSON, Rev. Sci. inst . ,  31, 1063, 1960. 
5. R. C.  HAYMES, J .  Geophys. Res., 69, 841, 1964. 
6. R. B. MENDELL, S. A. KORFF, J. Geophys. Res., 68, 5487, 1963. 
7. S. S. HOLT, R. B. MENDELL, S. A. KORFF, J. Geophys. Res., 71, 5109, 1966. 
8. G. A. BAIRD, B. G. WILSON, Canad. J. Phys., 44, 2131, 1966. 
9. E. TAJIMA, M. ADACHI, T. DOKE, S. KUBOTA, M. TSUKUDO, J. Phys. Soc. Japan, 22, 355, 

1967. 
10. R. E. LINGENFELTER, J. Geophys. Res., 68, 5633, 1963. 
11. A. D. ZYCH, G. M. FRYE, Jr., Bull. Am. Phys. Soc., 13, 1434, 1968. 




