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Based on the  r e s u l t s  o f  two b a l l o o n  f l i g h t s ,  made a t  São José 

dos Campos and a t  Juaze i ro  do N o r t e  i n  B r a z i l ,  u s i n g  omni- d i r e c t i o n a l  

gamma r a y  d e t e c t o r s ,  t h e  d i f f e r e n t  aspects  o f  a tmospher ic  gamma rays  

e q u a t o r i a l  l a t i t u d e s  i n  t h e  energy i n t e r v a l  o f  0.3 t o  4 .5  MeV a r e  i n -  

v e s t i g a t e d .  The energy l o s s  spectrum i n  t h i s  energy band i s  found t o  

c o n s i s t  o f  a  cont inuum and a photo peak a t  0.51 MeV i n  agreement w i t h  

p rev ious  observa t ions .  A d i s c u s s i o n  o f  t h e  s p e c t r a l  n a t u r e  o f  t h i s  

background and t h e  observed lower  i n t e n s i t i e s  o f  b o t h  t h e  cont inuum 

and t h e  0.51 MeV l i n e  w i t h  re fe rence  t o  observa t ions  a t  o t h e r  l a t i t u -  

des i s  presented. 

D i f e r e n t e s  aspectos de r a i o s  gama a tmos fé r i cos  a l a t i t u d e s  e-  

q u a t o r i a i s  no i n t e r v a l o  de energ ia  de 0,3 a 4,s M e V são inves t igados  

com base em r e s u l  tados de do i  s  vôos de ba 1 ao, r e a l  i zados em São  José 

dos Campos e em Juaze i ro  do Nor te ,  B r a s i l ,  usando d e t e t o r e s  de r a i o s  

gama o m n i d i r e c i o n a i s .  Ver i f i camos  que o espec t ro  de perda de energ ia  

nessa banda c o n s i s t e  de um con t ínuo  e de um f o t o - p i c o  em 0,51 MeV, de 

acordo com observações p r e v i a s .  Uma d iscussão da natureza e s p e c  t r a  1 

desse fundo e das in tens idades mais baixas t 
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n t o  do con t ínuo quanto da 

t a b o r a t o r y ,  Ahmedabad, 

r a  de F í s i c a"  f o r  p u b l i -  



l i n h a  a 0,51 MeV em re lação  a observações a o u t r a s  l a t i t u d e s ,  é também 

f e i t a .  

1. INTRODUCTION 

I n v e s t i g a t i o n s  o f  d i f f e r e n t  aspects  o f  a tmospher ic  gamma rays  
1-7  

a t  h i g h  and m i d - l a t i t u d e s  have been made by many workers . The spec- 

t r a l  r e s u l t s ,  i n  t h e  0.3 t o  10 MeV y- ray  energy, showed i n  genera l  a  

f e a t u r e l e s s  cont inuum except  f o r  t h e  w e l l  e s t a b l i s h e d  0.51 MeV l i n e ,  

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

spectrum c l o s e l y  f o l l o w s  a power law f u n c t i o n  and i s  a t t r i b u t e d  t o  

compton degraded photons o r i g i n a t i n g  f rom n o  meson decay and small con- 

t r i b u t i o n s  f rom neu t ron  c a p t u r e  and i n e l a s t i c  s c a t t e r  on  N ' ~  and 016 
8 - 1 0  

species.  The few exper iments conducted a t  e q u a t o r i a l  l a t i t u d e s  

have shown c l e a r l y  r e d u c t i o n  i n  t h i s  background i n t e n s i t y .  

I n  v iew o f  t h e  importante o f  lower y - r a y  background f luxes f o r  

y - r a y  astronomy s tud ies ,  i t  i s  d e s i r e d  t o  conduct these measurements 

a t  e q u a t o r i a l  l a t i t u d e s  and a b e t t e r  unders tand ing  o f  t h e  n a t u r e  o f  

background. I n  t h i s  paper we r e p o r t  t h e  r e s u l t s  o f  o u r  observa t ions  

c o n t e r n i n g  t h e  c h a r a c t e r i s t i c  f e a t u r e s  o f  atmosphere y - r a y s  i n  e x p e r i -  

ments conducted a t  e q u a t o r i a l  l a t i t u d e s  i n  B r a z i l  w i t h  our  p a r t i c u l a r  

d e t e c t o r  con f  i g u r a t i o n  employed f o r  observa t ions  o f  d  i s c r e t e  y - r a y  

sou rces  . 

2. TELESCOPES AND FLIGHT DETAILS 

The te lescopes,  f l own f o r  observa t ions  o f  d i s c r e t e  gamma r a y  

sources,,had 10x10 cm c y l i n d r i c a l  c r y s t a l s  o f  Na1 ( T I )  as b a s i c  detec,- 

t o r s  w i t h  RCA 8045 p h o t o m u l t i p l i e r s .  The te lescope  c o n s i s t e d  o f  twode-  

t e c t o r  assemblies,. mounted v e r t i c a l l y  w i t h  a separa t ion  d i s t a n c e  o f  

1.8 meters.  An absorber ,  c o n s i s t i n g  o f  aluminum and p a r a f f i n ,  was p l a -  

ced midway between the  d e t e c t o r s .  No o t h e r  m a t e r i a l  surrounded t h e  de- 

t e c t o r  assembl y  except f o r  aluminum suppor ts  wi t h i n  50 cm. The y- r a y  

events,  f rom each d e t e c t o r  assembly, was p u l s e  h e i g h t  analysed separa- 



t e l y  i n t o  128 energy channels. The 128 channel ana lyser  p e r m i t  charge-  

- t o - t i m e  h e i g h t  convers ion  and each ana lyser  covered an e q u i v a l e n t  o f  

0.3 t o  5.0 MeV y- r a y  energy approx imate ly .  Pressure m o n i t o r s  ( ~ o s e -  

mount barometers) have been employed t o  o b t a i n  pressure da ta  t o  an ac -  

curacy b e t t e r  than  0.5 mbar. The encoded s i g n a l s  and house keeping i n -  

fo rmat  i o n  ( ~ r e s s u r e ,  temperature, e t c  .) were te lemetered t o  ground v i a  

FM-FM t e l e m e t r y .  The e l e c t r o n i c s  and b a t t e r i e s  o f  approx imate ly  25 kg 

i n  we igh t  were p laced on an annu la r  p l a t f o r m  near t h e  absorbers.  On 

ground t h e  da ta  were recorded on rnagnetic tapes f o r  subsequent a n a l y -  

s i  S .  

Ex tens ive  p r e f l i g h  c a l i b r a t i o n s  have been conducted t o  e v a l u -  

a t e  t h e  response o f  t h e  d e t e c t o r s  and e l e c t r o n i c s .  The response o f  

each d e t e c t o r  was determined w i t h  gamma r a y  sources C S ' ~ ~ ,  ~ a ' ~ ,  co60 

and Am-Be. The d e t e c t o r s  had a t y p i c a l  r e s o l u t i o n  o f  < 14 percen t  a t  

0.51 MeV. I d e n t i c a l  payloads SOURCE II and SOURCE I I I  y- r a y  te lescopes 

were f lown on Raven 75,000 and 13,000 c u b i c  meter b a l  loons a t  são José 

dos Campos (23O 12'S, 45'~) and a t  J u a z e i r o  do Nor te  ( 7 O 3 ' ~ ,  3g012'w), 

r e s p e c t i v e l y .  The b a l l o o n  c a r r y i n g  SOURCE I I  te lescope  was launched on 

March 31, 1979 a t  04:30 UT, reached c e i l i n g  a t  06:08 UT a n d f l o a t e d  f o r  

6 hours a t  4.2 mbar a l t i t u d e .  SOURCE I I  I te lescope  launched on Nov.22, 

1979 a t  09:08 UT, had a f l o a t  a t  3.50 mbar f rom 11:30 UT t i l 1  12:25 UT. 

The performance o f  t h e  on board e l e c t r o n i c s  and response o f  t h e  de tec -  

t o r s  were s a t i s f a c t o r y  i n  b o t h  the  f l i g h t s .  

3. RESULTS 

We have u t i l i s e d  t h e  data c o l l e c t e d  by the  t o p  detectorassem- 

b l y  o f  each te lescope f o r  t h e  s t u d i e s  o f  a tmospher ic  y- ray  background. 

The two f l i g h t s  showed t h e  c h a r a c t e r i s t i c  decrease i n  t h e  i n i t i a l  pha- 

se a f t e r  launch, due t o  t h e  con t inuous  r e d u c t i o n  i n  t h e  t e r r e s t r i a l  r a -  

d i o  a c t i v i t y  a t  t h e  payload. As t h e  b a l l o o n  ascended f u r t h e r , t h e c o u n -  

t i n g  r a t e s  increased f rom about 800 g cm-2 depth t o  reach a maximum a t  

P f o t z e r  reg i o n  (-1 20 g cm-*) and then onwards decreased t i  1 l t h e  f l o a t  

c e i l i n g  a l t i t u d e s .  I n  F i g u r e  1 a r e  shown the  t o t a l  coun t ing  r a t e s  f o r  

t h e  two f l i g h t s  i n  t h e  r e s p e c t i v e  y- ray  energy reg ions  p l o t t e d a g a i n s t  



the  pressure.  The coun t ing  r a t e s  fo rm ing  5 m inu te  t ime  b i n s  a r e  c o r -  

r e c t e d  f o r  dead t ime losses .  We ob ta ined  t h e  t ime i n f o r m a t i o n  f rom t h e  

tape speed f o r  SOURCE I I I ,  because o f  m a l f u n c t i o n  i n  the  ground t i m e r  

system d u r i n g  t h e  f l i g h t .  T h i s  and more l i k e l y  t h e  ground p o w e r l  i n e  

n o i s e  d u r i n g  t h e  time, perhaps account f o r  t h e  lower count  r a t e s  ob- 

served f ram 200 g t i  1 1  40 g cm-2 o f  a tmospher ic  depth. The f l a t t e -  

n i n g  o f  t h e  growth cu rve  f o r  a l t i t u d e s  above - 1 0  g cm-2 i s  expected 

due t o  d i f f u s e  y - r a y  cosmic background. The count  r a t e s ,  binned i n t o  

d í f f e r e n t  energy bands, a l s o  showed s i m i l a r  growth curves and essen- 

t i a l l y  proved s t a b i l i t y  o f  t h e  d e t e c t o r  ancl e l e c t r o n i c  systems i n  b o t h  

these f l i g h t s .  

The raw coun t ing  r a t e s ,  i n  t h e  v a r i o u s  energy channels, have 

been u t i l i z e d  t o  d e r i v e  the  energy l o s s  spectrum o f  t h e  background e-  

ven ts  a t  d i f f e r e n t  t imes o f  t h e  f l i g h t .  To f a c i l i t a t e  easy intercompa- 

r i s o n  l a t e r ,  we have conver ted t h e  count  r a t e s  i n t o  counts s- '  cm-2 

Fig.1 - Atmospheric growth curves of total counting rates in the ener- 

gy range 0.3 to 4.5 MeV for SOURCE I I and SOURCE I I I f l ights respecti- 

vely. 



M ~ V - ' ,  t a k i n g  i n t o  c o n s i d e r a t i o n  energy i n t e r v a l  o f  each channel and 

the o m n i d i r e c t i o n a l  geomet r i ca l  f a c t o r  of t h e  d e t e c t o r  system. 

ENERGY ( MeV \ 

Fig.  2a -The gama ray spectra observed a t  the c e i l i n g  and a t  the 

Pfotzer maximum for  SOURCE I I  f l i g h t .  

I n  F igures  2a and 2b a r e  shown d i f f e r e n t  spec t ra  o f  t h e  two f l i g h t s .  

I n  F i g u r e  2a the  p l o t  shows spec t ra  a t  P f o t z e r  maximum and a t  t h e  c e i -  

l i n g  o f  4 .3  g  cm-2 f o r  t h e  SOURCE I I  f l i g h t .  I n  F i g u r e  2b a r e  shown 

t h e  SOURCE I I I  spec t ra  corresponding t o c e i l i n g  f l o a t o f  3 .6  g  
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Fig.2b - The gamma ray spectra observed on the graund and a t  the 

c e i l i n g  f o r  SOURCE I I I  f l i g h t  conducted a t  Juazeiro do Norte. 

and ground a c t i v i t y .  The spectrum r e g i s t e r e d  on ground a t  J u a z e i r o  do 

Nor te  e x h i b i  t s  t h e  environment peaks due t o  K'O (1.46 MeV) and ~ h ~ ~ ~  

(2.62 MeV). T h i s  n a t u r a l  background spectrum f a l l s  o f f  s h a r p l y  beg i -  

n i n g  a t  -2.75 MeV and i s  lower by about  two o r d e r s  o f  magnitude i n  corn- 

p a r i s i o n  w i t h  the  f l o a t  a l t i t u d e  atmospher ic  spectrurn. The spec t ra  a t  

the c e i l i n g  and t h e  P f o t z e r  rnaximum show s i m i l a r  c h a r a c t e r i s t i c s  i n t h e  

two f l i g h t s  and power law f i t s  t o  these spec t ra  i n  t h e  0.3 t o  1.0 MeV 



range e x h i b i t  i n d i c e s  -2.2. Above t h i s  energy t h e  power law i n d i c e s  

f l a t t e n  t o  approx imate ly  -1.3. 

The s p e c t r a l  peak a t  0.51 MeV i s  p rominen t l y  seen i n a l l  spec- 

t r a  above 700 g cm-* depth. The photopeak count  i n g  r a t e  i s es t imated  

f rom t h e  channels which c o n t a i n  t h i s  l i n e  and t h e  background c o n t r i b u -  

t i o n  deduced f rom t h e  power law f i t  t o  t h e  ad jacen t  channels. The d i f -  

ference i n  t h e  count  r a t e s ,  a t t r i b u t e d  t o  t h i s  l i n e ,  i s  shown i n  F igu-  

r e  3 f o r  d i f f e r e n t  a l t i t u d e s .  These growth curves have c h a r a c t e r i s t i c s  

s i m i l a r  t o  t h e  cont inuous background count  r a t e .  

F i g . 3  - Atmspher ic  growth curves o f  the 0.51 MeV l i n e  count r a t e  f o r  

SOURCE I I  and SOURCE I I I  f l i g h t s .  

4. DISCUSSION 

Produc t ion  o f  atmospheric gamma rays f rom cosmic rays  i n v o l v e  

a number o f  nuc lear  and e lec t romagnet i c  processes. The p r i n c i p a l  me- 



chanisms f o r  t h e  c o n t r i b u t i o n s  be!ow 10 Mel1 a r e  y- rays  f rom 11° meson 

decay and those f rom neu t ron  c a p t u r e  and i r i e l a s t i c  s c a t t e r i n g .  Each 11° 

meson i n p u t s  a t  l e a s t  140 MeV i n t o  t h e  gamnia r a y  spectrum near 70 MeV. 

Since e lec t ron- pho ton  i n t e r a c t i o n s  a r e  coupled by p a i r  p r o d u c t i o n  and 

compton e l e c t r o n s ,  we can i n f e r  f rom atmospher ic  y- ray  s t u d i e s ,  t h a t  

t h e  b u l k  o f  t h e  low energy photons o r i g i n a t e  f rom t h e  s o f t  e lect romag- 

n e t i c  component. The atmospheric growth curves o f  t h e  y - r a y s  lead  us 

t o  e s t i m a t e  t h e  a b s o r p t i o n  l e n g t h  as -200 -1 cm-2 f o r  a1 t i t u d e s  between 

-200 g cm-2 and 600 g ~ m - ~ ,  i n  e s s e n t i a l  agreement w i t h  va lues  obtained 

f rom h i g h  l a t i t u d e  and mid l a t i t u d e  studiezi by ~ n d e r s b n '  (1961), Pe te r -  

sons e t  aZ. (1973), ~ a ~ m e s ~  e t  aZ. (1969) arid   as tu ri rangan8 e t  aZ. 

(1972). The g e n e t i c  r e l a t i o n s h i p  t h a t  ex is t :  between t h e  v a r i o u s  compo- 

nents i n  atmosphere y- rays ,  e l e c t r o n s  and niuon component i s  c l e a r l y  es- 

t a b l  ished by t h e i r  hav ing approx imate ly  the same a b s o r p t i o n  l e n g t h s .  

As d iscussed by K a s t u r i  rangan8 e t  aZ. (1972), these d i f f e r  cons iderab l  y  
- 2 

f rom neutrons (10 - 500 M ~ V )  which have -130 g cm . I t  i s  es t imated  

by ~ o c c h i a "  e t  aZ. (19651 t h a t  n e a r l y  85 percen t  o f  y- rays  a r e  due t o  

e lec t romagnet i c  showers and t h a t  l e s s  than 12 percen t  a r e  due t o  e x c i -  

ted y- rays  f rom neu t ron  i n e l a s t i c  s c a t t e r  o f  N" and 016 species.  So- 

me c o n t r i b u t i o n  t o  t h e  observed count  r a t e  i s  expected due t o  thermal 

neu t ron  cap tu re  i n  the Na1 ( T I )  c r y s t a l  and prompt y- ray  e m i s s i o n  i n  

s t a r  f o r m a t i o n .  Th is  c o n t r i b u t i o n  i s  b e l i e v e d  t o  be n e g l i g i b l e 8  a t  e-  

q u a t o r i a l  l a t i t u d e s .  

The spec t ra  o f  atmospheric y - r a y  cont inuum ob ta ined ,  have n o t  

been c o r r e c t e d  f o r  the  photopeak e f f  i c i e n c y  t o  o b t a i n  the  raw photon 

spectrum. The convers ion  o f  observed count  r a t e  i n t o  photons has n o t  

been at tempted as no s imp le  methods e x i s t  n  t h e  absence o f  knowledge 

about source f u n c t i o n .  We observe f rom our  two f l i g h t s ,  t h a t  the  con- 

t inuum spec t ra  have e s s e n t i a l l y  s i m i l a r  shapes a t  a l l  depths above 600 

g cm-2 and t h i s  shows the  e q u i l  i b r i u m  n a t u r e  o f  a tmospher ic  y - r a y  p ro-  

d u c t i o n .  We observe a f l a t t e n i n g  o f  t h e  sp rx t rum w i t h  s p e c t r a l  i ndex 

o f  -1.3 i n  the  1.0 t o  4 . 5  MeV energy range as compared t o  t h e  v a l u e  o f  

-2.2 f o r  t h e  index i n  t h e  range 0.3 t o  1.0 MeV. A p a r t  o f  t h e  steepe- 

n i n g  can be a t t r i b u t e d  t o  photons t h a t  r e s i i l t  f rom compton s c a t t e r  i n  

the  d e t e c t o r  o f  h i g h  energy photons. Th is  be ing i n t r i n s i c  o f t h e d e t e c -  

t o r ,  can n o t  be avoided.  A smal l  f r a c t i o n  o f  t h e  f l a t t e n i n g  o f  t h e  



spectrum above 1  MeV r e s u l t s  because i n  o u r  te lescope  we have n o t  i n -  

co rpora ted  charge p a r t i c l e  r e j e c t i o n  system, which can r e l a t i v e l y  sup- 

p ress6  t h e  h i g h e r  background a t  above 1 MeV i n  comparison w i t h  lower  

energ ies  by a  f a c t o r  o f  -1.5. 

The a b s o l u t e  v a l u e  o f  y - r a y  background observed i n  bal loon ex- 

per iments depends on geomagnetic l a t i t u d e  o f  o b s e r v a t i o n  and d e t e c t o r  

c o n f i g u r a t i o n .  Comparison o f  o u r  two f l i g h t s ,  employing d e t e c t o r s  o f  

sane c o n f i g u r a t i o n  b u t  conducted a t  d i f f e r e n t  geomagnetic l a t i t u d e s  

1 2 O ~  and jOS, show t h a t  t h e  y- ray  background i s  lower a t  Juaze i ro  do 

Nor te  by a  f a c t o r  -1,2 e s p e c i a l l y  a t  energ ies  below 1 MeV. The deep 

space probe r e s u l  t s  o f  ~ r o m b k a l ~  e t  aZ. (1973) i n  A p o l l o  15 ( F i g u r e  

Zb), u s i n g  Nal(TF) d e t e c t o r  o f  7.5X7.5 cm dimension w i t h  charge p a r t i -  

c l e  r e j e c t i o n  system, show lower background va lues  d i f f e r i n g  b y f a c t o r s  

-1.5 t o  2.0. S u b s t a n t i a l  p a r t  o f  t h i s  d i f f e r e n c e  can be a t t r i b u t e d  t o  

the charged p a r t i c l e  r e a c t i o n s  i n  o u r  te lescope and the  l a r g e r  s i z e  o f  

ou r  d e t e c t o r  hav ing  r e l a t i v e l y  g r e a t e r  s e n s i t i v i t y .  The observa t ionso f  

peterson6 e t  aZ. (1973) a t  P a l e s t i n e  ( ~ e x a s ) ,  w i t h  a  d e t e c t o r  o f  

7 . 9 7 . 5  cm i n c o r p o r a t i n g  p a r t i c l e  r e j e c t i o n  system, y i e l d  h i g h e r  back- 

ground r a t e s  a t  geomagnetic l a t i t u d e  = 40°N compared t o  o u r  e q u a t o r i a l  

observa t ions  by f a c t o r s  > 3. Thus we see t h a t  the  observed y- r a y  back- 

ground i s  e s s e n t i a l l y  minimum a t  t h e  e q u a t o r i a l  l a t i t u d e s  and can be 

e x p l o i t e d  w i t h  advantage f o r  y- ray  ast ronomical  s t u d i e s .  

The excess o f  photons around 0.5 MeV i n  t h e  spectrum can be 

a t t r i b u t e d  t o  p o s i t r o n  a n n i h i l a t i o n  l i n e  w i t h  some neu t ron  c o n t r i b u -  

t i o n  < 5  percent  due t o  induced r e a c t i o n s  i n  t h e  d e t e c t o r .  The l i n e  

i n t e n s i  t y  expressed i n  photons ~ m - ~ s - ~ ,  has been c a l c u l a t e d  by d i v i -  

d i n g  t h e  count  r a t e  by t h e  geomet r i ca l  f a c t o r  and t h e  photo peak e f f i -  

c iency  o f  the  10x10 cm c r y s t a l  a t  0.51 MeV which i s  -0.7. We o b t a i n  

va lues  equal t o  0.085 + 0.008 and 0.064 + 0.006 photons cm-2 s- '  f o r  

SOURCE I I  and SOURCE I I I  f l i g h t s  r e s p e c t i v e l y ,  f o r  t h i s  l i n e  i n t e n s i t y  

a t  6 g  c m - ~ t m o s p h e r i c  depth.  T h i s  n o r m a l i z a t i o n  a t  6 g  cm-2 i s  cho- 

sen t o  f a c i l i t a t e  comparison w i t h  t h e  c o m p i l a t i o n  o f  Kas tu r i rangan s e t  

aZ. (1972) t o  d i s c e r n  the  d e t a i l s  o f  t h e  l a t i t u d e  e f f e c t  f o r  t h e  y- r a y  

l i n e .  I n  F i g u r e  4  we show t h e  observed i n t e n s i t y  o f  t h i s  l i n e  p l o t t e d  

as a  f u n c t i o n  o f  geomagnetic l a t i t u d e  and a11 correspond t o  6 g  cm-2 

depth o f  f l o a t  a l t i t u d e .  I t  i s  seen f rom the  f i g u r e  t h a t  t h e r e  i s  a  



great  v a r i a t i o n  o f  t h i s  l i n e  i n t e n s i t y  by a f a c t o r  - 10 i n  going down 
o  O 

from geomagnetic l a t i t u d e s  o f  55 t o  3 corresponding t o  cosmic ray 

r i g i d i t y  cu t  o f f s  o f  1.3 t o  17.0 GeV respect ive ly .  This v a r i a t i o n  i s  

due t o  the l a t i t u d i n a l  v a r i a t i o n  i n  primary cosmic ray i n t e n s i t y  and 

cu t  o f f  energy and pion m u l t i p l i c i t y  i n  the atmosphere. 
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