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An o m n i d i r e c t i o n a l  gamma r a y  d e t e c t ~ r  was f lown on a s t r a t o s -  

p h e r i c  b a l l o o n  on December 15, 1978 f rom São José dos Campos, B r a z i l .  

A f t e r  reach ing  c e i l i n g ,  an increase i n  t h e  count  r a t e  was observed. 

A f t e r  c o n s i d e r i n g  t h e  probable sources causing t h i s  increase,  i t  i s  sug- 

gested t h a t  t h i s  increase migh t  be due t o  t h e  supernova remnant, f i r s t  

observed o p t i c a l  l y  i n  May 1978 i n  ga laxy  MCG-4-32-23. The energy spec- 

trum o f  supernova shows a f l a t t e n i n g  o f  s lope  above 1.5 MeV. 

Um d e t e t o r  de r a i o s  gama omnid i rec iona l  f o i  içado por  um ba- 

l ã o  e s t r a t o s f é r i c o  em 15 de dezembro de 1978, p a r t i n d o  de São José dos 

Campos, B r a s i l .  Após a lcançar  o t e t o ,  observou-se um aumento na taxa de 

contagem. Após cons ideração de f o n t e s  p rováve is  desse aumento, é suge- 

r i d o  que e l e  se deva ao remanescente de supernova observado ot icamente 

p e l a  p r i m e i r a  vez em maio de 1978 na g a l a x i a  MCG-4-32-23. O espec t ro  de 

energ ia  da supernova e x i b e  um achatamento da i n c l i n a ç ã o  acima de 1,5 

MeV. 

1. INTRODUCTION 

Though h i g h  energy photon emiss ion i n  gamma r a y  range hap been 

p r e d i c t e d  f rom e x t r a t e r r e s t r i a l  sources as e a r l  y as  1958 ( ~ o r r i s o n  2 6 ,  

1958; ~ a v e d o f f  3 4 ,  1959), l i t t l e  progress cou ld  o n l y  be made t i l 1  recen-  



t l y  because o f  low f l u x e s  encountered i n  t r i i s  range and a l s o d u e t o  inhe-  

r e n t  d i f f i c u l t i e s  i n  exper imenta l  techniques.  I n  X-ray range, however, 

many sources were observed by b a l l o o n ,  roc l te t  and s a t e l l i t e  exper iments,  

s t a r t i n g  w i t h  the  d i s c o v e r y  o f  a source i n  Scorp ius i n  1962. The recen t  

Uhuru, s a t e l l  i t e  1 i s t  runs t o  about 400 soui-ces i n  2 t o  6 KeV energy ran- 

ge (Forman e t  a216, 1978). The HEAO s a t e l l  i t e s  a l s o  observed many sour-  

ces i n  low energy X- ray range. Compared t o  t h i s  nurnber, the  SAS and COS 

B s a t e l l i t e s  observed about 30 sources a t  energ ies  around 100 MeVand i n  

the  low energy gamma r a y  range, below 10 MeV, t h e r e  a r e  s t i l l  fewer sour- 

ces. Only Grab nebula ( ~ a l r a v e n  e t  azkl, 11375; Dolan e t  a2 13,  1977; 

Wi lson e t  a14', 1977; Penn ings fe ld  e t  a ~ " ,  19791, Cyg X-l ( ~ a k e r  e t  

a2 , 1973), Cyg X-2 ( ~ e a n  e t  a211, 1973) and S e y f e r t  Galaxy NGC 4151 

( ~ i  Cocco e t  a212, 1977; Graml e t  a ~ ' " ,  19'78),apart f rom g a l a c t i c  cen- 

t e r  r e g i o n  have thus f a r  been i d e n t i f i e d  as low energy gamma ray  sour-  

ces, though the  conf idence o f  t h e i r  i d e n t i f i c a t i o n  i s  s t i l l  low. The 

gamma r a y  b u r s t  sources, which have been r e c e n t l y  observed by bal  loon-  

-and s a t e l l  i t e  - borne d e t e c t o r s  (Cl i n e  e t  a l a ,  1981: T e e g a r d e n  and 

CI i n e k o ,  1980: Mazets e t  a l Z 4 ,  1980), form a separate c l a s s ,  as the  

energy i n  the  range o f  103 '  - 1o4O e r g  i s  re leased by them i n  small  

b u r s t s  l a s t i n g  f o r  t imes much l e s s  than few minutes.  Though t h e  small  

e r r o r  boxes ob ta ined  f rom t r i a n g u l a t i o n  by s a t e l l i t e  p o s i t i o n s  f o r  the -  

se b u r s t  sources do n o t  show any known sources o r  p e c u l i a r  o b j e c t s ,  i t  

i s  be l  ieved t h a t  these gamma r a y  b u r s t  sources a r e  neu t ron  s t a r s  under- 

go ing non-steady a c c r e t i o n  ( ~ a z e t s  e t  a l Z 4 ,  1980). Only one gamma r a y  

b u r s t  source was i d e n t  i f  i e d  thus f a r  wi t h  the  LMC supernova remnant, N49, 

u s i n g  n i n e  space probes and s a t e l  1 i t e s  o f  gamma r a y  b u r s t  sensor network 

(C1 i n e  e t  a27 1979). However, the  c h a r a c t e r i s t i c s  o f  t h i s  phenomenon was 

q u i t e  d i f f e r e n t  f rom t h e  known v a r i e t y  o f  gamma r a y  b u r s t s .  

Supernovae have been recognized f o r  a long  t ime as t h e  sources 

o f  h i g h  energy cosmic rays  ( ~ i n z b u r g  and s y r o v a t s k y l g ,  1960; ~ h a ~ i r o ~ ~ ,  

1962), and p inkau30 (1970) has shown t h a t  the  i n t e r a c t i o n  o f  these cos-  

mic rays  w i t h  t h e  ambient atmosphere may produce measurable gamma rays.  

I t  has a l ç o  been recognized t h a t  t h e  a c c r e t i o n  o f  m a t t e r  o n t o  neu t ron  

s t a r s  and b l a c k  ho les  g i v e s  r i s e  t o  r a d i a t i o n  i n  X - and gamrna-ray ran-  

ge (shapi ro3 ' ,  19731, But thus f a r ,  except  the  Crab nebula, and t h e  

t r a n s i e n t  g a m a  r a y  source, N 49, no o t h e r  supernova has been d e f i n i t e -  

l y  i d e n t i f i e d  as the  gamma r a y  source i n  t h e  low energy range. 



The purpose o f  t h e  p resen t  paper i s  t o  show t h e  o b s e r v a t i o n  o f  

enhancement' i n  t h e  gamma r a y  f l u x  d u r i n g  a ba l  l oon  f l  i g h t  and a poss i  - 
b l e  source o f  t h i s  enhancement as due t o  a Supernova (SN) . 

2. INSTRUMENTATION AND FLIGHT DETAILS 

Ari o m n i d i r e c t i o n a l  gamma r a y  d e t e c t o r  was f l o w n  on a s t r a t o s -  

p h e r i c  b a l l o o n  f rom São ~ o s 6  dos Campos, B r a z i l ,  on 15 December, 1978. 

The d e t e c t o r  consi  s ted  o f  a 4" x 4" Na1 ( T I )  c r y s t a l  coupled t o  a RCA 

80.54 p h o t o m u l t i p l i e r  tube. The c r y s t a l  i s  surrounded by a 2 cm t h i c k  NE 

102 A p l a s t i c  s c i n t i l l a t o r  viewed by a RTC XP 1030 p h o t o m u l t i p l i e r  tube. 

The p l a s t i c  s c i n t i l l a t o r  i s  used t o  mon i to r  t h e  charged p a r t i c l e  count  

r a t e  and operated i n  a n t i c o i n c i d e n c e  w i t h  t h e  c r y s t a l .  The accepted 

events were p u l s e  h e i g h t  analyzed by a 256 channel a n a l i z e r  c o v e r i n g  the 

energy range 0.30 t o  10.40 MeV. A Rosemount t ype  and a Spr inger  typesen- 

s o r  were used t o  mon i to r  pressure up t o  7 m i l l i b a r s  and a s e n s i t i v e  Ro- 

semount sensor t o  measure pressures below 7 m i l l i b a r s  t o  o b t a i n  t h e  a l -  

t i t u d e  in fo r rna t ion  o f  the  b a l l o o n .  The encoded s i g n a l s  a long  w i t h  o t h e r  

s c i e n t i f  i c  parameters (pressure,  temperature e t c . )  were transmi t t e d  t o  

ground v i a  FM/FM te lemet ry .  A11 t h e  data were recorded on magnetic t a -  

pes f o r  subsequent a n a l y s i s .  

The ba l  l oon  was lauched a t  0743 UT and reached a c e i  1 i n g  o f  5.4 

g/cm2 a t  0932 UT. The f l i g h t  was terminated by a mechanical dev ice  a t  

about 1600 UT. The e l e c t r o n i c s  f u n c t i o n e d  w e l l  d u r i n g  a11 the f l i g h t .  

The pressure sensors showed t h a t  the  f l o a t  a l t i t u d e  remained cons tan t  

a t  about (5.2 I 0.2) g/cm2 t i l 1  about 1500 UT. The l a t i t u d e  v a r i a t i o n  

o f  the  f l i g h t  was smooth and v e r y  srnal l ,  be ing between -22.9 and - 23.1 

degrees . 

3, RESULTS AND DISCUSSION 

I n  F i g u r e  1 we show the  v a r i a t i o n  o f  t o t a l  count  r a t e  o f  g a m a  

r a y  cont inuum (0.30 MeV t o  10.4 M ~ V )  f rom 0900 UT t o  1300 UT. The f igu -  

r e  shows t h a t  d u r i n g  t h e  ascent  t o  c e i l i n g ,  which occurred a t a b o u t  0930 
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Fig.1 - Variat ion o f  gamma ray continuum from 0.30 MeV to  10.3 MeV with 

time. 

UT, the  coun t ing  r a t e  went on decreasing.  A f t e r  1000 UT t h e r e  was anap-  

p r e c i a b l e  increase i n  coun t ing  r a t e  t i l1  about  1120 UT. A t  t h i s t i m e t h e  

coun t ing  r a t e ~ d e c r e a s e d  aga in  and remained a lmost  cons tan t  t i l 1  about 

1400 UT. We exarnined a l  l aspects  1 i k e  pressure change, g a i n  change, r i -  

g i d i t y  c u t  o f f  v a r i a t i o n  e t c .  t o  understand t h e  sudden s h i f t  i n  t h e  

count  r a t e  leve1 a f t e r  1000 UT b u t  they d i d  n o t  show any c o r r e l a t e d  va- 

r i a t i o n .  F i g u r e  2 shows the  v a r i a t i o n  o f  c o u n t i n g  r a t e  i n  t h r e e  d i f f e -  

r e n t  energy bands and v a r i a t i o n  o f  pressure w i t h  t ime.  T h i s  f i g u r e  siiows 

t h a t  t h e  c o u n t i n g  r a t e  v a r i a t i o n  i s  more pronounced a t  lower energ ies .  

The increase t h a t  was observed d u r i n g  1030 t o  1120 UT i s  more than t h a t  

cou ld  be a t t r i b u t e d  t o  p ressure  v a r i a t i o n  and we b e l i e v e  must be due t o  

e x t r a t e r r e s t r i a l  garnma r a y  events.  F i g u r e  3 shows two spectra,  one irn- 

med ia te ly  a f t e r  a t t a i n i n g  t h e  c e i l i n g  between 0945 and 1000 UT (Curvea) 

and t h e  o t h e r  g i v i n g  maxirnum c o u n t i n g  r a t e  between 1048 and 1118 UT 

(Curve b ) .  Both have s i m i l a r  s lopes and b o t h  curves i n d i c a t e  a  break i n  

t h e i r  s lopes a t  about 1.5 MeV, which may i n d i c a t e  t h e  e f f e c t s  o f  char -  

ged p a r t i c l e s .  We do n o t  have charged p a r t i c l e  incidente r a t e  t o  compa- 

r e .  



The d e t e c t o r ,  be ing o rnn id i rec t iona l  sees, a p a r t  f rommnyknown 

g a l a c t i c  X-ray sources, a  number o f  S e y f e r t  g a l a x i e s ,  normal g a l a x i e s  

and sharp emiss ion l i n e  g a l a x i e s  which a r e  known t o  b X - r a y e m i t t e r s a n d  

so the  enhancement i n  the  c o u n t i n g  r a t e  can n o t  be a t t r i b u t e d  t o  any 

s i n g l e  source. F igura  4 shows t h e  t r a j e c t o r y  o f  t h e  b a l l o o n  i n  g a l a c t i c  

coord ina tes  a long  w i t h  the  p o s i t i o n s  o f  some known X - and garnma r a y  

sources. The t ime d u r i n g  which t h e  enhancement i s  observed i n  the  coun- 

t i n g  r a t e  i s  shown as a shaded r e g i o n  below t h e  t r a j e c t o r y .  The numbers 

denote the  gamma r a y  sources observed by COS - B s a t e l l i t e  ( Swanenburg 

e t  a z 3 ' ,  1981) a t  energ ies  g r e a t e r  than 100 MeV. Out o f  these, o n l y  two 

- no. 19 (3C 2 7 3 )  and no. 23  (p 0ph) - have been i d e n t  i f  ied  by SAS 2  sa- 

te1 l i t e  (Bignami e t  aZ5, 1980: Mayer - Hasselwander e t  a ~ * ~ ,  1980) a l s o .  

Assuming a 50 percen t  a t t e n u a t i o n  i n  atmosphere f rom a p o i n t  source,the 
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F i g . 2  - V a r i a t i o n  of gama ray counting r a t e  i n  three d i f f e r e n t  energy 

bands. The v a r i a t i o n  of pressure w i t h  time i s  a l s o  shown i n  the f i g u r e .  



(a)  --- 0945 - 1000UT $ 
(6) - 1048-1118 UT -: 

1 o 100 

NO. OF CHANNLLS 
----I-- 

Fig.3  - Gama ray spectrum observed i m e d i a t e l y  a f t e r  reach ing t he  c e i -  

l i ng  ( - - - I  and a t  t he  maximum coun t i  ng r a t e  (--) . 

d e t e c t o r  would have a FWHM o f  about 105 degrees. The i n t e n s i t y  o f  many 

o f  the  g a l a c t i c  sources, which cou ld  influente the  c o u n t i n g  a t  m r e t h a n  

50 percen t  response w i t h i n  t h i s  f i e l d  o f  view, a r e  v e r y  low i n  the  2-6 

KeV energy range ( ~ o r m a n  e t  a l l >  1978) and we can assume t h a t  t h e i r  i n -  





t e n s i t y  do n o t  c o n t r i b u t e  t o  the  c o u n t i n g  r a t e  i n  t h e  0.30 t o  I 0  MeV 
O 

range. The Sun subtends a z e n i t h  ang le  o f  57 a t  1100 UT, which i s  a t  

t h e  p e r i p h e r y  o f  t h e  FWHM o f  t h e  d e t e c t o r .  Moreover, Ha f l a r e  data do 

n o t  show any f l a r e s  between 0907 UT and 1205 UT (Cof fey,  and ~ i n c o l n ' ,  

1979). The i n t e n s i t y  o f  COS B sources, which t h e  d e t e c t o r  m igh t  see, i s  

a l s o  v e r y  low, the  f l u x  being i n  t h e  range 1 . 1  - 3.8 x I O - ~  photons a f 2  

s - '  (Swanenburg e t  a 1 3 1  1981 ) . 

O f  the  e x t r a g a l a c t i c  sources w i t h i n  t h e  f i e l d  o f  view, ~ 6 8  i s  

a g a l a c t i c  c l u s t e r  whose X-ray spectrum would be thermal i n  n a t u r e  and 

i s  u n i  i k e l  y t o  extend t o  gama r a y  energ ies .  M83 and MIO4 a r e  s p i  r a l  ga- 

l a x i e s  which have n o t  been i d e n t i f i e d  i n  X- rays o r  gamma rays  so f a r .  

IC 4329 A i s  a S e y f e r t  ga laxy .  On the  basi,; o f  t h e i r  X- r a y  l u m i n o s i t y  

f u n c t i o n  and r e l a t i v e l y  hard spec t ra  Mushatzky e t  a l Z 7 ,  (1979) b e l i e v e  

t h a t  t h e  t ype  I S e y f e r t s  a r e  most l i k e l y  g a m a  r a y  sources. However, 

o n l y  one S e y f e r t  ga laxy,  NGC 4151, has so Far been observed i n  t h e  1-10 

MeV range by many workers (Di Cocco e t  a l 1 2 ,  1977; ~ c h o n f e l d e r ~ ~ ,  1978). 

The f l u x  observed by  SAS-2 i n  the  35 t o  103 MeV range f rom S e y f e r t s  NGC 

3783 and MRK 509 i s  s u b s t a n t i a l l y  below e x t r a p o l a t i o n s  o f  t h e i r  X -  r a y  

power law spec t ra  (Bignami e t  e2: 1979). TIie f l u x  f rom I C 4329 A i n  t h e  

35-100 MeV range as observed by SAS-2 d e t e c t o r  gave an upper l i m i t  o f  

2.1 x 1 0 - ~  photons cmw2 s- '  kev- ' .  I f  i t i s assumed t h a t  t h e  spectrum 

o f  IC 4329 A would be s i m i l a r  t o  t h a t  o f  NGC 4151, t h e  f l u x  a t  3 MeV 

f rom t h e  former would b e a b o u t  1 . 5 ~  1om6 photons cm-2 s - ' k e v - ' .  As- 

suming t h e  source i s  seen f o r  30 minutes f rom 1048t01118UT o r  December 

15, 1978, t h e  f l u x  seen f rom t h e  source i n  t h i s  range ( -  3 M ~ V )  i s n e a r -  

l y  a f a c t o r  o f  s i x  g r e a t e r  (- 8.9 + 0.62) x photons cmW2 s- '  k e ~ "  

than t h e  e x t r a p o l a t i o n  g i v e n  above. Thus t h e  f l u x  f rom I C  4329 A a lone  

cannot account f o r  the  f l u x  observed on December 15, 1978. 

Another cand ida te  source w i t h i n  t h e  f i e l d  o f  v iew i s  Centaurus 

A ( 4 ~  1322-42). Th is  i s  a r a d i o  ga laxy  which has been observed f rom r a -  

d i o  through low energy gamma rays ( ~ a l l  e t  aZZ2, 1976). I n  t h e  2-6 keV 

X-ray range, t h e  i n t e n s i t y  o f  t h i s  source i s  v e r y  low as seen by Uhuru 

s a t e l l  i t e  ( ~ o r m a n  e t  a l ' l  1978) wi t h  i n t e n s i  t y  about  1 pe rcen t  o f  Grab 

n e b u I a . A t j M e V ,  t h e f l u x f r o m t h i s s o u r c e  i s a b o u t 2 . 5 ~ 1 0 - ~  pho- 

tons cm-2 s - '  kev- '  (Hal 1 e t  aZZ2, 1976 and Mushatzky e t  a ~ ~ j  1 9 7 9 ) . ~ h i s  

i s  one o r d e r  l e s s  than t h e  f l u x  ob ta ined  by us, (8 .9 + 0.6) x I O - ~  pho- 



tons  cm-* s- '  kev- '  , on December 15, 1978 due t o  t h e  m u r c e  i n  t h e  

f i e l d  of v iew o f  ou r  d e t e c t o r .  Thus Centaurus A a lone  o r  toge ther  w i t h  

I C  4329 A do n o t  appear t o  account f o r  t h e  f l u x  o f  gamma rays  observed 

by us. 

Another l i k e l y  source f o r  t h e  enhancementofcount ing r a t e r n i g h t  

be t h e  g a l a c t i c  c e n t e r  reg ion .  I n  the  low energy reg ion ,  the  d i f f u s e  

component i s  due t o  t h e  d i s c r e t e  source c o n t r i b u t i o n  w h i l e  i n  t h e  me- 

dium energy f o r  an o rnn id i rec t iona l  d e t e c t o r ,  t h e  p r i n c i p a l  c o n t r i b u t i o n  

may come f rom g a l a c t i c  c e n t e r  which has a s p a t i a l  e x t e n t  o f  about 40' 

and where bremstrahlung e l e c t r o n  processes a r e  dominant. However ,a t the  

t ime o f  observa t ion ,  the  g a l a c t i c  c e n t e r  r e g i o n  i s  o u t s i d e  t h e  f i e l d  o f  

v iew and i t s  c o n t r i b u t i o n ,  i f  any, would be v e r y  sma l l .  

As mentioned i n  the  i n t r o d u c t i o n ,  the  supernova reninants, i f  

they a r e  w i t h i n  t h e  f i e l d  o f  view, might  be r e s p o n s i b l e  f o r  a p a r t  o r  

whole o f  gamma r a y  e m i s i i o n  seen by t h e  d e t e c t o r .  The UK Schrnidt t e l e s -  

cope u n i t  has observed on May 8, 1978 a supernova a t  magni tudewi th 

coord ina tes  a = 1 3 ~  27m 32.6' and 6 = -21°29'24.0", 20 seconds due west 

o f  . the  nuc leus o f  1 5 ~ ~  magnitude ga laxy  MCG-4-32-23 (Gi lmore18, 1978 ) .  

Th is  appeared as a d i s t o r t e d  o r  secondary nuc leus o f  t h e  ga laxy .  Th is  

supernova f a l l s  w i t h i n  the  f i e l d  o f  v iew o f  t h e  d e t e c t o r .  

As mentioned e a r l i e r ,  no supernova remnant has so f a r  been 

i d e n t i f i e d  w i t h  t h e  gamma r a y  cont inuum ernission, though i s  was theore -  

t i c a l l y  p r e d i c t e d  (Colgate and ~ h i t e " ,  1966) t h a t  the  h i g h  energy shock 

wave assoc ia ted  w i t h  the  b u r s t  c o u l d  produce gamma r a y  photons. For su- 

pernova remnants, X- ray ernission i s  t h e  p r i n c i p a l  rnode o f  r a d i a t i o n  and 

accounts f o r  a s u b s t a n t i a l  f r a c t i o n  o f  t h e i r  l u rn inos i t y .  The X-ray e- 

m iss ion  o f  f h e  o l d e r  supernova remnants (Vela,  Puppis) occurs  a t  lower  

energ ies (<2keV) than t h e  younger remnants. The d e t e c t o r  on t h e  s a t e l -  

l i t e  HEAO-1 and HEAO-2 observed the  young supernova remnants Tycho, Cas 

A and K e p l e r ' s  up t o  about 25 keV. The ages o f  these remnants a r e a b o u t  

400 years and a l l  o f  them show a s i m i l a r  spectrurn. Only Crab nebula, 

which has an in te rmed ia te  age o f  about 1000 years,  has been observed up 

t o  about 150 keV i n  X-ray by ba l  l oon  borne experiments ( ~ i c k e r  e t  aZ33, 

1975; ~ u k a d a ' ~ ,  1975) and a t  h i g h  energ ies  o f  about 2.5 x 10" eV by 

ground based Cerenkov d e t e c t o r  ( ~ a z i o  e t  aZ15, 1972). Jacobson e t  aZZ3, 



Fig.5  - Spectrum of the source responsible for  the increase i n  counting 

r a t e .  The source i s  suggested t o  be supernova remnant i n  MCG-4-32-23. 

(1978) o b s e n e d  an enhancement i n  the  count i n g  r a t e  o f  b o t h  Ge ( L i )  de- 

t e c t o r  and t h e  Csl ( ~ a )  s h i e l d  d u r i n g  a b a l l o o n  f l i g h t  i n  1974 i n  t h e  

energy range 0,4 t o  6,6 MeV, which l a s t e d  f o r  about  20 minutes.  T h e i r  

conc lus ion  was t h a t  the  enhancement i s  prot iab ly  due t o  an e x t r a t e r r e s -  

t r i a l  source. A supernova remnant IC 443, p u l s a r  - PSR 061 1 + 22 and 

a h i g h  energy gamma r a y  source - y 195 + 5, were inc luded  i n  t h e  f i e l d  

o f  v iew o f  t h e i r  d e t e c t o r  and so, t h e  cause o f  t h e  enhancement i n  the  

coun t ing  r a t e  cou ld  n o t  be a t t r i b u t e d  t o  a r y  s i n g l e  source. 

I n  t h e  present  experiment, however, as no o t h e r  source w i t h i n  

the  f i e l d  o f  v iew o f  the  d e t e c t o r  was found s u f f i c i e n t l y  s t r o n g  enough 

t o  g i v e  riise t o  the  observed f l u x ,  we a r e  l e d  t o  be l  i eve  t h a t  t h e  v e r y  

young supernova (age about 7 months) s i t u a t e d  on the  a x i s  o f  the  de tec -  

t o r  cou ld  be t h e  source o f  the  enhancement i n  the  coun t ing  r a t e .  F i g u r e  

5 shows the observed spectrum o f  t h i s  source. T h i s  spectrum shows t h a t  



a f t e r  about 1.5 MeV s lope becomes f l a t .  Th is  i s  c o n t r a r y  t o  t h e  r e s u l t s  

ob ta ined  f o r  S e y f e r t  ga laxy  NGC 4151 (schon fe lder3 ' ,  1978) and r a d i o g a -  

l a x y  Cen A ( H a l l  e t  a ~ ~ ~ ,  1976). Th is  r e s u l t  a l s o  may i n d i c a t e  t h a t  t h e  

excess s e e n -i n  the  present  r e s u l t s  i s  n o t  due t o  e i t h e r  S e y f e r t  ga laxy  

IC 4329 A o r  r a d i o  ga laxy  NGC 5128, b u t  might  be due t o  the  supernova 

remnant i n  the  ga laxy  MCG-4-32-23. 

4. ESTIMATION OF THE EXPECTED FLUX 
FROM THE SUPERNOVA 

E1 'I i o t t  e t  a214, (1978) observed the  spectrum o f  t h i s  superno- 

va on May 29, 1978 and i d e n t i f i e d  i t  as a subclass o f  t ype  I I .  Assuming 

no i n t e r s t e l l a r  a b s o r p t i o n  due t o  i t s  h i g h  g a l a c t i c  l a t i t u d e ,  t h e  abso- 

l u t e  magnitude was es t imated  t o  be M = - 17.1, and i t s  d i s t a n c e  was 
v 

c a l c u l a t e d  t o  be 65 Mpc. No o t h e r  observa t ions  o f  t h i s  supernova a r e  a -  

v a i l a b l e  s i n c e  then. Only few type  I I  supernovae have been observed so 

f a r  (Barbon e t a l :  1974) and a l l  o f  them s h o w a  v e r y  w i d e  v a r i e t y  

i n  t h e i r  pho tomet r i c  p r o p e r t i e s .  A v e r y  few observa t ions  a r e  a v a i l a b l e  

o f  t h i s  t ype  o f  supernova beyond about  100 days a f t e r  the  maximum. Hen- 

ce, the  f l u x  f rom t h i s  supernova can o n l y  t h e  r o u g h l y  es t imated  a t  t h e  

t ime o f  o b s e r v a t i o n  (about seven months a f t e r  t h e  maximum). 

I n  genera l ,  t h e  pho tomet r i c  c h a r a c t e r i s t i c s  o f  t ype  I I  super-  

novae show a more gradual b r i g h t n e s s  d e c l i n e ,  sometimes w i t h  a tempora- 

r y  d e l a y  ( ~ s k o v s k i i ~ ~ ,  19671, the f a l l  i n  l u m i n o s i t y  d u r i n g  the  f i r s t  90 

days a f t e r  rnaximum being - 2m.5 ( ~ a y n e  - ~ a ~ o s c h k i n ~ ' ,  1957). Accord ing 

t o  Barbon e% aZ3, (1974) an average curve  d e r i v e d  f rom t h i  r t e e n  type  I  I 
m 

supernovae shows a steady dec l  i n e  o f  - 1 .8 i n  about  25 days t o  reach 

the  shoulder ,  the  magnitude remain ing a lmost  cons tan t  a t  t h i s  v a l u e  f o r  

about 5 6  days o r  more. E l l  i o t  e t  a214 (1978) assume t h a t  t h e  f i r s t  ob- 

se rva t  ions o f  SN i n  MCG-4-32-23 were made between 21 and 51 days a f t e r  

the  maximum. Assuming t h a t  the  shoulder  has been j u s t  reached a t  t h e  

t ime o f  f i r s t  observa t ion ,  the  v i s u a l  magnitude a t  maximum would be m 

= I i m . 2 ,  which g i v e s  t h e  l u m i n o s i t y  a t  maximum L = I .I x 1 O b 3 e r g  s-'. 
max 

Accord ing t o  Pskovski i 3 2  (1967), t h e  t ype  I  I supernova shows a dec l  i n e  

o f  4.3 magnitudes i n  100 days (f3=4.3), w h i l e  ~ r ~ l ( 1 9 7 4 )  g i v e s  a v a l u e  

o f  3.3 magnitudes i n  100 days f o r  the  bes t  observed type  I l s u p e r n o v a  i n  



NGC 7331 seen i n  1959. Taking t h i s  v a l u e  o f  8=3.3, the  supernova i n  

MCG-4-32-23 would ã t t a i n  a v i s u a l  magnitude o f  about 18.5 a t  t h e  end o f  

100 days a f t e r  t h e  maximum. The abso lu te  magnitude would then be ~ " ( 1 0 0  

days) = -15.6, and hence the  l u m i n o s i t y ,  g i ven  by 

would be LloO day = 5.3 x 10" e r g  s - ' .  As mentioned e a r l i e r ,  a lmost  no 

observa t ions  a r e  a v a i l a b l e  f o r  t ype  I I  supernovae a f t e r  100 days. Howe- 

ve r ,  ~ o r d o n ~ '  (1960) shows t h a t  the l u m i n o s i t y  o f  supernova type  I  has 

an exponen t ia l  f a l l  w i t h  l u m i n o s i t y  decreasing by a f a c t o r  o f  two du- 

r i n g  t = 55 days, which se ts  i n  50 t o  100 days a f t e r  t h e  maximum. Ap- 

p l y i n g  the  same r u l e  t o  t ype  I1  supernova, we f i n d  a = 0.013 i n  t h e  ex- 

p o n e n t i a l  law. Then 

L210 days = L 1 O O  days 
exp (-0.013 x 110) = 1.27 x  \ o 4 '  e r g  s- '  

Wi th the  d i s t a n c e  o f  65 Mpc, t h i s  g i v e s  a f l u x  o f  4.88 x  10-" photons 

cm-2 s - '  kev-' a t  t h e  Ear th  i n  t h e  3.046 t o  3.907 MeV range, which i s  

l e s s  by an o rder  o f  5 compared t o  t h e  f l u x  o f  8.9 x  I O - ~  photons cm-' 

s - '  kev- '  observed i n  t h e  same energy band. The d iscrepancy i s  very l a r -  

ge and i s  m a i n l y  due t o  u n c e r t a i n t i e s  i n  t h e  theory  o f  t ype  I1 superno- 

vae and i n  the  e s t i m a t i o n  o f  d i s t a n c e .  

Shklovsk i  i 3 8 ( ~ 9 6 ~ )  p r e d i c t e d  an e j e c t e d  mass o f  severa1 tens o f  

s o l a r  masses i n  type I  I  supernovae, whereas poveda3' (1964) showed t h a t  i n  

a s tandard t ype  I I  supernova, t h e  e j e c t e d  mass cannot be more thanabout  

0.02 Mo and would have an i n i  t i a 1  temperature o f  about 4 x  l o 4  O K ,  t h i s  

temperature being cons tan t  f o r a t l e a s t  a  few years as i t  does n o t  have 

the chance o f  c o o l i n g  i t s e l f  by r a d i a t i o n .  The energy l i b e r a t e d  i n  the  

cont inuum d u r i n g  t h e  b l a s t  would be about 6.6 x  1050 e r g s  and Lmax = 
= 6.6 x  e r g  s- ' .  Wi th t h i s  i n i t i a l  v a l u e  t h e  f l u x  i n  the 3 MeV 

range would 3.1 x  10-' photons cm-2 s - '  kev- ' ,  s t i  l l lower by an o r d e r  

o f  3 compared t o  t h e  observed f l u x .  The two t h e o r i e s  g i v e  two d i f f e r e n t  

va lues,  much l e s s  than the  observed va lue .  The improvement i n  t h e  theo-  

r y  o f  t ype  I I supernovae and t h e i  r pro longed observa t  ions may so lve  t h i  s  

problem i n  the  f u t u r e .  However, t h e r e  i s  no doubt about t h e  f a c t  t h a t  

gamma rays a r e  re leased f rom a young supernova. C lay ton  et a16,  (1969) 

showed t h a t  t h e  nuc leosyn thes is  o f  t h e  77 day 5 6 ~ o ,  which decays t o  



5 6 ~ e ,  a r e  accompanied by a r i c h  gamma r a y  spectrum t h a t  rnay be observa-  

b l e  f o r  a year o r  so i n  supernova remnants t o  d is tances  o f  severa1 Mpc. 

4 4 ~ i  i s  a l s o  seen t o  decay w i t h  a 48 year h a l f  l i f e  t o  "SC and t h e n t o  

" ~ a  w i t h  emiss ion o f  a 1 . I 5 6  MeV gamma quanta. T h i s  gamma r a y  l i n e f l u x  

f rom t h e  supernova i n  MCG-4-32-23 would be s t u d i e d  i n  a l a t e r  paper. 

5. SUMMARY 

Dur ing gamma r a y  observa t ions  by an o m n i d i r e c t i o n a l  d e t e c t o r o n  

December 15, 1978 excess counts were observed a f t e r  the  b a l l o o n  reached 

the  c e i l i n g .  A f t e r  accoun t ing  f o r  t h e  l i k e l y  sources w i t h i n  t h e  f i e l d  

o f  v iew o f  t h e  d e t e c t o r ,  i t  i s  shown t h a t  t h e  excess f l u x  seen might  be 

due t o  a supernova remnant observed f o r  t h e  f i r s t  t ime  i n  May 1978. Ho- 

wever, due t o  l s c k  o f  c o l l i m a t i o n  o f  t h e  d e t e c t o r  we do n o t  r u l e o u t t h e  

e f f e c t s  o f  o t h e r  p o s s i b l e  sources. An energy spectrum due t o  t h e  source 

i s  a l s o  cons t ruc ted  which shows a f l a t t e n i n g  o f  the  s lope  a t  h i g h e r  

energ ies .  The f l u x  expected f rom t h i s  supernova 210 days a f t e r  t h e  ma- 

ximum i s  es t imated  and t h e  inadequacy o f  t h e  p resen t  day theory  o f  t ype  

I I  supernova i n d i c a t e d .  
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