
1.Classjfjcatjon 	IZVPE_coM. 31RPIT 2.Period 4.DjstHbuton 
CDU:523. 03(816.1) 	 jnuary 1981 Criterion 

interna] 3.Key Words (selected by the author) 

BALLOON-BORNE DETECTOR 
SUPERNOVA REMNANTE externa ] 

GAMM4 RAY SPECTRUM 

No. 6.Date 
4$ - 

7.Revised 53' 
LS.Report 

IJ{PE-2003-RPI/042 February, 1981 . 

-4 Dante?.J.R. _Nordemann 

8. 	Titie and Sub-title 
r_ 
9.Authorized by 

LOW ENERGY GAMBA £4Y ENIL4NCEMENT OBSERVED 
DURING A STRATOSPRERIC BALLOON FLIGHT 

Nelson 	e Jesus Parada 

r Director 

DAS/D.4E 	 Code 30.292 11.No. 	of Copies 	12 

12.Authorship 	K.R. Rao 
14.No. 	of Pages 17 I.M. Martin 

J.O.D. Jardim 
U.B. Jayanthi 

1S.Price 

13.Signature of first author 

16. Sumary/Notes 

An oninidirectional gamrna ray detector was flown on a 
stratospheríc bailoon in Decernber 15, 1978 frorn Sao Jos 	dos Ccmrpos,Brazil. 
After reaching ceiling, an increase in the count rate was observed. Af ter 
considering the probable sources causing this increase ., it is suggested 
that this increase inight be due to the supernova remnant, first observed 
optically in May 1978 in galaxy MCG-4-32-23. The energy spectrwn of 
supernova shows a flattening of siope above 1.5 MeV. 

version May, 1982. 

Ê
Revíse,d 

emarks Thisworkwaspartiallysupportedby the"FuNacionaldeDe 
ovimento Cienttfico e Tecnol6gico - FNDCT" under contract FINEP/CT/ 
Subraittedforpublicationinthe"RevistaBrasileiradeflsica-RBF"J 



LOW ENERGY GAMMA RA? ENI-IANCEMENT OBSERVED 

DURING A STRATOSPHERIC BALLOON FLIGHT 

K.R. Rao, I.M. Martin, J.O.D. Jardim and U.B. Jayanthi 
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ABSTRACT 

An omnidirectional gama ray detector was flown on a 

stratospheric bailoon on December 15, 1978 frora São José dos Campos, 

Brazil. After reaching ceiling, an increase in the count rate was 

observed. After considering the probable sources causing this 

increase, it is suggested that tI -iis increase might be due to the 

supernova rernnant, first observed optically in May 1978  in galaxy 

MCG-4-32-23. The energy spectrum of supernova shows a flattening of 

slope above 1.5 MeV. 



1. INTRODUCTION 

Though high energy photon emission in gama ray range 

had been predicted froni extraterrestrial sources as eariy as 1958 

(Morrison 26 , 1958; Savedoff 34 , 1959), little progress couid only be 

made til] recentiy because of iow fiuxes encountered in this range and 

also due to inherent difficuities in experimental techniques. In X-ray 

range, however, many sources were observed by bailoon, rocket and 

sateiiite experiments, starting with the discovery of a source in 

Scorpius in 1962. The recent Uhuru sateilite iist runs to about 400 

sources in 2 to 6 KeV energy range (Forrnan et a1 16 , 1978). The HEAO 

sateil ites also observed many sources in low energy X-ray range. 

Cornpared to this number, the SAS and COS B satei 1 ites observed about 

30 sources at energies around 100 MeV and in the low energy gamnia ray 

range, beiow 10 MeV, there are still fewer sources. Only Crab nebuia 

(wairaven et al', 1975; Dolan et a] 13, 1977; Wilson et ai 42 , 1977; 

Penn ingsfeld et a1 2' , 1979), Cyg X-i (Baker et ai . , 1973), Cyg X-2 

(Dean et ai'', 1973) and Seyfert Galaxy NGC 4151 (Di Cocco et a] 12, 

1977; Grami et ai 21 , 1978), apart from galactic center region have 

thus far been identified as low energy ganiria ray sources, though the 

confidence of their identification is stili 10w. The ganna ray burst 

sources, which have been recently observed by bailoon-and sateilite - 

borne detectors (Cline'e't ai ° , 1981: Teegarden and Cline 40 , 1980: 

Mazets et ai 24 , 1980), forma separate ciass, as the energy in the 

range of 1038 - 10 40  erg is released by them in smal 1 bursts lasting for 

times much less than few minutes. Though the smaii error boxes obtained 

from trianguiation by sateli ite positions for these burst sources do 

no  showany known sou rces o  peculiar objects, i  is bel ieved that 

these gama ray burst sources are neutron stars undergoing non-steady 

accretion (Mazets et ai', 1980). onlyonegama ray burst source was 

identified thus far with the LMC supernova remnant, N 1+9, using nine space 

probes and sateil ites of gama ray burst sensor network (ci me et ai 7 , 

1979). However, the characteristics of this phenomenon was quite 

different from the known variety of gama ray bursts. 

Supernovae have been recogpized for a iong time as the 

sources of high energy cosmic rays (Ginzburg and Syrovatsky 19 , 1960; 
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Shapiro 6 i962), and Pinkau30(1970) has shown that the interaction of 

these cosmic rays with the ambient atmosphere may produce measurable 

gama rays. It lias aiso been recognized that the accretion of matter 

onto neutron stars and biack holes gives risc to radiation in X - and 

gamma-ray range (Shapiro3, 7  1973). But thus far, except the Crab nebula, 

and the transient gamma ray source, N 49, no other supernova has been 

definiteiy identified as the gama ray source in the low energy range. 

lhe purpose of the present paper is to show the 

observation of enhancement in the gamma ray flux during a balloon 

flight and a possible source of this enhancement as due to a 

Supernova (SN) 

2. INSTRUMENTATION AND FLIGHT DETAILS 

An oninidirectionai gamma ray detector was fiown on a 

stratospheric bailoon from So Jose dos Campos, Brazil , on 15 

December, 1978.  The detector consisted af a 4" x 4" Nal (Ti) crystai 

coupled to a RCA 8054 photomultipi ier tube. The crystal is surrounded 

by a 2 cm thick NE 102 A plastic scintil]ator viewed by a RTC XP 1030 

photomultiplier tube. The plastic scintiliator is used to monitor the 

charged particie count rate and operated in anticoincidence with the 

crystal. The accepted .eVents were pulse height analyzed by a 256 

channel anal izer covering the energy range 0.30 to 10.40 Mcv. A 

Rosemount type and a Springer type sensor were used to monitor 

pressure up to 7 miliibars and a sensitive Rosemount sensor to 

measure pressures beiow 7 miilibars to obtain the altitude 

information of the balloon. The encoded signais along with other 

scientific parameters (pressure, temperature etc.) were transmitted 

to ground via FM/FM teiemetry. Ai] the data were recorded on rnagnetic 

tapes for subsequent analysis. 

The bailoon was iaunched at 0743 1ff and reached a 

ceiling of 5.4 g/cm2  at 0932 UT. The flight vias terminated by a 

mechanicai device at about 1600 UT. The electronics functioned well 

during ai] the 1'! ight. The pressure sensors showed that the fioat 

altitude remained constant at about (5.2 ± 0.2) g/cm 2  til] about 
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1500 !JT. The latitude variation of the flight was smooth and very 

small, being between -22.9 and -23.1 degrees. 

3. RESULTS AND DISCUSSION 

In Figure 1 we show the variation of total count rate 

of gamma ray continuum (0.30 MeV to 10)4 MeV) from 0900 UT to 1300UT. 

The figure shows that during the ascent to ceil ing, which occurred at 

about 0930  UT, the counting rate went on decreasing. After 1000 UT 

there was an appreciable increase in counting rate til] about 1120 UT. 

At this time the counting rate decreased again and remained almost 

constant til] about 1400 Ul. We examined ali aspects like pressure 

change, gain change, rigidity cut off variation etc. to understand 

the sudden shift in the count rate levei after 1000 UT but they did 

not show any correlated variation. Figure 2 shows the variation af 

counting rate in three different energy bands and variation of 

pressure with time. This figure shows that the counting rate 

variation is more pronounced at lower energies. The increase that was 

observed during 1030 to 1120 UT is more than that couid be attributed 

to pressure variation and we bel leve must be due to extraterrestrial 

gama ray events. Figure 3 shows two spectra, one imrnediateiy after 

attaining the ceil ing between 0945 and 1000 UT (Curve a) and the 

other giving maximum ccdnting rate between 1048 and 1118 UT (Curve b). 

Both have similar slopes and both curves indicate a break in their 

slopes at about 1.5 leV, which may indicate the effects of charged 

part ides. We do not have charged part ide incidence rate to compare. 

The detector, being oninidirectional sees, apart from 

many known galactic X-ray sources, a number of Seyfert galaxies, 

normal galaxies and sharp emission une galaxies which are known to 

be X-ray emitters and so the enhancement in the counting rate can not 

be attributed to any single source. Figure 4 shows the trajectory of 

the balloon in galactic coordinates along with the positions of some 

known x - and gama ray sources. The time during which the 

enhancement is observed in the counting rate is shown as a shaded 

region below the trajectory. The nurnbers denote the gamma ray sources 

observed by COS - B sateilite (Swanenburg et ai 3, 9  1981) at energies 
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greater than 100 tleV. Out of these, oniy two - no. 19 (3C 273) and 

no. 23 (p Oph) - have been identified by SAS 2 sateil ite (Bignami et 

aI 	1980: Mayer - J-lasseiwander et a1 2, 5 1980) also. Assuming a 50 

percent attenuation in atmosphere froni a point source, the detector 

would have a FWHM of about 105 degrees. The intensity of many of the 

galactic sources, which could influence the counting at more than 50 

percent response within this field of view, are very low in the 2-6 

KeV energy range (Forman et al 36  1978) and we can assume that their 

intensity do not contribute to the counting rate in the 0.30 to 10 

MeV range. The Sun subtends a zenith angle of 57 0 at 1100 UT, which 

is at the periphery of the FWHM of the detector. Horeover, H flare 

data do not show any fiares between 0907 UT and 1205 UT (Coffey, and 

Lincoln 9  1979). The intensity of COS 8 sources, which the detector 

might see, is also very low, the flux being in the range 1.1 - 

3.8 X 10 -6  photons CM-2 
	(Swanenburg et a1 1, 9 1981).  

Of the extragaiactic sources within the field of view, 

M68 is a galactic cluster whose X-ray spectrum would be therrnal in 

nature and is uni ikely to extend to gamma ray energies. M83 and M104 

are spiral galaxies which have not been identified in X-rays or 

gama rays so far. IC 4329  A is a Seyfert galaxy. On the basis of 

their X-ray luminosity function and relatively hard spectra Mushatzky 

et a1 2 (1979) bel leve that the type 1 Seyferts are most 1 ikely gama 

ray sources. 1-lowever, only one Seyfert galaxy, NGC 4151,  has so far 

been observed in the 1-10 tleV range by many workers (Di Cocco et a1 2  

1977; Schbnfe1der 5 1978). The flux observed by SS-2 in the 35 to 

100 MeV range from Seyferts NGC 3783 and MRK 509 is substantially 

below extrapolations of their X-ray power law spectra (Bignami et alt, 

1979). The flux from IC 4329 A in the 35-100 MeV range as observed 

by SAS-2 detector gave an upper 1 imit of 2.1 x 10 -6  photons CM-2  s 

KeV 1 . If it is assunied that the spectrum of IC 4329 A would be 

similar to that of NGC 4151, the flux at 3  MeV from the former would 

be about 1.5 x 10_6  photons cm- 2 
	KeV'. Assuming the source is 

seen for 30 minutes from 1048 to 1118 UT on December 15, 1978, the 

flux seen from the source in this range (-3MeV) is nearly a factor 

of six greater (- 8.9 ± 0.62) x 
16 phbtons cm- 2  s' keV' than the 

extrapolation given above. Thus the flux from IC 4329 A alone cannot 

account for the flux observed on December 15, 1978. 
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Another candidate source within the field of view is 

Centaurus A (4U 1322-42). This is a radio galaxy which has been 

observed from radio through iow energy gama rays (Hall et ai 2. 2, 1976). 

In the 2-6 keV X-ray range, the intensity of this source is very low 

as seen by Uhuru satel 1 ite (Forman et ai 	1978) with intensity about 

1 percent of Crab nebula. At 3 MeV, the flux frorn this source is about 

2.5 x ir 7  photons cnf 2  s 	keV 1  (Hall et al 	1976 and flushatzky et 

al7 1979). This is one order iess than the flux obtained by us, 

(8.9 ± 0.6) x 106  photons c& 2  s -1  keV', on December 15, 1978 due to 

the source in the field of view of our detector. Thus Centaurus A 

alone or together with IC 4329 A do not appear to account for the flux 

of gamma rays observed by us. 

Another likely source for the enhancement of counting 

rate might be the gaiactic center region. In the low energy region, 

the diffuse cornponent is due to the discrete source contribution while 

in the medium energy for an omnidirectional.detector, the principal 

contribution may come from gaiactic center which has a spatial extent 

of about 400  and where bremstrahlung electron processes are dominant. 

However, at the time of observation, the galactic center region is 

outside the field of view and its contribution, if any, would be very 

smali 

As rnentioned in the introduction, the supernova 

remnants, if they are within the fieid of view, might be responsible 

for a part or whole of gama ray emission seen by the detector. The 

UK Schmidt telescope unit has observed on May 8, 1978 a supernova at 

17th magnitude with coordinates a = 13h 27m 32.6 5  and 6 = -21 0 29 1 21.011 , 

20 seconds due west of the nucleus of 15th  magnitude galaxy 

MCG-4-32-23 (Gilmore,18 1978). This appeared as a distorted or 

secondary nucleus of the galaxy. This supernova falis within the field 

of view of the detector. 

As mentioned earl ier, no supernova remnant has so far 

been identified with the ganïrta ray continuum emission, though is was 

theoretcally predicted (Colgate and White1966) that the high 

energy shock wave associated with the burst could produce gamma ray 
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photons. For supernova remnants, X-ray emission is the principal mode 

of radiation and accounts for a substantial fraction of their 

luminosity. The X-ray emission of the older supernova remnants (Vela, 

Puppis) occurs at lower energies (< 2 KeV) than the younger rernnants. 

The detector on the sateilite HEAO-1 and HEAO-2 observed the young 

supernova remnants Tycho, Cas A and Kepler's up to about 25 KeV. The 

ages of these remnants are about 400 years and ali of thern show a 

similar spectrum. Only Crab nebula, which has an intermediate age of 

about 1000 years, has been observed up to about 150  KeV in X-ray by 

bailoon borne experiments (Ricker et al? 3 , 1975; Fukada 17 , 1975) and 

at high energies of about 2.5 x 1011  eV by ground based Cerenkov 

detector (Fazio et ai 15 , 1972). Jacobson et al 23 , ( 1978) observed an 

enhancement in the counting rate of both Ge (Li) detector and the CsI 

(Na) shield during a balioon flight in 1974 in the energy range 0,4 to 

6,6 MeV, which lasted for about 20 minutes. Their conclusion was that 

the enhancement is probabiy due to an extraterrestrial source. A 

supernova remnant IC 1443,  a pulsar - PSR 0611 +22 anda high energy 

gamma ray source - y 195 + 5, were included in the fieid of view of 

their detector and so, the cause of the enhancement in the counting 

rate could not be attributed to any single source. 

In the present experinient, however, as no other source 

within the field of view of the detector was found sufficientiy 

strong enough to give rise to the observed flux, we are led to bel ieve 

that the very young supernova (age about 7 months) situated on the 

axis of the detector could be the source of the enhancement in the 

counting rate. Figure 5 shows the observed spectrurn of this source. 

This spectrum shows that after about 1.5 leV the siope becomes flat. 

This is contrary to the results obtained for Seyfert galaxy NGC 14151 

(Schbnfeider 35 , 1978) and radio galaxy Cen A (Hall et al 2 , 1976). This 

result also may indicate that the excess seen in the present results 

is not due to either Seyfert galaxy ;C 4329 A or radio galaxy NGC 

5128, but might be due to the supernova rernnant in the galaxy MCG-4-32-23. 
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4. ESTTMATION 0V lHE EXPECTED FLUX FROM THE SUPERNOVA 

El 1 iott et al(1978) observed the spectrum of this 

supernova on May 29, 1978 and identified it as a subclass of type II. 

Assuming no interstellar absorption due to its high galactic latitude, 

the absolute magnitude was estimated to be ti = - 17.1, and its 

distance was calculated to be 65 Mpc. No otlier observations of this 

supernova are available since then. Only few type II supernovae have 

been observed 50 far (Barbon et a1 3, 1974)  and aH of them show a very 

wide variety in their photometric properties. A very few observations 

are available of this type of supernova beyond about 100 days after 

the maximum. Hence, the flux from this supernova can only be roughly 

estimated at the time of observation (about seven months after the 

maximum) 

In general, the photometric characteristics of type II 

supernovae show a more gradual brightness decline, sonietimes with a 

temporary delay (Pskovskii 2 1967), the fali in luminosity during the 

first 90 days after maximum being - 2m5 (Payne - Gaposchkin81957). 

According to Barbon et a1 (1974) an average curve derived from 

thirteen type II supernovae shows a steady decline of - 1m•8 in about 

25 days to reach the shoulder, the magnitude remaining almost 

constant at this value for about 50 days or more. Eh iott et al', 4  

(1978) assume that the first observations of SN in MCG-4-32-23 were 

made between 21 and 51 days after the maximum. Assuming that the 

shoulder has been just reached at the time of first observation, the 

visual magnitude at maximum would be mv = 15m2 which gives the 

luminosity at maxinium L ma x = 1.1 X 10k3  erg s. According to 

Pskovski i32(1967) , the type li supernova shows a decline of 4.3 

magnitudes in 100 days (s=4.3) , while Arp 1 (197 14) gives a value of 

3.3 magnitudes in 100 days for the best observed type 11 supernova in 

NGC 7331 seen in 1959. Taking this value of t3=3.3, the supernova in 

MCC-4-32-23 would attain a visual magnitude of about 18.5 at the end 

of 100 days after the maximum. The absolute magnitude would then be 

Mv(100 days) = -15.6, and hence the iuminosity, given by 

Otf(4.79 - Mv ) L=lO
. 	 L 
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would be L100 day = 5.3 x 10' 	erg s'.  As mentroned earlier, alrnost 

no observations are available for type II supernovae after 100 days. 

However, Gordon 20(1960) shows that the lurninosity of supernova type 1 

has an exponential fali with luminosity decreasirig by a factor of two 

during t = 55 days, which sets in 50 to 100 days after the maximum. 

Applying the sarne rule to type II supernova, we find a = 0.013 in the 

exponential law. Then 

L210 days = L100 
days 

 exp (-0.013 X 110) = 1.27 X io' erg 

With the distance of 65 Mpc, this gives a flux of 4.88 x 10 -11  

photons cm- 2  s -1  KeV 	at the Earth in the 3.046 to 3.907 Mcv range, 

which is less by an order of 5 compared to the flux of 8.9 X 10_ 6  

photons cm-2 	 KeV -1  observed in the sarne energy band. The 

discrepancy is very large and is mainly due to uncertainties in the 

theory of type II sypernovae and iii the estirnation of distance. 

Shklovski i1960) predicted an ejected rnass of several tens 

of solar masses in type II supernovae, whereas Poveda 3 kl964) showed 

that in a standard type 11 supernova, the ejected rnass cannot be more 

than about 0.02 M 	 and would have an initial temperature of about 

4 X 104  ° K, this temperature being constant for at least a few years 

as it does not have the chance of cooling itself by radiation. The 

energy 1 iberated in the continuum during the biast would be about 

6.6 X io °  ergs and L 
ma x = 

6.6 X 104+  erg s -1  . With this initial value 

the flux in the 3 MeV range would be 3.1 X 10 	photons crn2 -1  Kev, 

still lower by an order of 3 compared to the observed flux. The two 

theories give two different values, much less than the observed value. 

The irnprovernent in the theory of type II supernovae and their 

prolonged observations may solve this problern in the future. However, 

there is no doubt about the fact that gama rays are released from a 

young supernova. Clayton et ai (1969) showed that the 

nucleosynthesis of the 77 day 56 Co, which decays to 56 Fe, are 

accompanied by a rich gamrna ray spectrum that may be observable for a 

year or so in supernova remnants to distances of several Mpc. 
44  Ti is 

also seen to decay with a 48 year haif 1 ife to 
44  Sc and then to 44  Ca 
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wíth 	emission of a 1.156 MeV gamma quanta. This garrna ray une flux 

from the supernova in MCG-4-32-23 would be studied in a later paper. 

5. SUMMARY 

During gamrna ray observations by an omnidirectional 

detector on December 15, 1978 excess counts were observed after the 

ba 1 loon reached the ce ii i ng. After account i ng for the 1 ikely sources 

within the field of view of the detector, it is shown that the excess 

flux seen might be due to a supernova remnant observed for the first 

time in May 1978. However, due to lack of coilimation of the detector 

we do not rule out the effects of other possible sources. An energy 

spectrum due to the source is also constructed which shows a 

flattening of the siope at higher energies. The flux expected from 

this supernova 210 days after the maximum is estimated and the 

inadequecy of the present day theory of type II supernova ind icated. 
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FIGURE CAPTIONS 

Fig. 1 - Variation of gamma ray continuuni from 0.30 MeV to 10.3 fleV 

with time. 

Fig. 2 - Variation of ganima ray counting rate in three different 

energy bands. The variation of pressure with time is also 

shown in the figure. 

Fig. 3 - Gama ray spectrum observed immediat&y after reaching the 

ceiling ( --- ) and at the maximum counting rate (-). 

Fig. 4 - Trajectory of the bafloon in galactic coordinates. The 

shaded area shows the time during which the enhancement in 

counting rate vias observed. Pie nunibers denote the ganirna ray 

sources observed by COS B sateHite. 

Vig. 5 - Spectrurn of the source responsible for the increase in 

counting rate. The source is suggested to be the supernova 

remnant in flCG-4-32-23. 
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