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ABSTRACT

OSSEobserved the starburst galaxyM82 in twoviewing periods of 8 and 14
days. M82's priorityas atarget hadbeenestablishedonthe grounds that the average
supernovaratemaybe veryhighthere, so that a signi�cant chance of 56Codetection
exists. If M82 is at 3.4Mpc distance, normal Type II (e.g. SN1987A) are too dim
in 56Co lines, but the Wolf-Rayet derivedType Ib, which are also massive-star core
implosionobjects, might be detectable toOSSE. 1;2 Expected
uxes of the 847keV
-
line of 56Cowouldbe near (2-5)� 10 �5 
 cm�2 s�1. AType Ia inM82wouldbe very
bright, 3 near (3-6)�10 �4 
 cm�2 s�1. WepresentOSSEbackgroundsubtractedspectra
of the M82 region for viewing periods 7 and 18. These spectra showno signi�cant
excess at 847keVor at1238keV, thetwostrongest 56Co
-lines. Whenwe�t asmooth
gammacontinuumplus a feature havingboththe 847keVand1238keVlines to the
OSSEdata, weobtainfor the 847keVline amplitude the values (-4.18� 3.45)� 10 �5


 cm�2 s�1 for viewing period 7 and(0.84� 2.85)� 10 �5 
 cm�2 s�1 for viewing
period18. Wediscuss the implications onthe supernovarate inM82.

INTRODUCTION

Evidence of averyhighstar formationrate inthe starburst galaxyM82is quite exten-
sive. Itssupernovarate 4;5 maybe� 0.1yr �1, assuggestedbyKronbergandWilkinson. 6

Rieke et al. 4 analyzedIRASinfrareddatatoconclude that veryhighrates of star for-
mationare occurring inM82. Moreover, this highrate of formationof OandBstars
is alsorequiredtoaccount for the radio luminosityof M82. 7 Detailedanalysis of radio
datahas been interpretedas requiring the burst of star formationinM82toproduce
onlymassive stars. 8 This implicationhas beenrevivedrecentlybyevolutionarymodels
of starburst activity inM82. 9 The initial mass functionof M82requires stars tohave
mass � 3M � in order that the models cansimultaneouslymatchthe observedM82
supernovarateandthe dynamical mass. 4 Starsmoremassivethan�9M � arebelieved
tobe the progenitors of Type II or Type Ibsupernovae. Therefore these observations
suggest thatM82probablyhas ahighrate of core-collapse supernovae.
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Clayton, Colgate, andFishman 10 describedanobservationthat couldcon�rmsuch
speculations. Radioactive 56Ni isproducedinthesupernovaevent, andgammaradiation
byits daughter nucleus 56Cocanbe sought. This predictionhas nowbeencon�rmed
bythe detectionof 56Co
-lines fromsupernova1987A(e.g., Leising andShare 11 and
references therein). Gamma-rayobservations havebecome apromisingdiagnostic tool
of supernovastructure. Gamma-rayline supernovaare not obscuredbydust, whichis
theconditionintheinnernucleusof M82. The
-lineandx-ray
uxesof massivestarsu-
pernovaehavebeencalculatedbymanyinvestigators. 12�17 EnsmanandWoosley 18 have
constructeddetailed evolutionarymodels of Wolf-Rayet supernovaexplosion and�nd
that only4-6M � models produce acceptable �ts tolight curves of Type Ibsupernovae.
The 
-line 
uxes fromthese models peakbetween3.1� 10 �5 to4.4� 10 �4 
 cm�2

sec �1 at distance of 1Mpc. 1 Nomoto, Kumagai, andShigeyama 2 intheir calculations
of heliumstar explosions 19 �ndmaximumline 
uxes tobe3.9� 10 �5 to8.8� 10 �4 


cm�2 sec �1 at distance of 1Mpc. This indicates that OSSEhas apotential range out
to4Mpc for detectingType Ibsupernova. For Type Ia supernovathe OSSErange is
� 10Mpc.

OBSERVATIONS

The Oriented Scintillation Spectrometer Experiment (OSSE), which is sensitive to
gammarays in the range of 0.05 to 10MeV, is designed to studynucleosynthesis by
detecting 
-raylines fromradioactive elements. The characteristics andperformance
of the OSSEinstrument have beendescribedbyJohnsonet al. 20 OSSEobservedthe
starburst galaxyM82(NGC3034)duringits viewingperiods 7(8-15August 1991) and
18 (10-23January1992). M82 is locatedat �=9 h56 m and�=+69 o41 0. The pointing
strategyfollows thesimpleOSSEpointingstrategyshowninFigure3of Purcell et al. 21

withaccumulationtime for everypointing being� 130 seconds. The total live time
of four detectors for period7 is 7.834� 10 5 seconds andfor period18is 1.651� 10 6

seconds.

DATAANALYSIS

The OSSEspectral analysis technique subtracts the backgroundo�set pointingof the
detectorsfromthesourcespectrum. 21 Thedataanalysisprocesspresentedhereis similar
totheonethathasbeenreportedinOSSEdetectionof 57CoinSN1987A. 22 Foreachday
of observation, initial dataselectionis performedtoexcludepoor dataduetotelemetry,
environment, or positioning errors. The quadratically�ttedbackgroundestimates are
subtractedfromthe source spectrumtoobtainadi�erence spectrumfor each2-minute
integration. The sumof all spectrafromfour detectors over anentireobservingperiod
is obtained. SeeFigure1for period7(1week)andperiod18(2weeks)datafromM82.
We�t the spectrumof Figure 1topower law, linear, or exponential continuumphoton
spectraplus a
-line at energy847keVor 1238keV. These photonspectraare folded
throughtheOSSEinstrumentresponseandtheresultingcountspectraareleast-squares
�ttedtothe observedcount spectra. Linear continuumphotonspectragive thebest �t
for bothobservingperiods for thecount spectra. Theresults of alinear continuumplus
a
-line �tting are presentedinTable 1 alongwith� 2

� , the �
2 per degree of freedom

(d.o.f), for the best-�t 
-line 
uxes at 0.847and1.238MeV.
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Figure 1: Average count spect ra of OSSE M82 observat ions f or vi ewi ng peri ods 7 and

18. The spect rum i s the average count s f romf our OSSEdetectors of 8-day (VP 7) and

14-day (VP18) observat i ons.

TABLE1
RESULTSOFTWOM82OBSERVATIONSBYOSSE

Period 847keV 1238keV 847keVCombinedFit Flux b

No. 
-line Flux a 
-line Flux a r1238=847=0.68 r1238=847=1.0

�2� d.o.f. �2� d.o.f. �2� d.o.f. �2� d.o.f.

7 -6.11� 3.77 +0.53� 4.32 -4.18� 3.45 -2.99� 3.03
0.86 23 1.00 19 1.01 39 1.02 39

18 +2.22� 3.43 -1.28� 3.61 +0.84� 2.85 +0.51� 2.53
0.68 23 0.56 19 0.63 39 0.63 39

a When �t t i ng the 847 (1238) keV
-ray li ne, t he l i near cont i nuumi s �t f rom0. 6-1. 2

(0. 9-1. 5) MeV; 
ux i s i n uni t s of 10�5 
 cm�2 sec�1.
b The 847 keV
- l i ne 
ux i s obtai ned by �t t i ng the 847 and 1238 keV
- l i nes simul t a-

neousl y wi th thei r rat i o �xed to r1238=847 t ogether wi th a l i near cont i nuumf rom0. 5-1. 5

MeV; 
ux i s i n uni t s of 10 �5 
 cm�2 sec�1.

Table1alsoshowsthebest �t of alinear continuumspectrumplus both
-raylines
simultaneouslyfor twovalues of the line 
uxratior 1238=847 =f 1238=f847. One
uxratio
is chosentobe 0.68, the relative emissionrate in 56Co. We also�t the count spectra
with the ratio �xed to 1.0, the approximate ratio of line 
uxes at early times in the
supernova. The results inTable 1 o�er no evidence of the line features searchedfor.
Fig. 2weuse the3� con�dence limits for this simultaneous �t totest theprobabilityof
supernovarecurrence rates. We alsoexaminedthe eye-catchingbumpbetween0.9-1.2
MeVof the count spectraof VP7. The bumpappears tobe astatistical 
uctuation.
Surprisingly, it is dominatedbythe �rst day's counts, acuriosityfor whichwehaveno
explanation.
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Figure2: Probabi l i t y f or the 847 keV
- l i ne 
uxes f romstochast i cal l y occurri ng Type Ia,

Type Ib, and Type II supernovae to be l ess t han both 3� upper l imi t s f or the two M82

observat i ons, whi ch are separat ed by about 158 days.

DISCUSSION

MonteCarlosimulationsof randomlyoccurringsupernovaeventsinM82wereperformed
toevaluate the signi�cance of our upper limit tothe 0.847and1.238MeV 56Co
-ray
line
uxes onthesupernovarateinM82. For this purposewetakethe3� upper limit to
meanthebest-�t valueplus threestandarddeviations fromthatvalue, eventhoughthis
con�dence limit maydi�er slightlyfromthe expected3� sensitivityof OSSEto lines.
The 3� upper limit tothe 0.847MeV
-line 
uxfrombothviewingperiods (separated
by158days) was comparedwiththe line 
uxgeneratedbytheMonteCarlohistories.
The fractionof galaxies in the simulations that wouldbe fainter thanboth3� OSSE
limits at 847keVis shownin�gure 2. It therefore represents the probabilitythat that
particular astrophysical simulationwouldnot have beendetected. Di�erent types of
supernovamodels are usedinthe simulationbut are consideredindependentlyof each
other. Model W7 is aType Ia supernovade
agrationmodel of carbon-oxygenwhite
dwarf thermonuclear explosion. 23 WR6Cis aType Ibsupernovamodel of Wolf-Rayet
progenitor. 18 ForTypeII supernovawetaketheSN87Amodel that produces 0.075M �

56Ni.

Our simulations showthat our observedupper limit to the 
-line 
uxes does not
give astrongconstraint onthemassive-star supernovarate of M82. For Type IaSNe,
evenif the upper limit 
uxwere as small as 1� 10 �6 
 cm�2 sec �1, there wouldstill
be a 10% chance for the model 
ux tobe less thanthat upper limit for a supernova
recurrence time of 1 year. Therefore we conclude that 
-line 
ux upper limits from
M82cannot provideastrongconstraint tothe supernovarateof that galaxyunless the

-raydetector is sensitive to 
uxes of � 1� 10 �6 
 cm�2 sec �1 or better, or the
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recurrence time is muchshorter than1year, hence muchmore frequent observations
are needed. However, the searchfor 
-line supernovashouldcontinue, particularly in
high-rate star formationdust-obscuredgalaxies suchas M82andNGC253, 24 because
apositive detectionremains possible at that distance. Also, repeatingthe observations
will somewhat improvethe constraint onthe recurrence rateof supernova.
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