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ABSTRACT. A major objective othe OrientedScintillation SpectrometeExperiment
(OSSE) onNASA's COMPTON Observatory is the observation ghmma rayline
emission from a variety of astronomical objects. Gammémegare of particular interest
because they provide unique information tre production,relative abundances,
acceleration and interactions of theclear component ofmatter. Inthis paper, we
present some of thiaitial results obtained by OSSE on observations of daema-ray
emission from solar flares, the galactic center region, and from supernovae.

1. Introduction

Observations of gamma-rédiges from astronomicasources has lonigeldthe promise for
understanding thphysicalprocesses occurring in the most exotic and energetic objects in
the universe. These include explosive objects sucBupgrnovae and novae, compact
objects such as neutron stars atatk holesthe interactions ofosmic rays withmatter

in the interstellamedium, andhe physics ofsolar flares. Becaudhe fluxes of these
radiations are quite low, progrebas beerrather slow. Nevertheless, over the past
twenty years, lineemission fromsolar flares has been observed and studied extensively
with the SMMmission, paitronannihilationradiation has been observed fréine geeral
region of the galactic center, aB8Co emission was observed from SN 1987a.

A major objective ofthe OrientedScintillation SpectrometerExperiment QSSE) on
NASA's COMPTONO Observatory is to extend observations of gamma-ray line radiation
from a variety of astronomical objects with much improved sensitivity. This is
accomplished witHour identical actively-shieldedlal(Tl) scintillation detectorsdesigned

to be sensitivever the 0.05 - 10 Meénergy range. Eaadttetectorhas a 3.7 x 11.4
rectangulaffield of view defined by a passivangsten collimator, and each hasiagle

axis pointingcontrolwhich isused to provide an offset pointiegpabilityfor background
estimation. For most observations, the detectors are pointed at a source of interest for a
shorttime (typicallytwo minutes) and then offset to a background position on esitier

of the source.Summation of thes2-min background-subtracted spectra over tipcal

source observation of 2-3 weeks results in the best OSSE spectrum of the source. A
detailed description of the OSSE instrument is given in Johnson et al. (1993)
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2. Solar Flares

Solarflares are explosions thabccur in the solar atmosphdeading tothe emission of
electromagnetic radiation (radiasible, UV, X-rays andgammarays), to the escape of
energetic particles (electrons, neutrgm®tonsand heavier nuclei) and to mass ejections
and shock waves. Atarth, thesgohenomena can cause radio blackofa#res in the
primary electricalpower grid, changes in the terrestrial magic field and caneven
endanger astronauts. Because of ikarness of the Sun, thede range of radiations
produced areelatively easilydetected. Solaflarestherefore provide the opportunity to
study in considerable detail high-energy phenomenaadib@ir notonly onthe Sun, but
also atmany astrophysical sites where detectiontloé accompanying radiation is more
difficult. OSSE incorporates\ariety of capabilitie$or the detection and measurement of
high-energy emission frosolar flaresWhile solar-flare observations an®t theprimary
mission of CGRO, excellent observations of a number of solar flares hasen
accomplished. In this section an overview of high-energy #anession is given and
results derived fronOSSE observations divo of the flares fromthe remarkable June
1991 activity periodare presented. The spectrum &othl number ofthe accelerated
interactingprotons arelerived usinglatafrom the 4 Jundlare and evidence is presented
to support the claim thataccelerated protons are stored in natigrioops using data
from the 11 June flare.

2.1. Solar Flare Gamma-ray Production

Nuclear reactions due to interactions of flare-accelerptetbns and nuclei with the
ambient solamtmosphere produce neutroggmma-ray lineand continuumemission.
The principal mechanismi®r the production ofamma-ray linesirenuclear deexcitation,
neutron capture, and positrannihilation.The nuclear deexcitation spectrum consists of
narrow lines (~2% FWHM), resulting fromprotonsand a-particles interacting with the
ambientgas, and broalihes(~20% FWHM),resulting fromthe interaction of accelerated
carbon and heavieruclei with ambient hydrogeand helium. Capture of the neutrons on
ambient hydrogen ithe photosphere produces a strong line at 2.223 MeV, and neutrons
escaping fromthe Sun can beletected at Earth or imterplanetary space. Nuclear
reactions also produce radioactineclei and charged pions, both of whodecay can
result in positroremission.The positron@nnihilate toproduce a line at 0.511 MeV and a
3-photon positronium continuum. The narrow nuclear deexcititiesand the 2.223 and
0.511 MeV lines are superposed on eontinuum composed ofhe broad nclear
deexcitationlines and bremsstrahlung from primasjectrons. Broad-bandamma-ray
emission extending to high energi€s30 MeV) resultsfrom relativistic electron
bremsstrahlung and froe decay of pions. Neutral pions decay directly iggoamma
rays,while charged pions decaya muons intosecondary positrons and electramsich
produce gamma rays by annihilation in flight and bremsstrahlung.

2.1.1.Nuclear Deexcitation LineS'he most important nuclear deexcitatiores insolar
flares are listed in Table 1 along with theemission mechanismand their principal
production processes. Thfetimes ofthe excited states awery short (<1011 s) and so



TABLE 1
Solar Flare Nuclear Deexcitation Lines

Photon Emission Production
Energy Mechanism Processes
(MeV)

0.429 /Bex0.429 , s, 4He(o,n)/Be*
0.478 7j*0.478 g, 4He(o,p)’Li*
0.847 S6pe+0.847 _, g5, S6re(p,y)°6Fe*
1238 56re+2.085_, 56re0.847  Se(p y)5OFe*
1.369 24\gr1.369 , gs. 24\9(p,py)24Mg*
1.634 20Nex1.634 , g5, 20Ne(p,py)2ONex
1.779 285x1.779 _, g.s. 28si(p, py) 28si*
4.438 12c+4.439 , gs. 12c(p,py)12c+
6.129 160+6.131 , g.s. 160(p,py) 160+

the time profile of such gamma-rdines directlyreflects thetime profile ofthe proton
interactions themselves. The excitatmoss sections peak for interactipgptonswhich
have kinetic energies in the range 10-30 MeV.

2.1.2. Neutrons The principal neutron-producing reactions in solfares are proton-
proton, protona particle andx particlear particle. The neutronshich remain athe Sun
either decay oare captured byuclei,most importantly orlH to produce a 2.223 MeV
gammaray. Because of thime requiredor the neutrons to slow down and be captured,
thegamma-ray line is delayed lapout 100 secondsom thetime of neutron production.

A competing capture reaction ??He(n,p):‘H which produces no radiatidsut canaffect
the time-dependeriiux of the 2.223 MeMine. Observations of this line cainerefore set
constraints on the photosphere/H ratio. Thekinetic energies ofthe protons
producing the neutronsesponsiblefor the observed 2.223 MeV line are in the range
30-100 MeV. The ratio of the total 2.223 MeV line fluence to that of a deexcitation line is
thereforesensitive tahe hardness of the flare-averagedtonkinetic-energy spectrum in
the 10 to 100 MeV range.

2.1.3.Positrons. Positrons are created in sollares fromthe decay of radioactivauclei
and it mesons and from deexcitation of exciteaclei produced by the accelerated-
particle interactions. Once created, the positrons slow dowrammtilate with ambient
electrons. Depending othe density andemperature of thambient mediumpositrons
and electrons caannihilate either directly oafter forming positronium. Positronium can
form in either oftwo spin states—asingletstate 25% of théime which decays into two
0.511 MeV photons, or a triplet state 75% of timee which decays intéhree <0.511
MeV photons. Therincipal positron-emittingsources expected to be produced in solar
flares are 160* for very steep accelerated-particle spectra 8@ and11C for more
typical solar pectra. Themean lives othe positron emittergary from 1010 seconds for
160 to 1760 seconds fotlC. Positrons also result frohe decay of it mesons
producedprimarily in p-p and pe interactions. Thett mesons decay into muons which,
in turn, decay into positrons. Thaalf-lives ofthese particles aneery short (2.6 x 168 s



for thett™ and1.5 x 106 s for thep™) but theinitial energies othe positrons are larger
(10-100 MeV) than those of positrofftem radioactivenuclei (<1 MeV) and so the
slowing-down times can be longer. The threshold enéogypion production is >200
MeV and forvery hardproton kinetic-energy speira, these sources of positrons can
dominate. Sincehe annihilation line iscomposed of a superposition of radiatimom
manysources with aariety of half-livesthe time-dependence of tBes11 MeV line can
be complex and not easily related to the proton interaction time profile.

2.1.4.High-energy EmissianAt energiegreater than ~10 MeV, most of tgamma rays

in solar flaresare expected to be produced by electstemsstrahlung arm® decay with
some additional contribution from bremsstrahlungrd¢ and Tr-decay positrons and
electrons. Neutral pions decay witthalf-life of lessthan 1019 s into twogamma rays
with energies 067.6 MeV in thepion rest frame. The energies of theé®tons are then
Doppler shifted bythe pion motion but, for the energetic-particle spectra assomsiied
solar flares,nearly all ofthe Doppler-shifted radiatioremains above-30 MeV. The
spectrum is a broad peak centered at ~70 MeV wiW&lM of ~100 MeV (Crannell,
Crannell and Ramat¥979). Thetime profile of thisprompt pion-decay radiatioreflects
the time profile of >200 MeV proton interactions. The positrons (electrons) resulting from
(1) decay havaenitial energies from 10 td00 MeV and as these positrons and
electrons slow down artiermalize inthe solar atmosphetbey producebremsstrahlung
radiation, much of which is at photon energies greater than 10 MeV.

2.2. The June 1991 Solar Flares

In June, 1991, solar active region 6659 produsmatral othe largest GOE8are events
ever recorded by the satellitdsvo of theseflare are discussed here. On 4 June, AR 6659
produced an X12#are while OSSE was/iewing the Sun. (X12+laresaremajor solar
events inwhichthe 2-6 A X-rayflux exceeds thenaximumdetection range of th¥-ray
monitors on the GOESatellites. Theyypically occur only several times during each
solar cycle). Excellent observatiomsere obtained of the rise, peak amelcay of the
event. The decay was interrupted by spacecraft nightpbservations were resumed at
sunrise othe nexttwo orbits and additional observationgre obtained. On 11 June, AR
6659 produced another X1Zlare. Atthetime, OSSE wawiewing inthe Cygnus region
but immediatelyslewed tothe Sun in response to a BATSE sdilare trigger. Solar
observations continued for over 3000 secamatd the detectorslewed back to Cygnus
and were then resumed during the next orbit. In both cases, the instrumenniigised

to obtain a range of solalata. Here we use count-spectrum dadeering theenergy
range from 0.05 to 10 MeV in 512 channels.

2.2.1.The 4 June 1991 FlareFigure 1 shows a&ount spectrunirom the 4 Jundilare
accumulated after the peak of th@re emissionThe sources of the prominent spectral
features are indicated. Using a combination of data fromaraheff-pointecdetectors, we
have determinedhe fluxes of both the 2.223 MeV neutron-capture and the 4.44 MeV
12¢ nuclear-deexcitatiotines throughout theobservable emissioperiod. Thetime-
integratedluences oftheselinesare 850+14 and 128+13 photonS'éDmespectively. We



use recent theoretical calculations (Ramaty et A
al. 1993; Kozlovsky, Murphy andRamaty ‘
1994) to derive estimates forthe flare-
averaged kinetic-energy spectrum of the 0%
interacting, accelerated particles (using the |
2.223-t0-4.44 MeV lindluenceratio) and the
total number of interactingrotons(using the
total 2.223 MeV linéfluence). Sinceghe data
coverage is incompletethe total-number
estimate W be a lower limit. The ratio, i
however, should be reasonably independent of ; |
the unknowremission profile duringhe data '
gaps. Assuming apower-law form for the Jo o
particle spectrum, wénd thatthe measured 1E nergy (MeV) 10
ratio (6.6+0.7) implies an index of~3.1, _

independent of either thassumed angular Figure 1. OSSE count spectrum from
distribution of the interacting particles or the the 4 June 1991 solar flare.

assumed abundances. This can be comparnedites calculatefbr anumber of flares by
Ramaty et al(1993)using a similatechnique. Their values ranged frév (for the 16

December 1988are) to 4.5.(Note: Their derived indexor the largeflare of 4 August

1972 was 3.4-3.7.)
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The implied number ofinteractingprotonswith energygreater than 30 MeV [H>30
MeV)] depends somewhat on tlessumed abundances the interaction siteUsing
photospheric abundances (Anders and Grevd$#9) for both theambient and
accelerated particles, the measured 2.223 MeVillieace implies IB(>3O MeV) [B x
1033, Using the enhanced-heavy-element abundances derived (Murphg @28 for the
27 April 1981 flare observed bysSMMGRS, wefind Np(>30 MeV) [07 x 1032 we
emphasize again thdhese are lower liits since wehavenot accounted foemission
during data gaps. These values can be compared to those deriveifidoex of flares by
Ramaty et al(1993)which ranged froml.6 x 1030 to 1 x 1033 (for the 4 August 1972
flare). We see that the 4 June 19Bite was comparable in size tioe 4 August 1972
flare but had a harder spectrum.

2.2.2.The 11 June 1991 Flar@he 11 June flare is unique in tBGRET hasreported
observing high-energy>50 MeV) emission manyhours after the peak of the X- and
gamma-ray emissions. Mandzhavidze and Rarfii92) have analyzethe EGRET data
and found that this latemission can be fit with a combination of pion-detagiation and
primary electron bremsstrahlung. They argue for a model in vilmedbulk of the paticles
responsibldor the late,high-energy emissioare accelerated during timapulsive phase
and aresubsequentlyrapped in coronal magtic loops. Sincethe lower-energy pacles
responsiblefor nuclear-line emissiormre expected to lose their energy faster than the
higher-energy particles responsilbte the pion-decaymission, a consequence of such a
model is thathe nuclear-line emission should dedagter than théigh-energy emission.



If the high-energy emission due to continuously-accelerated particles, tthe types of
emission should have comparable time profiles.

The mostreliable measure of nuclear-line emissiwould be afit to a prompt narrow
nuclear line, such abe 4.44-MeV12C line. Atthe latetimes of interest ithe 11June
flare, the flux in such a line is expected to be quite weak. An alternativditishie broad,
nuclear-dominated energy range from ~1 to 9 MeV with a modehefrarrow-line
nuclear spectrum. Such amalysisapproach is currentlpeingcompleted. Here we use
the 2.223-MeV neutron-capture linene profile to estimatehe nuclear-emission time
profile. As mentioned above, this line is delayed relative to th#theohuclear reactions
themselvesHowever,this delay is orthe order of ~100 secondshich is much less than
the time scales of interest hefbours). The neutron-capture litieme profile, therefore,
should provide an adequate measure ohti@ear-lineproductiontime profile. We have
used OSSE data obtained after the peak of thauté flare to avoidataproblems near
the flux maximum. The datafrom each ofthe two detectorswhich were continuously
pointed at the Sun wesammed into 4 time binswo bins after the peak bufuring the
sameorbit as that of the peak, abao binsduring thefollowing orbit. The count spectra
near the region of the neutron-capture line were fitewith a narrow Gassianline
centered at 2.223 MeV.

Figure 2 (from Mandzhavidze
and Ramaty, 1992) shows the " =35, Np(>30 MeV)=3.1x10%
EGRET datafrom the 11June d Wiot=0

flare (the peak of the GOES soft '€ 10°p e e 4.4 MeV

X-ray emissionoccurred at 2:09 - dotted line: Te-decay

UT). The solid andiottedcurves % 103 I\

10t

cm

variable scattering b
Np(>30 MeV)=1.2x10°3 5
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shown in thefigure are fits by 3 : .| Kenbach, etal. 1993
Mandzhavidze and Ramaty to the S g4 [ \ = OSSE222Meviinetin
EGRET  high-energy data A [ ~

(Kanbach et al1993) assuming % . s| ]
. . . > E M i

impulsive  acceleration. The & ; N, Mendzhavidze and Ramaty, 1992
dashed curve is their prediction | o~ . ,

for the 4.44-MeV nuclear line. 0 2 a 6 8

The parameters listed in the Time (hours) after 2:04 UT

figure relate to theifoop model.
We haveoverplotted the OSSE Figure 2. Measured and calculated time-dependent

measurements dhe 2.223-MeV fluxes of the >50 MeV gamma rays and predicted
line, renormalized such that the 4.44 MeV gamma rays from the 11 June 1991 solar
earliestOSSE measurementalls  flare (from Mandzhavidze and Ramaty 1991). Also
on the predicted 4.44-MeVne  shown are the renormalized OSSE measurements
curve. The predicted curve is forthe 2.22 MeV neutron-capture line for this flare.
consistent with the OSSE

observations providingsupport for theconclusion thatthe particles are accelerated
impulsively. It must be noted, however, thhigh-energy particlesrapped inmagnetic
loops and producing pionsilivalso produce neutrons, althoughbt asefficiently as the



lower-energy patrticles. It would be expected, then, ¢vah undetthe trapped-particle
scenario the neutron-capture litime profile wil be similar to that ofthe high-energy
emission at late times itne flare. Comparison othe OSSE datavith the high-energy
curve shows that this isot thecase for thetime period covered by the OSSE data,
implying thatthe bulk of the emission athese times iproduced by particles accelerated
impulsively.

3. Galactic Positron Annihilation Radiation
3.1 Positron Production and Annihilation

Positrons can be produced Isgveral different mechanisms, including: cosmic-ray
interactions in the interstellanedium (Lingenfelter & Ramat$982); gamma-ray bursts
(Lingenfelter & Hueter 1984); pulsars (Sturrock 1971); B*-decay products from
radioactivenuclei(e.g.,26Co, 44Sc, and26Al) produced by supernovae, novae\Volf-
Rayet stars (Clayton 197Ramaty & Lingenfelter 1979; Signore & Vedrenne 1988;
Woosley & Pinto 1988; Lingenfelter & Ramaty 1989); guibton-photorpair production

in the vicinity of an accreting black hole (Lingenfelter & Ramaty 1982; Rees 1982,
Ozernoy 1989; Ramaty et dl992). Regardless of the positron productiorechanism,
however, the positronsilweventuallyinteract with electrons, resulting ithe annihilation

of the positron-electron pairs and in the productiogarhma rays. The energy of the
resulting photons depends on the details of the annihilation process.

As discussed in Sectidh1.3, a positroan annihilate with aelectron either directly or
through the formation of positronium. Direatnihilationresults in the production of two
511 keV (:necz) photons in the center of ass frame. Annihilation via positronium
results in theemission oftwo 511 keV photons in the C.Mrame ifthe positronium was
formed in thesinglet quantunstate. If thepositronium was formed in the triplet quantum
state, three photons are emitted whose total energy equals 10222{Bé¢2). The shape
of the resulting continuum emission is roughly triangular, increasingZesmat 0 keV to

a maximum abl1l keV (see the positroniuobontinuum component shown in Figure 3).
The positronium fraction, f, provides a measure of the fraction of positronantmbtlate
through the formation of positronium and is given by (Brown & Leventhal, 1987):

2.0

[2.25%(51 1/l pog + 1.5]

where k11 is the observesiumber ofphotons in the 511 keV line angds is the
observed number of photons in the positronium continuum. A value of f = 1 inditates
all of the positronsannihilatethrough the positroniunchannel while a value of f = 0
indicates that none ahe positronsannihilate through the positroniunchannel. The
properties (i.e., temperaturdensity, ionization fraction) othe medium in which the
positrons annihilate can affectthe positronium fraction (GuessounRamaty &
Lingenfelter,1991). Forannihilation incold clouds, the positronium fraction is expected



to be 0.9, independent of the amountio$t in the clouds. Fannihilation inthe warm
interstellar gas, the positronium fraction is expected to be uil8ssthere issignificant
dust inwhich case the positronium fractionay bemuch lower. Annihilation inthe hot
interstellar gas will result in a positronium fraction < 0.5.

3.2 Previous Observations

Numerous observations of positrannihilation fromthe direction of theGalactic center
have been performedver the past 2@ears (sedghe recentreviews by Tueller 1993;
Skibo, Ramaty & Lingenfelter 1994; Lingenfelter & Rama889). These observations
have utilized various types detectorsand have includeboth satellite and balloon-borne
instruments. Nearlgll of these observations have resulted in positive detections of a 511
keV line characteristic of positroannihilation. The line centroid and width hav®en
measured usingigh resolution Ge-based detectors. The linéoind to be within 0.5
keV of 511 keV and tdave a full-width ahalf-maximum (FVHM) of 2.5 +/- 0.4 keV
(Leventhal et al. 1993). The intensity of the line has been found to be positvediated
with the instrumenfield-of-view, indicatingthere is aiffuse component to the observed
emission(see Teegarden 1994). Thdrave also beereports oftime-variability in the
511 keV lineflux whenthe Galactic center region was observedidferent times by the
same instrument, suggestitigeremayalso be a point source component to the observed
emission.

One possibility for a point source of positrons istiteek hole candidate 1E740.7-2942.
Observations by the SIGMA instrument on the GRANAT spacebefé identified 1E
1740.7-2942 as aextremely time variablaard X-ray source (Churazov et al. 1993). On
1990 October 13-14, the SIGMA instrument observed a strong flare from 1E 1740.7-2942
which exhibited an intense{10-2 photon cm2s-1), broad line feature (FWHM 240
keV) with anenergy of [470 keV (Bouchet et al1991). This feature hasbeen
interpreted as a broadened, red-shifted 511 keVrdisalting from positrorannihilation
occurring in an accretion disk surrounding 1E40.7-2942 (Sunyaev et al. 19%Ramaty

et al. 1992). Similar outbursts were observed by SIGMA in 1991 October and 1992
September (Cordier et dl993), though aimultaneous observation thfe Galactic center
region by the OSSkstrument during the 1992 September outbdid NOT detect the
reportedexcess (Jung et al. 1994). There is no direct evidence, however, that the
transient line feature observed by SIGMA is related to the narrow 511 keWHiok has

been observed sindbe early 1970's. Further, both the SIGMA and GRiRBtruments

have provided®5% confidenceupper linits of [4 x 104 photons cr? s1 for time-
averaged narrow 511 keV lirmenission from 1EL740.7-2944Lei et al.1993,Heind| et

al. 1993).

3.3 OSSE Observations and Results
The OSSHEnstrument provides theniqueability to performhigh-sensitivity observations

of the Galactic plane and Galacteenter region to measure the distribution of positron
annihilation radiation and to search fdime variability of the emission. The OSSE



observations of the Galactic plane and Galactic center region have been used to investigate
the distribution of thediffuse 511 keV lineemissionand to search fopossible time
variability of the emission. A spectrum from one of the OSSE observations of the Galactic
center is shown in Figure 3This spectrum showstrong evidence for a narrow 511 keV

line and positronium continuum, with an underlying continizomponent. The position

of the line is consistent with an energy of 511 keV and the line width is consistent with the
instrumental resolution. The positronium fraction for this spectrum is 0.94 +/- 0.04.
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Figure 3. The OSSE galactic center Figure 4. The Galactic longitude
spectrum from the July, 1991 observation. distribution of the 511 keV line
The fitted function consists of a power law, a g ission as observed by OSSE. The

photopeak line fixed in energy and width at curves represent the expected OSSE
511 keV and 2.5 keV, respectively, and a responses for several galactic

positronium continuum component. The distribution models. each fitted
dashed lines indicate the contribution of each simultaneously to all of the galactic

component. center and galactic plane data.

The Galactic longitude distribution @he narrow 511 keV linemission oberved by
OSSE shows that the emission is strongly peaked in the direction Gathetic center, as
shown in Figure 4. \Wen combined wittother OSSE dat&om observations of the
Galactic center and Galactic plartbe 511 keV line distribution is found to be best
described by a two-componemiodel consisting of a Galactic disk and a nucladge
component. This distribution model is also consistent wittost of the observations of
narrow 511 keV linemissiorreported by otheinstruments, as shown in Figure Bsing
the combineddata setall otherdistribution models investigated can be excludethat>
4.5 sigma level (Purcell et al 1994).

There is no evidence faignificant time variability ofthe 511 keV lineflux during the
OSSE observations of ti@alactic center region. Kmit of ~1-2 x 104 photons ¢ s

1 can be placed on a time-variable componerthef511 keV lineemission during the
OSSE observations of tligalactic center region. The best-fit distributioodel can also
be compared with previous results dherinstruments to place historical limits on the



time variability ofthe 511 keV lineemission; there is no evidence faignificant time-
variability, as shown in Figure 5. linit of ~ 4 x 104 photons cim? s'1 can be placed on
a historical time-variable component of the 511 keV line emission.
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Figure 5. The history of the 511 keV line flux from the galactic center region as observed
by various balloon and satellite instruments. Note that the uncertainties represent the
statistical uncertainties only. The diffuse contribution for the best-fit Free Spheroidal
model has been subtracted from the reported flux for each observation. The numbers in
parenthesis indicate the field-of-view of each instrument, in degrees.

ReferencesSMM (Share et al. 1990); GRIS (Gehrels et al. 1991; Leventhal et al.
1993); Bell/Sandia (Leventhal et al. 1986 and ref. therein); FIGARO (Neil et al. 1990);
HEXAGONE (Chapuis et al. 1991); CESR (Albernhe et al. 1981); UNH (Gardner et al.
1982); GSFC (Paciesas et al. 1982)

There is also no evidence in tiSSE data fotime-averaged narrow 511 kelhe
emission fromthe black hole candidate 1H740.7-2942. For thdest-fit dffuse
distribution model, thed5% confidenceupper limit to time-averaged 511 keVne
emission from 1E1740.7-2942 i§110-4 photons crm? s1 during theOSSEobservations
of the Galactic center region (Purcell et al. 1994).

The OSSE observatiortgave shownrfor the first time thatthe galactic 511 keMine
emission is highlyconcentrated in the direction of tli&alactic center and that there
appears to be two components to the distribution, a gatiskccomponent and a nuclear
bulge component. Thegevo componentanay representwo different populations of



positron production sites. A large fraction of thisk component is probabhlue to the
radioactive decay c#6Al, which has been observed bgth OSSEand COMPTEL(Diehl

et al 1994; Leising et al 1994). Thamainingpositronsmay becreated by the radioactive
decay of96Co and44Sc (synthesized a84Ti), which are thought to be produced
primarily in Type la supernovae. The positronium fraction observe®8%E also
indicates thathe annihilation isnot predominantly occurring ithe hotinterstellar gas or
in a warm, dustynedium.Further observations tmapthe distribution of the positronium
fraction and tadentify anyvariations in the positronium fractianay provide additional
insights into the properties of the annihilation medium.

4. OSSE Observations of Supernovae

Supernovae have long been discussegr@sising gamma-ray linrgets (e.g.Clayton,
Colgate, andrishman1969). Supernovae diypela, having no hydrogen evident in their
spectra and therefore little or no stellar envelopes, caetaeeted to the largedistances.
They are thought to resulfrom the complete thermonuclear disruption of degenerate
dwarfs with masses netire Chandrasekhanass, producing, taithin afactor of 2, 0.5

M. of radioactiveS®Ni. The decay othe daughteP®Co (t1/5=78 days) produces a
number of potentially observable gamma-ray lines, tagdtherwith the decaypower of
56Ni, dominates the opticalisplay. The gamma rays begin tescape from theapidly
expanding ejecta isignificant numbersafter just a month oo, and theirfluxes peak at

2-3 months.

All of the other spectroscopigpes of supernovae (Typk Ib, Ic) probably resulfrom
corecollapse in massive sta The shock wave generated by the rebound heatsjectd
whatever overlying stellar envelope there is. The heating produces roughly Of1ofNi

in the slowest (innermost) ejected matter. Significant escape of gamma rays must await the
thinning of the ejectawhich for massive stellar envelop¢skes of the order of gear.

Stellar mass loseeduces the ejectaass and W cause thegamma-ray lingpeak to be
brighter and earlier. Other interestigamma-ray emitting radioactive isotopes are
produced insmaller numbers irboth types of supernovaéonger-lived isotopes can
survive untilthe ejecta are quite thin gamma rays, and psibly givedetectabldluxes
after56Co has decayed away.

OSSEhas hadhe opportunity to observe both types of evealatively nearby. In fact
two core collapse events and one thermonuclegplosion have bee@SSE targets.
Supernova 1987A was thest individual object outside the solaystemdetected in
gamma-ray line{Matz et al. 1987), namely those of96Co decay.OSSE could not
observe this event until600 daysafter the explosion, s86Co had decayed below the
sensitivity threshold, but it waable todetect the 122 keV linand associated Compton
continuum fromthe decay of2/Co (t1/2=270 days) (Kurfess et &él992). The detection
confirmed details of calculations dhe nuclear burningbut the amount o?/Co was too
small, by afactor of 3, to account for the opticliminosity atthe time. The observed
luminosityhad indeed beeattributed to®/Co decay, but th©SSE observationgquired



another explanatiorStoredionization energy and dissipation wiechanical energwere
suggested as strong possibilities (Clayton et al. 1992).

Supernova 1991T occurred in thspiral : :
galaxy NGC 4527, thought to be at a | N
distance of 10-15 Mpc, justbout thetime - | eotes o]
of the launch ofthe Compton Observatory.

Both OSSEand COMPTEL observethis
Type la supernova ntiple times during the
following 6 months irthe hope of detecting
the stronges@GCo decaylines at847 keV
and 1238 keV. Naignificant fluxwas seen )
in either line, withboth experiments setting 0 m T

upper |Imts near 4X1§ photons Crrz S‘l . Extinction Corrected Peak Blue Magnitude
(Leising et al.1994a; Lichti et al. 1994). Figure 6. The peak 847 keV flux versus

The non-detection could be because th&@€akK intrinsic blue magnitude for several

thermonuclear modelare in error, but of SUPeMova models.

course it could just be because the actual distance is near the larger endlmwbe
range. It isnot quite sosimple, becausthe distance to SN 1991T cant be taken to be
arbitrarily large.Any given model, to be considered in tlanning for explaining SN
1991T, has to givethe observedrightness (B=10.6nag atpeak) after correcting for
extinction, of whichthere was somelhis constrainghe distance for given model and
makes a prediction for igamma-ray flux. Figure 6hows this relationshigghe 847 keV
line flux versus the extinction-corrected peak B, for several modelstfreiterature (see
Leising et al.1994a and references therein). The verticas enclose the range of the
uncertain extinction correction. The horizontaes show the COMPTEL (lower, dashed
line) andOSSE (upper, dot-dadine) upper limts to the flux. None of themodelsexplain
the observationsery comfortably but clearly thosewhich expandnore slowly andtrap
more gamma rays, andre thereforeoptically brighter and gamma-ray fainter, are
preferred. Alsosmaller values othe extinctionbring more models into agreemewith
the observations.

w7 -
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Supernova 1993J occurred in thearby galaxyM81 in late March 1993. It waseculiar
from the beginning, inboth its spectral evolution and itght curve. OSSE observed the
supernovaarly (9-15 daysafter explosion) and often (also 23-83ys an®3-121 days).
It is now, but wasiotthen, clear that this event wagare collapse in a star which has
lost almostall of its hydrogen envelope (except f60.1 M,) before it exploded. Thus at
the distance 08.6 Mpc,even0.1 M. of 96Ni could not have beerletected in th&5Co
gamma-ray lines bDSSE. The observeaptical light curve suggests thatightly less
56N was ejected. However, OSSlf detect hardX-ray photons in théirst observation,
and found a hint of them also the secondLeising et al.1994b). Fitted with ahermal
bremsstrahlung modethe indicated temperature was TAK, and the 50-150 keV
luminositywas 5.5x180 erg s1. ROSAT and ASCA habioth detectethis supernova at
about the same time as OSSE.



A model whichcould explainthose observations was onewhich the ejected supernova
material is shocked as it is slowed when it runs the presupernovevind. The ejecta
could be heated to T=2x8X, and its relativelyhigh densitywould give a large free-free
luminosity, but it would not yield a detectable photoflux in the OSSE energy range.
Similarly, the circumstellar windwould be shocked by thexpanding ejecta, and to an
even highertemperature, but it wouldhave low density andherefore low free-free
emissivity. The OSSE observatiorisave caused theorists to rethithe models. The
OSSE spectrunseems a simplextension of the lower energpextra, and so probably
only a single emittingomponent is indicated. Ttregh temperature suggests that it must
be the shockedvind, but then thehigher luminosityshocked ejecta must somehow be
hidden, or eliminated. Continuing modelling efforts are needed to clarify this situation.

5. Summary

During thefirst two years ofthe COMPTON Observatompission,OSSEhas undertaken
observations of gamma-rdipes from several celestisdources. New resultsave been
obtained for solaflare observationsthe detection oP/Co from SN 1987a , and the
distribution of positrorannihilationradiation fromthe galactic center regiorMany of the
objectives remain at the limit of the OSSE sensitivity. These include supernovae occurring
near distances of 10 Mpc, galactic novaélatkpc, anddiffuse line emissions from the
interstellar medium. The opportunity for an extendesssion withthe increasetikelihood

for nearby novae ansupernovae, and extended observations of the gatdatie, should
enable many more of these objectives to be achieved.
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