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ABSTRACT

INTEGRAL (InternationalGamma-RaystroptysicsLaboratory)s ama-
jor new spacenbsenatoryof theEuropearSpacedgeng thatwaslaunched
onOct.17,2002. After successfullycompletinga 2-monthcommissioning
periodINTEGRAL beganits scientificoperationandcontinuego perform
essentiallyflawlessly The payloadconsistsof two major instrumentsa
high-resolutiorcooled-germaniurspectrometgiSPl)andacoded-aperture
imageremploying a large array of CdTe detectorg(IBIS). Early science
highlightsincludethedetectionof 12 new transientsourcespossibleden-
tification of a new classof highly absorbechard X-ray sourcesandthe
productionof promptandaccuratdocationsof gamma-raybursts.
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1 THEINTEGRAL MISSION

INTEGRAL (InternationalGamma-RastrophysicsLaboratory)s anew obsenratory-
classmissionof the EuropearSpaceAgeng (ESA) designedo carryoutastronomical
gamma-rayobsenationsin the 15-8000keV interval. Launchedin Oct. 2002, the
spacecraftoegan normal scienceoperationsat the beginning of 2003 and hasbeen
performingsmoothlysincethen. Thetwo maininstrument®nboardareaspectrometer
(SPl)andanimager(IBIS). In additiontherearetwo supportingnonitorinstrumentsan
X-ray andanopticalmonitor (JEM-X andOMC). Theuseof new technologydetectors
(germaniumin the caseof the spectrometeand CdTe in the caseof the imager)has
resultedin significantimprovementsn enegy andangularresolutionover previously
flown spaceexperimentqc.f. ComptonGamma-Raybsenatory). INTEGRAL forms
a complementanysetwith NASA's Swift and GLAST missions. Whenall threeare
operationalexpectedn 2-3yr) therewill beunprecedentedoverageof thegamma-ray
region of the celestialelectromagnetispectrum.

1.1 Spacecraft

TheINTEGRAL spacecrafis shavn in Fig. 1. Thefour instrumentsareall co-aligned
andpointedatindividualtargetswith anaccurag of afractionof afractionof anarcmin.

The fixed solar panelsmust be orientedwithin &+ 40° of the sunwhich restricts
the allowed pointing directions. Any given portion of the sky is typically visible for
two 2-3 monthperiodseachyear The only on-boardconsumables the fuel required
for unloadingandbiasingthe reactionwheelsandthereis currentlyat leasta 15-year
supply ThespacecrafivaslaunchednaRussiarProtonvehicleinto ahighinclination
orbit with an apogeeof ~110,000km, aninitial perigeeof ~10,000km anda 3 day
period. In this orbit the spacecrafhever entersthe trappedproton beltsandis thus
free from activation effectsthat have plaguedprior spacecraftn low earthorbit. The
overall instrumentbackgroundalthoughsomevhathigherthanthatin low earthorbit,
is muchmorestable. The spacecrafpointing directionis nearlyalwaysmoving in a
ditherpattern(typically a5 x 5 grid with a separatioretweeradjacenpointsof 2°) to
effectively chopthe beamandallow moreaccuratebackgrounddeterminatioraswell
asimprove the quality of theimaging.
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Figurel: INTEGRAL Spacecraft
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1.2 The Spectrometer (SPI)

The Spectrometeon INTEGRAL (SPI)is shovn in Fig. 2. It employs anarrayof 19
germaniundetectorcooledto anoperatingemperaturef 85K usingaredundanpair
of Stirling cycle mechanicatefrigerators.The detectorarrayoperatesver the enegy
range20 — 8000 keV with an enepgy resolutionthat variesbetween~ 2 and8 keV.
This canbe comparedo the performanceof scintillatorbasedinstrumentsflown on
the ComptonGamma-RayObsenatory having typical enegy resolutionsof 20— 100
keV. The Gedetectorarrayis surroundedy amassve (550kg) active anti-coincidence
shieldmadeof BGO scintillator The backgroundn gamma-raytelescopesn space
is producedby cosmicrays(primarily protonsandalphaparticles)thatinteractin the
instrumentandsurroundingmaterial. This backgrounds usuallyvery strong,requiring
the useof extensve active shielding. The shieldalsoactsasa collimator definingthe
total SPI field of view (~ 30°). A codedaperturearray constructedrom blocks of
tungsteris usedto producecoarseémages(3° resolution).
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Figure2: INTEGRAL Spectromete(SPI)

1.3 Thelmager (IBIS)

The INTEGRAL Imager (IBIS) is shavn in Fig. 3. Similar in basiclayout to the
Spectrometeit employsatwo-layerdetectiorplaneconsistingof largearray(~16,000
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detectorspf CdTedetectorandanarrayof Cslscintillatorbars. Theuppetdayer(ISGRI)
is relatively thin andcoversthe enegy rangel5— 1000keV andthelower andthicker
Csl layer (PICSIT) coversthe range~150 — 10000keV. Like the spectrometerthe
Imageralsohasa coded-aperturdgut onethatis muchmorehighly pixilated,achieving
an angularresolutionof 12 arcmin. A BGO shield surroundghe detectorarraysand
a passve tungstencollimator is usedto restrictthe field of view and prevent sources
outsideof thecodedield-of-view from degradingtheimagingperformanceThelmager
canobsenre sourcesasweakas~ 2 mcrabwith a10° secexposure.

Collirmaton

Figure3: INTEGRAL Imager(IBIS)
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1.4 INTEGRAL Observing Program

The INTEGRAL observingprogramis dividedinto two main parts,the CoreProgram
andtheOpenProgram.The CoreProgramnis guaranteetime mainlyfor theinstrument
anddataprocessingeamsandcomprises~ 1/3 of the observingtime during the first

threeyearsof the missionandthendropsto 1/4 for theremainder It consistsof three
parts:1)adeepobsenationof thecentraradianof ourgalaxy, 2) periodic(every4 orbits)

scangof thevisible portionof the galacticplanewith the primarygoalof detectingnev

transientsourcesand 3) a few selectedpoint sourceobsenations. The OpenProgram
comprisesheremaindepf all of theobservingime. Theobsenationscarriedoutunder
the OpenProgramare selectedhroughan opencompetitionheld onceeachyear A

breakdevn of theobservingprogramis shovn in Fig. 4.
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Figure4: INTEGRAL ObservingProgram

2 THE CYGNUSREGION

21 CygnusX-1

Cyg X-1, one of the brightestX-ray sourcesn the sky, wasone of the two sources
usedfor calibratingthe INTEGRAL instruments. The Cygnusregion was the first
INTEGRAL targetandwasobseredfor morethan1(’ secin Dec. 2002. Becausef
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thewidefields-of-vienv of themaininstrumentseveralothersourcesn additionto Cyg
X-1 weredetected.One of thefirst IBIS imagesof the Cygnusregion in the 40-100
keV bandis shavn in Fig. 5. In additionto Cyg X-1, two othersourcesCyg X-3 and
J2103.5+454areclearlyseen.CygX-1isthefirstestablishetinaryblackholesystem.

40- 100 kel

Figure5: INTEGRAL/IBIS imagesof the Cygnusregion.

Thesystenconsistof ablackholein orbitarounda B0 supegiantstarwith aperiod
of 5.6 days. The massof the black hole hasbeendeterminedrom obsenrationsof the
orbital variationto be ~ 7 My,,,.

Cyg X-1 is known to displaycomplex temporalandspectralbehaior. Variability
on time scalesfrom millisecondsto yearshasbeenobsened, andat least5 different
spectralstateshave beenseen. The temporalbehaior of Cyg X-1 in the 20-40keV
bandis shavn in Fig. 6 for thefirst ~ 2 weeksof INTEGRAL obsenations.

Combinedspectralobserationsof Cyg X-1 are shavn in Fig. 7. Simultaneous
obsenationsof Cyg X-1 duringthe INTEGRAL Performancé&/erificationperiodwere
carriedout by RXTE (PCA + HEXTE). Theseare shavn in Fig. 7 in two different
time periods(revolutions16 and27)alongwith theintegral datafrom JEM-X, IBIS and
SPIl.Thenormalization®f the spectrawith respecto the PCA datahave beenallowed
to float. With the exceptionof JEM-X they all lie within +£20% of eachother The
JEM-X normalizationhowever, wasafactorof ~ 2 indicatinglingeringproblemswith
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Figure6: Timevariationof CygX-1 asmeasuredhy INTEGRAL/IBIS duringa2-week
periodof theINTEGRAL Performancé&/erificationperiod.
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the calibrationof thatinstrument. The spectrahave beenfit with a comptonization+
reflectionmodel shavn asthe solid linesin Fig. 7 producingthe following bestfit
parameterscoveringfactor(2 < 0.3,plasmaemperaturd s, = 80keV andplasma
opticaldepthr,osmq, =1 —1.5.
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Figure 7. Cyg X-1 (Pottschmidtet al. 2003) spectra. Blue, RXTE/PCA; red,
RXTE/HEXTE; green,INTEGRAL/JEM-X; purple, INTEGRAL/IBIS/ISGRI. Solid
line is comptonizationt reflectionbest-fitmodel.

2.2 CygnusX-3

CygnusX-3 isapeculiamicro-quasafdefinedasacompacbinarywith ajet). Its X-ray

flux displaysa 4.8 hr modulation(seeFig. 8) thatwould leadto a corventionalidentifi-

cationof this sourceasalow-massx-ray binary (LMXB). Dueto heavy obscuratiomo

optical counterparhasbeenfound. However, IR obsenationsindicatethe companion
may be a high-massWolf-Rayet (WR) star So the identificationof this mysterious
objectremainsuncertain. In Fig. 9 the residualphaselag of the Cyg X-3 light curve

(days)is plottedasa function of time. Pointsfrom variousearliermeasurementare
plottedalongwith the INTEGRAL. TheINTEGRAL pointis quite consistentvith the

earlierdata.

2.3 EXO 2030+375

ThetransientsourceEXO 2030+375vasalsodetectedduring partof theINTEGRAL
obsenationof theCygnusegion. EXO 2030+375s aBetypeX-ray transien{themost
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Figure8: Cyg X-3 Light Curve (4.6 hr folding)

commontype of X-ray pulsar)having a 42 secspinperiodanda 42 day orbital period.
Evidencefor acyclotronline at ~36 keV hasbeenreportedoy Rieg & Coe(1999).An
IBIS/ISGRI light curve for the ~ 2 weekperiodwhenthe sourcewasvisible is shovn
in Fig. 10. Also, showvn is a light curve for the sameperiodfrom the RXTE All-Sky
Monitor (ASM). Thestrongcorrelationbetweerthetwo datasetsis apparent.

An IBIS/ISGRI spectrunfor thesourcas shavnin Fig. 11. Thedip at~ 28keV is
anartifactof thespectraresponseThisis confirmedby the lower panel,which showvs
theratiobetweerntheCrabandEXO 2030+375.Nodipis seerin theratio. Thespectrum
hasbeenfit by a powverlaw with andexponentialcut-off. The best-fitparametersire
power-law spectraindex = 1.5+ 0.2, E 107 y= 37 £ 4 keV, Erqq= 32+ 4 keV. These
areconsistentvith earlierobserations(Reynoldsetal. 1993).
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Figure9: Cyg X-3. Time lag betweenmeasuredninimum of light curve andlinear
ephemerisPointsotherthanINTEGRAL aretakenfrom Singhetal. (2002)
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FigurelO0: IBIS/ISGRIlight curve of EXO 2030+375 Also shovnis alight curve from
thesameperiodfrom the RXTE/ASM.

3 THE GALACTIC PLANE

3.1 Overview

Mostof theINTEGRAL CoreProgramis devotedto obsenationsin or neartheGalactic
Plane.Therearetwo parts: 1) adeepexposureof thecentralradianand2) regularscans
of thevisible portionof theplane.Usingthesedatait beenpossibleo construcmapsof
thesourcesn the GalacticPlaneregion. Oneexampleis shavn in Fig. 12. Themapis
generatedrom IBIS/ISGRI datain the 15-40keV bandandis a snapshobf thecentral
portion of our galaxy taken in the period April 8-30,2003. Roughly 40 discrete
sourcesarevisible. ~ 10 of theseare newv sourcesdiscoveredby INTEGRAL. The
propertieof thenew INTEGRAL sourcesresummarizedn Tablel. Somel2sources
arein thetableincluding boththosediscoveredin the GalacticCenterDeepExposure
(GCDE) andthe periodicGalacticPlaneScand GPS).Fromthe datain the Table1. it
canbeseenthatINTEGRAL candetectsourcesatleastasweakas5 mcrab

3.2 A Possible New Class of Highly Absorbed Hard X-Ray Sources

Threeof thenew INTEGRAL sourcesn Tablel arelocatedneareachotherandhave
similar properties. IGR J16318-4848)GR J16320-475land IGR J16358-4724ie
within afew degreesf eachotherin aregionof enhancedoncentratiomf massve stars

12
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Figure11: Upperpanel:IBIS/ISGRI spectrumof EXO 2030+375.Lower panel:ratio
of IBIS/ISGRIto Crabshawing thatthedip at ~28 keV is anartifact.
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Figurel2: IBIS/ISGRIview of the centralregion of our galaxy.
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Tablel: New INTEGRAL sources.

SourcelD Flux, 15-40keV | Flux, 40-100keV Date Reference
[mCrab] [mCrab]

IGR J16318-4848 50-100 - 29-Jan-03| IAUC 8063
IGR J16320-4751 10-50 - 1-Feb-03 | IAUC 8076
IGR J16358-4726 50 20 19-Mar03 | IAUC 8097
IGR J16479-4514| 12[18-25keV] | 8[25-50keV] | 11-Aug-03| ATEL 176
IGR J17091-3624 - 20 19-Apr-03 | ATEL 149
IGR J17464-3213 60 60 28-Mar03 | ATEL 132
IGR J17544-2619 160[18-25keV] | 60[25-50keV] | 17-Sep-03| ATEL 190
IGR J17597-2201] 5(S/N~ 10) 10(S/N > 14) 30-Apr-03 | ATEL 155
IGR J18325-0756 10 5 28-Apr-03 | ATEL 154
IGR J18483-0311] 10(S/N~ 21) 5(S/N~ 11) 2-May-03 | ATEL 157
IGR J18539+0727 20 20 21-Apr-03 | ATEL 151
IGR J19140+098 50-100 - 6-Mar-03 | IAUC 8088

in theNormaarmof ourgalaxy Thesourcesreall hearily absorbedThebest-fitvalues
for anabsorbegower-law fit totheirspectraregivenin Table2 (Revnitser 2003 Walter
etal. 2003). All have exceptionallylarge valuesof the hydrogenabsorptioncolumn
Ny andsimilar spectralindicesfor the powerlaw component. XMM alsoobsenred
the sourcelGR J16318-484&nda combinedspectrumis shavn in Fig. 13. A model
consistingof a power-law continuumandthreeGaussiarineswasfit to thedata. The
following Fe andNi lines have beenidentified: FeKa (6.41keV), Fe K (7.07 keV)
andNi Ka (7.46keV). A probableoptical/IR counterparthasbeenfound that could
be eithera low-massred giant or a supermassve giant dependingon the (unknowvn)
reddening Walteretal. (2003)suggesthatthe sourceis a binary systemconsistingof
amassve staranda blackholein which a denseabsorbingshellis createdoby a strong
stellarwind.

4 GAMMA-RAY BURSTS

The INTEGRAL instrumentsarevery sensitve to gamma-raybursts(~ 3 x moresen-
sitive than BATSE). However, the detectionratesare not high (~ 1/mo.) dueto the
narraw fields-of-view of thetelescopesNonethelesSINTEGRAL is avery usefultrig-
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Table2: Propertieof highly absorbedNTEGRAL sources.
Source Ny (cm™2) | ot
IGR J16318-4848 3.1x 10** | 1.0
IGRJ16320-4751 2.1x 102 | 1.2
IGR J16358-4726 4.0x 10 | 1.1

I o = spectraindex of power-law component

ger for providing burst alertsto the ground-base@bserer communityin the interim
periodbetweertheendof BeppoSaxandthelaunchof Swift. Becausef its high orbit
INTEGRAL is sensitveto bursts~ 80%o0f thetime. All INTEGRAL datais sentto the
groundin realtime makingit possibleto searctor anddetectgamma-rayburstsin near
realtime ontheground. TheINTEGRAL BurstAlert System(IBAS) is aground-based
suiteof softwarethatcontinuouslymonitorstheINTEGRAL datafor gamma-rayoursts.
If oneis foundthenit automaticallybroadcastanalertoverthe GCN (Gamma-RayCo-
ordinatesNetwork) typically within 10 sec. of the detection. An exampleof a burst
localizedby INTEGRAL/IBAS is shovnin Fig. 14 (Malagutietal. 2003). Threenested
errorcirclesfrom INTEGRAL areshovn from SPI, IBIS/ISGRI andIBIS/PICSIT, all
consistentwith commonlocation. The smallestof these,that from IBIS/ISGRI has
a diameterof 2 arcmin,small enoughto permitvirtually arny ground-basedelescope
to make follow-up obsenations. This burstwasalsolocalizedby multiple-spacecraft
timing usingthe InterplanetaryNetwork (IPN). The parallelogram-shapestrorbox is
from thelPN andagreegjuite well with theINTEGRAL position.

GRB03022Avasthefirst burstdetectedy INTEGRAL for whichit waspossibleo
identify anopticalcounterpartThe opticalcounterpartvasfaint, mgp ~ ~ 23 (Castro-
Tiradoetal. 2003). X-ray afteglow wasdetectecoy XMM (Mereghettietal. 2003),
thebrightestdetectedoy XMM for any gamma-rayburst, which mayindicatethatthis
wasan“X-ray rich” gamma-rayburst. A compositeoptical, X-ray spectrums shovn
in Fig. 15. The X-ray partlies well above an extrapolationof the optical part, which
may be evidencefor the presencef inverseComptonscattering.
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Walter R. et al . INTEGRAL discovery of a bnght hughly obscured galacuc X-ray binary source IGR J16318—-4848 3
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Figure13: XMM (<20keV) andINTEGRAL (>20kev) spectreof IGR J16318-4848.

5 DIFFUSE GALACTIC PLANE LINE +
CONTINUUM EMISSION

Oneof theprimaryobjectvesof theINTEGRAL missionis to mapdiffusegamma-ray
emissionfrom the GalacticPlane. Of particularimportancearethe 511 keV electron-
positronannihilationline andthe1809keV line from radioactve 2°Al. Thespectrometer
SPlhasbeendesignedo mapthis emissioronangularscaledargerthanafew degrees.
ThelBIS experimentcanprovide valuableinformationon point sourcesinresolhed by
SPIthat might otherwisebe includedin the diffusecomponent As of this writing the
analysisof only thefirst seasor(spring’03) of GalacticCenterobservingis complete.
This representsnly avery smallfraction of the dataon the GalacticCenterandPlane
thatwill eventuallybeaccumulated.

5.1 26Al Line Emission

Thel1809%eV from?°Al decaywith its ~ million yearhalf-life is a valuabletracerof
recentnucleosynthesis our galaxy. Thespatialdistribution of the emissionhasbeen

17
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Figure 15: Compositeoptical + X-ray spectrumof GRB030227afteiglow (Castro-
Tiradoetal. 2003). Also shavn (purple)is a “de-adsorbed’X-ray spectrumwhich is
the power-law componenbf a best-fitabsorbegower-law model.

measuredy the COMPTEL experimenton CGRO (Diehl, Knodlseder Plushle) and
is primarily concentrateavithin &+ 5° of the GalacticPlane(seeFig. 16). Significant
enhancements the emissionareevidentin the Cygnus,CarinaandVelaregions. The
ZA| distribution tracksthatof microwave emissionwhichis primarily dueto free-free
electroninteractions.Freeelectronsareproducedby UV radiationfrom massve stars
andthustracemassve starformationin our galaxy. 2°Al is producedn the coresof
thesestarstransportedby corvectionto thesurfaceandtheninjectedinto theinterstellar
mediumby strongstellarwinds.

TheINTEGRAL/SPI11809keV line profileisshovnin Fig. 17 (Diehletal. 2003). 1t
wasderivedby fitting aprofile from galacticfree-freeemissionDIRBE 240 m) to the
datain eachl keV enegy bin. Thepreliminaryintegratedflux valueis 3-5 x 10~ cm—2
s!, the rangebeing determinedby the particularassumednodel. This is consistent
with mostearliermeasurementsThe preliminarylimit for the line width is < 3 keV.
A balloon-bornegermaniundetecto(GRIS) measuremertf the ?Al line width of ~6
keV (Nayaetal. 1996)suggestedelocitiesof theemittingmatterof theorderof 500km
s~1. However, amorerecentdeterminatiorof thiswidth by the RHESSIsatellite(Smith
etal. 2003)did notfind evidencefor ary line broadening.The spatialregionscovered
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COMPTEL 1991-2000, ME 7
(Pluschke et al. 2001)

Figure16: Diffuse?°Al Map of our Galaxy(Pluschle etal. 2001).

by GRIS,RHESSIand SPIarenot the same which could accountfor the differences
in line width. With its high sensitvity, fine enegy resolution,andimaging capability
INTEGRAL/SPIwill surelysettlethe questionof the?6Al line width.

5.2 Electron-Positron Annihilation Radiation

Thecenterof ourgalaxyhasbeerknown for morethantwentyyeargo beastrongsource
of electron-positromnnihilationradiation(seee.g. Leventhaletal. 1980,Purcelletal.
1997, Teagardenetal. 1997). Thesignaturds anarrav line atthe electronrestenegy
(511 keV) dueto two-photondecayaccompaniedby a broadpositroniumcontinuum
belov 511 keV from three-photordecay Early balloonmeasurementsuggestedhat
theradiationwastime variable(Leventhaletal. 1980,Paciesastal. 1982),however,
this wasnot confirmedby later satelliteresults(Purcell,Harris). The line width of ~
2 keV is just barelyresoled by the germaniumspectrometersThe OSSEexperiment
on CGRO hasproducedmapsof the e+ - e- emissionvicinity of the GalacticCenter
(Purcelletal. 1997,Milne etal. 2001). Oneof theseis shovn in Fig. 18 (Purcelletal.
1997). Theemissioncanbe describedasconsistingof threecomponents:

1) a centralsymmetricbulge of width ~ 10°, 2) a planecomponentof width ~
30° andheight5°-10°,and3) a positive latitude enhancementhe so-called‘Galactic
Fountain”) centeredat | ~ —2°, b ~ 7°. The fountain was not presentin all of the
differentOSSEmaps(Milne etal. 2001),andits existenceremainscontroversial. The
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Figurel7: 26Al (1809keV) line profile. Valuesareobtainedoy fit to spatialmodelbased
on DIRBE 240 m map.

Fountain?

Gal. Lat.

30 26 20 15 10 § 0O -5 -10 -15 -20 -256 -30
Gal. Long.

Figure 18: OSEEmap of e+ - e- emissionfrom the vicinity of the GalacticCenter
(Purcelletal.)
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firstINTEGRAL/SPImapof theGalacticCenteregionis shavnin Fig. 19(Knodlseder
etal. 2003). The mapwascreatedusinga Richardson-Lug decoivolution smoothed
with a6° x 6° boxcarkernel. Becauseof datasharingagreementvith the Russians
it is only possibleto showv the 4" quadrant{—90° < | < 0°) in this paper The mapis
consistentvith a symmetricbulge componentwith a diameterof ~ 10° whichin turn
is consistenin extentandflux with the OSSEbulge component.Neitherthe disk nor
the fountaincomponents visible in Fig. 19, however with the small amountof data
availablein this mapit is probablynot possibleto resole thesecomponents they are
presenatthelevelsreportedoy OSSE.
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Figure19: INTEGRAL/SPImapof the 511 keV emissionin the 4th quadrantof the
Galaxy

Todetermingheprofileof the511keV line aspatiaimodelconsistingof asymmetric
Gaussiarcenteredat| = 0°, b = 0° with FWHM of 10° wasfit to the dataseparatelyn
eachl keV enegy bin. Theresultsof thatfit areshavn in Fig. 20. Theline parameters
are given in Table 3 and comparedwith previous measurementsThe SPI flux and
centroidarequite consistenwith previousobsenationswith no evidencefor ary redor
blue shift of theline. The SPIline width is atthe high endof the rangecoveredby the
prior obsenations,but in all caseghedifferencesarelessthan2o.
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Table3: GalacticCenter511keV Line Results
Instrument Flux Centroid Width (FWHM) | Reference
[10-3cm-2s-1] [keV] [keV]
HEAO-3 1.13+0.13 510.92+ 0.23 1.6+0.9/-1.6 | Mahong etal. 1994
GRIS 0.88+ 0.07 25+04 Leventhaletal. 1993
HEXAGONE 1.00+ 0.24 511.33+ 0.411 290+ 1.1 Smithetal. 1993
TGRS 1.07+0.05 510.98+ 0.10 1.81+0.54 Harrisetal. 1998
SPI 0.99+0.47/-0.21| 511.06+ 0.19 | 2.95+0.45/-0.51| Jearetal. 2003
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Figure20: SPIspectrunmfrom the GalacticCenterof the511keV e* - e~ annihilation

line.
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5.3 Diffuse Galactic Plane Continuum

The GalacticPlaneis a strongsource(total luminosity ~ 10°® erg cm~2) of “dif fuse”
hardX-ray andgamma-raycontinuumemission.Diffusehereis in quoteshecausét is
notyet clearwhetherpartor all of the continuumis dueto anaggrejateof unresoled
point sources Thetotal luminosity of ~ 10°® erg cm~2 is quite strong. Usinga proce-
duresimilarto themodelfitting for the 1809keV line Strongetal. (2003)have derived
a GalacticPlanespectrumshovn in Fig. 21. The spectrumis well fit by a powver-law
(red)with anexponentialcut-off combinedwith a positroniumcontinuum(green).The
positroniumcontinuumis requiredatahighlevel of significance Thepositroniumfrac-
tion is definedasthefraction of thoseannihilationsthatproceedhroughthe formation
of positronium. This fractionis a telltale indicator of the conditionof the mediumin
which the annihilationtook place. Comparisorof the datain Fig. 21 with the INTE-
GRAL/SPI511keV narrawv line flux (seeFig. 20)yieldsapositroniumfractionf, >
90%, whichis consistentvith mostprior results.
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Figure21: SPIGalacticPlanecontinuumspectrum Bestfit spectrum:powver-law with
exponentialcut-off (red)+ power-law (blue)+ positroniumcontinuum(green).
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