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ABSTRACT

INTEGRAL (InternationalGamma-RayAstrophysicsLaboratory)is ama-

jor new spaceobservatoryof theEuropeanSpaceAgency thatwaslaunched

onOct.17,2002.After successfullycompletinga2-monthcommissioning

periodINTEGRAL beganits scientificoperationsandcontinuesto perform

essentiallyflawlessly. The payloadconsistsof two major instruments,a

high-resolutioncooled-germaniumspectrometer(SPI)andacoded-aperture

imageremploying a large array of CdTe detectors(IBIS). Early science

highlightsincludethedetectionof 12new transientsources,possibleiden-

tification of a new classof highly absorbedhard X-ray sourcesand the

productionof promptandaccuratelocationsof gamma-raybursts.
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1 THE INTEGRAL MISSION

INTEGRAL (InternationalGamma-RayAstrophysicsLaboratory)isanew observatory-

classmissionof theEuropeanSpaceAgency (ESA)designedto carryoutastronomical

gamma-rayobservations in the 15-8000keV interval. Launchedin Oct. 2002, the

spacecraftbegan normal scienceoperationsat the beginning of 2003 and hasbeen

performingsmoothlysincethen.Thetwo maininstrumentsonboardareaspectrometer

(SPI)andanimager(IBIS). In additiontherearetwo supportingmonitorinstrumentsan

X-ray andanopticalmonitor(JEM-X andOMC).Theuseof new technologydetectors

(germaniumin the caseof the spectrometerandCdTe in the caseof the imager)has

resultedin significantimprovementsin energy andangularresolutionover previously

flown spaceexperiments(c.f. ComptonGamma-RayObservatory). INTEGRAL forms

a complementarysetwith NASA’s Swift andGLAST missions. Whenall threeare

operational(expectedin 2-3yr) therewill beunprecedentedcoverageof thegamma-ray

regionof thecelestialelectromagneticspectrum.

1.1 Spacecraft

TheINTEGRAL spacecraftis shown in Fig. 1. Thefour instrumentsareall co-aligned

andpointedatindividualtargetswith anaccuracy of afractionof afractionof anarcmin.

The fixed solar panelsmust be orientedwithin ± 40˚ of the sun which restricts

the allowed pointing directions. Any given portion of the sky is typically visible for

two 2-3 monthperiodseachyear. Theonly on-boardconsumableis the fuel required

for unloadingandbiasingthe reactionwheelsandthereis currentlyat leasta 15-year

supply. ThespacecraftwaslaunchedonaRussianProtonvehicleinto ahighinclination

orbit with an apogeeof ∼110,000km, an initial perigeeof ∼10,000km anda 3 day

period. In this orbit the spacecraftnever entersthe trappedprotonbeltsand is thus

free from activationeffectsthathave plaguedprior spacecraftin low earthorbit. The

overall instrumentbackground,althoughsomewhathigherthanthat in low earthorbit,

is muchmorestable. The spacecraftpointing directionis nearlyalwaysmoving in a

ditherpattern(typically a5 × 5 grid with aseparationbetweenadjacentpointsof 2˚) to

effectively chopthebeamandallow moreaccuratebackgrounddeterminationaswell

asimprove thequalityof theimaging.
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Figure1: INTEGRAL Spacecraft
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1.2 The Spectrometer (SPI)

TheSpectrometeron INTEGRAL (SPI) is shown in Fig. 2. It employs anarrayof 19

germaniumdetectorscooledto anoperatingtemperatureof 85K usingaredundantpair

of Stirling cycle mechanicalrefrigerators.Thedetectorarrayoperatesover theenergy

range20 – 8000keV with an energy resolutionthat variesbetween∼ 2 and8 keV.

This canbe comparedto the performanceof scintillator-basedinstrumentsflown on

theComptonGamma-RayObservatoryhaving typical energy resolutionsof 20 – 100

keV. TheGedetectorarrayis surroundedby amassive(550kg) activeanti-coincidence

shieldmadeof BGO scintillator. The backgroundin gamma-raytelescopesin space

is producedby cosmicrays(primarily protonsandalphaparticles)that interactin the

instrumentandsurroundingmaterial.Thisbackgroundis usuallyverystrong,requiring

theuseof extensive active shielding. Theshieldalsoactsasa collimatordefiningthe

total SPI field of view (∼ 30˚). A codedaperturearray constructedfrom blocks of

tungstenis usedto producecoarseimages(3˚ resolution).

Figure2: INTEGRAL Spectrometer(SPI)

1.3 The Imager (IBIS)

The INTEGRAL Imager (IBIS) is shown in Fig. 3. Similar in basic layout to the

Spectrometer, it employsatwo-layerdetectionplaneconsistingof largearray(∼16,000
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detectors)of CdTedetectorsandanarrayof CsIscintillatorbars.Theupperlayer(ISGRI)

is relatively thin andcoverstheenergy range15 – 1000keV andthelower andthicker

CsI layer (PICSIT) covers the range∼150 – 10000keV. Like the spectrometer, the

Imageralsohasacoded-aperture,but onethatis muchmorehighly pixilated,achieving

an angularresolutionof 12 arcmin. A BGO shieldsurroundsthe detectorarraysand

a passive tungstencollimator is usedto restrict the field of view andprevent sources

outsideof thecodedfield-of-view fromdegradingtheimagingperformance.TheImager

canobservesourcesasweakas∼ 2 mcrabwith a105 secexposure.

Figure3: INTEGRAL Imager(IBIS)
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1.4 INTEGRAL Observing Program

TheINTEGRAL observingprogramis dividedinto two mainparts,theCoreProgram

andtheOpenProgram.TheCoreProgramis guaranteedtimemainlyfor theinstrument

anddataprocessingteamsandcomprises∼ 1/3 of theobservingtime during thefirst

threeyearsof themissionandthendropsto 1/4 for theremainder. It consistsof three

parts:1)adeepobservationof thecentralradianof ourgalaxy, 2)periodic(every4orbits)

scansof thevisibleportionof thegalacticplanewith theprimarygoalof detectingnew

transientsourcesand3) a few selectedpoint sourceobservations. TheOpenProgram

comprisestheremainderof all of theobservingtime. Theobservationscarriedoutunder

the OpenProgramareselectedthroughan opencompetitionheld onceeachyear. A

breakdown of theobservingprogramis shown in Fig. 4.

Figure4: INTEGRAL ObservingProgram

2 THE CYGNUS REGION

2.1 Cygnus X-1

Cyg X-1, oneof the brightestX-ray sourcesin the sky, wasoneof the two sources

usedfor calibratingthe INTEGRAL instruments. The Cygnusregion was the first

INTEGRAL targetandwasobservedfor morethan106 secin Dec. 2002. Becauseof
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thewidefields-of-view of themaininstrumentsseveralothersourcesin additionto Cyg

X-1 weredetected.Oneof the first IBIS imagesof the Cygnusregion in the 40-100

keV bandis shown in Fig. 5. In additionto Cyg X-1, two othersourcesCyg X-3 and

J2103.5+4545areclearlyseen.CygX-1 is thefirstestablishedbinaryblackholesystem.

Figure5: INTEGRAL/IBIS imagesof theCygnusregion.

Thesystemconsistsof ablackholein orbit aroundaB0supergiantstarwith aperiod

of 5.6days.Themassof theblackholehasbeendeterminedfrom observationsof the

orbital variationto be∼ 7 Msun.

Cyg X-1 is known to displaycomplex temporalandspectralbehavior. Variability

on time scalesfrom millisecondsto yearshasbeenobserved, andat least5 different

spectralstateshave beenseen. The temporalbehavior of Cyg X-1 in the 20-40keV

bandis shown in Fig. 6 for thefirst ∼ 2 weeksof INTEGRAL observations.

Combinedspectralobservationsof Cyg X-1 are shown in Fig. 7. Simultaneous

observationsof CygX-1 duringtheINTEGRAL PerformanceVerificationperiodwere

carriedout by RXTE (PCA + HEXTE). Theseareshown in Fig. 7 in two different

timeperiods(revolutions16and27)alongwith theintegraldatafrom JEM-X, IBIS and

SPI.Thenormalizationsof thespectrawith respectto thePCAdatahavebeenallowed

to float. With the exceptionof JEM-X they all lie within ±20% of eachother. The

JEM-X normalization,however, wasafactorof ∼ 2 indicatinglingeringproblemswith
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Figure6: Timevariationof CygX-1 asmeasuredby INTEGRAL/IBIS duringa2-week

periodof theINTEGRAL PerformanceVerificationperiod.
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the calibrationof that instrument.The spectrahave beenfit with a comptonization+

reflectionmodel shown as the solid lines in Fig. 7 producingthe following bestfit

parameters:coveringfactorΩ < 0.3,plasmatemperatureTplasma = 80keV andplasma

opticaldepthτplasma = 1 – 1.5.

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 comptonization+ reflectionbest-fitmodel.

2.2 Cygnus X-3

CygnusX-3 isapeculiarmicro-quasar(definedasacompactbinarywith ajet). ItsX-ray

flux displaysa4.8hr modulation(seeFig. 8) thatwould leadto aconventionalidentifi-

cationof thissourceasalow-massX-ray binary(LMXB). Dueto heavy obscurationno

opticalcounterparthasbeenfound. However, IR observationsindicatethecompanion

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 variousearliermeasurementsare

plottedalongwith theINTEGRAL. TheINTEGRAL point is quiteconsistentwith the

earlierdata.

2.3 EXO 2030+375

ThetransientsourceEXO 2030+375wasalsodetectedduringpartof theINTEGRAL

observationof theCygnusregion. EXO2030+375isaBetypeX-ray transient(themost
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Figure8: CygX-3 Light Curve (4.6hr folding)

commontypeof X-ray pulsar)having a 42 secspinperiodanda 42 dayorbital period.

Evidencefor acyclotronline at∼36keV hasbeenreportedby Rieg & Coe(1999).An

IBIS/ISGRI light curve for the∼ 2 weekperiodwhenthesourcewasvisible is shown

in Fig. 10. Also, shown is a light curve for the sameperiodfrom the RXTE All-Sky

Monitor (ASM). Thestrongcorrelationbetweenthetwo datasetsis apparent.

An IBIS/ISGRIspectrumfor thesourceis shown in Fig. 11. Thedip at∼ 28keV is

anartifactof thespectralresponse.This is confirmedby thelower panel,which shows

theratiobetweentheCrabandEXO2030+375.Nodip isseenin theratio. Thespectrum

hasbeenfit by a power-law with andexponentialcut-off. Thebest-fitparametersare

power-law spectralindex = 1.5± 0.2,Ecutoff= 37± 4 keV, Ef old= 32± 4 keV. These

areconsistentwith earlierobservations(Reynoldsetal. 1993).
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Figure9: Cyg X-3. Time lag betweenmeasuredminimum of light curve andlinear

ephemeris.PointsotherthanINTEGRAL aretakenfrom Singhetal. (2002)
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Figure10: IBIS/ISGRIlight curveof EXO 2030+375.Also shown is alight curvefrom

thesameperiodfrom theRXTE/ASM.

3 THE GALACTIC PLANE

3.1 Overview

Mostof theINTEGRAL CoreProgramisdevotedtoobservationsin orneartheGalactic

Plane.Therearetwo parts:1) adeepexposureof thecentralradianand2) regularscans

of thevisibleportionof theplane.Usingthesedatait beenpossibleto constructmapsof

thesourcesin theGalacticPlaneregion. Oneexampleis shown in Fig. 12. Themapis

generatedfrom IBIS/ISGRIdatain the15-40keV bandandis asnapshotof thecentral

portion of our galaxy taken in the periodApril 8-30, 2003. Roughly40 discrete

sourcesarevisible. ∼ 10 of thesearenew sourcesdiscoveredby INTEGRAL. The

propertiesof thenew INTEGRAL sourcesaresummarizedin Table1. Some12sources

arein thetableincludingboththosediscoveredin theGalacticCenterDeepExposure

(GCDE)andtheperiodicGalacticPlaneScans(GPS).Fromthedatain theTable1. it

canbeseenthatINTEGRAL candetectsourcesat leastasweakas5 mcrab.

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

Threeof thenew INTEGRAL sourcesin Table1 arelocatedneareachotherandhave

similar properties. IGR J16318-4848,IGR J16320-4751and IGR J16358-4726lie

within afew degreesof eachotherin aregionof enhancedconcentrationof massivestars
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Figure11: Upperpanel: IBIS/ISGRI spectrumof EXO 2030+375.Lower panel:ratio

of IBIS/ISGRI to Crabshowing thatthedip at∼28keV is anartifact.
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Figure12: IBIS/ISGRIview of thecentralregionof ourgalaxy.
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Table1: New INTEGRAL sources.
SourceID 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-Mar-03 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-Mar-03 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. Thesourcesareall heavily absorbed.Thebest-fitvalues

for anabsorbedpower-law fit totheirspectraaregivenin Table2(Revnitsev 2003,Walter

et al. 2003). All have exceptionallylarge valuesof the hydrogenabsorptioncolumn

NH andsimilar spectralindicesfor the power-law component.XMM alsoobserved

thesourceIGR J16318-4848anda combinedspectrumis shown in Fig. 13. A model

consistingof a power-law continuumandthreeGaussianlineswasfit to thedata.The

following FeandNi lineshave beenidentified: FeKα (6.41keV), FeKβ (7.07keV)

andNi Kα (7.46 keV). A probableoptical/IR counterparthasbeenfound that could

be eithera low-massred giant or a super-massive giant dependingon the (unknown)

reddening.Walteret al. (2003)suggestthatthesourceis a binarysystemconsistingof

a massive staranda blackholein which a denseabsorbingshell is createdby a strong

stellarwind.

4 GAMMA-RAY BURSTS

TheINTEGRAL instrumentsarevery sensitive to gamma-raybursts(∼ 3 x moresen-

sitive thanBATSE). However, the detectionratesarenot high (∼ 1/mo.) dueto the

narrow fields-of-view of thetelescopes.Nonetheless,INTEGRAL is averyusefultrig-
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Table2: Propertiesof highly absorbedINTEGRAL sources.
Source NH (cm−2) α 1

IGR J16318-4848 3.1x 1024 1.0

IGR J16320-4751 2.1x 1023 1.2

IGR J16358-4726 4.0x 1023 1.1

1
α = spectralindex of power-law component

ger for providing burst alertsto the ground-basedobserver communityin the interim

periodbetweentheendof BeppoSaxandthelaunchof Swift. Becauseof its highorbit

INTEGRAL is sensitiveto bursts∼ 80%of thetime. All INTEGRAL datais sentto the

groundin realtimemakingit possibleto searchfor anddetectgamma-rayburstsin near

realtimeontheground.TheINTEGRAL BurstAlert System(IBAS) is aground-based

suiteof softwarethatcontinuouslymonitorstheINTEGRAL datafor gamma-raybursts.

If oneis foundthenit automaticallybroadcastsanalertovertheGCN(Gamma-RayCo-

ordinatesNetwork) typically within 10 sec. of the detection.An exampleof a burst

localizedby INTEGRAL/IBAS isshown in Fig.14(Malagutietal. 2003).Threenested

errorcirclesfrom INTEGRAL areshown from SPI,IBIS/ISGRI andIBIS/PICSIT, all

consistentwith commonlocation. The smallestof these,that from IBIS/ISGRI has

a diameterof 2 arcmin,small enoughto permit virtually any ground-basedtelescope

to make follow-up observations. This burstwasalsolocalizedby multiple-spacecraft

timing usingtheInterplanetaryNetwork (IPN). Theparallelogram-shapederrorbox is

from theIPN andagreesquitewell with theINTEGRAL position.

GRB030227wasthefirst burstdetectedby INTEGRAL for whichit waspossibleto

identify anopticalcounterpart.Theopticalcounterpartwasfaint,mR ∼ 23 (Castro-

Tiradoet al. 2003). X-ray afterglow wasdetectedby XMM (Mereghettiet al. 2003),

thebrightestdetectedby XMM for any gamma-rayburst,which mayindicatethatthis

wasan“X-ray rich” gamma-rayburst. A compositeoptical,X-ray spectrumis shown

in Fig. 15. The X-ray part lies well above an extrapolationof the optical part,which

maybeevidencefor thepresenceof inverseComptonscattering.
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Figure13: XMM (<20keV) andINTEGRAL (>20kev) spectraof IGR J16318-4848.

5 DIFFUSE GALACTIC PLANE LINE +

CONTINUUM EMISSION

Oneof theprimaryobjectivesof theINTEGRAL missionis to mapdiffusegamma-ray

emissionfrom theGalacticPlane.Of particularimportancearethe511keV electron-

positronannihilationlineandthe1809keVline fromradioactive26Al. Thespectrometer

SPIhasbeendesignedto mapthisemissiononangularscaleslargerthanafew degrees.

TheIBIS experimentcanprovide valuableinformationon point sourcesunresolvedby

SPI thatmight otherwisebe includedin thediffusecomponent.As of this writing the

analysisof only thefirst season(spring’03) of GalacticCenterobservingis complete.

This representsonly a very small fractionof thedataon theGalacticCenterandPlane

thatwill eventuallybeaccumulated.

5.1 26Al Line Emission

The1809keV from26Al decaywith its ∼ million yearhalf-life is a valuabletracerof

recentnucleosynthesisin our galaxy. Thespatialdistribution of theemissionhasbeen
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Figure 14: Error boxes for GRB021125. Ellipses are from smallest to biggest

IBIS/ISGRI, IBIS/PICSITandSPI.Theparallelogramis from theIPN.
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Figure 15: Compositeoptical + X-ray spectrumof GRB030227afterglow (Castro-

Tiradoet al. 2003).Also shown (purple)is a “de-adsorbed”X-ray spectrum,which is

thepower-law componentof abest-fitabsorbedpower-law model.

measuredby the COMPTEL experimenton CGRO (Diehl, Knodlseder, Plushke) and

is primarily concentratedwithin ± 5˚ of the GalacticPlane(seeFig. 16). Significant

enhancementsin theemissionareevidentin theCygnus,CarinaandVelaregions.The
26Al distribution tracksthatof microwaveemission,which is primarily dueto free-free

electroninteractions.Freeelectronsareproducedby UV radiationfrom massive stars

andthustracemassive starformationin our galaxy. 26Al is producedin the coresof

thesestars,transportedbyconvectionto thesurfaceandtheninjectedinto theinterstellar

mediumby strongstellarwinds.

TheINTEGRAL/SPI1809keVlineprofileisshownin Fig. 17(Diehletal. 2003).It

wasderivedby fitting aprofilefrom galacticfree-freeemission(DIRBE 240µm) to the

datain each1 keV energy bin. Thepreliminaryintegratedflux valueis 3-5×10−4 cm−2

s−1, the rangebeingdeterminedby the particularassumedmodel. This is consistent

with mostearliermeasurements.Thepreliminarylimit for the line width is < 3 keV.

A balloon-bornegermaniumdetector(GRIS)measurementof the26Al line width of ∼6

keV(Nayaetal. 1996)suggestedvelocitiesof theemittingmatterof theorderof 500km

s−1. However, amorerecentdeterminationof thiswidthby theRHESSIsatellite(Smith

et al. 2003)did not find evidencefor any line broadening.Thespatialregionscovered
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Figure16: Diffuse26Al Mapof ourGalaxy(Pluschkeetal. 2001).

by GRIS,RHESSIandSPIarenot thesame,which couldaccountfor thedifferences

in line width. With its high sensitivity, fine energy resolution,andimagingcapability

INTEGRAL/SPIwill surelysettlethequestionof the26Al line width.

5.2 Electron-Positron Annihilation Radiation

Thecenterof ourgalaxyhasbeenknownfor morethantwentyyearstobeastrongsource

of electron-positronannihilationradiation(seee.g.Leventhaletal. 1980,Purcelletal.

1997,Teegardenet al. 1997).Thesignatureis a narrow line at theelectronrestenergy

(511 keV) dueto two-photondecayaccompaniedby a broadpositroniumcontinuum

below 511keV from three-photondecay. Early balloonmeasurementssuggestedthat

theradiationwastime variable(Leventhalet al. 1980,Paciesaset al. 1982),however,

this wasnot confirmedby latersatelliteresults(Purcell,Harris). The line width of ∼

2 keV is just barelyresolvedby thegermaniumspectrometers.TheOSSEexperiment

on CGRO hasproducedmapsof the e+ - e- emissionvicinity of the GalacticCenter

(Purcellet al. 1997,Milne etal. 2001).Oneof theseis shown in Fig. 18 (Purcellet al.

1997).Theemissioncanbedescribedasconsistingof threecomponents:

1) a centralsymmetricbulge of width ∼ 10˚, 2) a planecomponentof width ∼

30˚ andheight5˚–10˚,and3) a positive latitudeenhancement(theso-called“Galactic

Fountain”) centeredat l ∼ –2˚, b ∼ 7˚. The fountain was not presentin all of the

differentOSSEmaps(Milne et al. 2001),andits existenceremainscontroversial.The

SLAC Summer Institute, July 28 - August 8, 2003, Stanford, California

20TTH05



Figure17: 26Al (1809keV) lineprofile. Valuesareobtainedbyfit tospatialmodelbased

onDIRBE 240µm map.

Figure 18: OSEEmap of e+ - e- emissionfrom the vicinity of the GalacticCenter

(Purcellet al.)
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first INTEGRAL/SPImapof theGalacticCenterregionisshown in Fig. 19(Knodlseder

et al. 2003). Themapwascreatedusinga Richardson-Lucy deconvolution smoothed

with a 6˚ × 6˚ boxcarkernel. Becauseof datasharingagreementwith the Russians

it is only possibleto show the4th quadrant(–90˚< l < 0˚) in this paper. Themapis

consistentwith a symmetricbulgecomponentwith a diameterof ∼ 10˚ which in turn

is consistentin extentandflux with theOSSEbulgecomponent.Neitherthedisk nor

the fountaincomponentis visible in Fig. 19, however with the small amountof data

availablein thismapit is probablynotpossibleto resolve thesecomponentsif they are

presentat thelevelsreportedby OSSE.

Figure19: INTEGRAL/SPI mapof the 511 keV emissionin the 4th quadrantof the

Galaxy.

Todeterminetheprofileof the511keVlineaspatialmodelconsistingof asymmetric

Gaussiancenteredat l = 0˚, b = 0˚ with FWHM of 10˚ wasfit to thedataseparatelyin

each1 keV energy bin. Theresultsof thatfit areshown in Fig. 20. Theline parameters

are given in Table 3 and comparedwith previous measurements.The SPI flux and

centroidarequiteconsistentwith previousobservationswith noevidencefor any redor

blueshift of theline. TheSPIline width is at thehigh endof therangecoveredby the

prior observations,but in all casesthedifferencesarelessthan2σ.
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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 Mahoney etal. 1994

GRIS 0.88± 0.07 2.5± 0.4 Leventhaletal. 1993

HEXAGONE 1.00± 0.24 511.33± 0.411 2.90± 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 Jeanetal. 2003

Figure20: SPIspectrumfrom theGalacticCenterof the511keV e+ - e− annihilation

line.
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5.3 Diffuse Galactic Plane Continuum

TheGalacticPlaneis a strongsource(total luminosity∼ 1038 erg cm−2) of “dif fuse”

hardX-ray andgamma-raycontinuumemission.Diffusehereis in quotesbecauseit is

not yet clearwhetherpartor all of thecontinuumis dueto anaggregateof unresolved

point sources.Thetotal luminosityof ∼ 1038 erg cm−2 is quitestrong.Usinga proce-

duresimilar to themodelfitting for the1809keV line Strongetal. (2003)havederived

a GalacticPlanespectrumshown in Fig. 21. Thespectrumis well fit by a power-law

(red)with anexponentialcut-off combinedwith apositroniumcontinuum(green).The

positroniumcontinuumis requiredatahighlevel of significance.Thepositroniumfrac-

tion is definedasthefractionof thoseannihilationsthatproceedthroughtheformation

of positronium. This fraction is a telltale indicatorof theconditionof themediumin

which theannihilationtook place. Comparisonof thedatain Fig. 21 with the INTE-

GRAL/SPI511keV narrow line flux (seeFig. 20)yieldsapositroniumfractionfp >

90%,which is consistentwith mostprior results.
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Figure21: SPIGalacticPlanecontinuumspectrum.Bestfit spectrum:power-law with

exponentialcut-off (red)+ power-law (blue)+ positroniumcontinuum(green).
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