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The Fermi Large Area Telescope (LAT) has been detecting hundreds of Galactic sources, most of which are pulsars.
Many Galactic sources are still undetected or unresolved due to their low flux, below the Fermi LAT sensitivity, or
because of foreground and source confusion. Moreover, among the many unassociated sources, which are one third of
the detected sources, a large amount may have Galactic origin. We present our method of source population synthesis
studies for characterizing the general properties of Fermi LAT Galactic gammaCray sources and for estimating the
number of Galactic sources below the Fermi LAT flux sensitivity threshold. Source density distribution and luminosity
function of our MonteCCarlo simulation are constrained by the Galactic sources detected by Fermi LAT. Then, the number
of unresolved sources and their contribution to the diffuse emission are estimated by our best model.

This is a longCterm project on analyzing the point source catalog and performing theoretical studies of gammaCray
sources. Apart from being interesting on its own, characterizing the general properties of detected sources also allow us
to estimate the contribution to the diffuse emission from undetected and unresolved sources. In turn this help their
detection, impacting also other studies of diffuse gamma rays including studies of the interstellar emission and dark
matter. Finally, it also help in the characterization of unassociated sources.

METHOD

OurManalysisMapproachMisMbasedMonMtheMwellCestablishedMmethodMinM[1,3,M6].MForMeachMGalacticMsourceMpopulation,MweMwillMperformMaMMonteMCarloMstudy.MAMpopulationMisM
definedMbyMthreeMbasicMproperties:MspatialMdistribution,Mspectrum,MandMluminosityMfunction.MWeMtestMsourceMspaceMdensityMdistributionMbasedMonMpresentMmodelsMofMsourceM
distributionsMderivedMfromMobservationsM[1,4].MTheMspaceMdensityMofMsourcesMperMunitMluminosityM(L!)#andMpositionMinMtheMGalaxyM(R,#z)#isMdefinedMasM"(R,#z,#L!).MThisM
dependsMonMaMgivenMluminosityMfunction,MasMexplainedMinM[6].MFluxesMareMthenMobtainedMfromMluminositiesMandMdistances.MFromMtheMresultingMsimulatedMsourceMlist,MweM
generateMdifferentialMsourceMcountsMdefinedMasMN(F!)M(sourcesMperMunitMfluxMoverMtheMskyCareaMconsidered),MwithMtheMenergyMdependenceMgivenMbyMtheMspectralMinformationM
ofMtheMsourceMpopulation.MTheMsimulatedMcatalogueMextendsMbelowMtheMdetectionMthresholdM(fluxMlimit).MAboveMtheMdetectionMthreshold,MtheMsimulatedMsourceMcountsMmustM
reproduceMtheMrealMsourceMcountMasMdetectedMbyMLAT.

DETECTEDMSOURCES

CharacterizationMofMtheMsourceMpopulationMpropertiesMandMidentifyMunidentifiedMsourcesMasMGalacticMorMextragalacticM
sourceMclassesMthroughMstatisticalManalyses

ExampleMofMnumberMofMsimulatedMsourcesMforMaMgivenMsourceMdensityMandMluminosityMfunctionMcomparedMwithMtheM
numberMofMdetectedMsourcesMaboveM1MGeVMandMforMtheMinnerMGalaxy.MSimulatedMsourcesMforMthisMexampleMareMpulsarC
likeMobjectsMwithMaMspatialMdistributionMbasedMonM[4].MTheMplot shows sourceMnumberMcountsMaboveM1MGeVMinMtheM
innerMGalaxy.MTrianglesMareMsourceMcountsMfromMtheM3FGLMaboveMaMdetectionMlimitMsetMatM5x10C9 photonsMcmC2sC1
aboveM1MGeV.MBlueMtriangles:MGalacticMidentifiedMsources.MRedMtriangles:MGalacticMidentifiedMandMunassociated
sources.MBlackMsquares:MallMsourcesMwithMextragalactic.MBlackMline:MsimulatedMsources.

UNDETECTEDMSOURCES

EstimateMofMtheMnumberMofMsourcesMbelowMtheMLATMthresholdMandMtheirMcontributionMtoMtheMdiffuseMemissionM

ExampleMofMdiffuseMspectralMcomponents,MincludingMtheMunresolvedMsourcesMcalculatedMforMtheMmodelMinMFig.M1M(solidM
line),McomparedMtoM3CyearMLATMdata.MAtM>8MGeVMAtM>8MGeV,MtheMtotalMcomponentMfailsMtoMaccountMforMallMtheMdata,M
enforcingMtheMideaMenforcingMtheMideaMthatMtheMproposedMstudyMisMneededMforMunderstandingMtheMcompleteMpicture.M
WeMnoteMthatMthisMmodelMisMforMillustrationMonlyMandMitMwasMnotMfitMtoMdata.MTheMplotMshowsMspectraMofMtheMinnerMGalaxy.M
MagentaMdashMline:M3FGL,MGalacticMidentifiedMandMunassociatedMsources.MVerticalMblackMbars:MFermiCLATMdata:MPassM
7MRepMCleanMwithMsystematicMandMstatisticalMerrorsMincluded.MBlueMline:MtotalMinterstellarMemissionMasMsumMofMπoC
decayM(red),MinverseMComptonM(green),MbremsstrahlungM(cyan).MBlackMsolidMline:MisotropicMcomponent.MYellowMlines:M
populationMcontributionsMaboveM(dashedMupper)MandMbelowM(dottedMlower)MthresholdeMtotalMincludingMinterstellarMandM
populationMcontributionsM(solid).MTheMinterstellarMmodelMisMtakenMfromM[2].M

UNDETECTEDMSOURCEMTEMPLATE

SkymapMofMtheMmodelMsourcesMbelowMtheMdetectionMthreshold

ZoomMinMtheMinnerMGalaxyMofMsimulatedMsourcesMbelowMthresholdMforMtheMsameMmodelMasMinMFigM1M(solidMline).M
ItMshowsMclearlyMtheMglowMfromMweakMsources.MColoursMreferMtoMdifferentMfluxes.M

PARAMETERMSCAN

Preliminary results of the best-fit parameters given the likelihood function

AsMaMfirstMtrialMaMsetMofMmodelsMcreatedMbyMvaryingMmodelMparametersM(density,MminimumMluminosity,MluminosityM
index)MareMgeneratedMandMtheirMLogCLikelihoodMisMobtainedMbyMfittingMtheMpulsarsMsourcesMinMtheM4FGLCDR2.M
TheMbestCfitMparametersMforMthisMpreliminaryMrunMareMunderlinedM[5].
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