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DESY 07-128Gamma-Rays from Deaying Dark MatterGianfrano Bertone1, Wilfried Buhm�uller 2, Laura Covi 2,Alejandro Ibarra 21 Institut d'Astrophysique de Paris, UMR 7095-CNRS,Universit�e Pierre et MarieCurie, 98bis boulevard Arago, 75014 Paris, Frane2 Deutshes Elektronen-Synhrotron DESY, Hamburg, GermanyAbstrat. We study the prospets for deteting gamma-rays from deaying DarkMatter (DM), fousing in partiular on gravitino DM in R-parity breaking vaua.Given the substantially di�erent angular distribution of the predited gamma-raysignal with respet to the ase of annihilating DM, and the relatively poor (of order0.1Æ) angular resolution of gamma-ray detetors, the best strategy for detetion is inthis ase to look for an exoti ontribution to the gamma-ray ux at high galatilatitudes, where the deaying DM ontribution would resemble an astrophysial extra-galati omponent, similar to the one inferred by EGRET observations. Upomingexperiments suh as GLAST and AMS-02 may identify this exoti ontribution anddisriminate it from astrophysial soures, or plae signi�ant onstraints on the massand lifetime of DM partiles.1. IntrodutionA tremendous theoretial and experimental e�ort is in progress to larify the nature ofthe elusive Dark Matter that appears to dominate the matter density of the Universe [1,2℄. The most studied DM andidates are Weakly Interating Massive Partiles, thatahieve the appropriate reli density by freezing-out of thermal equilibrium when theirself-annihilation rate beomes smaller than the expansion rate of the Universe. Theharateristi mass of these partiles is O(100) GeV, and the most representativeand ommonly disussed andidates in this lass of models are the supersymmetrineutralino, and the B(1) partile, �rst exitation of the hyperharge gauge boson, intheories with Universal Extra Dimensions. These partile are and will be searhed forvia ollider, diret and indiret searhes. In partiular, the latter are based on the verysame mehanism that ontrols the reli density of DM, i.e., self-annihilations. In fat,although the annihilation rate in the loal Universe is on average severely suppressed,it an still be extremely high at the entre of dense DM halos, sine it is proportionalto the square of the DM partiles number density. The prospets for indiret detetionof annihilating DM have been extensively disussed (see [1, 2℄ and referenes therein).However, self-annihilating relis are not the only DM andidates, and indiret DMsearhes are not only relevant for self-annihilating partiles. Three of us have reentlystudied an exellent DM andidate, the gravitino in R-parity breaking vaua, that an
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Gamma-Rays from Deaying Dark Matter 2ahieve the appropriate reli density through the thermal prodution in the early high-temperature phase of the Universe, and that naturally leads to a osmologial historyonsistent with thermal leptogenesis and primordial nuleosynthesis [3℄.Sine R-parity is broken, gravitinos an deay into a photon and a neutrino [4℄,although with a lifetime that, being suppressed both by the Plank mass and by the smallR-parity breaking parameters, is naturally muh longer than the age of the Universe [5℄.Similarly, for suÆiently small R-parity breaking, also neutralinos [6, 7℄ and axinos [8℄are dark matter andidates whih an deay into a photon and a neutrino. Thesesenarios thus predit a di�use ux of photons and neutrinos that, by omparison withexisting observational data, an be used to set onstraints on the mass and lifetime ofthe deaying partiles. Interestingly, an exess in the galati omponent of the di�usegamma-ray ux measured by EGRET has been laimed in Ref. [9℄, at energies between1 and 10 GeV. A more areful analysis of the Galati foreground has led Strong etal. to a new estimate of the extra-galati omponent [10℄ with a signi�antly di�erentspetrum with respet to the previous analysis. More reently, Steker et al. [11℄ pointedout a possible error in the energy alibration of EGRET above 1 GeV, a irumstanethat if on�rmed would make any interpretation of EGRET data in terms of exotiomponents, suh as DM annihilation or deay, unreliable, if not meaningless.In view of these and other systemati unertainties [12℄, we will not try here to�t the EGRET data with the gamma-ray ux produed by deaying DM, althoughwe regard this oinidene as interesting and deserving further attention. We performinstead a areful analysis of the signal that might be deteted with the next generation ofgamma-ray experiments. Similar analyses has previously been arried out for deayingDM andidates with masses in the keV range, suh as a salar modulus [13℄ or a sterileneutrino [14, 15℄. More reently also the ase of small mass splittings and heavy DMdeaying into MeV photons has been disussed in order to explain the COMPTEL exessin the photon ux [16, 17℄.Unlike the ase of stable neutralinos and other WIMPs, the rate at whih gravitinosprodue photons is proportional to the density of DM partiles, as appropriate fordeaying DM partiles, not to the square of the DM density. As a onsequene, thestrategies for indiret detetion must keep into aount the di�erent angular distributionof the predited signal, and the di�erent ratio between galati and extra-galationtributions. Although the situation is very similar to the ase of other deayingDM andidates, suh as deaying sterile neutrinos, the angular resolution of experimentssensitive to photons from deaying gravitinos, typially above 5 GeV [3℄, are muh worsethan X-ray telesopes, relevant for sterile neutrinos. Here we study the best strategiesto detet an exoti omponent in the gamma-ray di�use ux with future experimentssuh as the upoming gamma-ray satellite GLAST, sheduled for launh in the next fewmonths, and with AMS-02. Although in our analysis we adopt gravitinos as our �duialDM andidates, our results an be applied to any deaying DM partile in a similarrange of masses into monohromati photons.The paper is organised as follows: in Se. 2 we disuss our expetation for



Gamma-Rays from Deaying Dark Matter 3gravitino lifetime and the deay hannel, while in Se. 3 the Galati and extra-galationtributions to the gamma-ray ux from gravitino deays. In Se. 4 we onsideralternative targets for indiret detetion suh as dwarf galaxies and galaxy lusters. InSe. 5 we disuss our results and ompare the indiret detetion strategies of deayingand self-annihilating DM. Finally we give our onlusions in Se. 6.2. Gravitino deayAs is the ase for the proton, we do not know if the DM partile is absolutely stable. Inthe ase of supersymmetri andidates, usually R-parity is invoked to make the protonsuÆiently long-lived and it automatially gives that the Lightest SupersymmetriPartile (LSP) is stable. On the other hand R-parity is not the only possibility forproteting the proton from rapid deay and a small amount of R-parity violation doesnot rule out the possibility of having supersymmetri DM if the LSP is very weaklyinterating with the R-parity violating setor or the deay is highly suppressed byphase spae. As an example, in [3℄, we have onsidered a supersymmetri extensionof the standard model with small R-parity and lepton number violating ouplings anda gravitino LSP. The model predits a small photino-neutrino mixing jU~�j = O(10�8),whih leads to the deay of the gravitino into photon and neutrino [5℄,�( 3=2 ! �) = 132� jU~�j2m33=2MP2 : (1)Using MP = 2:4� 1018 GeV, one obtains for the gravitino lifetime� 2�body3=2 ' 3:8� 1027s jU~�j10�8 !�2 � m3=210 GeV��3 : (2)At tree level this deay hannel an be suppressed if the sneutrino v:e:v: responsiblefor the photino-neutrino mixing is very small, but even if the mixing vanishes, thedeay an take plae via one loop diagrams. The loop indued deay has been reentlyomputed in [18℄, where it has been shown that also in this ase the hannel dominatesover the 3-body deay into fermions [19℄ for small gravitino masses. For this reasonwe will onentrate on this partiular hannel and will assume in the following that ourDark Matter andidate deays into a photon and neutrino produing two monohromatilines at energy equal to mDM=2 with a lifetime of the order of 1027s or larger. On theother hand, if the gravitino is suÆiently heavy it ould deay into W or Z bosons,produing through fragmentation a ontinuous spetrum of photons with a harateristishape [20℄. The neutrino ux in the few GeVs energy range is unfortunately overwhelmedby the atmospheri neutrino bakground and so its detetion seems muh more diÆultthan that of the gamma-ray ux.Note that the signal in gammas would be the same, only twie as strong, for thease of a salar DM andidate deaying into two photons.



Gamma-Rays from Deaying Dark Matter 43. Gamma-Rays from DM deayIf the DM partiles deay all around us, we expet two soures for a di�use bakground.We have the DM deaying in the Milky Way halo nearby and in addition those deayingat osmologial distanes.Let us �rst onsider the latter ones, whih have been more intensively studiedin the literature [5, 21℄. The deay of DM into photon and neutrino at osmologialdistanes gives rise to a perfetly isotropi extragalati di�use gamma-ray ux with aharateristi energy spetrum, orresponding to a red{shifted monohromati line. Aphoton with measured energy E = m3=2=(2(1 + z)) has been emitted at the omovingdistane �(z), with d�=dz = (1 + z)�3=2=(a0H0q
M(1 + �(1 + z)�3)). Here a0 and H0are the present sale fator and Hubble parameter, respetively, and � = 
�=
M ' 3,with 
� + 
M = 1, assuming a at universe. Then we obtain for the photon uxdJegdE = Aeg 2mDM  1 + �� 2EmDM �3!�1=2 � 2EmDM �1=2��1� 2EmDM � ; (3)with Aeg = 
DM�4��DMmDMH0
1=2M = 10�7 (m2s str)�1 � �DM1027 s��1 � mDM10 GeV��1 ; (4)here �DM is the DM partile lifetime and is given by Eq. (2) for the gravitino ase.We have taken the partile density to be equal to the Cold Dark Matter density as
DMh2 = 0:1, and the other onstants as � = 1:05 h2 � 10�5GeVm�3, total matterdensity 
M = 0:25 and H0 = h 100 km s�1 Mp�1 with h = 0:73 [22℄. We areonsidering here �DM � H�10 so that we an neglet in the above formula the depletionof the number density due to the deay.In addition to the extragalati signal there is an anisotropi sharp line from thehalo of our galaxy with an intensity omparable to the extragalati signal [13℄. Theux from the deay of halo DM partiles is given by the density pro�le, i.e.dJhalodE = Ahalo 2mDM Æ �1� 2EmDM � ; (5)where Ahalo = 14��DMmDM Zl:o:s: �halo(~l)d~l : (6)The ratio Ahalo=Aeg only depends on osmologial parameters and the halo dark matterdensity integrated along the line of sight z. Hene, the intensity and angular distributionof the halo signal is very sensitive to the distribution of the dark matter in the MilkyWay. Surprisingly, for typial halo models, this ratio is of order unity [13℄.Consider a Navarro-Frenk-White pro�le for the DM matter of our galaxy,�NFW (r) = �hr=r(1 + r=r)2 (7)z The oeÆients Ahalo and Aeg are related to the oeÆients C and D in our previous paper [3℄by a fator 2=m3=2. Let us also note that in that referene there is a typo in the de�nition of C : itshould say 10�7 instead of 10�6.



Gamma-Rays from Deaying Dark Matter 5

Figure 1. Left: EGRET di�use emission in the energy range E=[4,10℄ GeV. Right:Sum of the Galati plus extra-galati ontributions to the gamma-ray ux fromgravitino deay, for �DM = 4� 1027 s and mDM = 10 GeV and the NFW pro�le givenin Eq. (7).with �h = 0:33 GeV/m3 = 0:6�105� giving the halo density normalisation and r = 20kp the ritial radius where the pro�le slope hanges. For any given point along theline of sight, the distane r from the entre of the galaxy an be expressed as funtionof the galati oordinates, the longitude l and latitude b, and the distane from theSun s in units of R� asr2(s; b; l) = R2� h(s� os b os l)2 + (1� os2 b os2 l)i : (8)The ux fator then readsAhalo(b; l) = R�4��DMmDM Z 10 ds �NFW (r(s; b; l)) : (9)This expression an be used to give the ux dependene on the angle, as long as weare far away from the entral usp. In that region a more appropriate quantity is theaverage ux on the solid angle orresponding to the detetor resolution around thediretion (b; l), i.e.hAhalo(b; l)i�
 = 1�
 Z�
 d
 Ahalo(b; l) ; (10)where the in�nitesimal solid angle is given by d
 = dl os(b)db. We onsider thereforethe average ux for an angular resolution of 1Æ as measured by EGRET. The result ofthe numerial integration for the halo ux plus the isotropi extragalati omponentis shown in the right panel of Fig. 1, whih illustrates the derease of photon ux awayfrom the galati entre, both in longitude and latitude. Note that the dependeneis not very strong and indeed Ahalo hanges only by a fator 20 between the galatientre and the anti-entre, and within a fator of 8 if one uts out the region within 10degrees around the galati plane. Averaging over all sky exluding the galati plane,we obtain Ahalo=Aeg ' 0:76, so that the line is atually dominating the signal. In fat



Gamma-Rays from Deaying Dark Matter 6the total ux of di�use gamma-rays for all sky diretions is given by�diff = Z d
 Z 10 dE  dJegdE + dJhalodE (b; l)! (11)= 4�Aeg 2 sinh�1(p�)3p� + Z �=2��=2 os(b)db Z ��� dlAhalo(b; l) (12)' 4�Aeg  0:5 + AhaloAeg ! (13)' 1:5� 10�6 (m2 s)�1 � �DM1027 s��1 � mDM10 GeV��1 ; (14)where we have used � = 3 and Eqs. (4) and (6).The expeted signal from Dark Matter deay in the halo an be ompared withthe di�use gamma-ray ux observed by EGRET. Contour lines of onstant ux, withphoton energies between 4 GeV and 10 GeV are shown in the right panel of Fig. 1. Asexpeted, the smallest ux is observed in the diretions of the north and south poles,i.e. orthogonal to the galati disk. Aording to Fig. 1, the signal in these diretionsis larger than in the diretion opposite to the galati entre. We therefore onludethat the signal from the MW halo ould be most e�etively observed looking away fromthe galati disk, whih generates most of the bakground, in diretion of the poles, inontrast with the strategy usually adopted for the detetion of the self-annihilating DMsignal.The photon spetrum is dominated by the sharp line oming from our loal halo,while the red-shifted extragalati signal is appreiably lower. The position of theline allows a diret measurement of the DM partile mass and the height is inverselyproportional to the lifetime. In Fig. 2, we show the expeted signal for deaying partilemass of 10 GeV and for a lifetime of 1027 s in omparison to the extragalati EGRETdata [9, 10℄. We mimi the �nite energy resolution of the detetor by onvolving thesignal with a Gaussian distribution and average the halo signal over a one of 80Æaround the poles. The height and width of the line depend as usual on the energyresolution of the detetor; here we have taken 15% as energy resolution, as quotedby EGRET in this energy range. Note also that the DM signal peaked at 5 GeVorresponds to the expetation of the model of gravitino LSP with R-parity and B-Lbreaking disussed in [3℄. A word of aution though is in order in the omparisonbetween data and signal: the EGRET extragalati bakground displayed here has beenextrated assuming isotropy, while our halo emission is mildly anisotropi away fromthe galati plane. GLAST is expeted to provide muh better data at these energies,allowing a muh more detailed analysis of the angular and spetral properties of thedi�use gamma-ray ux.4. Alternative targetsThe Milky Way has dwarf galaxies as satellites, whih have a large mass to light ratio,like Drao and Ursa Minor. One may therefore hope that the ux from deaying DM
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E [GeV]Figure 2. Energy spetrum of extragalati and halo signal ompared to the EGRETdata. The data points are the EGRET extragalati bakground as extrated by Stronget al. in [10℄, while the short-dashed (blue) line shows the powerlaw �t from Eq. (27)obtained previously by [9℄. The extragalati and halo signals for �DM = 1027 s andmDM = 10 GeV are respetively the long-dashed (green) and dotted (magenta) lines,while the solid (thik red) line shows the sum of these ontributions with a powerlawbakground (thin red line), whih has been obtained �tting the low energy EGRETpoints.is signi�antly enhaned in these diretions in the sky like in the ase of annihilatingDM [23℄. In the following we shall study the dependene of the enhanement on theangular resolution of the detetor and the mass of the dark matter onstituents. Forsimpliity, we use the isothermal pro�le,�halo(r) = �01 + r2=r2 ; (15)for whih one an easily derive simple analyti expressions for the photon ux.Integrating along the diretion of sight and using Eqs. (5), (6) and (8), one �ndsfor the photon ux from deaying dark matter in the Milky Way halo [13℄,Jhalo(b; l) = 14� 1�DMmDM �0r2R�q1� os2 l os2 b + r2=R2�� 0��2 + tan�10� os b os lq1� os2 b os2 l + r2=R2�1A1A : (16)With R� ' 8:5 kp, r ' 3:5 kp and �0 ' 1:37 GeV m�3, this yields in the diretionof Drao (bD = 34Æ; lD = 86Æ; os lD os bD ' 0:06):Jhalo(bD; lD) ' 0:8� 10�7 (m2s str)�1 � �DM1027 s��1 � mDM10 GeV��1 : (17)



Gamma-Rays from Deaying Dark Matter 8The photon ux observed from a distant dwarf galaxy ruially depends on theangular resolution of the detetor. Averaging over a one with small opening angle Æ,direted toward the entre of the dwarf galaxy, one hasJdg(Æ) ' 12�DMmDM 1�
 Z Æ0 �d� Z rmax(�)rmin(�) drr2 1r2 + �2r2 �dg(r(�)) ; (18)here �
 = �Æ2 is the in�nitesimal solid angle, r(�) = q(d� r)2 + �2r2, d is the distaneto the dwarf galaxy, �dg is the isothermal pro�le in Eq. (15); we have also taken a �nitetidal radius rm into aount, whih leads to the �nite integration domain given byr(�)2 � r2m. Performing the integrations, one obtains in the relevant ase where Æ � 1and Æd; r � rm,Jdg(Æ) ' �0r4�DMmDM 0� 2rr +qr2 + Æ2d2 � 2r�rm + : : :1A ; (19)where terms O(Æ2) and O(Ædr=r2m) have been negleted. Up to orretions O(r=d),the numerator of the prefator is preisely the line of sight integral of the dark matterpro�le for rm !1,��0r = Zl:o:s dr�dg(r) ; (20)and for Æ; 1=rm ! 0, the braket beomes one.Taking as an example Drao, typial parameters are r = 0:1 kp, �Dr0 =28:4 GeV m�3, rDrm = 1:7 kp, dDr = 80 kp [15℄. The orretion due to the �nite tidalradius in Eq. (19) is then negligible, and in the line of sight approximation (Æ = 0) oneobtains the uxJD(0) ' 2� 10�7 (m2s str)�1 � �DM1027 s��1 � mDM10 GeV��1 ; (21)whih is about three times larger than the ux from the halo in the same diretion, aspointed out in [15℄. The orretion fator for �nite opening angle in Eq. (19) an onlybe negleted for Æ < r=d = 1:3 � 10�3, whih orresponds to the angular resolutionof GLAST of about 0:1Æ. For Æ ' 0:004 the signals from Drao and the halo haveequal strength, but the orresponding �eld of view is �
 � 5 � 10�5, yielding theux �D(0:004) � 3:6 � 10�12(m2s)�1, too small to be observed even by GLAST [24℄.We onlude that for dark matter partiles with masses in the GeV range the uxenhanement in the diretion of dwarf galaxies is urrently not of interest. This isdi�erent for masses in the keV range [15℄ where the ux is six orders of magnitudelarger for the same DM density and in whih ase the angular resolutions of the X-raysdetetor is muh better than for gamma rays.Another potentially important soure of gamma rays is the Andromeda Galaxy, dueto its proximity, large apparent size and privileged position in the sky away from theMilky Way entre. To estimate the photon ux reeived from the Andromeda Galaxy,we approximate the dark matter distribution by the isothermal pro�le, Eq. (15), withrM31 = 1:5 kp, �M310 ' 15:7 GeV m�3, rM31m = 117 kp [25℄. The total ux reeivedfrom a one direted toward the entre of the Andromeda Galaxy with a small opening



Gamma-Rays from Deaying Dark Matter 9angle Æ is given by Eq. (19). On the other hand, for the angular resolution of GLAST,the gamma ray ux from the Milky Way halo in the diretion to the Andromeda Galaxy(bM31 = �22Æ; lM31 = 121Æ) is approximatelyJhalo(bM31; lM31) ' 0:5� 10�7 (m2s str)�1 � �DM1027 s��1 � mDM10 GeV��1 :(22)The opening angle at whih the Milky Way signal equals the Andromeda Galaxy signalis around 5Æ, whih orresponds to a ux �M31(5Æ) ' 1:5� 10�9(m2s)�1. This is abovethe sensitivity of detetion of GLAST (although below the EGRET sensitivity), henewe onlude that GLAST might be able to see the Andromeda Galaxy as a gammaray soure over the bakground from the deaying dark matter in the Milky Way halo.However, one should also note that the extration of an extragalati gamma ray ux atsuh low galati latitudes is intriate, and the Andromeda signal from dark matter deayould be easily masked by photons from standard astrophysial proesses ourring inthe Milky Way disk.Finally, let us disuss other potentially interesting soures of gamma rays, namelynearby galaxy lusters loated at high galati latitudes, like Coma or Virgo. Thephoton ux an be omputed along the same lines as for dwarf galaxies, where thedensity pro�le Eq. (15) has to be replaed by the pro�le for the isothermal �-model[26, 27℄ �l = �l0 3 + r2=r2(1 + r2=r2)2 ; (23)that approximately desribes the distribution of dark matter in a galaxy luster. Theresult for Æ � 1 and Æd; r � rm an be approximated by:Jl(Æ) ' �l0 r2�DMmDM 0� rqr2 + Æ2d2 � r�rm + : : :1A : (24)Nearby galaxy lusters have a large angular size and ould not appear as pointsoures. To be preise, the ore of the Coma Cluster has a size of 0.3 Mp ompared toa distane of 98 Mp, orresponding to 0:17Æ of angular size, whih is larger than theangular resolution of GLAST. On the other hand, the Virgo Cluster has a ore radiusof 10 kp and lies at 18 Mp, whih translate into an angular size of 0:03Æ, slightlysmaller than the angular resolution of GLAST. In onsequene, for these objets theline of sight approximation Æ = 0 is not a good approximation and in order to obtain areliable estimate for the photon ux the omplete expression Eq. (24) has to be used.Taking �l0 = 10�2 GeV m�3 and �l0 = 2:3 GeV m�3 for the Coma and Virgo lusters,respetively, we obtain for the angular resolution of GLASTJComa(0:1Æ) ' 4� 10�7 (m2s str)�1 � �DM1027 s��1 � mDM10 GeV��1 ;JVirgo(0:1Æ) ' 10�6 (m2s str)�1 � �DM1027 s��1 � mDM10 GeV��1 : (25)



Gamma-Rays from Deaying Dark Matter 10whih are around one order of magnitude larger than the photon ux from the MilkyWay halo in the diretion of the galati pole,Jhalo(b = �=2) ' 0:7� 10�7 (m2s str)�1 � �DM1027 s��1 � mDM10 GeV��1 : (26)Nevertheless, the total ux reeived from these objets is so small that in order todistinguish a gamma ray signal from the Coma and Virgo lusters, it would be neessarya sensitivity of 7� 10�11 photons m�2 s�1, whih is more than one order of magnitudelower than the GLAST sensitivity [24℄.5. DisussionShould the gamma-ray line from DM deay be disovered at high galati latitude, theproblem will arise of how to disriminate it from senarios with self-annihilating DM.The presene of a spetral line in the di�use signal at high galati latitude has in fatbeen proposed, several years ago, as a signature of annihilating DM partiles [28℄ (seealso Refs. [29, 30℄). We note however that there are at least four important di�erenesbetween the two senarios:� the angular pro�le of the predited gamma-ray signal;� the omparison between galati and extra-galati omponents;� the ratio between the line and the gamma-ray ontinuum;� the angular power spetrum of the gamma-ray bakground.We stress in fat that in the ase of self-annihilating DM, the gamma-ray ux froma given diretion in the sky is a steeply falling funtion of the angle with respet to theGalati entre, and it is in partiular muh steeper than the ux from deaying DM, asan be seen in Fig. 3. That is preisely why we have foused on high galati latitudesin Se. 2. Furthermore, the extra-galati omponent of the gamma-ray ux in thease of annihilating DM is unlikely to be deteted in absene of a strong signal fromthe Galati entre [31℄. In other words, in order for an extra-galati omponent to bedeteted at high latitudes, the gamma-ray signal from the galati entre should be easilydetetable, despite the muh stronger astrophysial bakground toward the innermostregions of the Galaxy. Thus, in ase a line is observed at high galati latitude, theabsene of a similar line in the gamma-ray spetrum of the Galati entre would favouran interpretation in terms of deaying DM.It is still possible that astrophysial proesses, suh as the formation of spikes [32,33, 34℄ and mini-spikes [35, 36, 37℄, i.e. large DM overdensities around Supermassiveand Intermediate Mass Blak Holes respetively, modify this piture, by boostingthe gamma-ray signal from osmologial strutures muh more than the ux fromthe Galati entre [38, 39℄. Even in this ase, however, it should be possible todisriminate between the two senarios, by studying the spetral features of the extra-galati bakground. In fat, for most self-annihilating DM andidates, suh as thesupersymmetri neutralino and the B(1) partile in theories with Universal Extra
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Figure 3. Angular pro�le of the gamma-ray signal as funtion of the angle � to theentre of the galaxy for a NFW halo distribution for deaying DM, solid (red) line,ompared to the ase of self-annihilating DM, dashed (blue) line. Both signals havebeen normalised to their values at the galati poles, � = �90Æ. The entral uspis regularised by assuming in both ases the GLAST angular resolution of 0:1Æ andintegrating on the solid angle as in Eq. (10).Dimensions, diret annihilation to photons is severely suppressed with respet to otherhannels suh as annihilation to quarks or gauge bosons. It follows that the annihilationspetra are haraterised by a ontinuum emission that is inevitably assoiated withthe line signal, as shown in Fig. 4. Furthermore, masses below 50 GeV are usuallyonsidered unlikely for annihilating andidates. For instane, the urrent onstraint inthe neutralino mass is 40 GeV (assuming uni�ation of gaugino mass parameters atthe GUT sale) [22℄ while eletroweak preision data exlude B(1) masses below 300GeV [40℄.Although the relative importane of the line an be in some ases partiularlyhigh, as e.g. in the ase of Inert Higgs DM [41℄, the peuliar shape of the angularpower spetrum of the gamma-ray bakground [42℄ an be used as a diagnosti toolto disriminate between annihilating and deaying DM. As for all the other strategies,this method heavily relies on the assumption that a suÆient number of photons areolleted above the astrophysial bakground to allow a statistially meaningful analysis.In the worst ase senario, null GLAST searhes an be used to exlude regions of theparameter spae that lead to observable uxes.In Fig. 5 we show an exlusion plot in the (mDM ; �DM) plane, where we show theregions of the parameter spae that already are ruled out by a omparison with EGRETdata. In order to investigate the disovery potential of GLAST, we refer to the oÆial
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