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Indirect search for dark matter: Prospects for GLAST
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Possible indirect detection of neutralino, throughjitsay annihilation product, by the forthcoming GLAST
satellite from our galactic halo, M31, M87, and the dwarf galaxies Draco and Sagittarius is studied.
fluxes are evaluated for two representative energy thresholds, 0.1 and 1.0 GeV, at which the spatial resolution
of GLAST varies considerably. Apart from dwarfs, which are described either by a modified Plummer profile
or by a tidally truncated King profile, fluxes are compared for halos with central cusps and cores. It is
demonstrated that substructures, irrespective of their profiles, enhangedlieemission only marginally. The
expectedy-ray intensity above 1 GeV at high galactic latitudes is consistent with the residual emission derived
from EGRET data if the density profile has a central core me-50 GeV, whereas for a central cusp only
a substantial enhancement would explain the observations. From M31, the flux can be detected above 0.1 and
1.0 GeV by GLAST only ifm, <300 GeV and if the density profile has a central cusp, a case in which a
significant boost in the~ray emission is produced by the central black hole. For Sagittarius, the flux above 0.1
GeV is detectable by GLAST provided the neutralino mass is below 50 GeV. From M87 and Draco the fluxes
are always below the sensitivity limit of GLAST.
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[. INTRODUCTION question arises: what is dark matter made of?
Most dark matter candidates which arise in the standard
The nature of dark mattefDM) remains a major unre- model of particle physics are excluded by the present obser-
solved problem in astroparticle physics. Main evidences fowational constraints. For instance, neutrinog (vhich de-
dark matter come from astrophysical observations. The rotasouple relativistically from the primordial plasma and have a
tion curve of a typical spiral galaxy flattens or slowly rises high relic abundance are the primary hot dark m&ttdM)
beyond the optical radius which includes most of the gal-candidates. However, in a HDM universe, small-scale struc-
axy’'s luminosity[1,2]. The flattening of the rotation curves tures, of typical galaxy sizes, are erased by relativistic
indicates the presence of DM at large radii few tens of streaming, hence neutrinos are ruled out as DM candidates.
kpo): a result which is confirmed, up to scales of 30 kpc, byMoreover, WMAP data set a robust upper limfi2, h?
the study of close binary systeni8]. Among other evi- <0.0076 to their density13]. Supersymmetri¢SUSY) ex-
dences is the confinement of hot x-ray coronae around giartensions of the standard model lead to many more new DM
ellipticals which requires a massive dark h@h5]. At the  candidates such as s-neutrinos, axions, gravitinos, photinos
center of spirals or giant ellipticals, kinematical data indicateand cryptong 16]. Presently, the most plausible SUSY dark
a large ratio of the baryon to dark matter dengiB/DM) matter candidate is neutralinge which is the lightest su-
[6—8]. On the contrary, for dwarf galaxies it seems that thepersymmetric particle. Neutralino is stable and hence is a
presence of a substantial amount of DM in the very centratandidate relic from Big Bang, R-parity quantum number,
regions is required to explain the kinematical dg@& On introduced to avoid a too rapid decay of proton, is conserved
large scales, the average mass to light rétdd_ ) for galaxy  as is the case in the minimal supersymmetric extension of the
clusterg10], the infall of the Local Group towards the Virgo standard mode€MSSM). Neutralino is an electrically neutral
cluster[11], the velocity dispersion of galaxi¢$2], and the  Majorana fermion whose mass, can range from a few
angular power spectrum of the cosmic microwave backGeV to a few hundreds of TeV. A lower limit of about,
ground(CMB) radiation[13] have been long providing evi- ~30 GeV has been set by the LEP accelerpitd@t, while an
dences for dark matter. Various CMB experiments and disupper limit of m,~340 TeV is favored theoretically to pre-
tances to type-la supernovae favor a flat universe of totaderve unitarity{18].
density parametef)t~1 and the matter density parameter In the past few years, major experiments have gone un-
0,,=0.30[14,15. The total baryonic contribution, fixed ei- derway for thedirect or indirect detection of dark matter
ther by the primordial nucleosynthesis of light elements ormarticles[19]. Direct-detection experiments, such as DAMA,
by the secondary acoustic peaks observed by CMB experEDELWEISS, CRESST, and IGEX are among many others
ments such as WMAP, i©,~0.04[13], indicating that on  [20], which basically measure the ener@yp to tens of key
large scales gravitational forces are mainly due to nonbarydeposited at the detector by the elastic scattering of dark
onic matter. In view of all these evidences, the inevitablematter particles from the detector nuclei. Direct detection
experiments also use the annual modulation of the signal due
to the orbital motion of the Earth around the Sun in their DM
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unfortunately, well understood. For instance, it is not estab- TABLE I. Reduced intensity in the direction of the galactic
lished if dark matter halos are dynamically relaxed structuregenter.
or not. Whether dark matter is homogeneously distributed

with isotropic velocity distribution or whether there are in- Profile Jp?ds(GeVeem ) Reference
homogeneities such as local streams, e.g., like that mani-  poore 3.3¢10%8 [33]
fested through the tidal arms of the Sagittarius datf,22 NFW 2.8 1055 [35]
is not entirely clear. The leading trail of Sagittarius could be Core 3.0¢ 1022 [35]
showering matter down upon the Solar System, affecting the  cygp 2 41072 [36]
local halo density and perturbing the velocity distribution NEW 5.2% 1075 [34]
[23]. The presence of very high density structures such as  gwTs 1.8 107 [34]

caustics, if survived up to the present day, could also have
dramatic effects on direct searcH&]. Moreover, dark ha-

los are generally not at rest and have considerable angulf,,seqmost of them can be absorbed by field redefinitions
momentum[25], whose vector dlre.ct|on is probaply r_10t the [29]). In the effective MSSM model, where the low-energy
same as those of the present spin axegbafyonio disks  arameters are constrained by accelerator data, seven free
[26]. If this was the case for the Galaxy, then S'gn'f'ca”tparameters still remaifthe higgsino mass parameter the
variations in the modulation of the signal would be expectedgaugmo mass parametht,, the ratio of the Higgs vacuum
All of these are just a few of many uncertainties about Propexpectation values ta®, the mass of the CP-odd Higgs bo-
periments. _ _ SUSY-breaking parameters, andA,). The computation of
The indirect detection experiments search for products 0§UsY particle spectrum is therefore a difficult and some-
self-annihilation of neutralinos such as energetic |ept0nsmmes uncertain procedure' which is often done using pub-
hadrons, and also particles which would emerge in the folticly available numerical codes like SUSPECT able to ex-
lowup hadronization and fragmentation processes. In addplore the full parameter spa¢80]. In this work, we take a
tion to y-ray lines generated through the annihilation chan-ifferent approach and assume that the number of photons
nels yx—vyy and yx—Z°%y, the annihilation of two produced per annihilatiorQ,, can be evaluated under the

neutralinos also produces gray continuum as a conse- assumption that they annihilation process is similar to a
quence of the neutral pion decay. Besides these energsfic QCD jet. In this picture, the evaluation @, is rather simple
neutrinos are also produced either in quark jétb {nterac-  sinceit depends only on one scale parameter, the neutralino
tions) or in the decay ofr leptons and gauge bosons. Neu- mass
trinos produced in the former process are less energetic than The astrophysical aspect of the neutralino flux calculation,
those produced in the latter. Neutralinos can be decelerateghich concerns the dark matter distribution, remains rather
by scattering off nuclei and then accumulating at the centeuncertain. Numerical simulations suggest that the density in
of the Earth and or at the center of the Siam inside any the central regions of dark halos variesgasl/r?, whereg
other gravitational potential wellthus increasing the anni- takes on values such #@s=1 [31] or 8= 3/2[32]. However,
hilation rate. However, so far different experiments designecs we mentioned earlier, a cusp profile is not always sup-
to detect decay products like high-energy neutrinos hav@orted by the observational data such as the rotation curves
only managed to set upper limits on fluxes coming from theof bright galaxieg1]. Moreover, in order to avoid the inevi-
Earth’s center or from the SU7]. table divergence of the-ray emission rate calculated from
The y-ray emission on the other hand is expected, forthese cusp profiles, various assumptions about the central
instance, from the galactic center and other massive dar#fensity or cutoff radius are always ma@eee, for example,
matter halos. Since the annihilation rate depends on thRefs.[28,33,34). As a consequence, the value of the square
square of the local density, the distribution of DM in the haloof the density integrated along the line of sight in the direc-
is of crucial importance. The degree of clumpiness, the dention of the galactic center performed by different authors
sity profile of a dark matter halo, and in particular whether itvaries by as much as four orders of magnitdsiee Table)L
has a central cusp or not, as well as the presence or absentiee density profile and the M/L ratio also depends on the
of a central supermassive black haeMBH), could influ- type of the galaxy, e.g., as compared to normal spirals,
ence the annihilation rate. Other events such as the infall alwarfs seem to have a much higher M/L ratio and do not
small satellites, which are not totally disrupted by tidal seem to have a central cusp. Thus, as far as the selection of a
forces, can locally enhance theray emission 28]. suitable source is concerned, many factors such as the pos-
The prediction ofy-ray fluxes requires two separate in- sible density profile of the source, the level of background
puts: that coming from particle physics for issues such as theontamination, the distance to the source, and the M/L ratio
interaction cross section and the number of photons per arshould be taken into account. Different studies have consid-
nihilation, and the input from astrophysics for problems suchered the galactic center direction as a privileged source due
as the spatial distribution of dark matter in potential sourcesto its high column density. However, the-ray emission
Most studies on indirect DM detection explore variousfrom our halo is highly contaminated by the local back-
decay channels of neutralino annihilation in the huge paramground, mostly produced by cosmic ray interactions with the
eter space of MSSM, consisting of 91 real parameters and 7ihterstellar environment. Background contamination is less
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significant for sources outside the galactic plane and extragdhe galactic halo, M31, M87, Draco, and Sagittarius. In Sec.
lactic sources which subtend a small solid angle at the deted/l, we demonstrate how clumpiness of halos would effect
tor. Because of their proximity, the galactic center and theghe y-ray flux. In Sec. VIl we study flux enhancement effects
nearby dwarfs, Draco and Sagittarius, offer unique sites foglue to the central SMBH in M31 and M87, and finally in
dark matter detection. Due to their considerably large dari&ec. VIII, we summarize our results and conclude our work.
matter content, M31 and, in particular, M87 are also poten-
tial y-ray sources. These are the sources that we shall con- Il. y-RAY FLUX
sider in this paper. We have calculatgday fluxes from the
Milky Way, M31, and M87 using two different density pro-
files: the first one is a very steep but nondiverging centra
profile based on very recent numerical simulatid@s],
while the second is a core profil@lummer profil¢ chosen
because the energy distribution, the density, and the potential
are known in a closed form. The Plummer profile also leads
to a finite mass and the density does not diverge at the center. . - - )
For Draco, we have used a density profile resulting from f four mass eigenstates whelBeand W are gauginosthe
dynamical model whereas a King profile was adopted fosuperpartners of electroweak gauge bogaarsd H, , are
Sagittarius. In addition to these computations, we have simuhiggsinos. If the sumé+ a\27V> 0.9, the neutralino igaugino
lated halos with clumps in order to verify how substructurestype, while it ishiggsinotype if that sum is less than 0.1.
affect the predicted-ray fluxes and have found that clumpi-  We further assume that in the early Universe, neutralinos
ness enhances the predicted emission only marginally, in disvere in thermal equilibrium with the primordial plasma and
agreement with some previous claifi®3,38 and in agree- that their present density was fixed at the freezeout, i.e., at
ment with otherg34]. the temperatur@, when they decoupled from the other par-
Unlike most previous studies which estimate fluxesticle species. At freezeout, the annihilation rate is compa-
mainly for atmospheric Cherenkov telescop@€T’s) such  rable to the expansion rate of the Universe and, moreover,
as CELESTE and VERITAS, in this work, we consider theneutralinos are nonrelativistickT, <m,c?). After decou-
possibility of detection by the future Gamma-ray Large-Areapling, neutralinos can annihilate via the following channels:
Space Telescope@GLAST), which has various obvious ad- o
vantages over ACT’s, the more important of which are as xx—I11,09,WrW~,z°2% HOHO Z°HO W="H™ (2
follows: (i) lower energy threshold, allowing to probe neu-
tralino masses above 10 GeW) the background is mainly into leptons and antileptonsll(), quarks and antiquarks

due to the diffuse extragalactic emission, diiid the spatial (qa) charged W* and H*) and neutral H° and Z°)
resolution varies with the threshold energy, allowing us tobosc;ns respectively.

probe the halo density profile. The decay of neutral pions formed in the hadronization
Our results suggest that GLAST may detect M31 at enerq o caqs s the dominant source of continuymays. Besides

gies above 0.1 and 1.0 GeV if the neutralino mass is less thafle continuum emission, two annihilation channels may pro-

300 GeV and only if the profile is cusped. Core profiles i The first isyy. h the phot
require neutralino masses lower than upper limits establishe@Ce -ray lines. The first isyx— yy, where the photon

by accelerator data. Thus GLAST can put constraints nognergy is~m, and the second igx—Z%y, where the pho-

only on the neutralino mass but also on the density profileton energy satisfies,=m,—mZ/(4m,). The latter process

combining the different spatial resolution at different ener-is only important for neutralino masses higher than

gies. According to our computations, in spite of having a~45 GeV.

very massive halo, emission from M87 cannot be detected Since neutralinos are Majorana particles, their density is

either above 0.1 or 1.0 GeV. However, for M87, there areequal to that of antineutralinos and hence the annihilation

enough evidences for the presence of a central SMBHate per unit volume is

[39,40 which can form a central dark matter “spike” and

which would consequently boost theray flux by a factor of e =(c U>(

about 200, producing a detectable signal. XX XX
For the dwarf spheroids Draco and Sagittarius, we evalu-

ate the flux and demonstrate thatay emission from Draco Where(o,;v) is the thermally averaged annihilation reaction

is below the sensibility limit of GLAST, whereas Sagittarius rate,m, is the neutralino mass, anqg is the neutralino mat-

can be detected above 0.1 GeV energy threshold, if the neder density. If the source is spatially extended, the radiation

tralino mass is<50 GeV. intensity I (r,), measured at a given projected distamge
This paper is organized as follows. In Sec. Il, we discus§rom the center, is

the y-ray emission and the flux equation. The annihilation

rate and the number of photons produced per annihilation

event are discussed in Sec. lll. In Sec. IV we discuss the

astrophysical parameters required for the flux calculation. In

Sec. V, we present our numerical results for emission fronwhere

Let us assume that dark matter halos are constituted by
eutralinos: the lightest supersymmetric particle in many
USY modelsfor a review of SUSY dark matter, see Ref.

[41]). Neutralino is a linear superposition,

x=agB+agW+agn Hy+ap Hy, (6h)

2

, ()

Px
m

_(ox0)

2Q,7, @

Iy(rp)
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8.82<10 38\ged(T,) B
I=J pi(\s?+r)ds (5) (0 v)= gme(Ger)f y Y2 cnfsl (9)

is thereduced intensityQ,, is the number of photons above ) i i
a certain energy threshold produced per annihilation, and th&here y=m,c /1(1-'—* ar_uz hes is the Hubble parameter in
integral is carried along the line of sight. The fléix within units of 65 kms™Mpc . From these equations, once the
a solid angle AQ subtended by the detectord® densnyp_arqmeter is fixed, _the decoupling temperature and
=21, drp/D2 for a small angular distantés the annihilation rate per particle can be computed for a given

neutralino mass. Here we adopt the cosmologically accepted
o value of(), =0.26 and assume that the neutralino mass lies
f :J| dQ:_j| (r,)P(rp)r,dry, (6) in the range 1&m, <2000 GeV. In this case, the decou-
7 7 p2) "° PR pling temperature parametsr varies within the interval
22.5<y=<28.2, corresponding to the temperature range men-
whereD is the distance to the source aRdr ) is the point-  tioned above. The thermally averaged annihilation reaction
spread functioriPSH of the detector. In the case of GLAST, rate varies very little, (7.7-9.%10 2’ cm®s™* and is com-
we adopt a Gaussian PSIP(r,)=e "#2""] whose width ~Parable to values adopted in other studi28,43,
depends on the energy. The GLAST project specification A major difficulty in the calculation of the number ofs
gives the width at which 68% of the signal is included, Per annihilation stems from the unclear details of the had-

which yieldso(0.1 GeV)~1.05° ando(1 GeV)~0.17°. ronization and gamma-ray emission in the large-dimensional
parameter space of SUSY models. Here, we use an approxi-

mation to the numerically computed QCD fragmentation
lIl. NEUTRALINO ANNIHILATION RATE: functions taken froni44,45. We assume that hadronization
VALUES OF (o, V) AND Q, and subsequeny-ray emission is similar to the decay of
In order to Compute th@/_ray flux from Eq(6)' different QCD jetS and that the annihilation of two neutralinos results
physical and astrophysical parameters should be calculatetl two jets, each of energy-m, . Using the fragmentation
First is the average annihilation rate, which will be estimatedunction of jets into photons, neutrinos, and baryons, which
under the assumptions already mentioned, i.e., that neutralis known to a good approximation up to a few TgA4,46,
nos are initially in thermal equilibrium and decoupleTgt,  the number of photons per annihilation and per jet produced
when the annihilation rate equals the expansion rate. Thi& the energy intervak,x+dx is
latter is determined by the Friedman equation relating the

Hubble parameter to the total energy density. As we shall dQ. 5(16 4 2
see, neutralinos decouple at temperatures in the range —=r_ _(__ WX— —+ —x3’2>, (10)
0.4-70 GeV, depending on their assumed mass. Once neu- dx 813 \/i 3

tralinos decouple, their comoving number remains almost

constant, but their concentration with respect to photon%here the dimensionless energy is definedkase /(m.)
changes, since other particles which decouple later, prOdu%ith ¢, being the photon energy. Therefore the tz)tal r)iu’mber
y s

a “reheating” of the photons due to entropy conservation. In I
this case, the ratio between the temperature after and befo(rZefz pf}(;t(;irllrs] [:I)er ?:enrllhtl)lanon event above the threshold energy
a given decoupling depends on the variation of the effective > Py 9 y

number of degrees of freedom &k {; per/Jefr.ar) -~ Where

1

Q7=2J’1d—dex, (11
Gerf(T)= > >

xg, X

.
Ot ggF) (7)

and the sum is over all bososand fermionsE present in where the factor 2 takes into account the formation of two

the primordial plasma. For temperatures above 0.4 GeV anjgtf r?:therlthan ohne, drl:e toh momentlém (_:onservann.
below 80 GeV one would expect that quarks and gluons are ?n3 '9'1 ; we s (;]W the Ip oton pro uction rgie,,v)Q,
present and that the gauge bosows (andZ°) have already In cnrs = for two't resho d energie®.1 and 1'.0 Ge)/as a
disappeared. In this case, the main particles contributing tg_mctlon of the neutralino mass. The rates, in spite of our

: = _simplifying assumptions, are in good agreement with esti-
Oett are photons, gluons, the three leptons, and their antlpa|$- . . o
ticles (the tauon decouples &t ~1.8 GeV), as well as their mates derived from SUSY numerical cod@8,4q. This is

. : . ) . naot surprising since the parameters required in SUSY codes
associated neutrinos and antineutrinos, the six quarks, an h h th d relic densi h
their antiquarks. are chosen to match the expected relic density. We have

Under these conditions one obtaiisge, for instance, Ref. taken a reversed approach,.i.tla., we fix the rglic density first
[42]) the balance equations and then compute the annihilation rate using the balance
equations(8) and (9). As a consequence, both procedures
6.88x 107 should give comparable results, but our method has the ad-
QO hZ=——"—m (GeV)y¥%e, (8  vantage of using only one free parameter, the neutralino
X GertTy) ¥ mass.
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IV. ASTROPHYSICAL PARAMETERS: VALUES OF T Rather recently, the inner structure of dark halos in

In the previous section, we have evaluated the annihila{\CDNI cosmology was revisitefB7] and the new & pro-

tion rate(o,,v) and the total number of photons per anni—me’
hilation event above a given energy thresh@g. In this 5 N
section, we evaluate the reduced intengitgiven by Eq.(5) p(N=p, exp{ _ (L) _ 1“ (13)
whose value is needed for the evaluation of gheay flux a[\Ty
(6). The integral in Eq.5) is often evaluated assuming a
density profile of the general form, fitting the numerical results was proposed, which has several
advantages over E@L2). First, the total mass and the central
density are finite which solve the aforementioned divergence
problem in the evaluation of the central intensity. Second, the
logarithmic slope decreases inwards more gradually than
NFW or Moore profiles. According to simulations, the pa-
rametere is restricted to be in the range 0.1-0.2 and here we
wherep, andr, are the characteristic density and radius. Ifadopt for M31 and the Milky Way the suggested value of
B=1 and y=2, one obtains the so-called Navarro-Frenka=0.17[37]. The two remaining parameterg, andr,,
and White(NFW) profile [31], while if B=y=1.5 one ob- can be estimated if the total halo mass and one other physical
tains the so-called Moore profil82]. Clearly, when inte- quantity such as the maximum circular velocity are known.
grated along the line of sight passing through the center, adowever, the rotation curve within the effective radissot
required by expressiolb), both of these two profiles di- dominated by dark matt¢25] and so the maximum rotation
verge. Various tricks are used to overcome this difficulty.velocity is not a robust quantity. The halo of M31, as we
One can impose a finite central density such @s shall see, is probably similar to our own halo which implies
=mHy/(o,,v), since denser regions will be depleted by that the dark matter energy density at a distance of about 8—9
high neutralino annihilation rat¢83]. High resolution simu-  kpc from the center should be comparable to that observed in
lations are also used to study the behavior of the densityhe solar vicinity, i.e., 0.4 GeV ciit. We use this value to-
profile in the very central regions of halos. However, evengether with the total mass of M31 to fix the paramete[s
the highestresolution simulations are presently unable to re-andr, .
solve the very inner structure of halos and different extrapo- Present observational data constraining the mass of the
lations are needed to obtain the central density. In order thalo of M31 are rather poor. For instance, the rotation curve
illustrate this point, Table | compares different values of den-seems to be well explained with just the baryonic matter in
sity squared along the direction of the galactic center giverthe bulge and the disk, whose mass distributions are traced
by the expression5) estimated by several authors. In fact, by the blue ligh{47]. This does not exclude the existence of
these reduced intensities correspond to vahwesagedover  a dark matter halo whose contribution to the gravitational
a given solid angle representative of the spatial resolution oforce, and hence its effect on the rotation curve, would be
the detector. more relevant only at distances larger than few tens of kpc.
Simple inspection of Table | shows that the integi@l  Direct estimates of the halo mass of M31 are based on the
may vary by four orders of magnitude according to the aspeculiar motion of the Local GroufL.G) and on the kine-
sumed profile. Consequently, severe uncertainties ovematics of its satellites. A new solution for the solar motion,
shadow the value of the predictedray flux. which includes the 32 probable members of the Local Group

Px
(r/r*)B(L+r/r,)"

p(r)= (12
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and assumes virial equilibrium, leads to a total mass for the TABLE Il. Values of the parameters used in the density profiles.
LG of (2.3+0.6)x 10" M, [48]. Using the projected mass
method[49,50, the contribution of the M31 subgroufn-  M31

cluding only seven satellitggo the total mass of the LG cusp: a=0.17 p,=4.5x10 % glcn?
amounts to (13.31.8)x10" M [48]. A similar result r,=11.6 kpc
(12.3°38x 10" M) was obtained51], including 10 satel- ~ core: po=2.8x10"** glcn?
lites, 17 distant globular clusters, and 9 halo planetary nebu- ro=12.2 kpc

lae, while a firm upper bound of 2410'* M, was derived g7
from a similar analysis including 15 satellites and new radial”——
velocity data[52]. Using the kinematical data on these 15 cus
satellites and the projected mass estimgb@i, we have ob-
tained a mass of (150.5)x 10'2 M, for M31. Other indi-  praco

rect estimates based on disk formation and cusp dark matt@fodified Plummer profile:

«=0.20 p, =1.07x10"2° g/cn?
re=79.9 kpc

halo expected fonCDM cosmology predict a mass of 1.6 B=—-0.34
X 10" M, [53]. We adopt the value 16102 M, which y=—1.03
is compatible with all of these different estimates. po=3.8x 10~ 23 glcn?

Subsequently, using the mass of M31 and also the local
density of 0.4 GeV cm?® which we argued for earlier in this Sagittarius
section, we obtain the two parameters definingdhprofile  King profile:

(13): p, =4.5x10 ® gcm 2 andr, =11.6 kpc. We empha- re=2 kpc
size that these parameters give, in terms of the total potential r.=0.55 kpc
energy |W|, a gravitational radius ofry=GM?/|W]| po=2.2x10"?* glcn?

~250 kpc, which is a typical value that we have found in
our numerical simulations for halos of similar mas§25].
Since the high B/DM ratios observed in the central re-profile for M31 and M87 as a function of the angular dis-

gions of galaxies is contradictory with a cusp in the DM tance to the center. These profiles were derived numerically

density profile, we have also considered a profile with a cenfrom Eq. (4), for an energy threshold of 0.1 GeV a

tral core to represent the dark matter distribution inside ha=50 GeV. The comparison uses only density profiles with

los. We assumed a Plummer density profile, central cusps, defined by the parameters discussed above.
Note that although M31 has a less massive halo, its central
brightness is expected to be higher than that of M87.

Po

(14)

p(r)= ;
[1+(1/3)(r/rg)?]%2 V. NUMERICAL RESULTS

and since the central density and total mass are finite, the A. Flux from the galactic halo

distribution function depends only on the total energy It is instructive to compare our results with previous esti-
[f(E)=K|E|"?] and the gravitational potential can also be mates of the reduced intensit$) in the direction of the
obtained in a closed form. Using the two constraints mengalactic center. In our work, the integral of the density
tioned earlier in this section, we obtain the two parametersquared along the line of sight is X@0?° GeV? cm™® if the
defining the profile(14) in the case of M31:py=2.8 « profile (13) is adopted. This compares quite well with the
X 10 ?*gem 3 andr,=12.2 kpc. value of Ref.[33], based on extrapolation from high-
For M87, the properties of the gaseous x-ray corona wereesolution simulations, but is one order of magnitude higher
determined in Ref[54]. From the density and temperature than those given in a few of the previous worlk3#,35,
profiles of the hot gas, the total mass inside a given radius where NFW profiles were adopted. Using the core profile,
can be computed under the assumption of hydrostatic equihis integral(5) is equal to 1.X 10?® GeV? cm™®, consider-
librium. After correction for the contribution of baryons ably smaller than estimates for profiles with central cusps as
(stars and gasto the gravitational forces, the dark matter would be expected, but still one order of magnitude higher
distribution can be evaluatd®4]. Remarkably, such a dis- than some others which also consider a core prdige, for
tribution can be well represented by anprofile with the  example, Ref[35] whose estimate df is given in Table ).
parameters a=0.20p, =1.07x10 ®gcm 3, and r, In the energy range 0.1-1.0 GeV, cosmic-ray interactions
=79.9 kpc. Integration of this profile gives a mass of 9.7give a substantial contribution to thgray emission origi-
X 10'2 M, inside a radius of 100 kpc, in agreement with nated from the galactic disk. The electron component pro-
other estimate$54]. However, we cannot exclude that at duces high-energy photons either by inverse Compton scat-
distances less than a few kpc, such a profile would be incortering or bremsstrahlung, while protons produgghotons
sistent with observations. via the decay of neutral pions generated in collisions with
These parameters, summarized in Table(ftdr dwarf interstellar matter. In a previous work which uses EGRET
spheroidals see details in Seq, Will be used in our predic- data, at high galactic latitudes a significant residual intensity
tions of the expecteg-ray flux from neutralino annihilation of 10 ’—10 ® photonscm?s 'sr! above 1 GeV is
in M31 and M87. In Fig. 2 we show the expected intensityclaimed even after correction for the expected background of

043503-6



INDIRECT SEARCH FOR DARK MATTER: PROSPE(S. . . PHYSICAL REVIEW D 70, 043503 (2004

1 Intensity distribution —m— M31
-34 "o"-profile and m, = 50 GeV —o— M87
C
_4_\j
- \
_ ]
»
) -5+
m -
IE \o FIG. 2. Intensity profiles for M31 and M87
o -6 b\ '\ for photon energies above 0.1 GeV. Intensities
- 1 o\O l\ were computed using the cusp density profile
o 71 o — (13) andm, =50 GeV.
o 1 \o —
-8 \o
-9 4 \o
1 1 1 1 1
0 10 20 30 40 50 60
angular distance (arcmin)
cosmic rays and the diffuse extragalactic emissj6b]. B. Fluxes from M31 and M87

These residual intensities although marginal have rather in- The detection ofy rays with energies around 50 GeV

teresting implications_for th_e halo density profile. We com-from M31 was considered by the CELESTE Collaboration
puted the expected intensity, averaged over cells of 0.5[56]. Their study shows that the annihilation signal could be
X 0.5° as considered in Reff55], in the directionb=90°.  detectable by CELESTE fan, =200 GeV, if the M31 halo
Table 1ll gives the expected intensity as a function of thejs very clumpy and/or if there is a strong accretion onto a
neutralino mass for the profile (with a central cuspand the  central supermassive black hd&g].
Plummer profile(with a central corg _ M87, the giant elliptical galaxy at the center of the Virgo
The results summarized in Table 11l show that at highster, is also a potential source pfrays produced by x
latitudes, contrary to what is obtained in the direction of the,phinilation[57]. If it is simply assumed that the neutralino
Ealﬁctmhcentre]r, tge Pllcjjmmer %roflle prloduches an 'ntelns't¥nass is 1 TeV and that the photon production rate above the
igher than that derived from thex profile. This is easi ; - _
9 _ v '@ profi IS Y threshold energy of 50 GeV is({o,v)Q,=1.5
understood since the latter profile gives a larger mass cong 10~ cns L, the predictedy-ray flux from M87 would

centration near the center while the former has a shallowee;e below the sensibility of the present ACTSY]. However
mass distribution. Furthermore, Table Ill shows that intenSi'detection by the new generation of ACT's like VERITAS

ties derivgd from the pr_ofile are alwqys below the EGRET \yould be possible if there is an enhancement by a factor 40
residual intensity. In this case, an important intensity enj,e to the clumpiness of the hal67]. In this work, we
hancement by clumps is necessary to explain the EGRELqsiqer the possibility of detection by GLAST, which has

residualg 33,38 Intensities derived from the Plummer pro- | 4iqs obvious advantages over the atmospheric Cherenkov
file are comparable to EGRET valuesif <50 GeV, a limit telescopes, which we have mentioned in Sec. .

not inconsistent with the lower bound derived from LEP. As 1,4 photon production rate above a given energy is
we shall see in Sec. VI, the enhancement of theyy emis-

sion produced by subhalos is rather small, with boost not Amf, i
exceeding a factor of 2. Presently, a firm conclusion cannot R,=(00)Q,= & m’, (15
be made since the EGRET residuals are in the sensibility f P(rp)dﬂf Pids

limit of the instrument. This situation is expected to improve

greatly with the forthcoming GLAST.
where f, iy is the minimum flux above a certain photon

energy detectable by GLAST and we have used Efsand

(6). Values of f, ., varies from oney-ray experiment to
another, and here we use the sensibility curves summarized
in Ref. [58]. The production rateR, given by the above

TABLE lIl. Intensity (in photons cm?s™!sr ) above 1 GeV
in the directionb=90°.

m, (GeV) a profile Plummer profile L e .

expression represents the minimum required value for the
30 1.1x10°8 1.9x1077 production of a detectable signal. In Fig. 3 we plot the mini-
50 6.4<10°° 1.1x1077 mum photon production rate and the photon production rate
100 2.8x10°° 4.9x10°8 derived in Sec. Il as a function of the neutralino mass, for an
200 1.1x10°° 2.1x10°8 energy threshold of 0.1 GeV. The required minimum produc-
300 6.8< 10710 1.2x10°8 tion rates are shown for both the profile and the Plummer
500 3.4<10° 10 6.1x10°° profile. Numerical calculations were performed adopting a

distance of 770 kpc for M31.
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Figure 3 demonstrates that detectable fluxes from M3% substantial fraction of a far halo would lie within the ac-
can be produced by both density profilesnf<25 GeV. In  ceptance angle of the detector. As in the case of M31, the
fact, the relatively large acceptance angle of GLAST at 10@entral SMBH strengthens considerably the emission, pro-
MeV, includes a substantial fraction of the halo, reducing theducing a detectable signal, as we shall shortly demonstrate in
expected differences due to different density profiles. The&Sec. VII.
situation is rather different when the threshold energy is 1.0
GeV (Fig. 4). In this case, the detector acceptance angle is
considerably reduced and only a central cusp would lead to
enough projected mass to produce a detectable flur,if Accumulating radial velocity data on stars of dwarf sphe-
<20 GeV. These mass limits are slightly smaller than theroidal (dSph in the past years, have been providing convinc-
lower bound derived from LEPL7], but masses as low as 6 ing support for large M/L ratios and hence a substantial
GeV have been derived from WMAP data in the frame of anamount of dark matter in these galaxies. The possibility of
effective MSSM model without gaugino-mass unification atdetectingy-ray emission from dSph’s due to neutralino an-
the GUT scalg59]. In Sec. VII we discuss how these limits nihilation has been considered in some recent wiBks57),
are changed by the presence of a central SMBH. most of which emphasize on the energy range covered by

In spite of its extremely massive halo, the predicted fluxesACT’s. In the photon energy range of around 0.1 GeV, the
from M87 are about one order of magnitude below the senacceptance angle of GLAST covers a considerable fraction
sibility limit of GLAST in the range 0.1-1.0 GeV, due to its of the galaxy, hence increasing the amplitude of the received
large distancé17 Mpo from us and in spite of the fact that signal.

C. Fluxes from dwarf spheroidals

-23
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v M31 with cusp @ profile) and core(Plummej
> -26- profiles.
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energy threshold - 1GeV
-27 T T T T T
0 20 40 60 80 100
m, (GeV)
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Once again, the predicted flux depends on the dark mattefhove 0.1 GeV is about 1310 °cm 257!, which is
density profile of dSph’s. The light distribution in these sys-about one order of magnitude less than the sensibility of
tems is well described by isotropic King mod¢é0]. How-  GLAST at this energy threshold. Higher neutralino masses
ever, in the case of Draco the velocity dispersion riseswill give still lower fluxes. A similar result is obtained for 1.0
slightly with the increasing radius, ruling out the possibility GeV energy threshold.
that the DM distribution is similar to that of ligh61]. The The situation is more complicated in the case of Sagit-
observed velocity dispersion profile can be reproduced byarius since this dSph is partially disrupted by the tidal
models in which the dark matter distribution is significantly forces. Up to now, the different proposed models are not able
more extended than light, having also a tangential anisotropi6 reproduce adequately the age and the observed structure of
in the velocity dispersiofi61]. These models are based on athis dSph. Most of the models suggest that the system is
modified Plummer potential and density family, character-disrupted after one to two orbits while observations indicate
ized essentially by three parameterg; B, andy. The first  ten or more.
defines the core or the scale radius, the second determines Numerical simulations aiming to describe the merger his-
the mass distributiong=1 implies that DM follows light,  tory of this dwarf assumed either a Plumniig®] or a King

and the third measures the velocity anisotropy. profile [63] for the progenitor. These studies suggest that the
The potential is given by62] mass of the core is in the range €20)x1C° Mg
)\ o2 [22,63,64 . -
H(r)= ol 1+ r (16) ' Herg we model Fhe mass dIStI’I.but'IC.)n of Saglttarlus_ by an
0 rS ' isotropic King profile, since no significant velocity disper-

sion gradient is detected across the main body of the galaxy.

Where¢0 is related to the central matter density by the equa.The tidal radius is ill defined in this system, but it should be

tion po=3|B|po/(4wGr2). The central density can also be smajler than_4 kpc in order to account for the 2—-3-G yr-old
explicited in terms of the projected central velocity disper-M giants which were formed in the core and then escaped
sion o as[62] through the tidal boundary. If we take respectively for the

tidal and core radiir,=2 kpc andr.=0.55 kpc, the total

o2 mass is about 1:810° M, consistent with simulations by
pozﬁF(ﬁ,y), (17 Ref. [63]. Since the central projected velocity dispersion is
7Grg 11.4 kms?! [64], the resulting central density ip,
=0.03Mg, pc 3. In Fig. 5 we show the minimum photon
whereF(B,y)=(5+ - y)I'(5/2+ pI2)/IT'(2+ BI2). production rate required for detection and the theoretical rate

According to Ref[61], the best parameters describing theas a function of the neutralino mass. Emission from Sagit-
Draco system are;y=9".6 (0.2 kpc at a distance of 72 Kpc  tarius can be detected by GLAST above 0.1 GeV, if the neu-
B=—0.34 andy=—1.03 (implying tangential velocity an- tralino mass is<50 GeV, but not above 1 GeV, due to the
isotropy). Since the observed central projected velocity dis-small acceptance angle at these energies.
persion is 8.5 km's!, from Eq.(17) one obtains for the cen-

tral densityp,=3.8x10 2 gcm 3.
. - VI. EFFECTS OF CLUMPS ON THE FLUX
We have used this modified Plummer model and the pa-
rameters above to estimate theray flux from Draco. If we NumericalN-body simulations show that dark matter ha-

adoptm, =30 GeV, corresponding to the lower limit derived los contain a large number of self-bound substructures,
from accelerator data, the expectgeay flux from Draco  which correspond to about 5-15% of their total mass
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[65,66]. These substructures are the consequence of the capre better described by density profiles shallower than NFW
ture of small satellites, which have not yet been disrupted by34]. However, other simulations seem to indicate that the
tidal forces. Since they-ray emissivity depends on the central regions of clumps are well represented by power-law
square of the density, these substructures enhance-thg  density profiles, which remain unmodified even after impor-
flux relative to that expected for a smooth halo. Howevertant tidal stripping 68]. To test the importance of these dif-
whether this enhancement is significant or not is still a matteferences for the flux, we allow for both of these possibilities:
of debate. In some simulations, an important enhancement o¥e simulate both test halos with clumps having a central
y-ray flux due to clumpiness was reported for emission fromcore p(r)=1/(ro+r)? or NFW profile and study how our
our halo[33], while other numerical simulations seem to results would change from one to the otlieee Fig. 6.

have indicated only a very small boost of the sigi®]. The We recall that they-ray intensity(4) depends on the in-
enhancement due to clumps not only depends on the densitggral along the line of sight of the square of the density. We
profile of the clumps but also on their number density. Thedefine the enhancement factor to be the ratio between the
predicted number of massive substructures exceed the nurmmeduced intensity calculated for halos with substructures to
ber of observed satellites of the Milky Way or M31, by at that calculated for our reference hdleith no substructune
least one order of magnitude, which has been causing sevefde numerical evaluation of intensities was performed by
problems forACDM model. For instance, a number of sub- dividing the halo volume in a large number of small cubes.
halos with masses above &M, as high as 500 has been The cube volume varies logarithmically, being smaller in the
assumed in recent workg8]. central regions in order to increase the accuracy in the par-

Here, to study the effects of clumpiness and the effects oficle density. For angular distances>1°, the number of
the density profile of clumps on the flux, we have madecubes is about fOwhereas near the centep<1°) this
many different experiments with martgst halosthat we  number increases up to ¥3.0°. We have checked our algo-
have produced numerically. In this way, we have been able tathm for computing the reduced intensify by comparing
study the effects of clumpiness for halos with very high resofrom direct integration of Eq(13). Errors are of the order of
lution and with various different profiles. Our test halos have2—3 % if the integration is carried along line of sights far
the characteristic parameters of M31, with typical mass ofrom the center, but can reach values of up to 10% if the
M,=1.5x10' M, constituted by X 10’ particles, corre- integration is performed along directions close to the center,
sponding to a mass resolution of<30* M. In the first due to resolution problems. Intensities were calculated in
experiment, the particles are distributed in a spherical volsteps ofA#=0.1° andA«=1.0°, with # and ¢ being, re-
ume of radius 250 kpc, comparable to the gravitational raspectively, the angular distance to the center and the azi-
dius expected for halos of such a mdsse Ref[25]), ac- muthal angle around the center of the galaxy.
cording to thea profile. This will be ourreference haloln In Fig. 7 we show thenaximumenhancement factor as a
the next trials, we consider halos with substructures. Théunction of the angular distance to the center of M31 for
number of clumpsN,, in the mass rangem—m+dm is as-  some selected trials. In the upper panel clumps have profiles
sumed to obey34,65 with central cores whereas in the lower panel a profile with

central cusp was adopted. We notice that, up to distances of
A about 4°-5°, higher than the resolution of GLAST, indepen-
dNgj=—=.dm. (18)  dent of the clump profile, the enhancement is very small
' (about 10%, in agreement with the previous resulsee,
e.g., Ref[34]). Larger enhancements may be obtained at the
The normalization constai is calculated by requiring the outskirts of the halo and, in this case, clumps with central
total mass in the clumps to be 10% of the halo mass and bgusps produce a strengthening almost one order of magni-
assuming subhalos masses in the range®10F2° M . tude higher than clumps with cores. However, two points
The minimum number of particles in the clumps is about 14must be emphasizedi) these enhancements are local and
while the more massive ones have 45000 particles. Thesghen convolved with the PSF of the detector, they will be
figures correspond to mass bins built as described below. Iattenuated(ii) as shown in Fig. 2, at 1° from the center the
spite of the low number of particles in the small clumps, ourintensity has already decreased by almost four orders of
results are not seriously affected, since most of the flux enmagnitude. Thus, at the halo boundaries, even with an en-
hancement is due to the massive structures. For numericArncement factor of 40-50, the expected flux received by a
convenience, the number of clumps was calculated from Edletector pointing away from the center will be below the
(18) within logarithmic bins of width equal to 0.25. detectability limit.

Clumps were distributed according to tlieormalized
probability  distribution p(r)d3r=[p(r)/M,]d®, where
p(r) is assumed to have an profile, which gives the prob-
ability to find a clump at a distance within the volume
elementd® . The stripping process caused by tidal forces Fast-growing observational evidences indicate that most
seems to reduce the density of a clump at all radii and, irelliptical galaxies and bulges of spirals harbor SMBH’s at
particular, in the central regions, producing a density profiletheir centers. In particular, recent spectroscopic data suggest
with a central cor¢67]. This result was further confirmed by the existence of SMBH's in M31, M87, and in the Milky
simulations which found that the inner structure of subhalodVay [69]. These kinematical data, if interpreted in terms of

VIl. EFFECTS OF CENTRAL SUPERMASSIVE
BLACK HOLES

043503-10



INDIRECT SEARCH FOR DARK MATTER: PROSPE(S. . . PHYSICAL REVIEW D 70, 043503 (2004

025 T T T PP R =n . , I
Reference halo i - .
[ a-profile

0.2

o
Y
T
1

-0.15 | o e . FIG. 6. Two-dimensional thin slices of the ha-
S L los containing 5% 10’ particles, which we have
numerically modeled to study effects of clumpi-
-0.25 ) . | e l ) ness on they-ray emission. The top panel shows
025 -02 -015 -01 -005 O 005 01 015 02 025 one of our reference halos, which has the charac-
teristics of M31, with ana profile and no sub-

-0.2

@ X structures. The bottom slice shows a halo with
10% of its mass distributed in substructures
0.95 which, in the particular two-dimensional plot
' L R ' ' ' ' shown here, have NFW profiles. The number of
Halo with :
02t e . substructures is taken from the power |&%8)
substructures . . L .
S and their centers are distributed according taxan
015 N ] profile. The clumps are highlighted by reducing
01 b i the number of points of the background halo par-
' ticles.
0.05 .
- 0r g
-0.05 r 8
01 F i
-0.15 ¢ .
02 r i
-0.25 1 1 1 1 i ] 1 1 1 1
-0.25 -02 -0.15 -01 005 0 0.05 01 015 0.2 025
(b) X
Keplerian motions, indicate a mass of .50’ M, for the A
SMBH in the center of M31[69] and of about 2.8 Psp=— (19
r

x 10° M, for that in the center of M8739,40. Kinematical
data on stars very near Sagittarius A, the radio source sup-

posed to be in the galactic center, represent the best evidengge value of the exponent depends on the initial state of
in favor of the existence of a SMBH in the Milky WdyO0],  the matter distribution. On the one hand, if the initial density
whose mass is 2:610° M, . profile has a central core, then the resulting spike is a power-
If a black hole grows inside a dark matter halo, supposegaw with y=3/2[71,72. On the other hand, an initial power-
to be constituted by a dissipationless fluid, the densityaw profile with an exponeny, will produce a steeper den-
around it also grows since the gravitational attraction of thesjty profile with an exponeny=2+1/(4— y,) [73].
black hole causes a shrinking of the orbits inside the sphere The adiabatic scenario is questionable: first because the
of influence, whose radius is given by,=GMy,/0®, where  predicted accretion rates are considerably higher than the
o is the initial one-dimensional VelOCity diSperSion of dark current estimateé?z]_] and second because massive ga]axies
matter. If the growth is adiabati¢71], that is if tp  |ike M31, M87, and the Milky Way have most probably ex-
<My, /Mpp<tgr, Wheretp is the orbital time scaleM,, the  perienced several merging episod@s|, which may have
black hole accretion rate, artg the relaxation time scale, perturbed or even destroyed the central spike. Nevertheless,
then a central spike will be formed inside the sphere of in-we will assume in our calculations that there is a putative
fluence, having a central cusp profile of the form spike formed around the SMBH under adiabatic conditions.
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For M31, previous simulationg56] give a spike profile A0 )t Uy
psp™! ~1° which is formed in less than £Qr. According to Fmin=| —— | (22)
X

[56] this profile gives a small enhancement of about 45%,
with respect to a NFW profile, of thg-ray emission from
M31. Here we adopt the following procedure. We assume
smooth transition at,, from the spike to the background
profile p,,, which is given either by thex profile or by the
Plummer profile, i.e.,

Avherety, is the age of the SMBH, here taken to be equal to
10*° yr. For M31 the radius of the sphere of influence is
about 7.7 pc. We have first considered a profile with a central
core given by the Plummer profile for the background, which
results in a spike profilmspxr‘1'5. The y-ray flux was com-
puted as before from Ed6), using Eq.(19) in the interval

A Mmin=<r <rpy and the Plummer profil¢14) for r>ry,. No
r_y:Ph(rbh)i (20 significant enhancement is obtained whether the threshold
bh energy is taken at 0.1 GeV or at 1.0 GeV. However, a differ-

ent result is obtained if we use the profile (13) as the
a condition which allows us to determine the constAnt background profile. The spike profile is much steepgr (
Since the power-law profile diverges at the center, we must=2.3), causing a more rapid increase of the density towards
introduce a cutoff radius ., fixed either by the self- the center and an important enhancement ofjhay flux.
annihilation rate or by capture into the black hole. Using theThe strengthening of the signal is about a factor of 38 at 0.1
former condition, the cutoff radius is given by GeV and increases up to a factor of 55 at 1 GeV, due to the
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higher spatial resolution of GLAST at higher energies. As aone with a central core, more representative of the observa-
consequence, if the halo of M31 has a profile with a centrational data on rotation curves of bright spirals. These profiles
cusp, they-ray emission can be detected by GLAST at 0.1are characterized by two parameters determined by the halo
GeV if m, <300 GeV and at 1.0 GeV im, <500 GeV. mass and by the mass density of dark matter at a given dis-
These limits are considerably larger than those derived imance to the center of the halm the case of the Milky Way
Sec. V and open new possibilities to impose bounds on thand M31 or using data on the x-ray emissivitin the case
neutralino mass and/or on the dark matter distribution. of M87). For dSphs, a modified Plummer profile, able to
The effects of a central spike are more dramatic in M87 account for the observed raising velocity dispersion profile,
since this galaxy has an extremely massive central blaclas adopted for Draco whereas a King profile was assumed
hole. The radius of influence of this SMBH is about 97 pc.for Sagittarius.
As we have seen in Sec. IV, the dark matter profile of M87 We have studied, by generating and experimenting with
can be quite well represented by theprofile (13). Thus the  many different numerically simulated halos, the effect of
central spike has also a profijg,r 23 but the greater clumpiness on they-ray emission from M31 and conclude
dark matter mass inside the sphere of influence produces ahat the enhancement is less than a factor of 2 for detectors
enhancement larger than that obtained for M31. The boostentered on the object and having acceptance solid angles of
factor is about 200 at 0.1 GeV and 234 at 1.0 GeV. Thesda0 °-10"3 sr 1. The local enhancement factor can be as
large factors lead to detectable signals either at 0.1 GeV ifarge as 40-50 at the boundaries of halos with central cusps.
m,<60 GeV or at 1.0 GeV ifm, <100 GeV. However, the absolute fluxes expected for a detector pointing
away from the center will be, in general, below the limit of
detectability. These conclusions are in agreement with stud-
ies on the clumpiness effects either in the galactic halo
Observational results favor a universe whose main mattei34,76 or in M31 [77], where maximum enhancement fac-
content is nonbaryonic and dark. Presently, the most plauors of about a factor of 3 were obtained.
sible DM candidate is neutralino; the lightest stable super- Our calculations show that if the dark matter halo of the
symmetric electrically neutral Majorana fermion. The possi-Milky Way has a density profile with a central core, then the
bility that neutralinos might be detected indirectly throughexpecty-ray intensity above 1 GeV in the directidn=90°
their annihilation products such agsrays and neutrinos are and averaged over a solid angle of 083.5°, is comparable
explored by increasingly more sophisticated experimentso the EGRET bound$55], if m, <50 GeV. However, a
which mainly search for energetic neutrinos from the centeprofile with a central cusp gives an expected intensity at least
of the Earth or the Sun and or far rays from the galactic one order of magnitude smaller, requiring an important en-
halo and various extragalactic sources. Although, the goal diancement due to the halo clumpiness to explain the data.
DM detection has not yet been achieved, upper bounds havehis could be an additional argument in favor of high
been set on parameters such as neutralino mass. baryon-to-dark matter ratios in the central regions of bright
In this work, they-ray emission from neutralino annihi- galaxies, in agreement with analyses of rotation curves.
lation has been studied. Our aim has been to use the results Different spatial resolution at different energies of
of indirect search experiments mainly GLAST to constrainGLAST permits us to obtain information either on the neu-
the neutralino mass and the halo density profiles as best &slino mass or on the dark matter distribution in the halos.
possible. Hence we have used a simple description of th€ombining the information on both energy thresholds, four
annihilation process in which the only free parameter is thepossibilities arise which are written below.
neutralino mass. We have estimated the photon production For M31, including effects of the spike produced by the
rate by fixing the present relic neutralino density to its equi-central SMBH, the following situations may occur:
librium value at the decoupling temperatu@ ,(=0.26) fa- (i) If no detection is made at either energies then one may
vored by the latest CMB data and by assuming a QCD jetiraw the conclusions thamh, =20 GeV and that the profile
description of the annihilation process. Photon productiorhas a central core.
rates above 0.1 and 1.0 GeV are in the range®i@p to (i) If detection is made at both energy thresholds then the
10 **phcn?s ! for the considered range of masses (10profile has a central cusgnd m <300 GeV.
=m, <2000 GeV), consistent with results derived from su- (ii ) If detection is made at 0.1 GeV but not at 1.0 GeV
persymmetric codes such as DarkSUSY and SUSPECT. Théen we may conclude that the profile has a central aock
mass interval that is explored here is compatible with them, <20 GeV.
lower bound (30 GeV) given by the accelerator data and  (iv) Detection at 1.0 GeV but not at 0.1 GeV would result
with the recent upper limit £ 800 GeV) set by the elastic from a central cusp in the density profiend 300<m,
scattering of neutralinos from protons, including constraints<500 GeV.
imposed by new measurements of the anomalous magnetic A similar analysis for M87 yields
moment of the muond,—2) [75]. (i) If no detection is made at either energies then one may
The DM density profile, was studied in the light of the draw the conclusions that the profile is not valid at the
different spatial resolution of the future experiment GLAST center where the density profile probably has a corenpr
at different energies. Two different dark matter density pro-=100 GeV.
files were adopted in our calculations: a profile with central (i) If detection is made at both energy thresholds then the
cusp, in agreement with results of numerical simulations and profile is a good representation of the dark matter distri-

VIIl. CONCLUSIONS

043503-13



PEIRANI, MOHAYAEE, AND de FREITAS PACHECO PHYSICAL REVIEW DO, 043503 (2004

bution near the center and, <60 GeV. tectable in the energy range of GLAST. On the contrary, our
(iii) If detection is made at 0.1 GeV but not at 1.0 GeV results suggest that an emission detectable by GLAST above
then we may conclude that profile has a central core but nf.1 GeV is expected for Sagittarius, if the neutralino mass is
limits can be set on the neutralino mass unless a specifigelow 50 GeV, a limit compatible with the LEP lower bound.
density profile is adopted.
(iv) Detection at 1.0 GeV but not at 0.1 GeV would indi-
cate that the o profile is acceptable and 60m, ACKNOWLEDGMENTS
<100 GeV. ]
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