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Abstract: Within the Cold Dark Matter scenario of structure formation, assuming thie Matter is
composed by common candidates such as supersymmetric particlesjalest bound structures have
masses as low arf)~® M. High-resolution N-body experiments have shown that a large fracfion o
these small structures survive hierarchical clustering and can bd feithin the halo of our own Galaxy.
These clumps are expected to boost up significantly the expected annihdagial and, if sufficiently
luminous might also be detected individually as bright spots inythay sky. In this work we perform a
thorough analysis of the prospects for indirect detection of these obydbt&SLAST-like experiments,
exploring different prescriptions for the formation and evolution of lDisatter clumps, and allowing
the subhalos shape parameters to vary within the range currently allgwedrierical simulations. Our
results confirm that the subhalos significantly contribute to the diffuse Gakamihilation signal. The
signal preferentially comes from the top-massive subhalos rathefribrarthe smallest ones. However,
the possibility to detect individual subhalos with an experiment like GLASTikar small but in the
most optimistic, yet not unrealistic, cosmological scenarios.

Introduction A feature of the hierarchical formation scenario

the Cold DM model is the prediction that each he¢

The upcoming launch of the GLAST satellite fo-
cuses our attention on theray energy band which

will be observed, and we study the feasibility of a

Dark Matter (DM) indirect detection with GLAST.

at z = 0 is the result of the merging of a nun
ber of progenitors. The smallest halos ever .
creted onto the present day halo have a mas
10~°M, if the DM particle is a Weak Intract

ing Massive Particle (WIMP) [3] such as a S
persymmetric or a Universal Extra Dimension P
ticle Candidate. High resolution N-body expe
ments (see, i.g. [4]) have shown that the mass fL
tion of subhalos is well approximated by a pow
law dn (M) /din(M) o« M~* and that their dis-
tribution traces the mass of the parent halo. Wt
scaled to the Milky Way (MW), they predict th
existence of~ 10'6 subhalos in the mass ranc
(1076, 10 M.

A number of papers have investigated the possi
ity of detecting a population of Galactic subhal
(see, i.g. [5, 6, 7, 8, 9, 10]) with different resul
depending on the model chosen for the DM de
sity both of subhalos in the Milky Way and insic

Details on the DM Indirect Detection can be found

in [1].

A large amount of uncertainties arises when com-
puting the predicted annihilation flux. This is due

to the unknown nature of the DM and to its un-

known distribution inside the halos.

The smooth radial DM distribution is poorly con-
strained in the innermost regions around the halo
center, where neither experiments nor numerical
simulations have enough resolution to allow any
conclusive modeling. The NFW density profile [2]
is usually found to be consistent with numerical
simulations. Extrapolated at small distances from
the halo center, it predictsgr) o« r~! behaviour.
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the subhalos. Some of them claimed for the pos- lognormal probability for a given value with

sibility of detecting a large number of small mass width=0.24. J is the Jacobian determindris the
halos throughy-ray detection as well as through distance from the MW center ands the distance
their proper motion in the sky [10]. from each halo centepy, is the subhalo distribu-

Unfortunately, constraints on the scale parameters tion inside the MW taken from [8]:
of the NFW profiles of each subhalo are very poor. O(R — romin(M))

. . . . _ -2 mn
In this paper we derive a prediction for theray psn(M, R) = AM (R/r W) (1 4 R/rMW)2
flux expected from the population of subhalos in- 3 T @
side the MW, and we study its detectability with whererMW is the scale radius of our Galaxy ar
a GLAST-like experiment. We assume different O(R — rmin(M)) accounts for the effect of tida
models for the subhalo concentration parameter, disruption, according to the Roche criterion. V
which result in more or less concentrated NFW refer to [12] for the complete definition of symbol

subhalos. We use Eq.3 when deriving the contribution fra
each subhalo as well as the one coming from

~-ray flux from subhalos smooth MW halo.

Eq.2 is used to derive the expected diffuseay
The ~-ray annihilation flux can be written as foreground coming from unresolved halos. T
®., = OFP x pcosmo which factorizes the par-  resulting flux is then normalized not to exce:

ticle physics and cosmological contributions. We the EGRET extragalactic background far from t
define Galactic plane.

1 oo w d Ten Monte Carlo realizations of the closest a
PP ann
WE) = Gt Yy [
X f

NS

dE’Y dE. brightest subhalos have been realized in orde
study the possibility of detecting an annihilatic

q doot 10 GeV ) flux from a resolved subhalo.

and we adoptm, = eV, gammt = . . .

10-26cmPs—1, a100% branching ratio irbb, and As already _pom_ted out in the Introductlon, tt

integrate above 3 GeV. We refer to [11] for further o(M,z) relat|on_ 'S not_well established. We ha?

) used the following 6 different models when deri

i cosmo j _
detgns. Onthe other hand, mc'ludes cosmo ing the flux predictions for both the diffuse and tl
logical factors as well as geometrical details such )
resolved halo flux:

as the_an_gular resglutlahQ of the instrument and B..: usesc(M, = — 0) as computed in [13], ex
the pointing angle):
trapolated ta:(M = 10~%M, = = 0) = 80 [4].
@Cosmo(,¢7AQ) :/ dM/dC// d9d¢ BZU_L5U: USQSC(M,Z = 0) as Computed in [13]
M c AQ extrapolated ta:(M = 107°My,z = 0) = 400,
corresponding to a & density peak fluctuation.
/ dA[psn (M, R(Ro, 1, A8, ¢)) x P(c)x B.,: as B, but computed at the collapse redsh
Lo.s as derived from [13], extrapolated tef(M =
10~%My) = 70 [4] through the relation(M, z =
X Phaie” (M, e,r(A X, 9,0°,¢") x J] () 0) = (14 25) x ¢(M, zp).

where B, 50: as B, s,but computed at the collapse re
shift.
hato (M, e, 1) = / - dg¢'dd’ ax ENS,,: as B, but with¢()M, z = 0) computed ac-
l.o.s

cording to [14].
P2 (M, c,r(\N,4,0'¢")) ENS;,: as B, but with¢(M, z = 0) computed ac-
22 <J1s Q) cording to [14].
Thec(M, z = 0) curves are shown in Fig.1. Fu
ther details can be found in [12].

py is the NFW density profile inside the halo,
whose scale parameters are a function of the con-
centration parameter(M, z). P(c(M, z)) is the
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Figure 1: Concentration parameters as a func- Figure 2: Sensitivity curves for the smoo

tion of halo mass at = 0 computed for the  subhalo contribution obtained along 1=0. R
ENS, (solid), B,,(dashed) and the B 5, (dotted) sults for the B,(dotted), ENS,(short dashed)
model described in the text. B.,.50(long dashed), Band ENS,(solid),

B., 50 (dot-dashed) models are shown.

Experimental sensitivity

_ . o We have then computed theo3detection proba-
We define the experimental sensitivityas the ra-  pijlity for each one of the simulated halos, as t

tio n., probability P(cs,) of having a concentration pe
0= N rametercs, whose corresponding flux would rest

& in a 3v level detection. The sum of the detectic

Vs [ A, 0;)[dgse™! /d EdQ)dEdS) probabilities of all the simulated halos gives us t

- - ‘ number of subhalos detectable at & 1 yr for the
\/f 2 bkg Abig (E, 0:)[dppig/dEAQ]dEdS) given model. The result is shown in Fig.3, whe

_ () the number of detectable halos as a function of
Here, Tops =1 yr, A" = 10%cm?® independent  gyphalo massis plotted for all the concentration
from both energy and incident angle, and the back- rameter models. The sum of detectable halos it
ground is taken from [15] and [16]. While comput-  grated over the mass is greater than 1 in all cz
ing the sensitivity for the single halo, the smooth ;¢ the B, s-and ENS,. Yet, the only detectabls

MW and subhalo annihilation foregrounds have syphalos would have a mass greater th@\/.
beenincluded in the background term. Fig.2 shows

the sensitivity curves for the diffuse subhalo +

MW foreground for the models described in Sec.2. Conclusion

Such a signal would be detectable only toward the

Galactic Centre for the = 0 models which are  We have derived the expecteeray flux from the

not affected from the normalization imposed by the annihilation of DM in galactic subhalos. We ha

EGRET data. Unfortunately, the astrophysical un- computed the smooth MW halo and unresoly

certainties in modeling the expected background in subhalos components as well as the contribut

that region are very high. from resolved halos. We have shown that det
tion of an annihilation signal with a GLAST-like
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Figure 3: Upper panel: Number of detectable sub-
halos in a 50 degrees cone of view towards the GC
for the models B, (solid), B, 5, (long dot-dashed)
and ENS_ (short dot-dashed), given the lognormal
distribution P(c¢) for the concentration parameter.
Lower panel: the same as the upper panel for the
models ENS, (solid), B, (long dot-dashed) and
B., s0(short dot-dashed).
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satellite as a diffuse emission would be possi
only toward the Galactic Centre, where astroph
ical uncertainties would make it difficult to diset
tangle from the poorly known astrophysical bac
ground. On the other hand, even in the most
timistic models, only a handful of subhalos wi
masses in the rangg0’, 10°]M, could be de-
tected individually.

References

[1] G. Bertone, D. Hooper & J. Silk, Phys. Rer.
405(2005) 279

[2] J. F. Navarro, C. S. Frenk & S. D. White, As
trophys. J462(1996) 563

[3] A. Green et al.,, MNRAS353 L23 (2004)

[4] Diemand et al., Naturet33 389 (2005)

[5] F. Stoher, et al., MNRAS345 1313, (2003)

[6] S.M.Koushiappas, et al., Phys. Rev. @9,
043501 (2004)

[7] E. A. Baltz, J. E. Taylor and L. L. Wai
arXiv:astro-ph/0610731

[8] L. Pieri, E. Branchini & S. Hofmann, Phys
Rev. Lett.95, 211301 (2005)

[9] T. Oda, T. Totani & M. Nagashima, Astro
phys.J633(2005) L65-L68

[10] S. M. Koushiappas, Phys. Rev. Let®7
(2006) 191301

[11] N. Fornengo, L.Pieri & S. Scopel, Phys. Re
D 70, 103529 (2004)

[12] L.Pieri, G. Bertone & E. Branchini, arXiv
0706.2101

[13] J. Bullock et al., MNRAS321559 (2001)

[14] V.R. Eke, et al., Astrophys.b54, 114
(2001)

[15] L. Bergstbm, et al., Astroparticle Phy$,
137 (1998)

[16] P. Sreekumar, et al., Apib4, 523, (1998)



