Proceedings of the 30th International Cosmic Ray Conference ID 944
Rogelio Caballero, Juan Carlos D’Olivo, Gustavo Medina-Tanco,

Lukas Nellen, Federico A. Sanchez, José F. Valdés-Galicia (eds.)

Universidad Nacional Auténoma de México,

Mexico City, Mexico, 2008

Vol. 4 (HE part 1), pages 757-760

30TH INTERNATIONAL CosMIC RAY CONFERENCE

Mérida, México

A detailed description of the subhalo population of the Milky Way

C. GiocoLl', L. PIERI?3, G. TORMEN!.

LUniversity of Padua, Italy

2 INAF - Osservatorio Astronomico di Padova, Italy

3 INFN - Padua, Italy

carlo.giocoli @unipd.it,lidia.pieri @oapd.inaf.it,giuseppe.tormen@unipd.it

Abstract: In the standard model of cosmic structure formation, dark matter hatosly gravitational
instability. The process is hierarchical: smaller systems collapse earlitfater merge to form larger
halos. The probability that a halo of mass m at redshift z will be part ofgefehalo of mass M at the
present time is described by the progenitor (conditional) mass fungtion z| M, zo = 0), according
to the so called extended Press & Schechter theory. Using the progemissrfomction we calculate
analytically, at redshift zero, the distribution of subhalos in mass, flom&poch and rarity of the peak
of the density field at the formation epoch. That is done for a Milky Wag-sizstem, assuming both a
spherical and an ellipsoidal collapse model. Our calculation assumesth#tprogenitors do not loose
mass due to dynamical processes after entering the parent haloahtreyninteract with other subhalos.
For a LCDM power spectrum we obtain a subhalo mass function dn/dnogiopal tom ™ with a
model-independent ~ 2, confirming what is found in N-body simulations. The inferred distribugiin
used to test the feasibility of indirect detection of such a population of $obtdth modern experimental
tecniques.

Introduction extended-Press & Schechter theory [3, 4]. We
tegrate both spherical and ellipsoidal collapse g
The present-day description of the universe in- genitors mass function at all redshifts. We estim
cludes 26 % of cold dark matter (CDM), whose the upper bound for the contribution to theray
nature and distribution is unknown [1]. No dark flux due to the presence of a population of subhe
matter (DM) particle has been observed so far, al- inside the Milky Way; and we study the prospec
though hypotheses have been done on weakly in-for detection of substructures with a GLAST-lik
teracting massive particles (WIMPs) coming from experiments in our best case scenario.
Supersymmetry or Universal Extra Dimension the-
ories. The distribution of DM inside the halos
is uncertain too. Numerical N-body simulations
and experiments do not have enough resolution to ) i
study the very inner part of the DM halos, nor to e discuss here an analytical approach to de
give exact predictions for the effect of baryons and the mass function of subhalos, in the simplifyir
black holes. In the hierarchical formation scheme @ssumption that no tidal stripping or mergir
of the CDM scenario, large systems are the re- €Vents happen among substructures.  For
sult of the merging and accretion of highly concen- complete list of references we refer to [5].
trated subhalos. In such dense areas, the DM an-
nihilation into standard model particles is expected In this approach, the mass of each subhalo rem
to give the bigger contibution. constant in time, and it equals the original viri
References and further details can be found in [2]. mass of the system at the time when it was accre

In this paper we discuss an analytical approach PY the larger halo.
to the subhalos population in DM halos using

From Progenitorsto Subhalos
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SUBHALOS IN THE MILKY WAY

Let us consider a halo with virial mas&/ at tal Milky Way mass (/ = 10'2M,/h) is in sys-
some final redshift,. In the hierarchical picture  tems with mass ranging from0” to 10'° M /h
of galaxy formation the halo will be splitted in [9].

smaller and smaller systems, called "progenitors”, | the upper panel of Fig. 1 we plot the differenti

while going backward in time. distribution of subhalos in a0'2 M, /h (Milky
The progenitors mass function is represented by Way like) DM halo. Its power law behaviour ca
the conditional mass functiorf (s, ds.|:S, do)ds, be approximately described by a slope-1.
wheres = o*(m) is the square of the mass vari- sing high resolutionV-body simulations, the au
ance of a halo with mass, andd,. is the spheri-  thors of [10] studied the distribution - at = 0
cal collapse overdensity at redshift.S andd, are - of matter belonging to high redshift progenito

the corrisponding values for the mass variance of of 5 given system. They found that this distrib
a halo of mass\/ and the spherical collapse over-  tion mainly depends on the rareness of the den
density at the present time. The influence of sour- peak corresponding to the progenitor, expresse
rounding proto-halos is though important and can tgrms ofvo (M, z), and is largely independent o
be reproduced using an ellipsoidal collapse model the particular values of and M. The higher is
[6, 7]. We refer to [3] for the distribution in the  , the more concentrated is the distribution of m
spherical collapse model and to [7] for the ellip- ter in the final system. We have then comput
soidal one. The spherical collapse underpredicts v(m, z) = 0..(z)/o(m) for each progenitor, in ¢
(overpredicts) the abundance of large (small) mass gjyen mass bin at fixed redshift. In the lower par
halos. In fact, fixing the mass while going back of Fig. 1 we plot the distribution in term of for

in time (higher redshifts) results in a prediction of progenitors in the smallest and biggest decade

too many small halos and too few large ones, com- mass we have considered, integrated over reds
pared to the ellipsoidal case and Ad-body sim-

ulations. A direct consequence of this is that in

the ellipsoidal collapse massive progenitors exist at | ndirect detection of subhalos

higher redshifts, and so the distribution of forma-

tion redshifts (defined as the earliest epoch when a The annhilation fluxp = ®FF x @cosme g fac-
halo assembles half of its final mass in one system) torized into two terms referring to particle physi

is shifted to earlier epochs [8]. and cosmological contributions. The latter term
From f (s, d..| S, 6o )ds we can write the total num-  cludes cosmology as well as experimental det:
ber of progenitors at some given redshift as: such as the angular resolutidk(2 and the angle
of view from the Galactic Center (GG), and is
N(m, 85| M, do)dm = 225) F(s, 6,c[S, 00)dss defined as
1)

. . . PO (h, AQ)= dM | dv dOdo d\
Integrating the progenitors mass function for the Syt fo ] L Jios

spherical collapse model oveég,., gives the total
number of progenitors of mass that a halo of
final mass)M has had at all times:

dn(m) <M

am = [, (50l S,00)d0e; - (2) X BE (M (AN 0.0, 8) x I (@,5.2100.0)]  (4)
0

[pan (M, R(Ro X 1,8,6),0) x P(v(M)) x

o ) o where
this integral can be solved analytically, giving:

cosmo — 'de’ 4
<I>halo (MVV"T)_f fAQ d¢ dé -];.o,s A

dn(m) M |ds/dm)| e 3)

dln(m) 27 Vs—S ’ pi(M’V’T();\’;/’w‘H/’(p/))J(w,y,z\/\/ﬂ/(b/)] (5)
with o ~ 1 for a LCDM power spectrum. psh is taken from [10],p, is the NFW density
We take into account double-countings of halos by profile inside the halo.P(v(M)) is the normal-
imposing the constraint that roughl9% of the to- ized probability of finding a halo of mass M with
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Figure 1. Upper panel: differential distribution
of subhalos in a0'2 My /h DM halo. A least-
squares fit on the points givegs. = —0.9972 +
0.0001 and a,c = —0.9937 + 0.0003 for the

spherical and ellipsoidal collapse model, respec-

tively. Lower panel: subhalo distribution in term of

v = 0s./0(m) for the smallest and biggest decades

of mass considered in the analysis.
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givenv. We refer to [5] for the complete definitio
of symbols and we show the results fbfs™° as
a function ofy in the upper panel of Fig.2, wher
the MW clumpy and smooth foregrounds are co
puted using Eq. 4 and 5, respectively. Results
shown for the ellipsoidal model but do not chan
significantly when the spherical collapse is us
instead. p,, is a function of the concentration p:
rameterc(M, v, z). In Fig.2 we show two differ-
ent models fore, which we take from [11]. The
Bz0 model computes scale parameters,irat z=0,
while the Bzf one fixs them at the formation re
shift, resulting in a higher inner density. To cor
pute they—ray flux we use an optimistic value ¢
the particle physics contribution

dN7
X ZfofE ﬁdE. (6)

We adoptm, = 40 GeV, oan,v = 10725cmPs ™1,
a100% branching ratio inbb and thed N /dE,
functional form of [12]. The twa models are ther
compared with the EGRET data and the Bzf one
reduced accordingly since it was found to exce
the measured extragalactic diffuse data [5].

We then compute the experimental sensitivity
a GLAST-like experiment defined as the ratio
the number of annihilation photons to the asti
physical background fluctuatian = \/% The
background contribution is computed according
[13, 14]. Again, we refer to [5] for a discussion «
the experimental details. The sensitivity as a fu
tion of v is plotted in the lower panel of Fig.2. /
zoom toward the GC is shown in the small sup
imposed frame, to better appreciate the small ar
sensitivity.

1 Tann?
4 2m§<

rr (Ew) =

Discussion and conclusion

We have derived an analytical description of t
distribution of rareness of density peaks in the si
halo population of our Galaxy. This has allowt
to shape and model the total diffuse annihilati
~-ray flux we expect to detect with a GLAST-lik
experiment. Using the best case particle phys
scenario, the only free parameter is the concen
tion of the single subhalos. We bracket its effe
using two models which result in very different ir
ner densities inside the halos. Our results on
tectability show that a detection is possible tow:
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Figure 2: Upper panel: subhalo contribution to the
~-ray flux for different models of the concentration
parameters. MW smooth and clumpy contribu-

tions are shown separately, together with their sum.

Lower panel: sensitivity curves for the same mod-
els for a GLAST-like experiment. A zoom at small
angles is provided in the superimposed frame.
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the GC for both models, and it would be impressi
for the Bz0 one. A 2 effect would show up as
well, simmetrically distributed up te- 20° around
the GC, only for the Bzf model. Unfortunately,
reliable modeling of the astrophysical backgrou
coming from the GC and of the effect of the ce
tral Super Massive Black Hole on the inner D
density profile are poorly known, and are may
ingredients for our calculations. Yet, we can po
out that, in our scenario, the existence of a popt
tion of subhalos would be likely to be detected
1 year of effective data taking with a GLAST-lik
experiment.
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