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The H.E.S.S. experiment is an array of four identical imggitmospheric Cherenkov telescopes
in the Southern hemisphere, designed to observe very higigggamma-rays (& 100 GeV).
The annihilation of dark matter particles in dense astrgptaf objects could produce detectable
very high energy gamma-rays. The HESS collaboration haslsea for a dark matter annihi-
lation signal towards several potential targets: the G@ldentre, dwarf spheroidal galaxies,
globular clusters and speculative Intermediate Mass Bitsalkes. In this paper, the H.E.S.S ob-
servations towards the Carina and Sculptor dwarf galaxidstlae M15 globular cluster will be
described. In the absence of clear signals, constraintb@Dark Matter particle annihilation
cross-section in several particle physics scenarios aieedie
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1. Introduction

The HESS (High Energy Stereoscopic System) array is condposéour Imaging Atmo-
spheric Cherenkov telescopes with07 n? reflectors, located in the Khomas highlands of Namibia
at an altitude of 1800 m above sea level. It detects Chereliddatvemitted by charged particles in
atmospheric showers and is sensitive to very high energyE)\gamma-rays (f=> 100 GeV). The
stereoscopic technique allows for an accurate reconitruof the energy and arrival direction of
gamma-rays, as well as an efficient hadronic backgroundtiefein the 100 GeV - 100 TeV en-
ergy range [9]. The HESS instrument achieves an angulalutesoof 5’ and a point-like source
sensitivity at the level of % 10 3cm~2s1 above 1 TeV at a 20observation zenith angle for
a 50 detection in 25 hours [2]. In the context of WIMP models, WIMEBrticles annihilate by
pairs, producing standard model particles. High energyrgamays are produced, either directly
or through the hadronization of the annihilation produdise gamma-ray flux expected from these
annihilations can be decomposed in an astrophysical techag@article physics term as [3]:

do(AQ,E)) 1 (ov)dN,  —
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SN—— Astrophysics
ParticlePhysics

For the HESS experimemfQ ~ 5 10°% — 107° sr, depending on the analysis cut. The particle
physics part contains the DM particle masgy, the velocity-weighted annihilation cross section,
< ov >, and the differential gamma ray spectrum from all final stateighted by their corre-
sponding branching ratiosIN,/dE,. The last term is estimated by the parametrization given by
Bergstrom et al [5], based on the annihilation of WIMPs intqgits. The astrophysical terdnis
the integral of the square density over the line of sight.

The HESS collaboration has searched for annihilation $8gtmavards several dark matter
annihilation targets. This paper focuses on H.E.S.S seatdwards the Sculptor and Carina dwarf
spheroidal galaxies and the M15 globular cluster.

2. HESS dark matter searchestowardsthe Sculptor and Carina dwarf galaxies

The Sculptor and Carina dwarf galaxies are among the moshaus dwarf spheroidal galax-
ies in the Local Group. They are located respectively at @@dqud 101 kpc from the sun. The
observations of the Sculptor and Carina dSphs were cortibetsveen January 2008 and Decem-
ber 2009. The amount of good quality data taken was 11.8 howards Sculptor and 14.8 hours
towards Carina. No significant signal was seen at the pasifceither dwarf, resulting in 95%
C.L. on the number of detected photons of 32.4 and 8.6. Ewmudtil is used to calculate the
corresponding exclusion limits on the DM annihilation &@&ction. targets has to be modelled to
obtain the astrophysicail_factor. The dark halo of Sculptor is studied in details intBglia et al
[4]. The NFW profile of Carina was taken from Walker et al [18pa&he pseudo-isothermal model
from Gilmore et al. [10]. The 95% exclusion limits enov > as a function ofmpy obtained with
the HESS observation of the Sculptor dwarf galaxy are shawthe left panel of figure 1. The
Sculptor galaxy has also been observed by the Fermi-LATunment on-board the Fermi satellite.
The limits obtained by the Fermi collaboration[1] are alkovgn on the left panel of figure 1. The
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Figure 1. Left panel: 95 % C.L. upper limits on the velocity weighted MR annihilation cross-section

< gv > as a function of the WIMP mass obtained with the Sculptor d@ataxy. Several Galactic models
are plotted. The purple solid line is the limit published hg Fermi-LAT instrument. Right panel: Same
plot for the Carina dwarf Galaxy. The boost given by the Somfiel@ effect and the effect of Internal

Brehmstrahlung are also shown. The red band gives the rdgaihilation cross-sections compatible with
the WMAP constraints ofp,.. The solid line is the theoretical wina ov > .

limits obtained by the HESS collaboration complement thaisthe Fermi collaboration at high
energy. The flux from WIMP annihilations can be enhanced bgrsé effects. The clumpiness of
dark-matter gives an enhancement of just a few %. The lalgesits come from particle physics
effects. The Sommerfeld effect [11] arises when the raedatiglocity of annihilating particles is
small. It is thus especially important for dwarf galaxieslatumps which have velocity disper-
sions of the order of a few km/s. The right panel of figure 1 shtive 95% exclusion limits on
< ov > as a function ofmpy obtained with the HESS observation of the Carina dwarf gal@ke
Sommerfeld effect, calculated in the case of a wino-liketradino, is seen to lower the limits by
several order of magnitudes. The annihilation flux can atsbdsted in some particle models by
internal bremstrahlung[7]. The effect of internal breraktung on the annihilation into a W pair is
also shown on figure 1. When this effect is taken into accdbet|imits are lowered by a factor 5
in the smallmpy regime.

Dwarf spheroidal galaxies are known to be embedded in a weadark halo. The situation is
more controversial for globular clusters (see Brodie & &ra2006[8] for details). Some globular
clusters of primordial origin could have formed in a darkth@15 belongs to this class of globular
clusters.

3. M15 globular cluster

M15 (NGC 7078) is a well-studied Galactic GC, located~&t0.1 kpc from the Sun. Its
estimated mass is5x 10° M. It has a very dense stellar core with radigs-10.2 pc and a density
of about 16 M pc3. The M15 globular cluster has been observed by the Whipplalmmiation
[14] in the context of dark matter searches. The dark haloahagkd by the Whipple collaboration
is a NFW halo which was adiabatically compressed by the lecywore collapse. This results in
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an increase of of a factor of 2000. The 95 % C.L. limits on ov > obtained are at the level of
10-23 cm?/sfor just 1.2 hour of observation.

The observations of M15 by HESS were carried out in 2006 ai@Y 2More than 15 hours
of high quality data at a mean zenith angle of 37A\&re obtained. The core of M15 cannot be
resolved given the angular resolution of HESS so that theasiggould appear point-like. The
data analysis reveals no significant gamma-ray signal atdh@nal position. With Noserved = 28,
Npackground = 27, the 95% C.L. upper limit on the number of gamma-raysJ¥W‘ = 11.5

The dark halo modeling of M15 is performed in 2 steps. In tha tep, the dark halo is
adiabatically compressed during the collapse of the cofdX8. The model used for the initial
and final baryon and dark matter densities is described indvédb@l 2008[14]. The final baryon
density is just the observed density. The dark matter is cessed in a time shorter than the
dynamical time. At the same time, dark matter is heated uptéllas matter. This process is
described by Merritt[12], and was neglected by Wood et 4].[Dark matter is scattered by stars
in a timeT;, inversely proportionnal to the stellar density. In the oalsie center of M15];, = 10*
years. The dark matter scattering is taken into account thétprocedure described in Bertone &
Fairban 2008[6] for the M4 globular cluster. The combindtlience of adiabatic compression and
dark matter scattering tend to cancel out and in the end,r#igrgnary 95 % C.L. exclusion limit
for < ov > obtained by the HESS collaboration is at the level of 22@m?/s.
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