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The annihilations of WIMPs can lead to the production of high energy γ-rays in the final state.
These high energy γ-rays may be detected by Imaging Atmospheric Cherenkov Telescopes
like the H.E.S.S. instrument. Two popular targets for the search of WIMPs annihilations are
discussed here: the Galactic Center and the Sagittarius dwarf spheroidal galaxy. Constraints
on the velocity-weighted annihilation cross-sections of WIMPs are computed in the framework
of supersymmetric and Kaluza-Klein extensions of the standard model of particle physics.

1 Introduction

H.E.S.S. 1 is an array of four Imaging Atmospheric Cherenkov Telescopes located in Namibia.
The instrument images particle showers induced by very high energy (VHE) γ-rays. Each
telescope collects the Cherenkov light radiated by particle cascades in the air showers using a
large mirror area of 107 m2 and a camera of 960 photomultiplier tubes 2. Each camera covers a
total field of view of 5◦ in diameter. The four telescopes are placed in a square formation with
a side length of 120 m. This configuration allows for a more precise reconstruction of the arrival
direction and energy of the γ-rays using the stereoscopic technique. The energy threshold of
the H.E.S.S. instrument is approximately 100 GeV when pointing to the zenith and the angular
resolution is better than 0.1◦ per γ-rays. The point source sensitivity is 2×10−13cm−2s−1 above
1 TeV for a detection at the 5σ level in a 25 hours observation time 3.
Scenarios beyond the standard model of particle physics predict the self-annihilation of Weakly
Interacting Massive Particles (WIMPs) to give high energy γ-rays (see 4 for a review). The
H.E.S.S. instrument, designed for the detection of VHE γ-rays in the 100 GeV-10 TeV regime,
is an interesting instrument to probe the astrophysical nature of the Cold Dark Matter (CDM).
Two dark matter candidates are studied here: the neutralino arising in supersymmetric (SUSY)
models5, and the first Kaluza-Klein (KK) excitation of the hypercharge gauge boson in universal
extra dimensions (UED) theories, namely the B(1) particle 6. The annihilations of such particles
in astrophysical targets where the DM density is sufficiently high can give rise to a continuum
of γ-rays. The γ-ray flux from WIMP annihilations of mass mDM in a DM halo can be written
as:
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which is the product of a particle physics term, containing the velocity-weighted cross section
〈σv〉 and the differential γ-ray spectrum dNγ/dEγ , and an astrophysics term J̄ given by:
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This paper reports on the H.E.S.S. observations of two interesting targets: the Galactic Center
(GC) and the Sagittarius dwarf spheroidal (Sgr dSph) galaxy.



2 The Galactic Center

H.E.S.S. observations towards the direction of the GC revealed in 2004 a bright emission, HESS
J1745-290, compatible with a point-like source and in coincidence with the supermassive black
hole Sgr A* 7. A diffuse emission along the Galactic plane was also detected 8. This diffuse
emission is spatially correlated with the mass density distribution of giant molecular clouds in
the central 200 pc of our Galaxy and is likely to be produced by the collisions of cosmic ray
protons or nuclei with the molecular clouds 8. Further observations of the GC in 2005 and 2006
showed that the supernovae remnant Sgr A East was spatially incompatible with the GC TeV
emission detected by H.E.S.S. at a high confidence level 9. The position of HESS J1745-290 is
within 7.3” ± 8.7”(stat.) ± 8.5”(syst.) of the position of Sgr A* and is also consistent with the
the position of the recently discovered 10 pulsar candidate G359.95-0.04.
In the 2004 dataset, the measured energy spectrum was well-described in the energy range
160 GeV-30 TeV by a power-law spectrum dN/dEγ ∝ E−Γ

γ with a spectral index Γ = 2.25
± 0.04(stat.) ± 0.1(syst.) 11. No deviation from a pure power-law was observed and a lower
limit on an energy cut-off of 9 TeV was derived at the 95% C.L. The VHE emission from HESS
J1745-290 did not show any spectral variability, as well as time variability such as flares or quasi
periodic oscillations (QPOs) on timescales from a few minutes to 1 year 12.
Despite the fact that the GC TeV signal is likely to come from an ordinay astrophysical emission
(see 13 and reference therein), an alternative possibility is the annihilation of WIMPs. However,
the energy spectrum of HESS J1745-290 does not present the required shape to account for a
DM annihilation signal 11. A sole DM origin for the HESS J1745-290 TeV emission is highly
disfavored. Assuming that the observed signal may result in a DM particle annihilation compo-
nent hidden under a power-law astrophysical background, constraints on the velocity-weighted
annihilation cross-section 〈σv〉 can be derived using a NFW profile to model the DM mass dis-
tribution. Fig. 1 shows the 99% C.L limits on 〈σv〉 derived from the H.E.S.S. 2004 data in
the framework of phenomenological Minimal Supersymmetric extension of the Standard Model
(pMSSM) and KK models. Predictions from pMSSM models are computed with the Dark-
SUSY 4.1 package 14 and KK predictions are calculated with the PYTHIA package 15 taking the
branching ratios from 6. WIMPs models that satisfy the WMAP measured value on the CDM
relic density ΩCDM are also shown. The limits on 〈σv〉 set by the H.E.S.S. observations towards
the GC, for both WIMP models, are ∼ 10−24 cm3 s−1. Neither SUSY nor KK scanned sets of
parameters, exhibited in Fig. 1, can be excluded.

3 The Sagittarius dwarf galaxy

The dwarf satellite galaxies of the Milky-Way (MW) are considered as the most extreme DM-
dominated environments. In contrast to the GC, these objects are expected to have a low
astrophysical background. The Sgr dSph is a nearby galaxy of the Local Group, recently dis-
covered in the direction of the GC and located at a heliocentric distance of 24 kpc 16. The
core of the Sgr dSph galaxy is positionned at l = 5.6◦ and b = −14◦ in galactic coordinates.
A visible mass profile and a central velocity dispersion have been measured 17, 18. Sgr dwarf
was observed in 2006 by H.E.S.S.19. The Sgr dSph dataset amounts to 11 hrs of live time after
quality selections. The target position was choosen at the location of the Sgr luminous cusp,
coincident with the globular cluster M54 17.
99.9 % of the DM particle annihilation signal is expected to come from a circular region of 1.5
pc radius with respect to the Sgr dSph core center, making it a point-like signal for the H.E.S.S.
angular resolution. No significant γ-ray excess is found at the target position. Therefore, an
upper limit at the 95% C.L of 56 γ-events on the number of γ-ray can be derived using the
Feldman & Cousins method. Two plausible models were considered for the modelling of the
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Figure 1: Exclusion limit for the Galactic Center on 〈σv〉 versus the WIMP mass for a NFW profile. The limits
are derived from H.E.S.S. data in the case of pMSSM and KK dark matter models. The predictions for pMSSM
(grey points) and KK (green dashed line) sets of parameters are plotted. Those satisfying the WMAP constraints

on the CDM relic density are superimposed for pMSSM (pink boxes) and KK (blue solid segment) models.

DM mass distribution: a NFW profile used as a reference model and a cored isothermal profile.
For the NFW profile, the structure parameters were extracted from 20. As concerns the cored
profile, the velocity dispersion is assumed to be independent of the position with a value of 8.2
± 0.3 kms−1, as reported in 18. Moreover, the velocity tensor is taken isotropic as in 20. The
mass density profile of stars is extracted from 17. The core profile has a small core radius due
to a narrow cusp in the luminous profile. The value of J̄ in the cored model depends on various
parameters such as the radial velocity dipersion profile, the velocity tensor anisotropy or the
baryon fraction in the core. The systematic uncertainties on the value of J̄ were estimated to
be more than an order of magnitude when varying these parameters 19.
Fig. 2 shows the constraints on 〈σv〉 for the cored (green dashed line) and cusped NFW (red dot-
ted line) profiles respectively. The solid angle integration region is ∆Ω=2×10−5 sr. Predictions
in pMSSM scenarios for the values of the DM particle mass and 〈σv〉 are labelled by the grey
points. Blue points represents pMSSM sets of parameters that fulfill the WMAP constraints on
the CDM relic density. The H.E.S.S. observations do not put severe constraints on 〈σv〉 with
a NFW profile. The cored profile modelling gives much better constraints, owing to a higher
central density. Some pMSSM models with higgsino-like neutralino can be excluded. The KK
models are also shown (solid blue line) as well as those satisfying the WMAP constraints on
the CDM relic density (solid yellow line). The sensitivity of H.E.S.S. in the framework of KK
scenarios is also displayed on Fig. 2, both for a cored (light blue solid line) and for a NFW
(yellow solid line) profile respectively. With a NFW profile, no KK sets of parameters can be
tested. With a cored profile, some KK sets of parameters compatible with the WMAP measured
relic density of CDM can be ruled out. With the sensitivity of H.E.S.S., a lower limit on the
B(1) particle mass comprised between 300 GeV and 500 GeV is obtained.

4 Conclusions

The H.E.S.S. collaboration has carried out observations of two potential targets for DM particle
annihilations: the GC and the Sgr dSph galaxy. The GC measured TeV energy spectrum
is unlikely to be interpreted in terms of WIMPs annihilations. Constraints on the velocity-
weighted annihilation cross-section have then been derived modelling the MW halo with a NFW
profile. Neither pMSSM nor KK models can be excluded. The search for a DM annihilation
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Figure 2: Upper limits at 95% C.L. on 〈σv〉 versus the DM particle mass in the case of a NFW and cored DM
halo profile for the Sgr dSph galaxy. The limits are derived from H.E.S.S. data in the case of pMSSM and KK
WIMP sets of parameters. The predictions in pMSSM and KK scenarios are plotted with those satisfying the

WMAP constraints of the CDM relic density.

signal gave a null result towards the direction of the Sgr dSph. Two DM halo modelling have
been assumed to derive constraints on the velocity-weighted annihilation cross-section: a NFW
halo and a cored halo modelling. The cored halo modelling put better constraints than the
NFW modelling and allows to rule out some KK and pMSSM sets of parameters.
The phase 2 of the H.E.S.S. experiment will start in 2009. H.E.S.S. 2 consists in a 5th telescope
with larger dimensions (28m in diameter) than the previous 4 ones, positionned at the center of
the existing array. With the new large central telescope, the energy threshold will be lowered
down to less than 50 GeV, and the sensitivity to faint γ-ray fluxes will be improved. The
capability of H.E.S.S. to scan the WIMP parameter space will be then amplified.
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