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Observation of the Sagittarius dwarf galaxy with H.E.S.S.
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Abstract: Dwarf spheroidal galaxies are among the most promising candidates for the indirect searches of Dark Matter
particle annihilation signals due to a large measured Mass-to-Light ratio and expected absence of potential astrophysical
background. The annihilation of dark martter particles in the center of Sagittarius dwarf spheroidal (Sgr dSph) galaxy
would produce high energy gamma-rays in the final state. The High Energy Stereoscopic System (H.E.S.S) of Imaging
Atmospheric Cherenkov Telescopes (IACTs) located in Namibia is in operation since December 2003. With more than
40 hours of data acquired by H.E.S.S. on the Sagittarius dwarf spheroidal galaxy and in absence of a clear signal, new
constraints on the annihilation cross-section of the Dark Matter particles are derived in the framework of SUSY models.
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1 Introduction

The existence of dark matter is currently assumed in the
Standard Cosmological Model with approximately 22% [1]
of the overall mass-energy budget of the universe. It is also
supported by a large amount of oservations such as rota-
tion cuves in the spiral galaxies and velocity dispersion in
the elliptical galaxies, gravitational lensing and large scale
distribution of galaxies. However, the nature of the particle
that constitute the dark matter remains unknown. Among
many theoretical candidates for the DM particle, a Weakly
Interacting Massive Particle (WIMP) is among the best mo-
tivated. Such candidates for WIMPs are predicted in the-
ories beyond the Standard Model of particle physics [2].
Here we consider the lightest neutralino provided by syper-
symmetric extensions of the Standard Model, with R-parity
conservation [3].
A pairs of dark matter particles can annihilate and produce
Standard Model particles. Direct annihilations into γγ or
Zγ produce a sharp line spectrum with a photon energy de-
pending on the neutralino mass. Unfortunately, these pro-
cesses are loop-suppressed and therefore very rare. Dark
matter can also annihilate to pairs of leptons or quarks,
leading in subsequent processes to π0 decays, resulting in
a continuous photon spectrum.
Assuming the ΛCDM cosmological model, the hierarchi-
cal collapse of small overdensities are formed by dark
matter structures. Dark matter structures may also host

smaller satellite structures and it has been proposed that
dwarf spheroidal galaxies may have formed within some
of these subhalos hosted in the larger Milky Way dark mat-
ter halo [5]. The core of the Sagittarius Dwarf Spheroidal
Galaxy (Sgr dSph) is located at l=5.6◦ and b = -14.1◦ in
galactic coordinates at a distance of about 24 kpc from the
Sun [4].
The High Energy Stereoscopic System (H.E.S.S.) is an ar-
ray of four Imaging Atmospheric Cherenkov Telescopes
(IACTs) for high energy gamma-rays, designed for high
sensitivity measurements in the 100 GeV - 10 TeV energy
range. It is a suitable instrument to detect very high energy
gamma-rays and potentially originated by WIMPs annihi-
lation.
In this paper, we present the observations of Sgr dSph by
the H.E.S.S. array then the signal extraction procedure. The
results on gamma detection and constraints on the velocity-
weighted annihilation cross-section in the frame of super-
symmetic models is presented.

2 H.E.S.S. observations

The H.E.S.S. array, in the southern hemisphere, is com-
posed of four IACTs wich allow the use of the stereo-
scopic technique. Associated to the great collection surface
(107 m2) of each telescope and fine pixellisation of cam-
eras (960 PMTs per camera), the system leads to an excel-
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lent rejection of hadronic background produced by charged
cosmic rays. It provides a sensitivity to a 1% of the Crab
Nebula flux in ∼25 h observation [6].
Gamma-rays and hadronic showers are reconstructed from
their images in Cherenkov lights using three different meth-
ods. The first one is based on the Hillas parameters [6]
characterinzing each image globally. The second one is
based on the comparison between the registered shower
images and a predicted pixel-by- pixel modeling of the
expected image within a realistic detector simulation [7].
The third method is based on a three-dimensional ellipti-
cal reconstruction of the gamma-ray induced air shower on
the basis of their rotational symmetry with respect to the
incident direction [8]. The precedure in use relies on a
composed estimator Xeff [9] of the discriminating vari-
ables provided by the three different methods. This com-
bination relies on the maximum information obtained from
each reconstruction in use in H.E.S.S. and gives competi-
tive results on signal-to-background discrimination, impor-
tant for searches of tiny exotic signals. The energy reso-
lution obtained is ∼10% and the angular resolution lower
than 0.08◦.
H.E.S.S. has observed Sgr dSph in the 2006-2010 period.
The observation were performed in wobble mode, i.e. with
the target offset by 0.7◦. to 1.1◦. from the pointing direc-
tion, allowing simultaneous background estimation in the
same field-of-view. The data used for the analysis were
taken at average zenith angles of 20◦. The data are anayl-
ized with the Xeff analysis tuned to look for faint source (”
detection”) with an angular size for the candidate source of
θ2 ≤ 0.02◦. The effective energy threshold is 460 GeV, de-
fined as the energy for which the acceptance of the instru-
ment reaches 20% of its maximum value. The observation
time is 44.7 hours after quality selection criteria.

3 The dark matter annihilation signal

The gamma-ray flux due to dark matter particle annihila-
tions depends on:

1. the intrinsic dark matter density distribution in the
source,

2. the particle physics coupling of the dark matter par-
ticle,

3. the field of view ΔΩ within which the signal is inte-
grated.

It is usually factorized in two terms:

dΦγ

dEγ
(Eγ ,ΔΩ) = Φpp(Eγ)× J(ΔΩ)ΔΩ (1)

The first factor take into account the particle physics of
dark matter praticle annihilations. The second factor, called
J-factor, is about the astrophysics with the distribution of
dark matter in the source.

3.1 The particle physics factor

The particle physics factor Φpp is given by:

Φpp(Eγ) ≡
dΦγ

dEγ
=

1

8π

〈σannv〉
m2

χ

× dNγ

dEγ
, (2)

where 〈σannv〉 is the velocity averaged annihilation cross
section, mχ is the DM particle mass, and dNγ/dEγ is the
differential gamma-ray spectrum summed over the whole
final states with their corresponding branching ratios. In
this paper, all the results are based on an average spectrum,
the Bergstrom parametrisation [10]:

dNγ

dEγ
=

1

mχ

dNγ

dx
=

1

mχ

0.73 e−7.8x

x1.5
(3)

with x ≡ Eγ/mχ.

3.2 The astrophysical part: J-factor

In the astrophysical factor, the intregral along the line-of-
sight (l.o.s.) of the squared density of the dark matter
distribution in the object is averaged over the instrument
solid angle of the integration region. For this analysis with
H.E.S.S., ΔΩ = 2× 105 sr since we are looking for an al-
most pointlike signal considering the point-spread function
of the instrument:

J =
1

ΔΩ

∫

ΔΩ

∫
ρ2DM(l,Ω) dldΩ. (4)

Two different modeling of the dark matter halo [11] of Sgr
dSph have been previously considered without considering
its disruption by tidal winds. With recent measurements,
Niederste-Ostholt et al. [12] estimate that only 30 - 50% of
the luminosity of Sgr dSph remains currently bound in the
remnant core. New modeling of Sgr dSph now exist taking
into account tides.
An isothermal profile for dark matter halo is considered by
Peñarrubia et al. [13] assuming that Sgr dSph is a late-type,
rotating disc galaxy. In this model, the galaxy is composed
of a stellar disk and a dark matter component with the fol-
lowing density distribution:

ρISO(r) =
mhα

2π3/2rcut

exp[−(r/rcut)2]
(r2c + r2)

, (5)

where mh is the halo mass, rc is the core radius and
α � 1.156. It is found that the properties of the
stream are not particularly sensitive to the value of the
core raduis choose at rc = 0.45 kpc. Assuming a ini-
tial luminosity of ∼ 108 L� [12] and a mass-to-light ra-
tio of 24 [14], the total mass of the halo is found to be
mh = 2.4 × 109 M�. To take into account the lost of
the outer halo envelope due to tidal disruption by the Milky
Way, a truncation in the dark matter density profile is im-
posed at rcut = 12 rc = 5.4 kpc. It roughly corresponds
to the tidal radius of a satellite galaxy a pericenter of 15 kpc
with a mass ∼ 3× 109 M�.
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Dark matter profile J-factor [GeV2.cm−5]
Isothermal 0.88× 1023

NFW 1× 1023

Table 1: J-factor computed for the two different dark matter
halo profiles.
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Figure 1: Significance sky map of the SgrD region. No
excess is observed at the target position: l=5.6◦ and b = -
14.1◦ in galactic coordinates. The integration region is in
the black circle. Other spots in the field of view are not
significant.

Cosmological simulations support an other type of dark
matter halo which can be described by a NFW profile [15]:

ρNFW(r) =
ρs

(r/rs)(1 + r/rs)2
(6)

where parameter values [16]: rs = 1.3 kpc is a scale radius
and ρs = 1.1× 10−2 M�pc−3 is a characteristic density.
The J-factor can be computed using the equation 4.They
are summurised in table 1.

4 Results

No significant gamma ray excess was found above the esti-
mated backgrounds at the nominal positions of Sgr dSphs,
as presented in figure 1. The target position is chosen ac-
cording to the photometric measurements of the Sgr dSph
luminous cusp showing that the position of the center cor-
responds to the center of the globular cluster M 54 [17]:
(RA =18h55m59.9s,Dec = -30d28’59.9”) in equatorial co-
ordinates (J2000.0). A 95% confidence level upper lim-
its on the total observed numbers of gamma-rays is com-
puted N95%C.L.

γ . The limits is computed using the num-
ber of events in the signal and background regions normal-
ized by the ratio between the on-source area and the off-
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Figure 2: Upper limit at 95% C.L. on 〈σannv〉 versus the
dark matter particle mass in the case of a cusp NFW (green
dotted line) and a cored isothermal dark matter halo profile
(red line).

source area. The Feldman & Cousins [18] methods gives
N95%C.L.

γ = 41 γ.
The 95% C.L. upper limit on the velocity-weighted annihi-
lation cross section as function of the DM particle mass for
a given halo profile is given by:

〈σv〉95%C.L.
min =

8π

J(ΔΩ)ΔΩ
×

m2
DM N95%C.L.

γ, tot

Tobs

∫mDM

0
Aeff(Eγ)

dNγ

dEγ
(Eγ) dEγ

(7)

where Tobs is the observcation time of the source, Aeff(Eγ)
is the H.E.S.S. effective area and the parametrization of
dNγ /dEγ is the Bergstrom parametrisation. The exclusion
curve for the neutralino is plotted for Sgr dSph in Figure 2
referring to the halo profiles given in the table 1. The ex-
clusion limites are∼ 10−22 cm3.s−1, above the benchmark
value of 〈σannv〉 ∼ 3 × 10−26 cm3.s−1 [3]. As the two
J-factor are similar, the limits are at the same order.

5 Summary

The H.E.S.S. observations reveal no significant excess of
gamma-rays at the nominal position of Sgr dSph. The latest
modeling of Sgr dSph halo have been used to estimated its
structure parameter and compute the J-factor. Constraints
have been derived on the velocity-weighted cross section
of the dark particle in the framework of supersymmetric
model.
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