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Abstract: The central region of the DM halo of the Milky Way is a promising target for a search for a particle dark
matter (DM) self annihilation signal. Recent N-body simulations agree in the description of the radial DM density profile
of a DM halo at projected distances from the halo center bigger than 45 pc within a factor of two. A search for a DM
annihilation photon flux with the High Energy Stereoscopic System (H.E.S.S.) in the energy range between 300 GeV and
100 TeV originating from distances to the halo center bigger than 45 pc (0.3◦) is presented. Assuming that the radial
dependence of the DM density of the Milky Way can be described with the results of recent N-body simulations, upper
limits for the velocity weighted self annihilation cross section of weakly interacting massive particles (WIMPs) in the
order of 10−25 cm3s−1 at WIMP masses of 1 TeV can be calculated. Prospects on an improvement of the sensitivity are
discussed.
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1 Introduction

A large amount of observational data strongly favours the
existence of a new form of matter which does not couple
to the electromagnetic sector of the standard model of par-
ticle physics. Extensions of the standard model introduce
weakly interacting massive particles (WIMPs) which are
viable candidates for dark matter particles [5]. Astrophysi-
cal observations and recent N-body simulations predict that
the density of dark matter is increasing towards the center
of a galaxy ([13], see also Fig. 1). The self annihilation
cross section of WIMPs is increasing with the square of
the dark matter (DM) density making the central regions
of galaxies promising regions for the detection of possible
annihilation products.
Due to its proximity, the central region of the Milky Way
is of special interest compared to other currently studied
objects such as dwarf galaxies and galaxy clusters ([6],
[8],[9]). A large class of WIMP scenarios predict the pos-
sibility of partial or complete annihilation of WIMPs into
quarks. The subsequent hadronization of the produced
quarks leads among other particles to neutral pions which
decay into VHE (Very High Energy) γ-rays given that the
energy of the pion is in the VHE regime. The pion energy
is determined by the hadronization process which leads to
a contiuous spectrum with a cut off at the DM mass m.
The H.E.S.S. experiment is an array of four imaging
Cherenkov telescopes located in the Khomas highland
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Figure 1: DM density as function of the distance to the
galactic center as obtained from the prediction of recent
N-body simulations normalised to the local DM density
([13]). Only the smooth halo component is shown and used
in the analysis presented below. The signal (source) and
background region of the reflected pixel method are indi-
cated.

(Namibia) and designed to detect γ-rays in a nominal en-
ergy range between 100 GeV and 100 TeV with a field of
view ΔΩ of radius ≈ 2.5◦. Given the instrumental de-
sign, a search for γ-rays originating from the galactic cen-
ter region is a promising way to detect γ-rays originating
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from DM annihilation products or in case of a non detec-
tion to derive upper limits on the VHE photon flux from
DM annihilation. In case of a non-detection of a γ-ray flux,
the upper limit on the photon flux (UL) can subsequently
be translated into an upper limit on the velocity averaged
WIMP self annihilation cross section < σv > using mod-
els for the DM density distribution in the Milky Way from
largescale N-body simulations (astrophysical factor J) and
models for the WIMP annihilation and subsequent produc-
tion of γ-rays (particle physics factor) using the relation

dΦ

dE
=

< σv >

8πm2

dN

dE
JΔΩ . (1)

In the analysis presented here, the astrophysical factor J =
1

ΔΩ

∫
dΩ

∫
dsρ2(s) is the line of sight integrated squared

DM density averaged over the field of view. The DM den-
sity distribution is in turn obtained from fits of recent N-
body simulations to Einasto or NFW profiles [13]. The
photon spectrum resulting from the products of WIMP an-
nihilation dN

dE is calculated according to [11] below. The
possible VHE photon flux from WIMP annihilation has to
be distinguished from the emission of VHE photons from
astrophysical sources. The existence of many conventional
astrophysical γ-ray sources (e.g. the point source HESS
J1745-290 which is spatially coincident with the GC [4]) as
well as a band of astrophysical diffuse γ-ray emission along
the galactic ridge ([3]) have to be carefully considered in
order to avoid the confusion of photons from conventional
astrophysical sources with those possibly originating from
WIMP annihilation. Additionally the search for a diffuse
γ-ray emission from the galactic center region with imag-
ing Cherenkov telescopes needs a sophisticated handling
of background events. The results of an analysis of 112
hours of H.E.S.S. GC data for a search for diffuse emis-
sion of γ-rays resulting from DM annihilation products is
presented below. Further analysis details can be found in
[14]. Prospects for an improvement of the sensitivity of the
measurement are discussed.

2 Search for a DM Annihilation Signal from
the Galactic Center region with H.E.S.S.

In order to avoid the detection of photons from conven-
tional astrophysical γ-ray sources all known sources as
well as the galactic plane where a large amount of re-
solved γ-ray sources and possibly also unresolved sources
are found are blanked from the analysis presented below.
The blanking of the galactic plane with |b| < 0.3◦ reduces
at the same time the uncertainty of the translation of a non-
detection of a γ-ray flux from the GC region into an upper
limit on < σv > due to different DM densitiy parametriza-
tions as the disagreement between different DM density
predictions becomes worse for angular distances to the GC
< 0.3◦ (Fig. 1).
As outlined in the introduction a non-detection of a dif-
fuse VHE photon flux from the GC region can be translated
into an upper limit on the velocity averaged self WIMP

self annihilation cross section and thereby be compared
with theoretical predictions for WIMPs. The derived up-
per limit is conservative in the following sense: The diffuse
VHE photon flux from the galactic center region originat-
ing from DM annihilation ΦDM on which the search is
focused is probably accompanied by a diffuse astrophys-
ical VHE emission ΦDiffuse as detected in different en-
ergy regimes e.g. by Fermi/LAT ([2]). Additionally possi-
bly unresolved astrophysical VHE photon sources outside
the excluded galactic plane can add a photon flux compo-
nent ΦUnresolved. The total diffuse VHE photon flux from
the galactic center region to which H.E.S.S. is sensitive is
therefore Φ = ΦDiffuse + ΦDM + ΦUnresolved. A non-
detection of Φ leading to an upper limit Φ < UL is a con-
servative upper limit on ΦDM as ΦDM ≤ Φ < UL. It fol-
lows that the upper limit on the velocity averaged WIMP
self annihilation cross section derived from UL as outlined
in the introduction is also conservative. Turning the ar-
gument around a more detailed understanding of the dif-
fuse emission in the energy range 100 GeV to 100 TeV
can lead to more constraining upper limits for WIMP mod-
els. On the other side a detection of a diffuse VHE pho-
ton flux would not be sufficient to claim a DM detection.
Detailed spectral studies would be necessary to distinguish
γ-rays originating from DM annihilation from γ-rays of
astrophysical origin. Especially the detection of spectral
features such as a cut off or γ-ray lines would be promis-
ing hints for a DM detection. However, in the analysis
presented below a non-detection of a diffuse γ-ray flux is
reported and therefore the more challenging situation of a
flux detection should only be mentioned in this paper. Ad-
ditionally the upper limit on < σv > discussed below is
conservative as possible enhancements of the photon flux
resulting from DM annihilation products due to substruc-
tures in the DM density distributions are not taken into
account. Eventually, no usage is made of a possible DM
annihilation photon flux enhancement in the VHE photon
regime predicted due to spectral modifactions (e.g. internal
bremsstrahlung and Sommerfeld enhancement [7]).
As indicated in the introduction the treatment of back-
ground events is of special importance for a search for
an extended diffuse γ-ray emission in the GC region with
Cherenkov telescopes. In this analysis, the number of back-
ground events is in a first step reduced by the application of
H.E.S.S. standard cuts [10]. A further treatment of back-
ground events coming from the GC region is performed
by a method of background subtraction. In general the
background subtraction utilizes that the background flux
is isotropic such that an estimate for the number of back-
ground events coming from the GC region is the number of
background events coming from a region further away from
the GC. Thereby two regions, the signal region Ωsig close
to the GC and the background region Ωbkg further away
from the GC, are defined and compared. As the expected
photon flux resulting from DM annihilation products is de-
creasing with distance to the GC it is expected that the sig-
nal flux in the background region is less than in the signal
region. The residual signal flux in the background region
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Figure 2: Illustration of the reflected pixel method for back-
ground substruction. The telescope pointing position is in-
dicated with a black star. The signal region around the GC
is in green, regions that are blanked due to the presence
of γ-ray sources and the galactic plane are shown in yel-
low. The reflected pixel method constructs the background
region by rotating pixels from the signal region into the
background region at constant angular distance to the ob-
servation position (see for example pixel labeled with 0 and
rotated to pixels 1,2,3). White pixels within the signal re-
gion of 1◦ around the GC are pixels for which no back-
ground pixel could be found by the reflected pixel method.

has however to be accounted for by a modifaction of Eq.
(1) to

dΦ

dE
=

< σv >

8πm2

dN

dE
(J(sig)− J(bkg))Ωsig (2)

with the astrophysical factors J(sig/bkg) =
1

Ωsig/bkg
∫
dΩ

∫
dsρ2(s) of the signal and of the

background region. In order to compare the flux coming
from the signal and background region it is nessesary to
make sure that the instrumental acceptance in the signal
and background region are also the same. In [14] the
reflected pixel method is applied for the construction
of the background region. This method uses that the
H.E.S.S. acceptance is rotationally symmetric around the
observation position. A signal region of 1◦ around the GC
is defined and pixel within this signal region are rotated at
constant angular distance to the observation position out of
the signal region into the background region (see also Fig.
2). The method has the advantage that normal observation
runs can be used for a search for a diffuse VHE photon
emission from DM annihilation products. A disadvantage
is that the distance between the signal and background
region is limited as both regions have to be within the same
field of view. In [14] a dataset of 112 hours H.E.S.S. GC
observations passing quality cuts [10] with a mean offset
to the GC of 0.7◦ and taken under a mean zenith angle
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Figure 3: Upper limits for the velocity averaged WIMP self
annihilation cross section at 95% C.L. as function of the
WIMP mass. The upper limit curve is calculated for a NFW
and Einasto profile [13]. The green points represent Dark-
SUSY [1] model predictions for supersymmetric WIMP
candidates which are in agreement with WMAP and col-
lider constraints. For comparison limits derived from ob-
servations of the Sagittarius dwarf galaxy [6] with H.E.S.S.
as well as from VERITAS observations of the Willman 1
and Ursa Minor dwarf galaxies [8] and the Fermi/LAT ob-
servation of the Draco dwarf galaxy [9] are shown.

of 14◦ are analyzed with the reflected pixel method. The
limitation in the distance between signal and background
region leads to a background region astrophysical factor of
49% (43%) of the signal region astrophysical factor for a
Einasto (NFW) profile. The background reduction by stan-
dard Hillas cuts and subsequent background subtraction
for the signal region lead to a not significant residual γ-ray
flux from the GC region. Figure 3 shows the upper limits
derived on the velocity averaged WIMP self annihilation
cross section within the formalism discussed above. The
shown upper limits are among the most constraining in the
TeV regime, being about one order of magnitude above the
predictions for TeV mass WIMPs.

An obvious way to further improve the sensitivity on a
possible DM annihilation signal from the GC is to apply
a background subtraction method that has less expected
signal flux in the background region than the reflected
pixel method. This can be reached with background
regions further away from the GC than possible with the
reflected pixel method due to the limitation that the signal
and background region have to be in the same field of view
in the latter background subtraction method. One way to
technically realize background regions further away from
the GC is to use dedicated OFF observation runs for the
signal region observation. The sensitivity of this so called
ON-OFF method is currently studied. Technically, the
signal region for the ON-OFF method is close to the GC
(see central region in Fig. 4). Known γ-ray sources as well
as the galactic plane with |b| < 0.3◦ are blanked as for
the above discussed reflected pixel analysis. The ON-OFF
method allows a bigger signal region than the reflected
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Figure 4: Simulated event count map for the illustration of
the ON-OFF method for background subtraction. A signal
region in the GC region is observed with the full H.E.S.S.
field of view, thereby blanking known γ-ray sources and
the galactic plane. For background subtraction two dedi-
cated OFF observation runs are scheduled such that there
is always a triplett of one ON and two OFF runs taken
consecutively with the pattern OFF-ON-OFF. All runs are
taken with an offset of about 30 minutes in right ascension
which is also the observation time for each run. In this way
it is assured that the zenith and azimuth angle range cov-
ered in each run is the same. Additionally all exclusion
regions of each run is multiplied mutually with each other
run in the field of view system so that the the total field of
view for each run is the same. Together the same zenith
and azimuth coverage and the mutual multiplication of all
exclusion regions enable the possibility of gaining the same
photon acceptance in each of the runs.

pixel method. An experimentally challenging task is to
gain the same photon acceptance for the ON and OFF
observations. In Fig. 4 two regions that go along with the
signal region centered close to the GC are shown as back-
ground regions. The background regions are constructed
to be observed with a 30 minute offset in right ascension
relative to the signal region such that an observation pattern
of consecutive OFF-ON-OFF runs with around 30 minute
runlength is resulting. This observation pattern leads to the
same range in azimuth and zenith angles to be covered in
each run of the OFF-ON-OFF pattern and therefore in the
ideal case to the same instrumental photon acceptance. In
practise it has to be assured that the atmospheric conditions
are not changing from one run to the next and the telescope
array has to be operated in a very stable condition, e.g.
camera temperatures must not change significantly with
time. Additionally the level of night sky background has
to be kept constant during the OFF-ON-OFF observation
pattern or alternatively the influence of changing night sky
background has to be corrected for. From the data analysis
point of view the treatment of the exclusion regions needs
special consideration. The exclusion of known γ-ray
sources in all observations as well as the exclusion of the
galactic plane for the signal region observation leads in

general to different exclusion regions for each run which
has to be corrected for as otherwise the photon acceptance
is obviously differing in each run. This can be realized by
multiplying the exclusion regions of each observation in
an OFF-ON-OFF observation triplett mutually with each
other so that the size and shape of the resulting exclusion
regions are the same for each observation in the run triplett.
The result of this mutual multiplication is also shown in
Fig. 4. The observation of two different background re-
gions for one signal region aims for an improved precision
of the number of expected background events in the signal
region. The ON-OFF method for a search for a diffuse
γ-ray signal from the GC region is currently among other
techniques under intensive investigation and first results
indicate that an improvement in sensitivity compared to
the reflected pixel method is possible.

3 Conclusion

The central region of the Milky Way is a promising target
to search for a diffuse VHE photon signal from WIMP self
annihilation products. It is shown that strong constraints
on the velocity averaged WIMP cross section can be de-
rived from existing GC data recorded with the H.E.S.S.
experiment. In order to further increase the sensitivity of
Cherenkov telescopes towards the predictions for the veloc-
ity averaged WIMP cross section in supersymmetric theo-
ries challenging experimental tasks have to be solved and
new methods have to be developed. One way to achieve
a better sensitivity is the ON-OFF method of background
substruction. Further investigations of the possibilities of
this and other methods will be performed.
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