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Abstract: Clusters of galaxies, the largest gravitationally boungbcts in the universe, are expected to
contain a significant population of hadronic and leptoninaiw rays. Potential sources for these particles
are merger and accretion shocks, starburst driven galaaiits and radio galaxies. Furthermore, since
galaxy clusters confine cosmic ray protons up to energies lefagt 1 PeV for a time longer than the
Hubble time they act as storehouses and accumulate all dheria particles which are accelerated
within them. Consequently clusters of galaxies are paéstiurces of VHE ¥ 100 GeV) gamma rays.
Motivated by these considerations, promising galaxy ehssére observed with the H.E.S.S. experiment
as part of an ongoing campaign. Here, upper limits for the \gdEima ray emission for the Abell 496
and Coma cluster systems are reported.

Introduction Due to the expected large component of nc
thermal particles, galaxy clusters are poten
Galaxy clusters are the largest non-thermal sourcessources for gamma-ray emission (see [13] for a
in the universe. Radio [1], [2] and hard X-ray [3], centreview). Various processes can lead to the |
[4] observations show the presence of acceleratedduction of gamma-ray radiation in these objec
electrons in these systems. It is understood that Inelastic collisions between cosmic ray proto
hadronic cosmic rays accelerated within the clus- and thermal nuclei from the intra-cluster medit
ter volume will be confined there (with energies of (ICM) will lead to gamma-ray emission throug
up to 105 eV) for timescales longer than the Hub- 7°-decay [14], [5]. Electrons with sufficiently hig|
ble time [5], [6]. Hence clusters of galaxies act as €nergies can up-scatter cosmic microwave be
storehouses for such particles, and therefore a largeground (CMB) photons to the gamma-ray range
component of cosmic rays is expected in these sys-inverse Compton processes [15], [16], [17].
tems. Despite the arguments for potential gamma-
Several sources of cosmic rays can be found in emission given above, no galaxy cluster has firr
galaxy clusters. Accretion and merger shocks been established as a source of high-energy
driven by large-scale structure formation have the very high-energy electromagnetic radiation [1.
ability to accelerate cosmic rays [7], [8], [9]. Su- [19].
pernova remnant shocks and galactic winds can
also produce high-energy particles [5]. Addition-
ally AGN outbursts can distribute non-thermal par-
ticles in the cluster volume [10], [11], [12].

The H.E.S.S. experiment

The H.E.S.S. experiment is an array of imagi
atmospheric Cherenkov telescopes located in
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Khomas highlands, Namibia [20]. It observes in this relation can be used to convert the preser
the VHE gamma-ray regime and has a field of view upper limits to other sizes.

of ~5°. Due to the large field of view it is possible

to detect extended sources such as supernova reMeoma cluster

nants [21], [22]. Galaxy clusters are expected to

feature extended VHE gamma-ray emission. The The Coma cluster is a prominent hot (T = 8.

H.E.S.S. experiment is well suited to search for ey, [29]), nearby (z = 0.023) galaxy cluster whi
such a signal (see e.g. [21]). shows a merger signature in the X-ray gas ([3(
It features a hard X-ray excess ([3], [4] but see [&
for a different interpretation) and a radio halo [3:
The Coma cluster isften considered as &tan-

dard cluster”, and, due to the wealth of data ¢
this object, it is very important for theoretical ir

Abell 496 is a nearby (z = 0.033), relaxed cluster of terpretatlops. Itis Iogated in the Northern Hen
sphere which makes it less accessible for H.E.¢

galaxies with a mean temperature of 4.7 keV. It fea- > X :

tures a cooling core at its center [23]. It is located Th's c!uster was observed during moonless ”'9
in the Southern Hemisphere [24] and is therefore in April ar_ld May 20_06'. 7.9 hours O.f gqod da
well suited for observations with H.E.S.S. Data "V€'® obta|_ned resulting in 7.3 hours ""‘? “”_‘e-T,
taking was performed during moonless nights in mean zenith e_mgle of these observation is 5¢
the time period from October to December 2005, which results in an energy threshold of 1.0 Te
and in October 2006. In total 23.4 hours of data fqr ;tgndarq CUtS. and 2'9 Tev for hard cgts. l
were taken, with 15.9 hours passing standard data__5|gn|f|c_ant signalis fpund_ln these obseryatlons
quality selection (live time 14.6 hours). The mean Ing various geometrical size cuts (see_ F|_g. 2). L
zenith angle is 27 %which results in an energy per limits on the VHE gamma ray emission of t
threshold of 0.31 TeV for standard cuts and 0.57 Qoma cluster for t_he core region and _for t_he ¢
TeV for hard cuts. H.E.S.S. standard data anal- "€ cluster are dgnved. Applymg a radial size ¢
ysis (described in [25]) was performed using dif- of 0. (core re_gl|:§)n) an u2pp_e1r limit of r.(>1.0

ferent geometrical size cuts to account for the ex- TeV) =8.9x10 ph_cm‘ S (3'7.% Crab _qux)_
tended nature of the target. No significant excess is found. For the entire cluster, with a radial si

i t of 1.4, an upper limit of lg.(>2.0 TeV) =
of VHE gamma-ray emission is found at the po- € s 2 1 .
sition of Abell 496 (see Fig. 1). Upper limits 4.8 107" ph cnT* 57 (65.6% Crab flux) is ob-

for this object for two different size cuts are de- tained. For the latter, very extended analysis, o

rived. All upper limits are obtained following [26] %astjﬁvi\::litzni I:fﬂi'gg? 8:: %égi%friéerﬂizdvﬁ;ei
:rss ZTIEE :t {)hogv gesralgao\z zgﬁ%r:;g;dl:(/;f 'I'Zhi: E?Sq[ alarge zenith angle for the background estimati
radial size cut, 0.9, is applied to test gamma-ray

emission associated with the high density core re- Symmary & outlook

gion of the cluster. This is of particular interest for

a hadronic scenario, since the gamma-ray emission-sters of galaxies are the most massive gr:
should be enhanced in regions with higher density y4tionally hound structures in the universe and
of target material. In this region an upper limit g, ch, they are believed to be representatives for

— —12 2 o1
of FgL(>O.31 Te_\/) =1.0 X 10 ph cnmes universe as a whole. Therefore they are imp
(0.8% Crab flux) is determined. A radial size cut of tant tools for cosmology. The detection of gamn

0.6° is also applied, which covers the entire clus- ray emission from these objects will give impc

ter [27]. For this extended region an upper limit -+ information about structure formation and «

— —12 2 o1
Ojr E;Lgofg Tev) f_2.4dx Iioh Ejhbcm_ tSd hat PEMova activity over the entire history of the ur
(4.5% Crab flux) is found. It should be noted that \ose No gamma-ray excess has been found

the H.E.S.S. upper limits scale approximately with 4y £ 5 5 from any cluster, with observation tim
r/ro with » andr being geometrical size cuts and in the range of 10- 20 hours. As a next step, or

Targets

Abell 496
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Declination
Declination

4"30™
Right Ascension

4"30™
Right Ascension

Figure 1: Significance map of the cluster Abell 496 seen by.8lE& with standard cuts (left panel) ai
hard cuts (right panel). No signal is detected from thisaegif the sky. The dashed circles show the t
size cuts and the white contours corresponB@SATX-ray contours [28].

Declination
Declination

12"55™
Right Ascension

13"05™ 13"00™ 12"55™ 13"p5™ 13"00™
Right Ascension

Figure 2: Significance map with standard cuts (left) and lsatd (right) of the Coma cluster. No signal
found in the data. The two dashed circles correspond to thesize cuts.
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promising galaxy cluster will be given a very deep
H.E.S.S. exposure of at least 50 hours.
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