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Abstract: More than forty gamma-ray sources have been detected bysptradc Cherenkov telescopes

at TeV energies. Although there are many theoretical ptiedis on the possible gamma-ray fluxes from

these gigantic objects assuming various emission mecehani® cluster of galaxies have been proven to
be a TeV gamma-ray emitter until now. We have observed a eaffglusters of galaxies in the southern

sky with the CANGAROO-III atmospheric Cherenkov telescagstem in 2006, and preliminary results

on the analysis to search for gamma-ray signature are ezbort

Introduction be a direct measurement of the energy densit
non-thermal particles. In the past, observation:
Observations of clusters of galaxies at various the TeV-band with atmospheric imaging telescoj
wavelength (i.e. radio, optical, X-ray, and etc.) Yielded only upper limits [6, 7].
suggest the existence of non-thermal particles in Recently, Inoue et al. [8] discussed the follo
these gigantic objects [1]. In the gamma-ray band, ing mechanism of gamma-ray emission frc
no observational evidence has been reported fromComa-like clusters of galaxies: protons could
clusters of galaxies [2] (but, there could be a hint; accelerated up ta0'® ~ 10' eV in the cluster
see, for example, refs.[3, 4, 5]). If a gamma-ray accretion shocks, and secondary electron-posi
flux is observed from clusters of galaxies, it would pairs would be produced in thg-y interaction

1005



OBSERVATION OF CLUSTERS OF GALAXIES

with the cosmic microwave background photons, Analysis

and then the electron-positron pairs could boost up

those photons into the TeV range by the inverse We basically followed analysis procedure €
Compton process. The predicted gamma-ray flux plained in detail in [15], so here we give a bri
could be at the detectable level, depending on description.

mainly the strength of magnetic field in the cluster

: First, we selected shower events from the data
of galaxies.

applying clustering cuts, and we calculated the i
age moments(Width, Length) [16]. The typic
Here we report preliminary results from our obser- shower rate is-7Hz, and we cut the data when tt
vations of a few clusters of galaxies at TeV ener- shower rate was lower than 5Hz. The effective (
gies with CANGAROO-III, an array of imaging servation time for ON and OFF source after this :
atmospheric Cherenkov telescopes. We have se-lection is18.7hours and 7.7 hours for Abell 4038,
lected targets whose characteritics are similar to and28.7 hours and®3.7 hours for Abell 3667. Af-
that of the Coma cluster from the southern Abell ter this shower image selection for each telescc
catalog [9]: Abell 4038, formerly known as Kle- we selected only three-fold coincident events &
mola 44, is a rich southern cluster with= 0.028 also require that none of the each shower im:
centered afa, §) = (23"47m45.15, —28°08/26") should be in the outermost layer of the camera
(J2000) [10]. Abel 3667 is a one of the brightest X- order to avoid the deformation of the image.

ray sources in the southern sky, and is also known Next, for the gamma-ray/hadron sepataion,
to show huge diffuse radio emission around the adopted Fisher Discriminant method [17] as ¢

cluster [11]. The location of its center (&, ) =
(20"12m27.4%, —56°49'36”) (J2000), and its ref-
shift is z = 0.055 [12]. Since the radio relics

scribed elsewhere [15]. Briefly stating, we mad:
linear combination of image parameres (herea
we call it FD) as expressed by Eq. 1:

around Abell 3667 might be a site of particle ac-

ceralation [12], it could be a good TeV gamma-ray
candidate, however, the distance is a little farther

than Coma cluster(= 0.023).

Observation

We observed cluster of galaxies, Abell 4038 and W&s maximized.

Abell 3667, with the CANGAROO-III telescopes

FD =a;-Wy + azWs + as-Wy

+ay-Lo 4 as-La + gLy 1)

wherelV, and L, are Width and Length observe
by telescope x (Tx), and calculated the coefficie
(a1 ~ag) so that the difference d¥D distributions
between the gamma-ray events and hadron ev
In this calculation, we ust
Monte Carlo simulation for gamma-ray even

[13] in 2006. Three telescopes (we call them as @nd OFF-source run for hadron events. Sir
T2,T3,T4) were used for these observations and FD valué has a small dependence on zenith ar
the data were recorded when any two telescopesdu€ 10 the image size dependence on the s
were triggerd [14]. The observation of each cluster Parameter, we corrected this effect by using Of

consists of ON-source runs and OFF-source run
for each run we adoptedobble mode in which
the pointing direction was shifted in declination
+0.5° from the tracking position every 20 minutes.
The total observation time are25 hours (ON) and
~24 hours (OFF) for Abell 4038 and-32 hours
(ON) and~29 hours (OFF) for Abell 3667.

s- source run distributions. We extracted gamma-
events from fitting procedure of the ON-sour
FD distribution with background (OFF-sourci
distribution plus a scaled gamma-ray distributi
[15]. In our Monte Carlo simulation, the overs
light collecting efficiency (reflectivity of mirrors
guantum efficiencies of photomultiplier etc.) wi
estimated from a muon ring analysis [15], and
assumed the power-law index = —2.1 for the
incident gamma-ray spectrum.

Finally, the incident direction of each Cherenk:
image was calculated and the space angle,
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Figure 1: §%distribution of excess counts around Figure 2: #*distribution of excess counts arour
the center of Abell 4038 (preliminary). the center of Abell 3667 (preliminary).

between the event and the assumed source po-So we scaled the predicted gamma-ray flux in tr
sition was assigned. Fig.1 and Fig.2 shows the paperin which they assumed a Coma like cluste
6% distribution for Abell 4038 and Abell 3667, the clusters in question (Abell 4038 & Abell 366
respectively, after subtracting background distri- and we overplotted them to the derived upper li
butions obtained from OFF-source runs. These its shown in Fig.3 and Fig.4. Comparison of tl
preliminary plots show no hint of gamma-ray derived2c upper limits with the models, we ca
excess to appear towaf = 0 if there is a infer that the lower limits of the magnetic field i
point-like gamma-ray source in the cluster centers. cluster’s centers are0.1uG.

We repeatedly plotted these distributions assuming

grid points in the circle withiri® from the centers

as possible point-like sources, but saw no hint of SUmmary

gamma-ray signal.
We observed clusters of galaxies Abell 4038 ¢

Abell 3667 with the CANGAROO-III telescope
in 2006. From preliminary analysis, we could n
find any gamma-ray excess withifi circles from
their centers. By comparing the upper limits wi
a theoritical model, we derived the lower limits
the magnetic filed around the cluster’s centers
~0.1uG.

Thus we calculatetlo upper limits from the clus-
ter centers. In this calculation, we assumed the
gamma-ray emission regions for two cases: point
source emission region where we integrated inside
6% < 0°.06 by taking account of our angular reso-
lution, and diffuse source emission region that is a
circular region whose radius corresponds to a half
of its Virial radius [18]. The results are shown in

Fig.3 (Abell 4038) and Fig.4 (Abell 3667). Acknowledgements
This work is supported by the Grant-in-Aid for Scientif

] ] Research, Ministry of Education, Culture, Science ¢
Discussion Technology of Japan, and Australian Research Coun

The expected gamma-ray flux predicted by Inoue

etal. [8]is proportional to thé/ 3 /D? whereM is
the cluster mass amd is the distance to the cluster.
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Figure 3:20 upper limits on gamma-ray emission Figure 4:2¢ upper limits on gamma-ray emissic
around the center of Abell 4038 (preliminary). The around the center of Abell 3667 (preliminary). Tl
thin arrows are upper limits assuming point source thin arrows are upper limits assuming point sou
emission, and the thick arrows for diffuse source emission, and the thick arrows for diffuse sour
emission. The overplotted lines are the scaled the- emission. The overplotted lines are the scaled 1
oritical models calculated in [8]. oritical models calculated in [8].
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