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A particle acceleration site in the Coma cluster?
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Abstract: We present the results of a deep (1.1 Ms) observation of the Coma cluster of galaxies in the
18-30 keV band with the ISGRI imager on board theINTEGRAL satellite. We show that the source
extension in the North-East to South-West (SW) direction (∼ 17′) significantly exceeds the size of the
point spread function of ISGRI, and that the centroid of the image of the source in the 18-30 keV band is
displaced in the SW direction compared to the centroid in the1-10 keV band. To test the nature of the SW
extension we fit the data assuming different models of sourcemorphology. The best fit is achieved with a
diffuse source of elliptical shape, although an acceptablefit can be achieved assuming an additional point
source SW of the cluster core. In the case of an elliptical source, the direction of extension of the source
coincides with the direction toward the subcluster fallingonto the Coma cluster. If the SW excess is due
to the presence of a point source with a hard spectrum, we showthat there is no obvious X-ray counterpart
for this additional source, and that the closest X-ray source is the quasar EXO 1256+281, which is located
6.1′ from the centroid of the excess. Finally, we show that the hard X-ray emission coincides with the
1.4 GHz radio emission, which suggests that the hard X-ray emission comes from the same population of
electrons that is responsible for radio haloes through synchrotron emission.

Introduction

In the hierarchical scenario of structure formation,
clusters of galaxies are the latest and biggest struc-
tures to form. Hence, we expect some of them to
be still forming, and experiencing major merging
events with smaller clusters. This is the case of
the Coma cluster, that is currently merging with the
NGC 4839 group.

In such events, the merging of the ICM of the
two clusters creates shock fronts, in which the-
ory predicts that an important population of par-
ticles would be accelerated to high energies [1].
This phenomenon should then produce a reheat-
ing of the gas, and create a higher temperature
plasma that would radiate more strongly in hard
X-rays. Alternatively, interaction of the popula-
tion of mildly relativistic electrons that produce
the halos of galaxy clusters via synchrotron radi-
ation [2] with the Cosmic Microwave Background
would then produce hard X-ray emission through
inverse Compton processes, and thus add a power-
law tail to the spectrum in the hard X-ray domain.

Detection of this hard X-ray excess would help to
learn more about the cosmic ray population de-
tected by radio observations. Furthermore, char-
acterization of the morphology of the hard X-ray
emission would bring a possible identification of
acceleration sites.

Recent reports of detection of a hard X-ray excess
by Beppo-SAX [3] andRXTE [4] in the Coma clus-
ter seem to confirm the existence of a high energy
tail of the spectrum of merging clusters, and thus
prove the existence of particle acceleration sites in
these clusters. However, these detections are rather
weak and controversial [5], and since the hard X-
ray instruments on bothBeppo-SAX andRXTE are
non-imaging, contamination by very hard point
sources inside the cluster could not be excluded
(e.g. by the central galaxy NGC 4874, NGC 4889
or the QSO EXO 1256+281). Besides, it was not
possible to have any information on the morphol-
ogy of the hard X-ray emission.
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Figure 1: The residuals after the subtraction of the
XMM-Newton profile from theINTEGRAL image
(see text). The South-West excess in the residual
image is apparent.

INTEGRAL data analysis

After a careful selection of Science Windows
(ScWs), we created a mosaic image of the cluster
with the standard OSA 6.0 software in the 18-30
keV energy band (see [6] for details). From this
mosaic, we showed that the source extension in the
North-East to South-West (SW) direction (∼ 17′)
significantly exceeds the size of the point spread
function of ISGRI (12′ FWHM), and that the cen-
troid of the image of the source in the 18-30 keV
band is displaced in the SW direction compared to
the centroid in the 1-10 keV band. Figure 1 shows
the residuals of theINTEGRAL mosaic image after
substraction of the smoothedXMM-Newton image,
renormalized in a way that the difference between
INTEGRAL andXMM-Newton flux cancels at the
maximum of theXMM-Newton emission. One can
clearly see that significant residuals are left in the
South-West (SW) part of theINTEGRAL source af-
ter the substraction. This indicates that the hard
X-ray source detected byINTEGRAL is more ex-
tended in the SW direction than theXMM-Newton
source.

Possible interpretations for this excess

To test the nature of the SW extension, we fitted the
data assuming different models of source morphol-

ogy. The best fit is achieved with a diffuse source
of elliptical shape, with a semi major axis of 17′.
The direction of the major axis of the ellipse is in-
clined at the angleθ = 61± 4◦, which corresponds
to the direction of the NGC 4839 group. Alterna-
tively, an acceptable fit can be achieved assuming
an additional point source SW of the cluster core.
In this case, the additional point source is found at
RA=194.71± 0.01 and DEC=27.87± 0.01.

There is no obvious X-ray counterpart for this ad-
ditional source: the closest X-ray source is the
quasar EXO 1256+281, which is located 6.1′ from
the centroid of the excess (see Fig. 1) for the po-
sition of this quasar). We also extracted the soft
X-ray spectrum of this source and the flux of the
south-west region inINTEGRAL data, in order to
check if the spectrum would be compatible with
a highly absorbed Seyfert II galaxy. We find that
this is very unlikely: indeed, the fit requires a very
high absorption (nH > 4× 1024 cm−2) and a steep
spectral indexΓ ≥ 3.0 for the absorbed component,
which would be very unusual for a Seyfert II-type
Active Galactic Nucleus. We cannot exclude the
possibility that this excess is due to an unknown X-
ray point source, but because of the spectral prop-
erties required for this object, this hypothesis is
very unlikely. As a conclusion, we claim that con-
tribution of a very hard point source embedded in
the cluster to the observed flux is highly unlikely.

If we interpret the SWINTEGRAL excess as dif-
fuse emission, which gives the best representation
of the data, we see that the source is extended to-
wards the sub-cluster around NGC 4839, which
gives an indication that the emission might be re-
lated to the currently on-going merger between the
main cluster and this sub-cluster. We have inves-
tigated two possibilities for this additional compo-
nent: a thermal Bremsstrahlung emission from a
hotter region, and a non-thermal Inverse-Compton
(IC) component from theE ∼GeV electrons that
produce radio halos.

In the case of a hotter region, we find that this re-
gion coincides with a very hot region (kT ≥ 10
keV, [7]). A joint fit of the of 1-10 keV spectrum
extracted from a circle of a radius of 6’ centered at
the position of the SW excess and the 18-50 keV
spectrum extracted from the SW region from the
INTEGRAL mosaic image give an upper limit to
this temperature ofkT ≤ 14keV. This result is con-
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Figure 2: TheINTEGRAL significance image with
1.4 GHz radio contours overlayed.

sistent with the temperature found in the merging
region of the distant cluster Cl J0152.7-1357 [8],
which shows that such a high temperature is possi-
ble and might indeed be the signature of a merger.
We can thus associate the hard X-ray excess in this
region with emission from a very hot region of the
cluster (10 keV≤ kT ≤ 14 keV).

If the emission from the SW region comes from
non-thermal IC scattering of midly relativistic
electrons, which is the most popular idea to explain
the high-energy tail detected byBeppo-SAX, then
the morphology of the hard X-ray emission must
be correlated to the morphology of the radio halo
of the cluster. Figure 2 shows theINTEGRAL mo-
saic image in the 18-30 keV band with 1.4 GHz
radio contours overlayed from [9]. The radio con-
tours are substracted for the radio galaxies. We can
see that the radio emission is also displaced com-
pared to the 1-10 keV thermal emission, and that
the maximum of the radio emission coincides with
the SW excess. This strongly suggests that the hard
X-ray emission from this region is of non-thermal
origin, namely of IC scattering from the same pop-
ulation of electrons as the radio emission. This
strengthens the controversial result of [3].

Conclusion

Thanks to the imaging capabilities of ISGRI, we
were able for the first time to resolve spatially

the Coma cluster in the hard X-ray domain. We
showed that the hard X-ray emission is displaced
compared to the purely thermal emission in soft
X-rays. Investigating this displacement, we found
that the contribution of point sources to the ob-
served spectrum is likely negligible. Our analy-
sis shows that a hotter plasma can explain this ex-
cess. However, the correlation between the radio
and hard X-ray morphology strongly suggests that
the SW excess is due to IC scattering of mildly rel-
ativistic electrons.

Together with the spectral results obtained by
Beppo-SAX [10], it is now becoming clear that the
presence of an additional X-ray spectral compo-
nent is required by the data. Moreover, the strong
correlation between radio and hard X-ray morphol-
ogy clarifies the nature of this excess, and seems to
confirm the existence of a particle acceleration site
in the Coma cluster.
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