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Suzaku study of hard X-ray emission from relaxed galaxy clusters
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Suzaku has searched relaxed galaxy clusters for excess hard X-ray emission and detected

positive signals above the non X-ray background from two rather relaxed nearby clusters;

Abell 1060 and the Centaurus cluster. However, when the results obtained in the softer

energy range are extrapolated, the excess can be accounted for by the thermal emission from

the intra-cluster medium. Therefore, it is implied that the hottest thermal emission was

already detected with the past observations in energies below 10 keV. As a result, the 1σ

upper limit on 20-80 keV non-thermal luminosity is constrained in both objects as < 3×1042

erg sec−1.

§1. Introduction

X-ray emission from clusters of galaxies has been studied in detail both in imaging and spec-
troscopy, and is consistently interpreted as optically thin thermal emission from hot plasma with
a typical temperature of a few keV. The dominant temperature of each cluster, determined in this
way, is widely employed in such a context as the total mass estimation, the study of Sunyaev-
Zel’dovich effect, and the constraints on cosmological structure formation. However such high
sensitivity observations of clusters of galaxies have been limited to the energy range below 10 keV.
Therefore, it is yet to be clarified whether or not clusters host any hotter thermal component that
is difficult to detect in energies below 10 keV. Moreover, there could be non-thermal emission,
hidden by the thermal emission which becomes weaker in the hard X-ray region.

Some attempts to detect the hard X-rays from clusters of galaxies have been made by HEAO-
A2 [8], Ginga [4], BeppoSAX [3, 2], and RXTE [12]. As a result, non-thermal emission from merging
clusters such as the Coma cluster and Abell 2256 has been reported using the BeppoSAX/PDS
[3, 2]. On the other hand, non-thermal emission from relaxed clusters has hardly been studied so
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far either observationally or theoretically.
A significantly improved sensitivity in the energy range from 0.2 to 600 keV is realized by

a combination of the X-ray CCD cameras (XIS [7]) and the hard X-ray detector (HXD [14, 6])
onboard Suzaku [9]. Thus, Suzaku is expected to provide new observational information on the
hard X-ray emission from clusters of galaxies, including both merging and relaxed ones.

In the present paper, we present results from initial analysis of HXD data from two relaxed
clusters of galaxies; Abell 1060 and the Centaurus cluster, observed with Suzaku during its perfor-
mance verification phase. Results on the thermal emission from these two clusters using the XIS
are described elsewhere [13, 11].

§2. Target selection and data reduction

The HXD has two major merits in searching clusters of galaxies for the hard X-ray emission.
One is that it has very low in-orbit background (< 10 mCrab), especially in the PIN energy band
of 10-50 keV. Thanks to this, the HXD can achieve a sensitivity of 0.3-0.5 mCrab with the current
background modeling accuracy. The other is its narrow field-of-view (FOV) of 35′ in FWHM. While
this reduces the extra-galactic cosmic X-ray background (CXB) flux and source contamination, it
is still wide enough to cover nearby clusters with a small number of pointings.

In order to search efficiently for the hard X-ray emission, especially the hidden non-thermal
emission in several tens keV, clusters with high surface brightness but low temperatures are suit-
able. Although the Perseus cluster, the X-ray brightest cluster, is an obvious candidate, it is
somewhat too hot, and too extended to cover with a single HXD pointing. Thus, Abell 1060 and
the Centaurus cluster have been selected from the clusters observed in the performance verification
phase. They have both spherically symmetric surface brightness, no strong point source, and no
radio relic. A major difference between them is that the Centaurus has the cD galaxy, but Abell
1060 does not. With a BeppoSAX/PDS observation of the Centaurus cluster, hard X-ray signals
including thermal emission were detected at 3.6σ significance [10].

Observations of Abell 1060 and the Centaurus cluster were performed on 2005 November 22
and December 27, respectively. The XIS and the HXD were operated both in their normal modes
during the observations. We analyzed the data in the standard manner, i.e., cut-off rigidity higher
than 8 GV, elevation from the earth rim larger than 5 deg, and time-after-SAA longer than 500
sec; the former observation yielded 28 ks of good HXD exposure, while the latter 26 ks. Generally,
we utilize the latest version of the calibration information (referred to as “rev1.2” in the early
Suzaku papers). However, in subtracting non X-ray background (NXB) from the PIN data, we
used so-called bgd-a’ provided by the HXD team, rather than a earlier version in rev 1.2 data
processing.

§3. Preliminary results on the hard X-ray signals

Figure 1 shows the hard X-ray spectra from these objects obtained by subtracting the NXB
models from the screened data. The CXB using the HEAO-1 surface brightness [1] is also shown
in the figure. In the case of Abell 1060 spectrum, it is highly possible that the NXB model is
overestimated since the remaining signals are even weaker than the expected CXB flux especially
above 20 keV. The detected signals are about 10% of the detector background (∼ 10 mCrab), and
are therefore of the order of 1 mCrab in both objects.

With this small flux, we have to consider not only the statistical errors but also systematic
errors of the NXB subtraction. One way of doing this is to apply the same model-background
subtraction to several dozens of HXD data sets acquired from “blank” fields in hard X-rays. Since
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Fig. 1. Spectra of Abell 1060 (left) and the Centaurus cluster (right). The red, black, blue, and magenta points rep-

resent screened data, background model, background-subtracted data, and CXB model referring to the HEAO-1

measurements, respectively. Error bars represent statistical (90% confidence) only.

the systematic errors depend on the integration time, we generated daily averaged count rates,
considering that the observation times of the two target clusters are both about one day. Figure 2
shows 16-20 keV light curves of “blank” fields obtained in this ways. By subtracting the NXB
model from the screened data, we are left with a relatively constant residuals of ∼ 0.1 counts
sec−1, or ∼ 10% of the total HXD-PIN background. This should be due to the CXB; actually,
it agrees with a prediction, obtained by convolution of the HEAO-1 surface brightness and the
HXD-PIN angular response. Although the CXB counts should be constant to within ∼ 10%,
the measurements actually scatter, as shown in figure 2 (right). We consider that this scatter
represents the systematic errors of the HXD-PIN NXB subtraction. As a result, the systematic
error is estimated as ∼ 5% (8%) in its standard deviation (90% confidence level). Table I shows
these estimates performed in several energy bands.
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Fig. 2. Light curves of daily averaged 16-20 keV count rates (left), and their occurrence histograms (right). The

red, black, and blue points in the left panel represent the screened data, the NXB model, and the background-

subtracted data, respectively.

Table I. Systematic errors of the HXD-PIN NXB model in several energy bands.

Energy band (keV) 10-13 13-16 16-20 20-30 30-50

Standard deviation (%) 5.2 4.8 5.1 3.7 3.1

CXB/BGD (%) 9.0 9.8 11 8.2 2.1

Including the systematic errors of 5% as estimated above, we quantitatively compared the
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excess PIN flux with a prediction of a thermal emission model, of which the temperature and
emission measure are fixed to the values determined with ASCA in energies below 10 keV [15, 5].
The results are shown in figure 3 and table 3. Thus, the models measured in the softer energy
range can explain the PIN spectra in terms of chi-square evaluation. Therefore, the detected
signals can be accounted for by the thermal intra-cluster medium emission, with no hint of excess
signals from non-thermal or hotter components. In other words, the hottest thermal component
in these clusters has already been revealed in softer energies below ∼ 10 keV. Considering that
the total HXD-PIN background flux is ∼ 10 mCrab, and the statistical and systematic errors are
∼ 2% and 5%, respectively, we quote the 1σ (68%) upper limit luminosity on any non-thermal
emission with a photon index of 2 at 3 × 1042 erg sec−1 in the 20-80 keV band.
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Fig. 3. The background-subtracted PIN spectra of Abell 1060 (left) and the Centaurus cluster (right), compared

with the predicted thermal model plus the CXB contribution. The blue, magenta, green and black points

represent background-subtracted data, the CXB model, the extrapolated thermal emission model, and the total

model, respectively. Errors include both the statical and systematic contributions.

Table II. Chi-square test for the extrapolated thermal emission model against the detected hard X-ray signals.

Object A1060 Centaurus

Temperature (keV) 3.3 (fix) 3.8 (fix)

Emission Measure 0.043 (fix) 0.11 (fix)

χ2/ν 5.0/5 2.9/5

§4. Summary

By analyzing the Suzaku/HXD data of Abell 1060 and the Centaurus cluster, we have detected
positive signals above the NXB and CXB toward 20 keV. Within the systematic plus statistical
errors of the background subtraction, the excess can be accounted for by the thermal emission
from the intra-cluster medium. As a result, the 1σ upper limits on the 20-80 keV non-thermal
luminosity with a photon index of 2 is constrained as < 3 × 1042 erg sec−1 in both objects.
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