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Abstract

CIZA J1358.9-4750 is a candidate for an early merging clusters, located at a redshift of z = 0.07 and
close to the Galactic plane. It consists of two X-ray humps separated by ∼ 13 arcmin (∼ 1.3 Mpc),
corresponding to two clusters, and a“ bridge” region connecting them. With a Suzaku observation, we
found that this region shows a higher temperature (9.0 keV) than the two humps (5.7 keV, 4.6 keV). This
temperature increase, together with good positional coincidence between cD galaxies and the X-ray humps,
indicates that the system is in early phase of clusters merger. Applying Rankine-Hugoniot equation to the
temperature increase gives the mach number of > 1.4, and a colliding velocity of > 1800 kms−1.
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1. Introduction

In the contemporary large scale structure evolution sce-
nario, clusters of galaxies attract one another by gravity
and collide, merging into larger and large systems. When
they merge, part of gravitational energy is thought to be
converted to thermal energy, resulting in an tempera-
ture increase in the Intra-cluster Medium (ICM). Colli-
sion of the ICM in merging clusters of galaxies induce
shock waves, which in turn generate turbulence. More-
over these phenomena, accelerate particles up to rela-
tivistic energy and amplify magnetic fields in the ICM.
However, it is unknown how the released dynamical en-
ergy is distributed to these different channels.

One of the ways to solve these problems is to conduct
X-ray observations of appropriate merging clusters, and
determine the collision parameters such as colliding ve-
locity, viewing angle, and original mass of the colliding
clusters. Systems in early merging stage (i.e. before core
crossing) are the most attractive, because their geometry
is easy to understand, and colliding parameters can be
determined easily. At late merger stages (i.e. after core
crossing), the temperature distribution and X-ray spatial
distribution become too complicated for a reliable esti-
mation of the collision parameters. However few early
merging clusters have been found to date, and what is
more, they are not accompanied by shocks.

2. A candidate of early merger, CIZA J1358.9-4750

This object is listed in the CIZA catalog (Ebeling et
al. 2002, Kocevski et al. 2007), which collects X-ray
selected clusters of galaxies in the Zone of Avoidance
(typically |b| < 20°). This object has two extended
X-ray sources, separated by 13 arcmin (approximately
1.3 Mpc), considered to represent two clusters of galax-
ies that are otherwise uncatalogued. An X-ray enhance-
ment, to be called“ bridge”, is observed in between.
The redshifts of south-east and north-west cD galaxies

Fig. 1. A 0.5–10 keV Suzaku X-ray image of CIZA J1358.9-4750.
Spectra were extracted from regions surrounded by green lines.
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Fig. 2. Left: One of the spectra of CIZA J1358.9-4750, extracted from a region labeled 1 in Fig.1. Red, cyan, deep blue, and magenta indicate
Apec, LHB, MHW, and CXB components respectively. Right: Temperature distributions of CIZA J1358.9-4750. The letters specify the
regions shown in Fig.1.

are 0.0709 and 0.0745, respectively. This object was al-
ready observed with Rosat and XMM–Newton, but for
extremely short times.

3. Suzaku Observation and Results

With Suzaku, we observed this object on 2013 January
21-23, for an exposure of 61.7 ks. The XIS image is
shown in Fig.1. We extracted 0.6–10 keV spectra from
8 regions, and one example is presented in Fig.2. After
subtracting non X-ray background from individual spec-
tra, we fitted them with a model consisting of four com-
ponents; the ICM emission (Apec model) absorbed by
Galactic line-of-sight column, Milky Way halo (MWH)
emission with a temperature of ∼ 0.3 keV, local hot bub-
ble emission (LHB; ∼ 0.1 keV), and Cosmic X-ray back-
ground (CXB) using the parameters by Kushino et al
(2002). The fits were all acceptable with reduced chi-
square of about 1, and yielded the ICM temperature, its
metal abundance, and the source redshift.

The derived temperature distribution is plotted in left
of Fig.2 (right). The South-east hump and the North-
west one are shown to have a temperature of 5.7 keV
and 4.6 keV respectively without central cool compo-
nent. The difference is approximately 20 %, so that
they have almost same mass. On the other hand, the
bridge region has a high temperature factor of 1.6 than
seen in the two X-ray humps. This is similar to early
phase mergers revealed shown in numerical simulations
(Akahori & Yoshikawa 2010; Takizawa 2008). Positional
coincidence of the cD galaxies with the X-ray humps
(within∼1’∼ 93 kpc) supports this view.

From optical galaxy catalogues (NED), 11 and 8 galax-
ies were found within 500 kpc of the north and south X-
ray peaks, respectively. Their average redshift are 0.0737
and 0.0721 respectively, and thus line-sight-velocity is
∆v = 480 kms−1.

4. Discussion

Assuming that the temperature increase at the bridge
region is caused by a shock wave, we can apply the

Rankine-Hugoniot equation (Maxim & Alexey 2007).
The temperature increase is 9.0 to 6.4 keV, and thus
the mach number is 1.4. The sound velocity in ICM is
1300 kms−1 at 6.4 keV, so that the colliding velocity be-
comes 1800 kms−1. In the present analysis, we fitted
the ICM emission with only one Apec model (1KT), be-
cause it provide acceptable fits. However in reality, must
be in a multi-temperature condition, because the shock-
heated component is mixed with the original component
due to projection. Therefore, the value of ∼1800 kms−1

is considered to be a lower limit, and the true colliding
velocity is higher.

The small line-of-sight velocity difference, ∆v =
480 kms−1, implies that the two clusters are colliding
almost in the sky plane.

5. Conclusion

We have demonstrated that CIZA J1358.9-4750 is a pre-
cious early-phase merger, with clear evidence of shock
heating. Our Suzaku proposal, for 4 pointings onto out-
skirt regions, has been selected. Also, an ATCA radio
observation of this object is scheduled. The X-ray and
radio data, when combined, will provided further infor-
mation on this interesting object.
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