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Abstract

By using long Suzaku observations of the Pandora’s cluster (A2744), a massive and active merging
cluster at z = 0.3, we aim to understand the growth of the cluster and the gas heating process through mass
accretion along the filaments. We analyzed X-ray spectra of A2744 to derive the temperature distribution
out to the virial radius in three different directions. We also performed a deprojection analysis to study
radial profiles of gas properties and compared the X-ray results with multiwavelength data to investigate
correlations with the surface density of galaxies and with radio relics. The gas temperature was measured
out to about 1.5r200. The radial profile of the gas temperature is rather flat and the temperature is very
high (even near r200), which makes it comparable to the mean temperature of this cluster (kT = 9 keV).
These characteristics have not been reported in any other cluster. We find an indication of a temperature
jump in the northeastern region whose location coincides with a large radio relic. From the Rankine-
Hugoniot’s shock condition, we estimate the Mach number to be approximately 2.5. The temperature
distribution is anisotropic and shows no clear positive correlation with the galaxy density, which suggests
an inhomogeneous mass structure and a complex merger history in A2744.
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1. Motivation

According to the standard structure-formation scenario,
clusters of galaxies continue to grow by mass accretion
along filaments. When the mass accretion occurs, gas
is compressed, heated, and a shock wave is formed near
the cluster virial radius. This phenomenon “large-scale
shock” was theoretically predicted but has not been ob-
served yet. Thus we focus on a merging cluster A2744
to study the growth of a cluster at the epoch of massive
cluster formation and the gas heating process through
mass accretion along the filaments.

A2744 is one of the most actively merging clusters,
nicknamed “Pandora’s cluster” (e.g., Owers et al. 2011).
This cluster is also known as a gravitational lens, with
an enormous mass (M = 1.8 × 1015 M⊙; Merten et al.
2011). Braglia et al. (2007) discovered the existence
of two large-scale filamentary structures that extend be-
yond the virial radius of A2744. Given this well-defined
large-scale structure, A2744 offers a unique opportunity
to study the gas distributions and their correlations with
optical and radio properties in the cluster outskirts.

2. Analysis and results

We analyzed data from two-pointed Suzaku XIS obser-
vations of A2744. The net exposure times were 150 ks
and 67 ks for the center and the southern regions, re-
spectively. To investigate the radial distributions, we
analyzed the spectra integrated from annular regions
centered on the X-ray centroid, (RA, Dec)=(00:14:17.1,
−30:23:02.6) (Ota & Mitsuda 2004). The radial ranges
of the spectra were 0′ − 2′, 2′ − 5′, 5′ − 8′, and 8′ − 12′

and they were divided into the three azimuthal directions
NW, NE and S (Fig. 1), because two filaments were iden-
tified in the NW and S directions (Braglia et al. 2007).
The point sources detected by XMM-Newton were re-
moved with an r = 1′ circle.

The observed 0.5–8 keV spectra of three sensors were
simultaneously fit to the APEC thermal plasma model
(Smith et al. 2001). The non-X-ray background was
subtracted using xisnxbgen (Tawa et al. 2008). The
other background components, i.e., the cosmic X-ray
background (CXB) and the Galactic X-ray emission aris-
ing from the Local Hot Bubble (LHB) and the Milky
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Fig. 1. Suzaku XIS mosaic image in the 0.5−8.0 keV band. The spec-
tral regions are shown with the white annuli. The dashed circle
shows r200(= 2 Mpc). Point sources detected by XMM-Newton
are eliminated with an r = 1′ radius.

Way Halo (MWH) were assessed by fitting the back-
ground spectra in the south (15′ < r < 18′) to the model
“apecLHB+phabs(apecMWH+power-lawCXB)”. Accord-
ing to this model, the X-ray background in each spectral
region was simulated by using the XSPEC fakeit command
and then subtracted from the observed spectrum.
As shown in Fig. 2; Top, we successfully obtained the

gas temperature profile out to r200 = 2 Mpc. The tem-
perature near r200 is associated with relatively large sta-
tistical uncertainty, however, the result suggests that the
profile is rather flat. The temperature outside r200 is
comparable to the global temperature (∼9 keV) and does
not decline significantly, as is often seen in other clusters.
Furthermore, the temperature distribution is anisotropic
as there is also a hint of temperature jump near r200 in
the NE, while the temperature is lowest in the S direc-
tion at the same radius. We also derived the gas density
and the entropy profiles up to r200. The present results
suggest that the thermal properties of ICM in the cluster
outskirts should be significantly affected by the complex
merging activities, which are examined below by com-
paring them with optical and radio observations.

3. Discussion

We compare the gas properties with X-ray observations
of other clusters as well as with multi-wavelength data
of this cluster. Here are main conclusions.

1. Although the nearby clusters show a systematic
temperature decline by a factor of 3 to r200 (Reiprich
et al. 2013), A2744 has a flat temperature distribu-
tion, and the temperature near r200 is one of the
highest among them (Fig. 2; Bottom).

2. The temperature structure exhibits no clear positive
correlation with the galaxy surface density in the

Fig. 2. Top: Radial profile of gas temperature. Bottom: Compar-
ison of temperature profile between A2744 and Suzaku samples
(Reiprich et al. 2013).

cluster outskirts (Owers et al. 2011). This suggests
A2744 is an inhomogeneous mass structure and a
complex merging history.

3. The location of the high-temperature region in NE
coincides well with the large radio relic. We estimate
the Mach number in the NE region by applying the
Rankine-Hugoniot relation. From Tpre ∼ 5.0 keV
and Tpost ∼ 13.6 keV, we obtain the Mach number
to be Mx ∼ 2.5+0.9

−0.7. The radio spectral index α =
0.9 − 1.6 (Orrù et al. 2007) yields a comparable
value, Mradio ∼ 1.7−2.5. The above results suggest
that the gas has recently undergone shock heating.
The detailed shock structure is to be examined by
Suzaku’s follow-up observations.

See Ibaraki et al. (2014) for further information.
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