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Abstract

We present the temperature measurement of the outskirts of 1E 0657-56 (z = 0.296), so-called the
Bullet Cluster to compare the forward and rear to the collision direction.The Bullet Cluster is the most
famous head-on merging cluster because of the bullet-shaped sub cluster penetrating the main cluster
(Markevitch et al. 2002). The global temperature is 13 keV, and a complex temperature structure
with very hot gas above 20 keV have been suggested in central 5’ (Markevitch et al. 2004, Million et al.
2009). However, the physical state of the ICM in the outer regions of the bullet cluster have not been well
understood. Since it would be the key to reveal the thermodynamic evolution of the gas in the collision.
we observed for 300 ks with Suzaku the Northern half area, covering out to 12’, the virial radius calculated
from the average temperature of the cluster. We analyzed the X-ray background carefully, and found that
the gas temperature in the rear of the collision direction is about five times higher than that of forward in
the outskirts of 12’ radius. Furthermore, the temperature of the gas in the rear is incredibly high about
10 keV.
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1. Introduction

The Bullet Cluster is the most famous head-on merging
cluster because of the bullet-shaped sub cluster pene-
trating the main cluster (Markevitch et al. 2002). The
global temperature is 13 keV, and a complex tempera-
ture structure with very hot gas above 20 keV have been
suggested in central 5’ (Markevitch et al. 2004, Million
et al. 2009). However, the physical state of the ICM
in the outer regions of the Bullet Cluster have not been
well understood. It would be the key to reveal the ther-
modynamic evolution of the gas in the collision.

2. Suzaku XIS observations

As shown in Figure 1, we observed the Northern half
area covering out to ∼18’and background region for 3
× 100 ks and 50 ks (AO1 and AO8) to compare the the
physical state of the ICM in the forward and rear to the
collision direction. The virial radius calculated from the
average temperature of the cluster is ∼12’.

3. X-ray Background and Significance of the Signal

The spectrum of the background region shown in Figure
2. is well fit with a model that represents the CXB,
TAE (Transabsorption Emission), and LHB (Local Hot
Bubble) + SWCX (Solar Wind Charge Exchage). The
fitting parameters (shown in Table 1) are consistent with
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Fig. 1. Suzaku XIS observations

a study of soft X-ray diffuse background with Suzaku
(Yoshino et al. 2009).

Figure 2 shows the surface brightness profile made of
0.5 - 2.0 keV XIS-FI images. Point sources identified in
ROSAT, XMM and Chandra catalogue are removed (72
sources in total), but vignetting is not corrected. The
error bars are 1σ. In the error bars in the cyan profile,
1σ uncertainties of XRB (X-ray Background) and NXB
are added in quadrature to the corresponding statistical
1σ errors. The significance of the signal is summarized
in Table 2. we surely detected the ICM emission from
the 10’ - 14’ annual region in the 0.5 - 2.0 keV band.
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Table 1. Results of the model fitting of the background region.

NH ΓCXB SCXB

4.89 (Fix) 1.4 (Fix) 8.08+0.30
−0.29

kTTAE (keV) STAE kTLHB+SWCX (keV)

0.25+0.05
−0.02 8.05+1.85

−1.86 0.1 (Fix)

SLHB+SWCX χ2/d.o.f

49.8+5.0
−5.0 98.7 / 92

raw data

xrb

nxb

source

Fig. 2. Surface brightness profile made of 0.5 - 2.0 keV XIS-FI images.

Table 2. Significance of the Signal

0.5 - 2.0 keV 2.0 - 10.0 keV
10’ - 14’ 5.3σ 1.8σ
14’ - 18’ 2.4σ 0.2σ

4. Spectral Analysis

Since we surely detected the ICM emission out to the
10’radius from the analysis of X-ray surface brightness,
we proceeded to spectral analysis. The fitting model
is an absorbed thin-thermal emission model represented
by phabs × apec, added to the XRB model shown in
Table 1. The Results of the temperature measurement
of the three concentric annular region, 6 ’- 8 ’, 8 ’-
12’and 12’- 18’, of NE and NW direction are shown
in Figure 3. The temperature gradually increases toward
the outskirt from 5.5 keV to 10 keV in the NE area. On
the other hand, The temperature decreases toward the
outskirt from 9.5 keV to 4 keV in the NW area. Since
the filament direction derived by the number density of
galaxies is vertical on the Bullet Cluster shown in Figure
1, a heating mechanism in the NE area might be different

from a mass accretion heating reported by Kawaharada
et al. (2010). It might be considered reverse shock or
turbulence as the cause of heating, but more detailed
study are needed.

Fig. 3. Temperature profile.

5. Summary

we observed for 300 ks with Suzaku the Northern half
area, covering out to 18’ of the Bullet Cluster to un-
derstand the thermodynamic evolution of the gas in the
collision. We analyzed the X-ray background carefully,
and found that the gas temperature in the forward of the
collision direction is gradually decreases toward the out-
skirt from 9.5 keV to 4 keV, although that of the rear of
the collision direction is gradually increases toward the
outskirt from 5.5 keV to 10 keV. It might be consid-
ered reverse shock or turbulence as the cause of heating
in this area, but more detailed study are needed.
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