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Abstract

We investigate the X-ray and mass distribution in the merging
galaxy cluster 1E 0657-56. A clear off-set of an X-ray peak from a
mass peak [1] is first reproduced in the N -body + hydrodynamical
simulations. We estimate the ram pressure-stripping conditions of the
substructure in mergers of two NFW dark halos using a simple ana-
lytical model. The characteristic X-ray and mass structures found in
1E 0657-56 suggest that neither the ram pressure nor the gravitational
bound force overwhelms the other.

1 Introduction

Merging clusters are the sites of structure formation in the universe that can
be investigated in detail via different types of observations. 1E 0657-56 is one
of the most well-known examples of a merging cluster. There are two peaks
in both the X-ray surface brightness distribution [2] and galaxy distribution
[3], but their positions do not agree with each other. Recently, the mass
distribution in 1E 0657-56 is investigated through weak gravitational lensing
[1]. They show clear offsets of the mass density peaks from the X-ray peaks,
and that the mass distribution is quite similar to the galaxy one. They claim
that this structure occurs because the intracluster medium (ICM) experience
ram pressure but dark matter (DM) and galaxies do not. Although the
above-mentioned naive ram pressure-stripping scenario seems to be correct,
such characteristic off-sets have never been reported in the past simulations.
In this paper, we show the first results that successfully reproduce such
characteristic structures in the simulations, and discuss their implications
using a simple analytical model [4].
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Figure 1: (a)Projected total surface mass density (contours) overlaid with X-
ray surface brightness distribution (grayscale) at a time of 0.67 Gyr after the
core passage. (b)X-ray surface brightness distribution (contours) overlaid
with emissivity-weighted temperature distribution (grayscale) at the same
epoch.

2 The Simulations

We use the Roe TVD scheme to solve the hydrodynamical equations. Grav-
itational forces are calculated by the PM method with the standard FFT
technique. We consider mergers of two virialized subclusters with an NFW
density profile [5] in the ΛCDM universe for DM. DM masses of the larger
and smaller subclusters are 1.00× 1015M¯ and 6.25× 1013M¯, respectively.
The initial density profiles of the ICM are assumed to be those of a beta-
model. The gas mass fraction is set to be 0.1 inside the virial radius of each
subcluster.

Figure 1(a) shows the X-ray surface brightness distribution (grayscale)
and projected total surface mass density (contours) at a time of 0.67 Gyr
after the passage of the subcluster through the core of the larger one. A
clear off-set of the mass density peak from the X-ray peak is seen for the
smaller subcluster remnant. This is clearly because the ICM in the smaller
subcluster is lagged by the ram pressure. Figure 1(b) shows the X-ray sur-
face brightness distribution (contours) overlaid with the emissivity-weighted
temperature distribution (grayscale) at the same epoch. A weak jump in
the X-ray surface brightness distribution at x ' 1.5 (near the smaller mass
peak) is a bow shock. A more prominent jump in the X-ray brightness just
in front of the smaller X-ray peak is a contact discontinuity, which will be
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recognized as a cold front in actual X-ray observations. As for the overall
ICM and DM structures of 1E 0657-56 around the west smaller X-ray and
mass peak, our results agree qualitatively with the observations.

3 Discussion on the Ram Pressure-Stripping Con-
ditions

Let us discuss the ram pressure-stripping conditions in merger of two clusters
with an NFW DM density profile. We consider the merger of two clusters
with masses M1 and M2 (M1 > M2), respectively. If the gravity on the
subcluster’s ICM is weaker than the ram pressure force in unit volume, the
ICM will be stripped from the substructure potential. This means,
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where G is the gravitational constant, and ρ1 and ρ2 are the central gas
density of the subcluster 1 and 2, respectively. r2 and m2 are the scale radius
of the DM profile and the DM mass inside r2 for the cluster 2, respectively.
A is a fudge factor of an order of unity. It is most likely that A < 1
because all of the ram pressure force is not effective in stripping the gas
from the substructure. Some might be used on the excitation of small-
scale eddies through Kelvin-Helmholtz instability, and some on the adiabatic
compression and shock heating of the ICM, and so on. The collision velocity
v has an order of

v2 ' 2G(M1 + M2)
R1 + R2

, (2)

where R1 and R2 are the virial radii for the cluster 1 and 2, respectively.
It is convenient to introduce a new parameter α ≡ M2/M1. This stripping
condition becomes (see [4] for detailed calculations.)

F (α : M1) ≡ α2/3−w 1 + α1/3

1 + α
− 3A

2g(αM1)c(αM1)
< 0, (3)

where c and g are the concentration parameter and ratio of the mass inside
the scale radius to the virial mass, respectively. Figure 2 shows the func-
tion F (α : M1) for M1 = 1.0 × 1015M¯ in the ΛCDM universe. The solid,
dashed, and dot-dashed lines represent the cases of A = 0.6, 0.4, and 0.2,
respectively. In any case, α is less than ∼ 0.1 when F (α) < 0. It is inter-
esting that this criteria is close to the mass ratio of our simulations where
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Figure 2: Function F (α : M1) defined by equation (3) for M1 = 1.0×1015M¯
in the ΛCDM universe. The solid, dashed, and dot-dashed lines represent
the cases of A = 0.6, 0.4, and 0.2, respectively.

the clear off-set appears. Obviously, such an off-set does not appear at all if
the ram pressure-stripping does not work effectively. On the other hand, if
the ram pressure overwhelms the gravity, we will see a mass peak associated
with no X-ray peak. Clear off-sets in the simulation and 1E 0657-56 suggest
that the parameter α is close to the above-mentioned critical value.
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