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Abstract

The groups of galaxies NGC 7618 and UGC 12491 are thought to be a group-group merging system. In
order to investigate the merging process, we carried out imaging and spectral analyses with Suzaku. Emis-
sion lines from O, Ne, Mg, Si and Fe are detected significantly in the energy spectra, and their abundances
are constrained. All the abundances decrease toward the outer regions of the groups. The temperature
increases slightly outward from the center to 0.2 rvir. Furthermore, no temperature enhancement is seen
along the collision axis at a ≥ 50 kpc scale. No discontinuity in the surface brightness profiles is also seen,
and the profiles are expressed well by a single β model. Thus, we conclude that the pair of the groups,
NGC 7618 and UGC 12491, is in an early phase of the merging process.
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1. Introduction

Merging phenomenon is one of key events driving evo-
lution at various spatial scales, chemically and dynami-
cally, in the hierarchical structure of the Universe. Multi-
ple approaches have been made for cluster-cluster merg-
ers both from theoretical and observational points of
view, while a group-group merger study has not been
extensively conducted so far due to paucity of samples
and their X-ray luminosities.

2. NGC 7618 and UGC 12491

NGC 7618 and UGC 12491 are thought to be ongoing
merging groups of galaxies at z ∼ 0.017 or d ∼ 74 Mpc
and (l, b) = (105.5◦,−16.8◦). The virial radius for NGC
7618 is 700 kpc, and the virial radius for UGC 12491 is
800 kpc. ASCA data demonstrate an existence of a hot-
ter temperature plasma (kT > 2 keV) surrounding the
two groups of galaxies and a sloshing signature, suggest-
ing that the system falls into a larger dark matter poten-
tial (Kraft et al. 2006). Chandra high-resolution image
also shows irregular sloshing cold fronts and ∼ 100 kpc
long spiral tails in both groups (Roediger et al. 2012) .

3. Observation

NGC 7618 and UGC 12491 were observed by Suzaku on
December 16th, 2011 with an exposure time of 100 ksec.

Fig. 1. Suzaku X-ray image in 0.5–2 keV of the NGC 7618 and UGC
12491 system. Circles and rectangles correspond to the extracted
regions for the abundance analysis.

The Suzaku field of view covers 18′ × 18′ corresponding
to ∼ 400× 400 kpc2 in physical scale (Fig. 1) .

4. Analysis and Results

4.1. Metal Abundance

We extract eight regions as shown in Fig. 1 for spectral
analysis. They consist of two squares and concentric cir-
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Fig. 2. The resultant spectrum for region 3 in Fig. 1 fitted with typical
X-ray background models (cyan, blue, and orange) and two thin
thermal plasma models (magenta) for the ICM. The background
spectra are estimated from the nearest region ∼ 4◦ away.

cles with radii of 0–2, 2–4, and 4–6 arcmin from the cen-
ters of NGC 7618 and UGC 12491. The square regions
cover a bridge field between the two groups. An example
of the resultant spectra with the best-fit model is shown
in Fig. 2. We adopt a typical X-ray background model,
and two thin thermal plasma models for an intracluster
medium (ICM). The background component is estimated
from data of the nearest region∼ 4◦ away from the target
and a simultaneous fit is performed taking into account
a statistical error of the background emission. Emission
lines from O, Ne, Mg, Si and Fe are detected signifi-
cantly in the energy spectra, and especially Mg, Si, and
Fe abundances are well constrained. We find that all the
metal abundances decrease toward the outer region by a
factor of 2–3 at ∼100 kpc away. The abundances in the
bridge regions (Regions 4 and 5 ) are smoothly connected
to both groups of galaxies. These results are consistent
with the previous work (Mitsuishi et al. 2014).

4.2. Temperature

Fig. 3 shows a hardness ratio map for 1.25–2 keV to 0.5–
1.25 keV, and both groups show cool core structures. No
background subtraction is conducted to extract the map.
Azimuthal temperature distribution based on spectral
analysis is investigated to search for a temperature jump
associated with the merging event. Thus, we extracted
13 regions shown in Fig. 3. In addition to the concentric
circular regions in each group, we add circles with radii
6–9 and 9–11 arcmin and divide the bridge field into
three square regions. The models we used are the same
as in the abundance analysis (Fig. 2). The temperature
increases slightly to 0.2 rvir, and stay at the same level
until 0.3 rvir. No temperature jump is seen along the
collision axis at a ≥ 50 kpc scale.

Fig. 3. The hardness ratio map of 1.25–2 keV to 0.5–1.25 keV. Circles
and rectangles exhibit the extracted regions for the temperature
analysis.

4.3. Surface Brigthness

Surface brightness distribution is also examined. Note
that the vignetting correction and background subtrac-
tion are not applied. The radial profiles for both groups
in 0.5–2 keV are reproduced well by a single β model,
and the obtained parameters are: β = 0.4 ± 0.1 and
rc = 11 ± 1 kpc for NGC 7618, and β = 0.5 ± 0.1 and
rc = 14± 1 kpc for UGC 12491, respectively. No discon-
tinuity in the profiles is found in this ≥ 10 kpc scale.

5. Discussion and Conclusion

Distriburions of metal abundance, temperature, and sur-
face brightness of the galaxy groups NGC 7618 and UGC
12491 imply that a large-scale gas mixing is not signifi-
cant, and these two groups are in an early phase of the
merging process. We note some interesting points as fol-
lows: (1) In the spectral fit for region 5 in Fig. 1 the resid-
ual between the data and the best-fit model increases in
higher energies (≥ 3 keV). This suggests that a hard
component may be responsible for the emission as ob-
served in other groups (Nakazawa et al. 2007; Fukazawa
et al. 2010). (2) The hardness ratio map indicates a spa-
tial offset between the positions of the minimum hard-
ness and the central galaxy NGC 7618, suggesting that
a sloshing induced cold front exists in this region as re-
ported in the previous study (Roediger et al. 2012).
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