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Abstract

Five pointing observations were conducted with Suzaku to explore hot gases involved in junctions of
galaxy filaments where no X-ray halos were detected so far. We detected the excess components successfully
in both their images and spectra for all fields. Spectral analysis reveals that three sources are diffuse X-ray
emitters associated with early-type galaxies or groups of galaxies with temperatures of 0.6–0.8 keV, while
three other emissions originate from group- and cluster-scale X-ray halos with temperatures of ∼1 keV and
∼4 keV. Combined with previous study, we demonstrate that all of the three detected intracluster media
within the junctions of galaxy filaments possess a merger signature such as complex morphology and hot
spot. Thus, we conclude that deep X-ray observations are powerful methods to search for buried halos
associated with large scale structure growing into larger structures and a junction of galaxy filaments has
high probabilities to occur for a merging event.
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1. Introduction

Observationally, galaxy surveys such as SDSS demon-
strate that galaxies themselves are not distributed ran-
domly but rather tend to be grouped known as groups of
galaxies, clusters of galaxies, and superclusters of galax-
ies, and form large scale structure in the Universe. It is
naturally expected that intense structure formation oc-
curs especially at high dense environments such as walls
and filaments. Actually massive X-ray clusters are often
detected at the junction of two or more galaxy filaments
(e.g., Arnaud et al. 2000; Girardi et al. 2008) and X-ray
observation is a powerful tool to identify and discover
these structures.

Interestingly, it is also the fact that no X-ray halos
have been observed so far even though the structures are
located at junctions of galaxy filaments. Thus, we con-
ducted a pointing X-ray observation for a region locat-
ing at junctions of galaxy filaments where previous X-ray
survey could not find specific X-ray signals involved in
large scale structure. Consequently, a group-scale X-ray
halo was discovered and its complex X-ray morphology
and X-ray hot spot signature suggest unstable dynamical
situation experiencing a merger for the system (Kawa-
hara et al. 2011). Systematic studies are needed to ex-

tend the previous results and extract their systematic
properties for such X-ray halos.

2. Analysis & Results

To search for a target placed on a junction of galaxy
filaments quantitatively, a filament extractor, DisPerSE
(Sousbie 2011; Sousbie et al. 2011), was applied to
SDSS spectroscopic galaxies and Suzaku X-ray observa-
tory (Mitsuda et al. 2007) which has low and stable
background and hence optimum for such a low surface
brightness target was used. We selected five fields (here-
after FJ1, FJ2, FJ3, FJ4, and FJ5) where no specific
diffuse X-ray sources were reported by the ROSAT All-
Sky Survey. The redshift of these fields ranges from 0.06
to 0.08 to cover the whole system of large scale struc-
ture of ∼1 Mpc in the Suzaku field of view. At least one
optically-bright early-type galaxy is present in a central
region of the field of view taking into account identifica-
tion accuracy of our algorithm.

Figures 1 and 2 exhibit reconstructed galaxy filaments
for FJ1 by combining DisPerSE and SDSS galaxies and
resultant Suzaku images for all five fields. An excess com-
ponent was seen in a central region of each image denoted
as FJn-A (n= 1, 2, 3, 4, and 5) where optically-bright

- 374 -



galaxies are present. Because we could not constrain
their spatial structures due to poor statistics through
imaging analysis, we conducted spectral analysis for 2
regions in each field including the brightest region (FJn-
B) except for FJn-A. In this paper, we focus on results
for FJn-A.

Also in their spectra for FJn-A, an excess component
was found. In the spectral analysis, the X-ray back-
ground emission was estimated from the region exclud-
ing FJn-A and FJn-B and the non X-ray background
was subtracted properly with the ftool xisnxbgen (Tawa
et al. 2008). We confirmed that the obtained spectra
from the background field were represented well by a
typical X-ray background model to explain foreground
emissions such as local hot bubble and solar wind charge
exchange, and the cosmic X-ray background. Hence, a
simultaneous fitting was performed between the back-
ground fields and FJn-A and FJn-B to take into account
a statistical error of the background emission correctly.
As the excess emission, firstly, a nonthermal component
was employed. However, the nonthermal component
could not reproduce the data well because of residuals
around 0.8–1.0 keV in all spectra, while the goodness
of the fit improved significantly when we employ a thin
thermal plasma model which can make up for the resid-
uals corresponding to complex line structure of Fe L.
These spectra are shown in Figure 3. Resultant temper-
atures and X-ray bolometric luminosities are (0.6±0.1,
1.3±0.1, 0.8±0.2, 0.7+0.2

−0.4, 1.0±0.1) keV and (0.6+0.6
−0.1,

3.5+0.7
−0.6, 0.6+0.6

−0.2, 0.3+2.2
−0.1, 3.6+0.5

−0.9)×1042 erg s−1, respec-
tively. The redshift of the thin thermal plasma is fixed
to that of the central optically-bright galaxy. Only for
FJ2 and FJ5, the abundances in the thin thermal plasma
model were constrained and the resultant abundances
are 0.2±0.1 solar and <0.1 solar.

3. Discussion

3.1. Corresponding Object and Origin of the Excess
Sources

To discuss the origin of the excess sources detected in
both imaging and spectral analysis, the observed tem-
peratures and luminosities are compared to those ob-
tained from early-type galaxies (O’Sullivan et al. 2003),
groups of galaxies (Xue & Wu 2000), and clusters of
galaxies (White et al. 1997) as shown in Figure 4. The
LX–kT relation suggests that the excess emissions ob-
served in FJ1-A, FJ3-A, and FJ4-A possibly originate
from early-type galaxies or groups of galaxies, while
the excesses in FJ2-A (Suzaku J0957+2610) and FJ5-
A (Suzaku J1134+2105) are likely to derive from groups
of galaxies. The resultant abundance values for FJ2-A
and FJ5-A also support the same conclusion consider-
ing observed abundances in group- or cluster-scale X-ray
halos (e.g., Mulchaey et al. 2003). However, the origin

of other FJn-A sources cannot be constrained. Thus,
we conclude that FJ1-A, FJ3-A, and FJ4-A are galaxy-
or group-scale halo origins associated with the central
early-type galaxies or the large scale structures, while
FJ2-A and FJ5-A are group-scale X-ray halos. To dis-
cuss the origin of FJn-B, we utilized NASA extragalac-
tic database to search for corresponding objects. Con-
sequently, four sources are possibly compact object ori-
gins, while one source is likely a serendipitously-detected
background cluster(s) of galaxies with a temperature of
∼4 keV. Details on the origin of the excess components
are summarized in Mitsuishi et al. (2014).

3.2. Physical Condition in Galaxy Filamentary Junction

Suzaku J0957+2610 possesses the elongated X-ray
halo as shown in Figure 2 and this feature is detected
also in optical (Tovmassian et al. 2005). The enlarged
halos of the two massive galaxies including the central
galaxy are observed in optical R band and one of the halo
is extended to another as indicated in Figure 2, suggest-
ing that the system is experiencing an ongoing merger
because a single massive galaxy can be the perturber in
groups.

As is the case with Suzaku J1552+2739 reported in
Kawahara et al. (2011), Suzaku J1134+2105 shows a
complex morphology with at least three peaks in its X-
ray surface brightness distribution denoted as A, B, and
C in Figure 2 even though a hot spot structure was not
confirmed. This leads to the same conclusion as Suzaku
J0957+2610 and the system, Suzaku J1134+2105, is in
an ongoing merger phase. The observational fact that no
corresponding galaxies are located on their X-ray peaks
also supports the same scenario. To detect local struc-
tures and discuss details on the merger scenarios, further
observations with higher angular resolution are needed.

Thus, we conclude that deep X-ray observations are a
powerful tool to explore undetected hot gas involved in
large scale structure and a merger event has high chances
to occur at a junction of galaxy filaments.
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Fig. 1. SDSS galaxy (white dots) distribution around the FJ1 region
with galaxy filaments (green solid lines) identified by a filament
extractor, DisPerSE (Sousbie 2011; Sousbie et al. 2011). Red cir-
cle and orange cylinder correspond to the central optically-bright
galaxy and the line-of-sight direction, respectively.

Fig. 2. Suzaku images for FJ1–5 in 0.5–2.0 keV (Mitsuishi et al.
2014). Red and magenta circles and ellipses show the extracted
regions for spectral analysis. Cyan circles indicate SDSS galax-
ies with almost the same redshift as the central optically-bright
galaxies. A close-up view for FJ2-A (Suzaku J0957+2610) with
optical R band contours (Tovmassian et al. 2005) is also indi-
cated. The peaks of the X-ray surface brightness in FJ5-A (Suzaku
J1134+2105) are denoted as A, B, and C. To put emphasis on
FJn-A, some pixels in FJn-B are saturated.
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Fig. 3. NXB-subtracted XIS0 (black), XIS1 (red), and XIS3 (green)
spectra for FJn-A (n = 1, 2, 3, 4, and 5) (Mitsuishi et al. 2014)
fitted with typical X-ray background models consisting of fore-
ground emissions such as local hot bubble and solar wind charge
exchange (cyan and blue), the cosmic X-ray background (orange),
and a thin thermal plasma model (magenta). Redshift of the
thin thermal plasma model is fixed to that of the central optical-
ly-bright galaxy. Abundance in the thin thermal plasma model is
fixed to be 0.3 solar for FJ1, 3, and 4 due to poor statistics, while
abundance for the others is set to be free.

Fig. 4. Observed LX–kT relations for early-type galaxies (blue:
O’Sullivan et al. 2003), groups of galaxies (cyan: Xue & Wu
2000), clusters of galaxies (black: White et al. 1997), and FJ
sources (red: Kawahara et al. 2011; Mitsuishi et al. 2014).
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