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ABSTRACT

We investigate the dependence of the extended X-ray emission from the halos of optically luminous
early-type galaxies on the small-scale (the nearest neighbor distance) and large-scale (the average density
inside the 20 nearest galaxies) environments. We cross-match the 3rd Data Release of the Second XMM-
Newton Serendipitous Source Catalog (2XMMi-DR3) to a volume-limited sample of the Sloan Digital
Sky Survey (SDSS) Data Release 7 with M, < —19.5 and 0.020 < z < 0.085, and find 20 early-type
galaxies that have extended X-ray detections. The X-ray luminosity of the galaxies is found to have a
tighter correlation with the optical and near infrared luminosities when the galaxy is situated in the low
large-scale density region than in the high large-scale density region. Furthermore, the X-ray to optical
(r-band) luminosity ratio, Lx /L, shows a clear correlation with the distance to the nearest neighbor
and with large-scale density environment only where the galaxies in pair interact hydrodynamically
with seperations of r, < ryi,. These findings indicate that the galaxies in the high local density region
have other mechanisms that are responsible for their halo X-ray luminosities than the current presence
of a close encounter, or alternatively, in the high local density region the cooling time of the heated gas

halo is longer than the typical time between the subsequent encounters.
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1. INTRODUCTION

Since the Finstein observatory discovered the exis-
tence of an extended hot gas halo in early-type galax-
ies (Forman et al. 1985; Trinchieri & Fabbiano 1985),
X-ray observations have made great progress in under-
standing the origin, evolution, and nature of hot gas
in early-type galaxies. Previous studies have shown
that the X-ray luminosity of early-type galaxies cor-
relates with optical luminosity in a manner that ex-
hibits a transition with varying optical luminosity and
large scatters around the correlation (Canizares et al.
1987; Eskridge et al. 1995; Brown & Bregman 1998;
O’Sullivan et al. 2001; Ellis & O’Sullivan 2006). The
correlation suggests that the hot halo gas may be re-
lated to gas ejected from evolving stars and planetary
nebulae inside the early-type galaxy (Mathews 1990;
Mathews & Brighenti 2003; Bregman & Parriott 2009).
The large scatter in the correlation especially found in
more luminous early-type galaxies has been often ex-
plained in terms of externally driven processes (White
& Sarazin 1991; Brown & Bregman 2000). The rela-
tive importance of particular processes varies with en-
vironment where galaxies reside. The hot gas halo can
be stripped when a galaxy enters a group or cluster
(White & Frenk 1991), and hot halo in galaxies em-
bedded in intragroup medium can be even enhanced
(Canizares et al. 1983). On the other hand, other re-

searchers found no such correlation between the X-ray
and optical/near-infrared (NIR) luminosities and envi-
ronments (O’Sullivan et al. 2001; Helsdon et al. 2001;
Ellis & O’Sullivan 2006).

Recently, the high spatial resolution of Chandra or
XMM-Newton allows one to cleanly separate out the
thermal emission in the hot halo gas from other contri-
butions such as active galactic nuclei (AGNs) and X-ray
binaries (Silverman et al. 2005; Kim & Fabbiano 2010)
or the more extended intragroup or cluster medium.
Detailed studies of the X-ray/optical relation in diverse
environments has shown us that the environmental pro-
cesses could be important in addition to internal pro-
cesses (Memola et al. 2009; Mulchaey & Jeltema 2010;
Sun et al. 2007; Jeltema et al. 2008; Rasmussen et al.
2012).

It has been found that galaxy properties such as
morphology, luminosity, star formation rate (SFR) and
AGN activity strongly depend on the distance to the
nearest neighbor galaxy, and this indicates that the hy-
drodynamical interactions between neighboring galax-
ies play an important role in determining galaxy prop-
erties (Park et al. 2008; Park & Choi 2009; Hwang &
Park 2009, 2010; Hwang et al. 2010, 2011). Thus it is
natural to infer that the neighbor galaxies play a role
in the presence of a hot gas halo in early-type galaxies.

In this paper, by using a sample cross-matched be-
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Table 1.
Basic parameters of the 20 cross-matched early-type galaxies

SDSS 1ID# Name® z* log(p20/p)*  log(rp/Tvir nei)® M2 MP Class™*
SDSS J073426.44+314536.2 - 0.06044 0.862 0.414 -21.58 -21.60 wwAGN
SDSS J102141.224-235523.0 NGC3216 0.03925 1.363 0.965 -21.98 -21.74 wwSFG
SDSS J102245.51+194717.5 - 0.03890 1.126 -1.212 -20.65 -20.23 wAGN
SDSS J115324.364-230415.2 - 0.02672 0.811 -0.383 -20.44  -20.06 sComp
SDSS J120409.40+202052.5 NGC4066 0.02457 1.892 -0.788 -21.47  -21.46 wAGN
SDSS J120805.55+251414.3 - 0.02264 1.308 0.666 -20.94 -20.91 sComp
SDSS J121205.45+131220.2 NGC4164 0.06488 1.112 0.685 -21.98  -21.99 wwAGN
SDSS J122858.444-021127.1 - 0.07780 0.693 0.366 -21.50 -21.49 wComp
SDSS J124100.33+183314.0 - 0.07375 1.802 0.813 -21.99  -20.96 sComp
SDSS J125935.70+275733.3 NGC4874 0.02402 2.160 0.203 -21.82  -21.68 wwAGN
SDSS J130919.09—013721.1 - 0.08389 1.129 0.828 -22.31  -22.23 wwSFG
SDSS J132014.72+330836.2 NGC5098 0.03615 1.708 -1.361 -21.32  -21.23 sAGN
SDSS J132410.02+135835.5 NGC5129 0.02304 0.859 1.116 -21.84 -21.49 wwAGN
SDSS J133110.82—014348.9 - 0.08365 2.172 -1.662 -22.12 -22.17 wComp
SDSS J141643.21+105307.3 NGC5531 0.02582 0.658 -0.705 -21.01  -22.10 sAGN
SDSS J142758.18+263016.2 - 0.03236 0.109 0.900 -21.27  -20.98 wAGN
SDSS J150611.68+030833.2 - 0.04247 1.004 0.950 -21.65 -21.67 wwSFG
SDSS J152140.12+075235.3 - 0.07648 1.545 0.441 -21.53  -21.19 sAGN
SDSS J160435.79+174317.6  NGC6041A  0.03533 2.063 0.333 -21.65 -21.50 wwAGN
SDSS J162741.13+405537.0 NGC6160 0.03173 1.929 0.313 -21.91  -21.49 wComp

Notes. @ Target Galaxy, ® Neighbor Galaxy, ¢ Spectral types of galaxies are determined by the flux ratios of Balmer and ionization
lines ([OIII]/HB and [NII]/He; Baldwin et al. (1981)); s, w, and ww represent galaxies defined by the flux ratios with S/N > 10,
3 < S/N <10, and S/N < 3, respectively. SFG stands for star-forming galaxy. Composite object is denoted by ‘Comp’ which contain

AGNs as well as extended Hiy regions (Kauffmann et al. 2003).

tween XMM-Newton and SDSS DR7 (York et al. 2000;
Abazajian et al. 2009), we will perform a study on the
dependence of X-ray luminosity from hot halo gas in
optically bright early-type galaxies on the larger-scale
background density and the local density from the near-
est neighbor. Section 2 describes the sample used in
this study and in Section 3, we present results of the
environmental dependence of the X-ray luminosities.
The implications of our results are summarized and dis-
cussed in Section 4. Throughout this paper, we adopt a
flat ACDM cosmology with Q4 = 0.73 and Q3; = 0.27.

2. SAMPLE SELECTION AND DATA ANAL-
YSIS

2.1 The Match between SDSS Optical and
XMM-Newton X-Ray Surveys

The Second XMM-Newton Serendipitous Source
Catalogue (version 2XMMi-DR3) contains pointed ob-
servation sources and serendipitous X-ray sources near
the targets. The 2XMMi-DR3 contains 353,191 detec-
tions corresponding to 262,902 unique sources. Out
of these X-ray sources, 30,470 extended sources were
detected and then reduced to 16,605 sources after re-
moving spurious sources (with index sum flag > 3).

A volume-limited sample of 125,524 galaxies with
absolute r-band magnitude brighter than —19.5 and
a redshift 0.02 < z < 0.0859 was generated from the
KIAS value-added catalog (Choi et al. 2010), which
supplements the bright galaxies missing in the SDSS
Main galaxy sample. For a target galaxy with absolute

magnitude M,., the nearest neighbor galaxy is the one
brighter than M,. 4 0.5 with the smallest projected sep-
aration across the line of sight from the target galaxy,
and with a radial velocity difference less than 600 km
s~1 for early-type target or 400 km s~! for late-type
target, respectively. For the completeness of the neigh-
bors, we only study 73,440 target galaxies brighter than
M, = —20.0. The rest-frame absolute magnitudes of
individual galaxies were computed in fixed bandpasses,
shifted to z = 0.1, using Galactic reddening correction
(Schlegel et al. 1998) and K-corrections as described by
Blanton et al. (2003). The mean evolution correction
given by Tegmark et al. (2004), E(z) = 1.6(z — 0.1),
was also applied.

We obtained 100 samples from the positional cross-
matching between the X-ray sources and the SDSS tar-
get galaxies we selected. When more than one extended
sources were cross-matched to an optical source, the
source having the highest detection likelihood was cho-
sen. Then we selected only early-type galaxies by visual
inspection. There remained 48 unique X-ray sources
that were matched to early-type galaxies. Out of these
matches, only 20 extended sources satisfied the follow-
ing three criteria (Watson et al. 2008) 1) the source
should have > 500 total-band EPIC counts, 2) the de-
tector coverage of the source should be larger than 0.5
which is weighted by the point spread function for the
pn and MOS cameras, 3) the total-band detection likeli-
hood for each camera should be larger than 15. Due to
the small size of the sample, interpretation of the re-
lationships obtained from such samples would require
careful analysis throughout this paper.
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Table 2.
Optical/NIR/X-ray luminosities of the sample

SDSS ID log(L-/L,o) log(Lx/Lk.o) logL x Model®
SDSS J073426.44+314536.2 10.54 11.10 40.82700%  mekal+power
SDSS J102141.22+235523.0 10.69 11.37 41.1215-0% mekal
SDSS J102245.51+194717.5 10.16 10.77 40.2570-0%  mekal+power
SDSS J115324.36+230415.2 10.08 10.66 39.927005  mekal+power
SDSS J120409.40+202052.5 10.49 11.07 41.1070:0%  mekal+power
SDSS J120805.55+251414.3 10.28 10.88 > 40.337007  mekal+power
SDSS J121205.45+131220.2 10.69 11.24 41.26T0 05 mekal+power
SDSS J122858.44-+021127.1 10.50 11.16 40.5170:07  mekal+power
SDSS J124100.33+183314.0 10.70 11.36 41.0170:0L mekal+power
SDSS J125935.70+275733.3 10.63 11.41 >40.26700%  mekal+power
SDSS J130919.09—013721.1 10.83 11.51 >42.257007 mekal+power
SDSS J132014.72+330836.2 10.43 10.98 >41.6370:0]  mekal+power
SDSS J132410.02+135835.5 10.64 11.26 >41.017001  mekal+power
SDSS J133110.82—014348.9 10.75 11.67 > 41.527002 mekal+power
SDSS J141643.21+105307.3 10.31 10.90 40.0170-0%  mekal+power
SDSS J142758.18+263016.2 10.41 10.98 >40.837002  mekal+power
SDSS J150611.68+030833.2 10.57 11.13 40.5615 00 mekal
SDSS J152140.12+075235.3 10.51 11.15 40.5410-1%  mekal+power
SDSS J160435.79+174317.6 10.57 11.31 > 41777001 mekal+power
SDSS J162741.13+405537.0 10.67 11.29 41.0970-07  mekal+power

Notes. #The spectral fitting models. Lx values are calculated from K-band magnitudes given by the Two Micron All Sky Survey.
Lx values are X-ray luminosity in 0.5-2 keV band for thermal component only in unit of ergs s~ 1.

2.2 Environmental Parameters

We use two environmental parameters. One is the
mass density, psg, measured by using twenty nearest
galaxies in the same volume-limited sample over a few
Mpc scale, corresponding to large-scale environment.
The other is the distance to the nearest neighbor galaxy
normalized by the virial radius of the nearest neighbor,
corresponding to small-scale environment.

The local density attributed to the nearest neighbor
is estimated by

pn/P = 37nLn/47Trzﬁa (1)

where 7, is the projected separation of the nearest
neighbor galaxy from the target galaxy, p is the mean
mass density of the survey volume, -, is the mass-to-
light ratio of the neighbor galaxy, and L,, is the r-band
luminosity of the neighbor galaxy. The virial radius of
a galaxy can be thus defined by the projected radius
where the mean mass density, p,, within the sphere
with radius of 7, is 740 times the mean density, which
is given by

Tir = (37n L /47/740p)/*h = Mpc. (2)

According to this formula, the virial radius of galaxies
with M, = —20.0 is about 300 h~! kpc for early types.
The methods of calculating pog and 7, are described
in full detail in Park et al. (2008) and Park & Choi
(2009).

Table 3.
Best fit values to the Lx vs. L./Lx relation

r-band
Sample A B
p20/p>20 216 £ 0.99 40.88 + 0.25
p20/p <20 2.80 4 0.66 40.82 & 0.12
K-band
Sample A B
p20/p>20 1.49 £ 0.57 40.67 £ 0.32
p20/p <20 2.63 £ 047 40.55 £ 0.10

Notes. The best fit to the each relation of Lx-L, and Lx-
Ly is given by log(Lo.5—2.0kev) = Alog(Ly/10'°5 L, 5)+B and
log(Lo.5-2.0xkev) = Alog(Lk /10 Lk )+B, respectively.

Table 1 lists the environmental parameters of the 20
final early-type galaxies. The absolute magnitudes of
target galaxies and their neighbors are also given.

2.3 Analysis of X-ray Data

We analysed the EPIC spectra of the 20 galaxies
given by the 2XMMi-DR3 pipeline. All spectra are au-
tomatically extracted with a fixed radius of 28", which
causes underestimation of X-ray luminosity for some
of our samples with thermal emission extended larger
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Fig. 1.— Distribution of early-type galaxies (colored solid
circles) on the neighbor separation r, and large scale back-
ground density, p20. Gray points represent galaxies brighter
than M, = —20.0 in the volume-limited sample. Cases are
divided into three subsamples with different optical lumi-
nosities. X-ray luminosity is proportional to the size of the
circle.

than the source extracting radius. Note that their X-
ray luminosities listed in Table 2 are thus lower limits.
Spectral analysis was performed using the XSPEC
12.7.0. Since the hot gas sources might be contam-
inated with low mass X-ray binaries (LMXB) or po-
tential AGN components, we fitted the spectra in the
0.5-7 keV band to carefully resolve their contributions
as described in Jeltema et al. (2008) and Mulchaey &
Jeltema (2010). To measure the unabsorbed flux of
the thermal X-ray emission from the hot halo gas, a
two component spectral model consisting of a thermal
plasma MEKAL model and a power law, is adopted.

The column density was fixed as Galactic HI col-
umn density derived by using the HEASARC web-
based tool* and the metallicity was fixed at 0.8Z. The
temperature, photon index, and spectral normalization
were set to be free parameters.

For two galaxies, SDSS J150611.684-030833.2, NGC
3216, both components could not be constrained even
when photon index was fixed at 1.7 (a good approxi-
mation for both low-mass X-ray binaries and AGNs).
Hence we adopted only the thermal plasma model. To
study the hot gas content in a galaxy, we use the lu-
minosity only from the thermal component in the 0.5-
2 keV band for comparison with other studies. Er-
rors were determined using the Monte Carlo Markov
Chains. Results from the spectral analysis and opti-
cal/NIR luminosities are listed in Table 2.

*http://heasarc.gsfc.nasa.gov/cgi-bin/Tools/w3nh/w3nh.pl
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Fig. 2.— X-ray and optical (r-band) luminosity relation
for galaxies in different large-scale environments. Best-fit
lines are drawn for galaxies in high density region (filled
symbols, solid line) and galaxies in low density region (open
symbols, dashed line). Different spectral types of the galax-
ies are represented by different symbols: star-forming galax-
ies by triangles, AGNs with S/N > 10 (sAGN) by cir-
cles, and AGNs with S/N < 10 (wAGN and wwAGN) by
squares. Composite is classified as AGN.

Fig. 1 shows the distribution of the 20 early-type
galaxies (colored solid circles) on the 7,-pa0/p space.
The samples are divided into three subsamples accord-
ing to their absolute magnitudes. The size of the circle
is proportional to the X-ray luminosity.

3. ENVIRONMENTAL DEPENDENCE OF
X-RAY LUMINOSITIES

3.1 Lx-L, and Lx-Lg Relations

Fig. 2 shows that the X-ray luminosity of hot halo
gas in early-type galaxies is correlated with optical lu-
minosity with a rather large scatter.

First, we divide the large-scale environment into
high (p20/p > 20) and low density (p20/p < 20) re-
gions. Then we fit each subsample with a straight line
given by

log(Lx,05-2.0cev) = Alog(L, /10"°L, o)+ B (3)

using the BCES (Bivariate Correlated Error and in-
trinsic Scatter) bisector method (Akritas & Bershady
1996). The results are shown in Table 3. We include
data with lower limits in the fit to reduce uncertainties
of the parameters.

The Lx-L, relation for galaxies with pag/p < 20
tends to be tighter and slightly steeper than counter-
part in the high density region (p29/p > 20), consistent
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Fig. 3.— X-ray and NIR (K-band) luminosity relation for
galaxies in different large-scale environment. The symbol
and line notations are the same as Fig. 2.

with the result of Mulchaey & Jeltema (2010). The cor-
relation coefficients of the relation are 0.88 and 0.28 for
the low and high density regions, respectively. The re-
lation in the high density environment shows definitely
large scatter.

To compare with other studies, we obtain the K-
band luminosity of the sample galaxies from the Ex-
tended Source Catalog (XSC, Jarrett et al. 2000) of
the Two Micron All Sky Survey. The correlation coef-
ficients of the Lx and Lk relations plotted in Fig. 3
are 0.90 and 0.25 for galaxies in the low and high den-
sity regions, respectively, similar to the values found in
the Lx and L, relation. The slope of the Lx and Lg
relation for galaxies in the low density region is steeper
than the slope for galaxies in the high density region
at 20 significance. It clearly shows that the X-ray and
NIR luminosity relation significantly differs depending
on the environments where galaxies reside. Therefore,
our result appears to confirm that the environment is,
at least partially, responsible for the scatter seen in the
relation between the X-ray and optical/NIR luminosi-
ties. The large scatter shown for galaxies in the high
density environment suggests that various processes are
involved in producing the thermal X-ray emission. In
fact, the fitted values for the Lx-Ly relation differs
from the ones obtained in Mulchaey & Jeltema (2010)
and Jeltema et al. (2008). For comparison, the slope of
the L x-Lx relation for group and cluster environment
is 3.92 + 0.39 and 1.86 £ 0.23 for field galaxies. The
samples they used consist of relatively nearby early-
type galaxies with redshift less than 0.03 and thus are
bright enough to successfully separate out the other
contributions to the X-ray emission. Besides, the def-
inition of environment they used is also different from
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Fig. 4.— (Upper) X-ray luminosity normalized by op-
tical (r-band) luminosity as a function of the distance to
the nearest neighbor at high large-scale density regions.
(Lower) The same as above, but at low large-density re-
gions.

ours. Thus the slopes obtained in Mulchaey & Jeltema
and Jeltema et al. itself are not directly comparable to
ours.

3.2 Environmental Effect on Lx /L,

To obtain a deeper understanding of the various
physical processes taking place in different environ-
ments, we inspect the X-ray property in the pag-7,
parameter space shown in Fig. 4. The large-scale en-
vironment is divided into high (p20/p > 20) and low
(p20/p < 20) density cases. We then plot the Lx scaled
by L. as a function of rp/7virnei determined by the
nearest neighbor at each large-scale environment case.
The figure shows that the large-scale environment is an
important factor only when the target galaxy is located
inside the virial radius of its neighbor (r, < Tyir nei)
while the dependence on the large-scale environment
disappears at separations farther than the virial radius
(rp > Tvirnei), and that the effects of the nearest neigh-
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bors depending on neighbor separation is critically im-
portant to the hot gas content.

In Fig. 5, upper panel (b) shows that the X-ray lu-
minosity has a stronger correlation with the large-scale
density when the distance to the nearest neighbor is
smaller than the virial radius of the neighbor.

Among the six interacting galaxies with r, < ryir nei,
three galaxies located in the high density regions
(p20/p > 20), namely NGC4066, NGC5098, and SDSS
J133110.82—014348.9, are more luminous than those
in the low density regions, and their nearest neighbors
also have comparable luminosity as shown in Fig. 5.
Although these galaxies are experiencing close encoun-
ters with a neighbor having comparable mass in the
high density region, their halos are X-ray luminous
compared to those of galaxies in the lower density re-
gions, which is contrary to the well-known effect of hot
gas removal by various physical processes such as ram
pressure stripping, galaxy harassment, and starvation.
These galaxies are also likely to evolve through gravita-
tional effects as they approach each other. Hence, this
result suggests that for these galaxies, the removal of
hot halo gas by those processes must be relatively mod-
est and the hot halo gas is rather condensed through the
accretion of intergalactic gas and confinement of out-
flowing gas by the ambient medium instead. This phe-
nomenon was also found by Brown & Bregman (2000)
and Sun et al. (2007). The interacting galaxies in the
high density region have relatively larger Lx /L, proba-~
bly due to the additional contribution from the ambient
medium and this could lead to the large scatter found
in high density regions (p20/p > 20) shown in Fig. 2.
Taking those three interacting galaxies out from the
20 galaxies makes the slopes in the Lx-L, and Lx-Lg
relations steeper, giving 2.69 4+ 0.80 and 2.17 £ 0.85,
respectively. These values are closer to those for the
low density regions given in Table 3.

For the isolated galaxies with r, > 7vir nei shown in
the lower panel of Fig. 5, neither pgg nor r, depends
the hot gas content. More luminous galaxies tend to
have larger Lx/L,. For these isolated galaxies, the
X-ray emission depends only on the stellar content of
the galaxy itself. Thus some internal processes such
as stellar mass loss and continued Type Ia supernovae
or AGN feedback of each galaxy could have more ef-
fect on the X-ray luminosity. Luminous galaxies having
substantial dark matter halos may retain hot halos ef-
fectively while faint galaxies easily expel their hot gas.

4. SUMMARY

We have investigated the correlation between the ex-
tended X-ray emission from the halos of optically lumi-
nous early-type galaxies and the galaxy’s environments
such as r, and pag. We cross-matched the 3rd Data Re-
lease of the Second XMM-Newton Serendipitous Source
Catalog to a volume-limited sample of the Sloan Dig-
ital Sky Survey Data Release 7 with M, < —19.5 and
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Fig. 5.— (Upper) X-ray luminosity normalized by optical
(r-band) luminosity for interacting galaxies with the near-
est neighbor (rp < rvirnei) as a function of the distance to
the nearest neighbor (a) and as a function of the large-scale
density (b). (Lower) The same as above, but for isolated
galaxies (rp > Tvirmei). AM in upper panels is the differ-
ence in luminosity between a target and its nearest neighbor
and filled symbols are galaxies with the nearest neighbor
of comparable luminosity. Samples in the lower panel are
divided into two cases according to the luminosity of the
target galaxy.

0.020 < z < 0.085 which was generated from the KIAS
value-added catalog (Choi et al. 2010). We obtained 20
early-type galaxies with reliable X-ray signals from the
positional cross-matching between the two data sets.
Although the small size of the sample more or less lim-
ited the scope of issues, it was still useful to draw ob-
vious results.

The X-ray luminosity of the galaxy was found to
have a tighter correlation with the optical and NIR
luminosities for galaxies with large-scale background
density of pag/p < 20 than for those with pag/p > 20.
Furthermore, the X-ray to optical (r-band) luminosity
ratio, Lx /L., shows a clear dependence on the dis-
tance to the nearest neighbor, r,, and on the large-
scale density environment, psg, only where the galaxies
in pair interact hydrodynamically, r, < 7vi;. These re-
sults lead us to conjecture that the galaxies in the high
local density region have other mechanisms that are
responsible for their halo X-ray luminosities than the
current presence of a close encounter, or alternatively,
the cooling time of the heated gas halo is longer than
the typical time between the subsequent encounters in
the high local density region so that Lx /L, is rather
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insensitive to the current presence of a close encounter
(rp) and to the expected time after the last encounter
(p20)-

eROSITA, the extended Roentgen Survey with an
Imaging Telescope Array (Predehl et al. 2012), is
planned for launch in the year 2014 and will scan the
entire sky for four years. Its sensitivity will be approx-
imately 20 times the Roentgen Satellite (ROSAT), and
the data from this mission will drastically increase the
number of galaxy samples with X-ray emitting halos,
and a study like the present one here will benefit from
these new data.
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