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ABSTRACT

Aims. Compact groups of galaxies are excellent laboratories for studying galaxy interactions and their effects on the evolution of
galaxies. In particular, dynamically young systems, with a large fraction of interacting, late type galaxies, have so far escaped proper
studies in the X-ray band and their hot intergalactic medium properties are virtually unknown. Motivated by this lack of knowledge,
we present a detailed investigation here of the X-ray properties of such a dynamically young system.

Methods. We obtained XMM-Newton observations of one spiral-only system in the new southern compact group catalogue:
SCG0018-4854. We present here the results of the data analysis and discuss them in comparison with the few other similar sys-
tems also studied in the X-ray band.

Results. The 4 members of SCG0018-4854 emit at a level comparable to what is expected based on their optical properties. We detect
the low level diffuse emission between galaxies, which is most likely due to the presence of the intergalactic medium. Compared to
other spiral-only groups, SCG0018-4854 could be the coolest system detected so far, although the measurements have large uncer-
tainties. These results indicate that high quality deep X-ray observations are needed to allow a proper study of the properties of the

potential well of dynamically young systems, before more general conclusions can be drawn on their average characteristics.
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1. Introduction

Compact groups (CGs) are small associations of galaxies (4-8)
characterised by high over-densities (6p/p ~ 80) and low velocity
dispersions, in the range <50 to about 600 km s~!. with a median
value of 200 km s~' (Hickson et al. 1992). It seems now well
established that these structures are physically real, and that they
are likely to play an important role in the environmentally driven
evolution of galaxies (see e.g. Mendes de Oliveira & Hickson
1994; Coziol & Plauchu-Frayn 2007).

Recent optical results (Coziol et al. 2000) indicate that we
observe CGs with a wide range of properties. In some of them,
member galaxies show significant amounts of ionised gas in their
nuclei, indicating recent star formation or low luminosity AGNs.
Others are instead characterised by a low level of activity of their
members, which are mainly E/SO galaxies with old stellar pop-
ulations. In a fraction of CGs an intermediate age stellar popu-
lation is present in the member galaxies, consistent with a post-
starburst phase.

A reasonable evolutionary sequence would see CGs evolve
from dynamically young groups, expected to be dominated by a
population of late-type galaxies, to more relaxed systems, dom-
inated by an early-type galaxy population, through a multiplic-
ity of mechanisms such as mergers of member galaxies, accre-
tion of new gas from external reservoirs, infall of new galaxies
and heating of the intra-group medium through dynamical

friction and AGN feedback (Coziol et al. 2004; Gomez-Flechoso
& Dominguez-Tenreiro 2001).

Inserting this evolution in the larger picture of hierarchical
structure formation theory, one would expect that CGs, being the
lower mass tail of structures in the Universe, would have formed
more recently than eg. massive cluster of galaxies (Coziol et al.
2004). This would be particularly true for dynamically young
systems, that in the evolutionary sequence above should be at
the lowest mass tail of CGs.

The observations of X-ray emission in CGs should be in-
terpreted within this context. In the early discussions about the
nature of CGs, the presence of a hot intergalactic gas in these
systems was taken as evidence that these are physically bound
structures with a common potential well.

The presence of hot inter galactic gas in CGs was confirmed
by Ponman et al. (1996), and it was further established that
its characteristics are indistinguishable from those of the more
general class of groups (Helsdon & Ponman 2000). Taken as
a whole, groups form the fainter part of the X-ray luminosity
function or luminosity vs. velocity dispersion relation for clus-
ters (Ponman et al. 1996; Helsdon & Ponman 2000; Mulchaey
et al. 2003; Jeltema et al. 2006), a result fully consistent with the
predictions of the hierarchical structure formation theory.

Another interesting matter concerning X-ray emission in

CGs is the problem of the so called fossil groups (Ponman et al.
1994; Vikhlinin et al. 1999; Jones et al. 2003). These groups
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have been suggested as the possible end product of the evolu-
tion of CGs. However some observational differences between
compact groups and fossil groups seem to argue against this hy-
pothesis. Among them, a possible difference in mass range be-
tween fossil groups and compact groups, the former so far ob-
served at the higher end of the mass distribution (10'3~10'* vs.
101-10'* My, see, e.g. Jones et al. 2003; Hickson et al. 1992;
Pompei et al. 2007), and in X-ray luminosity, where again fos-
sil groups are observed at the bright end (L, >10* vs. 10*'—
10* erg s~!, Jones et al. 2003). This, however could just be more
an observational bias than a real problem as systematic searches
for low X-ray/mass fossil groups are still lacking. Furthermore
in the hierarchical structure formation model fossil groups could
be the end result of the massive groups formed at early cosmic
times that coalesced in the single massive X-ray bright galaxy
observed today (see e.g. von Benda-Beckmann et al. 2007).

So far very little is known about the X-ray properties of
spiral-only compact groups, which would presumably be at the
beginning of the simple evolutionary sequence presented above.
This is due to the small fraction of such systems in the best-
studied catalogue of CGs by Hickson (1982) and to the diffi-
culty in observing them to the appropriate sensitivity levels in
the X-ray band. To date, a hot IGM has been detected only in
a few spiral dominated groups. The only example in Hickson’s
catalog is HCG 16 (Belsole et al. 2003), which is also a quite
remarkably active group (Ribeiro et al. 1996). A few other cases
of diffuse X-ray emission in spiral-dominated groups have also
been recently reported in a higher redshift sample (Mulchaey
et al. 2000).

X-ray emission in these systems can be an important probe
both of the dynamical (by probing the system’s potential), and
activity stage (by completing the information on galaxy activ-
ity) of the group itself. Can we distinguish between young and
evolved CGs based on their X-ray emission? In particular, what
is the origin of the intergalactic gas in CGs? According to the hi-
erarchical structures formation model we would expect recently
formed CGs to be relatively poor in hot gas, due to their smaller
potential wells.

In this paper we present the hot diffuse component and the
high energy properties of one such group, SCG0018-4854, se-
lected from the sample of Southern Compact Groups (SCGs,
Tovino 2000; Tovino et al. 2003). The SCGs is a highly complete
sample of CGs, selected in an automated fashion from a galaxy
catalog obtained from UKST digitised blue plates. Follow-up
spectroscopic observations of the brightest candidates (with a
blue magnitude of the brightest galaxy of b; < 14.5) have con-
firmed the CG structure, with three or more concordant member
redshifts, for 49 of the 60 pre-selected candidates. Preliminary
studies of the atomic gas content of these systems have just be-
gun with a pilot sample of six (Pompei et al. 2007).

SCG0018-4854 is a beautiful tight quartet of galaxies, al-
ready listed in the Rose compilation of CGs as Rose34 (Rose
1977). Tt is located at a recession velocity of ~3300 kms™!
and consists of four galaxies (NGC 88, NGC 89, NGC 87 and
NGC 92) in an extremely tight configuration on the sky: all
within a circle of radius of 1/6. A possible fifth member (ESO
194-G 013) is at a larger projected distance of ~15’ (at the dis-
tance of the group 1’ ~ 15 h;(; kpc). The velocity dispersion of
only 120 km s~! is very low, albeit with a large associated un-
certainty because it is derived from only five individual redshift
measurements. All members of the tight quartet exhibit a dis-
turbed morphology, including a spectacular extended tidal tail
of the brightest galaxy (NCG 92, see also Temporin et al. 2005;
Pompei et al. 2007).
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All these observational properties support that SCG0018-
4854 is one good example of a “dynamically young” CG and,
as such, a particularly interesting target for the XMM-Newton
observations presented here.

We adopt Hy = 70 km s~! Mpc™' throughout.

2. Observation and data reduction

We obtained a ~35 ks XMM-Newton (Jansen et al.
2001) observation of SGCO0018-4845 with EPIC with its
medium filter in December 2002 (see Table 1). We used
the XMM-Newton Science Analysis System (SAS, version
xmmsas_20060628_1801) to update the event files with the
newest calibration and to clean it from flaring events (see the
science threads at http://xmm.vilspa.esa.es). A signifi-
cant increase of the background is observed towards the end
of the observation, that had to be excluded from the analysis.
Additional flaring episodes are observed throughout the obser-
vation. Cleaning the data from all high background episodes
reduces the net observing time to ~16.7-29.9 ks for EPIC-
pn and EPIC-MOS, respectively. We retain single, double and
quadruple events for the morphological analysis, and for the
MOS spectral data. For the spectral analysis of the EPIC-pn data
we only consider single and double events. We also use both
CIAO (http://cxc.harvard.edu/ciao/) and DS9-Funtools
(http://head-cfa.harvard.edu/RD) astronomical software
to analyse the data and present results.

To improve the photon statistics we have summed all EPIC-
MOS data for the spatial analysis. The EPIC-pn data are kept
separate to avoid artifacts that could be introduced by the differ-
ent patterns in the CCD-gaps in the two sets of instruments. The
areas of the CCD gaps are excluded from the following analysis.

2.1. X-ray maps

To better visualise the X-ray emission from SCG0018-4854 we
have smoothed the data with an adaptive smoothing algorithm.
We show the isointensity contours derived from the adaptively
smoothed EPIC-MOS data in the 0.3-2.0 keV energy range
superposed onto a V-band image in Fig. 1, together with the
smoothed X-ray map with the contours indicating the optical
sources in the field.

It is evident that most of the emission arises from individual
sources, but some low surface brightness diffuse emission is also
present between the galaxies.

All members of SCGO0018-4854 are detected: NGC 87,
NGC 89, NGC 92 are clearly visible in Fig. 1. A source coin-
cident with NGC 88 is also detected, although it is less clearly
visible due to a very close brighter source to the W, coincident
with a faint optical source, most likely a background object.
ESO 194-G 013 also coincides with a source in the EPIC-pn
and EPIC-MOS2, very close to the edge of the field (not covered
by Fig. 1). The source to the E of NGC 92 is most likely another
background object, barely visible on the UK Schmidt Telescope
data.

The space between the galaxies appears to be filled with gen-
uine emission, as will be quantified later, which we interpret as
due to a hot intergalactic medium (IGM).

2.2. The extended diffuse component

To quantify the amount and distribution of this diffuse X-ray
component, the determination of the background shape and level
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Table 1. Journal of the XMM-Newton EPIC observations.
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Observation  Original Exp. time (ks)  Cleaned Exp. time (ks) RAT Dec’
1d EPIC-pn/MOS1/MOS2  EPIC-pn/MOS1/MOS2 J2000
0152330101 353 392 39.3 16.7 299 29.9 00"21m23530  —48°38'23”8

T Position of the target.

-48:40:00.0

0:21 :BP.O |

NGC 0087

0:21 :SP.O

Fig. 1. Left: iso-intensity contours of the emission in the 0.3-2.0 keV energy band from the EPIC-MOS data overlayed onto a 300 s V band image
obtained with DFOSC at the 1.54mt Danish Telescope. An adaptively smooth algorithm is applied. Contours are at: 0.033, 0.035, 0.038, 0.043,
0.048, 0.063, 0.078, 0.125, 0.238, 0.75, 1.625 cnt arcsec2. Right: the optical contours are overlayed onto the X-ray smoothed image, displayed in

logarithmic scale.

is important, in particular considering that we want to measure a
very low surface brightness emission. Two methods of determin-
ing the background were tested, using the “blank sky” data avail-
able online vs. using a local background from our data. After
careful consideration (see below), we resolve to use a local de-
termination of the background, while using some information
from the blank sky field to make some required adjustments to
the surface brightness levels.

The medium filter event files for the “blank sky” data avail-
able online' (see Carter & Read 2007, for a comprehensive dis-
cussion on the characteristics and preparation of the files) have
been cleaned from the high background episodes in a manner
consistent with the SCG0018-4854 data and the files have been
rotated to the same angle as our observation with the skycast>
program.

Figure 2 shows the comparison between the azimuthally av-
eraged radial profile obtained from our observation of SCG0018-
4854 and from the blank sky data, normalised to the SCG0018-
4854 profile at large radii (note that the normalisation is
consistent within <10% with the ratio of the exposure times).
‘We show both the full profile, inclusive of all sources (with filled
symbols), and the profile of the “residual” emission, where all
detected sources have been masked out, with the regions shown
in Fig. 3. We use the 0.3-2.0 keV band to maximise the relative

At http://xmm.vilspa.esa.es/external/xmm_sw_cal/
back-ground/blank_sky.shtml or kindly provided by A. Read and
J. Carter, that constitute and improved version of the on line data with
a smaller residual at the centre.

2 See http://www.sr.bham.ac.uk/xmm2/scripts.html

contribution to the total emission of the soft component, while
retaining a wide-enough band to include also the harder compo-
nents. The centre of the profile is at 00M21m24525, —48°38’51"7,
in the central area between the 4 galaxies of the group. The good
agreement between the data and the blank sky profile shapes at
radii larger than ~200” suggests that these could be used to es-
timate the background in the central area of the group, and indi-
cate a significant excess emission at least out to ~150”.

However, an analysis performed over narrower energy bins
indicates that the normalisation of the two sets is different at dif-
ferent energies, requiring a correction of up to ~17% to raise the
background to the observed value at energies below 2 keV, and
~6% to lower it for energies above 2 keV, relative to the aver-
age value for the 0.5-2.0 keV band. This is most likely a con-
sequence of the difference in the spectral shape of the blank sky
relative to our field background that converts into slightly dif-
ferent normalisations in different bands (see also Carter & Read
2007, and references therein).

Since it appears that outside a radius of ~200”-250" the spa-
tial shape of the emission is entirely consistent with the rescaled
blank fields, and that the shapes of the blank sky profiles are vir-
tually the same at all energies below ~5 keV, we conclude that a
local determination of the background is possible, provided the
blank sky spatial profile is used to rescale it to the appropriate
level at the source area, which is what we have done.

The net profile from the diffuse emission in SCG0018-4854
is shown in Fig. 4, where all detected discrete sources have
been excluded. Emission is clearly visible out to a radius of
~2’, with a total of ~410 = 40 net EPIC-pn counts. Since all
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Fig.2. Radial profile of the total emission in SCG0018-4854 in the
0.3-2.0 keV band, from EPIC-MOS and EPIC-pn separately, centred
between the 4 member galaxies. Detected sources are included in the
filled symbols, and excluded in the open ones (shown only for the inner-
most regions). The background from the blank sky fields is also shown,
renormalised with the exposure time ratios (adjusted with a correction
of ~9% in the EPIC-pn).
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Fig. 3. Regions used to derive the spatial and spectral parameters of the
different sources discussed in the text (see Figs. 4, 5) plotted on the
X-ray image of SCG0018-4854. The large circle delimited by dashed
lines indicates the region used to evaluate the characteristics of the ex-
tended emission. The smaller circles with the diameters indicated in red
are masked out to exclude individual sources. The regions delimited by
thick black lines centred on NGC 92 indicate the angular sectors used
in Fig. 5 to estimate the excess due to the tail in NGC 92.

detected sources have been masked out, we expect that the ex-
cess is truly from emission other than from the individual galax-
ies: photons in the wings of the Point Spread Function (PSF)
due to the sources detected individually can account only for
a fraction of the diffuse emission. Given that the masking re-
gions (circles of r ~ 18”-40", depending on the source strength
and the presence of more than one source in a small region, see
Fig. 3) contain ~70-80% of the emission of the point sources
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Fig.4. Net profile of the group component (EPIC-pn, 0.3-2.0 keV)
excluding all detected sources, centred midway between the galaxies.

(see the XMM-SOC-CAL-TN-0029 and XMM-SOC-CAL-TN-
0022 documents online at http://xmm.vilspa.esa. es3), we
estimate that Z20% of the counts in the extended component
could be contributed from the individual sources detected.

2.3. The tail of NGC 92

A rather unexpected feature can be observed in the raw data as
an excess to the SSE of this galaxy. The statistical significance
of the excess emission is limited by the poor photon statistics
and cannot be seen as a separate feature in the iso-intensity con-
tours of Fig. 1, possibly because of its closeness to the relatively
bright source associated with the galaxy. However, the contours
centred on the galaxy are clearly elongated in this direction. The
location of the feature is intriguing, since it coincides with the
base of the tail to the South seen prominently in He and HI
(Temporin et al. 2005; Pompei et al. 2007). Again, we make use
of a radial profile plot (Fig. 5) to compare the distribution along
the SSE direction and the expected distribution from the same
source in the N-NE directions (see Fig. 3). There is a clear ex-
cess of emission in the SSE direction (tail) relative to the north-
ern half (the galaxy only). This latter component can be param-
eterised by a combination of a central point source and a 3-type

2\-3B+0.5
model X, ~ (1 + (%) ) , with ry ~ 9” and 8 ~ 1.3, con-

sistent with the contribution from a nuclear source and gaseous
emission from the ISM (see next section). In the tail sector in-
stead the parametrisation requires a significantly flatter S-type
model with 8 ~ 0.53 0.1 (1-0 confidence), indicative of a shal-
lower radial gradient. Although the excess in this region could
in part be due to the emission from the gas in the group (see
above), there appears to be an excess even above this compo-
nent, as shown by the comparison with the profile towards the
group centre (Fig. 5) outside of ~20” radius. We can measure
an excess of ~35 + 8,45 + 10 counts in the ~20”-80" region
in the EPIC-pn and EPIC-MOS data, respectively, relative to the
model of the emission from the galaxy in the northern azimuthal
sector. Assuming a plasma with k7" ~ 0.3 keV (the average value

3 Belsole et al. (2003) have shown that extended sources like galax-
ies can be treated as point sources with little loss of accuracy for this
purpose.
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Fig. 5. Left: EPIC-pn and right: EPIC-MOS radial distribution of the emission in the stated angular sectors, measured counterclockwise from N.

A graphical indication of the azimuthal sectors used can be found in Fig.

in the whole galaxy, see next section), the tail could contribute
Ly ~4x10% ergs™! (0.5-2.0keV) to the total X-ray luminosity
of NGC 92.

2.4. Spectral properties of the emission

To measure the spectral properties of the emission from different
sources we have extracted photons in different size regions. We
have corrected for the areas lost due to CCD gaps in the EPIC-
pn. We use the EPIC-MOS data when statistically significant to
confirm the EPIC-pn results, or to assess the total luminosities,
when the EPIC-pn gaps cover a significant fraction of the source
area.

The background is in all cases taken from an annulus outside
the group area, rescaled as discussed in the previous section. We
have also considered the region between galaxies as background
for the sources associated with the group members, and we
found entirely consistent results in the derived quantities, with
only a small decrease in the net count rates (4—20%, for NGC 92
and NGC 89 respectively). We binned the data to increase the
photon statistics per spectral bin to ensure that the y? statistics
can be applied. We have used a binning based on a minimum
number of counts in the total data (typically 30 counts per
bin) or based on a minimum signal-to-noise ratio in the net
data, depending on the observed number of photons, while at
the same time ensuring that there was a reasonable number of
bins for the spectral fit. The data are fitted in XSPEC (version
11.3.1) with either a plasma with low energy absorption (e.g.
MEKAL) or a combination of plasma and bremsstrahlung or
power law to account for high energy tails. We adopt the tables
of Wilms et al. (2000) for the abundances and a Galactic value
of Ny = 2.7 x 10% cm™2 (Dickey & Lockman 1990). Quoted
errors correspond to a Ay? = 2.7 unless specified otherwise.

NGC 92. The X-ray spectrum of NGC 92 can be parameterised
by a combination of a power law with I' ~ 2.2 + 0.6 and a so-
lar abundance plasma with k7" ~ 0.3 [0.22-0.55] keV (Fig. 6).
A relatively large amount of low energy absorption is required,

3.

corresponding to Ny ~ 4 x 102! cm™2, consistent with the pres-
ence and amount of neutral hydrogen observed in HI emission
(visible in Fig. 5 in Pompei et al. 2007). The intrinsic luminos-
ity of the power law component, L, ~ 4 x 10*0 erg s~! in the
0.5-10 keV band, points to the presence of an AGN, albeit of
very low luminosity.

The absorption corrected plasma luminosity of
~2 x 10% erg s71(0.5-2 keV, within a 30” radius), is rel-
atively high for a normal spiral galaxy, but is consistent with the
presence of starburst activity. Unfortunately we cannot study the
spectral properties of the emission in different regions; however,
given its extended nature, also testified by the fit parameters
with a B-model (see previous sections), we speculate that the
emission is not to be attributed exclusively to the nuclear
starburst region, but is most likely distributed throughout the
body of the galaxy.

NGC 89. The energy distribution of the signal allows a ~2¢ bin-
ning of the net spectrum only at low energies, up to ~2 keV. In
the 2—10 keV range, too few photons (28 + 8) are detected, for a
meaningful spectral analysis. However, taking into account that
this object has a Seyfert 2 nucleus, from the optical line ratios,
we will first use the spectral data at low energies, to obtain in-
formation on the X-ray spectral properties of the object. We will
then add the high energy range to obtain some information on
possible nuclear emission.

A single component plasma model does not fit the data well;
a single temperature bremsstrahlung or a power law model could
give significantly better fits, but with unreasonable parameters
(kT ~ 0.5 keV, which is also obtained with a zero abundance
MEKAL model, or I' = 4, respectively). We obtain a reasonable
fit (y> Z 1 for 16-17 degrees of freedom in EPIC-pn) with a
two-component model (two thin plasmas at 0.25, 1.4 keV, 50—
100% solar abundance or one plasma at ~0.4 keV, 100% solar
abundance and a power law component with I fixed at 1.9).

Either models could be interpreted in the framework of the
emission from spiral and starburst galaxies, resulting from to the
combined contribution of a population of unresolved compact
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Fig. 6. EPIC-pn spectral data (crosses with error bars) with the best fit model (histogram) and the distribution of the significance (x?) as a function
of energy (left panel) and the unfolded spectrum with the individual spectral components (right panel) for NGC 92.

sources and a diffuse emission, most likely due to a hot phase of
the ISM. The line-of-sight absorption is always consistent with
the Galactic value. The unabsorbed total flux from this object
is fi ~ 1.4 x 107 erg cm™ s7!, which corresponds to a to-
tal intrinsic luminosity of L, ~ 4 x 10%° erg s71(0.5-2.0 keV),
with a contribution of 1/3 from the softer (plasma) component
and 2/3 arising from the harder (higher temperature/power law)
component, respectively.

The power law component could however also be interpreted
as due to a central AGN, visible in the optical data. However, its
intrinsic luminosity would only be L, ~ 4 x 10%° erg s™'(2.0-
10 keV), indicative of a very faint AGN, unless it were inter-
preted as the scattered component of a heavily obscured object.
Optical line emission ratios indicate a Seyfert 2 nucleus in NGC
89, so the presence of an absorbed central source is quite plausi-
ble. This interpretation is supported by the evidence of an excess
at the expected position of the Fe line. Given the low statistics in
the high energy bins, we have neglected to take into account the
significance of individual bins, and simply rebinned the data in
such a way that no bin contains a “negative" signal. The resulting
spectrum, shown in Fig. 7, is then compared with an absorbed
AGN model, in addition to a plasma component to account for
the low energy emission. To account for the small number of
counts in each bin we have used the C statistic (Cash 1979). An
excess of ~10 counts is evident at the Fe line energies. If we as-
sume a typical absorbed AGN spectrum, the data are consistent
with an intrinsic luminosity of a few x10*' erg s~!, and an ab-
sorption greater than a few x10?* cm™2. The excess at ~ 6.5 keV
is at a >99% significance from the C statistics (AC = 20), and it
is consistent with the expected narrow 6.4 keV Fe line emission
seen in local Seyfert galaxies (e.g. see Nandra et al. 2007).

Extended intra-group emission. EPIC-pn data have been ex-
tracted from a region of ~2!25, excluding the CCD gaps and
all detected discrete sources (the 4 galaxies and the source
W of NGC 88, see Fig. 3). The background is rescaled by
~10% to take into account the effect of vignetting, as ex-
plained in previous sections. The data are unfortunately of low
signal-to-noise, so the results are highly uncertain, which re-
flects also on the derived quantities (Fig. 8). If we assume a
plasma model (MEKAL) with abundances fixed at 30% cos-
mic, we derive a temperature of ~0.2 ([0.1-0.5] keV, see Fig. 8,

b bbb ]
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Fig. 7. EPIC-pn spectral data for NGC 89. The data are binned at ~20" in

net counts per bin at low energies and at lower significance, but avoiding

a “negative" signal, at high energies above 2 keV. The model shown and

the AC distribution refer to the mekal + power law model (see text).

right panel) and a higher than Galactic line-of-sight absorp-
tion, Ny ~ 4 x 10?! cm™2. This converts into an emitted flux
fi ~1x1078 erg cm™2 s7!, in the 0.5-2.0 keV band, strongly
dependent on the exact values of Ny and kT assumed. If we take
into account the area lost due to the CCD gaps and the sources
excluded from the analysis, the extended component flux should
be raised by ~40%, assuming a flat surface brightness distribu-
tion in the area. Therefore the total intrinsic luminosity of this
component is of the order of 8.5 x 10*’ erg s~! for the stated best
fit parameters.

Point source West of NGC 88. The data can be fitted with a
power law with ' = 1.8 [1.4-2.0] with mild absorption
Ny ~ 8 x 10*° cm™2, for an unabsorbed flux of 1.0-1.6 x
10~"* erg cm™2 s~! in the 0.5-2.0 and 2.0-10.0 ke V range respec-
tively. This would imply a luminosity of ~8 x 10%° erg s! (0.5-
10.0 keV), if the source were at the distance of the group.
While this would be consistent with an ultra luminous source in
NGC 88, its coincidence with a faint optical counterpart makes
it more likely to be a background source.
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Fig. 8. EPIC-pn spectral data and best fit model (crosses with error bars and histogram respectively) in the left panel, and confidence contour
regions (at 68, 90 99% level) for Ny and kT values (right panel) for the diffuse extended emission.

3. The X-ray picture

The sensitivity achieved with the XMM-Newton observation has
provided firm evidence of a hot intergalactic medium in which
galaxies are embedded in the spiral-only, dynamically young
system SCG0018-4854, analogous to what has been known to
permeate more evolved systems. With these data we have de-
tected and characterised the emission from the member galaxies
(most clearly from NGC 92, NGC 89 and NGC 87) and from a
diffuse component, and have investigated the spatial distribution
and the spectral features for the galaxies and for the intergalactic
medium in some detail.

3.1. Individual galaxies

All galaxies of the group are detected, at a level comparable to
other systems of the same optical characteristics, both in the field
and in groups (see Helsdon et al. 2001). When measured, the
spectral properties are consistent with a contribution from a hot
thin plasma and unresolved X-ray binaries, typical of the emis-
sion of late type galaxies with elevated star formation activity.

For NGC 87 and NGC 88 and ESO 194-G 013, not detected
with enough counts for a proper spectral analysis, we derive a
luminosity Ly = 10*° erg s™! from a simple rescaling from net
counts into fluxes and luminosities, assuming a power law model
with ' = 1.7.

NGC 89 has a higher luminosity, L, ~ 4x10% erg s™', in the
0.5-2.0 keV band, consistent with the combination of a hot ISM
at ~0.4 keV and the unresolved contribution of binary systems.
In spite of the very low statistics at higher energies, the data
are consistent with the presence of a heavily absorbed (Ny >
10%* cm~2) AGN, of intrinsic Ly ~ x10*! erg s™! (2-10 keV).
The evidence for such a component is given by an excess of
counts at the expected position of a Fe line. The equivalent width
of the Fe line would be of several keV (poorly measured) against
the very weak hard X-ray continuum that we can infer for NGC
89, but would be a few tens of eV against an AGN with an un-
absorbed luminosity of a few x10*' erg s~!, i.e. consistent with
the narrow iron lines seen in local Seyferts (i.e. Nandra et al.
2007). Moreover the energy of the line is formally consistent
with 6.4 keV (6.46 + 0.08 keV), as would be expected from neu-
tral Compton reflection. This is in excellent agreement with the

optical evidence of a Seyfert 2 nucleus, although the maximum
luminosity allowed by the data, for a reasonable set of parame-
ters for the AGN spectrum, is significantly lower than predicted
for example on the basis of the observed [OIII] line (see, e.g.,
the NGC 1068 example by Colbert et al. 2002), but in line with
the scatter observed for local AGNs (see Heckman et al. 2005;
Panessa et al. 2006). Interestingly, this is the only member of
SCGO0018-4854 without trace of HT gas (Pompei et al. 2007).

NGC 92 is the brightest of the galaxies, with a total luminos-
ity Ly ~ 2 x 10% erg s7!, in a hot plasma component. A mildly
absorbed, low luminosity (Ls-10 kev) ~ 4 x 10* erg s7!) nu-
clear source is also inferred from the morphology and spectrum.
A population of binary sources, which must also be present, can-
not be detected separately from the central “AGN-like" compo-
nent. A central radio continuum source is also detected in this
galaxy (P;34 gz ~ 4% 10?2 W Hz™!, Pompei et al. 2007), which
so far has been associated with starburst activity. At the present
time there is no measure of the compactness of the source nor
good spectral index information, to help understand whether the
radio source could be associated with the possible central AGN.

For both galaxies, the luminosity measured in the “plasma"
component is higher than what is predicted by the emissivity of
the old stellar population, and should therefore most likely be a
truly hot ISM component (see Revnivtsev et al. 2007).

The global star formation rate measured for NGC 92 is
14.7 Mg, yr~!' (Pompei et al. 2007), which is significantly higher
than that of other starforming galaxies like M 82, NGC 1482 or
NGC 3079 (<10 M, yr~! Strickland et al. 2004), although the
total luminosity in the diffuse X-ray emission is lower. If we use
the spectral results and attribute the emission modelled with a
plasma spectrum to a hot ISM, we can derive an average gas den-
sity of ne ~ 7.5% 1073 cm™3 and a total mass of Mgy ~ 3% 108 M,
in the hot phase, under a simple assumption of a spherical distri-
bution within » ~ 7.5 kpc. This is ~10x lower than what is de-
tected in the neutral cold phase (HI Pompei et al. 2007), but rel-
atively high with respect to the hot ISM detected in the disk and
halos of star-forming late type galaxies (Tiillmann et al. 20006)
and comparable to the amount of hot gas detected in HCG80a
(Ota et al. 2004).

A peculiar extension to the SE of NGC 92 coincident with
a tidal feature observed in HI and He is also detected. While
current data do not allow us to properly separate it from the
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emission of the galaxy, its existence is clearly shown in the elon-
gation of the isointensity contours in the soft energy map and in
the significantly flatter S-model required to fit the radial profile
in the SSE direction. As will be discussed later, the formation of
the X-ray tail is unlikely of stripping origin. Most likely, the tail
is the result of tidal forces acting on NGC 92 have been efficient
in dislocating the HT gas; in situ star formation, which produces
the spectacular HIT regions and Ha emission observed in the
tail, can also produce X-ray emitting sources (gas and/or
binaries).

3.2. The hot IGM

SCGO0018-4854 has a very tight configuration and optical stud-
ies already support the hypothesis that it is a truly bound system.
In fact the four galaxies of the group occupy an extremely small
region in space, all being located within a circle on the sky of
~25 kpc. Assuming that this dimension is indicative of the true
physical radius of the group, the density within the group ob-
tained is a record one also for such tight configuration systems,

at log(Miil_z) = 4.88, (see Pompei et al. 2007). Also the line

of sight velocity dispersion of the group is very low, amount-
ing to only 120 km s~!, although the number is highly uncertain
due to the paucity of the velocity space sampled (but typical of
these groups). As a further indication of the high density of this
system and of the high level of interaction among members, all
four group members have a disturbed optical morphology, and
a very peculiar HT distribution mostly dislocated with respect to
the bulk of the stars (NGC 89 is in fact completely stripped of
gas, Pompei et al. 2007).

With these XMM-Newton observations we have detected ex-
tended X-ray emission at the centre of the group, in a region of
~35 kpc radius. We cannot study the morphology of such com-
ponent in detail, due to the very limited statistics of the detection;
however, we can exclude that the emission is the result of the
combined emission from the individual members, and we claim
it is a genuine detection of a hot IGM at a level of Z10*! erg s™!.

To characterise the gas, we have assumed ionisation equi-
librium and 30% cosmic abundances, and we derive a relatively
low temperature of k7' ~ 0.2 keV. This is the usual approxima-
tion, in spite of the fact that the system is most likely not in a
stable configuration, also given the optical evidence of interac-
tions among group members. However, with current statistics,
it would be unrealistic to attempt more complex modelling of
the data. This result makes this group the coolest detected so far,
even among the few spiral only groups studied in the X-ray band.

In this model, assuming that the emission is distributed in
a sphere with radius 135" (33 kpc), and correcting for the area
lost due to the sources excluded from the analysis, the mean den-
sity and total gas mass are ne ~ 5 x 107 cm™ and My, ~
2 x 10'% M, respectively, estimated from the emission measure
obtained from the spectral results. At the centre, within 20 kpc,
where the radial profile is consistent with a constant distribu-
tion, the gas density increases to 0.01 cm™ with a cooling time
~2x 107 yr.

The total amount of hot material is significantly lower than
observed in more typical groups (e.g. Mulchaey 2000), but com-
parable to the gas masses derived for low velocity dispersion
groups by Helsdon et al. (2005, a few x10'%-!" My within
comparable radii). The inferred temperature is also significantly
lower than those measured in more evolved groups (1-2 keV);
unfortunately at these low temperatures the Ly—o and Ly-T
relations for groups and clusters have a significant scatter, so
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consistency with such relation is of little significance; however,
it appears that this group has a higher than expected X-ray lumi-
nosity for its measured temperature and for its o value relative
to the extrapolation from the cluster relation (see Helsdon et al.
2005).

Given the low velocity dispersion of the group (~120km s,
Pompei et al. 2007), the gas density calculated is not enough to
explain the formation of the HI tail in N92 with ram pressure
stripping. Using typical values for the cold ISM content in a

galaxy and Prym = picMm véal = Egasﬁ (where picm, Vgals Zgas
and Ry, are the mean ICM density, the velocity of the galaxy
relative to the ICM, the surface density of the galaxy’s ISM,
and the minimum stripping radius of the galaxy, respectively,
see Trinchieri et al. 2007), the observed quantities for pjcy and
Ugal iIMply Ryyip = 9 X 10?3 cm, ~300 kpc, well outside the galaxy
boundaries. For stripping to be efficient, the transverse velocity
should be an unlikely factor at least 67 larger than the observed
velocity dispersion of the group.

3.3. SCG0018-4854 in context

Very few dynamically young, spiral dominated systems like
SCGO0018-4854 have been observed in X rays and even fewer
have a measured IGM. No IGM was detected in the groups
with a spiral fraction of ~1 in the Mulchaey et al. (2003) at-
las, while only a few in the groups studied as part of the GEMS
project (Osmond & Ponman 2004) have been classified as hav-
ing a group-scale diffuse emission (e.g. >60 kpc in radius), both
based on lower resolution ROSAT data. In HCG 16, one of
the first such groups well studied and much discussed in the
literature, gas was unambiguously detected only recently with
XMM-Newton (Belsole et al. 2003), at a level of ~10*! erg s~!.

HCG 16 is in many respects very similar to SCG0018-4854:
it is composed of 4 luminous late type galaxies in a small
area (median projected galaxy-galaxy separation of ~60 kpc h;(;
Hickson et al. 1992), with evident signs of activity in their nuclei,
and a velocity dispersion of ~100 km s~'. The X-ray properties
appear also very similar: all 4 galaxies are detected as individ-
ual sources (both due to the AGN and starburst activity) already
by the ROSAT satellite (Saracco & Ciliegi 1995; Ponman et al.
1996; Dos Santos & Mamon 1999), while the diffuse emission
recently characterised with XMM-Newton has a comparable lu-
minosity but slightly higher best fit temperature (~0.5 keV, al-
though within the uncertainties; note that the ROSAT data sug-
gested a cooler temperature of 0.27 keV, Dos Santos & Mamon
1999) than SCGO0018-4854. Only two other systems, with a spi-
ral fraction of ~1, have been studied with Chandra or XMM-
Newton: HCG 80 (Ota et al. 2004) was not detected by Chandra,
with an estimated limit to the luminosity of the diffuse compo-
nent at Ly ~ 6 x 10*0 427 erg s™!, in spite of the larger velocity
dispersion (o, ~ 300 km s~!) of the system; low level diffuse
emission is measured in recent XMM-Newton images of the
Cartwheel, again at similar luminosities and gas temperatures
(Crivellari et al., in preparation).

Our results seem to suggest that, to obtain a more signif-
icant hot IGM component, we need groups with a somewhat
lower spiral fraction and/or in a more evolved stage of evolu-
tion, so that they have had time to accumulate a more signifi-
cant amount of hot IGM and/or the interaction among members
has already been able to heat it to higher temperatures. Some
of the famous examples include HCG92-Stephan’s Quintet
(Trinchieri et al. 2003, 2005); HCG 90 (White et al. 2003);
and an earlier ASCA detection of diffuse emission in HCG 57
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(Fukazawa et al. 2002), all characterised by a hotter IGM (kT ~
0.7-1 keV), a spiral fraction of ~0.5-0.7, relatively complex
morphologies and somewhat higher luminosities.

4. Conclusions

The detection of diffuse emission from SCG0018-4854 indicates
that this system contains a hot intergalactic gas with a mass of
~1% the mass measured in galaxies. The amount and tempera-
ture of the gas are about one order of magnitude lower than in
more evolved groups, where the gas is usually peaked onto the
brightest (early-type) member, at temperatures of 1-2 keV, and
has a significantly larger extent. The temperature is broadly con-
sistent with what is expected from gas in equilibrium in the po-
tential defined by the measured velocity dispersion of the group.
Although at lower levels than in other systems, the evidence of
such a component in this group is important because it can be
used as additional evidence that a) the galaxies are physically
related in a bound system, and b) the IGM can be a source of
disturbance and participate in the production of distortions/tails
observed in the galaxies, even though it alone cannot explain the
production of e.g. the tail of NGC 92. It is worth mentioning that
the characteristics of the hot gas detected in SCG0018-4854 are
comparable to the values derived for our own Local Group from
indirect measures (absorption features in the spectra of back-
ground sources): T ~ 2-5 X 10°K, N, < 2% 107 cm™3, and a
scale of ~140 kpc (Rasmussen et al. 2003).

A larger sample of objects however still needs to be sam-
pled at the proper sensitivity to provide the missing evidence of
whether these are special cases or all spiral dominated systems
have a hot, though cool and weak, IGM.
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