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Abstract. This paper presents the XMM-Newton first-
light observations of the Hickson-16 compact group of
galaxies. Groups are possibly the oldest large-scale struc-
tures in the Universe, pre-dating clusters of galaxies, and
are highly evolved. This group of small galaxies, at a red-
shift of 0.0132 (or 80 Mpc) is exceptional in the having
the highest concentration of starburst or AGN activity in
the nearby Universe. So it is a veritable laboratory for the
study of the relationship between galaxy interactions and
nuclear activity. Previous optical emission line studies in-
dicated a strong ionising continuum in the galaxies, but
its origin, whether from starbursts, or AGN, was unclear.
Combined imaging and spectroscopy with the EPIC X-
ray CCDs unequivocally reveals a heavily obscured AGN
and a separately identified thermal (starburst) plasma, in
NGC 835, NGC 833, & NGC 839. NGC 838 shows only
starburst thermal emission. Starbursts and AGN can ev-
idently coexist in members of this highly evolved system
of merged and merging galaxies, implying a high proba-
bility for the formation of AGN as well as starbursts in
post-merger galaxies.
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1. Introduction

The Hickson-16 galaxy group (or HCG-16) comprises
seven galaxies with a mean recession velocity (Ribeiro et
al. 1996) of 3959466km s=! and a velocity dispersion of
86455 km s™!, centered on the position o = 02°09'33",
d = —10°09'46.7" (J2000). The four central members of
the group, originally identified by Hickson (Hickson 1982),
all fall within the 30’ field of view of EPIC, they all show
evidence for mergers and a strong ionising continuum;
they have well resolved optical nuclei (Mendes de Oliveira
et al. 1998). However the nature of the ionising continuum
is unclear. Optical emission line diagnostics (de Carvalho
& Coziol 1999, Veilleux & Osterbrock 1987) suggest that
in NGC 838 and NGC 835 there is a starburst nucleus,
whilst in NGC 835, NGC833 and NGC 839 there is a
low ionisation narrow emission line region (or LINER 2
nucleus). This could arise either from an AGN or from
starburst activity: [OIIT]/HEG values for the nuclei are all
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Fig. 1. The smoothed colour X-ray image of HGC 16 made with the EPIC MOS CCD imaging spectrometers on XMM-Newton.
The spatial resolution is 6" Full Width at Half Maximum, and 15" Half Energy Width, limited by the mirrors. The energy band is
0.2-10 keV and the energy resolution varies from 140 eV FWHM at 6 keV to 70 eV at 500 V. In the colour image, red corresponds
to 800 eV and blue to > 3 keV. The physical scale across the image corresponds to 200 kpc (using Hy = 50 km g1 Mpc_l).
Notice the very hard (blue) nucleus of NGC 833 and the soft (red) halo emission around the companion galaxy NGC 835.

< 2.5 (de Carvalho & Coziol 1999). The EPIC instrument
is able to observe directly the ionising continuum, and dis-
tinguish clearly between optically thin thermal emission
from a starburst, and non-thermal hard X-ray emission
from an AGN. These observations can therefore be used
to determine the nature of the ionising continuum, helping
to clarify the relationship between mergers, the triggering
of starbursts, and the creation and fueling of black holes.

2. The XMM-Newton Observations

The XMM-Newton Observatory (Jansen et al. 2001) has
three X-ray telescopes of area ~ 1500 cm?, with the three
EPIC instruments at the foci; two of the EPIC imaging
spectrometers use MOS CCDs (Turner et al. 2001, Hol-
land et al. 1996) and one uses a PN CCD (Striider et al.
2001). The observations of the HCG-16 galaxy group were
taken in orbit-23 as part of the XMM-Newton EPIC first-
light. Exposures of 50 ksec were taken with EPIC (sensi-
tive from 0.2 to 10 keV) and 1 ksec exposures were taken

in V (550nm) and UV (280nm) with the XMM-Newton
Optical/UV Monitor (OM) telescope (Mason et al. 2001).

The EPIC data were processed using the pipeline
scripts EMCHAIN (MOS) and EPCHAIN (PN). Screening
was applied using the XMM-Newton SAS (Science Analy-
sis Software). Hot and bad pixels and negative E3 events
were removed from the data to reduce the level of elec-
tronic noise. A low energy cut of 200 eV was applied to
the data. The first 10 ksec of data were also removed from
the EPIC observation, as this contained a high count-rate
background particle flare. The resultant exposure time for
each of the detectors was ~40 ksec.

Figure 1 shows the resultant EPIC X-ray colour image
of the centre of the HCG-16 field. The hard, absorbed,
spectrum of the AGN in NGC 833 shows up as a blue point
source, and the soft starburst emission in the outer regions
of NGC 835 shows as a red halo; the other galaxies show
extended X-ray discs. Figure 2 also shows the V-UV colour
image from the OM. The nuclear regions of NGC 835 and
NGC 838 show up brightly in the ultraviolet, indicative of
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Fig.2. The OM colour image of HCG 16 derived from 1000 second exposures in V and UV bands. A bright foreground star
has been removed from the lower right of the image. Blue here represents the UV band.

Fig. 3. A close-up, greyscale UV image from the Optical Moni-
tor, showing the galaxies NGC 833 (right) and NGC 835 (left).
Bright UV knots, corresponding to possible regions of star for-
mation, are seen in the outer disk of NGC 835.

hot stars or gas associated with enhanced star formation.
There are also bright UV knots in the outer regions of
NGC 835 showing enhanced star formation there. A close-
up OM image of NGC 835 is shown in figure 3.

3. Spectral Analysis of the HCG-16 Galaxies

Since EPIC resolves the optical disks of the galaxies, the
spectra were prepared from photons falling within a re-

gion of interest based on the X-ray image. For NGC 833
the X-ray source is point-like, while for NGC 835 the core
and the surrounding region (the red halo in figure 1) were
analysed separately, the spectra of the remaining galax-
ies were made using the entire X-ray disc. Background
spectra were taken from source-free regions on the central
EPIC-MOS and PN chips; the background spectra were
normalised to the area of the source extraction regions.

The background subtracted EPIC spectra were fitted,
using XSPEC vV11.0, with the latest response matrices pro-
duced by the EPIC team; the systematic level of uncer-
tainty is < 5%. Finally spectra were binned to a minimum
of 20 counts per bin, in order to apply the y? minimisa-
tion technique. All subsequent errors are quoted to 90%
confidence (Ax? = 4.6 for 2 interesting parameters). Val-
ues of Hy = 50 kms™!Mpc~! and ¢ = 0.5 have been
assumed and all fit parameters are given in the rest-frame
of the HCG-16 system. We now present the individual
EPIC spectra of the 4 main Hickson-16 galaxies.

3.1. NGC 833

Optical imaging data on NGC 833 reveal a disturbed
velocity field and pronounced misalignment of the kine-
matic and stellar axes, indicative of an ongoing inter-
action (Mendes de Oliveira et al. 1998). The emission
lines present in the optical spectra (de Carvalho & Co-
ziol 1999) indicate weak non-stellar LINER-2 activity in
the core; there is no optical evidence for current star for-
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Fig. 4. The X-ray spectrum of the galaxy NGC 833. The most
striking feature is the high-energy, absorbed power-law (at
> 3keV) that is the direct emission from the active black hole
at the centre of the galaxy. There is also an un-absorbed power-
law, resulting from radiation scattered into our line of sight, by
material directly illuminated by the AGN. These two spectral
components together show the presence of an AGN of lumi-
nosity 1.4 4 0.6 x 10*%erg s™'. There is also weak soft X-ray
emission from an optically thin plasma, perhaps originating
from starburst activity.

mation ([NIT]/HS~unity). The EPIC image of this galaxy
is point-like, much smaller than the stellar disc.

The best-fitting EPIC X-ray spectrum (Figure 4)
shows three distinct components, all required at > 99.99%
confidence. The most obvious is the peak at high energies
from an obscured AGN; this emission is in the form of a
power-law of index I' = 1.8 & 0.5, absorbed by material
of column density equal to Ni = 2.4+ 0.4 x 10?3 em~%
The second component is an un-absorbed power-law, re-
sulting from radiation scattered into our line of sight, by
thin, hot, plasma directly illuminated by the AGN. The
third component is radiation from an optically-thin ther-
mal plasma, with a temperature of k7" = 470 eV. The
improvement in the fit upon adding the thermal emission
is Ax? = 36.7. A summary of the fits to NGC 833 (and
the other 3 galaxies) are given in table 1.

This complex X-ray spectrum amply confirms the
presence of an AGN in NGC 833 of luminosity 1.4 &+
0.6 x 10*? erg s~ 1, it is, remarkably, the dominant source
of power in the galaxy. In contrast, the thermal X-ray
emission, is more than 100 times weaker (8.9 + 3.0 x
1039 erg s71) and the FIR luminosity (Verdes-Montenegro
et al. 1998) is also very low (< 3 x 10%% erg s71).

3.2. NGC 835

The adjacent galaxy, NGC 835 is undergoing a gravita-
tional interaction with its neighbour NGC 833, as evi-
denced by the tidal tails in the optical image; and ap-
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Fig.5. The spectrum of the companion galaxy, NGC 835,
which also shows an obscured active nucleus together with
strong thermal soft X-ray emission. The AGN in both NGC
833 and NGC 835 may have been triggered by mutual gravi-
tational interaction.

parently contiguous stellar discs (Mendes de Oliveira et
al. 1998). The velocity field is normal, but there is emis-
sion line evidence (de Carvalho & Coziol 1999) for LINER
nuclear activity, and for current starburst activity in the
outer regions; the knotted ring structure seen in the OM
image supports this.

The X-ray emission from NGC 835 can be spatially
separated into two areas, the core, and an outer region
corresponding to the remainder of the stellar disc. The
core has a very similar spectrum (Fig. 5) to that of NGC
833. There are absorbed and scattered power-laws indicat-
ing a heavily obscured AGN (Ng = 4.64£1.5x 10?3 cm~?)
of luminosity 1.2 x 10*? erg s7! (0.5-10 keV), but the
soft thermal component is more luminous than NGC
833 at 2.5+ 0.3 x 10* erg s™'; it is almost certainly
from current starburst activity and the FIR luminosity
(Verdes-Montenegro et al. 1998) is 100 times larger at
2.7x 10" erg s7'. The spectrum at the periphery of NGC
835 is purely thermal, with a temperature of 300 eV and
a luminosity of 2.9 + 0.7 x 10*° erg s~!, similar to that
of the core. This is the X-ray emission from the starburst
region including the ring structure and knots seen in the

OM V-UV image.

To summarize, the EPIC data clearly show the pres-
ence of an AGN, in both NGC 833 and NGC 835, that
coexists with present starburst activity in the core (and
for NGC 835 in the periphery) of the galaxies. The detec-
tions of the obscured AGN and thermal starburst compo-
nents in both galaxies are highly significant, at > 99.99%
confidence (see table 1).
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Table 1. X-ray spectral fits to the 4 HCG-16 galaxies. ¢ Temperature of thermal component in keV. ? Column density of

the absorbed power-law in units of 10°? cm™2.

¢ Improvement in the spectral fit upon adding the obscured hard power-law.

¢ Improvement in the fit from adding a soft, thermal (Mekal) component. © Best-fit reduced chi-squared. 7 Indicates that
parameter is fixed. Note ABS.PL is the absorbed power-law, SCAT.PL is the scattered power-law; I' for these 2 components

have been tied.

Hard Component Thermal Soft Component

Galaxy Model I or kT Nt  Ayx*e kT Ay x2°
NGC 833 ABS.PL + SCAT.PL + MEKAL TI'=18+0.5 2444 92,7  0.4740.12 36.7 0.632
NGC 835 (centre) ABS.PL + SCAT.PL + MEKAL [©'=2.2540.23 46415 584 0.5140.07 176.2 1.02
NGC 835 (diffuse) MEKAL x2 kT=4 keV/ - - 0.3140.05 73.4 1.2
NGC 838 MEKAL x2 kT=3.240.8 - - 0.5940.04 209.5 1.21
NGC 839 ABS.PL + SCAT.PL + MEKAL TI'=21+08 45420 12.0  0.6340.10 40.9 1.38
NGC 838, HCG—16 NGC 839, HCG—16
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Fig. 6. The EPIC-MOS spectrum of NGC 838. Only emission
from the starburst is present, with no detectable hard X-ray
emission from a central AGN; the hard X-ray emission could
arise from unresolved X-ray binaries in the galaxy.

3.3. NGC 838

NGC 838 is an ongoing merger with strong starburst
activity. Optical data (Mendes de Oliveira et al. 1998)
show kinematic warping, and multiple velocity compo-
nents in the ionised gas, and a double optical core (also
see de Carvalho & Coziol 1999). The infrared luminos-
ity is 3.3 £ 10** erg s~'. The EPIC spectrum of NGC
838 (Fig. 6) shows purely thermal emission, the disc is re-
solved in X-rays, but there 1s no separate sharp core in the
X-ray image. The spectrum 1s fitted with a two tempera-
ture thermal spectrum (k7 = 3.2 keV and kT = 590 V)
and the luminosity is high at 1.9 4+ 0.3 x 10* erg s71.
This is all consistent with the optical data: the soft X-ray
emission is from the ionised gas produced in the starburst
while the hard thermal spectrum could be characteristic
of unresolved X-ray binaries. There is no statistically sig-
nificant scattered or obscured power law; the upper limit
for the AGN luminosity is 5 x 10%° erg s=!, assuming an
absorbing column of 5 x 10?3 cm~2.

channel energy (keV)

Fig.7. The X-ray spectrum of NGC 839. There is both star-
burst emission and emission from a low luminosity obscured
AGN. Unusually the elemental abundance of NGC 839 appears
to be ~5 times solar.

3.4. NGC 839

NGC 839 may also be a recent merger (Mendes de Oliveira
et al. 1998, de Carvalho & Coziol 1999), it has a double nu-
cleus in the optical, a FIR luminosity of 3.1 x 10** erg s71,
and a disturbed velocity field; optical lines indicate an ac-
tive LINER-2 nucleus (de Carvalho & Coziol 1999). In the
soft X-ray EPIC spectrum (Fig. 7) there is optically-thin
thermal emission, similar to that of the other galaxies, of
temperature k7" = 600 eV, and luminosity 1.8 £ 0.3 x
10%0 erg s7'; a typical indicator of a current starburst.
The spectrum also shows an obscured AGN, as found in
NGC 835 & NGC 833; it is however much less luminous
(843 x 10%° erg s71) for a column of N = 5 x 10?® cm~2.
Interestingly the abundances in NGC 839 appear to be
higher than solar. There are apparent weak Lyman-a lines
of O, Mg and Si in the EPIC spectrum, although the sig-
nificance of these features is low (at only 90% confidence).
Fitting the soft X-ray spectrum with the MEKAL model
does however yield an over-abundance of 5.242.0 times the
solar value. One interesting possibility is that the heavier
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elements have been enriched through the intense starburst
activity in this galaxy.

4. Conclusions

Direct X-ray spectroscopy is the best way to identify hid-
den AGN in galaxies, and here the EPIC cameras on
XMM-Newton have produced clear evidence for active,
massive black holes in three out of four galaxies in HCG-
16. The presence of a similar active nucleus in NGC 838
is unlikely, unless it is very heavily absorbed. The na-
ture of the ionising continuum in the four galaxies has
been elucidated: there is thermal emission from starburst
activity in three, (possibly four) of the galaxies, and in
three of them there is a coexisting active black hole. While
LINER-1 galaxies with broad H@ lines do harbour black
holes (Terashima et al. 1998, 2000) this is the first direct
evidence that black holes power LINER2 galaxies. These
AGN are at the low end of the luminosity scale, consistent
with their small size (Magorrian et al. 1998).

In NGC 833, the accreting black hole X-ray luminosity
arguably exceeds the FIR luminosity. This is very unusual,
even compared with much more luminous AGN, and may
indicate the stripping of dust and gas by past interac-
tions with other galaxies (Mendes de Oliveira et al. 1998).
The EPIC X-ray study of this nearby and evolved system
of small galaxies indicates a high fraction of active black
holes coexisting with starbursts. This is consistent with
optical studies of compact groups (e.g. Coziol et al. 2000),
where a large fraction of galaxies with nuclear activity is
found. The observations may also provide a link between
normal galaxies, where black holes may be inactive, and
Seyfert galaxies and quasars, where black holes dominate,
and where galaxy mergers may be implicated in the on-
set of black hole activity (Boyce et al. 1996, Bahcall et
al. 1997). Further observations with XMM-Newton have
the potential to determine more precisely the fraction of
nearby galaxies that harbour active, low-luminosity black
holes.
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