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  Transi3on	  from	  spiral-‐rich	  to	  ellip3cal-‐dominated	  through	  3dal	  interac3ons	  
  Hot	  does	  the	  hot	  IGM	  form?	  Gravita3onal	  accre3on	  and	  hea3ng	  as	  in	  clusters?	  
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Fig. 2a–d. Contour maps of the adaptively smoothed X-ray emission (C0 = 100 (a), 50 (b), and 25 (c), see Table 4 and Eq. 1) superimposed
on an optical DSS image. The five polygonal regions (C1–C5) dividing the emission region in HCG 16 are also shown, as well as the different
components of region C1 (C1A, C1B, C1C and C1D, see text). Lower right plot (d) shows a contour map of a 20 cm radio image from the
NVSS (see Condon et al., 1998).

Rsm =

!

C0

!B

"1/2

. (1)

With a mean background of B = 0.565 counts/pixel (see
Sect. 2.2), we obtain the smoothing resolutions listed in Table 4.

The grid we used in Sect. 3.2 was made of 16 ! 16 pixel
cells. Table 4 shows that the lowest resolution varies with C0

from 1/4 square cell (Rsm " 4 pixels) for C0 = 25 to 1/2
square cell (Rsm " 8 pixels) forC0 = 100. This shows that our
adopted values ofC0 are well suited to the size of the group, and

  Only	  a	  handful	  of	  spiral-‐rich	  groups	  with	  X-‐ray	  
emiTng	  intra-‐group	  gas	  are	  known.	  

  Typically	  faint:	  	  LX	  ≈	  few	  x1041	  erg	  s-‐1	  
  All	  are	  disturbed	  –	  filamentary	  structures,	  gas	  

more	  closely	  linked	  with	  galaxies	  than	  group?	  
  Is	  IGM	  forma3on	  linked	  to	  galaxy	  transforma3on?	  
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Fig. 1. Left: Full field Chandra image (ACIS-S: back-illuminated chip S3 only) of SQ in the 0.5–8 keV energy range with X-ray contours
and source numbers (see Sect. 2.2) superimposed. The map is binned with 1!! " 1!! pixels and smoothed with a bidimensional Gaussian filter
(! = 4!!). Right: X-ray contours superimposed on the blue DSS2 image of the field. Galaxies are identified, and the ACIS-S field of view is
indicated.
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Fig. 2. A zoomed X-ray contour map (0.5–3 keV) of the main con-
centration of X-ray photons. Contours are superimposed on a CFHT
B-band image of the field. The X-ray data are smoothed with an adap-
tive filter and 2.5! as the lowest significance of the signal within the
kernel.

resolution, covering di!erent portions of the field and in dif-
ferent energy bands. We applied a Gaussian filter or an adap-
tive smoothing filter using the csmooth routine in the CIAO
package (FFT method, and using 2.5! as the minimal signifi-
cance of the signal within the kernel). The left panel of Figure 1
presents an X-ray image of the entire back-illuminated CCD
chip (S3) with X-ray contours superimposed. The right panel
shows X-ray contours superposed on an optical B-band im-
age from the DSS2. Considerable extended emission is concen-
trated within the core of the compact group. Additional sources
are associated with the galaxies (members of SQ and the

foreground galaxy NGC 7320) or, in some cases, may be unre-
lated background sources (see Table 1).

Figure 2 presents a closer look at the X-ray emission most
unambiguously associated with SQ. The soft (0.5–3.0 keV)
X-ray contours are shown overlayed on an average of CFHT
B-band images kindly provided by C. Mendes de Oliveira (see
Plana et al. 1999; Mendes de Oliveira et al. 2001; S01 for dis-
cussion of the images). The complex X-ray emission that was
detected in previous ROSAT observations (Pietsch et al. 1997;
S01) is clearly resolved into two main components almost cer-
tainly associated with SQ: 1) complex clumpy and extended
emission centered on a radio continuum/optical emission-line
emitting shock zone and 2) emission from the Seyfert nucleus
in NGC 7319. Additional sources detected do not always have
obvious optical counterparts, although they appear to be asso-
ciated with the galaxies in several cases (the central region of
NGC 7318a, and associations in Table 1).

Figure 3 shows Chandra images in di!erent energy ranges.
Comparison of the images shows that the extended X-ray emis-
sion is found only below #2 keV, and more compact sources
coincident with the Seyfert 2 nucleus of NGC 7319 and an un-
resolved source SW of the NGC 7318a nucleus and apparently
coincident with one of the new intruder emission regions (#14
in Fig. 7 of S01) are prominent at higher energies.

2.1. Distribution of extended X-ray emission
Di!use emission in SQ extends from NE of the Seyfert 2 nu-
cleus of NGC 7319 to SW of the nucleus of NGC 7318a.
Elongated clumpy NS structure lies near the center of more dif-
fuse emission. We derived azimuthally averaged radial profiles
of the extended emission in several energy bands and in several
ranges of position angle. The goal of the radial profile analysis

Dos	  Santos	  &	  Mamon	  (1999)	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  HCG	  16	  	  	  	  	  	  
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Table 1. Journal of the XMM-Newton EPIC observations.

Observation Original Exp. time (ks) Cleaned Exp. time (ks) RA† Dec†
Id EPIC-pn/MOS1/MOS2 EPIC-pn/MOS1/MOS2 J2000

0152330101 35.3 39.2 39.3 16.7 29.9 29.9 00h21m23.s30 !48"38#23.##8
† Position of the target.
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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 arcsec!2. 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 online1 (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 skycast2

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

1 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 00h21m24.s25, !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 di!erent 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 di!erence in the spectral shape of the blank sky
relative to our field background that converts into slightly dif-
ferent normalisations in di!erent 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 di!use 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

SCG	  0018-‐4854	  

Trinchieri	  et	  al	  (2008)	  

HCG	  92	  

Trinchieri	  et	  al.	  (2003)	  



GMRT 610 MHz contours

POSS2 B-band
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N

W

Chandra 0.3-2.0 keV

  Tidal	  tails	  indicate	  mul3ple	  past	  interac3ons	  
  900	  km/s	  collision	  between	  infalling	  spiral	  and	  HI	  filament	  visible	  in	  radio,	  X-‐ray,	  IR	  
  Mass	  of	  ~0.7	  keV	  IGM	  (~3x1010	  M)	  ≈	  HI	  deficit	  (2x1010	  M)	  	  

$	  Shocked	  HI	  may	  make	  up	  a	  significant	  frac3on	  of	  IGM	  

Boston, 11 July 2014 

Williams	  et	  al	  (2005)	  



Radio properties of NGC 5903/5898 compact group of galaxies 13

Figure 2. The lowest 4 contours of HI surface density (from Appleton et al. 1990) overlaid on the 150 MHz continuum image
(grey scale). The profiles of the three early-type galaxies of this triplet are shown as ellipses, as described in Figure 1. Contour
units are 0.6,1.2,1.7 and 2.3 x1020 atom cm!2
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HI	  contours	  on	  
TGSS	  150MHz	  

TGSS	  150	  MHz	  contours	  
on	  DSS	  op3cal	  

 	  3x109	  M	  of	  HI	  in	  100	  kpc	  filament	  extending	  across	  NGC	  5903	  (Appleton	  et	  al.	  1990)	  
 	  ~60	  kpc	  wide	  radio	  structure,	  ~7	  Jy	  @150	  MHz,	  steep	  spectral	  index	  α=1.5±0.08	  	  	  

Appleton	  et	  al	  (1990)	  
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 	  ~40	  ks	  XMM,	  low-‐level	  flaring	  throughout	  
 	  Disturbed	  0.7	  keV	  IGM	  correlated	  with	  HI!	  
 	  Hot	  gas	  mass	  ≈	  HI	  deficit	  (3x1010	  M) 

Collision	  shock	  as	  in	  Stephan’s	  Quintet?	  
 	  No	  clear	  high-‐velocity	  intruder	  galaxy	  	  
	  collision	  in	  plane	  of	  sky?	  
 	  In	  SQ	  radio	  correlated	  with	  HI	  and	  X-‐ray	  	  
Only	  see	  a	  hint	  of	  this	  in	  NW	  spur	  	  age?	  

Plans:	  	  
GMRT	  HI	  observa3ons	  (high-‐resolu3on	  maps)	  
Hα	  imaging	  (trace	  warm	  gas	  content)	  
Deep	  Chandra	  poin3ng	  proposed	  (155	  ks)	  

150	  MHz	  contours	  XMM	  0.3-‐3	  keV	  

3’ / 27 kpc

NGC 5898

NGC 5903NGC 5903
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Fig. 2. EMOS 1+EMOS 2 wavelet image in the energy band 0.2–1.4 keV. The ellipse at the centre of the figure denotes the region used for
spectrum extraction. The ring from which the background spectrum was extracted is also shown to indicate the distance from the elliptical
region. A slightly di!erent ring is used for EMOS 1 and EMOS 2 in order to exclude the noisy CCDs.

be less e"cient (our wavelet algorithm does not allow for
the moment to give a di!erent weight to di!erent spatial re-
gions), and thus the smoothing kernel will appear larger (in
this region) in the reconstructed wavelet image. Discarding
the noisy CCDs would noticeably increase this e!ect.

– The high signal to the west-north-west is further increased
by a point source highly degraded by the o!-axis PSF;

– The extension onto the south-east (in the direction of
galaxy d) is also probably due to a radio source (DSM99).
This source is detected on CCD2 of EMOS 2, but because
of the high CCD temperature in the early stage of the cal-
ibration, there is a great deal of electronic noise which ef-
fectively prevents further investigation of the source.

3.3. The radial profile

The gas density distribution, obtained from the surface bright-
ness profile, is one of the parameters (together with the temper-
ature and total flux) used to measure the gravitational potential
well in the assumption of spherical symmetry.

We define a mask excluding all sources detected in the
wavelet image as well as detector artifacts such as bad

Fig. 3. Position of the CCDs for each EMOS camera (EMOS 1 to the
left, EMOS 2 to the right) with the orientation of the HCG1 sky coor-
dinates; north is up the east is to the left.

lines/columns and hot CCDs not taken into account by the pre-
processing. Because of the uncertainties in the spatial distribu-
tion at the energies corresponding to the Al and Si fluorescence
lines in the particle image (see Sect. 2), we again limit our
analysis to the 0.2–1.4 keV energy band. We are confident that
this choice does not change our result because the preliminary

XMM	  
Belsole	  et	  al	  (2003)	  

4’ 

N

ENGC 848

NGC 839

NGC 838

NGC 835

NGC 833 2’ / 33 kpc

VLA	  HI	  on	  DSS	  op3cal	  
Chandra	  0.5-‐2	  keV	  

 	  Hot	  gas	  detected	  by	  ROSAT	  and	  XMM	  but	  morphology	  uncertain	  	  
 	  137.5	  ks	  Chandra	  observa3on	  	  irregular	  ridge	  of	  0.3	  keV	  gas	  
 	  X-‐ray	  ridge,	  HI	  filament	  linking	  galaxies	  	  group	  not	  yet	  relaxed?	  
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30’’

NGC838	  NGC839	  

VLA	  1.4	  GHz	  
on	  DSS	  

GMRT	  	  
610	  MHz	  	  
on	  Chandra	  	  
0.5-‐2	  keV	  

  2	  northern	  spirals:	  Seyferts,	  low	  SFR	  
  3	  southern	  spirals:	  starbursts	  
  HI	  and	  hot	  gas	  in	  ridge	  are	  densest	  around	  	  

NGC	  838	  and	  NGC	  839	  
  SF	  has	  been	  ongoing	  for	  4-‐5x108	  yr	  	  
  ~1010	  M	  of	  hot	  gas	  ejected	  in	  that	  period &
 ~20%	  of	  IGM	  mass	  	  
  If	  other	  group	  members	  have	  ejected	  gas	  at	  a	  similar	  rate	  in	  the	  

past,	  ~40%	  of	  IGM	  could	  have	  come	  from	  starburst	  galaxies.	  



1.  Only	  a	  handful	  of	  spiral-‐rich	  groups	  with	  a	  hot	  IGM	  have	  been	  studied	  
with	  Chandra	  and/or	  XMM	  

2.  Stephan’s	  Quintet:	  demonstrates	  that	  collisional	  shocks	  can	  contribute	  
significantly	  to	  building	  IGM	  by	  hea3ng	  HI	  

3.  NGC	  5903:	  shows	  that	  SQ	  is	  not	  unique	  –	  collisional	  shocks	  are	  short-‐
lived,	  but	  can	  be	  detected	  from	  radio/X-‐ray	  data	  

4.  HCG	  16:	  	  demonstrates	  that	  starburst	  winds	  can	  inject	  significant	  
quan33es	  of	  hot	  gas	  into	  the	  IGM	  in	  spiral-‐only	  groups.	  Up	  to	  ~40%	  of	  
IGM	  observed	  in	  this	  unrelaxed	  group	  may	  have	  been	  contributed	  by	  
galaxy	  winds.	  

5.  Deeper	  surveys	  are	  needed	  to	  iden3fy	  more	  examples	  (eROSITA,	  low	  
frequency	  radio?)	  with	  Chandra	  follow-‐up	  to	  study	  interac3ons	  in	  detail.	  
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