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Hickson Compact Groups
“By compact group, we mean a small, relatively isolated 
system of typically four or five galaxies in close 
proximity to one another."

Hickson 1997 ARA&A 35, 357

HCG 31

High fraction of E/S0

Evidence of tidal 
interactions

High density, low v

Generally deficient in H I



Hickson Compact Groups
Phase 1: 
low level of interaction

H I is still found in individual 
galaxy disks

Phase 2: 
more interaction

H I is disturbed, visible in tidal 
tails

Phase 3: 
advanced group stage

H I no longer in 
individual galaxies.  
Possibly now 
outside group or 
in common 
envelope

HCG 88

HCG 16

HCG 49

HCG 92

Verdes-Montenegro et al. 2001



HCG: evolutionary cycle
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Rapid Evolution

HCGs have bimodal IR colors
Color-color plot from Lacy et al. 2004
Lower left: red ETGs
Upper right: blue starformers

HCGs show bimodality between 
red colors (X) and blue 
colors (+) with very few in 
the gap

This gap is not as obvious in 
underlying population

=> rapid evolution in HCGs

Johnson et al. 2007



MoHEGs
MoHEG = Molecular Hydrogen Emitting Galaxy 

H2/7.7µm PAH � 0.04

Ogle et al. 2004H2 emission in MoHEGs is too strong to be 
energized solely by photon-dominated regions 
(PDRs).

The Astrophysical Journal, 765:93 (29pp), 2013 March 10 Cluver et al.

Figure 10. IRAC color–color diagram for the sample; H2-enhanced galaxies
(MOHEGs) are shown as green squares, H2-detected galaxies are shown as blue
circles. The red dashed box shows the underpopulated region in color–color
space from Walker et al. (2010). The shaded area corresponds to the AGN color
selection criteria of Lacy et al. (2004); AGN-dominated systems (as determined
by their mid-infrared spectra) are in yellow. The purple diamond is the location
of the shocked IGM in SQ (from Cluver et al. 2010), with SQ member galaxies
shown as magenta stars.

The [Ne iii] 15.56 µm/[Ne ii] 12.81 µm ratios shown in
Figure 13(a) occupy the same range as what is found in
the SINGS sample (Dale et al. 2009) and starburst systems
(Bernard-Salas et al. 2009). HCG 68B and 15A have the
highest ratios of [Ne iii] 15.56 µm/[Ne ii] 12.81 µm (3.1 and
2.6, respectively) and are classified as low-luminosity LINERS
from their optical spectra (Coziol et al. 2004). We note that 68B
and 15A are NVSS cataloged radio sources (see Table 12).

HCG 68A also has a relatively high ratio, but Coziol et al.
(2004) assign it as having no clear optical emission lines; how-
ever, it is an NVSS source (see Table 12). Since [Ne iii] 15.56 µm
and [Ne ii] 12.81 µm can also be shock excited (Allen et al.
2008) and is observed associated with the high-velocity shock
in SQ (Cluver et al. 2010) and in supernova remnants (Neufeld
et al. 2007), in the absence of an AGN [Ne iii] 15.56 µm and
[Ne ii] 12.81 µm emission may be arising due to shocks. HCG
56B has a similarly high [Ne iii] 15.56 µm/[Ne ii] 12.81 µm ra-
tio within this sample (!1.86), signifying a hard radiation field.
As discussed in Section 4.1.3. it is a known Seyfert 2 galaxy.

For HCG 57A’s off-nuclear extraction, the [Ne iii] 15.56 µm/
[Ne ii] 12.81 µm ratio is !0.77 indicating a radiation field
typical of star-forming and Seyfert sources (Dale et al. 2006).

The nebular line [S iii] 33.48 µm can be used to determine
the relative enhancement of [Si ii] 34.82 µm, usually occurring
in active galaxies with hard radiation fields, associated with
XDR emission and, finally, due to shocks returning Si to the
gas phase (as seen in SQ; Cluver et al. 2010). [S iii] 33.48 µm/
[Si ii] 34.82 µm ratios of between 0.5 and 2 (Figure 13(b)) are
expected for star-forming regions (Dale et al. 2009), with an
average of !0.8. [S iii] 33.48 µm/[Si ii] 34.82 µm values of
<0.4 generally suggest enhanced [Si ii] 34.82 µm emission,
indicative of the presence of an AGN or shocks. Very few

HCG MOHEGs can be plotted in this figure, mostly due to the
[S iii] 33.48 µm line having only an upper limit (see Table 7).
However, HCG 68A has an [S iii] 33.48 µm/[Si ii] 34.82 µm
value of 0.36, significantly lower than the SINGS ratios (Dale
et al. 2006). This may be an indication of silicon atoms being
liberated from dust grains driven by shocks. The galaxy is
an NVSS source, but is not classified as an AGN optically
(Coziol et al. 2004). HCG 57A’s off-nuclear spectrum has an
[Si ii] 34.82 µm/[S iii] 33.48 µm of !1.71, which is marginally
higher than the average found for typical, star-forming galaxies
(!1.2; Dale et al. 2006) despite not incorporating the nucleus.

5. SOURCES OF H2 EXCITATION

5.1. AGN and X-Ray Excitation of H2

Studies of AGN activity with HCG galaxies have found most
to be LLAGNs (Coziol et al. 2004; Martı́nez et al. 2010), with
a ratio of broad-to narrow-line AGNs of only 3%. As shown
by Coziol et al. (2004), the LLAGN are either LINERS or
Seyfert 2 systems based on their emission line diagnostics. From
the optical classifications of Coziol et al. (2004) and Martı́nez
et al. (2010) of the H2-detected galaxies (shown in Table 3),
50% have H ii classifications, 50% have a Transitional Object
classification, and 25% have AGN designations. Only one
H2-detected galaxy has a LINER classification (HCG 79A). By
comparison, the MOHEG systems have one H ii classification
(HCG 25B), 29% classified as LINERs, 29% classified as
Transitional Objects, and 29% with AGN designations based on
optical spectra of their nuclear regions. 21% of the MOHEGs
have no detectable optical emission. This indicates fewer H ii
systems, but more LINER objects amongst the MOHEGs
compared to the H2-detected systems, whereas optical AGNs
are roughly equally represented in both.

Powerful AGNs in our sample, as measured by the shape of
the IRS spectrum and high-excitation emission lines, are rare.
Only two galaxies, HCG 56B and 96A (classified as Seyfert 2
systems optically; Coziol et al. 2004), have clear power-law,
mid-infrared spectra. Tidal interactions are expected to trigger
nuclear activity. However, since galaxies are being stripped,
their neutral gas reservoir rapidly becomes depleted causing
relatively low accretion rates onto the black hole (Martı́nez et al.
2010).

Ogle et al. (2007, 2010) explained the powerful excited H2
emission in their sample of 3CR radio galaxies to be the result of
shocks associated with radio jets from these generally LLAGN
interacting with the host galaxy (see also Guillard et al. 2012b).
However, in our sample, this mechanism is unlikely (except in
the case of HCG 56B) since very few are known radio sources,
and those that are detected are low luminosity (see Table 12).

Molecular hydrogen can be excited directly by X-ray heating
(Lepp & McCray 1983), either in the form of XDRs associated
with AGNs (Maloney et al. 1996) or due to the presence of hot,
diffuse intragroup gas. We know from SQ that the collision of a
group galaxy with previously stripped tidal material can produce
hot plasma and copious X-ray emission (Trinchieri et al. 2005;
Guillard et al. 2009). However, whereas the most H i-deficient
systems, and therefore most dynamically evolved, would be
expected to be the most X-ray luminous, half are undetected
(Rasmussen et al. 2008). We present archival X-ray data of
the MOHEG groups in Section D.1 and find five out of eight
have detections, but all with relatively low luminosities. The
highest X-ray luminosity system is HCG 82 with a luminosity
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Cluver et al. 2013

Cluver et al. (2013) investigated 
23 HCGs with Spitzer IRS

14 of those galaxies are 
considered MoHEGs

Those 14 tend to sit in the IR gap



HCGs: CO results (30m)

U. Lisenfeld et al.: Cold molecular gas in HCG galaxies

Fig. 2. The detected CO(1-0) spectra observed at the various position
in HCG 25b overlaid over an IRAC 8µm image. The velocity range is
from 5600 to 7200 km s!1 for all spectra. The CO(2-1) lines are not
shown for clarity.

Fig. 3. CO(1-0) (green) and CO(2-1) (blue) spectra observed at the
various position in HCG 40c overlaid over an IRAC 8 µm image. The
velocity range is from 5500 to 7200 km s!1 for all spectra. The vertical
scale of the spectra is in TmB for both lines.

1. Name: Galaxy name
2. Area: Area covered by the beams that we considered in the
average CO(1-0) intensity.

3. MH2,mapped: The mass of the molecular gas determined from
the mapping.

4. MH2,extra: The mass of the molecular gas determined from the
extrapolation of the central value.

The agreement is in general good, with a maximum di!er-
ence of a factor of 1.4 in the case of HCG 25b.

Fig. 4. The detected CO(1-0) (green) spectra observed at the various
position in HCG 57a and HCG 57d overlaid over an IRAC 8 µm image.
The velocity range is from 8000 to 10000 km s!1 for all spectra. The
CO(2-1) (blue) lines are only shown because for the two postions where
the entire bandwidth of the line is covered.

Fig. 5. CO(1-0) (green) and CO(2-1) (blue) spectra observed at the
various position in HCG 40c overlaid over an IRAC 8 µm image. Only
detected spectra are shown. The velocity range is from 5500 to 7200
km s!1 for all spectra. The vertical scale of the spectra is in TmB for
both lines.

4.3. CO line ratio

in Fig. 6 we show a comparison between the line intensities of
the CO(1-0) and CO(2-1) emission, separated into central po-
sition and o!-center position. We do not include those posi-
tions/objects where both lines are an upper limit. There is no
di!erence between MOHEG and no-MOHEG galaxies.

The average value for the line ratio is log(ICO(2!1)/ICO(1!0)) =
0.011 ± 0.065 (corresponding to ICO(2!1)/ICO(1!0) " 1.0)
for the central position and a slightly lower value of
log(ICO(2!1)/ICO(1!0)) = !0.160 ± 0.050 (corresponding to
ICO(2!1)/ICO(1!0) " 0.7) for the o!-center positions. These val-

Article number, page 7 of 20

CO in HCGs (in general)

CO/FIR properties “surprisingly 
similar” to isolated galaxies

20% of HCG spirals appear CO 
deficient, related to 
H I deficiency?

25% detection rate of ETGs (same 
as ATLAS3D; Young et al. 2010)

Verdes-Montenegro et al. 1998
Martinez-Badenes et al. 2012

CO in MoHEGs

CO/FIR properties also similar to 
isolated galaxies, though M(H2)/LK 
is low

Broad line wings seen in CO of 
some MoHEGs, higher than can be 
explained solely with rotation

Lisenfeld et al. 2013, in prep

HCG 57



The complexities of [C II]

de Looze et al. 2011

[C II] is a reliable tracer of star 
formation in normal non-
interacting galaxies.

[C II] traces:
PDRs
Crawford et al. 1985, Tielens & Hollenbach 1985, Wolfire et al. 1989, 
Hollenbach, Takahashi & Tielens 1991, Stacey et al. 1991, Bakes & 
Tielens 1998

H II regions and
Diffuse neutral/ionized ISM
Wolfire 1995, Nakagawa et al. 1998



The complexities of [C II]

de Looze et al. 2011

[C II] is a reliable tracer of star 
formation in normal non-
interacting galaxies.

[C II] traces:
PDRs
Crawford et al. 1985, Tielens & Hollenbach 1985, Wolfire et al. 1989, 
Hollenbach, Takahashi & Tielens 1991, Stacey et al. 1991, Bakes & 
Tielens 1998

H II regions and
Diffuse neutral/ionized ISM
Wolfire 1995, Nakagawa et al. 1998

X-ray heating?
Appleton et al. 2013

Cosmic rays
Nesvadba et al. 2010, Ogle et al. 2010, Appleton et al. 2013

Shocks
Appleton et al. 2013, Lesaffre et al. 2013



Shock excitation of [C II]

Fig. 9.— A compilation by (Stacey et al. 2010) of the [CII]/FIR
luminosity versus the FIR luminosity for individual galaxies over a wide
range of luminosity and redshift. The SQ PACS regions A-E are also
plotted showing the extreme values for the [CII]/FIR ratio, especially
for the regions less contaminated by star formation (regions B, C and
E). Interestingly, those regions exhibiting weak star formation fall closer
to the distribution for normal star forming galaxies. The arrow shows a
highly schematic mixing line as star formation becomes more dominant
over shocks in gas that is actively forming stars rather than in a highly
turbulent state.

Fig. 10.— The line luminosity ratio of [OI]/[CII] as a function of
the far-IR color from a sample of galaxies by (Malhotra et al. 2001) based
on ISO data (black points) with the PACS Regions 1-5 for SQ plotted as
red filled circles. The solid lines are theoretical models of PDRs based
on the models of Kauffman et al. (1999). Unlike the other figures shown
in this paper, the SQ points appear to form a continuous distribution at
cool color temperatures with the normal galaxies (see text).
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galaxies, this 
relationship appears to 
break down



Shock excitation of [C II]
Stephan’s Quintet (HCG 92)

Appleton & Cluver 2012

Fig. 9.— A compilation by (Stacey et al. 2010) of the [CII]/FIR
luminosity versus the FIR luminosity for individual galaxies over a wide
range of luminosity and redshift. The SQ PACS regions A-E are also
plotted showing the extreme values for the [CII]/FIR ratio, especially
for the regions less contaminated by star formation (regions B, C and
E). Interestingly, those regions exhibiting weak star formation fall closer
to the distribution for normal star forming galaxies. The arrow shows a
highly schematic mixing line as star formation becomes more dominant
over shocks in gas that is actively forming stars rather than in a highly
turbulent state.

Fig. 10.— The line luminosity ratio of [OI]/[CII] as a function of
the far-IR color from a sample of galaxies by (Malhotra et al. 2001) based
on ISO data (black points) with the PACS Regions 1-5 for SQ plotted as
red filled circles. The solid lines are theoretical models of PDRs based
on the models of Kauffman et al. (1999). Unlike the other figures shown
in this paper, the SQ points appear to form a continuous distribution at
cool color temperatures with the normal galaxies (see text).
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for the regions less contaminated by star formation (regions B, C and
E). Interestingly, those regions exhibiting weak star formation fall closer
to the distribution for normal star forming galaxies. The arrow shows a
highly schematic mixing line as star formation becomes more dominant
over shocks in gas that is actively forming stars rather than in a highly
turbulent state.

Fig. 10.— The line luminosity ratio of [OI]/[CII] as a function of
the far-IR color from a sample of galaxies by (Malhotra et al. 2001) based
on ISO data (black points) with the PACS Regions 1-5 for SQ plotted as
red filled circles. The solid lines are theoretical models of PDRs based
on the models of Kauffman et al. (1999). Unlike the other figures shown
in this paper, the SQ points appear to form a continuous distribution at
cool color temperatures with the normal galaxies (see text).
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Taffy bridge Peterson et al. 2012

Taffy galaxies Peterson et al. 2012; Peterson et al. in prep

HCG 57 Alatalo et al. in prep

Taffy

11h 37m 58s  54s  50s

21o 57’ 30’’

 

58’ 30’’

 

59’ 30’’

HCG 57

Alatalo et al. in prep

In normal galaxies, [C II] 
traces emission 
associate with SF, and 
leads to a reliable 
relation.  In turbulent 
galaxies, this 
relationship appears to 
break down

Peterson et al. 2012



Herschel [C II] results
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HCG 100

Preliminary:
[C II] mom0 

mapped for 11 
MoHEG systems

9/11 of these 
systems have also 
been detected in 
CO (Lisenfeld et 

al. in prep)

[C II]

Spitzer RGB - 3.6, 5.8, 8.0um, respectively.  Alatalo et al, in prep



Results: [C II] and CO in HCG 57
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Results: [C II] and CO in HCG 57
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U. Lisenfeld et al.: Cold molecular gas in HCG galaxies

Fig. 2. The detected CO(1-0) spectra observed at the various position
in HCG 25b overlaid over an IRAC 8µm image. The velocity range is
from 5600 to 7200 km s!1 for all spectra. The CO(2-1) lines are not
shown for clarity.

Fig. 3. CO(1-0) (green) and CO(2-1) (blue) spectra observed at the
various position in HCG 40c overlaid over an IRAC 8 µm image. The
velocity range is from 5500 to 7200 km s!1 for all spectra. The vertical
scale of the spectra is in TmB for both lines.

1. Name: Galaxy name
2. Area: Area covered by the beams that we considered in the
average CO(1-0) intensity.

3. MH2,mapped: The mass of the molecular gas determined from
the mapping.

4. MH2,extra: The mass of the molecular gas determined from the
extrapolation of the central value.

The agreement is in general good, with a maximum di!er-
ence of a factor of 1.4 in the case of HCG 25b.

Fig. 4. The detected CO(1-0) (green) spectra observed at the various
position in HCG 57a and HCG 57d overlaid over an IRAC 8 µm image.
The velocity range is from 8000 to 10000 km s!1 for all spectra. The
CO(2-1) (blue) lines are only shown because for the two postions where
the entire bandwidth of the line is covered.

Fig. 5. CO(1-0) (green) and CO(2-1) (blue) spectra observed at the
various position in HCG 40c overlaid over an IRAC 8 µm image. Only
detected spectra are shown. The velocity range is from 5500 to 7200
km s!1 for all spectra. The vertical scale of the spectra is in TmB for
both lines.

4.3. CO line ratio

in Fig. 6 we show a comparison between the line intensities of
the CO(1-0) and CO(2-1) emission, separated into central po-
sition and o!-center position. We do not include those posi-
tions/objects where both lines are an upper limit. There is no
di!erence between MOHEG and no-MOHEG galaxies.

The average value for the line ratio is log(ICO(2!1)/ICO(1!0)) =
0.011 ± 0.065 (corresponding to ICO(2!1)/ICO(1!0) " 1.0)
for the central position and a slightly lower value of
log(ICO(2!1)/ICO(1!0)) = !0.160 ± 0.050 (corresponding to
ICO(2!1)/ICO(1!0) " 0.7) for the o!-center positions. These val-

Article number, page 7 of 20

Lisenfeld et al., in prep
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HCG 57a is the MoHEG

HCG 57d is also bright in PAH emission (blue)

HCG 57a is much brighter in CO despite the PAH 
and [C II] emission in HCG 57d

CARMA recovers 65% of the 
single dish in HCG 57d, 
possibly a diffuse molecular 
component?



Results: [C II] and CO in HCG 57
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Fig. 2. The detected CO(1-0) spectra observed at the various position
in HCG 25b overlaid over an IRAC 8µm image. The velocity range is
from 5600 to 7200 km s!1 for all spectra. The CO(2-1) lines are not
shown for clarity.

Fig. 3. CO(1-0) (green) and CO(2-1) (blue) spectra observed at the
various position in HCG 40c overlaid over an IRAC 8 µm image. The
velocity range is from 5500 to 7200 km s!1 for all spectra. The vertical
scale of the spectra is in TmB for both lines.

1. Name: Galaxy name
2. Area: Area covered by the beams that we considered in the
average CO(1-0) intensity.

3. MH2,mapped: The mass of the molecular gas determined from
the mapping.

4. MH2,extra: The mass of the molecular gas determined from the
extrapolation of the central value.

The agreement is in general good, with a maximum di!er-
ence of a factor of 1.4 in the case of HCG 25b.

Fig. 4. The detected CO(1-0) (green) spectra observed at the various
position in HCG 57a and HCG 57d overlaid over an IRAC 8 µm image.
The velocity range is from 8000 to 10000 km s!1 for all spectra. The
CO(2-1) (blue) lines are only shown because for the two postions where
the entire bandwidth of the line is covered.

Fig. 5. CO(1-0) (green) and CO(2-1) (blue) spectra observed at the
various position in HCG 40c overlaid over an IRAC 8 µm image. Only
detected spectra are shown. The velocity range is from 5500 to 7200
km s!1 for all spectra. The vertical scale of the spectra is in TmB for
both lines.

4.3. CO line ratio

in Fig. 6 we show a comparison between the line intensities of
the CO(1-0) and CO(2-1) emission, separated into central po-
sition and o!-center position. We do not include those posi-
tions/objects where both lines are an upper limit. There is no
di!erence between MOHEG and no-MOHEG galaxies.

The average value for the line ratio is log(ICO(2!1)/ICO(1!0)) =
0.011 ± 0.065 (corresponding to ICO(2!1)/ICO(1!0) " 1.0)
for the central position and a slightly lower value of
log(ICO(2!1)/ICO(1!0)) = !0.160 ± 0.050 (corresponding to
ICO(2!1)/ICO(1!0) " 0.7) for the o!-center positions. These val-
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HCG 57d is also bright in PAH emission (blue)

HCG 57a is much brighter in CO despite the PAH 
and [C II] emission in HCG 57d

CARMA recovers 65% of the 
single dish in HCG 57d, 
possibly a diffuse molecular 
component?

Clearly, in HCG 57, CO and 
[C II] do not trace one 
another (as expected in 
SFR/PDRs), and HCG 57d 
has an enhanced 
[C II]/LFIR



Results: [C II] and CO in HCG 95
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Results: [C II] and CO in HCG 95
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[C II] seen in the interacting / tidal tail galaxies

CO strongest where [C II] strongest, with hints of CO in the 
tidal tail, and bluest (strong PAH) feature



Summary
HCGs are perfect laboratories to study galaxy evolution

Their H I, and ETG fraction allow for a quick 
identification along their evolutionary cycle

Galaxy evolution within HCGs is rapid

MoHEG galaxies within HCGs have been shown to be 
the rare transition objects and appear to be driven by 
shocks

Herschel [C II] and CARMA CO provide a synergistic 
dataset to study these MoHEGs



The end

Herschel + CARMA = 



The case for resolved maps
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NGC 7319
NGC 7318b

New IRAM PdBI observations of Stephan's Quintet
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detected by Spitzer (Cluver+10)

BRIDGE

Cluver et al. (2013) H2 in HCGs 
identified interesting sources, but 
where is the interaction taking place?
[C II] can also identify shock-enhanced 
regions, and Herschel PACS can map 
(and has mapped 11 HCGs)

Lisenfeld et al. have shown that 
MoHEGs appear to have normal SF 
efficiency, but are the sites of shock 
activity in these MoHEGs also 
normally forming stars?
Comparing CO maps to [C II]/LFIR 
enhancements shows if shocks lead to 
inefficiency

Lisenfeld also detected high velocities 
unexplained by rotation alone.
CO maps can identify the sites of the 
broad wings - be they AGNs (like NGC 
1266 or NGC 1377;  Alatalo et al. 
2011, Aalto et al. 2012) or bow shocks 
(like SQ, Guillard et al. in prep)

IS [C II] reliably related to SF even in these extreme shock-enhanced systems?
[C II] and CO maps can be directly compared, and will allow for a lot of insight into the [C II] emission mechanism.  
Possibly helping future high-z ALMA [C II] studies normalize their detections.


