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Figure 1. Proposed double-branched evolutionary sequence for compact galaxy groups. The upper sequence shows the evolution of groups in the absence of gas in
the IGM. Under this scenario, star formation proceeds uninterrupted in the individual galaxies and the H i gas is consumed before major interactions can take place
within the group. Thus, gas does not play a significant role in the ensuing “dry merger.” The lower sequence shows a better studied situation, where a number of strong
interactions take place at early times in the course of the group’s evolution. In that way, the IGM is enriched with gas that is used partly in forming stars, while another
part contributes to the X-ray IGM. Our measurements of the way in which gas is processed in HCGs may be related to the LX/LB observed in the current-era universe.
(A color version of this figure is available in the online journal.)

attempt to predict its evolution. We will provide the first high-
resolution study of the young stellar populations and cluster
complexes in HCG 7, and the first study of globular clusters
(GCs) in a compact group lenticular. This will then be put
in the context of galaxy evolution by comparison to field
galaxies and other compact groups. The following two sections
(Sections 2 and 3) present the optical and infrared imaging,
radio data, and optical spectroscopy we have used to dissect
this intriguing system. Section 4 includes the analysis of the
stellar content at all levels of the star formation hierarchy, i.e.,
young and old star clusters, cluster-forming regions/complexes,
and dwarf galaxies. The GC population is treated separately in
Section 5. An interpretation of the multi-wavelength properties
of each group galaxy is presented in Section 6. We discuss
the implications of our findings in Section 7, where we also
explore the significance of HCG 7 in the context of compact
group evolution. We summarize our findings in Section 8. The
analysis presented in this paper assumes the set of cosmological

parameters of Spergel et al. (2007): H0 = 0.70, Ωm = 0.3, and
Ωλ = 0.7.

2. HST ACS IMAGING AND CLUSTER
CANDIDATE SELECTION

The basis of our analysis of HCG 7 is the HST multi-
band imaging, obtained using the Wide Field Channel (WFC)
of the Advanced Camera for Surveys (ACS), in the F435W,
F606W, and F814W bands and in two pointings (to cover
all group members). We adopt the notation B435, V606, and
I814 to relate the observations to the Johnson photometric sys-
tem, however, the notation does not imply a conversion be-
tween the two systems. The observations were executed on
2006 September 10 and 11, as part of program 10787 (PI:
J. Charlton). The total exposure times were 1710, 1230, and
1065 s in the BVI bands, respectively. The observations for
each filter were taken with three equal exposures, using a
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Figure 6. Left: the color-space distribution of the compact group galaxies, with symbol color illustrating whether a galaxy is blueward (blue), in (green), or redward
(red) of the gap. Right: K-S test comparing the original sample of 12 HCGs (dashed line) with the new sample of 37 compact groups (solid line). These two samples
are very similar, with a fairly high probability of being drawn from the same parent distribution, 18%.

Figure 7. Left: the color-space distribution of the 124 HCG galaxies; right: the 50 RSCG galaxies.

Table 2
Results of Statistical Analysis

Compact Groups vs. N NCGs D α Consistent?

Uniform distribution . . . 174 0.30 2.0 × 10−13 Reject
LVL+SINGS 93 174 0.47 3.8 × 10−12 Reject
Interacting 31 78 0.41 1.6 × 10−3 Reject
Coma center 114 173 0.36 6.0 × 10−8 Reject
Coma infall 47 173 0.18 0.16 Do not reject

Notes. Results of the K-S test for the compact group distribution against a model
and the comparison samples, unwrapped using the quadratic fit to the compact
group distribution. D is the maximum deviation (possible range: 0–1) between
the two CDFs, while α gives the probability that the two samples were drawn
from the same parent distribution (which depends on the number of galaxies in
the two samples, N and NCGs). Based on α, we have determined whether the
two samples are consistent.

3.2.3. Separated by Physical Properties

As compact group galaxies occupy color space differently
than galaxies in other environments (shown in Table 2 and
Section 3.3, as well as Walker et al. 2010), we expect to see

a trend with physical properties of compact groups, especially
the properties that differentiate them from other environments.
Thus, we binned the groups by projected physical diameter and
projected physical number density and examined color space
as a function of these properties, as shown in Figure 8. Both
of these properties could be an indicator of how frequently
or intensely interactions occur, which could plausibly affect
the triggering of star formation and/or transformation from
activity to quiescence. However, as these figures show, there
does not seem to be any trend with these properties. Further
investigation of the CDFs of the subsamples reveals that the
shape of the subsample’s CDF does not correlate with either of
these properties. This will be discussed further in Section 6.2.

3.3. Comparison Samples

The color-space distributions of our comparison samples are
shown in Figure 9. As this figure illustrates, the LVL+SINGS
sample spans almost the exact same region of color space as
the compact group sample, though there is no evidence for a
canyon. The interacting sample does not occupy the blue region
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Figure 10. L3.6 (left) and L8.0 (right) color–magnitude diagrams for compact group galaxies. The plus signs represent galaxies below the luminosity cut (as discussed
in Section 2.1.2 and Figure 1); the asterisks indicate saturated galaxies. The shaded region indicates the canyon in IRAC color space.

Figure 11. L3.6 color–magnitude diagrams of galaxies in (left) the field sample of LVL+SINGS and (right) the infall region of the Coma cluster. The plus signs
represent galaxies below the luminosity cut (as discussed in Section 2.1.2 and Figure 1). The shaded region indicates the canyon in IRAC color space.

of color space, indicating that this sample does not contain any
galaxies dominated by stellar emission. In contrast, galaxies in
the center of the Coma cluster predominantly fall in the blue
region of color space, with only a few galaxies whose colors
indicate activity. Like the Coma center, the infall region of the
Coma cluster shows a concentration of galaxies with normal
stellar colors but also contains galaxies with colors indicative of
activity and exhibits an underdensity of points in the same region
as the canyon in the compact group sample. We performed two-
distribution K-S tests comparing these samples with the compact
group sample; the results are given in Table 2.

It is important to consider the color-space distributions of the
samples in the context of the morphologies of their galaxies,
given in Figure 2 for the compact group and field samples.
As discussed in Walker et al. (2010), untangling the effects
of morphology on MIR color is non-trivial. To some extent,
morphology and MIR color are expected to track each other;
e.g., late-type spirals are typically star forming and therefore
expected to have red MIR colors. Therefore, it could be the
case that the different morphological types that dominate each

of the comparison samples are driving the K-S test results.
For example, the interacting galaxy sample has no E/S0
galaxies by selection, and the morphology–density relation
means that primarily quiescent E/S0s are found in the Coma
core sample. Unlike these two samples, both the compact group
and LVL+SINGS samples span the range of morphological
types. While MIR color tracks morphology quite well in the
compact group sample, this is not the case for the LVL+SINGS
galaxies (Walker et al. 2010). Thus, while the dearths seen in
both color-space and morphological distribution for the compact
group sample may be caused by the same evolutionary process,
the causal relationship is unclear.

4. COLOR–MAGNITUDE DIAGRAMS

Galaxy evolution is tied to galaxy size and buildup. If the
compact group galaxies show a trend with mass or activity,
this would be revealed in a color–magnitude diagram (CMD).
Comparison of the compact group CMD with LVL+SINGS
and Coma Infall (shown in Figures 10–12) provide insight
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➡ pre-processing of gas & galaxies 
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➡ Most of the processes 

➡ Few degrees of freedom
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HCG 07

* Just one known dwarf 

* No obvious debris 

* Enhanced SFR 

* First infall group? 



summary

* Most galaxies in groups 

* CGs probably simplest groups to study 

* Rapid evolution 

* S0 production lab 

* GAMA and DECam open up big data realm 

* Still require multi-wavelength information, 
including HI and X-rays to map the history
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