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Abstract. This paper reviews some of the outstanding questions concern-
ing compact groups of galaxies. These relate to the physical nature and
dynamical status of the groups, their formation and evolution, and their
role in galaxy evolution. The picture that emerges is that compact groups
are generally physically dense systems, although often contaminated by
optical projections. Their evolution is likely a continuous process of infall,
interaction and merging. As new galaxies are added, and previous ones
merge, the membership of the group evolves. I suggest that while the size
of the group changes little, other physical properties such as total mass, gas
mass, velocity dispersion, fraction of early-type galaxies increase with time.
This picture is at least qualitatively consistent with observations and pro-
vides a natural explanation for the strongest correlations found in compact
group samples.

1. Introduction

One hundred and twenty years have passed since the discovery of the first
compact group, Stephan’s celebrated Quintet [41]. We now know of sev-
eral hundred small groups of galaxies which have similar properties. They
contain typically four or five galaxies in close proximity in the sky. With
apparent space densities as high as 10®° Mpc~3, they are the densest known
galactic systems. From the start, these systems have been enigmatic. When
the first redshifts were obtained for galaxies in Stephan’s Quintet, Seyfert’s
Sextet and VV 172, a remarkable chain of five galaxies, difficulties arose.
All of these systems contain a galaxy whose redshift is discordant [5] [6]
[40]. Even if the discordant redshifts are ignored, the velocity dispersion of
the remaining galaxies is larger than that expected from the visible mass
[5]. This discrepancy is now attributed to the presence of dark matter per-
meating the group and dominating its dynamics. Later, however, it became
apparent that, even if the groups are dynamically bound, they would be
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unstable. Orbital decay due to dynamical friction should lead to stripping
of galaxy halos, and eventual mergers, on relatively short time-scales [18]
[7]. One must then explain how compact groups continue to form, and iden-
tify their progenitors and progeny. This leads to the larger question of the
role of compact groups in galaxy evolution in general.

These difficulties would be alleviated if the groups themselves are not
physically dense, and several alternative explanations for their high appar-
ent density have been suggested. The question can in principle be settled by
observations, and much progress in this area has been made over the past
15 years. It is timely to now ask what has been learned, and what is the
status of the main questions regarding compact groups. The definition and
selection of compact groups, and the main observational and theoretical re-
sults have recently reviewed by Hickson [14]. This paper briefly summarizes
the current situation with regard to the most outstanding issues.

2. Physical Nature

It is generally accepted that the discordant redshifts seen in many com-
pact groups are cosmological, the result of chance alignments of unrelated
background or foreground galaxies. Statistical analysis (eg. [23]) suggests
that the surprisingly large fraction of groups containing discordant red-
shifts (half of all quintets!) is consistent with chance alignments, although
the subject continues to cause debate [1] [43].

Turning now to the accordant galaxies, we find several hypotheses that
explain the apparent high space densities in compact groups:

Dense bound configurations. The natural explanation is that compact
groups are indeed physically dense. Even after allowing for the modest
increase in apparent density caused by selection biases [14], the typical
physical separation between galaxies is only of order 50h~! kpc. This hy-
pothesis is supported by a variety of observational evidence [19]. Foremost
is the high fraction of interactions seen both in the morphology and kine-
matics of compact group galaxies [37] [27]. More recently, strong evidence
for this hypothesis has come from the detection of diffuse X-rays from a
large fraction of compact groups (eg. [33]).

Transient configurations. Rose [38] first suggested that compact groups
may be transient configurations caused by the accidental coincidence of
galaxies passing unusually close to each other in their orbits. While oth-
erwise attractive, the hypothesis is statistically improbable as the chance
of four or more galaxies momentarily occupying the same small volume is
very low [19].

Alignments within loose groups. Long championed by Mamon [25], the
hypothesis remains a viable explanation for at least some compact groups.
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The presence of at most two interacting galaxies may be explained by in-
cluding a physical binary. However, the hypothesis fails to account for the
many groups which contain more than two interacting galaxies or extended
X-ray emission.

Alignments within filaments. Hernquist et al. [12], have recently sug-
gested that compact groups may arise as projections along filaments. Their
numerical simulations indicate that motions of widely-separated galaxies in
filaments can conspire to produce apparent velocity dispersions comparable
to those seen in compact groups. It offers an explanation of the relatively
low X-ray luminosities of most compact groups, but appears now to be
inconsistent with observations [33].

3. Relation to Environment

From the preceding discussion, we are faced with the probability that many,
perhaps most, compact groups are dense bound systems. It is then natu-
ral to ask how they relate to their environment. Although many compact
groups appear to be quite isolated, they generally trace the overall galaxy
distribution, and are found in low-density associations, filaments, and loose
groups. The fact that few compact groups are found in rich clusters is in
part due to the selection criteria employed (eg. [13]), but dynamical dis-
ruption of small groups during cluster collapse may also play a role. There
are, however, a number of important differences between galaxies in com-
pact groups and those in their environment. For example, the fraction of
elliptical galaxies is significantly higher in compact groups than in the field
and correlates with velocity dispersion [16].

Several authors have investigated the formation of compact systems
by gravitational collapse within loose groups (eg [9]). This seems to be a
plausible mechanism, although it remains to be seen whether or not the
timescales are consistent with the properties of the neighborhoods of ob-
served compact groups [43].

If compact groups condense from loose groups, they appear to have lost
all dynamical memory of their origins. Neither the shapes and orientations
of the groups, nor the orientation of the galaxy spin axes, correlate with
the distribution or orientation of surrounding galaxies [32].

4. Interactions

Because of their high density and relatively low velocity dispersions (next
section), interactions in compact groups should be both frequent and strong.
As expected, there are many cases of strong interactions leading to star for-
mation and possible mergers in these systems [36] [24] [34] [28] [35] [45] [31]
[46] [21] [22]. While the level of star formation in compact groups is en-
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hanced with respect to that of isolated galaxies, it is lower than that found
in strongly-interacting galaxy pairs [30] [44].

An interesting question is how interactions affect the environment of
the galactic nuclei. Do they trigger nuclear star formation and/or nuclear
(AGN) activity? A study of the nuclear regions of compact-group spiral
galaxies indicates an order-of-magnitude enhancement in the star-formation
rates compared to isolated spiral galaxies [29]. From spectra of 67 galaxies
in compact groups, Coziol et al. [8] find 22% are starburst and 40% are
(mostly low luminosity) AGN. The probability of finding an AGN is higher
in luminous galaxies and early-type galaxies.

At higher luminosities, there is much circumstantial evidence that nu-
clear activity may be triggered by interactions in small groups of galaxies.
A large fraction of ultraluminous infrared galaxies contain Seyfert nuclei,
and essentially all are interacting [39]. Many QSOs appear to be interacting
with close companions (eg. [42] [20] [3]). These may be extreme examples
of interactions in compact groups, not found in local samples because of
their rarity.

5. Dynamical Status

The observed velocity dispersions of compact groups range from a few tens
to several hundreds of km sec™!, with a median value of order 200 km
sec”!. When combined with their small sizes, this gives crossing times t.
‘which range from 103 to ~ 1 Hubble time, the median being 0.02 H~!.
Galaxies lose energy when moving through a background of lower-mass dark
matter particles. The resulting dynamical friction timescale ¢4 depends on
the amount and distribution of the dark matter, but for typical groups
is of order 10t¢.. One expects orbital decay and merging to occur on this
timescale, as is confirmed by dynamical simulations which indicate that
groups typically evolve to form a single massive remnant, resembling an
elliptical galaxy, within a few crossing times [4].

As it is unlikely that the present epoch is special this process has likely
continued for of order a Hubble time, so one is led to the conclusion that
the population of remnants could exceed the current population of com-
pact groups by an order of magnitude. Since current estimates place the
luminosity density of present-day compact groups at a few percent of the
luminosity density of the universe, it follows that compact-group remnants
should comprise a substantial fraction of all galaxies. While this may not
at first seem implausible, it is not at all clear that the properties of such
remnants are consistent with those of elliptical galaxies, or of any other
identifiable population [44]. Just considering the luminosities, a difficulty
arises because the total luminosity of individual compact groups exceeds
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that of typical elliptical galaxies by several magnitudes [26].

The problem may be avoided if individual compact groups can survive
for a Hubble time or more. Recent numerical results indicate that it is pos-
sible for groups to survive this long given either special initial conditions
[10] or massive dark matter halos [2]. Alternatively, groups may be replen-
ished by the addition of new galaxies. Governato et al [11] point out that
in a high-density (2 ~ 1) universe, infall of surrounding galaxies onto a
group can rejuvenate the system, prolonging its life. This reasonable pic-
ture may have observational support. Moles et al [31] present evidence for
an example of recent infall in Stephan’s Quintet.

6. Evolution

It is interesting to explore the logical consequences of the infall picture,
and to see if it leads to testable predictions. Suppose, for example, that
compact groups result from a continuous process of infall, interaction and
merging. Assume that the infalling galaxies are gas-rich, and that some
fraction of the interactions and mergers lead to elliptical and SO galaxies.
At each stage in the process we apply the compact group selection criteria
to define the group members. One finds [15] that the membership of the
group changes with time, as galaxies merge, and as new galaxies join the
group. The radius of the group, however, remains roughly constant - it is
determined more by the selection criteria than by any intrinsic size of the
group.

In this simple model we find that, for any individual group, the following
parameters increase with time:

— mass - grows as galaxies fall into the group.

— velocity dispersion - increases with mass.

— elliptical and SO fraction - grows due to the effect of interactions and
mergers

— halo mass - grows as individual galaxy halos are disrupted

— diffuse gas mass - grows due to stripping of galactic gas

— X-ray luminosity - increases with gas mass

— X-ray temperature - increases with velocity dispersion

The rate at which this evolution occurs depends on the initial density con-
trast of the perturbation which gives rise to the group. As this is likely to
have a wide range of possible values, we expect to find groups in various
stages of dynamical evolution. Those groups with the highest fraction of
elliptical galaxies would be the most evolved.

From this picture we can infer the following observable consequences:

— Physical properties should not correlate strongly with group radius
— Spiral fraction should correlate inversely with velocity dispersion
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— X-ray luminosity and temperature should correlate inversely with spi-
ral fraction

— The mass and luminosity of the largest elliptical galaxy should corre-
late with velocity dispersion

— We should find a wide range of ages of stellar populations within com-
pact group galaxies

— If globular clusters and/or dwarf galaxies are produced in interactions
and mergers, the specific frequencies of these objects should correlate
with group velocity dispersion

Comparing with observational results, we find that indeed, compact group
parameters do not correlate strongly with radius. The morphology-density
relation is absent or weak, velocity dispersion does not correlate with radius,
etc. In contrast, the strong inverse correlation between spiral fraction and
velocity dispersion is nicely explained. Looking at the X-ray results, we see
that the relatively weak emission seen from spiral rich groups can result
from the earlier evolutionary phase of these groups. An examination of
the data reported by Hickson et al. [17] reveals that the luminosity of the
brightest elliptical galaxy does indeed correlate with velocity dispersion, as
predicted. The last two predictions have not yet been tested, but can in
principle be determined by future observations.

In summary, we find that a self-consistent picture of the formation
and evolution of compact groups emerges which is at least qualitatively
in agreement with current observational data. Moreover, predictions are
made which are amenable to observational tests.

In conclusion, compact groups have emerged as mostly dense physical
systems, although contamination by optical projections is common. They
are centres for gravitational interaction and the dynamical evolution of
galaxies. They are by no means rare objects, but involve several percent
of the total galactic population. Their physical properties, which cover a
large range of values, are a function of the selection criteria by which they
are identified, as would be expected if they represent the high-density tail
of the clustering hierarchy.
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