
P
o
S
(
M
R
U
)
0
3
1

The Evolution of the Gas Content of Galaxy Groups

Eric M. Wilcots�

University of Wisconsin-Madison
E-mail: ewilcots@astro.wisc.edu

Emily Freeland & Kelley Hess
University of Wisconsin-Madison
E-mail: freeland@astro.wisc.edu, hess@astro.wisc.edu

The current state of our understanding of the nature of the baryon content of galaxy groups,

derived largely from a large body of X-ray observations, leaves us with two key questions. First,

what are the relative fractions of the hot, warm/hot, and neutral gas in galaxy groups, and how

is each phase distributed within groups? Second, how has the baryon content of galaxy groups

evolved over time and what is its relationship to the dynamical evolution of the group? We present

the results from a number of investigations of the HI content, the properties of bent-double radio

sources in groups, and deep searches for diffuse synchrotron emission in groups are now shedding

light on the evolution of the baryon content of galaxy groups.
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1. Introduction - Why Galaxy Groups

Nearly 70% of galaxies reside in groups [13] and, therefore, understanding the evolution of
galaxy groups is crucial to understanding the evolution of galaxies in general. The goal of the work
described here is to probe both how the evolution of the group affects the evolution of the resident
galaxies and how the evolution of the galaxies affects the group. The de�n ition of a �group�,
however, is not straightforward. A number of different authors have applied a range of criteria, few
of which are particularly robust. For the purposes of this presentation we will adopt the de�nition
of group as having a dark matter halo mass of 1012 � 1014 M� [5]. For dynamical systems with a
radius of �0.5 Mpc, this translates into a velocity dispersion of a few hundred km s�1.

Regardless of the formal de�nition, groups are not simply scaled down ve rsions of clusters.
Because the velocity dispersions of groups are of the same order as the internal velocities of the
individual galaxies, mergers between galaxies are much more likely in the group environment,
while processes like �harrassment� are much less likely to play a role in the evo lution of the gas
content of groups. We discuss three aspects of the evolution of the gas content of galaxy groups:
the relationship between the distribution of the neutral gas and the dynamical state of the group; the
density of the intergalactic medium in groups; and the heating of the intragroup medium by AGN.

2. What is the Evolution of the HI Content of Galaxy Groups?

To investigate the evolution of the H I content of galaxy groups we initiated a survey of 10
groups spanning a range of morphological properties, ranging from groups with a spiral fraction of
100% to those with spiral fractions of less than 20% [8,14]. The selection re�ects the observation
that groups dominated by elliptical galaxies are also those that typically harbor X-ray halos; in fact,
no group with a spiral fraction of 100% has even been seen to have an X-ray halo [11].

In groups with a signi�cant X-ray halo (e.g. NGC 2563) we see that H I ric h galaxies only
reside outside of the extent of the X-ray halo [14]. Groups with no elliptical galaxies and no
detectable X-ray halos have H I properties that are indistinguishable from those of galaxies in the
�eld. It is the groups with a mixed population of ellipticals and spirals in which we � nd evidence
of the ongoing evolution of neutral gas content. One example of this is in GH89 where almost
all of the H I detected galaxies are either currently participating in strong interactions or have
signi�cantly distorted H I distributions that are suggestive of recent intera ctions as in Figure 1 and
[8]. We can conclude that one rami�cation of the dynamical evolution of gala xy groups is the
deposition of a signi�cant amount of neutral gas into the intergalactic medium.

Our results are also consistent with the general picture that the gas content of spiral-rich groups
is largely in the form of neutral H I while the gas content of elliptical-dominated groups is typically
hot, X-ray emitting gas. Transformation of the nature of the gas content of the groups goes along
with a dynamical evolution that transforms spiral-rich groups into elliptical-dominated ones. An
interesting point, however, is that we �nd the gas mass of X-ray luminous gro ups [9] to be �10
times larger than the neutral gas mass of spiral-rich groups of comparable dynamical mass. If, in
fact, groups evolve dynamically from being spiral-dominated to being elliptical-dominated, this
result suggests that spiral rich groups in particular may harbor a heretofore unseen gas component
of signi�cant mass that is heated to X-ray emitting temperatures by the process es that drive the
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overall dynamical evolution of the group. Resolving this issue requires a better understanding of
the total baryon content of groups.

Figure 1: Figure 2. The H I content of the GH89 group. This is a group withmixed morphology, but
no detectable X-ray halo. As is common for groups of this type, most of the galaxies are involved in
gravitational interactions.

3. Measuring the Density of the Intergalactic Medium in GalaxyGroups

While the results of H I surveys of groups may suggest that some groups contain a signi�cant
amount of baryonic matter that is not readily observable, simulations of the formation of galaxies
and large scale structure also predict the existence of a “warm-hot intergalactic medium” (WHIM)
that contains a large fraction of the baryons in the Universe [2]. Directdetection of this gas,
however, has been dif�cult. The approach we take is to use the properties of bent-tail radio sources
as probes of the density of the intergalactic medium. Bent, or wide-angle tail, sources are believed
to be the result of ram pressure on the jets of radio galaxies, either from the motion of the radio
galaxy through the intracluster medium (ICM), or, from the �ow of the ICM around the radio
galaxy [1].

Freeland & Wilcots [7] initiated a large survey of bent-doubles using a combination of data
from the FIRST survey, new radio continuum observations using the GMRT, and optical spec-
troscopy obtained with the WIYN1 3.5m telescope. The ultimate goal is to use the curvature of the
jets and the velocity dispersion of the group to measure the density of the intragroup medium. With
an initial comparison with photometric redshifts, we ruled out all bent-doublesresiding in known
clusters or high density environments. The complementary radio continuum and optical observa-
tions were restricted to those bent-doubles residing in low density environments. An example of
one of our sources is shown in Figure 2.

1The WIYN Observatory is a joint facility of the University of Wisconsin-Madison, Indiana University, Yale Uni-
versity, and the National Optical Astronomy Observatories.
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