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ABSTRACT

Intracluster globular clusters (IGCs) are expected to exist in the cores of clusters of
galaxies. A computer program was created to generate models that will be used to match the
distributions of unresolved objects in deep 1mages of clusters within the globular cluster
magnitude range at the distance of the cluster, and tested using a two dimensional, two-sample
Kolmogorov-Smimov test for compatibility. This computer program can be applied to any
cluster if the location of the X-ray centroid has been determined and the number of unresolved
objects is known. This is the most efficient test to determine if IGCs exist in galaxy clusters.
The discovery of IGCs would provide new insights to galaxy evolution in dense environmenis,
and to the dynamical processes that have affected galaxies over the age of the universe. The
discovery of a population of IGCs would also provide a new and independent tracer of dark
matter distribution in the cores of galaxy clusters. Intial test runs of the program show that it is
very capable in determining a close match to the parameters of the original distribution.

INTRODUCTION

The mynad of components in clusters of galaxies has grown in recent years. From the
galaxies of stars to hot X-ray emitting gas to dark matter, these new components have been
identified and studied and with it came new knowledge of how the clusters have changed over
time and what was currently going on in these large groups of galaxies. A new component has
recently been proposed to help explain some new questions that have arisen in the study of
galaxy clusters. These intracluster globular clusters, if they exist, need to be studied just as muc
as any other component of the cluster in order for clusters of galaxies to be better understood.
Witheut a ciear understanding of how the individual parts of the cluster behave, predictions of
the future of clusters as well as determining the histories of the clusters can never be fully
realized. These objects could provide an understanding of cluster dynamics, be used to
investigate star formation, and trace the dark matier distribution of the cluster. Intracluster
globular clusters could also explain the {arge amount of globular clusters seen around giant
elliptical galaxies in rich clusters.

Globular clusters (GCs) are thought to be among the oldest stellar systems in the
universe, These objects are large, dense collections of stars that are found in the halos of most
galaxies. GCs are ideal for studying the history of their surroundings because they are believe
10 be some of the first stellar systems formed. The composition of GCs and their orbital
dynamics about their parent galaxy can provide much tnformation on the evolution of the part
galaxy and clues to the formation process. GCs have also been detected around galaxies ow
our local group in many other clusters of galaxies. These extragatactic GCs have been
established as tracers of the formation and evolution of galaxies.

Clusters of galaxies are some of the largest structures in the universe. In order to
understand clusters of galaxies, specifically their histories and evolution, the characteristics
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the components must be understood as well as their interactions. The idea of GCsina §
galaxies that did not belenging to a specific galaxy potential was first suggested by Whi
and then later expanded on by West ef al. (1995) in order to explain the unusually large @
systems surrounding several large elliptical galaxies in clusters. White argues that GCs
stripped along with the stars and create a population that belongs strictly to the cluster pol§
When a central galaxy is then observed, the intracluster population is overlaid onto the gl
GC population. It should be noted that IGCs have not been directly observed. However, '™
whether these objects exist or not is not a trivial guestion. If these GCs exist, they can be'{
examine the dynamical history of the galactic components of the cluster. g

.

METHOD

The most efficient way to test for the existence of IGCs is to try to recreate the _
distribution of unresolved objects in deep images of the clusters and compare the models to 0§
original data. The expected distribution of the unresolved objects falls in two components, * %
background galaxies and faint stars in our own galaxy that are randomly distributed across th
field and a centrally distributed component of GCs that follows a King profile. The models i
can be compared to the original data with a two-dimensional adaptation of the Kolmogorov- " ¥
Smimov test (KS test) for goodness-of-fit. The KS test determines the “greatest absolute
difference between two cumulative distributions” (Press ef al. 1992). This quantity is returned?
from the KS test as a statistic, called the “D” statistic, which can then be compared numerical
to other “D” statistics from other models. The KS test actually measures the poorness-of-fit 0.4
higher values of the “D” statistic imply that the two distributions are different.

Deep images of the cores of several clusters have been obtained. The richest of these
clusters is the Coma Cluster, which allows for the possibility of a large population of GCs :
around the core of the cluster. In April 2000, deep R- and /-band CCD images of the center of ’
the Coma cluster of galaxies were obtained by Michael West (UH Hilo) and Michael Gregg (UC :
Davis) using the 3.6m Canada-France-Hawai Telescope on Mauna Kea with the CFH12K
mosaic camera for a total exposure of two hours in each filter. Hubble Space Telescope (HST)
images of the Coma cluster were also obtained by West and Gregg with WFPC2 and STIS in
cycle 9. These extremely high resolution images will be used to provide supporting evidence for
any IGC candidates that may be found. West and Gregg are currently working on producing a
catalogue of faint objects detected in these images.

Michael West also has data for other clusters that would also serve as good fields for
testing for the existence of IGCs. Abell 1185 is another cluster that provides for an excellent
opportunity to look for IGCs. West has wide field Keck I images in several colors, as well as
deep, small field HST images of just the core of the cluster. Data of the Virgo cluster from the
8.3m Subaru telescope on Mauna Kea would be another excellent test for the IGC model since it
is even closer then the Coma cluster.

Models are created in order to recreate the distribution of unresolved objects found in
deep images of the cores of galaxy clusters. These models will consist of two components; one
belonging to a random background and one that is centered on the dynamical center of the
cluster. The dynamical center of the cluster can be determined from either studying the motions
of the galaxies in the cluster or by tracing the distribution of X-ray emitting gas. The centrally
distributed component will also have the core radius, which 1s the radius at which the number of
globular clusters is one-half, as another component of the model. The models will be compared
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