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The Intra-Cluster Medium (ICM) contains a significant amount of metals. As heavy elements
are produced in stars there are two principle ways to enrich the ICM. On the one hand chemical
enriched material is produced by the stellar population of the cluster galaxies and is subsequently
expelled from the host galaxy to the ambient medium. Here we present hydrodynamic simulations
investigating the effect of ram-pressure stripping of cluster galaxies. On the other hand the ICM is
enriched directly by intra-cluster stars and intra-cluster supernovae. We have also investigated the
influence of this mechanism on the chemical enrichment and heating of the ICM. The efficiency,
resulting spatial distribution of the metals and the time dependency of this enrichment process on
galaxy cluster scale will be shown in this presentation.
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Dark Matter in Numerical Simulations of Galaxy Clusters Wilfried Domainko

1. Introduction

Clusters of galaxies contain a hot and thin plasma in between the cluster galaxies – the Intra-
Cluster Medium (ICM) which can be observed in X-rays. X-ray spectra of the ICM show metal
lines (Fukazawa et. al. 1998 [6]) which indicate that the gas is not only of primordial origin as
metals are generally produced in stars. The amount of metals in the ICM is of the same order
of magnitude as the amount of metals found in the cluster galaxies. This means that processed
material from stars and supernovae must have been ejected into the ICM. Possible enrichment
mechanisms of the ICM are the feedback from intra-cluster supernovae (Domainko et al. 2004
[5], Zaritsky et al. 2004 [16], Lin & Mohr 2004 [11]), feedback from intra-cluster star formation
(Gerhard et al 2002 [8]) and material expelled by cluster galaxies. Processes which can remove
gas from cluster galaxies are ram-pressure stripping (Gunn & Gott 1972) [9], galactic winds (De
Young 1978 [4]), galaxy-galaxy interactions and jets from active galaxies. Two of these processes
(ram-pressure stripping, galaxy-galaxy interactions) are triggered by their surroundings whereas
the other two processes (galactic winds and jets) are triggered by violent internal processes.
The efficiency, time dependences and spatial distributions of these mechanisms are poorly un-
derstood. In this contribution we study the effect of ram-pressure stripping and the feedback of
intra-cluster supernovae on the chemical evolution of the ICM.

2. Ram-pressure stripping

There is now more and more evidence for ram-pressure stripping acting on cluster galaxies.
Several examples of ram-pressure effected galaxies in the Virgo cluster can be found (e.g. Vollmer
et al. 2004a [14], Vollmer et al. 2004b [15]). These galaxies feature truncated disks and extraplanar
cold HI gas.
We study the impact of ram-pressure stripping of cluster galaxies on the ICM. For this purpose
we perform combined N-body and hydrodynamic simulations on galaxy cluster scale with an addi-
tional semi-numerical model for galaxy formation (van Kampen et al. 1999 [13]). As ram-pressure
stripping is an environmental dependent process accurate hydrodynamic treatment is essential. Hy-
drodynamics is performed with a PPM (Piecewise Parabolic Method: Colella & Woodward 1984
[2]) which allows to resolve shocks very well. The effect of ram-pressure stripping according to
the local properties of the ICM and the properties of the galaxies is included in the calculations.
The hydrodynamic simulation is obtained on four nested grids (Ruffert 1992[12]). This technique
allows us to cover the cluster center where most of the stripping is expected to happen with high
resolution (cell size comparable to galaxy size). Metallicity is used as a tracer to follow the enriched
material.

3. Feedback from intra-cluster supernovae

Recent observations show that a significant fraction of stars resides in the space between the
cluster galaxies (Arnaboldi et al. 2003 [1]). It was also found that a considerable fraction of all
supernovae Ia in a galaxy cluster is intergalactic (Gal-Yam et al. 2003 [7]). Those intergalactic
supernovae will heat and enrich the surrounding ICM directly (Domainko et al. 2004 [5]).
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4. First results

In our simulations we see several subcluster mergers due to hierarchical merger events. Shock
waves are the most prominent features in the ICM in connection with merger activity and they
can clearly be seen in our simulations. As shock waves are jumps in the density distribution they
will clearly influence the efficiency of the ram-pressure stripping of the cluster galaxies. Therefore
we see enhanced mass loss of the galaxies due to ram-pressure stripping during merger events.
Another appearing feature is the fact that ram-pressure stripping is getting more efficient when
galaxies move closer to the cluster center. This can be understood in terms of increased massloss
due to the higher ambient density of the ICM and higher galaxy velocities closer to the cluster
center. In principle this creates a metallicity gradient. In addition to that we also see some mixing
due to the merger activity. However we still see regions with higher metallicities (see Fig. 1)
which are also observed (Hayakawa et al. 2004 [10]). We model observed clusters (like the Coma
cluster) to compare simulations with observations. For this purpose we produce surface brightness
maps, temperature maps and metallicity maps to compare them directly to the observed maps of
the cluster.
In cooling core clusters a central iron excess is observed (De Grandi & Molendi [3]). Intra-cluster
supernovae contribute to produce the iron excess and circumvent the problem of transporting the
iron out of the central galaxy into the ICM (Domainko et al. 2004 [5], Lin & Mohr 2004 [11]).
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Figure 1: The distribution of stripped, enriched material. The lower image is a projection along the X-axis.
Some mixing at the cluster center can be seen.

074 / 4


