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We determine the galaxy stellar mass distribution and the total dark to stellar mass ratio in
groups and clusters at redshifts between 0.1 and 1.0. The rich dataset from the COSMOS
2sq deg survey is used, which provides an X-ray selected galaxy cluster catalog, photometric
redshifts and stellar masses for 106 galaxies as determined from deep infrared photometry. A
robust subsample is extracted from the original X-ray catalog, where groups and clusters are
separated according to an X-ray luminosity cut.
We find that: (1) there is no significant difference in shape between the stellar mass distri-
butions of the galaxies in groups and clusters. A difference is seen only in the most massive
bin, M>1012M⊙, where no galaxy is found in the group environment. We also note that our
sample contains only a few clusters with total mass M>5×1013M⊙ and no cluster at all above
2×1014M⊙; (2) the dark to stellar mass ratio increases with the total (dark ) mass of the
system as described by the best fit relation Mtot

Mstar
∝ M0.36±0.06

tot
. These results are obtained

in a large sample of groups and clusters at redshift 0.1≤z≤1.0 for the first time.

1 Introduction

According to the widely accepted standard hierarchical model of cosmic evolution, galaxies
formed inside dark matter haloes and the properties of the galaxy population should be in some
way related to those of the parent halo population 16. At the same time, it is natural to expect
that the environment in which the galaxy finds itself also affects the evolution of its stellar com-
ponent 6. This situation is further complicated by the general prediction by hierarchical models
that the typical mass of dark matter halos should also depend on the larger-scale environment
in which they are formed 10. Clusters provide environments (host halos) with well-defined and
measurable mass, where to study these dependences in detail. In particular, the galaxy stellar



mass is a proxy for the cooled fraction of baryons inside galaxy clusters and it also describes
the efficiency of galaxy formation in clusters 3. Studies of low redshift samples 11 9 suggest the
existence of a relation between total stellar mass content and total mass in clusters. At the same
time it is interesting to investigate if the shape of the stellar mass distribution inside clusters
depends on the total mass of the system. Studies on the luminosity function at low redshift 13

suggest the shape of the galaxy stellar mass function is universal.
The COSMOS 2 square degrees survey15 meets the requirements of depth (K<21.512) and wave-
length coverage (36 bands are available in the photometric catalog - Capak et al. in preparation)
in order to provide reliable galaxy stellar masses 1 and photometric redshifts measurements (Il-
bert et al. in preparation) for a sample of ∼ 106 galaxies. In the photometric catalog the median
redshift is z∼1.0 for i′ <26.5. Furthermore from Chandra and XMM X-ray data 8, a catalog of
∼200 detected extended sources was extracted down to an unprecedented flux limit of 10−15 erg
s−1 cm−2. These X-ray selected sources have a redshift range between 0 and 1.6.

2 Clusters in the COSMOS survey

2.1 The X-ray sample

The new catalog (Finoguenov et al. in preparation) was built out of a composite Chandra

and XMM mosaic with a wavelet detection technique 7. It contains ∼200 candidate clusters in
the X-ray luminosity range 1041-1044 erg s−1, where mostly poor groups and clusters lay. Each
candidate group/cluster has a measure of M500 (the mass inside the radius in which the density
is 500 times the critical density of the Universe ) obtained from the LX-M relation calibrated
with weak lensing data (Lethaud et al. in preparation). Here we use M500 as indicator of the
total mass of a system.
The original catalog contains ∼30 candidate clusters at z> 1.0, a few of which have spectroscopic
observations. Results based on this catalog will be published in upcoming papers.

2.2 Optically confirmed subsample

From the original X-ray catalog we extract a subsample of groups/clusters at 0.1≤z≤1.0 which
correspond to a robust overdensity as described hereafter.We start from redshifts 0.1-1.0 be-
cause in this range candidate clusters are most reliable. We describe a cluster in the position
and redshift space as a cylinder with radius r500 and depth 2×σphotoz (the typical uncertainty
of photo-z’s at the cluster redshift) centered on the X-ray centroid of each cluster. Inside each
cylinder we consider only galaxies with mass higher than the completeness mass at z=1.0 (de-
fined as M=109.6M⊙) and magnitude i′ brighter than 24.5. This magnitude cut guarantees
that the photometric redshift uncertainty is lower than 0.01×(1+z) (1σphotoz , Ilbert at al. in
preparation). Inside each cylinder we compute the galaxy surface density as a measure of the
overdensity of the parent structure.
We compute foreground/background galaxy counts using galaxies outside a ring of 3 Mpc from
the X-ray centroid of each cluster. In this region we take the same cylinder used to define a
given cluster 1000 times at random positions and at the same redshift as the cluster. The galaxy
surface density is computed inside these cylinders; its mean value defines the field. All clusters
with an overdensity 99% over the background (3σ detection) make up the subsample of ∼100
groups/clusters used in the following analysis.



3 Galaxy stellar mass distribution

We study the dependence of the galaxy stellar mass distribution on the total mass of the system
and divide our sample in two broad classes: groups and clusters. We define as group all structures
with LX < 1042.5 erg s−1. This gives ∼40 groups and ∼60 clusters. Recalling the relation between
X-ray luminosity and gravitational mass 14, this luminosity cut corresponds to ∼5×1013M⊙ in
gravitational mass; hence two classes of host environments with low and high mass are identified.
For each X-ray luminosity/mass class, we stack all objects in order to obtain a composite galaxy
mass distribution. We select group/cluster members from a cylinder centered on the position
and redshift of individual clusters (Sect. 3). We divide these galaxies in bins of stellar mass
that are equally spaced in a logarithmic scale. The net number of member galaxies in each
mass bin is estimated by subtracting the median field counts (scaled for the area) from the
counts in the given aperture. The errors on the mass distribution are computed as the standard
deviation from the median of the counts in the different foreground/background apertures plus
the poissonian error on the source counts.
A chi-square test is used to detect differences between the two distributions. The obtained
reduced chi-square value of 0.97 suggests that the galaxy stellar mass function follows the same
distribution in groups and clusters at 0.1≤z≤1.0. However, there appears to be a dip around
1010.5 M⊙ in the group regime, which deserves further investigation.

Figure 1: Distribution of galaxy stellar masses for groups (blue dashed line) and clusters (red solid line)at
0.1≤z≤1.0 in the COSMOS cluster sample.

4 Total stellar content

We compute the total (dark) to stellar mass ratio within r500 for individual groups/clusters. The
total stellar mass content of a system is obtained by summing up the stellar masses of all member
galaxies down to the completeness mass. We find that the stellar mass fraction increases with
decreasing total mass of the system from 4.1±0.2% to 7.3±0.8%. From recent observational
studies (Pratt et al. in preparation) it is known that the gas fraction increases together with the
total mass instead. In Fig. 2 we plot the total (dark) to stellar mass ratio of all systems. Fig.2
suggests the existence of a trend between stellar mass fraction and the total mass in groups and
clusters at z<1. (the Pearson’s correlation coefficient is 0.4) ,which is described by the relation

Mtot

Mstar

∝ M0.36±0.06
tot . (1)



Figure 2: Ratio between total dark and stellar masses in groups and clusters at z≤1.0. Black dots represent
groups/clusters at 0.1≤z≤1.0 (our subsample) whereas empty squares represent clusters at z<0.1 (Lin et al.

2003). The solid line is the best fit relation in Eq.1

The open squares in Fig. 2 are z∼0.1 objects in Lin et al. (2003), who discovered a relation
consistent with ours using 2MASS data. Lin et al. (2003) computed the total K-band luminosity
instead of the total stellar mass, so we have mapped their points using a suitable mass to light
ratio from Bell & De Jong (2001). Our result extends the existence of such a relation to redshift
1.0.
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