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Abstract. We present the results of a search for galaxy clusters in the first 36 XMM-Newton pointings on the
COSMOS field. We reach a depth for a total cluster flux in the 0.5-2 keV band of 3 x 107'% ergs ecm™2 s™*, having
one of the widest XMM-Newton contiguous raster surveys, covering an area of 2.1 square degrees. Cluster candidates
are identified through a wavelet detection of extended X-ray emission. Verification of the cluster candidates is done
based on a galaxy concentration analysis in redshift slices of thickness of 0.1-0.2 in redshift, using the multi-band
photometric catalog of the COSMOS field and restricting the search to z < 1.3 and iap < 25. We identify 72 clusters
and derive their properties based on the X-ray cluster scaling relations. A statistical description of the survey in
terms of the cumulative log(N > S) — log(.S) distribution compares well with previous results, although yielding a
somewhat higher number of clusters at similar fluxes. The X-ray luminosity function of COSMOS clusters matches
well the results of nearby surveys, providing a comparably tight constraint on the faint end slope of a = 1.93+0.04.
For the probed luminosity range of 8 x 10" —2 x 10" ergs s™*, our survey is in agreement with and adds significantly
to the existing data on the cluster luminosity function at high redshifts and implies no substantial evolution at

these luminosities to z = 1.3.

1. Introduction

Clusters of galaxies represent a formidable tool for cosmol-
ogy (e.g. Borgani & Guzzo 2001; Rosati et al. 2002). As the
largest gravitationally relaxed structures in the Universe,
their properties are highly sensitive to the physics of cos-
mic structure formation and to the value of fundamen-
tal cosmological parameters, specifically the normaliza-
tion of the power spectrum og and the density parame-
ter 2. Clusters are in principle “simple” systems, where
the observed properties of the (diffuse) baryonic compo-
nent should be easier to connect to the mass of the dark
matter halo, compared to the complexity of the various
processes (e.g. star formation and evolution, stellar and
AGN feedback) needed to understand the galaxy forma-
tion. In particular in the X-ray band, where clusters can be
defined and recognized as single objects, observable quan-
tities like X-ray luminosity Lx and temperature Tx show
fairly tight relations with the cluster mass (e.g. Reiprich
& Bohringer 2002). Understanding these scaling relations
apparently requires more ingredients than simple heating
by adiabatic compression during the growth of fluctua-
tions (Ponman et al. 2003). However, their very existence
and relative tightness provides us with a way to measure
the mass function (e.g. Pierpaoli et al. 2003) and power
spectrum (Schuecker et al. 2003), via respectively the ob-
served X-ray temperature/luminosity functions and the
clustering of clusters, thus probing directly the cosmolog-
ical model.

2. XMM-COSMOS

The 1.4 Msec XMM-Newton observations of the COSMOS
field (Hasinger et al. 2007) provide coverage of an area of

2.1 square degree to unprecedented depth of 10715 ergs
cm~2 s7!. In this contribution we outline the major re-
sults of the survey, while technical details are presented in
Finoguenov et al. (2007).

In Fig. 1 we overlay the X-ray contours corresponding
to extended X-ray emission over the color-coded image of
the structures identified via the photo-z galaxy selection.
The brightness of the color is proportional to the number
density of galaxies, while the color represents the average
redshift.

2.1. Sample characteristics

Figure. 2 shows the log(N > S) — log(S) relation of the
COSMOS field clusters. Although with a somewhat higher
normalization, the COSMOS log(N > S) — log(S) is sta-
tistically consistent with RDCS results of Rosati et al.
(2002) for the fluxes S > 107!* ergs ecm~2 s~!. While
a similarly higher normalization of the log N — log S has
also been reported for the XMM-LSS survey (Pierre et
al. 2005) as well as for the 160 square degrees survey
(Vikhlinin et al. 1998), an important difference between
those surveys and the RDCS consists in extrapolation of
the cluster flux beyond the detection radius. As no ex-
trapolation has been done for RDCS, the difference in the
results is due to higher flux being assigned to each source,
and not due to the higher source density. At fluxes below
10714 ergs em ™2 s7! the XMM-COSMOS is the first sur-
vey to yield rich observational data, allowing us to deter-
mine the log(N > S)—log(S) with good statistics down to
S ~ 1071 ergs cm~2 s~'. We note that the prediction for
no evolution in the luminosity function obtained by local



Fig. 1. The colors of COSMOS. The wavelet reconstruction of the early-type galaxy concentrations searched in the photo-z
catalog is color-coded according to the average redshift: blue — 0.2, cyan — 0.4, green — 0.6, yellow — 0.8, red — 1.0. The magenta
contours outline the diffuse X-ray emission, with some remaining contamination from the point sources. The image is 1.5 degrees

on a side. The pixel size is 10" on a side.

surveys, as summarized in Rosati et al. (2002), provides a
good fit to our cluster counts.

In Fig. 3 we plot the observed characteristics of the
XMM-COSMOS cluster sample together with detection
limits implied by both survey depth and our approach to
search for clusters of galaxies. The solid gray line shows
which sources cannot be detected as extended by our tech-
nique. The dotted grey line shows for which clusters the
cores could be resolved in our method. The black lines
show the detection limits of the survey achieved over 90,
50 and 10% of the total area. This comparison shows that
with a given method it is possible to go a factor of 10
deeper without losing X-ray groups of galaxies that would
appear point-like, which explains the success of the ap-
plication of our cluster detection method to deep fields.
Likewise, the clusters much larger than the detection cell,
which are the brightest at each redshift, are all detected
de facto. In a much shallower survey, where the detec-
tion limits would be similar to the short-dashed curve at

which the core of the cluster is larger than the selected
detection cell, a problem with a fixed detection size might
occur. Thus we conclude, that the success of the method
is a result of a good match between the detection cell, the
depth of the survey and the properties of X-ray emission
of clusters of galaxies.

3. X-ray luminosity function

In the no-evolution case and in the absence of strong
clustering, one expects to detect the clusters uniformly
throughout the probed volume ((V/Vi4.) = 0.5, Schmidt
1969). So, if any issues of incomplete identification, e.g. re-
sulting from the use of the photo-z catalog, are important
at some redshift (e.g. at very low redshifts or at very high
redshifts), this would introduce a distortion in the distri-
bution of clusters over the volume. To check if there are bi-
ases for some class of objects (e.g. low-luminosity objects),
we plot in Fig. 4 the ratio between the volume towards the
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Fig. 2. Cumulative cluster number counts (log(N > S) —
log(S)) for the COSMOS field. The solid histogram shows the
data and grey histograms denote the 68% confidence interval.
The black solid/short-dashed curve shows the results of the
modeling of RDCS (Rosati et al. 2002), with the solid part
corresponding to fluxes sampled by their data, while the short
dashed line denotes the model prediction. The long dashed
curve shows the prediction for no evolution in the luminosity
function in Rosati et al. (2002), which provides a good fit to
our data. The dashed histogram shows a typical difference due
to assumption of the scaling relations.
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Fig. 3. Illustration of the cluster luminosity probed as a func-
tion of cluster redshift in the XMM COSMOS survey. Filled
circles represent the detected clusters with error bars based
on the statistical errors in the flux measurements only. Short-
dashed, long-dashed and solid black lines show the flux detec-
tion limits associated with 90, 50 and 10% of the total area,
respectively. Grey lines indicate the limits imposed by the de-
tection method (i.e. due to the angular resolution of the XMM-
Newton telescopes). Systems below the short-dashed grey line
have unresolved cores, systems below the long-dashed grey line
(none in our sample) suffer from oversubtraction of core emis-
sion. No system below the solid grey line can be detected as
an extended source using the method described in this paper.
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Fig. 4. Test for the sample redshift completeness (V/Vmax).

The estimates exceeding 1 (due to the scatter in the flux-area
relation) are substituted with 1. The number of clusters above
and below 0.5 is roughly equal at all luminosities, indicating
no large selection effects.

system and the maximum volume at which it could be de-
tected. As some values exceed unity due to the scatter in
the flux-area relation, we replaced them by unity for illus-
trative purposes. The numbers of clusters above and be-
low 0.5 are roughly equal at all luminosities, indicating no
large selection effects. The mean value of V/V,4. for the
survey is equal to 0.48 +0.06, which is consistent with 0.5
within the statistical errors. This is an important result
in itself, that may illustrate that morphological changes
observed in high-redshift clusters (Postman et al. 2005)
do not cause strong redshift-dependent selection effects.
It is clear, however, that any effects of incompleteness oc-
curring at the 10% level would be hard to detect with the
size of our sample.

Finally, in Fig. 5 we present the luminosity function of
XMM COSMOS clusters. A comparison with the results
of the REFLEX (Boehringer et al. 2001) and the BCS
survey (Ebeling et al. 1997) displayed in Fig. 5 shows that,
at the luminosity range probed by the COSMOS survey,
the evolution in the luminosity function is not statistically
significant.

The COSMOS data allow us to put tight constraints
on the slope of the faint end of the luminosity function. To
characterize it, we fitted a Schechter function to the data
adopting the L} and ¢* parameters in correspondence to
the best fit values of BCS survey (9.1 x 10*h;7 ergs/s~*
and 7.74 x 1078h3, Mpc=3). We achieve an acceptable
value of the reduced x2 = 0.7 for 7 degrees of freedom and
constrain the value of the slope to @ = 1.93 £+ 0.04 (where
dn/dL x L™%), using the Gehrels (1986) approximations
in calculating the confidence limits for the case of small
number statistics. The value of the slope compares well
with the BCS result of a = 1.85 4 0.09. Our slope value
is also within the uncertainty reported for the 160 square



degrees survey (Mullis et al. 2004). However, their use of
the 0.5 — 2 keV energy band results in a somewhat lower
value of the slope, and a strict comparison of luminosity
functions is difficult. The lower number of groups in the
REFLEX survey (dotted line in Fig. 5) is thought to be
due to a combination of the small survey depth at low
luminosities and a presence of a local southern void, where
most of the survey area is located and whose effect has
been demonstrated through differences within the sample
(Bohringer et al. 2002).

To illustrate the lack of redshift evolution in the lu-
minosity function, in Fig. 5 we split the sample in two
redshift bins, 0-0.6 (dotted crosses) and 0.6-1.3 (solid
crosses), retaining only the luminosity bins derived us-
ing at least three clusters. The two subsamples overlap
only in a single luminosity bin, where the corresponding
cluster abundances agree within the errors. Since the high-
luminosities are well probed only at redshifts higher than
0.6, the good match between our measurements and the lo-
cal luminosity function is an indication of the absence of a
significant redshift evolution. This finding is in agreement
with the results of Mullis et al. (2004), where detectable
evolutionary effects are seen just above L, ~ 10** ergs/s.
We note that our measurements are of comparable quality
to the existing data compiled in Mullis et al. (2004) and
provide a refinement to the knowledge on the luminos-
ity function at high redshifts. Finally, we note that both
our cluster counts and the luminosity function are consis-
tent with no evolution in the luminosity function in the
8 x 1042 — 2 x 10* ergs s~! range. This provides further
evidence in favor of a consistent modeling of the XMM-
COSMOS survey sensitivity presented in this paper.

4. Summary

We present a description of our X-ray based cluster de-
tection method and the first results of the cluster search
using the XMM-COSMOS survey. Our flux range is 3 x
10715 — 10713 erg em™2 57! in the 0.5-2 keV band. We
run a separate analysis of the photo-z catalog to iden-
tify 420 early-type galaxy concentrations, which provide
an identification to 72 X-ray cluster candidates. We fur-
ther present the statistics for those clusters in terms of
log N —log S, dN/dz and dn/dL. By comparison with lo-
cal cluster surveys, we find no evolution in cluster number
abundance out to a redshift of 1.3 in the luminosity range
of Lo1—2.4kev : 8 X 102 — 2 x 10** ergs s~!. This further
implies that the surface density of clusters detected in the
flux range 1071° — 107 erg cm ™2 s~! should correspond
to the prediction of no evolution, higher then implied by
Rosati et al. (2002). Such high surface density of clusters
has been found by both COSMOS and XMM-LSS surveys
(Pierre et al. 2005).
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Fig. 5. Luminosity function of clusters in the COSMOS field.
Dotted crosses indicate the data in the redshift range 0-0.6,
grey points are the data in the redshift range 0-1.3 and solid
crosses indicate the data in the redshift range 0.6-1.3. The dot-
ted line shows the luminosity function of the REFLEX survey
(0 < z < 0.3, Bohringer et al.2001) and the dashed line shows
the results of BCS survey (Ebeling et al. 1997), which illus-
trates the current uncertainly on the shape of the luminosity
function at z < 0.3. The solid line shows the best fit to the
COSMOS data.
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