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ABSTRACT

We present the XMM-LSS cluster catalogue correspondiniggd=HTLS D1 area. The
list contains 13 spectroscopically confirmed, X-ray selégalaxy clusters over 0.8 deip a
redshift of unity and so constitutes the highest density@arof clusters to date. Cluster X-
ray bolometric luminosities range from 0.03 tx30* erg s*. In this study, we describe our
catalogue construction procedure: from the detection cdyeluster candidates to the compi-
lation of a spectroscopically confirmed cluster sample wittexplicit selection function. The
procedure further provides basic X-ray products such asteduemperature, flux and lumi-
nosity. We detected slightly more clusters with a (0.5-20kX-ray fluxes of> 2x 1014 erg
st cm? than we expected based on expectations from deep ROSATysuWe also present
the Luminosity-Temperature relation for our 9 brightegeats possessing a reliable tempera-
ture determination. The slope is in good agreement withaba! Irelation, yet compatible with
a luminosity enhancement for thel8 < z < 0.35 objects having k¥ T < 2 keV, a population
that the XMM-LSS is identifying systematically for the fitdne. The present study permits
the compilation of cluster samples from XMM images whosea@n biases are understood.
This allows, in addition to studies of large-scale struettine systematic investigation of clus-
ter scaling law evolution, especially for low mass X-ray gpe which constitute the bulk of
our observed cluster population. All cluster ancillaryad@mages, profiles, spectra) are made
available in electronic form via the XMM-LSS cluster databa
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* Based on data collected with XMM, VLT, Magellan, NTT, and Ctetté-

scopes; ESO programme numbers are: 070.A-0283, 070.AN0DS),
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1 INTRODUCTION

The question of cosmic structure formation is substagtialbre
complicated than the study of the spherical collapse of a gdark
matter perturbation in an expanding Universe. While it isgible
to predict theoretically how the shape of the inflationarytika-
tion spectrum evolves until recombination, understandiegsub-
sequent formation of galaxies, AGN and galaxy clusters s
cated by the physics of non-linear growth and feedback fran
formation. Attempts to use the statistics of visible maftectua-
tions to constrain the nature of Dark Matter and Dark Energy a
therefore reliant upon an understanding of non-gravitatigoro-
cesses.

Clusters, as the most massive entities of the Universe, form
crucial link in the chain of understanding. They lie at thele® of
the cosmic network, possess virialized cores, yet aregstillving
by accretion along filaments. The rate at which clusters f@mal
the evolution of their space distribution, depends strpmgl the
shape and normalization of the initial power spectrum, a$ age
on the Dark Energy equation of state ( P @n-
sequently, both a three dimensional map of the clusteriloligion
and an evolutionary model relating cluster observableduster
masses and shapes (predicted by theory for the averagerghogt
ulation) are needed to test the consistency of structuradton
models within a standard cosmology with the properties ustelrs
in the lowz Universe.

The main goal of the XMM Large Scale Structure Survey
(XMM-LSS) is to provide a well defined statistical sample of X
ray galaxy clusters to a redshift of unity over a single laagea,
suitable for cosmological studid&ﬂmmommls paper,
we present the first sample of XMM-LSS clusters for which ¢cano
ical selection criteria are uniformly applied over the ®yrarea. In
this way, we demonstrate the properties of the survey aldtigav
description of data analysis tools employed in the samptistcoc-
tion; the aim being to provide a deep and well controlled damp
of clusters and to investigate evolution trends, in palgictor the
low end of the cluster mass function. The paper will therefact
as a reference for future studies using XMM-LSS data. Theeho
region is located at 3& R.A.(deg) < 37, -5 < Dec(deg) < —4.
This region is known as D1, one of the four Deep areas of the
Canada-France-Hawaii-Telescope Legacy SUrn(@FHTLS). It
also includes one of the VIMOS VLT Deep Survey patches (VVDS;

[2005) and was observed at 1.4 GHz down tothe
level by the VLA-VIRMOS Deep Field (Bondi etHl. 2003). The
rest of the XMM-LSS survey surrounds D1 and correspondsito pa
of the wide W1 CFHTLS component (see Pierre &tlal. (2004) for a
general lay-out and associated multsurveys) for which the com-
plete cluster catalogue will be published separately. Hmepte is
the result of a fine tuned X-ray plus optical approach dewedop
with the aim of understanding the various selectiffecs. We de-
scribe the catalogue construction procedure in tandemandthm-
panion paper presenting a detailed description of the Xgipgline
developed as part of the XMM-LSS surv 2006).

The deepest published statistical samples of X-ray clsister
over a contiguous sky area to date are all based on the ROSA
All-Sky Survey (RASS): REFLEX|(Bohringer etldl. 2001), NO-
RAS (Bohringer et dl. 2000), NER(Henry eflal. 2001). In flatza
number of serendipitous cluster surveys were conducted asiep
ROSAT pointings with the goal of investigating the evolatiof
the cluster luminosity function e.g. Southern SHA

S

1 httpy/cdsweb.u-strasbg.fr:20@cienc¢CFHLS

[1997), RDCS|(Rosati etal. 1998), 160 é¢¥yikhlinin et all[1998),
Bright SHARC [Romer et al._2000), BMW._(Moretti etlal._2004).
The advent of the XMM satellite has provided an X-ray imagiag
pability of increased sensitivity and angular resolvingypo com-
pared to ROSAT. The XMM-LSS employs 10-20 ks pointings and
samples the cluster population to a depth-af0** ergs* cm 2 —
a flux sensitivity comparable to the deepest serendipitdDSAT
surveys 02). However, XMM observationsspss
a narrower PSF (FWHM 6” for XMM vs ~ 20" for the ROSAT
PSPC) which suggests that the reliable identification oérkéd
sources can be performed for apparently smaller sourcesuin
mental characteristics such as background noise and thpleom
focal plane configuration are also quitédrent. In this context, our
dual aim of optimizing the XMM-LSS sensitivity and of quditi
ing the many selection biases led us to develop a dedicatedeso
detection pipeline as well as specific optical identificamd spec-
troscopic confirmation procedures: special attentionvsrgto ex-
tended, X-ray faint sources whose identification requiesspdop-
tical/IR multi-color imaging. These steps are described in Sectio
2 along with the presentation of the D1 cluster catalogueti@e
3 presents the X-ray properties of the newly assembled saamol
some optical characteristics. Section 4 summarizes thmppwop-
erties of our sample within the context of a “concordancesnso-
logical model. We conclude with a discussion of our clusées
tion function in comparison with earlier works as well asshaling
laws for the low end of the cluster mass function.

Throughout the paper we assufg = 0.27,Q, = 0.73 and
Ho = 71 km st Mpc~2. All X-ray flux measures are quoted in the
[0.5-2] keV band. The generic name “cluster” refers to théren
population of gravitationally bound galaxy systems, while use
the term “groups” for those systems whose potential coaedp
to an X-ray temperature lower than 2 keV.

2 THE X-RAY CLUSTER CATALOGUE
2.1 X-ray observations

The XMM-LSS D1 region consists of a mosaic of 10 XMM point-
ings that form part of the XMM Medium Deep Survey (XMDS;
[Chiappetti et dl. 2005). The pointing layout is displaye&igurell
and the properties of individual pointings are shown in €BbIThe
nominal exposure per pointing is 20 ks for this subregiavith the
exception of pointing GO7, whose nominal exposure time ok<l0
was reduced te 20 dTective ks as a result of solar activity. The raw
X-ray observations (ODFs) were reduced using the standisl X
Science Analysis System (XMMSAS; version v6.1) taskshain
and epchain for the MOS and PN detectors respectively. High
background periods, related to soft protons, were excldcad
the event lists following the procedure outlined
(2002). Raw photon images infférent energy bands were then cre-
ated with a scale of’5 pixelt. A complete discussion of the image
analysis and source characterization procedures aredgc\ny
IL(20D6). Cluster detection was performed ifiotBe
2] keV band and was limited to the inner 11 arcmin of the XMM
field. The total scanned area is 0.81 Hidgformation regarding the
individual pointings is summarized in Talfle 1 and the layafithe
pointings on the sky displayed in FIg. 1.

2 Qutside the XMDS, the nominal exposure per pointing for tst of the
XMM-LSS is 10 ks.

© 2002 RAS, MNRASDOO,[I-2?



The XMM-LSS D1 cluster sample 3

Table 1. Properties of individual XMM pointings. Quoted exposures dfective exposures computed after filtering high backgrowarbgs.

Internal ID  XMM ID RA (J2000) Dec. (J2000) MOS1, MOS2, pn egpee times (ks)
GO01 0112680201  02:27:20.0 -04:10:00.0 24.6,25.3,21.4

G02 0112680201  02:26:00.0 -04:10:00.0 10.1,9.7,6.7

GO03 0112680301  02:24:40.0 -04:10:00.0 21.8,21.7,17.3

GO05 0112680401  02:28:00.0 -04:30:00.0 23.5,23.9,125

G06 0112681301  02:26:40.0 -04:30:00.0 16.4,16.6, 10.5

GO07 0112681001  02:25:20.0 -04:30:00.0 22.5,25.1,18.6

G08 0112680501  02:24:00.0 -04:30:00.0 21.2,21.3,15.9

G10 0109520201  02:27:20.0 -04:50:00.0 24.7,24.6,18.5

G1l1 0109520301  02:26:00.0 -04:50:00.0 21.7,21.8,16.1

G12 0109520401  02:24:40.0 -04:50:00.0 not usable becdwsgyohigh flare rate

XMM—LSS D1 area coverage
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Figure 1. The XMM pointing mosaic over the D1 area (green square). The
radius of the displayed pointings is 11 arcminutes. The -gmaje indi-
cates @ective mean exposure time per detector, after removal of thagk-
ground periods. The red squares show the centres of the V\dD&inms

[2005) and the red dotted line indicates theltatea covered
covered by the VVDS. The VLA-VIRMOS Deep Field encompasses e
actly the D1 region

2.2 Cluster X-ray detection and optical identification
procedure

The compilation of an X-ray cluster sample featuring posisil and
redshift data ultimately requires the input of optical amchear-
infrared (NIR) data in order to select putative cluster gis for
which precise redshifts can be obtained. Therefore, afthox-
ray selection is employed to better avoid projectifiees, to pro-
vide direct clues about cluster masses and to provide maity ea
tractable selection criteria, opti¢hlR data for each cluster must
be assessed in order to obtain cluster redshift data. Thieofjoa
XMM-LSS is to produce a faint, statistical cluster catalegwer a
wide spatial area (several tens of square degrees) andearkg
shift interval (zero to unity). Cluster identification pestures must
therefore identify robustly a wide range of cluster projesrat both
X-ray and opticgNIR wavelengths. Given the above requirements
the XMM-LSS has developed over the last three years fronalyit

© 2002 RAS, MNRASDOO,[[1-2?

simple and very robust cluster selection procedures to neabfi
quantitative approach focusing on key cluster selectioarpaters.

Developing the X-ray pipeline was an essential part of tloe pr
cedure as is reflected in the successive publications. Wenauise
these developments below:

(i) Spectroscopic observations during 2002 were perforfoed
a number of cluster candidates identified following the rodttie-
veloped by/(Valtchanov etdl. 2001); extended X-ray souvees
accepted as candidate clusters if associated with a spatieden-
sity of galaxies displaying a uniform red colour sequencerde
mined using either CFHTFH12K BVRI or CTIO/MOSAIC Rz
imaging. This approach maximized the success rate of the firs
XMM-LSS spectroscopic observations (conducted in thedast-
ter of 2002) which demonstrated that clusters to a redsfhift o
are detectable with 10-20 ks XMM observations (Valtchartoal.e
2004; Willis et al. 2005).

(ii) In order to proceed toward a purely X-ray selected sam-
ple — i.e. to reduce contamination by spurious extendedcssur
— a maximum likelihood procedure nam&dmin was combined
with the wavelet-based detection algorithm developed ipusly
(Pierre et 41 2004). The sample of candidate clusters tensrg
ated was investigated during the spectroscopic obsengation-
ducted in 2003 and 2004.

(iii) Finally, the combination of spectroscopic resulty fine
above cluster sample with a detailed study of the simulatrd p
formance of the X-ray pipeline led to the definition of thréeacly
defined classes of X-ray cluster candidates.

The cluster identification procedure described abovefwstis
the goal of generating a relatively uncontaminated sanmipleray
clusters with a well defined selection function. A detailesctip-
tion of the X-ray parameters employed to generate each ofass
cluster candidate is described in the following section.

2.3 The cluster classification and sample

The ability to detect faint, extended sources in X—ray insaige
subject to a number of factors. Although the apparent sizetypp-

ical cluster R, = 180 kpc) is significantly larger than the XMM
point spread function (PSF; on-axis FWHM®6") at any redshift

of interest, it is incorrect to assume that all clusters brighter than
a given flux will be detected — unless the flux limit is set to som
high value. Cluster detectability depends not only on ts&irmen-

tal PSF, object flux and morphology but also upon the backgtou

3100" >R, > 20" for0.1<z<1
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level and the detector topology (e.g. CCD gaps and vigrgitin
in addition to the ability of the pipeline to separate closér® of
point-like sources — all of which are a function of the spedifen-
ergy rangemmm). We thus stress that the concepskgf
coverage”, i.e. the fraction of the survey area covered dveng
flux limit, is strictly valid only for point-sources becayder faint
extended objects, the detectidfi@ency is surface brightness lim-
ited (rather than flux limited). Moreover, since the faintesf the
cluster luminosity function is poorly characterisedzat 0, it is
not possible to estimate a posteriori what fraction of geotgmain
undetected, unless a cosmological model is assumed, alibmg w
thorough modelling of the cluster population out to highsttt;
the lower limit of the mass or luminosity function being harkey
ingredient. To our knowledge, this has never been perforimed
fully self-consistent way so far for any deep X-ray clustervey
(“Fim” ~ 2-5x 10 ergs! cm?). Itis also important to consider
that the flux recorded from a particular cluster represemssome
fraction of the total emitted flux and must therefore be atige by
integrating an assumed spatial emission model to largesadi
Consequently, with the goal of constructing deep contrdoiam-
ples suitable for cosmology we define, rather than flux limits
classes of extended sources. These are defined in the extensi
and significance parameter space and correspond to spegific |
els of contamination and completeness. As sho et
), extensive simulations of various cluster and AGNyba-
tions generate detection probabilities as a function ofcesiprop-
erties. This enables a simultaneous estimate of the soansplete-
ness levels and of the frequency of contamination by mistlas
fied point-like sources or spurious detections. X-ray sewlas-
sification was performed usingamin and employs the output pa-
rametersiextent, likelihood of extent, likelihood of
detection. The reliability of the adopted selection criteria has
been checked against the current sample of 60 spectroafigpic

tended emissionfBected by a point source. Additional constraints
included that the detection should be located at fivaxis angle

< 10 and that the total detection should generate 30 photons or
greater (stronger constraint on th&-axis value is necessary be-
cause weak objects are subject to strong distortions bey0rat-
cmin, thus hardly measurable). The most plausible C3 catebd
were investigated spectroscopically and confirmed claster pre-
sented.

The analysis of simulated cluster and AGN data permits the
computation of selection probabilities for the C1 and CXxtdu
samples. The extent to which the C1 and C2 classes are compa-
rable to flux limited samples is analyzed in detaillby Pacdiaile
M) and further discussed in the last section of this pape
selection probability for C3 clusters has not been detezthin

2.4 Determination of cluster redshifts

The XMM-LSS spectroscopic Core Programme aims at the rigdshi
confirmation of the X-ray cluster candidates; velocity @igion
may subsequently be obtained for a sub-sample of confirmsd cl
ters as a second step programme. Spectroscopic obsesvatioa
performed using a number of telescope and instrument canbin
tions and are summarized in Table 2. Details of which obsgrvi
configuration was employed for each cluster are presentéable

3.

The minimum criterion required to confirm a cluster was spec-
ified to be three concordant redshifts3000 kms?) within a pro-
jected scale of approximately 500 kpc of the X-ray emissien-c
troid, computed at the putative cluster redshift. For ngatkray
clusters of temperaturéx = 2 keV, a radius of 500 kpc cor-
responds to approximately 50% of the virial radius and esego
66% of the total mass — with both fractions being larger fghler

confirmed XMM-LSS clusters. We have defined three classes of temperature clustermmOOS). The final clus@shift

extended sources:

was computed from the non weighted mean of all galaxies withi
this projected aperture and within a rest-frame velocityerival

e The C1 class is defined such that no point sources are misclas-+3000 ks of the interactively determined redshift peak. Poten-

sified as extended and is describedeatent > 5, 1likelihood

of extent > 33 andlikelihood of detection > 32. The C1
class contains the highest surface brightness extendedesoand
inevitably includes a few nearby galaxies — these are realik+

carded from the sample by inspection of optical overlays.

e The C2 class is described bgxtent > 5”7 and
15 < likelihood of extent < 33 and typically displays a
contamination rate of 50%. The C2 class includes clusténsefa
than C1, in addition to a number of nearby galaxies. Contatnin
ing sources include saturated point sources, unresolvies, pad
sources strongly masked by CCD gaps, for which not enough pho
tons were available to permit reliable source charactgoizaCon-
taminating sources were removed after a visual inspectidcheo

tial cluster galaxies are selected for spectroscopic obten by
identifying galaxies displaying a uniformly red colour wiikution
within a spatial aperture centred on the extended X-raycso{gee
Andreon et al. 2004 for more details). Cluster members flagipe
this procedure are then allocated spectroscopic slitsdaraf de-
creasing apparent magnitude (obviously avoiding slit laygr

The exact observing conditions for each cluster form a het-
erogeneous distribution. However, each cluster was tiipicé-
served with a single spectroscopic mask featuring slidé&-10’
in length and 1-44 in width. The use of a dlierent telescope and
instrument configuration generally restricts the avadatandidate
cluster member sample to affdirent limiting R—band magnitude
(assuming an approximately standard exposure time of Xhmmr

opticafNIR data for each field and in some cases as a result of SPectroscopic mask). Typical apparé®tband magnitude limits

follow-up spectroscopy.

e The C3 class was constructed in order to investigate ckister
at the survey sensitivity limit, particularly clusters agtm redshift.
Sources within the C3 class typically display % extent <
57 and likelihood of extent > 4. Selecting such faint,
marginally extended sources generates a high contaminetdte.
However, low selection thresholds are required to idemtifiended
sources at the survey limit: faint sources will never be abtar-
ized by high likelihood values. When refining the C3 clase, Xk
ray, optical and NIR appearance was examined thoroughly- Ge
erally speaking, C3 sources display low surface brightioessx-

generating spectra of moderate/kE> 5) quality for each tele-
scope were found to be the following: VIHORS2 (23), Mag-
ellanLDSS2 (22) and NTJEMMI (21.5). Spectroscopic data re-
duction followed standard IRAFprocedures. Redshift determina-
tion was performed by cross-correlating reduced, one-dsioaal

4 The C1 and C2 classes are defined from simulations repréigentd
a mean exposure time of 10 ks. In the present paper, we keegathe
definition as the signal-to-noise ratio/k§ increase is onlyv2.

5 IRAF is distributed by the National Optical Astronomy Obsxories,
which are operated by the Association of Universities fosédech in
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spectra with suitable templates within the IRAF procedutgao
(Kurtz & Mink 1998) and confirmed via visual inspection. A raor
detailed description of the spectroscopic techniques eyegl by
the XMM-LSS survey can be foundlin Valtchanov et al. (2004) an
\willis et all my In addition to the above spectroscagiserva-
tions, cluster redshift information was supplemented eteerail-
able by spectra contributed from the VVDS (see Table 3).

The D1 X-ray clusters with confirmed redshifts are presented
in Table 3. C1 and C2 confirmed clusters constitute a cortioll
sample (following Sec. 2.3) and are associated with thel labe
“XLSSC” and a three digit identifiér This nomenclature is used to
identify individual clusters in any later discussion. Themplete-
ness of C3 sources is not addressed. In the case where ailzartic
cluster is present in two separate XMM pointings, only thimfiog
where the cluster is the closest to the optical centre has s to
measure its properties. Note that tfeaxis restriction imposed on
the C3 clusters excludes two faint clusters located at theh@rder
of the D1 area and reported in the Willis et &._(4005) initiam-
ple (XLSSUJ022633.9-040348, XLSSUJ022628.2-045948)sCl
ter redshift values given in Table 3 are the unweighed meaalof
atively small member samples and observed, in a few casies, us
different spectrographs. As this approach may result in relgtiv
large (several hundred km$ uncertainties in the computed red-
shift, the cluster redshift precision reported in Table 8 been set
to two decimal points (3000 ken). X-ray/optical overlays of each
cluster field are displayed in Fig?2.

3 X-RAY PROPERTIES OF CONFIRMED CLUSTERS

The spectral and spatial X-ray data for each spectrosdgpan-
firmed cluster was analysed to determine the temperatuatiabp
morphology and total bolometric luminosity of the X-ray ¢tinig
gas.

3.1 Spectral modelling and temperature determination

A complete description of the spectral extraction and asiglgro-
cedures as applied to X-ray sources with low signal levels us

The XMM-LSS D1 cluster sample 5

XMM-LSS Cluster: XLSSC-041

nermelized counts/sec/keY
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Figure 2. Fitted spectrum and residuals for cluster XLSSC 041; (MOS1:
black, MOS2: red, pn: green)

bylGrevesse & SauVdl (1999) and set to 0.3 of the solar valbe. A
sorption due to the Galaxy is modelled using the WABS fumctio
(Morrison & McCammoi 1983), fixing the hydrogen column den-
sity to the value given by Dickey & | ockmah (1990) at the chust
position (typically~ 2.6 x 10?° cm2). Where the temperature fit-
ting procedure failed to converge to a sensible model (ddevto
signal levels), the source temperature was fixed at 1.5 keSuRs

of the X-ray spectral analysis are presented in TBble 4. Amgke

of cluster spectrum and fit is shown in Figlide 2.

3.2 Source morphology and spatial modelling

Sources detected usiigmin are initially compared to two surface
brightness models describing the two dimensional photstmilu-
tion: a point source and a circulgsprofile of the form
A

[1+(r/Re)F %22

wherep = 2/3 is fixed while the core radiuf., and profile nor-

malisation,A, are permitted to vary_(Cavaliere & Fusco-Femiano

S(r) = (1)

ing theXspec packagel(Armalii 1996), together with a discussion [1976). Each profile is convolved with the mean analytical BSF

on the accuracy of the computed temperatures, are presented
). We summarise the principal steps below
Spectral data were extracted within an aperture of specified
radius (see TablEl 4) and a corresponding background regisn w
defined by a surrounding annulus. Photons were extracted ove
the energy range [0.3-10] keV, excluding the energy rande-[7
8.5] keV due to emission features produced by the pn detsafmr
port. Analyses of simulated spectral data with less thanté@g
counts indicated that using C-statistics on unbinned spledata
produced a systematicffeet in the computed temperature. This
bias is significantly reduced for such faint spectra whend#ia
are resampled such that at least 5 photons are present isgech
tral bin corresponding to the background spectrum. We deted
that this approach produces reliable temperature meafrrksy
temperature < 3 keV), low count level € 400 photons) spec-

the correspondingfBaxis location and a comparison of the statis-
tical merit achieved by each profile provides dfeetive discrimi-
nator of point and extended sources in addition to an iréséimate

of the source flux (sde Pacaud et Bl (2006)).

The photometric reliability of this procedure when applied
faint, extended sources iffected by the presence both of gaps in
the XMM CCD array and by nearby sources (although both are de-
scribed within the fitting procedure) — largely due to vadas in
the true source morphology and the fact that a larger fraatio
the total emission is masked by the background when compared
brighter sources. Although suclffects are naturally incorporated
into the selection function appropriate for each clustasslvia
simulations 06), a further interactiveiapanal-
ysis was performed on each spectroscopically confirmedeclirs
order to optimize the measure of the total emission (i.e. dos

tral data. The assumed fitting model employs an absorbed APEC|uminosity) within a specified physical scale.

plasmal) with a fixed metal abundance rateng

Astronomy, Inc., under cooperative agreement with the dvati Science
Foundation.

6 The acronym is defined at CDS at the
http://vizier.u-strasbg.fr/cgi-bin/Dic?XLSSC.

following URL

© 2002 RAS, MNRASDOO,[[1-2?

The photon distribution for each confirmed cluster is maztell
using a one-dimensional circulgsprofile in whichg, R. andA are
permitted to vary. Photons from the three XMM detectors are c
added applying a weight derived from the relevant exposwuap m
and pixels associated with nearby sources are excludedoi®ho
are binned in concentric annuli of width’ $entred on the clus-
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Table 2. Observing resources employed to determine cluster specpa redshifts.

Telescope Instrument  GrismFilter ~ Approximate resolving poweRj Identifier
VLT FORS2 3004-GC435 500 1
VLT FORS2 600R+GC435 1000 2
VLT FORS2 600z 1300 3
NTT EMMI Grism #3 700 4
Magellan (Clay) LDSS-2 medium-red 500 5
VLT VIMOS LRRED 220 6

Table 3. Spectroscopically confirmed X-ray clusters within the Ddaar

Source XLSSC RA(deg.) Dec (deg.) XMM  fdaxis angl&  Redshift ~ # of membefs Observed
pointing (arcminutes) (see Table 2)
C1
XLSS J022404.1-041359 029 36.0172 -4.2247 GO03 9.0 1.05 5 3
XLSS J022433.5-041405 044 36.1410 -4.2376 GO03 3.8 0.26 9 4
XLSS J022524.5-044042 025 36.3526 -4.6791 GO07 10.3 0.26 10 5
XLSS J022530.6-041419 041 36.3777 -4.2388 G02 9.1 0.14 9 4
XLSS J022609.7-045804 011 36.5403 -4.9684 G1l1 8.1 0.05 7 4
XLSS J022709.1-041759 005 36.7877 -4.3002 GO01 7.8 1.05 5 2
XLSS J022725.8-0432£3 013 36.8588 -4.5380 G05 8.1 0.31 11 5
XLSS J022739.9-045129 022 36.9178 -4.8586 G10 5.6 0.29 5 5
Cc2
XLSS J022725.0-041123 038 36.8536 -4.1920 GO01 1.9 0.58 7 4
C3
XLSS J022522.7-042648 a 36.3454 -4.4468 GO07 3.9 0.46 4 2
XLSS J022529.6-042547 b 36.3733 -4.4297 GO07 5.8 0.92 7 6
XLSS J022609.9-043120 c 36.5421 -4.5226 GO06 8.0 0.82 8 6
XLSS J022651.8-040956 d 36.7164 -4.1661 GO01 6.6 0.34 5 1

& The df-axis angle is computed from the barycentre of the opticabaf the three telescopes using XMMSAS variables XCEN YCHEi\yhted by the mean

detector sensitivity (s tlm006)).

b Only galaxies within a projected distanee500 kpc of the cluster centre are counted.

C Listed b

d Already published b
€ Already published b

IL20b5).

di_(2bo4).
5).

ter X-ray emission. Radial data bins are subsequently releaim
to generate a minimur8/N > 3 per interval. The background is
computed at large radius assuming a constant particleibotion
plus vignetted cosmic emission. The above resampling proeds
then applied to the circulg-profile convolved with the mean an-
alytical PSF computed at the corresponding clustéaxis angle
mZ). Model cluster profiles are realised is thanner

over a discrete grid ¢ andR; values with the best-fitting model for
each cluster determined by minimising tprestatistic over the pa-
rameter grid. Finally, the best-fitting spatial profile (aistpoint in
units of photon count rate) is integrated out to a specifiggichal
radius and converted into flux and luminosity units usingnééad
procedures withiXspec.

The majority of confirmed clusters are apparently faint; dis
playing total photon counts of order a few hundred, and the ob

7 The convolution of the two profiles models the photon distitm factor
introduced by the two dimensional convolution_(Arnaud ¢ ).

served photon distribution in many cases represents omctidn

of the extended X-ray surface brightness distribution. étrelich
conditions the parametefsandR; are degenerate when fitted si-
multaneously, limiting the extent to which “best-fittingfameters
can be viewed as a physically realistic measure of the clpstg-
erties, although providing a useful ad hoc parametrisaton this
reason we do not quote best fitting valuegaind R, derived for
each confirmed cluster. The uncertainty associated wittptbe
cedure is evaluated using a large suite of simulated obtamga
(and subsequent analyses) of clusters of specified surfagiat-b
ness properties (.8, R. and apparent brightness - Pacaud et al.,
in preparation). The fractional uncertainty can then beegias a
function of the number of photons collected within the fiftira-
dius Rsy (the maximum radius out to which the resampling crite-
rion S/N > 3 was achieved) and the radius to which the profile is
calculated (possibly, extrapolated). Note that, as showthé next
section, almost all clusters ha®;; greater than the physical in-
tegration radius, hence requiring no profile extrapolatieor the

© 2002 RAS, MNRASDOO,[I1-7?
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Table 4. Spectral X-ray parameters. The radius of the circular aperised for the spectral extraction is denotedRgye, Computed source counts are
summed over the three detectors. ThiigUF" applied to temperature values indicates that a refidbmperature fit was not achieved and a gas temperature
of 1.5 keV was assumed for the computation of bolometric hawsity.

Cluster Rspec Source counts iRspec T C-stat 500
(arcscec) [0.3-7.5][8.5-10] keV  (keV) (perd.o.f) (Mpc) (arcsec)

XLSSC 029 33 311 a7 1.08 0.52 67
XLSSC 044 55 234 Bf&g 1.15 0.40 100
XLSSC 025 35 661 Z)jgig 1.06 0.53 129
XLSSC 041 45 523 3j81% 1.00 0.43 172
XLSSC 011 68 425 .@j&% 1.04 0.28 272
XLSSC 005 35 164 3j81% 1.02 0.49 60
XLSSC 013 30 161 Dﬁg’fg 0.92 0.33 73
XLSSC 022 39 1304 .ngé 0.91 0.47 109
XLSSC 038 33 118 1.5F - 0.37 56
cluster a 24 160 1.5F - 0.40 69
cluster b 30 <100 1.5F - 0.30 38
cluster ¢ 30 < 100 1.5F - 0.32 42
cluster d 25 157 992 0.74 0.31 65
very faintest clusters (those with total photon counts tbss ~ cluster alone, the photometric errors are large as repartédble
100) a simple sum within a circular aperture was applied. B). Bolometric X—ray luminosities were calculated for eatister

As an example of the above spatial fitting procedure, Fifure 3 by extrapolating the APEC plasma code corresponding togbe-b
shows the data analysis regions applied to the cluster XL&8C fitting temperature to an energy of 50 keV. Values 4§, flux and
Figure[@ displays the resulting one dimensional radial [@athd luminosity for each confirmed cluster are listed in Tablesid[&.
the best-fitting surface brightness model for the sameedust In Appendix8 we analyse the impact of further sources of un-

certainty dfecting the luminosity and temperature measurements.
Appendix[B gather notes on the individual clusters and in-
3.3 Determination of cluster flux and luminosity vestigate, among others, the possibility that the compachesters
brightness values may be contaminated by AGN emission. We co
clude that none of the C1 and C2 clusters (i.e. those usedefor d
+ tailed population statistics) contained in the D1 sampdesagnifi-
cantly contaminated by AGN emission.

Values of flux and luminosity for confirmed clusters are aedi

by integrating the cluster emission model, described byafi@o-
priateXspec plasma emission and surface brightness models, ou
to a specified physical radius. We use fiatient physical radius for
flux measures as opposed to luminosity - mainly becauseatzall
flux values for cluster surveys present in the literaturdéquran es-

. e o . 3.4 Trends in thelLyx versusTx correlation
timate of the “total” flux within a limited energy interval veheas X X

luminosity values are computed as the bolometric emissitimma Figure[® displays théy versusTy distribution of the D1 clusters
physical radius corresponding to a constant overdenséy &volv- for which it was possible to measure a temperature (eightr@l a
ing universe (e.Yso0)- one C3 objects). Although the D1 area represents only a sabse

Flux values are computed by integrating the best-fitfiig the anticipated XMM-LSS area, the C1 sample is completeelird r
profile to a radius of 500 kpc. The specified aperture inclumles  able temperature information is available for all systeliris.there-

substantial fraction of the total flux (approximatel{ f the flux fore instructive to consider trends in the versusTy distribution
from B-profile described by = 2/3 andR; = 180 Mpc) yet avoids in anticipation of a larger sample of C1 clusters from theticnn
uncertainties associated with the extrapolation of thélpro large ing survey. The location of C1 clusters in thg versusTyx plane
radii. is compared to a regression line computed for a combinedlsamp

In order to obtain cluster luminosities within a uniform ghy of local sources based upon the group data_of Osmond & Pbnman
ical radius, we have integrated the bestfittiirgrofile for each M) and cluster data mcm%). The computed r
cluster torsgg i.e. the radius at which the cluster mass density gression line takes the form, lag = 2.91 logTx + 4254, for
reaches 500 times the critical density of the universe athhe bolometric luminosity computed withinsgo. A complete discus-
ter redshift. Values ofsqo for each cluster were computed using sion of the regression fit will be presentedmma
the mass-temperature data of Finoguenov et al. [2001) wivivn (2006).
converted to our assumed cosmology and fitted with an ortieigo One issue of interest concerns the properties of interredia
regression line, yield the expressiggy = 0.391T %52 h,o(2)~* Mpc redshift ¢ ~ 0.3) X—ray groups (i.eTx ~ 1 - 2 keV). Such sys-
for clustersinthe @ < T < 14 keV interval. As reported in Willis tems dominate the XMM-LSS numerically and, when compared to
et al. (2005), values akqo from this formula agree well with those  higher temperature, higher mass clusters, are expecteentord
derived from assuming an isotherngaprofile for clusters display- strate to a greater degree theets of non—gravitational physics

ingT < 4 keV. in the evolution of their X—ray scaling relations with respéo
For each cluster in the confirmed sample, with the exception self—similar evolution models. The luminosity of X-ray soes
of XLSSC 005, the computed valuesrgfp lie within radius of, or in XMM-LSS may be compared to those of local sources at the

close to, the region employed to fit tigeprofile; (hence, for this same temperature by computing the luminosity enhanceraent f

© 2002 RAS, MNRASDOO,[[1-2?
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Table 5. Results of the spatial analysis for confirmed clusters. 8eefor the definition of the fitting radiuRsi;. The net source counts are computed within
Ryfit and are uncorrected for vignetting. A value of “NF” indicatat no reliable spatial fit was possible for the clustex:shurce counts, flux and luminosity

were computed applying a circular aperture of radius 500 kpc

Flux values are computed by integrating the best-fittingtelys-profile out to a radius of 500 kpc. The photometric precisitdicates the mean & errors
estimated from analyses of simulated cluster data and atzfar the profile fitting uncertainties only (see text fotaiks).

Cluster Ryit Source counts iRsit Flos-2 Lpoi(rsp0)  Photom. acc.
arcsec in [0.5-2] keV 10 ergscn?  10* ergs
XLSSC 029 60 361 3.1 4.8 20%
XLSSC 044 129 318 2.5 0.11 15%
XLSSC 025 123 905 9.4 0.52 15%
XLSSC 041 171 819 20.6 0.24 15%
XLSSC 011 354 972 16.4 0.015 15%
XLSSC 005 39 128 11 15 60%
XLSSC 013 234 383 2.7 0.15 20%
XLSSC 022 171 1785 9.8 0.65 10%
XLSSC 038 NF [60] 0.3 0.09 -
cluster a NF [108] 0.7 0.1 -
cluster b NF [52] 0.4 0.4 -
cluster ¢ NF [29] 0.3 0.3 -
cluster d 432 417 0.83 0.078 20%
10*3 i T i T i Tl

05

Declination

—04° 20"

S T S N T T A RN BRI N |
02" 26™ 00°  25™ 45° 30° 15° 00°®
Right Ascension
Center: R.A. 02 25 30.79 Dec -04 13 52.9

Figure 3. An example of the spatial and spectral analysis regionsieppl
to cluster XLSSC 041. The photon image is displayed. Thelpuiocle
indicates the spectral extraction region. The green cintlEatesrsgo. The
blue circle indicatefRs, = Ryjt. All X-ray sources, except the cluster of
interest, are masked. The external red circle delineatesetjion used for
the fit.

tor, F = Lobs/Lprea, Where Loys is the observed cluster X—ray
luminosity within a radiusyse, and Lpreq is the luminosity ex-
pected applying the fittetly versusTy relation computed for the

Mean count—rate in each bin (cts/s/pix)
o
I

Radius (")

Figure 4. The radially averaged X-ray emission profile for cluster Xacs
041. The red curve indicates the best-fitting model compsoeatie data
(black histogram with blue crosses). The vertical linedofelthe same
colour coding as FigurEl 3. The red horizontal line marks thekground
level.

F ~ 3 - 4, compared to a value 1.15 expected from self-sifhilar
luminosity scaling withirrsgo.

From the local universe, we know that low temperature groups
show a larger dispersion in the L-T relation than massivetehs
(Helsdon & Ponmah 2003). This reflects their individual fation
histories, since they are particularlffected by non-gravitational
effects, as well as the possible contributions from their mem-
ber galaxies. The apparent biasing toward more luminousctbj
andor cooler system could come from the fact that we detect more
easily objects having a central cusp, i.e. putative cood-gmoups.

8 Self-similar implies that the luminosity scales as the Habtonstant

local sources and the XMM-LSS measured temperature. Source when integrated within a radius corresponding to a fixea ratth respect
XLSSC 013, 022 and 041 have a luminosity enhancement factorsto the critical density of the universe as a function of réigkioitl POOZ).
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1045 Local Lx=T
Self-similor evolution ot z=0.5
z~0

'y 0.15< z < 0.35

° z~1

1044

Lsoo (erg/s)

1043

1042

Temperature (keV)

Figure 5. Lx(rsop) versusTx relation for the clusters for which it was pos-
sible to derive a temperature; all of them haltister d(displayed as an
upside-down triangle) are C1. The solid line gives the meaallLy — Tx
relation (see text), while the dotted line is the expectexihosity enhance-
ment assuming self-similar luminosity scaling withigg atz = 0.5. Differ-
ent plotting symbols indicate clusters located within ¢hdétferent redshift
intervals.

This has the fect of both decreasing the temperature and increas-
ing the luminosity. The bias could also simply reflect thet that
we can measure a temperature only for the brightest objects.

In order to test this hypothesis, we have considered a few or-
ders of magnitude. The local L-T relation predicts a lumityosf
1.1 10" and 26 10" erg’s for a T=1.5 and E2 keV group respec-
tively. A factor of 2 under luminosity for such objects woultls
correspond to B 10* and 13 10* ergs. In Tabld®, we note that
(i) the lowest flux cluster (XLSSC 005) is detected with sorbé 1
photons inRy;; the X-ray image appears moreover to be quite flat;
(ii) group XLSSC 044 (z 0.26) has a luminosity of.1 10* ergs,
for some 300 photons iR¢j;. From this, we infer that we could have
detected groups arourzd~ 0.25, having 15 < T < 2 keV that are
under luminous by a factor of 2, if any were present in our damp
Below 1.5 keV, these objects are likely to remain undetected

The coming availability of the larger XMM-LSS sam-
ple will permit a more reliable assessment of sudfeas on
the morphology—luminosity—temperature plane for suchugso
(Pacaud et al, in preparation).

4 DISCUSSION AND CONCLUSION
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indeed a salient property of the XMM-LSS to unveil for theftfirs
time the bulk of the < T < 2 keV group population in the.D <

z < 0.4 range along with its capability of detectizg> 1 clusters.
We further review below the main properties of the sample.

The C1 cluster sub-sample corresponds to a purely X-ray se-
lected sample (zero contamination) and displays a surfeosity
of ~ 9 deg?. Reliable temperature information is available for all
C1 sources and optical spectroscopic observations argedaqunly
to confirm the cluster redshift. Relaxing the selectiorecidt used
to generate the C1 sample creates additional samplesddief
and C3. However, optical imaging and spectroscopic dataeare
quired to identify bona-fide clusters within these sampldge C2
sample possesses a well-defined X-ray selection functimpr¢a-
imately 50% of sources are confirmed as clusters) and thacgurf
density of CkC2 clusters is- 11 deg?. Sources labelled C3 repre-
sent significant detections outwith the C1 and C2 selectitera
and, given the high contamination rate, we do not computéea-se
tion function for these sources. The C3 sample containsfiatsy
interesting objects and points to our ultimate sensitifatycluster
detection which appears to be aroung 50° erg s* cm2; how-
ever, we stress that the full selection function for the Cd &2
samples is multi-dimensional (see below). Noting this afvefor
comparison purposes only — the quoted flux sensitivity cpoads
to a cluster of~ 7x 10" erg s* (T ~ 3 keV) atz= 1 and to a group
of 3.5x 10" erg s* (T = 1 keV) atz = 0.3. We further note that no
C1 or C2 cluster emission appears to be significantly comtarad
by AGN activity — partly a result of the high threshold put dret
extent likelihood for these samples.

Having the D1 XMM-LSS sample now assembled, it is in-
structive to examine in what manner itfigirs from a purely flux
limited sample. This question is phenomenologically asisiee by

IL(20D6) as the answer depends on two major ingred
ents; (1) the pipelinef@ciency (involving itself the many instru-
mental d€fects) - this is quantified by means of extensive simula-
tions; (2) the characteristics of the cluster populatiohtola red-
shift of unity at least - this latter point being especiallidate as
the low-end of the cluster mass function, critical for thevey sen-
sitivity, is poorly known and cluster scaling law evolutjastill a
matter of debate. Hence the need for a self-consistent apipitoa-
sically involving a cosmological model, a halo mass spectamnd
someLyx(M, T, R, 2) functiont® describing the evolution of the
cluster intrinsic properties that directly impact on thastér de-
tection dficiency. The principal conclusion regarding the use of a
single flux limit is that, to obtain a cluster sample disptaya high
level of completeness and reasonably low contaminatianflthx
limit has to be set to some high value, é=g> 5x10* erg s* cm?
in the case of XMM-LSS. The present study demonstrates dn rea

We have used 20 ks XMM images to construct a deep sample of ya(4 the advantage of using the C1 set of criteria as a wetetfi

galaxy clusters. The total cluster surface density of 126 dis
approximately five times larger than achieved previouslghhe
deepest ROSAT cluster surveys (e.g. R 0
On the one hand, from the optical point of view, we note thateno
of the detected clusters shows strong lensing featuregehie
likely absence of massive clusters in the D1 &r&ais is consistent
with the fact that the highest cluster X-ray temperaturerity @
keV: this temperature corresponds to a mass &f10 Mg and,
in a standard\CDM halo model M)OG), the density
of clusters more massive than this limit, i.e. those moslyiko
produce strong lensing, is 0.8 deg?. On the other hand, it is

9 With the caveat that the presence of giant arcs requiresmiptzolarge
mass concentration but also a specific Jeosrce configuration

© 2002 RAS, MNRASDOO,[[1-2?

sample that includes groups downTio= 1 keV and fluxes as low
as 10 ergs*cm2 and, consequently, significantly increases the
size of the purely X-ray selected sample. Although the Ctkd,
even fully controlled, might at first sight appear more pipelde-
pendent and, thus, less physical than a simple flux limit, tness
that any X-ray detection algorithm is bound to miss low luagity
clusters in a way that is pipeline dependent - the losdiafiency
not being a simple flux limit. For these reasons, we favor the c

10 The function is normalized from local universe observatiand its evo-
lution constrained by available high-z data, numericalsations and other
possible prescriptions such as self-similarity evolutiome of the main un-
knowns being the role of non gravitational physics in clustelution
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cept ofcontrolled samplégin the C1 selection sense) rather than of REFERENCES

complete flux limited sample
Our D1 sample contains 7 clusters displaying a flux in ex-
cess of 2x 107 ergs*cm2 (all C1). This corresponds to a sur-
face density ok 8 deg? and is larger than the 4-5 clusters tfeg
implied by the RDCS log N- log S relation 98) —
the only ROSAT cluster sample complete te 2014 ergs* cm?
IL2002) — in addition to the shallow XNVRdF survey
MWS), reportingZ.3 = 3 deg? at the same flux limit.
The probability to obtain 8 clusters dégrom the RDCS number
density is 5-10 %, assuming simple Poisson statistics. rGikie
relatively small fields covered in each case, tiffeas of cosmic

variance upon any such comparison may well be important (the
XMM /2dF survey and deepest regions of the RDCS cover 2.3 and

5 ded respectively). For comparison, the simple cluster evotuti

plus cosmological model presented by Pacaud|dt al. (20e6)qts

a surface density of 7.5 clusters det displayingT > 1 keV and
afluxF > 2x 10 ergstcm2.

We have computed reliable temperature values for nine of the

thirteen confirmed clusters — in particular, the C1 sampléein-
perature” complete. This is important as it displays thesptial
for survey quality XMM observations to investigate the exmn
of X-ray (and additional waveband) cluster scaling reladian a
statistical manner over a wide, uniformly-selected reftighterval.
Together with the initial sample presentedmt M),
the D1 sample is the first sample to investigatelth&ersusTy re-
lation for 1< T < 2 keV groups at A5 < z < 0.35, for the simple
reason that this population was previously undetected. XNVB%
therefore samples a relatively complete, high surfaceityepsp-
ulation of clusters displaying temperatufes> 1 keV at redshifts

z <5 1 and provides an important new perspective for the study the

cluster and group evolution employing only moderate XMM@xp
sure times.

All data presented in this paper — cluster images taken
at X-ray and optical wavebands in addition to detailed re-

sults for the spectral and spatial analyses — are available

in electronic form at the XMM-LSS cluster online database:
http://13sdb.in2p3.fr:8080/13sdb/login. jsp.
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APPENDIX A: ERROR BUDGET ON THE CLUSTER
LUMINOSITY AND TEMPERATURE MEASUREMENTS

This Appendix investigates the impact of specific sourcasogr-
tainty on the cluster temperature and flux measurementscdlhe
culations are performed for 3 clusters representativeefitix and
temperature ranges covered by the present sample, nam&g&L
41, 29, 13.

-1- Cluster luminosities are computed withigo, a quantity
empirically derived from the temperature (Jecl 3.3), wtiikepho-
tometric errors quoted in Tab[@ 5 results from the spatiabrilty.

In Table[A1 we provide the uncertainty on the luminosity ioeld

by the errors from the temperature measurements, as pitegaga
through the derivation afsqg (the spatial fit is then assumed to be
exact). The results show that they are negligible comparetie
accuracy level of the spatial fits.

-2- Cluster temperatures are estimated fixing the metal-abun
dance to 0.3 solar (Sdc.B.1). Since many of our clustershav2
keV, for which the contribution from emission lines is sifirént,
some temperature-abundance degeneracy could occur ipgbe s
tral fitting - all the more so since the number of photons inedlin
the spectral fit is small. In TablEZ\1 we provide further temapere
measurements fixing the abundance to 0.1 or 0.6 solar. Thikges
show that the impact on the derivation of the temperatureasad
sociated errors is negligible. In all these trials, the Gidacolumn
density is held fixed.

-3- Finally, we investigate whether the contribution of enr
solved AGNSs to the integrated cluster emission is stasilljisig-
nificant at our sensitivity. We proceed here assuming the XMM
LogN-LogS for point source 03) since ne in
formation on the AGN environment of low-luminosity clusteas
available to date. For each ring of the cluster spatial pfile
compute the limiting flux for which a point source is to be déte
at the 3o~ level. We then integrate the LogN-LogS over the cluster
area out toR = 500 kpc, between the varying flux limit and the
background flux level. Results are gathered in t&blk Al aod/sh
that, statistically, the point source contribution is ngigle. In Ap-
pendiX® we further inspect, for each cluster, the possyitiat the
core of the cluster emission could be contaminated by an AGN.

© 2002 RAS, MNRASDOQ,[[1-2?
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APPENDIX B: NOTES ON INDIVIDUAL CLUSTERS

In this Appendix, we provide additional information for domed
clusters. We have paid particular attention to whether they
spectra and spatial emission of each cluster displays resédéor
contamination by AGN emission. For each cluster we have com-
pared the results generated by fitting the spatial emissiemy
either included or excluded the central radial bin (raditi8 or 6
arcsec.). Although in some cases the best-fitting valug? arid
R. varied significantly, in all cases the integrated countreithin
rsoo Showed variations less than 10%. The small number of pho-
tons contributed by the central few arcseconds of eacherlpse-
vented a separate spectral analysis of the central regramally,
we have investigated all examples of spatial coincidentedsn
radio sources presented tm003) and the Dletlus
sample. We discuss individual clusters below.

In parallel, we have discovered a point-like source, XLSS
J022528.2-041536, which is associated, at least in projeatith
a group at redshifz ~ 0.55 (more than 5 concordant redshifts).
However, the group emission, which is embedded in that of XCS
041, appears totally dominated by the point source and eonse
quently, this object does not enter the C1 or C2 or C3 clagses.
radio source $yt = 0.28 mJy,~ 5” extent) is present at’2from
the X-ray centre. XLSS J022528.2-041536 is located in tHd fie
of XLSSC 041 and the group member galaxies are indicatecein th
overlay of Fig. 6. In a further study involving optical, radind IR
data, we will assess the fraction of clusters that remaiteassdied
because of strong AGN contamination.

XLSSC 029: The presence of a radio sour®q = 1.5 mJy,~
2" extent) some 11from the cluster centre might suggest that the
X-ray emission is contaminated by an AGN. However, exanonat
of a recent 100 ks XMM pointing on this object (obs 0210490101
PI L. Jones) shows that the astrometry of the original XMMSLS
survey image is correct within’land does not reveal a secondary
maximum coincident with the radio source.

XLSSC 044: This cluster is of very low surface brightness and
displays elongated emission. Its X-ray morphology, galdisyri-
bution and temperature ef 1 keV suggest a group in formation.

XLSSC 025: A weak radio sourceSir = 1.0 mJy,~ 5’ ex-
tent) lies at the centre of the cluster emission, however,cén-
tral galaxy spectrum displays no strong emission linesd-fragne
wavelength interval 3008 6000A is sampled). The X-ray spatial
profile is peaked yet exclusion of the centrdlradial bin, does not
change significantly the fitted value gf (it changes from 5to 6”
while 8 = 0.44 remains constant). We thus exclude any strong con-
tamination by a central AGN, and favor the cool core hypdthes

XLSSC 041: No radio source was identified within 3®f the
cluster emission centroid. But,

XLSSC 011: The X-ray and optical appearance of this system
are suggestive of a compact group of galaxies. All point cesr
within a radius of 350 have been removed from the spatial anal-
ysis. However, it was not possible to estimate the extentngf a
contribution from the central galaxy to the group emission.

XLSSC 005: No radio sources are identified within the projected
area covered by the X-ray emission. This system displays dou
ble peaked X-ray emission morphology, with each peak astati
with a distinct velocity component. The photometric unaitly for
this system is large as less than 200 photons were available
spatial fit which was limited t&s; ~ rsoo/2. The system is further
discussed ih Valtchanov etl&l. (2004).

XLSSC 013: No radio sources are identified within af the X-
ray centroid. A bright X-ray point source is present atlistance
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Table Al. Error budget for secondanffects.
5

I500 @NdrZ,, are the extreme possible values ifgso derived from the temperature uncertainties quoted in HAble

XLSSC 41 29 13

source counts iRfit, Rspec 819, 523 361, 311 383, 161

I'500 500, rgoo 171, 179, 196 arcsec 66, 55, 82 arcsec 76, 69, 84 arcsec
ey

a0 (i) 2%+ 4% -19%/+ 0.6% -5%/+ 6%

Ab=0.1 T=13(1.1,15) kevV T=4.2(3.1,6.1)keV T=1.0(0.8,1.2)keV

Ab=0.3 T=13(1.2,16)keV T=4.1(3.0,58)keV T=1.0(0.9, 1.2)keV

Ab =0.6 T=15(1.3,1.7)keV T=4.0(3.0,5.5)kevV T=1.0(0.9,1.3)keV

Undetected AGN contribution

R < 500 kpc 0.6 % 0.5% 0.8%

yet does not fiect the cluster classification procedure and the point
source is removed from the subsequent spatial and spentalta
sis.

XLSSC 022: The X-ray profile is peaked and here is a weak radio
source within 2 of the X-ray emission centroids{, = 0.15 mJy,
no extent). The spectrum of the central galaxy displays gnifsi
icant emission features consistent with AGN activity. Thester
morphology is very similar to XLSSC 025 in thet andg values
do not vary significantly depending upon the inclusion of ¢tka-
tral bin in the spatial analysis. We therefore favour thel cooe
hypothesis for this system.

cluster a: The X-ray centroid coincides with a radio sour&(
= 0.21 mJy, no extent) within 2 arcsec. The optical spectrum ob
tained for this object is faint and did not allow us to secuse i
redshift; however, no emission line is apparent in the spatt
The photometric redshift is 0.98, with a SBI starburst ad fes
ting spectrum. The flux at 24m is 0.4 mJy which is rather high.
This suggests that the coincidence between this red ohjelcthe
X-ray centroid might be fortuitous, but the contaminatigrelm ac-
tive nucleus cannot be excluded.

cluster b: An X-ray point source is located some’3kom the
X-ray emission centroid and was subsequently removed ftam t
spatial and spectral analyses.

cluster d: A radio source is located within’3of the X-ray emis-
sion centroid $;,; = 0.08 mJy, no extent). The optical spectrum of
the central galaxy does not show significant emission featWith
an extent of 25 and aextent likelihood = 21 this marginal
source is classified as C3.
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