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ABSTRACT

Context. XMM and Chandra opened a new area for the study of clusteralekigs. Not only for cluster physics but also, for the dtecof
faint and distant clusters that were inaccessible withipte/missions.

Aims. This article presents 66 spectroscopically confirmed ehss{0.05z<1.5) within an area of 6 deg2 enclosed in the XMM-LSS
survey. Almost two thirds have been confirmed with dedicatgettroscopy only and 10% have been confirmed with dedicgectroscopy
supplemented by literature redshifts.

Methods. Sub-samples, or classes, of extended-sources are defindd/grdimensional X-ray parameter space allowing for vasidegrees
of completeness and contamination. We describe the proeefiveloped to assess the reality of these cluster cardidatng the CFHTLS
photometric data and spectroscopic information from oun élow-up campaigns.

Results. Most of these objects are low mass clusters, hence comsgjtat still poorly studied population. In a second step, wartjify
correlations between the optical properties such as rgshaevelocity dispersion and the cluster X-ray luminositM/e examine the relation
of the clusters to the cosmic web. Finally, we review pecugteuctures in the surveyed area like very distant clustedsfossil groups.

Key words. Surveys ; Galaxies: clusters: general; Cosmology: lacgéesstructure of Universe.

Send offprint requests to: C. Adami e-mail:
christophe.adami@oamp. fr of France, and the University of Hawaii. This work is basegant on

* Based on observations obtained with MegaPfMegaCam, a data products produced at TERAPIX and the Canadian Astrgnom
joint project of CFHT and CEMAPNIA, at the Canada-France-Data Centre as part of the Canada-France-Hawaii Telescegacly
Hawaii Telescope (CFHT) which is operated by the Nationaldech Survey, a collaborative project of NRC and CNRS. This work is
Council (NRC) of Canada, the Institut National des Scienee @lso based on observations collected at TNG (La Palma, Bpain
I'Univers of the Centre National de la Recherche Scientdi(@NRS) Magellan (Chile), and at ESO Telescopes at the La Silla and
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1. Introduction clusters selected from less stringent X-ray criteria (C& @8)
and including the contiguous Subaru Deep Survey (SXDS, e.g.

With the quest for the characterisation of the Dark Ener eda et al. 2008). The C2 and C3 objects presented here come

properties and the upcoming increasingly large mstrume? om an initial sample with a higher degree of contamination

(JWST, ALMA, LSST, EUCLID, etc. ...) the beginning of : .

the 21st centurv is to be an exciting time for cosmolo Itr)1Ut have all passed the final spectroscopic tests. Compared t
) y 9 9 e c1 clusters, they are fainter and correspond a-prideis®

this respect, a new era was already open for X-ray astronom

by the XMM-Newton and Chandra observatories in 199&1&5“@ cluster_s or to groups ata redsh|ftl 0L5: this IS a
. . . . . opulation that is for the first time systematically unveiley
The increasing amount of high quality multi-wavelengt

. : . e XMM-LSS survey. A few massive very distant clusters are
observations along with the concept of “multi-probe” apguio fa y y

) . . lling into this category too.
is expected to provide strong constraints on the cosmabgic 9 gory . )

: ; The present study is the first attempt to give a comprehen-
models. In this context, X-ray surveys have an importarg rol.

to play, as it was already the case in the 80s and 90s (S.'V.e census (X rzliy.and optical properties) of the low-mass ¢
. population within the 6< z < 1 range. Search for correla-
Romer et al. 1994, Castander et al. 1995, Collins et al. 199 . :
. . ohs between optical and X-ray properties has already heen
Henry et al. 1997, Bohringer et al. 1998, Ebeling et al. 1993, . . .
. S ong story from, e.g, Smith et al. (1979) or Quintana & Meknic
Jones et al. 1998, Rosati et al. 1998, Vikhlinin et al. 1998, ) )
. : 1982). However, with more than 60 spectroscopically con-
Grandi et al. 1999, Romer et al. 2000, and ref. therein). N .
. . iIrmed clusters, the current sample constitutes, by faisplee-
cluster surveys are presently coming to birth (e.g. Romat.et . ) : .
2001, Pierre et al. 2004, Finoguenov et al 2007) troscopically confirmed cluster sample with the highest sur
' ' ' g ' face density ever published. The article is organised é&sfel
Next section describes the X-ray cluster selection. Se@io

a sgnns?ti\?ii thotafT, 1'[(;;?4Xel\r/l g“g;é‘:gsafug\ge_gkggvgf Sllat?;ﬁj_ presents the available optical photometric and spectpisco
Y i P Y" data. Section 4 explains the adopted cluster validationegro

extended X-ray sources and is currently the largest contiq}yure the new X-ray luminosity computations, and presdrs t

ous deep XMM cluster survey. This sky region is covered t%sulting catalog. Then, the global properties of eachtetus

parallel surveys in multiple complementary wavebands -rantgass and category are examined in Section 5 and, subsbguent

ing from radio to they-ray wavelengths (Pierre et al., 2004 : o 4
) : . T he properties of the cluster galaxy population in Section 6
and therefore constitutes a unique area for pioneeringestud . . : . .
: . Section 7 details the=A1.53 cluster and investigates possible
It can for instance detect a Coma-like cluster-a2 zA number . . . .
: o . eculiar structures in the survey. Finally Section 8 gattilee
of articles describing the properties of the XMM-LSS source . : )
conclusions. The two appendixes discuss the accuracy of pho

population have been published by e.g. Pierre et al (2006) at?)metric redshifts in the context of dense environmentdiatsl

Pacaud et al (2097) for clusters of galaxies and Gandhi eta%lditional redshift structures found in the course of thwel gt
(2006) for AGNs; the complete X-ray source catalog along Throughout the paper we assumg H71 km s Mpc-2

with optical identifications for the first 5 dégf the survey _ . )
was published by Pierre et al (2007). Qm__0.27, and?,=0.73 (Dunkley et al 2009). All magnitudes
are in theAB system.

One of the major goals of the XMM-LSS survey is to pro-
vide samples of galaxy clusters with well defined selectidon c
teria, in order to enable cosmological studies out to rétshp. The initial cluster candidate selection
z ~ 1.5. Indeed, monitoring selectiorffects is mandatory not o o
only to study the evolution of the cluster X-ray luminositg( 1 he clusters presented in this paper are for the great mgajori
mass) function or of the 3-D cluster distribution but alss, a&-ray selected. The XMM-LSS pipeline (Pacaud et al 2006)
shown by Pacaud et al. (2007), to characterise the evoluti¥iQvides for each detected source some 20 parameters (co-
of the cluster scaling laws such as the luminosity-tempeeat ©rdinates, count rate, etc..). Out of these, two are esipecia
relation. We have put special emphasis on the X-ray selectiglevant for the characterlsgtlon of extended sourcesxtent
criteria in the XMM-LSS survey. The procedure enables tfg€asuremeneT) and the likelihood of extenE&T LH). We
construction of samples having various degrees of complefgc@ll (as defined by Pacaud et al 2006) that the "extent” pa-
ness and allows for given rates of contamination by non clU&Mmeter is the core radius of the beta-profile fit by the survey
ter sources. The subsequent optical spectroscopic obiserya PiPeline to each source, assuming a fixed betg&fhe clus-
constitute the ultimate assessment of the clusters, treratgs ter Selection basically operates in this two-dimensiopaks
the purification of the samples. and has been extenswgly adjusteq and tested using s_lc_mﬂatl

In a first paper, Pacaud et al (2007) presented the clgfhundreds of XMM images. This allows the definition of
One (C1) clusters pertaining to the first 5 e the survey three cluster samples.

(the ones with the highest apriori probability to be realselu
ters). The C1 selection yields a purely X-ray selected efust
sample with an extremely low contamination level and corre-
sponds to rather high surface brightness objects. The irese
article summarises these former findings including now the

— The C1 class is defined such thato point sources are
misclassified as extended (i.e. less than 1% of the cluster
candidates are point sources) and is describezkiby- 5”7,
EXT_LH > 33 plus an additional boundary on the detection
likelihood, set to be greater than 32.

Paranal Observatories under programmes ID 072.A-0312,A074 — The C2 class is limited b¥XT > 5”, EXT_LH > 15 and
0476, 076.A-0509, 070.A-0283, 072.A-0104, and 074.A-0360 displays an a-priori contamination rate of about 50%.
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— The C3 clusters are faint objects and thus, have less-well
characterized X-ray properties. They may be located atthe -2 T T T T
very edge of the XMM field of view or ster contamination i ]
by point sources. They therefore result from a subjective se

90000

. . . - r © o
lection mostly based on a visual inspection of the X-rayand | Rl =7 ol el g 50000
optical data; their selection function is up to now undefined | .. .. g @ o w
. ]
More details about the classification can be found in Pacud e | &0 w  w wo w o ] e
al (2006) and Pierre et al (2006). Y Y Y ] .
o> I o [ 7
s e © 7
In this paper, we have presented a large sample of X-rays e e Y Tt 2 50000

o)

clusters, including the 29 C1 confirmed clusters published b = | Fo corg W) g e | as 2
Pacaud et al. (2007). These C1 clusters were already unambig® wos=cp ) .

3
126 | G135y I I
7
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Q@

Exp. time

40000

cis  cieb ¢ Hs  cie s 30000 o

to reprocess the associated optical spectroscopic datavfol i
ing the standard method developed in the present paper. This [ e
will provide a unique homogeneous cluster sample. The clus- |
ters pertaining to this paper are, for most of them, located i 6 y 10000

ously confirmed, but we take the occasion of this publication _s- o 180 Ciins-o1

Subarul] 20000 o

the first 5 ded of the XMM-LSS region, supplemented by the M og ]
Subaru Deep Survey. The validated C1, C2, and C3 samples  Loliiiitvnnn v iliiiiliiiilnnl] ol |
are presented in Tablg€$ Z] 3, afd 4. In these TableSS T i sscenmon gy

catalog names refer to sources published in Pierre et @7{20

XLSSU catalog names refer to sources whose fields were

q'?—gé 1. Map showing the dferent involved surveys. The grey

: : vel disks are the 11’ central areas of the XMM pointings (ex
Feldt‘;) agdtre(t)_bs?_rl\(/ eldh(or(;etﬁ rocs SIS de_d If\hter_), ortv(\;hltch be;"e posure time depends on the greyness). Large squares show the
owthe efec ;?I?SISGI oodthreshold in the Input datals spectroscopic VVDS-deep and Subaru Deep surveys, and the
as source for X CFHTLS D1 field. C1, C2, and C3 clusters are also shown.

In the course of the data inspection, we have also idenﬁ\'bove a declination of -3.6deg, only g',r',z’ coverage isiv

fied a few clusters using optically based criteria sugh asdbie able, hence no photometric redshifts are derived for thi®zo
sequence or the gapper method. Our spectroscopic data set al

lowed us to confirm them as bona fide clusters, although thelsé%le 1.Pl spectroscopic runs involved in the present paper
objects are not detected in the X-rays by the current veision ' '
the XMM-LSS pipeline or the association between X-ray de- Telescope Instrument  Year Nights _Run ID
tected sources and optical clusters is not straightforwasel Magellan LDSS2 2002 > -
thought of interest to publish these objects and they atedlis  magellan LDSS2 2003 4 .

in Tables[5 and_BI1. NTT EMMI 2003 3 72.A-0312
We now describe the involved optical data and the general NTT EMMI 2004 4 74.A-0476
identification processes. NTT EMMI 2005 3 76.A-0509
TNG DOLORES 2007 4 AOTYEAT_75
. VLT FORS2 2002 3 70.A-0283
3. The optical data VLT FORS2 2003 4  72.A-0104
VLT FORS2 2004 4.5 74.A-0360

3.1. The optical spectroscopic data

We have been performing a dedicated spectroscopic follow-u
of all C1 clusters and of a number of C2 and C3 clusters. These
PI observations are listed in Talile 1 and provide about 20@0each measurement following the VVDS rules: flag 0 indi-
redshifts to date. We supplemented this data set with the ¥ VDates an inconclusive result, flag 1 means a probability & 50
deep (e.g. LeFevre et al. 200511000 redshifts in 0.49 dég that the assigned redshift is wrong, flag 2 means a probabilit
and ultradeep (LeFévre et al. in preparation) data, antd witf 25%, flag 3 means a probability of 5%, flag 4 means a prob-
a redshift compilation pertaining to the Subaru Deep Survapility of 1%, and flag 9 means we have assigned a redshift
(Ueda et al 2008) included in the XMM-LSS area. Some 204th a single line using absent lines in order to limit the pos
other redshifts were also available from NED for part of th&bilities. These percentage levels proved to be reliabkhe
area. We show in Fid] 1 the location of thes&eatient surveys, VVDS survey (LeFevre et al. 2005).
as well as the exposure time of théfdrent XMM fields. Our spectroscopic redshifts having quite heterogeneaus or
Individual redshift measurements of spectra resultingifrogins (diferent telescopes, instrumentations, and resolutions), it
the PI data were made following a procedure similar to thasttherefore useful to compute the ability to measure a iiédsh
adopted by the VVDS survey. Each spectrum was indepemd the achieved velocity resolution. In order to achievahsu
dently measured by several people and the redshift subaeoal, we chose to compare the Pl data to the VVDS survey,
quently validated by a moderator. Quality flags were assign&hich provides a well qualified set of data. Only 26 galaxies
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both measured by the VVDS and our dedicated follow-up hatethe X-ray cluster candidates. Such systems are expexted t
a quality flag greater or equal than 2. For these objectspgiv@anifest themselves as compact structures in redshiftespac
the VVDS quality flags (6 flags 2, 6 flags 3, and 14 flags 4(hoth spectroscopic and photometric ones) and as locatized
we expect to have 3.2 wrong redshifts. We indeed find 3 reckss in projected galaxy density maps.
shifts d'ffering by more than 0.05 between the Pl and VVDS To perform such an ana|ysisi we make use of the two op-
data. VVDS spectroscopic redshifts are expected to have-a tijcal data sets mentioned above. The investigated lineigbf s
ical uncertainty of 280 kits (from repeated VVDS redshift (centered on the X-ray emissions) were initially selectednf
measurements, Le Fevre et al. 2005). Excluding all retishifhe condition that at least two spectroscopic redshift meas
with differences greater than 0.02, we find a typical uncefrents (whatever their values) are available within the ¥-ra
tainty between Pl and VVDS redshifts of 340 jenEven with  jsophotes. The subsequent conditions were more stringent d
a comparison done on a rather limited size sample, the Pl rgénding on the cluster nature (see below).
shifts appear thus religble in the [0.,1.] redshift rangetiarthe The CFHTLS Wide survey and subsequent analyses (e.g.
[18,23] 1 VVDS magnitude range. Coupon et al. 2009) provide us with galaxy positions as veell a
Finally, it has to be mentioned that, for the spectroscopifeir apparent and absolute magnitudes, photometric ifesish
sample, no completeness, neither spatial nor in luminasaty 5, the corresponding "galaxy typeE’(from the spectral fit-

be globally defined because of the various data origins. ting performed during the photometric redshift computayio
With the exception of the usual "masking problems” due to
3.2. The optical photometric data bright stars or CCD defaults, photometric data are homoge-

neous and allow us to define complete sub-samples in terms

Most of the XMM-LSS area is covered by the Canada-Francgf-spatial extension or in magnitudes. Limitations to theista
Hawaii Telescope Legacy Wide Survey (CFHTLS-Vifide are the redshift range within which photometric redshifes a
This survey, performed by means of the MegaCam camer@iable and the adopted magnitude limit. Here we restrict o
covers some 171 dén 4 independent patches with five filterselves to @ < z < 1.2 andi’ = 23 (see Coupon et al. 2009).
(ux,g’,r’,i” andz). Resulting catalogs are 80% complete dowTihis limiting magnitude will &ect partly the use of photomet-
toi,z=24. The Wide survey encloses a sample of aboutl® ric data to detect structures. Indeed, the characterisdigria
galaxies inside a volume size of1 Gpc, with a median red- tude m* of the Schechter luminosity function is abut 20
shift of z~ 0.92 (Coupon et al 2009). Northern of Dee3.6 atz= 0.5 andi’ = 225 atz = 1 leading to sampled luminosity
deg, the CFHTLS data were complemented by PI MegaCaghction ranges of about m*3 to m* + 0.5 at these respective
observations (3 déyperformed ing’, r’, Z at the same depth redshifts. One drawback is therefore thatfor 0.5 the num-
as the CFHTLS; they were reduced following the same progser of galaxies actually belonging to a structure will beidgp
dure. overcome by the background contamination (see e.g Table 1 of

The optical images and catalogs were primarily used f@ami et al 2005). One way to fight this contamination will
check for the presence of galaxy concentrations coincidibg to use redshift slices defined on a photometric redshsfsba
with the extended X-ray emission. The CFHTLS data (onlgee Mazure et al. 2007) but the range covered in magnitude by
the TO004 release was available at the beginning of the prressiructure members will remain limited.
study) enabled the determination of photometric redshifts | order not to bias the optical characterisation of the ¥X-ra

the bgst fit template (_Coupon et al. 20_09). These p_hotor_negiﬁjrces, the information concerning the C1, C2, C3 claasific
redshifts cover 35 dégn the T0004 partially overlapping with tion was used only at the very final stage.

the XMM-LSS area. They were computed using a template-
fitting method, calibrated with public spectroscopic ocadgsl
The method includes correction of magnitude systemafic o4.2. Different analysis steps

sets. The achieved photometric redshift precisiof{l+z) is The f h q .
of the order of 0.04 with a catastrophic error percentagessf| ' '€ Irst step concerns the expected compactness in spectro-

than 5% at i<23 (the magnitude limit we adopted for the ph0§copic redshift space. To reveal such compact associations
tometric red;hifts) we used the already well tested and used "gap method” (e.g.

Biviano et al 1997, Rizzo et al 2004). It looks for significant
gaps between successive galaxy velocities within the ecder

4. "Cluster candidate” validation process redshift distribution obtained along a given line of sighs.in
Adami et al (2005), we use a gap definedjpy 600 (1+z) kimy's
4.1. General method which was optimum for the considered redshift range. When

Extragalactic extended X-ray emission is the signature Ogrée velocity dfferenpe between 2 successive galaxies is smaller
deep gravitational potential well. Apart from the hypothetthang’ they are assigned to belong to a common structure, oth-

cal "dark clusters”, this potential well coincides with dayey €Wise they are putin ferent groups. _
over-density. The system (cluster or group) is therefore de Since the lines of sight most of the time sample redshifts
tectable using optical information only. In this articleewim UP to at least z 1, this first step of the analysis ends in gen-

at assessing the presence of optical structures correisgon@ral with several groups. Thus, with the mean redshift ofyeve
group, a cosmological distance was assigned, a physidatreg

1 httpy/terapix.iap.frcply TO006T0006-doc. pdf of 500 kpc (radius) defined and the galaxies within this radiu
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are selected as potential real cluster members. We choigse th
size as being representative of clusters in terms of merhipers

of galaxies w.r.t the field. Taking larger regions would dese

any real contrast, while taking smaller regions would dasee

the number of true members. As a second step we then apply
the usual ROSTAT tools (Beers et al. 1990) on individual red-
shift groups to test for final membership and definition of the
group properties (robust redshift locations and scalds thiir
corresponding bootstrap errors).

As already mentioned, several groups are in general identi-
fied along the lines of sight. Before comparing the galaxiridis
bution and the X-ray isophotes, we used then, when avajlable
the CFHTLS photometric redshift information. As a thirdste
we selected galaxies in photometric redshift slices (ofthwid \

+ 0.04 (3+2), see Coupon et al. 2009) around the mean red- 368  36.82 W 36486___ 36|88
shift of the considered group and produced iso-contoursiof n O
merical galaxy density (see Mazure et al 2007 for details and AL ©

previous application). It is expected that the optical grphys-
ically associated with the X-ray emission will show up with a
clear density contrast located next to the position of thex-
center. This is because the use of photometric redshiésstie-
moves a large part of the fore and background contaminations
We also look, as another check, at the photometric redskift d
tribution within various central regions compared to the an

the largest available region, conveniently renormalizedi de-
fined as the "field”. Again, one expects a clear contrast at the
redshift values given by the spectroscopy.

An illustration is given with the source XLSSC 013 in the
XMM-LSS database. Three main groups were identified along
the line of sight (z~ 0.2 with 9 redshifts, 2 0.3 with 26 red-
shifts, z~ 0.6 with 5 redshifts). Consecutive examination of
both the photometric redshift distribution and the nundric
density histograms gives strong evidence for tk€.3 group
to be chosen (see Figs. 2 apd 3).

However, as mentioned above, photometric redshift data
were not always available and spectroscopic data couldrye ve
sparse (our velocity dispersion measurements are theacubj
to very complex selection functionsin the target selectibien
measuring and collecting galaxy redshifts). The final s&lac
is then done by a visual inspection of X-ray and optical maps
taking into account all the informations available. g h®ws
the group at z= 0.3 chosen for XLSSC 013. As an extreme
contrary case, we show in F[g. 4 XLSSC 035 for which only a
few redshifts were available. The fact that a giant galaxy at
= 0.069 lies at the center finally pleads in favor of that refishi
(Fig.[@) in the present paper. We note however that@.%7
galaxy layer is also detected along this line of sight and we
could deal with a superpositioiffect.

4,

-4.52

-4.54

-4.5

-4.58

4.3. Results

We examined 34 C1 candidate X-ray sources. ldentification
fails for only two lines of sight mainly because very few red-. . . . .
shifts were available in the X-ray region g@odno photometric F'.g‘ 2 Isodensny_ maps of the_numerlcal density of galaxies
redshifts. All identified sources were classied as galaxg-cl within photometric slices of width: 0.04 (1+z) around the

ters; this means that at least 95% of the C1 objects are resl cB'°YP redshifts. From top to bottom:20.2, 2~ 0.3,z~ 0.6,
ters (when obvious nearby galaxies - which show alsdfast he best agreement with the X-ray emission of XLSSC 013 is

obtained at z 0.3. Large red circles are the same as in[Hig. 3.
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Fig. 3. XMM-LSS X-ray contours for system XLSSC 013 with

cluster member galaxies with a measured redshift (betweer |
z=0.3049 and 0.3112) superimposed. The red circle corre- L ,
sponds to a radius of 500 kpc a£20.3. 3 8

40 — —

Fig. 4. XMM-LSS X-ray contours for system XLSSC 035 with
galaxies with measured redshifts superimposed. The rekk cir
corresponds to a radius of 500 kpc at 9.069. 20

Fx in 0.5Mpc

X-ray emission - are excluded). Among the C2 and C3 candi- 0 | | |
dates, only those having 2 redshifts within the X-ray isdpho 0 e 60
were selected for the present analysis. As our currentigpect

scopic data set is heterogeneous and does not provide ansysteg. 5. Previous and present cluster flux (in a 0.5Mpc radius)
atic targeting of all C2 and C3 cluster candidates, it is msgp  comparisons.

ble to draw firm conclusions about thfextive contamination

rate (in terms of non-cluster sources) for these populatidfe

may only state that_for all QZ (re_sp_. C3) sources having yet at The agreement s very good for the [0.5-2 keV] fluxes mea-
least 2 spectroscopic redshifts within the X-ray isophotese Sbléed in a 500kpc radius (Fig. 5).

than 80% (resp. 50%) of the examined sources turned out to )
real clusters. For the Subaru Deep Survey region, we compared our

An additional potential X-ray source was also discoverdlftections with the extended X-ray source catalog of Ueda
(C555 in Tablél). Not listed in Pierre et al. (2007), thisrseu et al. (2008) and with the structure catalog of Finoguenov

is merged with XLSSU J022533.8-042540. We detected a véiy @l- (2010). Nine of our X-ray clusters are inside the
clear associated galaxy structure in optical. A manuakextr area covered by these catalogs and six are also detected by

tion of the X-ray source gives a count rate of 0.80301 these authors. Redshifts are always in very good agreement.
counts per second ([0.5-2keV]). Finoguenov et al. (2010) list in their paper 57 structures in

For seven of the analysed lines of sight, the association t?&j-e this area. _However, their selection function (corplet
tween X-ray source and optical galaxy concentration was rﬂﬁsmontammat_lon) for the X-ray extended sources as well as
obvious or the X-ray source was not significantigfelient from Ne characteristics of these sources (extent-measureioegt
the background. However, these clusters are identified @n Yﬁ'th error or I|keI|hopd) are not published, thus prevegtamy
basis of the color magnitude relation (for 2 of them) or are d@eanmgful comparison between the two _sa_mples. 'V'F”_eo"e“
tected as significant galaxy overdensities in Adami et &1 (0 as sh(_)wn by Pacauq et al (2006) a flux I|m|t,_unless Itis set
using photometric redshifts during the analysis. All thebe very high, cannot define a complete uncontaminated sample of
jects have been classified as CO clusters. extende_d SOurces. ) o

C1, C2, C3, and CO clusters are presented in T4DI€S 2, _3,We finally performed a comparison with mdgpendently op-
@, and 5. Almost two thirds have been confirmed with dedically detected clusters in the literature. Limiting oeirges
icated spectroscopy only and 10% have been confirmed withStudies giving a galaxy velocity dispersion estimate, we
dedicated spectroscopy supplemented by literature rieglshi have five detections in common with Hamana et al. (2009:

We compared the cluster redshifts listed in the present p&= Tabld12). All these clusters are C1 structures. Redshift
per (see also next section) with the estimates already p@h€ @lways in good agreement. Galaxy velocity dispersioas a
lished within the XMM-LSS framework (from Pacaud et aﬁilso consistent Wlthln error bars with an exception for XCSS
2007 and Bremer et al. 2006: 29 C1 clusters and 1 C2 cl&0 where we I'Sr(‘)d 40896 km's and where Hamana et al.
ter), and we found the expected good agreement. This is fof09) find 739g’kmy/s. This structure being very complex,
surprising as Pacaud et al. (2007) and Bremer et al. (20@6) {}¢ 9alaxy velocity dispersion is however very dependent on
included in the presently used spectroscopic redshift gamphe selected galaxies and on the exact center choice.
However, redshift measurements have been redone on a more
homogeneous basis and sometimes with new data. Tee-di 4 4 Updated X-ray luminosities
ence is only 0.000780.00329 when excluding XLSSC 035.

For this cluster, we detected a possible error in the indizid We apply the principle of "aperture photometry” to the flux
redshifts measurement process. The central galaxy sedms tmeasurement of the X-ray clusters, which avoids any other as
at z=0.069 and not 0.17 as stated in Pacaud et al. (2007: clustemption than spherical symmetry as to the cluster shape. We
redshift changed t0=20.069). We are in the process of acquirmote that Pacaud et al. (2007) used a beta-model fitting,hwhic
ing more data in order to definitively solve this case. We al$® not possible for the larger sample presented here, that co
note that the central galaxies of XLSSC 028 are also-@tZ prises faint objects. For these C2 and C3 objects, havingsom
and not at 20.08 as stated in Pacaud et al. (2007: cluster reiimes at most some hundred counts, it is not possible to parfo
shift unchanged at0.3). a semi-interactive spatial fit as in Pacaud et al (2007)]ete.
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Fig. 6. Redshift distribution for the 3 classes C1 (black hig-ig. 7. Redshift distribution for themost luminous (Most |.),
togram), C2 (red histogram), C3 (blue histogram). luminous (L.), moderately luminous (Mod. |.), and CO clusters.

ting the core radius and the beta value as free parametegs. &8 structures, it is tempting to consider C1 to be in the most
resulting uncertainty would be very large. cases "X-ray bright and optical neart®< 0.4) rich systems”

We integrate the count rate in concentric annuli and derig@d most of the C3 as "faint and poor"at 0.4 redshift. The
the uncertainties by using Poisson statistic. Then, censid more distant C3 clusters would be rather distant C1-like and
the count rate in each annulus, we stop the integration at therefore "rich”. C2 clusters would be a mix of nearby poor
radius of the annulus for which the corresponding courg-raind distant rich clusters.
increase is comparable to the background 1-sigma fluctuatio \\e can define alternative categories to the C1, C2, C3 clas-
This program operates in semi-interactive mode leaving tBgication. For instance, we chose to group the clusters as a
possibility to optimize the determination of the X-ray a@id  fynction of their X-ray luminosity. Clusters more luminous
and of the background level. The measurement yields for eggin 134 ergs were called the X-raynost luminous sample.
cluster the total MOS%* MOS2 + PN count-rate within a ra- c|ysters between 0 and 134 ergs were called the X-ray
dius 500 kpc. The fluxes have been obtained assuming a fixggh nous sample. Clusters below $dergs were called the X-
conversion factor into the [0.5-2] keV band using a constagy moderately luminous sample. Finally, clusters without any
conversion factor of@10-**[(erggcm2's)(cntgs)]. This value X _ray detection (CO clusters) were considered separafedy.
was calculated using Xspec from an APEC emission modgie in Fig[7 the redshift distribution of these 4 categsriés
with the following parameters:=0.5, T=2 keV, Nh=2.6x10°°  gxpected because of the relatively small angular coverttge o
cm2, Ab=0.3. Bolometric luminosities (also within a 500kpc\MM-LSS survey, themost luminous clusters are mainly dis-
radius) listed in the tables were also calculated with Xspegnt objects. Similarlymoderately luminous clusters are quite
from the measured fluxes using the Pacaud et al. (2007) gfrby objects because our X-ray selection function does no

the Bremer et al. (2006) temperatures when available. We Usiow us to detect them when they are distant, accordingeto th
redshifts described in the next section. For clusters stedi \ye|| known Malmquist bias.

in these papers (probably low mass structures), we usédsT

Y We show in Fig[B a synthethic view of the clusters listed
eV.

in Tables[2, [B, and[]4 allowing the reader to visualize the
different classes (C1, C2, CBost luminous, luminous, and
moder ately luminous) in a redshift versus X-ray luminosity di-
agram.

We will consider from this section to the end of the paper only

clusters successfully identified.

5. Global properties of the various classes

5.2. Optical richness

We know (e.g. Edge & Stewart 1991) that optical and X-ray
cluster properties should be relatively well correlaté@s then
For X-ray sources unambiguously identified with opticabeel necessary to characterize the optical richnégs{) of our

ity structures, one has then to address the question: h&ltheclusters. This is done by taking first the number of galaxies i
C2, C3 classification a physical basis, or is it only reflegtime  the region of 500 kpc (radius), within the photometric refish
X-ray selection process? slice zmeart 0.04 (1+z) and with magnitude less thani + 3.

As a first step, we look at the redshift distribution of th&@hat number is then corrected by the "field contributioni-est
cluster C1, C2, and C3 classes (Hi§. 6). For the 32 C1, therfated in the same manner within 1 Mpc to give the final es-
C2, and the 17 C3 the mean redshift is 0.41, 0.66, and 0.38.timate. This richness value is probably not accurate enaugh

Comparing the C1 and C3 distributions and their almottrms of absolute value, but can be used in a relative way when
similar mean redshifts and letting aside for a while the@5 comparing a structure to another one. We also note thatgive

5.1. Rich and poor structures
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Fig. 8. Present paper cluster distribution in a logl@(lver- Fig.9.log(Nrich) versus logl(x). Crosses are clusters at signal
sus redshift diagram. The two vertical green lines sepdhate to noise lower than 2 regarding the X-ray luminosity. Diskes a
most luminous, luminous, and moderately luminous clusters. clusters at signal to noise greater than 2 and<#t.z (black:
Black disks are C1 clusters, red disks are C2 clusters, liske d C1, red: C2, blue: C3). They give the following fit: Idgicn) =
are C3 clusters. We also show as black, red, and blue curges(84 + 0.51) log(Lx) + (7.2 + 0.81).

detection limit of the lowest X-ray flux cluster in C1, C2, and

C3 classes.

the kinetic energy of the clusters, therefore close to thayX-
temperature. Error bars oNgicno?) are 68% uncertainties and
are computed assuming a perfect knowledge of the richness
and the error bars an? given in Table§2[13, andl 4. As quoted

- : o _ in Table[2, these uncertainties are computed with a bogptstra
Fitting a richness-velocity dispersion for alk@.5 struc- 2 P P

technique.
tures for which both data were available, we get: {ogE q .
(0.45+ 0.24) log(Ngicn) + (1.96+ 0.38). We have two outliers: XLSSC 027 and XLSSC 018.

XLSSC 027 is known to have strong discrepancies be-

tween galaxy and weak lensing equivalent velocity dispessi

(898253kmys from Gavazzi & Soucail (2007) against 3278

kimy/s for our own galaxy velocity dispersion and 48kmys

f% the Hamana et al. (2009) galaxy velocity dispersion). We
N . i te that using the weak lensing equivalent velocity disioar

ray luminosity and optical richness. We selected only C1, %%ts XLSSC 0927 close to the b(gst ;:ilt relation. We aI};O ngg that

and C3 clusterg with X-ray IL_Jminosity at Iez;st t.WO times lﬁrg_ his cluster has close contaminants-a021 and 0.38 detected
than the associated uncertainty. We show in[Hig. 9 the plessi long the line of sight. This could alséfect the measurement

relathn between the logarithm blsen and of Lx. The linear re- of the optical richness via the background estimate.
gression between the two parameters has a slope o£0.84. _ ) _
XLSSC 018 (without any sign of major substructures: see

We note that this value only appears poorly significanttjedi . X
ent from a null slope. below) would need a larger optical richess gmda larger
There is a single clear interloper: XLSSC 006 a0#3 galaxy velocity dispersion, or a lower X-ray temperaturéatb

(outside of the box shown in Fi§] 9). This is one of the mo& the best fit relation. The last solution in unlikely as oaty
massive clusters in our sample. The observed spectra in ﬁiéay temperature_ of the_ orderofO.é_l keV would place XLSSC
cluster center do not show any sign of AGN activity, S0 W 18 on the best fit relation. A possible explanation would be
have no reason to believe that the X-ray flux is polluted byt at we aré dealing W'.th a structure clqsg o a fO.SS'I group
point source. This cluster shows signs of major substrastiar (even if it does not satisfy the characteristics of this lat

the velocity distribution and this may explain its relatjvkigh Strulcdtuhres). A sign(;ficgrr:t Ea” of th(la ClllJSter rr?em(lj)er galsxi
Lx value compared to its optical richness. Resulting cor:srpré:ou ave merged with the central galaxy, then depop@atin

sion in the intracluster medium could increase the gas tien e <" + 3 magnitude range and diminishing the measured

resulting in an enhanced X-ray luminosity. optical richness.

Considering now clusters a&®.5 with a known X-ray tem- In conclusion, and despite a few detected interlopers, the
perature (from Pacaud et al. 2007) and a measured galaxy$bal agreements show the statistical reliability of optical
locity dispersion, we searched for a relation betwigg,, ve- fichness and galaxy velocity dispersion estimates.
locity dispersion, and X-ray temperature. Figl 10 shows¢he Fig. [I1 shows the histograms of the richness for the 3
lation between logd{ricno?) and log{Tx). We expect a linear classes. C1 has a mehlg¢, of 45, C2 a meaiNgi¢, of 37 and
relation as KNricno?) is at least a qualitative measurement o3 a mediarNgicn of 35.

the CFHTLS wide magnitude limit we adopted=23), only
z<0.5 clusters are sampled deeply enough to resaich 3. We
therefore only considered these clusters in order to awwid
have biased optical richnesses.

This is compatible, within the uncertainties, with the \&alu
of Yee and Ellingson (2003), for similar kind of data:
log(c) = (0.55+ 0.09) logBeg) + (1.26 + 0.30).

properties. We first considex®.5 structures with known X-
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78 available number of redshifts. As a conclusion, all theetest
most luminous clusters show signs of substructures while none
of the other tested clusters show similar signs. This woeld b
in good agreement with the most massive clusters being reg-
ularly fed by their surrounding large scale structure inmter

of infalling groups. Less luminous clusters would already b
close to their equilibrium, with a less intense infallindieity.

This has, however, to be confirmed with larger spectroscopic
samples.

7.6
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‘ — | ‘ 5.4. Relation between XMM-LSS clusters and their
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The previous subsection naturally raises the question of
the characteristics of cosmological surrounding filaments

027 and translates to the red disk when replacing th B Numerical simulations place clusters of galaxies at theesod
a ansiatesto the rea dis en repiacing the gawexy Ye o cosmic web. Clusters are then growing via accretion of

locity dispersion by the weak lensing estimate from GaV&ZZ'matter flowing along the cosmic filaments. This unquestion-

Soucail (2007). The continuous line is thezfit (computed Wiﬂ}jlble scenario for massive clusters is less evident for lossma
out XLSSC 027 and XLSSC 018): Iofcnc”) = (1.05+0.13) structures as groups. Such groups could also form along the

log(Tx) + (7.05+ 0.07). cosmic filaments as for example suggested for fossil groups
by Adami et al. (2007a). Moreover, even for the most massive

5.3. Substructure level in velocity space structures, the precise process of filament matter acarétio
assessed most of the time only by individual cluster studies

Our spectroscopic catalogs are generally too sparse tov ali@.g. Boué et al. 2008). The XMM-LSS cluster sample pre-

precise substructure analyses. However, limiting oueseto sented in this paperfiers a unique opportunity to investigate

the confirmed clusters with available CFHTLS data and withe cluster-filament connection with a well controled sampl

more than 9 redshifts in the structure (10 clusters: XLSSg; 01

XLSSC 025, XLSSC 022, XLSSC 006, XLSSC 008, XLSSC )

001, XLSSC 000, XLSSC 018, XLSSC 044, and XLSSC 058);4-1- General counting method

we applied the Serna-Gerbal method (Serna & Gerbal, 1996 first have to detect the filaments connected to a given clus-
SG hereafter) to these spectroscopic catalogs. Two of thgdp These filaments are very low mass and young dynamical
(XLSSC 006 and XLSSC 001) are from timost luminous  stryctures. It is therefore veryfiltult to detect them through
cluster category. All the others (but XLSSC 000 which is a CQ_ray observations. This is possible only in a few peculiar
cluster) are members of ttieminous cluster category. The SGcases (e.g. Boué et al. 2008, Werner et al. 2008) and with ver
method is widely used in order to characterize the substrect|ong integration times. The XMM-LSS exposure times are any-
level in clusters of galaxies (e.g. Adami et al. 2009). Bal$jc \vay not well suited to such detections. We, therefore, uged o

the method allows galaxy subgroups to be extracted fromra g@a| CFHTLS photometric redshift catalogs.
alog containing positions, magnitudes, and redshift, dase

the calculation of their relative binding energies. ThepotDf

the SG method is a list of galaxies belonging to each group, as
well as information on the binding energy, and mass estimate
of the galaxy structures.

The spectroscopic catalogs being still relatively spanse,
will only be able to detect very prominent substructureg, bu
this is a good way for example to check if the analysed claster
are in the process of a major merging event.

Over the 10 analysed clusters, only two (which both belong
to themost luminouscluster category) present sign of substruc-
tures (XLSSC 006 with two dominant galaxies in its center
and XLSSC 001) with 2 detected sub-groups. We checked if
these two clusters were atypically sampled in terms of num-
ber of available redshifts. XLSSC 001 has 17 redshifts and
XLSSC 006 16 redshifts. Three other clusters without detect
signs of substructures are equally sampled: XLSSC 013 has
19 redshifts, XLSSC 022 has 15 redshifts, and XLSSC 044
has 17 redshifts. The substructure detection therefors doe
seem to be entirely due to selectiofieets depending on the

Fig. 10.l0g(Nricho?) versus log(x) for the z-0.5 clusters (all
C1 but XLSSC 046 which is C2). Thesign indicates XLSSC



Table 2. List of the XMM-LSS C1 systems having successfully passedstrectroscopic identification. Name refers to tifecial IAU name. XLSSC refers to theflicial ©
XMM-LSS name. PH gives the availability of CFHTLS T0004 phwwietric redshifts: (= not availablgavailable. RA and DEC are the decimal J2000 coordinatesofthay
emission center. N is the number of galaxies with spectmsaedshifts belonging to the identified structure and imitinradius of 500 kpc. ZBWT is the biweight estimate
of the mean redshift of the structure (at a 0.001 precisiBRRRZ is the upper value of the bootstrap uncertainty on ZB&Y#, precision of 0.001. It was computed only when
more than 5 redshifts were available. SIG-GAP is the "Gapgstimate of the velocity dispersion given in JenERR is the bootstrap uncertainty on SIG (computed vitten
redshifts were available). Flux is the value of the [0.5:@YKlux in 0.5Mpc (radius) in 10" erggcn/s. Lx is the bolometric (0.1 to 50 keV) X-ray luminosity (in“ferg's)
derived from the observed flux.\N is the net number of photons in 0.5 Mpc. The two last columws game and redshift (when available) when the considetestiesiwas
also detected by Hamana et al. (2009), Ueda et al. (2008)nogEenov et al. (2010). When coming from Hamana et al. (2088 cluster name has the SL Jhhmm.mddmm
format. When coming from Ueda et al. (2008), the cluster neafers to this paper (4 digits number). When coming from Guenov et al. (2010), the cluster name refers
this paper (with the SXDF root). The * symbols indicate tie €luster validation was made with one or two spectrosaguishifts. The (I) attached to the cluster id mearfs

that we have a lack of precision in the measured galaxy réédspieventing us to compute uncertainty of the mean dlustishift, and velocity dispersions. >
Name XLSSC PH RA DEC N ZBWT ERRZ SIG ERR Flux[0.5;2]keV Bol- Nnp LitId Litz 8
deg deg ks kmys  10'%erggen?/s  10Rergs §'
in 0.5Mpc in 0.5Mpc  in 0.5Mpc o
XLSSU J021735.2-051325 059 1 34391 -5223 8 0.645 0.001 51851 1.6:0.3 6.0:1.1 104:19 SXDF69XGG0514 0.645 ﬁ
XLSSU J021945.1-045329 058 1 34938 -4.891 9 0.333 0.001 58736 2.:0.2 1.50.1 60154 SXDF36XG@1176 0.333 A
XLSS J022023.5-025027 039 0 35098 -2841 4 0.231 +@42 0.70.1 183:34 g
XLSS J022045.4-032558 023 0 35189 -3433 3 0.328 +@A4 3.10.3 46543 =}
XLSS J022145.2-034617 006 1 35438 -3.772 16 0.429 0.001 97157 24.10.8 46.:1.6 140952 g
XLSS J022205.5-043247  040* 1 35523 -4546 2 0.317 +2.8 1.4:0.2 265:35 %
XLSS J022206.7-030314  036* 0 35527 -3.054 2 0.494 40.2 23.&1.3 55132 %
XLSS J022210.7-024048 047 0 35544 -2680 14 0.790 0.001 76EG3 1.4:0.3 9.%#1.9 92:18 2
XLSS J022253.6-032828  048* 0 35722 -3474 2 1.005 +0.2 13.12.9 8118 D
XLSS J022348.1-025131  035* 0 35950 -2858 1 0.069 +06.6 0.2:0.1 47848 s
XLSS J022356.5-030558 028 0 35985 -3.100 8 0.296 0.001 2816 4 2.0:0.4 1.10.2 17&31 4]
XLSS J022357.4-043517  049* 1 35989 -4588 1 0.494 +0.2 3.9:0.5 28734 é
XLSS J022402.0-050525 018 1 36.008 -5.090 9 0.324 0.001 3649 6 1.40.2 1.3:0.1 38244 8
XLSS J022404.1-041330  029(]) 1 36.017 -4225 5 1.050 +G.2 43.%3.1 32324 P
XLSS J022433.8-041405 044 1 36.141 -4234 17 0.262 0.001 4830 2.6:0.3 1.10.1 51@:54 SL J0224.5-0414 0.2627 8
XLSS J022456.2-050802 021 1 36.234 -5.134 7 0.085 0.001 2314 6 4.2:0.7 0.:0.1 664115 o
XLSS J022457.1-034856 001 1 36.238 -3.816 17 0.614 0.001 94m1 7.8:0.4 29.31.6 67136 a3
XLSS J022520.8-034805 008 1 36.337 -3.801 11 0.299 0.001 544 1.80.4 1.G:0.2 196:39 8
XLSS J022524.8-044043 025 1 36.353 -4.679 10 0.266 0.001 7a78 8.20.5 4.2:0.2 109862  SL J0225.3-0441 0.2642 o
XLSS J022530.6-041420 041 1 36.377 -4239 6 0.140 0.002 8998 2 21.&l1.1 2.2:0.1 114362  SL J0225.4-0414 0.1415 §
XLSS J022532.2-035511 002 1 36.384 -3920 8 0.772 0.001 2966 5 2.6:0.3 16.4:1.7 23825 o)
XLSSU J022540.7-031123 050 0 36.419 -3.189 13 0.140 0.001 8 4096 54.61.1 7.8:0.2 49292103 SL J0225.7-0312 0.1395 ;’—J
XLSS J022559.5-024935 051 0 36.498 -2826 6 0.279 0.001 3699 9 1.1+0.3 0.5:0.1 1641 ]
XLSS J022609.9-045805 011 1 36541 -4968 8 0.053  0.001 83 16 13.1x15 0.2:0.1 1706192 ]
XLSS J022616.3-023957 052 0 36.568 -2.665 5 0.056 0.001 1940 6 16.41.8 0.2:0.1 1294146
XLSS J022709.2-041800  005* 1 36.788 -4300 2 1.053 +0.0 13.41.8 16523
XLSS J022722.4-032144 010 0 36.843 -3362 5 0.331 0.001 3156 5 5704 4.7#0.4 45938
XLSS J022726.0-043216 013 1 36.858 -4.538 19 0.307 0.001 3938 2.6:0.3 1.5:0.2 374:48
XLSS J022738.3-031758 003 0 36909 -3299 9 0.836 0.001 7889 1 3.#0.4 29.:3.1 196:22
XLSS J022739.9-045127 022 1 36916 -4.857 15 0.293 0.001 5386 9.6:0.3 5.5:0.2 174158
XLSS J022803.4-045103 027 1 37.014 -4851 6 0.295 0.001 3238 7 6.3:04 4.2:0.3 65341 SL J0228.1-0450 0.2948
XLSS J022827.0-0425477 012 1 37114 -4432 5 0.434 0.002 726 95 08 4.7#0.4 444:37

XLSS J022827.8-042601




Table 3. Same as Tablgl 2 but for C2 XMM-LSS systems. XLSS J02275633-09 would require more spectroscopy for confirmation. XCS®9, 064, and 065 were

originally classified as C2, but would be classified as C1gisiore recent pipeline version. The * symbols indicate thatdluster validation was made with one or two
spectroscopic redshifts. The (I) attached to the clustergdns that we have a lack of precision in the measured gadaspifts, preventing us to compute uncertainty of the
mean cluster redshift, and velocity dispersions.

Name XLSSC PH RA DEC N ZBWT ERRZ SIG ERR Flux[0.5;2]keV B Nnp LitId Litz
deg deg ks kmys  10%erggen?/s  10Pergs
in 0.5Mpc in 0.5Mpc  in 0.5Mpc

XLSSU J021658.9-044904 065 1 34245 -4821 3 0.435 +04 1.6:0.6 50:18 285287
XLSSU J021832.0-050105 064 1 34.633 -5.016 3 0.875 +0.5B 13.50.8 93456 SXDF46XG@829 0.875
XLSSU J021837.0-054028 063* 1 34654 -5675 2 0.275 +@.3 2.0:0.2 255:32

XLSS J022303.3-043621 046 1 35764 -4.606 8 1.213 0.001 5021 1 0.#0.1 14.6:3.2 82:19

XLSS J022307.2-041259 030 0 35.780 -4.216 5 0.631 0.001 5268 1 0.6:0.1 2.1:0.4 12927

XLSS J022405.9-035512 007 1 36.024 -3920 5 0.559 0.001 36979 1 1.20.3 3.20.7 11325
XLSSU J022644.2-034107 009 1 36.686 -3.684 8 0.328 0.001 2653 1.74#0.4 1.20.3 8721

XLSS J022725.1-041127 038 1 36.854 -4.191 4 0.584 +@1 0.4:0.3 3128
XLSS J022756.3-043119* - 1 36.985 -4.522 2 1.0507? +0.2 2.9%1.5 49:26
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Table 4.Same as Tabld 3 but for C3 XMM-LSS systems. The ** symbolsdatdi that we merged by hand 2 groups separated by the gapipeictee in the final analysis. Ther
last line (C555 class) is the new cluster (see text). The *®ymindicate that the cluster validation was made with argvo spectroscopic redshifts. The (I) attached to the
cluster id means that we have a lack of precision in the medsgalaxy redshifts, preventing us to compute uncertaifityeomean cluster redshift, and velocity dispersions.

Name XLSSC PH RA DEC N ZBWT ERRZ SIG ERR Flux[0.5;2]keV B Nnp LitId Litz
deg deg ks knys  10'*erggen?/s  10Pergs
in 0.5Mpc in 0.5Mpc  in 0.5Mpc
XLSSU J021651.3-042328* - 1 34.214 -4392 1 0.273 +08 0.3:0.2 58:32
XLSSU J021754.6-052655(I) 066 1 34.478 -5.447 6 0.250 +0.3 0.:0.1 68:59 SXDF85XG@E621  0.25

XLSSU J021842.8-053254 067 1 34.678 -5548 5 0.380 0.001 84779 1.6:0.4 1.:0.4 84:34 SXDFO1XG@876 0.378
XLSSU J021940.3-045103* - 1 34919 -4852 1 0.454 +0.2 1.20.3 193:44
XLSS J022258.4-04070 024 1 35.744 -4121 5 0.293 0.001 452 98 1.3+0.2 0.A0.1 25441
XLSS J022341.8-043051 026 1 35925 -4514 3 0.436 +0.B 2.2:0.3 255:34
XLSSU J022509.2-043239 037 1 36.286 -4.542 3 0.767 +@1 0.3:0.7 1128
XLSSU J022510.5-040147  043** 1 36.294 -4.029 3 0.170 +D.6 0.4:0.1 14249
XLSS J022522.8-042649 042 1 36.345 -4.447 6 0.462 0.003 10@%7 0.6:0.2 0.9:0.3 11133
XLSS J022542.2-042434 068 1 36.424 -4.410 4 0.585 +@2 0.5:0.6 2328

XLSS J022610.0-043120 069 1 36.542 -4523 8 0.824 0.001 39814 1 -0.4:0.2 - -

XLSSU J022627.3-050001 017 1 36.615 -5.003 5 0.383 0.001 35P32 1.5:0.4 1.6:0.4 134:35
XLSSU J022632.5-040314 014 1 36.635 -4.054 6 0.345 0.001 3084 1.4:0.5 1.:0.4 74:29
XLSSU J022632.4-050003 020 1 36.638 -5.007 3 0.494 +Q40 3.8:0.8 15932
XLSSU J022726.8-045412 070 1 36.860 -4904 5 0.301 0.001 18@7 0.2:0.2 0.:0.1 32:39
XLSS J022754.1-035100* - 1 36.974 -3.851 2 0.140 +0.5 0.:0.1 10&72
XLSSU J022828.9-045939 016* 1 37.121 -4994 2 0.335 +083 0.3:0.4 3344
C555 - 36.375 -4.429 0.921 0.001 759 248 +03 2.91.1 4718
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Fig. 12. Stacked X-ray images with position angles defined by
the highest galaxy overdensities aligned along the 180deg a
bitary angle. Images were rescaled to physical units aecord
ing to cluster redshift. Image size is 1 Mp850 kpc. Contours
were drawn with a 2020 pixel smoothing. Upper figure: mean

i stacking. Lower figure: median stacking.

Frequency
T

Fig. 13. Same as Fid.12 with a median stacking and without
any position angle correction.

0 L L L L L L
0 2o 40 6o 8o selves to clusters exhibiting a detection more significaant

ort e the 3¢ level. Selected clusters were rotated to have their most
Fig. 11.Distribution of the optical richness for the 3 classes Cdignificant filament at an arbitrary position angle of 180reeg
(thin black), C2 (thick red), and C3 (thick blue). (east-west direction). In order to check if this alignmesut-
nigue has a physical meaning, we superposed in the same way
the X-ray images using the position angles defined by the-high

- We first selected only clusters at@.5 in order to be able est galaxy overdensities (more significant than the [@vel).
to sample deeply enough the galaxy population to potentiaifter rotating these X-ray images, we spatially rescalesttio
detect the filaments, given the=23 magnitude limit for the physical units (kpc) according to redshift, and we simplgtexd
photometric redshift catalog as demonstrated in Adami.et gdlem together, taking into account the corresponding weigh
(2010). maps. The resulting point spread function is a mean of the in-

- For a given cluster, we selected galaxies with photometdividual values and remains small compared to cluster &fpic
redshifts in a 0.04(1+z) slice around the cluster redshift.  sizes. Figl_ZIR shows that we generate in this way a cleartyelo

- We then computed the number of galaxies in the slice gated synthethic X-ray cluster along the 180deg direciitre.

72 angular sectors 10 degrees wide each, with position sngieeasured ellipticity of the external isophote is equal #10.
between 0 and 360 degrees. Each sector was overlappinglthiestead of a simple sum we compute the median of the im-
previous one by 5 degrees. We did this exercise for galariesaiges (FiglIR2), the resulting ellipticity of the externaphote

a circle of 2.5Mpc radius, and in an annulus between 2.5 anés5still 0.36. Finally, if we combine the X-ray images withou
Mpc. correcting by the optically determined orientation, wedarce
Fig.[13, showing a basically null ellipticity.

If the galaxy-defined prefered orientations are valid, e d
tected elongation in X-rays is an expected behaviour asyX-ra
Intuitively, if a given sector is significantly more popwdithan emiting groups are also expected to fall onto clusters cgmin
other sectors, it means that this sector is including a galaf%om surrounding filaments (see e.g. Boué et al. 2008).
overdensity which could be explained by a filament or by a We have to take into account the cluster redshift before
group along a filament. The question is then to define a signifierging their galaxy populations. A single catalog magrétu
cance level. For a given cluster (and then a given redskaé)s| limit would evidently increase the weight of nearby clustas
and a given radius, we chose to compute the mean and disgempared to more distant ones. We therefore limited thexgala
sion of the galaxy numbers in the 72 considered sectors. I€atalogs to =23 at z0.5. The limits were brighter bl mag-
given sector had a number of galaxies larger than the meanitudes for nearer clusters with being the distance moduli
3 times the dispersion, we considered this sector as hoatindifference between the cluster redshifts an@.5.
potential cosmic filament portion. Renormalizing finally the galaxy counts by the number of

However, individual clusters exhibit at best a single-3-selected clusters in a given class, we are able to produce fig-
significant candidate filament. This is due to the intringéeyv Ures giving the mean galaxy counts as a function of the angula
low galaxy density in filaments. Moreover, the goal of thgosition.
present section is not to make individual cluster studies, b
to draw statlstllcal tendenue;. In order to enhance thef5|gr)5.4.3. Results
icance of the filament detections, we therefore stacké&eredi
ent clusters, considering two categories: liti@inous and the We first draw stacked (using the previously defined PA
moder ately luminous clusters. Other categories did not havef each cluster) angular galaxy counts fluminous and
enough cluster members in the selected redshift range. Timzderately luminous clusters in the annulus [2.5,5]Mpc
technique is based on the assumption that the angular sepéfy.[14). The minimal and maximal radii have been choosen
tion between dterent filaments feeding a given cluster is mor® be close to the mean virial radius of clusters (e.g. Caglbe
or less constant. In order to make such a stack we now nee@ltc1996) and not too large in order to limit the contaminatio
homogeneize the cluster position angles. We chose theégrosiby other clusters. These annuli will therefore mainly saampl
angle of the highest galaxy overdensity (the PA), limiting-o the infalling galaxy layers, just before the cluster dontéda

5.4.2. Filament detection and signal enhancement
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Table 5.Same as Tab[g 3 but for CO clusters. An approximate upperfimthe X-ray luminosity of these clusters would be the
faintest detected value for C3 cluster€.08 132 ergs.

Name XLSSC PH RA DEC N ZBWT ERRZ SIG ERR
deg deg ks kmys

022207.9-042808* - 1 35533 -4.469 2 0.316
022402.4-051753 000 1 36.010 -5.298 11 0.496 0.001 435 88
022405.0-041612 - 1 36.021 -4.270 8 0.862 0.001 457 70
022528.3-041536 045 1 36.369 -4.261 4 0.556
022550.4-044500* - 1 36.460 -4.750 2 1.529
022647.5-041428* - 1 36.698 -4.241 1 0.742
022829.7-031257* - 0 37.124 -3.216 2 0.313

Number of galaxies
Number of galaxies

T R R I I L T R R I I
0 100 200 300 0 100 200 300

Position angle Position angle

Fig. 14. Stacked angular galaxy counts (in arbitray units) fdfig. 15. Stacked angular galaxy counts (in arbitray units) for
luminous (black line) andmoderately luminous (red line) clus- luminous (black line) andmoderately luminous (red line) clus-
ters in annuli of [2.5,5]Mpc. The horizontal lines show the 3 ters inside a circle of 2.5 Mpc radius. The horizontal linkesvs
detection levels. the 3o detection levels.

Fg_Urquhart et al. (2010) for individual studies of the carst

areas. As expected, the signal from the most significant fi -
providing a temperature measurement.

ment candidate is drastically increased, but no other featu
are detected at the @devel besides the main filament.

We redo now the same exercise inside a 2.5 Mpc radi@sl. Rest frame Red Sequences
central area (Fid._15). This area is mainly dominated by th
clusters themselves (the few hundreds of kpc central aaeak) T?]e so-called red sequence (RS hereatter) c_ommonly ShOWS
by the galaxy layers just beginning to experience the alustP to at Ieast.zl.z (e.g. Stanfqrd et al. 2002) in the massive
influence (close to the virial radius). We therefore ingsee structures. It is also detected in a less compact state ih fiel

the cluster region as fed by the connected filaments. The S?(?_Iaxy populations up to-2 (Franzetti et al. 2007). We there-

nal from the main filaments is still increased. Other sigaific '© © searched RSs in our sample of clusters. This sample does

filament candidates are detected at the [@vel mainly for the hot provide enough statistics per cluster in order to penfio-
moder ately luminous cluster sample dividual studies. The optimal strategy is therefore todbaiin-

This difference between the 2.5 Mpc radius central area atrh]t%t'c clusters by gathering galames for clusters of thBSE.i
egory. We therefore considered 4 classes of clustees: th

the [2.5,5]Mpc annulus could be explained if the immediaf&. . . .
b . most luminous, the luminous, the moderately luminous, and
vicinity of the considered clusters would be depopulatethisy : .
. e the CO clusters. The RS being a powerful tool to characterize
potential well of the clusters, diminishing the contradiieen

cosmic filaments and voids. Larger spectroscopic redsnifit s the evolutionary stage of the cluster galaxy populationg. (e

ples will soon become available in the area and will allowaus tAdam| et al. 2007b), such a study will allow us to assess the
refine our results in future works. properties of these 4 cluster classes.

In order to be able to stack firent clusters at fierent
redshifts, rest frame absolute magnitudes were computed in
the process of getting photometric redshifts with LePharg. (
llbert et al. 2006) and we used these magnitudes to compute
We now investigate the optical properties of the galaxy fepu colors. Basically the method consists in selecting the vieske
tions in association with the X-ray clusters. We refer tredex  band which is the closest of the requested rest frame band to

6. Cluster galaxy populations characteristics
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compute the magnitude in this band applying correction fac- e
tors. They are described in the annex of llbert et al. (2005),
including for example k-correction. This method is the elos
est of the observations and minimizes our dependence on the

2.5

assumed spectral energy distributions, which could notxbe e ‘ a © 2, ]
actly the same in clusters and in the field (see also annex | of | r . ]
the present paper). = o o ]
6.1.1. Red sequence using spectrocopic redshifts C ¢ . . ]
R R R S S B B
In a first step we look only at galaxy members using spectro- 25 24 23 22 -21 20

scopic redshifts rather than photometric ones in order {0 re
move potential interloper galaxies which are non clustemme
bers but close to the cluster redshift. Such galaxies coeld b 25
interpreted as cluster members considering only photaenetr

redshifts because of their limited precision. We here atersi 2
u*-r’ rest frame colours and look at their behaviour versest r
frame r’ absolute magnitude.

u* - r'

15

Fig.[18 shows that a RS is present with ux2 for all clus-
ters. The slopes of the RS appear in good agreement wita-liter L
ture estimates (e.g. Adami et al. 2007b: between -0.1 af@ -0.
for the Coma cluster) and are given in Table 6. As expected, osE e
RSs are populated by early type galaxies, while later type ob 25 24 -23 22 21 -20
jects are grouped in a much less compact bluer sequence. '

There are potential fferences between CO clusters (with-
out detectable X-ray emission) and other classes. The sibpe
the RS appears nearly flat for CO clusters while being more neg
ative for more luminous clusters. Thiffect is only poorly sig-
nificant when considering the uncertainty of the slope o$¢he
RS’s. We performed however a bi-dimensional Kolmogorov-
Smirnov statistical test on the early type galaxies of Efy. 1
The probability that the CO and timaost luminous cluster early L
type galaxies come from the same population is only 0.6%.

The probability that the CO and theminous cluster early type 05
galaxies come from the same population is only 0.1%. Finally
the probability that the CO and thmoder ately luminous clus-

ter early type galaxies come from the same populationis 3.1%
At least for themost luminous and luminous cluster popula- &5
tions, early type galaxies therefore seem to kedéntly dis-

tributed in a color magnitude relation compared to CO cluste 2
early type galaxies. If theseftirences come from the slope of
the RS, this ffect could be interpreted as a metallicitfjest
(Kodama & Arimoto, 1997). The more massive a galaxy, the
more easily it will retain metals against dissipative pises. .
The more metals present in a galaxy, the redder the galaxy

will be. Massive galaxies are therefore expected to be redde

than lower mass objects. A possible explanation would bie tha T T e e T e
the faint early type CO cluster galaxies would originateriro r

depleted cores of larger galaxies, so being metal rich befgfig 16 Rest frame u*-r' versus absolute r' magnitude rela-
becoming faint (see e.g. Adami et al. 2006). This is possiblgn, for clusters using spectroscopic redshifts to compizie

for example in small groups where velocity dispersion is 104y te magnitudes. We only plot cluster members in these fig-
enough to favor galaxy-galaxy encounters. ures. From top to bottom, figures are for tmest luminous,

Galaxie members of theost luminous clusters also appearthe luminous, the moderately luminous, and the CO clusters.
to exhibit a more pronounced dichotomy between early ared l&ed symbols correspond to early type galaxies<@l), blue
type objects. Blue members of thaost luminous clusters are Symbols correspond to late type non starburst galaxies (58
clearly bluer than blue members of the less luminous clasterT >21), and pink symbols correspond to starburst galaxies

(T=59). Black continuous lines are computed using dnky21
galaxies (see Tablg 6).

2.5

u* - r'

1.5
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Table 6. Slopes of the red sequences for the four classesaaisistent with a u*-r’ color of 1.9, the most massive cluste
clusters:most luminous, luminous, moderately luminous and exhibiting the more negative RS slope (computed Witk 21
Co. galaxies). On the contrary, the CO clusters (no X-ray deteyt
only exhibit a very low number of early type galaxies (bult sti

m?fgﬁ%’us 5 084!;(?84 consistent with u*-r~1.9). These structures therefore appear as
luminous -0.04:0.02 qune young structures, with modest early type galaxy papul
moderately luminous  -0.10£0.04 tions.
co -0.010.05 However, we are merging in Fi§. 117 clusters with quite
different redshifts and evolutionaryfects could play an im-
portant role. We therefore selected only theinous clusters
(the only category providing enough clusters) and we divide
6.1.2. Age of formation of the cluster galaxy stellar this population in 3 dferent redshifts bins(0.3, ]0.3,0.5], and
populations 10.5,0.8]) in Fig[I8. This figure only showk < 21 galaxies

(early types). RSs appear very similar, with the most negati

slope occuring for 2]0.5,0.8] clusters. If evolutionaryfkects

2‘& present, they are therefore rather weak, besides thie mos
tant clusters appearing to have the most negative R® slop

We expect distant clusters to naturally exhibit youngeaxl
star populations compared to nearby structures. In order
investigate this question, we computed with LePhare ages

stellar population in galaxies with a spectroscopic rélii 4 550.0.017). This is consistent with the slope computed for
ing inside 'Fhe c0n5|der§d cluste_rs. The templates usedrto emost luminous clusters (which are also nearly all at redshift
erate public photometric redshifts in the CFHTLS does n%r’eaterthan 0.5): -0.059.015

allow to provide this information, so we .u.sed in Leph".” It could be argued that the use of photometric redshifts
the Bruzual & Charlot (2003) templates, fixing the redshifts

to the spectroscopic values. The metallicity was let free 8UId introduce a bias due for example to SEDS not adapted

vary between 0.004, 0.008, and 0.02.2n CO clusters, 0 high density regions. In order to check the previous tesul

. . . we therefore simply draw u*-r’ versus r’-z’ color-color dia
z=[0.3;0.6] galaxies have a stellar population aged o0#&.2 .
; . . ams for the same sets of clusters. Eid. 19 shows that in both
Gyr, and z[0.7,0.9] galaxies have a stellar population age%;ses early types still occupy well defined loci in the color
of only 2.7+1.3 Gyr. Considering members hfminous clus- ' y typ Py

ters, z[0.25;0.35] galaxies have a stellar population aged ﬁglr?irnsgzcs% ((::I?J r;ftlérrn(l:?zgstsheesemstence of an old galaxy popula

7.4+1.0 Gyr, and z[0.35;0.65] galaxies have a stellar pop- X . )
ulation aged of only 5:82.1 Gyr. Finally, members of the We therefore confirm that both massive and less massive X-

most luminous clusters, z[0.4;0.65] galaxies have a stellar@ Structuresin our sample exhibit quite similar red seqes,
population aged of 522.1 Gyr, and z[0.75;1.25] galaxies making them oyerall quite old structures. Non X-ray cluster
have a stellar population aged of 3B1 Gyr. are propably minor structures with a poor spectral earletyp
Taking the mean redshift of the highest redshift bin fd?opullatlon. .
each of these 3 categories and diminishing the correspgndin Fig- I also shows a slightly larger percentage of star-
elapsed time since the beginning of the Universe by the me3#iSt galaxies (as determined during the photometric ittdsh
age of the early type galaxy stellar populations leads ustie e COMputation process: see Coupon et al., 2009) in low lumi-
mate the mean age of formation of the star populations irethd¥Sity clusters. COmoderately luminous, andluminous clus-
galaxies. Galaxy stellar populations probably formed-at.g ters exhibit 20% more starburst galaxies compared to the
in CO clusters, at#2 in luminous clusters, and at<2.5 in the Most luminous clusters. This is an expected behaviour, for
mostmost luminous. These values are in good agreement wi@mple in good qualitative agreement with Urquhart et al.
general expectations for the massive clusters to form ¢aaly (2010).
low mass structures, up to redshifts closet@z

6.2. Luminosity Functions
6.1.3. Red sequence using photometric redshifts and

. In the same spirit, we checked whether our structures behave
color-color diagrams

as genuine clusters or groups concerning their galaxy lasain
In order to study larger samples and detect possible weak igf-functions. For a detailed study of the individual XMM-ES
fects, we used photometric redshifts to define a cluster mefl cluster luminosity functions, we refer the reader to Alsh
bership, and compute absolute magnitudes and colors as §cal- (2010). We computed luminosity functions using galax
vided by the CFHTLS data. Given its photometric redshift, i§s within the cluster bins (according to photometric reftish
galaxy was assigned to a cluster when closer than 500 Rﬂte Schechter function fitting was performed allowing a con-
from the cluster center and at less than 0.08 from the clustant background to take into account galaxies includeten t
redshift. This corresponds to the values quoted in TEblé Aplotometric redshift slice but not part of the clusters.

for cluster galaxies. We then were able to search for RSs in Selecting all clusters (GiC2+C3+C0), stacking their lu-
themost luminous, theluminous, and themoderately luminous minosity functions, and only limiting absolute magnituae t
clusters. Selecting all available clusters in these thagsgories i’ <-17.5 in order to not be toofl@ected by incompleteness, we
Fig.[17 clearly shows red sequences in each case. They allgoea best fit of a Schechter function with alphal.15+0.09
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‘ ‘ ‘ ‘ Fig. 18. u*-r’ versus r' for T<21 galaxies (early types). Red

dots: z]0.5,0.8], green dots: 40.3,0.5], and blue dots:
z=[0.,0.3]. Black continuous lines are the RSs computed with
T<21 galaxies.

2.5

;. .’ l-. ° o . °
. rosT e . . .
I L . °
R A Teste ¥ 9 o'h:‘.-q‘- . and M*'=-23.8+0.8. This is consistent within error bars with
; Te e gt 2 the estimates of Alshino et al. (2010) at@®3. Playing the
B . P :,".'"!o,' same game with the C3 clusters, we get a slightly shallower
r L8 '}..‘-'\f,{ s Schechter fit: alpha -0.96+0.14 and M*'=-22.1+0.6.
Lo .’ ¢ If we use the luminosity categories, we can com-
L — L e 7‘2‘(; pute similarly Schechter fits for théuminous and the
v moder ately luminous clusters fnost luminous clusters are too
‘ ‘ ‘ ‘ distant and therefore undersampled toward the faint magni-
Zsi tudes, and CO and C2 clusters are not numerous enough).
T . We get alpha= -1.1+0.03 and M*'=-23.4+0.3 for the
r . e moderately luminousand we get alpha -1.1+0.03 and M*i'=-
2le gaeabe | . o 283.2+0.2 for theluminous clusters.
= Ft . . The fitted Schechter functions are in agreement with those
L 150 . ‘-.'--' Y B of bona fide clusters at similar depth (e.g. Lumsden et al7199
P '..'-- :'.; *n Slopes are also similar within error bars between all cluste
L e ue . ¥ .3 classes. C1 clusters seem to exhibit however, brigitethan
% e o2, . C3 clusters, in good agreement with the fact that C1 clusters
e . R would be older and more massive systems than C3 clusters.
05 -
i 7. Peculiar structures in the XMM-LSS
T T T T T
b ] 7.1. Distant cluster candidates
C i Several structures with redshiftsl or greater have already
2L . R . ] been found in Class 1 (Pacaud et al 2007) or 2 (Bremer et
. C ] al. 2006). Some other candidates appear among the C2’s (e.g.
w L ° ° 1 XLSS J022756.3-043119 at #1) and the CO’s (022550.4-
5 o o oy o . T ..!. . . 044500 at z~1.53). This last structure (Fig.0) is just below
c . . '. PREAN o~ ':1 the X-ray detection limit. It has an extension ©13 arcsec
' I I LI and its extension maximum likelihood-€.0. We note that the
i I -.',. &0 measured flux is 0£20.1 1014 erg's/cm?. At z=1.53 and for a
osf L N L N :'; temperature of 1.5keV, this would lead to an X-ray luminpsit
23 22 —21 —20 ~19 of 8.6e+43 erggs.
v The weakness of the evidences for an X-ray detection leads

Fig. 17.u*-r' versus r’ with red dots being 321 galaxies (early Us, however, to classify this source as CO and then to inves-
types)’ blue dots being 58>21 ga|axies (|ate types), and p|nkt|gate it from the Optical side. The regular CFHTLS phOtO'
dots being starburst galaxies. From top to bottom, figures &netric redshifts (based on u*g'r'i’z’ magnitudes) are nagliv

for the most massive, the massive, the moderately massive, suited to study this potential structure because of a lack of
and the z1 CO clusters. Absolute magnitude computatiorfiar infrared photometric bands. This candidate is however
are based on photometric redshifts. Black continuous kmes

the RSs computed withJ21 galaxies, except for CO clusters

where we had not enough available early type galaxies.
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Fig. 20.A distant cluster candidate atz1.53. Large red circle

is a 500 kpc radius circle. Blue circles are galaxies withcspe
troscopic redshifts outside the-jA.52;1.54] interval. The two
magenta squares are the two known spectroscopic redshifts i
side the z[1.52;1.54] interval. Small red circles are the near-
infrared-based photometric redshifts inside th§1z43;1.63]
interval. White contours are the XMM-LSS contours.
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7.2. Structures with discrepant optically and X-ray
contents

Ol v b b b b b

o

XLSSC 000 is a CO structure not detected in the X-rays. Its
velocity dispersion is however relatively large (438 knys).
The Serna-Gerbal analysis does not detect any sign of sabstr
tures with the 11 known spectroscopic redshifts, so thisaigl
dispersion does not appear as obviously biaised. The ptettom
ric redshift distribution also presents excesses at thetstre
e, redshift. This structure is finally populated with a sigrafi¢
number of early types galaxies: among the 21 objects wittén t
z=0.49 photometric redshift slice, 9 have typeI0. The opti-
cal content is therefore similar to what we could expect if-co
sidering a massive cluster. This case with clear discrépanc
between X-ray and optical content remains quite puzzlirgy an

2.5

15

u* - r'
—
T
o
®
°
°
°
L

o
o
[

o
© T
o
[}
o
~
o
(=2}
ol i il

oz | | 8 both deeper X-ray observations and additional spectrascop
o followup are required to explain the observed behaviour.
We also have detected a prominent X-ray structure which is
B, . much less evident in optical and which could be a fossil group

(XLSSU J021754.6-052655). Described for example in Jones
et al. (2003) or Mendes de Oliveira et al. (2006 and reference
therein), these structures are considered as the ultinede s

of group evolution: the nearly complete fusion of all thegiii

and intermediate magnitude galaxies of the group into a sin-
gle bright galaxy. The resulting galaxy is brighter thangke-

ond remaining group galaxy (within half the projected Wiria
radius) by at least 2 magnitudes (in the R band). However, the
extended X-ray gas envelope is still present and more lunsino

8 than 102 h2 erg s (Jones et al. 2003). The origin of these
structures is however being still widely debated. They doul

Fig. 19. u*-r’ versus r'-z diagrams with red dots being<Z1 find their origin in the small impact parameterlof L. galax-
galaxies (early types), blue dots being>98-21 galaxies (late i€s travelling along filaments (e.g. D’Onghia et al. 2005), o
types), and pink dots being starburst galaxies. The uppenefigSimply in their highly isolated status (e.g. Adami et al. 28p
is for themost luminous, the middle figure is for theuminous, SO that no galaxies will then have fallen into them lately.
and the lower figure is for themoder ately luminous clusters. In our survey, XLSSU J021754.6-052655 (classified as C2)
is quite similar to such fossil groups. F[g.121 shows the field
covered by this galaxy structure. The X-ray source is cjearl
extended. Available spectroscopic redshifts only showli@ga
ies at the structure redshift which are only slightly toogbti
included in the WIRDS survey (near infrared imaging frornto satisfy the 2 magnitudes criteria (one is satisfying ttie<
CFHT-WIRCAM). Photometric redshifts have been computeatbn in i’ and z' band). Photometric redshifts from Coupon et
combining these near infrared data (McCracken et al., fival. (2009) also exhibit only two other similar galaxies ade
communication) and the CFHTLS deep magnitudes. [Eiy. #tan 0.15 from the structure redshift. Considering erras ba
shows a clear concentration of[4.43;1.63] galaxies inside on magnitude, the magnitudefidirence between the brightest
the XMMLSS contours. We therefore may have detected ogalaxy and the second brightest object could be consistiémt w
of the most distant known clusters of galaxies. A near ieftlar the requested 2 magnitudes gap at the [@vel. We therefore
spectroscopic follow up of this candidate is however mamyat conclude that this object is similar to the structure déssatiin
in order to confirm the nature of this very weak X-ray sourceUlmer et al. (2005) and is very close to the fossil group statu
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Fig.21. CFHTLS i band image of the XLSSU J021754.6- The assessment of the clusters and groups as actual mas-

052655 XMM-LSS source. White contours are XMM X-rafive structures has been based on various spectroscopic dat
- : ' . : .. {including Pl observations) associated to photometria ttam

emission. Pink squares are galaxies with a spectroscoghic r ne .

shift inside the structure. Red circles are galaxies witlhae-p the CFHTLS T0004 release (when available) and some P data.

tometric redshift at less than 0.15 from the structure r'EEdshTPteh analtyssl I(.W'thOlth .a'ﬁtr'or' I:nov(\jlledg:ﬁ o;thew X-ray_sﬁa
Large symbols (circles or squares) are galaxies not smg;fyg edop 'Ca.t Ines o i'g cen eret onthe -:ja;;ﬁ[ms&mw
the 2 magnitudes criteriain g’, r’, i, or z’ bands. For thede ased on criteria such as compactness in redshift space (spe

: : : ) : : troscopic and photometric), and significant excess in galax
t [ th tudeffe th the brightest
ge;:X\;vienZ?r?/ig/l\zl,e © magnitt rencewl © bnghtes density obtained within photometric redshift slices andifin-

sual inspection.
All the detected systems exhibit "bona fide” clusters or
We investigate if this group is the dominant structure groups optical properties in terms of red sequence, caltwrc
its cosmological bubble (similarly to Adami et al. 2007a)r F clumping, luminosity function, and morphological segréga
this, we selected all known spectroscopic redshifts indmge Considering X-ray luminosity classes does not change the re
[0.241,0.261] and at less than 1.5deg from the group (ald®utstlts. From the X-ray and optical properties of the struetur
Mpc at the structure redshift, close to the average size@fikn now associated with the XMM extended sources, the C1 clus-
voids: e.g. Hoyle & Vogeley 2004). Contrary to the results dérs can be considered in most cases as relatively neantay X-
Adami et al. (2007a), our group does not appear as an isolaight and optically rich and regular (no sub-clusteriniglse
structure (Figl22). The ratio of galaxies with a spectrpsco ters, while C3’s appear faint and poor at the same redstift an
redshift inside and outside the range [0.241,0.261] is igpt squite rich at high redshift. C2's are a mix with the exception
nificantly different when considering the 1.5deg region or thef some distant possible candidates. Finally, looking ajda
complete spectroscopic sample. scales using the CFHTLS-W, these clusters statisticalyeap
as clear nodes of the galactic cosmic web, reinforcing there
fore their true existence. The full sample of X-ray clusters
—4 w w \ \ with associated optical spectroscopic data is availatdehe
L3SDB database (httft3sdb.in2p3.fr:80803sdb). The opti-
cal images as well as the details of the redshift deterntinati
for all clusters presented in this article will also be palyli
available at this place.
Finally, we investigated the photometric redshift premisi
in our sample as a function of the environment and of the
galaxy spectral types (see appendix). We show for example
that the galaxy photometric redshift accuracy is degraded i
the most massive clusters for early and late type galaxies.
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insures us to have galaxies really located in the densest afe Table A.1. o between photometric and spectroscopic redshifts
the clusters. Then, we extracted informations (photometd- as a function of the environment and of the galaxy spectpa.ty
shift itself and spectral type) from the CFHTLS T0004 photdFhe last column indicates the percentage of spectral types
metric redshift release. Finally, we considered separateb- 21 galaxies.

ters brighter than 10 erg’s, between 18 and 13* erg’s, and

fainter than 1¢ erg's. We also considered the CO class, acting Cluster class Early Late % of early types
as the low mass cluster category (we remind that these struc- ~ Most luminous 0.081  0.092 69%
tures are real but without clear X-ray emission). luminous 0.036 0.082 81%
moderately luminous  0.047 0.069 72%
Cco 0.043 0.064 75%
A.1. General agreement between spectroscopic and Global cluster sample  0.048  0.096 76%

photometric redshifts

We first checked that the general agreement between spectro- ) .

scopic and photometric redshifts was acceptable insidzerts Clusters. Second, late type galaxies Inminous and

of galaxies. FigCAJL shows a good agreement. Selecting-a ghederately luminous clusters (as well as in CO clusters) also
ori galaxies with dzphot — zspec| < (0.15x (1 + zspec)), the exh|t_)|t hlgher uncertainties than early_type galaxies, f_zy:sor
whole cluster galaxy sample exhibitsraof 0.06. This is only ©f 2 inluminous clusters and by 50% imoderately luminous
slightly larger than the estimates of Coupon et al. (2008iffe and CO clusters. This behaviour was already detected in
whole CFHTLS W1 field. This shows that from a general poiffeuennou etal. (2010). _ .

of view, CFHTLS T0004 photometric redshifts are not clearly This can be explained if galaxies were undergoing pecu-
worst in clusters than in the field. We have now to investiga%/ér evolutions in clusters of galaxies, depending of thessnaf

in more details the behaviour of the photometric redshigiewn the considered clusters, making therfietient from field galax-

tainty as a function of the galaxy spectral type and as a fomct ies. This would occur for all galaxy types in the most massive
of the cluster characteristics. clusters, while less massive clusters would orffget late type

galaxies. These various environments do not seem to sgrongl

affect the percentage of early type galaxies which stays high
‘ ‘ ‘ ‘ T anyway (see Tab[e’Al1). A finer analysis shows however, as ex-
{ pected, a regular increase of the mean typ€ gf21 galaxies,
from 1.4 for themost luminous clusters, to 2.2 for thRuminous
clusters, and finally to 3.0 for theoder ately luminousclusters.

As a conclusion, we can then say that photometric red-
shift values are globally correct in clusters of galaxieghsf
present sample (as compared to field environments). However
all galaxies in the most massive clusters and late type gedax
in all other clusters have their photometric redshift uteiaty
increased by a factor of 50 to 100%. Depending on the science
goals, this can significantlyfizzct the cluster population defi-
0z 04 06 08 ) nition by photometric redshift criteria, for example forlaey

Spectroscopic redshift luminosity function purposes. It would therefore be usedul

Fig. A.1. Photometric versus spectroscopic redshifts for ttf&€ate cluster-dedicated spectroscopic SEDs.
cluster galaxies in our sample. Black lines give the perieet

tion of slope 1 and the:0.15x(1+2) classical uncertainty (seeAppendix B: Additional redshift structures
e.g. libert et al. 2006). Red filled circles are early spétyze

galaxies and blue filled circles are late spectral type mxAs a bonus of the general cluster detection process, foremgiv
(see text). line of sight, other real galaxy groups are detected besites

ones associated with the X-ray emission (C999: see Table B.1
So, if the identification with an optical group would appear
wrong in the future, or if more data become available, trace
is kept to re-examine other possibilities.

0.8

0.6

Photometric redshift

0.4

02

A.2. Photometric redshifts in dense environments and
galaxy spectral types

We redid the previous analysis splitting our samples into
early and late type galaxies and considering the CO, the
most luminous, the luminous, and themoderately luminous
clusters. Table’A]l gives the valuescofcomputed in the same
way as in the previous subsection) in thegs®edent cases.

We first detect a clear tendency to have higher uncertain-
ties in photometric redshift calculations in th@st luminous
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Table B.1. Same as Tablgl 3 but for other real groups (C999)

detected along the lines of sight.

XLSSC PH RA DEC N ZBWT ERRzZ SIG ERR
deg deg ks knys

065 1 34245 -4821 3 0.138

039 0 35098 -2841 3 0.183

044 1 36.141 -4.234 11 0.317 0.001 410 87

- 1 36.424 -4.410 4 0.142

- 1 36424 -4410 4 0.632

- 1 36424 -4.410 3 0.915

- 1 36460 -4750 3

- 1 36.698 -4.241 3 0.210

- 1 36.698 -4.241 3 0.432

- 1 36.698 -4.241 3 0.705

013 1 36.858 -4538 9 0.254 0.001 346 75
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