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ABSTRACT

Context. The fraction of galaxies bound in groups in the nearby Universe is high (50% at z ∼ 0). Systematic studies of galaxy properties in groups
are important in order to improve our understanding of the evolution of galaxies and of the physical phenomena occurring within this environment.
Aims. We have built a complete spectrophotometric sample of galaxies within X-ray detected, optically spectroscopically confirmed groups and
clusters (G&C), covering a wide range of halo masses at z ≤ 0.6.
Methods. In the context of the XXL survey, we analyse a sample of 164 G&C in the XXL-North region (XXL-N), at z ≤ 0.6, with a wide range
of virial masses (1.24 × 1013 ≤ M500(M�) ≤ 6.63 × 1014) and X-ray luminosities (2.27 × 1041 ≤ LXXL

500 (erg s−1) ≤ 2.15 × 1044). The G&C are X-ray
selected and spectroscopically confirmed. We describe the membership assignment and the spectroscopic completeness analysis, and compute
stellar masses. As a first scientific exploitation of the sample, we study the dependence of the galaxy stellar mass function (GSMF) on global
environment.
Results. We present a spectrophotometric characterisation of the G&C and their galaxies. The final sample contains 132 G&C, 22111 field
galaxies and 2225 G&C galaxies with r-band magnitude < 20. Of the G&C, 95% have at least three spectroscopic members, and 70% at least
ten. The shape of the GSMF seems not to depend on environment (field versus G&C) or X-ray luminosity ( used as a proxy for the virial mass
of the system). These results are confirmed by the study of the correlation between mean stellar mass of G&C members and LXXL

500 .We release the
spectrophotometric catalogue of galaxies with all the quantities computed in this work.
Conclusions. As a first homogeneous census of galaxies within X-ray spectroscopically confirmed G&C at these redshifts, this sample will allow
environmental studies of the evolution of galaxy properties.

Key words. X-rays: galaxies: clusters – surveys -galaxies: groups: general – galaxies: evolution, mass function

1. Introduction

According to the commonly adopted lambda cold dark matter
(ΛCDM) cosmological model, structures grow in a hierarchi-
cal fashion: as time proceeds, smaller structures merge to form
larger ones. This process implies that the fraction of galaxies lo-
cated in groups increases with cosmic time, up to Local Uni-
verse values (Huchra & Geller 1982; Tully 1987; Eke et al.
2004b; Berlind et al. 2006; Knobel et al. 2009). Today, over
50% of galaxies are in groups, span a wide range in local den-
sity, and show properties that range from cluster-like to field-like
(Zabludoff & Mulchaey 1998). Therefore groups are a key envi-
ronment to investigate galaxy evolution and to provide a clear
framework to study the nature of the physical mechanisms that
lead to galaxy transformation.

The physical processes operating in groups are poorly un-
derstood. For example, to what extent do gravitational interac-
tions and the intra-group medium determine the morphology
and star formation properties of galaxies residing in and around
groups? It has been proposed that galaxy-group interactions like
halo gas stripping (‘strangulation’) can remove warm and hot

gas from a galaxy halo, efficiently cutting off the gas supply
for star formation (Larson et al. 1980; Cole et al. 2000; Balogh
et al. 2000; Kawata & Mulchaey 2008). Alternatively, merg-
ers/collisions and close tidal encounters among group mem-
ber galaxies can strongly alter the galaxy structure (Toomre &
Toomre 1972) and may result in star formation quenching. In
addition, at the typical velocity dispersions of bound groups,
galaxy-galaxy harassment (i.e. frequent galaxy encounters) leads
to the morphological transformation of disc galaxies. Indeed, it
results in the loss of a galaxy’s gaseous component, partly ab-
lated and partly falling into the centre, entailing a dramatic con-
version of discs into spheroidals. The combination of tides and
ram pressure stripping efficiently removes the gas from spirals,
quenching the star formation in galactic discs, while triggering it
in the arms and at the leading edge of gaseous disc, with the net
result of a suppression of star formation on timescales of several
Gyr (Moore et al. 1996). Both high-resolution N-body simula-
tions and semi-analytic models of galaxy evolution have shown
that these processes play a very important role in the formation
of galaxy populations (Barnes & Hernquist 1996; Springel et al.
2001; Mihos 2004; Kang et al. 2005; Murante et al. 2007; Wang
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et al. 2007; Cox et al. 2008; Font et al. 2008; Somerville et al.
2008; Weinmann et al. 2010; Guo et al. 2011; Henriques et al.
2015).

Even though galaxy groups are more common than more
massive structures, they are much more difficult to detect be-
cause of their lower density contrast with respect to the back-
ground galaxy population.

Until recently, the difficulties in obtaining large, unbiased
samples of groups have forced most studies to use small sam-
ples selected, for example, from the Hickson compact group
catalogue (Hickson et al. 1989), from the CfA redshift survey
(Geller & Huchra 1983; Moore et al. 1993), and from X-ray
surveys (Henry et al. 1995; Mulchaey et al. 2003). Only with
the advent of large galaxy redshift surveys, such as the Two De-
gree Field Galaxy Redshift Survey (2dFGRS), the Sloan Digital
Sky Survey (SDSS) and the Canadian Network for Observational
Cosmology Redshift Survey (CNOC2), has it become possible
to generate large group catalogues in the local Universe (e.g.
Huchra & Geller 1982; Ramella et al. 1989, 1997; Hashimoto
et al. 1998; Ramella et al. 1999; Tucker et al. 2000; Martínez
et al. 2002; Balogh et al. 2004; Eke et al. 2004a; Calvi et al.
2011; Moustakas et al. 2013; Miniati et al. 2016) and at interme-
diate redshift (Carlberg et al. 2001; Wilman et al. 2005; Giodini
et al. 2012; George et al. 2013).

Overall, while many of the observational studies so far have
focused on large surveys at low redshift, the common group-
scale environments and their evolution over time are still poorly
known. At z < 1, COSMOS (Scoville et al. 2007) is one of the
most studied fields. Several teams have assembled a number of
group catalogues (e.g. Knobel et al. 2009; Giodini et al. 2012;
George et al. 2013) outlining some trends. For instance, Presotto
et al. (2012) found that galaxies with log(M∗/M�) ≥ 10.6 do
not display any strong dependence of the fractions of red/blue
objects on groupcentric distance, while for galaxies with 9.8 ≤
log(M∗/M�) ≤ 10.6 there is a radial dependence in the changing
mix of red and blue galaxies. This dependence is most evident
in poor groups, whereas richer groups do not display any obvi-
ous trend of the blue fraction. Mass segregation shows the op-
posite behaviour: it is visible only in rich groups, while poorer
groups have a a constant mix of galaxy stellar masses as a func-
tion of radius. George et al. (2013) found a decline in low-mass
star-forming and disc-dominated galaxies from field to groups.
This behaviour is accompanied by an increase in the quenched
fraction of intermediate-type galaxies (disc+bulge) from field to
groups, while bulge-dominated systems show only weak evolu-
tion. Giodini et al. (2012) found significant differences in the
build-up of the quenched population from field to group galax-
ies at low stellar masses, while no differences are found for star-
forming galaxies.

Among the many galaxy properties that can be studied, the
galaxy stellar mass function (GSMF) is an important diagnos-
tic tool for performing a census of galaxy properties, and pro-
vides a powerful means of comparison between the populations
of galaxies in different environments. In particular, its shape and
its evolution provide important insights into the processes that
contribute to the growth in stellar mass of galaxies with time and
that drive the formation and evolution of galaxies in different
environments.

The GSMF has been extensively studied in deep fields for
galaxies of different colours and morphological types (Bundy
et al. 2006; Baldry et al. 2008; Pozzetti et al. 2010; Vulcani et al.
2011) and in different environments (e.g. Balogh et al. 2001;
Yang et al. 2009; Calvi et al. 2013; Vulcani et al. 2011, 2012,
2013, 2014b; Davidzon et al. 2016; Muzzin et al. 2013; van der

Burg et al. 2015; Nantais et al. 2016). Its shape has been de-
scribed by a Schechter or a double Schechter function (Schechter
1976). When fitted to the data, the shape of this function changes
both as a function of the galaxy type (star-forming/passive, or
morphological type) and of the environment.

Many different parametrisations of the environment can be
adopted. When considering galaxies belonging to a structure,
both in the local Universe and at higher redshift, it has been
shown that the shape of the GSMF shows very little variation
from isolated systems to massive clusters (e.g. Calvi et al. 2013;
Vulcani et al. 2013; van der Burg et al. 2015; Nantais et al. 2016,
but see Yang et al. 2009). In contrast, when considering local
density estimates, the GSMF seems to depend on environment,
being steeper in less dense environments (e.g. Baldry et al. 2006;
Bolzonella et al. 2010; Vulcani et al. 2012; Davidzon et al. 2016;
Etherington et al. 2016).

In this paper we assemble a catalogue of galaxies in X-ray
selected groups and clusters (G&C) from the XXL Survey in the
redshift range 0 < z < 1.5, and pay particular attention to galax-
ies at z ≤ 0.6. The XXL Survey (Pierre et al. 2016, hereafter
XXL Paper I), is an extension of the XMM-LSS 11 deg2 sur-
vey (Pierre et al. 2004), and is made up of 622 XMM pointings
covering a total area of ∼ 50 deg2 and reaching a sensitivity of
∼ 5×10−15erg s−1 cm−2 in the [0.5-2] keV band for point sources.
With respect to previous G&C catalogues at similar redshifts,
the sample covers a much wider area in the sky, with the ad-
vantage of diminishing the cosmic variance, and includes G&C
confirmed spectroscopically, which span a wide range in X-ray
luminosity (2.27 × 1041 ≤ LXXL

500 (erg sec−1) ≤ 3.5 × 1044) and
therefore virial masses (8.72× 1012 ≤ M500(M�) ≤ 6.64× 1014).
The G&C membership determinations are robust, being based on
spectroscopic redshifts and on virial masses derived from X-ray
quantities via scaling relations (Adami et al. in prep., hereafter
XXL Paper XX).

As a first exploitation of the catalogue, we investigate the
behaviour of the GSMF in the redshift range 0 < z ≤ 0.6 as
a function of global environment (G&C versus field) and as a
function of X-ray luminosity. The advantage of this work is that
it is based on a large, homogeneous X-ray selected sample of
G&C that are spectroscopically confirmed and span a wide range
in X-ray luminosity, therefore uniformly probing a wide range of
halo masses.

The paper is organised as follows. Section 2 presents the data
sample and the photometric and spectroscopic catalogues, along
with the spectroscopic completeness. Section 3 characterises the
environments in which galaxies are embedded, and Section 4 the
mass estimates. Section 5 presents the catalogue that we publicly
release. Section 6 shows the results of our analysis of the galaxy
stellar mass function, while Section 8 summarises our work.

Throughout the paper, we assume H0 =
69.3km s−1 Mpc−1, ΩM = 0.29, ΩΛ = 0.71. We adopt a
Chabrier (2003) initial mass function (IMF) in the mass range
0.1-100 M�.

2. Data sample

This study is based on X-ray selected G&C, drawn from the sam-
ple of structures identified within the XXL survey.

In this section we describe the XXL X-ray observations and
the final database and catalogues that are used in this work.
While our scientific analysis will be based only on the XXL
North field (XXL-N), for the sake of completeness in the follow-
ing we also report on the data for the XXL South field (XXL-S).
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At the time of writing, the galaxy spectroscopic coverage of the
latter field is insufficient to have much statistical weight.

2.1. X-ray observations and database of the G&C

The description of the practical requirements and of the observ-
ing strategies which prevailed in the definition of the XXL X-ray
sample are fully described in Paper I. The final selected areas
were (1) the North region: the XMM-LSS field, with 10 ks ob-
servations over 25 deg2 in the CFHTLS-W1 Field (2h23 -05d00)
with 11 deg2 previously covered with XMM exposures of 10-20
ks (Pierre et al. 2004) plus the XMM-Subaru Deep Survey (Ueda
et al. 2008) and (2) the South region: the BCS/XMM field with
the same 10 ks exposure time as the north, covering another area
of 25 deg2 (23h00 -55d00). The flux limit for 10ks observations
is 4× 10−15 and 2× 10−14erg cm−2 sec−1 in the soft ([0.5-2] keV)
and hard ([2-10] keV) bands, respectively.

The data processing of X-ray observations and the sample
selection are described in detail in Pacaud et al. (2016, here-
after XXL Paper II). Briefly, data were processed with the Xamin
v3.3.2 pipeline for the detection and classification of X-ray faint
extended sources, a dedicated pipeline already used in the pi-
lot XMM-LSS project (Pacaud et al. 2006; Clerc et al. 2012)
to generate and process images, exposure maps and detection
maps. The procedure is based on two parameters named ext
and ext_stat, which are both functions of the structure appar-
ent size, flux and local XMM sensitivity: a detection enters the
extended candidate list when it has an ext greater than 5′′ and a
likelihood ext_stat greater than 15. Extensive simulations en-
abled the creation of different classes for structures on the basis
of the level of contamination from point-sources:

– class 1 (c1) includes the highest surface brightness extended
sources, which have an ext_stat > 33, detection statistic
ext_det_stat > 32 and are identified such that no point
sources are misclassified as extended;

– class 2 (c2) includes sources with 15 < ext_stat < 33
showing a 50% contamination rate. c2 G&C are fainter than
those in c1. Contaminating sources include saturated point
sources, unresolved pairs, and sources strongly masked by
CCD gaps, for which not enough photons were available to
permit reliable source characterisation;

– class 3 (c3) class includes sources at the survey sensitiv-
ity limit, and so is likely to contain G&C at high red-
shift. c3 G&C are faint objects and therefore have less well-
characterised X-ray properties.

The list of c1, c2, c3 detections are hosted in the Saclay
database 1 (administered by Jean Paul Le Fèvre), which con-
tains 455 analysable extended sources: 207 (∼ 46%) of them are
classified as c1 sources, 194 (∼ 43%) are c2 sources, and the
remaining 51 (∼ 11%) are c3 sources.

Among the 455 XXL G&C, 264 are in the XXL-N area.
The spectroscopic confirmations of the nature of the candi-

date G&C and of their redshifts were performed using an itera-
tive semi-automatic process, very similar to the one already used
for the XMM-LSS survey (e.g. Adami et al. 2011a). The proce-
dure is described in detail in XXL Paper XX, and can be sum-
marised as follows:

– Within the X-ray contours, the available spectroscopic red-
shifts from the XXL spectroscopic database (see Sec. 2.3)
were selected;

1 http://xmm-lss.in2p3.fr:8080/xxldb/
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Fig. 1. Redshift distribution of all 302 spectroscopically confirmed XXL
c1+c2 G&C (black), and of the 164 in the XXL-N area (green). The
vertical black dashed line corresponds to z = 0.6, the maximum redshift
of G&C considered in this work.

– These redshifts were sorted by ascending order to identify
significant gaps (∆z >0.003) in their distribution;

– If one or more concentrations in both physical and red-
shift space appeared (more than three galaxies), the aggre-
gate of galaxies closer to the X-ray centre or that including
the Brightest Cluster Galaxy (BCG) were selected as ‘group
population’. For the vast majority of the cases, a single con-
centration emerged (see XXL Paper XX for a more precise
discussion on multiple systems);

– If no concentration appeared, a single galaxy with measured
redshift which was likely to be a BCG was selected. This did
not exclude superposition effects, but the probability of such
a configuration is low;

– If neither of the two previous criteria was satisfied, the can-
didate structure could not be confirmed. If one of the two
previous criteria was satisfied, the median value of the red-
shift of the preliminary ‘G&C population’ was assumed to
be the G&C redshift. This allowed us to compute the angular
radius of a 500 kpc (physical) circle;

– The whole process was repeated with all available redshifts
within a 500 kpc radius instead of those within the X-ray
contours to obtain the final G&C redshift.

This procedure identified 341 spectroscopically confirmed
G&C in the whole XXL sample, 202 of which in the XXL-N.
Among the latter, 27 G&C were confirmed considering only the
BCG, 44 G&C considering the BCG and another concordant
galaxy. The final fractions of c1, c2 and c3 G&C in the whole
(XXL-N) sample are 54% (52%), 35% (30%), and 11% (18%),
respectively.

Detailed information and global statistics about the XXL
G&C sample can be found in XXL Paper XX, which publishes
341 confirmed G&C plus all c1 non-confirmed X-ray extended
sources, for a total of 365 structures. The 222 c1+c2 G&C (233
c1+c2+c3) with fluxes brighter than ∼1.3 ×10−14 erg s−1 cm−2

underwent dedicated X-ray luminosity and temperature mea-
surements. In order to have homogeneous estimates for the com-
plete sample, we applied scaling relations based on the r = 300
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kpc count-rates (see XXL Paper XX). The LXXL
500 , Lbol, T , M500,

and r500
2 values used in the current paper are also extracted from

XXL Paper XX, where a description of the scatter with respect
to the direct measurements (when available) is also given.

Given the high uncertainties on X-ray properties derived for
c3 G&C, in the following we will consider only c1+c2 G&C.
The redshift distribution of the c1+c2 G&C sample is shown in
Fig. 1, where the histogram of the XXL-N sample is overlaid in
green. A large fraction of X-ray G&C are located at z ≤ 1.0,
and in particular the median redshift of the sample is z = 0.339
(z = 0.335 when only the North field is considered). Figure 2
shows how the M500, r500, and the temperature vary with red-
shift, for the 164 c1+c2. The G&C found in the XXL-N field
are, as already mentioned at the beginning of Sec. 2, the main
focus of this paper. The subpanels on the right show the distri-
butions of the same quantities. The G&C are divided into two
classes according to their X-ray luminosity to study separately
the properties of high- and low-luminosity G&C. We use as a
threshold the value LXXL

500 = 1043 erg s−1, which corresponds ap-
proximately to the median value of the X-ray luminosity of the
sample. Overall, selection effects emerge: at higher redshift the
survey detects only the most massive G&C. The median M500 is
(9.54± 0.80)× 1013M�. This indicates that roughly half of them
should be properly qualified as clusters, since they have a mass
M500 ≥ 1014M�. The remaining half of them are more properly
groups. The distribution of r500 resembles that of M500, as ex-
pected given that these two quantities are closely related.

The G&C at z ≤ 0.6 are used in the study of the galaxy stellar
mass function (Sec. 6). In this redshift range, there is a wide
range of virial masses (8.72 × 1012 ≤ M500(M�) ≤ 6.63 × 1014)
and of X-ray luminosities (2.27 × 1041 ≤ LXXL

500 (erg s−1) ≤ 3.5 ×
1044).

2.2. Photometric and photo-z databases

We resort on different photometric observations that covered the
XXL-N region. The largest contribution comes from the CFHT
Legacy Survey (Veillet 2007, CFHTLS) and we rely on the
Wide1 (W1) T0007 data release. Observations were obtained
with the 3.6m Canada-France-Hawaii Telescope (CFHT), using
the MegaCam wide-field optical imaging facility. The Mega-
Cam camera consists of 36 CCDs of 2048 × 4612 pixels each
and covers a field of view of 1 deg2 with a resolution of 0.186
arcsec per pixel. The data cover the observed wavelength range
3500Å< λ < 9400Å in the u∗, g′, r′, i′, z′ filters. We note that
the MegaCam filter i′ was broken during the survey and a new i′
band filter was introduced (“y′”). Both filters are considered and
included separately in the catalogues.

W1 only covers the XXL region 30.17771 ≤ RA(deg) ≤
38.8223 and −11.22814 ≤ DEC(deg) ≤ −3.70516. To cover
part of the remaining regions, we also exploit observations done
by the MegaPipe Group GRZ programme (Gwyn 2008) in the g,
r, z bands. These observations cover the following areas:

– Field A: 35.10541 ≤ RA (deg) ≤ 36.09985,
−3.78505 ≤ DEC (deg) ≤ −2.73612,

– Field B: 36.06188 ≤ RA (deg) ≤ 37.05696,
−3.78826 ≤ DEC (deg) ≤ −2.73855.

For the W1 Field, we used the catalogue containing photo-
metric redshifts computed from the Laboratoire d’Astrophysique
2 r500 is defined as the radius of the sphere inside which the mean den-
sity is 500 times the critical density ρc of the Universe at the cluster’s
redshift; M500 is then by definition equal to 4/3π500ρcr3

500
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Fig. 2. Main panels: M500 (upper), r500 (middle), LXXL
500 (bottom) vs. red-

shift for the 164 XXL-N c1+c2 G&C with estimates of M500 and r500.
The distribution of the same quantities is shown in the corresponding
right panels, where black histograms refer to all G&C in the sample, and
grey hatched histograms are for z ≤ 0.6 G&C. In the main panels, the
vertical black dashed line corresponds to z = 0.6, the maximum redshift
of G&C considered in this work. High-luminosity G&C are marked in
red, low-luminosity G&C in green. In the bottom panel, the horizontal
red dashed line corresponds to the luminosity used to separate the G&C
into two classes (see text for details).

de Marseille (LAM) in collaboration with Terapix using the
spectral energy distribution (SED) fitting software LePhare3

(Arnouts et al. 1999, 2002; Ilbert et al. 2006). The code con-
sists of a set of Fortran programs and computes photometric red-
shifts with a standard χ2 method using SED fitting technique.
The Terapix4 T0007 release of finely calibrated stacks and cat-
alogues and photometric redshift data are publicly available and
3 www.lam.oamp.fr/arnouts/LEPHARE.html
4 Traitement Élémentaire Réduction et Analyse de PIXel (Bertin &
Tissier (2007)) is an astronomical data reduction centre dedicated to
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u g r i y z
0.00978 -0.04726 -0.02308 -0.00567 -0.01864 0.06455

Table 1. Zero-point corrections for the CFHTLS-W1 field. Offsets need
to be subtracted from each band.

can be downloaded from the Canadian Astronomy Data Centre
(CADC). We use the version of the photo-z catalogue consist-
ing of 4613209 sources where the overlapping regions between
the observing tiles have been removed through a S/N criterion,
and therefore multiple objects have already been removed. We
remove from the sample all bright objects with bad photometric
redshift measurements, in order to avoid high levels of contam-
ination from spurious sources, such as saturated stars. Observed
magnitudes have been corrected for zero-point offsets that have
been computed using spectroscopic redshifts by comparing the
observed and modelled fluxes. The values of the zero-point cor-
rections depend on the band of observation and band are given
in Table 1.

No photometric redshift estimates are available for the Field
A and Field B regions. For a common subsample of galaxies
with the W1 Field, we verified that the magnitudes of fields A
and B were already corrected for zero-point offsets.

A unique photometric catalogue is created eliminating the
overlap regions between W1, Field A and Field B and the final
number of sources is 4508438.

Finally, we also add new photo-z measurements in the W1
Field (Sotiria Fotoupoulou, private communication, hereafter SF
catalogue). This catalogue contains aperture magnitudes in g′,
r′, i′, z′, J′, H′, K′ bands for 4887 galaxies. Using a common
subsample of the SF catalogue and of the CFHTLS W1 cata-
logue, we derive the linear fit between aperture magnitudes from
SF and total magnitudes from CFHTLS for each of the filters
g′, r′, i′, z′: the offsets and slopes of the relations are written in
each panel of Figure 3 and are used to convert aperture mag-
nitudes into total values for the 4887 matched objects. We note
that the number of galaxies belonging to this sample that will be
included in the scientific analysis presented in this paper and in
the released catalogue is negligible (0.8%).

We compute errors on total magnitudes combining in quadra-
ture the mean error on total magnitudes calculated in 0.5 magni-
tude bins and the root mean square (rms) of the aperture-to-total
magnitude relation shown in Fig. 3, calculated using the same
binning in magnitude. The total number of sources with photo-
metric information is 4513325.

We note that all magnitudes used are Sextractor MAG_AUTO
magnitudes (Bertin & Arnouts 1996) in the AB system corrected
for Milky Way extinction according to Schlegel et al. (1998).
Finally, we note that photometric redshift estimates are not used
in the following, because all galaxies in the sample considered in
the scientific analysis have spectroscopic redshift measurements.

2.3. Spectroscopic database

The galaxy spectroscopic information is hosted in the CeSAM
(Centre de donnéeS Astrophysiques de Marseille) database in

the processing of very large data flows from digital sky surveys (e.g.
CFHTLS, WIRDS or WUDS, NGVS, CFHQSIR, KIDS/VIKING, Ul-
traVISTA) and giant panoramic visible and near-infrared cameras (e.g.
MegaCam and WIRCam at CFHT, or OmegaCam on the VST and VIR-
Cam on VISTA at ESO/Paranal). TERAPIX is located at IAP (Institut
d’Astrophysique de Paris, website http://terapix.iap.fr).

Fig. 3. Relation between aperture and total magnitude for the SF pho-
tometric catalogue (see text for details). Each panel refers to a different
band; the red line is the linear fit used to convert aperture magnitudes
into total values for the whole SF catalogue.

Marseille.5 The database contains data for both the XXL G&C
and the galaxies in the same area. In addition to some XXL
dedicated observing runs (XXL Paper XX), many other sur-
veys have observed the galaxies in this field and the database
includes them all. In particular, all redshifts from the VIMOS
Public Extragalactic redshift survey, covering the redshift range
0.4 < z < 1.2, were made available for this analysis prior to
the recent public release (Scodeggio et al. 2016). As a result,
there is a wide variety of spectra of different quality and origin
to deal with. The final spectroscopic data release (CeSAM-DR2)
is public and can be downloaded directly from the database; the
complete list of the surveys and observing programmes included
is given in Table 2. The samples included in the table refer to
both XXL fields; however, as we focus here only on the XXL-N,
we present the results only for this region.

The sample contains 134604 sources; 25421 of them refer
to multiple observations of the same objects from different sur-
veys, but the multiple measurements are not flagged in CeSAM.
To remove the duplicates, two different selection criteria are de-
fined, both based on sets of priorities on observational proper-
ties of galaxies. The first set of priorities regards the origin of
the considered spectrum (the SpecOrigin column in the database
catalogue). The different surveys are divided into three classes of
priority (origin flag: 1, 2, 3): the smaller the value the higher the
priority. The list of the surveys with their attributed origin flag is
given below:

1. (AAT_AAOmega, entirely in the South),
AAT_AAOmega_GAMA, ESO Large Programme,
FORS2_AAOmega, NTT, WHT, XMMLSS, SDSS_DR10.

2. VIPERS/XXL, VVDS_UD, VVDS_deep.
3. Akiyama, Alpha_compilation, LDSS03, Milano, NED,

SNLS, Simpson, Stalin, Subaru, Magellan.

5 http://www.lam.fr/cesam/
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SpecOrigin in the Parent survey and References Field Typespectroscopic database
AAT_AAOmega Lidman et al. (2016) - XXL Paper XIV S PI XXL
AAT_AAOmega_GAMA GAMA, Baldry et al. (2017, submitted) N E
AAOmega2012 XXL Paper XX N PI XXL
Akiyama Akiyama et al. (2015) N E
Alpha_compilation Adami et al. (2011b) N PI XMMLSS + E
ESO_Large_Programme XXL Paper XX N+S PI XXL
LDSS03 Adami et al. (2011b) N PI XMMLSS
Magellan XXL Paper XX N E (XXL agreement)
Milano Adami et al. (2011b) N PI XMMLSS + E
NED N+S E
NTT Adami et al. (2011b) N+S PI XMMLSS
SDSS_DR10 SDSS, Ahn et al. (2014) N E
Simpson Simpson et al. (2012) N E
SNLS Balland et al. (2017, in preparation) N E
Stalin Stalin et al. (2010) N E
Subaru Akiyama et al. (2015) N E
VIPERS/XXL and VIPERS_2DR VIPERS, (Scodeggio et al. 2016) N E
VVDS_Deep VVDS, Le Fèvre et al. (2005) N E
VVDS_UD VUDS, Le Fèvre et al. (2015) N E
XMMLSS Adami et al. (2011b) N PI XMMLSS
WHT Koulouridis et al. (2016) - XXL Paper XII N PI XXL

Table 2. Surveys included in the first release of the CeSAM XXL database and contributing to our galaxy sample. Entries in the first column are
reported as they appear in the SpecOrigin column in the original database, and in the second column they have been grouped into main surveys and
observing programmes relative to a given instrument or telescope. The Field column indicates which XXL area is covered by the survey (North
(N), South (S), or both), and the Type column indicates the source of the data: E (External), PI (XXL or XMMLSS PI).

The second set of priorities is given on the basis of the relia-
bility of the redshift measurement, as given by each survey (the
z f lag column in the database catalogue). All the possible values
assumed by this flag in the different surveys are grouped into five
classes (quality flag: 0, 1, 2, 3, 4): the higher the value the higher
the precision and reliability of the redshift estimate. We list in
the following all the original flags as they are in the CeSAM
XXL spectroscopic database and the corresponding quality flag
(the first number in the list) as they are in the final catalogue that
is released in this paper (Appendix B).

0. -99.99 (z f lag< -13.0 in the routine), 0, 20;
1. 1, 11, 21, 31, 311, -11;
2. 2, 9, 12, 19, 22, 29, 32, 39, 312, 319, 219, 75;
3. 3, 13, 23, 33, 313;
4. 4, 5, 14, 24, 34, 314.

The selection for multiple measurements is then based on a
consequential criterion that considers both priorities: the redshift
of the entry with smaller origin flag is adopted and, if more en-
tries have the same origin flag, the quality flag is considered,
giving priority to the largest value.

Out of 25421 objects, 10165 with multiple redshift are se-
lected using this method. In a further 3123 cases both flags coin-
cide: for these, one spectrum is selected interactively and 1158
single objects are finally included in the catalogue.

The ‘cleaned’ spectroscopic catalogue is the ensemble of the
catalogue of single spectra found in the parent catalogue (109183
sources, with origin flag =1 independently of their actual SpecO-
rigin and quality flag =400), of the zflag/SpecOrigin selected
objects (10165 sources), and of the hand selected objects (1158
sources), and therefore it contains 120506 galaxies. Overall, the
uncertainties on the galaxy redshift in the database vary from
0.00025 to 0.0005, computed from multiple observations of the
same object and depending on the sample used (more details on
the XXL spectroscopic database are given in XXL Paper XX);
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Fig. 4. Redshift distribution of the ‘cleaned’ spectroscopic sample of
galaxies (120506) from the CeSAM database in the XXL-N field. The
vertical red dashed line corresponds to z = 0.6, the maximum redshift
of G&C considered in this work.

we consider the highest value in this range as the typical redshift
error for all objects.

The redshift distribution of the ‘cleaned’ catalogue of galax-
ies is shown in Fig. 4.

As the last step, we combine the spectroscopic and the pho-
tometric catalogues. We perform a match in coordinates between
the two catalogues within 1 arcsec, obtaining 113732 galaxies.
We exclude targets with redshifts z ∼ 0 to avoid being contami-
nated by stars, and are left with 113223 galaxies.

In Figure 5 the CFHTLS W1, Fields A and B photometric
catalogue (4508438 sources) is shown together with the spectro-
scopic sample in the same region in the sky (114450 sources).
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Fig. 5. CFHTLS W1, Fields A and B photometric catalogue (in blue) and CeSAM spectroscopic catalogue restricted to the photometric area (in
red). Different signatures in the spatial distribution of the galaxies within the spectroscopic catalogue correspond to different sampling of the area
performed by different surveys. In particular, the denser chess-board pattern in the upper part of the field (−6 . DEC . −4.25) corresponds to the
VIPERS data and the majority of the other red points are from the GAMA survey.

We note that no redshift cut was applied in the spectroscopic
catalogue shown in this figure.

2.4. Spectroscopic completeness

The spectroscopic completeness of a sample is commonly de-
fined as the ratio between the number of reliable spectroscopic
redshifts in a given region and the total number of galaxies
within it (i.e. the number of galaxies in the photometric cata-
logue). In principle, the completeness ratio depends on the sam-
pling of the spectroscopic surveys in different regions of the sky
(being our spectroscopic catalogue an heterogeneous ensemble
of data coming from different surveys), the observed magnitude,
and the colour of galaxies. In order to deal with the first two
factors mentioned above, we divide the XXL-N field into three
stripes (arbitrarily named) according to the spatial distribution of
the surveys:

– C-A: Number of galaxies in the spectrophotometric database
= 3784, number of galaxies in the photometric database =
5292. Completeness =71.5±0.8% (Poissonian error);

– C-B: Number of galaxies in the spectrophotometric database
= 15494, number of galaxies in the photometric database =
19944. Completeness =77.7±0.4%;

– C-C: Number of galaxies in the spectrophotometric database
= 2497, number of galaxies in the photometric database =
8751. Completeness =28.5±0.6%.

We then further subdivide the samples according to the po-
sition in the sky and the magnitude, creating a grid of 1.0 deg
width both in RA and in DEC (for a total of 22 cells, see Fig.
6), and considering intervals of 0.5 r-band observed magnitude.

We compute histograms of galaxies in each cell: the ratio of the
spectroscopic to the photometric histograms gives the complete-
ness in each region of the sky and in each magnitude bin within
it. Completeness curves are obtained from the completeness ratio
as a function of magnitude in each of the 22 cells. Representative
completeness curves are shown in Appendix A.

Considering the magnitude limited sample including 28096
galaxies with r ≤ 20.0 (where the completeness drops dramat-
ically, and which corresponds to GAMA observed magnitude
limit r = 19.8, see Appendix A), the completeness values for
the three regions are as follows:

– C-A: Number of galaxies in the spectrophotometric database
= 4160, number of galaxies in the photometric database =
7491. Completeness =55.6±0.8% (Poissonian error);

– C-B: Number of galaxies in the spectrophotometric database
= 17121, number of galaxies in the photometric database =
27923. Completeness =61.3±0.4%;

– C-C: Number of galaxies in the spectrophotometric database
= 6815, number of galaxies in the photometric database =
13741. Completeness =49.6±0.6%.

3. Definition of galaxy environment

In order to determine which galaxies are part of our G&C, we
first need to compute the velocity dispersions of the structures.
We derive M200 from M500, using the relations given by Balogh
et al. (2006), which is based on the concentration-mass relation
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Fig. 6. XXL-N area. Red dots show the galaxies in the spectrophotometric sample used to compute the spectroscopic completeness (Section 2.4)
and blue dots represent X-ray confirmed G&C. The regions in which the spectroscopic completeness has been computed are overplotted with
small boxes.

from Dolag et al. (2004):6

M200

M500
=


1.30 if 8 × 1012M� < M500 ≤ 5 × 1013M�
1.35 if 5 × 1013M� < M500 ≤ 2 × 1014M�
1.40 if M500 > 2 × 1014M�

Then, using the virial theorem, we obtain the velocity disper-
sion σ200 from M200 using the relation given in Poggianti et al.
(2006) (originally given in Finn et al. 2005):

σ200 = 1000 km s−1 ·

(
M200

1.2 · 1015M�
·
√

ΩΛ + Ω0(1 + z)3 · h
)1/3

(1)

We stress that these velocity dispersions are derived from X-
ray-based mass estimates and are more reliable than values ob-
tained from galaxy redshifts, especially for structures containing
just few members.

We derive r200 from r500, simply dividing the latter by 0.7,
according to the relation adopted in Ettori & Balestra (2009).

A galaxy is considered member of a G&C if its velocity
vgal = c(zgal − zG&C)/(1 + zG&C) lies within ±3σ200 where zgal
is the spectroscopic redshift of the galaxy and zG&C the redshift
of the G&C, and if its projected distance from the G&C centre
is < 3 r200 (‘outer membership’ region), or its projected distance
from the G&C centre is < 1.5 r200 (‘inner membership’ region).

This method identifies 4180 (2656) members within 3 (1.5)
r200 in the cleaned spectroscopic sample. We note that some
galaxies are assigned multiple memberships, that is they can be-
long to different G&C. This happens when two or more G&C
6 In Lieu et al. (2016), hereafter XXL Paper IV, the relation from Duffy
et al. (2008) is adopted instead.

are physically close in space. Specifically, when we consider the
outer membership, 13%/2%/0.9%/0.6% of the galaxies in our
sample simultaneously belong to two/three/four/five G&C. No
galaxy belongs to more than five G&C.

Figure 7 shows histograms of the populations of G&C as
functions of the number of members. Separate panels show the
full sample and those G&C at z ≤ 0.6, and the effects of us-
ing the inner and outer membership criteria are illustrated. We
will use the outer membership criterion in all the analyses in the
present paper. We find 95% of all G&C to have at least three
spectroscopic members, and 70% have at least ten members.

The field sample is defined as the ensemble of all galaxies not
belonging to any G&C. We note that, due to the detection limit
and sensitivity of X-ray observations, G&C selected are pref-
erentially dense structures, particularly at higher redshift where
only higher mass G&C are detected. As a consequence, galax-
ies that belong to lower mass structures at these redshifts (i.e.
groups which are below the adopted X-ray thresholds, including
c3 objects) are included in the field sample, and can in principle
contaminate it.

We verified that the completeness strategy described in the
previous section does not depend on galaxy colour or on environ-
ment (field versus structure), validating our adopted procedure.
Appendix A shows the details of this additional analysis.

4. Stellar masses

We compute stellar masses for all galaxies in the spectrophoto-
metric sample using LePhare. This code was developed mainly
to compute photometric redshifts (see Sect.2.2), but the code
can also compute physical properties of galaxies such as stel-
lar masses and star formation rates (SFR), and the spectroscopic
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Fig. 7. Number of members in XXL-N G&C at all redshifts (top panel)
and in the 132 XXL-N G&C at z ≤ 0.6 (bottom panel), assigned to
structures as described in Sect. 3. The 4180 members within 3r200 (3619
at z ≤ 0.6) are plotted in blue; the 2656 members within 1.5r200 (2284
at z ≤ 0.6) are plotted in red.

redshift can be used as an input fixed parameter in order to im-
prove the quality of the physical outputs.

Taking as inputs at least two observed magnitudes and
spectroscopic redshifts, the program proceeds through different
phases:

– Creation of libraries (Stellar, QSO, Galaxy): we use the de-
fault LePhare lists for the stellar and QSO libraries, and the
galaxy library was built from Bruzual & Charlot (2003) mod-
els, which consider an exponentially declining star formation
histories SFH ∝ 1/τ · exp(−t/τ), where t is the time since the
age of formation, set at 13.5 Gyr, and τ is the decay time, i.e.
the timescale of the star formation process;

– Creation of theoretical absolute magnitudes from the input
libraries: this phase requires several parameters that have to
be set in order not to exceed the dimension of the library,
defined as:

Number of models × Number of ages × Number of SFHs ×
Number of z − steps × Number of extinction laws ×

Number of E(B − V).

Out of the whole library of available models, 27 Bruzual &
Charlot (2003) models were selected, that is nine SFHs with
different τ values for each of the three metallicity values:
Z=0.004, Z=008, Z=Z� = 0.02. We consider all the possi-
ble values for τ with solar metallicity, we choose a redshift
step of 0.02 up to redshift 1.8 and the following values of
E(B-V): 0.0, 0.05, 0.1, 0.15, 0.2, 0.25, 0.3, 0.35. We extin-
guish galaxy models using the Calzetti et al. (2000) extinc-
tion law for τ > 2 star formation histories (i.e. extinguishing
all star forming galaxies which show active star formation up

Fig. 8. Comparison between the stellar mass values computed with Le-
Phare (this work) and the stellar masses from the SDSS DR7. The inset
shows the root mean square (rms) as a function of mass between the
two estimates.

to z ∼ 0.5, ∼8 Gyr from the Big Bang). According to the ex-
ponentially declining SFH model adopted, this corresponds
to the SFH of a galaxy whose star formation activity is negli-
gible at z ≤ 0.5. Galaxies with more rapidly declining SFHs
are not extinguished by the code.

– Application of the Photo-z code that performs the χ2 fitting
analysis between the template and observed flux. The code
can be used to extract physical information on individual
galaxies such as absolute luminosities, stellar masses, SFR.

We take the stellar mass value as being the output
stellar mass from the maximum likelihood (ML) analysis
(MASS_MED), which has an associated error, instead of the
stellar mass corresponding to the minimum χ2, which is com-
puted for all galaxies having a measured magnitude at least in
one band. The mean and median error on the stellar mass es-
timates are computed from the minimum and maximum stellar
mass estimate of LePhare (MASS_INF and MASS_SUP), and
are respectively 0.3 dex and 0.2 dex.

The program successfully computed stellar masses for
108151/113223 galaxies (95.5% of the sample). In the other
cases the code did not converge, because of an insufficient num-
ber of magnitude bands given as input or a bad redshift estimate
for the galaxy (e.g. if quality_flag is 0 or 1).

To test our mass estimates, we compare our values with the
masses obtained fitting the photometry following the method-
ology presented in Kauffmann et al. (2003); Salim et al. (2007);
Brinchmann et al. (2004), for a subsample of 740 galaxies galax-
ies in common with the SDSS DR7. The comparison shown in
Figure 8 shows a good agreement between the stellar masses.
The dispersion of the relation as a function of the stellar mass,
given in the inset, is comparable with the error on stellar masses
computed from LePhare. This test confirms the reliability of the
LePhare configuration adopted.

We then compute again the spectroscopic completeness con-
sidering only the galaxies with stellar mass estimates. This com-
pleteness will be used in the following scientific analysis.
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Fig. 9. Colour-magnitude diagram for galaxies in the redshift bin cen-
tred around z = 0.11. Black points are the 5% reddest galaxies excluded
as outliers in the first step of the mass completeness limit computa-
tion. Red points represent the 0.15 width colour stripe used to define
the absolute magnitude limit starting from the rest-frame colour limit
(see text). Blue points are all other objects which are not considered for
the mass limit computation.
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Fig. 10. Stellar mass completeness limit as a function of redshift. The
black points represent the measured limit (see text). The black dotted
line is the linear interpolation to the points. Green dots represent the
entire galaxy sample.

Stellar mass completeness limits

The magnitude limit of r = 20 can be translated into a stellar
mass limit. This limit is strongly redshift dependent, so to com-
pute it we divide our entire redshift range into several intervals.
We consider fixed redshift bins of ∆z = 0.03 up to z = 0.09, and
bins with a fixed number of galaxies (2000) in the redshift range
0.09 < z ≤ 0.6. When computing stellar mass limits, we do not
separate galaxies according to their environment.

z NG&C Ngals in G&C Ngals in the field
0.0-0.1 11 294 (393) 2228 (3015)
0.1-0.2 24 991 (1147) 6125 (7868)
0.2-0.3 37 634 (743) 8134 (10708)
0.3-0.4 22 212 (320) 4206 (5791)
0.4-0.6 38 94 (191) 1418 (2301)

total 132 2225 (2794) 22111 (29683)
Table 3. Statistics of the sample at r ≤ 20. Numbers are given according
to the redshift bins given in Col. 1. Column 2 gives the total number
of G&C in each redshift bin, Col. 3 gives the number of galaxies in
the G&C, while Col. 4 gives the number of galaxies in the field. The
numbers in parentheses are weighted for spectroscopic completeness.

Considering only the galaxies entering the magnitude limited
(r=20.0) sample and focusing on one redshift interval at a time,
we compute the mass limits as follows:

– We build the (g − r)rest− f rame vs. r rest-frame colour-
magnitude diagram for galaxies entering the sample. Exclud-
ing the 5% reddest galaxies to eliminate outliers, we define
as rest-frame colour limit (g− r)rest− f rame,lim the colour of the
reddest galaxy in the sample;

– We identify the so-called red sequence, selecting galaxies
with (g − r)rest− f rame,lim − 0.15 < (g − r)rest− f rame < (g −
r)rest− f rame,lim. We then define the absolute magnitude limit
Mr,lim as the absolute r-band magnitude of the faintest galaxy
in the interval;

– We derive the mass limit following Zibetti et al. (2009),

Mlim,M� = −0.840 + 1.654(g − r)rest− f rame,lim + 0.4(Mr,� − Mr) (2)

where the absolute magnitude of the Sun is Mr,� = 4.64.

As an example of the procedure, Fig. 9 shows the colour-
magnitude diagram for galaxies at z = 0.11.

Finally, we use an interpolation method to obtain the mass
limit at each desired redshift (Fig. 10).

5. Final catalogue

The final catalogue used in our analysis and made publicly avail-
able to the community at CDS contains all the properties de-
scribed in this paper for the subsample of galaxies with 0 < z ≤
0.6, r ≤ 20 and a derived stellar mass estimate. The released
sample is composed of 24336 galaxies, both in the field and in
G&C, and the contribution of the different surveys is the follow-
ing: 95% of redshifts come from GAMA (23178 galaxies out of
24336), 3% are from SDSS_DR10 (763 galaxies out of 24336)
and the rest come from ESO Large Programme + WHT XXL
dedicated observational campaigns (0.5%, 115 galaxies out of
24336) and VIPERS (0.2%, 48 galaxies out of 24336). The cat-
alogue contains the astrometry from CFHTLS, the redshift, the
name of the parent catalogue/survey, the origin flag and quality
flag that were introduced in Sect. 2.3, all the membership related
quantities, absolute magnitudes, stellar masses and completeness
values. A detailed description of all the entries provided is pre-
sented in Appendix B.

Table 3 presents some useful numbers characterising the
sample. Overall, 22111 (29683 once weighted for incomplete-
ness) galaxies enter the field sample, 2225 (3446 once weighted
for incompleteness) galaxies enter the G&C sample, which in-
cludes 132 structures.
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z Mlim,M� NG&C Ngals in G&C Ngals in the field
all L500

XXL < 1043 erg/s L500
XXL > 1043 erg/s all L500

XXL < 1043 erg/s L500
XXL > 1043 erg/s

0.1-0.2 9.6 21 16 5 920 (1116) 420 (530) 500 (586) 4402 (6098)
0.2-0.3 10.4 34 17 17 502 (751) 182 (272) 320 (479) 4654 (6729)
0.3-0.4 10.8 24 11 13 187 (351) 85 (135) 102 (216) 2468 (4009)
0.4-0.6 11.0 38 - - 141 (531) - - 2595 (13188)

total 117 44 35 1746 (3132) 687 (937) 922 (1281) 14119 (30024)
Table 4. Final sample used in the analysis. Numbers are given according to the four redshift bins given in Col. 1. Column 2 gives the stellar mass
limit. Columns 3-5 indicate the total number of G&C, and the number of G&C in the two luminosity bins in which the GSMF has been studied,
which contain galaxies with stellar masses above the mass limit. The remaining columns indicate the number of galaxies above the stellar mass
limit in G&C, divided again into luminosity classes, and the number of galaxies in the corresponding field sample; the quantities in parentheses
refer to the number of galaxies weighted for spectroscopic completeness.
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Fig. 11. Comparison between the galaxy stellar mass function of XXL-
N field galaxies in the redshift range 0.2-0.4 and the stellar mass func-
tion derived in Moustakas et al. (2013) in the same redshift range. The
original normalisation of Moustakas et al. (2013) was maintained and
the values of the GSMF of XXL-N field derived in this work are scaled
to theirs in the common mass range (see text). The survey is more sen-
sitive to low-mass galaxies, but is smaller than XXL-N and does not
probe the high-mass end of the galaxy population.

6. Galaxy stellar mass function

In the previous sections we have built catalogues of galaxies in
G&C and in the field with r-band magnitude ≤ 20. In this sec-
tion we present a first scientific exploitation of the sample and
characterise the stellar mass distribution, investigating its depen-
dence on environment and redshift.

In both environments, we divide galaxies into four broad red-
shift bins: 0.1 ≤ ∆z ≤ 0.2, 0.2 < ∆z ≤ 0.3, 0.3 < ∆z ≤ 0.4,
0.4 < ∆z ≤ 0.6. We exclude the lowest bin (0 < z < 0.1)
because, as shown in Table 3, our catalogue includes only 11
groups at these redshifts and we do not have a representative
sample of the general population at this epoch. Using the linear
interpolation given in Fig.10, we assign to each redshift bin the
stellar mass completeness limit corresponding to the lower end
of each interval.

We then build histograms characterising the mass distribu-
tion of galaxies located in different environments. For this anal-
ysis, in G&C we use all galaxies within 3r200.7 Table 4 lists the

7 The results presented in what follows does not change considerably
if we use only galaxies within a distance r ≤ 1.5 r200.

z Environment α log(M?/M�)

0.1-0.2

Field -0.8 ± 0.4 10.6 ± 0.1
G&C -0.01 ± 0.50 10.4 ± 0.1

G&C High LXXL
500 0.4 ± 0.7 10.3 ± 0.1

G&C Low LXXL
500 0.1 ± 0.5 10.4 ± 0.1

0.2-0.3

Field -0.80 ± 0.05 10.87 ± 0.06
G&C -0.59 ± 0.08 10.98 ± 0.03

G&C High LXXL
500 -0.87 ± 0.08 10.94 ± 0.04

G&C Low LXXL
500 -0.72 ± 0.06 11.07 ± 0.06

0.3-0.4

Field -1.18 ± - 11.1 ± 0.1
G&C -1.18 ± - 11.125± 0.007

G&C High LXXL
500 -1.18 ± - 11.1 ± 0.1

G&C Low LXXL
500 -1.18 ± - 10.69 ± 0.09

0.4-0.6 Field -0.8 ± - 11.27 ± 0.05
G&C -0.8 ± - 11.07 ± 0.14

Table 5. Best-fit Schechter Function Parameters (M?, α) for the GSMF
in different environments and redshifts. For z ≥ 0.3 we fixed α in our
fits, therefore it does not have errors. At z > 0.4, due to low number
statistics, we cannot divide our sample into low and high LXXL

500 G&C.

different samples used. The width of each mass bin is 0.2 dex.
In each mass bin, we count the number of galaxies and then we
divide this number by the width of the bin, to have the number
of galaxies per unit of mass. When building histograms, each
galaxy is weighted by its spectroscopic incompleteness correc-
tion, as determined in Section 2.4. The choice of the mass com-
pleteness limit outlined above introduces an additional partial
incompleteness in each redshift bin which is redshift dependent.
To further correct for this incompleteness, we subdivide each
redshift bin into four sub-bins equally spaced in redshift and es-
timate the proper mass completeness limit for each of these sub-
bins. We then compute the mass distribution for each of these
subsamples separately and assume that the lowest redshift sub-
bin does not suffer from incompleteness, and that its mass dis-
tribution is thus the real one. The deviations from this shape
that were observed in the other three sub-bins must be due to
some incompleteness in the mass regime between the adopted
and the proper mass limit. We therefore apply a statistical cor-
rection forcing the shape of the mass function in each of these
sub-bins to be the same as that in the first sub-bin. Specifically,
in each sub-bin in redshift, we compute the best-fitting line to the
set of counts in the mass range between the adopted mass com-
pleteness limit and the proper one. For the first sub-bin, where
the proper and adopted mass limit coincide by definition, we per-
form the fit on the same mass range adopted for the fourth sub-
bin, which is the most incomplete. In each sub-bin we then take
the ratio of the fit in that sub-bin to the fit in the first sub-bin
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Fig. 12. Galaxy stellar mass function in different redshift ranges, as indicated in each panel, for galaxies in G&C (red points) and in the field (black
diamonds). Only points above the mass completeness limit are shown. Error bars on the x-axis show the width of the mass bins; those on the y-axis
are derived from Poisson’s statistics on the number counts together with the cosmic variance contribution. Schechter fit functions are also shown
as shaded areas and follow the same colour scheme as the points. In the insets, 1,2,3 σ contour plots on the Schechter fit parameters α and M∗ are
also shown. At z≥0.3, fixed values for the faint end slope α were set in order to perform Schechter fits.
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and we use that factor to correct the number counts in that sub-
bin. Finally, the final GSMF in each redshift bin is obtained by
summing up all the corrected counts within each mass bin. We
note that this further correction does not introduce any bias in the
results that follow. Indeed, performing our analysis considering
the original, more conservative, limits we obtain similar results,
but with much larger uncertainties.

Galaxy stellar mass functions are normalised using the total
integrated stellar mass in the mass range shared by the samples
we are comparing, so that the total galaxy stellar mass in each
histogram in that mass range is equal to 1. This normalization
allows us to focus our analysis on the shape of the GSMF and not
on the number density, which is obviously very different across
the different environments.

In the following plots, error bars on the x-axis represent
the width of the bins, error bars along the y-axis are computed
adding in quadrature the Poissonian errors (Gehrels 1986) and
the uncertainties due to cosmic variance, which we compute
considering only our field galaxies. Following the procedure ex-
plained in Marchesini et al. (2009), we divided our field into nine
subregions and we computed the number density of galaxies of
each region separately; the contribution to the error budget from
cosmic variance is then σcv = φi/

√
n, where i is any of the stellar

mass bins in which the number density is computed and n is the
number of sub-regions considered. The uncertainty due to cos-
mic variance computed using the field sample was also applied
to the GSMF in G&Cs. Only points above the mass complete-
ness limit are shown.

First, we test our determination of the GSMF by comparing it
with other results from the literature, as shown in Fig. 11. We use
as comparison the sample presented in Moustakas et al. (2013),
who exploited multiwavelength imaging and spectroscopic red-
shifts from the PRism MUlti-object Survey (PRIMUS) over five
fields totaling ∼ 5.5 deg2 to characterise the mass functions in
the redshift interval 0.2 < z < 1.0. To increase the statistics, we
combine their redshift bins 0.2 < z < 0.3 and 0.3 < z < 0.4
in the mass range in common between the two and contrast their
GSMF to that obtained from the XXL data over the same redshift
interval. For this analysis we use both field and G&C galaxies to-
gether, mimicking the analysis of Moustakas et al. (2013). In this
case, the original normalisation over the comoving volume given
by Moustakas et al. (2013) was maintained and the values of the
GSMF derived in this work were normalised to theirs in the mass
range shared by the two curves. Figure 11 shows that our GSMF
compares remarkably well with the independent determination
by Moustakas et al. (2013), indicating that systematics on the
stellar mass determination are under control. We can now pro-
ceed with the analysis.

We are now in the position of contrasting the G&C and field
GSMF, as shown in Fig. 12, for galaxies at different redshifts. At
each cosmic time, the mass distributions in the different environ-
ments present a similar shape within the error bars. This result is
in agreement with the previous literature data, both in the local
universe (e.g. Calvi et al. 2013) and at z ∼ 0.6 (e.g. Giodini et al.
2012; Vulcani et al. 2013).

We note that with increasing redshift and going to higher
stellar masses, the GSMF of the field sample changes from being
below the G&C GSMF to being above at the highest redshifts.
This trend could be due to the limited statistics of G&C at higher
redshifts and to the detection limit of X-ray observations where
we are able to detect only bigger G&C.

In order to validate our previous statements on the depen-
dence of the GSMF on environment at different redshifts we per-
formed analytical fits to the data points, using a Markov Chain
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Fig. 14. Evolution of the GSMF in the general field (pure field+G&C)
with redshift. The curves are normalised at the number counts of the
highest mass point of the GSMF at 0.1 ≤ z < 0.2 (blue curve).

Monte Carlo method. The number density Φ(M) of galaxies can
be described by a Schechter function, given by the equation

Φ(M) = ln 10Φ?10(M−M?)(1+α) exp(−10(M−M?)) (3)

where M = log(M/M�), α is the low-mass end slope, Φ? is the
normalisation, and M? = log(M?/M�) is the characteristic mass.
Schechter function fits are computed only above the complete-
ness limits and the best-fit parameters are reported in Table 5.
A direct hint of the similarity of the GSMF of the samples con-
sidered is given by the inset plots included in all panels, which
show the confidence contour at 1,2,3 σ of the parameters that
are significant for our analysis: α and M?. At 0.1 < z < 0.2,
Schechter fits agree within 1σ, probing on a statistical ground
that the shapes of the field and G&C GSMFs are very simi-
lar. Moving to higher redshifts, the significance of the results
is lower, but still outstanding differences do not emerge. Con-
tour levels on the Schechter parameters are superposed at the
2-3σ level. We note that at z>0.3, due to the limited mass range
probed by our sample, we are not able to probe the slope of the
GSMF and hence we can only inspect the exponential tail of the
mass distribution. We therefore need to fix the α parameter to
reduce the degeneracy and determine M∗. We choose the best
value that can reproduce our data point distribution, for field and
for G&C galaxies separately. We caution the reader that compar-
isons of the parameters while fixing one of the two have to be
taken carefully. Furthermore, at 0.4<z<0.6 we note that M? is
much less constrained in G&C than in the field since there are
no data points at log(M?/M�) > 12.2. At lower masses, the two
GSMFs clearly overlap.

Our G&C sample spans a wide range of LXXL
500 (Fig.2). It

is therefore possible to consider separately galaxies in low-
luminosity G&C (LXXL

500 < 1043 erg s−1) and high-luminosity
G&C (LXXL

500 > 1043 erg s−1) and investigate whether the galaxy
stellar mass distribution changes with X-ray luminosity. Figure
13 shows that galaxies in G&C characterised by different val-
ues of LX have very similar mass distribution, emphasising once
again how the global environment does not impact the GSMF in
the mass range we are probing. These findings are also supported
by the analysis of the Schechter fit parameters, shown in the in-
sets of Fig. 13 (see also Table 5). We note that in our sample the
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number of low-luminosity G&C at z > 0.4 is very small; there-
fore, a statistically meaningful comparison at these redshifts is
not possible.

Having assessed a similarity in the GSMF for galaxies in the
different environments, we can now investigate its evolution with
cosmic time. Figure 14 shows the variation of the GSMF with
time for the ensemble of the field and G&C samples. Curves are
normalised at the most massive data point at the lowest redshift
bin (0.1 ≤ z < 0.2, blue dots in the figure). In this way we as-
sume that the most massive galaxies are already in place at z ∼1
(see e.g. Fontana et al. 2004; Pozzetti et al. 2007). Although the
mass range sampled at different redshift varies, the GSMFs in
the figure show an increase in the relative number of lower mass
galaxies with decreasing redshift. These results are in agreement
with previous findings (e.g. Marchesini et al. 2009; Moustakas
et al. 2013; Muzzin et al. 2013; Ilbert et al. 2013; Vulcani et al.
2013) that showed that while the most massive galaxies are al-
ready in place at z > 0.6, the number of low-mass galaxies pro-
portionally increases going from higher to lower redshift. We
cannot perform Schechter fits on these GSMFs because of the
limited number of data points we should rely on. In fact, in order
to properly compare the fits, we should consider the stellar mass
limit of the highest redshift bin. This condition does not allow
both α and M∗ parameters to be left free to vary during the fit
as we sample only the high-mass end of the GSMF, and would
force the assumption of a literature value for the faint end slope
of the Schechter function α, therefore preventing a direct study
on the variation of the number of low-mass galaxies.

The distribution of stellar mass in galaxies in G&C below
z < 1 was investigated by Giodini et al. (2012), who exploited
160 X-ray detected galaxy G&C in the 2 deg2 COSMOS survey
at 0.2 < z < 1 and determined G&C memberships with photo-
metric redshifts. Our analysis is based on a much wider area, re-
ducing the cosmic variance, and on spectroscopic redshifts. Gio-
dini et al. (2012) also divided the sample into two subsamples of
high- and low-mass G&C, and in different redshift ranges, prob-
ing a wider stellar mass range with respect to our study. Their
distribution in X-ray luminosity and virial masses is narrower
with respect to our G&C in the same redshift range, so that we
could exploit the dependence of the GSMF on environment also
in more massive G&C. Furthermore, they investigated the shape
of the distribution for passive and star-forming galaxies, compar-
ing it to that of the field, and as a consequence a direct compar-
ison with our results cannot be made. Our studies are therefore
complementary.

7. Correlation between stellar mass and X-ray
luminosity

In the previous section we have shown how the environment has
little effect on the overall galaxy stellar mass distribution at least
above our mass limit. In addition to the shape of the GSMF, we
can also investigate whether the global properties of the G&C are
related to the typical stellar mass of the galaxies they host. Fig-
ure 15 shows the mean stellar mass of G&C members as a func-
tion of the G&C X-luminosity in the four redshift bins. At each
cosmic epoch, mean values are obtained only considering the
galaxies that enter the mass complete sample at that redshift. We
consider the stellar mass limit of each redshift bin to be the stel-
lar mass limit of the highest redshift subinterval within that bin.
We compute the mean value of the mean stellar mass in equally
populated bins of X-ray luminosity (three at z=0.1-0.2, two in
the other redshift intervals). No strong correlations emerge, as
also confirmed by the Spearman correlation test. The first value

of the Spearman correlation that is shown in the legend of Figure
15 refers to the slope of the correlation, and the second is the p-
value. The latter shows that the correlations are not very tight at
all redshifts except the highest one, which is also the only case
in which a positive correlation is found. However, we note that
the presence of some outliers (e.g. at z=0.3-0.4), as well as the
scarcity of data in some bins, may influence these results. Least-
squares fits of the data are also shown with dashed blue lines in
the plot and the least-squares lines are shown in the legend. The
slope of the lines in all panels points out that, overall, the trends
are almost flat, supporting again the scenario that, at any given
redshift, the global environment does not strongly affect galaxy
masses.

At similar redshifts, Vulcani et al. (2014b) have shown that
in clusters the mass of both the central galaxy and of the most
massive satellite correlates with the velocity dispersion of the
hosting halo (see also, e.g., Shankar et al. 2006; Wang et al.
2006; Moster et al. 2010; Leauthaud et al. 2010). They inter-
preted this evidence as a sign that the environment has a strong
effect on the mass of the central and most massive satellites. In-
deed, the mass growth of these galaxies is known to be due to
mergers and accretion from tidal stripping events, and to differ-
ent gas cooling and heating mechanisms. All these factors might
depend on the size of the G&C (see, e.g., Coziol et al. 2009;
Hopkins et al. 2010; Nipoti et al. 2012; Newman et al. 2012;
Vulcani et al. 2014a).

Taken together, these results might indicate that the environ-
ment can only affect the mass of peculiar galaxies, like the most
massive ones in the systems, but it is not able to impact the over-
all mass budget.

Since it is well known that galaxies in different environments
and with different stellar masses have different star formation
properties and are subject to different physical processes, we
should expect different mass growth rates and timescales in dif-
ferent environments. Our findings instead suggest that at the red-
shifts and mass range considered here, most of the galaxy mass
has already been assembled, and that environment-dependent
processes have had no significant influence on galaxy mass. This
means that at least at z ≤ 0.6, although strangulation and other
gravitational interactions affect other galaxy properties like mor-
phologies and star-forming properties, they have a mild effect
on galaxy mass, which has already been assembled, and hence
on the galaxy mass distribution. Studies of the properties of the
different galaxy populations in the different environments will
help in the understanding of the impact of the different processes
(Guglielmo et al. in prep.).

8. Summary

In this paper we have assembled a catalogue of galaxies in X-
ray selected G&C from the XXL Survey in the redshift range
0 < z < 1.5. The XXL Survey is an extension of the XMM-
LSS 11 deg2 survey (Pierre et al. 2004), and contains 542 XMM
pointings covering a total area of ∼ 50 deg2 reaching a sensitivity
of ∼ 5 × 10−15erg s−1 cm−2 in the [0.5-2] keV band for point
sources.

We have mainly focused on the XXL-N region, which covers
∼25 deg2.

The main advantages of our catalogue are the much wider
area on the sky compared to other existing catalogues at simi-
lar redshift, the X-ray detection, and the spectroscopic confirma-
tion of both the G&C and of its members, all of which assure
robustness. Our G&C span a wide range of X-ray luminosities
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Fig. 15. Correlation between the mean mass of member galaxies of G&C and the X-ray luminosity of the host G&C (blue dots) in the four redshift
bins where the stellar mass function was computed. The mean value of the y-axis quantity was computed in equally populated bins of X-ray
luminosity (three at z = 0.1 − 0.2, two in the other redshift intervals) and is shown with red diamonds. Least-squares fits are shown with dashed
lines in the figure and the least-squares fit parameters are shown in the legend.

(2.27 × 1041 ≤ LXXL
500 (erg sec−1) ≤ 3.18 × 1044) and therefore

virial masses (7.6 × 1012 ≤ M500(M�) ≤ 6.63 × 1014).
Here we have described how both the photometric and spec-

troscopic samples were assembled and combined. We have de-
scribed the overall properties of the G&C and the procedure
adopted to determine G&C memberships. We have then com-
puted spectroscopic completeness, stellar masses and stellar
mass limits. The catalogue containing the galaxies with 0 < z ≤
0.6 in the magnitude complete sample is made publicly available
to the community at CDS and is fully described in Appendix B.

As a first scientific exploitation of the sample, we have built
GSMF for galaxies in G&C and in the field at different redshifts.
As previously found by e.g. Vulcani et al. (2013), we do not
find any significant difference between the shape of the GSMF
in the different environments and for galaxies located in G&C
with different X-ray luminosities.

These findings suggest that at the redshifts considered here
environment-dependent processes have had no significant influ-
ence on galaxy mass, at least in the mass range we are sampling.

In a future study, we will use the spectrophotometric cata-
logue presented here to investigate the spectral features of galax-
ies as a function of redshift and environment, to derive the star
formation rate and reconstruct the star formation history within

X-ray G&C, and to compare them with those in the correspond-
ing field sample.
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Fig. A.1. Completeness curves as a function of r-band magnitude in the
four representative regions discussed in the main text, as indicated in
each panel.

Appendix A: Spectroscopic completeness curves

Here we describe in detail the procedure we adopt in Sect. 2.4
to compute the spectroscopic completeness of our sample. As
described in the main text, some regions in our survey are not
adequately sampled by the available spectroscopy (e.g. the XS
regions show lower completeness at any magnitude); therefore,
we computed the spectroscopic completeness curves as a func-
tion of r-magnitude in each of the 22 cells shown in Fig. 6. Figure
A.1 shows the curves in four representative regions that gather
together contiguous cells showing no differences in their com-
pleteness curves. The first region includes the cells in the C-A
stripe. The second includes the cells in the C-B stripe, except for
the C-B7 cell, where the presence of VVDS and VUDS surveys
requires a dedicated analysis. This cell alone constitutes the third
region. Finally, the cells in the C-C stripe make up the fourth re-
gion. The curves in the four regions highlight how the coverage
of the survey is different in different parts of the sky and how our
choice of computing the completeness in each cell separately is
indeed appropriate.

Our adopted magnitude limit (r = 20 in the CFHTLS pho-
tometry) corresponds to GAMA r = 19.8, and GAMA data drive
the curves at the magnitudes of interest.

Next, we tested the dependence of the spectroscopic com-
pleteness on galaxy colour, drawing completeness ratios as a
function of magnitude for blue and red galaxies separately, fol-
lowing the procedure we adopted for the entire sample. We di-
vided the sample into blue and red galaxies, according to the ob-
served (g-r) median colour and computed the spectroscopic com-
pleteness for the two populations separately. We performed a
statistical Kolmogorov-Smirnov test (KS) on the resulting com-
pleteness curves at r≤20 and found that the two galaxy samples
show no significant differences, i.e. the probability that they are
drawn from the same parent sample is high, suggesting that our
spectroscopic completeness estimates are not biased against any
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Fig. A.2. Completeness curves as a function of r-band magnitude and
colour in the four representative regions discussed in the main text, as
indicated in each panel. Galaxies are divided into blue and red accord-
ing to their median observed (g-r) colour. In all the cases, the KS test
on the histograms at r≤20 finds no significant differences between the
considered samples, as shown by the p-values indicated in each panel.
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Fig. A.3. Completeness curves as a function of r-band magnitude and
environment in the four representative regions discussed in the main
text, as indicated in each panel. Galaxies in the projected area of G&C
are shown in red, field galaxies are shown in black (see Sect. 3 for the
definitions of the environments). In all the cases, the KS test on the his-
tograms at r≤20 finds no significant differences between the considered
samples, as shown by the p-values indicated in each panel.

Article number, page 18 of 20



V. Guglielmo et al.: XXL spectrophotometric sample and mass functions

colour. Figure A.2 shows the completeness curves of blue and
red galaxies in the sample in the four representative regions. The
p-values resulting from the KS test on the two samples are shown
within each panel.

Finally, we also tested the dependence of the spectroscopic
completeness on galaxy environment, to verify whether denser
regions in the XXL area have the same sampling as in the
field. We therefore considered separately galaxies in the ‘pure’
field and galaxies that fall into the projected area of G&C and
computed again the spectroscopic weights, following the same
method explained in the main text. A general very good agree-
ment was found between the curves in all regions considered,
suggesting that the spectroscopic data almost equally sample re-
gions of different densities in the XXL area, as also supported by
the KS test. However, there are two cases in which the KS test
points out a significant difference between the G&C area and
field sample: C-B: 36.0 < RA (deg) ≤ 37.0 (C-B7) and C-A:
38.0 < RA (deg) ≤ 39.0 (C-A9). This discrepancy can be ex-
plained taking into account that the considered areas in the sky
are significantly dominated by field and G&C galaxies, respec-
tively, and therefore the completeness curves of the less pop-
ulated sample do not have a statistically significant number of
objects, either in the photometric or in the spectroscopic sample.
Figure A.3 shows the completeness curves of field galaxies and
of galaxies in the projected area of G&C in the four representa-
tive regions. The p-values resulting from the KS test on the two
samples are shown within each panel. As expected, the C-B7
region shows a lower p-value with respect to the other curves;
however, it is higher than the commonly adopted p-value used as
the threshold that considers the two samples statistically equiva-
lent.

Appendix B: Spectrophotometric catalogue

Here we describe the galaxy catalogue we release, which con-
tains galaxies in the field and in G&C at z ≤ 0.6 with observed
magnitude r ≤ 20. The main properties of a subsample of galax-
ies are given in Table B.1, while the total sample can be found at
CDS. The columns indicate the following parameters:

1. ID: identification sequential number for galaxies.
2. RA: right ascension (deg).
3. DEC: declination (deg).
4. z: redshift from the XXL spectroscopic database.
5. SpecOrigin: parent survey/catalogue of the spectra
6. Origin_Flag: flag dividing the surveys given in the SpecOri-

gin column into three classes of priority, as explained in Sect.
2.3.

7. Quality_Flag: flag uniformly dividing zflag values into five
classes according to the precision and reliability of the red-
shift estimate (Section 2.3).

8. DeltaR_r200_1: distance in units of r200 from the first G&C
the galaxy is considered a member of (for field galaxies the
value is set to zero).

9. DeltaR_r200_2: distance in units of r200 from the second
G&C the galaxy is considered a member of (for field galaxies
or only single membership the value is set to zero).

10. DeltaR_r200_3: distance in units of r200 from the third G&C
the galaxy is considered a member of (for field galaxies or
only single/double membership the value is set to zero).

11. DeltaR_r200_4: distance in units of r200 from the fourth
G&C the galaxy is considered a member of (for field galaxies
or only single/double membership the value is set to zero).

12. DeltaR_r200_5: distance in units of r200 from the fifth G&C
the galaxy is considered a member of (for field galaxies or
only single/double membership the value is set to zero).

13. Delta_v_1: difference in recession velocity from the first
G&C the galaxy is considered a member of (for field galaxies
the value is set to zero).

14. Delta_v_2: difference in recession velocity from the second
G&C the galaxy is considered a member of (for field galaxies
or only single membership the value is set to zero).

15. Delta_v_3: difference in recession velocity from the third
G&C the galaxy is considered a member of (for field galaxies
or only single/double membership the value is set to zero).

16. Delta_v_4: difference in recession velocity from the fourth
G&C the galaxy is considered a member of (for field galaxies
or only single/double membership the value is set to zero).

17. Delta_v_5: difference in recession velocity from the fifth
G&C the galaxy is considered a member of (for field galaxies
or only single/double membership the value is set to zero).

18. XLSSC_3r200: XLSSC ID of the structure the galaxy be-
longs to. In the case of multiple memberships, the multi-
ple identification numbers are separated using the underscore
symbol (_).

19. XLSSC_3r200_uniq: XLSSC ID of the closest G&C the
galaxy belongs to (i.e. the G&C that minimises the projected
distance between the G&C centre and the galaxy).

20. DeltaR_r200_uniq: projected distance in unity of r200 of the
closest G&C given in the previous column.

21. u_ABS: rest-frame u-band absolute magnitude computed us-
ing LePhare, using spectroscopic redshift and observed mag-
nitudes.

22. g_ABS: rest-frame g-band absolute magnitude computed us-
ing LePhare, using spectroscopic redshift and observed mag-
nitudes.

23. r_ABS: rest-frame r-band absolute magnitude computed us-
ing LePhare, using spectroscopic redshift and observed mag-
nitudes.

24. i_ABS: rest-frame i-band absolute magnitude computed us-
ing LePhare, using spectroscopic redshift and observed mag-
nitudes.

25. y_ABS: rest-frame y-band absolute magnitude computed us-
ing LePhare, using spectroscopic redshift and observed mag-
nitudes.

26. z_ABS: rest-frame z-band absolute magnitude computed us-
ing LePhare, using spectroscopic redshift and observed mag-
nitudes.

27. MASS_INF: 16% lower value on the maximum likelihood
(ML) analysis of LePhare

28. MASS_MED: median value of the stellar mass from the ML
analysis of LePhare.

29. MASS_SUP: 16% higher value on the ML analysis of LeP-
hare.

30. Compl_SM: completeness computed using the subsample of
the spectrophotometric catalogue including only the galaxies
with a reliable stellar mass estimate by LePhare.

In all the columns, we note that the value -99.99 is arbitrarily
assigned when the true value is not available.
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ID RA DEC z SpecOrigin Origin_Flag Quality_Flag
1378 31.63026 -7.56776 0.4411 ESO_LP 1 400
940 34.36603 -7.70509 0.0158 AAT_AAOmega_GAMA 1 400
93017 36.10000 -4.18690 0.1065 VIPERS_2DR 1 400
1052 34.92736 -7.66780 0.1082 SDSS_DR10 1 400
59658 35.50422 -4.80558 0.2050 AAT_AAOmega_GAMA 1 400
100987 30.54604 -4.99444 0.2340 AAT_AAOmega_GAMA 1 400
99479 37.66412 -4.96348 0.2867 AAT_AAOmega_GAMA 1 400
99777 37.65939 -4.95309 0.2898 AAT_AAOmega_GAMA 1 400
99540 32.72662 -6.22625 0.4218 AAT_AAOmega_GAMA 1 400
98614 32.80906 -6.15934 0.4235 WHT 1 2

ID DeltaR_R200_1 DeltaR_R200_2 DeltaR_R200_3 DeltaR_R200_4 DeltaR_R200_5
1378 0.0 0.0 0.0 0.0 0.0
940 0.0 0.0 0.0 0.0 0.0
93017 0.0 0.0 0.0 0.0 0.0
1052 0.0 0.0 0.0 0.0 0.0
59658 0.0 0.0 0.0 0.0 0.0
100987 1.67932 0.0 0.0 0.0 0.0
99479 0.67039 0.47195 0.0 0.0 0.0
99777 2.04885 0.74780 0.64046 0.0 0.0
99540 1.17331 0.50395 2.61695 2.40155 0.0
98614 2.04803 1.53839 1.35872 1.27156 0.06218

ID Delta_v_1 Delta_v_2 Delta_v_3 Delta_v_4 Delta_v_5 XLSSC_3r200
1378 0.0 0.0 0.0 0.0 0.0 0
940 0.0 0.0 0.0 0.0 0.0 0
93017 0.0 0.0 0.0 0.0 0.0 0
1052 0.0 0.0 0.0 0.0 0.0 0
59658 0.0 0.0 0.0 0.0 0.0 0
100987 116.6602 0.0 0.0 0.0 0.0 114
99479 1181.2538 1181.2538 0.0 0.0 0.0 149_150
99777 926.8587 464.1469 464.1469 0.0 0.0 148_149_150
99540 1050.5763 1698.2439 1259.8086 505.1972 0.0 082_083_085_086
98614 693.3804 1341.8223 1279.1928 902.8628 147.3492 082_083_084_085_086

ID XLSSC_3r200_uniq DeltaR_r200_uniq u_ABS g_ABS r_ABS i_ABS y_ABS z_ABS
1378 0 0.0 -20.338 -20.786 -21.096 -21.318 -21.298 -21.499
940 0 0.0 -15.621 -16.186 -16.501 -16.697 -16.681 -16.745
93017 0 0.0 -15.513 -15.680 -16.458 -16.596 -16.572 -16.811
1052 0 0.0 -18.768 -20.115 -20.833 -21.245 -21.208 -21.552
59658 0 0.0 -19.542 -20.130 -20.461 -20.632 -20.614 -20.802
100987 114 1.67932 -19.357 -20.204 -20.811 -21.150 -21.118 -21.415
99479 150 0.47195 -20.448 -21.184 -21.647 -22.024 -21.996 -22.264
99777 150 0.64046 -20.217 -21.439 -22.112 -22.513 -22.481 -22.790
99540 083 0.50395 -20.558 -21.734 -22.344 -22.658 -22.631 -22.893
98614 086 0.06218 -20.873 -22.149 -22.812 -23.126 -23.098 -23.360

ID MASS_INF MASS_MED MASS_SUP Compl_SM
1378 9.708 9.747 9.789 0.0346
940 8.502 8.536 8.578 0.0
93017 8.520 8.633 8.708 0.2331
1052 10.516 10.550 10.584 0.0
59658 9.569 9.608 9.642 0.7011
100987 10.119 10.174 10.254 0.6941
99479 10.167 10.202 10.236 0.8812
99777 11.016 11.050 11.084 0.8812
99540 11.016 11.050 11.084 0.0819
98614 11.166 11.200 11.234 0.2412

Table B.1. Subsample of ten galaxies in the catalogue with their properties. The full table can be found at CDS. The explanation of the different
columns is given in Appendix B. The column ‘ID’ is repeated at the beginning of each part of the table for the sake of clarity.
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