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ABSTRACT

Context. This article belongs to the first series of XXL publicatiottgpresents multifibre spectroscopic observations of tix&&
degd fields in the XXL Survey, which were selected on the basis efrthigh density of X-ray-detected clusters. The obseoveti
were obtained with the AutoFiB2VYFFOS (AF2) wide-field fibre spectrograph mounted on thed\Xilliam Herschel Telescope.
Aims. The paper first describes the scientific rationale, the patioa, the data reduction, and the results of the obsenstiand
then presents a study of active galactic nuclei (AGN) withiree superclusters.

Methods. To determine the redshift of galaxy clusters and AGN, wegashigh priority to a) the brightest cluster galaxies (BCGs)
b) the most probable cluster galaxy candidates, and c) tieabpounterparts of X-ray point-like sources. We use thteome of the
observations to study the projected (2D) and the spatial @8Brdensity of AGN in three superclusters.

Results. We obtained redshifts for 455 galaxies in total, 56 of whioh @ounterparts of X-ray point-like sources. We were able to
determine the redshift of the merging supercluster XLSS®@héch consists of six individual clusters at 0.43, and we confirmed
the redshift of supercluster XLSSC-dat 0.3. More importantly, we discovered a new supercluster, XC$3hat comprises three
galaxy clusters also at~ 0.3. We find a significant 2D overdensity of X-ray point-like soes only around the supercluster XLSSC-
f. This result is also supported by the spatial (3D) analg§iXLSSC-f, where we find four AGN with compatible spectrogito
redshifts and possibly one more with compatible photomeetshift. In addition, we find two AGN (3D analysis) at theshift of
XLSSC-e, but no AGN in XLSSC-d. Comparing these findings wlithoptical galaxy overdensity we conclude that the totailner

of AGN in the area of the three superclusters significantiyeexs the field expectations. All of the AGN found have lursities
below 7x 10*%erg s.

Conclusions. The diference in the AGN frequency between the three superclustersot be explained by the present study because
of small number statistics. Further analysis of a larger Imemof superclusters within the 50 degf the XXL is needed before any
conclusions on thefkect of the supercluster environment on AGN can be reached.

arxiv:1512.04342v2 [astro-ph.GA] 7 Jan 2016

Key words. galaxies: active — galaxies: Clusters: general — X-raylexigs: clusters — galaxies: interactions — galaxies:dia —
cosmology: large scale structure of Universe

1. Introduction
* Based on observations obtained with XMM-Newton, an ESA sci- . . )
ence mission with instruments and contributions directigded by AS structures grow hierarchically, galaxies are accreteprb-
ESA Member States and NASA. Based on observations obtaiitad wgressively more massive dark matter halos, and the majofrity
the William Herschel telescope during semester 13B. galaxies end up in clusters (Eke et al. 2004; Calvi et al. 2011
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Clusters are therefore the predominant environment ofkgeda 2011). Thus, the cluster environment, where the concémitrat
and can play a very important role in establishing galaxyproof galaxies is very high relative to the field, would also seem
erties. favourable to AGN. However, the rather extreme conditions
Although there is no explicit classification, galaxy concerwithin the gravitational potential of a galaxy cluster caori
trations with more than 50 members and more massive tharthe opposite direction as well. The ram pressure fromithe i
10*Mg are defined as galaxy clusters. Less massive aggregacluster medium (ICM) is probably able to strip or evapera
tions with less than 50 galaxies are called galaxy groups. Wee cold gas reservoir of galaxies (Gunn & Gott 1972; Cowie &
note that according to the above classification most of the €xongaila 1977; Giovanelli & Haynes 1985; Chung et al. 2009;
tended X-ray sources in the current study are clusters. Jdfé et al. 2015) and can stronglffect the fueling of the AGN.
Clusters and groups are usually identified by optical and i@ther studies, however, have argued that ram pressurpisgip
frared surveys as concentrations of red-sequence gal@xigs cannot be asfiective in transforming blue-sequence galaxies to
Gladders & Yee 2000; Koester et al. 2007a; Hao et al. 201@d (e.g. Larson et al. 1980; Balogh et al. 2000, 2002; Betidi. e
Rykoff et al. 2014; Bleem et al. 2015) or galaxy overdens2002; van den Bosch et al. 2008; Wetzel et al. 2012), especial
ties in photometric redshift space (e.g. Wen, Han & Liu 2009) galaxy groups where other processes are taking placelas we
2012; Szabo et al. 2011) and they are confirmed by follow-dip addition, possible prevention of accretion of gas fromtlo
spectroscopy. They can also be identified by X-ray obsemati into cluster or group galaxies (“strangulation”; e.g. larst al.
as extended sources, unambiguously testifying the preseinc 1980; Bekki et al. 2002; Tanaka et al. 2004) may, in fact, sup-
hot gas trapped in the potential well of a virialised systeng.( press AGN activity.
Pierre et al. 2004; Pacaud et al. 2007; Pierre et al. sulinitte \ypen using only optically selected AGN, the results on
hereafter XXL paper ). X-ray selected cluster samplesarerr e AGN frequency within galaxy clusters remain inconalasi
and smaller than optically selected ones, and deep X-ragrobsz 51y studies reported that AGN are less frequent in galiustc
vations are required to probe a significant range of halo @sassiers ‘than in the field (Osterbrock 1960; Gisler 1978; Dressle
The properties of galaxy populations in groups and clustefpompson & Schectman 1985) and more recent studies sup-
vary enormously. At Iovy redshift, it is well knowr) that.somebort this suggestion (Kafmann et al. 2004; Popesso & Biviano
galaxy groups are dominated by early-type, passively @glv 2006: von der Linden et al. 2010; Pimbblet et al. 2013). Other
galaxies, similarly to clusters, while others have a galasgu-  sydies, however, have found ndfdrences between cluster and
lation resembling that of the field, mostly composed of Ifge,  fig|g galaxies (e.g. Miller et al. 2003).

star-forming galaxies (Zabludb& Mulchaey 1998). Recent i ,
studies of optically selected clusters at intermediateshidts In contrast to optically selected AGN, radio-loud AGN seem

have found a similar variety. Surveys like EDisCS (Poggiarf® P& more clustered than any other type of galaxy (Hart,Kgtoc
et al. 2006, 2009), zCOSMOS (lovino et al. 2010), and CNoc®Hallman 2(_)09) and are often associated with BCGs (brightes
(Wilman et al. 2005, 2008) find that cluster galaxiefedisig- cluster galaxies) (e.g. Best 2004; Best et al. 2007). Neetgss,
nificantly from galaxies that reside in lower mass halos @ trP€St €tal. (2005) showed that radio-loud AGN with the stesig
field, but with a wide range of properties at a given cluster v@Ptical emission lines avoid the densest regions, a fatfitia
locity dispersion. Whether this variety originates frone - plies a certain connection between the environment andahe a
ference between virialised clusters and clusters in fapnagr ~Cretion rate onto the SMBH.
from unbound galaxy associations is still an open questen, Undoubtedly, the best way to detect active galaxies is
pecially given the broad spread in galaxy properties olesknv through X-ray observations (e.g. Brandt & Alexander 2010).
the currently small X-ray selected samples (Jeltema e08I72 During the previous decade, spectroscopic studies of X-ray
Urquhart et al. 2010). point-like sources in rich galaxy clusters have concludeat t
The dfect of the group and cluster environment on the actiVew-X-ray-luminosity AGN « 3 x 10*erg s?') are equally
ity of the central supermassive black hole (SMBH) of galaxigresent in cluster and field environments (e.g. Martini et al
and vice versa is still fairly undetermined, but nevertheleru- 2007; Haggard et al. 2010), although most of them presented
cial. Galaxy clusters represent one end of the density spact no optical AGN spectrum (e.g. Martini et al. 2002, 2006; Bavi
in our universe, and as such they are an ideal place to inves-al. 2003). Nevertheless, luminous AGN were rarely found
tigate the &ect of the dense environment in the triggering ah clusters (Kadfmann et al. 2004; Popesso & Biviano 2006).
active galactic nuclei (AGN), especially since an excessivm- More recent studies also reported a significant lack of AGN
ber of X-ray point-like sources are undoubtedly found terg. in rich galaxy clusters by comparing X-ray to optical data.
Cappietal. 2001; Molnar et al. 2002; Johnson et al. 2003}iB’E Koulouridis & Plionis (2010) demonstrated the suppressibn
et al. 2004; Cappelluti 2005; Gilmour et al. 2009). Spediffra X-ray-selected AGN in 16 rich Abell clusters (Abell 1958) by
for the XMM-LSS field, 60% of X-ray-selected AGN reside incomparing the X-ray point source overdensity to the optical
the overdense regions of group-like environment (Melnyélet galaxy overdensity. Ehlert et al. (2013; 2014) found thatXh
2013). We note that AGN can be used as cosmological probrag AGN fraction in the central regions of 42 of the most maessi
to trace the large-scale structure at high redshifts (éradio et  clusters known is about three times lower than the field vafue
al. 2014), and thus the study of the AGN frequency-to-dgnsihg the same technique, while in their most recent studye(Ehl
relation is essential. et al. 2015) they argue that galaxy mergers may be an imgortan
Theoretically, the feeding of the black hole can only beontributor to the cluster AGN population. More importgntl
achieved by means of a non-axisymmetric perturbation tiat from the complete spectroscopy of their X-ray point-likeisze
duces mass inflow. This kind of perturbation can occur in irsample, Haines et al. (2012) concluded that X-ray AGN found
teractions and merging between two galaxies, which resultsin massive clusters are an in-falling population and conthren
the feeding of the black hole and the activation of the AGNuppression in the inner regions of rich clusters. On theroth
phase (e.g. Umemura 1998; Kawakatu et al. 2006; Koulouridiand, Martini et al. (2013) argue that this trend is not comédid
et al. 2006a, 2006b, 2013; Koulouridis 2014; Ellison et 8L, for a sample of high-redshift clusters@k z < 1.5). Finally, an
Silverman et al. 2011; Villforth et al. 2012; Hopkins & Quath indirect way to address the issue is by clustering analyses,
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these results also remain inconclusive (see relevantsigmuin  101° erg sec! cm2 in the [0.5-2] keV soft X-ray barfb(com-
Haines et al. 20185.2). pleteness limit for the point-like sources). The XXL observ

The majority of the above studies deal with AGN withirfions have been completed and processed. To date some 450 new
massive clusters, while the presence of AGN in less massiveg@laxy clusters have been detected out to redskif2 as well as
even more massive formations has been very poorly studiedmore than 10000 AGN out o~ 4. The main goal of the project
a scenario in which AGN are suppressed by the strong gravitaito constrain the Dark Energy equation of state using etsst
tional potential of massive clusters (through gas strigpatran-  of galaxies. This survey will also have lasting legacy véie
gulation, tidal stripping, evaporation, high velocitysgersion, cluster scaling laws and studies of galaxy clusters, AGN, an
etc.), one would expect the AGN presence to rise in shallow$tray background. The northern field (XXL-N), which we use
gravitational potentials (see Arnold et al. 2009; Gavazzle in the current study, is also covered in other wavelengtits, e
2011; Bitsakis et al. 2015) and be completely nullified withithe Canada-France-Hawaii Telescope Legacy Survey (CFHTLS
the deepest ones. In Koulouridis et al. (2014), we investijthe optical), Spitzer Space Telescope (SST-infrared), the RIKI
AGN presence in two samples of poor and moderate clusters aniared Deep Sky Survey (UKIDSS) and the Galaxy Evolution
found evidence of this anti-correlation. Interestingtynierging Explorer (GALEX-Ultraviolet).
or actively growing clusters the high incidence of galaxygees
can potentially enhance the number of AGN, while at the sal
time, shock waves may also enhance the ram pressure sgip

intensity (Vijayaraghavan & Ricker 2013;faet al. in prep.).  the three fields observed in this work (see Table 1) were chose
In the current study we investigate the most extreme massyg the basis of the high number of X-ray clusters, contaiing
formations in the Universe, superclusters. They typicadigsist total of 25 X-ray group&lusters in the redshift range that we are
of three to ten clusters spanning as many as H58Ipc and targeting, i.e. @ < z < 0.5. In order of priority, we targeted a)
are without sharply defined boundaries (e.g. Chon et al. 2034 the BCGs, b) cluster galaxy candidates selected on this ba
Pearson 2015). The superclusters can vary widely in size, c@f projected distance to the cluster X-ray positien500h~tkpc
taining from a few small groups of the order of'#6- 10Mo  and 19< rspss < 21), c) optical counterparts of X-ray point-
(e.g. Einasto et al. 2011; Chon et al. 2014) up to many massj& sources (mostly AGN), and finally d) any other galaxytia t
clusters. We note, however, that the mass density, aver@yedargeted redshift range according to their photometrishét

the supercluster scale, is smaller than in clusters. Theyar g hercusters are defined as concentrations of clusters tha
ready decoupled from the Hubble flow, but not yet virialised; oo 5 second-order clustering hierarchy of galaxies,taeg
the time it takes a randomly moving galaxy to traverse theg Io%re the largest structures observed. In the current studgteme

axis of a supercluster is typically comparable to the agef Ly, o\ herciusters as concentrations of at least thregerisist a
universe. They also appear to be interconnected, but thedsou

ies b h v defined. At th I glose redshift separation within 2&dius, given the limited field
aries between them are poorly defined. At these large s Sof view (FoV) of the WHT. Our three observed fields include a
dynamical evolution proceeds at a slow rate and superctus

S " ; ; | of th I Table 2).
reflect the initial conditions of their formation. Thereéothey fotal of three superclusters (see Table 2)

are important sites where we can directly witness the eiaolut Pa_caud et al. (submitted, hereafter XXL paper 1) bqse their
of structure formation and mass assembly. selection on a dierent methodology because of thdfelient

_sample (the 100 brightest clusters, hereafter XXL-10@@@d

With its depth, uniform coverage, and well-defined selectlo[h - -
. ; e diferent area (the full XXL Survey). According to XXL
function, the XXL Survey (The Ultimate XMM-Newton Survey, aper Il a supercluster must include a close pair of clusters

XXL paper 1) is making a unique contribution to the study OFD <shlm : . 1
; PR . ’ pc) and at least a third cluster within 20~ Mpc
distant clusters. In addition, its two 5x5 defields are essential of the pair. The above selection requires all three clusoérs

to the study of AGN in the cluster environment. Clusters can tt)he starting triplet to be members of the XXL-100-GC. Then
very extended, of the order of a few Mpc, and AGN may prefeg]l clusters within 35h~1 Mpc, independent of brightness, are

entially reside even further out in their outskirts (e.gs$taender 4o o supercluster members. They finally report fipersu

et al. 2012; Haines et al. 2012; Koulouridis et al. 2014). &or PR
than half of the detected extended sources are 1-3 keV c:tustceluswrs’ XLSSC-a t.o c . . .
Two of them are in common with the current paper, i.e. Field-

in the 02 < z < 0.5 range (Fig. 1), they cover an estimated mass. ;
range 1@2<8_ ;014-5M@ gan(d zgre t)he SL}/bjeCt of our spectroscopi?: includes XLSSC-e and Field-2 a part of XLSSC-d. The latter

follow-up campaian. comprises_seven X-ray detected c_Iusters.in XXL paper IItIm_Jt
In thg first E)argt] of the current papeyd ands3), we present WHT FoV includes only a close bright pair and one more fainter

the preparation, the data reduction, and the results of ihiaiVv
Herschel Telescope (WHT) observations. In the second &yt ( ' The XXM-Newton observation IDs used in the current study:
we investigate the AGN frequency within the three superclukield-1:

ters. The results for cluster galaxies and the related spmexipic 0677670135, 0677670136, 0677680101, 0677680131, 0610681

; ; ield-2:
catalogues will be presented in a subsequent paper. Thootigh; '
this paper we usély — 70 km s Mpc-t, O = 0.28, and r5651170501, 0651170601, 0655343860, 0677650132, 0673850

0677650134, 0677660101, 0677660201, 0677660231, 0623860

e ) )
%12 Spectroscopic target and supercluster selection

Q =0.72. 0677660233, 0677670133, 0677670134, 0677670135, 0740230
Field-3:
0109520201, 0109520301, 0111110101, 0111110201, 0170110

2. Data description 0112680101, 0112680401, 0112681001, 0112681301, 0613580
0677580132, 0677590131, 0677590132, 0677590133

2.1. The XXL Survey 2 XXL-100-GC data are available in computer read-

) ) able form via the XXL Master Catalogue browser
The XXL Survey is the largest XMM project approved to dat@ttp//cosmosdb.iasf-milano.inaf¥XL] and via the XMM XXL
(>6 Msec), surveying twe- 5x5 ded fields at a depth of 5x  DataBase httgxmm-Iss.in2p3.fr


http://cosmosdb.iasf-milano.inaf.it/XXL

E. Koulouridis et al.: The XXL survey - XII

clustefl. In Field-3 we discover a supercluster that satisfies tAable 1. WHT observations

first criterion of XXL paper Il of having a close pair of cluste

that belong to the XXL-100-GC sample, but the third member is

fainter. We name this supercluster XLSSC-f. Date Time U.T. Name Config. Exp. Seeing
In addition to the discovery of the XLSSC-f supercluster, wgy) ) 3) @) (5) (6)

also publish a new XXL cluster, namely XLSSC 117. We list, 15 =59 55:00-00:50 Field-1 1st Bright 150571 2.4”

some basic properties of the new cluster in Table 2. _ _
2013 0ct29 01:42-04:45 Field-1 2nd Bright 15051-2.4"

2013 Oct 30 22:00-00:15 Field-3 1stBright 120< 15"
3. Multifibre optical spectroscopy 2013 Oct 30 00:50 - 04:30 Field-1 Faint 200 < 1.5”
2013 Nov 07 22:00-02:10 Field-3 Faint 240 < 1.5
] . 2013 Nov 08 21:00 - 00:20 Field-3 2nd Bright 180 > 1.5”
For the preparation of the observations we executed the soffy, o 08 01:20-02:20 Field-2 1st Bright 60 > 1.5”
wareaf2-configure, available in the Isaac Newton Group of , X ,
Telescopes (ING) websfelt is designed to create the mapping2013 Nov 09 23:00-02:30 Field-2 2nd Bright 180 > 2.0
between the objects and the fibres during a particular spect2013 Nov 10 22:00 - 23:30 Field-2 1stBright 120> 15
graph exposure. It uses an input file with the coordinate8)( 2013 Nov 08 00:00 - 03:30 Field-2 Faint 18050- 0.9”
of the objects, creates a fibre-to-object mapping using dne o , ] .
two currently available placement algorithms, and theoved! Notes.(1) Date of observation(2) starting and ending U.T(3) name
the user to edit the fibre locations interactively. In theuinfile  ©f the observed WHT field(4) target selection: “Bright” for targets
the user should also assign priority to all objects. Higompri iﬁnfnr:’s <6ZSOéSei?]ndduiﬁ:ntthfg;f)girflawo: 21,(5) exposure time in
ity should be assigned to fiducial stars, since it is esdefutia ©) g g ’
allocate approximately eight fiducial fibres, scattered bgea
neously in the field, to accurately align the science fibré® Tyye were able to observe nine fibre configurations. In total the
placement algorithms search for the best combination of pogn yielded~900 spectra.
tion angle of the spectrograph on the sky and targets in thesfib
that maximise the sum of object priorities.

The fibres are positioned yf2-configure within a Fov  3.3. Data reduction

of 1 degree in diameter, but we manually limited our targef§s ere reduced using the AF2 data reduction pipelinefi1.0
within the central 25 arcmin radius to avoid theets of Vi- g nineline is written in IDL and is able to perform data redu
gnetting. We tried to maximise the number of fibres allocated ;,, “i |, ding fibre-to-fibre sensitivity corrections angtimal
gaIaX|es., but typically alsp placed 20-30 fibres on the slgyskg extraction of the individual spectra. Below we describetlyi
subtraction purposes. Within each field our targets weneléd/ o c5jinration and extraction modules of the pipeline rhate

into bright (19< rspss < 20.5) and faint (2(b < rspss < 21)  jeyails can be found in the pipeline manual distributedrentiy
and we prepared two fibre configurations for the bright saircg,. |nG.

and one for the faint. We allocated an average-bd0 sources The first steps of the pipeline include master bias corractio

per configuration, plus sky fibres and fiducial stars. tracing of the fibres, flat-field correction, masking of baxepi
in the science data, and wavelength calibration. In moraildet

3.1. Target preparation

3.2. Observations o )
1. BIAS module: At least ten bias files are used each night to

We observed the three fields with the 4.2m WHT during six debias all raw data images. The average signal level in the
nights in 2013. More details about the observations aredist  overscan regions is used to correct for any change in the bias
in Table 1. We conducted multifibre medium resolution spec- |evel over time.
troscopy with the AutoFib2WYFFOS (AF2) wide-field multi- 2. MASK module: The module produces a mask file of the CCD
fibre spectrograph. The AF2 contains 150 science fibres of 1.6 pixels where the dark current exceeds a user-specified level
arcsec diameter and 10 fiducial bundles for acquisition andtg It also displays a plot of the fraction of masked pixels versu
ing. At the prime focus, the fibres are placed onto a field plate the cut-df level and an image of the produced file.
by a robot positioner at user-defined sky coordinates§8eH). 3. FLAT module: At least ten twilight sky or internal flats
We used the R600B grating with the new default detec- were used to perform the flat-field correction each night.
tor Redr4. It is an e2v 231-84 4k4k, red-sensitive, fringe-  Individual flats are scaled according to their mean value be-
suppression CCD with a mosaic of 4086112 pixels, 1pm fore calculating their total median value.
each. We used ax2 binning of the CCD pixels and we ob- 4. cIRC module: This module uses a flat file to trace the x-pixel
tained a spectral resolution e#.4 A. The spectra were centred  position of the centre of the spectral line of each activesfibr
at wavelength-5400 A, and covered the range 3800 to 7000 A. as a function of y-pixel. In the pipeline version used for the
The spectra of He and Ne lamps were used for the wavelength reduction in the current paper, the module crashed if the low
calibration. signal area of the CCD (the blue part of the spectrum) was
The bright configurations were observed for 2 or 2.5 hours not trimmed. The new version of the pipeline, however, does
each (depending on the seeing), and the faint for 3-4 hogsts ea  not p;eﬁ?nt thri]s problem and the user can analyse the CCD
in its full length.

3 Because of the slightly higher average redshift of the tohesters 5. ARC & ATLAS module: The module extracts the lamp spec-
of XLSSC-d in the current papez<£0.298) than of the seven clustersin  trum as a function of y-pixel position and uses this interimed
XXL paper Il (z=0.294), the two papers report slightlyfidirent redshift
(0.30 and 0.29, respectively). 5 a newer version of the pipeline (v3.0) can be downloaded from

4 httpy/www.ing.iac.es httpy//www.ing.iac.eg@stronomyinstrumentg@f2/reduction.html|
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ate spectrum to determine the wavelength calibration. i ou

case two arc files are used to reference lines simultaneously —7"w2— ——
one from the helium lamp for the blue part of the spectrum, | L. e e
and one from the neon lamp for the red part of the spectrum,; | . . R
The ARC module identifies the approximate y-pixel location | LI
and exact wavelengths for a set of well-separated unsaturat e
lines in the arc spectra and finds the precise position of the | L
peaks by fitting Gaussian profiles to each one. It uses a pre- | c .
defined table of emission line data, but in combination with. ** | * ot . : sl nte
theATLAS module the selection and confirmation of the lamg | - LA A
lines is performed interactively. g | - e wtt

spec

N [ . el e S0,
The extraction of the spectrum by the pipeline is done in two °3 [ M et b SRR ]
additional steps: e SELe ., ]

1. STAR module: The module first extracts the science spec- |v¢ . ]
tra of designated targets and sky-allocated fibres and then- ; ~ -7 * .. . .
processes the intermediate spectra to produce sky siudatract ° "+ . ]
output spectra on a common wavelength base. The median &+ . . . .+ . . . . . . . . |
sky spectrum is calculated within ti$TAR module. There 02 O'Z (CFHTLS"')“ 08
are four diferent options for the calculation, but in our case phot

we selected the one where the median sky is scaled and ¢ 1. Comparison of the galaxy spectroscopic redshifts ob-

output spectrum is masked over sky lines. _ tained during the two runs with the William Herschel Telgseo
2. MEDAN module: This module evaluates the median specifgth the CFHTLS photometric redshifts.

for each fibre by combining all available science exposures.

Spectra are normalised to their mean value before the median

is calculated. these galaxies for a more precise determination of theaslust
redshifts and for the study of the cluster properties.

Finally, the flux calibration, which is not included in the Inaddition, we obtained the redshifts of another 148 gakaxi

pipeline, is performed with IRAF usin§TANDARD, SENSFUNC, that lie more than h~* Mpc from the closest extended X-ray
andCALIBRATE tasks. Given the wide magnitude range covered, source.
the spectra have a wide range ¢RNS 3. 56 AGN redshifts that are used in the second part of the cur-

rent paper, in combination with spectroscopic results from

her surveys.
3.3.1. Galaxy redshifts other surveys

In Fig.1 we compare our spectroscopic redshifts with the
FHTLS photometric redshifts (llbert et al. 2006 and Coupon
al. 2009). WHT spectroscopy is clearly useful in the rétsh

range of interest (@ < z< 0.5).

Redshifts were obtained from visual inspection of all spect
by two of the authors (BP and CA), using the IRAF package
RVSAO independently and iterating on doubtful cases.

The overall success rate (humber of redshifisnber of
spectra) was 60%, ranging from 84% for the best seeing con-
figurations to the lowest 30% for the worst ones. 4. AGN in superclusters

The probability that each redshift was correct was estithate
on the basis of the number and quality of spectral featuiss(] In the following sections we present a study of the AGN fre-
in emission or absorption, D4000) identified in the spectriim quency in the three observed supercusters. The superdinste
a large number of lines were identified without wavelength o Field-1 (XLSSC-e) is very dierent from the ones found in the
sets the probability was set to 99%. As the number of idedtifi@ther two fields, i.e. all five clusters found at@43 are located
spectral features decreased, the assigned probabilitgateerd; Within a circle of 4 radius (1.3h™* Mpc) and a sixth but un-
75% percent redshifts had at least two or three secure lines. certain member within Y0A more detailed analysis of the su-

In total we obtained 455 good-quality redshifts (of whicipercluster and its BCGs is presented in Pompei et al. (submit
172/147/110 have a 75985%99% chance of being correct, anded, hereafter XXL paper VII). Baran et al. (submitted, fadter
26 are based on a single emission line but with very reliatdai XXL paper IX) identified several overdensities via a Voronoi
tification). Ninety other redshifts were more uncertain aree  Tessellation analysis of optically detected galaxies andgnted
not used for any of our purposes, but were recorded for futut@w radio observations. Therefore, we consider the supstec!

reference. We note that our target sample was not contaedindf Field-1 to be a merging supercluster in a tight configorati
by stars. On the contrary, in the FoV of the WHT (615 Mpc ra-

In more detail we obtained: dius atz = 0.3), the other two structures include only three
members each in a much looser configuration, although beth in

1. 9 BCG (brightest cluster galaxy) redshifts. These previdlude a very close cluster pai (L h~*Mpc). Therefore, the su-

us with nine new cluster redshifts arourd0.3-0.5. More perclusters in Field-2 (XLSSC-d) and Field-3 (XLSSC-f) mee

importantly these redshifts are too high to be obtained lwery similar (see Fig. 2). However, further investigatianside

GAMA spectroscopy (Driver et al. 2011; Liske et al. 2015%he WHT FoV reveals that these two superclusters are intrin-

which covers the XXL Survey, but is much shallower. sically different, i.e. the structure found in Field-2 is only part
2. 82 and 160 cluster galaxy candidates that lie within Ocb anf a larger formation comprising seven X-ray detected eltsst

1 h™! Mpc of the cluster centres, respectively. We will usaithin 35h~*Mpc (XXL paper II), while the three clusters found
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Table 2. Superclusters

Obs. Field RA Dec| Supercluster RA Dec cluster ID Zspee  Zmean  TVsoakpe Msoamt  fsoamr  ref.
(1) 2 (O (4) G ® | ™M (8) 9 (10 (11) (12)  (13)
Field-1 32.60 -6.30 XLSSC-e 32.87 -6.20 XLSSC081 0.432 1783 0.7 0.55 5

XLSSC 082 0.427 3.9%% 2.9 0.88 5
XLSSC 083 0.430 4.8&5 4.1 0.99 4
XLSSC 084 0.430 0.429 43;2 3.7 0.96 4
XLSSC 085 0.428 4.8%8 4.1 0.99 4
XLSSC 086 0.424 2.@35 1.5 0.70 5
Field-2 36.93 -4.70 XLSSC-d 37.22 -5.05 XLSSCO013 0.307 1._@2 0.7 0.57 1
XLSSC022 0.293 0.298 211 1.1 0.68 2
XLSSC 027 0.295 2.7% 17 077 3
Field-3 33.12 -5.82 XLSSC-f 33.12 -5.82 XLSSC098 0.297 2.%:2 1.9 0.81 4
XLSSC111 0.299 0.298 43¢ 4.0 1.02 4
XLSSC 117 0.298 3.1%3 2.4 0.86 6

Notes.(1) Observed field namé2)-(3) field coordinates in the J2000 syste@), supercluster namé5)-(6), supercluster coordinates in the J2000
system, as published in XXL paper Il for XLSSC-d and(®,original cluster name in the XXL database, members of the XXD-GC sample
in bold, (8) spectroscopic redshift9) mean supercluster redshift,0) X-ray temperature in keV within an aperture of 300 kpc meadum Giles

at al. (submitted, XXL paper I1I) for the members of the XXD&GC sample(11) cluster mass in ¥8Mg, calculated from thésoomt — Taompe
scaling relation of Lieu et al. (submitted, hereafter XXlppalV), (12) overdensity radius with respect to the critical density ipdylcalculated
from the Mspqmt — Taoape SCaling relation of XXL paper IM13) reference to the first X-ray detection as a cluster.

References(1) Willis et al. (2005); (2) Pierre et al. (2006); (3) Pacaidl. (2007); (4) XXL paper II; (5) XXL paper VII; (6) this wr

T The spectroscopic redshift of the cluster was initiallyedetined by the observations presented in the current paper.

in Field-3 are not related to any significant overdensithimte- the importance of having a common luminosity rather thama flu
gion. Nevertheless, the total mass of the latter is largerfagtor limit for fields at diterent redshifts.
of 2.5.

Because of the aboveftirences and its higher redshift, we,
studied AGN in XLSSC-e within a YOradius around its five
confirmed clusters, while for the other two superclustersigedl In a given area, the projected overdensity of X-ray AGN i& est
the full 25 FoV of the WHT. In general, superclusters are nahated according to

.1.1. Projected overdensity of X-ray point-like sources

virialised and there is no explicit definition of their cemtiFor N
XLSSC-e we chose a position approximately in the middle ef th Oy = —— —1, (1)
formation to be the centre, while for XLSSC-d and -f we used th Nexp

centre of the WHT FoV. From the X-ray images in Fig. 2 (righfvhere N is the number of X-ray point-like sources detected
panels) it is apparent that the above choices are reasonable in the area andNeyp is the expected number according to the
logN — log$S of the XXL northern field (Elyiv et al. in prep)
4.1. Methodolo within_the same area. \We note that the soft-bandNoglogS

- 9y used in the current study is lower than those of the 2XMM

We assessed the enhancement or the suppression of AGN pife8tero et al. 2009) and COSMOS (Cappelluti et al. 2009) sur-
ence within the three superclusters by analysing both the 38YS (with deviations not exceeding the@r Poisson level), but
(spatial) and the 2D (projected) overdensity of X-ray poidf €xcellent agreement with those of the XMM Medium Deep
sources. We chose to analyse the 2D case as well since we lackérvey (XMDS, Chiappetti et al. 2005). o
complete spectroscopy for all the X-ray point sources. Hane To calculate the value oN,, we identified all point-like
we had to take into account that the 2D case is hampered by ag@urces located within five radial annuli betweeand ¢ + 1)r
riety of systematic fiects, related for example to flux-boostinground the centre of each field, wheve=0,1,2,.5r = 2’ for
due to lensing (see discussion in Koulouridis et al. 2014). FXLSSC-e (higher redshift and more compact) anet 5 for
the statistical evaluation of our results we used the conéide XLSSC-d and XLSSC-f. The large contiguous area of the XXL
limits for small numbers of events in astrophysical datseoa Survey allowed us to expand our search for X-ray AGN at large
on Poisson statistics (Gehrels 1986). radii. _

To assess the 2D and 3D overdensity of AGN in the three sy- 1 calculate the expected numbdg,, of X-ray sources in

perclusters we adopted a common lower luminosity limit fer t 1€ field, we followed the procedure described below, cansid

X-ray point-like sources. We find that for the two superciust Ing e?‘Ch time the same area O.f thg detector and the same charac
atz = 0.3 a luminosity limit ofLps-2 kev) = 2.7 x 10%%erg s, teristics of the actual observation:

which corresponds tos-2 kev) ~ 1.0x10**ergs* cm2,com- 1. From the logN — logS we derived the total numbeN¢) of

bines both the inclusion of low-luminosity AGN and a relativ expected sources in the area per flux bin.

high completeness of spectroscopic redshifts. For therslyse 2. We considered 1000N; sources with random fluxes within

ter XLSSC-e ar = 0.43, this luminosity limit correspondsto a the flux range of each bin and random positions within the
flux limit of fo5-2 kev) = 4.5x 107 erg s cm2. We will show area of interest.
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3. We derived the probabilit; that the sourcé\s; is actually Table 3.2D and 3D analysis
detected in the specific area of the detector. The probaisilit

a function of the @-axis position (vignetting), background, 2D 3D

and exposure time (Elyiv et al. 2012). Name R N +6Z +15%x6z +2x06z
4. We calculated the surﬁ’j‘ﬂ',? Zilffmf Ns; x P;/1000, which (1) @] ® @) (5) (6)

gives the total numbeNey,, of expected X-ray sources that XLSSC-e 10{19(22)| 2(<1) 21 2(k1)

have fluxes above the respective value of nfiebin of the XLSSC-d 25(41(41)|0(<1) 01l 0k1

logN —logS, where the total number of bins, nbin, is 160. XLSSCf 25(51(42)|2(x1) 31 4(1)

. . L Notes. (1) Supercluster namg2) projected search radius in arcmin;
4.1.2. Spatial overdensity of X-ray point-like sources (3) number of detected X-ray point-like sources (in parenthéise ex-
Most optical counterparts of relatively bright X-ray soesc pected number of sources calculated by the logN-lof&)(6) number

(f v > 1.0x 10 erg s cm-2) in our three SuperclusterSOf AGN found within 1x,1.5x, and 2x 6z of the supercluster redshift
h (05-2 EV)t opic redshifts. | detail. in XLSSCediyt = wheresz = +2000(1+zs) kmys (in parentheses the expected number
ave spectroscopic redshiits. In more detail, In ® of sources in the respective area calculated by the luntinhsiction).

of six sources have spectroscopy within & ddilius of the cen-
tre of the supercluster. Similarly, within the’2% XLSSC-d and
-f we find 38 out of 41, and 38 out of 51, respectively. On the meaningful interpretation of the X-ray point source oeerd
contrary, only 4 out of the 13 sources below this flux have spegity analysis, and to reach a conclusion on the enhancement o
troscopy in XLSSC-e (we note that in XLSSC-e the flux limit isuppression of AGN, we needed first to study the optical galax
fos-2kev) = 4.5 x 107 erg s cm2, see§4.1). overdensity profile in the three fields. To this end, we used th
The results of the current analysis are based mainly on sppbotometric redshifts of the CFHTLS-T0007 W1 field (llbert e
troscopic data, although the photometric redshifts of@lirses al. 2006 and Coupon et al. 2009) computed from three to five
were available. The optical counterparts of the sources mat optical bands. The accuracy is 0.031liat 215 and reaches
available spectra are either too faint or totally absent ared 07142, ~ 0.066 at 225 < i < 235. The fraction of outliers
therefore improbable supercluster members. In fact, stgdy increases from 2% ati < 21.5t0~10-16% at 25 < i < 235.
their redshift probability distributions (PDZ), only onewsce in The relevant expression of the optical galaxy overdensity i
Field-3 is possibly at the redshift of the superclustertBhetric  similar to that of the X-ray overdensity in Eg. (1), i.e.
redshifts were calculated for all our sources with suitakBN N
and quasar templates (Fotopoulou et al. in prep). 5o = —
In the case of the non-virialised superclusters the boueslar No.exp
and the geometry cannot be easily defined and the clustdrs
form the superclusters have a spread in redshift spaceefiner
we initially based our selection of supercluster memberthen
conditiondz = |Zspec — Zmean| < 2000(1+ zg) kmy/s, wherezgpec

_1’ (2)

WﬁereNo is the number of optical sources found in the area and
Noexp the expected background number within the same area.
For the calculation of the galaxy density, we considered¢he

; . ; . gions previously defined for the X-ray analysis. The expécte
is the galaxy redshift andean is the mean redshift of the su- alaxy density was calculated from a 2 @dld within the

percluster members, which is a good approximation of more sp\1vi) S area, free from clusters in the redshift range of the
phisticated cluster membership selection algorithms (@ld et superclusters '

al. 2014 and references therein). Then, we extended thehsear
for AGN to 1.5 x 6zand 2x 6z
The expected spatial X-ray point-like density is calcuate4.2. Results

from the luminosity function of Hasinger, Miyaji & Schmidt .
(2005). To this end we first calculated the volume that is d&XoM the 2D analysis of the 1@f XLSSC-e we expect-22
point-like sources above the lower flux limf 52 kev) = 4.5 X

fined by the limits described in the previous paragraph. ®is” ~" 1 )

actually a cylinder of volum¥ given byV = nR2 x h, whereR 10~ erg s™ cm*, and we actually find 19. These numbers
is the projected radius afds the height of the cylinder that cor- '€ consistent within theoi confidence Ieyel (Gehrels 1986).
responds to the distance between the lower and upper r&dshiff XLSSC-d and -e;-41 and~42 X-rﬁy pomtillke Sources are
Then, we integrated the luminosity function within the lmos- €XPected abovés aiey) = 1 x 10 erg s= cm*, respec-
ity range of interest to calculate the expected number ofcgsu tVely. Indeed, 41 X-ray point-like sources are found in 86
per Mpé&. Finally, by multiplying the two values we found thed_- Nevertheless, in XLS_SC-.f we dlsc_over 51 and thereforge si
expected number of sources in the area of the supercluierdlificant X-ray overdensity is found in the area, not consiste

all cases the expected number of X-ray point-like sources w4ith the expected value at the-Tonfidence level. ,
less than one. Considering the available photometric and spectroscopic

The results of the projected and the spatial X-ray overdgnsflata (3D analysis withia2x 6z, see Table 3) we find in total six
analysis are summarised in Table 3. AGN with compatible spectroscopic redshlfte in the are&hef t
three superclusters (for the individual analysis see théethece
paragraphs). The corresponding expected number of AGM-calc
4.1.3. Optical galaxy spatial overdensity lated from the luminosity function (Hasinger, Miyaiji & Sclifh
2005) is~1.5 (~0.5 AGN per field) and therefore we calculate

ters can be due to the obvious abundance of galaxies witbcesp?oti?]ttzl dsgﬂt'%'eﬁ)?e'\'rggfﬁ?nenzﬁﬁ“ d;‘irﬁieisor\?gugi)vr?v?elrleal dl y
to the field (see Koulouridis & Plionis 2010). Therefore,¢éach P ' gany

to consider the high density of optical galaxies in the area o
¢ The heighth used in the above calculations is based on the select@dperclusters. Therefore, we also assessed the totea|spadi-

szand is larger thaR so that the fiect of galaxy peculiar velocities on density of optical galaxies in the three fields, = 0.42. We

the observed redshift distance between two sources isdedlu conclude that there is indeed a significantly higher ovesitgn

Any excess of X-ray point-like sources in the area of galdug-
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Fig. 2.Voronoi tessellations (VT) and X-ray images of the threessalusters (XLSSC-e: top, XLSSC-d: middle, XLSSC-f: batjo
Left panels: Voronoi tessellation using CFHTLS photontetadshift data. All galaxies withidgz = +0.05 of the supercluster
redshift are included. The side bar illustrates the cotmding of the galaxy number-density. Only areas above thege number-
density are coloured in the plots. Right panels: the comedjmg X-ray maps overplotted with the positions of the sddreas
(dashed circles) and of the X-ray detected clusters (lal@ekizircles with XLSSC ID numbers). The small black circtEnote
X-ray point-like sources above the luminosity limit§s-»kev) > 2.7 X 10*2 erg s1), while the red circles denote the ones with
spectroscopic redshift consistent with the superclustéhipn 2 x §z, see§4.1.2). The supercluster centres are marked with an X.
The scale of the VT plots and their corresponding X-ray insdgehe same. The X-ray clusters can be easily identifieceiidph-
gensity areas of the Voronoi plots. In the VT plots of XLSS@rdl XLSSC-f at least one more non-X-ray-detected overtiecsn

e seen, probably below the detection limit of the XXL Survey
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Table 4. AGN in superclusters

Name RA DEC Z  Los-2kev) A 1 \

® @ ® @ © o ]
3XLSS J021046.2-060854 32.6928 -6.1485 0.428 X10¥ ° : XLssC—e |
3XLSS J021053.0-061809 32.7211 -6.3026 0.423 316& ©
3XLSS J021309.2-055142 33.2886 -5.8618 0.298 610% L Iy |
3XLSS J021153.5-053810 32.9729 -5.6363 0.288 3.%80% [ l=ro-—r 4= to-rco-ETo-To-0o
3XLSS J021213.7-060468 33.0571 -6.0690 0.283 6.210%* 0 2 4 6 8 10

3XLSS J021235.9-053210 33.1499 -5.5364 0.299 610

1 T
Notes. (1) X-ray source name(2), (3) field coordinates in the J2000 N XI1SSC-d
system;(4) redshift;(5) Soft X-ray luminosity in units of erg3. | |
T Included in the 1000 brightest XXL X-ray point source catplo 100 E E
(Fotopoulou et al. submitted, XXL paper VI)

of AGN with respect to the corresponding overdensity of cgti 0 5 10 15 20 25

galaxies at the 95% confidence level (Gehrels 1986). Thikicou

indicate extra triggering of AGN caused by the environm@érg. 1 ——— T

note that the above result is ndtected by the selection of a dif- X[SS(C—f

ferent redshift rangexgzor +1.5x 6z, see Table 3); although we E 3 ]
A

detect fewer AGN, we also consider a much smaller volume. .°

Next, we proceed with the 3D analysis of each supercluster A
individually. We find two AGN at the redshift of the XLSSC-e O~~~ """~~~ """~~~ """ "7777777777
(Field-1) within 10 radius (Fig. 2, top). Both are low-luminosity w Ll - - - -
AGN with Lo 5-2 kev) ~ 4x 10%%erg s1. The detailed overdensity 0 5 10 15 20 25
of optical galaxies, divided into five annuli in each fieldplst- R(arcmin)
ted in Fig. 3. It is apparent that in the area of XLSSC-e thé& bul
of the galaxies are concentrated in the centtalwhile in the Fig. 3. Spatial overdensity profile of optical galaxies within an-
last annulus the galaxy density reaches the field level. TBB A nuli of 2 (XLSSC-e) and 5(XLSSC-d, XLSSC-f) centred at
overdensity in the whole field is significantly higher thaa tip- the geometrical centre of the superclusters. For the cloul
tical galaxy overdensity at the 90% confidence level despie of the overdensity, CFHTLS photometric redshifts of gadaxi
small number statistics (Gehrels 1986). We also note tliahéo Wwere used. The error-bars are Poissonian uncertainties and
XLSSC-e, radio observations were obtained in XXL paper I>Xare shown only for the first two or three annuli of each field. Fo
but no large radio galaxies were found within the overdéessit the others the errors are smaller than the height of the sianbo
They only associated eight radio sources with potentiaésup
cluster member galaxies; however, they are not associatad w
any of our X-ray point-like sources.

Similarly, in XLSSC-f (Field-3) we find two to four spec- 5 - _ _
troscopically confirmed AGN compatible with the superaiust N ). In addition, the spectroscopic completeness in XLSSC-e
redshift (depending on the redshift range, §4€l.2 and Table is less than 50%, while in XLSSC-d and -f it is 93% and 75%,
3) and another possible member with compatible photometfspectively. Therefore, there is some probability thathaee
redshift (Fig. 2, bottom). The optical galaxy overdensitp-p missed SL_JpercIuster members in XLSSC-e, although, as vee hav
file (Fig. 3) is almost flat over the whole field. This is probablalready discussed, the photometric redshift PDZs and thgés
due to cluster XLSSC 111, which is very massive with a lard¥ the optical counterparts render this probability sm@fly in -
rsoamt radius and fiects the full field. The X-ray overdensityXLSSC-f is the probability of one extra AGN high, but in this
is significantly higher than the optical overdensity at @8t supercluster the X-ray overdensity is already high withiout
confidence level. Similar to the two AGN found in XLSSC-e¢luding the non-spectroscopic sources.
the four AGN found in XLSSC-f are low-luminosity sources The results imply some intrinsicfiiérences between the su-
(Los-2kev) < 7 x 10%%erg s1). The list of AGN can be found perclusters. XLSSC-e includes five merging clusters irttigpi-
in Table 4. figuration, while the three clusters of XLSSC-f are not pdrt o

In contrast, no AGN is found within a 28adius in XLSSC-d any further significant overdensity. Nevertheless, ttealtmass
(Fig. 2, middle). In this field the large number of opticalaal is a factor of 2.5 larger than that of the three clusters of XCS
ies are located in annuli 2 to 4 (Fig. 3), as expected from tlde On the other hand, although the three clusters of XLSSC-d
location of the three clusters, while in the first and lastuinn form the less massive structure, they are part of a larger ove
the density reaches the expected field value. The overgagisit density that includes at least another four clusters thabave
AGN in Field-2 iséx = —1, but the null hypothesis that it is con-not probed with the current observations. Therefore, wenaain
sistent with the optical galaxy overdensity cannot be tefgat conclude in the current paper on the reasons that produce the
any statistically significant level. observed dierences because of the small number of superclus-

We note that a low-luminosity source is actually detectabters studied. We will extend our study to the full XXL Survey
in a smaller fraction of XLSSC-e compared to the other two sir order to understand thesefférences better and to quantify
perclusters because of theiffdrent redshift {15% smaller ef- any trend regarding the AGN frequency in the environment of
fective area for a source withos 2kev) ~ 5x 10°1° erg s superclusters.
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2D analysis. This result was confirmed by the 3D analye. i o\ " \on er Linden, A., Kémann, G., Heckman. T. M., & Kaiser, C. R.
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