arXiv:1303.5089v1 [astro-ph.CO] 20 Mar 2013

Astronomy & Astrophysicsnanuscript no. PSZcatalogue © ESO 2013
March 22, 2013

Planck 2013 results. XXIX. Planck catalogue of
Sunyaev-Zeldovich sources

Planck Collaboration: P. A. R. Ad& N. Aghaninf®*, C. Armitage-Caplal®*, M. Arnaud®, M. Ashdowr{®?, F. Atrio-Barandel&, J. Aumont®,
H. Aussel®, C. Baccigalup?, A. J. Bandajy’*'%, R. B. Barreird®, R. Barren®, M. Bartelmanf®3®5, J. G. Bartlett’, E. Battanef'C,
K. Benabef"1%4, A. Benoif*, A. Benoit-Levy2571%4 J.-P. Bernartl, M. Bersanelli®®, P. Bielewic2°*1%%4, |. Bikmaev*3, J. Bobirf®,
J. J. Bock*'?, H. Bohringef®, A. Bonaldi®, J. R. Bond®, J. Borrill®%8, F. R. Bouché&f1%* M. Bridgeg%”-7°, M. Buchet, R. Burenif’8°,
C. Burigan&>%, R. C. Butlef®, J.-F. Cardost'¢’, P. Carvalhé, A. Catalan8’8, A. Challinor®’613, A, Chamballi{®'8%¢, R.-R. Char{?,

X. Cherf3, L.-Y Chiang®, H. C. Chiang?®, G. Choif®, P. R. Christenséf*?, E. Churazo%%, S. Church®, D. L. Clement®, S. Colombf”1%4,
L. P. L. Colombd&™, B. Comis?, F. Couchot’, A. Coulaig®, B. P. Crill*°1, A. Curtd’3, F. Cuttaid®, A. Da Silva*, H. Dahl€?, L. Danes&’,
R. D. Davieg®, R. J. Davi€®, P. de Bernardi§, A. de Ros&, G. de Zottt>%*, J. Delabrouillé, J.-M. Deloui§”'%, J. Démoclé¥, F.-X. Déser’,
C. Dickinsori®, J. M. Diegd?, K. Dolag'°%®, H. Dole?®%®, S. Donzellf®, O. Doré*1?, M. Douspi$®, X. Dupad®, G. Efstathiod®, T. A. EnRlir®,
H. K. Erikser’®, F. FeroZ, F. FinellP>%, |. Flores-Cach¥-1%7, O. Fornt®%11, M. Frailis®4, E. Franceschy, S. Fromenteadtf®, S. Galeott?f,

K. Gangd, R. T. Génova-Santé§ M. Giard'°?!%, G. Giardind’, M. Gilfano®>’, Y. Giraud-Héraud, J. Gonzalez-Nuevé®*, K. M. Gorski**2,
K. J. B. Graingé’®, S. Grattor®°, A. Gregorid*®*, N, E. Groeneboof, A. Gruppusé®, F. K. Hanseft, D. HansofA"74%°, D. Harrisor{%76,
A. Hempel?*, S. Henrot-Versill&, C. Hernandez-Monteagut®é®, D. HerranZ3, S. R. Hildebrand®, E. Hivorf”1%4 M. Hobsor,

W. A. Holmes*, A. Hornstrug®, W. Hoves?®, K. M. Huffenberget*!, G. Hurief%8, N. Hurley-Walkef, T. R. Jaffé®"*1, A. H. Jaffé?,

W. C. Jone¥, M. Juveld?!, E. Keihanef!, R. Keskitald®16, |. Khamitovt9224, T. S. Kisnef3, R. Kneisst®?, J. Knoché&®, L. Knox34,

M. Kunz2%664 H. Kurki-Suonid*®, G. Lagach®, A. Lahteenmali®, J.-M. Lamarré®, A. Lasenby’%, R. J. Laureij¥’, C. R. Lawrenc#,
J. P. Leah{?, R. Leonardi®, J. Leon-Tavaré§?, J. Lesgourgué8i®, C. Li®*85 A LiddIe®>%°, M. Liguori®’, P. B. Lilie’*, M. Linden-Varnlé®,
M. Lopez-Canieg®, P. M. Lubirt®, J. F. Macias-Péréz C. J. MacTavisIf, B. Maffei’®, D. Maind"®>¢, N. Mandolesi>®38, M. Maris™,

D. J. Marshall®, P. G. Martift®, E. Martinez-Gonzalé2, S. Mast®, S. Matarres¥, F. Mattha?®, P. Mazzott#, S. Mef®1%612 p R Meinhold®,
A. Melchiorri®®%8, J.-B. Melirt8, L. Mende$?, A. Mennelld®%¢, M. Migliaccio’®’®, S. Mitref>74, M.-A. Miville-Desch&ne®1°, A. Monetf’,
L. Montiert%”1! G. Morganté®, D. Mortlock®?, D. Munshf®, P. Naselsk$*3, F. Natf®, P. Natolf&5%5, N. P. H. Nesvadif§, C. B. Netterfield®,
H. U. Ngrgaard-Nielséfl, F. Noviello’®, D. Noviko#?, I. Novikov®, I. J. O’'Dwyer#, M. Olamai€, S. Osborn&®, C. A. Oxborrow®, F. Paci*,
L. Pagand®®®, F. Pajof®, D. Paoletti>®’, F. Pasiaff, G. Patanchon T. J. Pearsdi#®®, O. Perderedd, L. Perottd®, Y. C. Perrott, F. Perrott&,
F. Piacentiri®, M. Piat, E. Pierpaof®, D. Pietrobort*, S. PlaszczynskKi, E. Pointecoutedf*!!, G. Polenta>, N. Ponthie@®5°, L. Pop&8,

T. Poutanetf®2, G. W. Pratf®, G. Prézeat?’*, S. Prunét’'%4 J.-L. Pugef®, J. P. Rach&t®®, W. T. Reach’®, R. Rebold?'"#4, M. Reinecké®,
M. Remazeille®!, C. Renaufl!, S. Ricciardi®, T. Riller®®, I. Ristorcellt®!1, G. Roch&*12, C. Rossét, G. Roudiet’874, M. Rowan-Robinsof?,
J. A. Rubifio-Martif>*4, C. Rumsey, B. Rusholm&, M. Sandrt®, D. Santo¥, R. D. E. Saundefg®, G. Savint?, D. Scott?, M. D. Seifferf*'?,
E. P. S. Shellard, T. W. Shimwell, L. D. Spencet, J.-L. Starck®, V. Stolyarov’8%, R. Stompot, R. Sudiwal&®, R. Sunyaet>®’, F. Sureat?,
D. Suttorf®’, A.-S. Suur-Uski*®°, J.-F. Sygnét, J. A. Taubet’, D. Tavagnaccd*!, L. Terenz?®, L. Toffolatti?>”3, M. Tomast®, M. Tristram’”’,
M. Tucci?®?, J. Tuovinef?, M. Turler®®, G. Uman&l, L. Valenzian&®, J. Valiviita®®3171, B. Van Tent?, L. Vibert?®, P. Vielva?, F. Villa®®,

N. Vittorio*, L. A. Wade™®, B. D. Wandel#”10436 M. White®3, S. D. M. Whité®, D. Yvont8, A. Zacchet?, and A. Zoncé

(Affiliations can be found after the references)

Preprint online version: March 22, 2013

ABSTRACT

We describe the all-skiplanckcatalogue of clusters and cluster candidates derived framy&&v—Zeldovich (SZ) effect detections using the first
15.5 months oPlancksatellite observations. The catalogue contains 1227esntmaking it over six times the size of tR&anckEarly SZ (ESZ)
sample and the largest SZ-selected catalogue to date.thiner861 confirmed clusters, of which 178 have been confirasedusters, mostly
through follow-up observations, and a further 683 are prgsly-known clusters. The remaining 366 have the statukisfer candidates, and we
divide them into three classes according to the quality @fence that they are likely to be true clusters. PianckSZ catalogue is the deepest
all-sky cluster catalogue, with redshifts up to about ome, spans the broadest cluster mass range froint¢016) x 10*> M. Confirmation of
cluster candidates through comparison with existing stanee cluster catalogues is extensively described, as ist#tistical characterization of
the catalogue in terms of completeness and statisticahi#ty. The outputs of the validation process are provide@dditional information. This
gives, in particular, an ensemble of 813 cluster redstafid, for all thesélanckclusters we also include a mass estimated from a newly-gempo
SZ-mass proxy. A refined measure of the SZ Compton paranaaténd clusters with X-ray counter-parts is provided, asi¥Xeray flux for all
thePlanckclusters not previously detected in X-ray surveys.
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1. Intr ion ' ' ' ' :
troductio I Shapley Supercluster, (RA,DEC)=(202.6°—31.5°)

This paper, one of a set associated with the 2013 releaseaf d
from the Planck mission Planck Collaboration | 2093 de-
scribes the construction and properties of Bianck catalogue
of SZ sources (PSZ).

Clusters of galaxies play several important roles in astrg
physics and cosmology. As rare objects, their number deissit
especially sensitive to properties of the cosmological eiedch
as the amplitude of primordial density perturbatioPed¢bles
1980, and their development with redshift probes the growth ¢
cosmic structure, hence perhaps helping to distinguisiveest
dark energy and modified gravity explanations for cosmiekcc
eration (e.g., see reviews bBorgani & Kravtsov 2009Allen
et al. 201). The galaxies, hot gas and dark matter held in the
gravitational potential wells provide a sample of the urea¢
abundance of these components (&/git, 2005), while the ther-
mal state of the gas probes both the cluster formation mec
nism and physical processes within the cluster such asngpoli
and energy-injection feedback (e.g., reviews Hgbian 2012
McNamara & Nulsen 2012 The study of the constituent galax-
ies, including the brightest cluster galaxies normallyrfdwat
their centres, allows sensitive tests of galaxy formatiaulats.

Because of these uses, there is considerable interestef de
oping large galaxy cluster catalogues that can be used for pd
ulation and cosmological studies (e.§chuecker et al. 2003
Bohringer et al. 2001 Clusters are genuinely multi-wavelengthg
objects that can be selected in several ways: opticalfedra
(IR) imaging of the galaxy populations; X-ray imaging of
bremsstrahlung radiation from the hot cluster gas; andutyito
the Sunyaev—Zeldovich (SZ) effeGnyaev & Zeldovich 1972 i )
Sunyaev & Zeldovich 1980whereby scattering of cosmic mI_rélrr;[;rfpr)gm.rfan(s:&r(i:éer%{h;.rrggllﬁzTrr?g Fgo&tttg zﬂggse rdeep-

crowave background (CMB) photons from that hot gas disto S
. . sent apertures @kgo from the MCXC meta-catalogue around
the speciral shape of the CMB along lines of sight thr()L“‘:]B'Cluthe resoﬁ/ed cluster(;g.ower panel:composite view 0?‘ the opti-

ters and groups. cal from DSS images, X-rays frolROSAT(light pink) survey

Construction of cluster catalogues in the optical/IR and igq from the thermal SZ effect as seerPlanck(cyan).
the X-ray are relatively mature activities. The first largaio

cal cluster survey is now over 50 years okbell 1958 Abell

et al. 1989, and current catalogues constructed from the Sloan

Digital Sky Survey data contain over a hundred thousand clus

ters (e.g.,Koester et al. 2007Wen et al. 2012 In X-rays, The usefulness of the different selection methods, particu
large samples first became available R@®SATsatellite ob- larly for cosmology, depends not just on the total numbehas-c
servations (e.g.Vikhlinin et al. 1998 Bohringer et al. 2000 ters identified but also on how readily the selection functd
Gioia et al. 2003Bohringer et al. 2004Burenin et al. 2007 the survey can be modelled, and on how well the observed clus-
Ebeling et al. 200y but also more recently for instance fronier properties can be related to quantities such as thectater
dedicated or serendipitous survey wiiMM-Newton(Pacaud Mmass that are most readily predicted from theory (e.g.Veée

et al. 2007 Fassbender et al. 201Takey et al. 2011Mehrtens 2009. It has proven difficult to capitalize on the large size of
et al. 2012. Currently several thousand X-ray selected clu@ptical/IR cluster samples because the observable, thdeum
ters are known (see for instance the meta-catalogue MCXC @@,galaxies in each cluster, exhibits large scatter witipeesto
Piffaretti et al. 201 By contrast, although proposed about fifthe total cluster mass (e.giohnston et al. 20Q7In this regard
teen years ago (e.Barbosa et al. 1996ghanim et al. 199y the X-ray selected samples are considerably more poweltfel,

it is only very recently that SZ-selected samples have mcHO the tighter correlations of X-ray properties with ma&enaud

a significant size, with publication of samples containieg-s €t al. 2005 Vikhlinin et al. 2006 Pratt et al. 2009Reichert
eral hundred clusters from the Early SZ (ESZ) catalogue fro@ al. 2011 Maughan et al. 2092 Simulations predict that SZ-
thePlanckSatellite Planck Collaboration VIII 201) the South Selected surveys may do even better, with a very tight oelati
Pole Telescope (SPTReichardt et al. 200)3and the Atacama between SZ signal and mass (edgp, Silva et al. 2004Mot

Cosmology Telescope (ACHasselfield et al. 2023 et al. 2005 Nagai 2006 Wik et al. 2008 Aghanim et al. 2009
Angulo et al. 201» Moreover, this relation, except at low red-

shifts, corresponds to a nearly redshift-independent hiags
thus allowing such surveys to reach to high redshift andigeov
a strong lever arm on growth of structure.

~--""A3558

Fig.1: The Shapley super-cluster as seen inRtacksurvey.

1 Planck (ht t p: // www. esa. i nt/ Pl anck) is a project of the
European Space Agency (ESA) with instruments provided loydei-
entific consortia funded by ESA member states (in particthlarlead

countries France and Italy), with contributions from NASASA) and We report on the construction and properties of the PSZ cat-
telescope reflectors provided by a collaboration betweehd®l a sci- alogue, which is to date the largest SZ-selected clustatagaie
entific consortium led and funded by Denmark. and has value added through compilation of ancillary inform
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tion. It contains 1227 entries including many multiple gyss, the ninePlanckfrequency channels. The six sindgianckHFI

e.g., the Shapley super-cluster displayed in Eigpgether with frequency PS catalogues are used to first produce individual

a composite image. Of these 861 are confirmed, amongst whicdquency masks constructed by masking a radius equivelent

178 are new discoveries, whilst amongst the 366 candidase cl1.28 FWHM (3o peam) @around every point source detected with

ters 54 are of high reliability@LAss1 in our terminology), 170 (S/N)es > 10. Then a single common PS mask (see Ejg.

are reliable, and the remaining 142 are in the lowest rdiigbi which is the union of the six individual HFI-frequency chahn

class. In Sect2 we start with a description of thelanckdata masks, is constructed. It is applied to all six highest-fietty

used to provide cluster candidates, and the two differethhate Planckchannel-maps to mask the point sources prior to running

ologies (one of which has two independent implementatiortsle algorithms to detect SZ signal. The masked regions & fil

used to carry out the extraction of the SZ sources. In Sectusing a harmonic in-painting method based on thaBajkova

we provide a characterization of the PSZ catalogue in terfims(@005, which has the advantage of eliminating the discontinu-

completeness, statistical reliability, and accuracy asw@r pa- ities caused by the masking. In order to avoid any possible ar

rameters including size and photometry. Sectioextensively tificial spurious detections at the edges of the in-painted,a

describes validation of cluster candidates through pistieg we further reject detections within an expanded common mask

surveys and cluster catalogues in many wavebands, whiteS5Seconstructed using the same procedure as described abdve, bu

describes the follow-up campaigns conducted byRlamckcol-  using a masking radius equivalent to 2.13 FWHMr (&, and

laboration to confirm new cluster discoveries. This leads tocovering less than.2% of the sky.

description of the catalogue properties in SéctThe physical Bright radio sources are known to exist at the centre of

properties of the clusters are exploited in SéciThese include galaxy clusters, but they generally have steep spectra@meeh

an update of the SZ—X-ray scaling relations from #lanck their flux is significantly reduced at the six high&lanckfre-

data, the measure of the X-ray flux for all SZ detections, amgiencies where the PS mask is constructed and where the clus-

the production of homogenized SZ-mass estimates for 883 clters are detected. The Perseus cluster (seelBitater and the

ters with measured redshifts that are provided to the conitsnurassociated discussion) is one exception, with a point sdinat

as a value-added element to flanckSZ catalogue. is so bright that the cluster is masked and thus not included i
Throughout the article, the quantitid oo andRsgp stand for  the PlanckSZ catalogue.

the total mass and radius where the mean enclosed dendify is 5

times the critical density at the cluster redshift. The SX itude- _

notedYsgq, WhereYsoo Di is the spherically-integrated Compt0r12'2' Detection Methods

parameter withirRsoo, andDa is the angular-diameter distancerhe catalogue of SZ sources is the result of a blind multi-
to the cluster. The physical cluster quantities are compwith  frequency search, i.e., no prior positional informatiorkapwn
a fiducia ACDM cosmology withHo = 70kms*Mpc™, Qm = clusters is used as input to the detection, by three deteatim-
0.3 andQx = 0.7. Furthermore, all the fits are undertaken in thgthms briefly described below. These algorithms were desdr
log-log plane using the BCES orthogonal regression metfiodghg tested using simulation#élin et al. 2013. They were
Akritas & Bershady(1996, with bootstrap resampling, which ysed to construct the Early SZ (ES2)ancksample byPlanck
allows for intrinsic scatter as well as uncertainties infbedri-  Collaboration VI11(2011). All three assume priors on the cluster
ables. All uncertainties are given at 68 per cent confides® | spectral and spatial characteristics, which optimize tAeds-
and all dispersions are given in lpg tection by enhancing the SZ contrast over a set of obsenatio
containing contaminating signals. In the following we p@eis

. the cluster model used as a template by the SZ-finder algusith
2. Construction of the  Planck SZ Catalogue and we briefly describe the threF()a detegtion methods (fo%r:eta
2.1. Input Planck data we refer the reader télerranz et al. 2002Melin et al. 2006

Carvalho et al. 2002011 Melin et al. 2012.
ThePlanckcatalogue of SZ sources is constructed from the total

intensity data taken during the first 15.5 month®tzncksurvey
observations. Raw data were first processed to producesdeaf-2-1. Cluster model

time-lines (time-ordered information) and associatedsfle®r- The paseline pressure profile model used in the detection-met
recting for different systematic effects; channel mapseween s is the generalized NFWN@varro et al. 1997 profile of
produced for all the observing frequencies (see deta®anck  anauqd et al.(2010. This profile model was constructed by
Collaboration VI 2013 Planck Collaboration Il 2013 These ,mpining the observed, scaled, X-ray pressure profile of 31
maps, together with the associated beam characteritefi@ ) siers from thekexcess sample Bohringer et al. 2007for
main inputs for the SZ-finder algorithms presented in Seét. p _ Rsoc?, With the mean pressure profile from three sets of
F_oIIowmg Planck Collaboration VI1(2011), we used the siX umerical simulationsBorgani et al. 2004Nagai et al. 2007
highest-frequencilanckchannel maps, _from 10(_) to 857.GH2, iffaretti & Valdarnini 2008 for Rspo < R < 5Rs00. New ob-

to produce the catalogue of SZ detections. This optimizes ey ational constraints on the pressure distributioR at Rsoo
signal-to-noise (S/N) of the exracted SZ detections aBdist 4y pecome availablBlanck Collaboration Int. (2013 con-
able sky fraction; see Appendik for the choice of channel gyained the detection of the thermal pressure distribuiat to
maps. . , ) _about 3Rspo through stacking of the observed SZ profiles of 62
_Inorder to optimize the SZ detection, together with avoithearhy massive clusters detected with high significancéen t
ing contamination of the PSZ catalogue by bright point sesircp|anck ESz sample. The resulting profile is in agreement with

(PS), the latter are masked from the channel maps prior {0yt derived for the Coma clustePlanck Collaboration Int. X
the SZ detection as detailed in the following. To constrbet t

PS mask, we use thelanck Catalogue of Compact Sources 2 Ry relates to the characteristic cluster sd@lehrough the NFW
(PCCS). The PCCSPlanck Collaboration XXVIII 201Bis a concentration parametexy, = 1.177 for the baseline profileR} =
collection of single-frequency source catalogues, oned&eh of  Rsgo/Cso0).
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Fig. 2: The distribution, shown in Mollweide projection Withe Galactic plane horizontal and the Milky Way centre mrfiddle, of
the 1227Planckclusters and candidates across the sky (red thick dots)riBis&ed point-sources (black thin dots), the Magellanic
clouds (large black areas) and the Galactic mask, covetiogbof 16.3% of the sky and used by the SZ-finder algorithodetect

SZ sources, are also shown.

2013. Both show a slightly flatter distribution in the outer gart(Herranz et al. 2002Melin et al. 200§. The matched filter op-
(i.e., beyondRspo) with respect to the predictions from the nutimizes the cluster detection using a linear combinatiomaps
merical simulations. These results are further confirmeidtdg- (which requires an estimate of the statistics of the comami
pendent measurements from Bolocam in a smaller radial rarigmn) and uses spatial filtering to suppress both foregreamdi
(r < 2Rs00, Sayers et al. 2012bUsing the profile ofPlanck noise (making use of the prior knowledge of the cluster press
Collaboration Int. V(2013 does not affect the detection yieldprofile and thermal SZ spectrum).
(see Sect3) and only slightly modifies the measure of the SZ
flux density (see Sect..5) as compared to the generalized NFW
(GNFW) profile adopted in the three cluster. The fiducial Mmode The MVF1 algorithm divides the full-skyPlanck frequency
parameters for the GNFW profile are given by the parameterizaaps into 640 patches, each@@x 14.66 square degrees, cov-
tion of the pressure profile in Eq. 12 afnaud et al(2010. It  ering 3.33 times the sky. THdVF3 algorithm divides the maps
states into a smaller set of 504 overlapping square patches of area
= 10 x 10 square degrees with the sky covered 1.22 times. The
0 , (1) smaller redundancy dfiVF3 with respect toMVF1 implies a
(Cs00%)” [1 + (Csoox)] Ve potentially lower reliability of the SZ detections. In orde in-
crease the reliability of the detections, th®F3 algorithm is
thus run in two iterations. After a first detection of the SAda
[Po, Cs00, > @, ] = [8.40h;§/2, 1.18,0.308 1.05,5.49]. (2) dates, asubsequentrun centred on the positions of thedzeesi
refines the estimated S/N and candidate properties. If tReS/
The (weak) mass dependence of the profiles is neglectedinWith detection falls below the threshold at the second iteratto
the Sz-finder algorithms, the size and amplitude of the @ofils removed from the catalogue. For both implementatiorss, th
are allowed to vary but all other parameters are fixed. Th&@tu matched multi-frequency filter optimally combines the sig-f
model is thus equivalent to a shape function characterized §uencies of each patch. Auto- and cross-power spectra are di
two free parameters, its amplitude and a characteristle 8¢&  rectly estimated from the data and are thus adapted to tiaé loc
6500/ C500- instrumental noise and astrophysical contamination, wban-
stitutes the dominant noise contribution. Fig@rdustrates, for
g a six arcmin filter size, the ensemble noise maps as measured
2.2.2. Matched Mult-filter (MMF) by MVF3 in each of the patches. For bdvF1 andMVF3, the
Two different implementations of the matched multi-freqog  detection of the SZ-candidates is performed on all the gatch
filter algorithm (MVF1 andMVIF3) are used to detect SZ clustersand the resultant sub-catalogues are merged togetherdageo
Both are extensions, over the whole sky, of & algorithm a single SZ-candidate catalogue per method.

pP(x) =

with the parameters
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(Carvalho et al. 2011 PwWS computes the cross-channel covari-

ance matrix directly from the pixel data. To reduce the conta

ination of the background by the SZ signal itself, the estioma

of the covariance matrix is performed iteratively. After iai

tial estimate, all detections in the patch with S/N higharth

the current target detection are subtracted from the dawe us

their best-fit values and the cross-channel covariancexiatr

re-estimated. This i®WS ‘nativé mode of background esti-

mation that produces, on average, an S/N estimate about 20%

higher thanv\MF. However, in order to produce a homogeneous

PlanckSZ catalogue from the three algorithms, it is possible to

runPwS in ‘ compatibility mode, skipping the re-estimation step
= to mimic more closely the evaluation of the background noise

0.50 mmmmm— — 2.0 cross-power spectrum of thdvF algorithms and thus their eval-

uation of the S/N. In this mod@®wsS is a maximum likelihood

Fig. 3: The noise maps per detection patcMgF3 method mea- estimator like theViVF.

sured for a six arcmin filter. The noise ranges from 0.5 to 2 |n the following, unless stated otherwise, all quoted ot-plo

times the average noise of the map, whiclris= 24 x 10*  ted S/N values fronPwS are obtained incompatibility mode

arcmirf. The Ecliptic polar regions, delimited by green conin order to ensure homogeneity across the catalogue eatiibs

tours, with increased redundancy in the observations defingn order to ease the comparison with t#eF outputs.

deep survey zone covering in total 2.7% of the sky. Itis leésyn

than the areas near the Galactic plane, where the dust emissi .

is higher. Two other zones are defined: a medium-deep surdey- Outputs of the detection methods

zone of 41.3% coverage delimited by the red contours and with ch, of the three detection algorithms outputs a catalo§8& o
higher noise level; and a shallow-survey zone covering 56% Qatections above S/N 4.5 outside the highest-emitting Galactic
the sky an_d with the highest noise levels including regiozern regions (this corresponds to a mask of about 15% of the sky,
the Galactic plane. see masked area in Fig) and the Small and Large Magellanic
Clouds and outside the PS mask described in Skdt. The
union PS-Galactic mask covers 16.3% of the sky. The survey
) o ) ) ) ~area used for the SZ detections Rtanck is thus 83.7% of
~ The candidate size in both algorithms is estimated by filtae sky coverage. The three individual lists of SZ candlate
ing the patches over the range of potential scales, and Gnbl& are cleaned by removal of obvious false detections. These ar
Scale that maXimizeS the S/N Of the detected Candidate. erious sources that pass WF and'.D\Ns ﬁlters despite the
merging the sub-catalogues produced from the analysisief inpre-processing step applied to tRéanck channel maps, see
vidual patches, itis also the S/N of the detection (the reff N  sect.2.1. In order to identify them, we cross-match the SZ de-
estimate fotMVF3) which is used when deciding which detectections with an intermediate, low signal-to-noise cut péat-
tion of the candidate is kept. Furthermore, b1 andMVF3  g10gue of point sources detected at the highest frequenéies
can also be run with fixed cluster size and position to esemab|anck Galactic sources in dense and cold regions at high lat-
the SZ signal. This version of the algorithms is used to @ssggdes also contaminate the SZ detections outside the @Balac
the reliability of the association with known clusters artdb mask. These cold Galactic sources (CGS hereafteranck
refine the measurement of the integrated Compton paranuétergo|laboration XXI11 2011 Planck Collaboration XXII 201)are

known X-ray clusters, as presented in S&c2.1 detected in thePlanck channel maps following an optimized
method proposed biontier et al.(2010. The SZ detections
2 2 3. PowellSnakes matching with PS at both 545 and 857 GHz, or with CGS

sources, all show a rising spectrum at high frequenciegaid
PowellSnakesRwS) is different from theMVF methods. It is ing that they are false detections. The SZ detections quores
a fast Bayesian multi-frequency detection algorithm desity ingto such PCCS or CG sources are removed from the individual
to identify and characterize compact objects buried in a difsts and from the publishedlanckcatalogue of SZ sources.
fuse background. The detection process is grounded inia-stat The three detection algorithms used in the present study de-
tical model comparison test. The statistical foundationBwS ploy the GNFW cluster profile to detect SZ signal with the two
are described irCarvalho et al(2009, and more recently in parameters of the shape function, the central value anchidue c
Carvalho et al(2011) with a greater focus on thelancksetup. acteristic scal®s let free, withfs = 0s00/Cs00. Each of the three
PwS may be run either based on a Generalized Likelihood Ratigorithms therefore assigns, to each detected SZ caedidat
Test or in full Bayesian mode. This duality allo®S mea- position with estimated uncertainty, a signal-to-noisei@aand
sured quantities to be consistently compared with thoséef tan estimated size)s or equivalentlydsoo, With its uncertainty.
MVF algorithms. The detection likelihood or the posterior probability oétimte-

PwS also operates in square flat patches o664 14.66 grated Compton parameter withifisgo, denotedysg,,,, exhibits
square degrees. The total number of patches employed, of attarge correlation with the size. Figu#eillustrates the like-
der 2800, varies with sky area but always guarantees a véhpod plots for two cases: a spatially-resolved clustaedied
large overlap; on average each cluster is detected ah@ut with a high signal-to-noise, Abell 2163; and a non-resokled-
times.PwS detects putative clusters and at the same time it coter at high redshift{ ~ 1), PSZ1 G266.6-27.3 (also known as
putes the evidence ratio and samples from the posterigitiist PLCK G266.6-27.3 irPlanck Collaboration XXVI 2011 We
tions of the cluster parameters. Then, it merges all intdiate also show in Fig5 the distribution of maximum likelihood SZ
sub-catalogues and applies the criterion of acceptareetien fluxes (Ysr,,,) and sizesdsog) for the MVF3 detections.
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Fig.5: Distribution of the maximum likelihood SZ fluXsg, . =an
and sizedsqo for Planck SZ detections in the union catalogudogarithm,A(log Q)=log(Q2/Q1), computed taking into account
down to S/N= 4.5. Detections associated with known or newpoth statistical errors and intrinsic scatter, estimatectively.
confirmed clusters are shown as open black circles. SZ cluste

candidates are shown as filled-red circles.

posterior probability contours provide a complete desiaiipof

the information output by each detection method. They ans th
provided for each detection. In order to use the flux measue,
ought to break the size—flux degeneracy. This can be achiyved
a joint analysis with a high-resolution observation of theng
objects, or by assuming a prior on, or fixing, the cluster sizg,

to the X-ray size. The SZ signal can then be re-extracted with
an uncertainty much smaller than the variation of the jot
probability distribution.

We now perform a systematic comparison of the outputs
of the three algorithms. We compare the S/N ratio. In addlitio
and for purposes of illustration, we compare the best-fitdli
Y value from maximum-likelihood or posterior probabilitytou
puts, namelyYsg,,,.>. We show the comparison in Fi§, con-
sidering detections down to S/N 4.5. We quantify the differ-
ence between a given quantity estimated by two different al-
gorithms,Q, and Qs, by fitting a power law to the data in the
form Q2/Qp = 10*(Q1/Qp)* with a pivotQ, = 6 for S/N and
Qp = 4x 10 3arcmir? for Ysg,,. The results are given in Table
including the scatter estimates. The raw scatter was esthma
using the error-weighted vertical distances to the regradisie.
The intrinsic scatter ofYsop was computed from the quadratic
difference between the raw scatter and that expected frem th
statistical uncertainties. Tablealso lists the mean difference in

2.3.1. Signal-to-noise

A crucial ingredient of the SZ detection algorithms, eitkies
s or PwS, is the background cross-power spectrum used to

i i MVF
This “degeneracy” between cluster size and SZ flux propastimate the noise level. It is evaluated from the data lpoal a

biasing its value dramatically. This effect being so degnirtal,
both the SZ blind flux and size best-fit estimates, and resgect

across the sky). The algorithms, and implementationshtjig

error bars, are not quoted in the catalogue outputs to alieid t 3 Ysz,  can be rescaled tsq for the fiducial GNFW model as
misuse. Only the full joinYsg.,,—0s, Or equivalentlyYsg,,— 6500,

Ysrspo = 1.79 % Y500 (Arnaud et al. 2010



Planck CollaborationPlanckcatalogue of Sunyaev—Zeldovich sources

T T T
7
7
7 , 7/ 7/
// 7, , // //
7 /-" i \ a4
1 e 71 e A4
s 7, 7 7
7 2 4
o A o
e A 349
[%2] o % w » i L -/ //
2 A4 = 4 s 7
a 7 s L 2 Y4
z 10'f . 2B b z 10'f 54 b z 10'f o SR ]
(2] o, . ) ..‘o 4 ) 3 ;
o ¢ o s . RE .
P o K A
0
7 - 7 b Ve -
S /s 7/ 7
‘S 44 s
7 e 7
. . .
10’ 10' 10'
S/N MMF3 S/N MMF3 S/N PwS
T T l/ T T T T T
s / // 7
10" /7 10" I 10'F W
s t. W/
L Y4 7
A’ N A o
) ;/ o, Y/ 7
N,E /{' ¢ 2N NE 1% . e .,/(
E . Y A E , o 5 £ , i /\ .
2L p I~ 2L 7 u = 2L . u
g0 A & 10 o & 10 /s
@ % 4 s . "t s 3
2 s g ot V] s
o = .1 e. =
> > Ky~ > v .
. « Y V3
10°F i E 10°F :"’;/‘ E 10°F 4278 E
3 ~ . 7,
/‘ 4 V44 7
Y 4 s W4
/4 Yy 24 277
7/ 7/ 7/
1 1 1 1 1 1 1 1 1
10° 10° 10" 10° 10° 10" 10° 10° 10"

Yans00 MMF3 (arcmin®) Y00 MMF3 (arcmin®) Yers00 PWS (arcmin®)

Fig. 6: Comparison of S/N (top panels) and maximum likelith@ompton-parameter values (bottom panels) from the thetecd
tion algorithms MVFs andPwS, down to S/N= 4.5 after removing obvious false detections (see S&§). In each panel, the red
line denotes the equality line. The black line is the besbfthe data, and the dashed lines correspond te tlhedispersion about
the fit relation. For clarity, error bars are omitted t4&,,, values in the plot, but are taken into account in the fit. Treegrine of
slope fixed to unity corresponds to the mean offset betwetwh quantities.

Table 1: Quantitative comparison between S/N and maximketitiood Compton-paramet¥sg_, values from the three individual
algorithms. Column(2): considered pair of algorithms ; @oh(2-3): slope and normalization of the best-fit relatietween the
quantities estimated by the two algorithr@s/Q, = 10" (Q1/Qp)?, using BCES orthogonal regression, with the pivot b&dag- 6
for SIN andQ, = 4 x 1072 arcmir? for Ysg,,,; Column (4-5) intrinsic and raw scatter around the besgfition; Column (6): mean
difference in logarithmA(log(Q))=log(Q./Q1); Column (7-8): corresponding intrinsic scatter and rawattse.

Power-law fit Mean offset
SIN A a Olog A Tog(Q) Olog
MVF3—PwWS —-0.003+0.002 (094+0.01 0043+0.002 —0.006+ 0.002 Q045+ 0.002
MVF3-MMF1  -0.005+0.002 Q97+0.01 0050+ 0.002 —0.006+0.002 Q051+ 0.002
PWS-MVF1 —0.000+0.002 104+0.02 0054+0.003 +0.002+ 0.002 Q054+ 0.002
Y5R500 A (43 Tlogiint Tlograw A IOg (Q) Tlog,int O lograw
MVF3—PwWS —-0.030+0.004 101+0.01 008+ 0.03 0116+ 0.018 -0.027+0.004 Q065+0.006 Q102
MVF3-MMF1  +0.011+0.005 104+0.02 011+0.02 0131+ 0.014 +0.010+0.005 Q085+0.006 Q118
PWS-MVFF1 +0.041+0.004 102+0.01 004+ 0.01 0088+ 0.005 +0.038+ 0.004 (Q040+0.007 Q079

differ with respect to the stabilization assumptions (eigrooth- Despite the differences in background estimates, the yield
ing) of the background noise cross-power spectrum and to tinem the three algorithms agree. In the left panel of Figwe
treatment of the background SZ signal, now acting as a contashow that the detection counts as a function of S/N for eaeh de
inant. These differences translate into variations in the\&l-  tection method are in good overall agreement. The right Ipane
ues per method. In particular, when operateddarfpatibility  of Fig. 7 shows the fraction of common detections over the
mode (without background cluster subtractidP)S estimation union of detections from all three algorithms as a functién o
of the background cross-power spectrum is more affectad tHa&/N. Sources with S/N- 8.5 are detected by all three meth-
the MVF by SZ signal contamination. The SZ signal adds awds. However, we note th&wS number counts decrease more
extra component to the background noise producing lower Srapidly thanMVF counts above S/N 15. This reflects the be-
estimates. This is particularly noticeable when the SZaiggn haviour ofPWS in “compatibility’ mode described above, which
very strong compared with background (typically S/NL5). estimates a higher background than g methods at high
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Fig. 7: Left: detection number counts as a function of S/N of the individigorithms. The S/N value in the union catalogue is that
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lower S/N values oPwS compared to th&/M+-based algorithmsRight: fraction of common detection over counts from the union
catalogue. Sources with SIN8.5 are detected by all methods.

S/N. Figure6 shows the comparison of the S/N estimates from ThePlanckSZ cluster catalogue described in the following
all three methods. The agreement is good on average. The misahus constructed from the union of the cleaned SZ-catalida
ratio (or the normalization at the pivot of the power-lawarel lists produced at S/ 4.5 by all three algorithms. It contains in
tion) deviates from unity by less than 2% and at less than 3total 1227 SZ detections above SAN4.5. Note that in order to
significance. Here again at high S/N values, we note the teamsure homogeneity, in terms of detection significanceSthe
dency for lower S/N ilPwS as compared t&VF (Fig. 6), and values ofPWS quoted in the the union catalogue are obtained in
indeed the slope of the power-law relation is smaller thaityun compatibilitymode, whereas the S/N obtained fr&wS native
(@ = 0.94+ 0.01 for MVF3). mode are quoted in tHewsS individual list. The union catalogue
is constructed by merging detections from the three methods
within an angular separation of at most five arcmin, in agree-
2.3.2. Photometry ment with Planck position accuracy shown later in Fig2. As
mentioned, no reference photometry is provided. Howevef-a r
erence position for the SZ detection is needed. For comipatib
ity with the ESZPlanck sample, in the case of matching de-
tection between methods we arbitrarily choose to take tle-co
dinates from théVMF3 detection as the fiducial positioM{F3
was the reference method used to construct theE&Zcksam-
BI@). When no detection byM~3 above S/N= 4.5 is reported,
we took thePwS coordinates as fiducial, and thé&/F1 coor-
dinates elsewhere. The S/N values in the union catalogue are

We now compare the best-fit values (from maximum like-
lihood and posterior probability) for the three detectidgoa
rithms. The comparison (Fig, lower panels) shows a system
atic bias withPwS, yielding slightly smaller values thaMVF,
typically by 10%. However, the slope is consistent with ynit
showing that this bias is not flux dependent. M- values dif-
fer from each other by less than 3% on average. The scatter
tweenY estimates is dominated by the intrinsic scatter (Taple

Itis clearly related to the size—flux degeneracy, the ragtaeen ken following th d hich lai v MeE3
Y estimates for a given candidate being correlated with tre st&<€N following the same order, which explains why
curve in Fig.6 coincides with the union curve. The cluster can-

estimate ratio, as illustrated by Fig). The scatter becomes com—d.d tes in th ) tal f 4 vetoldh
patible with the statistical scatter when a prior on the Ezesed, ¢ ! ?es n ﬂ? u_nldo_n_ga all ﬁgtue%r]e crc;ss-re erenc_tta_ V‘s ah
e.g., size fixed to the X-ray size. ections in the individual lists. The reference positions #he

S/N values are reported in the union catalogue. Given thee-siz

flux degeneracy, the full information on the degeneracy betw

2.4. Definition of the Planck SZ catalogue size and flux is provided with each individual list in the foof
the two-dimensional marginal probability distributiorr feach

As discussed above, the processing details of each algfuster candidate as discussed above. It is specified ol @fri

rithm/implementation differ in the computation of the back256x 256 values ings and Ysr,,, CeNtred at the best-fit values

ground noise. The significance of the detections in term$Mf S found by each algorithm for each SZ detection.

although in overall agreement, differs from one algoritlonthte

other and translates into different yields for the candidests

from the three algorithms. We choose to construct a catalogu

of SZ candidates that ensures, through redundant detecton An extract of the Planck SZ catalogue is given in

increased reliability of the low S/N sources, when they ae dAppendixB. The full online table for uniorPlanck catalogue,

tected by two methods at least, together with maximizing thiee individual lists of SZ detections, and the union maslkduse

yield of the catalogue. by the SZ-finder algorithms together with comments assednble
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Table 2: Statistical characteristics of tRéanck SZ catalogues. The intersection is defined as the set of Sxtid®is common
between to three extraction algorithms. Completenessisaibn of bothYsgo anddsge: the Ysoo at a given completeness is estimated
by marginalizing ovepsqo, Weighting eachYso0, fs500) bin by the theoretically-expected cluster counts. Pasél accuracy is the
median angular separation between real and estimatedomssit

Stat. Reliability(%) Y5001072 arcmir? at C% completeness Positional accuracy (arcmin)

C=50 C=80 C=95
Union ......... 84 0.61 1.2 3.2 1.2
Intersection . . . .. 98 0.85 1.8 6.6 1.1
MWL ......... 87 0.75 1.6 4.7 1.2
MVF3 ......... 91 0.71 15 3.8 1.2
PWS ... 92 0.65 1.4 3.2 0.9
: . ' the parameters of the input clusters. The statistical chewia-
tics of the different lists are summarized in TaBle
. 3.1. MCQA Pipeline and simulations
LA ] .
. The MCQA pipeline contains a common segment producing
. . simulated input catalogues and processed, source-idje@pes,
g S L * which are then fed into the detection pipeline. In summadnry, t
E>_% °e I : :. . . pipeline steps per MonteCarlo loop are:
o8 H ° : [ ° . .
\O ilheldt o . 1. creation of an input cluster catalogue;
c/g)ﬁ 1 __'.'. . .2.‘.‘.0......'. ................................. - 2. injection of clusters into common simulated diffuse fre-
50 . 3ogl §s °cs quency maps, including beam convolution;
*$3_ .8 II ** 3. injection of multi-frequency point sources;
: * :!. HE 4. pre-processing of maps, including masking and fillinghpoi
D A sources;
. 3 SRS 5. detection and construction of individual cluster-caladé
. " ] catalogues;
* . . 6. construction of a union catalogue given merging criteria
e ¢ : 1 7. collation of input and output catalogues, producing clete
! —_— tion truth-tables and catalogues of unmatched spurious de-
1 10 tections.
92(‘;“03 /92"0“3”* To estimate the completeness, clusters are injected ieto th

real data. In this case, steps 3 and 4 are skipped and each dete
tion algorithm estimates noise statistics on the real data o
#hjection in order to avoid artificially raising the S/N anibing

the completeness estimates. The pressure profiles of e
clusters follow that described in Seét2.1 To account for the
profile variation across the cluster population, the prgfdeam-
eters are drawn from the covariance matrix of the 62 measured
pressure profiles fromlanck Collaboration Int. Y2013, ensur-

ing that the injected profiles are consistent with measuisgzbd
sion and consistent, on average, with the extraction filtee.in-
jected clusters are convolved with effective beams in e&atl p
including asymmetry computed followiriditra et al.(2011).

o o 3 The simulated input cluster catalogues differ for statati
The statistical characterization of the PSZ cataloguehgeaed reliability and completeness determination. For compless,
through a process of MonteCarlo quality assessment (MCQA)sters injected in real data are drawn from a uniform itistr
that can be applied to each individual catalogue and to thgn in (Yso, 6s00) SO as to provide equal statistics in each com-
merged union catalogues. The statistical quantities redin- pleteness bin. To avoid an over-contamination of the sjgnal
clude completeness, fraction of detections associate i€ jected clusters are constrained to lie outside an exclusidius
clusters called, statistical reliability or purity, pasital ac- of 5R;,;around a cluster, either detected in the data or injected.
curacy, and accuracy of parameter estimation. Togetheseth  Fqr the statistical reliability estimation of the input star
statistics describe the quality of detections in the cagiado The gjstribution injected in simulations is such that clusteasses
quality _o_f the parameter estimation, including astromem_tys— and redshifts are drawn fromTanker et al.(2008 mass func-
ter position and extent), is determined through compangtim 1o and converted into the observable paramet¥so,@so0)

Fig. 8: Correlation between the ratio6jz,,, estimates witfPwS
and M3 and the ratio of size estimates, shown on a grid
sizes.

in an external file are available at ESAR%anckLegacy Archive
(PLA)*.

3. Statistical Characterization

5 A cluster is considered to be matched if there is a detectitminw

4 http://www. sci ops. esa. i nt/index. php?page=
five arcmin of its position.

Pl anck_Legacy_Ar chi ve&pr oj ect =pl anck.


http://www.sciops.esa.int/index.php?page=
Planck_Legacy_Archive&project=planck
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using the Planck ESZ Yso—Msgg scaling relation Rlanck 10T j oo T T T
Collaboration X 201} The simulated maps consist of CMB re- I

alizations, diffuse Galactic components and instrumembige [ Union (shaded)
realizations, including realistic power spectra and kuketector I Intersection

correlations, from the FFP6 simulatiorBlénck Collaboration MMF1
XI12013; Planck Collaboration ES 20).3Residual extragalactic
point sources are included by injecting, mock-detectingska . MMF3

ing and filling realistic multi-frequency point sourcesngithe “‘E PwS
same process as for the real data (see Seijt. =

O

S,
3.2. Completeness 8

>

The completeness is the probability that a cluster with mive 10°
intrinsic parametersYeoo, s00) IS detected given a selection
threshold (here in S/N).

If the ComptonY estimates are subject to Gaussian errors,
the probability of detection per cluster follows the errané-
tion and is parameterized loyyi(fs00), the standard deviation of
pixels in the multi-frequency matched-filtered maps for\aegi 1 . o n 0 nnnnd
patchi at the scal@sgo, theintrinsic ComptonYsgg, and the de- 1 10

tection threshold:
Bs90 [Arcmin]

1
P (dIYs00. ovi(fs00), Q) = >

1+ erf (Ysoo — Qovi(fs00) )] 3)

V20 vi(6500) 1.0] .
where erf() = (2/7) [ exp(~t?) dtandd is the Boolean detec- I ]
tion state. 08k i

The completeness of the catalogue, thresholded agSitN
expected to follow the integrated per-patch error functom-
pleteness 3 .
06 y
C(Ys00, U500) = Z fsky,ip(dleoo, avi(fs00), CI), (4) I ]

|

wherefsy; is the fraction of the unmasked sky in the paitchhe
true completeness departs from this theoretical limitsThdue 9
to the non-Gaussian nature of the noise dominated by the-ast
physical, namely Galactic, contamination. This is alsodhse A 0
when the actual cluster pressure profile deviates from thEV@N 02 é 0
used in the SZ-finder algorithms, or when the effective beams I 0
deviate from constant symmetric Gaussians, and also wieen th i ® 500
detection algorithm includes extra steps of rejection ofrigus Olglae ol o
sources not formulated in E§. This is why an MCQA-based '
assessment of the completeness is essential to charadtesiz 10 10° 10
Planckdetections. .2

The MonteCarlo completeness of each of the individual lists Ysoo [Arcmin’]

and the union catalogue are shown in FlgThe MVF lists are Fig.9: Top panel:differential completeness as a function of

consistent with one another &g > 4 arcmin, butMVF3 is (Ys00, 6s00) for each detection algorithmVyF1L in blue, MVF3

more complete at lower radii. This is due to an extra stepémplin red, andPws in green) and for the union (shaded area) and

mented inMVF1 that rejects as spurious the detections eStimatﬁﬂersection (black) catalogues. From bottom to top, tHaiso

to be point-like. The union improves upon the completenéss @04 “and dotted lines show 15%, 50% and 85% complete-
each of the individual catalogues, because it includesahm f i .

; . ness, respectivel\Bottom panel:slices through the MCQA-
real detections by one method alone. In contrast, the iters ; : MVE
tion of the lists from the three algorithms, while more ratu based completeness function at vari6is for 3 compared

S . . . N
. . to the error function approximation (solid curves).
is markedly less complete than the union and each of the In- PP ( )

dividual catalogues. The intersection and union catalsgep-

resent the extremes of the trade-off between statistiiabikity

and completeness. The quantities for each of the catalpgluss

the union and intersection, are summarized in Tabligure9

shows four constantsgg slices through the completeness coneomplete, and the drop-off of the completeness functiot sha
tours forMVIF3, comparing the MCQA-based completeness witlower, than the theoretical expectation. This effect is a-co
the integrated error function completeness. At radii senalian sequence of the variation of intrinsic cluster profiles frim

6 arcmin, the MCQA-based completeness is systematicalty I&GNFW profile assumed for extraction.

fferential Completeness

10
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from the simulated input catalogue. 10%F f . e
; % ]
s 3
H e
s %
- I 3 M ¢
3.3. Statistical reliability x 107 F M % E
[ ® ]
. . . Z
The fraction of detections above a given S/N that are assogx :

ated with a real cluster is characterized by injecting €elssinto
high-fidelity simulations of thé’lanck channels. Unassociated )
detections from these simulations define the fraction ofispu 10
ous detections. We have verified that the simulations preduc
detection noisery,,, consistent with the real data and that the
simulated detection counts match the real data.

The cumulative fraction of true clusters, as characterized
the simulations, is shown for the output of each detectigo-al
rithm and for the union catalogue in Fi0. The union catalogue
is less pure than any of the individual lists because it idetall -15 -10 -5 0 5 10 15
the lower-reliability, individual-list detections, in diion to the
more robust detections made by all three SZ-finder algosthm
The union catalogue constructed over 83.7% of the sky at 8/Nmg. 11:Top panelcumulative reliability for the union and inter-
4.5is 84% pure. section catalogues, as a function of dust contaminatiogidRe

The fraction of false detections is dominated by systematids the low-dust contamination region, being the 65% of Kye s
foreground signals, in particular Galactic dust emissidnis is  outside the Galactic dust mask, and region 2 is the complemen
illustrated in Fig.11 by the effect of dust contamination on theary dustier region added to this when the smaller 15% duskma
cumulative reliability. We define two sky regions by the leveas applied. The Gaussian noise limit is the expected réiigbi
of dust contamination: “region 1" is the low dust-contantioa from purely Gaussian fluctuationBottom panelhistogram of
region outside of th@lanckGalactic dust, and PS, mask that exthe y-signal in a typical filtered patch from a null-test simula-
cludes 35% of the sky. This mask is usedPianck Collaboration tion, compared to the best-fit Gaussian (black dashed [if&).

XX (2013 for cosmological analysis of SZ counts. “Region 2distribution ofy-noise is non-Gaussian.

is the complementary region included by the smaller 15% dust

mask but excluded by the 35% mask. When the larger Galactic

dust mask is applied leaving 65% of tRéanck sky survey in

which to detect SZ signal, the statistical reliability iaases In both regions, the spurious count much higher than is pre-
from 84% in 83.7% of the sky to 88% in 65% of the sky. Aglicted by Gaussian fluctuations. This reflects the non-Gauss
seen in Figl1lupper panel, the reliability of the detections detenature of the filtered patches. The bottom panel of Eiil-
riorates markedly in “region 2" relative to “region 1”. Theisy lustrates this for a typical mid-latitude patch from a et
behaviour of the curves in Fid.1 upper panel is due to the re-simulation with no injected clusters. The patches are well a
duced size of sky area used in the analysis. proximated as Gaussian at deviations smaller than@&nsis-

10'55— e .
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Fig. 12: Distributions of positional error for each catalegnor- oot et
malized by the total number of detections in the catalogye. B~ 0.14 [ MMF3 ]
construction, the positional error is defined to be less fian i MMF1 1
arcmin. 012 F Pw§ —m8M8 ]
s o1or b
tent with the assumptions of E8), but show enhanced numbers i ]
of high significance deviations, which can translate intospus 8 g og - -
detections. ® [ i
O [ i
- 3 0.06[ ]
3.4. Positional Accuracy ] L i
Positional accuracy is characterized by the radial offsévben 0.04[ 7
estimated and injected positions. The distribution of pasier-
ror is shown in Fig12, for each individual list and the union cat- 0.02 [ ]
alogue. In contrast to theMFs, which estimate the maximum- ) 3
likelihood position, thePwS position estimator is the mean of 000kt 1 1 1 1

the position posterior, which produces more accurate iposit
constraints. The union catalogue positions are taken WbRF3 0.0 0.5 1.0 15 2.0 25
if available, followed byPwS and thenMF1. Its positional esti- 0
mates are hence consistent with -s. The mode of the union
distribution is consistent with a characteristic positoror scale
of half an HFI map pixel (B6 arcmin).

500 Detected/Injected
Fig. 13: Distributions of the ratio of detected over injettea-
rameters foiYsg,,, anddsgo.

3.5. Parameter Recovery

The Comptorysg,, is characterized by comparing detected and

input values for matched detections from the injection oétdrs from a lower-resolution grid that is better suited to Moiarlo

into the real data (see Fif)3). The injection follows the scheme analysis®

outlined above with one exception: input cluster paransedee The scatter between input and detected parameters is shown

drawn using the Tinker mass function and the scaling relatioin Fig. 14 as an example fdPwS. Biases are evident at both the

discussed above for reliability simulations. This ens@resal- low and high end folYsg,,,. The low-flux bias is the Malmquist

istic distribution of parameters and S/N values. bias related to the S/N 4.5 threshold. The high-flux bias is due
What we characterize is slightly different for each cataleg to a hard prior on the upper limit for cluster radius. Figare

For theMVFs, we characterize the maximum-likelihood point o&lso shows the distribution of the ratio of estimated ovigdted

the 2-D degeneracy contours provided in the individualisBbr parameters. The median and median absolute deviation s the

PwS, we characterize the mean of the marginal distribution featios are shown in Tabl&

each parameter. In each case, the 2§ (. 6s) are marginalized

over position. The contours are scaled for each cluster esd a® pPws does not resort to a low-resolution scale grid and alwayssvor

time consuming to compute, so we characterize the parasnetsithe full resolution.
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Fig. 14: Injected versus detected value¥gH,, (left panel) andsgo (right-panel), illustrated foPwS.

Table 3: Median and median absolute deviation (MAD) of the The first step of the validation of the PSZ catalogue is to

ratio of detected over injected parameters. identify among thePlanck SZ candidates those associated with
known clusters. For this purpose, we use existing X-rayi- opt

cal or SZ cluster catalogues. A positional matching is néft-su

Ysrs, 0s ; - - ¢
median ™ MAD median MAD cient to decide on the association oPEnckSZ source with a
previously-known cluster, and a consolidation of the aisgmn
MWL ... 1.09 0.39 117 0.70 is needed. For the X-ray associations, a mass proxy can lie bui
MVF3 ... 1.02 0.34 1.19 0.69 and used to estimate the SZ flux, S/N, etc, that are compatkd wi

PWS ... ... 0.99 0.27 1.21 0.56

measured quantities for tHelanck cluster candidates. In con-
trast to the X-ray clusters, optical clusters either havestiable
mass estimates or suffer from large uncertainties in thesmas
richness relations. In this case, the consolidation cabagter-
The distributions for flux are positively skewed due t@ormed uniquely through the coherence of measured versus pr
Malmquist bias. The median ratios of the flux recoveries are ¢ dicted properties. It rather relies on extra informatiaomfrsur-

sistent with unity fotMMF3 andPwS and are slightly higher for veys in the X-ray, optical, or IR at tHelanckcluster-candidate
MVF1. The recovery obs is biased high in the median by aboupositions.

20% for each of the codes. This bias is a consequence of the in- In the fo"owing, we detail the search for Counter_partsm 0

trinsic cluster profile variation and disappears when thected tjcal, IR, and X-ray surveys; list the cluster cataloguesdur
profiles match the detection filter. Theg,,, estimate by con- the identification; and finally present the identificationgedure
trast is relatively unaffected by profile variation. Thegraeter followed to associat®lanckSZ detections with bona fide clus-
constraints fromPwS are tighter than th&MFs due to théPWS  ters. In this process, we define quality flags for the associaf
priors and the definition of the estimator as the expectedevalpjanckSz detections with external data. We €t 1 for high-
of the parameters rather than the maximum likelihood. reliability associations, i.e., very clear cluster sigmas,Q = 2
for reliable associations, an@ = 3 for low-reliability associa-

. tions, i.e., unclear cluster signature.
4. External Validation g

The cluster-candidate catalogue constructed from thenuoio
all three SZ-finder algorithms undergoes a thorough vatdat
process that permits us to identify previously-known @ustand
to assess the reliability of tHelanck SZ candidates not associ-We made use of thROSATAIl Sky Survey (RASS,Voges et al.
ated with known clusters. In order to achieve this, we malee u$999, the all-sky survey with the Wide-field Infrared Survey
of the existing cluster catalogues and we also search icalpti Explorer (WISE Wright et al. 201), and the Sloan Digital Sky
IR, and X-ray surveys for counter-parts at the position @& thSurvey (SDSSYork et al. 2000 to search for counter-parts of
Planck SZ sources. In Sech, we present the follow-up pro- the Planck SZ detections. This information was used in two
grammes that were undertaken by ®lanck collaboration in  ways. WherPlanckdetections were associated with known clus-
order to confirm and measure the redshifts of Benckcandi- ters from catalogues, in particular in the optical, the d¢etn
date new-clusters. parts in RASS, WISE, or SDSS helped in consolidating the-asso

4.1. Search for counter-parts of Planck detections in
surveys

13
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ciation, increasing the confidence in the identificatioPl@inck based on a cluster-finder algorithm developedHogmenteau
candidates with known clusters. When no association betwest al.(2013 to search for red galaxy over-densities in the SDSS
Planckdetections and previously-known clusters was found, tigalaxy catalogues.

information on the counter-parts, in the surveyspPtdnck SZ For each associated counter-part within a five arcmin cir-
detections was used to assess the reliability oPlaeckcluster cle centred at the position of tiilanck SZ detection, a quality
candidates, i.e., clear or unclear cluster signatures. criterion is defined on the basis of a fit to the luminosity func

tion and the associated mass limit, and on the number of galax
ies within five arcmin,Nga, such that we hav@spssgar = 1,
i.e., high quality, for cases whemdg, > 40 and for masses

As detailed inPlanck Collaboration Int. (2013, the valida- Mz00 = 5.7 x 10"Mo, Qspssdat = 2, i-€., good quality, for
tion follow-up with XMM-Newtonhas shown the importance ofNgal between 40 and 20 for masses betwe&nd10' M, and
the RASS data to assess the reliability of flanck sources. 5.7 x 10 Mo, andQspssdat = 3 otherwise.
In particular,Planck Collaboration Int. IM2013 showed that a The cluster-finder algorithm outputs the position of the
large fraction ofPlanckclusters are detectable in RASS maps,ounter-part (Brightest Cluster Galaxy (BCG) and baryeant
but this depends on the region of the sky and onthe 3§ Sx  and the estimated photometric redshift. When spectroscizta
which exhibits a large scatter (see later in Hjthe case of the are available for the brightest selected galaxy a speaisc
PSZ sources). We therefore exploit the RASS data to conseédshift is also reported. The outputs of the cluster-firadgo-
date the identification with clusters from optical catalegsee rithm are compared to those obtainedb White (2013 from
below Sect4.3.2 and to assess the reliability of tiéanckSZ  different method based on the analysis of the full photoimetr
candidates. redshift probability distribution functionQunha et al. 2009 In

We first perform a cross-match with the RASS bright sourdbis approach, the position and redshift in the SDSS data tha
catalogue (BSC)oges et al. 199Pand the faint source cata-maximizes the S/N are considered as the best estimatesefor th
logue (FSCMoges et al. 2000within a five-arcmin radius of counter-parts of thRlanckSZ detections.
the position of each of thBlanckSZ detections. We then per-
form a reanalysis of the RASS data following the methodolog .
and prescriptions given bBohringer et al.(200Q 2004 and 11'3' Search in WISE data

Reiprich & Bohringer(2009. We compute count-rate growththe \wide-field Infrared Survey Explorer (WISBright et al.

curves in order to check for the extension of the signal. We 85010 provides an all-sky survey at 3.4, 4.6, 12, and:#2(W1

timate the source flux from both the growth curve (when adgyo \v3, wa) with an angular resolution of 6.1 to 12.0 arcsec in
quate) and from a fixed five-arcmin aperture radius with respgne four bands.

to the surrounding background (after PS subtraction). \&a th
derive the associated signal-to-noise in RASS, (R4hh For i
this, we make use of the RASS hard-band, [0.5-2] keV, data tPI]
maximize the S/N of the detections. We furthermore comput
the source density map of the BSC and FSC catalogues and
associated probability thatRlanckcluster candidate will be as-
sociated with a B/[FSC source within a radius of five arcmin. F

the BSC, the probability of chance association is relafiel, didate, excluding regions of fifteen arcmin centred on cdante

with a median<1 %. As detailed inPlanck Collaboration Int. i

. . ositions. On the other hand, we use a method developed b
IV (2013, the correspondence ofRlanck SZ-candidate with 2 hanim & Fromentea(2013 based on a search for overdgnsi— g
a RASS-BSC source is a semi-certain assomatlo_q with a r%gqs of bright (W1< 17) and red (WXW2 > 0) sources within a
cluster, whereas for the FSC catalogue the probability ahck five-arcmin radius circle centred on the positiorPtdinckdetec-

D= 0
assouanp IS Iarger_, 5.2%. . tions with respect to a background computed in a fifteen-arcm
We define a quality flagQrass, for the association d?lanck  54ius area.

candidates with RASS counter-parts using both the signal-t ; : :

L o : .. Aghanim & Fromentea(2013 find that a good-quality as-
g? Eaer':irtl:ﬁg\rsiisggJESeaf%iiﬁlgrgonncleég]ngi/gastg r?gvlf/rgﬁjss:tgrhslss ciation between ®lanck SZ-detection and a counter-part
Based on the results froflanck Collaboration Int. (2013, overdensity in WISE data is reached when there are at least te

. - . 7' . galaxies above & in the five-arcmin search region, and when
the qua_lltylo; thIeDIaSS(l)(miatl(zn with (';dAStS cour:t?]r_-partsglglsthe corresponding fraction of galaxies is at least 30% of the
ggACSS = L for .%n%/c us e>r§a\rl1v |f_a§s mai: :cnS%? ; total number of galaxies retained in the fifteen-arcminleirc
1227;?;:25 ggv(\j”éteg:timsisn ghed cgtemora t\?vti?h ?nean gﬁé% Performing the search for counter-parts of an ensemblerof ra
dian signal-to-noise of 7.4 and 5.8 regspg;:tively. The iguid om positions on the sky, we compute the purity of the detec-

X tions, i.e., the probability of &lanck candidate having a real
poor,Qrass = 3, for RASS counter-parts with (S/Mjss < 0.5 ) : -
in regions of reasonable depth (quantified by the probgtsfit counter-part in the WISE data as opposed to a chance associ

o . . ion. The quality criterion for the association betwédanck
chance association with FSC sources being larger than 2. ben. oo b _ i
(Planck Collaboration Int. IV 2013, Séf)ectlon and WISE overdensity is higQwise = 1, for a pu

rity larger than 90%. When it lies between 90% and 80% the
association oPlanck SZ-detections and WISE overdensities is
4.1.2. Search in SDSS data assigned a lower quality criteridwise = 2. We set the quality

of the association t®wise = 3, bad, when the purity is be-
We performed a systematic search for counter-parts in tt&SSDiow 80%. We find 85@Planck SZ detections with high or good
Data Release DR®SPDSS-III Collaboration et al. 20)at the quality counter-parts in WISE data, including 688yse = 1
position of all thePlanck SZ detections. This was performedietections.

4.1.1. Search in RASS data

We search for counter-parts of tRtkanck SZ detections in
he WISE source catalogue in two ways. On the one hand, we
fn an adaptive matched filter cluster finder developedimsel
al.(2013, similar to the one described lepner et al(1999),
fﬁg the cluster members’ luminosity function boih et al.
2012. The background counts were determined from the neigh-
ouring square degree in the vicinity of tRéanckcluster can-
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4.1.4. DSS images L o T .7

Finally for eachPlanckcluster candidate, the second Digitized .
Sky Survey (DSS) database was queried for a field ok5 I Z
5 arcmirf centred at the position of thelanck SZ detections 15
in ther andir bands. The DSS images were used for visual in- 10 F + 7 , B
spectiort Clusters and rich groups out o~ 0.3 to 04 can [ ﬁ 7]
easily be identified in these plates as an obvious concenirat__ [

of galaxies. This qualitative information was thus usejligi <~ %ﬁ
consolidate some identifications Bfanck SZ detections with = e
previously-known clusters; (i) to optimize our strategy the 8 I r
follow-up observations oPlanckcandidates (see Se&); and = 14
(iii) to qualitatively assess the reliability or significza of the 10 F <232

PlanckSZ detections. F 4 124
: ; ;‘%—‘L—k %// + r
4.2. Cluster catalogues / +

We now present the ensemble of catalogues that were used to . +

identify the Planck SZ detections with previously-known clus- 10" (., -~ . . '
ters. In the case of thROSAT and SDSS-based catalogues, we

have used homogenized quantities, see below, that alloséd u 10 100
perform the identification with comparable associatiotecid,

which ensures homogeneity in the output results. R.

o Fig. 15: Mass to richness scaling relatidsoo—R,_+, for the 444
MCXC meta-catalogue — For the association dPlanckSZ MCXC clusters included in the WHL12 catalogue/én et al.
candidates with previously-known X-ray clusters, we use tlp012). The best-fit relation, from BCES fit, is given by the solid
Meta-Catalogue of X-ray detected Clusters of galaxies (MCX p|ye line. We adopted 15% uncertainties on the MCXC masses
Plﬁarettl et al 2011and reference therein) constructed from_thss prescribed iRiffaretti et a|(201]) AS no uncertainty is pro-
publicly availableROSATAII Sky Survey-based and serendipvided for the WHL12's richness, we arbitrarily assumed a 20%
itous cluster catalogues, as well as tB#nstein Medium yncertainty for all richness values. The blue shaded areash

Sensitivity Survey. For each cluster in the MCXC severapprothe associated errors on the best-fit, while the dashed larksn
erties are available, including the X-ray coordinatesshét, the intrinsic scatter.

identifiers, and standardized luminosity, 500, Measured within
Rs00. The MCXC compilation includes only clusters with avail-

able redshift information (thus X-ray luminosity) in theigif  optical-cluster catalogues — The identification of th@lanck

nal catalogues. We updated the MCXC, considering the first 1§z candidates with clusters known in the optical is basedien t
lease of theReFLEX-II survey (Chon & Bohringer 201p the  apell (Abell 1958 and the Zwicky Zwicky et al. 196} cluster

third public release of clusters from theacs sample Mann  catalogues. Furthermore, we have used four differentagiais

& Ebeling 2013, individual MACs cluster publications and a of clusters based on the Sloan Digital Sky Survey (SD&Bk
systematic search in NED and SIMBAD for spectroscopic regd; /. 2000 data: (1) the MaxBCG catalogue (13, 823 objects,
shift for clusters without this information in thROSATcata- kgester et al. 2007 (2) the GMBCG catalogue (55, 424 objects,
logues. This yields an ensemble of 1789 clusters witnd a0 et al. 201 (3) the AMF catalogue (69, 173 objec&zabo

Lx 500 values, adding 201ACs clusters, 2IREFLEX-Il clus- gt a1, 201); and (4) the WHL12 catalogue (132,684 objects,
ters and 5 SGP clusters to the MCXC. F(Er these clysters, then et al. 201P We refer the reader tdven et al.(2012 for
expected Compton-paramet‘éggo, and sizeggy, are estimated g comparison of the existing SDSS-based catalogues obctust
combining theMsoo—Lx s00 relation ofPratt et al(2009 and the - anq groups. Each of the SDSS-based catalogues provides an es
Msoo—Ysoo relation given byArnaud et al(2010. The expected timated richness; we first start by homogenizing the richress

SIN ratio, (S/N)*, is computed taking into account the noisgimates to that of WHL12. For each catalogue, we compute the
within 65%, at the cluster location. We furthermore supplememfiedian ratio of WHL12's richness to that of the considered ca
the updated MCXC with 74 clusters froROSATcatalogues alogue over its intersection with WHL12's. We then renorizel
without redshift information and 43 unpublishethcs clusters the individual richness by the corresponding ratio. Theeir
observed byXMM-Newtonor Chandra For these 117 objects, ing factors applied to the richness estimataase respectively
only centroid positions are available. Finally, we consédthe 152 175, and 074 for MaxBCG, GMBCG, and AMF, obtained
published catalogues froldMM-Newtonserendipitous cluster from 7627, 17245, and 1358 common clustér§he richness is
surveys with available redshifts, the XCS catalogMelrtens then related to the halo masddsoo, by extending thaVen et al.

etal. 2013, the 2XMMIi/SDSS catalogudgkey etal. 201jland (2012 richness—mass relation provided on about 40 cluStéess

the XDCP catalogueHassbender et al. 20l However, these
catalogues mostly extend the MCXC to lower masses and onl§ Field NGALS.R200 for MaxBCG, GMSCALED.NGALS for
two Planckcandidates were found to be associated with the&&BCG and LAM200 for AMF.

new clusters. 10 We considered the associations of clusters with positioatina
ing within 6 arcsec radius and witkz < 0.05 (typical uncertainty for
" http://stdatu. stsci.edu/dss/. photometric redshifts in SDSS).
8 Images from the RASS, SDSS and WISE surveys at the position 8t Their M,q are taken from the literature either from weak lensing or
the PlanckSZ detections were also inspected. X-ray measurementd\(en et al. 201
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Fig. 16: Identification of thé’lanckcluster candidates with X-ray clusters from the MCXC cajale. Black points are candidates
firmly identified with MCXC clusters, while green points arandidates with no associatiobeft panel:distance of thé’lanck
position to the position of the closest MCXC cluster as a fiomcof the distance normalized to the cluster ﬁg&. Middle panel:
S/N normalized to the expected value as a function of noredldistanceRight panel:SZ flux, Ysoapsx, re-extracted fixing the

position and size to the X-ray value, as a function of expgketdues. The red line is the equality line. In all panéfg‘rgo,

Lx
andégy,

are estimated from the cluster X-ray luminosity used as rpe®sy (see text).

444 MCXC clusters, with masses estimated from the X-rayduntneasured over expected S/N ratio verSy Lgo (Fig. 16, middle

nosities. The data points and the best-fit scaling relatierpee-
sented in Figl5. The derivedMsoo—R « andLy 200—R_+ relations
are compatible with the findings &ffen et al.(2012. We find
log (Ms00/10** M) = (=2.00+0.17)+(1.37+0.10)xlogR, «. The
relation presents a large intrinsic log-scatigg; = 0.27 + 0.02,

hampering any accurate estimation of the cluster mass.ighis —

further illustrated by the richest clusters wiga« > 110 hav-
ing MCXC masses systematically below the bestiys—R_«
relation (although within the intrinsic scatter).

panel).

The association process follows three main steps. First, we
provisionally assign an X-ray identification flag based os di
tance:

Qx =3if D > 262%,andD > 10 arcmin. Those are consid-

ered as definitively not associated with an MCXC cluster in

view of Planckpositional accuracy and cluster extent.

- Qx=1ifD < 9;30 andD < 10 arcmin. Those are associ-
ated with an MCXC cluster.

— Qx = 2 otherwise, corresponding to uncertain associations.

SZ catalogues — At millimetre wavelengths, we cross-check i o
the PlanckSZ catalogue with the recent ACT and SPT samples \We then refine the classification. In ti = 1 category, we

(Menanteau et al. 2010/anderlinde et al. 202,0Williamson
et al. 201}, including the most recent data that increased t
number of SZ detections and updated the redshift estimates
the clustersReichardt et al. 2013Hasselfield et al. 20)3We

identify outliers in terms of the ratio of measured to expedct

N andYsqo, taking into account the scatter and the size—flux

degeneracy. Their flags are changed@o = 2. In some cases,
two distinctQx > 1 candidates are associated with the same

have furthermore identified tHelanck Sz detections associatedMCXC cluster. The lowest S/N detection is flaggedas= 2.

with previous SZ observations of galaxy clusters from tie li

In the final step, we consolidate the statusQyf < 3 can-

erature. We used a compilation of SZ observations conductéélates. We first re-extract the SZ signal at the X-ray posjti

with the numerous experiments developed during the last
years (Ryle, OVRO, BIMA, MITO, Nobeyama, SZA, APEX-
SZ, AMI, Diabolo, Suzie, Ryle, AMIBA, ACBAR, etc.).

4.3. |dentification with previously-known clusters

4.3.1. Identification with X-ray clusters

Both leaving the size free and fixing it at the X-ray value. The
Ys00 Obtained with the cluster and size fixed to the X-ray values
are compared to the expected valu‘es%o, in the right panel of
Fig. 16. For bona fide association, we expect no major change
of Y500 @and S/N, with, on average, a better agreement with the
expectedysg value and some decrease of S/N.

— ForQx = 1 candidates, the re-extractégho and S/N values

ThePlanckSZ candidates are cross-checked against previously- are compared to both blind and expected values (as a func-

known X-ray clusters from the updated version of the MCXC.
For a givenPlanck candidate-cluster we identify the closest
MCXC cluster*? The reliability of the association is assessed
based on distanc®&, compared to the cluster size and on the
measuredrsgp and S/N values compared with the expected val-
ues (see Figl6). Two clouds of points stand out in the scat-
ter plot of absolute versus relative distaneeeggo (Fig. 16, left

panel). They correspond to two clouds in the scatter plohef t

12 The information of the second closest is also kept to idgptiten-
tial confusion or duplicate associations.

16

tion of distance, S/N, etc.) to identify potential probldima
cases, e.g., important decrease of S/N or outliers in tefms o
measured-over-expect®gho ratio. We found only one such
case, whose flag is changed@q = 2. The identification of
other candidates is considered as consolidated, with defini
tive flagQx = 1.

We then examine th®x = 2 candidates. We consider the
re-extractedrsoo and S/N, but also perform a visual inspec-
tion of the SZ maps and spectra and ancillary data, including
RASS and DSS images. Tiig« = 2 candidates were iden-
tified as clearly identified as multiple detections of exthd
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clusters or duplicate detections of the same clusters Esrdif o2 " " "t T
ent methods that were not merged (the former are flagged as

false detections, the latter are merged with the correspgnd
candidate in the union catalogue) or not associated (eZg., g
sources clearly distinct from the MCXC clusters withnosige .15
nificant re-extracted signal at the cluster position and)siz =

of cl

Finally, for MCXC clusters without redshift and luminosity &
information, the association was only based on distanténge
Dx < 5 arcmin, and the consolidated based on visual inspectian
of SZ, RASS and DSS images and other ancillary informatio
Two cases were found to be a mis-identification. The SZ can
date was closer by chance to a faint XCS cluster, in the vicigg L
ity of the real counter-part (another MCXC cluster and anlAbeE g o5

cluster, respectively). §

mb

0.10

4.3.2. Identification with optical clusters L
0.00

The Planck SZ candidates are associated with known clus-

ters from optical catalogues (Abell, Zwicky, SDSS-baset ca

alogues) on the basis of distance with a positional matching (S/N)gass

within a search radius set to five arcmin. The consolidation o

the association was performed using the RASS information lig. 17: Normalized distribution of the signal-to-noiseRASS

described below, which allows us to mitigate the chancecasscsurvey at the position oPlanck SZ detections with SDSS

ations with poor optical galaxy groups and clusters. richness-based qualit®spss = 1 (solid line) andQspss = 2
(dashed line).

SDSS-based catalogues — We have considered the four cat-

alogues listed in Sect.2 We define a quality criterion for the 4 3 3 |dentification with SZ clusters

associationQspss in terms of cluster richness as a proxy of

the cluster mass (see for instandehnston et al. 200Rozo The association with known SZ clusters was performed wihin
et al. 2009. We set the quality criterionQspss to 3 for low five-arcmin radius. A visual inspection of the ancillaryaland
reliability, to 2 for good reliability and to 1 for high reka ana posterioricheck of the RASS signal at the position of the
bility. The corresponding richness thresholds are 110 ahd Planckcandidates associated with clusters from SZ catalogues
for Qspss = 1/2/3, respectively. The corresponding estimateig performed. It confirms that the values of (S4Ngs, when the
masses (given thelsg—R, + relation) areMsoo > 6.5 x 10**M, coverage is significant, are high with an average value of 5.4
and Msgp > 3.5 x 10"M,. However due to the large scatter

and associatgd uncertainty in the mass estir.na_te from the—maf_3l4_ Identifications from NED and SIMBAD

richness relation, we consolidate the association ofPfaeck

candidates with SDSS clusters by combining@gsswith the  The information provided from querying NED and SIMBAD
RASS signal at th&lanckcandidate position (see Seétl.]). databases is mainly redundant with cross-checks with erlust
In practice, only associations witRspss = 1 or 2 and a signal- catalogues. However, it lets us avoid missing a few assoot
to-noise, measured at tidanckposition in an aperture of five We therefore performed a systematic query in SIMBAD and
arcmin in the RASS survey, (S/Njss > 1 are retained as firm NED with an adopted search radius set to five arcmin. Sinyilarl
identifications. We stress that our choice of richness Hulels to the association with clusters in optical catalogues,pig-

is relatively conservative on average. Indeed,Qupss= 1 and tional association is consolidated using the results osé@ch

2 matched candidates are found with high (SN} values as in RASS data. Furthermore, tianckcandidates solely match-
shown in Fig.17, with mean (S/Njass = 7.1 and 6.6 and me- ing NED or SIMBAD entries were inspected and the identifi-
dian (S/Nrass = 5.9 and 5.4 forQspss = 1 and 2 matches, cation was confirmed or discarded using the information from
respectively. WISE counter-parts and the DSS images.

Abell and Zwicky catalogues — The Planck candidates are 5. Follow-up programme for confirmation of

associated with Abell and Zwicky clusters on the basis of a p|gnck candidates

positional matching within five arcmin. In the present case,

we do not make use of any richness information in ord&¥e have undertaken, since Spring 2010, an extensive follow-
to consolidate the association. We rather use here solely tip programme in order to perform a cluster-by-cluster cenfir
RASS signal, (S/N)ass, at the SZ-candidate positioRlanck mation of thePlanckcluster candidates and obtain a measure-
candidates associated with Abell or Zwicky clusters andrwitment of their redshifts. A total of 27®lanck candidates, se-
(S/N)rass > 1 are retained as firmly identified. For associatiorlected down to S/N- 4 from intermediate versions of tidanck
with (S/N)kass < 1, we decided on a firm identification only af-SZ catalogue, were observed in pursuit of their redshift-mea
ter checking the status of the counter-part in the WISE datia asurement. We have constructed our strategy for the sefectio
performing a visual inspection of the SZ signal and of thegasa of the Plancktargets primarily on the successful results of the
from ancillary data, including DSS images. series of follow-up observations in X-rays based on Diresto
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Table 4: List of the main observing facilities used for thefonation of thePlancknewly-discovered clusters, and for the mea-
surement of their redshifts.

Site Telescope Aperture (m) Instrument Filters Redshift
.. XMM-Newton EPIC/MOS & PN . Fe K
La Palma NOT 2.56 ALFOSC . spec
La Palma INT 2.5 WFC griz phot

La Palma GTC 10.4 OSIRIS . spec
La Palma TNG 3.5 DOLORES . spec
La Palma WHT 4.2 ACAM griz phot

La Silla NTT 3.7 EFOSC2 . spec
La Silla MPG/ESO 2.2m 2.2 WEFI VRI phot
Mullard Radio Ast. Obs. AMI 3.7and 13 SA&LA 13.5t0 18 GHz

Tenerife IAC80 0.82 CAMELOT griz phot
TUBITAK Nat. Obs. RTT 15 TFOSC gri spec,phot

Discretionary Time on theXMM-Newtonobservatory Rlanck Collaboration 1X (2011), Planck Collaboration Int. (2012,
Collaboration IX 2011Planck Collaboration Int. | 2031 2Planck and Planck Collaboration Int. I\M2013. It consisted of ob-
Collaboration Int. IV 2013 Snapshot observations, sufficient teerving 51Planck targets and led to the confirmation of 43
detect extended X-ray emission associated Witmckclusters Planck cluster candidates, two triple systems and four double
and to estimate redshifts from the Fe line for the brightest-c systems. There were eight false candidates. This folloywrap
ters, were conducted sampling the SZ detections down to Sjdimme has constituted the backbone ofRfenckcluster con-
= 4. These observations allowed us to better understand thef@ation and most importantly has allowed us to better un-
signal measured blanckand hence to refine the criteria to sederstand the SZ signal measured Bhanck and thus to bet-
lect targets, especially for further optical follow-up. ter master the criteria for confirmation (or pre-confirmajiof

We have engaged numerous campaigns on optical faciliti#fse Planck cluster candidates. By providing us with the phys-
which now constitute our main means of confirmatiofPtfnck ical properties and redshift estimates of the confirmed-clus
SZ detectionsPlanckcandidates with low-quality DSS imageders, it has furthermore given us a first view on the phys-
or without SDSS information, or low (S/N)ss, were primar- ical characteristics of the newly discover@&anck clusters.
ily sent for deeper multi-band imaging observations. Theyev Snapshot observations (around 10 ks) of f@nck candidates
followed-up to the depth needed for the confirmation, i.agd-i took place between May 2010 and October 2011. All the results
ing an optical counter-part, and for the determination oha-p from the four observing campaigns were publishedPlanck
tometric redshift. Candidates with galaxy concentratioi3SS Collaboration 1X(2011), Planck Collaboration Int. (2012, and
or with counter-parts in SDSS, and/or with high (SiNJs, were Planck Collaboration Int. I(2013). Calibrated event lists were
preferentially sent for spectroscopic confirmation. Thienity —produced with v11.0 oKMM-NewtorSAS, and used to derive
being to confirm the clusters and to secure the largest numbegshifts and global physical parameters for the confirnhest c
of robust redshifts, no systematic spectroscopic confionatf ters Planck Collaboration IX 2011 The redshifts were esti-
photometric redshifts was performed for low-redshift tdus mated by fitting an absorbed redshifted thermal plasma model
(Zohot < 0.4). For higher-redshift clusters, spectroscopic confite the spectrum extracted within a circular region corresig
mation of the photometric redshifts is more crucial. As ailtes to the maximum X-ray detection significance. Most of the red-
we have made use of telescopes of different sizes, from 1-mstufts were confirmed using optical observations. Addgiarb-
10-m class telescopes, optimizing the selection of targets servations at VLT were conducted to confirm spectroscolgical
to the different observatories (Tablegives the list of the main the highest redshift¥:
telescopes). Eight- and ten-metre class telescopes, &g,
GEMINI and VLT, were used to spectroscopically confirm red- . L .
shifts above 0.5 for already confirmed clusters. 5.2. Optical observation in the Northern hemisphere

Our eﬁqrts to confirm thePIanckcIuster c_andidgites, mea-5 3 1. ENO telescopes
sure redshifts, and characterize cluster physical prigsentlies
on ongoing follow-up of a large number of cluster candidateés total 64 cluster candidates froflanck were observed at
in the optical (ENO, RTT150, WFI), in the infrared (SpitZ§r European Northern Observatory (ENitelescopes, both for
and at SZ wavelengths (Arcminute Microkelvin Imager, AMIl)imaging (at IAC80, INT and WHT) and spectroscopy (at NOT,
The output of the confirmation and redshift measurements fraGTC, INT and TNG), between June 2010 and January 2013.
the observing campaigns is summarized in S&ét.Companion The aims of these observations were the confirmation, photo-
publications, in preparation, will detail the observingnzaigns
and their results.

14 Observations are conducted under programme 090A-0925.

15 ENO:htt p: // www. i ac. es/ eno. php?l ang=en.

5.1. XMM-Newton observatory 16 The observations were obtained as part of proposals forghgish
CAT time (semesters 2010A, 2010B, 2011A, 2011B, 2012A and

The X-ray validation follow-up programme of 500 ks observa012B), and arnternational Time Programme (ITPaccepted by the

tions undertaken ilXMM-NewtonDDT is detailed inPlanck International Scientific Committee of the Roque de los Mutios

(ORM, La Palma) and Teide (OT, Tenerife) observatoriese(ezice

13 Under Spitzer programs 80162 and 90233. ITP122).
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metric redshift measurement, and spectroscopic confiomafi was carved out using custom software, generating slits efifix
redshifts above = 0.3. width 1.5 arcsec and of length typically 15 arcsec. Grism No.
5 of ALFOSC was used, covering a wavelength range 5000 —

INT, WHT and IAC80 — The optical imaging observationslozgzo A with a resolution of fzbouR = 400 and dispersion
were taken either with the Wide-Field Camera (WFC) on ti&1 A/pixel. Redwards of 7200A strong fringing is present in
2.5-m Isaac Newton Telescope (INT), the auxiliary-port eanthe ALFOSC CCD. It was effectively suppressed using dither
era (ACAM) at the 4.2-m William-Herschel Telescope (WHT)pattern alternating the placement of the spectroscopgtsie-

or with CAMELOT, the optical camera at the 0.82-m telescopeveen these sets of slits.

(IAC80). The targets were observed in the Slganfilters. For In addition to the MOS observations, spectroscopic observa
the majority of fields, either Sloanor GunnZ images are also tions in single-slit mode were conducted for soRtanckcandi-
available. Images were reduced using the publicly-aviglsdit- dates. For these observations, a long slit covering theec@t
warel r af andSextract or (Bertin & Arnouts 199¢. The arcmin length of the ALFOSC field and a width of3larcsec
data reduction included all standard steps, i.e., bias anfldld was employed, with the same grism and wavelength coverage as
corrections, astrometric and photometric calibratiorfee pho- for the MOS observations. The field angle was rotated to place
tometric calibration is based either on standard star @aiens the long slit over multiple targets, to include the appaBGG

or, if available, on data from the SDSS. Finally, all magdés as well as two to three other bright cluster galaxies withia t
were corrected for interstellar extinction, based on the thaps ALFOSC field.

by Schlegel et al(1998. We obtained photometric redshifts us-
ing the BPZ codeBenitez 200) using a prior based on SDSS
data, and fitting a set of galaxy templates. The BPZ code pr%—z'z' RTT150

vides the Bayesian posterior probability distributiondtian for A total of 88 Planckcluster candidates were followed up with
the redshift of each object, which is later used in the procés the Russian Turkish Telescope (RTT1%0from July 2011
cluster identification. The identification of the galaxy oen- o December 2012 within the Russian quota of observational
sity located near thelanck positions and the estimate of thaime. In total, about 50 dark nights, provided by Kazan Fabler
photometric redshifts of the associated clusters wereopedd yniversity and Space Research Institute (IKI, Moscow), aver
using a modified version of the cluster-algorithm descrilved ysed for these observations. Direct images and spectrizscop
Sect4.1.2 redshift measurements were obtained usifgBITAK Faint
Object Spectrograph and Camera (TFG3Csimilar in layout

GTC and TNG - Spectroscopic observations were performée ALFOSC at NOT (see above) and to other instruments of this
using the 10-m Gran Telescopio Canarias (GTC) telescope afdi'®S- .

the 3.6-m Telescopio Nazionale Galileo (TNG) telescope Th . The TFOSC CCD detector cover a.3% 133 arcmirf area
OSIRIS spectrograph at GTC was used in long-slit mode to offith 0-39 arcsec per pixel image scale. Direct images of clus-
serve a total of eight targets with two slit positions perdidate. ter candidates were obtained in Slogn filters, in series of
We used the R500R grism and a binning 2, which provides a 600s exposures with smak (10-30 arcsec) shifts of the tele-

resolutionR = 300 with a slit width 1 arcsec, and a wavelengtiCOP€ pointing direction between the exposures. All stahda
CCD calibrations were applied using af software, individ-

coverage 4800-10008. We retrieved three exposures of 1200 5| jmages in each filter were then aligned and combined. The

each. The final spectra presenta S/N of about 20 in galaxtes W1 of 1800 s exposure time in each filter was typically otetel

r = 20mag. We used the DOLORES multi-object spectrograg each field, Ion%er exposures were used for more distast cl
(MOS) at TNG to observe 9 candidates. The masks were dg; cangidates. Deep multi-filter observations were okthfior
S|gn_ed to contain more than 30 slltletg, 1.5 arcsec widdced o candidates, except those unambiguously detected infSSDS
within an area about 6 arcmix8 arcmin in order to cover _the With these data, galaxy clusters can be efficiently ideuwtifie
target field. We used the LR-B grism, which provides a dispglzyshifts upte ~ 1.

sion of 27 Alpixel, and a wavelength coverage between 4000 Galaxy clusters were identified as enhancements of surface

and 8000 A. We carried out three acquisitions of 1800s eachumber density of galaxies with similar colours. Clustet se-

and obtained spectra with SAN15 in galaxies with’ = 20mag guences were then identified in the colou_r—ma_lgnltude dimagra

using a total integration time of 5400s. of galaxies near the optical centre of the identified clustae

detected red sequence was used to identify the BCG andrcluste

] ] ) . member galaxies. Using the measured red-sequence colour ph

Nordic Optical Telescope (NOT) — Spectroscopic redshift tometric redshift estimates were obtained, which weréailhjt

measurements were obtained using the Andalucia Faint Objggiibrated using the data on optical photometry for galdug-c

Spectrograph and Camera (ALFOSC) at the NOWlost targets ters from the 400SD X-ray galaxy cluster surv@ytenin et al.

were observed in MOS mode, targeting typically ten to flfteemm)_

galaxies per ALFOSC field (covering®x 6.4 arcmirf, with an For spectroscopy we used the long-slit mode of the instru-

image scale of 188 arcsec/pixel). One or two unfiltered 300s : . . o

pre-imaging exposures were obtained per candidate (;Iljlsterment with grism No. 15, YVh'Ch covers the 3900-91Avave-

addition to a single 300s exposure in each of the SB%®&d length range withz 12 A resolution when a slit of B arc-

i bands. The de-biased and flat field calibrated pre-imagitay daec width is used. Galaxy redshifts were measured throwgh th

were used to select spectroscopy targets. The final magkndfesi cross-correlation of obtained spectra with a templatetspecof

an elliptical galaxy. Spectroscopic redshifts were tylhjcab-

7 The observing runs took place on June 28 - July 3, 2011, Januar

20-25, 2012, July 16-21, 2012 and January 9-14, 2013. 1 http://hea.iki.rssi.ru/rtt150/en/index. php.
8 The MOS masks were cut at the Niels Bohr Institute, Copernage?® http://hea.iki.rssi.ru/rtt 150/ en/
University. i ndex. php?page=t f osc.
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tained for the spectra of a few member galaxies, includirg tlobjects, preferably stars, to orient the field, the slitke¢se allo-
BCG, selected from their red sequence in the imaging obsereated to the candidate member galaxies. The exposure tones f
tions. These data allow us to efficiently measure spectpiscothe clusters range from 3600s to 10800s.

redshifts for clusters up o~ 0.4. For the highest-redshiftclus- g gata were reduced with the standard reduction pipeline
ters, complementary spectroscopic observa_mons weremeetl ¢ ot The redshifts from the emission lines were determined
with the BTA 6-m telescope of SAO RAS using SCORPIO f()Cf‘\'i]eparately after correlation with the passive galaxy taegsl
reducer and spectrometéxfanasiev & Moiseev 2006 We use the vsao package, which applies the cross-correlation
technique to the input templates of galaxy spectra to medkar

5.3. Optical observation in the Southern hemisphere object redshift. The REFLEX templates were used for thisyana
sis, which include 17 galaxy and stellar templates. We coefit
5.3.1. MPG/ESO 2.2-m Telescope a spectroscopic cluster detection if at least three gadaxime

their R-value greater than 5, and lie withinr3000km/s of the
mean velocity of the cluster members. We then took the median
"3F hose galaxy redshifts as the cluster redshift. For timgo
9l observation, the cluster was confirmed with the redsifif

21 : ; )
(WFI).* The WFI detector is a mosaic of 8 2kdk CCDs, cov the BCG and another galaxy at similar redshift within therefo
ering a total area of 33 arcmix34 arcmin on the sky, with an mentioned criteria

image scale of @38 arcsec/pixel. Each field was observed in
the V-, R-, andl-bands with a default exposure time of 1800s

(with five dithered sub-exposures) per passband. The bagic ; ; P
calibration, including de-biasing and flat-field frame bedition, %.4. Observations in the SZ domain with AMI

followed standard techniques. The individual exposure8we A ansemble of 6@lanckblind SZ candidates, spanning a range
registered an.d WCS calibrated using the USNO-B1 catalogug(ﬁS/N between 4 and 9 and meeting the ArcmiFr)mte M?crokel?/in
an astrometric r_eference t_)efore bemg stackgd into a Cc‘.rdb'rfmager (AMI) observability criteria, was observed with AMI
frame for each filter, covering the entire WFI field. Photoricet 1,5 goal of this programme was to confiftanckcluster candi-
redshifts of the observed clusters were then determin@d &0 ;0 through higher-resolution SZ measurements with A a
algorithm that searches for a spatial galaxy overdenststetl 1, refine the position of confirmed clusters in order to optini
near the position of th(_a SZ cluster candidate that also €or{fq subsequent optical follow-up observations aiming asét
sponds to an overdensity M — R versusR — | colour—colour ' oaq,rement. AMI comprises of two arrays: the Small Array
space. The median colour of g_aIaX|es located in this overdetgA); and the Large Array (LA). Further details of the instru
Sity Was_then compare_d to predicted (_:olours of eé_“'y'tyl@@a ment are given irAMI Consortium et al.(2008. Observations
ies at different redshlfts.by_ COF‘VO'V'”Q a redghﬂ‘ted @mﬁl carried out with the SA provide information that is well céegb
galaxy spectral energy distribution template with the com@8 1, the angular scales of the SZ effect in clusters, whereas-sn
filter+telescope+detector response function. shot observations obtained with the LA provide information
the discrete radio-source environment. The latter allougtb
5.3.2. New Technology Telescope (NTT) detect the presence of nearby, bright radio sources, helpin
further selecting the targets for observation with the SAtdis
Observation® were conducted at the 3.5-m NTT at the ESQf the AMI data reduction pipeline and mapping are described
observatory at La Silla to measure spectroscopic redsifit8 in Planck and AMI Collaboration&013).
Planckclusters with the EFOSC2 instrument in the MOS mode.
A clear BCG was identified in the clusters in pre-imaging data
and besides the BCG a redshift was measured for at least one
other member of the cluster. In the following a brief outlwfe L
the observations and the data reduction are given Geen & 6. Results of the validation and follow-up

Bohringer 2012for details). N . .
Each field of thePlancktarget candidates was optically im--l.—he ex_ternal yalldatlon allows us to identiBlanck SZ de’gec;-
ns with previously-known clusters and to assemble eilut

in n nd for tar lection and mask making. Th
aged in Gunm band for target selection and mask making ormation on the identified clusters such as their redshifte

imaging resolution is A2 x 0.12 arcset, and the field of view O ; o ;
is 4.1 x 4.1 arcmir? for both imaging and spectroscopic observalidation steps corresponding to the association wittmkmo

vations. When necessary, the field was rotated to optimigeta Custers were performed following a chosen hierarchy: X-ra
selection. We used the grism that covers the wavelengtrerar‘?#jSters from the updated MCXC meta-catalogue; then dptica

. o . . cfusters from Abell and Zwicky catalogues; then opticalselu
between 4085A and 7520A, with 1.68 A per pixel at resolu- ers from the SDSS-based catalogues; followed by SZ chuster
tion 1365 A per arcsec. We typically applied 10 to 15 slitlets pefrom SPT and ACT samples; and finally clusters from NED and
field with a fixed width of 1.5 arcsec for the MOS and of 2.0 arcSIMBAD queries. The first identifiers of thelanck SZ detec-
sec for the long-slit observations. Including at leastéhygght tions given in TableB.1 reflect the validation hierarchy.

In the following, we present the results of the external val-

Optical imaging of 94 Planck cluster candidates in the
Southern hemisphere was performed under MPG program
at the MPG/ESO 2.2-m telescope using the Wide-Field Ima

21 Based on observations under MPG programmes 086.A-90 . : -
087.A. 9003, 088.A.9003, 089.A-9010, and 090.A-9010. Theeo. Wation process and of the follow-up campaigns for confirma-

vations were conducted during the periods of November 27cebder tion of Planck ca_ndldates and measurement of_thelr_ redshifts
3, 2010, March 8-19, May 21 - June 3, and November 30 - Decemig€€ Tablé and Fig.18). We also present the confirmation from
4, 2011, December 30, 2011 - January 7, 2012, June 10-18, aad2 SDSS galaxy catalogues and from X-ray archival data. We fur-
January 6-13 2013. ther discuss the unconfirmed candidate new clusters ddtegte

22 The observations were performed during three spectrosaiipi  Planck which we classify into three categories of different reli-
serving campaigns, 087.A-0740, 088.A-0268 and 089.A-0452 ability.
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Table 5: Summary of the external validation and confirmafiiom follow-up observations. In each category, the numbpresents
the total number oPlanckcandidates identified exclusively with X-ray, optical, & 8usters. The category X-ray clusters covers
identifications from the updated MCXC meta-catalogue. Tdtegory optical clusters covers identification from the I\t@vicky,

and SDSS-based catalogues only. The category SZ clustesssddentification from SPT and ACT catalogues only. Cordiions
from follow-up do not cover the observations performed by Rfanck collaboration to measure the missing redshifts of known
clusters. Confirmation from archival data covers X-ray deden ChandraXMM-Newton andROSATPSPC pointed observations
only.

PlanckSZ sources 1227
Previously known clusters 683
X-ray only 472
Optical only 182
SZ only 16
NED and SIMBAD 13
Plancknew clusters 178
Confirmed with follow-up observations 157
Confirmed with SDSS galaxy catalogues or archival data 21
Planckcandidate new clusters 366
CLAssSL 54
CLASS2 170
CLASS3 142

ters identified in each category and we discuss notable odises

known clusters that are not included in tRkenckSZ catalogue.

X-rays 472

6.1.1. Identification with known X-ray clusters
Optical
A total of 472PlanckSZ-candidates are identified with known
X-ray clusters from the MCXC meta-catalogue, which repre-
sents 38.5% of thPlanckSZ detections and 69.1% of the iden-
tifications with previously-known clusters. These idenéfions

of course account for many Abell clusters in the RASS-based
catalogues of X-ray clusters.

Using the cluster properties reported in the MCXC and the
Plancknoise maps at the cluster positions, we computed the ex-
pected SZ signal and the expected S/N ratio for a measurement
with Planck We have compared the number of detected clusters
in the Planck catalogue with S/N> 4.5 to the number MCXC
clusters at an expected significance of 4.5. Only 68 clusters
pected to be detected at SANA.5 are not included in thBlanck

0 100 200 300 400 500 catalogue, including 16 with predicted S/N between 4 and 4.5
Of the 52 clusters with expected SiN4.5, only 41 are outside
Number of SZ sources the masked regions and could thus be in the PSZ catalogue. Our
Fig. 18: Distribution of thePlanckclusters and candidates in thecomputation of the expected SZ signal and S/N were based on
different categories defined in the external validationcpss. scaling relations for X-ray-selected clusters, not actiogrfor
The validation follows the order association with MCXC clusthe dispersion in the relations. We therefore focus on the no
ters, then Abell and Zwicky clusters, then SDSS clusters thdetected MCXC clusters that significantly depart from the ex
SZ clusters, and finally clusters from NED/SIMBAD. pected S/N value, namely by more thaor.5A total of 13 clus-
ters are in this category. The two objects RXCJ2251.7-3206 a
RXCJ0117.8-5455 show emission in high-resolutidmandra
imaging that is point-like rather than extended and ardyiiket
; ; clusters of galaxiesantz et al. 201PMagliocchetti & Briiggen
6.1. Planck clusters associated with known clusters 2007). Of the other eleven missing MCXC clusters, some present
A total of 683 out of 1227 SZ detections in tidanck cata- AGN contamination. This is the case for RXC J1326.2+1230
logue, i.e., 55.7%, are associated with previously-knolus-c (Magliocchetti & Briiggen 2007 RXJ1532.9+3021Hlavacek-
ters from X-ray, optical, or SZ catalogues, or with clusfetsnd Larrondo et al. 2012 RXCJ1958.2-3011, RXCJ2251.7-3206,
in the NED or SIMBAD databases. We give the number of clusgnd RXCJ0117.8-545%agliocchetti & Briiggen 2007 Abell

Confirmed

Class 1

Class 2

Class 3
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689 Giles et al. 201p, ZwCI2089 Rawle et al. 201 PKS a median ratio of & + 1.2 for the richness-to-X-ray based
0943-76 Abdo et al. 201D and Abell 2318 Crawford et al. masses, indicating that the richness-based masses seesn to b
1999. In these cases, the presence of the AGN affects thgstematically overestimated. Unlike the X-ray clustessthus
X-ray luminosity measure leading to an overprediction @ thcannot compute a reliable estimate of the expected S/N value
SZ signal. Some exhibit significant radio contaminatiowy, e. for SZ detection of these optical clusters. We thereforeatly
RXCJ1253.6-3931Rlagge et al. 200)0and RXCJ1958.2-3011 search for the SZ signal at the positions of the 201 “missing”
(Magliocchetti & Briggen 200)7 which hampers the SZ de-SDSS-clusters and found that all of them have S/N valuesbelo
tection. Cool-core clusters for which the X-ray luminosisy thePlanckthreshold, with a mean signal-to-noise of 1.6, except
boosted due to the central density peak have an over-estimdbr three clusters. Two of these three “missing” SDSS-elsst
expected SZ signal. This is the case for RXCJ0425.8-08B3ve their S/N value from the extraction at the cluster posit
(Hudson et al. 2010 ZwCI2701 Rawle et al. 201p Abell slightly higher than 4.5. The increase in S/N value is dudéo t
1361 Rafferty et al. 2008 and RBS 0540HKckert et al. 2011 difference in estimated background noise when centringxhe
Belsole et al. 2006 Other “missing” clusters are CIZA clusters:traction at the cluster position as opposed to the blindatiete
RXC J0643.4+4214, RXC J1925.3+3705, RXC J2042.1+24Z6e third missing rich cluster is affected by contaminafimm
and RXC J0640.1-1253, REFLEX cluster RXCJ2149.9-185@MB anisotropy, which results in a bad estimate of its sizeé an
APMCC 699, Abell 3995, Abell 2064 and RBS 171. consequently of its SZ signal.

In addition to the clusters discussed above which are not in-
cluded in the catalogue due to contamination by AGN or pres- e .
ence of cool-cores etc., we note that some notable nearby g)ils Identification with known SZ clusters
tended clusters are also notincluded infi@nckSZ catalogue. The majority of the SZ clusters, from SPT or ACT, used in the
Indeed, the detection methods used to detect the SZ effect @ilidation process are low-mass System@&dianaround 23 x
not optimized for the detection of sources with scale radius 1014\ ). Planckis particularly sensitive to massive rich clusters
in excess of 30 arcmin. Of the 25 clusters in this categorh(Wigng thus only a total of 56 of these clusters ma@thnck SZ
z < 0.03) in the MCXC meta-catalogue, six are included in thgetections, out of which 16 candidates are exclusivelyaatad
Planck catalogue. The remaining 19 fall into the masked aregsi, sz cluster& from ACT or SPT. Nine more ACT and SPT
(seven out of 19, among which Perseus and Abell 1060 lie in tg sters are associated witanckSZ detections between SA
PS mask (Figl9, first two panels), and Ophiuchus and 3C 129.4 54 4 5. We have searched for the SZ signal irPaackdata
lie in the Galactic mask (FigL9, second two panels)) and/or; the position of the remaining non-observed ACT/SPT ehsst
have a S/N ratio below the PSZ catalogue thresholdSAS.  py extracting the SZ signal at their positions. We found ikt
This is the case of Virgo cluster (Fig9, lowest panel), whichis 54 signal-to-noise values lower than 4.
Qetectgq in thélancksurvey but with asignal-to-noise ratioat  \y\e pave also checked the redundancy of SZ detections
its position of about 3.9. Virgo's extension on the skyg = 168  jithin Planckby comparing the ESZ sample, constructed from
arcmin) further hampers its blind detection. 10 months of survey with a cut at Galactic latitudes-af4 de-

We show in Fig.19 the reconstructed SZ signal from theyrees, with the preseiianck catalogue. Of the 189 high sig-
M LCA algorithm Hurier et al. 201D for five of the “miss- pificance ((S/Ngsz > 6 ESZ detections, 184 ESZ confirmed
ing” extended clusters. These clusters, despite not beamy Rujysters are included the pres@ianckcatalogue within a dis-
of the Planck catalogue of SZ sources, are well detected in thgnce of five arcmin from their ESZ position. The mean sepa-
Plancksurvey. They all are included in the thermal SZ map coRgjion petween the ESZ and present positions is of order 1.35
structed from thélanckchannel maps and presentedianck  arcmin, within Plancks positional accuracy. Their S/N values

Collaboration XXI(2013. were increased by a factor 1.17 on average with respectiio the
(S/N)esz, (Fig. 20) and only four out of six of the ESZ clus-
6.1.2. Identification with known optical clusters ters have new S/N values significantly lower than ESZ signal-

to-noise threshold (S/Myz = 6. They are displayed as stars in
A total of 182Planck SZ detections are identified exclusivelyrig. 20. Four ESZ clusters are not included the pres@ianck
with optical clusters from Abell and Zwicky catalogues, andatalogue, they fall in, or nearby, the PS mask used for the pr
from the SDSS-based published catalogues, i.e., 26.6%eof giocessing of the channel maps prior to running the detectio
known clusters in th@lanckcatalogue. algorithms. Such a mask was not utilized for the construatio
The Planck SZ candidates at S/ 4.5 have 111 exclu- ESZ sample. We choose not to a posteriori include these four

sive associations with Abell or Zwicky clusters, i.e., witlis- “missing” ESZ clusters in the preseRlanckSZ catalogue.
ters not in any of the catalogues compiled in the MCXC meta-

catalogue. In addition to these associationRléhckdetections o ]
are solely identified with clusters from the SDSS-based-cafa1-4. Identification with clusters from NED or SIMBAD

logues. These are either rich and massive systéinsdreater ag expected only a small number of clusters are identifiechfro
than 110Qspss = 1 clusters) or moderately low-richness sysgerying the databases, supplying identifiers for thirt&h
tems Qspss = 2 clusters, exhibiting hot gas as indicated bpjanckdetections. This is because the information in NED and
their S/N value in the RASS survey). However, not all the.rlc IMBAD is redundant with that in the X-ray, optical, or SZ cat
Qspss = 1 clusters in SDSS-based catalogues are found in theges used for the external validation. The thirteentetss
Planck catalogue. A total of 21®spss = 1 clusters from all tqng solely from querying the databases are found in theRAS
four SDSS-based catalogues (201 outsideRleckunion PS  ;rvey put not in dedicated cluster catalogues, and thusnot
and Galactic mask) are not included in fPlanckcatalogue. cluded in the MCXC; they are found in serendipitdisandra

We explore why these rich clusters are not detected blindlyryeys, or they are part of miscellaneous cluster catefagu
by the SZ-finder algorithms. We first compare the richnesetha

masses against the X-ray luminosity-based masses of 26s# th 23 Sjx Planckclusters were confirmed froXMM-Newtoror NTT ob-
“missing” clusters found in the MCXC meta-catalogue. We findervations and are also publishedreichardt et al(2013.
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[ AL ARer- oo dREBELE AR R
[ Perseus, By0=58.9", (RA,DEC)=(49.9%41.5%)

| AI060, 6:0=45.5, (RAOEC)=(158.1%-27.5)

[ Ophiuchus, Byq=36.1", (RA,DEC)=(258.1%-23.3%)

Fig. 19: Five selected nearby and extended clusters natdedlin the PSZ catalogue. All exhibit an extended SZ sige@aed in
thePlancksurvey. From top to bottom: Perseus cluster and Abell 106th@ point-source mask); Ophiuchus cluster and 3C 129.1
(in the Galactic mask); and Virgo cluster (below the S/N shiedd of the cataloguel.eft panelsirreconstructed thermal SZ maps
from the M LCA algorithm Hurier et al. 201D The dashed circles represent the aperturegffrom the MCXC catalogue.
Each SZ-map covers an area @fgh x 40500. Right panelscomposite images of the optical (DSS), X-ray (ROSAT) and igAa
(Planck. The size of the composite images is adapted to optimizeligmay (Perseus: R 2 square degrees; Abell 1060x33
square degree; Ophiuchusk 1 square degree; 3C 129.17@x 0.77 square degrees; Virgo.83 x 3.84 square degrees). The solid
circle in the left corner shows, both in the $Zanckmap and in the composite image, a 10 arcmin field of view; edxicep/irgo

for which it shows a 30 arcmin field of view.
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207" 7T ' R cal telescopes, redshifts from Fe lines and from photometri
[ . ] spectroscopic data are available. The validatioRlahckclus-
] ter candidates wittKMM-Newtonhas shown its particular effi-

1.8}

ciency in confirming SZ candidates due both to the high sensi-
tivity of XMM-Newton allowing Planckclusters to be detected

N 167 . up to the highest redshift${anck Collaboration XXVI 201}
! [ s . ] and the tight relation between X-ray and SZ properties. Tée d
< 44 8o . tection of extendecKMM-Newtonemission and a comparison
<) [ *8 g S . ] between the X-ray and SZ flux permits an unambiguous confir-
9 B A S 1 mation of the candidates. By contrast, confirmation in thtéecap
% 1.21 ’:_ ;“"-t t:.'i . :. oo ] may be hampered by tH&lanckpositional accuracy and by the
= [ 2 ST : o, .° . scatter between the optical observables and the SZ sighahw
o 1.0 1"_:'?.&'1 77777777777777 B increase the chance of false associations. XMM-Newton
=~ [ e% . ] follow-up programme yielded 51 bona fide newly-discovered
Foe . clusters, including four double systems and two triple exyst.
0.8[* ] There were eight false candidates. Thirty-two of the 51viiodli
r ual clusters have high-quality redshift measurements filoen
0.6 L i Fe line. The relation between the X-ray and SZ properties was
r T T used to further constrain the redshift of the other clusteisst
of these redshifts were confirmed clusters using opticaéwebs
5 10 15 20 25 30  vations. Out of a total of 37 single clusters confirmedXyM-
(SIN)s, Newton 34 are reported in thBlanck catalogue of SZ sources

at S/IN> 4.5. Additionally four double systems are included in

Fig. 20: Ratio of the signal-to-noise in the presBiinckcata- the present PSZ catalogue and were also confirmeXNayi-
logue, (S/Npsz, to that in the ESZ sampl®{anck Collaboration Newton _ _ _

VIl 2011), (S/N)sz, for 184 confirmed ESZ clusters includedlhe follow-up observations conducted with optical telgse
in the Planck catalogue. Four clusters with signal-to-noise ifead to the confirmationand to the measurement of spectpasco

the PSZ catalogue significantly smaller than the ESZ thiesh®' photometric redshifts (companion publications, in jarep
((S/N)esz = 6) are shown as stars. tion, will present the detailed analysis and results fromséh

follow-up). In the Northern hemisphere, 26 spectroscopit- r
shifts for Planck clusters detected at S/N 4.5 and observed

at the RTT150 are reported, to date, in the PSZ catalogue.
A dozen additional spectroscopic redshifts were measwed f
Among the 544Planck SZ sources, we distinguish two cateknown clusters. Confirmation of ZRlanckSZ clusters detected
gories: (1) confirmed clusters, i.e., those that have been cabove 4.5 were obtained with the ENO facilities (at INT, GTC
firmed by the follow-up programmes of tlanck collabora- and NOT), and robust redshift measurements were obtained
tion?* or using the SDSS galaxy catalogues. We also add eigbt 19 of them, including 13 spectroscopic redshifts. In the
confirmations from X-ray archival data; (2) Candidate @ust Southern hemisphere, WFI observations provided photaenetr
with different levels of reliability, namel\GLASS1 cluster candi- redshifts for 54 clusters included in tRéanckcatalogue at S/N
dates, that fulfil high-quality criteria for the SZ detectiand for > 4.5, while 19 spectroscopic redshifts obtained with the NTT-
the associations and/or counterparts in ancillary datass2 EFOCS2 instrument are reported in fAkanckcatalogue.
candidate clusters, i.e., those that fulfil, on averagedepaality

criteria, andcLASS3, low-reliability cluster candidates.

6.2. Newly-discovered Planck clusters and candidates

Confirmation from SDSS galaxy catalogues The firm
i _ ) confirmation of the candidates was done through the follpw-u

Confirmation from Planck collaboration follow-up pro- observations for confirmation and measurement of theithiéds
grammes At S/N > 4.5, a total of 233lanck SZ detections 4 getailed above. However in the case offtenckcandidates
were followed up in X-rays, optical, and SZ at the differea f t5)jing in the SDSS footprint we also used the SDSS galaxy cat
cilities listed previously, with some observations taggkto the alogues to search, as presented in S&dt2, for galaxy over-
measurement of spectroscopic redshifts for already kndus ¢ gapsities associated wifanckSZ detections. This provides us
ters. In total 15PlanckSZ detections with S/t 4.5 were con- ith an estimate of the photometric redshifts, and in sonsesa
firmed as new clusters. Some of tR&anckconfirmed clusters \ye could retrieve spectroscopic redshifts for the BCG as wel
were also reported in recent cluster catalogues in thealpéia., hi h . . i th .
Wen et al(2012 or in the SZ e.g.Reichardt et al(2013. In this process, the major uncertainty in the associations

of Planck SZ detections with galaxy overdensities is due

The analysis of the observations Bfanck sources by AMI h e ih | ioh .
yielded ten sources with strong Bayesian evidences that hdg, chance associations with low-richness systems or assoc

clearly visible decrements and were considered as confiimed 2U0ns with diffuse concentrations of galaxies in the SDSS
cluding the confirmation of three associations with optitas- data. The){MM-NeWtonconflrmz;tlon programmes (sédanck
ters. Collaboration Int. V(2013 for discussion) showed th&lanck

For the candidates confirmed M-Newtonand by opti- candidates with SDSS counterparts were confirmed including
B§M y op PLCK G193.3-46.1 atz ~ 0.6. However, the X-ray analysis

24 A handful of newPlanckclusters from the ESZ sample were con®f the Planckdetections with SDSS counterparts illustrated the

firmed independently from tHelanckcollaboration by SPTStory etal.  difficulty in distinguishing between associationsRiinck Sz

2011, AMI (AMI Consortium et al. 201), Bolocam Gayers et al. Signals with massive clusters and with pre-virialized slinces.

20123 and CARMA Muchovej et al. 201p In particular, in the case of extended filamentary strustune
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dynamically perturbed sources, an offset between the BGG pe- Q5% = 3, i.e., low reliability: (i) weak SZ signal in thg-

sition and the concentration barycentre is noted. maps and/or noisy SZ maps; (ii) weak or no SZ signal in the
We considered thBlanckSZ candidates with counterpartsin ~ cleaned frequency maps (iii) strong correlatio8%) with

the SDSS data taking into account diagnostics such as the ric dust and CO emission contamination with rising fluxes on

ness/mass estimates as well as the offsets between theesz, ththe SZ spectrum at high frequencies, 353 GHz and above.

BCG and the barycentre positions. We further used the ositput ) o ) ) )

of the search in WISE and in RASS data, and the associated im- Ve combine the qualitative SZ quality flag with the infor-

ages, in order to assess the significance of the galaxy aveitge Mation from the search in the_all-sky surveys, RASS and WISE,

in SDSS at the position of tHelanckcandidates. For thlanck for counterparts oPIanckcandld_ates in order to assess the over-

SZ detections where both ancillary data and SDSS barycéq_rehablhty of the cluster candidates. We thus distirgluthree

tre/BCG positions agreed, we set that they are confirmed. \§/@sses of candidates:

found a total of 13 such associations for which we report the

photometric or the spectroscopic redshifts. It is worthimpt e CLASS1 candidates.Highly-reliable candidates or pre-

that firm confirmation of these associations is needed andsnee
to be performed using either optical spectroscopic obsiens
or X-ray observations of thBlanckSZ detections. In the cases

where the offsets between barycentre and BCG position butpu

confirmed clustersthese are th®lanckSZ detections that
have a high probability of being associated with bona fide
clusters and need to fulfil high-quality criteria for SZ, R3S
and WISE detections. We retain in this categBignck SZ

by the search in SDSS data were too large, and/or when otherdetections with high or good SZ quality flag@¥ = 1 or

ancillary information was unable to discriminate betweeli r

2) and with a RASS-BSC source (not coinciding with stars)

able or chance associations, we have chosen to keep the statuor with (S/Nkass > 2, i.e., SZ detections with quality flag

of candidate for thePlanck SZ detection. These cases some-
times also coincide with association Bfanck detections with
clusters from the SDSS cluster catalogues, with a quality fla
Qspss = 0, or with confusion in the association, i.e., with posi-
tions not in agreement between counterpart and publish&ESD
clusters. We provide a note for all these cases in order foatel
that an overdensity in SDSS data was found.

Candidate new clusters The remaining 366Planck Sz
sources, not identified with previously known cluster non-co
firmed by follow-up observation or ancillary data, are distted
over the whole sky (Fig21) and are yet to be firmly confirmed
by multi-wavelength follow-up observations. They are etar
terized by an ensemble of quality flags defined in Setts.],

4.1.2 and4.1.3based on the systematic searches for counter-

parts in the public surveys during the external validatimtpss.
We further define an empiric&lanckinternal quality flagQS%.
It assesses the reliability of the SZ detection itself fromee in-
dependent visual inspections of the niflanckfrequency maps,

of frequency maps cleaned from Galactic emission and CMB,

and of reconstructegkmaps ory-maps produced from compo-
nent separation methods (e.ddurier et al. 201QRemazeilles

Qrass = 1. ThecLAssl candidates furthermore have to ful-
fil a condition of high or good probability>80%) of being
associated with an overdensity of galaxies in the WISE sur-
vey.

We find 54cLAssl Planckcandidates ranging from S/N of
4.5 to 6.3, with a median signal-to-noise ratio of 4.8. The
majority of them are detected by two methods and 25.9% of
them are detected only by one method. They are distributed
as 26 and 2&°5% = 1 and 2 candidates, respectively. These
candidates show significant X-ray emissions with a median
(S/N)rass = 3.7 and a mean of 2.

CLASS?2 candidatesRkeliable cluster candidatethey repre-
sent 17(PlanckSZ detections that show good or high quality
criteria either in SZ or in RASS or in WISE without fulfilling

all of them at once. Amongst them 61 ha@&* = 1 and 109
haveQS% = 2.

CLASS3 candidates.Low-reliability cluster candidates:
thesePlanck SZ detections are the poor-qualiQt* = 3,
detections. They can also be associated with good quality,
Q5% = 2, detections for which there are no good indications
of the presence of an X-ray counterpart ((S{Nys < 0.5

and high probability of false association with FSC sources
>2.5%) or a counterpart in the WISE survey (probability of

et al. 201). Moreover, we visualize the SZ spectra from the SZ-
finder algorithms and from aperture photometry measuresnent
at the candidate positions. Finally we correlate, at thétipos

of the Planck SZ candidates and within an area of 10 arcmin
radius, they-map to the 857 GHz channel map, as a tracer of

the dust emission, and to tRéanckmono-frequency CO map at|t s worth noting that this definition of theLAss3 Planckcan-
Zg GHz Planck Collaboration XIIl 2018 The qualitative flag gjgates is dominated by the assessment of the SZ quality com-
Q>“ combines all this information into three values 1 to 3 frorglemented by information from ancillary data. In doing so we
highest to lowest reliability with the following criteria: assemble in this category of candidates the SZ detectianaté
either false or very low quality due to contamination. MoreQ
— Q% =1, i.e., highreliability: (i) Clear compact SZ source iraccording to the statistical characterization from sirtiates,
the SZ maps; (i) significant measurements of the SZ decrhout 200 false detections are expected. The number of false
ment below 217 GHz and good or reasonable detectiondstections could be smaller since the simulations do nabrep
353 GHZz; (iii) no correlation with dust nor CO emission andluce the entire validation procedure, in particular omgttthe
no rise of the 545 and 857 GHz fluxes on the thermal Sdeaning from obvious false detections. Fig@suggests that
spectrum. thecLASS3 candidates are likely to be dominated by false detec-
- Q% = 2, i.e., good reliability: (i) visible SZ detection in tions. Therefore, we would like to warn against dismissintye
the SZ map or significant detection of the SZ signal beloaLAss3 of the catalogue as populated with false detections as
217 GHz; (ii) contamination causing rise of the 545 GHz amsbmecLASS3 candidates may be real clusters. For this reason,
possibly 857 GHz flux on the SZ spectrum without a stronge choose not to remove these detections from the PSZ cata-
correlation with dust and CO signals. logue but rather flag them as low-reliability candidates.e@ia

association<70%).

This class of candidates contains 1R2anckSZ detections
with 27 and 115 SZ detection of qualit9S>* = 2 and 3,
respectively.
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Fig. 21: Distribution of thePlanckSZ candidates across the sky. Blue symbols representthesl candidate clusters and red the
CLASS2 candidates. The open symbols stand forcdhess3 low-reliability SZ sources.

follow-up programmes are needed in order to separate nes cldefinition by the low-quality SZQS* = 3, detections repre-

ters of galaxies from false detections among thess2 and senting 84% of the detections in this class. Not surprigirtge

CLASS3 objects. stacked signal of theLAss3 candidates shows a large amount of

contamination across dflanckfrequencies. The low-frequency

In order to illustrate our classification defined in termsesf r signal is dominated by radio contamination, and/or CO eiotiss

liability, we stack the signal in patches of 2.51 degreesssr at 100 GHz, while the high-frequency signal is contaminétgd

centred at the position of thBlanck clusters and candidatesemission from dust or extragalactic point sources. A mogngu

in the nine channel maps @&flanck removing a mean signal titative analysis is presented in Segtl.

estimated in the outer regions where no SZ signal is expected

(see Fig22 with the rows arranged from 30 GHz, upper row, to

857 GHz, lower row). The stacked and smoothed images are dis3. Summary of the external validation and redshift

played for thePlanckSZ detections identified with known clus- assembly

ters,CLASSL, CLASS2 andcLASS3 candidates, Fig22 from left _

to right column. We clearly see the significant detectionathb The Planck catalogue of SZ sources comprises a total of 861

the decrement and increment of the 63anckclusters and of identified or confirmed clusters with only nine percent ofnthe

the Planck candidates otLASs1 andcLASS2. For thePlanck Peing detected by one SZ-finder algorithm. We summarize in

S7 detections associated with bona fide clusters the inareisie Table 5 and Fig. 18 the results of the cluster identification.

clearly seen at 353 and 545 GHz and is detected at 857 GHz. Frigure 23 illustrates the status of thelanck SZ detections. In

smaller sample of theLAss1 highly reliable candidates shows particular, 70.2% of thlanckSZ detections with S/N4.5 have

in addition to the decrement at low frequency, a good detectiSO far been associated with clusters. The fraction inceetse

of the increment at 353 GHz. The significance of the increme®pout 73% at S/N- 6.

at 545 GHz is marginal and no signal is seen at 857 GHz. The We have assembled, at the date of submission, a total of

case of thecLASS2 candidates (good reliability) shows that we813 redshifts for the 861 identified or confirm@tanck clus-

now have lower-quality SZ detections (62% of theass2 can- ters, which we provide together with the publisi@ldnck cat-

didates have a good but not high SZ quality flag). This isdlluslogue. Their distribution is shown in Fig4. In the process of

trated by the fact that an excess emission is detected atB17 Gthe redshift assembly that is summarized below, espediatly

most likely due to contamination by IR sources, and both &t 5¢he already known clusters, we have favoured homogenaeity fo

and 857 GHz where emission from dust is dominating. As ftihe sources of redshift rather than a cluster-by-clustzrably

the stacked signal of theLASS3 sample of low-reliability can- of the most accuratemeasure. A large fraction of the redshifts,

didates, it does not show any significant SZ detection adress 456 of them, shown as the dashed green histogram in2&ig.

quencies, as compared to the sampl@lainckdetections iden- correspond to the spectroscopic redshifts quoted in thatedd

tified with known clusters (Fig22, right column). This confirms MCXC meta-catalogueR(ffaretti et al. 201 They are associ-

on statistical grounds the definition of the sample domuhate ated with thePlanckclusters identified with known X-ray clus-
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Fig. 22: Stacked signal in the nifdanckfrequencies (30 to 857 GHz from upper to lower row). From feftight are displayed
the Planck SZ detections identified with known clusters, theassl high-reliability Planck SZ candidates, theLASS2 good-
reliability Planck SZ candidates, and finally theL.Ass3 low-reliability SZ sources. The three lowest-frequetynnel images
were convolved with a 10 arcmin FWHM Gaussian kernel, whetba remaining six highest-frequency-channel images were
smoothed with a 7 arcmin FWHM Gaussian kernel.
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Fig. 23: Status of thé’lanck SZ sources. Left-hand-axis plots Redshift

show the distribution of alPlanck sources (in red). The blue _ o )

line represents the known or new confirmed clusters and, gmdrid- 24: Distribution of redshifts for thélanck SZ clusters
these, the clusters with a reported redshift measuremétadk. (Plackline). ThePlanckclusters associated with MCXC clusters
Right-hand-axis cumulative distributions show, as a figmcof ~are shown in dashed green and the brandkamckclusters are
signal-to-noise, the fraction of known or new confirmed s N the filled red histogram.

in blue and those with a redshift in black.

SDSS galaxy catalogues. For these clusters, only a phatemet

ters and they are denotBtanckMCXC. For thePlanckMCXC redshift estimated by the cluster-finder algorithniFadmenteau
clusters without reported redshifts from the MCXC, we havel &-(2013 is available and is reported. _
complemented the information with the available redslitism We show in Fig24the distribution of redshifts of thelanck

NED and SIMBAD. We have further quoted when avanaméz,lusters. The mean redshift of the sample is 0.25 and itsan;adi
| 0.22. One third of th€lanckclusters with measured redshifts

mainly for the MACS clusters, the estimated photometric re1)5 .
shifts from SDSS cluster catalogue\den et al.(2012. Atthe 1€ @bovez = 0.3. The newPlanckclusters probe higher red-

end only twoPlanckdetections identified with MCXC clustersShifts and represent 40% of tize> 0.3 clusters. Their mean
remain without redshifts. The redshift distribution of flanck redshift is 0.38 and the medianas= 0.35. At even higher red-
clusters identified with MCXC clusters mostly reflects thighe ~ Shifts,z > 0.5, thePlanckcatalogue contains 65 clusters includ-

REFLEX/NORAS catalogues at low and moderate redshifts alft) Planck SZ clusters identified with WHL12's clustergven
the MACS clusters at higher redshifts. et al. 2012, or with clusters from ACT and SPT, or with X-

For the Planck detections exclusively identified with Abell or @Y clusters. Thelanckdetections in this range of redshifts, 29
Zwicky clusters, we choose to report the redshifts pubushglancknew clusters, almost double the number of high redshift

in the NED and SIMBAD data bases rather than those quoteySters.
in the native catalogues. As for tilanck detections identi- 1 hePlanckSZ catalogue has been followed up by Fanck
daboration using different facilities and only a smaédtion

fied with clusters from the SDSS-based catalogues, we choS? ) .
to favour homogeneity by reporting whenever possibletles  © the Planck candidates were observed to date. A systematic

et al. (2012 redshifts. Furthermore, we favour when availablE!low-up effort for the confirmation of the remaining clest
spectroscopic redshifts over photometric ones. Plenck de- candidates will likely reveal clusters at redshifts abo\& Bs a
tections exclusively associated with ACT or SPT clustensehaMatter of fact, very few new clusters were found below 0.2
published redshiftsSifon et al. 2012 Hasselfield et al. 2013 (S€€ Fig.24). Such an observational programme is challenging
Reichardt et al. 2003 We select in priority the spectroscopic@nd Will most likely be undertaken by tiéanckcollaboration
ones when available. If not, we quote the photometric rétishi and by the community. It W|I_I increase further the value af th
Finally, the follow-up observations for confirmation Bfanck PlanckSZ catalogue as the first all-sky SZ-selected catalogue.
detections started in 2010 and are still ongoing. As megtion

earlier our priority was to assemble the largest possibla-nu ; ;

ber of confirmations and redshifts. Therefore, we did not syZ' Physical properties of  Planck SZ clusters

tematically confirm the photometric redshift estimatesceipe The first goal of the external validation process based oarthe
scopically. We report the obtained redshifts when avaglalsi cillary multi-wavelength data is to assess the status oPtheck
some cases, the né®lanckclusters were confirmed from imag-SZ detections in terms of known clusters, brand new clusters
ing or pre-imaging observations and the analysis is stiian or cluster candidates. The wealth of information assematet
ing. The spectroscopic redshifts will be updated when afsé8l used during this process also allows us to explore the proper
Spectroscopic redshifts for some known clusters will alsap- ties of thePlanckSZ clusters and candidates. We present in the
dated. A dozelanckclusters were confirmed by a search in théollowing some of these properties, namely the contanmmati
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levels of thePlanckSZ detections, a refined measurementofthe  0.10f = °~ = " " "1
ComptonY parameter for th@lanckclusters identified with X- I

ray clusters from the MCXC, an SZ-mass estimate based ona 0.08 [

new proxy for all thePlanck clusters with measured redshifts, 1
and an estimate of the X-ray flux from the RASS data for the 4 g [ ]
PlanckSZ detections not included in the X-ray catalogues. This [

additional information associated with tfanck clusters and {

candidates derived from the validation process is summaiiz & 0.04[

the form of an ensemble of outputs given in TaBlé. £ [

We further present an updated and extended study of tiig 0.02
SZ versus X-ray scaling relation, confirming at higher psiesi L& - {’

T

the strong agreement between the SZ and X-ray measurements 0.00 IR NNy S Y S ]
(within Rsgg) of the intra-cluster gas properties found®kanck T
Collaboration X1(2017). - *
-0.02 ]

. - - ¢ ¢ -
7.1. Point-source contamination 004F ¢ ]
Galactic and extragalactic sources, emitting in the radiomo -~
frared domain, are known to lie in galaxy clusters and henee a
a possible source of contamination for the SZ measurement (e
Rubifio-Martin & Sunyaev 2002ghanim et al. 2005Lin et al. 102

2009. We address the possible contamination of the SZ flux by
bright radio sources that may affect the measured signdlen t
direction of some of th€lanckSZ detections. In order to do so, 10
we searched for known radio sources in the vicinity offffenck
cluster candidates. In particular, we use the NVSS 1.4 GliHz su i
vey (Condon et al. 1998and SUMMS 0.85 GHz surveyBpck 10

et al. 1999 to identify bright radio sources within seven arcmin
of the Planckcluster or candidate position. We assumed a spe&’ 107 |-
tral indexe = —0.5 for these sources to extrapolate their fluxE,
to the Planck frequencies. Most bright sources in NVSS and=<
SUMSS have steeper spectral indexe8.¢ or —-0.7), so the o 10
valuea = —0.5 provides us with an upper limit in most cases.
After convolving the radio sources Blancks beam, we esti-
mate the maximum amplitude in units @K within five arcmin

of the Planck position. We report only those cases where this
amplitude is above pK in the 143 GHz channel and could thus 10" F
contaminate the SZ signal. Below this value, the emissiomfr

radio sources can be considered negligible. 10°

We find that a total of 274lanck clusters and candidates, '
i.e., 22% of the SZ detections, are affected by such emission 100 1000
from bright radio sources. These clusters or candidateislane v [GHz]

tified in the PSZ catalogue and a specific note is provided. We

find that the fraction of contaminaté&lanckSZ clusters identi- Fig.25: Stacked spectrum for known clusters SZ fluxes across

fied with known X-ray, optical, or SZ clusters is also 22%. ThBlanckfrequency bands. Stacked fluxes are measured in an aper-

Planckcandidate-clusters @fLASS1 andCLASS?2 are less con- ture equal to the FWHM of the 143 GHz channel (i.e., about

taminated by bright radio sources; only a fraction of 15% antarcmin) for the known clusters (black filled circles) aneé th

17% forcLAsS1 and 2, respectively. This is due to the definilow-reliability cLASS3 candidates (red filled triangles). The as-

tion of our quality criteria for SZ detection, which resulidess sociated uncertainties correspond to the fluctuation ob#u-

contamination for the high and good reliability candidates ~ ground outside the cluster region. The average signal is est
Another approach used to assess the contamination is ba@&ded in each channel before (upper panel) and after (lower

on the stacking analysis of tHelanck clusters and candidatesPanel) the removal of the SZ signal. The average signals ex-

described in Sec6.2. This analysis is performed on the Sampected from IR and radio sources are shown as solid and dashed

ple of Planck clusters identified with known clusters and odines, respectively. Red and black lines aredonss3 and bona

the sample of low-reliabilitycLASS3 Planckcandidates. To do fide clusters, respectively. No subtraction of an SZ signpkir-

so we fit a GNFW pressure profile to the signal at 100 GHgrmed for thecLAss3 candidates.

and 143 GHz and we subtract the associated SZ signal from

the stacked maps. The residual signal is then compared with a

toy model for point sources™ = S2%(v/30 GHz)= for radio  PS toy models are convolved by the beam at each frequency and

sources) andF, = Sg§7(v/857 GHz¥® for IR point sources). the signal is measured at a fixed aperture set to the FWHM of the

Note that the residual signal at high frequencies is a coaibirl43 GHz channel. The average signal within this aperturs-is e

tion of possible IR sources and IR emission from Galactid;dusimated for each channel before (Fi&p, upper panel) and after

the latter is not explicitly modelled in the present anady3ihe (Fig. 25, lower panel) removal of the SZ signal. The black filled

29



Planck CollaborationPlanckcatalogue of Sunyaev—Zeldovich sources

10 T T o Y measurement of the SZ signal. In this section, we present two
- : - ways of refining theY measurement. Both are based on fixing
Planck-MCXC clusters I the cluster size in two cases, by setting it equal to the Xesdly
L T mated size or by using the redshift information when avéglab
* % x * 1 The outputs of the refined measurement are provided as addi-
T x tional information complementary to the catalogu@®tz#nckSz
7 e E detections (see Appendixand TableC.1).

n
x
x

—_

o
T
x

x

% x

* . ] 7.2.1. Y at fixed X-ray size and position

. As shown byPlanck Collaboration VI1{2011), the size—flux de-
x % generacy can be broken by introducing a higher-qualityregt
¢ of the cluster siz@soo. This prior is directly provided by X-ray
observations using an X-ray mass proxy suclasr the lumi-
’ ] nosity Lx. Resorting to estimates of the cluster size from opti-
7 Yesx @ 1 qal richness is also possible,.but suffers frqm the largtesca
L Yoo X 1 rlchness—r_nass_ relatlpn, as discussed prewousl_y._
4| A detailed investigation of the effects of fixing the clus-
10 el e ter size was presented iRlanck Collaboration XI(2011,
10% 10" Appendix A). Following this approach, and for tiéanckde-
2 tections identified with clusters from the MCXC meta-cadpie,
Y, [arcmin’] we have adopted thRsp andz values reported iRiffaretti et al.
(2011 as priors to re-extract at the X-ray position the SZ sig-
nal denotedYspapsx assuming theArnaud et al.(2010 pres-
sure profile (see Tablgé.1). The comparison between the blind
Ys00 and refinedYsoapsx (Fig. 26) shows that both the scat-
ter and the offset are significantly reduced by the refined SZ
measure. The SZ re-extraction at X-ray position and fixirey th
size to the X-ray derived size provides an unbiased estiofate

. . , the SZ signal. However, as stressedPianck Collaboration XI
circles are folPlanckSZ sources associated with known cluster@ml Appendix A), the MCXC cluster size derivation involves

and the .red filled triangles stand for_Ass3 cam_jldates. The av- the Msoo—Lx s00 relation, which exhibits a non-negligible scat-
erage signal from the PS models is shown in FAg.as solid e This leads to a remaining systematic discrepancy tetwe
(IR sources) and dashed (radio sources) lines. Red and@lacki,e expectedt value from X-ray measurements and the actual
for cLAss3 and bona fide clusters, respectively. The error ba&s f,x derived from thé®lanckdata. The use of theé proxy
correspond to the fluctuation of the background outsidelti® ¢ 45as not suffer from such an effect, but high-quality X-rayed
ter region. For the sample aiLAss3 candidates no SZ-signalpemiting the use of such a quantity are not available farge
removal was applied, since no significant detection is séenymper of clusters (see Seétsfor the presentation of a sample

100GHz or 143GHz. _ .. of PlanckSZ clusters with high-quality X-ray data).
We find that the residual signal (after SZ subtraction) in the

sample of knowrPlanck clusters is compatible with the emis-
sion from radio sources at low frequencies wii3f, araq) = 7.2.2. Y from the Y(¢) —M relation
(14.6 mJy, 1) for the known clusters. It is also compatible With]’he size
IR emission at high frequencies with a spectral indgx= 2.5,
in agreement with the results &anck Collaboration Int. VII
(2013 and withS{¥, = 0.117 Jy. ForcLASs3, where no SZ sig-
nalis subtracted, itis the full signal that is compatibléhthe IR
emission at high frequencies, witB{§,, air) = (439Jy,2.5),

. 2
Y., [arcminT]
x

—
O|
&
WL
£x
x
x
1

Fig. 26: Comparison of the differeit estimates for th&lanck
clusters identified with MCXC clusters. In green are the dblin
measured values and in black are the refin¥éghopsx measured
fixing the size and positions to the X-ray values. Both arétetb
as a function of the new proxys.

—flux degeneracy can further be broken, as propgsed b
Arnaud et al (2013, using theM5oo—DiY5oo relation itself that
relate¥sqo andYspg, Whenzis known. ThenYsgg is derived from

the intersection of thM500—DiY5oo relation and the size—flux
degeneracy curve. A detailed description of the method laad t
comparison of results in terms of bias and scatter can bedfoun

and with radio emission from point sources W%, @rad) = in Arnaud et al(2013.

(117.1mJy, -0.8). The derivedYsgp parameter is denoteYi, (since it involves
a measurement of the Compt¥rsignal for clusters with mea-

7.2. Refined measurement of Y sured redshify). It is the SZ mass proxy, that is equivalent

to the X-ray mass proxyx. Y, is computed for all the 813
While the trueYsgo is expected to be a low-scatter mass proxglanck clusters with measured redshifts. We use Malmquist-
this is not the case for the blindoo. Without a cluster-size es- bias-corrected scaling relation between mass ¥ngiven in
timate, Ysoo cannot be accurately measured. Moreover, the blifdanck Collaboration XX2013
SZ flux is biased high on average, because the size is over-
estimated on average. This effect is amplified by the nogalin E-23(3) Di(z) Y500 _ 107019
nature of the size—flux degeneracy, with a larger effect zd si 104 Mpc?
over-estimation than size under-estimation. This behayfost
identified and discussed Rianck Collaboration VII[201) and  with E2(2) = Qn(1 + 2)° + Q5 computed in the fiduciahCDM
Planck and AMI Collaboration013, hampers the direct usecosmology.
of the blind SZ fluxes as a mass proxy. As showrPianck In Fig. 26, the refinedYsoo value, measured fixing the size
Collaboration VIII (2017), this degeneracy calls for a refinedand position to the X-ray value%spopsx, is compared to the

= (6)

MSOO 1.79
6 x 1014 M, ’
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400t - - 0 0 b 0 T T T 4 puted from the noise over the 83.7% sky fraction used by the SZ
L RASS Planck clusters with redshift 1  finder algorithm. The resultinlyl;, is not representative of the
- Planck new clusters ]  inhomogeneity of the noise across the sky (seeFjigiVe there-

! 1 fore show the limiting mass in three areas of the sky (Bjgthe
deep-survey area (upper right panel); the medium-deeggurv
1 area (lower left panel); and the shallow-survey area (lavgtit
-3 1 panel). The lines indicate the limit at which clusters ha¥é C
] chances to be detected (C being the completeness value). We

4 clearly see that whereas the averdgg, at 20% completeness
does not fully represent the SZ detectiondd3, the limiting
masses in different survey depths are more representdtitie o
detection process. We further note that except at low rédshi
z < 0.3 - 0.4, thePlanckcluster distribution exhibits a nearly
redshift-independent mass limit with a cut that varies adicqg
to the survey depth.

Itis worth examining the distribution of tHelanckSZ clus-
ters in theM—z plane and comparing it to that of other cata-

300

L e e e ===
rP—————

200

Number

100

- = logues. For illustration, we compare to an X-ray selected-sa
0 5_0><1o14 1_o><1015 1_5><1o15 ple, namely REFLEX-I, on the one hand (Fip, right panel
Y. green open circles) and to the large-area SZ-selecteccluest
Mggo M. alogues by ACT IKlasselfield et al. 20)3and SPT Reichardt

. o et al. 2013, on the other hand (Fi29, red open symbols). In
Fig. 27: Distribution of masses for t#anckSZ clusters, known ¢ comparison we report, for the ACT clusters (open sg)are

t
or new confirmed clusters (solid black line), compared to thge 5o called UPP (Universal Pressure Profile) masses given
distribution of masses from the RASS-based cluster cat@®g | ,sselfield et a|(20§3- ) g

(dashed blue line). The masses for the MCXC clusters are es-
timated from the luminosity—mass relation. The massestfer te
Planckclusters are computed using the SZ-proxy. The filled re
histogram shows the distribution of the newly-discovd?&hck
clusters.

The range of redshifts covered by tRéanck SZ sample,

m z = 0.01 to about 1 with 67% of the clusters lying be-
z = 0.3, is quite complementary to the high redshift range
explored by ACT and in by SPT. For the comparison of the mass
distribution we take advantage of our newly-proposed S&sna

estimate, derived fronY,, which provides us with a homoge-
. . . neous definition of the masses over the whole rangelafick
blind Y as a function of the derivel, proxy. We see that the 57 ¢jysters with measured redshifts. TRkanck clusters pop-
scatter and the offset are significantly reduced. _ ulate the full redshift range and they quite nicely fill a wnéq
. Under thg two hypothese; of cosmology and scaling re'ﬁ)ace of massivéM > 5x 10My,, and high redshifz > 0.5
tion, Y; provides the best estimate koo for the Planck SZ  ¢jsters, as shown in Fig9. This contrasts with the SZ clusters
clusters and conversely a homogeneously-defined estinfatejgiected in 720 square degrees of SPT observations and those
an SZ-mass, X-ray calibrated, denotb'gg . For the ensem- of ACT observations, which are dominated, as shown in 2.
ble of Planckclusters with measured re s%ifts, the largest sugft panel, by lower-mass higher-redshift clusters (up01.3).
sample of SZ-selected clusters, we show in Rigthe distri- The combination oPlanckand SPT/ACT catalogues samples
bution (black solid line) of the masses obtained from the S#he M-z space in a complementary manner. Clearly the all-sky
based mass proxy. The distribution of the SZ masses is c@upatature of thePlanckmakes the most massive clusters preferen-
with those of the RASS clusters (dashed blue line) computgglly accessible télanck whereas the highest redshift clusters,
from the X-ray luminosityLx so0. The mean and median masseg > 1, are accessible to SPT.
of the Planckclusters are 3.3 and8x 10'Mo, respectively.  very few massive high-redshift clusters exist in the X-ray
The Planck Sz Catalogues contains all the massive clusters @étamgues, as seen in F@ (nght pane| open blue Squares)_
the RASS catalogues. Interestingly, the distribution oflye The all-sky NORAS/REFLEX catalogueghringer et al.
discoveredPlanckclusters extends to higher masses with a meooQq 2004 are limited toz = 0.45, a result of the (& 2)* sur-
dian mass of & x 10"M. Besides providing a homogeneousace brightness dependence of the X-ray detection limif. @9,
estimate of the masses from an SZ proxy for the largest SZ gght panel solid green line). The smaller-area MACS sample
lected sample of clusters, we show tifanck detections sig- based on systematic follow-up BOSAToright sourceskbeling
nificantly extend the mass range in the high-mass region updpal. 2007, contains a dozen clustersat> 0.5. The 400SD
1.6 x 10 M. sample Burenin et al. 200y based on serendipitous detec-
tions in 400 de§of ROSAT poirgﬁd observations, contains only
o dictrib i ; i two clusters withM > 5 x 10*Mg andz > 0.5. Finally,
7.3. M—z distribution and comparison with other surveys only a couple of clusters in the randé > 5 x 1014M, are
Based on the masses derived from the SZ-proxy, we illustrdteind in theXMM-Newtonbased serendipitous cluster samples
for MVF3 the M-z distribution of Planck SZ clusters detected (XCS, Mehrtens et al(2012; XMM-LSS, Pacaud et a(2007%);
over 83.7% of the sky. We show in all panels of R@.the lim- XDCP, Fassbender et a{2011)). By contrast to an X-ray se-
iting massM;i,, computed followingPlanck Collaboration XX lected cluster catalogue, tidanck detection-limit, illustrated
(2013 for three values of the completeness: 20% (solid linefor the medium-deep survey zone and shown in E@g(right
50% (dashed line); and 80% (dotted line). The upper left pam@nel solid black line), has a much shallower dependence on
exhibits thePlanckclusters, with redshifts, detected byF3 at  redshift and is quasi-redshift independent abnve 0.4. The
SIN>4.5. The mass limit corresponds to the average limit cordifference in cluster selection starts at redshifts0.2. As a re-
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Fig. 28: Mass limit illustrated for SZ detections BvF3 algorithm.Upper left: average mass limit computed from the average
noise over the skyJpper right: same for the deep survey zone corresponding to 2.7% sky ageeentred at the Ecliptic polar
regions.Lower left: same for the medium-deep survey area covering 41.3% of the_sler right: same for the shallow-survey
area covering 56% of the sky. In each panel, only detectionisé corresponding areas are plotted. The lines dottetiedaand

solid lines show th&@lanckmass limit at 80, 50 and 20% completeness, respectively.

sult of the quasi-redshift independent mass-selectiorZo18-

Fig. 24.

M > 5x 10"*M, andz > 0.5.

7.4. X-ray flux of the Planck clusters and candidates

32

in an aperture of five arcmin. The aperture is centred on the
veys,Planckprobes deeper than the X-ray selection. This is al§lanckcandidate position, except for candidates associated with
seen in the overall distribution of redshifts of tRianckclusters, a BSC source, for which we adopt the X-ray position, since the
BSC source is very likely the counterpaPignck Collaboration
This leaves thePlanck SZ catalogue as the deepest all-skint. IV 2013). The conversion between the RASS count rate in
catalogue spanning the broadest cluster mass range fibto 0 the hard band and flux is performed using an absorbed thermal
1.6 x 10'°M,, and particularly adapted to the detection of raremission model with the\y value fixed to the 21cm value.
very massive clusters in the tail of the distribution in thege The conversion depends weakly on temperature and redshift
and we assumed typical values kbf = 6keV andz = 0.5.
Planck Collaboration Int. IM2013 compared such flux esti-
mates with precisXMM-Newtonfluxes measured withiRsgo,
Sso0, for candidates confirmed with tbéMM-Newtorfollow-up

For allPlanckSZ detections, we estimated the unabsorbed ﬂuxggogramme.l;l'hese clusters ”elzi” thelrang_;? 9z<09and
at Earth in the [0.1-2.4]keV band (as in the MCXC) measurdf€ 03 x 107 < Sspo < 6 x 10-“ergs™cm = flux range. The
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Fig. 29:Left paneldistribution in theM—z plane of thePlanckclusters (filled circles) compared with the SPT clusterg(omht red
circles) fromReichardt et al(2013 and ACT catalogue (open red squares) fidasselfield et a2013. Right panel:distribution

in the M—z plane of thePlanckclusters (black symbols) as compared to the clusters frerREFLEX catalogue (green open circles)
Bohringer et al(2004). The black crosses indicate tR&anckclusters in the REFLEX area. The open blue squares reprelssters
from the MCXC catalogue with redshifts aboxe 0.5. The green solid line shows the REFLEX detection limit veaarthe black
solid line shows th&@lanckmass limit for the medium-deep survey zone at 20% completene
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Fig. 30: Ratio between RASS flux, computed in an aperture efdfiemin in radius centred on tRéanckposition, and MCXC value
for Planckcandidates identified with MCXC clusters. The fluxes are categin the [01-24]keV band at Earth and corrected for
absorptionSsq is the flux corresponding to the luminosity withiR3go published in the MCXC catalogukeft panel:the ratio is
plotted as a function of distance between anckand X-ray positionsMiddle panel:same, as a function of cluster redshift, for
distances smaller than five arcmRight panel:same as middle panel, for RASS flux withHRggo derived from the aperture flux,
using the MCXC iterative procedure based on lthg—Msgo relation and theRexXCESS gas density profileRiffaretti et al. 201}
The red line is the median ratio in distance or redshift biith tihe grey area corresponding+d o- standard deviation in each bin.

RASS aperture fluxes were found to underestimate the “true” Although derived fromROSATsurvey data as our present
flux by about 30 %. flux estimate Ssqp values from the MCXC are expected to be
more accurate due to: (i) optimum choice of the X-ray cen-
_ ] ] tre; (ii) higher S/IN detection; (iii) more sophisticatedxlex-
Figure 30 extends this comparison further to all tR&anck traction adapted to data quality and source extent (e.gwthr
SZ detections identified with MCXC clusterBiffaretti et al. cyrve analysis); and (iv) use 8o rather than a fixed aperture.
(2011 published homogenizetlsoo and Rseo values derived Not surprisingly, the ratio between the present flux estnaatd
from the flux given in the original catalogues in various apethe MCXC value decreases with increasing offset between the
tures, using an iterative procedure based on REEXCESS  pj|anckposition and X-ray position (Fig0, left panel). The ratio
Lsoo-Msoo relation and gas density profile shape. We simplyrops dramatically when the distance is larger than five arcm

computedSsoo from Lsoo, taking into account the K-correctionatj e when the X-ray peak lies outside the integration apert
the cluster redshift, but neglecting its variation with fesmature.
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tified with MCXC clusters have low (S/M)ss values) and the
relatively large scatter#30% standard deviation). Far< 0.1
clusters, and if the RASS detection is reasonably good a more
precise procedure is recommended, such as an adapted growth
curve analysis, on a case-by-case basis.

-10

10

7.5. Scaling relations between SZ and X-ray quantities

A fundamental scaling relation is that betwe¥gno and its X-
ray analogueYx. Introduced byKravtsov et al(2006), Yx is the
product ofMg 500, the gas mass withiRsgg, andTx, the spectro-
scopic temperature outside the céteFrom the fact that the gas
density profile used to compuléy soo is derived from deprojec-
tion of the X-ray surface brightness profile, and that thea)(-r
emission depends on the square of the density, the ratieséth
two quantities is

e
n

—_
o|

Planck-MCXC clusters O
Other #lanck known clusters O
Planck new clusters O

o

[+
o o
o

S, [0.1-2.4]keV [ergs/s/cm’]

o lass 1 candid 1
o Class 1 candidates [ D2 Ysoo _ 1 (NeT HRsgo (6)
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Yoo [arcmin’] Q (Nedar

Fig. 31: X-ray unabsorbed flux versus SZ flux. Rlanck Sz where the angle brackets denote volume-averaged quantitie
detections identified with MCXC clusters (open green cajle andQ s the clumpiness factor at the scale of the radial bins used
the X-ray flux is estimated frorhsgo. For othePlanckSZ detec- to derive the density profile. The numerical constansz =
tions, the flux is derived from RASS count-rate in a five-aremiot/(Me ¢? e Mp) = 1.416x 10719 Mpc® (M keV)™. The ratio
aperture (see Seet.1.1). Plancknew clusters andLAssl can- thus depends only on the internal structure of the intratetu
didates are shown as open red circles and squares, regpectivnedium.

The two lines corresponds to the expectegdo—Ysoo relation  The properties of th&x—Ysqo relation, in particular its vari-
(Arnaud et al. 201patz = 0.01 andz = 1, respectively. ation with mass and redshift and the dispersion about thexmea

relation, are important probes of the physics of clustenttion.

7.5.1. Data set
Those are rare cases, 18 nearby clusters Q.1 with a median
value ofz = 0.05), for which a physical offset likely contributesHere we extend the study of a sample of 62 clusters from the

to the overall offset. When these cases are excluded, thiamed’lanck-ESZ sample with good qualitMM-Newtonarchive
ratio is 085 and depends on redshift (F&0, middle panel); it data presented ifPlanck gollaboratlon X1(2011, hereaﬁer
significantly decreases with decreasing redshift betaf0.1. PEPXI). This study foundj Ysoo/Cxsz Yx = 0.95+ 0.03, in

The median ratio is 85 and 092, with a standard deviation of & 900d agreement witkExCEess prediction, 0924+ 0.004, of

0.10 and 015 dex, below and abowe= 0.1, respectively. This Arnaud etal(2010. _ _

is mostly due to the choice of a fixed aperture that becomes too All 62 objects in the PEPX| sample are included in the
small as compared ®soo at lowz. If we apply the same iterative Present catalogue. We further add 40 clusters from the cata-
procedure used bRiffaretti et al.(2011) to estimateSsqo from Iogu_e, including nine additional objects from tK&M-Newton

the aperture flux, the resulting value is consistent on wﬁraarchlval study ofPIanpkdetected LoCuSS systems presented
with the MCXC value at all redshifts (Fig0, right panel). The by Planck Collaboration Int. 11I(2013, and the 31Planck

dispersion is slightly increased. The aperture unabsdibres discovered clusters with good redshift estima®s ¢ 2) con-
are thus reliable estimates of the X-ray fluxes abowe0.1 on firmed with theXMM-Newton(Planck Collaboration IX 2011

average. Planck Collaboration Int. | 2032Planck Collaboration Int. IV

Figure31shows the X-ray flux as function &qo for Planck 2013. The total _sample thus consists of 10_2 clusters.
candidates identified with known clusters, for the confirmea For each objectyx and the correspondinigsoo value were
Planckclusters and for theLAss1 candidates. FoPlanckde- €Stimated simultaneously by iteration about #eno-Yx rela-
tections identified with MCXC clusters we plot the more pseci 10N 0f Arnaud et al(2010),
publishedSsqg value. All three categories of sources behave in v
a similar manner in good agreement with the range of redshift?/5(z) Mg = 1045%7 S

- : 500 2 x 101 M, keV
probed by the sample. In this respetiassl candidates do not x o Ke

exhibit any departure with respect to the known or confirmg] yhe present study, we focus on the physical relation betwe
clusters. We provide the X-ray fluxes for tflanck clusters v, anqy,  while these quantities must be estimated within the
and candidates that are not identified with MCXC clusters (sg; e radii, the exact value B is irrelevant as the radial de-
AppendixC and TableC.1). For thePlanckcluster with MCXC pendence of th¥sao/ Yy ratio is negligible. We thus propagated

identifier, we refer the reader to the RASS catalogue outputS, |y the measurement uncertainties on the temperatureasd g
to the homogenized MCXC meta-catalogue. The main limitatio

of the aperture unabsorbed fluxes is the statistical pmgtish 25 Here we use the temperature measured in the [0.15-Bsg&per-
the RASS estimate (most of tiRlanckSZ detections not iden- ture.

0.561
] Mo . @)
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Fig. 32: Relation between the Comptonization parameigys and the normalizedy parameter for a sub-sample of the present

catalogue. Black points show clusters in BlanckESZ sample wittKMM-Newtorarchival data presented Byanck Collaboration
Xl (2011 and additional LoCuSS clusters studied Bkanck Collaboration Int. 11{2013. Green points represent ndlanck
clusters confirmed witiKkMM-Newton(Planck Collaboration IX 201, 1Planck Collaboration Int. | 203 2Planck Collaboration Int.
IV 2013). The red line denotes the scaling relation®tanck Collaboration X(2011). Left panelrelation in units of arcmifiwhere
Ys00 IS extracted using thArnaud et al(2010 pressure profile. The grey area corresponds to medignvalues inYy bins with
+o standard deviatiorRight panel:scaling relation between the intrinsic Compton param&g¥soo, andYx for the sub-sample
of S/IN > 7 clusters used in the cosmological analysis. The data areated for Malmquist bias, andsgg is extracted using the
Planckpressure profile (see text). The black line is the best-fitgyedaw relation.

Table 6:The Ysq—Yx relation. Column(1): sample under consideration; Coltjin{lalmquist bias correction; Column (3): Pressure prafilape
used inYsgg extraction; Column (4): number of clusters in the samplelu@m (5-6) Slope and normalization of the best-fit relatiapressed
as Ysoo/ Yp = A(Yx/Yp)?, using BCES orthogonal regression. The pivotjis= 10-*Mpc?; Column (7-8) Intrinsic and raw scatter around the
best-fit relation; Column (9): mean ratio in logarithi(log(Q))=log(Ysoo/ Yx); Column (10-11): corresponding intrinsic scatter and saatter.
The scatters are error-weighted values. The best estim@tditated in bold face. The last line gives tReEXCESS prediction @rnaud et al.

2010.
Data Power-law Fit Mean ratio

Sample MB P Profile N Ax 107 a o-;g‘g x 107 o-,’gév x 107 Alog(Q) Tint X 1 0paw X 107
PEPXI N Al10 62 -20+10 0960+0.040 100+10 - -0.022+0.014
ESZ N Al0 62 -22+11 0966+0.034 72+11 82+10 -0023+0.011 73+11 85
ESZ Y Al10 62 -30+11 0975+0035 71+11 82+10 -0031+0.011 72+11 84
SIN> 7 Y Al10 78 -24+10 0972+0029 69+11 81+09 -0024+0.010 69+10 83
Cosmo Y Al10 71 -19+11 0990+0.032 72+12 83+10 -0.021+0.010 69+10 83
Cosmo Y AlO+err 71 -19+11 0987+0031 63+11 79+09 -0019+0.010 65+11 82
Cosmo Y PIP-V 71 -26+10 0981+0.027 66+12 78+10 -0027+0.010 66+10 80
REXCESS X-ray prediction —0.034+ 0.002

mass profiles, fixing the aperture®ggo. We ignored the statis- 7.5.2. The best-fit Ysoo—Yx relation
tical and systematic uncertainties on tillgoo—Ysoo relation it- . . . . .
self2 Similarly Ysoo was re-extracted at the X-ray position withTheYSOQ_Y?( sc_allng relatlpn for the full s_ample is shown in units
size fixed to X-ray size. Its uncertainty corresponds to tass  Of &/CMir? in Fig. 32. At high flux the points follow the PEP XI
tical error on the SZ signal. The results are summarizedeigbl relation. The slope and normalization are determined gty
with the best estimate indicated in bold face. higher precision, due to the better quality SZ data. Thevddri
intrinsic scatter (Tablé) is significantly smaller, a consequence
of the propagation of gas mass profile errors inYherror bud-
get, which was neglected in our earlier study.

The relation levels off at around = 5x 10~*arcmirf, with
a bin average deviation increasing with decreadpdFig. 32
left panel). This is an indication of Malmquist bias, as mblbg
as a mass proxy, e.g., when calibrating thgo—Msoo relation from Planck Collaboration Int. (2012. Full correction of this bias
combining theMsoo—Yx relation and the relation betweafao andYy ~ When fitting scaling relations involves drawing mock cagpies
(or equivalentlyMsqg). This calibration is extensively addressed in th@ccording to the cluster mass function, to which the samgple s
Planck Collaboration XX2013. lection criteria are then applied. The present sample isallsm

26 These must however be taken into account when ugiggor Yy
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subset of the full S/IN> 4.5 Planck catalogue and thus such a2012. The mean ratio is very well constrained with a precision
procedure cannot be applied. To minimize bias effects we wilf 2.5%, log(Ysoo/ Yx) = —0.027+0.010. This confirms at higher
only consider high S/N detections, SIN7. To correct for the precision the strong agreement between the SZ and X-ray mea-
residual bias, we adapted the approach proposedikijlinin  surements (withifiRsgg) of the intra-cluster gas properties found
et al.(2009. Before fitting theYsoo—Yx relation, each individual by PEP Xl and other studieafidersson et al. 201 5ifon et al.

Y value was divided by the mean bi&s given by 2012 Marrone et al. 2012Rozo et al. 201 The ratio is per-
fectly consistent with the X-ray prediction, suggestingttthe
nb exp(—x2/20-2) ® clumpiness must be low. However there are still large syatem
no= o, . . .
N erfc(x/ \/éo-) ics that are discussed in Appendix

wherex = —10g(Y/Ymin), Ymin being the flux threshold corre-8. Summary

sponding to the signal-to-noise cut, (S¢\)At the location of

the cluster,Y/ Ymin = (S/N)/(S/N)y. Hereo is the log-normal Plancks all-sky coverage and broad frequency range are de-
dispersion at fixedrx. We took into account both the intrin- Signed to detect the SZ signal of galaxy clusters acrosskthe s

sic dispersionriy;, estimated iteratively, and the statistical disY/e Provide, from the first 15.5 months of observations, the
largest ensemble of SZ-selected sources detected from-an al

persion, given byr = \/In [((S/N) + 1)/(S/N)]* + [IN10in]®.  sky survey. ThePlanck catalogue of SZ sources contains 1227
The correction decreases the effect¢gy values at a givelyx, detections. This catalogue, statistically characterizédrms of
an effect that is larger for clusters closer to the S/N thoekh completeness and statistical reliability, was validatsthg ex-
i.e., low-flux objects. The net effect on the scaling relatis ternal X-ray and optical/NIR data, alongside a multi-fregay
small, giving a 07 o decrease of the normalization and a slighfollow-up programme for confirmation. A total of 861 SZ de-
steepening of the power-law slope (Tab)e tections are confirmed associations with bona fide clustdrs,
The slope and normalization of the relation are robust to thehich 178 are brand-new clusters. The remaining clustediean
inclusion of newly-discovere®lanck clusters. The results de-dates are divided into three classes according to theatiéty,
rived from the extended sample of 78 clusters with S/IN i.e., the quality of evidence that they are likely to be bode fi
agree with those obtained for the updated XMM-ESZ sampdtusters.
within 0.5¢0 (Table6). They are also in agreement with the sub- A total of 813Planckclusters have measured redshifts rang-
sample of 71 S/N- 7 clusters included in the cosmological saming from z = 0.01 to order one, with one-third of the clusters
ple discussed bilanck Collaboration XX2013. We measured lying abovez = 0.3. The brand-newlanckclusters extend the
a significant intrinsic scatter afj,; = 0.07 + 0.01 dex. There redshift range above = 0.3. For all thePlanck clusters with
is one spectacular outlier with afyoo/ Yx ratio nearly twice as measured redshift, a mass can be estimated from the Compton
big as the mean. This is tHanckESZ cluster identified with Y measure. We provide a homogeneous mass estimate ranging
A2813 or RXC J0043.4-2037 in tieeFLEX catalogue, located from (0.1 to 16) x 10'°> M. Except at low redshifts, thelanck
atz = 0.29. Its high ratio is very puzzling. It cannot result frontluster distribution exhibits a nearly redshift-independmass
an inaccurate redshift measurement, as this is based otispedimit and occupies a unique region in tie-z space of massive,
scopic data for several cluster galaxi@dkringer et al. 200¢ M > 5 x 10"*M,, and high-redshift4 > 0.5) clusters. Owing
There is no evidence of a peculiar dynamical state from the ¥ its all-sky naturePlanckdetects new clusters in a region of
ray morphology, and there is no evidence of contamination he mass—redshift plane that is sparsely populated by tH&RA
the SZ data. catalogues. It detects the rarest clusters, i.e., the massine
Part of the dispersion could be due to the use of an inagusters at high redshift in the exponential tail of the tdusnass
propriate fixed pressure profile in thggy extraction. When in- function that are the most useful clusters for cosmologituad-
cluding possible errors oi¥spo due to dispersion around theies. With the presently confirmd@lanckSZ detectionsPlanck
meanArnaud et al.(2010 profile, the scatter is decreased taloubles the number of massive clusters above redshift 8.5, a
oint = 0.06, a decrease at therllevel. To further assess the ef-compared to other surveys. TR&anckSZ catalogue is, and will
fect of the choice of the pressure profile, we re-extracted3h be for years to come, the deepest all-sky SZ catalogue spgnni
signal using thePlanck-XMM-Newtonprofile shape measuredthe broadest cluster mass range.
for ESZ clusters byPlanck Collaboration Int. (2013 here- ThePlanckSZ catalogue should motivate multi-wavelength
after PIPV). Individual profiles are used BlanckESZ clusters, follow-up efforts. The confirmation of the cluster candikat
and the mean profile is used for the other clusters. This ghowlill reveal clusters at higher redshifts than the presesiritu-
give the most reliable estimate of thgno—Yx relation, since itis tion. Such follow-up efforts will further enhance the valog
based directly on measured profile shapes. In this casdpie sthe Planck SZ catalogue as the first all-sky SZ selected cata-
and scatter remain unchanged but the normalization istktighlogue. It will serve as a reference for studies of clustergutsy
decreased (at the®o level). This is a result of the more in- (e.g., galaxy properties versus intra-cluster gas phydiogsam-
flated nature of the PIPV profile as compared toAheaud et al. ical state, evolution, etc.). Using an extended sub-sarople
(2010 reXCESS profile. The relation derived using PIPV presthe Planck SZ clusters with high-qualitX MM-Newtondata,
sure profiles is plotted in the right-hand panel of Bgtogether the scaling relations between SZ and X-ray properties were r
with the corresponding data points. assessed and updated. With better-quality data and thherhig
The relation does not exhibit significant evidence of vaz@n precision, we show excellent agreement between SZ and X-ray
of theYsqo/ Yx ratio with mass, the slope is consistent with unityneasurements of the intra-cluster gas properties. We hae t
as expected from strong self-similarity of pressure prafiape. derived a new up-to-date reference calibrated local meidbie-
However, we found an intrinsic scatter about three timegelar tweenY andVYy.
than the results oKay et al.(2012. Partly this is due to the The Planck SZ catalogue will also serve to define samples for
presence of outliers in our data set (as discussed abové), arosmological studies. A first step in this direction is atlea
may be due to projection effects in observed data &&tg €t al. taken inPlanck Collaboration XX2013, where an analysis of
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the SZ cluster abundance to constrain the cosmologicafpara

Arnaud, M., Pratt, G. W., Piffaretti, R., et al. 2010, A&A, BIA92

ters is performed using a sub-sample selected from the R&Z cArnaud, M., XX, x., YY, V., & ZZ, z. 2013, A&A

logue consisting of 189 clusters detected above a sigrabise
ratio of 7 with measured redshifts. The value-added infdiona
derived from the validation of thBlanckSZ detections, in par-

Aussel, H., Pratt, G., & Arnaud, M. 2013, A&A

Bajkova, A. T. 2005, Astronomy Reports, 49, 947

Barbosa, D., Bartlett, J. G., Blanchard, A., & Oukbir, J. 898&A, 314, 13
Belsole, E., Birkinshaw, M., & Worrall, D. M. 2005, MNRAS, 85120

ticular the SZ-based mass estimate, increases even fingerBenitez, N. 2000, ApJ, 536, 571

value of thePlanckSZ catalogue.
The combination of thé’lanck all-sky SZ data with near
future and planned observations of the large-scale streidty

Bertin, E. & Arnouts, S. 1996, A&AS, 117, 393

Bock, D., Large, M. I., & Sadler, E. M. 1999, AJ, 117, 1578
Bohringer, H., Schuecker, P., Guzzo, L., et al. 2004, A&R54367
Bohringer, H., Schuecker, P., Pratt, G. W., et al. 2007, A&89, 363

surveys such as PAN-STARRS, LOFAR, Euclid, LSST, angbhringer, H., Voges, W., Huchra, J. P., et al. 2000, Ap2S, #35

RSG/e-ROSITA will revolutionize our understanding of lefg
scale structure formation and evolution.
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Appendix A: Selection of Frequency Channel
Maps

matched multi-filter described in Se@.2.2 The HFI and LFI
channel maps were preprocessed as described inSgaotith

the only difference being that the point-source mask caethi

in addition, detections from the LFI channel maps with S/N
> 10. Five different combinations of frequency channels were
investigated, alPlanckchannels (30-857 GHz), all HFI channels
plus the 70 GHz channel map from LFI (70-857 GHz), all HFI
channels (100-857 GHz), the five lowest frequency HFI chan-
nels (100-545 GHz) and the four lowest frequency HFI channel
(100-353 GHz). For each combination of frequency channels a
catalogue of SZ sources was extracted, resulting in fivehifft
catalogues; the only differences between them must besintir
due to the choice of channels in the combination.

The first four of these catalogues are in good agreement in
terms of the clusters detected, with all the differencesragab
them being due to detections with S&N5. The (100-353 GHz)
catalogue, however, contains significantly more detestioe-
sulting in a poor agreement between it and the other catakgu
that is not limited to low S/N detections. This is interpobtes
being due to the lack of a dust-dominated channel in this com-
bination, without which it is more difficult to constrain dam-
ination due to dust emission.

In order to assess any improvement in the S/N ratios of de-
tected clusters with the inclusion of extra data, a robust-sa
ple of reliable sources is required. To produce this, onls<l
ters outside the 65% dust mask and with SN8 were kept
from each combination. The differences in the S/N of the same
sources detected using different frequency channel caanbin
tions can then be examined. The ratio between the S/N values
of the common detections in each combination to those of the
(100-857) combination was then found; the mean of this fiatio
shown in TableA.1. This approach clearly shows the (100-353)
combination to be considerably noisier than the other cambi
tions, which is consistent with the observations reportealva.
Neither the inclusion of the LFI frequency channels or jhst t
70 GHz channel brings any significant improvement in the S/N
of the clusters. Using the six HFI channel combination rssul
in marginally better S/N than the (100-545 GHz) combination
The frequency channel combination chosen therefore is-(100
857 GHz) since this gives the highest S/N with the smallest-da
set. Reducing the S/N threshold from 8 to 6 and hence doubling
the number of SZ sources used to evaluate the mean ratio does
not change the conclusions of this analysis.

Appendix B: Extract from the  Planck catalogue
of SZ sources

We describe here thelanck catalogue of SZ sources delivered
by the collaboration and available together with the irgiisl
lists from all three detections methods, the union mask bsed
these methods and the ensemble of notes on individual cduste
athtt p://wwv. sci ops. esa. i nt/index. php?page=

Pl anck_Legacy_ Archi ve&pr oj ect =pl anck.

The unionPlanck SZ catalogue contains the coordinates
and the signal-to-noise ratio of the SZ detections and a sum-
mary of the validation information, including external idi-
cation of the cluster and redshifts if they are availables €k-
ternal identification quoted in the delivered product cepands
to the first identifier as defined in the external validatioarhi
archy, namely identification with MCXC clusters followed by
Abell and Zwicky, followed by SDSS-based catalogues, fol-

An assessment of which combinationRIianckfrequency chan- lowed by SZ catalogues, followed finally by searches in NED
nels to use was performed using tfe-1 implementation of the and SIMBAD. Due to the size—flux degeneracy discussed in
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Table A.1: Mean of the ratio of the S/N of the common detedibetween the catalogues produced using different frequenc
channel combinations, excluding all detections inside3b® dust mask. The improvement in the S/N of the detectedechis
between the (100-353) and (100-857) combinations is glekmmonstrated, as is the lack of significant improvemenihighen

LFI data is included. The improvement between the (100-548)(100-857) combinations is smaller and in the region of2%.

Combination  (100-353)/(100-857)  (100-545)/(100-857) 0-867)/(100-857)  (30-857)/(100-857)

SIN> 6 0.86 0.99 1.00 1.00
SIN> 8 0.84 0.98 1.00 1.00

Sect.2.3, no reference flux quantity is outputted for the uniod\ppendix C: Outstanding outputs from the
catalogue. external validation

Based on the ancillary data used for the validation oRfenck
SZ catalogue, we provide value-added information tdRtaeck
The individual catalogues from the three detection methodsZ detections.
MVF1, MVF3, andPwS, contain the coordinates and the S/N raNamely, we provide, in addition to the first external idestifi
tio of the detections, and information on the size and flux @iossible other common identifietsDs.
the clusters. The size is given in terms @fand the flux is We report the redshift information associated with flanck
given in terms of the total integrated Comptonization pagamclusters g) and specify its sources¢r ).
ter,Y = Ysg,,. The full information on the degeneracy betweefor clusters with measured redshifts, we compute the SXypro
andY is provided in the form of the two-dimensional marginay, and the mass estimat#f?) and associated errors. For the
probability distribution for each cluster. clusters identified with MCXC clusters we provide the SZ sign
The degeneracy information is provided in this form so that v,y re-extracted fixing the size to the X-ray size provided
can be combined with a model or external data to producestighin the MCXC catalogue at the X-ray position. Note that the X-
constraints on the parameters. For example, combiningtit wiay positions used in the present study are those quoteckin th
an X-ray determination of the size can be done by taking & sliglCXC meta-catalogue. The positions reported in the ESZ sam-
through the distribution at the appropriateThis is whatis done ple were taken from a sampled grid of coordinates with a pixel
in Sect.7.2.1and the refined measurement using X-ray informajze of 1.71 arcmin. Due to this sampling, the reported MCXC
tion can be found in Tabl€.1 positions in the ESZ sample exhibit an average offset of Z0 ar
sec (less than a pixel, which varies depending on the pasifio
the object on the sphere).
. For Planck SZ detections not associated with a previously-
o e e acon 12y cluste and it 2 sgnabo-noie, (g >
columns: 1o, we provide the unabsorbed_ X-ray fli8 (and error), mea-
NAME: ﬁame of cluster. sured in an aperture of.5.a.rcm|n in the band [0.1-2.4] keV. We
R.A., DEC: right ascension (J2000) and declination (J2000). gglgt ?(;(r)\t/;\drg : ré;pdpeetrelcl:?oltn? f?revgﬁii cg A(gég{);(; OJS-l(j;’,eei);-V ery
S/N: signal-to-noise ratio of the SZ detection. )
VALIDATION: status of the SZ detection from externag)W and (S/Nkass < 5. The aperture is centred on tRéanck
X osition, except for candidates associated with a BSC sdorc

validation: 20 = previously-known cluster; 10 = new confidne - ) i
Planckcluster: 1 =cLAsSL candidate : 2 €LAss2 candidate: which we adopt the X-ray position. These clusters are flagged

3 =CLASS3 candidate.
IDexT: first external identifier of the known clusters. Appendix D: Systema‘[ic effects on the X_ray
z: redshift of the cluster as reported from the external \adiah. ; ;

COMMENTS: F =no comment; T = comment. Comments are versus SZ scaling relation

readable in an external file. Both X-ray and SZ measurements are likely affected by system
The complete version of the PSZ catalogue also contains e effects linked to e.g., background estimation andrsighibn
additional columns: methods, calibration issues, etc. One sign of the impadtesia

INDEX: index of the detection, determined by the order ddffects is the fact that the slope of the relation betwégg flux
the clusters in the union catalogue and sorted into order afdYy /D3 in units of arcmif isa = 0.91+0.02, which is signif-

ascending Galactic longitude. icantly smaller than unity even after Malmquist bias catimet
GLON, GLAT: Galactic coordinates. As this is not the case for the relation in physical units (K)pc
POS.ERR: errors on the position. the observed slope cannot be due to a true physical varigtion
PIPELINE: pipeline from which information is taken; namelythe ratio (e.g., with mass).

1=MVF1;2=MVF3; 3 =PwsS. SZ fluxes are subject to uncertainties due to systematic dif-
PIPE_DET: pipeline making the detection, with the followingferences between measurement methods. From the comparison
order in bits: 1st aVMMF1; 2nd =MVF3; 3rd =PwS. betweerPwS andMVF photometry (Seci2.3), we estimate that

PCCS:flag for a match with sources from the PCCS cataloguthe net effect is typically @3 dex. The effect is independent of
COSMO: flag for those clusters that are included in the samp& flux, thus cannot explain the shallower than expectedeslop
used for the cosmological analysisPianck Collaboration XX Uncertainties in the X-ray measurements are dominated by
(2013. temperature uncertainties due to calibration systematfescan
investigate the magnitude of these effects by examiningehe
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Table B.1: Extract from th@lanck catalogue of SZ sources. First rows of the online table aoevshThe online table contains
additional columns as documented in the Explanatory Sapghé, and in the text.

NAME R.A. Dec. SIN Validation 1Ryt z Comments
degrees degrees

PSZ1 G000.08+45.15 229.19790 -0.9792795 4.60 20 RXC J38056 0.1198 F
PSZ1 G000.42-41.84 316.06990 -41.339730 5.99 20 RXC J2¢404£0 0.1651 F
PSZ1 G000.42-41.84 307.93571 -40.595198 5.30 20 RXC J208R7 0.3416 F
PSZz1 G000.77-35.67 244.58411 -13.070074 6.04 3 ... ... F
PSZ1 G001.00+25.71 349.60728 -36.278003 4.50 20 ACO S 1109 .1400 F
PSZ1 G002.24-68.27 334.65975 -38.880540 7.84 20 RXC JgB85h3 0.1411 F
PSZ1 G002.77-56.16 234.99997 -3.2929395 7.03 20 RXC J1®818 0.1533 F
PSZ1 G002.80+39.24 292.16440 -35.711064 4.92 3 ... ... F

Table C.1: Additional information from the external valiida process! Ds represents the first external identifier and possible
other common identifierz is the cluster redshifscr is the source from which redshift was taken. ®er takes defined val-
ues, e.g., 11 for redshifts from the MCXC meta-cataloBiftaretti et al.(2011), 17 for redshifts taken from NED or SIMBAD
databases, etd/; is the SZ-proxy with asymmetric errorM!gO is the derived mass estimate with asymmetric err¥gapsx

is the SZ signal, re-extracted fixing the size to the X-ray firovided in the MCXC catalogue at the X-ray position, foZPS
clusters identified with MCXC cluster§y is the unabsorbed X-ray flux measured in an aperture of 5 aromthe band [0.1-
2.4] keV. The aperture is centred on tRéanck position, except for candidates associated with a BSC sofoc which we
adopt the X-ray position. For sources with (SNds < 1o, we only quote an upper limit. The full table will be availabl
athttp://ww. sci ops. esa. i nt/index. php?page=Pl anck_Legacy_Archi ve&pr oj ect =pl anck. upon final
acceptance of the article. Until then, it can be providedupgguest.

NAME z (scr) Y, MY Sx IDs Ys0apsx
PSZ1G000.08+45.15  0.1198 (11) 323  3100% e RXC J1516.5-0056, A2051 <
PSZ1 G000.42-41.84 0.1651 (11)  .Q&ZE 44654 RXC J2104.3-4120, A3739 28
PSZ1 G000.42-41.84 0.3416 (11) .18+ 6.2072 . RXC J2031.8-4037 180
PSZ1 G000.77-35.67 R G <135
PSZ1G001.00+25.71  0.1400 (17)  4%3 2692 174+065 ACO S 1109 .
PSZ1 G002.24-68.27 0.1411 (11) 282 4498 RXC J2218.6-3853, A3856 94
PSZ1 G002.77-56.16 0.1533 (11) .24 591537 RXC J1540.1-0318, A2104 20
PSZ1G002.80+39.24 ... (-1) <-007 .

lation between theYx values obtained withKMM-Newtonby explain the observed behaviour of thgg/ Yx ratio. Indeed, ex-
Planck Collaboration X(2011, hereafter the PEP XI ESZ-XMM cluding sub-sample A clusters, the slope of t‘fg@)—Yx/Di re-
sample) to those obtained wi@handrain a study of 28 clusters lation isa = 0.89 + 0.04, still significantly smaller than unity.
from the same sample BBozo et al(2012 (hereafter the ESZ— The origin of the systematic differences between sub-sampl
Chandrasample). TheChandravalues are larger, with a meanand B objects is unclear.

offset of Q02 dex. However, there is no significant evidence of The variation of the¥sog/ Yx ratio with flux remains largely
variation withYy, thus X-ray calibration issues again cannot exinexplained. It may be due to residual Malmquist bias, in ad-
plain the observed slope. dition to a complex combination of systematic effects in 82 a

A further source of uncertainty in X-ray measurements cof—Tay measurements. For instance, we note that higher flisx cl
cerns the X-ray analysis method (e.g., due to backgrouid elgrs correspond to nearby_objects that have Iarg_er ang_mm.s_
mation and subtraction of point sources and substructBaglo | "€ background estimate in both X-ray and SZ signals is stibje
et al. (2012 noted the difference between the ratio obtaind@ !arger uncertainty in this case.
with ESZ-Chandraand ESZ-XMM samples and suggested that The lack of a complete explanation for the observed slope of
it might be due toXMM-Newtondata analysis issues. The PERhe Ysoo—Yx relation, and its ultimate correction, has several im-
Xl ESZ-XMM sample was analyzed by two independent metfplications. Firstly, the shallower slope in units of archiirans-
ods depending on the cluster extension in the field-of-v@avh- lates into an over-estimate of the dispersion about theioela
sample A consisted of 19 nearby clusters that extend bedehen measured in MBcFrom the difference in intrinsic scatter
XMM-Newtonfield—of-view, and for which direct backgroundabout the relation in both physical and arcmin units, wenesti
estimates are not possible, while the background for thairem that this effect contributes at the level of abou@Ddex to the
ing 43 objects was estimated using a region external to tie clscatter seen in the physicéoo—Yx relation.
ter. The ESZ€handrasample studied byrozo et al.(2012 Secondly, therspo/ Yx ratio will depend on the exact sample
consists mostly sub-sample A objects. While systematicesf definition, via the range of fluxes probed. The observed stdpe
due to background estimation are certainly more important fo = 0.91+ 0.02 translates into a variation of abat@.06 dex of
sub-sample A than for sub-sample B, these effects canngt fuhe Ysq0/ Yx ratio over the range of SZ fluxes studied here. The
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