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ABSTRACT

We present th&XMM-Newton follow-up for confirmation ofPlanck cluster candidates. Twenty-five candidates have been\atbé&r date using
snapshot{10ksec) exposures: ten as part of a pilot programme to saalae range of signal-to-noise ratios @& S/N < 6), and a further
fifteen in a programme to observe a sampl&@fl > 5 candidates. The sensitivity and spatial resolutioXM-Newton allows unambiguous
discrimination between clusters and false candidates.t#l tf 21 candidates are confirmed as extended X-ray souBm&nteen are single
clusters, the majority of which are found to have highlygukar and disturbed morphologies. The remaining four sesiere multiple systems,
including the unexpected discovery of a supercluster-a0.45. For most of the sources we are able to derive a redshift@st from the X-ray
Fe K line (albeit of variable quality). The new clusters spia@redshift range.09 < z < 0.54 with a median redshift of ~ 0.37. A first estimate
is made of their X—ray properties including the charactierisize, which is used to improve the SZ Compton parameténate. The follow—up
validation programme has helped to optimise fthanck candidate selection process. It has also provided a preniighe X—ray properties of
these newly-discovered clusters, allowing comparisohéd SZ properties, and to the X-ray and SZ properties of knolusters observed in the
Planck survey. Our results suggest thlanck may have started to reveal a non-negligible population cfsiva dynamically perturbed objects
that is under-represented in X-ray surveys. However, teespéir particular properties, these new clusters appefollow the Ysoo—Yx relation
established for X—ray selected objects.

Key words. Cosmology: observations, Galaxies: cluster: general@ad: clusters: intracluster medium, Cosmic backgroaaiéation, X-rays:
galaxies: clusters

1. Introduction ing data set allows the detection of galaxy clusters thrahgh

Sunyaev-Zeldovich (SZ)Eect (Sunyaev & Zeldovich 1972the

ThePlanck! satellite has been surveying the sky across nine frg- ; : e
- X . ral distortion of th mic microwav kgroun M
quencies in the microwave band since August 2009. The Fesggect al distortion of the cosmic microwave background g

nerated via inverse Compton scattering of CMB photons by
* Corresponding authoktienne.pointecouteau@cesr. fr the hot electrons in the Intra-Cluster Medium (ICM). Theatot
! Planck (http://ww.esa.int/Planck) is a project of the SZ Signalis expected to be closely related to the clustesmas
European Space Agency (ESA) with instruments provided loydei-
entific consortia funded by ESA member states (in partictilarlead telescope reflectors provided in a collaboration betweeh &8l a sci-
countries: France and Italy) with contributions from NASASA), and  entific consortium led and funded by Denmark.
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(e.g.,da Silva et al. 200¢and its brightness is insensitive tofinding a cluster by chance within & &perture, the conservative
redshift dimming. As a result, SZ surveys can potentially-pr Planck error box. Finally, as both X—ray and SZ observations
vide unbiased cluster samples covering a wide range of iftslshprobe the same medium, spurious associations can be raaéily
that are expected to be close to mass-selected. As commareskssed from a consistency check between the X—ray and SZ flux,
other SZ instrument$?lanck brings a unique nine-band cover-assuming a reasonable redshift range (as illustrated in3S3c

age from 30 to 857 GHz and a relatively high, band-dependent
spatial resolution of 5-10 arcmin. Most crucially, tAknck SZ

survey covers an exceptionally large volume, being the diist Newton (Jansen et al. 2001s the best instrument for followin
. : . . g
sky survey capable of blindly detecting clusters sinceRDSAT up newly-detecte®lanck clusters up to high z. A short snapshot

All-Sky Survey RASS) in the X-ray domain. As a consequenceXMM_NMOn exposure is dicient to confirm anyPlanck clus-

Planck is detecting previously unknown, massive clusters thfaer candidate at least up ro= 1.5 (Sec.2.4), and for the X-ray
do not appear in other SZ surveys. Its all-sky coverage 8||O\H : : L i .

; . 9 rightest objects, provide the source redshift from the iKdine
detection of the rarest clusters, the most massive objgits | Sec4.1). Because of their high mass, cluster extent is expected
in the exponential tail of the mass function. These are ttst b o be larger than "1land theXMM-Newton spatial resolution is

clusters for precise cosmology: their abundance evolusioine : P -
most sensitive to the cosmological paramet®tst(2005), and zﬁgls?gr: to discriminate between a point source and extended

their gas mass fractions can be used as a standard cadidie (
et al. 2008. In addition, clusters in this high-mass regime are
X—ray bright, making their observation easier, and theW IS In order to assess the galaxy cluster nature ofilaack SZ
expected to be the leadfected by non-gravitational processessources and to help guarantee the integrity of the fithahck
These newly-discovere@lanck clusters will thus also be ideal SZ legacy catalogue to be released in 2012, we have thus pro-
targets for studying the physics of the gravitational quéathat posed to useXMM-Newton to confirm the highest significance
drives all cluster formation. cluster candidates discovered Banck. This validation pro-
The Planck survey is providing a sample of clusteandi- gramme consists of snapshet10 ksec) observations and is un-
dates. Any such survey sample is expected to include a fragertaken via an agreement between the B®AV-Newton and
tion of false detections, due for example to fluctuationshia t Planck project scientists. In this paper we present the definition
complex microwave astrophysical sky. In addition, as altegu and results of this programme. To date, R&nck SZ sources
Planck's moderate spatial resolution at SZ frequencies with rave been observed, making use > M-Newton Director’s
spect to typical cluster sizesPhanck cluster candidate SZ mea-Discretionary Time. Of these, 21 sources have been confirmed
surement essentially provides coordinates and SZ flux asgn In compliance withPlanck policies for follow-up, theXMM-
these estimates are further hampered by the flux-size degeiNewton data of the 25Planck sources are made public with
acy discussed extensively Planck Collaboratior{20119. A the publication of the Early Release Compact Source Catalog
vigourous follow-up programme is therefore required testif- (ERCSC).
ically exploit Planck cluster candidate data. Such a programme

includes candidate confirmation, which is the final part & th 110 xMM-Newton follow-up for validation is the backbone

qatalpgue validation, in a_lddition to redshi_ft measurersees- of alarger programme for the confirmation and redshift messu
timation of relevant physical parameters (including @usize et ofpjanck Sz cluster candidates. THRéanck collaboration

allowing precise SZ flux estimates), and investigation alisg 155 ai50 been granted time on the following facilities: theE
propertl‘es. In part)cular, measurement of the relatlorwk_aen the ESQMPG 2.2 m and the Palomar telescopes. Observations
the SZ “luminosity’ and the mass as a function of redsljfts yjth these facilities are ongoing or being processed. Sope 0
essential for calculation of the survey selection funcaod for i~ results from the ENO observations are presented heget
related cosmological applications. with the XMM-Newton results in this paper (Sect.2andA.1).

The all-sky nature of th@lanck survey means that confir- oiher early astrophysics results on clusters of galaxiepeg-
mation and redshift measurement of cluster candidatestia NQgnted irPlanck Coliaboratio2011df,g,h).

trivial task. In the optical domain, the only publicly awtile

large survey is the SDSS. Although cross-correlation with t ]

survey can be used to confirm candidates up+d).6, it covers We adopt aACDM cosmology withHo = 70 kms™*Mpc™,
only part of the Northern sky. Furthermore, optical confitima Qy = 0.3 andQ, = 0.7. The factorE(2) = VQm(1+ 23 + Q,

is hampered by the relatively lar§anck source position uncer- is the ratio of the Hubble constant at redshifo its present day
tainty, which can be up to’§Planck Collaboration 201)dTo value. The quantitiesoo andRsqp are the total mass and radius
discriminate between a true counterpartand a chance asisoci corresponding to a total density contrast 500, as compared
with low-mass systems at various redshifts withinBhanck er-  to pc(2), the critical density of the universe at the cluster red-
ror box, optical mass and photometric redshift estimatels i shift; thusMsgo = (47/3) 5000c(2) RS- The quantityYx is de-
wide-field, multi-band, instrument are required. fined as the product dly 500, the gas mass withiRsgg, andTx,

In contrast, confirmation in X—raysfers definite advan- the spectroscopic temperature measured in tH&{@75] Rsoo
tages. Above the galactic plane, the detection of extended &perture. The SZ signal is characterised/ky throughout. This
ray emission is an unambiguous signature of a cluster, and thuantity is defined a¥s00D3 = (or/mec?) deV. HereDap is
density-squared dependence of the X—ray emission reduges phe angular—diameter distance to the systemis the Thomson
jection dfects nearly to zero. Furthermore, the low space detross-section¢ the speed of lightme the electron rest mass;
sity of groups and clusters in a typical X—ray exposure mak€s= ncT is the pressure, the product of the electron number
spurious association with Blanck candidate unlikely. For in- density and temperature, and the integration is perfornved o
stance, the XMM-LSS survey found 29 systems in 5°degsing a sphere of radiuBsgo. The quantityYsgg Di is the spherically
10 ksecXMM-Newton exposuresHacaud et al. 20Q07Such a integrated Compton parameter atigo is proportional to the ap-
detection rate corresponds to only a 10 per cent probaloifity parent magnitude of the SZ signal from withRggo.

In this context, and because of its superior sensitiXiM-
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Table 1:Observation log of th&XMM-Newton validation follow-up. The 10 targets of the pilot programare listed first. Column (1)Planck
source name. Asterisked objects denote sources that wenel fo be multiple systems in X-rays. Column (2): Signahtise ratio of the
detection of thePlanck cluster candidate in the version of tRéanck-HFI maps available for each programme. Column (3)-(4)hRagscension
and declination of th@lanck source (J2000). Column (5)-(8¥(MM-Newton observation identification number, filter used, on—timeosype and
fraction of useful time after cleaning for periods of higickground due to soft proton flares (see also €%). Column (9): Confirmed clusters
are flagged. Those included in the ESZ samplaiick Collaboration 201)are also identified.

Name S/N RAsz DECs7 OBSID filter texp Clean fraction Confirmed
(deg) (deg) (ks EPN)  (MOEPN)

PLCK G277.8-51.7 6.1 43.596 -58.964 0656200301 THIN 16.5 5/0® v ESZ
PLCK G334.8-38.0* 49 313.177 -61.202 0656200701 THIN 21.2 0.80.5 v

PLCK G250.3-24.1 49 143.042 -17.647 0656200401 THIN 10.4 /00 v

PLCK G286.3-38.4 4.7 59.800 -72.067 0656200501 THIN 13.6 7/00. v

PLCK G004.5-19.5 4.6 289.226 -33.509 0656201001 MED 10.0 /0.61 v

PLCK G214.6-36.9* 4.2 137.206 14.642 0656200101 THIN 17.6 /0.7 v

PLCK G070.8-21.5 4.1 321.410 19.941 0656200201 MED 25.4 /004
PLCK G317.4-54.1 4.1 355.247 -61.038 0656200801 THIN 12.0 900
PLCK G226.1-16.9 4.0 93.139 -19.040 0656200601 THIN 10.0 7/004
PLCK G343.4-43.4 3.9 320.145 -53.631 0656200901 MED 10.0 9/0®

PLCK G287.6-32.9 10.2 177.714 -28.074 0656201201 THIN 10.0 /@& v ESZ
PLCK G171.9-40.7 10.7 48.231 8.380 0656201101 THIN 10.0 /0.81 v ESZ
PLCK G285.0-23.7 8.3 110.805 -73.457 0656201401 THIN 10.0 .90 v ESZ

PLCK G271.2-31.0 8.3 87.315 -62.087 0656201301 THIN 10.0 /11 v ESZ
PLCK G262.7-40.9 7.4 69.624 -54.309 0656201601 THIN 14.7 /0.91 v ESZ
PLCK G308.3-20.2* 7.4 229588 -81.523 0656201501 THIN 10.0 1/1 v ESZ
PLCK G337.1-26.0* 6.4 288.583 -59.513 0656201701 THIN 13.7 1/1 v ESZ
PLCK G292.522.0 6.2 180.241 -39.889 0656201801 MED 13.2 JOL v ESZ
PLCK G205.0-63.0 6.1 41593 -20.527 0656201901 THIN 11.7 /11 v
PLCK G241.2-28.7 5.9 85.768 -36.022 0656202001 THIN 10.0 /11 v
PLCK G286.6-31.3 5.9 82.8430 -75.164 0656202101 THIN 10.0 .7/0(B v ESZ
PLCK G018.%423.6 5.6 255.553 -1.004 0656202201 THIN 7.2 /11 v
PLCK G100.2-30.4 55 350.589 28563 0656202301 THIN 10.0 9/00x. v
PLCK G272.9-48.8 5.1 173.310 -9.479 0656202601 THIN 11.7 /00 v
PLCK G285.6-17.2 5.2 130.956 -71.190 0656202501 THIN 10.0 /11 v ESZ
2. The XMM-Newton validation follow-up of  Planck galactic astrophysics as well as cosmology. Early astrsiphy
cluster candidates results are given in Planck Collaboration, 2011h-z.
2.1. The Planck survey 2.2. Blind detection of SZ clusters in Planck

The blind search for clusters lanck data relies on a Multi-
Matched Filter (MMF) approachMelin et al. 200¢°. This
etection algorithm operates on all-sky maps divided into a
et of overlapping square patches, using simultaneouslysth
requency maps of the HFI instrumerRléanck Collaboration
20119. The SZ spectral signature and the universal pressure
rProfile derived byArnaud et al (2010 are used as spectral and

Planck (Tauber et al. 202;,0Planck Collaboration 201} ds the
third generation space mission to measure the anisotrofteof
CMB. It observes the sky in nine frequency bands covering 3
857 GHz with high sensitivity and angular resolution fromni 3]T
to 5. The Low Frequency Instrument (LFMandolesi et al.
201Q Bersanelli et al. 201,0Mennella et al. 201Tovers the

30, 44, and 70 GHz bands with amplifiers cooled to 20K. T - h e .
High Frequency Instrument (HFL'angarre et al. 2010Planck s%atlal templates, respectively, within the algorithmstrch a

HEI Core Team 201 9aovers the 100, 143, 217, 353, 545, anﬁlmd search, the position, the characteristic scale optiodile

; .~ [l.e., < Rsop) and the amplitude (i.eex Ysqo) are left free, be-
857 GHz bands with bolometers cooled to 0.1 K. Polarizatson| oo . . )
measured in all but the highest two bandisghy et al. 2010 ing optimised by the MMF algorithm. In practice the algonith

L9 o . is run in an iterative way: after a first detection run to lecat
Rosset et al. 20)0A combination of radiative cooling and three ndidates, consecutive runs on sky patches centred oaihe ¢

mechanical coolers produces the temperatures neededefor . . ; ; e
detectors and opticsP(anck Collaboration 201)bTwo Data 3' 8af)ethp(a()l’S[I)trlgger:[ieeflsne the estimated signal-to-noise (&N}

Processing Centres (DPCs) check and calibrate the data an
make maps of the sky{anck HFI Core Team 2011Baccheiet 2 Results from other methods are cross-compared to those from
al. 201). Planck’s sensitivity, angular resolution, and frequencyhe MMF search, including from the PowellSnakes-basedrithgo
coverage make it a powerful instrument for galactic andaextr(Carvalho et al. 2009
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Cluster candidates then undergo a validation process, ex-
tensively described iflanck Collaboratiorf2011d. This pro- Ys00 = 5.0 x 10 arcmin ?
cess includes internal quality checks (e.g., map artefaatss- Y50 = 2.0 x 10 arcmin ?
comparison between detection algorithms, SZ spectrahsige, 10?
astrophysical contamination by galactic dust, point sesiror i
CMB) and cross-correlation with ancillary data and cataksy
allowing known clusters to be identified. This process poadu
a list of newPlanck SZ cluster candidates above a givém
threshold §/N = 4 in this work).

SIN [0.3-2 keV]

2.3. XMM-Newton target selection

From the list of new potential clusters detected as SZ saurce
thePlanck survey, we selected 25 targets in a two step process:

1. Pilot programme: 10 targets were selected on the basis of
the Planck survey as it stood at the end of October 2009, 10 L
i.e., ~ 62 per cent sky coverage. These targets were ex- 02 04 06 08 10 12 14
plicitly chosen to sample the lower range of signal-to-aois Redshift
(4 < S/N < 6) in order to better characterise the nature an|{j ) " ) _
quality of the SZ signal. Ig. 1: Sensitivity ofXMM'-Newton opservatlons to typicaPlanck SZ

2. High S/N programme: a further 15 targets were chosen ppurces. The expected 5|gnal-to-n0|sg ragd\) of the cluster_detec-
the spring of 2010 when the first full-sky coverage was clodl@n in the [@3-2]keV energy band with the EPIC camera is plotted
to completion (9% per cent sky coverage). In contrast to th@s gfuncnon of redshift for an exposure time of 10 ksec assyitwo
pilot programme, here we focused on high-significance dypical SZ fluxes. See text for details of the model assumembtwert

sources /N > 5) and selected candidates starting from thal to X—ray flux and count rate. The dash-dotted line inde#ieS/N
highestS/N. required for ten per cent uncertainty on the temperaturesorement

of an 8 keV cluster.
In both cases the selection process was intimately linked to

the Planck-HFI data Time Ordered Information processing sta-

tus, calibration, attitude and map versions (as of Dec 79200

; ; PLCK G343.4-43.4 and PLCK G226.1-16.9) were
and April 19, 2010 for the two programmes respectively). THYOogramme (_
choice of targets was also constrained by thé@#M-Newton associated with RASSFSC source thaXMM-Newton subse-

visibility in a period of 2-3 months following their submies to quentl_y r_evea_led to be several point sources (_seemc.'l'hus
the Science Operations Centre. For both programmes, maps &fS0ciation with aRASSsource alone is not éiicient for cluster
spectra of each potential target were visually inspectedyg- candidate confirmation. _ _
ing reprocessing with aperture photometry methods. Cross ¢ 1€ ESZ sampleRlanck Collaboration 201)donsists of
relation with theRASS Bright Source Catalogue (RASS-BSC2 high signal-to-noise Ilsj[ of 189 clusters and cluster watds
Voges et al. 1999and Faint Source Catalogue (RASS-FSé}ased on da_ta from the first 10 months of Blanck survey. Ten
Voges et al. 2000was undertaken. For the two targets of th8f the 21 objects presented in the present paper passed te ES
pilot programme falling in the SDSS area, we ran a dedicatéglection criteria (i.e. primarils/N > 6) and are thus part of
algorithm to search for galaxy overdensiti€sdmenteau et al. the ESZ sample released to the community in January 2011. The
2011), allowing us to track significant concentrations of mattefriginal S/N of their detection in thé®lanck maps is given in
down toz ~ 0.6. These two targets were chosen to test the SD38ble 1, whereas the 8l values provided in Tabl2 are derived
based confirmation at high The first candidate was not con-fom the 10 monttPlanck maps on the basis of which the ESZ
firmed (seeFromenteau et a{2011) for discussion): the other SamPple was constructed.
candidate is discussed in S&c2.1. Detailed searches MMM-
Newton Chandra and_Suzaku_obs_ervatory logs were also under- 4 opservation setup
taken in order to avoid duplication of performed or acceuted
servations with similar facilities. As discussed byscharf(2002, the optimum energy band for
Six of the ten pilot programme targets were confirmed (se@&/1M-Newton cluster detection is the soft energy band, for
Tablel); two of these are multiple systems. Taking into accoumthich the signal-to-noise ratio reaches a maximum. We ealcu
the result of the pilot project, for the second programme &te dated expectations fokMM-Newton sensitivity in that band for
a lowerS/N threshold ofS/N = 5 and refined and strengthenedwo representative values of the SZ flux from witRgno: Ysoo =
the selection criteria. In particular, we required that soarce 5 x 104 arcmirm? andYsgo = 2 x 10~ arcmirt?. In each case,
be independently detected by at least two of the three biagd dhe expected cluster luminositygo for various redshifts was es-
tection methods, and more quality flags were considered. Tireated using thé&sgo— D,";Ysoo relation ofArnaud et al(2010,
internal checks were very similar to those defined for caiestr assuming self-similar evolution. We then derived the corre
ing the Early SZ (ESZ) samplé’lanck Collaboration 201)}d sponding totaKMM-Newton count ratesCR, in the [03—-2] keV
which benefit from the result of th¥MM-Newton Pilot pro- band for the EPIC MOS and pn camerftufner et al. 2001
gramme. We also performed a search for emission irR8S Strider et al. 2001 usingxspec (Arnaud 199§ to simulate an
hard band images, looking for X-ray signatures beyond thoabsorbed thermal model (assumkig = 7 keV, Ny = 2 x 10%°
recorded in theRASS source catalogues. Howev&ASS infor-  cm™?), convolved with the instrument response. The correspond-
mation never took precedence over the interffl@inck qual- ing angular extenisop was estimated from thiespg — Msgg rela-
ity flags. Note that two of the false candidates of the Pildion of Pratt et al(2009. The signal-to-noise ratio of the detec-




whereTeyp is the exposure time;Ryg is the background count
rate, andSg = 47 62, is the integration area in square arc min-
utes. We assumed a [0.3-2] keV band background count rate
of CRykg = 4.5 x 1072 counts st arcmir?, as estimated from
the blank sky backgrounds &ead & Ponmai2003. Figurel
shows the resultin§/N of anXMM-Newton detection as a func-

tion of redshift.

Since the goal of thEMM-Newton observations is confirma-
tion of newPlanck SZ cluster candidates, the nominal observing
time was set to 10 ksec (net pn camera time) per target. Such a
snapshot observation isfgient to detect the cluster — if real —
at better than 1@ up toz = 1.5 (Fig 1). The nominal setup used
thetni filters (unless optical loading had to be avoided) esd
mode for the pn camera. The boresight was optimised to avoid

camera gaps.
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tion is then given bys/N = (CR 4/Texp)/(4/CR + (2CRukg Sr)),

htness [ct/s/arcmin?]

rig
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2.5. XMM-Newton data reduction

o
=]

(@]
1

1072}

(@]
1

2

3L

convolved
model
PSF

PLCK G4.5-19.5

model

\

L

0.1

1.0

Radius [arcmin]

Fig. 2: Surface brightness profile of PLCK G4.5-19.5, the higlest-
We produced calibrated event lists using v10.0 of ¥MM- cluster of the sample, as measured W{tIM-Newton. The data of the
Newton Science Analysis System (SAS). Observations weMOS1&2 and pn camera in [B-2]keV energy band are combined.
cleaned for periods of high background due to soft protorglar Green line: best fitting model (see text). Red line: beshfitthodel con-
pATTERN-Selected and corrected for vignetting as described Valved with the Point Spread Function (PSF)XIM-Newton. Dashed
Pratt et al(2007). Point sources were identified from the smaline: on axis XMMPSF, normalised to the central intensity. The source
scales of wavelet-decomposed images in th&8-P] and [2— s clearly extended.
5]keV bands. These sources are excluded in the analysisef co

firmed clusters, with exclusion radius matched to the PS& siz o
(which varies across the detector). 3. XMM-Newton validation: methods and outcome

The observations were completed by the end of October 2010.

Above ~ 2 keV the XMM-Newton background is domi- o 0 jian clean pn observation time is 7 ksec (Tahl®©ut

nated by particle events. We subtracted this backgroumdyusi : i
stacked event list built from observations obtained witiftlier of 25 targets, 21 are confirmed as X-ray extended sources. The

. . - i onfirmation status of eackMM-Newton observation is given
wheel in thecLosep position, recast to the pointing position aan

renormalised using the count rate in the high energy bamdfre n Tablel.

cluster emission. The remaining background (due to the mosm

X-ray background of unresolved AGN and Galactic emissior®)1. Confirmed cluster candidates

was estimated from the particle-background subtractedsom . . . .

from an annulus beyond the cluster emission. For the spec%i" pr(_)cedure for candidate cluster c_onflrmano_n consists o
analysis, we modeled this background emission as arising fr '9€ntifying an extended X-ray source coincident with ianck

two thermal sources and an power-law source with ifidlex..4 5% Source and checking that the SZ and X-ray properties are
taking into account the absorbing Galactic column dengithe COnsistent. Generally, a candidate cluster (or supesjuss

direction of the object (see, e.@e Luca & Molendi 2003 clearly visible within 3 of the Planck candidate position, in
T ' which case we simply have to confirm the X—ray source extent.

As Tablel shows, the observations are of variable quality. Ihhis is achieved by comparing the surface brightness preile
three cases the pn data were completely contaminated by &@€ted in the [0.3-2.0] keV band with tH&VIM-Newton Point
proton flares and formally had no useful observing time. F&Pread Function. A typical clustg-model with a cusp (Eq. 2
two of these observations, the MOS data were completely cdh-Pratt & Arnaud 200is also fitted to the data. FiguBeshows
taminated too. In these instances, we used MOS data only (tftis comparison for the highestonfirmed extended source.
cleaned in the last two cases). The power-law index in the-bac ~ Seventeen systems show extended emission from a single
ground model was left free, which empirically produces a regource and are confirmed as new clusters of galaxies. Using
atively good fit to the background spectrum. The spectrdscophe Fe K line in the X—ray spectrum we have estimated a red-
results for these objects should be treated with caution. shift for all these objects, albeit with large uncertaigiie some

cases (see Sed.l). We have also calculated thé parame-

Spectral fits were undertaken in the3810]keV energy ter (Sec5.1). A final check of the candidate confirmation is the
range, after binning the spectra to a minimum of 25 coung®od agreement found between the measured SZ signal and that
per bin and excluding background fluorescence line regiomxpected from th&y value (Sec5.1).

The cluster component was modelled with an absosad. A further two confirmed candidates were revealed to be dou-
model with an hydrogen column density fixed at the 21 cm valie systems, one of which is a projection of two independent
from Dickey & Lockman(1990, except for PLCK G286.3-38.4, clusters at dterent redshifts. More unexpected are two further
PLCK G308.3-20.2 and PLCK G018t23.6, which were found newly-discovered triple systems. All of the confirmed caladés

to have a significantly higher absorption. The referencarsorevealed byXMM-Newton to be multiple clusters are discussed
abundances are from the datafafders & Grevess€1989. in more detail in Secr.
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the detection likelihood of each source as defined in the code
is detml = —In P, Where the latter is the probability of the
observed counts arising from Poisson fluctuations. We et th
minimumdet ml = 6, corresponding to a 3¢ detection. In
addition to the above, we also searched for possible extende
sources using visual inspection of a wavelet-smoothedémag
Figure 3 illustrates application of the method for the false
source PLCK G226.1-16.9. This candidate was the lo\B@#hsit
candidate of the Pilot sampl&(N = 4.0) and close to #ASS
FSC source, which may have been the cluster counterpart. The
top panel shows the ra¥MM-Newton image and the recon-
structed EPIC pn ML source image.
TheRASS-FSC source located at 08om thePlanck source
is clearly detected witiXMM-Newton (red plus sign in the
top panels). The surface brightness profile is well fitted by a

101 F
panel).The source spectrum is clearly a power law, and thlerm
emission from a 0.3 solar abundance ICM is rejected at high
confidence at all redshifts and temperatures. This sourcess
1 likely an AGN and is definitively not th@lanck counterpart.
The source list produced by the ML method includes two
potentially extended sources, only one of which withinob
the Planck source position (source labelled A in the Figure). It
is located~ 0.8 from the RASS-FSC source position and is
much fainter, showing the capability ®MM-Newton to sepa-
rate sources. The source has an estimat&35{8-24] keV flux
of ~ 2 x 10 '%erg/cn?/s, which is more than 5 times lower
than that expected from the SZ source even if located at
” _ . 1.5. Furthermore its extent (although not well constrained) i
FSC source is clearly detected (red cross) as a point sdtsceirface small and it is perfectly coincident with a 2MASS galaxy. Fhi
brightness profile (black points in left bottom panel) is Miged by the source again could not be tiRéanck counterpart. Finally, from
XMM-Newton PSF (red line). Two extended sources labelled A and gwavelet-smoothed image, there was a hint that anotr,leces,our
are also detected. Bottom right panel: same asZigr source B. located 35" away from the Planck candidate position, was ex-
tended, although was not classified as such with the ML method
i _ i (source labelled B). We extracted its profile and confirmed it
The XMM-Newton images of confirmed single and doublgs extended, although the extent is not very significantgbot
systems are shown in Fi§. In each panel, th@lanck source right panel of Fig.3). However, its flux is half that expected
centre position is marked with a cross; in addition, whee-relfrom the observedPlanck flux even for a cluster ar = 1.5.
vanta reggreen plus sign shows the associated RASS/BSC  Nevertheless, in view of possible errors in fAkanck position,
source. we re-analysed th@lanck data by re-extracting the signal ex-
actly at the position of the source. The SZ detection was no
longer significant, leading us to conclude that source B was
definitively not the counterpart to ttfi#anck candidate. From the
In some cases a source is not clearly visible and then the réMM-Newton observation we thus concluded that tRksanck
atively large FWHMSs of the HFI beams- (4/5 — 9/5; Planck candidate was a false detection.
HFI Core Team 2011bcomplicate source search and confir-
mation. For these observations we employ the the approach de
scribed inSuhada et a(2010, applying theXMM-Newton-SAS 4. Redshift estimate
source detection algorithmaboxdetect andemldetect to de- )
termine whether an extended source lies withirRreack beam. %1 XMM-Newton estimates
In brief, images are produced in the 0.35-2.4 keV band anghe ICM has a typical abundance of3Gimes solar, implying
eboxdetect is first run in local mode, where the backgrounghat metals are present in large amounts Baestra et al. 20Q7
is estimated locally for each source. Sources found in th8$ fi|eccardi & Molendi 2008Maughan et al. 20Q8or recent work
step are then excised, leaving an image suitable for bagkgro on metals in the cluster context). The spectroscopic seitgit
estimation. The background image is modeled with two compgf XMM-Newton allows the measurement of the intensity and
nents, a vignetted component to represent the X-ray bagkgro centroid energy of the strongest line emission, namely thi F
and a non-vignetted component to represent the particlérandand Fe L line complexes (respectively foundgat 1 andE ~
strumental background. The model is based on a linear c@nbig 4 keV atz = 0). As a consequence the Fe line emission can
tion of two templates based on vignetted and non-vignetted &e used to constrain the cluster redshift. We have thussegrc
posure maps, and is fit to the source-subtracted image. We thg their signature in th&XMM-Newton observations, focusing
re-run eboxdetect with this model background. All sourcesmainly on the Fe K complex, which is about 10 times as strong
found in this step are then analysed with the maximum likeli-
hood (ML) taskemldetect, that analyses each source by fitting 3 see http://xmm.esac.esa.int/\sas/current/doc/
with a 2D King function convolved with the PSF. The log ofmldetect/node3.html for more details

‘ point source convolved with theéMM-Newton PSF (bottom left

102

Surface Brightness (ct/s/arcmin?)
Surface Brightness (ct/s/arcmin?)

con&/ollved model .
mode| ,
point source model
10° . \
0.1
Radius (arcmin)

L RN
0.1 1.0
Radius (arcmin)

Fig. 3: lllustration of the results of th&MM-Newton validation pro-
cedure for a false candidate, PLCK G226.1-16.9. Top pariiésv
MOS&pn image (left) and reconstructed pn image (right) ie Hoft
band. The circle of 5in radius centred on thBlanck position (green
cross) corresponds to the conservative position error Bhg.RASS

3.2. False cluster candidates
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Fig. 4: (Top row) Redshift determination frol{MM-Newton spectroscopy in theTk—z plane. Red, green and blue contours trace 68, 95 and 99.9

per cent confidence levels respectively. The black errart@biows the final best-fitting spectral results with asdediatatistical errorgBottom

row) EPIC MOS1&2 (red and black points) and pn (green points)tspae©nly the data points above 2 keV are shown for claritydaté down to

0.3keV are used in the spectral fitting. The line is the thermadehfor the best-fitting redshift. The position of the reftsil Fe K line is marked.

From left to right the figures are for sources PLCK G100.243BLCK G277.8-51.7 and PLCK G241.2-28.7.

as any other line emission in the ICM. A clear detection theyptentialz-. values and chose the redshift giving the best spec-

provides an estimate of the X—ray redshf. tral fit as defined by thg? and the null probability hypothesis.
The intrinsic spectral resolution ofMM-Newton is AE ~ This redshift estimation process is illustrated by thresesa

150 eV at 64 keV andAE ~ 100 eV at 2 keV; the energies herein Fig. 4, the left panel showing a fully degenerate case, the

correspond to the Fe K complex centroid energy for a clusterraiddle panel a double-peak case and the right panel a well-

a redshift ofz = 0 andz = 1, respectively. Such resolution al-constrained case. These redshifts are flagged with qualityes

lows centroid determination to typically 10-15 eV for higiedr 0, 1, 2, respectively, in Tabl&.

ity spectra, of the same magnitude as the systematic uirdgrta

of the calibration of the energy reconstruction (about 5 ed a

10 eV in the central CCD of the MOS and pn camera, respe&=. Optical estimates

tively). The overall energy uncertainty would yield a tyalicor- ) o
responding redshift uncertainty oz ~ 0.002. In practice, the FOr three clusters, we have estimated the redshift eithuen fr

limiting factor afecting the accuracy of the redshift determing€Xisting optical archive observations or dedicated follgv
tion is the statistical uncertainty of the spectrum, whiclriked ObServations as part of the overdlanck cluster candidate

to the observation duration and overall quality (backgtbeon-  validation programme. The most recent corresponds to tele-
ditions). FurthermorePlanck-detected clusters are mostly masSCOPe time acquired by tiélanck consortium at the ENO tele-
sive, hot objects with low Fe line equivalent widttRaoghenflug SCope, Observatorio del Teide (Tenerife, Spain — AO 20098 an
& Amaud 1985. This makesze determination more dicult 2010A). The d_etalls of th_e observation setup and data psotgs
than for cooler objects. can be found in Appendi’.1.

To estimate the redshift usingpec we first perform a spec-
tral fit of the region corresponding to the maximum signifiman — PLCK G100.2-30.4. The source was observed in 4 bands
of the detection (defined from the surface brightness profile  (griz) with the CAMELOT camera at the 0.82-m IAC80 tele-
the soft band), with the redshift as one of the free parammeter scope. After data reduction, we derived a photometric red-
The abundance is left free to fit within a typical cluster rang  shift of znot = 0.38 + 0.04 using the BPZ codeBgnitez
(0.2-06 times solar). From this starting point we investigated 2000. This estimate is compatible withino3with the zg¢
the 2 in the KT—z plane using a regular grid. The best fitting  derived from the X-ray spectroscopy.
KT andz- values were then recovered from a simple maximum- PLCK G285.0-23.7. We reduced the ESO N3USI2
likelihood analysis, whereupon these best fitting valuesuaed archive images for this object, deriving a red-sequence red
as input for a final spectral fit. When a two- or three-peak de- shift of z;not = 0.37. This estimate is in good agreement with
generacy appeared in th@ &z plane, we checked the various the X-ray spectroscopic redshife = 0.39.



Planck CollaborationXMM-Newton follow-up for validation ofPlanck cluster candidates

PLCK G271.2-31.0 SNR=8.5

PLCK G285.0-23.7 SNR=11.5 §PLCK G287.0+32.9 SNR=10.6 § PLCK G171.9-40.7 SNR=10.6

PLCK G286.6-31.3 SNR=6.9

PLCK G18.7423.6 SNR=6.0

PLCK G250.0+24.1 SNR=5.2

Fig. 5: XMM-Newton images of all confirmed cluster candidates, except for thettiple systems, in the [8—2] keV energy band. The observa-
tions of PLCK G272.948.8 and PLCK G250£24.1 stiifer from high background that has only been crudely subtiatteage sizes are3, on

a side, wher@sq is estimated from th#lso—Yy relation (see Seé. 1). Images are corrected for surface brightness dimmingayiivided by the
emissivity in the energy band, taking into account galeatisorption and instrument response, and scaled accoadihg self-similar model. The
colour table is the same for all clusters, so that the imagmdadwbe identical if clusters obeyed strict self-similarithe majority of the objects
show evidence for significant morphological disturbancgefow cross indicates thelanck position and a redreen plus sign the position of a
RASS-BSCFSC source.

— PLCK286.3-38.4. ESO NT/BUSI2 images and two absorption line features fHand Mg-l). Again this
NTT/EMMI spectroscopic archive data targeting the value agrees well with the X-ray spectroscopic redshift of
X-ray source RXJ0359.1-7205 were available. From a 2z = 0.31.
poor quality NTTEMMI spectrum, we extracted a redshift
of Zspec = 0.307 + 0.003, backed-up by the presence of
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Table 2:X-ray and SZ properties of the confirm@tlanck sources. Column (2): Signal-to-noise ratio derived from 10-monthPlanck maps
on the basis of which the ESZ sample was constructed. Col@)r¢8): Right ascension and declination of the peak of thea}(+mage (J2000).
Column (9): redshift from X-ray spectral fitting. Column ji@ptical redshift. Column (11) Quality flag for the X-raydshift measurement.
Column (12): Total EPIC count rates in the382] keV band, within the maximum radius of detection givertdlumn (13). Column (14)-(20):
Rsqo is the radius corresponding to a density contrast of 500nastd iteratively from théVsog—Yx relation (Eq.1), whereYx = MgsooTx is the
product of the gas mass withRo and the spectroscopic temperatilisgg andMsg is the total mass withifRseo. Lsogp.1-24]kev iS the luminosity
in the [01 — 2.4] keV band and in th&sqo aperture Ysqg is the spherically integrated Compton parameter measuithdRhanck, centred on the
X—ray peak, interior tdRsoo as estimated witlKMM-Newton.

Name S/N RA DECx Zre Zopt Q, CR Reet Rsoo Tx Mgassoo Yx Ys00 Msoo Lsoafo.1-247kev
[h:m:s] [d:m:s] [cts/s] [arcmin]  [kpc] [keV] [10“M,]  [10%MokeV] [10*Mpc?]  [10%M,] [10*ergs™]

PLCK G285.0-23.7 115 07:23:184 -73:27:20.6 0.39 L 2 54802 4.1 1216 6.980.74 1.23 0.04 8.62 1.28 1.2 0.35 7.7% 0.50 16.9% 0.27
PLCK G287.6-32.9 10.6 11:50:49.2 -28:04:36.5 0.39 . 1 26801 6.8 1541 12.860.42 2.3%0.03 30.6% 0.36 3.3&¢0.16 15.720.27 17.2@ 0.11
PLCK G171.9-40.7 10.6 03:12:57.4 08:22:10.3 0.27 e 2 2093 53 1428 10.650.42 1.430.04 15.26:0.72 2.0%0.21 10.92 0.37 11.28 0.19
PLCK G271.2-31.0 8.5 05:49:19.5 -62:05:16.0 0.37 o 2 36D1 5.2 1212 7.941.23 1.020.04 8.0& 1.03 1.020.17 7.4%0.70 18.95 0.16
PLCK G262.7-40.9 8.3 04:38:17.2 -54:19:25.1 0.39 @54 2 1.72£0.02 5.6 1169 7.770.87 0.9@ 0.06 7.0%0.98 1.140.22 6.8% 0.68 9.94 0.47
PLCK G277.8-51.7 7.4 02:54:16.7 -58:56:44.0 0.44 o 1 1632 58 1172 6.370.84 1.26-0.02 8.0 0.57 1.7@¢0.20 7.320.38 9.46 0.07
PLCK G286.6-31.3 6.9 05:31:27.5 -75:10:41.2 0.21 S 2 1824 4.6 1149 6.8560.94 0.6@ 0.07 4.14 3.01 0.6%0.32 5.320.86 3.720.23
PLCK G292.522.0 6.9 12:01:05.3 -39:52:26.2 0.30 S 2 14203 6.8 1336 9.820.84 1.1%0.04 11.491.33 1.450.24 9.25 0.60 5.4 0.09
PLCK G285.6-17.2 6.3 08:43:44.4 -71:13:13.7 0.35 37 1 0.690.02 44 1044 4.870.35 0.7%0.01 3.46:0.40 0.720.13 4.6% 0.22 4.45 0.08
PLCK G18.%#23.6 6.0 17:02:21.3 -00:59:58.9 0.09 o 2 @01 10.5 1034 4.680.32 0.3%0.02 1.8@0.32 0.320.17 3.420.22 1.2% 0.05
PLCK G4.5-19.5 59 19:17:04.6 -33:31:21.9 0.54 2 1292 4.8 1245 10.390.52 1.3%0.03 14.2%0.87 1.9%0.20 9.88 0.35 17.78¢ 0.11
PLCK G241.2-28.7 5.7 05:42:56.8 -35:59:54.8 0.42 o 2 00D2 3.6 1065 6.080.32 0.7% 0.02 4.58 0.39 0.720.11 5.3%20.20 6.72 0.12
PLCK G272.948.8 5.4 11:33:105 -09:28:52.2 0.40 o 2 (6801 3.7 1053 4.670.32 0.88 0.02 4.090.32 0.8%0.18 5.0%0.21 12.36:0.09
PLCK G205.0-63.0 5.3 02:46:25.8 -20:33:16.9 0.31 2 1023 55 1111 6.060.39 0.720.02 4.38 0.30 0.83 0.09 5.320.21 3.820.08
PLCK G250.6-24.1 5.2 09:32:13.8 -17:38:06.7 0.40 o 0 1802 3.8 1061 6.760.28 0.630.03 4.2%0.42 0.720.12 5.1%0.21 3.3%0.19
PLCK G286.3-38.4 5.1 03:59:10.2 -72:04:46.1 0.31 030003 2 0.320.05 4.5 1064 5.600.14 0.62 0.01 3.4&0.08 0.8@ 0.06 4.72 0.08 4.0% 0.02
PLCK G100.2-30.4 4.7  23:22:149 28:31:135 031 @384 0 0.76:0.01 4.7 1128 9.080.30 0.53%0.02 4.760.29 0.450.14 5.6 0.22 3.36:0.08
PLCKG308.3-20.2 8.3

A o 15:18:55.5  -81:30:30.1 0.48 o 2 1:£€06.01 3.9 1250 9.560.56 1.3% 0.04 12.55 0.92 o 9.32 0.38 15.65 0.19
B e 15:16:52.6  -81:35:50.0 0.48 e -1 0.420.01 2.9 894 3.790.35 0.5%0.03 2.020.25 o 3.4%0.23 8.6% 0.26
PLCKG337.1-26.0 6.6

A S 19:14:37.7  -59:28:16.7 0.26 . 2 3#26.03 7.5 1177 6.160.23 0.86 0.01 5.3&¢ 0.25 . 6.05 0.16 8.95 0.07
b o 19:13:51.4  -59:33:51.6 0.12 o 2 14#40.02 4.5 749 2.8640.20 0.120.01 0.34:0.03 o 1.34 0.07 1.02 0.01
PLCKG214.6-36.9 5.0

A o 09:08:49.5 14:38:29.4 0.45 0@s 2 0.380.01 4.3 767 3.460.26 0.250.01 0.85 0.09 o 2.08 0.12 3.02 0.07
B e 09:09:02.1 14:39:41.7 0.45 0@6 1 0.1%0.01 2.3 750 4.160.75 0.1& 0.01 0.760.18 e 1.94 0.26 1.0% 0.06
C s 09:08:51.4 14:45:55.3 0.45 045 -1 0.25:0.01 3.1 809 3.720.50 0.3@0.01 1.130.19 o 2.440.23 2.280.08
PLCKG334.8-38.0 4.1

A o 20:52:16.8 -61:12:29.4 0.85 S 2 0.13%0.01 1.8 722 3.140.33 0.15%0.01 0.4& 0.07 o 1.550.13 0.7% 0.06
B o 20:53:08.0 -61:10:35.3 0.85 S -1 0.08&0.01 3.2 605 2.020.31 0.020.01 0.12 0.05 o 0.9%0.12 0.4%0.33
C 20:52:44.3 -61:17:245 0.85 -1 0.030.00 1.2 607 3.181.71 0.0& 0.02 0.13-0.18 0.92 0.44 0.2% 0.06

@ Photometric redshift for ACT-CL J0438-5419Ntenanteau et a(2010. ® Photometric redshift. See Appendix1. © Spectroscopic redshift.
@ Redshift constrained from Fe L compléX.Redshift assumed to be identical to that of comporent

Finally, the source PLCK G262.7-40.9 appeared in pub- o1 BegShift o4
lication as one of the ACT SZ optically-confirmed clusters _ ; - _
(Menanteau et al. 20)0t0 be observed byChandra, after
scheduling it for observation witKMM-Newton. The reported I ° ]
photometric redshift ig;not = 0.54+ 0.05, in disagreement with
our X-ray-derived value aofr, = 0.38 at the 3- level. Although
slightly weak, the Fe K line is clearly seen in the X-ray spec-
trum (see Fig4 right panels). We thus adopt the X—ray estimate.
However, optical spectroscopic observations are cleagded
to confirm the cluster redshift. All compiled and derivediogl
redshifts are reported in colunzgy, in Table2.

Dsz_x [arcmin]
T
[ ]

5. Physical parameter estimates of confirmed I ° ]
clusters I ]

5.1. XMM-Newton data r in ESZ sample x 1
not in ESZ sample @
For all single clusters (17 systems) or obvious sub-compisne E . . ]
in double and triple systems (4 objects), the X-ray peaktjoposi

was taken to be the (sub-)cluster centre. For these systems w 0.1 1.0
undertook a more in-depth analysis assuming that a sphigrica Dsz-x/ 0500

symmetric approximation is appropriate.

Surface brightness profiles, centred on the X—ray peak, w
extracted in the [0.3-2] keV band i3 bins. Deprojected, PSF-
corrected gas density profiles were then calculated usiag
method described ilCroston et al(2008. Global cluster pa-
rameters were then estimated self-consistently witRjg via
iteration about theMisoo—Yx relation ofArnaud et al(201Q see
alsoPratt et al. 201)) viz.,

Fig. 6: Distance of blind SZ position to X-ray positioRsz x, as a

%nction of Dsz_x, hormalised to the cluster sizigogx for single con-

%med systems. The clusters are colour-coded accordingdshift.
ote that the fiset is typically less than’ 2nd always less thafygo.

assuming standard evolution. In addition, the X-ray lursityo
in the [01 — 2.4] keV band interior tdRsoo, L5oqa[0.1-2.4] kev WaS
calculated as describedRratt et al(2009. All resulting X—ray

Yy n
oMo, (1) properties are summarized in TalleErrors include only sta-

2 x 104 M, keV

0.561+0.018
E(Z)Z/S M500 — 1014,56710,010 ]
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Fig. 7: Comparison of thePlanck blind and X-ray constraine®sgo
measurements for single confirmed systems (see text5S%cThe ra-
tio is correlated with the ratio of the corresponding cheedstic size,

6500-

Fig. 8: UnabsorbedRASSflux versusxMM-Newton flux for the 17 con-
firmed single-component clusters. Thelf@24] keV flux is measured
within an aperture obsqo. Clusters coincident with RASSBSC or a
RASS-FSC source are marked with red squares and green diamonds,
respectively.

tistical uncertainties. We did not attempt to include sysitic
errors due to redshift uncertainty or high background tessth
estimates are beyond the scope of the paper. The resultigor
sample are not used for quantitative statistical studydergya-
tion of scaling laws), which would require redshift confirtioa
(sources withe flag of 0 or 1) and deepetMM-Newton obser-
vations.

The X—ray position for single systems is compared to t
Planck position in Fig.6. The dfset behavior is similar to that
observed for known clusters in the ESZ sample (Béck
Collaboration 2011dfor discussion). Except for the outlier
PLCK G18.423.6, the positional fiset is less than’2and is
clearly dominated byPlanck reconstruction error which peaksg x.ray and Sz properties of newly detected
at that value. A physicalftset is also expected, especially for clusters
merging clusters. Such arffset would contribute less with in-
creasingz as it would be less and less resolved. The small resigh-this Section we consider the seventeen systems confirmed a
ual systematic variation of thefset withz, forz> 0.2, suggests single-component clusters of galaxies, leaving aside thléipte
that physical 'sets may indeed slightly contribute. This is likelysystems which are discussed in the next Section.
to be the case for PLCK G18+23.6, a highly disturbed object
atz = 0.09, the lowest of the sample, and which has afiset ,
of 3 corresponding to BRsgo. In all cases, the ftset remains 6-1- RASS properties

smaller tharfisoo or the cluster extent (see also Fij. We extracted 2x 2° count images in the [6—2]keV hard
band from theRASS data at the position of each cluster. We ex-
cised events associated with knoRASS-BSC andRASS-FSC
sources Yoges et al. 19992000. We then carefully followed
The SZ signal extraction procedure is described in detail ihe methods described Bdhringer et al(2000 and Reiprich
Planck Collaboration2011d. It consists of applying multi- & Bodhringer (2002 to compute background corrected growth
frequency matched filters to the data that maximally enhancerves and estimate an associated detection raRliushe back-
the signal-to-noise ratio of an SZ cluster source by opiynalground was estimated from an outer annulus with<45 < 90'.
filtering the data. As shown iRlanck Collaboratio2011d, SZ When allowed by the quality of the growth curve, the courg rat
fluxes derived using this method can be significantly overes{CR) withinRsgowas either taken as CR & R.) whenR. < Rsgg
mated due to an over-estimation of the cluster 8ige or interpolated on the curve whél > Rsoo. In the case of low

We can optimise the SZ photometry of the clusters presentgahlity growth curves, we computed a direct integrated @rafr
here by using the X-ray estimate of the cluster position drel sthe map within an aperture d?sp0. Assuming the best fitting
0500, derived fromRspo measured using thielsoo—Yx relation as XMM-Newton spectral parameters for each cluster (Zetem-
detailed in Sect5.1. For each cluster in the sample, we thuperature, abundance, galadig) we derived the [A—24]keV
re-ran the SZ flux extraction, calculatigog with the X-ray po- bandRASSflux.

§ition and size fixed to the refined values derived from thé-hig
quality XMM-Newton observation. The resulting;oo values are
listed in Table2. In Figure 7, they are compared to the blind
values as a function of the ratio of tbé&IM-Newton and blind
characteristic sizésqo. For most cases the values are consistent
hvgithin the errors; however, there is a clear trend of SZ flugrev
estimation with size overestimation, which can reach afaaf

two (see detailed discussion of the cluster size—flux i@laith
Planck Collaboration 2011ahdPlanck Collaboration 201)}g

5.2. Planck refined Ysz estimate
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Fig. 9: The new SZ-discovereRlanck clusters compared to clusters Radius (R <)
from the ROSAT All-Sky Survey catalogues in thex—z plane. The X— 500

ray luminosity is that in the [@—24] keV band..Catangues shown areFig_ 10: Scaled density profiles of the neRtanck SZ clusters com-

the REF_LE_X’ NORAS‘ BCS, eBCS "’}”‘?' published MACS catalogueﬁared to those of similar mass systems from the represemtétray

T.he. solid line is the REFLEX flux limit of 3« 1072 ergssll cm‘.z, samplesREXCESS (Bohringer et al. 2007and EXCPRES (Arnaud

similar to that of.th.e BcseBCSllcataloiques.2 The dotted line is they al., in prep.)Rsgo is estimated from thélsee-Yy relation ofArnaud

_HIFLUCGS flux limit O_f Z_X 10""ergss*cm“ and the dashed _Ilne et al. (2010. Thick lines show the mean profile of each sample. The

is from the MACS flux limits. See Se6.2for references and detalls.  yasity profiles of th@lanck Sz-selected clusters are on average shal-
lower than those of the X-ray-selected clusters of the saamsm

The RASS values are compared to tbd@IM-Newton values
in Fig. 8. There is a good agreement taking into account the
RASS statistical errors. The slightiget « 20 per cent) is likely (Ebeling et al. 200,/hereafter bright MACS). Luminosities plot-
due to systematic errors linked to tRASSbackground estimate ted in Fig.9 are the homogenised values given in the MCXC
andor calibration uncertainties. The very significant outir (Piffaretti et al. 201
high flux is PLCK G18.%23.6. A bright point source is present  The present sample of nelRlanck-detected systems spans
at the centre of this object (see Fig). that cannot be exciseda redshift range of @ < z < 0.6, with 15 out of 17 clusters
in the RASS data and which contaminates the signal. From thgbovez = 0.25, a medium-distant redshift region of thg—
XMM-Newton image (Fig.5), the knownRASS-FSC orRASS-  z plane that is sparsely-populated by tRASS catalogues. As
BSC sources within thBlanck error box for 15 of the candidatesa consequence, our current sample has X-ray luminositits we
can be clearly identified with the clusters. Those are inditan  below the flux limit of HIFLUCGS Reiprich & Bohringer 200p
Fig. 8. The two clusters with n®ASS-FSC orRASS-BSC asso- and REFLEX-DXL ghang et al. 2006 two high-luminosity X—
ciation, PLCK G287.832.9 and PLCK G292:522.0 are in fact ray selected samples that stand as the counterparts toesarr
detected irRASS, but at lowS/N (2 and 3, respectively; see alschigh SN SZ sample. The closest sample in X-ray luminosity
Sec.6.4). and redshift to the newlanck clusters are the MACS clusters,
although thePlanck clusters go to lower luminosity.

Most of the newPlanck clusters naturally fall below the
REFLEX flux limit or, equivalently, the BC8BCS limit in
In Figure9, the new clusters are shown in thg—z plane, plot- the North. However, three clusters lie well above this limit
ted together with the clusters from large catalogues based RLCK G18.%423.6, PLCK G171.9-40.7, PLCK G271.2-31.0,
RASSdata outside the galactic plane: REFLEBohringer et al. in order of decreasing X-ray flux (Fi® and Fig.9). As dis-
2009 in the Southern sky; NORASBEhringer et al. 200)) cussed above, PLCK G18:23.6 atz = 0.09 has a very bright
BCS (Ebeling et al. 1998and eBCS Ebeling et al. 200Din the central source and very ftlise ICM emission. It may have
Northern Sky. The NORAS is not flux limited. The REFLEXbeen misclassified as a point source. PLCK G271.2-31.0 sim-
flux limit of 3 x 107*?ergss*cm is shown. It is similar to ply falls in the Large Magellanic Cloud LMC2 region, which
that of the eBC$BCS limit of 28 x 10 ?ergss'cm 2. Also was excluded in the REFLEX survey (sBéhringer et al. 2001
shown are clusters from the published catalogues of the MAQ8ble 1). However, PLCK G171.9-40.7 at= 0.27 has a flux
survey with their corresponding flux limit. MACS is based bat of 5.7 x 10712 ergs s cm2 (from fully consistentROSAT and
RASS-BSC but in contrast to the above surveys, the X-ray extedMM-Newton measurements), and is a northern sky cluster that
of the RASS source is not a selection criterion, allowing moréulfills the BCS flux and sky position criteria. Thaspriori, it
distant (but massive) clusters to be foullrbéling et al. 200l  should have been included in that survey. Finally, six nays<l
Published MACS catalogues are the 0.5 cataloguekbeling ters atz > 0.3 are above the MACS flux limit. Of these, four
et al. 2007 and the B < z < 0.5 brightest cluster catalogueare not associated withRASS-BSC source and so could not be

6.2. The Lx-z plane and comparison with RASS catalogues
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Fig. 11: Scaling relations for the 17 new confirmed single-compomduters (red symbols). Black points show clusters in Rhanck-ESZ
sample withXMM-Newton archival data as presented Rtanck Collaboratiorf20119. The solid black line denotes the corresponding scaling
relation fits in each panel. The blue lines in the top and lbotight panels denote the predictég, scaling relations from thREXCESS X-ray
observationsArnaud et al. 201p The blue line in the bottom left panel is the Malmquist kiasrectedM—L relation fromREXCESS sample
(Pratt et al. 2009Arnaud et al. 201 Top row: Relation between apparent SZ signélo, left) or intrinsic Compton parameteb§ Ysqo, right)

and the corresponding normalis¥d parameterBottom row: Relation between X—ray luminosity aivgy (left) and between mass and luminosity
(right panel). The new clusters are on average less lumiabagjivenYsqo, Or more massive at a given luminosity, than X-ray selechesters.

found in a MACS-like survey, and the other two are at lowe?] keV energy band. As detailed iairnaud et al.(2002 Sec
declination than considered by MACS. 3.2), the emissivity is computed from a redshifted thermadiet

convolved with the instrument response and taking into acto

galactic absorption. The resulting image is proportionathe
6.3. Gas morphology and scaled density profiles emission measure along the line of sight, which is then ddafe

E(2)?Rsoo according to the self-similar model. The colour table
Figure5 shows [0.3-2] ke\VXMM-Newton images of the newly- is the same for all clusters so that the images would be icknti
discovered clusters. Each image corresponds to the sanse pkfyclusters obeyed strict self-similarity. A first visual pression
ical size in units ofRsgg and is corrected for surface brightnesss that low surface brightness, morphologically-distutbbjects
dimming with redshift and divided by the emissivity in the3o
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dominate the sample, which contains very few centrallykpda This suggests that as far as the relation betwgghnand its
cool core-like objects. X—ray equivalentYy is concerned, the new clusters are similar

The visual impression is confirmed and quantified when oft@ X—ray selected clusters, although they are more dyndiyica
looks at the density profiles of the clusters shown in Hig. disturbed. This is expected if indeed the pressure is thatdya
They are plotted together with the density profiles of simildess dfected by dynamical state and both and Ysoo are low
mass clusters from the representative X-ray-selected lsamscatter mass proxies. However, independent mass estiarates
REXCESS (z < 0.2; Bohringer et al. 2007and excpres — required to check this point; they cannot be provided by X-ra
(04 < z < 0.6; Arnaud et al, in prep.). For all three sammeasurements in view of the highly unrelaxed nature of the ne
ples, the radii are scaled bgsgo, estimated from theVlspo— Clusters.
Yx relation (Eq.1). The thick lines show the mean profile.
While the two X-ray-selected samples agree to a remarkahl
degree, thePlanck-selected sample clearly consists of system%s'g"z' The Lsoajo.1-24] kev—Y500 aNd Msoo-Ls0010.1-2.4]kev

- - . . relations.

with much flatter density profiles, and the correspondingmmea
profile is significantly flatter than that of the X-ray seletsam- As compared to X—ray selected clusters, the new clustdrsrfal
ples. This shape is due to a number of very disturbed cluge low luminosity side of thésoafo.1-2.4] kev—Ys00 relation (bot-
ters with very flat profiles in the neRianck-discovered cluster tom left panel). In other words, they are under-luminoushagry
sample. Let us consider the ten clusters with the flattest den,, If the mass is indeed tightly related Yego (or Yx) we then
sity profiles, flatter than the mean profiéanck cluster pro- expect them to be underluminous at a given mass. This trend is
file and flatter than all th&kEXCESS profiles. These ten ob- consistently observed in the bottom-right panel, whdggo is
jects include PLCK G18#23.6 atz = 0.09 discussed above,estimated fron¥y: the new clusters fall on the high-mass, low-
PLCK G286.6-31.3 ar = 0.21 that is just at the REFLEX flux luminosity side of theMsoo—Lsoq[o.1-24jkev relation. However,
limit and PLCK G292.522.0 atz = 0.30 just at the MACS confirmation requires independent mass estimates, ea fr
flux limit (Fig. 9). The other seven clusters lie at medium redensing data.
shift, 03 < z < 0.45, and are all hotTx > 5keV) and mas-  As shown byPratt et al.(2009, the underluminous region
sive Mspp > 5 x 10'*Mg) systems. They lie below the flux of the L-M plane is populated by morphologically disturbed
limit of both REFLEX and bright MACSfor a similar mass rangesystems. This once again suggests that the majority of thve ne
(Ebeling et al. 201D ThusPlanck appears to have uncovered &lanck-detected systems are disturbed, in agreement with the
population of massive, disturbed, low-luminosity systems above discussion on the morphology and the scaled densiy pr
files.

The dispersion of the new clusters about thoo—
Lsoq[o.1-2.4] kev relation also seems higher than that for X—ray se-
lected objects. This suggests the existence of new extreme |

Planck Collaboratiof2011¢9 use XMM-Newton archival data Igt_:rr]ninosity, high-mass (T'bjeCts thg}_ Eé;rﬁ téezlré% :rﬁ%vgaéealt(a)y?():lgj

to study the relations between the SZ signal and X-ray propdi€ tWo prominent outliers are =03

ties such a¥y or the soft band |UminOSity50Q[o'1,2'4] ey ON and PLCK G292.522.0 ¢ = 03), detected byPlanck at high
sub-sample of clusters from the high signal-to-noise gz S/N of 10.6 and 6.9, respectively. They belong to the very hot
sample. This sample (hereafter the EXEAM—archive sample) (T 2 10keV) and very massivéMsoo > 10'°Mo) cluster cat-
is SZ selected but by nature only comprises clusters from 90"y (Table 2) and are the only two clusters associated with
ray surveys. As discussed extensivelyAtanck Collaboration Neither a BSC nor an FSC source (Sécl and Fig.8). The
(20119, the analysis has demonstrated the excellent agrdlsx of PLCK 6292%422.0 barely reaches the MACS limit for a
ment between the observed scaling relations and the piatict Mass 0Msoo ~ 9.210 M. It has a very disturbed morphology
based OIREXCESS pressure profiles and numerical simulation§-': 5) and a flat density profile with a scaled central density of
(Arnaud et al. 201 In Fig. 11, we have placed the neftanck 4> 107 (Fig. 10).

XMM-Newton confirmed clusters on théso—Yx relations (top

panels) and thesoq(o.1-2.4] kev—Ys00 aNdMsoo—Ls0a[0.1-2.4] kev I€- _ _
lations (bottom panels). 7. Further analysis of multiple systems

6.4. SZ flux versus X-ray prediction and mass-proxy - mass
relations

7.1. Double systems

6.4.1. The Yso0-Yx relation Two of the new Planck sources (PLCK G308.3-20.2 and

The SZ signalYsag, is plotted as a function of the correspondPLCK G337.1-26.0) were revealed by th&M-Newton vali-
ing normalizedD,;ZYx parameter in the left panel of Fig.1. dation obser\_/atlons to be double systems. X-ray imagesstth
The new clusters follow the trend observed for the EGigM—  Systems are included in the gallery in Fig.

archive and are consistent with tReEXCESS prediction (blue

line). However, a slight turnover is observed at low flux,fwit7lllll PLCK G308.3-20.2

observed points systematically above the predicted oglalihis

excess is likely due to the Malmquist bias. Such a trend i3 al$wo clusters with quite regular morphology are clearly detd
slightly apparent for the ESZMM-archive sample but is lessin the XMM-Newton snapshot observation for this candidate (de-
important (seePlanck Collaboration 2011dor discussion of noted A and B in Fig. 5). The Planck position is very close
this dfect). The low flux clusters span variomsalues and are (1.5") to that of the northern clustek. This cluster is very hot
redistributed over the range of intrinsic Compton paraméte (Tx ~ 10keV) and massive (Tabl®). From the X-ray spec-
a result there is slight positivefiset apparent in thB3 Ysoo-Yx  troscopy, we estimated its redshift to be: 0.48. This estimate
relation for new clusters as compared to the E&dM—archive is robust, with a quality flag of 2 as reported in TaBleThe
sample. second componenB, lies 7 to the South-East oA. The lack
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PLCK G214.6+36.9 1 * PLCK G214.6+36.9 . .
4 ‘ 10° o PLCKG214.6+36.9 4

107"F

1072

Surface Brightness (ct/s/arcmin™?)

1073k ‘\\ ‘\\ \\\ J

0.1 1.0
Radius (arcmin)

PLCK G334.8-38.0

10%F PLCKG334.8-38.0

107'F

10-2_

Surface Brightness (ct/s/arcmin™2)

0.1 1.0
Radius (arcmin)

Fig. 12:The triple systems PLCK G214:87.0 (top) and PLCK G334.8-38.0 (bottom). The left panetsasthe Planck Ys; map (derived from
an Internal Linear Combination method) with contours frdva XMM-Newton wavelet filtered [B — 2] keV image (middle panels) overlaid in
white. The cross marks the position of the re-extractiortreefor flux re-analysis. Extended components found inXheVI-Newton image are
marked with letters (see text and TaB)e The circles in eacXMM-Newton image denote the estimatBeyo radius for each component. The right
panels show the X-ray surface brightness profiles of thetboenponents for each super cluster (points with unceigaintand the best-fitting
B-model (solid lines) compared to the profile of the Point 8drEunction normalised at the central level (dashed lines).

of statistics prevents us from deriving isciently reliable red- sources, in view of the large PSPC PSF (90 per cent encircled
shift estimate. Assuming it lies at the same redshiffags Yx ~ energy diameter of €') at such éf-axis angle.

parameter is ® times less than that &, and its derived mass

is 2.7 times less.Both clusters are seen as Well-separatechﬁouy .

in RASS A is associated with ®ASS-BSC source, whered® /-2- TTple systems

coincides with eRASS-FSC source. PLCK G214.6-37.0 and PLCK G334.8-38.0 were included in
the XMM-Newton_piIot programme and are detec_:ted in the
71.2. PLCK G337.1-26.0 Planck survey with S/N of 5.0 and 4.1, respectively. The

wavelet-filtered X-ray surface brightness contours arelaice

The distance between componeatandB (Fig. 5) is 8.1’. Both  on thePlanck maps in the left-hand panels of FitR. For both
have regular morphologies, and exhibit strong Fe K linesall sources, thXMM-Newton observation revealed three extended
ing individual redshift estimation. They are found to lietab X-ray components; their extended nature is evident in thiase
clearly diferent redshiftsze, = 0.26 for Aandz = 0.12 for B.  brightness profiles shown in the right-hand panels.
A'is the hottest of the two witfix = 6.16 + 0.23 keV and thus
the most massive. Thé of clusterAis 15 times larger than that
of B, making it the main contributor to tHelanck SZ signal.

The two clusters are seen as separate souré@s38— clus- The Planck SZ source candidate position is locat&ifrom the
ter A as aRASS-BCS source an@® as aRASS-FCS source, re- two southern componenté @ndB). A third componentC, lies
spectively. TheXMM-Newton emission coincides perfectly with approximately 7to the North (Fig.12, top panels). X-ray spec-
the RASS emission in each case. Additionally, the two clustertsal analysis of the Fe K line indicates a redshiftzaf ~ 0.45
are also found 40off-axis in a PSPC pointed observation of dor the brightest component. None of the sources is pasitul
globular cluster, NGC 6752J¢hnston et al. 1994where they hot, luminous, or massive (i.&s0 < 2.5 x 10"*M,). A RASS:
are listed as sources within the globular cluster (sourcasdl2 FSC source lies in the South-East and its counterpart i$yeasi
in Johnston et &k Table 8). Lacking spectroscopic informationseen withXMM-Newton. It is associated with a point source and
Johnston et al(1994 could not specify the exact nature of thes unassociated with the SZ emission.
sources, which they assumed to be of galactic origin. Nateith PLCKG214.6-37.0 falls in the SDSS area. We investigated
is not surprising that the sources were not identified ameletd the SDSS-DR7 database using refined positional information

7.2.1. PLCK G214.6+37.0
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from the XMM-Newton observation. We identified two bright Ysoapred = 3.2 x 10~* arcmir?, i.e. 40 per cent of the measured
galaxies with spectroscopic redshifts o= 0.45 whose posi- value. It is 60 per cent of thesllower limit of Ysgo, and con-
tions coincide with the peak of componem®tsandC, respec- sistent within its 3~ error range. In the case of PLCK G334.8-
tively. Furthermore, a bright galaxy with a photometric 1ed38.0, Ysogpred = 1.4 x 10~# arcmir? accounts for only 7 per
shift of 0.46 lies very close to th® X-ray peak. We also ran cent of the measured SZ signal and 10 per cent ofatsover
a dedicated algorithmFfomenteau et al. 20)1o search for limit. However, the predicted value is consistent withie tr
an overdensity of SDSS galaxies at the location of Rhenck error range of thd”lanck value, that includes uncertainties on
SZ source. While we were unable tdfdrentiate the three sub-the structure size. We also note that a fortuitous assouoi#ie-
structures, the analysis suggests the presence of a massive tween a spurious detection Byanck and such an association of
ture (~ 10" M) atz ~ 0.45 aroundA andB. A further cross- extended X-ray sources is quite unlikely. Indeed, such igon
correlation with SDSS-DR7 LRGs and SCs catalogue on theation of multiple massive halos either physically cortedor
SDSS-DRY7 I(iivamagi et al. 201Dhints that this triple systems associated by projectiorftect is not usual, making this source
is encompassed within a very large scale structure locatedemen more puzzling. The formal discrepancy between the 8Z an
z ~ 0.45, and whose centroid lies about 2 deg to the South (S¢eay signal is likely partly due to lack of constraints oreth
AppendixB for further details). structure size in the SZ measurement, even when the position
Thus there is good agreement between all redshift estimatésfixed to the X-ray position. It could also be the result of an

including the redshift of componeAtestimated from th&XMM-  under-estimate of the structure redshift. Redshift mesments
Newton observation, the optical SDSS redshifts of the three cof various components are definitively required to assesadh
ponents, and that of the larger-scale environment. Thiseagrture of this association and tianck source.
ment strongly argues in favour of a real structure of (attjeas For all systems, the cumulative contribution predictedHsy t
three clusters, likely forming the core of a larger-scalpesu Yx measurements does not match the measured SZ signal, al-
cluster. though it is compatible in all cases within the- 3incertainty

on Ysoo. However, the SZ flux is estimated assuming a single

component that follows the universal pressure profile, aal-in
7.2.2. PLCK G334.8-38.0 equate approach for these systems. Due to its moderatalspati

, . resolution at SZ frequencies (i.e., 54 @Planck cannot sepa-
Two extended X-ray components separated'tiy@ clearly vis- rate the emission of the two or three components contrigutin

ible in the XMM-Newton image (denotedh and B in Fig. 12 the overall signal. Nevertheless, a proper multi-compbaral-

bottom panels). Th&lanck SZ source candidate position I'e?ﬁis can be done in the future. From the X—ray constraints on

between and slightly to the south of the components. A thi e system geometry, a spatial template can be built to ivgpro

fainter component, is seen 5to the South. The spectral anal- : ;
. . extraction of theYspg signal for each component. Indeed, such
ysis of componené suggests a redshift af. ~ 0.35 from the a detailed study might allow us to constrain whether SZ or X—

Fe L complex detection. Although this estimate has to bertak o ; . .
with caution, we adopted it as the redshift for all three ¥-ra ay emission emanates from the regions in between the main

components. Despite limited statistics, we derived teaipees system components. The curretiiM-Newton snapshot obser-
of ~ 2 keV (‘)r less for all component,s suggesting massequ‘tlons are not deep enough to build s_uch an accurate teamplat
0.5 1 x 10“M,. The onlyRASS source’found in the vicinity (?.e., measurement of.the pressure profll_es of the indiViclhua-
of the Sz sourc% is clearly not associated with the thisM- ponents). Together with accurate redshift measuremeeegel

L X . . X-ray observations are needed to derive the pressure poffile
Newton components, and coincide with aff axis point source

seen in th&XMM-Newton image. individual clusters.

. . 8. Conclusion and perspectives
7.3. Comparison of X-ray and SZ properties Persp

] ) ) _In the framework of anXMM-Newton DDT validation pro-
As a first comparison of the X-ray and SZ properties, we S'Q‘ramme, the first 21 new SZ-detected clusters irPlack sur-
ply compared the¥seo Planck measurement with the predictedjey have been confirmed. Six of these were confirmed in an
value from the summed contribution of the various compagieninitial Pilot programme, the results of which were used te im
derived from their estimateddy values. prove the quality assessment and selection processesstérciu

For PLCKG308.3-20.2, the predicted summed contributiafandidates. The Pilot programme also clearly demonstthted
from AandBrepresents 54 per cent of the total measured SZ sigficiency of XMM-Newton for Planck candidate confirmation.
nal (with 46 per cent frorA alone). In the case of PLCK G337.1-Based on the detection of extended emission, snapshotegsos
26.0, this amounts to 63 per cent of the measifkgg (with 51 have been shown to befigient for unambiguous discrimination
per cent coming from componeA). The presence of compo-petween clusters and false candidates. Importantly, fistiéts
nentB marginally enhances the expected SZ signal. As the tw@least up ta = 1.5, the spurious association Bfanck candi-
clusters are not physically connected, no enhanced SZ iemissiates with faint extended sources in the position error kaox ¢
is expected from their surrounding (i.e., due to mergerscles, be identified via a consistency check between the X—ray and SZ
etc.). We recall that the reconstruction error in the SZ tpwsi flux. A further 15 candidates were confirmed in a second pro-
for Planck blind SZ detections is‘2on averageNlelin et al. gramme focussed on hig/N detections. The 100 per cent suc-
2011). The fact that thePlanck SZ position lies almost in the cess rate abov®/N = 5 is the first illustration of the capability
middle of the two components (i.e.38and 47’ from AandB  of the Planck survey to detect new clusters via their SZ signa-
respectively) is probably coincidental. ture.

The Planck Ysgo values of PLCK G214.637.0 and Except for two clusters, all confirmed single or double clus-
PLCK G334.8-38.0 were recomputed at a fixed ‘barycentritérs are associated witRASS-BSC or FSC sources. The two
position of the three components (black cross in Eif). The non-associations are in fact detectedriSS, but at a lowS/N
sum over the three components of PLCK G2%48%.0 yields of 2-3. The presence of significaRASS emission is thus a pos-
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itive indicator of the validity of aPlanck cluster candidate in is revealing. Four of our confirmed clusters are above the BAC
the presently-coverertange. However, association withRASS  limit but are not associated withRASS-BSC source.
source within the position error box is not, by itselffftient for For the single-component clusters, we have been able to
cluster candidate confirmation. Two of the false candidatdse derive the first estimates of their physical properties sash
Pilot programme, as well as one of the confirmed triple systeisogo.1-24kev, Yx (With Msgo estimated usingrx as a mass
were each associated with a SinR&SS-FSC source thaXMM-  proxy), and density profiles. These properties suggestthieat
Newton subsequently revealed to be a point source. Furtherma@v clusters are massive, dynamically-complex, objedies@
such spurious association, and also the number of real carglf-selected objects have, on average, lower luminositaer
dates not detected RASS, is expected to increase when probinglensity profiles, and a more disturbed morphology than teir
higherz, i.e., at lowerPlanck S/N, or later in the mission. ray selected counterparts. As a result, the dispersiomdrthe
The XMM-Newton validation programme brings clear addedvi-L relation may be larger than previously thought, with new
value to simple candidate confirmation. The X-ray flux measurclusters like PLCK G292:622.0 atz = 0.3 barely reaching the
ment and refined position is essential information for ojstim MACS flux limit for an estimated mass dlsgp ~ 10'° M. This
tion of deeper follow-up observations for detailed X-raydst.  suggests that there is a non-negligible population of niassi
The refined position is also useful for optical follow-upchu dynamically perturbed (merging) clusters that do not appea
as for redshift measurements. Importantly, the deterrcinatf —all-sky X—ray surveys. Furthermore, as the bulk of clustes-c
the exact cluster centre and extent allows a refined estiofatenology is currently undertaken with X-ray-selected sarspiee
the SZ flux fromPlanck data. For the X-ray brightest objects]ack of these clusters may have implications for measur#seof
XMM-Newton can directly provide the source redshift from theosmologically-sensitive exponential end of the masstfanc
Iron K line in the spectrum. For the present sample of confirme The above preview of newly-detectBthnck cluster proper-
candidates, 17 of 27 individual clusters (including thasenul-  ties must be confirmed with deeper, multi-wavelength, fetap
tiple systems) have high quality redshift measurementsriiw observations. Such observations include optical redsbiifir-
clusters span the redshift rang®® < z < 0.54 with a median mation (see the ENO observations presented here), depaéed
redshift ofz = 0.37. sure profiles from deepefMM-Newton observations and mass
In addition, theXMM-Newton validation programme has estimates. The latter require the combination of lensipgical
provided a preview of the properties of the new clusters thand X—ray data in view of the highly unrelaxed nature of the
Planck is discovering. Of the 21 confirmed candidates, 17 ambjects.
single clusters, most of which are found to have highly inlag Continuation of the confirmation d?lanck candidates and
andor disturbed morphologies. Two more confirmed candidattise characterisation of tielanck selection function constitutes
were revealed to be double systems, one of which is a projecmajor éfort, and requires a good understanding of the proper-
tion of two physically independent clusters affdient redshifts. ties of the newly-discovered clusters. As we have shownis th
More unexpected are two further newly-discovered tripls- sypaper XMM-Newton can play a major role in this process. The
tems that were not resolved Bfanck. One of these is a true XMM-Newton validation programme is presently on going. It is
cluster association at~ 0.45, as confirmed both from théMM-  currently focussed oRlanck detections both in th&/N > 5
Newton data and in our subsequent analysis of SDSS datarange and at lowe$/N, thus potentially leading to the discovery
likely forms the core of a larger-scale supercluster, atigdgirst of more distant clusters.
supercluster to be discovered via the SFeet. Theoretically,
the SZ signal from such a supercluster is expected to adse frAcknowledgements. The Planck Collaboration thanks Norbert Schartel for his
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the sum of the signal from the individual clusters, plus aspos vation of Planck cluster candidates. The present work is based i) on obsamsat

ble additional ColntribUtion from a filamentary inter-cleisgas _obtained withXMM-Newton an ESA science mission with instruments and con-
structure, the existence of which has not yet been obsenvatitributions directly funded by ESA Member States and the USA$A) i) on

a||y proven. ThidPlanck-XMM-Newton discovery may open the observations made with the IAC80 telescope operated orsldwed of Tenerife

; ; ; ; tang by the Instituto de Astrofisica de Canarias (IAC) in the i8pha Observatorio
waly to consirain the existence and properties of such fil n del Teide. This research has made use of the following ds¢sbeSIMBAD,

matter, via deeper combinddanck SZ apd X-ray StUdy' The operated at CDS, Strasbourg, France; the NED databaseh vghaperated by
currentXMM-Newton snapshot observations do not allow conte Jet Propulsion Laboratory, California Institute of Mieslogy, under con-
clusive comparison between the SZ and X—ray signals. Deepest with the National Aeronautics and Space AdministratiBAX, which is

observations, dticient to determine the pressure profile of indioperated by the Laboratoire dAstrophysique de Tarbeselsel (LATT), un-
vidual subclusters. are needed der contract with the Centre National dEtudes SpatialesHEN SZ reposi-

tory operated by IAS Data and Operation Center (IDOC) undetraect with
The Planck SZ survey has already started to complete eXNES. A description of the Planck Collaboration and a lisitsfmembers,

isting X—ray surveys, particularly aboze~ 0.3. Notably, it is indicating which technical or scientific activities theyvieabeen involved in,
finding new clusters below the flux limit of catalogues based @an be found atttp://www.rssd.esa.int/index.php?project=PLANCK&
extendedRASS source detection, such as the REFLEX survef9e-Flanck-Collaboration

and new clusters brighter than the flux limit of the MACS sur-
vey abovez = 0.3. Such discoveries are due to a combinati
of larger dfective sky coverage and the intrinsic limitations o
a RASS based cluster survey. In practice, surveys considerifen. S. W., Rapetti, D. A., Schmidt, R. W., et al. 2008, MNBA383, 879
extendedRASS sources, such as REFLEX, have a figher uffers £ & 0isse N 1909 Osoch commoctin Acise
|Imlt ,than that CorreSpondmg_tglaan,s sens[tlvqy. By con- Seriés, Vol. 101, Astronomical Data Analysis Software agdt&ns V, ed.
sideringRASS-BSC sources without extent criteria, the MACS  G. H. Jacoby & J. Barnes, 17—

survey reaches a lower flux limit, at the price of extensive oprnaud, M., Aghanim, N., & Neumann, D. M. 2002, A&A, 389, 1

tical confirmation follow-up that does not cover the wholg.skArmaud, M., Pratt, G. W., Baretti, R., et al. 2010, A&A, 517, A92

Furthermore, th&RASS-BSC detection algorithm was primarily gzﬁfgf’,\'l"ggéé" APF'J’JEggg' §.7,1et al. 2007, A&A, 462942

designed for point source detection and can miss Veiysé gersanelii, M., Mandolesi, N., Butler, R. C., et al. 2010, AZ20, Ad+
sources similar to the clusters with flat morphology tRksnck  Bertin, E. & Armouts, S. 1996, A&AS, 117, 393

eferences

16


http://www.rssd.esa.int/index.php?project=PLANCK&page=Planck_Collaboration
http://www.rssd.esa.int/index.php?project=PLANCK&page=Planck_Collaboration

Planck CollaborationXMM-Newton follow-up for validation ofPlanck cluster candidates

Bohringer, H., Schuecker, P., Guzzo, L., et al. 2004, A&R54367

Bohringer, H., Schuecker, P., Guzzo, L., et al. 2001, A&B9 3826

Bohringer, H., Schuecker, P., Pratt, G. W., et al. 2007, A&89, 363

Bohringer, H., Voges, W., Huchra, J. P., et al. 2000, Ap2S, #35

Carvalho, P., Rocha, G., & Hobson, M. P. 2009, MNRAS, 393, 681

Croston, J. H., Pratt, G. W., Bohringer, H., et al. 2008, A&87, 431

da Silva, A. C., Kay, S. T., Liddle, A. R., & Thomas, P. A. 200ANRAS, 348,
1401

De Luca, A. & Molendi, S. 2004, A&A, 419, 837

Dickey, J. M. & Lockman, F. J. 1990, ARA&A, 28, 215

Ebeling, H., Barrett, E., Donovan, D., et al. 2007, ApJ, 8633

Ebeling, H., Edge, A. C., Allen, S. W.,, et al. 2000, MNRAS, 3383

Ebeling, H., Edge, A. C., Bohringer, H., et al. 1998, MNRAS813881

Ebeling, H., Edge, A. C., & Henry, J. P. 2001, ApJ, 553, 668

Ebeling, H., Edge, A. C., Mantz, A,, et al. 2010, MNRAS, 403, 8

Fromenteau, S., ,, etal. 2011, in prep.

Jansen, F., Lumb, D., Altieri, B., et al. 2001, A&A, 365, L1

Johnston, H. M., Verbunt, F., & Hasinger, G. 1994, A&A, 28637

Lamarre, J., Puget, J., Ade, P. A. R., etal. 2010, A&A, 520+A9

Leahy, J. P., Bersanelli, M., D’'Arcangelo, O., et al. 201844 520, A8+

Leccardi, A. & Molendi, S. 2008, A&A, 487, 461

Liivamagi, L. J., Tempel, E., & Saar, E. 2010, ArXiv e-psnt

Mandolesi, N., Bersanelli, M., Butler, R. C., et al. 2010, A8520, A3+

Maughan, B. J., Jones, C., Forman, W., & Van Speybroeck, Q828pJS, 174,
117

Melin, J., Aghanim, N., Bartelman, M., & et al. 2011

Melin, J., Bartlett, J. G., & Delabrouille, J. 2006, A&A, 45341

Menanteau, F., Gonzalez, J., Juin, J.-B., et al. 2010, &B66.5126

Mennella et al. 2011, Planck early results 03: First assessrof the Low
Frequency Instrument in-flight performance (Submitted &AM

Pacaud, F., Pierre, M., Adami, C., et al. 2007, MNRAS, 388912

Piftaretti, R., Arnaud, M., Pratt, G. W., Pointecouteau, E., &liNleJ. 2010,
arXiv:1007.1916

Planck Collaboration. 2011a, Planck early results 01: ThendkR mission
(Submitted to A&A)

Planck Collaboration. 2011b, Planck early results 02: THieenhal performance
of Planck (Submitted to A&A)

Planck Collaboration. 2011c, Planck early results 07: TlaelyERelease
Compact Source Catalogue (Submitted to A&A)

Planck Collaboration. 2011d, Planck early results 08: Thekg early Sunyaev-
Zeldovich cluster sample (Submitted to A&A)

Planck Collaboration. 2011e, Planck early results 09: XMglwton follow-up
for validation of Planck cluster candidates (Submitted &4

Planck Collaboration. 2011f, Planck early results 10: iSttaal analysis of
Sunyaev-Zeldovich scaling relations for X-ray galaxy tus (Submitted to
A&A)

Planck Collaboration. 2011g, Planck early results 11:Zation of the local
galaxy cluster Sunyaev-Zeldovich scaling relations (Sittechto A&A)

Planck Collaboration. 2011h, Planck early results 12: @lusSunyaev-
Zeldovich optical Scaling relations (Submitted to A&A)

Planck Collaboration. 2011i, Planck early results 13:iStaal properties of
extragalactic radio sources in the Planck Early Release paomSource
Catalogue (Submitted to A&A)

Planck Collaboration. 2011j, Planck early results 14: E&élease Compact
Source Catalogue validation and extreme radio sourcesi(ied to A&A)

Planck Collaboration. 2011k, Planck early results 15: 8pkenergy distri-
butions and radio continuum spectra of northern extragalaadio sources
(Submitted to A&A)

Planck Collaboration. 2011l, Planck early results 16: Tlaa€k view of nearby
galaxies (Submitted to A&A)

Planck Collaboration. 2011m, Planck early results 17: i@rg the submillim-
iter excess dust emission in the Magellanic Clouds (Press)

Planck Collaboration. 2011n, Planck early results 18: Thwav spectrum of
cosmic infrared background anisotropies (Submitted to A&A

Planck Collaboration. 20110, Planck early results 19:ski-temperature and
dust optical depth from Planck and IRAS — constraints on the@K gas” in
our Galaxy (Submitted to A&A)

Planck Collaboration. 2011p, Planck early results 20: Nght lon anomalous
microwave emission from spinning dust grains (Submitted&®\)

Planck Collaboration. 2011q, Planck early results 21: xtgs of the interstel-
lar medium in the Galactic plane (Submitted to A&A)

Planck Collaboration. 2011r, Planck early results 22: Tuimsllimetre proper-
ties of a sample of Galactic cold clumps (Submitted to A&A)

Planck Collaboration. 2011s, Planck early results 23: Thé&@ic cold core
population revealed by the first all-sky survey (Submited&A)

Planck Collaboration. 2011t, Planck early results 24: Dughe difuse inter-
stellar medium and the Galactic halo (Submitted to A&A)

Fig. A.1: RGB colour-composite image of the optical counterpart of
cluster PLCK G100.2-30.4, as obtained with the IAC80 tedpsc
R,G,B colours are g,r and i-band Sloan filters, respectivsithough
the IAC80 field of view is 7 arcmin, this image is trimmed t842.7 ar-
cmin, and it is centred at th¥MM-Newton counterpart (white iso-
contours). Red galaxies defining the red-sequence of theeclare
clearly seen at the centre of the image.

Planck Collaboration. 2011u, Planck early results 25: fitardust in Nearby
Molecular Clouds (Submitted to A&A)

Planck Collaboration. 2011v, The Explanatory Supplemerihé Planck Early
Release Compact Source Catalogue (ESA)

Planck HFI Core Team. 2011a, Planck early results 04: Faséssment of the
High Frequency Instrument in-flight performance (Subrdite A&A)

Planck HFI Core Team. 2011b, Planck early results 06: Higag&ency
Instrument data processing (Submitted to A&A)

Pratt, G. W. & Arnaud, M. 2002, A&A, 394, 375

Pratt, G. W., Arnaud, M., Hiaretti, R., et al. 2010, A&A, 511, A85

Pratt, G. W., Bohringer, H., Croston, J. H., et al. 2007, A&&81, 71

Pratt, G. W., Croston, J. H., Arnaud, M., & Bohringer, H. 20B.&A, 498, 361

Read, A. M. & Ponman, T. J. 2003, A&A, 409, 395

Reiprich, T. H. & Bohringer, H. 2002, ApJ, 567, 716

Rosset, C., Tristram, M., Ponthieu, N., et al. 2010, A&A, bRAQ3+

Rothenflug, R. & Arnaud, M. 1985, A&A, 144, 431

Scharf, C. 2002, ApJ, 572, 157

Strider, L., Briel, U., Dennerl, K., et al. 2001, A&A, 36518

Sunyaev, R. A. & Zeldovich, Y. B. 1972, Comments on Astroptyysnd Space
Physics, 4, 173

Tauber, J. A., Mandolesi, N., Puget, J., et al. 2010, A&A, 520+

Turner, M. J. L., Abbey, A., Arnaud, M., et al. 2001, A&A, 36527

Suhada, R., Song, J., Bohringer, H., et al. 2010, A&A, 513k L

Voges, W., Aschenbach, B., Boller, T., et al. 1999, A&A, 3389

Voges, W., Aschenbach, B., Boller, T., et al. 2000, VizieRi@nData Catalog,
9029, 0

Voit, G. M. 2005, Reviews of Modern Physics, 77, 207

Zacchei et al. 2011, Planck early results 05: Low Frequensyrument data
processing (Submitted to A&A)

Zhang, Y., Bohringer, H., Finoguenov, A., et al. 2006, A&#%6, 55

Appendix A: Redshift determination based on
optical counterparts

A.l. PLCK G100.2-30.4

We observed PLCK G100.2-30.4 with the CAMELOT camera
on the 0.82-m IAC80 telescope at the Observatorio del Teide
(Tenerife, Spain), as part of a validation campaign for yeve-
tectedPlanck clusters that started in semester 2010 A. We ob-
tained four images in the Sloan g,r,i and z-bands, all cdrdte
the location of théPlanck cluster candidate, with a field of view
of 7 and a pixel scale of{B04. The integration time achieved in
each filter was approximately 3000 s, yielding a limiting miag
tude of 22.9, 21.7, 20.1 and 20.2 for g,r,i and z, respegtivet

a 6o-level detection.
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A.2. PLCK G285.0-23.7

After a detailed search in the ESO arcHieé all existing obser-
vations within 3 around the location of PLCK G286.3-38.4, we
found ten images taken with SUSI2 and three spectra takdn wit
EMMI, all obtained at the ESO-NTT 3.58m telescop@&he first
panel in FigureA.2 shows the resulting colour composite of the
central region of this cluster, based on V- (1600s) and Riban
(1680s) images with the SUSI2 instrument at NTT.

Publicly-available WFPC2 images for this region also exist
in the HST archivé. The second panel in Figure2 shows the
reduced colour composite based on the F814W and F606W filter
images. Both images have an integration time of 1200 s. From
the later colour-redshift relation for those images, wewder a
redshift for this cluster of ~ 0.37.

A.3. PLCK G286.3-38.4

After a detailed search in the ESO archive of all existingeobs-
tions within 5 arcmin around the location of PLCK G286.3438.
nine images (NT/SUSI2), and three spectra (NJEHMMI) were
found. The spectroscopic data from NNEMMI are associated
with a proposal to characterise the optical counterparpaitan-
tial galaxy cluster associated with the X-ray source RX 3085
7205.

We undertook data reduction of the three EMMI spec-
tra using standard IRAF routines. Fig.3 shows the com-
bined final spectrum. Although this spectrum has a very low
signal-to-noise ratio, a preliminary redshift estimataildobe
obtained from cross-correlating the reduced spectrum with
reference template spectrum for an early-type galaxy (take
from\url{http://www.arcetri.astro.it/ k20/}),using
the IRAF routinerxcor. The derived redshift estimate is=
0.307+ 0.003, although the significance of the cross-correlation
peak is very low. Nevertheless, this redshift estimate saap
ently compatible with the preliminary identification of tvedn-

Fig. A.2: Reduced images for PLCK G285.0-23.7, based on archiv%%p/t_\'ogr; f\iﬁ‘é[ﬁ;\f@?&‘gn':/'oﬂ'e')c'(;‘n;%ee;ig‘fﬁetgesfei‘ﬁlrt“m (see

data. Top: Combined V- and R-band images taken from ESOwghi
(SUSI2 data). Bottom: Combined F814W and F606W images taken
from WFPC2 archival data. ThEMM-Newton iso-contours are over- Appendix B: Search for large scale structure in the

laid. field of PLCK G214.6+36.9 using SDSS

We searched for superclusters in the direction of
PLCK G214.6-36.9 by calculating the luminosity density
field of the spectroscopic sample of luminous red galaxies
(LRG) from the SDSS DRY. To correct for the finite width

Image data reduction was undertaken using standard IRAF the survey magnitude window, galaxy luminosities were
routines. The source detection, catalogue extraction dmed pWeighted. Superclusters are delineated by an appropuiate |
tometry measurements on the processed images were pedforME0Sity density level. For the LRG superclusters, we sit th
using SEXractor (Bertin & Arnouts 1998. Sources were iden- [€vel at 3.0 times the mean density. This level was obtairyed b
tified independently in the four bands using.8d SEXrractor ~ COMParing the SDSS main galaxy sample superclusters with
detection threshold in the filtered maps (i.e. equivale@/ig~ those in the LRG sample in the volume where these samples
3). The colour-composite image of the g,r and i filters (Séyerlap. The procedure is explained in detaiLiivamagi et al.

Figure A.1) clearly shows an excess of red galaxies at the 162 : ) . - .
cation of the X-ray detection. The best candidate is a supercluster containing 10 LRGs with

) ) ) .. amass centre at RAL375, Dec=136, lying atz = 0.45. As
. We have obtained photometnc redshifts for all galaxieh@nt ogch LRG likely indicates the presence of a galaxy clustr, a
field using the BPZ codeBenitez 200 We use the photome- the two LRGs that lie in the observed X—ray clusters, the su-

try information from the g, r and i bands, as they provide moigrcluster is likely to contain 10 clusters. The estimatedlt
reliable redshift estimates. From the final galaxy catadogue

identify eight galaxies located within a radius ab’lfrom the 4 http://archive.eso.org

peak of the X-ray emission which all have a photometric rétsh 5 http://www.eso.org/sci/facilities/lasilla/
estimate of about 0.38. Based on this information, we estimaelescopes/ntt/

the photometric redshift of the cluster to Bg,: = 0.38+ 0.04. 6 http://archive.eso.org/wdb/wdb/hst/science/query

18


http://archive.eso.org
http://www.eso.org/sci/facilities/lasilla/telescopes/ntt/
http://www.eso.org/sci/facilities/lasilla/telescopes/ntt/
http://archive.eso.org/wdb/wdb/hst/science/query

Planck CollaborationXMM-Newton follow-up for validation ofPlanck cluster candidates

00T T T T T

80

60

40

Flux [Arbitraty units]

20 . .
Hg Mg |

IN

=200 v v b e e e e e e ey
400 500 600 700 800
Wavelength [nm] 5

Fig. A.3:Reduced spectrum for PLCKZSB.O%%&I, ]é?ég 46?1 the EMMI
data obtained from ESO archives. A cross-correlation aimlyields a 6
redshift estimate of = 0.307, which is consistent with the preliminary
estimate of the two absorption featureg Bnd Mg-l which are also
indicated in the Figure.
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Fig. B.1: Projected luminosity density map for the best supercluster
candidate. The X-ray sources are marked by triangles, theo8ice by
the cross. The minimum density level and the level step atd_g0per
square degree.

luminosity of the supercluster isx310'2L, the maximum ex-
tent about 78~ Mpc. The co-moving distance along the line-
of-sight between the two LRGs hosted by the X-ray clusters is
about 41h~! Mpc. Using aM/L value of 200 (in solar units), the
total mass of the supercluster is about’i€blar masses. This su-
percluster is typical among other LRG superclusters atdisat
tance. Fig.12 shows the projected luminosity density contours
of the candidate supercluster, together with the locatiothe
PLCK G214.6-36.9 and the X-ray clusters.
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