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ABSTRACT

We present precise Sunyaev-Zeldovich (S#E¢e measurements in the direction of 62 nearby galaxy chite< 0.5) detected at high signal-
to-noise in the firsPlanck all-sky dataset. The sample spans approximately a decadéalrmass, 18 M, < Msgg < 10'° M, whereMsq, is
the mass corresponding to a total density contrast of 50b@ung these high qualitiPlanck measurements with deefMM-Newton X-ray
data, we investigate the relations betwéﬁng,oo, the integrated Compton parameter due to the &g and the X-ray-derived gas madgsoo,
temperaturdx, luminosity Lx so0, SZ signal analogu¥xseo = Mgs00 % Tx, and total mas#lsqe. After correction for the fect of selection bias on
the scaling relations, we find results that are in excellgréement with both X-ray predictions and recently-puldihround-based data derived
from smaller samples. The present data yield an excepljoraiust, high-quality local reference, and illustr@i@nck’s unique capabilities for
all-sky statistical studies of galaxy clusters.

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

arxiv:1101.2026v1 [astro-ph.CO] 11 Jan 2011

1. Introduction y = (o7/mec?) [Pdl. HereP « neT is the ICM thermal elec-

- . . . tron pressure, whene, is the density and is the temperature,
The X-ray emitting gas in galaxy clusters induces inverse 'is'ihe Thomson cross sectioms is the electron rest mass,
Compton scattering of Cosmic Microwave Background (CMB}pqc s the speed of light. The SZ signal integrated over the clus-
photons, shifting their energy distribution towards higtem- o extent is proportional to the integrated Compton patame
peratures. First discussed in 1972 Bynyaev & Zeldovich such thaD? Ys; = (o /mecz)deV WwhereD, is the angular
the scattering produces a characteristic distortion ofdMB  Jcto - o i he source : A
spectrum in the direction of a cluster known as the thermar '
Sunyaev-Zeldovich (SZ)tEect. It is directly proportional to the  Clusters are currently thought to form via the hierarchical
Compton parametey, a measure of the thermal electron preggravitational collapse of dark matter haloes, so that them-
sure of the intracluster medium (ICM) gas along the lineghisi  ber as a function of mass and redshift is a sensitive indicato
of the underlying cosmology. The ICM is formed when gas falls
* Corresponding author: G.W. Prafybriel .pratt@cea. fr into the dark matter gravitational potential and is heated-tay
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emitting temperatures by shocks and compression. The-scdd¢ions, respectively, using a bin-averaging approacto fuv-
free nature of this process implies that simple power law-relther companion papers present the parent cataloBlenck
tionships exist between the total halo mass and various oti@dllaboration 2011dandXMM-Newton validation observations
physical properties (e.gBertschinger 198aiser 198% such of newly-discovered cluster®lanck Collaboration 201}e

as X-ray temperatur€ or luminosityL (e.g.,Voit 2005 Arnaud In this paper we adopt ACDM cosmology withHy =
et al. 2005 2007 Pratt et al. 2009Vikhlinin et al. 2009. As 70 km s Mpc™, Qu = 03 andQ, = 0.7. The factor

the total mass is not directly observable, such mass prexees E@ = VOw(l+ 23+ Q, is the ratio of the Hubble constant
needed to leverage the statistical power of various lacgées at redshiftzto its present day value. The variabMsgo andRsoo
surveys for cosmological applications. Since the gas press  gre the total mass and radius corresponding to a total gensit
directly related to the depth of the gravitational potentiae contrast 509.(2), wherep(2) is the critical density of the uni-
quantityD Ys is expected to scale particularly closely with thgierse at the cluster redshift; thivisoo = (47/3) 500pc(2) R,
total mass, a claim supportgd by recent numerical simuiatiorpe quantityYx soo is defined as the product Mgysoo, the gas
(e.g.,White et al. 2002da Silva et al. 2004Motl et al. 2005  mass withinRsge, and Tx, the spectroscopic temperature mea-
Nagai 2006 Wik et al. 2008 Aghanim et al. 200R SZ surveys gyred in the [AL5-Q75] Rsoo aperture. The SZ signal is de-
for galaxy clusters thus have great potential to producepem noted Ysoo throughout. This quantity is defined B2 Ysoo =

itive cosmological constraints. . (aT/mecz)deV. Here D, is the angular distance to the sys-
In a few short years, SZ observations have progressed frgifyy - is'the Thomson cross-sectionthe speed of lightme
the first spatially resolved observations of individual eitts he electron rest masg,« neT is the pressure (the product of the
(Pointecouteau et al. 1998001, Komatsu et al. 1992001, to  g|ectron number density and temperature), and the infegriat
the first discoveries of new objectStaniszewski et al. 20020 performed over a sphere of radiRs. The quantityD2 Ysoo is
large-scale survey projects for cosmology such as\taeama  the spherically integrated Compton parameter, ¥gg is pro-

Cosmology Telescope (Kosowsky 2003 ACT) and thgaSouth portional to the flux of the SZ signal withiRsgo.
Pole Telescope (Carlstrom et al. 2009SPT). Indeed, first cos-

mological results from these surveys have started appgarin

ISVande_rIinde ?rt] al. r?0];(Behdg:]al et aII._ 2(?{_])0At:cetrr11tion iSNOW 2 The ESZ catalogue and the Planck-XMM-Newton
ocussing on the shape and normalisation of the pressure pro .

file (e.g.,gNagai et al. 500;7Arnaud et al. 201DKoma|?su et al. PParchive subsample
2010, calibration of the relationship betwe@i Yszand the to- 2.1. Planck and the ESZ Catalogue

tal mass for cosmological applications (eldarrone et al. 2009 ) ,

Arnaud et al. 201pMelin et al. 201}, comparison of the mea- Planck (Tauber et al. 201@Planck Collaboration 201}4s the
sured SZ signal to X-ray predictionsi€u et al. 2006Bielby & third generation space mission to measure the anlsotromeof_
Shanks 2007Afshordi et al. 2007Komatsu et al. 201,0Melin  €osmic microwave background (CMB). It observes the sky in
et al. 201), and the relationship betwedh,i Ysz and its X- hine frequency bands covering 30-857 GHz with high sensitiv
ray analogueYy (e.g.,Andersson et al. 2030First introduced ity and angular resolution from 310 5. The Low Frequency
by Kravtsov et al.(2006), the latter is defined as the productnstrument (LFI:Mandolesi et al. 2010Bersanelli et al. 2010
of Mgs00, the gas mass withiRsp, and Tx, the spectroscopic Menr_mella et al. 201tovers the 3_0, 44, and 70 GHz bands with
temperature excluding the core regions. As the link betwgen a@mplifiers cooled to 20 K. The High Frequency Instrument (HF

and D2 Ys; depends on the relationship between the gas mas¥narre et al. 201CPlanck HFI Core Team 201)aovers the
weighted and X-ray spectroscopic temperatures, it is atsens 100, 143, 217, 353, 545, and 857 GHz bands with bolometers

probe of cluster astrophysics. cooled to 0.1 K. Polarization is measured in all but the highe
In the following, we use a subsample Bfanck! Early WO bandskeahy et al. 2010Rosset et al. 2090A combina-
Release Compact Source Catalogue SZ (ESZ) clusters, t:on% gen g&%‘l’g{ﬁ?&ﬁ&%gg%?&i "&Z?Qgg'rcsa;?ffé;&]uﬁ
ing of high S|gnal_-to-n0|se ra’_u@lanck.detec_tlons with deep Collaboration 2011p Two Data Processing Centres (DPCs)
XMM-Newton archive observations, to investigate the lozak( k and calibrate the dat d mak 9  the Rlanék
0.5) SZ scaling relations. Given its all-sky coverage and higijteck and calibrate the data and make maps of theRlan¢

sensitivity,Planck is uniquely suited to this task, allowing high. Fl Core Team 20_11'tZacchei et al. 2011 Planck's sensitiv-
signal-to-noise ratio detection of many hot, massive syste Y; angular resolution, and frequency coverage make it po

that do not appear in other SZ surveys due simply to their liffi ! instrument for galactic and extragalactic astropty/ais
ited area; correspondingly, the large field of view and atilfey well as cos_mology. Early astrophysics results are giverandk
power ofXMM-Newton make it the ideal instrument to observé-Cllaboration (2011e-x).

these objects in X-rays out to a significant fraction of theavi The basic data set used in the present paper i$kiack
radius. Here we investigate the relationship between Sa-quary Release Compact Source Catalogue SZ (ESZ) sample, de-

tities and X-ray quantities, making full use of the excepsib SCibed in detail inPlanck Collaboratior{2011d. The sample
quality of both data sets. Two complementary companionisap& derived from the highest signal-to-noise ratio detexgi(§N
(Planck Collaboration 20114nd Planck Collaboration 201)h

> 6)in a_blind muI_ti-frequency_ search in the all-sky maps from
harness the statistical power of tRanck survey by analysing observations obtained in the first ten months of Bhanck sur-
the SZ flux—X-ray luminosity and SZ flux—optical richness re?®Y:

L Planck (http://www.esa.int/Planck) is a project of the 2.2. The Planck-XMM-Newton archive subsample
European Space Agency (ESA) with instruments provided toy<ei- . .
entific consortia funded by ESA member states (in particiflariead Cross-correlation of the ESZ subsample with the Meta
countries France and Italy), with contributions from NASAGA) and  Catalogue of X-ray Clusters (MCX@iffaretti et al. 201Ppro-
telescope reflectors provided by a collaboration betweehdifsl a sci- duced 158 matches with known X-ray clusters. As shown in
entific consortium led and funded by Denmark. Figure 1, these objects lie at a redshift< 0.5 and cover ap-
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Esz ol g ! di /X nor complete, it represents the largest, highest-qualitxSay
[ clusters detected ih X-ray - i
x ESZ clusters observed’by XMM-Newton dataset currently-available.
O Planck-XMM archive c}’uster% E o,
/ L]
10 < 3. X-ray cluster properties
[ N I’ = " g .EEI 10 " y prop
'g = |/ % x 'ﬂ;ﬁ = ©  3.1. X-ray data processing: A clusters
= (]
3 m Pmﬂ"@- D 3 For the A clusters, we use the latest version (v10.0) oki¥i&/-
=
S = J X x*, if g Newton-SAS, ensuring that the most recent calibration correc-
0 x x oE o= E-E’I @a K 'E)‘ > tions are applied to the X-ray photons. Event lists are ssee,
g o g b o =< cleaned for periods of high backgroundrrern-selected and
5 X S § corrected for vignetting as detailedratt et al(2007).
< ™ om % . S The quiescenXMM-Newton background is dominated by
x oy Jo e * . s events due to charged particles. We subtract this component
x g®7 e 11 _ by using a background file built from stacked observations ob
x s ] tained with the filter wheel in the CLOSED position, recashi®
e source position and renormalised using the count rate ihitire
! energy band free of cluster emisstoiThe remaining compo-
B /A )% g p
1 Ll nents are due to the cosmic X-ray background produced by unre
0.1 solved sources and afflise soft X-ray contribution attributable
to the Galaxy. The A sample is selected so Rap < 12, al-
z y p <

lowing us to model these remaining components using enmissio
from an annular region external to the cluster emission as de

Fig.1: The 158 Planck ESZ clusters already observed in X-raystailed in Croston et al(2008 andPratt et al(2010).

Masses are estimated from their X-ray luminosity as deedriim

Point sources were identified from the small scales of

Piffaretti et al.(2010. The 62 clusters analysed and discussed in thigavelet-decomposed images in the [0.3-2] and [2-5] keV band
paper are indicated by the red squares. The dashed linesespsethe  These sources were excluded, with the exclusion radiushedtc

locus at whichRspo ~ 12

to the variation of the PSF size across the detector. We also
masked any well-defined substructures that produce prarine
secondary maxima and are visible in the larger scales of the

proximately a decade in ma&s# search for these clusters in thewavelet decomposition process.
XMM-Newton Science Archivé produced a combineBlanck-
XMM-Newton archive sample of 88 objects as of July 2010, in3’3 bins centred on the X-ray peak. Finally, a non-parametric

dicated by blue crosses in Figute

Surface brightness profiles were extracted from the data in

regularisation method was used to derive the deprojectel; P

As detailed below in SecB, we used dierent X-ray data corrected density profilesi(r), as described itCroston et al.
processing techniques depending on cluster angular eiMent (2008
specifically, if the source extent lies well within theéMM-

Newton field of view then the X-ray background can be chara%;2 X
terised using a source-free region of the observationgndhils- =~

ray data processing: B clusters

ters with a larger angular extent require simultaneouscgoamd  For each object in the B cluster sample, a merged energy-
background modelling. We label these classes of clustefs agosition photon cube was built from the various observation
and B, respectively. The dashed line in Figarélustrates the of a given target. The cube was built from soft proton-cleane
radius at whichRspqest < 12/, corresponding to the maximumevents from each camera, generated with v10.0 ofXi-
angular extent within which the X-ray background can be chaXewton-SAS, to which an fiective exposure and a background

acterised in a singlXMM-Newton field of view. Using this cri- noise array were added. The exposure array was computed from
terion, we divide théPlanck-XMM-Newton archive sample into the efective exposure time, with corrections for spatially vari-

58 A clusters and 30 B clusters.

Not all of the clusters in the fullPlanck-XMM-Newton
archive sample are used in the present paper. Some obsegveay is modelled as the sum of components accounting for
tions in the A cluster list were excluded because flare contathe Galactic foreground and cosmic X-ray background, plus
ination had rendered the observations unusable, or thetobjeharged particle-induced and out-of-time events. Fulhitiebdf
had not yet been observed at the time of the archive seantte method are given iBourdin & Mazzotta(2008).
or because the target was a clear multiple system unsuited toThe Galactic foreground is a critical model component in

able mirror éfective areas, filter transmissions, CCD pixel area,
chip gaps and bad pixels, as appropriate. The backgrousé noi

a spherically-symmetric analysis. For the B clusters, iitamh the case of the B clusters. These objects often extend oger th
to the high-luminosity systems already published in Bou&li full XMM-Newton field of view, so that the cluster emission can-
Mazzotta (2008), we prioritised those where XM-Newton not be spatially separated from the foreground componves.
field of view was expected to cover the largest possibleifsact thus constrained the foreground components using a joiaf fit
of Rsoo, corresponding to objects with the lowest estimated magisister emissivity and temperature in an external annubuis ¢
in Fig. 1. The final sample of 62 systems consists of 44 A obesponding to~ Rsg. Despite the degeneracy of this estimate
jects and 18 B objects. While the sample is neither reprasieat with the cluster emissivity itself, in all cases the tempear@ob-

tained in this annulus was found to be lower than the average

2 Estimated from the X-ray luminosity-mass relationRifatt et al.
(2009, as detailed ifPiffaretti et al.(2010.

8 http://xmm.esac.esa.int/xsa/

4 We excluded a’Gregion around the cluster centre to avoid contam-
ination from residual cluster emission.
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Fig. 2: Left: Lysoo — Msoo relation of thePlanck-XMM-Newton archive sample compared REXCESS, a representative X-ray cluster sample.
Luminosity is estimated interior tRsq in the [0.1-2.4] keV band, and mass from thgoo — Yxs00 relation ofArnaud et al.(2010. The solid
red line is the fit to theREXCESS sample only Pratt et al. 200 Right: Scaled density profiles of the 62 systems in ftianck-XMM-Newton
archive sample. Profiles have been corrected for projeetiohPSF ffects as described in the text. Systems classified as cod améndicated
by blue lines.

cluster temperature, as is commonly observed in clustenw-al the gas mass computed from the density profiles discusse@ abo
ing full cluster-foreground spatial separation (eRratt et al. in Sects3.1and3.2. A new temperature is then estimated within

2007 Leccardi & Molendi 2008. [0.15 - 0.75]Rs00 and the procedure is repeated until conver-
The ICM density profiles in the B cluster sample were thegence. The resulting X-ray quantities are listed in Tdble
derived using the analytic distributions of ICM density d@enh- The left-hand panel of Figur2 shows thelx 500 — Msgo re-

perature introduced byikhlinin et al. (2008. These parametric |ation of thePlanck-XMM-Newton archive sample, wherex soo
distributions were projected along the line of sight, cdwed s the X-ray luminosity estimated interior Ryog in the [0.1-2.4]
with the XMM-Newton PSF, and fitted to the observed prOjeCteQeV band' and the mass is estimated frommo_ YX,SOO rela-
cluster brightness and temperature profiles. The resultéTd tion given in Equatiori. The data are compared to the equivalent
sity profiles,ne(r), were used to derive X-ray quantities for eachelation fromrexcESs, a sample designed to be representative
cluster as described below. of the X-ray cluster populatiorBghringer et al. 200)7 One can
see that thé>lanck-XMM-Newton archive clusters are all mas-
sive, luminous systems, as expected for objects detect&d in
at high 3N by Planck. They follow the general trend exhibited
For the current generation of high-resolution X-ray tetgees, by REXCESS (Pratt et al. 2008 but extend to higher mass and
the dfective limiting radius for high-quality nearby observai$o luminosity.

of the type discussed hereRgqo. Beyond this radius, theffect

of the variable background becomes dominant and the uircerta

ties begin to become fiiicult to quantify. In addition, as shown 3.4. Scaled gas density profiles and cool core subsample

by Evrard et al(1996), Rsg is also the radius within which clus-
ters are relatively relaxed. We estimate the X-ray quastitor
each cluster self-consistently withiR3oo using theMsoo — Yx 500
relation given inArnaud et al(201Q see alsdPratt et al. 201))
viz.,

3.3. X-ray quantities

The scaled gas density profiles of the full sample of 62 ctaste
are shown in the right-hand panel of Fig@evhere each profile
has been corrected for evolution and scaleBgg. As has been
seen in other cluster samples (e@roston et al. 2008 there is

a large amount of scatter in the central regions, extendimg¢po

Yy 500 ]0-56h0-018 ~ 0.15Rs500, beyond which the profiles rapidly converge.

2/5 _ 4.567+0.010
E@**Msoo = 10° 2 x 104 M, keV

Mo. @ It is well-known that some clusters exhibit so-called cool
cores, central regions of very dense gas where the cootimis
assuming standard evolution. The radRsgo was calculated it- less than the Hubble time (e.dgnes & Forman 19§4Such ob-
eratively as described iKravtsov et al.(2006. Using Eq.1 jects have very high X-ray luminosities and extremely low-ce
and the definition oMso0 and Yx s00, @n equation of the form tral entropies that tend to set them apart from the rest oftheey
Rgoo = C[Mgs00Tx]* must be solved. Starting from an initialcluster population (e.gEabian et al. 1994Pratt et al. 201 In
temperature measurement, the equation is solveBdgr with  addition, the current consensus is that these systemssesyira
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Table 1:X-ray and SZ properties. The temperatiliseis measured in the [05 - 0.75] Rsoo region, and the luminositlx soo is measured interior
to Rsgp in the [01 — 2.4] keV band. The final column indicates whether the clustalassified as a cool core system, defined as described in
Sect.3.4.

Name RA Dec z R500 Tx ngsoo Yxsoo Di Y500 M500 LX,SOO CcC
(deg)  (deg) (kpc) (keV) (BMs)  (10““Mj keV)  (104Mpc?)  (10“M,)  (10*ergs?)
RXC J0014.3-3022 3.58 -30.38 0.307 1358 ET25 1.6% 0.01 12.73 0.51 1.740.21 9.7& 0.21 13.35 0.09 ...
A85 10.44 -9.37 0.052 1206 5¥8.22 0.66 0.01 3.84 0.19 0.4 0.05 5.3 0.31 46%0.02 VvV
RXC J0043.4-2037 10.84 -20.61 0.292 1152 5820 0.8& 0.01 5.1@ 0.20 1.4@-0.17 5.880.14 8.26- 0.08
Al119 14.02 -1.30 0.044 1114 540®.23 0.45%0.01 2.450.14 0.2 0.03 412 0.23 1.520.01 ...
RXC J0232.2-4420 38.06 -44.37 0.284 1223 64120 1.0%0.01 6.86- 0.26 0.86- 0.13 6.9% 0.15 1253 0.09 Vv
A401 44,73 1356 0.075 1355 726.44 1.020.04 7.4% 0.58 0.83 0.08 7.6% 0.67 5.82 0.04
RXC J0303.8-7752 46.00 -77.88 0.274 1251 £8836 0.96 0.02 7.5& 0.45 1.020.13 7.3%0.25 7.3%0.07 ...
A3112 4951 -44.26 0.070 1062 560P.15 0.4& 0.01 2.03 0.07 0.18 0.03 3.64 0.16 3.84002 V
A3158 55.72 -53.60 0.060 1124 5600.18 0.53 0.01 2.6 0.12 0.3%0.03 4.2% 0.23 2.6&0.01 ...
A478 63.35 10.45 0.088 1326 648.19 1.06 0.03 6.8% 0.26 0.92 0.08 7.230.48 12.33 005 Vv
A3266 67.83 -61.42 0.059 1354 7#46.22 0.96 0.02 7.1 0.30 0.9@& 0.07 7.5%0.51 4.22 0.01
A520 73.55 296 0.203 1325 7¥0.22 1.1%0.01 8.75% 0.32 0.92 0.14 8.1% 0.16 7.1% 0.04
RXC J0516.7-5430 79.17 -5452 0.295 1266 #0167 1.2@-0.06 8.5@ 1.06 1.22 0.10 7.82 0.60 7.24038 ...
RXC J0528.9-3927 82.22 -39.44 0.284 1218 60432 1.1%0.02 6.73 0.46 1.180.13 6.8& 0.25 1055 0.11
RXC J0532.9-3701 83.23 -37.02 0.275 1190 68426 0.850.01 5.82 0.28 0.9% 0.13 6.3% 0.17 8.4 0.07 Vv
RXC J0547.6-3152 86.89 -31.90 0.148 1150 &0014 0.6@ 0.01 3.6 0.10 0.4% 0.07 5.0% 0.08 3.82 0.02
A3376 90.47 -39.99 0.045 930 389.09 0.280.01 0.94 0.03 0.1G: 0.02 2.3% 0.06 0.920.01 ...
RXC J0605.8-3518 91.48 -35.29 0.139 1059 49311 0.4&0.01 2.290.07 0.440.06 3.8%0.06 474002 VvV
RXC J0645.4-5413 101.39 -54.21 0.164 1303 £P618 1.0 0.01 7.330.24 1.02 0.07 7.4@-0.14 752004 Vv
RXC J0658.5-5556 104.63 -55.96 0.296 1527 13.025 2.0& 0.02 23.22 0.64 2.660.14 13.730.21 20.05% 0.10
A665 127.75 65.88 0.182 1331 768.46 1.120.03 8.55 0.61 1.020.11 8.04 0.37 6.8%+ 0.10
A754 137.24 -9.65 0.054 1423 808.24 1.04 0.03 9.28 0.39 0.86- 0.05 8.69 0.63 4.68 0.02
A773 139.49 51.69 0.217 1228 6478.16 0.8% 0.01 6.0% 0.18 0.8 0.11 6.5% 0.11 6.8 0.04
A781 140.09 30.49 0.298 1114 5#P.10 0.7& 0.01 4.320.10 0.72 0.14 5.35% 0.07 4.7% 0.03
A868 146.36 -8.64 0.153 1058 468.16 0.5%0.01 2.340.08 0.4% 0.07 3.9%0.10 3.1&0.03 ...
A963 15424 39.01 0.206 1123 5#49.11 0.6& 0.01 3.63 0.09 0.4% 0.09 4.95% 0.07 6.46:0.08 v
RXC J1131.9-1955 173.00 -19.92 0.308 1300 20331 1.3@0.02 10.1% 0.53 1.3@0.23 8.59 0.26 11.0:0.09 ...
A1413 178.81 23.39 0.143 1144 6:50.07 0.530.01 3.42 0.05 0.620.08  4.9a 0.04 332001 Vv
RXC J1206.2-0848 181.59 -8.81 0.441 1334 180332 1.590.02 16.13 0.63 1.7@¢ 0.30 10.830.24 19.650.12 Vv
ZwCl1215 184.41 3.65 0.077 1211 648.27 0.6 0.02 4.0 0.21 0.4& 0.07 5.45 0.35 2.8&0.01
A1576 189.23 63.19 0.302 1145 6:30.47 0.8@ 0.03 5.05% 0.49 0.7%0.11 5.8% 0.32 6.940.18 ...
A3528S 193.65 -29.21 0.053 966 440.21 0.2& 0.01 1.1 0.07 0.22 0.03 2.7 0.13 1.220.01 Vv
Al644 194.30 -17.40 0.047 1070 486.20 0.4%0.01 1.990.11 0.25%0.04 3.66 0.19 166005 V
A3532 194.39 -30.41 0.056 1015 446.30 0.340.01 1.530.12 0.2% 0.04 3.16 0.19 1.3@¢0.01 ...
A1650 194.67 -1.76  0.084 1110 540.06 0.5} 0.01 2.6%0.04 0.44- 0.06 4.22 0.03 3.72001 VvV
A1651 194.88 -4.20 0.084 1135 5£8.12 0.5& 0.01 2.94 0.08 0.36: 0.06 4.5% 0.07 42%0.02 ...
A1689 197.88 -1.35 0.183 1339 841D.12 1.0&0.01 8.84 0.15 1.3%0.15 8.19- 0.08 13.29 0.03 Vv
A3558 202.00 -31.51 0.047 1170 44/8.13 0.6%4 0.02 3.2%0.13 0.420.05 4.720.26 3.540.01
A1763 203.80 41.00 0.223 1275 656.17 1.140.01 7.44 0.27 1.28 0.12 7.3%0.15 8.0&: 0.05 ...
A1795 207.24  26.58 0.062 1254 660.21 0.73 0.02 4.720.18 0.460.04 5.9 0.37 59&0.02 Vv
A1914 216.49 37.83 0.171 1345 826.19 1.040.01 8.8@ 0.26 1.0& 0.09 8.190.13 10.7& 0.05
A2034 22753 3349 0.151 1330 79€0.15 1.130.01 7.94 0.23 0.740.10 7.760.13 6.92 0.04 ...
A2029 227.73 5.75 0.078 1392 74#0.41 1.12 0.05 8.63 0.60 0.8% 0.07 8.3 0.72 10.0&¢ 0.05
A2065 230.61 27.70 0.072 1160 5886.20 0.6@ 0.02 3.24 0.15 0.32 0.05 478 0.28 3.2¢ 002 V
A2163 243.95 -6.13 0.203 1781 1340.45 3.140.04 42.5% 1.82 455 0.21 19.68 0.48 23.8&0.15 ...
A2204 248.18 559 0.152 1345 7#49.21 1.0%0.02 8.45 0.28 1.1%0.10 8.04 0.15 1573 0.06 v
A2218 24899 66.21 0.171 1151 528.10 0.730.01 3.82 0.10 0.7% 0.06 5.13 0.08 5.4% 0.03
A2219 250.10 46.71 0.228 1473 9:80.22 1.74 0.02 16.3% 0.47 2.340.14 11.440.20 14.94 0.10
A2256 256.13 78.63 0.058 1265 640.25 0.7& 0.02 4.98 0.23 0.7% 0.04 6.1 0.40 3.92- 0.02
A2255 258.24 64.05 0.081 1169 5#9.15 0.5% 0.01 3.420.11 0.52 0.04 49% 0.09 244002 ...
RXCJ1720.%2638 260.03 26.61 0.164 1165 5#8.12 0.7& 0.01 4.02 0.10 0.63 0.08 5.28& 0.08 9.14 004
A2261 260.61 32.14 0.224 1216 628.55 0.93 0.04 5.7% 0.61 1.18 0.12 6.4%+ 0.41 994027 Vv
A2390 328.41 17.69 0.231 1423 8:80.24 1.54 0.02 13.68& 0.46 1.660.13 10.350.20 17.26 0.09
A3827 330.46 -59.95 0.099 1210 6:19.10 0.62 0.01 4.28 0.09 0.63 0.05 5.5% 0.07 4.62 0.02
RXC J2217.7-3543 33446 -35.73 0.149 1034 463810 0.440.01 2.05 0.05 0.35 0.06 3.64 0.06 2.98 0.01
RXC J2218.6-3853 334.68 -38.89 0.141 1147 €099 0.540.01 3.5%0.13 0.34 0.06 492 0.11 2.74 0.02
RXC J2228.62036 337.12 20.62 0.412 1256 8+16.30 1.330.02 10.86 0.52 1.34 0.23 8.730.24 11.96 0.10
RXC J2234.5-3744 338.62 -37.75 0.151 1307 £842 0.920.01 7.240.15 0.9@& 0.07 7.3% 0.09 7.2% 0.05
MACS J2243.3-0935 340.84 -9.58 0.444 1256 28812 1.4%0.01 11.75 0.22 1.9% 0.24 9.06 0.10 14.05 0.05
A3911 341.60 -52.72 0.097 1066 45p.06 0.48 0.01 2.16: 0.04 0.38 0.04 3.7& 0.03 2.45 0.01
A3921 342.49 -64.42 0.094 990 508.07 0.230.01 1.45 0.02 0.33 0.03 3.0% 0.03 1.2& 0.01
AS1063 342.21 -4453 0.347 1456 107325 1.8 0.02 20.3%3 0.58 2.2%0.16 12.6@ 0.20 26.32 0.13

generally more relaxed subset of the cluster populatidhdafh total, 2262 clusters in the present sample are classified as such.
seeBurns et al. 2008or a dissenting view). FollowinBrattetal. These are plotted in blue in FiguPeand in all following plots.
(2009, we estimated the central gas density using g3 model

fit to the gas density profile interior ta@bRso0, and classified

objects WIthE(2) 2 neo > 4x 1072 cm™2 as cool core systems. In
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4. SZ cluster properties

1.2 Cool core clusters % —
4.1. Optimisation of the SZ flux extraction
The basic SZ signal extraction procedure is described in ful 11 _
in Planck Collaboratiorf20114. In brief, this procedure con- >\:) 0 E
sists of applying multi-frequency matched filters (MMWelin ~ © 1.0E- ‘*“’?f Fo g ol wr X "

et al. 2009, that incorporate prior knowledge of the signal, t%_?u
the Planck maps. Specifically, the ICM pressure is assumed fo
follow the universal profile shape derived from tReXCESS
sample byArnaud et al(2010. The SZ flux is computed by in- 0.8
tegrating along the line-of-sight and normalising the ensal
pressure profile. Each profile is truncated atfqq , effectively 1.2
giving a measure of the flux within a cylinder of aperture vadi

5 % Rspo, and then converted to the value in a sphere of radiug 1.1
Rsoo for direct comparison with the X-ray prediction. This is thg®

P(r) cool core / P(r) _

fundamental SZ quantity used in the present paerd we refer 4 10E- x s FOT o o S o ,_
to it throughout a&soo. - E
Section 6 ofPlanck Collaboratior20119 shows that the * 0.9 3

cluster flux derived from blind application of the MMF algo-
rithm is systematically larger than X-ray expectationsisTdis-
crepancy is a result of overestimation of the cluster giggdue 0.8
to the freedom to optimise significance with position an@siz
As shown inPlanck Collaboratiorf2011d, if the SZ signal is
instead extracted from a region centred on the X-ray pasitio
with size 6509 estimated from the X-ray luminosity-mass rela-
tion, the SZ flux is in better agreement with X-ray expect®io Fig. 3: comparison offse from extraction using the baseline pressure
When additional constraints on the cluster size are aveiléiie  profile with that from the best fittingEXCESS cool core and morpho-
SZ flux extraction can be further optimised. logically disturbed pressure profiles given in Appendix CAshaud

~ With the present cluster sample we can make use of 1€, (2010. Cool core systems are marked as blue stars, other sys-
higher-quality estimate of the X-ray sifig, derived fromRso0,  tems as black dotdop: universal pressure profile vs cool-core pressure
measured using thdsoo— Yx soo relation as detailed in Se&.3. profile; bottom: universal pressure profile vs morphologically-disturbed
AppendixA details the improvement in SZ flux extraction whetyessure profile. The trend wiBsoois due to the inability of th@lanck
these higher-quality size estimates are used. beam to resolve dierent profiles at small angular size. Thigeet is

For each cluster in the sample, we thus re-ran the SZ fldxall (maximum~ 10 per cent) and quasi-symmetric (as expected), so
extraction, calculatinysgo with the X-ray position and size fixed g pias is introduced.

to the refined values derived from the high-quakiyM-Newton
observation.

P(r) morphologically disturbed / P(r) _

10
Re,o [arcmin]

clusters in our sample exhibit relatively bright, flat spent ra-
4.2. Robustness tests specific to local sample dio sources (S(1.4 GHz2)1 Jy) within a radius of 15from the
X-ray peak. These sources are clearly seenin LFI data arid cou
potentially dfect the SZ measurement. However, as we discuss
below in Sect5, inclusion or exclusion of these objects has a
aggligible dfect on the derived scaling relations.

Section 6 ofPlanck Collaboratior{20119 details various ro-
bustness tests relevant to &lanck SZ papers, including in-
vestigation of the cluster size—flux degeneracy discusbedea

the impact of the assumed pressure profile used for cluster
tection, beam-shapéfects, color corrections, contamination by

point sources, and discussion of the overall error budgat. F4.2.2. Impact of assumptions on pressure profile and scaling

the present sample we undertake two further robustness test ] ) )

the second examines the impact of the assumed pressure priig ESZ clusters from the Planck survéignck Collaboration
shape on the deriveto. 20119 implements the universal pressure profile frémmaud

et al.(2010. More specifically, the baseline model makes use of
o . the generalised NFW profile fit to the 31 individuwetEXCESS
4.2.1. Contamination by point sources cluster pressure profiles, after removal of the mass depeede

Contamination by point sources caffiext extraction of the SZ by scaling according to thé/seo — Yxsoo relation given in

parameters, and have implications for astrophysical etudi  cduationl. However,Amaud et al.showed that the scatter of
clusters or further cosmological applicationsghanim et al. _the individual cluster pressure p_roflles_about the univdosen
2005 Douspis et al. 2006 We have thus checked the possibl@creases toward the central regions, since cool coreragsiee
effect of radio galaxies on the derivéo, by combining data M°re Peaked, and morphologically disturbed systems are sha
from SUMSS Bock et al. 1999a catalogue of radio sourceét?wer’. r_espectwely. In their Appendix Grnaud et algive the
at 0.85 GHz), NVSSCondon et al. 1998 catalogue of radio est fitting GNFW model parameters for the average gcaled pro
sources at 1.4 GHz), and data from Blanck LFI and HFI. Two files of theREXCESS cool core and morphologically disturbed
' subsamples.

5 Note thatYsqo is the directly observed ‘apparent’ quantity, while ~ As our cluster sample contains both cool core and morpho-

D2 Ysoo is the corresponding ‘absolute’ quantity, intrinsic to thester. logically disturbed systems, it is pertinent to investigtite ef-
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fect of the baseline pressure profile assumption on thetresalstimated using the error-weighted distances to the reigres
ing Ysoo Values. We thus re-ran th&gg extraction process sep-line:
arately for each object using the cool core and morpholdigica

N

disturbed cluster profiles given in Appendix CAfnaud etal. , 1 v Ay 2
(2010. The X-ray sizedsqo is kept the same in each case s§™a ~ N _2 Z;W' (i —aX - b) 2)
that we are investigating the impact of the pressure prdidges =
within a fixed aperture. Figure& shows the ratio of th&sgp of where
the cool core and morphologically disturbed profile exicatt 102

! o
to that of the baseline model. i and o2 =02 + 0% 3)

\Ni =

Clear trends are seen in both cases: the ratio tends togecrea  (1/N) Xty 1/07
(decrease) witlisgg if the morphologically disturbed (cool core)
profile is used instead of the baseline universal profile. &Jp
0500 ~ 10 arcmin the ratio diers from unity only by 2 per cent
on average. Beyonésgy ~ 10 arcmin, the derivetfsoo starts
to differ gradually from the baseline value. Thifeet can be
traced to the influence of thielanck angular resolution. Since ~~ . e . - )
the SZ signal extraction uses @lanck-HFI channels, the ef- 0rdinates and intrinsic scatter in the data and is widelyluse
fective angular resolution is that of the channel with thigdat 2Stronomical regression, giving results that may easilgdya-
FWHM(~ 10 arcmin at 100 GHz). Below this angular scale theared Wlth othgr data sets fitted using the same method. \& fitt
profile shape is washed out by the convolution with Ethanck dll relations using orthogonal BCES regression.
beam, while above it, clusters are increasingly well-resol
The two panels of Figuré show that at the largeéto the max- 5.2, Effect of point sources and choice of baseline pressure
imum excursion is- 10 per cent. Beyond 10 arcmin, the average  profile

excursions are- 6 and~ 7 per cent respectively for cool-core i ) ) . .
and morphologically disturbed profiles. Note that tifteet is We fitted the SZ scaling relations excluding the two objedth w

symmetric, in that for largésgo a cool core profile and a mor- Significant radio source contamination (Sece. ). For all rela-
phologically disturbed profile return a value 6o, that difers tions the change in normalisation, slope and intrinsictecas

from the baseline value by approximately the same amount, B¢9ligible compared to their associated uncertaintiesttafe-
the former is lower and the latter is higher. fore consider the contamination by radio sources to haveya ne

, ) , ligible effect on scaling relation fits and proceed with the full
In the following, the diference inYsog derived from extrac- sample of 62 clusters.

tion with the cool core and morphologically disturbed ofst — \ye have also checked whether the best fitting scaling rela-

profiles is added in quadrature to the uncertainty OnY&® tions are &ected by the choice of baseline pressure profile, as

from the baseline extraction. We expect this conservativ@ € q|ows. For the cool core subsample, we assignedvtg de-

estimate to account for anyfirence in the underlying pressurg;yeq from extraction using the cool core pressure profilth®

profile shape from the universal baseline model. As det&ied \omaining 40 systems, for the 20 objects with the lowestraént

low in Sect.5, we have further checked théect of the pressure yensity (Fig.2), we assigned th¥sqo derived from extraction

profile assumption on the derived scaling relation fits, figdt ;sing the morphologically disturbed profile. We then reséitall

to be entirely negligible. the scaling relations. The resulting best fits are in fuleagnent
with those derived from the baseline universal profile; itlee
difference in best fitting parameters (2 per cent maximum) is
again smaller than their respective uncertainties.

'Irhe intrinsic scattes; was computed from the quadratidiei-
ence between the raw scatter and that expected from th&tistati
cal uncertainties.

We use the BCES regression methddiitas & Bershady
1996, which takes into account measurement errors in both co-

5. SZ scaling relations
We fitted the parameters governing a scaling relation betwe5e'3' Correction for selection bias
D2 Ysoo, the spherically-integrated SZ signal wittRoo, and its It is well known that scaling-relation determinations ofth
X-ray analoguéYx soo. We also fitted parameters governing scakort we are considering can be biased by selectibeces of
ing relations betweel3 Ysqo and various other X-ray-derived Malmquist and Eddington type when a significant part of the
quantities includingMgso0, Tx and Lxsoo. We further investi- sample lies near a selection cut (for discussions in a ¢loste
gated the relation betwed? Ysoo and the total masd/soo, Us- text see e.gMantz et al. 201@ndAndersson et al. 2030We
ing theMsgp — Yx 500 calibration given in Equatiof. estimate theféect of thePlanck SZ selection as follows. In order
to impose a selection cut on the mock catalogues, we ugabthe
served relation betweerﬁ)i Ys00 @and SN from the region signif-
5.1. Fitting method icantly above the selection cut and extrapolated belowdha
with an estimate of scatter again from observations, choig
For each set of observables @), we fitted a power law relation in several redshift bins. We then construct large mock ogtats
of the formE(2)” D Ysoo = 10*[E(2)“ X/X0]®, whereE(2) is the  of clusters through drawing of Poisson samples from a slyitab
Hubble constant normalised to its present day valueyaadd normalisedlenkins et al(2001) mass function; to each cluster
« were fixed to their expected self-similar scalings witfThe ~we assign a value d3 Ysoo by adopting scaling relations with
fit was undertaken using linear regression in the log-log@la scatter that are consistent with the observed values. Thiep
taking the uncertainties in both variables into accound, e dure leads to a predictedMbvalue that can be used to impose
scatter was computed as describeBiatt et al(2009. In brief, selection cuts on the mock sample. We applied it to the ful 15
assuming a relation of the forh= aX + b, and a sample dfl  cluster sample as the only X-ray information needed wasdhe p
data points Y, X) with errorsoy, andoy,, the raw scatter was sition for SZ signal re-extraction.
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Table 2:Best fitting orthogonal BCES parameters for scaling retetioxpressed a&(2)” Ysoo = 107 [E(2)* X/Xo]B. The logarithmic intrinsic
scatter of the relation is denoted by,g;.

Relation Acbs Bobs Tlog,i Acorr Beorr Y K Xo

D3 Ys00 — C* Yx 500 -4.021+0.012 Q95+0.04 0099+0.010 -4.021 0.96 - - % 104 Mpc?
D2A Ys00 — Msgo -4.183+0013 172+008 0101+0.010 -4.213 1.72 -2/3 - 6x 101 Mg
DZA Ys00— Tx -4.270+0.017 282+018 0139+0.016 -4.218 292 -1 - 6 keV

D2A Ys00 — Mgs00 -4.044+ 0010 136+007 0092+0.011 -4.026 1.44 -2/3 - 1x 10* Mo
D2A Ys00 — Lxs00 -4.003+0.020 Q99+007 0143+0.016 -3.965 1.09 -2/3 -7/3 7x 10t erg st

NOTE:¢* = (o1/meC?)/ (eMmp)

T T 10'3 r T T
// +
-+
0//
& 10 L +‘+* t ] <
[ - , 4
£ # 4t S 10%
(&) f— L
S, ¥
> ++ +’}+ fa)
* ﬁﬁﬁ
3L //* _ b d oo
w0°p {1 . 1o°| Qomenen |
I // REXCESS - - - _ : L REXCESS - - - -
o.g01 , 0.010 - 10° , 10* , 10°
Dix (or/mg c)/(He M) Yy 500 [Arcmin‘] (o7/mg c)/(He M) Yy 500 [MPCT]

Fig. 4: SZ flux vs X-ray predictionLeft panel: Relation plotted in units of arcmin The dashed line is the prediction froREXCESS X-ray
observationsArnaud et al. 201D Right panel: Relation plotted in units of Mgc The SPT results are taken fromindersson et a(2010).

The dfect on scaling relations is then assessed by assignimgs uncertainty, which we have not been able to estimatiehwvh
further physical properties to the mock catalogue. Follmpthe increases the uncertainty on the underlying slope.
methods of the X-ray analysi¥xsoo is obtained directly from Note in particular that the bias correction leavesYkg-Yx
the mass using Equatidn while Mgsoo andLyx soo are obtained relation completely consistent with the expected slopenityu
from assumed input scaling relations including scatteraly  while the relation tdMlsgo remains consistent with a slopg®
Tx is simply obtained fronYx soo/ Mg 500 ON @ cluster-by-cluster
basis. The input scaling relation slopes and amplitudethere
adjusted until the mock observed samples match those nembved. Discussion
from actual data in Tabl2. The input slopes then provide an eS: 1 sr X dicti
timate of the bias-corrected slope that would have beenr@ata =~ ux vs X-ray prediction
had the bias been absent. The original and bias-corrected &sigure4 shows the fundamental relation probed by the present
mates are shown in Figureand5, and the best-fitting parame-study, that between the measured quantifiesy, and Ysgo. We
ters for each relation are given in TatieNote that the slopes recall that the link between these two quantities is sefmstt
of the Yx 500 andTx relations are derived quantities fixed by thehe structure in temperature and density. Note that X-réyrin
other scalings we have chosen. mation is used to determine the radius of integration for3fe

As seen in Table€ and in Figure5, the importance of the signal (i.e.,Rsoo) and its overall shape (i.e., the underlying uni-
Malmquist correction depends on the relation under conaideversal pressure profile). However, as we have shown above in
tion. For the relation tdrx 500 and Msqq it is negligible, due to Sect.4.2.2 the amplitude of the SZ signal is relatively insen-
the very small scatter seen in these relations. For the oger sitive to the assumed pressure profile shape, so that thefuse o
lations, however, the Malmquist corrections can be conigaraX-ray priors reduces to a choice of integration aperturaisTh
to the quoted observational uncertainties, indicating dlieapite we regard the X-ray and SZ quantities as quasi-independent.
the dynamic range of thielanck sample, there are biases intro- In the left-hand panel of Fig4 the relation is plotted in
duced by the selection cut. The bias-corrected slopes ite Pab units of arcmii, and shows the excellent agreement between the
are thus our best current estimates of the true underlyopesl observedYsgo, Yxs00 @and the X-ray prediction frorREXCESS
One should also bear in mind that the bias correction itseH ¢ (dashed line). Indeed, fitting the relation with the slopedito
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Fig. 5: Scaling relations for the 62 clusters in thkanck-XMM-Newton archive sample; fits are given in TatdleCool core systems are plotted as
blue stars, other systems as black dots. In the upper pdineldptted line denotes the observed scaling relation fihédower panels, the dotted
line denotes the observed scaling relation fit, while theldaie shows the fit once thefects of selection bias are taken into account. The grey
shaded area indicates the lincertainty. TheSPT results are taken frofAndersson et al2010.

unity yields a normalisatioisoo/ Yx 500 = 0.95+ 0.03, perfectly is exceptionally smallgiogi = 0.09+ 0.01. A comparison with
consistent with the value @24+ 0.004 found for theREXCESS  recent results obtained I8PT shows a slight dierence in nor-
sample Arnaud et al. 201Pand less than unity as expected fomalisation, although it is not significant given the largacer-
radially-decreasing temperature profiles (eRgatt et al. 200y  tainties in the latter measuremeAindersson et al. 2030
Furthermore, the relation is quite tight (see below), arettehs
no indication that cool core systemdfer systematically from
the other systems.

The right-hand panel of Fig4 shows the relation be- In this Section we investigate other relations betw&&rYsqo
tweenYxsoo and the spherically-integrated Compton parametand X-ray quantities. Note that sinbso is derived fromYy soo,
Di Ys00. Note in particular that the slope of the bias-correctdts dependence oDi Ys00 is directly linked to theDi Ys00 —
relation is completely consistent with unity, and that thein- Yxsoo relation with the exception of fiering E(z) dependencies.
sic scatter (calculated as described above in Equafi@msi3) Moreover,Mys00 and Tx are not independent; they are related

6.2. Scaling relations



Planck Collaboration: Local galaxy cluster SZ scalingtietes

via Equationl. It is still useful to investigate these relationstween our results and those fratanck Collaboratio2011f)’s
though, both for completeness and for comparison to reeent bin-averaged analysis argues that sample selection dobave

sults from ground-based studies. a strong éect on the scaling relations derived from the latter
Relations betweed? Ysoo and gas masMgso0 and the X- anaIyS|s. )
ray temperaturé’x are shown in the upper panels of F|gl5'e F|na”y, the results we have derived show that X'ray and

The bias-corrected relations yield slopes that are canmgigtith SZ measurements give a fully coherent view of cluster struc-
self-similar (53 and 32, respectively) to high accuracy. Scattefure out to moderately large scales. In particular, theycaute
about theD?2 Ysoo—Mgsoorelation is small, adriogi = 0.09+0.01, that fects of clumping in the X-ray gas are not significant, at
while that about thé2 Yseo — Tx relation is among the IargestleaSt in the mass and radial range we have probed in the presen
of the relations, atriog; = 0.14+ 0.02. Once again, cool core Study. Fgrthermore, the excellent agreement between the ob
systems are fully consistent with the other clusters, apcetis  SSTVEUD Ys00 — Yxsoo relation and the X-ray predictions argue

no particular evidence that cool core systems show Iessyescarlln'l"‘l‘t the SZ and X-ray calibrations we have used are fundamen-
than the sample as a whole. tally sound.

The bottom left-hand panel of Figuteshows the relation _
betweenD3 Ysqo and mass. Here again, the slope of the biag- Conclusions
corrected relation is fully consistent with self-simil&/'). The

scatter is smallciog; = 0.10+ 0.01), although it is a lower limit .
since the scatter betweéfysgp and total mass is not taken intoCal (z < 0.5) galaxy clusters detected at high\Sn the Planck

- o A urvey and observed ¥MM-Newton. The objects range over
account in derivingMsqo (it is in fact the same as that about® . . -
D1 Vo Vo reaion excet for e GlrentE() scal-_PCITALeY  csoein maddo - 2 2070 anc e
ing). Both slope and normalisation are in excellent agregm he lar epst highest- uali? S7-X-rav dataset cﬂrrewm
with X-ray predictions fromREXCESS, as expected from the Thi 9 K h gb q d Y ken i yh f K of ; f
good agreement in thB2 Yso — Yxs00 relation. The slight - IS wor ?S een un (F\]rta. enbm ¢ de rarrr\]evF\;:)r cﬁ "’Illsi”es 0
set in normalisation of the relation found ISPT (Andersson ngaesrest%?aﬁglftg(r)liis&orgtigﬁgzli:h?h)ont eflesick all-sky
et al. 2010 can be explained by theftrent calibration of the L e .
Msoo — Yxs00 relation used in their study; it is not a significant SZ and X-ray quantities have been extracted witkj and

; . L D we have presented a detailed study of the resulting SZ scalin
offset given their larger normalistion uncertainties. _relations. Moreover, we have investigated how selectiteces

The ease of detecting clusters through their X-ray emissigqfjuence the results of the scaling relation fits. Their iafice
makes the X-ray luminosity an important quantity, and its-ca s suptle, but the slopes and normalisations of the scating r
bration with the SZ signal is imperative for maximising ty®s |ations are generally in good agreement with X-ray predii
ergy between thlanck all-sky survey and previous all-sky X- anq other results after accounting for the selectifiacgs. For
ray surveys such as thze RASS and the upcoreROSITAsur- e fundamentaD? Yso0— Yy s00 relation, we measure a remark-
vey. The slope of théd} Ysoo — Lxso0 relation for the present 5pjy small logarithmic intrinsic scatter of only 101 per cent,

sample, 109+ 0.08, is in excellent agreement with the slope prespnsistent with the idea that both quantities are low-scatiass
dicted from X-ray observations alone@¥+ 0.08,Arnaud etal. nroxies.

2010from REXCESS), and the normalisation is also consistent Tne results are fully consistent with the predictions from X

Within the uncertainties. The slightteet .in the best fitting nor- ray observationsArnaud et al. 201pand with recent measure-
malisation for the present sample relative to HEXCESS pre- ments from a smaller sample spanning a wider redshift range
diction can be attributed to the relative lack of strong 6@l pserved withSPT (Andersson et al. 20)0The results are also
core clusters in the present sample compareRHBCESS (Se€ iy excellent agreement with the statistical analysis utaten
Fig. 2). The scattergiogi = 0.14+ 0.02, is largest about this 4t the positions of known X-ray clusterBlanck Collaboration
relation due to the influence of cool cores, which are sedeegazo114. This excellent agreement between observed SZ quanti-
from the other systems and all lie to the high-luminosityesidties and X-ray-based predictions underlines the robustard
Indeed, as Figuré shows and Tablé quantifies, while the vast ¢onsistency of our overall view of ICM properties. It ifitiult
majority of the dispersion about tH3 Ysoo - Lxsoo relationis 1o reconcile with the claim, based on a recent WMAP7 analysis
due to cool cores, these systems do not cqntrlbute &griglfydan that X-ray data over-predict the SZ signkbfmatsu et al. 2010
the dispersion about tHe4 Ysoo— Yxso relation. Thus while the  The results presented here, derived from only 62 systems,
X-Zray luminosity is very sensitive to the presence of c0oES0  provide a maximally-robust local reference for evolutinds
D3 Ys00 appears to be less so. ies or for the use of SZ clusters for cosmology. Overall, the
The slope of our best ﬁtting‘,)/iY500 — Lxsoo relation is agreement between the present results, ground-basets resdl
also fully consistent within & with that derived byPlanck X-ray predictions augurs well for our understanding of tdus
Collaboration(20111f, which is based on a bin-averaging analastrophysics and for the use of clusters for cosmology.reutu
ysis at the position of known X-ray clusters in the MCXGvork will make use of the individual pressure profile shape as
(Piffaretti et al. 201 As X-ray selection is more sensitive toderived from X-rays to further improve the SZ flux extraction
the presence of cool cores (due to the density squared degeamparison of X-ray and SZ pressure profiles will also be un-
dence of the X-ray luminosity), one might expect fkanck dertaken, as will comparison of measurements with indegeind
Collaboration(2011's best-fitting Di Ys00 — Lx 500 relation to  mass estimation methods. We will also extend our analy$ksto
be shifted to slightly higher luminosities (i.e., a slightbwer full Planck catalogue, observing higher-redshift systems, to con-
normalisation), as is seen. However, since the MCXC selectistrain evolution, and lower-mass objects, to better prdbster
function is both complex and unknown, it is impossible to-coastrophysics.
rect their re.latl.on for Malmquist biasfects. Thus _some_part of Acknowledgements. The present work is partly based on observations obtained
the normalisation dierence between the two studies arises froflth xmMm-Newton, an ESA science mission with instruments and contribu-
correction for selectionféects. However the good agreement beions directly funded by ESA Member States and the USA (NASHis

We have presented SZ and X-ray data from a sample of 62 lo-
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research has made use of the following databases: SIMBARBratgdl at
CDS, Strasbourg, France; the NED database, which is opetatethe Jet
Propulsion Laboratory, California Institute of Technojpgnder contract with
the National Aeronautics and Space Administration; BAXalhis operated
by the Laboratoire d’Astrophysique de Tarbes-ToulouseT(DA under con-
tract with the Centre National d’Etudes Spatiales (CNES)de&cription of
the Planck Collaboration and a list of its members, inclgdthe technical
or scientific activities in which they have been involvedndse found at
http://www.rssd.esa.int/Planck.
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Appendix A: Optimised SZ extraction and
comparison with X-ray predictions

As discussed in the main text, with the present cluster samel
have optimised the SZ photometry by using the higher-qualit
estimate of the X-ray sizésqo, derived fromRsop measured us-
ing theMsgp — Yx relation as detailed in Se@&.3.

In FigureA.1 we examine the change Wyoo when derived
using diferent characteristic sizéggo to extract the SZ signal.
We also compare the SZ signal predicted using X-ray obser-
vations (from theYsgo/ Yx relation of Arnaud et al. 201pto
the observed SZ signal. In all cases, the ICM pressure is as-
sumed to follow the baseline universal profile shapéwfaud
et al. (2010. As extensively described iRlanck Collaboration
(201149, the SZ fluxYsqg is computed by integrating along the
line-of-sight and normalising the universal pressure f@ofiach
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Fig. A.1: Comparison of thélanck measured SZ fluxYsq, and the predictions from X-ray measuremenbsn/(rmcz)/(yemp)D;zYx. Cool core
systems are marked as blue stars, other systems as blacl &)ty from XMM-Newton (see top-left panel of Ficgh), andYsq computed at the
position andsqo derived fromXMM-Newton measurementsifddie) Yy and Ysqo respectively fromly soo, @nd position andsgo as given in the
MCXC (Piffaretti et al. 201J (right) Yx from Lx s00 @s given in the MCXCYsqo are blindPlanck measurements.

profile is truncated at % Rsoq, effectively giving a measure of Collaboration 2011y and so the disagreement with predictions
the flux within a cylinder of aperture radiusx5Rsq0, and then is even more apparent.

converted to the value in a sphere of radigg, for direct com-
parison with the X-ray prediction.

The left hand pangl) of FigureA.1 shows the relation be-
tweenYsgp and that predicted frolXMM-Newton observations
as used in the present paper, illustrating the tight agraebee
tween the two quantities. We recall that here, Bygy within
which the SZ signal is extracted is derived from the measur
Yx 500 USING theMsoo — Yx 500 relation given in Equation.

The middle panelb) of FigureA.1 assumes that only the X-
ray position and luminosity of the cluster are known. In tddse
the mass is derived from thdsgo — Lxs00 relation as described

in the MCXC ofPiffaretti et al (2010, thus yielding the charac- dramatically reduced theffset of the measuredgo to that pre-

teristic size used to extract the SZ sigrtigho. This mass is also di
X . o ; icted from X-rays (from 84 to 14 per cent — compare pa(®ls
used to predicYx soo Via theMsgo— Yx 500 relation in Equatior.. and(b) of Fig. A.1 above).

Consistently, the expected SZ signal is extracted from eneg
of sizefspo centred on the X-ray position given in MCXC (as in
Planck Collaboration 201}Lf

In the right hand pang(c) of Figure A.1 the position and
size of the cluster are unknown, th¥sy is devired blindly to- However as noted iRlanck Collaboratiorf20119, there is
gether with the SZ flux. However, the predicted SZ flux is destill a small but systematic discrepancy. This is mostly thuthe
rived as above in pangb). The agreement between measuredse ofLx 500 @S @ mass proxy, a quantity which shows consider-
and predicted values clearly degrades dramatically fronejsa able scatter with mass. The superior constraints provigietdo
(a) to (c). Comparing panelgb) and (a), there is a systematic XMM-Newton observations on the cluster size andsoo Sup-
shift to lower predicte®x soo Values, with a segregation now appress most of this remaining systematfteet (compare panels
pearing between cool cores and the other systems. This car(tjeand(a)). A smaller contribution is liked toféects due to the
explained by the fact that using the luminosity as a simplesmanature of the sample selection. This illustrates that g ftoher-
proxy leads to an underestimate of the mass for morpholthgiceent approach is needed when undertaking a proper comparison
disturbed systems in view of their position with respecthe t between SZ and X-ray predictions.
meanLx s00— Msgp relation Pratt et al. 200Q The inverse ect
is seen for the cool cores. In addition, there is a smallerithp * Aalto University Metsahovi Radio Observatory, Metsaintie 114,
on the measuredsgg via the dfect of the assumetdqo. However FIN-02540 Kylmala, Finland
the dfect is smaller: the average ratio MM-Newton and
MCXC characteristic sizegsoamexc/0s0axmm 1S 0.95 + 0.086, 2 Age_nzia Spa_ziale Italiana Science Data Centéw, ESRIN, via
corresponding to a change in area-0t0 per cent, which trans- ~ Galileo Galilei, Frascati, ltaly
lates into a similar variation in SZ flux. This shows that theay
luminaosity in the MCXC is a sfiiciently good mass proxy for a
reliable size estimate.

Finally, panel(c) of FigureA.1 illustrates the size-flux de-
generacy in blindPlanck measurements. Whefaoo is measured 4 Atacama Large Millimetgsubmillimeter Array, ALMA Santiago
blindly, the size is on average overestimated (see Blaock Central Qfices Alonso de Cordova 3107, Vitacura, Casilla 763

We see that as a result of the size-flux degeneracy, an ac-
curate estimate of the characteristic size is mandatoryrin o
ggr to derive an accurate measureygfy. A similar conclusion
Was reached ifPlanck Collaboratiorf2011d see their Fig. 11),
where the &ect was demonstrated using the full sample of 158
clusters known in X-rays (i.e., those included in the MCXC).
These authors found that, in addition to a reduction inmsid
scatter (from 43 to 34 per cent), knowledge of the clustez siz

3 Astroparticule et Cosmologie, CNRS (UMR7164), Univegsit’
Denis Diderot Paris 7, Batiment Condorcet, 10 rue A. Dombn e
Léeonie Duquet, Paris, France
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