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ABSTRACT

Context. The XXL survey is the largest survey carried outXlyIM-Newton Covering an area of 50 d&ghe survey contains 450
galaxy clusters out to a redshif and to an X-ray flux limit ok~ 5x 10*%erg s* cm 2. This paper is part of the first release of XXL
results focussed on the bright cluster sample.

Aims. We investigate the scaling relation between weak-lensingsnand X-ray temperature for the brightest clusters in XXie
scaling relation discussed in this article is used to es@rttee mass of all 100 clusters in XXL-100-GC.

Methods. Based on a subsample of 38 objects that lie within the intéise of the northern XXL field and the publicly available
CFHTLenS shear catalog, we derive the weak-lensing massbfgystem with careful considerations of the systemafhus clusters
lieat 01 < z < 0.6 and span a temperature rangelof 1 — 5 keV. We combine our sample with an additional 58 clustesmfthe
literature, increasing the rangeTo~ 1- 10 keV. To date, this is the largest sample of clusters withkalensing mass measurements
that has been used to study the mass-temperature relation.

Results. The mass—temperature relation fit ¢MT®) to the XXL clusters returns a sloje= 1.78i8§; and intrinsic scattefj, wr =
0.53; the scatter is dominated by disturbed clusters. The fliéaccombined sample of 96 clusters is in tension with sefiitarity,

b = 167i 012 andO'm MIT = 041

Conclusions. Overall our results demonstrate the feasibility of grolmaded weak-lensing scaling relation studies down to cool
systems of 1keV temperature and highlight that the current data anglsnare a limit to our statistical precision. As such we are
unable to determine whether the validity of hydrostaticikéaium is a function of halo mass. An enlarged sample ofl@ystems,
deeper weak-lensing data, and robust modelling of the tseteftinction will help to explore these issues further.

arXiv:1512.03857v1 [astro-ph.CO] 12 Dec 2015
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1. Introduction with M o« T%?2 (Kaisel 1986 Evrard et 5l. 2002; Borgani et al.
. . ) ) [2004). Testing this so-called self-similar prediction fSunda-

Analytical and numerical calculations both predict th@& tém- nental importance to a broad range of astrophysical and@osm

perature of the X-ray emitting atmospheres of galaxy graungs |ogical problems, including constraining any non-gratitaal

of clusters scales with the mass of their host dark mattershalphysics that fiects the gas, and exploring galaxy clusters as

probes of cosmological parameters.

* Based on observations obtained with XMM-Newton, an ESA sci- . .
ence mission with instruments and contributions directigded by To date, any studies of the mass-temperature relation have

ESA Member States and NASA. Based on observations made wifployed X-ray observations to measure both the temperatur
ESO Telescopes at the La Silla Paranal Observatory undgrasmme and the mass of galaxy groups and clusters. Assuming hydro-
089.A-0666 and LP191.A-0268 static equilibrium, the self-similar predicted slope alof 1.5
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can be derived from the virial theorem. Observational ietest, 2. Sample, data and analysis
however, generally steepen from close to the self-similahbt
systems to a slope of 1.6 — 1.7 when cooler systemd ( <

3keV) are included (see_Bohringer et al. 2012; Giodini ét afhe XXL Survey is described in detail by Pierre ef dl. (2016,
2013, for recent reviews). These results are subject toralevepaper |, hereafter). This50 ded XMM-Newtonsurvey has a
problems, most prominently that the mass measurements SAsitivity of ~ 5x10715 erg st cmr2 in the [0.5-2] keV band
based on the assumption that the intracluster gas is in hydjigat provides a well-defined galaxy cluster sample for gieni
static equilibrium and also that the same data are used tbr bposmology. The survev is an extension of the 17%06gM-LSS
temperature and mass measurements, likely introducinbtéesusyrvey é@ 4) and consists of two 25%d@gas.
covariance into the analysis. The XXL-100-G@ sample is a flux-limited sample based on
Independent measurements of mass and temperature, and 0@-clusters ranked brightest in flux. It is described in itieta
liance on fewer assumptions, help to alleviate these qpresti [Pacaud et al.[ (20116, Paper Il, hereafter), some of thestersus
Gravitational lensing mass measurements are useful irrehis have previously been described in the XMM-LSS and XMM-
gard, and have been shown to recover the ensemble masgok studied (Clerc et Al. 2018uhada et al. 2012). We note that
clusters to reasonably good accurdcy (Becker & KravitsoM20%ive systems XLSSC113, 114, 115, 550, and 551) were
Bahé et . 2012), despite concerns that individual cfus@ss ohserved in bad pointings that are contaminated by flaring.
measurements may béfected by halo triaxiality and projec- sypsequently, the sample was supplemented with five additio
tion effects (e.g. Corless & King 2007; Meneghetti et al. 2010yysters:XLSSC091, 506, 516, 545 and 548. All systems
Lensing based studies of the mass-temperature relati@ndwv jthin the XXL-100-GC sample are characterised as either C1
g’%r thamﬁ)d _S|0p_eh5 Ithat are cpn_5|sltent with _the_%%— or C2 [Clerc et al. 2014). The C1 objects have a high likelthoo
iction, albeit with large statistical uncertainti - of detection and extension. The probability of contamimati
M@WMOLMMOMQ@M 20%¢: spurious detection or point sources for these systentmis |
Jee etall. 2011; Mahdavi etlal. 2013). One of the limitatiohs p- 394), whereas the C2 objects hav&0% contamination. The
these studies has been that they concentrate on relatieely x| -100-GC sample is estimated to be more than 99% com-
clusters;T > 4 keV. lete down to~ 3x10 *4erg s cm2 and to have spectroscopic
Building on the Leauthaud etlal. (2010) weak-lensing StUQPlédshifts of 005 < z < 1.07 (Paper ).
of the mass-luminosity relation of groups in the COSMOS sur- The mass-temperature relation presented in this paper
vey, [Kettula et all. (2013) recently pushed lensing-basedie$ js pased on weak-lensing mass measurements using the
of the mass-temperature relation into the group regifnex  Canada-France-Hawaii Telescope Lensing Survey (CFHTL.enS
1-3keV. Combining ten groups with complementary measurghear catalogfle (Heymans et all 2012{ Erben et dl. 2013).
ments of massive clusters from the Iiterature: they obthime CEHTLenS spans a total survey area-of54ded that has con-
relation spanning” =~ 1 — 10 keV, with a slope in good agree-siderable overlap with the northern XXL field (Fig. 1). Their
ment with the self-similar prediction. This suggests thet &s- shear catalogue comprises galaxy shape measurements for a
sumption of hydrostatic equmbr_lum may be less vaho[ inlevo soyrce density of 17 galaxies per archyias well asu*g'r'i’Z -
systems than hotter systems since the discrepancy is oey S§and photometry and photometric redshifts for the samexgala
at the cool end of the Mse—T relation. Howevet, Connor etlal. jes. The median photometric redshift of the galaxies in #ta-c
(2014) obtained a slope steeper than the hydrostatic sassitig logue iSZmegian= 0.75 (Hildebrandt et al. 2012).
a sample of 15 poor clusters. Their study was limited to elust "~ Fifty-two of the 100 XXL-100-GC sources lie in the north-
cores withinraseo (i.e. the radius at which the mean density ofrn XXL field, of which 45 lie within the CFHTLenS survey
the clusteris 2500 times the critical_density of the unieeasthe zreg (FiglL). A few of these 45 clusters lie at redshifts belyo
cluster redshift), in contrast to previous results {e.diatet al. the median redshift of the CFHTLenS shear catalogue, tigds si
2013) that were derived withiroo, indicating that the mass tem-njficantly reducing the number density of galaxies behireéh
perature relation may depend on the cluster centric radtiw gistant clusters. We therefore limit our analysis to clestat
which the mass is measured. _ z < 0.6, which corresponds to imposing a lower limit on the
We present the mass calibration of the XXL bright cluste§ource density of 4 arcmin? (Fig.[3). This gives a total sample
sample (XXL-100-GC) based on a new mass-temperature red@38 galaxy clusters for which we have a redshift, faint ggla
tion that we constrain using the largest sample used to date hape measurements, and an X-ray temperature (Jable BB Al

such studies: 96 groups and clusters spanning X-ray tempejfthese galaxy clusters are classified as C1 with the exarepti
tures of T ~ 1 - 10 keV and a redshift range af~ 0.1 - 0.6. of XLSSC114, which is a C2 class system.

Thirty-eight of these systems come from XXL-100-GC itself.
We combine th&XMM-Newtonsurvey data and the high-fidelity
weak-shear catalog from the CFHTLenS survey to obtain ig-2. X-ray temperatures

dependent temperature and halo mass measurements, reSF’r’i"(‘:;'temperature of the intracluster medium of each cluster i
tively. We describe the sample, data, and analysis, inede- 0 qred and described in detaillby Giles et al. (2016, Paper
tails on the weak gravitational lensing analyses, in Sadidn lll, hereafter). Here we summarise the key points pertain
Sectior[3 we present our main results, the mass-temperature, | analysis.

lation of XXL-100-GC. We discuss a range of systematic uncer The spectra are extracted using a circular aperture of sadiu

tainties in.ogr analysis,_cqnfirming that they are sub-demin 0.3 Mpc centred on the X-ray positions, with a minimum of 5
to the statistical uncertainties, in Sectidn 4. We also camapur '

results with the literature in Sectih 4, and summariseesults 1 x| 100.GC data are available in computer read-
in Sectior(b. We assume a WMAF9 (Hinshaw et al. 2013) cogyle form via the XXL Master Catalogue  browser
mology of Hy = 70kms*Mpc™, Qu = 0.28, andQ, = 0.72. |http://cosmosdb.iasf-milano.inaf.it/XXL| and via the
All statistical errors are reported to 68% significance apgar XMM XXL Databasehttp://xmm-1ss.in2p3. fr

limits are stated at@ confidence. 2 www.cfhtlens.org

2.1. Survey and sample definition
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Fig. 1. Overlap of XXL-100-GC with the CFHTLenS W1 field. The boxes ardividual pointings in CFTHT with XXL-North field
clusters (filled points). The shaded boxes are pointingsftilathe CFHTLenS weak-lensing field selection criteri@éSsection

4.7).

The X-ray temperatures sparnlkeV < Tagokpe < 5.5keV
1o ' ' ' ' ' ] (Figure[2) and are non-core excised owing to the limited angu
+ 1 lar resolution ofXMM-Newton The temperatures are extracted

within a fixed physical radius of .8 Mpc such that they are
1 straightforward to calculate from shallow survey data with
1 needing to estimate the size of the cluster. This is the ¢irge
radius within which it is possible to measure a temperatare f
the whole XXL-100-GC sample. To check the sensitivity of our
1 main results to this choice of aperture, we also re-fit thesmas
¢ temperature relation discussed in the results sectiorgubia
temperatures that are available in larger apertures ugbtilc,
¢ and find that the systematicftirences between the respective
. 1 fit parameters are negligible compared with the statisécadrs
on the fits.

T s00kpe [keV]
—o——
> —o—
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—

—ets
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. . 2.3. Cool tl th
Fig. 2. Redshift versus X-ray temperatuFgyoxpcfor the 38 clus- ool core streng

ters from XXL-100-GC that are located within the CFHTLenS
shear catalogue footprint. The cool core strength of XXL-100-GC is estimated by
[Démacles, et al. (in prep.) using the concentration patam
method of Santos et al. (2008). We summarise a few key points
of the analysis here. The X-ray surface brightness profiéxis
counts bin?. Point sources are identified using SExtractor artdacted within concentric annuli centred on the X-ray petk,
excluded from the analysis; the images are visually ingekectis both background-subtracted and exposure correctechand t
for any that might have been missed. Radial profiles of eadcfbinned to obtain a minimum signal-to-noise ratigNJSof
source were extracted within theés@- 2 keV band with the back- 3 in each bin. The profiles are fit using three 3D density pro-
ground subtracted. The detection radius was defined asdhesrafile models which are projected on the sky and convolved with
at which the source is detected t®® above the background.the XMM-Newtonpoint spread function (PSF). Depending on
Background regions were taken as annuli centred on the-obgbe number of bins in the surface brightness profilg,), a
vation centre with a width equal to the spectral extractemion more or less flexiblgd-model is fit to the datag = 2/3 is
and the region within the detection radius excluded. WHheige t assumed for profiles withy,, < 3; 8 is a free parameter for
was not possible, the background was measured from an anBus Ny, < 4; a double8 model is used fony, > 4. The sur-
lus centred on the cluster with inner radius set to the dietect face brightness concentration parameter (CSB) is defindteas
radius and outer radius as 400 arcsec. ratio of the integrated profile within 40 kpc to that withinG0
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kpc, CSB=SB(<40 kpc)SB(<400 kpc). The cool core status is  In the weak-lensing limit the shear can be estimated as the
defined as average complex ellipticity ~ (e), where e= e; +ie. In terms

of tangential and cross-component ellipticity,
— Non-cool core: CSB: 0.075

— Weak cool core: 0.07§ CSB< 0.155 e, = —Re? = (& — ¢) sin(2) - €1 cos(2h) )

— Strong cool core: CSB 0.155 e« = —Je2% = e;sin(2p) — (€2 — C2), cOS(2) (6)
where the tangential sheat,(g), is the signal that can be mod-

2.4. Weak gravitational lensing elled in terms of the total matter density profile of the Iefise

cross shear gr) is orientated 45 with respect to the tangen-

We use the full photometric redshift probability distrilout, tial component and should be consistent with zero as a check o
P(2), of each galaxy in the CFHTLenS shear catalogue to idegystematic errors.

tify galaxies behind our cluster sample. Galaxies are tedess We extract the shear profile of each cluster within B50-
background galaxies if they satisfy 3 Mpc annulus. The inner radial cut helps to ameliorate agtr
uncertainties, and the outer radial cut is motivated by mitme
Zs — 6z5(307) > z+ 0.0, (1) cal simulations|(Becker & Kravishv 2 11). The cluster cergr

taken as the X-ray centroid. For reference, the meésebbe-
tween the X-ray centroid and the brightest cluster galaxg/G3
is (6r) = 64.7 kpc. Our results are unchanged if we centre the
shear profiles on the respective BCGs (see seCfidn 4.1 fog mor

wherezs is the peak of the respective galaxi&), zis the clus-
ter redshift,6zs(30) is the 997% lower confidence interval on
zs, and the last term represents a velociffset of 3000 kms
asla cog_s,er_\lgatiye allowance for the velocity width of thestgu details).
galaxy distributions. . The shear is binned in eight radial bins equally spaced in
_The method outlined inl_Velanderetall (2014) angyy ang with a lower limit of 5% galaxies per re?dial bin. If shi
Miller etall (2018) is_used to calibrate the gravitationghreshold is not met, the bin is combined with the next radial
shear measurements. The raw ellipticity valugs &) undergo iy The errors on the shear in each radial bin are estimeseu f
two calibration corrections, a mulitiplicative componemt) 13 o otstrap resamples with replacement and includes the larg

derived from simulations_(Miller et al. 2013) and an additiv 4 e structure covarian dindl
component ¢) derived from the data_(Heymans et al zOlchaes de (Schneider &t al. 1998):

The observed ellipticity can be written as CiLjSS - fpk(l)JZ(lgi)Jz(lgj)%» (7)

€= (1+ m)e™ + c + Ae (2) whereP(l) is the weak-lensing power spectrum as a function of

ot o o ) ) angular multipold and J,(16) is the second-order Bessel func-
where €" is the intrinsic ellipticity andAe is the noise on the tjon of the first type at radial bin andé.

measurement. Shear §\ is calculated following Okabe etlal. (2010) as
The multiplicative componemhis dependent on both galaxy Nai, )

size and AN and gives, on average, a 6% correction. The addi- (S/N)? = Z (&.(rn)) ®)

tive component is similarly dependent on the galaxy size, and a £ o2, (rn)

the SN determined by Lensfit. For the CFHTLenS détg) is _
consistent with zero ang} is subtracted frone, for each galaxy. FOr our sample the weak-lensing\&ranges from i< S/N < 7.
The multiplicative correction is applied as an average mge However we include all objects in the mass-temperaturéioela
of each bin. regardless of the/8 value to avoid imposing a low-shear selec-
A weighting is also applied that corrects for the geomet&jPn on top of the original X-ray selection.
of the lens-source system in the form of the lensing kegnel We model the shear profile as a_(Navarro etial. 1997,
Dys/Ds, whereDy s andDs are the angular diameterdistanCPNF,W hereaf.ter) profile following the formgihsm set out by
between the lens and the source, and between the observer¥fight & Brainerd (2000). A Markov chain Monte Carlo
the source, respectively. This is applied as a ratio betwesn (MCMC) sampler with a Gaussian Ilkellhoo_d is used to fit the
of the cluster-galaxy system and that of the referenee/éer. NFW model to the shgar.pro_ﬂle. The algonthm returnsl 6
The reference is taken as the mode source redshift of the sun§@MPples of the target distribution using a jump proposatas

all background galaxy weighte®(z), i.e. the mode of a Metropolis-Hastings algorithm with a mean acceptaneeoht
0.57. The autocorrelation length is computed to thin catesl
Nga samples within the chain and incorporates burn-in of 150-sam
n(zs) = ZWiPi(Zs) (3) ples. The Gelman-Rubin criterion_(Gelman and Rubin 1992) is
— computed for three chains to ensure convergence. The mass of

each cluster is taken as the mode of the posterior and the er-
wherew; is the CFHTLenS inverse variance weidht (Miller €t alrors are given as 68% credible regions of the highest posteri
, equation 8) applied to calibrate for the likelihoodlué density as this is the best representation of the skeweds@aus
measured ellipticity and intrinsic shape noise. The catdnl posteriors.
shear at a distanaefrom the cluster centre therefore takes the Given the wide range of possible cluster mass, a uniform in

form log (Jetreys) prior is used to ensure scale invariaRE®|l) =
N Nes m (10" < Mg < 10'®M,). Given the generally low-
Zg Wi77i7iim f WiTji shear &\, we fix cluster concentration to values from a mass-
(y(r)edly = —=L i=1 concentration relation based on N-body simulatibnsiiet al.
Ngal Ngal ' M)
> wini(L+m) 3 Wi77i2 -0.084
= = Cooo = 5.71(1+ z)-o-‘”( Maoo ) )
200 = V- YT I TV E
(4) 2 x 101?h-1M,,
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Fig. 3. Lerr: Number density of background galaxies behind each galmsyar versus cluster redshiftidrr: Weak-lensing shear
signal-to-noise ratio as a function of cluster redshift.

We test the sensitivity of our results to the choice of thia+e points is small, the Gibbs sampler will havefdiulty in reach-
tion and find that it is not a dominant source of uncertainge(sing convergencd.inmix_err also has the option of running as a
section 4.1 for more details). Metropolis-Hastings algorithm, which is morgieient for small
To estimateM,wi for each cluster we integrate the NFWsample size. Tests implementing the Metropolis-Hastihgs-a
model out to the radius at which the mean density of the halorithm give consistent results.
Apeiit(2), wherezis the cluster reshift (Tabld 1) ard=500: We fit the model to the measured values M§yqw. and
o Taookpe FOr some galaxy clusters, the weak-lensinly & so
f o(r)anr?dr low that the we are only able to obtain an upper limitdghaw. -
0 The posteriors of these systems are truncated by the lowertbo

3 rAWL rAWL prior on mass. Despite this, it is important to include theye
drpgrs|In(l+ - .

Ma,wL

tems in the fit because they are X-ray detected at high signifi-

cance, and to exclude them would add a further selection-in ad

dition to the primary X-ray selection. The fitting method dse

able to incorporate upper limits as censored data usingeé-lik

3. Results hood that integrates over the censored and uncensoredegata s
arately (se ¥ 2007, for more details). However theipliea

A positive correlation between our weak-lensing mass ameyX- mentation is not suitable for our problem since we have prior

temperature measurements is evident (Figlire 4). In thi®sec knowledge of the X-ray detection we know that these systems

we define the scaling relation model that we will fit to the datahould have a mass greater tha®M,, flagging them as cen-

describe the regression analysis, and present the maitistesgored data would contradict the mass prior used in fitting the

Is s+ TawL

(10)

We defer consideration of possible systematic uncertsrand NFW profile. Tests to recover scaling relation parameters on
the slope. For systems where the lower credible region is tru
3.1. XXL mass-temperature relation cated by the mass prior and hence underestimated we set the
We model the mass—temperature relation as a power law:  tests this gave the least bias in scaling relation parasetéth
biases< 10%.
o MsooE(2)
Y10 overlap between the XXL-100-GC and the CFHTLenS shear
catalog has a slope &f = 1.78%27 with an intrinsic scatter
describes the evolution of the Hubble parameter. We notdtha (Table[2).
ing_sel_f-similar evo_lution. This is motivated by the Iargxal_ier 3.2. Cool core status and dynamical disturbance
which is apparent in our data, that precludes us from constra
For the linear regression we use the Gibbs sampler imters depend on the strength of cooling in the clusters eorés
plemented in the multivariate Gaussian mixture model rneuti the dynamical state of the clusters.
We use 18 random draws of the sampler and take the fitted paeol core systems and fit the mass-temperature relatiorigo th
rameters as the posterior mode and the error as the 68% higbwl core subsample, and the non-cool core subsample. The re

comparison with the literature to sectign 4. simulated toy data show that censoring leads to a positagibi
lower mass error equal to the upper mass error. In our toy mode
Meh;é ) —a+ bloglo(%/) (11) The mass-temperature relation based on the 38 clusters that
-0.32!
not allowing any freedom in the exponentt(z), we are assum-
ing evolution at this time. We investigate whether the mass-temperature relationréinpa
linmix err 2007) with the default of three Gaussians. First, we collectively classify weak and strong cool corgs a
est posterior density credible interval. When the numbetatd  sults of the fits have large statistical uncertainties ardnisic
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Table 1.Cluster properties and mass estimates.

Name z Taookpe  C200 Maoqwi Msoawe I'soqwL or Or/rsoaqwL CSB SNR
(keV) (10*niMg)  (10“hiMs)  (Mpc)  (102Mpc)  (10Y) (10°2)

(1) (2) (3) (4) (5) (6) (7) (8) 9) (10 (11)
XLSSC 006 0.429 4.8ﬁ§;§ 2.7 5.33% 34737 o.9t§;§ 10.1 1.1 80:1.0 3.4
XLSSC 011  0.054 2.5f8:i 3.4 1.6%% 1.1f§;§ 0.7f8% 0.4 01 12409 36
XLSSC 822 0.293 2191 34 0.5C 0.4%3 0.5 45 1.0 346:26 15
XLSSC 625 0.265 2.5j8f% 3.1 1.7t% 1.1+ o.7j8f% 0.0 00 27.9%27 23
XLSSC 027 0.295 2.7;3% 2.9 3.3%;3 2.1j3;E o.8j8;§ 8.1 1.0 47+25 35
XLSSC 041 0.142 1.9‘:%% 3.4 1.0j§;§ 0.7’:%% O.6j§% 1.3 02 29925 31
XLSSC 054 0.054 2'@8% 35 1.1+%8 o.7j2;§ o.etg;% 0.5 01 11113 27
XLSSC 055 0.232 3.oi8;3 2.8 8.1%2 5.2+7 1'“8% 4.2 04 11.3:19 37
XLSSC 056 0.348 3.28;3 2.8 4.5, 281 0973 6.4 0.7 56:1.7 3.4
XLSSC 957 0.153 2.203 37 <0.9 <06 <06 3.0 07 17218 25
XLSSC 060 0.139 4.8j8;§ 3.2 2.1+ 1.4+%¢ 0.8*%1 135 1.8 23:01 4.4
XLSSC 061 0.259 2.1j§;§ 2.9 3.8ﬁ§;§ 2.4jg;§ o.9j§;§ 2.9 0.3 9.9:33 38
XLSSC 083  0.430 4.5%(;7 2.7 4.03;; 2.5ji;a o.sjg;g 4.1 0.5 7.0:24 3.2
XLSSC 084 0.430 4.5j%;§ 2.7 4332 2.7 0.9%02 10.9 1.3 3.0:07 28
XLSSC 085 0.428 4.8%° 3.2 <26 <121 <07 0.0 00 10643 17
XLSSC 087 0141 1.601 36 0504 032 059 0.9 0.2 415:29 35
XLSSC 088 0.295 2.5j§;§ 3.1 1.8’:?% 1.2j§;§ o.7j§;3 28.2 4.2 27404 24
XLSSC 090 0.141 1.1°%1 41 <0.6 <12 <07 0.9 03 41242 24
XLSSC 091  0.186 5.1fgf§ 2.8 9.7:33 6.2'2 1.2701 5.0 04 25:01 6.2
XLSSC 092 0.432 3.1r98 32 <22 <14 <07 26.3 7.9 6.917 26
XLSSC 093  0.429 3.{3{? 2.7 5.9*32 3721 0.9%92 2.9 0.3 54:16 3.8
XLSSC 995 0.138 0.9%1 3.6 <1.0 <0.6 <0.6 0.0 0.0 40.3149 25
XLSSC 896 0520 5530 35 <14 <09 <06 5.0 17 7325 11
XLSSC 098 0.297 2.9%% 3.0 2.838 1.8+23  0.8+02 2.3 03 171467 3.1
XLSSC 099 0.391 5191 35 <22 <14 <07 1.9 0.6 6.6:1.8 1.8
XLSSC 103 0.233 3.5f11g 2.8 8.5+42 5.4+26 7 1+02 4.2 0.4 6.9+26 53
XLSSC 104 0.294 4.7i91g 3.0 2.6jEtgj 1.7j%1g o.8j815 14.9 2.0 9.9%37 37
XLSSC 105 0429 5211 24 10.853 12.1j§13 1.4:81 14.3 1.0 3507 50
XLSSC 106 0300 3301 238 6.8'50 43748 108 272 26  7.0:13 45
XLSSC 107 0.436 2.7j§;§ 2.8 2.8j§;§ 1.8j§;§ o.7j§;§ 0.0 0.0 13.0:26 24
XLSSC 108 0.254 2.293 39 <0.9 <06 <05 4.0 1.3 14625 17
XLSSC 109 0491 3515 26 7.6+68 47749 1.0+02 3.1 03 605:19.7 3.9
XLSSC 110 0.445 1.@81? 2.7 4.6jéig z.gjgig o.9j83 17.7 2.0 2.6:04 4.0
XLSSC 111 0.299 4.5j81% 2.7 10.1j§18 6.3f£g 1.2j8& 1.6 0.1 13845 6.1
XLSSC 112 0.139 1.8i8fg 3.4 1.2f5f3 o.sja’fg o.ejgi 6.9 1.1 9.3:15 25
XLSSC 113 0.050 1.28;5 3.9 0.4f8;g o.3j8;i o.5j8;5 0.4 01 19429 35
XLSSC 114 0.234 4.7ﬁ§;§ 31 2.1j?;§ 1.4t§;§ O.7i§j% 5.5 0.8 5.0:£19 40
XLSSC 115 0.043 2.1:05 43 <0.6 <04 <05 25 0.8 6.9%23 35

Column 1 is the cluster catalogue id number; Col. 2 is thetetugdshift; Col. 3 X-ray temperature measured within agrtape

of 300 kpc; Col. 4 is the concentration parameter measurtdniioqw ; Cols. 5 and 6 are fitted estimates of weak-lensing mass
centred on the X-ray centroid and measured within fittggly. andrseow. respectively. Upper limits on mass are given at 3 sigma
confidence. Cols. 7 and 8 are the weak-lensifgw. and the @set between the X-ray centroid and the BCG; Col. 9 is the the
BCG dfset as a fraction afspgw. ; Col. 10 is the CSB parameter and Col. 11 is the signal-tsenatio on the weak-lensing shear.
Positions of the cluster X-ray centroids are listel in Palb&able 1.

scatter. The same is true if we repeat the fits to the two sub- It is tempting to attribute the large scatter in the mass-

samples holding the slope of the respective relations fikéfiea temperature relation for disturbed clusters to the physidhe

self-similar value ob = 1.5 (Table 2). cluster merger activity implied by a large value &/ rspqwr -
However we caution that dynamically active clusters likedye

. more complicated mass distributions than less active (&ind
Second, we use thefset between the X-ray centroid and th?urbed”) clusters. Our ability to constrain reliable ckrsinass

BCG (Lavoie etal. in prep.), expressed as a fractionsefwi,  measurements in the < Msgy < 104M, regime with low

to classify clusters as undisturbéd/rspqw. < 0.05, and dis- g\ survey data is likely a function of the complexity of the
turbeddr /rsoqw > 0.05. The scatter in the mass-temperaturg,ss gistribution. This mass range has not yet been expiored

r?lattlon forltl)mtms'.[tuhr tl)ed clusterst|§ Itgss tc\?” that of tésma:tbe.? any great extent by simulation studies (e.g. Becker & Kiavts
clusters, albeit with jarge uncertainties. We see Simeauiis it 547 1. e et al. 2012). We will return to this question iua f
we hold the slope of the relation fixed at self-similar, asvabho ture article

This suggests that the disturbed clusters dominate theesaat
the XXL-100 mass-temperature relation.
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Fig. 4. The mass-temperature relation for 38 clusters drawn frorh-AR0-GC for which weak-shear information is availablenfro
CFHTLenS. The line is the highest posterior density fit aredghaded region is the credible region. Systems with upméisiion
mass are indicated by arrows and plotted at@nfidence.

3.3. Combination with other samples

To improve the precision and to extend the dynamic range of ~ 06g*

our mass-temperature relation we now include 10 groups from : E
COSMOS|(Kettula et al. 2013) and 48 massive clusters fromthe  05F E
Canadian Cluster Comparison Project (CC etal. : E
(2013);[Hoekstra et &l (2015)). The COSMOS groups are X-  04E", 3

ray selected and their weak-lensing masses are based on deep

0.3

Hubble Space Telescopbservations, and follow a similar anal-  ©
ysis method to our own. Unlike our sample, the temperatures

of the COSMOS systems are core excised. We have therefore o.2

measured non-core excised temperatures for the ten COSMOS N . E
groups within the same.®Mpc measurement aperture using 01B8 4 e 3
the same analysis process described in seLfidn 2.2. Cosopari .‘f'.“ . ST b
between these non-core excised temperature and the core ex- 0.0E> °2 2 L L
cised temperatures used/by Kettula etlal. (2013) reveakssaoli 00 02 6?./4rsoovn. 0.6 08

(T300kpd T0.1-05rs00w > = 0.91+ 0.05 (FigurelY), and emphasise

the importance of ensuring that the temperatures are M&hSUy g B parameter versus théset between X-ray centroid
In & consistent mgnnerwhen combmllng samples. nd BCG as a fraction of weak-lensingyw. . The horizontal

We also obtained non-core_excised temperatures for tggs,hed line at CSB 0.075 indicates the separation of cool core
CCCP clusters analysed by Mahdavietal. (2013) from e non_cool core classed systems. The vertical dasheatliine
CCCP web-sifg, albeit within a 05 Mpc aperture. This is larger s rsoaw. = 0.05 separates undisturbed and disturbed clusters.
than the aperture that we use for our own temperature measewée grey shaded region shows the overlap between cool cdre an
undisturbed clusters.

3 httpy/sfstar.sfsu.egaccy
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Fig. 5. Mass-temperature relation for the extended sample, imeL@B systems from XXL (black), 10 from COSMOS (blue), and
48 from CCCP (red). The solid line and light gray shaded megi the best fit scaling relation and 68% credible intervattie
XXL +COSMOS-CCCP sample. The dashed line and dark grey shaded regidmedpedt fit and credible region for the XXL only
sample. Systems with upper limits on mass are indicatedrdoyvarand plotted at 3 sigma confidence.

we do not expect this @ierence in aperture to have a significant
affect on our results. We confirm that this is indeed the case (see
section 4.1 for more details).

We fit the mass-temperature relation to the joint data set fol
lowing the same procedure as applied to the XXL-only sample
in §3.1. The statistical precision of the fit is much higher than
that of the XXL-only fit, and has very similar central values f
all fit parameters between the two fits (Table 3). The slope pa-
rameter of the joint fit id = 1.67°%14 with an intrinsic scatter of

o 0.10
Tintgn m|T) = 04175 6.

3.4. Mass estimates for XXL-100-GC

TDA 1

[kev]

=0.5500,wL

The mass of each member of XXL-100-GC is computed from
Fig.7. Comparison of core excised X-ray temperaturd§€ joint XXL+COSMOS-CCCP mass-temperature relation

(Kettula et al[ 2013) and the re-derived temperatures medsu(See Tabl¢12). The uncertainties on these masses are estimat

within a 0.3Mpc aperture. The dashed line is equality. by propagating uncertainties on individual temperaturasnee-
ments, and the intrinsic scatter on the mass-temperatatere

The masses are presented in Paper II, and denoteéd@gT to
indicate that they are based on the mass—temperaturegsoalin
ments. Given that the CCCP systems are more massive than dat#n.
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Table 2. Mass-temperature relation fit parameters for equafidn ik&drslope relations are denoted by FS.

sample intercept slope intrinsic scatter N
(a) (b) (TintinmT)

XXL 1356701  1.78937 0.5392 38

XXL+COSMOS-CCCP  13.579%° 1.67°213 0.41°39 96

XXL FS 1367997 150 0.48%%¢ 38

XXL cool core 13.482 %Z 1.81543 0.6492¢ 21

XXL non-cool core 141845 0.75278 0.50°339 17

XXL undisturbed 13.5615 1.86'032 0.34°%25 19

XXL disturbed 13.67%40  1.4998 0.91+928 19

XXL cool core FS 13.59% 1.50 0.720% 21

XXL non-cool core FS ~ 13.8893  1.50 0.50%13 17

XXL undisturbed FS 13.74%  1.50 0.3991° 19

XXL disturbed FS 13.62% 150 0.7503L 19
XXL+COSMOS+CCCP et XXL+COSMOS+CCCP ——
XXL(only) d XXL(only) e
Kettula et al '15 (BC) @ Kettula et al '15 (BC) e
Kettula et al '15 I Kettula et al '15 e
CFHTLS CFHTLS hd
COSMOS+CCCP+ 160D e COSMOS+CCCP+ 160D ——
COSMOS . COSMOS
Lovisari et al '14 —— Lovisari et al '14 —
Eckmiller et al '11 = Eckmiller et al 2011 =
Sun et al '09 g Sun et al '09 -
Vikhlinin et al |'09 o | Vikhlinin et oII'OQ TQH |

0.5 1.0 1.5 2.0 13.0 13.5 14.0 14.5 15.0
slope Log(Mseg [hao™"Mo))

Fig. 8. Lerr: Comparison of our results on the slope of the mass-temreraglation with those in the literaturle (Eckmiller et al.

2011;[Lovisari et di. 2015%; Sun et/al. 2009; Vikhlinin et/&008). Reut: Comparison of the mass of a cluster of temperaluee
3keV atz = 0.3 based on mass-temperature relations and those in tredditer In both panels, filled circles are samples that use
weak-lensing masses, open diamonds are samples that usstayid masses. The COSM®SCCP+160D and COSMOS-only

relations are from Kettula et'al. (2013) and the CFHTLS fefafrom[Kettula et all.[(2015). BC has been corrected for Egttin

bias.

4. Discussion

In §4.7 we discuss theflect of systematic uncertainties on ou
results, and ir§4.2 we compare our results with the literature.

4.1. Systematic uncertainties

performed to assess the amplitude of these uncertainties.

(Williams et al.

fitting techniqueverr (Markwardt[2009) that minimises ¢?
statistic and iteratively adjusts for intrinsic scatteowéver, it
does not calculate the error on the intrinsic scatter. Usirrg

slope ofb = 1.71 + 0.11, intercept ofa = 1355+ 0.09, and
intrinsic scatter obrintin mr = 0.38, i.e. fully consistent with our

fesults presented in sectigh 3 (Table 2).

Upper limits — To test the sensitivity of our results to the
treatment of clusters with upper limits dvispowi. We re-fitted
the mass-temperature relation excluding these objectajmb
Several sources of systematic uncertainty have been distusng a marginally shallower slope df
in the preceding sections. Here we describe the tests that wan intrinsic scatter oforjamr = 0.39 + 0.06 for the joint
XXL +CCCPR+COSMOS sample andl = 1.84+ 0.38, ojnmit =

0.30 + 0.18 for the XXL-only sample — again, consistent with
Fitting method — We tested the robustness of the fittingyyr main results.

method on the resultant scaling parameters usingTexy
|2010). This is a variation of the standawd

1.63 + 0.13 and

Centring of the shear profile Cluster masses are dominated by
statistical noise such that whether we centre the sheaioofi

the BCG or on the X-ray centroid does not lead to a large sys-
tematic uncertainty. There is large scatter between thes@sas
TExy the XXL+COSMOS-CCCP fit of 96 objects produces aderived from the dferent centres; however, the bias is minimal
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(Moo /MESS, ) = 100 0.16) and so does not have an imCFHTLenS catalogue finding an amplitude much higher than
pact on our results. The BCG centred fits return a XXL-CCCRxpected from simulations. Approximately 25% the field$ fai
COSMOS combined MT relation with slofbe= 1.61+0.14 and this cosmic shear test and when rejected bring the obsengati
an intrinsic scatter ofrin¢inmr = 0.43+ 0.06. back into agreement with simulations. Thiegts~ 40% of our

. . . . ystems: XLSSCO054, 055, 060, 056, 091, 095, 096,
Source selection- The photometric redshift uncertainty °f§98, 099, 103, 104, 105, 107, 168, 110, and 111.

galaxies and its contribution to the mass estimation oftetss Excluding these systems from our sample does not significant
in our sample is smalidg/¢) = 0.13 and so we used all back- hange our results; for example a joint fit to the remaining

ground galaxies witfP(z) measurements that satisfy our redshiffy| " ,sters. COSMOS. and CCCP (80 s ;
: — . , , ystems in total)
cuts (Sectioi_2]4). Benjamin et al. (2013) use tests W'mJSp‘?/ieldsa = 1343933 b = 179018 gy o = 0.42°097 This

troscopic redshifts to find that within the CFHTLenS cataleg 00 ool : ,
the redshifts are most reliable betweeth & z < 1.3. This is suggests that it has an insignificarfteet on cluster lensing

. X where PSF residuals are reduced from the radial averagihg. A
due to a fundamental degeneracy in the angular cross-atiome|

. . . i i dt e a de é .
method. Atz < 0.1, their contamination model tends to undem_fggiS?_re used in bath Velander etial. (2014) and

predict contamination by higher redshift galaxieszAt 1.3 the

predicted contamination by lower redshift galaxies is alge Mismatch in temperature measurement aperterés discussed
derestimated. We compared masses derived using all galaxiein the results section, our temperature measurement apelifti
masses restricted to the reliable redshiftrange0z < 1.3. The fers from that used by CCCP. This should not dramatically af-
masses are impervious to the two source selections witha rdect our results as the temperature profile of clusters i$ sha
of (MZgai/Msoawt) = 1.13+ 0.18. In our sample only 10% low and for groups 0.3 Mpc is a significant fractionrggaw: ,

of the systems include the< 0.1 contaminated galaxies and thevhereas for the massive clusters in CCCP the same holds at
low number ofz > 1.3 galaxies should contribute little to the0.5Mpc. Nonetheless, as a test we computed temperatures wit
shear. This in combination with the large statistical utaiaties the same & Mpc aperture for our clusters, finding that this mea-
on shear would explain the agreement. surement is feasible for 36 of the 38 XXL clusters, and for all
10 COSMOS groups. The best fit slope parameter and intrinsic

| h fih id Beck K Scatter for this fully self-consistent non-core excisdétien are
ower mass than most of those considered by Becker & Kravisp\_ 1 g1 1. .12, andorg w7 = 0.42+ 0.06. The mismatched

(2011). Thus the outer fad'us to which the NFW m_odel IS f'_tt erture uncertainty is therefore comparable to the stati®r-
to the measured shear profile may extend further into thdl infa, . 314 does not alter our result.

region than in their simulation study, and thus might bias ou

mass measurements. We implemented a simple test wherebySgéection functior- The XXL-100-GC sample selection func-
compared the mass obtained from NFW models fitted to the dion needs to account for the flux-limit, survey volume, foin
nulus 015 - 2 Mpc to those described in section 2.4. The meangs and more. In the M-T relation this calculation is not-ri
ratio of the masses derived from these fits and those uporhwhial. We created a simplified toy model to test the bias in mea-
our results are based (0.15 - 3 Mpc) i1+ 0.17. sured slope on a flux limited sample as a function of the corre-
Choice of mass-concentration relation We adopted the lation between X-ray luminosity and temperature. For thist t
Duf L [2008) mass-concentration relation for our madLe took a population of 10,000 groups and_clusters with ngasse
Duity et all T x 101 < Msgo < 1 x 10'5M,) and redshifts (O< z < 1.5)

modelling of the shear signal, which aids comparison wi : .
the literature|(Kettula et al. 2013). However observatichad- om thel Tinker 1.L(2008) mass function. We converted the

; M imultaneously to X-ray luminosity using the scalieg r

.g.. Okabe et Al. 201B; Umetsu et al. 2 [AFiSS Simu . :
les (€.9. Ok L_2016; Um tal. 2014) indicate t-rfggon in[Maughan 4) and temperature using a relation of
clusters are more concentrated than expected from sirontati ﬁlope 1.5 normalisation 13.65. These were drawn from aibiva
égo_giil_w) Sshow tHI‘ZQ‘Qlat a Ezt_BtLanthaua_ejio% change in nomrmalismmmation of the meg%st? Gaussian distribution with intrinsic scatter injggf 0.4 and
concentration relation would bias NFW-based masses by- {63 for luminosity and temperature, respectively, and aépe

r correlation co#ficients between luminosity and temperature

15%, although recent work ly Sereno &t al_(2015) suggest Sm 0 to 1in steps of 0.05. Each luminosity was then conderte

bias could be accounted for by selectiofieets. As a simple

) > to a flux and a cut at % 10 1%ergs s* cm? was applied to
test, we perturbed the normalisation of theffyiet al. (2008) : : .
relation by a factor of 1.31 to bring it into line with the skacl replicate the selection on the XXL-100-GC sample. We drew 20

. . amples of 100 clusters before and after the flux cut for each
weak-lensing analysis of Okabe et al. (2013). The massés tﬁf"'the correlation coicients between L-T and fitted the mass-
we computed using this perturbed relation are slightly low

. o ?emperature relation for each of these samples. Comparing t
ﬁg?:_ (()Itj/lr Dlﬁy-j)ased ?a_ssggéalt%oi?h :I(t)r?c?:ftﬁnitt Vivs'th'gstgf Pias between the scaling relation parameters measuredebefo
- (Mperturbed Mputty) = U.95 £ U.14. gn P and after the flux cut as a function of the correlation betwe@&n

ble to obtain a mass when allowing concentration to be a fr

parameter (Myee/Mpury,) = 0.87 + 0.14), we did not do this sHows a weak dependency. We expect the correlatiofficieat

. . A etween luminosity and temperature to b@.3 (e.g_Maughan
as we were not able to constrain concentration with this.d . In our model this corresponds to less than 5% bias in

T e e i 8 I gt slope and normalsai, K e . (019 appi
E ' — 17540 1% andbree = 1.71+ 0.14. Within the errors r8ction for Eddington bias to both masses and temperatares t
perturbed= -~ /9= - ree = Sl nE P a sample similar to ours in their scaling relation. Theinitts

both are consistent with the By concentration prior results. ; - .-+ "1 50t bias on the slope when uncorrected for; how-
:]-gg r)ég(gg;gnhg;-rl-arrr?;zf; lis;n79+f(r)eg;cgn:egrgz?rnorge:alssegver’ t.his ig detected at Q:.-Bignificancg:-. For the CcCccp clustgrs
and — 038+ 0.20 T T %™ used in this paper, a selection function model is not possibl
M = E.90= L. The CCCP sample is selected from a variety of archived data
Cosmic shear test- [Heymansetal. | (2012) compute theand various selection criteria. We note that the selectimcf

star-galaxy cross-correlation function of objects withime tion test above only applies to the XXL-only sample, but will

10
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be modelled comprehensively in a future XXL paper, when affect on the mass estimated at fixed=T3 keV and z= 0.3
alternative massive cluster sample with a well-definedctiele  (Figure[3)

function is available. Two of our clustersXLSSC 891 andXLSSC 006) also ap-
Outliers— One particular outlier in our sample 3£SSC 110. pearir.Kettula et all (2015) under their XID 111180 and 1@876
This system has been studied in detail by Verd etal. [P0 ing the same CFHTLensS survey dz_ita. The former has a spec-
and is particularly interesting for the strong lensing teas foscopic redshift ofO.l_BE_(Ma;em_ﬂal._ZOlS , Whes e
caused by a merger of three galaxies. For this system the t ter has a ph%tometrlc rr;easurfe(r)nigg of 4 0.420 ESSC eta
perature is particularly low for the estimated mass. If we i 1 ),g;Tpare to ourvat.uels Oth o htan i d dec-
stead centre our shear profiles on the merger (correspotaind® 1 N4 XLSSC 006 respectively, the right ascension and dec
the BCG) we obtain a 25% higher mass. For this system t ation are measured in XXL to be 37.926, -4.881 and 35.438,

[ 1_of Kettulale
temperature may have been underestimated bi the exclusion o 772, whereas they appear in table tal. (P15

the AGN contaminated emission from the merger. Verdugolet &t t?gagrifg 5,,4 fr?dld' fgd %r?]gigwlle:s Jr7e1$n ;Sf;a;especﬁve o
(2017) use several methods to estimate the mass of this Pk en 500WL =
tem but within a fixed radius. Refitting the joint scaling rela®> * 21 X 10"*h7oMo and 55 + 3.3 x 10*h7gM,, and temper-

tion excluding this system gives constraintsof 1.71+ 0.13, atures off = 5 O GkeV and & + 5.6 keV These agree with
a=1354: 0.09, ando w7 = 0.41+ 0.06. our masses and temperatures within the statistical errors.

Most studies of the mass-temperature relation of groups and
Mass bias on XXL-100-GC masse%o test the impact of biasesclusters have relied on X-ray data to estimate mass, andatius
on the individually measured weak-lensing masses in the XXdumed that the intracluster medium is in hydrostatic elgiilm
sample on the masses derived from the M-T relation, we p F|an“QnQV etal. 200L; Sun etlal. 2009; Eckmiller et al
turbed the XXL masses down by increments of 10%, refitted ;[Lovisari et gl 2015). These authors obtained slofes o
joint M—T relation, and recomputed the masses of XXL-100-G@ ~ 165 — 1.75 with a statistical uncertainty of 0.05.
We find for dfsets of 10, 20, and 30% in XXL masses, the resul1|=he|_ core-excised weak-lensing relation ieim
ing M—T derived masseMsoqwt, Will be lower by 0.04:0.02, sjon with the hydrostatic results at the 1e2level suggest-
0.10£0.06, and 0.220.08, respectively. Hence the systematidgg that the dference between the lensing and X-ray based
discussed in this section will have a relatively small infloe mass-temperature relations is mass dependent. The slape of
on the XXL-100-GC masses computed from the M—T relatiopeak-lensing-based non-core excised mass-temperatatiene
given the large uncertainties on the linear regressiompet@rs s, however, in agreement with the slope of the hydrostasissn
and temperature. temperature relations.

Several observational and theoretical studies have fduatd t
hydrostatic equilibrium may not be a valid assumption in the
most massive clusters (e. ietlal. 2007; Mahdavi et al.
The mass-temperature relation fitted to the 96 clusters &pED8,[2013; 10; tlal._2010; Rasia et al.
groups spanning =~ 1 - 10keV from XXL, COSMOS, and [2012; Israel et al. 2015). The assumption of hydrostatidliégu
CCCP has a slope df = 1.67*%1% This is 1.5 higher than rium has not yet been explored in great detail in galaxy gspup
the self-similar predlctlom 86). Most previousak- i.e. T < 3keV; however, Borgani et Al. (2004) pointed out that
lensing based measurements of this relation have contehtrahe steep slope of the hydrostatic mass-temperatureaelefi
on higher redshift samples, god a smaller %hl% er) temper groups is hard to reproduce with simulations. More recent pa
ature rangel (Smith etlal._2005:; ksprers of Le Brun et all (2014); Pike et &l. (2014); Planelleslet
2007; Okabe et al. 2010; Jee etial. 2011; Mahdavi'et al. 201@014) show that the reproducibility of scaling relatioasdie-
thus precluding useful comparison with our joint study afgps pendent on the physics included in the simulation. Simotesti
and clusters. Our slope is marginally steeperdflsignificance) including baryonic processes are expected to bias scadiag r
than the most comparable study, that_ of Kettula etial. (2018pbns from the self-similar prediction with a strongefeet on
who obtained a slope &f = 1.48'J 1% for a sample of 65 groups low-mass systems where the baryons are more important. The
and clusters spanning a similar temperature and redshiffera statistical precision of our results is notcient to test whether
to ours. The main dierence between their study and ours ithe validity of hydrostatic equilibrium is a function of lrainass.
that ours includes 38 new systems from XXL-100-GC, we use
the latest CCCP masses and the temperatures are measured in
different ways. We measure temperatures within a fixed met- Summary
ric aperture of 300 kpc, wherelas Kettula €t al. measure teanpe
tures within an annulus that excludes the core and scalbghet We have presented a study of the mass-temperature reldtion o
mass of the cluster,. Drspow. < R < 0.5r50qw1. Nevertheless, galaxy groups and clusters spannihg= 1 - 10keV, based on
within the current statistical precision the intercept atape of Weak-lensing mass measurements. Our main analysis is based
the respective relations agree (Figlte 8). We also notetltieat on the 38 systems drawn from the XXL 100 brightest cluster
predicted self-similar slope applies to relations based¢ane- sample, that also lie within the footprint of the CFHTLen®ah
excised temperature measurements. We also express thalnoré@talog. Here we summarise the main results of this paper:
isation of these two relations and those of others from tiee-li
ature as the mass of a clusterzat 0.3 with a temperature of — We measured individual weak-lensing masses of clusters
T = 3keV to facilitate comparison between relations that dif- within XXL-100-GC with careful checks on systematics. In
fer in the details of how they are defined. We see that the rela- this mass isgo ~ 10 — 10'°M,) and temperature range
tions based on weak-lensing calibrated massinthe groumeeg (1 < T < 6keV) this is currently the largest sample of
favour~ 40% higher normalisations than hydrostatic relations at groups and poor clusters with weak-lensing masses availabl
~ 1 - 20 Although the bias correction applied by Kettula €t al.  for studying the mass-temperature relation.

(2015) can reproduce the self-similar slope, it has a nixdgig

4.2. Comparison with the literature
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— We used the masses to calibrate the mass-temperature relaferences
tion down to the group and poor cluster mass scale. This Ehe. Y. M., McCarthy, I. G., & King, L. J. 2012, MNRAS, 421073

H 0.37
lation has a slope of. 18" Bardeau, S., Soucail, G., Kneib, J.-P., et al. 2007, A&A., 47D

-0.32"
X . Becker, M. R., & Kravtsov, A. V. 2011, ApJ, 740, 25
— We find that the scatter in our XXL-only mass-temperatuigsniamin, J., Van Waerbeke, L., Heymans, C., et al. 2013, MSRI31, 1547

relation is dominated by systems with significaffsets be- Bhattacharya, S., Habib, S., Heitmann, K., & Vikhlinin, 13, ApJ, 766, 32
tween their BCG and X-ray centroids. This suggests that opphringer, H., Dolag, K., & Chon, G. 2012, A&A, 539, AA120
goingrecent merging activity may act to increase the scattggrgani. S., Murante, G., Springel, V., etal. 2004, MNRA&331078

: . erc, N., Adami, C., Lieu, M., et al. 2014, MNRAS, 444, 2723
by afecting the accuracy of our weak-lensing mass measu hinor, T, Donahue, M., Sun, M., et al. 2014, ApJ. 794, 48

ments anfbr by perturbing the temperature of the mergingoriess, v. L., & King, L. J. 2007, MNRAS, 380, 149
systems. We will return to this issue when better qualitpdabufty, A. R., Schaye, J., Kay, S. T., & Dalla Vecchia, C. 2008, MNR/890,

become available. Lea _
Démocles, J., et al., in prep.

We increased the sample by incorporating 48 massigekmiller, H. J., Hudson, D. S., & Reiprich, T. H. 2011, A&A35, A105

| rs from P and 10 X-r | r fr ben, T., Hildebrandt, H., Miller, L., et al. 2013, MNRAS33}, 2545
clusters from CCCP and 10 ay se ected groups 1ro vrard, A. E., MacFarland, T. J., Couchman, H. M. P, et ald2®pJ, 573, 7

COSMOS. This extended Sample spans the tem_peratwr%guenov, A., Reiprich, T. H., Bohringer, H. 2001, A&A68, 749

rangeT = 1 - 10keV. The mass-temperature relation fogeiman A., Rubin D. 1992. Inference from lterative Simalatising Multiple
this extended sample is steeper than the self-similar pre-SequencesStatistical Science7, 457-511.

diction, with a S|0pe of B?tgig and intrinsic scatter of Giles, P. A., Maughan, B. J., Pacaud, P., et al. 2016, A&Ansttbd (XXL

_ : Tt : Survey, Ill)
onmr = 0.41. We used this relation to estimate the mass ejodini, S., Lovisari, L., Pointecouteau, E., et al. 2018a&e Sci. Rev., 177, 247

each member of XXL-100-GC; these masses are availabledf,ajiasi, G., Finoguenov, A., Khosroshahi, H. G., et aL2A&A, 566, A140
[Paper lIl. Heymans, C., Van Waerbeke, L., Miller, L., et al. 2012, MNRAS7, 146
) o Hildebrandt, H., Erben, T., Kuijken, K., et al. 2012, MNRA&1, 2355
The slope of our mass-temperature relation is in agreemeiiishaw, G., Larson, D., Komatsu, E., et al. 2013, ApJS, 268,
with relations based on assuming hydrostatic equilibriuffpekstra, H. 2007, MNRAS, 379,317
favouring a steeper slope than self-similar. Whilst ingign Hoekstra, H., Mahdavi, A., Babul, A., & Bildfell, C. 2012, MRAS, 427, 1298

. . . . . Hoekstra, H., Herbonnet, R., Muzzin, A., et al. 2015, MNRA&9, 685
icant given the current uncertainties, this result is irsten Israel, H., Schellenberger, G., Nevalainen, J., Masse Reiprich, T. H. 2015,

with previous weak-lensing studies that suggest non-therm ynRras, 448, 814
pressure support being more significant in lower mass syse, M. J., Dawson, K. S., Hoekstra, H., et al. 2011, ApJ, 337,
tems. However, theffset in the normalisation of the rela-Kaiser, N. 1986, MNRAS, 222, 323

. ! : ly, B. C. 2007, ApJ, 665, 1489
tions estimated by comparing the mass of a 3keV systéjﬁtﬁla K Finogue‘;ov A. Massey, R., et al. 2013, ApE, 774

atz=03 using the available relati_ons implies that the hyzeryia' K. Giodini, S., van Uitert, E., et al. 2015, MNRAGL, 1460
drostatic mass of a 3 keV system~is40% lower than that Lavoie, S., et al., in prep.
obtained using a weak-lensing mass-temperature relatibaprun, A. M. C., McCarthy, I. G., Schaye, J., & Ponman, T.Q12 MNRAS,

which may indicate a halo mass dependent hydrostatic mas441, 1270
bias y P y Leauthaud, A., Finoguenov, A., Kneib, J.-P., et al. 2010J,Ai®9, 97

Lovisari, L., Reiprich, T. H., & Schellenberger, G. 2015, A&73, A118
) “Maughan, B. J. 2014, MNRAS, 437, 1171

Our future programme will extend mass-observable scalivghdavi, A., Hoekstra, H., Babul, A., & Henry, J. P. 2008, MAR, 384, 1567
relations for groups and clusters in the XXL and related suahdavi, A, Hoekstra, H., Babul, A., etal. 2013, ApJ, 76761

veys to include other mass proxies, including gas masskand Ma;(k\‘/"l’ﬁ‘“itilc'szl‘ 2009, Astronomical Data Analysis Softwamed Systems

band luminosity. We will also expand the sample of groups afhneghetti, M., Rasia, E., Merten, J., et al. 2010, AGA, 54493
poor clusters available for this work as deeper weak-l@nsiwiler, L., Heymans, C., Kitching, T. D., et al. 2013, MNRA&29, 2858
data becomes available for XXL-N from Hyper Suprime-CAM\lirkazemi, M., Finoguenov, A., Pereira, M. J., et al. 201$JA799, 60

nd hiah- lity weak-lensin me available f Nagai, D., Vikhlinin, A., & Kravtsov, A. V. 2007, ApJ, 655, 98
and gh-quality weak-lens gdata become available fot X varro, J. F., Frenk, C. S., & White, S. D. M. 1997, ApJ, 498 4

from our ongoing observations with Omegacam on the ESO V'@iahe, N., Takada, M., Umetsu, K., Futamase, T., & Smith,.@ORO, PASJ,

Survey Telescope. These enlarged samples and the impitaved s g2 g11

tistical precision will also motivate careful modellingditihe in-
corporation of the selection function into our analysis.
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Appendix A: Shear profiles
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Fig. A.1. Tangential and cross-component ellipticity as a functibdistance from cluster centre.
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Fig. A.2. Tangential and cross-component ellipticity as a functibdistance from cluster centre.

15



M. Lieu et al.: The XXL Survey IV. My - T

relation of the XXL-100-GC.

3 SSC90 o
0,100 0.100 g S5E0 4
A A
'y <
v 0,010 v 0,010F 3
0.001 0.001 T
A 0.05F ; ] A 005F 3
¢ 0.00F---------~- -+ =- & o.oo————E—i———i—E-r-I--g
vV -0.05F i i vV -o0.05¢
0.1 1.0 0.1 1.0
r (Mpc) r (Mpc)
0.100 () NRx;.sscg; 1 0.100k NRxL_ssc_zg ,
A N F
v 0.010F { v 0.010} :
0.001 w : 0.001 _
A 0.05F i A 005
¢ 0.00F---- —E——E— _E—'I—I-—I——; & 0.00F------ ?__E_i_i__;__;
vV _—0.05F {1 VY -0.05E
0.1 1.0 0.1 1.0
r (Mpc) r (Mpc)
0,100 SNRXI_-SSC!gg - 0.100F SNRxL.ssczg 7
A A }
+ +
Y 0.010F Y o.010F ;
0.001 w 0.001
A 0.05F i A o0.05f 3
¢ 0.00F ------ i el s B 0.00F ==+ -d - Fo s m e
vV —0.05F } i vV -o005F ;
0.1 1.0 0.1 1.0
r (Mpc) r (Mpc)
0.100F oSS 3 0.100
A A
+ 1 +
v 0.010F {1 v 0010
0.001 w 0.001
A 0.05F 1 3 i A 005
¢ 0.00fF-------- -i-y-=--4 & 0.00
v -0.05F i VvV -0.05
0.1 1.0 0.1 1.0
r (Mpc) r (Mpc)

Fig. A.3. Tangential and cross-component ellipticity as a functibdistance from cluster centre.
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