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ABSTRACT

Context. XMMU J1229+0151 is a rich galaxy cluster with redshi#0.975, that was serendipitously detected in X-rays witha t
scope of the XMM-Newton Distant Cluster Project. HBTS observations in thig;s and zgsq passbands, as well as VIHORS2
spectroscopy were further obtained, in addition to follegvNear-Infrared (NIR) imaging in J- and Ks-bands with NSOFI.

Aims. We investigate the photometric, structural and spectapgrties of the early-type galaxies in the high-redshifstér XMMU
J1229-0151.

Methods. Source detection and aperture photometry are performéeingtical and NIR imaging. Galaxy morphology is inspected
visually and by means of Sersic profile fitting to the 21 spesttopically confirmed cluster members in the ACS field of view
Theiz7s-Zgs0 colour-magnitude relation (CMR) is derived with a methoddzhon galaxy magnitudes obtained by fitting the surface
brightness of the galaxies with Sersic models. Stellar smasd formation ages of the cluster galaxies are derivedtingfthe
observed spectral energy distributions (SED) with modated on Bruzual & Charlot 2003. Star formation historiehefdarly-type
galaxies are constrained through the analysis of the slasp@ctrophotometric data.

Results. The structural Sersic indaxobtained with the model fitting is in agreement with the visnarphological classification of
the confirmed members, indicating a clear predominancdipfiel galaxies (181). Thei;7s-zZgso colour-magnitude relation of the
spectroscopic members shows a very tight red-sequencea#lo point of 0.860.04 mag and intrinsic scatter equal to 0.039 mag.
The CMR obtained with the galaxy models has similar pararseRy fitting both the spectra and SED of the early-type patioh

we obtain a star formation weighted age of 4.3 Gyr for a methass of 7.4x10'° M. Instead of an unambiguous brightest cluster
galaxy (BCG), we find three bright galaxies with a simitgy, magnitude, which are, in addition, the most massive clusgmbers,
with ~2 x10'* M. Our results strengthen the current evidence for a lackgsfificant evolution of the scatter and slope of the
red-sequence out toz1.

Key words. galaxies: clusters: individual: XMMU J1229151 - galaxies: high-redshift

1. Introduction itor. In contrast, thehierarchical scenario(Toomre (1977);

) _ ) White & Rees (1978)) predicts that elliptical galaxies ddou
Dls_tant (z»_l) galaxy_clusters_are unigue astrophysical _Iabor@drm later, through mergers. The behavior of early-typexgal
tories partllcularly suited to witness and study galaxy fation jag (ETGs), which are found to comprise both the most mas-
and evolution. sive and oldest systems, is the main cause for this debate.

Detailed studies of the properties of galaxies in large sanmdeed, it is now established that the star formation histo-
ples of high-redshift clusters are required to distinguiBl ries of ellipticals are mass-dependent from both obsemwati
two main galaxy formation scenarios, which have been ugFhomas et al. (2005), van der Wel et al. (2005)) and thezakti
der discussion for more than 30 years. In thnolithic studies (e.g. De Lucia et al. (2004), Menci et al. (2008)xhsu
picture (Eggen etal. (1962); Larson (1974)), massive galahat low mass galaxies have more extended star formatien his
ies are expected to be formed early from a single progeries than massive ones. This implies that the less massive
galaxies have a lower formation redshift than the more nassi

* Based on observations carried out using the Advanced Caméistems, whose star formation histories are predicted &k pe
for Surveys at the Hubble Space Telescope under Program4B610 at z~5 (De Lucia et al. (2006)). This scenario is commonly re-
the Very Large Telescope at the ESO Paranal Observatoryr unfierred to as lownsizing (Cowie et al. (1996)). Supporting this

Program IDs 176.A-0589(A), 276.A-5034(A) and the New Temlbgy  picture, there is strong observational evidence for thk bfithe
Telescope at the ESO La Silla Observatory under Program B)A07

0265(B)
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stars in massive ellipticals to be already formed at redshZ 2. Observations and data reduction
(van Dokkum (2005), Holden et al. (2005)).

2.1. XMM-Newton data

The colour-magnitude relation

(CMR, Visvanathan & Sandage (1977),The cluster XMM1229 was initially detected in a serendipi-
Sandage & Visvanathan (1978)) is a fundamental scalit@us cluster survey of the XMM-Newton archive, the XMM-
law used to assess the evolution of galaxy populations. TNewton Distant Cluster Project (XDCP, Bohringer et al.qa)
CMR of local clusters shows the existence of a tight Rddassbender (2008)). Our target was observed in 25 XMM-
Sequence (RS, Bower etal. (1992), de Propris et al. (1998)wton pointings of the bright radio loud quasar 3C 273 at
(Gladders & Yee (2000), Baldry et al. (2004)) formed of magin df-axis angle of approximately 13 arcmin. We selected
sive red elliptical galaxies undergoing passive evolytéomd the only observations whose exposure time, after cleaningifgir h
analysis of its main parameters (zero point, scatter angeglobackground periods, was larger than 10 ks. Unfortunately,
provides a means to quantify evolution of the galaxies priigge XMM1229 was not observed by the EPIC-pn camera, since the
with redshift. It remains, nevertheless, unclear to whajrée pn was always operated in Small Window Mode (except for
the CMR is determined by age and metallicifjegts. Obsld=0126700201, having a clean exposure time of only

6 ks). Therefore, we used only the data from the two XNNDS

The study of highe samples of galaxies is also impor-CCDs. The 11 observations selected for our analysis aeellist
tant to provide information for the modelling of physicabpr Taple 1.

cesses in semi-analytical techniques. Semi-analyticalettiog
(SAM) employing AGN feedback to prevent the overproducy,
tion of blue galaxies have recently succeeded in predicin

large amount of massive old galaxies (De Lucia et al. (200
Bower et al. (2006), Menci et al. (2006), Croton et al. (2006
Somerville et al. (2008)), however, several issues remairtey 0

be solved, SfUCh as th_e incapability to reproduqe quantti soft-proton induced flares. We selected events with pat@ito

the colour-bimodality in the colour-magnitude diagram #mel 5 (gingie double and quadruple) and further removed svent
scatter of the red-sequence, which is overestimated bytarfay i, 1o\ spectral quality (i.eFLAG=0). Table 1 lists the result-
2-3 (e.g. Menci et al. (2008)). ing clean exposure times for each observation. We obtaotat t

The exceptional high-resolution provided by the AdvancegkPosure times ot 370 and~ 400 ks for the XMMMOS1 and
Camera for Surveys (ACS) at the Hubble Space Telescope (HSTYM/MOS2, respectively.
has greatly contributed to the current knowledge on the evo- The spectra of the cluster were extracted from a circu-
lution of galaxies in dense environments. Results on theteidar region of radius 30 arcsec centered at=RR:29:29.2,
z~1 clusters of the ACS Intermediate Redshift Cluster Survéjec=+01:51:26.4. The background was estimated from a cir-
(Blakeslee et al. (2003); Mei et al. (2007), Holden et al0®)) cular region on the same chip of radiys2 arcmin centered at
Mei et al. (2009) and references therein), and studies of IRA=12:29:21.2, Dee+01:51:55.4, after removing cluster and
dividual distant clusters (RDCS 1252.9-2927 at1.235: pointsources.
Lidman et al. (2004), Demarco et al. (2007); XMMU J2235.3- We corrected vignetting fiects using the SAS task
2557 at z=1.393: Rosati etal. (2009), Lidman etal. (2008)gVIGWEIGHT (Arnaud et al. (2001)) to calculate the emission
XMMXCS J2215.9-1738 at 21.45, Stanford et al. (2006)) weighted &ective area, by assigning a weight to each photon
point toward the prevalence of a tight RS upetd..4, where the equal to the ratio of thefective area at the position of the pho-
CMR slope and scatter are observed to have a negligiblesisereton with respect to the on-axigfective area. Redistribution ma-
with redshift. trices were generated using S taskRMFGEN for each point-
ing, filter, and detector.

In this paper we provide a detailed analysis of the galaxy™__
properties in XMMU J12290151 (hereafter, XMM1229), an _1ime averaged spectra for the source and the background
X-ray selected, optically rich and distant clustes@.975 cor- Were obtained by adding the counts for each channel. Sirice di
responding to a lookback time of 7.6 Gyr). We derive ad€rent filters were used for the observations, we weighteti ea
curate colour measurements from the high-resolution ACRStrument éective area (ARF) and redl_strlbunon matrix (RMF)
iWith the exposure time of the observation. In order to usegthe

data, and characterize the galaxy morphology via visual iff-"" =% S2P%: h | fitti binned th A
spection and by fitting Sersic profiles. Stellar masses, aqgg]!mlzatlon In the spectral fitting we binned the spectrenva
Inimum number of 20 counts per bin.

and star formation histories of the cluster’s early-types a
derived by fitting the coadded spectrophotometric data with
Bruzual & Charlot (2003) templates.

Data were processed using the XMM-Newton Science
alysis Software AS v7.0.0). Light curves for pattera0
vents in the 18- 15 keV band were produced to search for
eriods of background flaring, which were selected and re-
oved by applying a@ clipping algorithm. Light curves in the

3 - 10 keV band were visually inspected to remove residual

2.1.1. Spectral analysis

The paper is organized as follows: in Sect. 2 we present t?ﬁe
imaging and spectroscopic data, as well as reduction puveed
The ACS morphological analysis is introduced in Sect. 3.
Sect. 4 we derive thiess — zgso CMR, and the results from the
SED fitting are presented in Section 5. In Sect. 6 we invefstig
the properties of the brightest cluster galaxies. We catecin
Sect. 7.

two XMM/MOS spectra were analyzed with
I>(SPEC v11.3.1 (Arnaud (1996)) and were fitted with

single-temperature mekal model (Kaastra (1992);
Liedahl et al. (1995)). We modeled Galactic absorption with
%babs (Wilms et al. (2000)). We always refer to values of solar
abundances as in Anders & Grevesse (1989).

The fits were performed over the50- 6 keV band. We
The cosmological parameters used throughout the paper exeluded energies below 0.5 keV, due to calibration unterta
Ho=70 knygMpc, Q,=0.7 andQ, =0.3. Filter magnitudes are ties, and above 6 keV, where the background starts to domi-
presented in the AB system unless stated otherwise. nate. Furthermore, due to the relatively loyNf the observa-
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Fig. 1. HST/ACS colour image of XMMU J12280151 with X-ray contours. The image is centered on the aluétay emission and has a size

of 1.5 arcmin.

Table 1.Log of the archival XMM-Newton observations of XMM1229.
The information given is the following: observation datel@@nn 1),
XMM-Newton observation identification number (column 2)daev-
olution (column 3), filter (M=medium, TFthin) and mode (Efull
window, S=small window) used (column 4), good exposure time of

10

XMM/MOS1+MOS?2, after cleaning for high particle background peri- >
ods (column 5). <
Q
7l
Date Obs. Id. Rev. Fill/Mode Toup[KS] €y
1) 2 (CINC) 5) 3 -
2000-06-13 0126700201 0094 /M 11.7%411.6
2000-06-14 0126700301 0094 /™ 56.4+56.1
2000-06-15 0126700601 0095 /# 24.0:23.7
2000-06-16 0126700701 0095 /™ 17.5-17.8
2000-06-18 0126700801 0096 /# 40.8-41.1 i ‘ ‘ ‘ ‘
2001-06-13 0136550101 0277 /S 40.1%40.1 - 1 2 5
2003-07-07 0159960101 0655 /ST 51.3-54.6 Energy (keV)
2004-06-30 0136550801 0835  T1-f&2  14.3-47.7 Fig. 2. X-ray spectra of XMM1229 from the XMMMOS1 (black) and
2005-07-10 0136551001 1023 /8 26.9-26.7 XMM/MOS2 (red) detectors. The solid lines show the best-fit model
2007-01-12 0414190101 1299 /™ 57.3+55.5 The Fe K-line is prominent at 3.2 keV.
2007-06-25 0414190301 1381 /™ 26.8+26.2 ' ’

tions, we notice that instrumentabkemission linesfrom Al (at

The free parameters in our spectral fits are temperature,
metallicity, redshift and normalization, although we afser-
formed the fit freezing the redshift to 0.975, the median spec

~ 1.5keV) and Si (at- 1.7 keV) may dfect the spectral analysistroscopic redshift of the confirmed galaxies. Local absorpis
significantly. Therefore, we also excluded photons in th&rgy fixed to the Galactic neutral hydrogen column density, as ob-
range 14 — 1.8 keV from our spectral analysis. In the selecteghined from radio data (Dickey & Lockman (1990)).

energy bands we have a total-f1300 and~ 1200 net counts

for the XMM/MOS1 and XMMMOS2, respectively.

Results of the spectral analysis are listed in Table 2, the
guoted errors are at the 1 sigma confidence level. The rastefr
luminosity corrected for Galactic absorption in th82.0 keV

1 hitpy/xmm.vilspa.esa.gaxternglxmmLusersupportdocumentation range is (13 + 0.2) x 10* erg s, for an aperture of 30 arcsec

Juhbynode35.html

radius, which corresponds to a physical size of 240 kpc.
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Table 2. Results of the X-ray spectral analysis. The informatioregiv Table 3. FORS2 Observing Log
is the following: data set used, i.e. XMMOS1, XMM/MOS2, and
the two combined (column 1), temperature (column 2), iraimalance

(column 3), redshift (column 4)? and number of degrees of freedom Mask  Type  Slits  Grism & Filter T exp Airmass Date
(column 5). The last line refers to the spectral fit with refistet to (s) (um
0.975. T MOS 12  300k0G590  8x750 1.3 2006 Jan 01
2 MOS 18  300+0G590  8x700 1.2 2006 Jan 30
3 MOS 18  300+0G590  4x700 1.1 2006 Jan 31
Detector  KT[keV]  Zpe[Zo] 2z x’/dof. 4 MOS 18  300kOG590  4x700 1.2 2006 Feb 01
@) @) ©) (4) (©) 5 MXU 34  300kOG590  9x900 1.3 2006 Jun 20-
MOS1 GZfl:o 0.37f0:20 0.96f0:°2 451/51
MOS2 62%2 04288 09588 501744
MOS1+2 62502 038:014 096:002 954/98
MOS1+2 64'0/ 034914 0978 96.8/99
* fixed redshift months monitoring. One candidate was identified as a Type la

supernova at the cluster redshift (Dawson et al., (2009)).
FORS2 was used with the 300l grism and the OG590 or-

To obtain the total cluster luminosity we resorgler sorting filter. This configuration has a dispersion of 2.3
to extrapolating the measured aperture luminosity tdNgstroms per pixel and provides a wavelength range startin
a radius of 2 Mpc, assuming an isothermgtmodel at 5900 A and extending to approximately 10000 A. Since the
(Cavaliere & Fusco-Femiano (1976)), a well-known analypbservations had to carried out at short notice (the SN had to
ical formula dependent on a sloggand a core radius., be observed while it was near maximum light), most of the ob-
that describes to a good degree the surface brightnesseprafitrvations were done with the multi-object spectroscdgio§)
of regular clusters. Unfortunately, the signal-to-noia¢iar is mode of FORS2. The MOS mode consists of 19 moveable slits
not good enough to fit #-model, therefore we assume thafwith lengths that vary between 20" and 22”) that can be iteser
XMM1229 is a cluster with a standard X-ray morphology i.eipto the focal plane. The slit width was set to 1”. On one occa-
without signs of merging or a strong cool core, and we use tB®n, when the MOS mode was unavailable because of technical
typical values3=0.7 andr.=250 kpc, obtaining k (r<2 Mpc) reasons, the field was observed with the MXU mode of FORS2.
~3x10*ergst. The MXU mode consists of precut mask that is inserted into
the FORS2 focal plane once the field has been acquired. Since
. ) ) the length of the slit can be made much shorter in the MXU
2.2. HST/ACS I775 and zgso band imaging mode than in the MOS mode, the number of targets that could

In the framework of the Supernova Cosmology projeae observed in the MXU mode was a factor of two larger than
(Dawson et al., (2009)) we obtained the H&TS Wide Field the number of targets that could be observed in the MOS mode.
Camera (WFC) data. Images in the F775M#g) and F850LP However, the time to prepare, cut and insert a mask is usaally_
(zes0) passbands centered on the cluster X-ray centroid were §8Uple of days, whereas the MOS observations can be done with
quired in December 2006, with total exposures of 4110 sec adeW hours notice. _
10940 sec respectively. Thigs andzgso are the mostficient ~ The field of XMMU J1229-0151 was observed with four
filters in supernova searches and, although they are not ogffferent configurations, 4 MOS and one MXU. The details of
mal for a cluster at this redshift, thg;s encloses the D4000 the of the observations are given in Table 3. The MOS config-
break, which is redshifted to 7920 A at the cluster redshitérations were used when the supernovae (there were three su-
ACS has a field of view (FoV) of 3.3 x 3.3 arcmin and a pixdpernova visible in thg field c_)f XMMU J1229)151 at the same
scale of 0.05pix. The images were processed using the AC#ne) were near maximum light. The MXU mask was used sev-
GTO Apsispipeline (Blakeslee et al. (2003)), withlanczo8 eral months later when the supernovae were significantiyeai
interpolation kernel. The photometric zero points are é¢ma N all masks, slits were placed on the supernova, thus spectr
34.65 and 34.93 in thé;7s and zssp bands respectively, fol- of the supernovae together with their h_osts and spectre_leof th
lowing the prescription of Sirianni et al. (2005). To accofor ~hosts without the supernovae were obtained. The othensdits
the galactic extinction we applied to our photometric azgal placed on candidate cluster galaxies or field galaxies. &ohn e
the correction factoE(B — V)=0.017 retrieved from the NASA MOS setup, between 4 and 9 exposures of 700 to 900 seconds
Extragalactic Databasand using the dust extinction maps fronyvere taken. Between each exposure, the telescope was moved
Schlegel et al. (1998). The corresponding correction irjite & few arc seconds along the slit direction. Theffsats, which
cal bands is H{7s-zg50)=0.010 mag. shift the spectra along detector columns, allow one to remov
detector fringes, as described in Hilton et al. (2007), Wwlatso
details how the FORS2 data was processed.
2.3. VLT/FORS2 spectroscopy A total of 100 slits over four masks were used to observe 74

Spectroscopic observations were carried out with Focgdividual targets. The targets were selected by coloumaag-
Reducer and Low Dispersion Spectrograph (FORSPHUdE, using the R-and z-band pre-imaging. Priority 1é&sg
Appenzeller et al. (1998)) on Antu (Unit 1 of the Esdad (R-z)1.8 and z23. Priority 2 targets had 1:8R-z)<1.6

Very Large Telescope (VLT)) as part of a program to sear@d Z23. Some cluster members were observed in more than
for very high redshift Type la supernova in the hosts of ear@n€ mask. From these 74 targets, 64 redshifts were obtained,
type galaxies of rich galaxy clusters (Dawson et al., (2po9find 27 of these are cluster members - the redshift disteibuati

In this respect, the field XMMU J122®151 was very rich in the targets in shown in Fig. 3. A total of 21 confirmed galaxies
candidates, with three candidates occurring during theethrare within the FoV of ACS. _ _
Cluster membership was attributed by a reasonable satectio

2 httpy/nedwww.ipac.caltech.edu of galaxies within: 2000 knjs relative to the peak of the redshift
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Table 4. Spectroscopic confirmed members. The information given is

10 T T
I ] the following: galaxy ID (column 1); galaxy coordinates retJ2000
r 1 system, RA (column 2) and DEC (column 3); redshift (columrsgkec-
oF ] tral classification (column 5) and morphological type (coiu6).
c -
g 6 . D RA (J2000) DEC (J2000) Class Type
[ osso | (1) (2) () (4) (5) (6)
3 .0 b 5417  187.3857875 1.8712528 0.977 +ka SO
& 1 3428 187.3793000 1.8563222 0.984 +ka SO
z [ ] 3430 187.3720375 1.8560639 0.974 k Ell
2+ = 3025 187.3771333 1.8363889 0.979 e(c) Ell
I ] 4055 187.3573750 1.8601056 0.968 k Sb
bl , (A 3301 187.3466250 1.8502667  0.969 e(c)  Ell
0.8 1.0 1.1 1.2 4155 187.3885500 1.8644889 0.969 +ak Ell
z 5411 187.3718958 1.8717778 0.974 k Ell
20008 187.3734583 1.8726667 0.973 e(a) Irr
Fig. 3. Redshift distribution of the galaxies in the cluster XMMU 3497 187.3724875 1.8579083 0.982 +ka Ell
J1229-0151. Vertical red-dashed lines refer to redshift cuts-at 965, 20010 187.3726625 1.8579944 0977 k Ell
0.990 used to select the cluster members. This region isrsiromore 4126 187.3900292 1.8628750 0973 k Ell
detail in the top-right inslet. 3507  187.3716250 1.8571444 0.976 k Ell
20013 187.3684167 1.8559167 0.979 k Ell
20014 187.3654583 1.8485556 0.969 Kk SO
3949 187.3696083 1.8602611 0.976 k Ell
distribution, or~ 3-0~. We assign the mean value of the redshift 30004 187.3697875 1.8601389 0.970 k /B0
distribution of the 27 cluster members to the cluster retishi 3495  187.3715708 1.8582111 0.980 Kk Ell
z=0.975 and assume a conservative redshift exms103. The 3524  187.3807000 1.8676667 0.969 +ka Ell
cluster velocity dispersion was determined with the 27 xgala 5499  187.3844542  1.8683722 0.973 k Ell
redshifts, using the software ROSTAT of Beers et al. (198@). 3205  187.3747292  1.8461806 0.984 +ka Ell
obtainedr=683+62 knys, where the error refers to the formal 466F  187.3631292  1.8977194  0.975 +&  —
bootrap error obtained with 1000 samples. This value is in pe S00F  187.3500083  1.8870944 0.973 Kk -
fect agreement with the result obtained using the methagolo 4956 187.3367208  1.8890611 0.978  k B
4794  187.3342500 1.8927333 0.974 Kk -
proposed by Danese et al. (1980). 491G 187.3213042 1.8925528  0.976 e(b) -
Even though we have a limited number of cluster membersgo® 187.3186708 1.8948944 0976 k -

which could introduce a bias in our computation®fdue to
the presence of substructures we, nevertheless, investiga
connection between the state of the hot intra-cluster nmediu

(ICM) and the cluster galaxy population by means of the well-

known Temperature= relation (e.g. Wu et al. (1999)). The ob-

served Te relation for highz clusters (e.g. Rosati et al. (2002))

implies that we would expect a higher velocity dispersion of i i o

about 90@:300 knys for the cluster temperature. We note how!Iotal exposure times amount to 1hrin Ks and 45 min in J. The
ever that there is a significant scatter in the Telation, and our J-band data have a seeing of 0.98" whereas the Ks-band have an
value is within the 30% scatter. image quality of 0.69".

In Table 4 we list the cluster members, indicating Photometric calibration standards (Persson et al. (1998))
their spectral class according to the scheme proposedwsre acquired several times during the observation runzéhe
Dressler et al. (1999), based on the strength of the [Oll]ldnd points (ZP) were computed using the reduced standards{back
lines. The k class refers to passive (no [Oll] emission)xjel& ground subtracted, count rate image) with the followingtieh:

This class is subdivided in two types, depending on the gtren

of the H; lines: k+a have moderate (8 EW H; < 8) Hs absorp-

tion, and ak show strong (EW ki > 8) H; absorption. The e ZP = mag+ 2.5log(countratd + atm * airmass 1)
spectral class refers to galaxies with [Oll] emission anslis-

divided into three types: e(a) present strong Balmer altisorp

e(c) have weak or moderate Balmer absorption, and e(b) shaliiere magrefers to the standard star magnitude, atihor,
very strong [Oll] lines. refers to the wavelength dependent atmospheric corredtiom

stellar flux was measured within circular apertures with &' r

] ] dius; such a large radius ensures that we account for theolbulk
2.4. NTT/SOFI J- and Ks-band imaging the flux. The background was estimated withvaclipping algo-
NIR imaging in the J- and Ks-bands were acquired using softthm. The scatter_of the zero points is 0.015 mag and 0.04 mag
(Moorwood et al. (1998)) at the New Technology Telescoﬂer the J and Ks filter, respeqtlvely. We cqnverted VEGA mag-
(NTT) at the ESQ@La Silla observatory. The observations werditudes to the AB photometric system with the ESO web-tool
taken in March 2007, as part of the NIR follow-up of the XDCVailable ahttp : //archiveesoorg/appgmag flux.

survey programme. The instrument was operated in_trge The data was reduced with the package B%$ZM

field mode, corresponding to a 5x5 arcmin Field of View (FoV)Vandame (2004)) using the HBACS catalog to match the as-
with a pixel scale of 0.288 arsgx. Since the NIR background trometry. We used SExtractor (Bertin & Arnouts (1996)ylunal

is generally highly variable, a large dithering pattern tabe image modé¢o perform the source detection in the Ks-band, and
applied; we set the automatic jitter box to a width of 30 accsethe photometry of both images.

a galaxy outside the FoV of ACS
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SO/EI

Fig. 4. i775-2350 image gallery of the 21 spectroscopically confirmed membetbe ACS FoV, ordered in increasingys-zgso colour. Individual
stamps are centered on the cluster members and have a sizg 6f.5Top labels correspond to the spectroscopic galaxy hid bottom labels
refer to the visual morphological classification.

3. Structural analysis radii obtained in the two band& (i775) - Re (Zgs0) is shown in
Fig. 5. This diference is useful to assess an imperfect matching
of the PSFs or the presence of colour gradients. However, we

The radial surface brightness profiles of galaxies can be di&d a very good agreement between the two radii therefore we

3.1. Surface brightness profile fitting

scribed by the Sersic law (Sersic (1968)), do not expect thoseffects. In this figure we also present the
results of fitting a "red-sequence” sample of early-typeagigs
2(r) o expr/re)" -1 (2) which is introduced in Sect. 4.2. The reduggdof the best-fit

) _ ) ~ models is~1 for the majority of the galaxies, emphasizing the
whereX(r) is the surface brightness at radiusthe Sersic in- good quality of the fit.

dex, n, characterizes the degree of concentration of the profile;
and the &ective radiusR,, corresponds to the projected radius

enclosing half of the galaxy light. 3.2. Visual morphological classification
Using the ACS ;75 and zgsp data we made a 2D

bulggdisk galaxy decomposition with the software GIMZQn addition to the profile fitting, we made a visual classifizat

(Simard et al. (2002)). The galaxy model is the sum of a bulgg 1" s troscopic members using morphological template
component (Sersic profile) and an exponential disk, dependy ) posiman et al. (2005). In Fig. 4 we show postage stamps of
ona total of eleven parameters. Of t_hes_e parameters, tbFeet e cluster members in thers passband labelled with the mor-
scr_|be the shape _of the Sersic profile, including the |_nd_ex phological type. We note two red galaxy pairs 4200103497,
}Nh('jCh V\(/jebconstra|n4ed o9 n 34'tTTﬁ ug)p?/r bounld IS n- 300043949). In Fig. 6 we show the distribution of the fit pa-
roduced because=2 corresponds 1o Ih€ de vauCouleurs prag, jeierg, andR; of both the spectroscopic and "red-sequence”

file, a purely empirical fit to the profiles of elliptical galias sam ;
. ples (see Sect. 4.2 for details on the latter), complezden
and bulges (de Vaucouleurs (1961)). Allowing larger valogs with the visual classification.

n usually does not improve the fit, however the covariance be-
tweenn andR. can lead to an overestimation Bf for largen The morphology of the spectroscopic galaxies in XMM1229
(Blakeslee et al. (2006)). The median Sersic indeXthe spec- is clearly dominated by elliptical galaxies (23) with only
troscopically confirmed galaxies is 3.9 and the medié@ctive one galaxy classified as spiral #H2055) and one irregular
radius is 5.5 pixel (0.28"). (ID=20008), unlike other distant clusters (see for eg. the EBisC
The distribution ofR. is consistent in both bands within thehigh-redshift samplez <0.8, De Lucia et al. (2004)). The re-
1-0 errors, with an average error of 0.77 and 0.53 pix inithe maining four cluster members are classified as SO0s. We stress
andzgso band respectively. The comparison between ffectve that we targeted red galaxies for spectroscopy, hence tidsaw



J.S.Santos et al.: Multi-wavelength observations of agalaxy cluster at z 1 7

15 T T ; 0.20
,/, | . 0.15F
. €
. 2 0.10[
= 10F p G 7] ? 0.05F
Q. ] . ‘m
9 ///. ° ] * 0.00F
@ 7o E
'\'? .,.z%oo ¢ 1 -0.05 " "
5r ° &,;%/0@8 . — 0 5 (QSX) 15 20
./%@ ’ Fig. 7. Differential PSF blurring féect in i and z-bands: at=6 pix
L ,Of’ _ (0.25") the PSF correction is 0.034 mag (vertical line).
0 ’/. . PR N P L L
0 5 10 15
A 1E i775 Re (pix)
o . o The image quality of thé;s band is sightly better than thagsg
Nl b S i Sl bR R R band, with a Point Spread Function (PSF) FWHM of 0.085%, as
g _qf . opposed to 0.095” in theys. The dfect of thezgsg PSF broaden-
0 5 10 15 ing has been investigated in other works (e.g. Mei et al. §200
<Re> (pix) and is attributed to the long-wavelength halo of the AQBEC

. ) ) . . ) (Sirianni et al. (2005)). Thisfeect, although small, bears impli-
Fig. 5. Comparison of theR. obtained with GIM2D in the s and  cations on the galaxy colour measurement and has to be ac-
Zgso bands. Spectroscopic members are represented in soliescaed ¢ nted for. Thus, for each passband we constructed empiric
red-sequence” galaxies (see Sect. 4.2)) are shown in dpEest The  pgeg 1y computing the median profile of a handful of starsan th

dashed line indicates the one-to-one relation. The botlotrsphows the cience imaaes for which we measure arowth curves nornaalize
difference in théx values for the two bands normalized by the avera g 9

Re. The dashed line represents the constant zero value. 0 the central ir_‘tenSity' We obtain aﬂiﬂirentia_l Q85°'i775)__me'
dian radial profile that shows a steep behavior for radii fanal

than 3 pix - see Fig. 7.
Thei77s—2zg50 colour is determined in small apertures to avoid

SE e v S0mSb x et ' ' ' intrinsic galaxy colour gradients see e.g. Scodeggio (R00&
g choose a fixed aperture of 5 pix (0.25”) since at this radies th
AP . IO e £ e @ E steep and uncertain PSF broadening is no longer dominaat (se
< | 9 g e o Fig. 7), and we apply a correction of 0.034 mag toithgband in
8 3fF o o o E order to match the poorer seeing of e, band. Totakgso band
£ i ¢ magnitudes are obtained with SExtractor parani®teaUTO.
o 2F 3
P ] ™ . .
£ " ] 4.2. Colour-magnitude relation
: . The colour-magnitude relation is presented in Fig 8. We fhag t
ot : : : : : 35 confirmed interlopers in the ACS field (cyan crosses),esinc

0 2 4 6 8 10 12

Re (pi) nearly a fourth of them (85) are located on the red-sequence.

We perform a robust linear fit using bi-square weights
Fig. 6. Sersic index as a function of the féective radiusR, obtained (Tuckey's Biweight) to the CMR of the confirmed passive mem-
with GIM2D, using the AC8,75 band. The spectroscopic sample is evbers. The bi-square weights are calculated using the lifrfit o
idenced by open squares. The morphology of the cluster msnibe outlier-resistant standard deviations. The process ipoBed
dominated by elliptical galaxies (red circles) charaediby a high iteratively until the standard deviation changes by less tthe
n. Four galaxies are classified as SO (green triangles), omebereis uncertainty of the standard deviation of a normal distidout
an Sb galaxy (blue square), with< 1 and one galaxy has an irregu-The linear fit has a slope of -0.020.013 and a zero point
lar shape (magenta 5-pointed star). The 31 "red-sequersit/-pe  CMR,p=0.86:0.04, which was determined with a bi-weighted
galaxies (see Sect. 4.2) are also displayed with the sameaywith-  aan The quoted uncertainty on the slope corresponds to the
outthe open squares. estimated standard deviation of the fit fia@ent. The scatter of
the CMR including only the passive galaxies is 0.039 mag.
Since the spectroscopic sample does not populate well the
colour, not a morphological selection, therefore we do mpeet  faint end of the red-sequence, we selected a "red-sequeace”
to have a bias on ellipticals with respect to SOs. ple, based on a combination of morphological and coloue-<rit
ria. We applied a generous colour cut of G<5i775 — zg50 <

) ] ] 1.3 for 20< zg50 < 24, based on the properties of the bluest
4. The i775 — Zgso colour-magnitude relation star forming cluster galaxies and the magnitude limit set by
Postman et al. (2005) to ensure a reliable morphologicalt cla
sification. In addition, we constrained the search radius’to
We use SExtractor imlual image modeo perform the source from the cluster X-ray center, corresponding to 478 kpc at th
detection in thezgsp band, and the photometry in both bandstluster redshift. This is a reasonable area to search fetesiu

4.1. Galaxy photometry
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however this strategy proved unreliable since for manyxges
Re is smaller than 3 pix (0.15"), which is really too small to neak

1 aproper colour measurement. Total magnitudes were dauired
Sb 1 ing apertures with radius of X, instead of using SExtractor
MAGAUTO, which we found to be inaccurate in comparison with
large aperture magnitudes. These discrepancies areavisitile
total zg5p magnitude of the brightest galaxies in the two CMR'’s
represented in Figs. 8 and 9.

The procedure to fit the CMR and obtain its zero point
is identical to the method described earlier in Sect. 4.2y on
A 1 that now we use both the early-type cluster members and the
1 "red-sequence” sample. If we consider only the confirmed pas
- sive members to perform the linear fit we obtain a zero point
1 CMRzp=0.83+0.04, a slope of -0.0340.016 and a scatter equal
{ to 0.042:0.011. The error of the scatter is estimated with 100
-6 Monte Carlo simulations of the galaxy models, varying the

2g50 (MAG_AUTO) Sersic index and theffective radius within the 1= confidence

errors. The uncertainty associated with the scatter isnestid

Fig. 8. i775-Zss0 colour-magnitude relation of XMM1229. The blackby fitting a gaussian to the distribution of the scatter mezgu
solid line refers to the linear fit to the passive cluster merspwhich in the models and assigning the standard deviation of tha-dis
are shown in red circles. The dashed lines correspond to-theegion.  bution to the error. In order to perform a composite lineatdfit
The confirmed galaxies with [Oll] emission are displayedliretirian- poth the spectroscopic and “red-sequence” samples weealppli
gles; members with strongd-absorption (see Sect. 5.2) are c_iisplayeg magnitude cut atgsp=24 mag, a limit that ensures a reliable
in green squares. The cyan crosses refer to spectrosdgmioafirmed g a] classification of the “red-sequence” sample (seesfgr
interlopers. The "red-sequence” sample is presented witn dlack Postman et al. (2005)). We obtain a CMR zero point equal to

symbols: circles refer to ellipticals, squares refer to 8064 inverted AT ; .
triangles correspond to Sb galaxies. A merging pair of etia galax- 0.81+0.04, the total intrinsic scatter slightly increases t050.0

ies is marked with two filled 5-pointed-stars. The black dmtsespond Mag and the slope, -0.020.008, remains nearly unchanged.
objects within 1 arcmin from the X-ray cluster center. We would like to remark that the scatter of the colour-

magnitude relations derived from SAM is a factor 2-3 larger

than the observational scatter (see for e.g. Menci et a§p0

In semi-analytical modelling the scatter is obtained by path
members, and avoids contamination of non-members. We dag the total galaxy magnitudes, which is precisely known in
also express this radius as a fraction of the fiducial raBids simulations. A possible reason for the discrepancy betvileen
which was estimated using tfRoo — T X-ray scaling relations observational scatter and the one obtained with simulatisn
of Arnaud et al. (2005). Thus, we determine the search radiusthe existence of colour gradients which are taken into aticiou
478 kpc to be equal to 0xRa0. the total galaxy magnitudes used in SAM to measure the scatte

We found 58 galaxies in this region which were visually claswhereas in the observations we limit the colour measurement

sified using the templates from Postman et al. (2005). The se-a small central aperture, thus minimizing th&eet of such
lection of the red-sequence galaxies was based on thelfp- gradients. To investigate thisfect we measured the;s — Zgso
ping of the linear fit to the confirmed passive members. Thirtgolour of the passive members using the galaxy models,asere
one galaxies are the region delimited by the 8lipping, for a ing the fixed colour aperture te=00,15 pix, respectively 0.5”,
Zgsp magnitude cut at 24 mag. Again the fraction of ellipticald).75” - going beyond these radii would produce noisy measure
22/31, is much larger than the fraction of SOg3D. The scatter ments since we would run into the background. The correspond
of the red-sequence combining the two samples (spectrizscdpg scatter is then 0.068, 0.088, respectively. This resiggests
and "red-sequence”) is equal to 0.048 mag. the presence of colour gradients in the galaxy sample.
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4.3. Model colour-magnitude relation 5. Analysis of the spectral energy distributions

Traditionally, galaxy colours are measured either usirgytape The observed spectral energy distribution of a galaxy ixarce
magnitudes with corrections which take into account P&edi of its stellar population history. The SED fitting methodiesl|
ences, or by using aperture magnitudes after deconvoltieg bn the comparison of the observed SED with synthetic SED'’s.
PSF as, for e.g., in Blakeslee et al. (2003). Instead, invibik The latter are then convolved with the transmission curféseo

we explored a method to derive galaxy colours based on moélkérs used in the observations and the output magnitudes ar
magnitudes, as commonly used in Blean Digital Sky Survey compared with the observed magnitudes. Galaxy SED’s were
(e.g. Blanton et al. (2005)). In this method, the PSFs of thed2termined by measuring the flux within a fixed aperture of 3
filters (which are estimated independently in the two bargls arcsec in the four available passbands.

described in the previous section) are convolved with thaxya Given the large disparity in the resolution of the ground-
profile models. Hence, this is a direct method were convatuti and space-based data, a careful matching of therdnt PSFs
andnotdeconvolution is performed. We therefore use the surfaneust be done, when constructing the multi-wavelength agtal
brightness best-fit models with additional gaussian noiseda- for sampling the galaxies’ SEDs. The method we used to de-
sure aperture and total magnitudes. Similarly to the "d@fsfR  rive aperture corrections is the following: we smoothedithe
(Sect. 4.2), the colour measurements are performed in fp@d a zgso and Ks-band images with gaussian kernels to match the see-
tures with 5 pix. An alternative approach would be to measurieg of the J-band~1") and made growth curves of stars in the
aperture magnitudes over the individual galafigetive radius, original and degraded (smoothed) images. We then obtained a
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2850 Fig. 10. SED fit of one of the three brightest galaxies 48025 (solid
line). The flux measurements in thgs, Zgso, J and Ks-bands (respec-
Fig. 9. i775-Zg50 colour-magnitude relation of XMM1229 using the bestiively from left-to-right) are shown in circles, with &-error bars, along
fit galaxy models. The black solid line refers to the commoéitear with the filters transmission curves (dashed lines).
fit to both the passive cluster members (red circles). Thaathtines
delimit the 3¢ region and the dotted line marks thg, magnitude cut
at 24 mag.
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differential median radial profile for each band with which we
derive corrections at a given radius. In the multi-colouatzy

we use galaxy magnitudes corrected to match the fluxes to the
worst seeing image (J-band), measured within 0.5” radies-ap
tures for the ACS bands, and 1.16" for the NIR data. We opted
to work with magnitudes extrapolated to 3" radius, whicrebaf
enclose the bulk of the galaxy flux. ol s

A total of 20 spectroscopic members are common to the FoV 10" MOJSO'('M ) 10"
of SOFI and ACS, four of which constitute two red galaxy pairs ©

thatare not properly resolved in the NIR data._Forthls rB3so Fig. 11. Photometric masses of the 16 spectroscopic cluster galaxie
had to exclude them from the spectral analysis. (filled circles) and 18 "red-sequence” ETGs (open circlespaunc-
Only four of the remaining 16 studied galaxies show [Olljion of their star formation weighted ages. Spectroscog@mimers with
emission lines (IDs: 3025, 3205, 3301, 4055) signaling engt§!l] emission or morphologically classified as late-typalaxies are
ing star formation, and the first two also present [Olll] kne Signaled with square symbols. Mean error bars correspgridithree
The first three galaxies have been visually classified astielli M2SS Pins (binl: nx4.5¢10'° Mo, bin2: 4.510° Mg < m <1x10'
cals, although galaxy 3301 has a low Sersic indext,.5. Galaxy @ Pin: m>1x10"* M) are shown on the top.
ID=4055 is an edge-on spiral which is reflected in the low Sersic
index (=1.2).
Additionally, we also constructed SEDs of the ETGs in the The star formation (SF) weighted age represents the mean
"red-sequence” sample lying on the ACS CMR red-sequen@gle of the bulk of the stars in a galaxy (depending onrtpa-
As mentioned earlier, we find 31 ETG in the locus of the redameter), and is defined as:
sequence. The poorer quality of the NIR data can only resolve T
18 of these galaxies. Jo dt(T - t)¥(t)

SF weighted Age (Gyr)
IS

N
— T
|

tsFrR= T 3)
Jo dre)
5.1. Spectrophotometric properties: masses, ages where¥ is the star formation rate expressed as
Stellar masses, ages and star formation histories areeddrom  _ 247 AS(t — tourst) 4)

the synthetic galaxy fluxes, assuming solar metallicity and

Salpeter (Salpeter (1955)) initial mass function (IMF)ttwa The parameter A refers to the amplitude of an instantaneous
mass cut & [0.1-100] M. We perform athree parameter (age Tourst at timety,st > 7, as described in Gobat et al. (2008).
7, mass) fit to the SEDs using a grid of Bruzual & Charlot (20033}alaxy SF weighted ages do not change significantly if
models characterized by a delayed exponential star foomatother models (Maraston (2005)) andfdrent IMF's are used
rate: %.exﬂ}‘), performing a minimization of thg?. The pa- (Chabrier (2003), Kroupa & Weidner (2003)), however thé-ste
rameterr spans a range of [0.2- 5.8] Gyr, where 5.8 Gyr is thiar masses are dependent on the chosen IMF.

age of Universe at the cluster redshift. As an example, inTig The spectroscopic cluster members form a fairly old popula-
we present the fit to the SED of 3025, one of the three brighteisin, with a median SF weighted age of 4.3 Gyr, and with stella
galaxies (see Sect.6), together with the filter transmissioves. masses in the rangex20'%-2.3 x10'! M, see Table 5 for the
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Fig. 12. SF weighted ageersusradial distance to the cluster center.
Spectroscopic members with [Oll] emission or morphololfjoelassi-
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classified as late-type galaxies are signaled with squandaci.

listing of the fitted masses and ages. The "red-sequence’ sam
ple, which allows us to probe fainter galaxies, appears tess
massive, with a median stellar mass of B'° M. However,
since we do not have redshifts for these galaxies, we camaoat d
strong conclusions about their masses and formation ages.

In Fig. 11 we investigate the correlation between the star fo
mation weighted age and stellar mass content in both therspec
scopic (filled circles) and "red-sequence” samples (opehas).

We find a strong mass-age correlation which is confirmed with a
Spearmarrho rank of 0.61 with a significance of 1.4x107*

(p is a value lying in the range [0.0 - 1.0], whep-0 indi-
cates a very significant correlation apegl means no corre-
lation). This mass-age correspondence evidences a wahikn
anti-hierarchical behaviodpwnsizing, where the most massive
galaxies are also the oldest.

We also investigate the dependence of the galaxy radial dis-
tance to the cluster center with mass and SF weighted age. We
find that the most massive elliptical galaxies populate the-c
ter core, and conversely the four late-type galaxies are sit
ated at the periphery of the cluster, at about 1 arcmin froen th
center, indicating star formation taking place in thesearsg
This morphological segregation is well established at kovwd-
shifts (e.g. Biviano et al. (2002)), nonetheless it is iegting to
note that at redshift 1, the late type galaxies are already set-
tled at the outskirts of the cluster. This segregation was al
found by Demarco et al. (2005) and Homeier et al. (2005) in the
study of a cluster with 20.837, as well as in RDCS 1252.9-
2927 at 21.234 (Demarco et al. (2007)). The dependence of the
star formation weighted age with the cluster centric distan
(Fig. 12) shows that the galaxy age scatter increases arlarg
radii. This is indicative of youngg@more diverse SF histories for
galaxies located in the outer regions of the cluster, whiabeh
presumably accreted later onto the cluster. This resultalss
been found in other work, e.g. Mei et al. (2009).

Finally, we analyze the relation between thg— zgso colour
and the mass (Fig. 13) and we observe the expected trend of the
most massive galaxies being redder.

5.2. Star formation histories

Table 5. SED analysis. The information given is the following: galax The spectra of 12 confirmed passive members were coadded to

ID (column 1); mass (column 2) and star formation weighteel @ml-

umn 3)

Galaxy ID Mass (L0"°Mg) tserAge (Gyr)
BT S 10T
1 5.3 4.097
4055 1.3ﬂ 3.94;5125
20014 2_4%3 1.18jﬁﬁ
20013 4,998 41801
5411 6.4§f§ 4.55j§f%§
3507 262, 5.749
3495 7.42:2 4.46:?%%
3430 238 5.74%%
3205 8.3%3 3.86;8;56
3524 187, 5'99%4%8
3428 6.59 4.27;%ég
3025 205 4.85%;gg
5417 8.9%1 3.492
5499 8.3355§ 4.27_+8fgé
4155 6.38;3 4.43:53g
4126 e.aéé 2.50j§‘§%

obtain the stacked spectrum. However, four£B428, 3524,
4155 and 5417) of these 12 galaxies have stropglh$orption,
EW(H;) > 3 (these are-ek/k+a spectral types, see Table 4) and
therefore we removed them from the stacking procedure.eThre
of these galaxies are at about 1 arcmin from the X-ray cluster
center and only galaxy (183428) is closer to the core, at0.5
arcmin from the center. In Fig. 14 we present the coadded spec
trum of 8 spectroscopic passive members with weak or po H
absorption. The best-fit SED is shown in green and the spectra
fitis shown in red.

Star formation histories were derived only for the eight
galaxies which do not have significant ldbsorption. The star
formation weighted age and formation redshift obtainedhsy t
best fitting models (i.e. those within thes3eonfidence), is 3.7
02 Gyr andz;= 3.0 + 0.5 respectively, when using the com-
bined spectrophotometric data. It is not surprising thatehs
discrepancy between the average age obtained by fittingnthe i
dividual SEDs (4.3 Gyr) and that derived from the composite
spectrophotometric data, as we are using the spectrum abd SE
to put complementary constraints on the star formatiorohiss
(the former has resolution but poor wavelength coveragédewh
the latter has coverage but poor resolution). This disereypean
stem from the fact that the SED unfortunately does not priobe t
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Fig. 14.Stacked spectrum (in blue) of all passive members which tlo no
show strong K absorption (k type, see Table 4). The red line refers to
the best-fit model to the stacked spectrum and the greereffeesito the
best-fit model to the average SED. The region around the aimeos
A-band at 7600 A (dashed lines) idfiiult to subtract and was therefore
ignored in the fit.

rest-frame UV and would be thus somewhat insensitive tattece
star formation.

6. Is there a Brightest Cluster Galaxy?

The cores of rich galaxy clusters most often host a massive

and bright giant elliptical galaxy - the brightest clustedaxy
(BCG). In XMM1229, instead of one prominent BCG, we find
three bright galaxies withir 0.5 mag. The totalgy-band mag-
nitudes are derived by integrating the best-fit surfacehbnigss
model to a large radius=A0xR.. In Table 6 we summarize the
most relevant characteristics of these galaxies. As eggetite
three bright galaxies are the most massive galaxies, witsew
of the order of 2<10'! M. The galaxy IB-3025 located at 1.3*
from the cluster center shows strong [Oll] emission, intlinca
ongoing star formation which is confirmed by a lower star for-

mation weighted age of 4.85 Gyr, approximately 1 Gyr younger

than the other two brightest galaxies. In addition, thisagglis
fainter by~ 0.2 mag in Ks and- 0.15 mag in J, with respect to
the other two bright galaxies.

Table 6. Properties of the three brightest galaxies. The infornmatio
given is the following: galaxy ID (column 1), totagss magnitude from
best-fit model (column 2), distance to the X-ray cluster ee(tolumn
3), photometric mass (column 4), star formation weightesl @glumn
5).

ID Zgs0 Mag dist[] Mass[10""Mp] Age [Gyr]
(1) (2) (3) (4) (5)

3025 21051+0.002 78 2o+§§ 4.977%7
3430 21055+0002 5 23" 57 584
3507 21468+0.002 1 26"6% 57 250
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7. Discussion and conclusions

XMMU J1229+0151 is a rich, X-ray luminous galaxy cluster at
redshiftz=0.975, that benefited from a good multi-wavelength
coverage and is therefore an adequate laboratory for stgdyi
galaxy evolution. The high quality ACS imaging data combine
with the FORS2 spectra allowed us to derived accurate galaxy
photometry, and the with the additional NIR J- and Ks-bands w
performed an SED analysis.

— From the X-ray spectral analysis we obtained a global

cluster temperature of 6.4 keV and a luminodiyf0.5 —
2.0]keV=1.3 x10* erg s?, indicating that XMM1229 is a
massive cluster. Fixing the redshift to the spectroscoglices

we obtain the metal abundanceZg = 0.3431%.

We measured the cluster velocity dlspersmmsmg the

27 galaxy redshifts obtained with FORS2:683+62 kys.

The velocity dispersion is below the one expected from the
mean Te relation (Rosati et al. (2002)) for the cluster tem-
perature, however it is still within the large scatter of the
lation.

Using the morphological templates of M. Postman we made
a visual classification of the cluster galaxies. This evalu-
ation indicates a predominance of ellipticals /2B, with

only four members classified as SO, one irregular galaxy and
one late-type Sb galaxy. In order to investigate whether the
shortage of SOs and also to populate the faint end of the clus-
ter red-sequence, we constructed a "red-sequence” sample,
based on the galaxies morphology, colour and total magni-
tude. We find that the fraction of ellipticals in the locusloét
red-sequence pertaining to the latter galaxy samp|812%

a factor three larger than the the number of SOs in the spec-
troscopic sample (81). Furthermore, there are two pairs of
red galaxies in the spectroscopic sample.

In addition to the visual assessment we also fitted Sersic
models to the surface brightness profiles of the two galaxy
samples. The distribution of the best-fit structural parame
tersn peaks at 3.9 suggesting a majority of bulge dominated
galaxies. The medianffective radius is 0.275", approxi-
mately the radius chosen for measuring the-zgso colour
(r=0.25").

Two methods were explored to measure the scatter of the
CMR: (i) in a first approach, as standard in the literature, we
correct the dferent PSF’s of thé;7s andzgsg bands to mea-
sure accurate galaxy aperture magnitudes, ahih(an al-
ternative approach, we use the best-fit galaxy model magni-
tudes obtained by fitting the surface brightness profiles. Th
CMR at this high redshift is found already to be very tight,
with an intrinsic scatter of 0.04 mag when taking into ac-
count only the passive members, a spread which is similar to
the local clusters, thus confirming that the cluster ETGs as-
sembled early on and in short timescales. The scatter of the
red-sequence is essentially the same from these two inde-
pendent methods, showing that the second method is robust
against uncertainties arising from PSF corrections. Tdyges!

of the red-sequence including only the cluster members is -
0.031£0.016, and slightly decreases to -0.@22008 when
accounting also for the "red-sequence” galaxies.

These results are in agreement with the conclusions drawn
from the ACS Intermediate Redshift Cluster Survey (seg e.qg.
Mei et al. (2006), Blakeslee et al. (2003), Mei et al. (2009))
where no significant redshift evolution was found in the
CMR scatter and slope. It is worth noting that in the referred
papers, galaxy colours were measured in apertures of vari-
able size corresponding to thffective radius.
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— The spectrophotometric analysis shows a red-sequence possler, A., Smail, 1., Poggianti, B. M., Butcher, H., CbuwV. J., Ellis, R. S.,
ulated by moderately massive galaxies, with a median stella & Oemler, A.J. 1999, ApJS, 122, 51

mass of 7.4<10'° M. The combined SEDR spectral fit to

the stacked spectrum of the passive members allowed ug

Dickey, J. M., & Lockman, F. J. 1990, ARA&A, 28, 215
Egéen, 0. J., Lynden-Bell, D., & Sandage, A. R. 1962, ApJ, 738
sbender, R. 2008rXiv e-prints 806.

constrain the ages of the ETGs to Sg’g Gyr, corresponding Gladders, M. D., & Yee, H. K. C. 2000, AJ, 120, 2148

to a formation redshift; = 3.0 + 0.5, similarly to other z~
1 clusters (e.g Gobat et al. (2008))

— The inferred star formation histories imply that the clusté;|

Gobat, R., Rosati, P., Strazzullo, V., Rettura, A., DemaRg & Nonino, M.
2008, A&A, 488, 853

ilton, M., et al. 2007, ApJ, 670, 1000

olden, B. P., et al. 2005, ApJ, 626, 809

galaxies have completed most of the chemical enrichmefgmeier, N. L., et al. 2005, ApJ, 621, 651
which is consistent with the high metal abundance of theastra, J., 1992n Internal SRON-Leiden Report, updated version 2.0
ICM, Z ~ 1/3 Zy, as derived from our X-ray analysis (se&aufmann, G., & Charlot, S. 1998, MNRAS, 294, 705

Table 2).

— As widely reported in the literature, we find a clear signatu

Kodama, T., et al. 2004, MNRAS, 350, 1005
Kroupa, P., & Weidner, C. 2003, ApJ, 598, 1076

rLarson, R. B. 1974, MNRAS, 166, 585

of significantdownsizingsince the correlation between stelt idman, C., Rosati, P., Demarco, R., Nonino, M., Mainieri, Stanford, S. A.,
lar mass and galaxy age favors an anti-hierarchical behavio & Toft, S. 2004, A&A, 416, 829

where the most massive galaxies are the oldest, which
tend to be closer to the cluster core (Fig. 11, Fig. 12).
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