TO APPEAR ON THEASTRONOMICAL JOURNAL (JAN 2004)
Preprint typeset usingTeX style emulateapj v. 11/12/01

CHANDRA AND XMM-NEWTON OBSERVATIONS OF RDCS1252.9-2927,
A MASSIVE CLUSTER AT z=1.241

P. RosATIZ, P. Tozzi3, S. ETTORIZ, V. MAINIERI 212 R. DEMARCO?11, S. A. StTANFORD*S, C. LIDMAN 2,
M. NONINO3, S. BORGANI®, R. DELLA CECA’, P. BSENHARDTS, B.P. HOLDEN?, C. NOrRMAN1O
2European Southern Observatory, Karl-SchwarzschildsSér&, D-85748 Garching, Germany
3INAF, Osservatorio Astronomico di Trieste, via G.B. Tiepdll, I-34131, Trieste, Italy
4Department of Physics, University of California, Davis, @8616
SInstitute of Geophysics and Planetary Physics, LLNL, Liwere, CA 94551
6Dip. di Astronomia dell’'Universita, via G.B. Tiepolo 1134131, Trieste, Italy
7INAF, Osservatorio Astronomico di Brera, via Brera 28, 112@, Milano, Italy
8Jet Propulsion Laboratory, Mail Stop 169-327, Californiatitute of Technology, Pasadena, CA 91109
9Lick Observatory, University of California, Santa Cruz, @8064
10pepartment of Physics and Astronomy, Johns Hopkins UrityeBaltimore, MD 21218
Unstitut d’Astrophysique de Paris, 98bis Boulevard Arager5014 Paris, France

12pjp. di Fisica, Universita degli Studi di Roma Tre, I-001R6ma, ltaly
To appear on the Astronomical Journal (Jan 2004)

ABSTRACT

We present dee@handraand XMM-Newtonobervations of the galaxy cluster RDCS1252.9-2927, whiab w
selected from the ROSAT Deep Cluster Survey (RDCS) and eonefiiby extensive spectroscopy with the VLT at
redshiftz= 1.237. With theChandradata, the X-ray emission from the intra-cluster medium if vesolved and
traced out to 500 kpc, thus allowing a measurement of theipdlysroperties of the gas with unprecedented accu-
racy at this redshift. We detect a clear 6.7 keV Iron K linedie€handraspectrum providing a redshift within 1%
of the spectroscopic one. By augmenting our spectroscopilysis with theXMM-Newtondata (MOS detectors
only), we significantly narrow down theolerror bar to 10% for the temperature and 30% for the metsliaiith
best fit valuekT = 6.075{ keV, Z = 0.36312Z.. In the likely hypothesis of hydrostatic equilibrium, we ae
sure a total mass dflspo = (1.9 + 0.3)10Mn7 M., within Ra_s00 ~ 536 kpc. Overall, these observations imply
that RDCS1252.9-2927 is the most X-ray luminous and like&/rmost massive bona-fide cluster discovered to
date atz > 1. When combined with current samples of distant clustbesse data lend further support to a mild
evolution of the cluster scaling relations, as well the rtietyy of the intra-cluster gas. Inspection of the cluster
mass function in the current cosmological concordance m@d@m,Qa) = (0.7,0.3,0.7) andog = 0.7 — 0.8
shows that RDCS1252.9-2927 is i cluster atz= 1.24, in keeping with number density expectations in the
RDCS survey volume.

Subject headingsX-rays: galaxies: clusters — galaxies: clusters: indialdiRDCS 1252.9-2927) —
cosmology: observations

1 Based in part on observations obtained at the European &aulbservatory using the ESO Very Large Telescope on Cananil (ESO program 166.A-0701).



1. INTRODUCTION analysis. Overall, these data imply that RDCS1252.9-29827 i
the most X-ray luminous and likely the most massive bona-fide
cluster discovered to dateat- 1.

Ho = 70 km sMpct, Qm = 0.3, Qp = 0.7 are adopted
throughout this paper.

X-ray studies of galaxy clusters over the last decade have
driven considerable observational progress in tracingtodu-
tion of their global physical properties. Based on X-ragstd
samples covering a wide redshift range, convincing evidenc
has emerged for modest evolution of both the space density of
the bulk of X-ray clusters and their thermodynamical prtipsr 2. OBSERVATIONS AND X-RAY DATA REDUCTION
sincez~ 1 (see Rosati et al. 2002 for a review). With the ad- .
vent of Chandraand XMM-Newton, and their unprecedented 2.1. Discovery of RDCS1252.9-2927
sensitivity and angular resolution, these studies have bge RDCS1252.9-2927 (hereafter RDCS1252 for brevity) was
tended beyond redshift unity and, in low redshift clustBesje selected as an extended X-ray source (with a significance o
revealed the complexity of the thermodynamical structdre o 3.20) in the RDCS, which used a wavelet-based algorithm to
the Intra-Cluster Medium (ICM) (e.g. Fabian et al. 2003b). detect and characterize X-ray sources in 180 ROSAT/PSPC
Specifically, deefChandraobservations of the handful of clus-  archival fields down tofjim (0.5-2 keV)= 10 14 ergcm?s1
ters known to date at > 1 (Stanford et al. 2001, 2002) have (Rosati et al. 1998). The source was found in the field with
shown, for the first time at such large look-back times, thecst ROSAT ID WP300093 (exposure time 15.7 ksec) at an off-
ture of the ICM at scales below 100 kpc and have allowed emis- axis angle of 13.9with 31 net counts, corresponding to a flux of
sion weighted temperatures to be measured. The @ean- (2.5+0.9)10 4 erg cn? st in the 0.5-2 keV band. At fluxes
dra data have provided a crude determination of cluster scal- ~2 x 10~ erg cnt2s 1, the RDCS covers an effective area
ing relations at large lookback times and a first study ofrthei of 5 deg and has maximum sensitivity f&* clusters az > 12.
evolutionary trends (e.g. Holden et al. 2002, Vikhlinin et a  As a result, the four RDCS clusters at> 1, with Lx < L,
2002, Ettori et al. 2003b). In more distant and complex sys- were found in the faintest flux bin (Rosati et al. 1999, Staghfo
tems, such as putative proto-clusters dominated by a power-et al. 02). A 30 minutd-band image obtained at the CTIO
ful radio galaxy,Chandradeep pointings have only revealed 4-m telescope with the Prime Focus camera in February 1997
non-thermal components in the diffuse plasma so far (Fabianrevealed only a faintl (~ 21.7) galaxy pair very close to the X-
et al. 2003a, Scharf et al. 2003XMM-Newtonobservations  ray centroid position. As part of a program to follow-up fain
of very distant clusters, although affected by source csinfu RDCS cluster candidates in the near-IRgndK band imaging
in some circumstances, have the ability to collect a larga-nu  was obtained with the SOFI camera at the NTT in November
ber of photons, thus improving temperature determinatoms 1998, which showed a clear overdensity of red galaxies with
allowing an estimate of the ICM metallicity (Hashimoto et al J— K ~ 1.9, typical of early type galaxies at> 1 (see Lid-
2002, Tozzi et al. 2003). man et al. 2003). RDCS1252 has more recently been the cor
The discovery and the study of systems beyond redshift of a VLT Large Programme which included optical imaging
unity provides the strongest leverage for testing clusber f  with FORS2, deep near IR imaging with ISAAC (Lidman et al.
mation scenarios. This, however, has been a challenging2003) and extensive spectroscopy with FORS2. Results from
task with current X-ray searches due to the limited survey ar this program are described elsewhere; to date 36 clustermem
eas covered at faint fluxes. In this paper, we presimn- bers have been confirmed with a median redshift f1.237
dra and XMM-Newtonobservations of the fourth cluster at and a velocity dispersioa, ~ 800 km/s.
z> 1 discovered in th&ROSATDeep Cluster Survey (RDCS,
Rosati et al. 1998) at the very limit of tHROSATsensitiv- 22 Chandra data
ity: RDCS1252.9-2927 which has been confirmer-atl.237 e
with an extensive spectroscopic campaign carried out vaigh t RDCS1252 was observed with tieéhandra ACIS—I de-
VLT. Chandraobservations of the other three distant RDCS tector in VFAINT mode in two exposures of 26 ks
clusters, RDCS0910+5422+ 1.10), RDCS0848.9+4452 & (Obs ID 4403) and 163 ks (Obs ID 4198). The data
1.265), RDCS0848.6+4453& 1.273) were presented in Stan- were reduced using the the CIAO software V2.3 (see
ford et al. 2002, 2001. We describe the optical and near- http://cxc.harvard.edu/ciao/) starting from the level 1
infrared data for RDCS1252 elsewhere (Rosati et al. in prepa event file. We used the toalcis_process_events with the
ration, Lidman et al. 2003), while we focus here on the X-ray vfaint=yes option to flag and remove bad X-ray events which
observations carried out witbhandra, augmented with a par-  are mostly due to cosmic rays. Such a procedure reduces th
tial XMM-Newtondata set. We derive physical parameters of ACIS particle background significantly compared to the stan
the ICM and measure gas metallicity from the clear presehce o dard grade selectiSnwhereas source X-ray photons are prac-
the iron K line in the X-ray spectrum. We also derive the total tically unaffected (only~ 2% of them are rejected, indepen-
mass of the cluster with a 16% accuracy by resolving the gasdently of the energy band, provided there is no pileup). We
profile with theChandradata and by combiningGhandraand also applied the correction to the charge transfer ineffije
XMM-Newtonspectra to improve the temperature determina- to partially recover the original spectral resolution of ISCI.
tion. Our analysis takes advantage of the complementagity b The data were filtered to include only the standard eventagrad
tween the XMM andChandradata sets: the superb angular 0, 2, 3, 4 and 6. We removed 10 hot columns via visual in-
resolution ofChandrais used to study morphological features spection. We searched for flickering pixels (defined as those
of the ICM and to flag point sources contaminating the cluster with more than two events contiguous in time, where a sin-
emission, while the XMM data are used to boost the signal- gle time interval was set to 3.3 s), however most of them are
to-noise of the diffuse component thus improving its sgctr  already removed by the filtering of bad events for exposures

2 \We note that observations suggkg(z=1) ~ 10* erg s'1, in the 0.5-2 keV band (Rosati et al. 2002).
3 seehttp://asc.harvard.edu/cal/Links/Aci s/acis/Cal_prods/vEbkgrnd/
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taken in VFAINT mode. We then applied a &-€lipping fil- avoids all point sources clearly visible in tB&@andraimage. In
tering of time intervals with high background levels usihgt  this aperture, we measured 2110 MG340S2 net counts in
scriptanalyze_ 1ltcrv, part of the CIAO distribution. The total  the 0.5-8 keV band used for spectral fitting (1410 net counts
effective exposure time is 188 ks after the application i th in 0.5-2 keV band). Comparison of thghandraand XMM-
reduction procedure. Newtonimages shows the well known complementarity of the

In Fig. 1, we show part of the ACIS-I field. The diffuse X-ray two observatoriesXMM-Newtonhas lower sensitivity to point
emission from the cluster is detected with a high signakagse sources and is prone to confusion, however its large cailgct
(S/N peaks to~ 21 within a radius of 3%), and can be traced area yields high count rates on extended sources, muchaheede
out tor = 59" (20 above the background). Ti@handraimage for spectroscopic analysi€Chandraallows ICM morphology
(see bottom left of Fig. 1) immediately shows that pointsesr  and profiles to be studied even at these large redshifts,da¢ se
do not significantly contaminate the cluster emission, as it  rating the diffuse component from faint field sources.
sometimes the case (e.g. Stanford et al. 01). In most cases,

sources close to the cluster core in projected distancelieese 3. RESULTS

found to be foreground or background AGN. In the RDCS1252 _

field we have only a few identifications of point sources taedat 3.1. Spectral analysis

(8 within a 8 x 6' area), of which only one is at the cluster  The spectra are analyzed with XSPEC v11.2.0 (Arnaud
redshift (Fig. 1). 1996) and fitted with a single temperature MEKAL model

We performed the spectral analysis in two circular regions (Kaastra 1992; Liedahl et al. 1995), where the ratio betvileen
(35" and 59 radii) around the centroid of the photon distri- elements are fixed to the solar value as in Anders & Grevesse
bution after masking out point sources. In these apertuees w (1989). These values for the solar metallicity have regentl
detected approximately 850 and 1220 net counts in the 0.3-10been superseded by the new values of Grevesse & Sauve
keV band. The background is obtained from a large annulus(1998), who used a 0.676 times lower Fe solar abundance
around the cluster position, after subtraction of pointrees. However, we prefer to report metallicities in units of thedins
The background photon file is scaled to the source file by the & Grevesse abundances since most of the literature stérsef
ratio of the geometrical area. We checked that variations of to these old values. Since our metallicity depends only en th
the background intensity across the chip do not affect titkba  Fe abundance, updated metallicities can be obtained sioyply
ground subtraction, by comparing the count rate in the ourc rescaling by 1/0.676 the values reported in Table 1. We model
and in the background at energies larger than 8 keV, where thethe Galactic absorption with the toobabs (see Wilms, Allen
signal from the source is null. The response matrices and theg, McCray 2000).
ancillary response matrices were computed for each exposur  The fits are performed over the energy range 0.6-8 keV. We
with the toolacisspe@pplied to the extraction regions. We ap- exclude photons with energy below 0.6 keV in order to avoid
plied the scriptpply acisabs by Chartas and Getmantotake systematic biases in the temperature determination dua-to u
into account the degradation in the ACIS QE due to material certainties in the ACIS calibration at low energies. We used
accumulated on the ACIS optical blocking filter since lauhch  three free parameters in our spectral fits: temperaturellicet
We manually decreased the effective area below 1.8 keV byity and normalization. We freeze the local absorption to the
7% to homogenize the low—energy calibrations of ACIS-S3 and Galactic neutral hydrogen column denshly = 5.95 x 10%°

ACIS-I (see Markevitch & Vikhlinin 2001). cm2, as obtained from radio data (Dickey & Lockman 1990),
and the redshiftta=1.237, as measured from the optical spec-
2.3. XMM-Newton data troscopy. Spectral fits are performed using the Cash statist

The XMM-Newton observations were carried out in two (&S implemented in XSPEC) of source plus background pho-
epochs, on January 1 and 11 2003, for a total of769- tons, which is preferable for low signal-to—noise specté
69.71 = 13942 ksec, using the European Photon Imag- also performed the same fits with tlyé statistics (with a stan-
ing Camera (EPIC) PN and MOS detectors (observation [d 9ard binning with a minimum of 20 photons per energy channel
0057740301/401). The PN data were negatively affected by on I the source plus background spectrum) and verified that our
of the CCD gaps which fell on the outskirt of RDCS1252, mak- best-fit model always gives a reducxz%ig 1. All quoted er-
ing it difficult to extract regions for a merged MOS+PN speetr ~ 1Ors below correspond tod}, or 68% confidence level for one
scopic analysis. After experimenting with different apees, ~ Interesting parameter.
masking and background subtraction techniques, we decided | "€Chandrafolded and unfolded spectra of RDCS1252 are
to use the MOSEMOS?2 only for this analysis to avoid sys- Shown in Fig. 2 for the larger aperture. A prominent Fe K is
tematics which are at present not fully understood. Nonethe ViSible atkT =~ 3 keV, which represents the first clear detec-
less, as shown below, data from the two MOS detectors sig-tion Of an iron line from an ICM az > 1. Using onlyChan-
nificantly improved the signal-to-noise of the extractedam  dradata, the fit to the spectrumllon the inner"3adius gives a
when combined with th€handradata. We used the XMM  best fit temperature &T = 6.475 ¢ keV, and a best fit metal-
Standard Analysis System (SAS) routines (SASv5.4.1) to ob- licity of Z = 0.47f8€éz@. Our Fe K-line diagnostic is simpler
tain calibrated event files for the MOS1, MOS2 cameras. Time and more robust than that based on the line-rich region droun
intervals in which the background was increased by soft pro- 1 keV, where the line emission is dominated by the L—shettra
ton flares were excluded by rejecting all events whenever thesition of Fe, and the K—shell transitions of O, Mg, and Si. As a
count rate exceeded 20 cts/100s in the 10-12 keV band for eacltonsistency check, if we leave free the Galactic absorptien
of the two MOS cameras. The final effective exposure time obtain a best fit value dfiy = 2.9 x 10?0 cm~2, with an upper
amounts to 137 ks for the two MOS detectors. The spectrum limit of 6.3 x 10?° cm~2 at 10, thus consistent with the Galac-
was extracted from an aperture of’42dius (see Fig. 1), which  tic value of Ny = 5.95x 10°° cm~2. In this case, the best fit

4 Seehttp://cxc.harvard.edu/ciao/threads/apply_acisabs/
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temperature is consistent (withiwl with the aforementioned
best fit value. Interestingly, leaving the redshift freeparfpa-
rameter fit yieldz = 1.2345-932 which shows how accurately
the redshift can be determined from the X-ray data aloneaue t
the high signal-to-noise detection of the Fe line.

It is useful to repeat the analysis using the larger apetture
test systematic effects in the background subtraction. fithe
to the spectrum extracted from the’58perture gives a tem-

perature somewhat lowetT = 5.2Jj8:g keV, and a metallicity
of Z=0.64"920Z.. The difference between the temperature

3.2. Mass determination

The angular resolution provided Ig$handraand the detec-
tion of the X-ray emission out td {i.e. 0.5 Mpc) radius allows
an accurate modeling of the gas profile of RDCS1252. This in-
formation, assuming hydrostatic equilibrium and isothality
of the gas, leads to a robust estimate of the total mass. The su
face brightness profile is obtained from the exposure-ctete
image by fixing the number counts per bin to 50 and is fit-
ted with an isothermgB—model (Cavaliere & Fusco-Femiano
1976) providing a core radius of 7213)h;¢ kpc (or 9.8 ) and

measurement in the two apertures is not significant enough tog = 0.5294+-0.035) (see Fig. 5 and Ettori et al. 2003b for de-

be attributed to a temperature gradient. We also measured te
peratures in two independent radial bims<(35",35" < r <
59") and could find only weak evidenced) of a temperature
drop outward. The best fit redshift in this case is still censi
tent within 1o with the spectroscopic redshifz = 1.273:32
The spectral analysis of theéhandradata also yields a flux
within the 59’ aperture of 2 x 10-** erg cn2 s~1 in the 0.5-

2 keV band, in good agreement with the ROSAT value. This
corresponds to a luminosity of.dx 10* erg s*h;Z in the
rest frame 0.5-2 keV band, and a bolometric luminosity of
6.6 x 10" erg s h;2. One can use the best Btmodel of the
surface brightness profile described below to extrapoledset
luminosities at larger radii. For example, values need tmbk
tiplied by a factor 1.3 to encircle the flux within=1 Mpc (or

2.

Using theXMM-Newtondata from the MOS detectors only,
we extracted a spectrum in the energy range 0.5-8 keV (gontai
ing 2110 counts as opposed to 800 in Glekandraspectrum)
and verified that the best fit temperature and metallicity are
consistent, within &, with the Chandramesurements above.
The XMM/MOS spectrum is shown in Fig. 3. To enhance the
photon statistics, we performed a combined fit of @iean-
dra spectrum extracted from the 58egion, and the two MOS
spectra from the 137 kseXMM-Newtonobservations. Thus,
we obtain a best fit temperatuk& = 6.0" 8:; keV, and a best fit

metallicity Z = 0.36°315Z.,. If we leave the redshift free, we

obtain a best fit value af= 1.221"3924 j.e. within 1% of the
spectroscopic redshift.

In Fig. 4, we show confidence contours in the kT, z— kT
planes relative to the spectral fits discussed above. The com
binedChandraandXMM-Newtoranalysis yields a temperature
accuracy of 10%, which is unprecedented at these redsWiés.
defer the analysis of extended and point sources from the ful
XMM-Newtondata set, combined witBhandraand HST-ACS
observations of the field (Blakeslee et al. 2003), to angther
per (Mainieri et al. in preparation).

For completeness, we briefly report on the serendipitous
group CXJ1252.6-2924 located at"52M34.25 —292459"
(J2000), 2.5NW of RDCS1252 (see Fig. 1). Extracting a
spectrum from theChandradata with an aperture of 30a-
dius, we detect several low ionization metal lines. The Eest
MEKAL model yields: kT = 1.6793% keV, Z = 0.4270337.,
and a redshife = 0.32°392 In this aperture, we measure 320
net counts, a flux of  x 1071 erg cnm? s71 in the 0.5-2 keV
band, corresponding tby[0.5 — 2keV] = 3.5 x 10*2 erg s %,
andLpo = 6.3 x 10*2erg s1. Inspection of our CTIO | band
image shows a galaxy group dominated by a luminous elliptica
galaxy at the X-ray centroid.

tails). The model provides a reasonably good fit to the profile
(x% = 168, with 156 degree of freedom), which does not require
any further component (e.g. a doulfle- model) from a statis-
tical point of view. We recover the gas density and total grav
itating mass profile using analytic formula associated it

B—model:Ngas= No gad 1 +x?) ~3F/2 andMio = 3 %;gna; re x3

1+x2°
wherex=r/r¢, U is the mean molecular weight in atomic mass
unit (= 0.6), G is the gravitational constantr, is the proton
mass; the central density, go5 is obtained from the combina-
tion of the best-fit results from the spectral and imagindg-ana
yses as described in Ettori, Tozzi & Rosati (2003a). The er-
rors are obtained from the distribution of the values aft@®Q
Monte-Carlo simulations. We measure masses within the ra-
diusRa encompassing a fixed density contrdst—= 500 in an
Einstein-de Sitter universe, with respect to the criticahsity,
ez, i-€. Oy = 3Mior(< Ra)/(47pcR3). At Rsgo = 536+ 40
kpc, corresponding to an overdensity of 457 at the cluster
redshift (orA = 500 in an Einstein-de Sitter universe), we
measureMgas = (1.8 4 0.3)10%%h/?M., and Msgo = (1.6 +
0.4)10%h-3M.. These values are associated with @ean-

dra temperature measuremeiigas= 5.2 keV. If we take the
best fit temperature of 6.0 keV from the combir@tandraand
XMM-Newtonanalysis, the total mass scales up accordingly
and the error bar decreaseblsoo = (1.9 + 0.3)10h; M.

In order to estimate the cluster virial mass, we can extegpol
our mass measurement to larger radii using a typical Navarro
Frenk & White profile with concentration= 5. This yields
Myir &~ Ma—200 = 1.4Msg0 = 2.7 x 10**h;iM,,. We also find

a gas mass fractiofyas= (0.10+ 0.04)h;6°’/ ?, consistent with
other measurements in distant clusters (e.g. Ettori e0f138).

4. DISCUSSION AND CONCLUSIONS

Taking advantage of the complementarity betwedman-
dra and XMM-Newtonobservations, we have measured phys-
ical properties of RDCS1252 at= 1.237 with unprecedented
accuracy at these redshifts. Thdandradata allow the gas
profile to be traced and modeled outt®00 kpc, free of con-
fusion from field sources, and therefore enables the mass to b
accurately derived. By augmenting our spectroscopic analy
sis with theXMM-Newtondata (MOS detectors only), we nar-
rowed down the & error bar to 10% for the temperature and
30% for the metallicity. In Table 1, we report a summary of
the main physical properties of RDCS1252 measured from the
X-ray data.

In Fig. 6, we show a color composite image of the field with
overlaid Chandracontours. The color image combines deep
near-infrared imaging with ISAAC and optical imaging with
FORS at the VLT, with limiting AB magnitude of 26 (Lid-
man et al. 2003, Rosati et al. in preparation). Cluster d¢gpg



galaxies stand out as red objects which cluster stronglgitdw
the centroid of the X-ray emission. The two central galaxies
which are 2 apart with Vega magnitudés~ 17.5, lie near the
peak of the X-ray emission. The overall distribution of elus

5

and the search for clusters at> 1.3 remains a serious ob-
servational challenge. Extrapolating the RDCS yielXMM-
Newtonor Chandrabased serendipitous surveys now underway
(e.g. Romer et al. 2001, Boschin 2002), one exped8 clus-

ter galaxies, well mapped by our spectroscopic and photomet ters as luminous as RDCS1252 in a 50daga. An inspection

ric redshifts, appear flattened along the E-W direction t(€of
al. in prep.). A close inspection of théhandradata reveals
an interesting feature in the X-ray surface brightnessidist
tion of RDCS1252. In Fig. 5, the surface brightness profile
azimuthally averaged in two separate sectors shows a discon
nuity on the west side, at~ 15" (or 125 kpc). This could be
the origin of the relatively low3 value (0.53) obtained by the
King profile fit. A relatively sharp edge on the west side is vis
ible in the rawChandraimage (Fig. 1), and is apparent in the
adaptively smoothed X-ray color image (see upper rightiose
Fig. 5), which is the composite of the three energy bands [0.5
1], [1-2], [2-7] keV. A close inspection of this image reveal
a comet-like shape of the X-ray emission in the cluster care,
feature resembling the remarkable shock front discover#us
cluster 1E0657-56 at= 0.3 (Markevitch et al. 2002), which is
the result of a merging process of a cluster subclump. Horyveve
the relatively low photon statistics of tfighandradata prevent
us from further speculating on the physical nature of thagufee

in RDCS1252. No major subclumps are visible in the distribu-
tion of the cluster galaxies, however we note the coincidenc

between the mild E-W asymetry of the gas and the E-W elon-

of the underlying cluster mass functioreat 1.24 (e.g. Borgani

et al. 2001), for our adopted cosmology amgl= 0.7 — 0.8,
shows that RDCS1252, witMi; ~ 3 x 10M., could well
represent a typicdl* cluster at these redshifts. Moreover, we
note that the presence of such a cluster in the RDCS survey vol
ume (see Fig.5 in Rosati et al. 2002) is in agreement with pre-
dictions based on the current cosmological concordancemod
(e.g. Bennett et al. 2003). Specifically, for the assumed cos
mology andog = 0.8, we expect to find one cluster as massive
as RDCS1252 or more inAx 107(h;yMpc)® atz~ 1.2.

Using highz radio galaxies as signposts for proto-clusters
has been the only viable method so far to break this redshift
barrier and push it out ta~ 4 (e.g., Venemans et al. 2002,
Kurk et al. 2003). If there is an evolutionary link betweeagh
strong galaxy overdensities around distant radio galaaies
the X-ray clusters at ~ 1.2, viable evolutionary tracks should
be found linking the galaxy populations in these systemagus
their spectrophotometric and morphological propertiescdt
follow-up Chandraobservations of high redshift radio galaxies
have revealed the presence of diffuse X-ray emission, i add
tion to a central point source (3C294a+ 1.786: Fabian et

gation of the cluster members. This could be the result of the al. 2003a; 4C41.17 &= 3.8: Scharf et al. 2003). However,

infall of cluster galaxies along a major filament associatéd

a cold-front morphology of the gas due to the merger of a sub-

clump just exiting the cluster core along the E-W direction.

their spectral energy distribution and other energetiomrents
indicate that the extended emission is likely non-therraat|
due instead to inverse Compton scattering of the CMB pho-

The physical properties of RDCS1252, as derived from the tons by a population of relativistic electrons associatéH tine

Chandradata, help to constrain the high redshift end of clus-
ter scaling relations and study their evolution. For exantpé

Lx — T, M —T relations, the entropy and metallicity of the ICM
as function of redshift. We refer to the analysis of Ettorakt
(2003b), which used a sample of 26 clusters at0.4, also in-
cluding RDCS1252. We note here that the valuelsygf andT

of RDCS1252 are consistent with the lotat T relation mea-
sured by Markevitch (1998), and when combined with all the
other data available on distant clusters in @e@andraarchive,
suggest only a mild positive evolution of the — T relation
(see discussion in Ettori et al. 2003b and references therei
Our best fit value of the metallicitg, = 0.36" 312z, lends fur-
ther support to a lack of evolution of the ICM mean metaljicit
measured out ta ~ 1.3 (see analysis by Tozzi et al. (2003),
which did not include RDCS1252).

radio source activity. The serendipitous detection of rifedr
ICM atz> 1.5 associated with-L* clusters remains extremely
difficult, not only for the lack of volume in current X-ray sur
veys, but also for the severé +2)* surface brightness dim-
ming which affects X-ray observations. These limitatiorid w
eventually be overcome by surveys exploiting the Sunyaev-
Zeldovich (Sz) effect (e.g. Carlstrom et al. 2002), whichl wi
explore large volumes at> 1. It is worth noting, however, that
the current sensitivity of SZ observations is still not stiéfint

to detect any of the known X-ray clusterszat 1, all having
Lx[0.5—2keV] < 3x 10*erg s, such as RDCS1252. The
current generation of large area optical surveys (e.g.gusie
z-band; Gladders & Yee 2000) remain a valid alternative to un-
veil a sizeble number of clustersat- 1, while the next genera-
tion of large area surveys in the near-IR (e.g. Warren 2002) w

Overall, our analysis implies that RDCS1252 is the most push this boundary even further. Without a correspondingly

X-ray luminous and likely the most massive bona-fide clus-
ter discovered to date at> 1. Despite the large look-back

large area X-ray survey, however, our ability to glean ptaisi
properties necessary to test structure formation scamgras

times probed by these observations, RDCS1252 appears alwell deriving cosmological parameters, will be rather tiea.

ready well thermalized, with thermodynamical propertias,
well as metallicity, very similar to those of clusters of g@me
mass at low redshift. This is consistent with a scenario iithvh
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TABLE 1
X-RAY PROPERTIES OFRDCS1252.9-292&T z=1.237"*

RA Dec Lios—20° L bol TP Zgasb Mgas” Mot
J2000 16°ergs? 10*ergs!  keV Z 101%M,  10"M,
12'52M54.45 292717 1.9'93 6677  6.070f 036915 18703 19793

*Adopted cosmologyty = 70 km st Mpct, Q= 0.3, andQp = 0.7.

8Luminosity within an aperture of 6Q(or 500 kpc)

bFrom combinedChandraandXMM-Newtonspectral analysis

®Mass measured out 0o = 536+ 40 kpc
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FIG. 1.— Top: Grey scale image &@handraACIS-1 188 ksec observations in the 0.5-2 keV band showir®>98.1’ field around RDCS1252.9-2927 (a
serendipitous low redshift group, CXOU J1252.6-2925, 39 @isible). The image has been smoothed by a gaussiarowitl?” and the grey-scale has a square
root scaling; the dashed circle shows thé &@erture used to extract spectra. The box markKsa33area around RDCS1252 shown in the bottom panels. Left:
adaptively smoothe@€handraimage in logarithmic scale. Sources with spectroscopishifdare marked, the faint one (circle) is at the clusteshétl Right:

XMM-NewtonMOS image (137 ksec) in the 0.5-2 keV band. The image has beentbed by a gaussian witfWHM = 9" and the grey-scale has square root
scaling; the spectroscopic aperture of 42dius is also shown.
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FiG. 2.— X-ray spectrum (data points) and best fit MEKAL modeli¢stine) from Chandraobservations (188 ksec) of RDCS1252-2927Zsg4.= 1.237; from
top to bottom: unfolded, folded spectrum and relative neaiigt A clear redshifted Fe 6.7 keV line is visible. The speutis extracted from a $adius region.
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Fic. 3.— X-ray spectrum (data points) and best fit MEKAL modellitsdine) from XMM-Newtonobservations (MOS detectors only, 137 ksec) of
RDCS1252-2927. The spectrum is extracted from’arddius region.
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FIG. 4.— Left: best fit temperature and metallicity of the gasagt®d by combiningChandraACIS-I and XMM-NewtonMOS data (solid contours for, 2,30
confidence levels for two interesting parameters). Dastetidashed) contours show the levels obtained from th€handradata only, with apertures of 80
(35") radius. Right: best fit redshifts and temperatures of thd,I®ith the horizontal line marking the spectroscopic réfidfased on 36 cluster members.

r (arcsec)

P

cts/pix

0.1

e
T

cts [0.5-2 keV] / arcsec?

[
o
AR RERE RERNRAR

R P

o

100
 (hys kpc)

1000

P

L L

100
(i kpe; 17

=B.3 kpc)

1000

FiG. 5.— Left panel: surface brightness profile of RDCS12529272with best fitB-model (solid line) and residuald®ky = Rsqg indicates the radius within
which the total and gas mass are calculatéd¢tresponds to 500 kpc at= 1.24 for the adopted cosmology). Right panel: surface brigggmprofiles azimuthally
averaged in two separate sectors over the area shown inike lieft inset; the shaded areas correspondat@fror bar. The upper right inset shows the adaptively
smoothed, X-ray color image of the cluster corex2’) showing the asymetric distribution of X-ray emission (&®s).
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FiG. 6.— Color composite image showing &22’ field on RDCS1252.9-2927 at= 1.24 with overlaidChandracontours. The image combines optical and
near IR bands from the FORS and ISAAC instruments on the BLFV, R+ z andJ + Ks. Chandracontours show the smoothed X-ray emission (with a gaussian
FWHM of 5”) at the levels of 3, 5, 10, 26 above the background.



