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ABSTRACT

Context. Observations of the formation and evolution of massive gatdusters and their matter components provide cruciat con
straints on cosmic structure formation, the thermal hystidrthe intracluster medium (ICM), galaxy evolution, trésrsnation pro-
cesses, and gravitational and hydrodynamic interactigsiph of the subcomponents.

Aims. We characterize the global multi-wavelength propertighefX-ray selected galaxy cluster XMMU J12381839 atz=0:975,

a new system discovered within the XMMewtonDistant Cluster Project (XDCP). We measure and comparewanividely used
mass proxies and identify multiple cluster-associatedpmmmnts from the inner core region out to the large-scaletre environ-
ment.

Methods. We present a comprehensive galaxy cluster study based amt afpalysis of X-ray data, optical imaging and spectrogcop
observations, weak lensing results, and radio propemieadhieving a detailed multi-component view on a system ail.

Results. We nd an optically very rich and massive system wilyo ' (42 0:8) 10“M , Txose0 = 5:3"9¢ keV, and
LQ?!;OO' (65 0:7) 10*ergs?t. We have identi ed a central y-through group close to comspage and nd marginally extended
1.4 GHz radio emission possibly associated with the turiiulake region of the merging event. On the cluster outskigtssee
evidence for an on-axis infalling group with a second BréghitCluster Galaxy (BCG) and indications for an additionabais group
accretion event. We trace two galaxy laments beyond theinahtluster radius and provide a tentative reconstruabibthe 3D-
accretion geometry of the system.

Conclusions. In terms of total mass, ICM structure, optical richness, tiedbresence of two dominant BCG-type galaxies, the newly
con rmed cluster XMMU J1230.81339 is likely the progenitor of a system very similar to tbedl Coma cluster, diering by

7.6 Gyr of structure evolution. This new system is an ideslllifed astrophysical model laboratory for in-depth foHop/ studies on
the aggregation of baryons in the cold and hot phases.

Key words. galaxies: clusters: general — galaxies: clusters: indafidXMMU J1230.3-1339 — X-rays: galaxies: clusters — galax-
ies:ellipticals and lenticular — galaxies: evolution —rmedogy: dark matter — cosmology: observations

1. Introduction evolution of Dark Energy (DE). This potential has recentyeh
. . . . ) demonstrated based on moderate size X-ray cluster samgles o
Massive galaxy clusters at high redshift are unique laloi 1, yeqshift unity (e.g. Vikhlinin et al. 2009b; Allen et al0@s)

to study galaxy evolution in the densest environments,tBe-t o, is re ected in the armada of ongoing or planned galaxg-clu
modynamic properties and chemical enrichment of the hot iNkey surveys in various wavelength regimes.

cluster medium (ICM) at large look-back times, and the stmec , ) o
and growth of the underlying virialized Dark Matter (DM) bal Progresses in observational capabilities and search tech-
Moreover, distant galaxy clusters are among the most pronfedues overthe past ve years have led to an increase in thre nu
ing cosmological probes to shed new light on the propertiels aber of spectroscopically con rmezP 1 clusters from a handful

of objects to now a few dozen systems. On the X-ray side, new

? Based on observations obtained with ESO Telescopes attaedta identi cations of X-ray luminous clusters are currentlydaly

Observatory under program ID 078.A-0265 and 081.A-0312, a@m  driven by XMM-Newtonserendipitous surveys (e.g. Mullis et al.
servations with the Large Binocular Telescope (LBT), anel Xaray 2005; Stanford et al. 2006; Fassbender et al. 2008; Santds et
observatories XMMNewtonandChandra 2009; Schwope et al. 2010) and smaller dedicated surveys of a
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few square degrees (e.g. Andreon et al. 2005; Bremer et@h,20namical state of the cluster and the comparison of mass prox-
Pierre et al. 2006; Finoguenov et al. 2007, 2010; Tanaka. etiak; we conclude in Sect. 6. Throughout the paper we assume
2010). Optical search methods based on overdensitiesat-galh CDM cosmology with , = 0:3, = 07, andh =
ies at similar color (e.g. Gladders & Yee 2005) have recenthy,=(100 kms®Mpc 1) = 0:7. Unless otherwise noted, the no-
been successfully extended to the near-infrared (NIR)mregi tation with subscripXso (X200) refers to a physical quantity
(e.g.van Breukelen et al. 2006), and the mid-infrared (MiR) measured inside a radius, for which the mean total density of
Spitzer(e.g. Stanford et al. 2005; Eisenhardt et al. 2008; Wilsahe cluster is 500 (200) times the critical energy densityhef
et al. 2009; Muzzin et al. 2009; Demarco et al. 2010). The rdtniverse (2 at the given redshift. All reported magnitudes
detections of galaxy clusters based on the Sunyaev-Zaldovare given in the AB system. At redshift= 0:975 the lookback
e ect (SZE) (Staniszewski et al. 2009; Vanderlinde et al. 2010me is 7.61 Gyr, one arcsecond angular distance corresgond
have opened another promising window for the selection aadrojected physical scale of 7.96 kpc, and the cosmic eeolut
study of massive distant systems. factorhasavalue (2 = H@=Ho = [ m(1+23%+ ¥ =

A crucial pre-requisite for linking galaxy cluster survesrr 1:735.
sults to cosmological model predictions is reliable andlwel
quanti ed mass-observable relations. In this respect kvggav- . . .
itational lensing techniques have emerged as a promisoigdo 2+ Observations, data reduction, and basic cluster
achieve a robust calibration of various scaling relationghe properties

low redshift Universe, weak lensing (WL) based mass measuig, o\ ster of galaxies XMMU J1230:3339 (see Fig. 1) was
ments applied to sizable cluster samples have establlshesl-mdiscovered as part of the XMNlewtonDistant Cluster Project

observable relations with signi cantly improved accurdeyg. XDCP), a serendipi ;
i 4 . , pitous archival X-ray survey focussedhmn t
Reyes et al. 2008; Zhang et al. 2008; Marrone et al. 200%t l:'fdenti cation of very distant X-ray luminous systems (Misll

weak lensing constraints on the evolution of scaling retatifor ., 5505 Bohringer et al. 2005; Fassbender 2007). The r
X-ray groups are now availaple (e.g. Leauthaud et al. 2Gir@), step of the survey strategy is based on the initial deteaifon

s!gni cant WL signals have been reported for individual r’nasserendipitous extended X-ray sources as cluster candidate
sive clusters_out ta 14 (e.9. Jeeetal. 2.006’.2009)' Howeve.rhigh galactic latitude XMMNewtonarchival elds. Extended
all mass estimation methods are potentially in uenced ly diy o s rces lacking an optical cluster counterpart initigd
fere_nt inherent blase_s (e.g. Meneghettl et gl. 2010) e_rmphgs Sky Survey (DSS) images are followed-up as distant caneidat
the importance of an inter comparison of drent techniques, in by optical two-band imaging with the objective to con rm a
parthula}r for high redsh|_ft systems. . alaxy overdensity and obtain a redshift estimate baseden t
Signi cant progress is yet to be made to establish robug})br of early-type cluster galaxies. Subsequent spextfs

mass—obse_rvable relationszat 1 and_beyond and to compare,pseryations of photometrically identi ed systems pravithe
vices and virtues of mass proxies derived from opliBalX-ray, 5| secure cluster identi cation as bound objects and aate:
WL, and SZE observations at these redshifts. The curreftehm ,ychits for the high-z systems. The presented XMilton

tion is the still persisting small number of known galaxysters 54 the v TFORS 2 imaging and spectroscopy data are part of
atz>0:9 that are su ciently massive to enable the detection ang s xpcp survey data set.

cross-comparison of_aII observational techniques on aivithd Additional follow-up data for a more detailed characteri-
ual cluster basis. Using concordance model parametersawe gy of the cluster were obtained with the Large Binocular

estimate the surface density of suitable test objecis=at0:9 Telescope (LBT) for deep multi-band imaging . Moreoverhig

X p T2 - .

WfITOI\(;l(Zjoo> 4 10 MJ to belatz)gggone object in a solid anglgesoytion X-ray data of a eld serendipitously covering tHus-

0 g@ (seee.g. Jee etal. )'. . . fer has recently become available in tBaandraarchive. An
In this paper we present rst details of the newly identi e

. - - verview of the full multi-wavelength data set used for thizrk
cluster of galaxies XMMU J1230431339 at redshifz= 0:975. o givenin Table 2. We rst present the optical imaging andep

We perform a cluster characterization based on a joint &Maly;oscopy data and then discuss the analysis of the archivayX
in X-rays, optical imaging and spectroscopy, and weak tensi

The three main science objectives of this work are (i) a multi
wavelength characterization of the physical system patensie
(ii) the derivation and cross-comparison of a dozenedent 2.1. Optical follow-up observations
total mass proxies, and (iii) the identi cation of substiwue- 1.1 VLT Imagin
and large-scale structure components for an assessmem ofzt' " ging
dynamical state of the system. An accompanying paper Byort-exposure images in the&ia (960s, hereafter R) and
Lerchster et al. (2010, Paperll hereafter) provides a mere ¢, (480s, hereafter z) lters were acquired in March 2007
tailed view on the cluster's galaxy population and the penfed with VLT/FORS 2 in photometric, sub-arcsecond seeing condi-
weak lensing analysis. tions in order to identify the optical counterpart assadatith

The cluster XMMU J1230:81339 occupies a special notethe extended X-ray source XMMU J1238.8339. The FORS 2
worthy location in the sky, as it is located behind our closesnaging data with a eld-of-view of 6.8 6.8° were reduced in
neighbor, the Virgo system. The cluster center is in thectlirea standard manner following the procedure described inrErbe
proximity of the Virgo member NGC4477, about 1.3deg Nortbt al. (2005). The 4 (3) bias subtracted and at- elded frane
of M87, corresponding to a projected distance of approx@fyat the z (R) band were registered to a common coordinate system
400kpc, or half oRsq, at the Virgo redshift. and co-added usin§WarpandScAMP(Bertin 2006). The nal

This paper is organized as follows: Sect.2 introduces tstacked images have a measured on-frame seeing Pt fize
observations, data reduction, and rst basic cluster prilge z-band and 0.62in R.
Sect. 3 contains the derived results and mass proxies; 45ect. Photometric zero-points were derived from dedicated stan-
focusses on a global pan-chromatic view and the identiarati dard star observations in the R-band and stellar SDSS plastom
of cluster associated sub-components; Sect. 5 discusselyth try in the science eld for the z Iter. Photometric catalogere
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Fig.1. Optical appear-
ance of the galaxy cluster
XMMU J1230.3+1339

at z = 0:975. Top left:
Co-added 9% 9.5 i%°
image showing the cluster
environment. The dashed
circles represent the pro-
jected cluster radii Ro
(outer) and By (inner), the
physical angular scale at
the cluster redshift is given
in the upper right corner,
and the Virgo galaxy
NGC 4477 is marked by
the dashed circle on the
right. Top right: RGB color
composite based on the co-
added LBT images in%°
(red channel), Vi (green),
and UB (blue). The side
length of the image cor-
responds to a physical
scale of 2Mpc 2Mpc
(250° 2509, displaying
approximately the region
inside Ry The large
number of red cluster
galaxies are easily visible.
Bottom left: Core region
of the cluster in &° with
Chandra X-ray contours
overlaid in cyan and a side
length of 560kpc (79);
the green dashed circle
marks the BCG to the
South-West of the nominal
X-ray center (green cross).
Bottom right: Same sky
region as on the left as
color composite.
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Table 1. Observation log of the X-ray, optical imaging, and speatopsc data coverage of XMMU J1233:3339.

Observatory Instrument Data Type Date Exposure Time  Ob#ernvID
XMM- Newton EPIC X-ray Jun 2002 14 ksé8&.9h 0112552101
XMM- Newton EPIC X-ray Jul 2002 13ksec3.6 h 0106060401

Chandra ACIS-S X-ray Apr 2008 38kset10.6 h 9527
VLT FORS 2 R z imaging 11 Mar 2007 1.4ksk@.4h 078.A-0265
LBT LBC UBVrli%2°imaging 28 Feb-2Mar2009  37ksét0.3h
VLT FORS?2 MXU spectroscopy 27 Apr & 6-7 Jun 2008  2.2k$89 h 081.A-0312

extracted from the PSF matched images uSikgtracto(Bertin  removal of stellar source€(_STARO0.95) and objects with sat-
& Arnouts 1996) in dual image mode with the unconvolved airated cores. The richly populated cluster red-sequerecehie
band frame as detection image. The 50% completenessiimitscus of early-type cluster galaxies in the CMD, clearlynsis
for the two bands were estimated to hg (0%) ' 24.7mag out from the background at a color of R 2 and provided
and Rm(50%)" 25.4 mag. an early indication that the galaxy cluster is indeed at0:9
For this work we limit the quantitative galaxy color assesgrompting the subsequent spectroscopic follow-up.
ment in the cluster environment to this initial FORS 2 R- and
z-band discovery data set. We constructed the color-madmit e have not attempted to t a non-zero slope to the clus-
diagram (CMD) for the observed eld using the tottlAGAUTD ter red-sequence, since (i) the slope is expected to be,s_(m)all_
z-band magnitude and xed 2%3.5 seeing) aperture magni-the moderately deep gr.ound-baged data doeglnot allow jorecis
tudes for the Rz color, both corrected for ects of galactic Photometry down to faint magnitudes, and (iii) the lack of se

extinction. The resulting CMD is displayed in Fig. 2 afteethCuré cluster membership and SED-type information along the
ridgeline would bias the result due to possible inclusiohiso

1 The 50% completeness corresponds approximately to ddtec- terlopers and non-passive galaxies. For a robust coloctsmte
tion limit (2%apertures). of predominantly cluster galaxies with a high contrast wih
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spect to foreground and background objects we apply a simple The LBT/LBC imaging data were reduced in standard man-
color-cut of 0:2mag (dotted lines in Fig. 2) around the medianer similar to the treatment in the previous section. Foremor
bright-end color of Rz 2.05 (red dashed line). This color cutinformation on LBC speci ¢ reduction procedures in general
encompasses 11 out of 13 spectroscopically con rmed alustee refer to Rovilos et al. (2009), and for details on the photo
members and should hence be a good approximation for the oretric calibration and object catalogues based on this sktta
derlying physical red-sequence of the early-type clustemm to Paperll. The reduced nal co-added image stacks have mea-
bers, which is expected to be slightly bluer at the faint embdd ~ sured seeing full-width half-maxima (FWHM) of 3%n the 2-
mainly by a decreasing average metallicity with increasipg band and about 0°in all other bands, resulting in limiting mag-
parent magnitude (e.g. Kodama & Arimoto 1997). nitudes (5 detection in apertures, see Table 1 of Paper II) of

The lower panel of Fig. 2 shows the histogram of the numb#te co-added frames of:jl) * 27.0, Bim ' 26.9, Vim ' 26.3,
of objects along this color-selected strip 1.86 z 2.25magin "im ' 26.2, fim ' 25.8, and %m * 25.4. o
bins of 0.4 mag for galaxies within’bf the X-ray center (blue  This rich imaging data set will be fully exploited in forth-
solid line) and galaxies further away (black dotted linejthw coming papers (e.g. Paperll). The current work uses the deep
the nominal 50 % completeness limit at this color indicatgd Bvide- eld LBT imaging data for two main purposes: (i) a quan-
the red vertical line. The apparent decline of the numbeedf rtitative photometric analysis in thé-band (Sect. 3.2), which is
ridgeline galaxies towards fainter magnitudes seen in the bdeeper than the FORS 2 data and allows accurate background
histogram can be attributed to several possible factormbi- determinations in independent external regions; and @gep
nations of these: (i) the increasing uncertainty for faim@lax- optlcal view in single-band and color composites as shown in
ies in the R z color determination scatters a fraction of red clud=igs.1, 10, 11, and 13. In order to maximize the depth of the
ter galaxies outside the color cut, (ii) fainter ridgelinslaxies available data for visualization purposes, we co-added’thed
are preferentially located beyond a cluster-centric disgeof £ 2*-band using an inverse variance weighting scheme to a result
(dotted histogram), or (iii) the cluster red-sequence leithia N9 combmed‘?zo—frame. This combined band is used as single-
physical de cit of faint galaxies as has been reported foesal band background image with a high contrast of cluster gesaxi
high-z clusters (e.g. De Lucia et al. 2007; Tanaka et al. 2007 and as input for the red-channel of RGB color composite irage
Figure 3 displays the cumulative radial distribution of re§:ccordingly, a co-added Viframe was obtained as input for the

galaxies with the same color cuts as a function of clustatrize 9"€€N-channel, and a UB-image for the blue-channel.

distance (blue solid line). About 20 red galaxies are fouad b

yond a cluster-centric distance df but still within the ducial 2.1.3. VLT Spectroscopy

cluster radius (solid vertical line, see Sect. 3.1.1). Ehgalax- ) o

ies can mostly be attributed to infalling groups, as disedss For the nal redshift determination of the cluster, we ob-

Sect.4.2.2, and could contribute to the faint end of the xgat p tained spectroscopic observations with VEDRS 2 using a sin-

ulation. The blue dotted line shows the average surfaceitgengle MXU-mode (Mask eXchange Unit) slit-mask centered on

of red galaxies within the cluster-centric distamgevhich is di- XMMU J1230.3-1339 for a total net exposure time of 7.85ksec

rectly related to the galaxy contrast in the enclosed arémnei  (Table 1). Targeted galaxies were selected to be prefafiynti

spect to the background. This contrast can be optimizechtor €d galaxies close to the ridgeline in Fig 2. The chosenunstr

initial con rmation of the cluster and the identi cation itfs red- Ment setup with the 3001 grism and a slit width &f provides

sequence by restricting the galaxy selection to the inn&Bf® & wavelength coverage of 6000-10000A with a resolution of

(vertical dashed lines), as was used for the CMD of Fig.2.  R=660. The data consisted of six individual exposures taken in
For this work, only the particularly richly populated brtghthree di erent nights under variable seeing conditions ranging

0 0
end of the red ridgeline in XMMU J1230t2.339 is highlighted Tom 0-7°to 1.9 _ . .

(for comparison see e.g. Mei et al. 2009). A more quantiati Tge spectra were reduced with standard techniques using
analysis of the physical cluster red-sequence (and a pess RAF tasks. In short, the 2-D spectra were bias subtracted, at-

truncation thereof) based in the deeper LBT imaging datsis d €lded to correct for pixel-to-pixel variations, and codetl to
cussed in PaperI. provide a su cient signal-to-noise ratio (SNR) for the tracing of

weak spectra. 38 1-D spectra were extracted and sky-stdxdrac

by tting a low order polynomial to adjacent background rexgs

2.1.2. LBT Imaging along the trace of the spectrum. The wavelength calibratias
achieved by means of a Helium-Argon reference line spectrum

In order to obtain a more detailed view of the cluster, weatéid observed through the same MXU mask. The quality of the ob-

deep wide- eld imaging observations in six-bands U B%Pe®  tained dispersion solutions was cross-checked by meastimin

with the Large Binocular Cameras (LBC) working in parallel aohserved position of several prominent sky lines yieldimidal

the 2 8.4 m Large Binocular Telescope. The data were acquirggsolute rms calibration errors below 1 A.

between 28 February and 2 March 2009 under good, mostly sub- For the redshift determination, the reduced and wavelength

arcsecond, seeing conditions. The net exposure timesi(ge s calibrated spectra were cross-correlated with a range lakga

8.4 m telescope) over the eld-of-view of 2626° were 9ksec template spectra using th&®AF packageRVSAO(Kurtz &

in the U and z'-bands, 5.9ksec in B arfti 3.6 ksec in V, and Mink 1998). Out of 38 spectra, we could identify 13 secure

3.2ksec in the%band. cluster members (see Table2) with a median cluster redshift
of z = 0:9745 0:0020 and a bootstrapped error estimate.

2 For our practical purposes, the @rence between the photometric-igure 4 displays ve sample spectra of cluster members thigh

reference systems z antlis negligible € 0:02 mag). The derived LBT Most prominent spectral features labelled. The crossetadion

2° and FORS 2 z-band magnitudes have been con rmed to be censistof absorption-line spectra with a swient signal-to-noise ratio

within the photometric errors. However, for easier digfime we refer (SNR>5) yields typical statistical velocity errors of50 km/s

to z-band magnitudes for the FORS 2 results ghohagnitudes for the

deeper LBT data. 3 http:/firaf.noao.edu
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Fig. 3. Cumulative radial distribution of color selected red g&axas
in Fig.2) as a function of cluster-centric distance (bluéidstine).

- : s N Dashed vertical lines indicate the radii used for color cbdgmbols
= E Dol 3 in Fig. 2, the solid line marks the ducial cluster radius .€Tthotted blue
i S Do ] line shows the cumulative radial red galaxy number countmatized
to the enclosed area, i.e. the average red galaxy densitygpere ar-
cminute within the cluster-centric distance r.
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Fig. 2. Top: R z color-magnitude diagram of the cluster environment
based on the FORS 2 imaging data. The richly populated cluste
sequence around the median ridgeline colozR2.05 (red dashed line)

is clearly visible. Filled red circles indicate objects it a 3¢° radius
from the X-ray center, green circles correspond to (?5sthall black
dots represent all other objects in the eld, and open cirabark spec-
troscopically con rmed cluster members. Horizontal ddtimes de-
ne the applied color cut interval of 0.2 mag about the median color,
while the dotted vertical line refers to the expected appareagnitude
(m*' 21.9 mag) of a passively evolving L* galaxy at the clusteistefi

(in both panels). The 50% completeness limit is indicatedhieyblack 1.0
solid line.Bottom:Histogram of galaxy counts in the red color interval 05
1.85 R z 2.25in bins of 0.4 mag for galaxies withif from the clus- ’
ter center (blue line). The vertical solid line indicates ttominal 50% 0.0
completeness limit of the data, while the black dotted lihevgs the
magnitude distribution for galaxies at larger distancesémparison.
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for ¢ z. Adding the wavelength calibration uncertainfy1(A at 6000 6500 ~ /000 7500 ~ 8000 8500
8000A) in quadrature, we estimate the typical uncertaioty f observed wavelength (A)

most of the secure individual galaxy redshifts in Table2 €0 by 4 sample spectra of secure cluster members with the median red
z 0:0002 shift of z= 0:975, smoothed with a 9 pixel boxcar lter. The expected
Due to the partially poor seeing conditions, not all redshifobserved positions of prominent spectral features at tiitaneedshift
of targeted galaxies could be determined with high con dencare indicated by blue dashed lines. The sky spectrum (bptamoah tel-
We have identi ed 11 additional tentative galaxy redshiftsich  luric features (top) are overplotted in red. From top todithe spectra
are close to the median cluster redshift and potentiallicaté correspond to the galaxies with object IDs 1-9-4-6-8 in &bl
member galaxies.For completeness these objects are also di
played in Fig.5, which shows the restframe velocity distrib
tion as a function of cluster-centric distance further désed in
Sect. 3.2.6. galaxy NGC4477 in the Virgo cluster. The original XDCP
source detection run, for which 470 XMMewton archival
elds were processed, was performed witA\Sv6.5 using the
2.2. X-ray Data taskseboxdetect andemldetect . With an extent likelihood of
221 XMM-Newton Lext ' 1.17, correspondi_ngto afolrmal probability that the.source
extent is due to a statistical Poissonian background uaina
XMMU J1230.3+1339 was initially detected as an extended Xof ppoisson’ 1:5 10 5%, the cluster is one of the most signi -
ray source at high signi cance level in the XMMewton eld cant X-ray sources among all distant cluster candidateken t
with observation identi cation number (OBSID) 011255210XDCP survey. A detailed description of the source deteciioh
at an o -axis angle of 4.3from the central target, the nearbyscreening procedure can be found in Fassbender (2007)
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Fig. 5. Cluster restframe velocity distribution of spectroscogliaster
members as a function of projected distance from the X-ragjyece Fig. 6. Growth curve analysis for the unabsorbed, background sub-
Member galaxies of Table 2 with secure redshifts are inditaty blue tracted 0.5-2keV X-ray ux as a function of projected clustadius.
circles, dashed lines correspond to the formal velocitpetision esti- The blue solid line shows the total 0.5-2keV ux inside th@jected
mate. For completeness, galaxies with tentative redsirétalso shown radius r as measured with the XMMewtonPN camera, the red line
as squares, smaller black symbols indicate velocitiesaritbe formal represents the sum of the two MOS instruments. Poissonseptas
3 interval. 5% uncertainties in the background determination are aysul by the
dashed lines, the vertical line depicts thgfRadius. The fully consis-
ot*ant(:handraGCA result is overplotted in black. The X-ray emission

Table 2. Secure  Sspectroscopic cluster members can be traced out to about®0vhere it reaches the plateau value.

XMMU J1230.3+1339 with total 2-band magnitudes, cluster-centric
distances, and measured redshifts.

TR S ' oot

D RA DEC Fd Qeen  Zopec 0.01 : :

J2000 J2000 mag  arcsec > E ]

01 12:30:16.41 +13:39:16.2 20.37 151  0.9720 (O] r JL 1

02 12:30:16.35 +13:38:49.5 1990 18.0 0.9787 X< s | L |

03 12:30:18.43 +13:39:06.6 21.00 211 0.9794 “70) 10 E i i 3

04 12:30:17.76 +13:39:26.0 20.98 24.4 09758 & : 715 ]

05 12:30:20.11 +13:39:00.9 21.89 46.3 0.9690 > [ Lﬁ 4 ]

06 12:30:20.44 +13:38:38.6 20.97 57.2 0.9767 8 104 L L L

07 12:30:14.95 +13:39:58.3 21.57 62.3 0.9763 ko] F E

08 12:30:18.87 +13:38:00.0 20.09 69.9 0.9742 8 F H ]

09 12:30:11.94 +13:40:33.4 20.96 117.3 0.9692 T H 1 NE

10 12:30:09.58 +13:40:38.4 23.00 146.1 0.9674 = 105 L 1 i

11 12:30:21.50 +13:36:54.1 21.86 146.4 0.9745 ) E [HE

12 12:30:09.16 +13:40:49.3 21.40 158.0 0.9658 pzd [ L]

13 12:30:06.11 +13:40:22.7 22.81 181.6 0.9745 0.015 F—+++ | ; ——

(%) 0.01 ‘ =

© F ]

For the analysis presented here we re-processed the e@ 5x10% F T H | =

with the latest versiorBAS/8, and additionally considered a § 0 i ‘%Ha [ =

second archival eld with OBSID 0106060401 (Table 1), which= El fﬁqfﬂﬁﬁw e

encloses the cluster source at a largeraxis angle of 8 E LA : R
After applying a strict two-step are cleaning process fbet 0.5 1 2 )

removal of high background periods, a clean net exposure Channel energy (keV)

time of 13.38.3ksec remained for the EM@PN cameras in

eld 0112552101, and 7/8.0ksec for the second observatioff!9-7- Chandra and ~ XMM-Newton X-ray spectra of
0106060401 XMMU J1230.3+1339 with a joint t ICM temperature of

. . . . Tx2s00' 5:3keV. TheChandraspectrum extracted from the ACIS-S3

_In-order to optimize the signal-to-noise ratio of low SUBac niy"is shown in blue, and the corresponding data from theethr
brightness regions in the cluster outskirts discussed @ 82, x\M- Newton instruments in green (PN), black (MOS1), and red
we combined the X-ray images of both XMMewtonobserva- (M0S2).

tions and their corresponding exposure maps withSAStask

emosaic. This results in more than 1 100 source photons from

XMMU J1230.3+1339 in the mosaic image for the used 0.3%our plot spanning the signi cance levels 0.5NR 35 used in
2.4keV detection band, which provides an optimized SNR f&iig. 10 of Sect. 4.2.

distant cluster sources (Scharf 2002). To enable the eNatua  We applied the growth curve analysis (GCA) method of
of the signi cance of low surface brightness features inghes- Bohringer et al. (2000) to obtain an accurate 0.5-2keV usan
ence of chip gaps, we created a signal-to-noise map of tise clsurement of the cluster as a function of radius.Since trexe
ter environment. Using this map, we created a log-spaced ctime exposure time and the point-spread-function (PSFhat t
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cluster source are signi cantly better in eld 01125521@d extraction regions, was then added to the t of the clustecsp
focus the quantitative analysis on this single observatiod trum, resulting in an X-ray temperature based on this eatern
use the second eld 0106060401 only for a consistency chedlackground model of:@*ﬂ keV.

Contaminating regions containing X-ray sources not assedi

with the cluster were conservatively masked out prior to tlée

GCA measurement. The X-ray emission of the neighboring 02'2' Chandra

galaxy NGC4477 (mostly point sources) only contributesi$ig Additional X-ray coverage of XMMU J1230+3.339 has re-
icantly at cluster-centric radii beyond,2.e. the X-ray analysis cently become publicly available in ti@handraarchive, where
of XMMU J1230.3+1339is basically notin uenced by the fore-the cluster was serendipitously observed almost on-axia in
ground galaxy. 38.2 ksec pointing targeted on NGC4477 (Observation ID 9527

Figure 6 displays the GCA results for the cluster emissiosee Tab.1). The eld was observed \HFAINTmode, with the
which can be traced out to a radius of abol%de. just beyond cluster being located on the central ACIS-S3 detector at an o
the nominal radius Ro ' 84°°as estimated in Sect. 3.1. Withinaxis angle of approximately’2
the projected Ry radius we measure an unabsorbed 0.5-2keV We performed a standard data reduction using @a0O
ux of f xs00= (5:14 0:54) 10 “ergsicm 2. For complete- v4.1 software package, with a recent version of the Calibration
ness we also show the fully consistéftandraGCA result in DatabaseQALDB v4.1.). Since the observation was taken in
Fig. 6 (black line). VFAINTmode, we ran the tas#cis _process _events which

For the temperature determination of the cluster we foltbweprovides an improved agging of probable background evegts
the general procedure described e.g. in Pratt et al. (2@&K0). distinguishing real X-ray photon events and events mostylik
for the ux determination, we focused the spectral analysis associated with cosmic rays. With this procedure the ACIS pa
eld 0112552101, since the ects of the broadened XMM:- ticle background can be signi cantly reduced. The data is |
NewtonPSF at larger o-axis angle outweigh the gain of ad-tered to include only the standard event grades 0, 2, 3, 4 and
ditional source photons. We extracted an X-ray spectrurh@f t6. We con rmed that there were no ickering pixels with more
source from two circular regions of radius®4@nd 72°entered than two events contiguous in time and checked visually ér h
on the X-ray peak. The smaller ¥aperture is signal-to-noise columns remaining after the standard cleaning. The respia-
optimized in conjunction with th€handraspectral analysis, the tal net exposure time after this cleaning procedure is 3%68.
larger aperture corresponds to the maximum radius for wieeh ~ We repeated the growth curve analysis @hrandrain the
liable results can be derived with XMMewtorf. The presence soft 0.5-2.0keV band (Fig. 6), which traces the cluster siois
of extended thermal foreground emission from the Virgotelus out to similar radii as in the single XMNNewton eld. After
results in an increased background I&y&lhich we assume to subtraction of the background bf 0:043 0:008 ctépixel mea-
be homogeneous over the cluster scale of interest of aoutstired in an external region 634 net cluster counts with2?re-
To account for this extra foreground component, we havedesimain. The resulting unabsorb&thandra uxes are in full agree-
several methods with both local and external background-spenent with the speci ed XMMNewtonvalues as shown by the
trum determinations. The most robust results were obtdimed black line in Fig. 6.
the 40%aperture using a local background spectrum extracted The main advantage of the high-resolutiGhandraX-ray
from a nearby uncontaminated region after the masking aftpotata is the ability to resolve small-scale ICM structureshia
sources. With the metal abundance xed te@3Z , we derive inner cluster region and to obtain precise radial surfagghbr
a best tting core region temperature for XMMU J12381839 ness (SB) pro les down to the central core. We measured the
of 5:28"955keV, based on a single temperature MEKAL modebinned azimuthally-averaged surface brightness pro ke per-
a minimally binned spectrum ( ctgbin), and C-statistics. The formed a t with the widely used approximation of the single
XMM- Newtonspectral t and the residuals are displayed insothermal model (Cavaliere & Fusco-Femiano 1976), tracing
Fig. 7 (green, red, and black lines). the ICM out to about Byo. We tted the functional fornmS(r) =

For the larger 7%aperture, we measured a slightly higheBo(1+ (r=r¢)?) 3 **°+ b for the radial SB pro leS(r) with free
X-ray temperature of §*1:{ keV applying the same local back-parameter$, for the central SBy. for the core radius, for the
ground subtraction procedure. Since this larger extractée slope, and a constabtfor the background using a Levenberg-
gion exhibits a lower signal-to-noise ratio and is hence enoMarquardt least-squares minimization. The radial pro leda
prone to background uncertainties, we cross-checkedehis t the best tting single model are shown in the left panel of
perature trend with an alternative spectral tting methost u Fig. 8, with resulting paramete, = 0:28  0:04 ctdpix®, =
ing an external background spectrum. In addition to the phy&837 0:471,r.=215 110kpc, and a reduced-chi square of
ically motivated model of the cosmic X-ray background (CXBJ.70. Beyond a projected radius of about 150 kpc, the model is
consisting of two unabsorbed MEKAL models plus a powerery good representation of the data. The reasons for thltsli
law with xed index = 1:4 (see Lumb et al. 2002; De Lucadeviations in the core region at< 50 kpc and the at shoulder
& Molendi 2004), we considered a further thermal MEKALatr 100kpc can be understood from a more detailed look on
component of the total background spectrum in order to ate cluster core region (Sect. 3.1.4) and the dynamicattsire
count for the local foreground emission of Virgo at the posin Sect. 4.4 and Fig. 13.
tion of XMMU J1230.3+1339. From this four-componentmodel  In order to obtain an improved model representation for the
we obtained a best tting local Virgo temperature of\gd, = innermost bins of the radial pro le we also performed a two-
1:88keV consistent with previous ASCA measurements of thgomponent model t, with a single coe cient, but allowing
region (Shibata et al. 2001). This four-component modehwai for two independent core radii; andrc,

renormalization appropriate to the ratio of the surface af¢he 1,33 +1 1,33 +1
r
S(r)=81§1+ — i +Szé1+ — i
lc2

+bh-
4 The source- ux-to-total-background- ux ratio (0.5-2 kg6 about b @

3:2 for the 48°aperture and 1:2 for the ®aperture.
5 The Virgo contribution to the total background is about 80%. 6 Using 2x2 binned pixels with an ective scale of 0.98%er pixel.
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Fig. 8. Chandrasurface brightness pro le of XMMU J1230+3339 (black data points) with the best tting singleff) and two-componentight)
beta models (red solid lines). The background level is adid by the blue line. The dotted lines in the right panelesent the individual t
components, the inner one includes the background and teeane is additive.

The resulting t parameters for this model are 1.0 (the maxi- 3. Results and mass estimates
mum allowed value)S; =0:42 0:51 ctdpix, rea= 42 34 kpc,
S,=0:24 0:04ctdpix, andr, =272 32kpc with a reduced- In the following section we will present results derivedrfrthe
chi square equal to 0.45 As shown in the right panel of Fig. &;ray measurements and the optical imaging and spectrascop
the core region of the SB distributiona& 100 kpc is now qual- data. A special focus will be given to a range of observables
itatively better modelled. that are commonly used as proxies for the cluster mass. All n
Maoo cluster mass estimates (ME) based on a given observable
. . re labelled with a number (e.g. ME 1) for the purpose of easie

We also measured the surface brightness concentration 3(9Ferencing, intermediate results are indicated by antideail
the cluster using the parametgg = (SB[r < 40 kpC)JHSBIr < |etter (e.g. ME 1a, ME 1b). All used mass-observable scating
400kpc]) as de ned by Santos et al. (2008), which allows agions are stated explicitly for clearness, transfornted bur
improved structural characterization of high-z clustesne ,squmed cosmology and the used cluster mass de niigg,
pared to methods requiring very high photon statistics. FQjere applicable.
XMMU J1230.3+1339 this parameter is found to bg = 0:07,
which places the system in the formal category of Non-Cool
Core (NCC) clusters, in contrast to the more centrally conces ;. Gjopal X-ray properties
trated objects in the moderate and strong Cool Core Cluster
(CCC) class at high redshift (Santos et al. 2008). We will start with the X-ray determined bulk properties of
the intracluster medium in order to establish some rst ro-
a?Jst fundamental characteristics of the cluster. For alissu

u

For the visual representation of the two dimensional X-r di : d he ° f 'of the ICM
surface brightness structure (Figs. 1,9, and 13), we adgypti 9Uent .|sc.ussaons, we g”?; € center-or-mass g.gto.e 6.0
smoothed theChandrasoft band image and created an X-ragy emission determined with XMNtlewton(RA=12:30:16.9,

contour map with eight log spaced surface brightness lev EC=+13:39:04.3, see Tab.3) as th_e reference center .Of the
spanning the signi cance range of 1-70above the background cluster, and measure all cluster-centric distances vel&di this
rms. It should be noted that the cluster does not contain any foint.

tectable point sources withiRspg at the curren€handradepth.
The structural and spectral analysis of the cluster prasert
should thus be unbiased, also for XMNewtonwith its lower
spatial resolution.

3.1.1. X-ray temperature

The Chandraand XMM-Newtonresults on the ICM tempera-
ture in the 48%aperture core region are of comparable statis-
We performed a spectral temperature t in a signal-to-noidigal quality and are fully consistent with each other. Ider

optimized aperture of #48following the procedure described into further decrease the uncertainties, we have performeih |
Tozzi et al. (2003). Applying the same general procedur@as ChandraXMM- Newtonspectral t to these data for the region
XMM- Newtonwith the local background measured in an orwithin 40°° Rus00 (see below). We nd a nal joint X-ray tem-
chip region with 66°diameter, we obtain a best ttinghandra perature of kT.,00" KTx:2s00 = 5:30°53keV (see Fig.7) us-
core temperature of:Wé@éZkeV with the abundance xed at ing the same method as in Sect. 2.2 with a xed metallicity of
0:3Z . The spectrum and model tis displayed in blue in Fig. 77=0.3Z , minimally binned data, and C-statistics. Leaving the
which also shows an indication of the Fe linekdt 3:3keV. metallicity as a free parameter, we can constrain the iremab
Leaving the metal abundance as a free parameter, we cae ded@nce in the cluster core t@gh = 0:43"85%32 ,i.e.witha 2.3

a weakChandraonly core region constraint & = 0:46;%3¢Z .  detection signi cance. '
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The XMM-Newtondata analysis indicates that the globaB.1.2. Hydrostatic mass estimate
ICM temperature of XMMU J1230-81339 is higher when the . . . . .
measurement aperture is increased. With the currentlyaiokai Under the assumption of an ideal isothermal gas in hydiiostat
X-ray data set this is a tentative trend, as the measurementR¥essure equilibrium (HE), the following widely used appro
rors also increase. However, to allow for an evaluation m:_pomatlon forth.e total mass pro le can be derived (e.g. Hickalet
sible biases, we take the average of th&#mperatures (lo- 2008; Rosati et al. 2009)
cal and external background) as a second reference teraperat
KT,.,,00" 6:0"15keV. Since ideally one would like to have a

X;71

measurement ofJsoo, i.€. within the fullRsoo region, the latter HE 3kg r rl 2
value in the 6 keV range could indeed be a better approximatio Miot (<1) c m ! 5 )
of the underlying global temperature of the cluster. M 1+ rL

This global X-ray temperature is the fundamental parame- I ;2
ter of the intracluster medium and is closely linked to thptte , 113 T r e 104M
of the underlying potential well of the cluster through thieidl : 1keV 1Mpc 1+ 2 J
theorem. We use the jointly determined best (core) X-raytem re

perature k-2500 With an uncertainty of about 13% to derive
robust size measures of the cluster, which is an importasmt pwhereks is the Boltzmann constan the gravitational con-
requisite for the measurement of most cluster related giemt stant,m, the proton mass, and ' 0:59 the mean molecular
We are using the R-T scaling relations of Arnaud et al. (2005yeight in atomic mass units. By using the joint X-ray tem-
which have been calibrated using a local cluster sampleda@se perature k.oso0, and the single beta model t parameters from
high-quality XMM-Newtondatd . Using the R-T scaling relation Chandra( ' 0:84,rc" 215kpc), we obtain the hydrostatic mass
for hot systemsTx > 3:5keV) Rogo = (1714 30) E ()  estimates for XMMU J1230:81339 0fMsgo' 3:1 10"*M and
(KT=5 keV)30 905knc, we obtain for XMMU J1230:81339an  Mygo' 4:9 10“M (ME 2a), whereas the latter value is slightly
estimatedRo0 = 1017%8kpc. ForRseo, Using the normaliza- extrapolated beyond the last reliable data point of the oveals
tion 1129 17kpc of the R-T relation, the estimated radius i¥-ray SB pro le.
Rsoo = 670"35kpc, and similarlyRosoo = 297"2%kpc (normal- Note that only about 11% (18%) of the total maslsgg
ization 500 5kpc). Standard error propagation was applied ifMsgg) is actually enclosed within one core radiys within
all cases to evaluate the uncertainties. In terms of prejedis- which the single beta model exhibits some deviations from
tance in the plane of the sky at the cluster redshift, thegeere the data possibly due to the onset of cooling (see Sect)3.1.4
sentative length scales correspond to angular distand&s@f and signi cant dynamical activity (see Sect. 4.4). Betwese
Rsoo, Ros0d=[127.89 84.29 37.39. With respect to the higher core radius and > Rsgo the model describes the radial sur-
temperature estimafg, ,,0q all derived radii would increase by face brightness pro le with good accuracy, so that an extiap
about 6%, i.e. possible systematiceets are mostly small in tion out toRxqp is justi ed. The dominant source of uncertainty
comparison to other uncertainties. here is the 56% error on the parameter due to a degener-
As the next step, we can derive a rst mass estimate of tiagy with the tted core radius over the accessible data range
cluster by using the M-T relation of Arnaud et al. (2005),cal Taking this and the temperature and radii errors into accoun
brated with the same local cluster sample as above. Usirig agse arrive at a nal hydrostatic equilibrium mass estimate of
the best joint temperaturebsoo, We obtain from the relation  Mbi, = (49 2:8) 10“M (ME?2).

Lo
Tx _ (5:74 0:30) KT *1:49 0:17
200 E(Z) Skev

an estimate of the approximate total mass of the cluster i : : :
Moo = 361°077  104M  (ME 1a). ForMsg the M-T rela- e ICM bulk property which is easiest to determine, as iyonl

_ i 0:68 S 4 . requires ux and redshift measurements. For this reas@nxth

tion, with the normalization of (40  0:19) 10M , yields  ray [uminosity is of crucial importance for most large-gca-

Msoo = 2:58" 57 10_1 M. i ray surveys and provides the link to other ICM properties and
The use of the higher temperature estiniBfg ootranslates tne total cluster mass (e.g. Reiprich & Bohringer 2002)lia

into a 20% higher mass dfl,o0 ' 4:34 10“*M (ME1b). scaling relations.

We take this positive oset of 073 10“M into account  For XMMU J1230.3-1339 we determine a restframe 0.5-

as a potential systematic error (denoted in brackets) amcear 2 keV cluster luminosity of_g)(:_%ogkev = (1:92 0:20) 10*ergs

M 10MM (2) 3.1.3. X-ray luminosity

From an observational point of view, the X-ray luminodity is

at a nal X-ray temperature-based mass EStimathggo = within the accessible apertuRgq. The bolometric X-ray lumi-
3:61+8f;;(+0173) 104M (ME1). nosity can be determined by applying a temperature depénden
One of the main objectives of this work is the compariolometric correctlonfactofgg' 2 key L0 the soft band luminosity

son of total cluster mass estimates, most commonly approge-g. Bohringer et al. 2004), in our ca%ég' Skey  3:38, yielding
mated byMygo, as derived from various mass-observable rela-total bolometric [0.01-100keV] luminosity for the clustef

tions. For scaling relations calibrated to yield oMsoo, we  L5%,0= 02, o, Lyzn<Y = (6:50 0:68) 10*erds.

apply the ratio of the normalizations of the respective MeT r  Recently the use of a core-excised X-ray luminosity has been
lations (see abovelsoa 200 = M20c=Msoo ' 1:40 to obtain @ shown to reduce the scatter in the scaling relations by a
total mass estimat®lzoo. In the same wayfzsoa 2001S given by  factor of 2 (Pratt et al. 2009), simply by avoiding the cehtra
fas00 200 = M200=Mzs00" 3:21. cluster region and its related complex physical procedses.
XMMU J1230.3+1339 we measure a core-excised luminosity

in an aperture of [0.15-Rsoo of L?(:;?oj'ge}’]soo =(1:53 0:21)

7 Temperatures in Arnaud et al. (2005) are determined in thieme
[0.1-0.5Rx00. The e ect of usingT x.s00 for this work should be small
and is accounted for by the discussed systematics. 10t ergs.
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Pratt et al. (2009) also provide the latdst scaling rela- dominates the densities within the central 40 kpc. Afterdbe
tions calibrated with the representative local REXCESSpdam projection of the SB model ts (§ re1, S, ez, ) of Sect. 2.2.2,
(Bohringer et al. 2007). Applying the self-similarT relatior? we obtain a total electron densitymfy ' (2:3 1:4) 10 %2cm 3
E Y2 L%, = (7113 1:03)kT=5keV)** 032 10%ergs, we in the very center, andgzokpc © (17 1:0) 102cm3ata
would predict an X-ray temperature for the clustet @f1 keV, cluster-centric radius of 20 kpc.

i.e. a value approximately 2 below our spectroscopic tem-  The central density and temperature of the ICM determine
perature measurement. The main reason for this discrepgancthe cooling time scalé.oo in the cluster core (Sarazin 1986),
the assumption of self-similar evolution of the X-ray lumén I.€. the time for which the thermal energy of the gas would be
ity, i.e. Lx / E(2) at xed temperature. While some empiricalradiated away at the current cooling rate

results atz < 1 are consistent with this evolutionary scenario

(e.g. Vikhlinin et al. 2002; Kotov & Vikhlinin 2005; Maughant " 29 10©yr
et al. 2006), other studies extending towards higher régshi<®® < y
nd little or no evolution (e.g. O'Hara et al. 2007; Rosati &t
2002), or even negative trends with redshift (Ettori et 804). From this expression we derive a central cooling time sale
XMMU J1230.3+1339 by itself would be consistent with eitheifor XMMU J1230.3+1339 0ftcooro = (229  1:8) Gyr and at the

of the latter two scenarios. Since the evolutionary trerfdb® 20 kpc radiudcoor20kpc= (4:0  2:4) Gyr. This time scale is to be
X-ray luminosity at high redshiftsz(> 0:8) are not well con- compared to the age of the Universe at the redshift of theerlus
strained yet, we assume as a starting point a no-evolutien s ' 5:85 Gyr), or for more realistic cluster formation scenarios,
nario, which would predicTyx' 4:9keV for the given luminos- the time span since= 3 (t' 3:74Gyr)orz=2 (t' 2:63 Gyr).

ity, and treat a possible L redshift evolution as a systematic The central electron densityieo provides an alternative
uncertainty. The use of a no-evolution scenario forlthE rela- test for the presence of a cool core. Following the CCC def-
tion instead of the self-similar prediction is also empitig sup- inition of Pratt et al. (2009)reo > 4 102 E?(2cm 3),
ported by the latest compilation of high-z cluster meas@mts XMMU J1230.3+1339 is consistently classi ed as a Non-Cool-
(Reichert et al., in prep.). Core cluster, in concordance with the surface brightnesseo

With this assumption on the evolution bf, we can derive tration measuresg in Sect. 2.2.2. However, the cluster's core
an additional mass estimate of the cluster based oh4kfere- region is in an interesting transition phase, where the elgas
lation of Pratt et al. (2009) has basically been going through a single full cooling tiTees

I since redshift 2-3. Hence, the central core region coul@enald

n 1 kT M
103cm 3 1 keV

®)

?(?éoo ~ (138 012 Msoo 1208 013 G ] contain gas which has already cooled considerably, camgist
E{(2) = (& 12) 2 1014M 10%ergs; (4)  \ith our tentative nding of an increasing average X-ray tem

perature with radius in Sect. 3.1.1.
corrected for one factor oE(2) to take out the self-similar
redshift scalin§ (in L-T). We thus obtain a mass estimate o& 15 G

Msoo' (2:96 0:41) 10M from the L-M relation, which °-+> ©°8S Mass

yields Mago" fsoo 200 Msoo' (41 0:6) 10“M (ME3a). The total gas mas#lg.s of clusters is obtained from the in-
However, the dominant uncertainty in this luminosity-mhseegrated radial gas density pro le. For XMMU J1238 1339,
mass proxy is the discussed weak constraint on the luming®th the deprojected single beta modgly(' 0:71 10 2cm 3,

ity evolution. We take this current lack of knowledge into ac ' 0:84,r.' 215kpc) and the double beta model yield consis-
count by adding a 23% systematic error, based on the decreag@t results for the gas massMfasso0 (3:0 0:9) 108M
mass estimate of the self-similar evolution model. The nakhere the estimated error is based on the uncertaintieseof th

luminosity-based total mass estimate is hehg, ' (4:1 latter model in combination with the allowed temperaturegex
0:6 ( 1:0)) 10**M (ME 3). Using the core excised X-ray lumi-  Using the mean local gas mass fraction for similarly mas-
nosityL?(:ffoj'ge}/]SOOwith the corresponding scaling relation yieldssive clusters offgassoo © 0:10 0:02 (Pratt et al. 2009), we

a consistent mass estimate within 8%, implying that thereéntreadily obtain a fourth total mass estimatel\dmggg " fs0a 200
region of XMMU J1230.3 1339 does not exhibit any particularMyasso=fgassoo ' (4:2 1:5) 104M  (ME 4).

feature that would drive a deviation. With the knowledge of the nal combined best estimate for
the total cluster mas!;/l*z’ggt as discussed in Sect.5.2, we can
turn the argument around and estimate the cluster gas naass fr
tion for XMMU J1230.3-1339 for the assumed cosmology. This
We now have a more quantitative look at the properties of tieensistency check yieldgassoo ' Mgassooz(Mgggt:fsog 200) '
intracluster medium in the dengest central core regionliike 0:100 0:035 in good agreement with the average local value.
of-sight emission measure EM n2di=4 (1+2)*S(r)= (T;2)

gives direct observational access to the local electrositiem,, 3.1.6. Yy

deduced from the deprojected measured surface brightness p*~

le S(r) as a function of cluster-centric distancen the soft As the nal Chandraand XMM-Newtonderived property, we
X-ray band, and the redshifted and absorption correctett codetermine the X-ray version of the Compton-Y param#ter

ing function (T;2). For an assessment of the central densitylgas Tx. This quantity re ects the total thermal energy of the
of the cluster, we use the double beta model surface brightn&CM and is predicted to be a robust, low scatter mass proxyi fro
t (right panel of Fig. 8), since the inner beta model compone simulations (e.g. Kravtsov et al. 2006; Nagai et al. 2007ictvh
has recently been well con rmed by observations (e.g. Achau

8 Derived with the BCES orthogonal t method and corrected fogt g1. 2007: Vikhlinin et al. 2009a: Arnaud et al. 2010).
Malmquist bias. ' '

9 This approach is somewhat ad hoc at this point, but provideg-a *° When considering only the singlemodel t parameters, this cool-
ni cantly improved agreement with other high-z cluster ree@ments. ing time scale increases by a factor of 3.

3.1.4. Core properties of the ICM
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From the measurements of the global X-ray temperatuse?.1. Richness measures

and the gas mass within the radiRsyo, we obtainYx.s00 =

(16 05(+0:2)) 10M keV, where again a systematic errofS Starting point, we determine the classical optical riesm
is considered for a possible temperature bias (Sect. 3wity Measure, the Abell richnesg™ (Abell 1958), de ned as the

the latest calibration of the M-Yscaling relation from Arnaud Number of cluster galaxies within the projected Abell radiu
etal. (2010) we nd Ra ' 2:14h,;Mpc and with apparent magnitudes in the in-

terval [mg;mg + 2], where mg is the third brightest cluster
N . galaxy. We use the LBIBC z%-band as the reddest opti-
1014567 0010 Yx 0:561 0018 M 6 cal wide- eld imaging lter, providing the highest cluste¢o-
Eé(z) 2 10“4M keV 6) foregroundbackground contrast and allowing background esti-
mations in the same eld. The magnitude interval for the Abel

Msoo =

' . . . 4 .
(26 08(+0:3)) 10%M ; richness in our case isg.,; Mg+ 2]=[20.74, 22.74], and for the
Yy v (o 1 (+0- 4 re-scaled Abell radius we assuRgresc’ fresc Ra ' 1240kpc,
?I\?I(ég?.mw'zoo fsoa 200 Msoo' (3:6 1:1(+0:4)) 10"'M corresponding to an angular scale of 456

We determined the statistical backgrotfodeground galaxy
_ _ counts in this magnitude interval in 17 external backgroraxd
3.2. Optical properties gions with a radius equivalent #®soo each, yielding a median

- ; ; z%-band eld galaxy density of 8 1:5arcmin?. For the clus-
We now turn to the optical cluster properties as derived ftioen iar region withinRsgo, Which is not in uenced by NGC 4477,

\n/wla-ll—t{Fng\Irfg ﬁémr?r%lggir?g %;’geefvt;%i%%p'c data and the wide- €We obtain a galaxy overdensity of (749). The richness esti-

The rich galaxy population of XMMU J1230:3339 is easy Mate for the scaled Abell raditrescis then (109 17), after
to recognize when inspecting the top panels of Fig. 1, ehalserapply'ng a 10% correction @ galaxies) for the geometrically

a galaxy overdensity measure in the single band (left paoel) covered area in the outer ring beyoRebo. This implies that

- - .~/ XMMU J1230.3+1339 falls in the Abell richness clag8°"=2

in color space (right), where the red early-type clusteaxjak : '
clearly stand out from the foregroutimhckground. An interest- ?heugignall(sahrﬁ\c/)wg tﬁg-tlozgzc(;)‘;nct??hgili?:ﬁisr?imgtirrss’ :\?Snvivr?ltjrli
ing note is the fact that the angular size of the foregroumdd/i local Abell cat Ig P ?

galaxy NGC 4477 is almost identical to the cluster total wadi ocal Abetl catalog. . . .
At a projected cluster-centric distance of about 700 kparols A more modern and bgtter calibrated richness measure is
the West, the optical light of the NGC 4477 halo starts to sig=200 (Koester et al. 2007b; Reyes et al. 2008), the number of
ni cantly contaminate the colors of background galaxiesjat =/>0 ridgeline member galaxies withiRoo, fainter than the

i thi At . ; BCG and brighter than:@L . This richness de nition has been
>850 kpc in this Western direction the region is basically keas
out by the foreground elliptical. The proximity of the clast US€d for the MaxBCG catalog of Koester et al. (2007a) of op-

to NGC 4477 hence has two ects on the optical analysis: (j)fic@ly selected groups and clusters from the Sloan Digitat

; Survey (SDSS) in the redshift rangelG< z < 0:3. We follow
galaxy counts have to be corrected for the geometricallg e - .
area in the outer regions, and (i) the measured colors akigs Reyes et al. (2008) for a self-consistent procedure to ohéter

overlapping with the outer halo of NGC 4477 are likely biaseljeoo Which has been used and calibrated with eedent de ni-
towards the blue. tion of RY,, evaluated relative to the mean densifyan of the
Throughout this Sect. 3.2 we are facing the task to apptJg_nlverse. For the selection of &0 ridgeline galaxies we use the

; ; lor cuts R z=2:05 0:2 as shown in Fig. 2, with a compara-
priately re-scale measurement apertures that were deméubi €0 . ' .
local Universe to be applicable at 1. This is not a straight- ble color width as used for the MaxBCG catalog. The consid-

forward exercise, since (i) one has to distinguish xedeginys- ©€red z-band magnitude range is then [19.9mag, 22.9 magj, con
ical apertures from relét)ive cluster apertl?res that e{m{e ned by the measured BCG magnitude an*d aSSP (Simple Stellar
redshift, and (ii) this evolution depends on the referenee-d POPulation) model magnitude of a 0.4L* galaxy at the cluster
sity relative to which all cluster quantities are de ned.rFbe redshift (see below). For the nerative process, we rs_edeime
overdensity de nition with respect to the critical density(z), € number of galaxies ful liing the color and magnitude sut
used in this work, the radius scales in the self-similar nhéate within a xed projected radius O_f lh Mpc' 1.43Mpc yleldlng_

a cluster at xed mass as/ E 23(2) (e.g. Voit 2005), i.e. it N1 h 1mpc = 56. From the very similar scaled nal search radius

changes by a factor of 1.44 frome 0 to the cluster redshift. On Rogo© 0:223N75 . fresch,gMpc ' 1:44 Mpc, we obtain the

the other hand, a de nition relative to the mean densjtya{z)  nal richness measurélyoo' 57, which again includes a small
implies a scaling of / (1+ 2) !, i.e. a decrease by 1.98, anccorrection (3 galaxies) for the region covered by NGC 4477.

with reference to the top-hat collapse densify) radii scale as A total mass estimate based on this richness estimate is then
rl E 2z (2, equivalent to a shrinking by about a fac-obtained from the calibrated MaxBCG scaling relation of &ey

tor of 1.67 at the cluster redshift. For the following dissio® et al. (2008). Due to dierent radius de nitions, the cluster mass
we choose an intermediate radius re-scaling approachstensi Mgoo resulting from this scaling relation is systematicallylingg

with Carlberg et al. (1997%)/ E (2), i.e. where appropriate we thanMagg used in this work. In the local Univermg00 is about
apply a radius correction factor dfsc = 1=E(2) ' 0:58. Since 40% larger, which reduces to approximately 8% atl, due to

the total enclosed mass close to the outer radius scalesxappthe fact that near{(2) converges to ¢(2) with increasing redshift.
imately asMi(< r) / r (see e.g. Equ. 3), the use of @drent For consistency with ouM,og mass de nition we apply a cor-
re-scaling approaches for the measurement aperture aabptrection factorf€®\(z 1)' 0:92 and convert the mass units to
guantities can lead to systematic total mass shiftsiH-20%. h7éM

Working with xed physical apertures, on the other hand,ldou
result in an overestimation of the total cluster mass by ug t0 11 Note that the optically de ned radiuR,, for the determination of
factorof 2atz 1, when using optical observables such as rici,,, andLygis di erent from theTy derived radiusR,q used through-
ness or total luminosity. out most of the paper.
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passively evolving galaxies (for details, see Fassbender)2
The observed Rz color is well matched by a model with a single

NZOO 1:16 0:09 t f . b ' g d slightl | llici

MNz0 = fmean 5.93  :17) 200 10%M 7y star formation burst a and slightly supersolar metallicity
200 = for " ( ) Q) for the BCG and about solar metallicity for BCG2. For1, our
' (6:3 0:7) 10%M models further predict an apparent magnitude 021:9 mag for

a passive L* galaxy, implying that the BCG has a luminosity of
In terms of systematic uncertainties, we consider an amditi ' 6:5L* (or m*-2).

15% error for the aperture re-scaling, and0% for the se- For the comparison of passive galaxy luminosities at higher
lected color cuts and possible foregrotlmtkground contami- z to local measurements such as MaxBCG, twoedént ap-
nation in the richness estimate. Furthermore, all opticalisg proaches could in principle be followed. The rst option @ t
relations in Reyes et al. (2008) are derived from stackestetu perform the measurements in the same observed band, r in the
guantities, i.e. they do not contain the information on thetter case of MaxBCG, and then account for passive evolution and a
of individual clusters with respect to the best tting rétat. To K-correction term of order 2mag using the model predictions
account for this intrinsic scatter, we add a conservativémmim The observationally preferable second approach uses téte be
of 20% systematic mass uncertainty to all optical mass proxiggited band for the measurement, z in our case, then apgies s
(see e.g. Popesso et al. 2005). With a combined possible gyissantly smaller evolution and K-correction terms, andally
tematic mass oset of 32%, the nal richness based total mass¢ransforms the local values into the desired reference baing
estimate is hencmygg" ' (6:3 0:7( 2:0)) 10“M (ME®6). the model. Here we follow the latter method in order to take ad

vantage of the 2 magnitudes brighter passive cluster galaxies
. in the z-band compared to r or R.
3.2.2. Brightest Cluster Galaxy We determine the absolute z-magnitude by applying

We address the characteristics of the Brightest Clusteaxgal the distance modulus equatiamgcg(z)  Mpce = 25 +
(BCG) of XMMU J1230.3-1339 and compare them to predic510g dium [Mpc] + Ksca(2). With z57® = 19:90, the luminosity
tions from Simple Stellar Population (SSP) models. The BCdistancedi,m = 64036 Mpc, and a K-correction of kcg ' 0:82
can be readily identied in the color-magnitude-diagram ive obtainMg.; = 2495 0:03mag for our assumed con-
Fig. 2 as the galaxy with total z-band magnituf¢% = 19:90 cordance cosmology. Using the absolute magnitude of the sun
and a color of RZz' 2.04. In the lower left panel of Fig.1 theM* = 4:51 (Blanton et al. 2003) we can derive the BCG lumi-
BCG is marked by a green dashed circle at a projected onosity asLZ..' 61 10"L .

set from the nominal X-ray center of about®?8orrespond- The BCG luminosity is known to correlate weakly with the
ing to 140kpc. Furthermore, the BCG (ID02 in Table 2) seengguster mass (Lin & Mohr 2004). Although found to be a fairly
not to be at rest in the cluster reference system, but rathier poor tracer ofM,go, Reyes et al. (2008) provide a calibrated
hibits a velocity of about600km's with respect to the me- gcs-M scaling relation for BCG r-band luminosities evaluated
dian redshift. The lower panels of Fig. 1 also reveal that thd K-corrected at= 0:25. With the discussed correction term
BCG has a very close companion galaxy with a consistent colgff*2" and luminosities and masses transformedhﬁ)L and

in the projected view, which could be an indication for onn_1p  we arrive at the following relation

going or upcoming merging activity. We can summarize, thaf® |

XMMU J1230.3+1339 has a dominant BCG in the cluster core L' 110 0:13

with properties in the CMD (magnitude, color, luminositypya M = f*¥11:53 0:10) ﬁ 10"M  :(8)
very similar to most local clusters, but additional chagaistics :

(cluster center oset, cluster velocity oset, close companion) | order to apply this relation, we need to passively evohe t
that point towards a dynamical BCG state which is yet to rea@ltg 10 z= 0:25 and then evaluate its r-band luminosiy'( =

Sotnee:!t?aclll\l/\lllelztl)lr.lum con guration at the minimum of the cluste 4:76) yielding LECG" 1.7 10%L . Erom Equ. 8 we obtain the

Interestingly, we can identify a second galaxy with BCENass estimat®lagy’ (2:4 0:4) 104M (ME 7a). o
properties on the outskirts of the cluster, from now on refeéto So far, we assumed that the BCG's stellar population is
as BCG2 for distinction. This galaxy can be seen in the Sonthdassively dimming without a change in stellar mass. If we in-
half of Fig. 1 (top right panel) and in Fig.11. The BCG2 Speét(_aad assume a non-evolving absolute magnitude, i.e. the di
trum is shown in the lower panel of Fig.4 and further propefPing of stellar light is compensated by stellar mass acquisi
ties are speci ed in Table 2 (1D08). With a total magnitude offO": then the r-li)and luminosity a = 0:25 is 70% higher
28CG2 = 2011, the BCG2 is only 0.2 mag fainter than the corésce’ 29 10"L ) resulting in a mass estimate bfzoo
BCG and has a slightly bluer color in comparison. Due to tHg:4 0:7) 10“M (ME7b). For consistency with Reyes et al.
projected distance of about®0 550 kpc from the cluster center,(2008), we use the non-evolving luminosity as referencesmas
the BCG2 appears in the CMD of Fig. 2 as a spectroscopicalljoxy, and treat the cset to the result including passive evo-
con rmed (open circle) non-core member (small black dobheT lution as a systematic error. With an additiondl0% system-
cluster restframe velocity of the BCG2 is consistent withoze atic for the SSP model evolution uncertainty an2% for the
giving rise to the conclusion that the BCG2 has just entefned tintrinsic scatter, we arrive at the nal cluster mass estemaf
Rsoo region of the cluster approximately along the plane of thdyes®' (4:4  0:7(*39)) 10"M (ME7).
sky, which will be further discussed in Sect. 4.2.2.

The comparison to stellar population synthesis models %I-z
lows us to probe in more detail the BCG properties and to com-
pare them with observations in the local Universe. We hawe-coThe next optical observable and useful mass proxy is the clus
puted a grid of SSP models using PEGASE2 (Fioc & Roccter luminositylL,go, de ned as the summed r-band luminosity of
Volmerange 1997) with dierent formation redshifts and metal-all red ridgeline galaxies iNxgo, K-corrected taz=0:25 (Reyes
licities for relating them to the observed redshift evalatiof et al. 2008). Following the procedures of the last two S&cis1

.3. Optical luminosity
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and 3.2.2, we derive a total ridgeline z-band luminositydas approach does not include a color cut, i.e. also galaxies out
Ry Of L5gg ' 9:2 10%L corresponding to 1% Licc - In  side the red ridgeline region are counted in a statisticasee
contrast to the BCG, where the accretion of additional atellWe focus here on the uncontaminateg, region of the clus-
mass can potentially compensate the dimming of its predorter and determine the background luminosity in the 17 exiern
nantly passive stellar population, the natural choicetertteat- regions as in Sect. 3.2.1, taking all galaxies with mgcg into

ment of the total ridgelin_e light, which s_hould be close_l}klﬂ'ad account. This way we measureaatotal background subtrapted a
to the total stellar mass in the cluster, is the assumptiqrast parent £-band magnitude afi®_ = 16:79 mag within theRsoo

sively evolving luminosities. The expected evolved anahdra _ 00ap S 0
formed bulk luminosity in the r-band at = 0:25 is therefore aperture, corresponding to a restframe |Um|n0$lt3’-§§§ap =

Lheo  2:5 10"L . The corresponding scaling relation (in unit§1:06  0:16) 10L (see Sect.3.2.2). The integrated appar-
ofh,2L andh, M ) ent magnitude of the cluster is comparable to the total fore-
| groundbackground light contribution, implying that about half
" 140 0:19 of all detected %band photons in thBsoo region originate from
10“M (9) XMMU J1230.3-1339. Only about 6% of this luminosity is con-

tributed by faint galaxies with magnituders?O > 22:9. The red

yields a total cluster mass estimateMfoo’ (111 2:8) 10MM ridgeline galaxies of Secg. 3.2.3 account for approxinyatéPo
(ME 8a). The systematic uncertainties now add up to abaaftthe galaxy light withm? 229 in theRsog region.

34%, based on the discussed contributions from aperture re- Although the system is at 1, the contrast of the clus-
scaling (15%), color cut selection (20%), the SSP evolutiger's Z-band light with respect to the integrated background is
model (10%), and the intrinsic scatter assumption (20%g Thku ciently high to allow an evaluation of the spatial light dis-
nal Lpoo mass proxy for the cluster is hen L200 ¢ (1r1 tribution in the core region and some surrounding subsirest

00 . . . .
2:8( 37)) 10“M (MESB). without any particular pre-selection of member galaxiesba-

While the passively evolved BCG luminosity pointed tofore, we merely mask out stars and galaxies brighter than the
wards a low cluster mass estimate (ME 7a), the thtab light BCG (M<mecg) in the sky-subtracted’and image and apply
(ME 8) would give rise to the opposite conclusion of an exdaussian smoothing with a 180 kpc f3Xemel over the eld.
tremely high total mass. This discrepancy is to be attrithiee T he resulting pbservecP—band light distribution of the cluster
the highly populated bright end of the red galaxy ridgeliseg( €ld is shown in the lower left panel of Fig. 9, displayed with
Fig. 2), which apparently places XMMU J12388339in a low © linear spaced contours corresponding to signi cancel$evk
mass-to-light ratio regime (see Sect. 3.2.5) with respe¢he 2 -12 above the background.

underlying MaxBCG cluster sample used for the calibratibn o Next, we can derive the totapand mass-to-light ratio
the Lo relation. within the Rspp aperture using the nal best mass estimate of

the cluster (see Sect.5.2)

LI’
L2oo — . . 200
Mago = fer 1251 0:24) gre— g

3.2.4. Optimal optical mass tracer ! best

M o faaap My M
Reyes et al. (2008) also tested the possibility of an impﬂove? T ol (467 11-3)|_— : (11)
optical mass tracer by considering power law combinatidns o 5% fsoa 200 Lgpgap
either the richnegs,o or the total luminosity_,oo with the BCG
luminosity Lgce. The resulting optimal optical mass tracer wittHere fag ap = Msogap=™so0 © 1:65 is the ratio of the aperture
an improved scatter of the form (in unitsloff L - andh,gM )  massMsgqap Within a cylinder with radiusRseo and the three
dimensional spherically enclosed madsyg, following the pro-
jection formula provided in Jee et al. (2005) for the derigad

N 1:20 0:09 .
MOP = fmea1:81 0:11) 200 (10) gle -model parameters of the cluster. In order to compare this
200 e ' ' rather small value with locally determined -to-li
| y determined mass-to |g?m_crs
Lece 071 0:14 of clusters, we have to take evolutionexts into account, since
[T 10M the optical luminosity is expected to undergo signi cananges
Boa(Nz00) over a time span of 7.6 Gyr due to the increasing mean age of

e underlying stellar populations. A suitable approxiorafor
is change in the integrated luminosity is the passivelgiai
model, since the total light is dominated by galaxies on #te r
Fidgeline or very close to it in color space. This model peesia
dimming of the absolute®amagnitude by 0.7 mag, equivalent to

points towards an anti-correlation of the richness with tl}tE
BCG luminosity at xed cluster mass. Hetescg(N2oo) is the
mean local BCG luminosity at a given richnesscc(N2og) =
314 NO 10L . Using the determined parameters fo
XMMU J1230.3-1339 with the non-evolved BCG Iumlnosnya decrease of the luminosity by a factor of 1.2a0, resulting

Licg' 29 10"L andNxo' 57 we obtain an optimal op- | , , 0,0
tical mass estimate dﬂoptz(8:6 1:3(*28)) 104M (MEO). in an evolved mqss-tp—hght—ratm oM=L )50%'J 89 (M =L ). .
The systematic uncertainties here include the richnegsrsys The transformanog] into the V-band leads to an additional in
. . : : . V\Z= , : .
atics of Sect. 3.2.1 and the passive evolutioset discussed in créase toM=L")50 * 184(M =L ), i.e. to a mass-to-light

Sect. 3.2.2, which would decrease the total mass by 32%. ratio in the lower half of thevMi=L parameter region spanned by
other massive local clusters (see e.g. Popesso et al. 2007).

3.2.5. Mass-to-light ratio

3.2.6. Velocity dispersion
With our available LBT wide- eld imaging data, we have an Y aisp

independent way to con rm the high optical luminosity of théJnder the assumption of virial equilibrium a dynamical mass
cluster using the statistical background subtraction pretfihis estimate can be obtained from a measurement of the cluster's
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radial velocity dispersion ; (e.g. Finn et al. 2005; Kurk et al. North-West and South-East from the center are obvious.g\lon
2009) the same axis, galaxy overdensities can be traced out tondeyo
the nominal cluster radius. These components and featulles w
105hiM ¢ (12) be further discussed in the multi-wavelength view of thestdu
70 ' in Sect. 4.

3 r2R200- 1:7 r

M = ____©
200 G E(z 1000kms?

We determined the velocity dispersion for _
XMMU J1230.3+1339 using the ‘robust' estimator of Beers3.3. Weak lensing results
et al. (1990) and Girardi et al. (1993) applied to the 13 sec

cluster membet? in Table 2 and found . 658 277 km sl Yhe projected total mass surface density is observatipnall
r

(Fig. 5) in good agreement with the classical dispersionsnesa accessible through the method of_ weak gravi_tatior_lal lens-
9. 9 9 p ing. We have used the deep multi-band LBT imaging data

of Danese et al. (1980). From Equ.12 we derive a form Sect.2.1.2 to perform a full weak lensing analysis in the

H H P .Q+5:2 4
dynamical cluster mass estimate Wy, * 2:8753 10 eld of XMMU J1230.3+1339, which is presented in detail in

(ME 10). th ; o ;

_ . .the accompanying Paperll. For obtaining a complete multi-
. AIthO_th the statistics of available ga!"”?y member rec.lSh'fwavelength view on the cluster, we summarize here some rel-
is low with corresponding large uncertainties, the gensital

tion f td ical timate based b tevant results of the analysis for this work.
oo ettt e e o o lerad dia - With a redshift ofz 1, XMMU J1230.3-1339 is currently
0Z€n redsniis Is typical for most optidalrared Selected CIS- o4 ha feasibility limit for weak lensing studies using gnoid

tant galaxy clusters (e.g. Stanford et al. 2005; Eisenretrdt. o0 imaging data. However, the available LBT data allowed
20_08,W|Ison_et al. 2009; Muzzin et al. 2009)._Wh|le at localy the detection of a signi cant weak lensing signal based an th
shifts dynamical mass estimators can provide robust meas%rhape distortions of background galaxies, which were ségar
ments for relaxed clusters even for rather small Spectmecog ) toreground objects by means of multi-band photometric
s_amples (.g. Biviano et al. 2006), h|gh_ redshlft systerapar- o 4shifts. The resulting weak lensing signal-to-noise jdgich
ticularly prone to be aected by potentially signi cant blases.iS proportional to the projected total mass surface dérisitiis-

In the case of XMMU J1230:61339 the fairly low velocity diS- . 2ve in the lower right panel of Fig. 9. The ve linearly sai
persion estimate compared to similarly rich and massival IO(gontour levels span the signi cance range from half the peak

clusters becomes plausible in the light of the large-sdales alue (1.75 ) to the maximum at 3.5. The location of this

turglagfj cor;pﬁptent ar}gli(lylslstlanec':.tébe.t I\/Idotre th?n hal_fde)f hass density maximum coincides with the X-ray center and the
available redshifts are likely to be attributed 1o galaxesid- peak of the galaxy overdensity. Furthermore, the geneuateit
ing in coherently infalling structures, i.e. they are natalized  o,hq2tion in the SE-NW direction is also clearly visibletie
tracer particles of the underlying potential well. What ie- 021 jensing map. The detected extension towards the North-

tively measured is hence a combination of the ngers-oﬂGcWest is signi cant to better than 2, whereas the South-Western

e ect, corresponding to the virialized tracer particles Bhass o ¢ js o be considered tentatively due to the closeiriox
estimate is based upon, and the prolate ellipsoid in retisace |\ contaminating foreground galaxy NGC 4477.

due to the coherent infall of the surrounding large-scalecsire For the reconstruction of the total spherical 3D-mass of the

I(e.gt. C;!JZZO et al.b_200(§3). Thg ect otfhthis Ialtter fS%StetmagEéeécluster we tted two parametric mass models to the observed
ocity dispersion bias depends on the angie ot the larg tangential shear pro le (see Paper Il for details). For asuaged

matterthows with re(sjpeclt tc_)tthée_ pIane_ of t_het;ky, Whicrf‘ Car\rsu%ingular isothermal sphere (SIS) density pro le we detexihe
press (ne measured velocity diSpersion in tn€ case o Cm“»erecorresponding best tting velocity dispersion of the ckrstio be

infalling substructures mainly in the transversal direct{see ~sis. 1271 255kms?. UsingRago of Sect. 3.1.1 as outer clus-

Fig. 12), or boost up the dynamical mass estimates for radial terr boundary we obtain a SIS modemass estimate (ME 11)

herent ows. of
3.2.7. Spatial galaxy distribution ss 2 !
. . N . SISt . ; Rooo ot
As the nal optical result discussed in this work we derivepas Moo 4:65 1 10°M (13)
. ; ; : ; ; 1000kms 1 Mpc
tial density map of the red ridgeline galaxies selected with . .
previously applied Rz color cut as shown in Fig. 2. The density (7:6 33(+3:0)) 10*M

map was constructed by marking the world coordinate pasitio
of the 88 selected galaxies over the FORS 2 eld-of-view a
the subsequent application of an adaptive smoothing Tae
resulting spatial red ridgeline galaxy distribution isplég/ed in
the upper left panel of Fig. 9 with log spaced color cuts and co
tour levels analogous to the representation of the X-rafasar
brightness in the upper right panel. Going from the lowesh&
highest contour level corresponds to a galaxy density asge
by a factor of 26, with the peak density coinciding with the X
ray center marked by the white cross. Within tReg region
of the cluster, two additional galaxy concentrations taigahe

s a second parametric model we considered a Navarro-Frenk-
hite (NFW) density pro le (Navarro et al. 1997) with a con-
centration parameter af = 4:0 and a scale radius af; =
354 kpd“. These NFW parameters were determined from the
measured shear components, in good agreement with the ex-
pected values from simulations of halos of similar mass add r
shift by Bullock et al. (2001) and Dolag et al. (2004). Thisbe
1t NFW model to the weak lensing data yields an enclosed to-
tal mass withinRygo of MYFV ' (6:9  3:3(+2:2)) 10M
(ME 12).
For consistency and robustness we used the X-ray deter-
12 This method yields a slightly lower estimated cluster réftif mined value forRygp as outer cluster boundary. However, this
zy = 0:9737 compared to the median redskift 0:9745 of Sect.2.1.3, way the weak lensing mass estimate is not fully independent.
but still well within the 1 uncertainty. The rst value is likely biased
low due to coherently infalling sub-structure (see Seét, so that ** Based ona tto 10 data points out to%0
the median value is preferable as cluster-centric referpomt. 14 Forhyo, slightly scaled from the values given in Paper Il Fgg.
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T T
1' (478 kpc) 1' (478 kpc)

| Red Galaxies

Fig. 9. A pan-chromatic view of XMMU J1230:81L339 seen through projected surface density maps @rdnt physical quantities within the
cluster'sRyqo region (outer dashed circle). All panels show the sarB& 4:8° sky region in standard orientation (North is up, East to |efte
nominal cluster center (central cross) &R, (inner dashed circle) are also indicatddp left (a): Density map of color-selected red galaxies
(log-spaced contoursJop right (b): ChandraX-ray surface brightness map (log-spaced conto@sitom left (c):Total 2-band light distribution
map (linearly-spaced contour8ottom right (d):Weak lensing mass density map (linearly-spaced contours).

Indeed, the self-consistent direct determinatioRgf, from the 4.1. Comparison of projected density maps

best tting NFW pro le yields a signi cantly larger radiusfo . _ _ .

RYFW' 1415 kpc. To account for this potential positiveset in ~ Figure 9 displays the four derived spatial density mapst(Sgc
the outer cluster radius, we considered the resulting mags-d Wwithin the cluster'sRyoo region (outer dashed circle), corre-

ences as additional systematic uncertainty. sponding to an angular image side length o_f°.4?Ehe maps
are based on independent data sets or techniques and zgsuali

di erent physical projected properties and matter components
The top panels show the log-spaced density contours of the re
ridgeline galaxies (left, a), based on the VEDRS 2 data of
. . Sect. 2.1.1, and th€handraobserved (Sect.2.2.2) X-ray sur-
4. Multi-wavelength view on large-scale structure face brightness distribution (right, b). The bottom pamksplay
and small-scale physics the linearly-spaced contours of the total projected lightribu-
tion in the Z-band (Sect. 3.2.5) on the left (c) and the weak lens-
We now combine the results derived for the eient cluster ing signal (Sect. 3.3) on the right (d) both derived from teel
components (i.e. galaxies, ICM, and Dark Matter) in order 10BT/LBC imaging data of Sect. 2.1.2 (see Paperll for details).
obtain a detailed pan-chromatic view of XMMU J12361839. In terms of physical projected cluster quantities, the Winai
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Fig. 10. Cluster components and large-scale structure environwieXtVIMU J1230.3+1339 in a 7.6 7.3 LBT color composite view with
di erent density contours overlaid. Six identi ed cluster gaments are marked by dashed green boxes labelled with roomaerals.Left:
Contours show the galaxy densities in red and the weak lgnstal mass density in whitRight: Same eld with the £-band light distribution in
yellow and XMM-NewtonX-ray contours in cyan.

is proportional to the total mass surface density (d), treeoled present in all maps. In contrast to the conclusions on the-ove
z%band ux represents the restframé\Btotal stellar light (c), all shape of XMMU J1230.81339 along the identi ed main
the X-ray surface brightness is a measure of the projected §dW-SE axis, which was not not in uenced by NGC 4477 (see
density squared? (b), and the galaxies can be approximatelfig. 10), the proximity to the bright foreground galaxy ireth
considered as tracer particles of the underlying grawviteti po- SW region now hinders the component analysis of the cluster i
tential well (a). the far background and weakens the signi cance due to the de-
The rst observation is that the nominal cluster center (ceferiorated achievable shape and color measurement agaufrac
tral cross), measured as the “center-of-mass' of the X-naig-e Packground galaxies and possible residual contributiortbe
sion detected with XMMNewton(Sect. 3.1), shows a very goodtotal light and X-ray emission in this region. As a resulte th
correspondence to the peak signal within a few arcsecorals inmeasured South-Western red galaxy density is to be regasded
projected density maps. This implies that the galaxies|@é lower limit (a), while the X-ray emission (b, see also thepkze
gas, and the dark matter component are linked to the same (pt!M SNR map in Fig. 10, right) and total light distribution)(c
jected) center of their corresponding density pro les. &ldtat could be slightly increased, and a tentative characteriepm
this concordant cluster center for XMMU J12301839 does the SW feature in the weak lensing map (d).
not coincide with the BCG location (see lower left panel of
Fig. 1), which is often used as ducial reference center iticgh
cluster studies. 4.2. Cluster components and large-scale structure
A second common feature in all maps is an elongation or

extension in the SE-NW direction, which indicates the appajye turn the focus on the global view and the characterization
ent main axis for the cluster assembly and the ponnectmjnﬂo bf the dynamical state of XMMU J1230:3339 based on the
large-scale structure laments of the surrounding cosmebw zyajlable multi-wavelength data set. Figure 10 displaysatit
Just NW of the center, all projected density maps (at lowsf re;a| color composite with a larger 2.07.3° eld-of-view and
olution for the WL signal) show another clear extensiondeat ne dj erent projected density contours overlaid. The weak lens-
in the core region, which is identi ed with an ongoing memgin jng signal (white) and the galaxy densities (red) are shawn i
event discussed in Sects. 4.2&4.4. The galaxy (a) and ta@#l Myne |eft panel, and the’sband light distribution (yellow) and the
ter overdensities (d) in the NW direction can even be traoed M- NewtonX-ray emission (cyan) on the right. For a bet-
beyond the nominaRaoo cluster radius, indicative for the pres-er qualitative evaluation of low surface brightness X-eayis-
ence of a LSS lament. In the opposite SE direction, the galaXjon in the cluster outskirts the combined XMNewtondata
map (a) reveals a further density peak just inside the iR8&y s used (Sect. 2.2.1) resulting in an improved sensitivityhe
radius, also re ected in the light map (c), and another esitem  cost of lower spatial resolution compared@bandra The low-
to beyond the cluster radius. est four cyan contours correspond to signi cance levelfiefX-
Towards the South-Western (SW) direction from the systeray emission of (0.5, 1, 2, 3) above the background, whereas
center, an additional but less pronounced likely clustetuie is  the central cluster contour displays a 35igni cance.
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We have identi ed a total of six dierent cluster components
or associated structures in the multi-wavelength map#, idén- i
ti cation labels I-VIin order of decreasing signi cancéé clus- i
ter core (I), an ongoing merger event towards the NW of the cen i
ter (II), two infalling groups on the cluster outskirts (8 V1), i
and two lament extensions beyond the nominal cluster radiu i
towards the South-East (1V) and the North-West (V). '

The central cluster region, indicated by box | in Fig. 10, en- :
compasses the projected density peaks of all the main matter i
components, i.e. the Dark Matter dominated total mass tjensi i
(white contours), the hot ICM gas component (cyan), and the i
cold baryon component in form of the total stellar light (gel) i
or the spatial galaxy density (red). The region also inciutthe '
spectroscopically con rmed BCG (ID02 in Table 2) at a radial i
distance of 1% from the nominal cluster center (bottom panels
of Fig. 1). For the further discussion, we follow the ow of-ac
creted matter onto the main cluster halo from the largedéscaFig. 11. Closeup view on the infalling BCG2 group (ll).
towards the central regions.

4.2.1. Cosmic web laments the red galaxy density (a) or total light (c) map of Fig.9 and a
less pronounced distortion in the XMMewtonX-ray contours
The North-Western galaxy lament (box V) is traced to a ragright panel of Fig. 10). At the current mass and spatial lteso
dial distance of more than twidgoo, Where the current limit tion of the weak lensing map, the BCG2 group does not produce
is set by the FORS2 FoV, i.e. the actual overdensity of refiocal mass peak feature in the weak lensing contours, stigge
galaxies might extend even further. The projected galaxy deng that the associated total mass of the BCG2 group is small
sity appears to have a minimum closeRgo and then increases compared to the main cluster halo.
again towards the local maximum in the lament of region (V) A second infalling group candidate at a slightly larger pro-
(left panel of Fig. 10). Three spectroscopic cluster memli&rs jected cluster-centric distance of about 900kpc is marked a
09,10,12in Table 2) are located in the cluster- lament$iian  component VI in Fig. 10. This South-Western cluster compone
zone, all are blue shifted with respect to the median retisftifi s currently the least secure one, as spectroscopic cortioma
cluster-centric velocities in the range [-800,-1300f&nwhich s still lacking and the discussed proximity to NGC 4477 may
is indicative for a line-of-sight bulk ow velocity of the _ahment impose a bias on the projected quantities. Nevertheldssyal
structure of ~ 1000knis. In terms of the weak lensing massjensity maps show features that point towards asxis infall
density, the signal of an extended mass distribution is oveds scenario of matter also from the SW direction, but curreatly
well into the cluster- lament transition regime at a sigitet  constrained along the radial direction. Besides the tietatass
noise level of more than two. From the X-ray side, there aneeso feature in the weak lensing map (white contours) in the dioac
indications for low surface brlghtnegs extensions fr_omcﬂble- of component VI, XMMNewtondetects X-ray emission within
ter core towards the NW lament (right panel of Fig. 10), anghjs region on the 3 signi cance level (cyan). This X-ray emis-
several X-ray point sources in box V, which may or may not bgon seems to be extended, but due to the low-surface beghtn
related to the cluster environment. a further characterization is currently not feasible. Thaayal,
The opposite galaxy extension towards the South-East (Is)most tangential direction with respect to the clusterteeis
is less pronounced and reaches about 0.5 Mpc belgagadThe also outlined by the coincident total light distribution thfis
association of the three X-ray sources with correspondgid | region (yellow) and the density of red galaxies (red), whih
overdensities in box IV to the lament can currently not beertainly biased low compared to the true density as a reult
probed with the limited spectroscopy available, whichuels color contamination from the blue foreground emission am th
one secure member galaxy (ID 11 in Table 2) matching the mautskirts of NGC 4477.
dian redshift, i.e. with vanishing cluster-centric linEsight ve-
locity. The tentative interpretation of a galaxy lamenbap the . .
plane of the sky is fostered by the similar cluster-centalog- 4-2.3. Central merging activity

ity of BCG2 (ID 08) as part of the infalling galaxy group lligu Moving back into the core region of XMMU J12306-3339, we

insideRsoo. now turn to the cluster component 1, which extends to thetihNor
West of the nominal center at a projected cluster-centige di
4.2.2. Infalling groups on the cluster outskirts tance of 100-400kpc. This component features prominently i
the galaxy density (a) and total light (c) maps of Fig. 9 asdin
BCG2 (see Sect. 3.2.2) appears to be the central galaxy af anN\W prolongation close to the central peak value. Tfandra
tact group environment approaching the cluster center ftmm X-ray surface brightness map (b) reveals an associatedevedg
SE. Figure 11 displays a closeup view on this group compondike region with an almost constant SB, followed by a rapittou
(1), which still seems to be a bound sub-system withouhsig ward SB decline at a projected distance of about 250kpc. This
of strong interactions with the main cluster componentsie¢ surface brightness plateau was already visible in the ahiatiy
very low cluster-centric velocity of BCG2 points at a radial averaged radial SB pro le of Fig. 8 and can also be recognized
fall orbit towards the center of XMMU J1230t3339 along the at lower spatial resolution in the XMNitewtonX-ray contours
plane of the sky with a current cluster-centric distancelafia of Fig. 10. The weak lensing map (d) provides a view on the
560 kpc. The BCG2 group is clearly visible as a local peak iotal mass distribution at a further reduction of resolutibut
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still reveals a signi cant elongation of the projected masthe 1 Mpc r(z)
direction of component . i |

The overall geometry and features in the projected density
maps are similar to the merger con guration in the well stud- SE NW /
ied "Bullet Cluster' 1E0657-56 at a lower redshift of 0:3
(e.g. Markevitch et al. 2002; Clowe et al. 2006; Bradac et al
2006). In comparison, the observable signs of merging activ
ity in XMMU J1230.3+1339 occur at smaller angular scales of
<1° and correspondingly shorter projected physical distantes_ IV
<500 kpc, which implies either a steeper viewing angle with re
spect to the plane-of-the sky or a merger event closer tderlus
core passage.

All currently available redshifts within component Il are
blue-shifted with respect to the median zeropoint. Besales
secure member (ID 01 in Table 2) at cluster-centric linesigfit
velocity of' 400 knis, four more tentative redshifts were iden-
ti ed closer towards the NW front at larger blue-shifted was
of about [-700,-1300,-1300,-2800] Ksa shown as squares in the
lower left quadrant of Fig. 5. With the currently availabfzes- |
troscopy, we can establish a negative line-of-sight bulkaity :
of the central merger component Il, with a tentative best est !

mate for the center-of-mass velocity of the merging group of 3.24 Gpe
v ' ( 800 500)knis. T
O%

4.3. 3D mass accretion geometry Observer

Using the identied cluster components i_n the 2D mumFig.lZ.Sketch of the reconstructed 3D accretion geometry for the-cl
wavelength maps of Sect.4.2 and the available spectrascogf environment. The horizontal direction shows a cut tgrothe main
information, we can reconstruct a tentative model of theghr Se-Nw cluster axis, whereas the tentative radial (i.e. iédspace)

dimensional accretion geometry of the cluster environnoént distances are plotted along the vertical axis for companéM The

XMMU J1230.3+1339. In Fig. 12, the horizontal directions cornominal cluster center is indicated by the central cross,pibsitions
responds to a cut along the cluster's principal SE-NW axig, aof the BCG and BCG2 by dots, and the reference rRetih and Rsoo

the vertical direction indicates the tentatively ident @adial by the solid and dashed circles. The physical scale in theteriuefer-
line-of-sight con guration consistent with the currentyail- €nce frame is given in the upper left corner and thg valueerdtver
able limited spectroscopic information for the individeaim- Part refers to the comoving distance to the cluster in tharasd cos-
ponents I-V. Component VI is not considered here since the 0g’lology. Green arrows indicate schematically the approtértraversed

. . - SR . istance within 200 Myr for linearly extrapolated trajedts under the
entation along the redshift space direction is not considht assumption of matter infall velocities of 2500 ksxfor the central merg-

the moment. _ _ ing group Il (see Sect.4.4) and ducial reference values @aknts
The cluster core (component I) with the nominal centgér the outer components (111, 1V,V).

(cross) and the cset BCG (black dot) was most likely passed
by the group bullet (I1) within the last 100 Myr at a small but
non-zero impact parameter under a relatively small angth wi

Lens dﬁggr:gghgaﬂiﬂees (|)rf1 ttr;]ee ?ﬁ]yrrgzgfatsees;[éh‘ilt)y %ﬁ?\lg?qggin the_|dent| ed galaxy laments IV and \% the timescales for tha
cluster center, and the concordant peak location in theiu;lfenster infall to the cluster core are approxmately 1-2 Gyr.rhiibis
maps of the éalaxy- light-, ICM-, and total mass distributi rst model of the 3D con guration of XMMUJ1239'8-1339
the indications do nét supbort thé scenario of a direct hit (i and_ s Iarge_—sc_ale structure environment, the clustakedyito
. : ; be in a continuing active mass accretion and growth phase for
zero impact parameter) of the seemingly intact clusterezent .
; ' several Giga years to come.

The green arrow connected to component Il visualizes the ap-
proximate traversed distance of an assumed linearly exttataul
bullet trajectory at a relative group velocity of 25004swithin 4 4. The central group “bullet’
200 Myr. This distance of 0.5Mpc emphasizes the relatively
short timescale of 100 Myr of a erce interaction of the clus- Merging events constitute a crucial role in the galaxy @ust
ter core with the infalling group, and the implied rarity bese growth history within the hierarchical structure formatfoame-
events to be “caught-in-the-act'. work. However, the in situ capture of merging events close

The BCG2 group (component Ill) has recently entered the the cluster core passage is rare due to the relativelyt shor
Rsoo region of the main cluster from the South-East and doesre interaction and crossing timescale of the order of 190 M
not yet show visual signs of interactions with the main h@ilee  Since merger events are important laboratories for a rich-nu
spectroscopic information indicates a radial orbit with mim ber of further detailed investigations on Dark Matter pmepe
mal impact parameter. Assuming a reasonable ducial ctrreies, shock physics of the ICM, galaxy interactions andugisr
infall velocity of 1000 knis, we obtain a traversed distance ofions, and relativistic particle acceleration, we sumzeathe
about 200 kpc in 200 Myr (green arrow), and a likely directecorcurrent observational status of the new high-z group “Bulle
impact within a timescale of roughly0.5 Gyr. For similar as- in XMMU J1230.3+1339 here in order to establish a tentative
sumed ducial bulk ow velocities (e.g. Pivato et al. 2008pMm  multi-wavelength reference model of the merger con gurafi
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which is to be tested and extended with upcoming deeper-obser
vations.

Figure 13 shows the currently most detailed optical view on
the dynamically active region of interest to the North-Weft
the nominal cluster center, witbhandraX-ray contours and the
position of a VLAIFIRST radio source overlaid.

4.4.1. Merging features in the ICM i

The merging process of a sub-cluster with the main halo is ex-

pected to occur at peak velocities corresponding to typitzadh f
numbers ofM = v=cs' 1-3, wherecs is the velocity of sound in

the main cluster andis the relative velocity of the colliding gas

fronts (e.g. Markevitch & Vikhlinin 2007). Interestinglthe ex-

pected typical value is obtained, when interpreting thenome

angle with respect to the symmetry axis of the observed wedge

like structure in the X-ray surface brightness map as Macteco

The dashed yellow lines in Fig. 13 represent the approximiate

served wedges of constant surface brightness with an agpenin

angle of' ' 28, which yieldsM = 1=sin( ) ' 2:1. The cur-
rently availableChandradata does not have swcient depth for
detailed diagnostics of the wedge-like X-ray surface krighs

d_|scont|nU|ty, which W.OU|d require measurements of thedﬁ;s Northern part of core component (1) and a full view on regihi¢en-
sity and temperature jumps across the front. However, USIBg j e in Fig. 10. The Chandrax-ray surface brightness contours (cyan)
typical Mach numberoM* 2:1as a rst estimate for the relative exnibit a pronounced cone-like structure with an approxémepening
velocities, we can obtain a rst approximation of the or@iin  angle of 56 deg (yellow lines). Marginally extended 1.4 Ghidio emis-
angle with respect to the plane of the sky. From the ICM temgion is detected along the approximate symmetry axis of¢thegara-
peratureTy' 5:3keV' 6:2 10’K we derive a sound velocity of tion, displayed by the green cross for the location, theewpiatial error
cs' 1480 (T=10PK)?km=s' 1160knis, and hence a relativeellipse, and the green ellipse indicating the observedcsosinape and
velocity between merging group and clustenvgf' 2400kms. extent. Character labels refer to candidate events of sitligiping (t),
The combination with the radial line-of-sight velocity cpm  9alaxy-galaxy interaction (i), and a foreground galaxy ) enhance
nent estimate of,© 800 knTs yields a rst approximation for the contrast of low surface brightness features in the aptinage, a

L smoothing with a 0.#Gaussian kernel was applied to the data, and the
g}(? aznogle of the merger axis with respect to the plane-oskye black background was remapped to gray scale.

In analogy to the "Bullet Cluster' 1E 0657-56, the observed

wedge structure in XMMU J1230+3339is likely a cold front"  the merging group's galaxy content. The practically caligess

in the “stripping stage’, i.e. a contact discontinuity oe bound- galaxy component has thus not yet been spatially separated f
ary of the colder gas of the merging group and the hotter cluge uid-like ICM component, as in the case of 1E 0657-56.

ter ICM expected to form close to the core passage point (€.9. Several galaxies in the central part of Fig. 13 show signs of
seen in 1E0657-56, is expected to be detectable only on #igynt core (label i) at the inner tip of the wedge North of the
outbound trajectory, i.e. it might not have formed promihen yeliow foreground spiral (label f) is a candidate event foe t
yet at the particular merger stage in XMMU J12361339. The ¢o|lision of two gas rich galaxies, based on the strong disto
tentative interpretation of a bullet-like merging evendse to  tjons of the inner isophotes and the blue color. The photdmet
core passage with an observable “cold front' (i.e. with aty Ottedshiftz,,, 1:0 of Paperll for this galaxy indicates a tenta-
ward rising temperature) would also be consistent with the itjye cluster membership, which is to be spectroscopically-c
dications of an increasing ICM temperature at radii beydwd t ymed. A di erent process is seen at work in the red spectro-
SB wedge (Sect. 2.2.1). Moreover, in the early “strippia@ss’  scopic cluster member (ID01 in Table 2) to the East of thergree
the SB wedge opening angle could be closer connected to ggss, which features a trail extending about 40 kpc to th@SE
actual Mach cone, which is not the case any more for clusigg| t). This galaxy trail could be tidally stripped stellaaterial

1E 0657-56 due to the decreasing bullet size with time and-a cgasulting from the gravitational interaction with the carfethe
responding increase in the apparent opening angle (Madkevimain halo and could end up as part of the Intracluster LigRit)]

& Vikhlinin 2007). A more detailed X-ray analysis of the merg (e g. Zibetti et al. 2005). More detailed studies on galakians-
ing physics in XMMU J1230.81339 based on deep@handra  formation processes in the dynamically active core regibn o
observations will be presented in a forthcoming paper. XMMU J1230.3+1339 will require high-resolution space-based
imaging and spectroscopic information for the individuat o
jects.

Fig. 13. Zoom on the dynamically active North-Western core region of
the cluster. The 62 55°°L BT/LBC optical color composite displays the

4.4.2. Interactions of the galaxy component

Indications for seeing a_snapshot of an early merger stagecl, 4 3 park Matter halo properties

to core passage also arise from a closer look at the galaxy com

ponent in Fig. 13. The front end of the X-ray wedge exhibits Bhe elongation in the total projected mass distributiomsee
surprisingly coincident alignment with a dense cloud obgas the weak lensing map and the high galaxy density associated
(upper right quarter of Fig. 13), seemingly the leading froh with the group bullet suggest that the initial mass of thegner
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ing group corresponds to a signi cant fraction of the mainsel However, the fact that we are most likely witnessing an
ter. With the available ground-based WL data the group massgoing merger event close to cluster core passage suggests
cannot be further constrained at the moment, but a reasonahk consideration and discussion of an alternative soerari
assumption would be a bullet mass of the order M cor- the basis of turbulence-induced electron accelerationhin t
responding approximately to a 1:4 merger scenario. wake of infalling substructure. This mechanism of turbaken
Hydrodynamical simulations to reproduce the observédte)acceleration (e.g. Brunetti et al. 2001; Fujita et &02
properties of the merging system 1E0657-56 by Springel Brunetti et al. 2004) is now believed to be the source of ingat
Farrar (2007) have shown that the time dependent spatial st electrons associated with the giant radio halos obskirve
aration of the mass peak of the bullet group relative to tHd ICgrowing number of massive clusters with recent merger activ
and the shape of the contact discontinuity in the X-ray serfaity such as Coma (e.g. Feretti & Giovannini 2008; Ferrarilet a
brightness depend sensitively on the relative concentratof 2008, for reviews). The generation and time evolution ofd ui
the merging halos and their gas fractions. A rst visual conturbulence behind a moving subcluster can be probed and visu
parison of the merger con guration in XMMU J1236-3339to alized with numerical hydrodynamic simulations (e.g. Zakia
these simulations seem to be consistent with a low condéntra 2005; Dolag et al. 2008; Vazza et al. 2009). The overall geom-
parameter of' 2-3 for the main halo and a time snapshot withietry and involved length scales seen in such numerical essudi
about 100 Myr of the closest core passage point. are comparable to the observed con guration shown in Fig. 13
implying that merger-generated turbulence at the locaifdhe
observed radio emission in XMMU J1236.B339 is plausible
and even expected.
An additional point of particular interest is the obserwatof AN intriguing scenario would be that we are actually witress
extended radio emission originating from a location trgjithe NG the injection point of re-accelerated ultra-relatiziselec-
front of the infalling group very close to the approximatensy {rons into the ICM as the source for the later development of
metry axis of the merger con guration. In Fig. 13, the locati @ giant radio halo lling a good fraction of the cluster volem
of the detected 1.4 GHz radio source (ID:J1230%633917) With low surface brightness radio emission. With the cutran
from the VLA FIRST survey (White et al. 1997; Becker et a/di0 data, we can only perform some consistency checks to test
2003) is indicated by the green cross in the center of the @made plausibility of this alternative hypothesis. _
This source with a signal-to-noise ratio of 7.2 is the onltalzy _ €assano et al. (2007) derived the expected scaling rela-
entry within the eld of the larger cluster environment shoim  tions of the re-acceleration model for the total emitted ra-
Fig. 10. The radio source is clearly extended with good signidio power with total cluster mass and other properties, whic
cance along the North-South axis with a deconvolved FWHM & € ected in the observed strong empirical correlatiofise
(5:7  1:5)°0 but below the extent detection threshold along tH@test radio power correlation measurements are 6prqw@ed b
orthogonal East-West axis. The reconstructed source shape Brunetti et al. (2009) for thePyasomnz Ly relation'® yield-
dicated by the green ellipse in Fig. 13, where the uppetithit  ing l0g(Prasom=WHz ') 245 = (0:077 0:057)+ (176
of the extent along the minor axis of #%vas used. The white 0:16) [log(LX'=ergs?) 454]. The combination of this correla-
ellipse displays the positional error region of the soureeter tion with the non—evolving_?(‘_’"r)oo—Mg,oo relation (Equ. 4) results
at 90% con dence, which is just small enough to exclude any ’

4.4.4. Observed extended radio emission

of the centers of the neighboring galaxies as origin for Huka . |

emission at this con dence levél The 1.4 GHz radio source fLx é“m Pusomiz 02

has an integrated ux of (B9 0:19) mJy, which translates into Mzoo' fsoa 200 s 56 1024WZ:H 10"M  :(14)

atotal radio power oP1440mH;. 8:3 1074 W Hz ! at the cluster @ . z

redshift under the assumption of a typical spectral indes é6r Ly Vo .

the extended emission (e.g. Laing & Peacock 1980). Here fi 500 © 0:95 is & conversion factor from total lu-
minosity to L3%, and fsoq 200 * 14 as dened in Sect.-

) . . i 3.1.1. Applying this relation to the measured radio power in
4.4.5. What is the origin of the radio emission XMMU J1230.3+1339, we obtain a mass estimatel\(b%’oe"'z'

The simplest explanation for the observed radio emissiosecl (9:5 3:8) 10"M (ME13). The error is dominated by the
to the core region of XMMU J123043.339 would be an ex- Systematic uncertainty in the redshift evolutionldfL,,-Msoo
tended radio lobe associated with central AGN activity ire on(Sect. 3.1.3). Other error contributions such as the uaicgigs

of the cores of the two red early-type galaxies partially effier the total radio ux ( 12%), the K-correction from the as-
compassed by the white positional error ellipse in Fig. 13. sumed spectral index 0%), and the used scaling relations are
fact, Dunn et al. (2010) have found extended radio emissionadded in quadrature.

more than half of the early-type galaxies of a complete local This plausibility check for the hypothesis that the obsdrve
sample of X-ray luminous E and SO galaxies. However, oniparginally extended radio emission is related to the origin
the two most radio luminous objects in this sample (M87 &f the radio halos in lower redshift clusters yields a mass in
NGC 4696) would have comparable radio powers to the souffeérly good agreement with the best total mass estimate for
in XMMU J1230.3+1339, but these are associated with BCG¥MMU J1230.3+1339. Turning the argument around implies
of local clusters. With the currently available radio datatbe that for the inferred total cluster mass the observed tataior
eld, the association of the detected radio source with almga power is just a factor of a few higher than expected for thal tot
galaxy cannot be ruled out and is certainly a valid hypothesi radio halo emission, which might be expected close to the cor
passage of a subcluster. Hence, the scenario of the tudmilen
15 The nearest previously known foreground galaxy (label fign E3) induced electron re-acceleration model connected to tige-on

SDSS J123015.88133920.4 has a spatial separation of4ffom the ing merging activity seems also to be a consistent altarati
radio source, corresponding to a distance of about a fattoatside
the 90% positional error ellipse of the FIRST source. 16 Using the BCES Bisector parameters.
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and should be further pursued. Considering that currenilddt panel). This feature is clearly a deviation from the undady
measurements of diuse radio emission in clusters are limited t@assumption of spherical symmetry and resultedively in a
z < 0:6 (Brunetti et al. 2009), future low-frequency radio stidieless reliable radial pro le t (Sect. 2.2.2) with an increa$core
of the dynamically active core region of XMMU J12388339 radiusr. and slope parameterwith respect to the pre-merger
have the potential to gain new insights into the origin anml@ev con guration. Additionally, signi cant deviations fromraas-
tion of radio halos. sumed hydrostatic equilibrium state (Sect. 3.1) can beagpe
in the core region. The local ICM temperature could be lowere
due to the cooler gas of the infalling group core, or templyrar
5. Discussion boosted in the bow shock regions in conjunction with the X-ra
) ) ) ) luminosity. However, in the light of total cluster mass piesx
In the following section we discuss the dynamical state @k sect. 5.2 this merging event does not seem tecathe re-
the system and evaluate the drent mass estimates andts signi cantly. The interaction region is rather to lsgarded
scaling relations used to derive them. We then compagg 3 |ocalized perturbation with little in uence on the Istikell
XMMU J1230.3+1339 to other high-z galaxy clusters and focuge ned cluster center and only mild ects on global quantities.

on the connection to low redshift counterparts. Standard cool core diagnostics classify XMMU-
J1230.3 1339 in its current state as a Non-Cool-Core cluster
5.1. Dynamical state of XMMU J1230.3+1339 (Sects.2.2.2&3.1.4), albeit the relatively short cent@bling
time scale. Any possible previous onset for the developmiegt

The system XMMU J1230:81339 is a massive bona de clus-centrally peaked surface brightness pro le was alreadteraed
ter with ongoing dynamical activity on all relevant scaléée out by the group “bullet' (component ). The foreseeablesco
will argue in the following that this cluster, observed abak- impact of the BCG2 group (component 1) will likely further
back time of 7.6 Gyr, is likely a precursor of the most massiuisrupt the dense cluster center and hence erase the central
non-cool-core clusters in the local Universe, similar ®@@oma conditions required for the progress of signicant cooling
system. This scenario is consistent with the emerging picture from

In the optical, XMMU J1230.81339 (see Table 3) exhibits simulations on the dierent formation histories of NCC and CC
a galaxy population which is among the richest of all knowslusters. The simulations of Burns et al. (2008) showed that
z> 0:9 clusters. On the X-ray side, the ICM is found to be hoNon-Cool-Core clusters are characterized by an increasess m
with a high luminosity and a rather extended surface brigbgn accretion rateX50% per Gyr) in early epochg ¥ 0:8), during
pro le, devoid of any detectable X-ray point source witlgno.  which nascent cool cores are destroyed by major mergergvent
Moreover, the high total mass of the system enables complemehich also set the conditions to prevent cooling at lateicapo
tary system diagnostics using weak lensing measuremems. T
cluster center of XMMU J123043L339 is well de ned, which
indicates a virialized core region prior to the onset of tie o05.2. Comparison of mass estimates and scaling relations
served central merging event. The projected density magsake
the galaxy and total light peaks, the center of the total rreass
the X-ray surface brightness peak all within a few arcsesarid
each other (Fig. 9).

The location of the Brightest Cluster Galaxy at a projected
distance of 1& or 140kpc from this nominal center showss 2. 1. Combined mass estimate
a signi cant spatial oset. Considering the dynamical friction
timescale of a few Gigayears, spatialsets of the BCG from We have applied dierent and independent observational tech-
the center of the main cluster halo are not surprising when diiques to study and characterize the cluster based on (# opt
serving systems in the rst half of cosmic time. However, et cal imaging data, (ii) X-ray observations, (i) weak griational
local Universe the BCG location with respect to the X-ray-cettensing, and (iv) spectroscopic information for a rst gfise on
ter is known to correlate strongly with the dynamical state ¢he system dynamics. The objective in this section is to doeb
the cluster. Sanderson et al. (2009) have shown that a lacge [several suitable measurements in order to obtain a (pireiry)
jected BCG oset & 0:02Rso0) implies on average a non-coolbest total mass estimakSeStas a benchmark value and starting
core host cluster with a shallow central ICM gas density fgp point for a comparison of the derent high-z mass proxies.
a larger than average gas mass fraction, and very low star for We start by selecting four reliable, quasi-independentsmas
mation and AGN activity associated with the BCG itself. Thesestimates from dierent observational techniques as input for
local (z 0:2) correlations and expectations for clusters with combined mass estimate. On the X-ray side, the concordant
signi cant BCG o sets are tentatively consistent with the propchandraand XMM-NewtonlCM temperature estimate provides
erties of XMMU J1230.31339, with the exception of the gastight mass constraints based on fheM (ME 1) scaling rela-
mass fraction, which is found to be close to the average log&n, which also encompasses a reliable redshift evolytiea
value (see Sect. 3.1.5). diction. TheChandradetermined -model SB structure parame-

The identi ed central merging event gives rise to a dynanters were the basis for the gas mass measurements of thesyste
ically highly active central region of the cluster with vaus and the correspondiriglggg estimate (ME 4). This constitutes a
characteristic signatures as discussed in Sect.4.4. Dtieeto second reliable and quasi-independent mass measureineat, s
quadratic dependence of thermal bremsstrahlung emigsiit the cooling function for the soft X-ray band is practicalfy i
the gas density, global ICM X-ray diagnostic measurements aensitive to the ICM temperature (few per cent changes over
expected to be in uenced most by central group mergers.én tthe relevantTx range). Similarly, the temperature basRgho
speci c case of XMMU J1230.81339, the resulting attening was chosen as cluster boundary for the weak lensing measure-
of the X-ray surface brightness within the wedge-like regio ments, which was regarded as more robust compared to the self
the wake of the infalling group is well visible in Fig. 9 (toijght consistent approach based on the current model constiiainis

In Sects. 3 &4.4, we have derived a total of 13 elient mass
proxies for XMMU J1230.3 1339, which will be compared and
discussed in the following.
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certainties. This currently most likely total mass intérfar
XMMU J1230.3+1339 is shown in the mass proxy comparison
plotin Fig. 14 (vertical dashed lines), together with theutbref-
erence proxies displayed by the red lled circles, and dtlest
mass estimates (black circles) with their correspondingetn
tainties.

5.2.2. Multi-wavelength mass proxies and challenges at
high-z

The combined cluster mass profhsst' 4:2  10MM  with

1 uncertainties of about 19% is currently the best reference
value for XMMU J1230.3 1339 and is among the most accurate
cluster masses measured to datezat0:9.

The X-ray derived mass estimates (ME 1-5) provide a con-
sistent picture of the cluster with mostly well constraimedss
intervals based on the medium degipandraand XMM-Newton
data. The systematic uncertaintiesn(ME 1) arise from the
unconstrained temperature structure of the ICM and theiposs
ble in uence of the central merging event. The constrainsf
the hydrostatic estimate (ME 2) are mostly limited by the un-
certainties in the -parameter, which is certainly in uenced by
the y-through group bullet in addition to possible deviats
from the hydrostatic assumption in the central regions. (e
certainties of the gas mass (ME 4) avid (ME 5) estimates are

us- Mostly limited by the depth of the available X-ray data. These
estimatd€r property with the smallest relative uncertainty (sebl@a)
10“M , shown on top with 1 uncertainties is the X-ray IUminOSityLX, which translates into small statisti-

(dashed lines), is based on the combination of four quasideddent cal mass estimate errors based on the latest (Ihsaly! scal-

mass proxies (red points). The numbering along the vertig@ is
equivalent to the mass estimate labels (ME 1-13) in the &tettistical

ing relation. However, a signi cant uncertainty is addedéease
of the limited knowledge on the high-z evolution of the retat

1 uncertainties are shown by the black horizontal lines. Thgm | -T scaling relation (see Sect. 3.1.3). For the very good cencor
tude and direction of potential systematicsets are displayed by the ygnce of the_y based mass estimate WiMlggSt, the Lx-T rela-

slightly shifted blue bars extending the statistical efarillustration

purposes.

tion was assumed to be non-evolving, which isatient from the
self-similar evolution expectations. However, such a birggof
self-similarity for theLx-M scaling in terms of a slower redshift

the ground-based weak lensing signal with larger uncdiésin €volution and a steeper slope of the relation is in qualisai
We choose the NFW model estimate (ME 12) as WL input mag§0d agreement with the latest results from the Millennivas G
proxy for theM2eSt determination. As fourth reference mass, the'mulations after the inclusion of non-gravitational (reating

“optimal optical' mass tracer is considered (ME 9).

mechanisms (Stanek et al. 2010). Once an improved and self-

Besides the statistical uncertainties arising from messufonsistent calibration of thex scaling relations az > 0:9 is
ment errors and the scatter in the used scaling relationa)sve available, the X-ray luminosity appears to have the poaéii
attempted to approximately quantify the in uence of potent be a good h|gh—z mass proxy at relatively Iow_observatlooal.c
systematic osets on the mass estimators. These latter uncertain- Weak lensing mass estimates are potentially a powerful tool
ties were due to e.g. smaller analysis apertures comparbe tolC Provide independentlow-bias measurements to makegsegr
used scaling relation3), the resulting in uence on the derivedin the calibration of mass-observable relations. Howetleg,

cluster radii (WL), signi cant uncertainties in the red&tevo-

weak lensing analysis of XMMU J12306:3339 in Paperll is

lution (Lx, Lscs, optical apertures), and technical ambiguitie@t the current feasibility limit for ground-based imaginigser-
arising from the adaptation of local measurement recipbigio  Vations, implying fairly large statistical uncertaintiése to the
redshift (\Na0o, L2oo). These technical uncertainties are in prinimited lensing signal strengti757'is on the lower mass end of

ciple independent from the statistical errors, howeveirtfun-

the uncertainty range but still consistent within the esraith

known) statistical occurrence may not follow a Gaussiarbproth® WL mass proxies (ME11& 12). Signi cant progress and a
ability distribution and are hence dtult to properly account Self-consistent parameter treatment in the WL analysibresl
for. As a rst order approximation, we assume Gaussian profuire the availability of deep spaced-based imaging data.

erties of the systematic technical uncertainties and a€loh tim
quadrature to the statistical error intervals to obtainsrasb-

The dynamical cluster mass estimate based on the measured
radial velocity dispersion ; (ME 10) provides the weakest sta-

ability distributions for the individual proxies. The fdtiquasi- tistical constraint for XMMU J1230:81339, due to the small

independent mass reference proxies are then combined witlygamic range of ; and the relatively large uncertainties related
maximum-likelihood approach, resulting in a nal clusteags 0 the limited number of available redshifts. The situabbhav-

estimate of\best= 4:19+079

200

0:77

10"*M  with specied 1 un-

ing about a dozen spectroscopic cluster members for a kst or
der evaluation of the velocity dispersion is typical undemnvsy

17 The velocity dispersion-based dynamical mass estimate @)E conditions with single mask spectroscopic follow-up of hew

with the current uncertainty range has practically no stiadl weight,
its inclusion for the combined mass would only have a per eeatt.

discovered high-z systems. More stringent mass consiregat
quire large, dedicated follow-up programs to ideally irsethe
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number of cluster redshifts by an order of magnitude. Altifou temperature determindgbyg is within 2% of 1h7g Mpc, imply-
hardly feasible in the general case for 0:9 clusters due to the ing e ectively only percent level dierences for most of the total
magnitude limit of the available spectrographs, the highmess mass estimates (ME 1-5, 7, 10-13), when re-scaled to the xed
of XMMU J1230.3+1339 might realistically enable the identi-physical aperture. However, for the optical mass proxiesta
cation of about 100 spectroscopic cluster members. Howeven richness and total luminosity (ME 6, 8, 9) a signi cant re-
biases arising from infalling structures, which could léagos- duction of the total mass estimate of the order of 30% applies
itive and negative osets depending on the line-of-sight anglefor the xed radius, which would move these proxies in much
are likely to limit the achievable accuracy of dynamical miasdetter agreement with the current best estinlmgﬁt.
estimates at high redshifts.

Mass proxies based on optifdIR imaging data have the ad-
vantage of being observationally cheap and usually reastayi-

able for distant cluster searches or studies. Although s@m  The growing number of known 1 galaxy clusters with avail-
progress has been made in the calibration of optical scating able multi-wavelength data will soon allow comprehensiopp
lations at lower redshifts, unbiased mass proxies at0:9 to  ylation studies from the group regime to the most massive sys
better than 40-50% seem to require signi cant further wark ttems at this important cosmic epoch. A point of particulaeiin
overcome technical and evolutionary challenges. We have @t will be the intrinsic cluster-to-cluster variationsaagiven
tained a consistent picture that the optical galaxy pomnatf epoch for systems with comparable masses, e.g. with respect
XMMU J1230.3+1339 is rather remarkable for a high-z clustg the thermodynamic properties of the ICM, the formatics hi
ter, both in terms of total galaxy numbeS,o, R™") and to-  tory of the galaxy population, or the structure of the Darkitéia
tal luminosity (200, Lgyy)- Interestingly, the optical BCG Iu- halo. This intrinsic physical scatter sets on one hand ttimate
minosity (ME 7) yields a mass estimate which is fully consigimit of accuracy for the calibration of high-z scaling rétems
tent with M58%! followed by the suggested higher system massgfd re ects on the other hand the @rent conditions during
of the Nxgo proxy (ME6), the proposed optimal optical masg|yster formation, e.g. the collapse epoch, the in uencéhef
tracer (ME9), and the.>o0 luminosity (ME 8). In the case of | SS environment, or AGN feedback.
XMMU J1230.3+1339, the optimal optical mass tracer of Reyes \wjthin the XDCP survey, the cluster XMMU J1229.6151
et al. (2008) does not seem to improve the individual proxigg z = 0:975 (Santos et al. 2009) is almost the “twin brother’
based 0rN2oo and'—_BCG-. . _ of XMMU J1230.3+1339. Besides the concordant redshift,
The use of luminosity-based mass proxies (Bzgs) at high-  XMMU J1229.5+0151 features a comparable X-ray luminosity,
z requires as input rather large evolution and K-correclimi 3 similar ICM temperature within the error§y ' 6:4 keV),
tors to relate them to the scaling relations calibrated &efo and a consistent velocity dispersion (683 knts). The clus-
redshifts. Counting galaxies along the typically well-ded red- ter is also optically rich with a well populated red sequeand
sequence of early-type galaxies (elzoo) Seems to be a more o bright galaxies in the center. A third bright galaxy ohwo
straightforward approach. However, even this appareritly s parable magnitude and mass is located on the outskirts of the
ple task gets increasingly complicated at high-z, wheréwuar cjuster, at a projected distance similar to the BCG2 group in
subtleties and potential biases are to be taken into acébant X MMU J1230.3+1339. Overall, the basic global properties of
somewhat reliable mass estimate is to be achieved. Evem unge two clusters seem to be well consistent within the olaserv
the assumption that a distant cluster is siently rich to exhibit tional uncertainties.
an easily identi able red-sequence, three main criticahte- The two most distant clusters from the Wide Angle
cal aspects remain and may impose signi cant mass biagesHOSAT Pointed Survey (WARPS) (Perlman et al. 2002) are
nding the correct RS slope, (i) the de nition of appropté& fyrther appropriate candidates for a direct comparisorh wit
color cuts, and (iii) the determination of a self-consist®ra- x\VMU J1230.3+1339 as they are similar in mass and redshift.
surement aperture. All three items are in principle funwiof The most distant WARPS cluster, Cl 14153612 atz = 1:03,
cluster redshift, and the rst two depend moreover on the agas an ICM temperature 6fx ' 5:7keV, a luminosity of
plied Iter combination and the depth and quality of the daa Lbol ' 104 10%ergs, a hydrostatic total mass estimate
examples of redshift dependent biases, we can considetygala:" . 4
evolution e ects in clusters, which lead to an observed increa?é Moo ' 38 10M  (Maughan et al. 2006), and a ve-

. X . : ocity dispersion of ; ' 810km's (Huang et al. 2009). The
with lookback time of the fraction of objects bluer than tleel+ second system Cl142%:@241 atz = 0:92 is characterized by

sequence and also an increasing relativeative age (and hence o bol o 4
color) di erence of the average stellar populations asafunctig1ne parametezé’x 6,'2 keV, LX:ZF_)O 96 10*ergs, and

of cluster-centric radius (e.g. Rosati et al. 2009). Foredxolor Mz200" 45 10'*M . With core radiiofrc  100kpc (for =2-3)

cut de nition, a redshift dependent positive or negatiahriess Poth systems are more compact in their ICM structure contpare
and mass bias could thus be imposed through an increasing d8n<MMU J1230.3-1339 and their bolometric X-ray luminosi-
tamination of bluer non-passive galaxies in the red ridgetie- ties are 40-50% higher, while the total mass and temperature
lection, or by excluding a growing fraction of slightly biugas- €stimates are similar within the uncertainties.

sive galaxies on the cluster outskirts. Similar redshifiefedent

mass biases may arise through a non-consistent scalinge of 4, Appearance atz= 0

measurement apertures.

An alternative approach applicable in the absence of a tobM¥e now address the question of the expected system prapertie
estimate for the cluster radifsqg or for direct cluster-to-cluster of XMMU J1230.3+1339 after an additional 7.6 Gyr of cluster
comparisons is to measure relevant cluster quantitiedeénai evolution (i.e.z= 0) and compare these to the characteristics of
xed physical projected radius of e.ghl; Mpc. The hereby im- the local Coma clustez{ 0:023).
posed positive mass bias with redshift mightin many casesibe A lower limit for the total system mass at= 0, without
acceptable trade-ofor otherwise large possible uncertainties iconsidering further accretion, can be obtained from thé sel
the cluster radius. In the case of XMMU J12301339, the ICM similar evolution model. Due to the decreasing reference de

5.3. Comparison to similar X-ray clusters atz 1



24 R. Fassbender et al.: A pan-chromatic view of XMMU J123Q339 atz=0:975

sity (2 with time, the system radius is expected to evolve &sble 3. Multi-wavelength  properties the  cluster
Ro00(z=0)' E?3(2) Ra00(2), which translates approximately lin-XMMUJ 1230+1339.
early into the total cluster ma$d,oo(z=0)' EZ3(2) Maoo(2)'
1:4 Mogo(0:975) (see e.g. Equ. 3). However, once including theProperty  Value Unit NG, [10M ]
continuing mass accretion the cluster growth rate siricd is ~ RA 12:30:16.9
much faster. The simulations of Burns et al. (2008) prediet a PEC 13:39:04 )
erage mass growth rates '06-10% per Gyr at late times and _* 31835 18-2002 cm
' 30-50% per Gyr during active mass assembly periods aroung s 4197079 1014 M
z 1. As a benchmark, the time evolution of the largest lo-52% 1617"5@7 KOG
cal 10"°M halo in the Millennium-Il simulation (Boylan- 2% 67048 kgc
Kolchin et al. 2009) exhibits a total mass increase sincel g ** 29738 ke
by more than a factor of 5. A realistic prediction for the el T><~'2500 5:303&71 keV 3617077073
total cluster mass of XMMU J1230t3.339 at the currentepoch 1 6.0-18% keV 068
is henceMygo(z = 0)  (L1:5-2) 10™M , i.e. ranked among fo;;oo 043024 z
the most massive local clusters and likely even higher insmasfg(:ss'ozokev (5:140110:54) 10 ergstcm 2
compared to the Coma system wih' 10*>M 05 2kev (192 020) 104 ergs?
i H X:500 g .
From the X-ray perspective, Coma s a prototype NQn'COOlL%?oigeﬁsoo (153 021) 10" ergs?

Core cluster featuring a shallow surface brightness prwith a bol - (650 0:68) 10“ ergs? 4:1 06( 10)
large core radius af.  300kpc (e.g. Briel etal. 1992). Asimilar 7% 0:43+024 7
X-ray appearance can be expected for XMMU J128039, | o84 " 0:a7 49 28
which shows already in the current con guration a very egeth 215 110 kpc
NCC SB distribution. The core impact of the BCG2 group andcsg 0.07
subsequently accreted matter (Sect.5.1) will likely fartdis-  neg (23 14) 10?2 cm 3
perse the remaining central ICM density peak within the nextcoot2okpc 40 24 Gyr
Gigayear (Figs. 8, 9) resulting in an even more attened ¥-ra Csound 1160 kmis _
SB pro le for the expected new equilibrium con guration affe  Mgassoo (30 0:9) 10 M 42t
Gyr later. Y x:500 1:6 05(:02) {ql4 M keV 36 11(+04)

The upcoming merging with the BCG2 group will lead to fgﬁ;ﬁoo 2:100 0:035
another close resemblance to Coma in the optical, namely t 57 63 07( 20
existence of two central, almost equally massive briglgalstx- 200 92 23) 102 L 111 28( 37
ies. The core impact velocity of the BCG2 group with the main "29% P 5
halo is too high (see Sect. 4.4) to allow eent merging with 500 (2%(')06 09'106) 10 L
other central galaxies, i.e. BCG2 is expected to retainrits e e 1'930 '01_02 mgg
tity as a massive galaxy. After relaxation within the maiasel MZCG 2 495 '0,03 ma 44707 (¢-10))
ter halo and several Gyr of dynamical friction at work, BCG2 BSS 1 40' ’ K Cg 07( 2:2)
can be expected to settle close to the cluster center at ldw re B¢ 658 277 kﬁis 2g+52

. ; . - ; :
shifts and form a pair of two dominant cluster galaxies thget ML 467 113 M 1L 23
with the nominal BCG. In terms of the general optical richs)es ' H13(+28)
XMMU J1230.3r1339 is already comparable to Coma (richnes<XPbet 8'6+gzgg+gzg;
class R:2) when considering the accessible bright end of theVL ° 1271 275 ks 6 3310
galaxy population. With the continuing accretion of gagaxi _ WL NFW 6.9, #?

83 107 WHz ! 95 8

from the surrounding laments, the new system is likely to-su_Piasomrz

pass Coma in optical richness by 0.

Coma is also the prototype for clusters featuring aude
radio halo. In Sect. 4.4, we discussed the possibility thehs
radio halo originates from merging events such as the one ob-
served in XMMU J1230.81339. If this scenario prevails, the
evolved cluster might additionally show similarity to Corima

the radio regime at certain epochs. .
Mgass00

luminosity of L2
temperature off x.2500 '

X;500

30 10Mm

tional archivalChandraobservations nding a bolometric
' 6:50 10*ergs?! ( 10%), an ICM

5:30keV ( 13%), a gas mass of
( 30%), a gas mass fraction of

fgassoo’ 0:10 ( 35%) consistent with local values, and/a

6. Summary and conclusions parameter of’ys00' 1.6 10"“M keV ( 38%).

é'S. The Chandraanalysis of the X-ray surface brightness dis-
tribution yielded an approximate core radius of 215kpc, a
pro le parameter of 0.84, and an overall classi cation as
a Non-Cool-Core cluster. The very central part of the SB
pro le is better represented by a doublemodel with an
additional more compact radial component, from which we

: ; N 2 am 3
1. The galaxy cluster was discovered within the XMiiéwton denvg a central electron density oo ' 2:3 10 “cm
Distant Cluster Project (XDCP) as a bright, extended X-ray ( 60%)and a corresponding cooling time of about 4 Gyr.
source in an archival XMMNewtonobservation targeting 4 1he cluster features a very rich galaxy population (Abell
the Virgo galaxy NGC 4477. richness R2, Nygp' 57) with a prominent red-sequence in
2. We have characterized the X-ray properties of the system the color-magnitude-diagram and a tot&band luminosity

with a joint analysis of the XMMNewtondata and addi-  of Lg’g;éap' 1:06 108BL ( 15%).

We have presented a multi-wavelength analysis and chairact
zation of the galaxy cluster XMMU J12303:3339 atz= 0:975,
which is summarized in the following. An overview of the sys-
tem parameters and the derived mass estimates is provided in
Table 3.



(€2}

10.

11.

12.

13.

14.

15.

R. Fassbender et al.: A pan-chromatic view of XMMU J1230.339 atz=0:975 25

The Brightest Cluster Galaxy is located at a projected dis and possibly even surpass Coma in terms of galaxy richness
tance of 140 kpc from the nominal cluster center and has a and total mass.

luminosity of L35 6:1 10*L ,two magnitudes brighter

than the characteristic luminosity at this redshift. The newly identi ed galaxy cluster XMMU J1230+3339is an

. Based on 13 secure spectroscopic cluster members, we ngh@ellent test laboratory at 1 for detailed observational stud-

radial velocity dispersion estimate of' 658 km's ( 42%). ies to address various fundamental questions related tashe

. As presented in detail in the accompanying Paperll gémbly phase of massive systems and their Dark Matter, ICM,

Lerchster et al. (2010), we detect a weak gravitational-lengnd galaxy components. Recent follow-up campaigns of the
ing signal for the cluster on the:3 signi cance level, cluster environment include additional optical spectopscat
which currently sets the redshift limit for the extractioh oVLT/FORS 2, deeper X-ray coverage wi@handrag and mm

a weak lensing signal based on ground imaging. observations with APEX-SZ. Upcoming studies will e.g. aon t

. We have performed a multi-wavelength analysis of the-clugerive a more detailed picture on the interaction procee$es

ter structure based on projected density maps of (i) recgalahe di erent components related to the central merging event or
ies, (i) the X-ray surface brightness, (iii) the totétrand to characterize the galaxy populations as a function oftefus
light, and (iv) the weak lensing mass distribution. We nd @entric distance in dierent sub-components and the large-scale
well de ned concordant cluster center and a main elongati@fructure laments.

axis along the SE-NW direction present in all maps.
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