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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 J12301839 atz=0.975,

a new system discovered within the XMMewton Distant Cluster Project (XDCP). We measure and compareuwsanvidely 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 afalysis of X-ray data, optical imaging and spectrogcop
observations, weak lensing results, and radio propeieadhieving a detailed multi-component view on a system-ail.

Results. We find an optically very rich and massive system withoo =~ (4.2 + 0.8) X 10Mgp, Txzs0 = 5.3'5¢keV, and
LQ‘})OO: (6.5« 0.7)x10*ergs?. We have identified a central fly-through group close to cagspge and find marginally extended
1.4 GHz radio emission possibly associated with the turiiuleake region of the merging event. On the cluster outskigssee
evidence for an on-axis infalling group with a second BrighitCluster Galaxy (BCG) and indications for an additiorfbais group
accretion event. We trace two galaxy filaments beyond theimadroluster radius and provide a tentative reconstruabibthe 3D-
accretion geometry of the system.

Conclusions. In terms of total mass, ICM structure, optical richness, iedoresence of two dominant BCG-type galaxies, the newly
confirmed cluster XMMU J1230:31L339 is likely the progenitor of a system very similar to tbedl Coma cluster, fiiering by
7.6 Gyr of structure evolution. This new system is an idesllifed 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 —ro@$ogy: dark matter — cosmology: observations

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

to study galaxy evolution in the densest environments,iBe-t o, is reflected in the armada of ongoing or planned galaxsy clu
modynamic properties and chemical enrichment of the hod inker surveys in various wavelength regimes.

cluster medium (ICM) at large look-back times, and the stmec . . e
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 promiddues overthe past five years have led to an increase in the nu
ing cosmological probes to shed new light on the propertiels aber of spectroscopically confirmee 1 clusters from a hapdful
of objects to now a few dozen systems. On the X-ray side, new
* Based on observations obtained with ESO Telescopes atthedta identifications of X-ray luminous clusters are currentlygtely

Observatory under program ID 078.A-0265 and 081.A-0312, a@m  driven by XMM-Newton serendipitous surveys (e.g. Mullis et al.
servations with the Large Binocular Telescope (LBT), arel ¥aray 2005; Stanford et al. 2006, Fassbender et al. 2008; Santds et
observatories XMMNewton andChandra. 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 overdensitiesaX-gala ACDM cosmology withQ, = 0.3, Q, = 0.7, andh =
ies at similar color (e.g. Gladders & Yee 2005) have recenth/(100 km st Mpc1) = 0.7. Unless otherwise noted, the no-
been successfully extended to the near-infrared (NIR)mregi tation with subscripXsg (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 firblniverseopc(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
effect (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 aadgrojected physical scale of 7.96 kpc, and the cosmic eeolut
study of massive distant systems. factor has a value d&(2) = H(2)/Ho = [Qm(1 + 2)% + Q,]Y? =

A crucial pre-requisite for linking galaxy cluster survesrr 1.735.
sults to cosmological model predictions is reliable andlwel
quantified mass-observable relations. In this respectk wyesv- . . .
itational lensing techniques have emerged as a promisoigdo 2+ Observations, datareduction, 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 S'Zabl.e clgstc_ar_ Samp'.es have eStabI'Shed'mdiscovered as part of the XMNilewton Distant Cluster Project
observable relations with significantly improved accuréey. .fXDCP), a serendipitous archival X-ray survey focussedhan t
Reyes et al. 2008; Zhang et al. 2008, Marrone et al. 2009t Fifye nification of very distant X-ray luminous systems (Msill

weak lensing constraints on the evolution of scaling refetifor et al. 2005; Bohringer et al. 2005; Fassbender 2007). The fir
X-ray groups are now available (e.g. Leauthaud et al. 2Gt®), o of the survey strategy is based on the initial deteaifon

significant WL signals have been reported for individual ma§erendipitous extended X-ray sources as cluster candidtate

sive clusters outta~ 1.4 (e.g. Jee et al. 2006, 2009). |_|0\’\’everl’|igh galactic latitude XMMNewton archival fields. Extended

all mass estimation methods are potentially influenced by dk—ray sources lacking an optical cluster counterpart initigd

fere_nt inherent biase§ (e.g. Meneghetti et gl. 2010) e_:rmp'hg; Sky Survey (DSS) images are followed-up as distant caneidat

the Importance ofan inter comparison offdrent techniques, in by optical two-band imaging with the objective to confirm a

partlc;ula}r_ for high redsh|ft systems. . alaxy overdensity and obtain a redshift estimate basedhen t
Significant progress is yet to be made to establish rob%ﬂor of early-type cluster galaxies. Subsequent spectfs

mass-observable relationszt 1 and beyond and to compare,pseryations of photometrically identified systems previde

vices and virtues of mass proxies derived from optiBalX-ray, fina| secure cluster identification as bound objects andrateu
WL, and SZE observations at these redshifts. The curreitehm ,ychifts for the high-z systems. The presented XMiivton

tion is the still persisting small number of known galaxysters 54 the v JFORS 2 imaging and spectroscopy data are part of
atz>0.9 that are sfficiently massive to enable the detection ang s xpcp survey data set.

cross-comparison Of_ all observational techniques on awithd Additional follow-up data for a more detailed characteri-
ual cluster basis. Using concordance model parametersame giiqn of the cluster were obtained with the Large Binocular

estimate the surface density of suitable test objects:at0.9 1gjesco ; ; ; ;

X p SO . pe (LBT) for deep multi-band imaging . Moreoverhhaig
Wf't{‘ol\é'éooz 4x10t M? to belatz)gggone object in a solid anglgesoytion X-ray data of a field serendipitously covering¢tus-
0 g@ (seee.g. Jee eta " ): . . ... ter has recently become available in t@kandra archive. An

In this paper we present first details of the newly identifiegl,eryiew of the full multi-wavelength data set used for thizrk
cluster of galaxies XMMU J1230:31339 at redshifz = 0.975. o given in Table 2. We first present the optical imaging aretsp

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 dozefiedent 2.1. Optical follow-up observations
total mass proxies, and (iii) the identification of substuue- 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 thed&ia (960s, hereafter R) and
Lerchster et al. (2010, Paperll hereafter) provides a mere ¢, (480s, hereafter z) filters 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 J1236.8339. The FORS 2
worthy location in the sky, as it is located behind our closeBnaging data with a field-of-view of 6’86.8 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 flat-fielded fsaime
of M87, corresponding to a projected distance of approx@fgat the z (R) band were registered to a common coordinate system
400kpc, or half oRsq, at the Virgo redshift. and co-added using\arp and SCAMP (Bertin 2006). The final
This paper is organized as follows: Sect. 2 introduces tktacked images have a measured on-frame seeing ¢f i H2e
observations, data reduction, and first basic cluster ptiegse 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 identifinatidard star observations in the R-band and stellar SDSS plestom
of cluster associated sub-components; Sect. 5 discusselyth try in the science field for the z filter. Photometric catalegse
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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 95x9.5 i'Z
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), Vr (green),
and UB (blue). The side
length of the image cor-
responds to a physical
scale of 2Mpcx2Mpc
(250" x 250"), displaying
approximately the region
inside Ry The large
number of red cluster
galaxies are easily visible.
Bottom left: Core region
of the cluster in’iz with
Chandra X-ray contours
overlaid in cyan and a side
length of 560kpc (70);
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.

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#ervID
XMM- Newton EPIC X-ray Jun 2002 14ks¢8.9h 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 UBVr’i’Z imaging 28 Feb - 2 Mar 2009 37 kset0.3h
VLT FORS 2 MXU spectroscopy 27 Apr & 6-7 Jun 2008  2.2k$89 h 081.A-0312

extracted from the PSF matched images uSiagractor (Bertin - removal of stellar source€I(_STAR>0.95) 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% completenessimitscus of early-type cluster galaxies in the CMD, clearlynsis
for the two bands were estimated to hg (50%) ~24.7mag out from the background at a color of-2~2 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-madgit e have not attempted to fit a non-zero slope to the clus-
diagram (CMD) for the observed field using the tor¢_auTo) ter red-sequence, since (i) the slope is expected to be siiall
z-band magnitude and fixed 2.23.5x seeing) aperture magni- (N moderately deep ground-based data does not allow forecis
tudes for the Rz color, both corrected forfiects 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+£0.2 mag (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 specific reduction procedures in general
encompasses 11 out of 13 spectroscopically confirmed clusie 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 final co-added image stacks have mea-
bers, which is expected to be slightly bluer at the faint enivbtd  sured seeing full-width half-maxima (FWHM) of 0.8 the Z-
mainly by a decreasing average metallicity with increasipg band and about 078n all other bands, resulting in limiting mag-
parent magnitude (e.g. Kodama & Arimoto 1997). nitudes (o detection in 1 apertures, see Table 1 of Paper ) of

The lower panel of Fig. 2 shows the histogram of the numb#te co-added frames of: ikl ~27.0, Bim =26.9, Vim ~26.3,
of objects along this color-selected strip 1<#6-z<2.25mag in I'im ~26.2, liim ~25.8, and % ~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-field 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 factorpmbi- determinations in independent external regions; and @ep
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 clug=igs.1, 10, 11, and 13. In order to maximize the depth of the
ter galaxies outside the color cut, (ii) fainter ridgelinalaxies available data for visualization purposes, we co-added taed
are preferentially located beyond a cluster-centric disteof 1~ Z-band using an inverse variance weighting scheme to a result
(dotted histogram), or (iii) the cluster red-sequence leighia ing combined’Z’-frame. This combined band is used as single-
physical deficit of faint galaxies as has been reported feersé band background image with a high contrast of cluster gesaxi
high-z clusters (e.g. De Lucia et al. 2007; Tanaka et al. p007 and as inputfor the red-channel of RGB color composite iaage
Figure 3 displays the cumulative radial distribution of re§:ccordingly, a co-added Vaframe 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 of but still within the fiducial 2.1.3. VLT Spectroscopy

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

ies can mostly be attributed to infalling groups, as disedss For the final 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 YEDRS 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 aréanei  (Table 1). Targeted galaxies were selected to be prefatiynti

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

initial confirmation of the cluster and the identificatioritsfred- Ment setup with the 3001 grism and a slit width of provides

sequence by restricting the galaxy selection to the innéoB80 & 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 diterent nights under variable seeing conditions ranging

end of the red ridgeline in XMMU J1230:3339 is highlighted from 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 F° tasks. In short, the 2-D spectra were bias subtracted, flat-

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

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

by fitting a low order polynomial to adjacent background oegi

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, weatdéid observed through the same MXU mask. The quality of the ob-

deep wide-field imaging observations in six-bands UBX/z'?  tained dispersion solutions was cross-checked by meastimin

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

the 2x8.4 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

8.4m telescope) over the fleld-o_f-wew of 2@6' were 9 ksec template spectra using th&AF packageRVSAO (Kurtz &

in the U and z'-bands, 5.9ksec in B arfd3.6ksec in V, and Mink 1998). Out of 38 spectra, we could identify 13 secure

3.2ksec in the’rband. cluster members (see Table 2) with a median cluster redshift
of z = 0.9745+ 0.0020 and a bootstrapped error estimate.

2 For our practical purposes, thefidirence between the photometric-igure 4 displays five sample spectra of cluster memberstiagth

reference systems z andis negligible & 0.02 mag). The derived LBT Most prominent spectral features labelled. The crossetzdion

7 and FORS 2 z-band magnitudes have been confirmed to be emtsisdf absorption-line spectra with a ficient signal-to-noise ratio

within the photometric errors. However, for easier digfime we refer (SNRX5) yields typical statistical velocity errors af50 knys

to z-band magnitudes for the FORS 2 results a@nthagnitudes for the

deeper LBT data. 8 http://iraf.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
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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 colezR2.05 (red dashed line)

is clearly visible. Filled red circles indicate objects it a 30’ radius
from the X-ray center, green circles correspond to 0.5sthall black
dots represent all other objects in the field, and open simtlark spec-
troscopically confirmed cluster members. Horizontal dbtiees de-
fine the applied color cut interval af0.2 mag about the median color,
while the dotted vertical line refers to the expected apptareagnitude
(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 within 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 c-z. Adding the wavelength calibration uncertaintgA(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
02~0.0002 shift of z=0.975, smoothed with a 9 pixel boxcar filter. 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 confidenare indicated by blue dashed lines. The sky spectrum (bptaoich tel-

We have identified 11 additional tentative galaxy redshiftech  luric features (top) are overplotted in red. From top todoithe 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
fields were processed, was performed v8#§ v6.5 using the

2.2. X-ray Data taskseboxdetect andemldetect. With an extent likelihood of

221 XMM-Newton Lext :1.17, Correspondi_ng toa fo.rmal probability that the.source
extent is due to a statistical Poissonian background fltictua

XMMU J1230.3+1339 was initially detected as an extended Xof ppoisson= 1.5x 107°%, the cluster is one of the most signifi-

ray source at high significance level in the XMNewton field cant X-ray sources among all distant cluster candidateken t

with observation identification number (OBSID) 011255210XDCP survey. A detailed description of the source detediioth

at an df-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 inditét blue tracted 0.5-2keV X-ray flux as a function of projected clussalius.
circles, dashed lines correspond to the formal velocitpetision esti- The blue solid line shows the total 0.5-2keV flux inside thejgeted
mate. For completeness, galaxies with tentative redsdriétalso shown radius r as measured with the XMMewton PN camera, the red line
as squares, smaller black symbols indicate velocitiesaritbe formal represents the sum of the two MOS instruments. Poissonseptas
3o interval. 5% uncertainties in the background determination are aysul by the

dashed lines, the vertical line depicts thgfRadius. The fully consis-

Table 2. Secure spectroscopic  cluster members chntChandra GCA result is overplotted in black. The X-ray emission

XMMU J1230.3+1339 with total z-band magnitudes, cluster—centricCan be traced out to about'g@where it reaches the plateau value.
distances, and measured redshifts.
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For the analysis presented here we re-processed the fi@i 5x10% £ + H | =
with the latest versiorsASv8, and additionally considered a § 0 e ‘%Ha L o ]
second archival field with OBSID 0106060401 (Table 1), which= El fﬁqfﬂfﬁw e
|- N N - 1 N N N N N LA

encloses the cluster source at a largéraxis angle of 9 :
After applying a strict two-step flare cleaning process foe t 0.5 1 2 )
removal of high background periods, a clean net exposure Channel energy (keV)
time of 13.38.3ksec remained for the EMZPN cameras in

field 0112552101, and 7/B0ksec for the second observatioff!9-7- _Chandra and ~XMM-Neaon ~ X-ray  spectra  of
0106060401 XMMU J1230.3+1339 with a joint fit ICM temperature of

. . . . Tx 2500 =~ 5.3 keV. TheChandra spectrum extracted from the ACIS-S3

_In order to optimize the signal-to-noise ratio of low sudac pi,"is shown in blue, and the corresponding data from theethr
brightness regions in the cluster outskirts discussed @b 8, x\M- Newton instruments in green (PN), black (MOS1), and red
we combined the X-ray images of both XMMewton observa- (M0S2).

tions and their corresponding exposure maps withStetask

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 significance levels §3NR<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 evatua  We applied the growth curve analysis (GCA) method of
of the significance of low surface brightness features irpties- Bohringer et al. (2000) to obtain an accurate 0.5-2 keV fl@am
ence of chip gaps, we created a signal-to-noise map of tise clsurement of the cluster as a function of radius.Since ffexe
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 significantly better in field 0112552104, extraction regions, was then added to the fit of the clustecsp
focus the quantitative analysis on this single observasiod trum, resulting in an X-ray temperature based on this eatern
use the second field 0106060401 only for a consistency cheblckground model of.@jﬂ 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@handra archive, where
of XMMU J1230.3+1339is basically notinfluenced by the forethe cluster was serendipitously observed almost on-axis in
ground galaxy. 38.2 ksec pointing targeted on NGC4477 (Observation ID 9527

Figure 6 displays the GCA results for the cluster emissiopee Tab. 1). The field was observedViFAINT mode, with the
which can be traced out to a radius of about 9. just beyond cluster being located on the central ACIS-S3 detector atfian o
the nominal radius Ry ~ 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 @ngo
flux of fx 500 = (5.14+ 0.54)x 10~ **erg s'cm2. For complete- v4. 1 software package, with a recent version of the Calibration
ness we also show the fully consistétiandra GCA result in Database@ALDB v4.1.1). Since the observation was taken in
Fig. 6 (black line). VFAINT mode, we ran the taskcis_process_events which

For the temperature determination of the cluster we foltbweprovides an improved flagging of probable background ev@nts
the general procedure described e.g. in Pratt et al. (2@&K0). distinguishing real X-ray photon events and events mostylik
for the flux determination, we focused the spectral analgsis associated with cosmic rays. With this procedure the ACIS pa
field 0112552101, since thefects of the broadened XMM- ticle background can be significantly reduced. The data-is fil
Newton PSF at larger fi-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 confirmed that there were no flickering pixels with more
source from two circular regions of radius4@nd 71’ centered than two events contiguous in time and checked visually far h
on the X-ray peak. The smaller 4@perture is signal-to-noise columns remaining after the standard cleaning. The respiti-
optimized in conjunction with th€handra spectral analysis, the tal net exposure time after this cleaning procedure is 3%68.
larger aperture corresponds to the maximum radius for wieieh ~ We repeated the growth curve analysis @randra in the
liable results can be derived with XMMewton®. 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 field. After
results in an increased background I&y&lhich we assume to subtraction of the background bt 0.043+0.008 ctgpixel mea-
be homogeneous over the cluster scale of interest of abboutired in an external region 634 net cluster counts withii re-
To account for this extra foreground component, we havedesimain. The resulting unabsorb&tandra fluxes are in full agree-
several methods with both local and external background-spenent with the specified XMMNewton values 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-resolutiGhandra X-ray
from a nearby uncontaminated region after the masking aftpotata is the ability to resolve small-scale ICM structureshia
sources. With the metal abundance fixed 023 Z,, we derive inner cluster region and to obtain precise radial surfagghbr
a best fitting core region temperature for XMMU J12301339 ness (SB) profiles down to the central core. We measured the
of 5.28'395keV, based on a single temperature MEKAL modebinned azimuthally-averaged surface brightness profitiepgen-
a minimally binned spectrune( ctgbin), and C-statistics. The formed a fit with the widely used approximation of the single
XMM- Newton spectral fit and the residuals are displayed iisothermajs model (Cavaliere & Fusco-Femiano 1976), tracing
Fig. 7 (green, red, and black lines). the ICM out to about By. We fitted the functional forns(r) =

For the larger 771 aperture, we measured a slightly higheBo(1 + (r/rc)?) ¥+%° + b for the radial SB profileS(r) with free
X-ray temperature of 6} keV applying the same local back-parameterSy 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 profitel a
prone to background uncertainties, we cross-checkedehis t the best fitting singlgg model are shown in the left panel of
perature trend with an alternative spectral fitting methsel uFig. 8, with resulting parametef = 0.28 + 0.04 ctgpix®, g =
ing an external background spectrum. In addition to the phy3837+ 0.471,r. =215+ 110kpc, and a reduced-chi square of
ically motivated model of the cosmic X-ray background (CXB§.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 thletsli
law with fixed indexy = 1.4 (see Lumb et al. 2002; De Lucadeviations in the core region ats 50 kpc and the flat 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 dte 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 J1230.3r1339. From this four-componentmodel  In order to obtain an improved model representation for the
we obtained a best fitting local Virgo temperature ofdgh = innermost bins of the radial profile we also performed a two-
1.88keV consistent with previous ASCA measurements of thg@mponeng model fit, with a singles cosficient, but allowing
region (Shibata et al. 2001). This four-component modehwai for two independent core radii; andrc

renormalization appropriate to the ratio of the surfaca afe¢he 2 3p+d o\ 3p+}
S(r)=81[1+(r—” +S; 1+(—)} +b. (1)

cl lc2

4 The source-flux-to-total-background-flux ratio (0.5-2 ké&/about
3:2 for the 40 aperture and 1:2 for the 7Japerture.
5 The Virgo contribution to the total background is about 80%. 6 Using 2x2 binned pixels with arfiective scale of 0.98%er pixel.
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Fig. 8. Chandra surface brightness profile of XMMU J123@-8339 (black data points) with the best fitting sindkftj and two-componentight)
beta models (red solid lines). The background level is m@id by the blue line. The dotted lines in the right panelesgent the individual fit
components, the inner one includes the background and teeane is additive.

The resulting fit parameters for this model gee1.0 (the maxi- 3. Results and mass estimates

mum allowed value)S; =0.42 + 0.51 ctgpix, rey = 42 +34 kpc,

S, =0.24 + 0.04 ctgpix, andre, = 272+ 32 kpc 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 distributionrat 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 fin

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(9l"erencing, intermediate results are indicated by antiadeil

the cluster using the parametgg = (SB[r < 40kpC)])/(SBIr < |etter (e.g. ME 1a, ME 1b). All used mass-observable scating

400kpc]) as defined by Santos et al. (2008), which allows @Rtions are stated explicitly for clearness, transfornted bur

improved structural cha_racterlzatloq of high-z clus_tec_zme assumed cosmology and the used cluster mass defilitign

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 first ro-
st fundamental characteristics of the cluster. For diiseu

a%ent discussions, we define the ‘center-of-mass’ of the }GM

ray emission determined with XMNlewton (RA=12:30:16.9,

EC=+13:39:04.3, see Tab.3) as the reference center of the
cluster, and measure all cluster-centric distances vel&di this
goint.

For the visual representation of the two dimensional X-r
surface brightness structure (Figs. 1,9, and 13), we adzpti
smoothed theChandra soft band image and created an X-ra
contour map with eight log spaced surface brightness lev
spanning the significance range of 17 @bove the background
rms. It should be noted that the cluster does not contain any
tectable point sources withiRspg at the currenChandra depth.
The structural and spectral analysis of the cluster prasert
should thus be unbiased, also for XMNewton with its lower

spatial resolution. The Chandra and XMM-Newton results on the ICM tempera-
ture in the 40 aperture core region are of comparable statis-
We performed a spectral temperature fit in a signal-to-noitieal quality and are fully consistent with each other. Ider
optimized aperture of 40following the procedure described into further decrease the uncertainties, we have performeuht j
Tozzi et al. (2003). Applying the same general procedure@as Chandra/XMM- Newton spectral fit to these data for the region
XMM- Newton with the local background measured in an orwithin 40” = Rys00 (S€€ below). We find a final joint X-ray tem-
chip region with 60 diameter, we obtain a best fittirghandra ~ perature of kT, ~ KTx 2500 = 5.30'3 i3 keV (see Fig.7) us-
core temperature of.&Ojé:éZkeV with the abundance fixed ating the same method as in Sect. 2.2 with a fixed metallicity of
0.3Z;. The spectrum and model fit is displayed in blue in Fig. Z=0.3 Z,, 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 iroemab
Leaving the metal abundance as a free parameter, we cae dedance in the cluster core t@gho = 0.43j8€gZ@, i.e.witha 2.3
a weakChandra-only core region constraint &f = 0.465‘%;;’8 . detection significance.

3.1.1. X-ray temperature
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The XMM-Newton data 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 currentlyaiobai Under the assumption of an ideal isothermal gas in hydiiostat
X-ray data set this is a tentative trend, as the measurementRSessure equilibrium (HE), the following widely used appro
rors also increase. However, to allow for an evaluation mc_pomatlon forth.e total mass profile can be derived (e.g. Hicled.et
sible biases, we take the average of th¢ Tmperatures (lo- 2008; Rosati et al. 2009)
cal and external background) as a second reference temapeerat

kT, ;p» =~ 6.0'5keV. Since ideally one would like to have a 5
measurement of Jso, i.€. within the fullRsoo region, the latter e 3ks r (rl)
value in the 6 keV range could indeed be a better approximatio Mior (<r) = Cam VB 5 )
of the underlying global temperature of the cluster. HM 1+ (rL)

This global X-ray temperature is the fundamental parame- P2
ter of the intracluster medium and is closely linked to thptbe (E)

T r 4
of the underlying potential well of the cluster through thiedl — 113-8- (1 kev)(l Mpc) 1+ (L)z x 10 Mo,
e

theorem. We use the jointly determined best (core) X-raytem
perature %2500 With an uncertainty of about13% 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 sampledase perature % 2500, and the single beta model fit parameters from
high-quality XMM-Newton dat& . Using the R-T scaling relation Chandra (8~0.84,r.~215kpc), we obtain the hydrostatic mass
for hot systemsTx > 3.5keV) Rogo = (1714+ 30)x E-1(7) x  estimates for XMMU J1230:81339 0fMsgo=~ 3.1x10" M and
(KT /5 keV)P50£0.05 ke, we obtain for XMMU J1230-81339 an  Mpgo~4.9x10% Mg (ME 2a), whereas the latter value is slightly
estimatedRyo0 = 1017°%8kpc. ForRseo, Using the normaliza- extrapolated beyond the last reliable data point of the oveas
tion 1129+ 17 kpc of the R-T relation, the estimated radius iX-ray SB profile.
Rsoo = 670"35kpc, and similarlyRosoo = 297"2%kpc (normal- Note that only about 11% (18%) of the total maslsgg
ization 500+ 5 kpc). 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&sg@f and significant dynamical activity (see Sect. 4.4). Betweee
Rsoo, Resod =[127.87, 84.27, 37.3']. With respect to the higher core radius and 2 Rsgo the model describes the radial sur-
temperature estimafg, ,,~, all derived radii would increase by face brightness profile with good accuracy, so that an eateap
about 6%, i.e. possibie systematifteets are mostly small in tion out toRxq is justified. The dominant source of uncertainty
comparison to other uncertainties. here is the~56% error on thes parameter due to a degener-
As the next step, we can derive a first mass estimate of ey with the fitted 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 agsie arrive at a final hydrostatic equilibrium mass estimate of
the best joint temperatureBsoo, We obtain from the relation  Mbg, = (4.9+ 2.8)x 10 Mg (ME 2).

x 104 Mg (2) 3.1.3. X-ray luminosity

MT = (5.74+ 0.30) " KT \149£0.17
200 — E(Z) 5 kev

an estimate of the approximate total mass of the cluster

— 0.77 4 _ _ . R .
Mago = 3617547 x 101*M (ME 1a). ForMsoo the M-T rela requires flux and redshift measurements. For this reaserX+h

tion, with the normalization of (40+ 0.19) 10" Mo, yields  ray [uminosity is of crucial importance for most large-gc-

Msoo = 2.58'5%4 X 104 M. _ ray surveys and provides the link to other ICM properties and
The use of the higher temperature estiniBfe~ translates tne total cluster mass (e.g. Reiprich & Bohringer 2002)lia

into a 20% higher mass dfl,g0 ~ 4.34 x 10*Mg (ME 1b). scaling relations.

We take this positive fiiset of 073 x 10Mg 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)(-%?)%keV = (1.92+0.20)x 10*erg's

Fré)m an observational point of view, the X-ray luminodity is
e 1ICM bulk property which is easiest to determine, as ityonl

at a final X-ray temperature-based mass eStimatMggo = within the accessible apertuRgq. The bolometric X-ray lumi-
3-61t8';;(+0'73) x 10%Mg (ME 1). nosity can be determined by applying a temperature depénden
One of the main objectives of this work is the compariolometric correctmnfactofg_g'_2 ey L0 the soft band luminosity

son of total cluster mass estimates, most commonly approge-g. Bohringer et al. 2004), in our ca%[ZKQVzS.SS, 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 orMsoo, we  L5%,0= 02, . L35 = (6.50+ 0.68)x 10*ergs.

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 abovelsoo-200 = M200/Msop ~ 1.40 to obtain @ shown to reduce the scatter in the scaling relations by a
total mass estimat®lzoo. In the same wayfzsoo-200 IS given by factor of 2 (Pratt et al. 2009), simply by avoiding the cehtra
f2500-200 = M200/M2500 = 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-Bsoo of L?(-’?(;_ik;}’]soo = (1.53+ 0.21)x

7 Temperatures in Arnaud et al. (2005) are determined in thieme
[0.1-0.5Rx00. The dfect of usingT x50 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 latést scaling rela- dominates the densities within the central 40 kpc. Afterdbe
tions calibrated with the representative local REXCESSmam projection of the SB model fits (Sre1, S, re2, B) of Sect. 2.2.2,
(Bohringer et al. 2007). Applying the self-similarT relatior? we obtain a total electron densitymfy ~ (2.3+1.4)x102cm™3
E(2)- L%y, = (7.13+ 1.03)(KT /5 keV)#032 10 erg’s, we  in the very center, andezokpe = (1.7 + 1.0) x 102cm3 at a
would predict an X-ray temperature for the clusterdf1keV, cluster-centric radius of 20 kpc.

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

results atz < 1 are consistent with this evolutionary scenario 12

(e.g. Vikhlinin et al. 2002; Kotov & Vikhlinin 2005; Maughant ~ 29x 10 r-( n )—1 kT (5)

et al. 2006), other studies extending towards higher régshi<®® ~ < Y \105cms 1keV

find little or no evolution (e.g. O’Hara et al. 2007; Rosataét

2002), or even negative trends with redshift (Ettori et 804). From this expression we derive a central cooling time s€ale
XMMU J1230.3+1339 by itself would be consistent with eitheffor XMMU J1230.3+1339 0ftceel0 = (2.9 + 1.8) Gyr and at the

of the latter two scenarios. Since the evolutionary trerfdb® 20 kpc radiugcool20kpc= (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 thearlus
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 ~ 3.74 Gyr) 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 x 1072 - E(2 cm™3),
ported by the latest compilation of high-z cluster meas@mei:m XMMU J1230.3+1339 is consistently classified as a Non-Cool-
(Reichert et al., in prep.). Core cluster, in concordance with the surface brightnessao

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 oh4lfere- 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 tiwede
since redshift 2-3. Hence, the central core region couléead
contain gas which has already cooled considerably, camsist
with our tentative finding of an increasing average X-ray-tem
perature with radius in Sect. 3.1.1.

bol

X500 Mso0
500 _ (1.38+ 0.12)(72>< TN

Es(9

x 10%erg/s, (4)

)2.08t0.13

corrected for one factor oE(2) to take out the self-similar
redshift scalind (in L-T). We thus obtain a mass estimate o& 15 G

Msoo = (2.96 + 0.41)x 10'*M¢, from the L-M relation, which =~ as mass

yields Mago = f500-200 - Msoo = (4.1 + 0.6)x10*Mg (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 profile. For XMMU J12301339,
mass proxy is the discussed weak constraint on the luming®th the deprojected single beta modgly(~ 0.71x 10-2cm3,

ity evolution. We take this current lack of knowledge into ag3 ~ 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 massMfjassoo ~ (3.0 + 0.9) x 108 Mg,
mass estimate of the self-similar evolution model. The finalhere the estimated error is based on the uncertaintieseof th
luminosity-based total mass estimate is heM, ~ (4.1 = latter model in combination with the allowed temperaturegye
0.6 (+1.0))x10'*Mg (ME 3). Using the core excised X-ray lumi-  Using the mean local gas mass fraction for similarly mas-
nosityL?(-,?&ik;}/]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 =~ f5005200
region of XMMU J1230.3-1339 does not exhibit any particularMgassoo/ fgassoo = (4.2 + 1.5) x 104*Mg (ME 4).

feature that would drive a deviation. With the knowledge of the final combined best estimate for
the total cluster masﬁ/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 yield§assoo = Mgassoo/(Mgggt/ f500-200) =
intracluster medium in the densest central core regionlifke 0.100+ 0.035 in good agreement with the average local value.
of-sight emission measure EM[ nZdl =47 (142)* S(r)/A(T, 2)

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

deduced from the deprojected measured surface brightn@ss p*~

file S(r) as a function of cluster-centric distancen the soft As the finalChandra and XMM-Newton derived property, we
X-ray band, and the redshifted and absorption correctett codetermine the X-ray version of the Compton-Y param&jes

ing function A(T, 2). For an assessment of the central densitylgas: Tx. This quantity reflects 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 proxy fro
fit (right panel of Fig. 8), since the inner beta model compunesimulations (e.g. Kravtsov et al. 2006; Nagai et al. 2007icivh
has recently been well confirmed by observations (e.g. Atnau

8 Derived with the BCES orthogonal fit method and corrected fqst 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 singfemodel fit parameters, this cool-
nificantly improved agreement with other high-z cluster sueaments. 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 temperatue?.1. Richness measures
and the gas mass within the radiRsy, we obtainYx soo =
(1.6+0.5(+0.2)) x 10"*Mg keV, where again a systematic erro
is considered for a possible temperature bias (Sect. 3\With
the latest calibration of the M-¥'scaling relation from Arnau
et al. (2010) we find

As starting point, we determine the classical optical resm
measure, the Abell richneg®°" (Abell 1958), defined as the
g humber of cluster galaxies within the projected Abell radiu
Ra = 2.14h;gMpc and with apparent magnitudes in the in-
terval [mg,mg + 2], where mg is the third brightest cluster
galaxy. We use the LBLBC Zz'-band as the reddest opti-

N 1014567:0010 Yx 09610018 M (6) cal wide-field imaging filter, providing the highest cluster
500 = Ei (2 2% 1014Mg keV © foregroungbackground contrast and allowing background esti-
ol mations in the same field. The magnitude interval for the Abel
~(26+0.8(+0.3))x 10" Mg , richness in our case istg 2, Mg, + 2]=[20.74, 22.74], and for the
Yx o . ~ 4 re-scaled Abell radius we assuiRgesc = fresc' Ra = 1240kpc,
?&gg?ﬂcmzoo fso0-200 Msoo = (3.6 1.1.(+0.4)) x 10 Mo corresponding to an angular scale of 156

We determined the statistical backgrogfodeground galaxy

counts in this magnitude interval in 17 external backgroraid
3.2. Optical properties gions with a radius equivalent oo each, yielding a median
ftioen Z'-band field galaxy density of.8+ 1.5 arcmirt?. For the clus-
éﬁ{ region withinRsgg, which is not influenced by NGC 4477,
we obtain a galaxy overdensity of (249). The richness esti-
mate for the scaled Abell radil® rescis then (109« 17), after
applying a 10% correction~3 galaxies) for the geometrically
covered area in the outer ring beyoReyo. This implies that
XMMU J1230.3+1339 falls in the Abell richness clag&"=2,
defined as having 80-129 counted galaxy members, and would
thus rank among the top 20% of the richest clusters even in the

We now turn to the optical cluster properties as derived
VLT /FORS2 imaging and spectroscopic data and the wide-fi
multi-band LBT imaging observations.

The rich galaxy population of XMMU J1230+3.339 is easy
to recognize when inspecting the top panels of Fig. 1, ediser
a galaxy overdensity measure in the single band (left paoel)
in color space (right), where the red early-type clusteaxjak
clearly stand out from the foregroufiickground. An interest-
ing note is the fact that the angular size of the foregroumdd/i local Abell catal
galaxy NGC 4477 is almost identical to the cluster total wadi ocal Abell catalog. . . .
At a projected cluster-centric distance of about 700 kparols A more modern and bfetter calibrated richness measure is
the West, the optical light of the NGC 4477 halo starts to sig=2%0 (Koester et al. 2007b; Reyes et al. 2008), the number of
nificantly contaminate the colors of background galaxieg,a />0 fidgeline member galaxies withRyoo, fainter than the
850 kpc in this Western direction the region is basically keas BCG and brighter than.@ Lx. This richness definition has been
out by the foreground elliptical. The proximity of the clest QSEd for the MaxBCG catalog of Koester et al. (2007_a) of op-
to NGC 4477 hence has twdfects on the optical analysis: (i) tically selected groups and clusters from the Sloan Digital
galaxy counts have to be corrected for the geometricailgrey Survey (SDSS) in the redshift rangelO< z < 0.3. We follow
area in the outer regions, and (i) the measured colors akigs Reyes et al. (2008) for a self-consistent procedure to ahéter

overlapping with the outer halo of NGC 4477 are likely biaseljzoo: Which has been used and calibrated withféedent defini-
towards the blue. tion of R, evaluated relative to the mean dengifyan of the
Throughout this Sect. 3.2 we are facing the task to apprJgplverse. For the selection of &0 ridgeline galaxies we use the

; A . color cuts Rz=2.05+ 0.2 as shown in Fig. 2, with a compara-
priately re-scale measurement apertures that were defirted i ¢ . ' .
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 fixe@-plzys- gred z-band magnitude range is then [19.9mag, 22'9 magy, con
ical apertures from rela(lt)ive cluster apertl?res that evpc:bzuyb fined by the measured BCG magnitude a[}d a SSP (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 definedr fe redshift (see below). For thg lterative process, we f|rsgrdmhe
overdensity definition with respect to the critical dengig(z), '€ humber of galaxies fulfilling the color and magnitudescut
used in this work, the radius scales in the self-similar nhéate within a fixed projected radius Qf”.f Mpc 21'4.3 Mpc yielding .

a cluster at fixed mass asx E-2/3(2) (e.g. Voit 2005), i.e. it N1 1 mpe = 56. From the very similar scaled final search radius

changes by a factor of 1.44 from= 0 to the cluster redshift. On Rgo = 0.223N95 - fresch7g Mpc = 1.44 Mpc, we obtain the

the other hand, a definition relative to the mean densits{z) final richness measus,q ~ 57, which again includes a small
implies a scaling of « (1 + 27, i.e. a decrease by 1.98, anccorrection (3 galaxies) for the region covered by NGC 4477.

with reference to the top-hat collapse dengify) radii scale as A total mass estimate based on this richness estimate is then
r« E-23(2) - A=Y3(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 dissios et al. (2008). Due to dlierent radius definitions, the cluster mass
we choose an intermediate radius re-scaling approachstensi M, resulting from this scaling relation is systematicallyliég

with Carlberg et al. (1997« E~1(2), i.e. where appropriate we thanMagg used in this work. In the local Univerdd,,  is about
apply a radius correction factor dfsc = 1/E(2) ~ 0.58. Since 40% larger, which reduces to approximately 8%z atl, due to

the total enclosed mass close to the outer radius scalesxappthe fact thapmear(2) converges tec.(2) with increasing redshift.
imately asMi(< r) o r (see e.g. Equ. 3), the use offédrent For consistency with ouM;qg mass definition we apply a cor-
re-scaling approaches for the measurement aperture afabptrection factorf;€#\(z~ 1) ~ 0.92 and convert the mass units to
guantities can lead to systematic total mass shifts15-20%. h;gM@

Working with fixed physical apertures, on the other hand)aou
result in an overestimation of the total cluster mass by u@ t0 11 Note that the optically defined radi®,, for the determination of
factor of 2 atz ~ 1, when using optical observables such as richy,q, andLaygois different from theTy derived radiugR,oo 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
Naoo % 10“Mg 7) star formation burst at; ~ 5 and slightly supersolar metallicity
20 for the BCG and about solar metallicity for BCG2. Eor1, our
~ (6.3+ 0.7) x 1014|\/|® ) 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 foregroglmtkground contami- z to local measurements such as MaxBCG, twiledent ap-
nation in the richness estimate. Furthermore, all opticalisg proaches could in principle be followed. The first optionas 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 fitting rielat 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 tte be
of £20% systematic mass uncertainty to all optical mass proxiggited band for the measurement, z in our case, then apfgies s
(see e.g. Popesso et al. 2005). With a combined possible gyificantly smaller evolution and K-correction terms, andafiy
tematic massifiset of+32%, the final richness based total masgansforms the local values into the desired reference baing
estimate is hencmygg" ~ (6.3+0.7 (+2.0)) x 10"*Mg (ME6). 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 equatiomgcg(z) — Mace = 25 +
(BCG) of XMMU J1230.3-1339 and compare them to predic5 109(dium [Mpc]) + Keca(2). With z5:® = 19.90, the luminosity
tions from Simple Stellar Population (SSP) models. The BCdistancedi,m = 64036 Mpc, and a K-correction of kg ~ 0.82

can be readily identified in the color-magnitude-diagram e obtainMg.; = —24.95+ 0.03mag for our assumed con-
Fig. 2 as the galaxy with total z-band magnitu§¢% = 19.90 cordance cosmology. Using the absolute magnitude of the sun
and a color of Rz~2.04. In the lower left panel of Fig. 1 the Mg, = 4.51 (Blanton et al. 2003) we can derive the BCG lumi-
BCG is marked by a green dashed circle at a projectéd oosity asL3.; ~ 6.1x 10" L.

set from the nominal X-ray center of about”18orrespond- The BCG luminosity is known to correlate weakly with the
ing to 140kpc. Furthermore, the BCG (ID02 in Table 2) seemuster 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 about-600knys with respect to the me- gce-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*@" and luminosities and masses transformedh;@)L@ and

in _the prOJected_ view, Whlch co_ulld be an indication .for onh—é Mo we arrive at the following relation

going or upcoming merging activity. We can summarize, tha

XMMU J1230.3+1339 has a dominant BCG in the cluster core Lr

with properties in the CMD (magnitude, color, luminositypya M55 = fé‘ﬁea’(l.SBiO.lO)(ﬁ
very similar to most local clusters, but additional chagsistics 102x10%Lo
(cluster center fiset, cluster velocity fiset, close companion) |y 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 luminosibg =

a final equilibrium configuration at the minimum of the cluste Lo 1 .
potential well, 4.76) yieldingLy.;~ 1.7 x 10" L. From Equ. 8 we obtain the

Interestingly, we can identify a second galaxy with BCEaSS estimat®lzoo= (2.4 + 0.4)x10Mg (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 Senthdassively dimming without a change in stellar mass. If we in-
half of Fig. 1 (top right panel) and in Fig.11. The BCG2 Spe@tead assume a non-evolving absolute magnitude, i.e. the di
trum is shown in the lower panel of Fig. 4 and further propefing of stellar light is compensated by stellar mass acquisi
ties are specified in Table2 (ID08). With a total magnitude (5'I°r”’ then the r-li)and luminosity at = 0.25 is 70% higher
Z8C62 = 201, the BCG2 is only 0.2mag fainter than the coré-sce = 2.9 X 10" Lo) resulting in a mass estimate bz =
BCG and has a slightly bluer color in comparison. Due to tHé-4+0.7) x 10"Mg (ME 7b). For consistency with Reyes et al.
projected distance of about”78 550 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 spectroscopicafljoxy, and treat the féset to the result including passive evo-
confirmed (open circle) non-core member (small black ddtg T lution as a systematic error. With an additiordl0% system-
cluster restframe velocity of the BCG2 is consistent withoze atic for the SSP model evolution uncertainty as0% for the
giving rise to the conclusion that the BCG2 has just entened t|ntLr|nS|c scatter, we arrive at the final cluster mass eggénod
Rsoo region of the cluster approximately along the plane of thdyes® = (4.4 + 0.7(*59))x10"Mg (ME 7).
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 hawecoThe next optical observable and useful mass proxy is the clus
puted a grid of SSP models using PEGASE2 (Fioc & Roccger luminositylL,go, defined as the summed r-band luminosity of
Volmerange 1997) with dierent formation redshifts and metal-all red ridgeline galaxies ilN,gg, 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

)1.16;t0.09

M = £ 2,03+ 0.11)

1.10+0.13
) x10"Mg .(8)

.3. Optical luminosity



R. Fassbender et al.: A pan-chromatic view of XMMU J1230.339 atz=0.975 13

and 3.2.2, we derive a total ridgeline z-band luminositydas approach does not include a color cut, i.e. also galaxies out
R5oo Of L5gp = 9.2% 10*Lg 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 ridgeline light, which should be closelkiéd account. This way we measure a total background subtrapted a
to the total stellar mass in the cluster, is the assumptiqrasf . ; otz _ .

sively evolving luminosities. The expected evoIvedpamSFa parent z-band magnitude oy, ,= 16.79 mag within th(jRSOO
formed bulk luminosity in the r-band at = 0.25 is therefore aperture, corresponding to a restframe Iuminosity_g};ﬁap =

Lbgo=2.5x10" L. The corresponding scaling relation (in unit§1.06 + 0.16) x 103Lg (see Sect. 3.2.2). The integrated appar-

of h;d Lo andhzg M) ent magnitude of the cluster is comparable to the total fore-
groungbackground light contribution, implying that about half
L nea Lo 140:019 . of all detected zband photons in thBsgo region originate from
Moo = fer r(2-5110-24)(m) x10“Mp(9)  XMMU J1230.3+1339. Only about 6% of this luminosity is con-

tributed by faint galaxies with magnitudef/ > 22.9. The red

yields a total cluster mass estimateéMoo= (11.1::2.8)10MM¢, ridgeline galaxies of Sec/t. 3.2.3 account for approxinyet&Po
(ME 8a). The systematic uncertainties now add up to abaaftthe galaxy light withm* < 22.9 in theRsoo region.
+34%, based on the discussed contributions from aperture re- Although the system is a ~ 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 Tkufficiently high to allow an evaluation of the spatial light dis-
final Looo mass proxy for the cluster is hen LSO(;J ~ (111 + tribution in the core region and some surrounding subsirest
2.8 (+3.7))x10"M (ME 8). 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 thigh light BCG (m<mecg) in the sky-subtracted sband image and apply
(ME 8) would give rise to the opposite conclusion of an exzaussian smoothing with a 180 kpc (3%ernel over the field.
tremely high total mass. This discrepancy is to be attrihate The resulting observed-band light distribution of the cluster
the highly populated bright end of the red galaxy ridgelises( field is shown in the lower left panel of Fig. 9, displayed with
Fig. 2), which apparently places XMMU J12388339in alow 6 linear spaced contours corresponding to significancésefe
mass-to-light ratio regime (see Sect.3.2.5) with respe¢he 20-120 above the background.

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

the cluster (see Sect.5.2)

3.2.4. Optimal optical mass tracer best
M f3d—>ap . M200 MQ

Reyes et al. (2008) also tested the possibility of an impﬂové?) = = (467 11-3)L— : (11)

optical mass tracer by considering power law combinatidns 500ap  f500-200 Lgpgap ©

either the richness,o or the total luminosity_,go with the BCG

luminosity Lgce. The resulting optimal optical mass tracer wittHere fag,ap = Msogap/Msoo ~ 1.65 is the ratio of the aperture

an improved scatter of the form (in unitslof} Lo andh;g Me)  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

Ny 1-20:0.09 .
opt _ cmeal 200 gle B-model parameters of the cluster. In order to compare this
Mo = fre(1.81+0.11) (10) . . X
20 rather small value with locally determined mass-to-lightias
Lace 0.71+0.14 of clusters, we have to take evolutiofiexts into account, since
: (m) x 10Mg the optical luminosity is expected to undergo significarstraes
Bca(N2og

over a time span of 7.6 Gyr due to the increasing mean age of
e underlying stellar populations. A suitable approxiorator

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’aznagnitude by 0.7 mag, equivalent to

points towards an anti-correlation of the richness with tI{E
BCG luminosity at fixed cluster mass. Heltgcg(N2oo) is the
mean local BCG luminosity at a given richnesgcc(N2og) =
3.14- NO x 10'% . Using the determined parameters fo
XMMU J1230.3-1339 with the non-evolved BCG IumInOSItya decrease of the luminosity by a factor of 1.2a, resulting

Lic = 29%x 10" Lo and Nago ~ 57 we obtain an optimal op- | , : 220
tical mass estimate o2 = (8.6 + 1.3 (28))x 10%Mq (ME9). 'Man evolved ma;s-tp-hght-raﬂo OM/L* )5000p =89 (MQ/_FQ)' ,
The systematic uncertainties here inciude the richnegsrays The transformation into the V-band leads to an additional in
. ) : ; . Vyz=0 i i
atics of Sect. 3.2.1 and the passive evolutifiset discussed in créase to M/L¥)gqq,, =~ 184 (Mo/Le), 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 theMl/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-field imaging data, we have an Y aisp

independent way to confirm the high optical luminosity of th&lnder the assumption of virial equilibrium a dynamical mass
cluster using the statistical background subtraction pubtiihis estimate can be obtained from a measurement of the cluster’'s
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radial velocity dispersiowr, (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

302R 1o . the nominal_ cluster ra_ldius. These components and featulles w
oy Reoo L ( Oy ) % 105 h;é Mo . (12) be further discussed in the multi-wavelength view of thestdu

Maoo > —&— = E(2) \1000 kms? in Sect. 4.

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 foundr. ~ 658+ 277 km st Yhe projected total mass surface density is observatipnall
r — ju

(Fig. 5) in good agreement with the classical dispersionsmes accessible through the method of_ weak gravi_tational 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

i i T~ 52 4
dynamical cluster mass estimate ki, ~ 2.8755x 10"Mo field of XMMU J1230.3-1339, which is presented in detail in

(ME 10). th ; L ;

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

tion f first d ical timate based b ?vant results of the analysis for this work.
vation fof & Irs' cynamica’ mass esamate based on arout awith a redshift ofz~ 1, XMMU J1230.3-1339 is currently
dozen redshifts is typical for most optigiafrared selected dis-

; at the feasibility limit for weak lensing studies using gnold
tant galaxy clusters (e.g. Stanford et al. 2005; Eisenheatrdt. : : :
2008 Wilson et al. 2009: Muzzin et al. 2009). While at lod+ based imaging data. However, the available LBT data allowed

. : ; . the detection of a significant weak lensing signal based en th
shifts dynamical mass estimators can provide robust m(_aaStghape distortions of background galaxies, which were ar
ments for relaxed clusters even for rather small SPECtMSCO[,m foreground objects by means of multi-band photometric
s_an?pltes (€.9. B'V'%noﬁet aI.dZObOG), h'gh. rﬁdsh'ft _sfysteret?ar- redshifts. The resulting weak lensing signal-to-noise madgch
ticularly prone to be fiected by potentially significant biases; ; : it
In the case of XMMU J1230:81339 the fairly low velocity dis- is proportional to the projected total mass surface derisitlis

persion estimate compared to similarly rich and massivallocgIayed In the lower right pa_nel_ Qf Fig. 9. The five linearly spd
clusters becomes plausible in the light of the large-sdsies ontour levels span the significance range from half the peak

i q i lvsis in Sect. 4.2. More than halfef t alue (1.7%) to the maximum at 3.&. The location of this
ure and component analysis in Sect. #.2. More than alt®T {j, - s qansity maximum coincides with the X-ray center and the
available redshifts are likely to be attributed to galaxiesid-

ing in coherently infalling structures, i.e. they are natalized peak of the galaxy overdensity. Furthermore, the geneuatel

t ticl f1h derlvi tential well. What fee elongation in the SE-NW direction is also clearly visibletli@
racer particies of the unaerlying potential we C e atiee- \yeak lensing map. The detected extension towards the North-

West is significant to better tharv2 whereas the South-Western
feature is to be considered tentatively due to the closeimibx
to the contaminating foreground galaxy NGC 4477.

For the reconstruction of the total spherical 3D-mass of the
cluster we fitted two parametric mass models to the observed

effect’, corresponding to the virialized tracer particles tingss
estimate is based upon, and the prolate ellipsoid in reidgtatce
due to the coherentinfall of the surrounding large-scalectire
(e.g. Guzzo et al. 2008). Thetfect of this latter systematic ve-

locity dispersion bias depends on the angle of the targatéd btangential shear profile (see Paper |l for details). For anragd

matter flows with respect to th(_a plan(_a of_the sky, which can SuQngular isothermal sphere (SIS) density profile we deteerttie
press the measured velocity dispersion in the case of mﬂwrecorresponding best fitting velocity dispersion of the @usb be

iana"Eg Su%Struft”r?ﬁ ngjainly in tre transvte_rsatl dir;ent(ssel 051521271+ 255 km s, UsingRyo0 0f Sect. 3.1.1 as outer clus-
ig. 12), or boost up the dynamical mass estimates for radia ter boundary we obtain a SIS mo#femass estimate (ME 11)

herent flows. of
3.2.7. Spatial galaxy distribution 2
, . . N . SIS o’ Ra00 o4
As the final optical result discussed in this work we derivpas Mzo = 4.65- 1 x10" Mg (13)
. . . . , ; 1000kms 1Mpc
tial density map of the red ridgeline galaxies selected with .
previously applied Rz color cut as shown in Fig. 2. The density ~ (7.6 £3.3(+3.0))x 10" Mg .

map was constructed by marking the world coordinate pasitio
of the 88 selected galaxies over the FORS 2 field-of-view a
the subsequent application of an adaptive smoothing filtee.
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 lowesgh&
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

a second parametric model we considered a Navarro-Frenk-
hite (NFW) density profile (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
fit NFW model to the weak lensing data yields an enclosed to-
tal mass withinRygo of MY,V =~ (6.9 + 3.3(+2.2)) x 104 Mg
(ME 12).
For consistency and robustness we used the X-ray deter-
12 This method yields a slightly lower estimated cluster réftisii 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 1o uncertainty. The first value is likely biased
low due to coherently infalling sub-structure (see Seet}, so that ** Based on a fit to 10 data points out td 10
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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Fig.9. A pan-chromatic view of XMMU J1230-3L339 seen through projected surface density mapsfigrent physical quantities within the
cluster'sRyqo region (outer dashed circle). All panels show the sarmBex4t.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 contoursjJop right (b): Chandra X-ray surface brightness map (log-spaced conto@atfom left (c): Total Z-band light distribution
map (linearly-spaced contour8ottomright (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 fitting NFW profile yields a significantly larger radius o _ _
RYFW ~ 1415 kpc. To account for this potential positivéiset in -~ Figure 9 displays the four derived spatial density mapst(Sgc
the outer cluster radius, we considered the resulting miéigs-d Wwithin the cluster'sRyoo region (outer dashed circle), corre-
ences as additional systematic uncertainty. sponding to an angular image side length of’ 4The maps
are based on independent data sets or techniques and zeésuali
different 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 YVEDRS 2 data of
. . Sect. 2.1.1, and th€handra observed (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 ligstribu-
tion in the Z-band (Sect. 3.2.5) on the left (c) and the weak lens-
We now combine the results derived for thefelient cluster ing signal (Sect. 3.3) on the right (d) both derived from teeml
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 J12301839. In terms of physical projected cluster quantities, the Winali
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Fig.10. Cluster components and large-scale structure environwfeKMMU J1230.3+1339 in a 7.0x 7.3 LBT color composite view with
different density contours overlaid. Six identified cluster ponents are marked by dashed green boxes labelled with roomaerals Left:
Contours show the galaxy densities in red and the weak lgmstal mass density in whit®ight: Same field with the’zband light distribution in
yellow and XMM-Newton X-ray contours in cyan.

is proportional to the total mass surface density (d), tteeoled present in all maps. In contrast to the conclusions on the-ove
Z'-band flux represents the restfram@/Botal stellar light (c), all shape of XMMU J1230.81339 along the identified main
the X-ray surface brightness is a measure of the projected §&W-SE axis, which was not not influenced 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 significance due to the de-
The first observation is that the nominal cluster center-{cef¢riorated achievable shape and color measurement agafrac
tral cross), measured as the ‘center-of-mass’ of the X-naige 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 arcsecorall inmeasured South-Western red galaxy density is to be regasled
projected density maps. This implies that the galaxies|@né 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 profiles. ehtbiat - could be slightly increased, and a tentative characteriegpm
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 fiducial reference center ticap
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 appajfye turn the focus on the global view and the characterization
ent main axis for the cluster assembly and the connectidmeto b the dynamical state of XMMU J1230+3339 based on the
large-scale structure filaments of the surrounding cosneib.w yajlable multi-wavelength data set. Figure 10 displaysatit
Just NW of the center, all projected density maps (at lower reza| color composite with a larger 7907.3  field-of-view and
olution for the WL signal) show another clear extensiondeat the diferent projected density contours overlaid. The weak lens-
in the core region, which is identified with an ongoing me@ining signal (white) and the galaxy densities (red) are shawn i
event discussed in Sects. 4.2&4.4. The galaxy (a) and ta&l Mne |eft panel, and the'sband light distribution (yellow) and the
ter overdensities (d) in the NW direction can even be traced %\M- Newton X-ray emission (cyan) on the right. For a bet-
beyond the nominaRxoo cluster radius, indicative for the pres+er qualitative evaluation of low surface brightness X-eayis-
ence of a LSS filament. In the opposite SE direction, the galaxjon in the cluster outskirts the combined XMN&wton data
map (a) reveals a further density peak just inside the iRe&J s used (Sect.2.2.1) resulting in an improved sensitivitsha
radius, also reflected in the light map (c), and another &iten ¢ost of lower spatial resolution compareddbandra. The low-
to beyond the cluster radius. est four cyan contours correspond to significance levelseke
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 ad@Significance.
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We have identified a total of six flerent cluster components
or associated structures in the multi-wavelength map#, idén-
tification labels I-VI1in order of decreasing significandee tlus-
ter core (I), an ongoing merger event towards the NW of the cen
ter (II), two infalling groups on the cluster outskirts (8 V1),
and two filament extensions beyond the nominal cluster sadiu
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
components, i.e. the Dark Matter dominated total mass tjensi
(white contours), the hot ICM gas component (cyan), and the
cold baryon component in form of the total stellar light (gel)
or the spatial galaxy density (red). The region also inciutthe
spectroscopically confirmed BCG (ID 02 in Table 2) at a radial
distance of 18 from the nominal cluster center (bottom panels
of Fig. 1). For the further discussion, we follow the flow 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 filaments the red galaxy density (a) or total light (c) map of Fig.9 and a
less pronounced distortion in the XMMewton X-ray contours
The North-Western galaxy filament (box V) is traced to a rgright panel of Fig. 10). At the current mass and spatial leso
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.
aga.in toWardS_the local maximum in the filament of I’egion (V) A second |nfa|||ng group candidate at a S||ght|y |arger pro-
(left panel of Fig. 10). Three spectroscopic cluster memli&s jected cluster-centric distance of about 900kpc is marked a
09,10,12in Table 2) are located in the cluster-filamentsitam  component VI in Fig. 10. This South-Western cluster compone
zone, all are blue shifted with respect to the median retisitli  js currently the least secure one, as spectroscopic cotiimma
cluster-centric velocities in the range [-800,-1300}&nwhich g still lacking and the discussed proximity to NGC 4477 may
is indicative for a line-of-sight bulk flow velocity of the &inent jmpose a bias on the projected quantities. NevertheldSsyal
structure of~ —1000knis. In terms of the weak lensing masgjensity maps show features that point towards f@axis infall
density, the signal of an extended mass distribution is oveds scenario of matter also from the SW direction, but currently
well into the cluster-filament transition regime at a sigttal constrained along the radial direction. Besides the timtatass
noise level of more than two. From the X-ray side, there aneeso feature in the weak lensing map (white contours) in the tivac
indications for low surface brightness extensions fromdiis-  of component VI, XMMNewton detects X-ray emission within
ter core towards the NW filament (right panel of Fig. 10), anghjs region on the 3 significance 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 begéitn
related to the cluster environment. a further characterization is currently not feasible. Thaeyal,
The opposite galaxy extension towards the South-East (I¥)most tangential direction with respect to the clusterteeis
is less pronounced and reaches about 0.5 Mpc belRagadThe 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 filament can currently not beertainly biased low compared to the true density as a result
probed with the limited spectroscopy available, whichiiés 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 filamerdraj the . o
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 1§61 \;6\ing back into the core region of XMMU J1236-3339, we
insideRsoo. now turn to the cluster component 1, which extends to thetihor
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 of anN\W prolongation close to the central peak value. Tnandra
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 componentse¢ surface brightness plateau was already visible in the ahiatiy
very low cluster-centric velocity of BCG2 points at a radial  averaged radial SB profile of Fig. 8 and can also be recognized
fall orbit towards the center of XMMU J1230+3339 along the at lower spatial resolution in the XMN§ewton X-ray contours
plane of the sky with a current cluster-centric distancebmfta 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 significant elongation of the projected magke 1 Mpc r(2
direction of component Il. :
The overall geometry and features in the projected density
maps are similar to the merger configuration 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 knys, four more tentative redshifts were iden-
tified closer towards the NW front at larger blue-shiftedues
of about [-700,-1300,-1300,-2800] ksa shown as squares in the
lower left quadrant of Fig. 5. With the currently availabfees- |
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
vy =~ (=800« 500) km's. T
O%

4.3. 3D mass accretion geometry Observer

Using the identified cluster components _in the 2D mUItiFig. 12. Sketch of the reconstructed 3D accretion geometry for the- cl
wavelength maps of Sect.4.2 and the available spectrascog} environment. The horizontal direction shows a cut tgrothe main
information, we can reconstruct a tentative model of theehr se-Nw cluster axis, whereas the tentative radial (i.e. igdspace)

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 axid, aof the BCG and BCG2 by dots, and the reference rRetip and Rsoo

the vertical direction indicates the tentatively identifimdial by the solid and dashed circles. The physical scale in theteriuefer-
line-of-sight configuration consistent with the currendyail- €nce frame is given in the upper left corner and the valueeriatver
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 03’|ology. Green arrows indicate schematically the approtértraversed

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

the moment. _ _ ing group Il (see Sect. 4.4) and fiducial reference values06Dkn's
The cluster core (component I) with the nominal centgér the outer components (111, 1V,V).

(cross) and theftset 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
respect to the plane-of-the-sky (see Sect4.4). Judgimg fhe

undistorted galaxies in the immediate vicinity of the noatin
cluster center, and the concordant peak location in theitgen

tmhgpii d?i;ggﬂ??g%ag'gﬂébéﬁ“fhéi'li:‘%tﬁé rcr;?gs d(ijrlgf:rtlbtgt“ (i and_ its Iarge_—sc_ale structure environment, the clustekesyl to
. : ; be in a continuing active mass accretion and growth phase for
zero impact parameter) of the seemingly intact clustererent .
; . several Giga years to come.

The green arrow connected to component Il visualizes the ap-
proximate traversed distance of an assumed linearly extataul
bullet trajectory at a relative group velocity of 2500/swithin 4 4. The central group ‘bullet’
200 Myr. This distance o&0.5 Mpc emphasizes the relatively
short timescale 0£100 Myr of a fierce 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 formatifoame-
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 fiducial curréies, shock physics of the ICM, galaxy interactions andugisr
infall velocity of 1000 knjs, we obtain a traversed distance ofions, and relativistic particle acceleration, we sumzethe
about 200 kpc in 200 Myr (green arrow), and a likely directcorcurrent 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 fiducial bulk flow velocities (e.g. Pivato et al. 2006  multi-wavelength reference model of the merger configamti

the identified galaxy filaments IV and V, the timescales fot-ma
ter infall to the cluster core are approximately 1-2 Gyr.rRithis
Yirst model of the 3D configuration of XMMU J1230+3339
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which is to be tested and extended with upcoming deeper-ob<s
vations. '

Figure 13 shows the currently most detailed optical view =
the dynamically active region of interest to the North-Weft S
the nominal cluster center, witbhandra X-ray contours and the £=°
position of a VLAFIRST radio source overlaid.

4.4.1. Merging features in the ICM

The merging process of a sub-cluster with the main halo is €g
pected to occur at peak velocities corresponding to typitzadh
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 thenope 5
angle with respect to the symmetry axis of the observed wed(

like structure in the X-ray surface brightness map as Macteco
The dashed yellow lines in Fig. 13 represent the approxioiate =
served wedges of constant surface brightness with an apery,
angle ofy ~ 28, which yieldsM = 1/ sin(p) ~ 2.1. The cur-
rently availableChandra data does not have Sicient depth for
detailed diagnostics of the wedge-like X-ray surface krighs

d_|scont|nU|ty, which W.OU|d require measurements of thm Northern part of core component (1) and a full view on regitshi¢en-
sity and temperature jJumps across the front. However, UBiBg iieq in Fig. 10. TheChandra X-ray surface brightness contours (cyan)
typlca_lI_MaCh number OM ~2lasa first estimate forthe f?'at'veexhibit a pronounced cone-like structure with an approxinapening
velocities, we can obtain a first approximation of the o@ioh  angle of 56 deg (yellow lines). Marginally extended 1.4 GBidio emis-
angle with respect to the plane of the sky. From the ICM temsion is detected along the approximate symmetry axis ofahéigura-
peratureTy ~5.3 keV~6.2x10" K we derive a sound velocity of tion, displayed by the green cross for the location, theewpiatial error
Cs =~ 1480- (T/lOSK)l/Z km/s= 1160knjs, and hence a relativeellipse, and the green ellipse indicating the observed@slnqpe 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 1) enhance
nent estimate o¥; ~ —800 knys yields a first approximation for the contrast of low surface brightness features in the apiimage, a

L= smoothing with a 0.7 Gaussian kernel was applied to the data, and the
g}eNazrgle 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 cihdess

in the ‘stripping stage’, i.e. a contact discontinuity os iound- galaxy component has thus not yet been spatially separated f
ary of the colder gas of the merging group and the hotter clugre fluid-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
Markeyﬂch & V|kh||n|r_1 2007). The associated bow shock, a8ngoing galaxy transformation processes. The object viai¢h t
seen in 1E0657-56, is expected to be detectable only on Higynt core (label i) at the inner tip of the wedge North of the
outbound trajectory, i.e. it might not have formed promihen yellow 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 everdse to  tjons of the inner isophotes and the blue color. The photdmet
core passage with an observable ‘cold front’ (i.e. with afr 04edshiftz,,, ~ 1.0 of Paper |l for this galaxy indicates a tenta-
ward rising temperature) would also be consistent with the itiye cluster membership, which is to be spectroscopicaily-c
dications of an increasing ICM temperature at radii beydved tfirmed. A different process is seen at work in the red spectro-
SB wedge (Sect. 2.2.1). Moreover, in the early "strippir®es’  scopic cluster member (ID01 in Table 2) to the East of thergree
the SB wedge opening angle could be closer connected to gigss, 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 (Mackevimain halo and could end up as part of the Intracluster LigBit)|

& Vikhlinin 2007). A more detailed X-ray analysis of the merg (e g. Zibetti et al. 2005). More detailed studies on galaitans-

ing physics in XMMU J1230.81339 based on deep€handra  formation processes in the dynamically active core regibn o

Fig. 13. Zoom on the dynamically active North-Western core region of
the cluster. The 855’ LBT/LBC optical color composite displays the

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.

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 obgaés 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 significant fraction of the mairscl 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 scermari
assumption would be a bullet mass of the order 3f M), cor- the basis of turbulence-induced electron accelerationh@ t
responding approximately to a 1:4 merger scenario. wake of infalling substructure. This mechanism of turbaken
Hydrodynamical simulations to reproduce the observdte)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 ingtat
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 sarfaity 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 ofdflui
the merging halos and their gas fractions. A first visual conturbulence behind a moving subcluster can be probed and visu
parison of the merger configuration in XMMU J12301839to 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 estudi
about 100 Myr of the closest core passage point. are comparable to the observed configuration shown in Fjg. 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 tngjithe 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 configuration. In Fig. 13, the lamati @ giant radio halo filling a good fraction of the cluster volim
of the detected 1.4 GHz radio source (ID:J12302633917) With low surface brightness radio emission. With the curran
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 émad'e 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 field of the larger cluster environment shaw i0ns of the re-acceleration model for the total emitted ra-
Fig. 10. The radio source is clearly extended with good $ignidio Power with total cluster mass and other properties, Wwhic
cance along the North-South axis with a deconvolved FWHM & reflected in the observed strong empirical correlatidriee
(5.7 + 1.5)", but below the extent detection threshold along tH@test radio power correlation measurements are 6prqv@ed b
orthogonal East-West axis. The reconstructed source shape Brunetti et al. (2009) for thePyasomnz Ly relationt® yield-
dicated by the green ellipse in Fig. 13, where the uppetimit  ing 10g(P1a4omr/W Hz™!) — 245 = (0.077+ 0.057)+ (1.76 +
of the extent along the minor axis of 1.5vas used. The white 0.16) [log(L%/erg s*) — 45.4]. The combination of this correla-
ellipse displays the positional error region of the soureeter tion with the non-evolving_?(oéoo—Mg-,oo relation (Equ. 4) results
at 90% confidence, which is just small enough to exclude agpy '
of the centers of the neighboring galaxies as origin for Huka
emission at this confidence le¥el The 1.4 GHz radio source flx 048 P1440 MH 0.27
has an integrated flux of @9+ 0.19) mJy, which translates into M2oo= fsomzoo( mtfsoo] (8 6 1024WZH ) x10"Mp (14)
a total radio power oP1440 vHz~8.3x107* W Hz ! at the cluster E:(2 o /Hz
redshift under the assumption of a typical spectral indes éér Ly . .
the extended emission (e.g. Laing & Peacock 1980). Here f i 500 ~ 0.95 is a conversion factor from total lu-
minosity to L?&',)OO and fsgos200 = 1.4 as defined in Sect.-
, n . o 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"'zz

The simplest explanation for the observed radio emissiosec! (9.5 + 3.8)x 10"Mg (ME 13). The error is dominated by the
to the core region of XMMU J1230+3.339 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 flux £12%), the K-correction from the as-
compassed by the white positional error ellipse in Fig. h3. sumed spectral index-20%), 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
field, the association of the detected radio source with aoyeapower 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 £3) induced electron re-acceleration model connected to tige-on

SDSSJ123015.88.33920.4 has a spatial separation of’4fBom the ing merging activity seems also to be a consistent alter@ati
radio source, corresponding to a distance of about a fat#oatside
the 90% positional error ellipse of the FIRST source. 16 Using the BCES Bisector parameters.

4.4.4. Observed extended radio emission
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and should be further pursued. Considering that currenilddt panel). This feature is clearly a deviation from the undady
measurements of filise 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 stisdieless reliable radial profile fit (Sect. 2.2.2) with an incesore
of the dynamically active core region of XMMU J12388339 radiusr. and slope paramet@rwith respect to the pre-merger
have the potential to gain new insights into the origin ammlev configuration. Additionally, significant deviations fronm as-
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 pesx
In the following section we discuss the dynamical state @k sect. 5.2 this merging event does not seemflecathe re-
the system and evaluate theffdrent mass estimates andys significantly. The interaction region is rather to garded
scaling relations used to derive them. We then compagg 5 |ocalized perturbation with little influence on thel stiéll
XMMU J1230.3+1339 to other high-z galaxy clusters and focugefined cluster center and only milfects 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 developmfegt

The system XMMU J1230:81339 is a massive bona fide cluscentrally peaked surface brightness profile was alreadgiied
ter with ongoing dynamical activity on all relevant scaléée out by the group ‘bullet’ (component Il). The foreseeableeco
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 significant coaling
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
profile, devoid of any detectable X-ray point source witRigo.  which nascent cool cores are destroyed by major mergersvent
Moreover, the high total mass of the system enables complemehich also set the conditions to prevent cooling at latecapo
tary system diagnostics using weak lensing measuremems. T
cluster center of XMMU J1230-3L339 is well defined, 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 mapgske
the galaxy and total light peaks, the center of the total rreass
the X-ray surface brightness peak all within a few arcsesarfd
each other (Fig. 9).

The location of the Brightest Cluster Galaxy at a projected
distance of 18 or 140kpc from this nominal center showss 2 1. Combined mass estimate
a significant spatial fiset. Considering the dynamical friction
timescale of a few Gigayears, spatidfsets 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 first half of cosmic time. Howeverhia t cal imaging data, (i) X-ray observations, (i) weak grational
local Universe the BCG location with respect to the X-ray-cettensing, and (iv) spectroscopic information for a first gise 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 @fset & 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 fgpofi point for a comparison of the fierent 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
significant BCG dfsets are tentatively consistent with the propchandra and XMM-Newton ICM 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 logan, which also encompasses a reliable redshift evolytien
value (see Sect. 3.1.5). diction. TheChandra determinegs-model SB structure parame-

The identified central merging event gives rise to a dynarters 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 measuremenmts aensitive to the ICM temperature (few per cent changes over
expected to be influenced most by central group mergerseln the relevantTx range). Similarly, the temperature basegho
specific case of XMMU J1230+3L339, the resulting flattening 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 1&elient mass
proxies for XMMU J1230.3 1339, which will be compared and
discussed in the following.
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Fig.14. Comparison of dferent mass proxies for
ter XMMUJ1230.31339. The combined mass
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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 theutref-
erence proxies displayed by the red filled circles, and &léot
mass estimates (black circles) with their correspondingetn
tainties.

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

The combined cluster mass profhest~ 4.2 x 10MMg with

1o 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 date:at0.9.

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 degmandraand XMM-Newton
data. The systematic uncertainties o (ME 1) arise from the
unconstrained temperature structure of the ICM and theiposs
ble influence of the central merging event. The constranots f
the hydrostatic estimate (ME 2) are mostly limited by the un-
certainties in thes-parameter, which is certainly influenced by
the fly-through group bullet in addition to possible dewias
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@8)

MBSt ~ 419079 5 10Mg, shown on top with I+ uncertainties IS the X-ray luminositylx, which translates into small statisti-
(dashed lines), is based on the combination of four quasideddent cal mass estimate errors based on the latest (Ihgaly! scal-

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

ing relation. However, a significant uncertainty is addecHose
of the limited knowledge on the high-z evolution of the retat

1o 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 systematifsets are displayed by the ygnce of theLy based mass estimate WMQSSE the Ly-T rela-

slightly shifted blue bars extending the statistical efarillustration

purposes.

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

the ground-based weak lensing signal with larger unceiéain evolution and a steeper slope of the relation is in qualigti

We choose the NFW model estimate (ME 12) as WL input maggod agreement with the latest results from the Millenniuas G
proxy for theMgggtdetermination. As fourth reference mass, thelmulations after the inclusion of non-gravitational @heating

‘optimal optical’ mass tracer is considered (ME 9).

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

Besides the statistical uncertainties arising from mesasufonsistent 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 poaéixi

attempted to approximately quantify the influence of paggnt P€ @ good high-z mass proxy at relatively low observatioosi.c
systematic fisets 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 comparée tol© Provide independentlow-bias measurements to make @ssgr

used scaling relationd), the resulting influence on the derived? the calibration of mass-observable relations. Howetleg,

cluster radii (WL), significant uncertainties in the redskivo-

weak lensing analysis of XMMU J1230:3339 in Paperll is

lution (Lx, Lecs, 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 (N200, L20g). These technical uncertainties are in prin'-'m'ted lensing signal strengtiM;cd'is on the lower mass end of

ciple independent from the statistical errors, howeveir tfun-

the uncertainty range but still consistent within the esraith

known) statistical occurrence may not follow a Gaussiarbproth® WL mass proxies (ME 11 & 12). Significant progress and a
ability distribution and are henceftitult to properly account Self-consistent parameter treatment in the WL analysibresl

for. As a first order approximation, we assume Gaussian prépiire 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 obtainsmasb-

The dynamical cluster mass estimate based on the measured
radial velocity dispersioar; (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 witly@amic range of and the relatively large uncertainties related
maximum-likelihood approach, resulting in a final clusteass (0 the limited number of available redshifts. The situabbhav-

estimate of\viPest= 4,19+079

200

-0.77

x 10**M¢ with specified X un-

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

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

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

discovered high-z systems. More stringent mass consiregat
quire large, dedicated follow-up programs to ideally ircethe
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number of cluster redshifts by an order of magnitude. Altitou temperature determindgbyo is within 2% of 1h;é Mpc, imply-
hardly feasible in the general case for 0.9 clusters due to the ing effectively only percent level eierences for most of the total
magnitude limit of the available spectrographs, the highnmess mass estimates (ME 1-5, 7, 10-13), when re-scaled to the fixed
of XMMU J1230.3+1339 might realistically enable the identi-physical aperture. However, for the optical mass proxiesta
fication of about 100 spectroscopic cluster members. Homveven richness and total luminosity (ME 6, 8, 9) a significant re-
biases arising from infalling structures, which could léagos- duction of the total mass estimate of the order of 30% applies
itive and negative fisets depending on the line-of-sight anglefpr the fixed radius, which would move these proxies in much
are likely to limit the achievable accuracy of dynamical miadetter agreement with the current best estinM@%t.
estimates at high redshifts.

Mass proxies based on optiddIR imaging data have the ad-
vantage of being observationally cheap and usually reasi@yi-

able for distant cluster searches or studies. Althoughf&ant 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 comprehensiop
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 significant further work ems 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 pomnaif 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 ttiate
minosity (ME 7) yields a mass estimate which is fully consigimit of accuracy for the calibration of high-z scaling rétes
tent with M28%! followed by the suggested higher system massgfd reflects on the other hand thefelient conditions during
of the Nxgo proxy (ME6), the proposed optimal optical masg|uster formation, e.g. the collapse epoch, the influenctef
tracer (ME9), and the.xoo luminosity (ME 8). In the case of | SS environment, or AGN feedback.
XMMU J1230.3+1339, the optimal optical mass tracer of Reyes \yjithin 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 oMzoo andLece. . . 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-correcli®i a3 similar ICM temperature within the error§y ~ 6.4keV),
tors to relate them to the scaling relations calibrated &efo and a consistent velocity dispersian (=~ 683 knys). The clus-
redshifts. Counting galaxies along the typically well-defi red- ter is also optically rich with a well populated red sequeand
sequence of early-type galaxies (eloo) Seems to be a more o bright galaxies in the center. A third bright galaxy ohwo
straightforward approach. However, even this appareiitly s parable magnitude and mass is located on the outskirts of the
ple task gets increasingly complicated at high-z, wherewuar 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 un@@ two clusters seem to be well consistent within the olaserv
the assumption that a distant cluster ifisiently rich to exhibit tional uncertainties.
an easily identifiable red-sequence, three main criticztne The two most distant clusters from the Wide Angle
cal aspects remain and may impose significant mass biapesRthSAT Pointed Survey (WARPS) (Periman et al. 2002) are
finding the correct RS slope, (ii) the definition of approfeia fyrther appropriate candidates for a direct comparisorh wit
color cuts, and (iii) the determination of a self-consiste®a- xMMU 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 first two depend moreover on the af5s an ICM temperature ofx ~ 5.7keV, a luminosity of
plied filter combination and the depth and quality of the dAta L?<O|zoo ~ 104 x 10%ergs, a hydrostatic total mass estimate

examples of redshift dependent biases, we can considetygalg 4
, ; ; . Moo = 3.8 x 10"*Mg (Maughan et al. 2006), and a ve-
evolution dfects in clusters, which lead to an observed mcreaO(t-,&ity dispersion ofe; = 810kms (Huang et al. 2009). The

with lookback time of the fraction of objects bluer than tlee+ B > ;
sequence and also an increasing relatitective age (and hencegfg opn;jr:ryr/]zt;%_gl i4é%+ﬁ\§\4/1$)lz R 995 ésxcgge{? g:;rslze;ngy

color) difference of the average stellar populations as a function . i X,200 ™

of cluster-centric radius (e.g. Rosati et al. 2009). Foredizolor Mz00=4.5x10"*Mg. With core radii ofrc ~ 100 kpc (for3=2/3)

cut definition, a redshift dependent positive or negatibniess Poth systems are more compact in their ICM structure contpare
and mass bias could thus be imposed through an increasing d@n<MMU J1230.3-1339 and their bolometric X-ray luminosi-
tamination of bluer non-passive galaxies in the red riggetie- 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 scaling 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
fixed physical projected radius of e.gh-t 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 tradetfor otherwise large possible uncertainties ionsidering 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 at z~1
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sity per(2) with time, the system radius is expected to evolve &able 3.  Multi-wavelength  properties the  cluster
Ro00(z=0)= E?3(2) - Ryoo(2), which translates approximately lin-XMMUJ 1230+1339.
early into the total cluster ma$é,oo(z=0)=~ E?3(2) - Mogo(2) ~ :
1.4 - M2go(0.975) (see e.g. Equ. 3). However, once including theProperty  Value Unit NG, [10% Mo]
continuing mass accretion the cluster growth rate sined is ~ RA 12:30:16.9
much faster. The simulations of Burns et al. (2008) prediet a DEC 212-239-0320 »
erage mass growth rates ©6-10% per Gyr at late times and _* 0'97§+10 002 cm
~30-50% per Gyr during active mass assembly periods aroung s 419079 » 104 M
-~ ; i 200 A9 577 X O]
z ~ 1. As a benchmark, the time evolution of the largest lo TOT7 e kpc
cal ~10®Mg halo in the Millennium-II simulation (Boylan- Rﬁiﬁg 67028° kpe
Kolchin et al. 2009) exhibits a total mass increase sineel g ° 29 7+30 kpe
by more than a factor of 5. A realistic prediction for the el TX’ZSOO 5 363571 keV 3617077073
total cluster mass of XMMU J1230+3339 at the currentepoch 7 6.0+18" keV e
is henceMzoo(z = 0) ~ (15-2) x 10" Mg, i.e. ranked among 7" 0.43-024 Zo
the most massive local clusters and likely even higher insmasos-2kev (5144 054)x 10 ergstcm
compared to the Coma system with~10"* M, 026 (192:020)x 104  ergs?
From the X—ray_perspectlve, Comais a prototype Non'Cooh—?@?&?‘éﬂﬁsoo (153+021)x 10"  ergs?
Core cluster featuring a shallow surface brightness prafilea bol (650+ 0.68)x 10“  ergs? 4,1+06(:10)
large core radius af, ~300kpc (e.g. Briel etal. 1992). A similar 7% 0.43024 Z.
X-ray appearance can be expected for XMMU J123a389, 5 0845047 49228
which shows already in the current configuration a very edeein 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)x107? cm
perse the remaining central ICM density peak within the nextcool2okpc 40+ 24 Gyr
Gigayear (Figs. 8, 9) resulting in an even more flattened yX-ra Csound 1160 , knis e
SB profile for the expected new equilibrium configurationwa fe  Mgassoo (30£0.9)x 10" Mo 425~
ol X e .07 ‘
Gyr |ater YX,SOO 1 6"‘05(*'0 2) 1014 M@ k \ 3 6+1 1(+0.4)
The upcoming merging with the BCG2 group will lead to fgﬁ;ﬁﬁoo g'looi 0.035
another close resemblance to Coma in the optical, namely t 57 63:07(:20)
existence of two central, almost equally massive brighgalstx- 200 (92+23)x 102 L 111228637
ies. The core impact velocity of the BCG2 group with the main %% o o3 ©
halo is too high (see Sect.4.4) to alloWieient merging with =500 (zlb%6+iooilcj6)x 1 Lo
other central galaxies, i.e. BCG2 is expected to retainrits e -z 19.90 + 0.02 mgg
tity as a massive galaxy. After relaxation within the maiasel MZCG _2' 4 9§ +.0 03 mag 44707010)
ter halo and several Gyr of dynamical friction at work, BCG2 8%S 1 40' - K Cg ~07(-22)
can be expected to settle close to the cluster center at ldw re _5¢¢ 658+ 277 kﬁjs 0g52
shifts and form a pair of two dominant cluster galaxies thget M' L7 46 7_+ 113 ML 23
with the nominal BCG. In terms of the general optical richsjes / T ollo 8611329
XMMU J1230.3+1339 is already comparable to Coma (richnes<XPbet O 13¢39)
ideri - i L oSS 1271+ 275 kn's S e0)
class R=2) when considering the accessible bright end of theVL o7 * ©-33
. . . . . . WL NFW 6 9+ .3 (+2.2)
galaxy population. With the continuing accretion of gaésxi P_33
8.3x 10°% WHz! 9,558

from the surrounding filaments, the new system is likely to su_Piasomrz

pass Coma in optical richness by 0.

Coma is also the prototype for clusters featuring @ugde
radio halo. In Sect. 4.4, we discussed the possibility thehs
radio halo originates from merging events such as the one ob-

tional archivalChandra observations finding a bolometric
luminosity of LY%~ 6.50x 10*ergs™ (+ 10%), an ICM
temperature offx 2500 = 5.30keV & 13%), a gas mass of
Mgassoo = 3.0 X 101¥Mg (+30%), a gas mass fraction of
fgassoo= 0.10 (+ 35%) consistent with local values, and/a
parameter offy s0o~ 1.6 x 10"*Mg keV (+ 38%).

63. The Chandra analysis of the X-ray surface brightness dis-
tribution yielded an approximate core radius of 215kpc, a

served in XMMU J1230.81339. If this scenario prevails, the
evolved cluster might additionally show similarity to Cornma
the radio regime at certain epochs.

6. Summary and conclusions

We have presented a multi-wavelength analysis and chairact

zation of the galaxy cluster XMMU J1230:3339 atz= 0.975, ; e

which is summarized in the following. An overview of the sys- £ profile parameter of 0.84, and an overall classification as

tem parameters and the derived mass estimates is provided in2 an-_CooI-Core cluster. The very central part Qf the SB
profile is better represented by a doujslenodel with an

Table 3. additional more compact radial component, from which we

: : - 2 a3
1. The galaxy cluster was discovered within the XMiidwton denvtg a central electron density oo > 2.3 x 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 XMMNewton observation targeting - The 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 totaband luminosity

with a joint analysis of the XMMNewton data and addi-  of Lgoé’é;pzl.%x 108 Lo (+ 15%).
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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 ofL%; =~ 6.1x10" L, two magnitudes brighter

than the characteristics luminosity at this redshift. The newly identified galaxy cluster XMMU J123@-.3339 is an

. Based on 13 secure spectroscopic cluster members, we firstéellent test laboratory at~ 1 for detailed observational stud-

radial velocity dispersion estimate @f ~658 kn'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 gravitationak-lengnd galaxy components. Recent follow-up campaigns of the
ing signal for the cluster on the.8o significance level, cluster environment include additional optical spectopscat
which currently sets the redshift limit for the extractioh oVLT/FORS 2, deeper X-ray coverage wi@handra, 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 proceeses

ter structure based on projected density maps of (i) recgalahe diferent components related to the central merging event or
ies, (ii) the X-ray surface brightness, (iii) the totédtzand to characterize the galaxy populations as a function oftetus
light, and (iv) the weak lensing mass distribution. We find eentric distance in dierent sub-components and the large-scale
well defined concordant cluster center and a main elongatistucture filaments.

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