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ABSTRACT

We report on the discovery of the X-ray luminous cluster XMNILD0750.5125818 at redshift 1.082 based on 19 spectroscopic
members, which displays several strong lensing featuteb. rBodeling of the lensed arc features from multicolor inmagivith the
VLT and the LBT reveals likely redshifts2.7 for the most prominent of the lensed background galakess estimates are derived
for different radii from the velocity dispersion of the cluster menshM,qo ~ 1.8 x 10'* M, from the X-ray spectral parameters,
Msgo ~ 1.0 x 10"* M, and the largest lensing afilg. ~ 2.3 x 10'*M,,. The projected spatial distribution of cluster galaxiepears

to be elongated, and the brightest galaxy li@scenter with respect to the X-ray emission indicating a ndtrgéaxed structure.
XMMU J100750.5-125818 dfers excellent diagnostics of the inner mass distributior afistant cluster with a combination of
strong and weak lensing, optical and X-ray spectroscopy.

Key words. galaxies: clusters of galaxies — X-rays: clusters of gasxi

1. Introduction To obtain a well-defined sample of clusters at high redshift,
. . . z > 0.8, we have started the XDCP (XMM-Newton Distant
A crucial prerequisite for the use of clusters of galaxies fcbluster Project, Bohringer et al. 2005; Fassbender et0f82

cosmological studies is the knowledge of the scaling reteti Mullis et al. 2005) based on archival XMM-Newton X-ray data.
between cluster mass and an observable proxy, such as X XDCP has been very successful, so far providing 18 clus-

luminosity, or X-ray gas temperature. These relations mest o< o, - 0 8 and 10 clusters witla > 1 including five redshift
callbra'ged at varying r_edshlfts, using theo.ret|cal mautgland confirmations from other projects (for selected results sge
hydrosimulations, or simply empirical refations. Clustet low  oshander et al. 2008; Santos et al. 2009; Rosati et al).2009
and intermediate TEd.Sh'fts are bright enough in X-rays tame o0 e report the discovery ofa distan’t strong lensing-clus
sure the total gravitating mass by deprojecting their teraipee ter of galaxies at redshit = 1.082 which shows a giant arc

and density profiles._ This is currentlyfﬂ_i:ult for clusters be- nd other arc-like features interpreted as gravitatigniathsed
y?n? 22ij a}ndths_utH_ecﬁ to dlar:%? stqnsuc_al derrors d (e.tg. Rosg ages of more distant, background objects. We study thg-pro
etal )- In this high redshift regime, independent M&&Ss ¢ ie o of the lensing cluster and the lensed galaxies onahis b
timates based on gravitational lensing (both in the weakthed of available optical and X-ray imaging and spectroscopy.

strong regimes) have long been invoked as the mfisCeve Throughout this paper we use a standa@DM cosmology
method for calibrating cluster masses. In particular, nmasa- with parameterslo = 71km s MpcL, Qu = 0.27, andQ, —

sutr)emer'l“tlshbasehd on rr]nultiple strong lensing feat_glres alréyhig .73, which gives a scale of 8.188 kpc arcseat redshift 1.082.
robust. Although such measurements are possible only in tRg . i A P
central region of the cluster, they are independent of madg! f?magnltudes In this paper are given in the AB system.

sumptions and can help to break the mass-sheet degeneracy of
parameter-free weak-lensing mass-reconstructions. 2. Observations, analysis and results

Send offprint requests to: A. Schwope, e-mailaschwope@aip.de 2.1. XMM-Newton X-ray observations

* Based on observations made with ESO Telescopes at the laa Sill
or Paranal Observatories under programmes 78.A-0265 and@59 XMMU J100750.5-125818 (hereafter XMMUJ1007) was
** Based on observations obtained with XMM-Newton, an ESA scfound serendipitously as an extended X-ray source in our
ence mission with instruments and contributions directipded by Systematic search for distant clusters of galaxies. Thet@tu
ESA Member States and NASA candidate was detected in a field with nominal exposure time o



2 A.D. Schwope et al.: XMMU J100750£825818: A strong lensing cluster a& 1.082

® : ’

FIRST J100751.2+125903

Fig.1. (lefty UBVR image of the field around
XMMU J1007 with X-ray contours overlaid and tenta-
tively identified lensing features indicated. The cross
indicates the X-ray position and the square the size of
the color image shown righ{right) Color compos-

ite of the central region of XMMU J1007 with mean

o 20 atipec (Rz)V(UB) images in the RGB channels. North is top
and East to the left in both frames.

22.2ksec at an fi-axis angle of 1177 (OBSID: 0140550601). ing XMMU J1007 was thus observed with FORS2 at the VLT in
Following Pratt & Arnaud (2003), time intervals with highJanuaryFebruary 2007 through ESO filters®PECIAL+76 and
background were excluded by applying a two-step flare clepniz. GUNN+78 with total integration times of 1920s and 960s,
procedure firstly in a hard energy band (3014 keV) and respectively. The combination of filters was chosen to abow
subsequently in the.B — 10keV band, after which 21.4 ksecunambiguous redshift determination upze- 0.9 through the
of clean exposure time remained for the two MOS cameras aidéntification of a cluster red sequence (CRS).

18.0ksec for the PN instrument. All the imaging data of this paper were reduced with an AIP-
Images and exposure maps were created in Bfe-®2.4keV adaptation of the GaBoDS-pipeline described in Erben et al.

detection band, which was chosen to maximize the signal-{@005). It comprises all the pre-processing steps (biast an

noise ratio of the X-ray emission of massive galaxy clusérs flatfield-, and fringe-correction) as well as super-flat ection,

z> 0.8 compared to the background components (Scharf 200Bxckground subtraction, and creation of a final mosaic inusge

Source detection was performed with 8%S taskeboxdetect ing SWarp and SCAMP (Bertin 2006).

followed by the maximum likelihood fitting taskmldetect The photometric calibration of thék-band image was
for the determination of source parameters. XMMU J1007 Waghjeved through observations of Stetson (2000) standzdsfi
found as an extended X-ray source with low surface briglstngge photometry of the z-band image was tied to the SDSS. The
at positiona(2000)= 10"07"505, 5(2000)= +12°58 18’1 with non-standard z-band cut-on filter in use at the VLT leads to an
a total of about 200 source photons and a core radius %24 estimated systematic calibration uncertainty of 0.05 mag.

a significance level of DEJJ. ~ 42 and an extent likelihood of The measured image seeing of the VLT R- and z-band im-

EXTuL ~ 24 XMMU J1007 is not listed in the 2XMM cata- . . -
og (Netson ot a2009) ice s detectn lkeinooukahe. ad 15 7 27 056, respectvely, Object catalagueswere gen
first step of the detection chairi{oxdetect) remained below mode. The magnitudes of catalogued objects were correated f
the threshold to perform '_[he S?CO”P' stepl(detect). It was re- Galactic foreground extinction. From the observed drophef t
vealed as a cluster candidate in this work, however, owingdo  ner fux relations with respect to a power-law expeotati
use of a diferent detection band and by lowering the detectwwe estimate a 50% completeness of the cataloguRgof 25.9
threshold to perfornemldetect. andz, ~ 24.6. Following Mullis et al. (2005, and its erratum)
we used fixed apertures with diametes & FWHMseeingto de-

2.2. Optical imaging with VLT/FORSZ2 and LBT/LBC termine object colors.

. e A mere two-band false-color composite of the VLT imaging
Neither DSS nor the SDSS revealed a convincing counterpggia proved stiicient to locate an overdensity of red, early type
to the unique X-ray source XMMU J1087The field contain- ga|ayies at the position of the extended X-ray emissiono€ol

I : L . and location-selected possible cluster members form aeed s
DETw., EXTw.: detection likelihood and extent likelihood of thequence in the color-magnitude diagram of Fig. 2. The red se-

source = —In P, whereP is the probability the detection (the extent),,ance color was estimated from the average color of alkigga
is spurious due to a Poissonian fluctuation

2 We regard the NVSS radio source NVSS J1007B15901 at
10"07"513, +12°5901” (J2000.0), marked in Fig. 1, and confirmedegrated flux of %9 + 0.19 mJy (positional fiset of 48) as unrelated
to be point-like by FIRST (1@7'515289s, +12°59'3/34) with an in- to the X-ray source
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- ' ' 2 binning.

We obtained 32 classifiable spectra (among them two late-
type stars) and measured the redshifts of galaxies by fitking
ble Gaussians with fixed wavelength ratio and same width to
the Ca H&K lines. The measured redshifts together with co-
ordinates, brightness, and color of the 32 objects aredligte
Table A.2 and marked on Fig. A.3 (appendix).

We found 19 concordant redshifts betwee@7b and 1088
with a weighted mean of 1.08103 and a median of 1.08207. We
assume a cluster redshift of 1.082 in the following. The héfitis
in this interval are Gaussian distributed, a one-sampletd&-
reveals a probability of rejecting the null hypothesis a8%.

The distribution of all redshifts is shown in Fig. A.1. Folling
Danese et al. (1980) we calculate a line-of-sight velodipelr-
sion of o, = 572km s'with a 90% confidence range between

_ _ _ _ 437 km stand 780 km 3.

Fig. 2. Color-magnitude diagram of XMMU J1007. The size of the sym- Although the cluster does not appear to be relaxed, we

bols encodes vicinity to the X-ray center of the cluster Kivit30’, timat the virial i U ~
and 60 and beyond). Objects within the dotted box were used to gfiay estimale a mass on the vinal assumption. g =

timate the color of the red sequence (solid horizontal li@pjects V3/100/H(2), Mago = 4/37R3,, x 20Q (Carlberg et al. 1997),

framed with squares are spectroscopically confirmed alustambers. we obtainRygp = 790323 kpc, andMago = 1-8j'8 x 10" Mg

The shaded region top right indicate50% incompleteness. where the given errors correspond to the 90% confidence in-
terval of the velocity dispersion. Using the dark matterohal
virial scaling relation by Evrard et al. (2008) instead, mie

within 30”of the X-ray position (see box in Fig. Z2-z=1.91, tainsMygo = 1_2tc1)-§ x 10 M.

which hints to a cluster redshift beyord.9. '

Further imaging observations were performed with the Large
Binocular Telescope (LBT) equipped with the Large BinoculaZ-4. X-ray spectroscopy

Camera (LBC) through Bessel B,V filters and thepddfilter. .
: ; ; . : X-ray spectra were extracted from the calibrated photomeve
Table A.1 lists the (_:ietalls of Fhe LBT imaging (_)bservatlons. lists >(;f aﬁl three EPIC cameras onboard XMM-NeWtE))n. An aper-
The photometric zeropoints for the LBC images were d?l]re with 60’ radius 500 kpc at the cluster distance) was used

rived by using the SDSS photometry of stellar objects in ﬂ}8 extract source and background photons. The X-ray spectru

field. X .
A multi-color composite of the center of the field includ%;;(é\ﬂ;\?tgr‘]éggzgfgﬁrﬁz'gﬁ”bztgfcggrt] photons in the full XMM-

ing VLT/FORS2- and LBJLBC-data is shown in Fig. 1 with An attempt was made to constrain the plasma temperature
X-ray contours overlaid. Residual astrometric uncertagin (?gith a thin thermal plasma model (a MEKAL model in XSPEC
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the XMM-Newton X-ray image were removed on the basis . ;
; o ) : : ) X rms, Mewe et al. 1985). The column density of absorbing mat
identified X-ray point sources in the FORS- and LBT-image er was fixed 1o its galactic valuly = 3.7 x 10°cm2, the

respectively. ¢ . _

The cluster has its brightest galaxy (BCG) at positios: metal abgnd_apcetb = 0.3Zp, and the redshift ta = 1.082.
10'07M49.9° ands = +12°58 40" between structures B1 and B2  Despite fixing these pgrameters, f[he X-ray 'gemperaturejcoul
(see Fig. 1), i.e. away from the apparent center of the gaixy ONlY be roughly constrained. The fit shown in Fig. A.2 con-
tribution by about 20 and away from the X-ray position. TheVerges at a temperature @f = 5.7keV KT > 2.05keV with
BCG has an apparent magnituzeg = 2051+ 0.06, an os- 90% conﬂdenci) |mp1Iy|ng a bolometrLc X-ra}Ly luminosity of
berved color R-2)scs = 1.92+0.08 and an absolute magnitudé-x = 1.3 10*ergs? (Lx > 0-8>3< 10* ergs at 90% con-
Mecaz = —238. fidenceLx (0.5 2.0keV) = 4 x 10*ergs™).

The spatial distribution of galaxies that form the red se- Following Pratt et al. (2009) we estimate the cluster mass
quence of Fig. 2 appears stretched in a band from SSE to NN4&ing the luminosity-mass scaling relation. We use theiEBC
with a centroid about Y0away from the centroid of the clusterorthogonalfit to the Malmquist-bias corrected L-M relatias-
X-ray emission. However, the best-fit X-ray position (Maxim SUTG self-similar evolutiorh(z)~ /3, and obtainMsgo = 1.0 x
Likelihood fit of an assumeg-profile folded with the PSF of 10"Mo (assuming our aperture covesog). If we instead use

the X-ray telescope) lies well within the galaxy assembhe(s the temperature-mass relation of Vikhlinin et al. (2009)finel
Fig. 1). Msgo = 2.1x 10 M,, with a lower limit of Msgg = 4.3x 10 M.

2.3. Optical spectroscopy 2.5. Lensing properties

Multi-object spectroscopy of XMMU J1007 was performed wittOur follow-up imaging observations confirmed the existeotce
VLT/FORS2 using the MXU option in December 2007 anténsing arcs and further lensing features in the image. e us
January 2008. One mask was prepared targeting 37 candidhimaging data in the five passbands (UBVRz) from the LBT
objects selected as possible cluster members based on calat the VLT to calculate photometric redshifts of the lensed
and stellarity index. Individual exposures of 1308 s werm¢o background objects. Due to the distorted morphology oféhs-
bined to yield a total integration time per object of 2.9 he§pa ing arcs we manually defined apertures matching the shape of
were obtained with grism 300I; they cover the wavelengtlyean each feature. The fluxes of the objects were then extracted us
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the same aperture in each image and converted to AB mag ~ © T T T
tudes.

Table 1. Photometric redshifts of lensing features. All redshiftsrev
forced to be larger than the cluster redshift. r

Image Vag  Zpnot zrange (90%) = =
Al 243 272 263-282 % r
A2 251 2.63 254-273 r
B1 245 139 135-1.52 L
B2 257 163 1.08-1.74

B3 247 194 1.70-2.12 i
C1l 24.3 3.36 2.98-3.54

Cc2 23.6 3.20 2.70-3.40 0.1

NURRESI

We used the publicly availableyperz code (Bolzonella
et al. 2000) to compare the spectral energy distributionthef
lensing features with the synthetic galaxy SEDs from Brli&ua Fig. 3. Comparison of dferent mass estimates for XMMU J1007 in
Charlot (1993). The parameters for the construction of tB®S units of 16*M,. Labels indicate results based an scaling relations
data cube were galaxy class, star forming age, internalereddby Vikhlinin et al. (2009); Pratt et al. (2009); Carlberg ét @997);
ing , and redshift. For the lens features we allowed onlyhitis Evrard et al. (2008). The dashed and solid lines indicateausal den-
beyond the redshift of the cluster £ 1.082) and combinations Sity profiles (Navarro et al. 1997) with concentration paetens of
of age and redshift consistent with our adopted cosmolbgasa 3:86 and 3.45 for virial masses 1.8 ané 4 10*M, at an assumed
rameters. R.ir = 780 kpc, respectively (Bullock et al. 2001).

Table 1 shows the results of the SED fitting for the image
components as indicated in Fig. 1. Column (2) gives the best
fittingp photometric redshift and ?:olumn (3) the(9)0°gA) confidend/vir = Mago = 1.8 x 10'“Mj at face value, our strong lens-
limits of the redshift within the best fitting SED template. Ing result seems to l_)e discrepant with an NFW;proﬂIe.. Alledat

The resulting photometric redshifts confirm our tentacd" be made compliant at a mass .Of abom”?l Mo, higher
tive identification of multiple lensed components. Compuae than but not excluded by the velocity dispersion and the X-ra
A1/A2 and CJC2 are likely to be images of the same bacKEmperature, Wherg_as a weak-lensing mass IS kgy to fix the hal
ground objects at ~ 2.7 andz ~ 3, respectively. The situation profile at large radii, a deep X-ray observation is necessary
is less clear for components B1, B2, and B3, where the uncEftermine the X-ray morphology and the gas temperature. The

tainties in the photometric redshifts are large. modelling of the strong lensing system is important to prtbige

We estimate a lensing mass assuming a circularly symmkgtner density profile.

ric lens (a special case is the singular isothermal sphei&). s Interestingly, in a study of a complete sample of 12 MACS
'I!he proj(ectgd rr|1ass insi:je a tar;g%l;ltiallarc then becpmn@)sz clusters Zitrin et al. (2010) find the observed Einsteiniraddbe

) . larger and hence the central density of cluster higher thran p
2 o 4(_6_Y(_D_
Zam(Daf)® ~ 11x 10° (30’)(1Gpc) Mo. The dfective distance dicted by simulations and interpret their finding as a chmagjke

D become® = D“D—E"s = 724Mpc forzg = 1.082 andzs = 2.7.  to cluster formation in aA\CDM model. They invoke the pos-
Difficulties arise from the faintness of the lensing featuresbility that the formation of clusters started at earligoehs
and from the badly determined cluster center. A trace of¢lae f than currently assumed, leading to higher central Dark &fatt
ture Al implies an Einstein radius &f ~ 8’ — 9” and a cor- concentrations. Also, Jee et al. (2009) suggest this siceasia
responding mass of (2 + 0.4) x 101¥M,, (a 15% uncertainty possible explanation for the discovery of unexpectedlysivas
in radius is assumed). If one uses uses the distance betwieerclysters az >~1 in the moderate survey volume probed by the
and the X-ray center (25) instead, the mass inside this ringKMM-Newton serendipitous surveys (like e.g. XMMU J2235-
becomes ¥ x 103 M. 2557 and 2XMM J083026524133, Mullis et al. 2005; Lamer
et al. 2008; Rosati et al. 2009). However, in a recent study
of the strong lensing clusters in theakk Nostrum UNIVERSE,
Meneghetti et al. (2010, subm. to A&A) find the concentration
We have presented results of an initial study of the X-ray sand the X-ray luminosity to be biased high, and an excess-of ki
lected cluster XMMU J1007. We determine a redshiftzoE netic energy within the virial radius among the strong lagsi
1.082 based on 19 spectroscopic confirmed members. As masisters. XMMU J1007 is a highly suited target to confrorg-th
prominent property, the cluster shows several stronghenfeia- ory and observation.
tures. It is an optically rich cluster; the absence of a danin The elongated distribution of the cluster member galaxies
BCG and the elongated distribution of member galaxies sstggemay point to the principal direction of merging or accretioh
a not yet relaxed structure. The bolometric X-ray luminggt XMMU J1007 (Dubinski 1998). The merging hypothesis is con-
Ly ~ 1.3x 10*ergys. sistent with the system being a strong lens (see e.qg. tha disai
Estimates of the cluster mass were obtained via strong letrdbution of the brightest member galaxies in the stromusiag
ing, X-ray spectroscopy and the velocity dispersion of membmain component of the Bullet Cluster, Bradac et al. 2006). O
galaxies; the values obtained affdient radii are summarized inthe other hand, the chain distribution of the bright mem/adag-
Fig. 3. One obtains overlapping error bars for the massRap, ies of XMMU J1007 may suggest that the infall of these galkaxie
(~virial radius) and at~Rsgg (~X-ray aperture) due to insii- happens along filaments with small impact parameters, g0 tha
cient data and uncertainties in the scaling relations. & @mkes dynamical friction is particularly #cient in dragging them to

R(Mpc)

3. Discussion and conclusions
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the cluster center and originate a dominant BCG within atshdrosati, P., Tozzi, P., Gobat, R., et al. 2009, A&A, 508, 583
time (D’Onghia et al. 2005). In analogy with the formation oSantos, J. S., Rosati, P., Gobat, R., et al. 2009, A&A, 501, 49
fossil galaxy groups studied by the latter authors, the kimal  Scharf, C. 2002, ApJ, 572, 157

pact parameters of the filaments may lead to an early assemBtgtson, P. B. 2000, PASP, 112, 925

of the gas in the center, thus to an early start of its coollie  Vikhlinin, A., Burenin, R. A., Ebeling, H., et al. 2009, Ap392,
resulting system may exhibit an enhanced X-ray luminositgw 1033

respect to the optical one. Thiffieient, early formation may of- Watson, M. G., Schroder, A. C., Fyfe, D., etal. 2009, A&A 349
fer an alternative explanation to merging for the reason péry 339

ticularly X-ray luminous clusters with chain distributiafitheir ~ Zitrin, A., Broadhurst, T., Barkana, R., Rephaeli, Y., & Bea,
bright members are detected at high redshifts. N. 2010, ArXiv e-prints
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Appendix A: Supplementary electronic material

This appendix gives further detailed information abouticgt
observations, the X-ray spectrum, the redshift distrifnutand
the brightness of spectroscopically classified objecthénfield
of XMMU J1007.
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Fig. A.1l. Redshift distribution of galaxies in the field of XMMU J1007
observed with VLT-FORS2-MXU (see Table A.2). The inset idanb
up comprising the redshift range covered by likely clustennmbers.
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Fig. A.2. XMM-Newton X-ray spectrum of XMMU J1007 (EPIC-pnin
black, EPIC-MOS in red and green). A thin thermal plasma rh@itie
so-called MEKAL-model in the X-ray spectral fitting packa§8PEC)
was fitted to the data. Fit optimisation was achieved by usiegCash-
statistic with one count per bin (Krumpe et al. 2008). It dne how-
ever, provide a goodness-of-fit statistic. The fit suggestisister tem-
perature ofT = 5.7keV KT > 2.05keV with 90% confidence). The
temperature is not constrained towards high values. Thentetric X-
ray luminosity of this model itx = 1.3 x 10* ergs s'.

TableA.1l. LBT image parameters

filter date exposure seeing zeropoint
Uspec  31-Dec-2008 1200s @85 26.73
Bgesset 31-Dec-2008 1070s 705 27.41
Vpessel 31-Dec-2008 1200s  7G8 28.01
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TableA.2. Spectroscopically confirmed cluster member galaxies (uppet) and non-member galaxies targeted by VLT-MOS spectpy sorted
by increasing z-band magnitude. The 2nd to last columntligpositional €set with respect to the assumed cluster center at the nodire}
position (R.A. 1519604, Decl. 129717). A colon indicates a less secure measurement, which maytijecs to future adjustment.

S

R.A. J2000| Decl. J2000 z R-z | redshiftz 0z Distance
(deg) (deg) (mag) | (mag) (arcsec)
151.95762| 12.97789 | 20.51 | 1.92 1.08423 | 0.00012 24.1
151.96234| 12.96729 | 20.80 | 1.59 1.08086 | 0.00012 17.8
151.95854 | 12.97640 | 21.02 | 2.05 1.08709 | 0.00021 17.8
151.95809| 12.97400 | 21.03 | 1.81 1.07712 | 0.00078 11.3
151.91809| 13.00307 | 21.06 | 1.89 1.07834 | 0.00016| 187.0
151.92177| 13.00492 | 21.49 | 1.93 1.08340 | 0.00014| 181.3
151.96438 | 12.95042 | 21.62 | 1.82 1.08715 | 0.00008 77.9
151.91762 | 12.92344 | 21.78 | 1.76 1.08309 | 0.00011| 229.7
151.95837 | 12.98867 | 21.81 | 1.98 1.07465 | 0.00009 61.5
151.92233| 13.00835 | 21.85 | 1.77 1.08207 | 0.00010| 188.3
151.92898 | 12.99330 | 22.05 | 1.48 1.07995 | 0.00009| 135.0
151.92196 | 12.93457 | 22.19 | 1.75 1.07749 | 0.00009| 189.9
151.96153 | 12.97194 | 22.21 | 1.92 1.08463 | 0.00013 4.6
151.96457 | 12.96373 | 22.34 | 1.57 1.08069 | 0.00022 32.6
151.91657 | 12.91210 | 22.51 | 1.48 | 1.08085:| 0.00066| 263.7
151.94809| 12.99093 | 2259 | 1.88 1.08370 | 0.00017 81.5
151.96098 | 12.97008 | 22.67 | 1.95 1.07673 | 0.00017 6.5
151.956 12.96175 | 22.83 | 1.85 | 1.08538:| 0.00033 39.1

SO o s T o
oA~ h~OooO (=]

(&)]

-13 | 151.95492| 12.98622 | 2290 | 1.98 | 1.08834:| 0.00020 55.6

-23 | 151.97453| 13.01627 | 18.74 | 3.16 0.0 0.0 167.9 | late-type star

-11 | 151.94881| 12.98072 | 20.06 | 2.14 0.0 0.0 52.0 late-type star
2

151.96350| 12.98431 | 20.74 | 1.75 | 0.89789 | 0.00022 46.7 [on
151.94980| 12.95957 | 20.94 | 1.57 | 1.05870 | 0.00021 57.4
151.94960| 12.94159 | 21.25| 1.47 | 0.88879 | 0.00015| 114.8 | [Oll]
151.98341| 12.99842 | 21.87 | 1.80 | 1.18291 | 0.00008| 125.6
151.95777| 12.91942 | 22.19 | 1.86 | 1.03811:| 0.00011| 188.4
151.96277| 13.01301 | 22.21 | 1.35 | 0.80748 | 0.00013| 148.9 | [Oll]
151.96559| 12.91600 | 22.24 | 1.42 | 0.89511 | 0.00021| 201.3
151.93620| 12.92835 | 22.43 | 1.62 | 0.90020 | 0.00027| 177.6
151.97170| 12.93165 | 22.58 | 1.82 | 1.04382:| 0.00020| 149.5
151.91717| 12.92623 | 22.68 | 1.36 | 0.76364 | 0.00014| 223.1
151.96192| 12.93803 | 23.73:| 0.54 | 0.93729 | 0.00019| 121.3
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Fig.A.3. VLT/FORS2 R-band image with slit positions identified (Northdp,tEast to the left). Labels are the same as in the first coloimn

Table A.2. Likely cluster members are encircled, unrelatiedsified objects (lower section of Table A.2) are framethwiguares, objects that
were positioned on slits but could not yet be classified améd with rhombs.



