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ABSTRACT

We report the discovery of a galaxy clusterzall.62 located in th&pitzerWide-Area Infrared Extragalactic
survey XMM-LSS field. This structure was selected solelyras\aerdensity of galaxies with regpitzefIRAC
colors, satisfying ([3]—[4.5])as > —0.1 mag. Photometric redshifts derived from Subaru XMM Deep Su
vey (BVizbands), UKIRT Infrared Deep Survey—Ultra-Deep Survey (D8S-UDS, JK-bands), and from the
SpitzerPublic UDS survey (3.6-8.0m) show that this cluster corresponds to a surface densigalaikies at
z~ 1.6 thatis> 200 above the mean at this redshift. We obtained optical spgxtpmc observations of galax-
ies in the cluster region using IMACS on the Magellan telgscoWe measured redshifts for seven galaxies
in the rangez=1.62-1.63 within 2.8 arcming 1.4 Mpc) of the astrometric center of the cluster. A posteriori
analysis of theXMM data in this field reveal a weak ¥ detection in the [0.5-2 keV] band compatible with
the expected thermal emission from such a cluster. The-aolagnitude diagram of the galaxies in this clus-
ter shows a prominent red-sequence, dominated by a populatired galaxies withz—J) > 1.7 mag. The
photometric redshift probability distributions for thedrgalaxies are strongly peakedzt 1.62, coincident
with the spectroscopically confirmed galaxies. The reamfr U —B) color and scatter of galaxies on the red-
sequence are consistent with a mean luminosity—weighte@ffj2 + 0.1 Gyr, yielding a formation redshift
Z; =2.35+0.10, and corresponding to the last significant star-fornmgtieriod in these galaxies.

Subject headingsiarge-scale structure of the universe — galaxies: clustgeseral — galaxies: clusters:
individual (CIG J0218.3-0510) — galaxies: evolution

1. INTRODUCTION

Galaxy clusters provide important samples to study both th
evolution of large—scale structure and the formation chgal
ies. The evolution of the number density of massive galaxy
clusters involves primarily gravitational physics, whidk-
pends strongly on the cosmic mass density, the normalizatio
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and shape of the initial power spectrum, as well as on the dark
energy equation of state (e.g., Eke efal. 1998; Bahcall et al
1 Borgani et al. 2001; Haiman etlal. 2001; Springel et al.

2005; Pacaud et &l. 2007; Jee et al. 2009). Because the mas-
sive galaxies in clusters formed nearly contemporaneously
at z>> 1 with similar star—formation and assembly histories

...Stanford et al. 1998; al. 2007; Eisenhardt et a
) observations of the evolution of distant clusteagal
ies provide strong constraints on hierarchical galaxyuiah
models, which make detailed predictions for the formatibn o
these objects (e.d.. De Lucia & Blaizot 2007).

Studies of high-redshift clusters have been frustrated by
small sample sizes. Few clusters have confirmed redshifts
beyondz ~ 1.3 (e.g./ Mullis et all. 200%; Stanford etlal. 2005;
Brodwin et al. [2006] Stanford etlal. 2006; Eisenhardt &t al.

2008; [Kurk et al.. 2009 Wilson etlal. 2009). This dearth
of detected galaxy clusters at> 1.3 stems from the sig-
nificant challenges and potential biases in identifyingséhe
structures. Deep X-ray surveys have identified spectro-
scoplcally confirmed clusters to < 1.5 (e.g., Rosati et al.
2004; [Stanford et al._2006), but X-ray selection typically
require relaxed systems, which is unlikely to be the case
at high redshifts where cluster progenitors will be less
massive and more disordered, with less time for the in-
tracluster medium (ICM) to thermalize (e.d., Rosati et al.
[2002). Searches for galaxy overdensities around distant ra
dio galaxies require the presence of a massive centralygalax
(e.g.,LKurk et all 2000;_Miley et al. 2004; Stern etlal. 2003;
Kodama et al. 2007; Venemans etlal. 2007; Zirm &t al. 2008;
Chiaberge et al. 2010), which may not be an intrinsic prop-
erty of cluster progenitors.

Other searches utilize the empirically observed, tight
color—-magnitude relation in central cluster galaxies
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(the “red sequence”, e.gl, Visvanathan & Sandage 11977;roughly 50 deg divided over six fields separated on the sky
(Gladders & Yed 2005; Gladders et al. 2007, Kajisawa et al. (Lonsdale et dl. 2003). We used a simple color selection to
[2006; [Muzzin et dl.. 2009). However, this selection is identify high-redshift galaxies fronspitzefIRAC 3.6 and
biased potentially against clusters whose galaxies have4.5um photometry. As discussediOS&O%
had recent star formation (and overdensities of blue, star—of galaxies withz > 1.3 have ([36] —[4.5])as > —0.1 mag.
forming galaxies at high redshift have been identified, 8) identified candidate galaxy clusters-al.3
e.g., Steidel et al. 2005). Most studies of cluster galaxiesby selecting overdensities &f 30 objects satisfying this color
imply their stellar populations formed a; > 1.5 (e.g., criterion within radii of 14 (corresponding to < 0.7 Mpc
|_2007), concurrent with the atz=1.5) from the SWIRE survey data. CIG J0218.3-0510
peak epoch in the star—formation rate density from UV and was identified in_Papovith (2008) in the SWIRE XMM-LSS
IR measurements (see e.g.. Hopkins & Beacom 2006). Asfield, and has astrometric coordinatesz 2182138, § =
searches for clusters approach the redshift of their faomat ~ -05°10'27” (J2000), derived from the centroid of the SWIRE
cluster galaxies should show increasing indications far st |IRAC sources in this overdensity. The left panel of figure 1
formation with less time available to build up a substantial shows a false—color image using tBeband (blue)j’—band
red—sequence population. (green) and 4.5m image (red) of the field centered on the
We have initiated a search for galaxy cluster candidates atcoordinates of the IRAC—selected overdensity.
z > 1.3 selected solely as overdensities of galaxies with red
[3.6]-[4.5] colors using data from the Infrared Array Cam- 2.2. Optical and Near—IR Imaging
era (IRAC, Fazio et a 4) on boaﬂpitzerm . I The XMM-LSS includes deep optical (0.4#in) and near—
2004) following the method df Papovich (2008). At z<1 IR imaging (1-2m) in a portion of the field covering
model stellar populations have blue.§B-[4.5] colors be-  ,,041,"0.70 deg Optical imaging is available from the
cause these bands probe the stellar Rayleigh—Jeans tiil (wi Subaru-XMM Deep Survey (SXD$, Furusawa e{al. 2008),
the expection of some IR—luminous, star—forming galaxies a \ained with the Subaru Prime Focus Camera (Suprime—
Lo et o™ Cam) i the roa bandpas@s . ands. Near I imag
assivel ' Vi ol : i d r% 3 ing is available from the UKIRT Infrared Deep Sky Survey
passively evolving stellar populations appear red i8]3 UKIDSS, data release 1, Lawrence etal. 2007) ultra deep
[4.5] as these bands probe the peak of the stellar emissio urvey (UDS) in the broad bandpasskand K. For the
at 1.6um (see Simpson & Eisenhardt 1999; Sawicki 2002; work here, we utilized th&—selected catalog of the SXDS

 2008). Therefore, selecting overdensities of red o
o o . . and UDS data from Williams et al. (2009). These catalogs
[3.6] ~[4.5] sources potentially identifies high—redshift clus- o5 5 _jimiting magnitudes in 175—diam)eter apertures ofg
ter candidates with little bias from galaxy stellar popigas. Bag < 27.7.Rag < 27.1,ia5 < 26.8, 245 < 25.5. Jag < 23.9
11(2008) showed that IRAC-selectedt 1.3 clus- Kas < 23.6 mag. TheK—selected catalogs also include
ter candidates from thSpltzerW|de—Infrared Extragala_cltlc quasi—totalk magnitudes, measured in elliptical apertures
(SWIRE) survey have clustering scale lengthsq# 20h based on the light profile for each source. For details, wer ref
Mpc, consistent with other high-redshift galaxy clustees(  he reader to Williams et Al (2009). We corrected the fixed—
Brodwin etall 2007). . ___aperture magnitudes to quasi—total magnitudes using aieniq
_Here we report the discovery and spectroscopic confirma-apertyre correction for each source, defined as the difteren
tion of a galaxy cluster, CIG J0218.3-0510, (corresponting  petween the fixed aperture and total magnitude derived from
Infrared Cluster'A’, IRC-0218A, in the 0218-051 field, Se- e K_pand for that source (ap)-K(tot). We then applied
lected il Papovi¢h 2008), and we discuss its photometric andy, aperture correction for each source to its fixed aperture

spectroscopic properties. This galaxy cluster was idedtifi  yagnjtudes measured in the other SXDF and UKIDSS bands.
using our IRAC color selection with no other additional erit

ria imposed. In § 2 we discuss the target selection, and pho- 2.3. Spitzer IRAC Imaging

tometric and spectroscopic observations. In § 3 we present . .
the evidence supporting the assertion that this structuge i . VWhile the SWIRE IRAC data are sufficient for the selec-
5 tion and study of the galaxies in this cluster, we made use

galaxy cluster, and in § 4 we discuss its properties. In § f deeper IRAC imaging in this field from th&pitzerpublic

we summarize our results. Unless otherwise noted we repor X
all magnitudes in reference to the Johngon (1966) magnitudd€9acy survey of the UKIDSS UDS (SpUDS, PI: J. Dunlop).

t lative to Vega. Wi licitly denot itudé: The SpUDS data cover a field of area 1.5%d&ndeeper lim-
Z%/i\s/ee[[g rtig glbesglutggt?olome;)r(irc): g/s){ Ll magnﬁnisgge:g) iting flux densities than those available with the SWIRE sur-
with an AB subscriptmag = 239-2.5log(f, /1.dy). We use V&Y data. We measured photometry ik-diameter apertures
cosmological parametef&, = 0.3, A = 0.7, andH = 70 km in each of the IRAC 3.6, 4.5, 5.8, and 8#n images. We

-1 -1 ; ..~ applied correction factors of 0.32, 0.36, 0.55, 0.68 mag, re
Zte:vldpi)sctargztréoil;gg oMu;;:Z?(r:rtr:]iIr;C:tszrzollogg , the angular diam spectively, which corrects these aperture magnitudestab to

magnitudes for point sources. We matched sources in each
of the IRAC—selected catalogs to those in the UKIDSS UDS
2. SAVPLE SE.L_ECT_ION AND.SPECTROS.COPIC OBSERVATIONS K—selected catalog within”1radii. We combined the “to-
2.1. Identification of High—redshift Galaxy Cluster tal” aperture—corrected magnitudes for the IRAC data with t
Candidates aperture corrected photometry for the SXDS and UDS data.

We identified galaxy cluster candidateszat 1.3 using

the IRAC data from the SWIRE survey. These data cover 2.4. Photometric Redshifts and the Integrated Redshift
' Probability

14 Throughout we denote magnitudes measured in the 3.6, @5a6d The merged SXDS, UDS, and IRAC catalog covers a wave-
7.9pm IRAC channels as [8], [4.5], [5.8], and [80], respectively. length baseline of 0.4-&m, and we used these data to
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Decl. (J2000)

2P18m25¢ 2"8m20" 2P18m25¢ 2"8m20"
R.A. (J2000) R.A. (J2000)

Figurel. The left panel shows a false—color image of the target fieliie Borresponds to the Suprime—C&wnband, Green to the Suprime—Canband,
and Red to theSpitzer4.5 um band. The images have not been corrected for variatiortseinlata image quality. The image spahs®’, corresponding to
15Mpcx 1.5Mpc atz= 1.62. The heavy white bar shows a distance af Blpc at the redshift of the cluster. Small green circles ¢emandidate cluster
members withP, > 0.5 as defined in E2]4. Orange squares denote those objectspeitiroscopically confirmed redshift$2 < z< 1.65. The contours denote
regions with 5, 10, and babove the mean density of galaxies with & zynot < 1.7. The right panel shows the surface density of galaxies Wik zynor < 1.7

in units of the number of standard deviationg &bove the mean density, ranging from -1 to 20 (as indicatehe plot legend).

study the cluster—candidates selected from the SWIRE IRACsurface density of galaxies in this photometric—redshifige
data. We derived photometric redshifts for each source incentered on the IRAC—selected overdensity CIG J0218.3-
the K—selected catalog using EAZY (Brammer et'al. 2008). 0510. The color shading corresponds to the number of stan-
We used the default galaxy spectral energy distribution tem dard deviations above the mean surface density of galaxies
plates with aK—band prior based on the luminosity func- at this redshift over the UDS field. CIG J0218.3-0510 corre-
tions of galaxies in a semi—analytic simulation. We de- sponds to a 200 surface density of galaxies in this redshift
rived the most likely photometric redshift as well as thd ful interval.

photometric—redshift probability distribution functioR(2), Many of the galaxies in the field of CIG J0218.3-0510 have
normalized such thaf P(2) dz= 1 when integrated over all photometric redshifts centered tightly around ~ 1.6. We
redshifts. Our comparisons against the spectroscopibifesls  quantified the likelihood of galaxies being associated d re

in the SpUDS field (Yamada etlal. 2005; Simpson et al. 2006; shift by defining thentegrated redshift probability

van Breukelen et al. 2007, 2009, C. Simpson, in preparation)

showed that the most likely photometric redshifts have un- P, = / P(2)dz, (1)
certainties ofA([Zsp— Zon] /[1 + Zsp]) = 0.04 derived from the

normalized median absolute deviation (Beers &t al. 1990) 0 jhtegrated overz = zen+ 6z For CIG J0218.3-0510, we
the more than 200 galaxies (excluding broad—line AGN) with ;seq 7., = 1.625 andéz = 0.05 x (1 + zer) (therefore in-
spectroscopic redshifts in the rang@ £ z< 2.0. tegrating over 49 < z < 1.76), approximately the 68%
_To increase the efficiency of our spectroscopic observa-configence range on the photometric redshifts. This was
tions, we computed the surface density of galaxies in the ygiivated by other cluster—member selection methods us-
SpUDS field in coarse redshift intervals, and we prioritized ing photometric—redshift—selected samples (Brunner &ilub
those IRAC-selected cluster candidates (selected over thgoao Halliday et dl. 2004; Eisenhardt etlal. 2008; Pelldet a
much larger SWIRE field) that corresponded also to large3009). Simply defined, the integrated redshift probabikty
overdensities in photometric redshift. To measure theaserf  {he fraction of the photometric redshift probability dilstr-
density of galaxies, we divided galaxies into redshiftiméds,  tion function within the redshift intervals (see discussio
Az=0.2, and measured the angular distance from each objecnkelstein et al. 2010). An integrated probability®@f= 0.5

to the seventh-nearest neighbdy, and then computed the  means that 50% of the integrated photometric redshiftidistr
corresponding surface density; o (d7)>. We tested other  bution lies betweeeen— 0z < z < Zsen+ 6z The galaxies in

definitions for the nearest neighbor, which produced simila the field of CIG J0218.3-0510 witR, > 0.5 are indicated in
results (changing the definition of téth—nearest neighbor  figure[J.

changed primarily the angular resolution of the surface-den
sity map). We then calculated the mean and standard devia- 2.5. Spectroscopic Observations
tion of the surface density across the entire UDS field. ; ; S -
X We targeted galaxies with high integrated redshift proba-
CIG J0218.3-0510 appears as a strong overdensity ofgalaxb”ity in tﬁe regi%n of CIG JOZl%.S-OS%O using tlmaamgri

les with 15 < zn < 1.7. Figure[1 (right panel) shows the  \;-00i1an Areal Camera and SpectrograiMACS) on the
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Table 1
Spectroscopic Redshifts in the CIG J0218.3-0510 Field
R.A. Decl. Pz z o7 R A r
(J2000) (J2000) (mag) ‘X (Mpc)

1) 2 3 4 (5) ® O ®
2h18M22.3¢  -5°10'34.7/ 0.50 1.6224 0.0005 229 0.28 0.14
218M20.37 -5°09'56.3’ 0.42 1.6303 0.0012 23.6 057 0.29
2h18M19.16 -5°10/14.7' 0.47 1.6230 0.0005 23.0 0.57 0.29
2h18m24.14 -5°09'45.2' 0.46 15356 0.0004 23.2 0.99 0.51
2118"24.48 -5°0939.77 0.40 1.6228 0.0005 234 112 057
2"18M7.26¢ -5°1105.7/ 0.61 1.6487 0.0006 23.8 1.21 0.61
2h18m23.92 -5°09'20.8' 0.54 1.6222 0.0005 22.8 129 0.65
2h18M18.92 -5°0800.3' 0.32 1.6234 0.0013 23.7 252 1.28
2118"17.46 -5°0802.2” 0.48 1.4962 0.0003 229 260 1.32
2"18M15.18 -5°08'11.9’ 0.64 1.6224 0.0011 23.8 272 1.38
2h18M14.5¢ -5°06'59.1" 0.47 1.6094 0.0008 235 3.86 1.96

Note. — (1) Right ascension, (2) Declination, (3) Integratedstefi probability,
(4) spectroscopic redshift, (5) redshift uncertainty, $8jprime—CanR-band mag-
nitude, (7) angular separation between the galaxy and tisteclastrometric center

(see § 2.1), (8) projected physical separation betweernxyalad the cluster center
for z=1.62.

Magellan/Baade 6.5 m telescope on 2008 Oct 30-31, 2008ipeline. We then coadded the individually extracted 1xspe
Nov 18-19, and again on 2009 Sep 11-12. At the f/2 focustra for each target. We used spectrophotometric standards
IMACS provides multiobject spectroscopic observationsrov  taken at the end of each night to provide flux calibration. Be-
a 27.2'—-diameter field of view (FOV), which allowed us to tar- cause photometric conditions varied over the course of each
get roughly 100 galaxies in as many as 10 cluster candidatesiight, our photometric calibration is not absolute (althou
using a single slitmask. We targeted two separate IMACS this does not affect our ability to measure redshifts).
fields within the UDS, covering 10 cluster candidates in field We took spectra of 24 sources wikh< 23.8 mag, inte-
1 and 7 in field 2, using two slitmasks per field to alleviate sli grated redshift probabilit, > 0.3, and with an angular sep-
collisions. CIG J0218.3-0510 was one of our highest priorit aration ofA < 4’ of the astrometric centroid of CIG J0218.3-
targets given the high surface density of objects with ffigh 0510 (corresponding to a physical separation af2.0 Mpc
The other cluster candidates will be discussed in a forthcom atz=1.62). We measured spectroscopic redshifts for 11 of
ing paper. these galaxies, a redshift success rate of about 45% (11/24)
We observed with IMACS using the 200 lines/mm grat- These redshifts are listed in table 1. In all cases, the iftslsh
ing with the OG570 blocking filter, which provided7 A are secured on the basis of the [[Demission line. We in-
resolution covering -1 um. The IMACS CCDs were spected_ the 2D re_duceq data and verified that _the emission
upgraded in 2008 and have very high red sensitivity, with feature is present in bothdependenspectra obtained from
about a factor of two improvement in sensitivity beyond the nod—and—shqfﬂe observation. AII.of these galaxies were
8500 A (A. Dressler 2008, private communication). We used targeted as candidate members of this galaxy cluster. Seven
the “nod—and-shuffle” mode (Glazebrook & Bland-Hawthorn of the galaxies have.62 < z < 1.63 with a mear{z) = 1.622.
2001) with 1’ x 2.2" slitlets, which greatly improves the Of Fhe remaining galaxies, two haze 1.649 and 1.609 (ve-
background subtraction and facilitated our spectrosomgle  locity separations 0£3100 km §'), and the other two have
shift success, especially for galaxieszat 1.3. For practical 2= 1.536 andz=1.496. Including all nine galaxies within
purposes, we prioritized galaxies wih< 23.3 mag, butin- 3100 km s*, we derive a mean redshift) = 1.625.
cluded galaxies tR < 23.8 mag (and a few even fainter galax-  Figure[2 shows the one—dimensional spectra for six galax-
ies). Conditions each night were generally clear, althoughies with 162 < z < 1.65 with the smallest angular separation
not photometric, and some time was lost to poor photometric(A < 174) from the astrometric center of CIG J0218.3-0510.
conditions (including most of the time during the 2009 Sept Each spectrum shows the presence ofl[@ emission. Sev-
run). Typical image quality during good conditions ranged eral of the spectra show evidence for interstellar absompti
over Q6-1" at full width at half maximum for point sources. from Mgl and possibly Fé (one galaxy az = 1.649 shows
Individual exposure times were 1800 s. The total co-addedweak Mgll emission, likely from an AGN).
exposure times of data taken under good photometric condi- As the rest of the absorption features are weak, we show in
tions varied for each mask, and were 3-4 hours on source.  figure[3 a weighted—mean, composite spectrum for the seven
We reduced the IMACS spectroscopic data using the galaxies with 162 < z< 1.63, all withinr < 1.4 Mpc. To con-
Carnegie Observatories System for MultiObject Spectnmgco  struct this spectrum, we scaled each spectrum to the mean flux
(COSMOS, v2.18%. The reduction steps to produce 2D density in the rest—frame wavelength range 2600-3100 A. We
spectra include wavelength calibration, bias subtragtiiai then weighted each spectrum by the inverse variance usng th
fielding, sky subtraction, co-adding the separate framme, a uncertainty spectrum. The stacked spectrum shows broad fea
cosmic—ray removal. We extracted 1D spectra at each nod-tyres from~3200-3400 A, which are artefacts of the stack-
and-shuffle position separately, as well as the associated U ing procedure. Because we have scaled each spectrum to the
certainty on the spectra propagated through the reductionmean flux, the fainter galaxies contribute more noise to the
stack. These features correlate with strong sky emissith, a

15 http://obs.carnegiescience.edu/Code/cosmos
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Figure2. Extracted IMACS spectra for the six galaxies with2 < z < 1.65 within 1.4 of the cluster center (correspondingrte: 0.7 Mpc atz= 1.62). The
inset panel shows the region aroundI[PA3727 at the measured redshift. In all panels, the black Brthe measured spectrum. Gaps in the spectra show
wavelengths that fall on the “gaps” between the IMACS CCDie Ted line shows thesluncertainties propagated through the data reduction. Hible black
lines show the expected locations of IF&2374, Mgll A2800, and [QI] A3727 for the measured redshift.

a result of the higher noise in this region of the spectrune Th
stacked spectrum shows a strong upturn in flux density at the
red end of the spectrum. This feature is unlikely to be intrin
sic to the galaxies, and arises from the fluxing uncertantie
at the red end of the spectra, due to the decreasing setysitivi
of the CCD and the red cut-off of the blocking filter. Nev-
ertheless, strong emission from [P A3727 is observed in
the composite spectrum, which is a result of the spectrascop
identification process. The stacked spectrum shows several
strong absorption features, in particular Mg\\2976,2804,

Mg | A2851 and absorption from various blends ofiH:es.

The narrow redshift range of the galaxies in tdle 1 sug-
gests they are physically associated. Using the specp@sco
redshifts to infer the dynamical conditions of the cluster i
dubious because of the unknown dynamical state (see § 4.2).
If we assume the galaxies within1500 km s* of the mean
redshift and within ® Mpc of the astrometric center of the
IRAC-selected overdensity sample adequately a virialized
structure, then their redshifts correspond to a line—ghisi fFigure& C?mpt?]sliger ?hneegg\igﬁnzilgr;?elsﬂ\fvﬁs fgel\jtr? gfstﬁgl;r;frtgoggﬁge
V,elof:'ty d|SperS|0n obr = 860+ 490 km s! 95'”9 the ,def'm' crearrl]:grvt\;?\éel(grj]%218.3-0510 wiﬂ?spectrosco;inc fedsﬁiﬁ§a§< z<1.630
tion in|Carlberg et all (1996). The uncertainty is derivehir (see Tabl&ll). The black line shows the composite, weigbtaged spec-

a bootstrap resamplmg of the data (and we make no attemptrum, and the red line is the weighted uncertainty, domuhdte emission
to remove the additional uncertalnty from the redshift EB’)’.O from the sky. Strong [QI] is observed, as well as several absorption fea-
However, we further qualify this velocity dispersion besau tures, including the doublet MgA\2976,2804, and absorption from blends

: : . of Fell line. The absorption feature at rest—frame 2900 A corredpda
of several biases that likely affect the redshift success ra . ic absorption at7600 A in the observed frame.
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Figure4. SummedXMM image centered on the position of CIG J0218.3-
0510. CIG J0218.3-0510 is located on the edges of three eadjxdMM
positions. The coaddedMM data yield an unambiguous source with 4
significance in the [0.5-2.5] keV band within’A@f the position of the clus-
ter. The circle indicates the associated X-ray source asdahdiameter of
40". The units of the color scale is ergtem™ arcmin’ as indicated by the
running bar along the bottom of the image.

for galaxies in this cluster. Firstly, we prioritized onlyase
galaxies withR < 23.8 mag for spectroscopy, preferentially
excluding fainter galaxies. Second, even with this magiatu
criterion, most of the galaxies are faint (2R < 24 mag) and
all the redshiftidentifications above are based primanilyte

[O 1] A3727 emission line. At=1.62-1.63, this line falls at
9780-9800 A, adjacent to a strong sky line at 9800 A, which
hinders the identification of galaxies ats 1.63 with emis-
sion lines (the only galaxy at this redshift identified above

exposure time of 3 x 12 ks at the position of CIG J0218.3-
0510. There is an unambiguous source within a radius 6f 10
of the cluster position detected with a gignificance. Within

a 40'—diameter aperture we measured 65 photar&006) in

the [0.5-2 keV] band. Owing to the low nhumber of photons
and the large off-axis position of CIG J0218.3-0510 in the
XMM images, we are unable to constrain accurately the spa-
tial extent of the X-ray source nor to estimate a gas tempera-
ture. However, the detection of the X-ray emission provides
an estimate for the virial mass of CIG J0218.3-0510, which
we discuss in § 4.2.

3. THE NATURE OF CIG J0218.3-0510

In this section we discuss the evidence that CIG J0218.3-
0510is a galaxy (proto—)cluster. Strictly speaking, a Sttu”
is an object that is fully virialized, while a “proto—clustés
an object that will eventually virialize at later times (lew
redshift). It remains to be seen if the dark—matter halo of
CIG J0218.3-0510is fully virialized or if it is still assettiry.
Nevertheless, we will blur the distinction between thedé de
nitions and use the term “cluster” to mean both.

The photometric redshift distributions and spectroscopic
redshifts of galaxies in CIG J0218.3-0510 indicate a large
overdensity of galaxies at= 1.62 with a high surface density
within r < 0.7 Mpc. This is illustrated in figurgl 1. The galax-
ies with spectroscopic redshifts in this region of high aaef
density show a preponderance of sources araundl.62.
Furthermore, the IRAC—selected galaxy members of this clus
ter have high integrated redshift probability as defined in
equation 1, implying a high likelihood of being at the clus-
ter redshift. Galaxies witl®, > 0.5 are indicated with circles
in figure[d. This includes many red galaxies, which are con-
centrated near the center of CIG J0218.3-0510 and have very

cludes strong Mgl absorption). Therefore, our spectroscopic high P, values.

redshifts will be biased against objectszat 1.63. If the
cluster lies atz= 1.625 then roughly half the galaxies with
redshifts in the upper end of the distribution will be prefer

Figure® shows a montage of photometric redshift probabil-
ity distribution functionsP(2), for the seven galaxies with the
highest integrated redshift probabiliti®;, with an angular

entially missed, biasing the mean redshift and the velocity separation ofA < 1’ of the cluster center. Without excep-
dispersion measurement. Therefore, while we conclude thetion these galaxies have rezd<J) colors. We targeted sev-

galaxies are physically associated as a galaxy (protostjiu

eral of these galaxies with spectroscopy from IMACS during

we caution against too much interpretation of the dynamfics o our 2009 observing run. However, their spectra show only

this cluster using the redshifts above.

2.6. XMM-Newton X-ray Imaging
CIG J0218.3-0510 is located within thé XMM Subaru

Deep Field enclosed in the XMM-LSS survey (Pierre et al.

faint optical continua, with no discernible emission feat.
Nevertheless, while we are unable to derive spectroscegic r
shifts for these galaxies, the lack of any emission featisres
consistent with their photometric redshifts. The photaiet
redshifts of these galaxies are driven by the strength of the

2004). While our cluster selection method did not involve apparent 4000 A/Balmer break redshifted betweerrtized

X-ray criteria, the presence of diffuse X-ray emission & th

J-bands az=1.62. As a result, the photometric redsH#z)

cluster location would provide independent confirmation of functions are sharply peaked at this redshift, and thesexgal

the existence of a deep gravitational potential well. In-a re
cent analysis of these data Finoguenov et al. (2010) idedtifi
two diffuse X-ray sources at distances dB8land 29 from
CIG J0218.3-0510, with redshift estimatesof 1.6 -1.8.

ies haveP, > 0.75, implying that more than 75% of their red-
shift probability lies between.49 < z < 1.76 with a most
likely redshift atz~ 1.62, the mean spectroscopic redshift.

In contrast, the galaxies for which we obtained spectro-

These may be associated with CIG J0218.3-0510 althoughscopic redshifts have lowd?,. These galaxies all show [0

their large offset in angular distance challenges thisjme
tation.
Following our discovery of the close association in redshif

in their spectra, implying relatively recent star formatio

Therefore they have weaker 4000 A/Balmer breaks and sub-
sequently less-well constrain®{z). This is illustrated in fig-

of the galaxies in CIG J0218.3-0510, we performed a poste-ure[3, which shows thB(2) for the seven galaxies with spec-

riori analysis of theXMM data at the location of this object.
CIG J0218.3-0510 is present on three adjacévitvl point-
ings, near the edge of each of them (off-axis valuég’). We
coadded the thre¥MM images centered on the position of

troscopic redshifts at that of the cluster. All of these gida
have bluer£-J) colors, consistent with the evidence of more
recent star formation.

The red galaxies in this overdensity dominate the color—

CIG J0218.3-0510, and applied an adaptive smoothing. Themagnitude relation for this cluster, similar to the relaso
X-ray image is shown in figuld 4. The image has an effective observed in clusters at < 1.4 (e.g.,[Bower et all 1992;
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The red galaxies that dominate CIG J0218.3-0510 are cen-

[ : T 1.8 [ T oA A trally concentrated, and nearly all are within< 1’ of the
sl #,=0.88 j\ (z-J)=1.97] 3 =050 | (2-4)=0.94] cluster center. Very few of the galaxies on the red sequence
- z(ph)=1.62] - z=1.622 have angular separationsl’. Of the few that have larger
O [ 220 1 O LINAF028, T angular separations, most reside within the surface—gjensi
[ % =077 Pl [ 9 —0.42 : J=21.8 7 contours that extend slightly to the north—east and north—
3p” i?p;\j)) s 1 (2_1%;; 12 west from the central region (see figlile 1). This property of
t 2=0.14" 1 ot LONAES7, ] CIG J0218.3-0510 is consistent with the color—density-rela
I ' =216 ] I I =214 A tions observed in other clusters at low and hig h redshifgs (e
3 '_”==°-85 (z-4)=1.90] 3 '_”-=°-47 | (z-d)=1.08] Dressléil_1980; Lidman etlal. 2008; Mei etlal. 2009) provid-
i z(ph)=1.65, i A/\\\ =1.625 ing further support for the cluster—like nature of CIG JO3t8
0 [yl 27020 o STV 0510.
~ 2077 zz_zj’)-gz e = . [#=040 : fz:-z})Zogf In summary, the spectroscopic and photometric redshifts,
g 3r 2(ph)=1.67] & 3r g/\i\\ﬂ_szs ] the color-magnitude relations, and the surface densitg+co
ol . , A=0.54' 1 ol =1.12' 1 relations all support the conclusion that CIG J0218.3-0510
L ' y=205 | T y=208 a galaxy cluster. This interpretation is reinforced by thiat
g [F088 || (z-)=1.90] [P0S4 (z-)=1.19) X—ray emission measured at the location of this object (see
[ Z(:(;‘);)‘,'ef*_ [ 221522 also § 4.2). We therefore conclude these galaxies are physi-
0 by ] 0 by RS pans cally associated with each other as a cluster, even though we
- #,=0.87 fz_zj)fms- F #,=0.32 | f;_zf)ﬁo'gs do not have the data to determine if they are fully virialized
3r 2(ph)=1.63] 3t | =1.625 | In the next section we discuss the properties of this objedt a
o[ ,  AZ078 1 o[ . A NE252 1 the cluster galaxies.
sk | #,0.89 fz_'f)':z.og 3} [ #,=0.64 | JZ_ZJO)E, 53 4. DISCUSSION
i ph)=1.61, /\ 2:12 323 ] From the evidence presented above, we conclude that
0 : : - 0l ' CIG J0218.3-0510 represents a galaxy cluster at1.62.
0 2 3 4 0 4 Although other candidates for high—redshift galax to
Redshif’r Redshlff )clusters atz > 1.5 have been reported (e. él Miiéﬁ g; al.

Flgl;ur_e 5. Pg?éogngztgg—aregss;léﬂ r_)rrr?b?bflth%y—d|stnﬁut|on I%I(]:%nfqmtl'ﬁ)(Z)’ for Mﬁ&ww@%? <’|:1|
gglgﬁz It?]at have integrated .redsﬁiﬂepr(l)%lejiﬁliféﬁso.w \c/)vl}th ZnsgeL\Jlleairr1 [2009; [ Chiaberge et al. 2010), this is the highest redshift,
separations of\ < 1’ of the cluster center. Without exception, these galaxies spectroscopically—confirmed cluster with a strong, well—
g!'eh;voes‘tfﬁ'gelfedfoiz)g?e'ct’rﬁi- r%zgniga?ﬁé%mgs ﬁ%}])rgﬁg&g‘gﬁlt““ﬁ% defined red sequence. While the definition of galaxy “cluster
angular separ)étri)on from the cluster center. AI?hough thesaxies Iac)lg spec- may be subject to Sem,an_tlcs, (S,ee ?‘bove)' CIG J021§'3'051O
troscopic information, their large integrated redshitifgabilities support the ~ shows all the characteristics indicative of lower—redshith
assertion that they are at the cluster redshift,1.62, indicated by the ver- galaxy clusters.
“(gal'lldiist?‘%?r”S”‘zsc-t;lh?ng"fsitﬁr %?]'aéiiﬁs ‘g’t'g: foﬁﬁqcéifosﬁﬂseh}&)a”ﬁﬂgw The fact that CIG J0218.3-0510 has a well-defined red se-
Lave bluer t—FJ)) colors e?n)é IgwergvalL?es aPz, presumably because t%/ey quence of strongly clustered red galaxies is not a resuttef t
have weaker 4000 A/Balmer breaks owing to the star formadivity. The selection method. CIG J0218.3-0510 was selected as an over-
right figure shows th@(z) for the seven galaxies with spectroscopic redshifts density of galaxies with red IRAC colors (see § 2.1). The
1.62 < z< 1.63. Each panel shows the same information as for the left fig- |RAC colors at this redshift are blind largely to variationfs
;L%tg’éf:tffctrg‘é;n‘ff{ give the spectroscopic redshiftause the mostlikely — rest_frame optical colors, and should be sensitive to galax
ies with both rest—frame red and blue UV-optical colors (see
[PapovicH 2008). With our full sample, we will compare the
Ellis et al. [19977; | Stanford etal. _1998; van Dokkum et al. properties of CIG J0218.3-0510 against other overdessifie
(19984, b; Blakeslee etldl. 2003, 2006; De Lucia Et al. 2007;galaxies at this redshift to determine how the galaxiesim th
[Tran et al[ 2007]_Lidman et gl. 2008; Mei etlal. 2009). Fig- object compare to other co—eval (proto—)clusters and td fiel
ure[@ shows a@—J versus] color-magnitude diagram fell galaxies.
galaxies within 2 arcminr(< 1 Mpc atz= 1.62) of the astro- _ i
metric center of the IRAC—selected overdensity. FtadJ 4.1. Color Evolution and Formation Epoch
bandpasses span the redshifted 4000 A/Balmer break at red- As discussed above, CIG J0218.3-0510 is dominated by a
shift z=1.62 providing strong contrast between the cluster strong red sequence of bright galaxies. These are intalhgic
galaxies and those in the field. Field galaxies are shown asvery luminous for their redshiftz = 1.62. The top axis of
small data points in figuld 6, and these h&e< 0.3, imply- figureIB compares the measuréeband magnitudes to the
ing they are foreground or background galaxies. Larger sym-“characteristic” magnitude)*, for the luminosity function of
bol sizes correspond to higher values7f implying those galaxies in the Coma cluster, evolved passively backwards i
objects have a greater likelihood of being at the cluster red time to z= 1.62 using the model df de Propris et al. (1999).
shift. The cluster galaxies on the red—sequence typicallegh  The brightest galaxies in CIG J0218.3-0510 correspond to
the highest values oP,, especially at the bright end where J*-1toJ*-1.5 mag. The descendants of these galaxies at
photometric uncertainties have a smaller effect on thersolo a minimum will be super=* cluster galaxies by ~ 0, even
The well-defined color-magnitude relation in CIG J0218.3- without subsequent merging or star formation.
0510 is evidence for the cluster—like nature of this object. The red galaxy colors imply that they contain older stel-
This is the highest redshift spectroscopically confirmes<l  lar populations. Figur€l6 illustrates the expected color of
ter with such a well-defined red sequence. a composite stellar population formed at= 2.4 with a
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Figure6. Color-magnitude diagram of all galaxies within < 2 of the cluster center, corresponding to 1 Mpz at1.62. The top axis shows magnitudes in
units of J*, the characteristic luminosity evolved from the measur@das for the Coma cluster (de Propris eéfal. 1999 +0l.62. The symbol size denotes
that likelihood that the galaxy lies at the cluster redshéfsed on the integrated redshift probabilRy, as indicated in the legend. The smallest gray squares all
haveP; < 0.3, and are likely foreground or background field galaxiesissociated with the cluster. Larger, red squares corresfpogalaxies with?, > 0.3,

and likely associated with the cluster. The long—dasheal dimows a fit to the red sequence (see § 4). The red dot-dasleeshbws the expected color of a
stellar population observed at 1.62 formed in a short burst @t = 2.4 as described in the text. Circles denote those objectsrepecpically confirmed from
1.62< z< 1.65. These are bluer galaxies owing to the presence af gnission, facilitating their spectroscopic identificati(see §215). The X symbol shows
an object with a spectroscopic redshift outside this rafidee short dashed lines indicate the agnitude limits derived for point sources in the imagintada

A strong red—sequence is apparent, which is dominated laxigal with highP,.

o
" %
|

o
(o
S
(4]

star—formation rate that evolves by an e—folding timescalethat the photometry is indeed complete to the level inditate
7 =01 Gyr to z= 162 using the 2007 version of the in the figure. Further studies of clusters at these redsiniftis
[Bruzual & Charldt ((2003) models. This model produces a detailed modeling are needed to confirm this.

(z—J) color similar to what we measure for the brighter red  The zeropoint, scatter, and slope of the red sequence
galaxies in this cluster (using the Bruzual & Charlot 2003 itself provide constraints on the formation timescales of
models produces-J colors within Q02 mag for these ages the galaxies’ stellar populations (e.g., Bower etlal. 1992;
and formation redshift). There is also no indication that |Aragon-Salamanca etlal. 1993). To compare the galaxies in
CIG J0218.3-0510 contains a population of blue, luminous CIG J0218.3-0510 at= 1.62 to those in lower redshift clus-
galaxies. The brightest galaxies within a projected sdjmara ters, we converted the observer-(J) colors to rest—frame
of r < 1 Mpc of CIG J0218.3-0510 witte¢ J) < 1.5magand (U —B) colors following[Mei et al. [(2009). We find no evi-
P, > 0.3 have fainter magnitudes, typically subi—Because  dence for evolution in the slope of the red sequence between
the mass—to—light ratios of the stellar populations inseeass CIG J0218.3-0510 and lower redshift galaxy clusters, con-
they redden and fade over time, the dominant population ofsistent with the results of other studies (see, €.9., Mdiet a
red—sequence galaxies could not form directly from thedess [2009). The top panel of figuté 7 shows the rest—frathe B)
luminous blue galaxies. Interestingly, the number of red se color of CIG J0218.3-0510 and lower redshift clusters taken
quence galaxies appears to decline toward the faint enatof th from the literature at a fixed rest—frame absolute magnjtude
red sequence, seemingly at magnitudes well above the detedvlg = —21.4 mag. However, there is strong evolution in the
tion limit (see figurd B). This observation is similar to the rest—framel{ —B) colors, which become redder with decreas-
findings of Tanaka et al. (2007), who observed a deficit of red ing redshift, consistent with passive evolution. The mede!
galaxies arounda=1.24 cluster. These results imply a strong figure[7 illustrate the expected evolution for stellar papul
evolution in the faint end of the red—sequence luminosity tions with different formation redshiftg{ = 2.0, 2.5, 3.0, and
function, extending the relation measured by Rudnicket al. 5.0), with a star—formation e—folding timescates 0.1 Gyr,
(2009) for moderate redshift clusters to higher redsHitildo and solar metallicity. ThelJ —B) color atMg = —21.4 mag
appears that there is a lack of faint blue galaxies With- 0.3 for CIG J0218.3-0510 is consistent with stellar population
but no such lack is seen in tifg, < 0.3 galaxies, indicating  formed between.® <z < 2.5.
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galaxies in the cluster.
We calculated the scatter for the red sequence galaxies in

0.5 NN % CIG J0218.3-0510, including those galaxies with integtate
0.4+ RN, redshift probability P> 0.3 within a projected radius of 1
_o° - ) :Q&{:\Q‘ RN Mpc (2 arcmin) of the cluster center. We used an interative
m 0.3 RN S . 2¢=5.07 rejection algorithm to include only red galaxies withirb2
5 I RN z:__=3fo~ N of the derived red sequence. We derive the scatter about the
< 0.2 BN N median absolute deviatioh (Beers etlal. 1990), which yields
i \‘ o(U -B) =0.136+ 0.024. We compare this to the red se-
0.1 i \z=2.8 guences of other galaxy clusters and our models in the bot-
0.0 L 1 L 2720, | |\ tom panel of figurdl7. There is a marked increase in the
scatter in they —B) color with redshift, which is expected
0.20F' ' ' ' T2 because the cluster galaxies are observed closer in time to
2.2 When they formed their stellar populations (elg.. Meiét al.
o 0.15F 2.39  [2009;[Hilton et al! 2009). The right axis of the panel in-
= E 2.4 1l dicates the modeled relationship betwed) —B) and the
L o0.10F % 2.5 o formation redshift,z; for the model stellar populations ob-
=2 o served atz = 1.62. The scatter in the rest—framé ¢ B)
S @ 5 3.0 color for CIG J0218.3-0510 corresponds to range of forma-
0.05F o o O% 5.0 & tion redshift, 225 < z < 2.45, using the 2007 version of the
o e [Bruzual & Charldt[(2003) stellar population synthesis msde
ooolo........ .o ....v......970 (using the 2003 models has a negligible change on the forma-
0.0 0.5 1.0 1.5 2.0 tion redshifts for the stellar population ages involvede)er
Redshift We note that this is an upper limit as we have made no at-

tempt to remove the color measurement uncertainties frem th
intrinsic scatter. If we have overestimated the scatterfahn-
mation redshift will benigher. Given the agreement between
the formation epochs derived from the red-sequence zarbpoi
and scatter, we do not think this is a serious effect.

Therefore, both the zeropoint and scatter of the rest—frame
(U - B) colors for red—sequence galaxies in CIG J0218.3-
0510 imply a formation epoch aoff ~ 2.25-2.45 (a look-
back time of 10-1.3 Gyr fromz=1.62). This corresponds
to the last major star—formation episode in these red aluste
galaxies. This is a similar formation epoch as found in many
studies of othee > 1 cluster galaxies (e.d., Mei et al. 2009;
[Hilton et al.| 2000 i 09), although at least one
cluster (XMM J2235.3-2557 at = 1.39) has galaxies with
formation epochs ranging from ~ 2 toz; ~ 6 (Rosati et dl.
[2009). The formation epoch of CIG J0218.3-0510 is also
consistent with the colors and spectral indices of galaxies

We model the scatter in the colors of the red—sequencein lower—redshift massive clusters (elg., Stanford £t @98
galaxies in CIG J0218.3-0510 by followi al. lvan Dokkum & van der Marel 2007). Furthermore, studies
(2009, and references therein). We construct a series okhow that a high fraction of massive galaxies zat- 2
composite stellar populations with star—formation e-ifaid have high levels of star formation (e.@., Kriek etlal. 2006;
timescale ofr = 0.1 Gyr and solar metallicity. We tested other [Papovich et dl. 2006), and these are likely consistent \nih t
values for the metallicity (ranging from 02;, and 2.5Z), evolution of the cluster galaxies. These properties alpsulp
but found that they did not reproduce simultaneously the ze-the conclusion that the galaxies of CIG J0218.3-0510 will be
ropoint and scatter in the rest—franté< B) colors for a con-  come typical galaxies found in rich clusters at later times.
sistent formation epoch. In our model each galaxy formsstar
in a single burst of star formation that begins at an initoa f
mation redshiftz-, and lasts for a durationt. We allow the
durationAt to vary fromAt = 0 to a maximum equal to the i ;
lookback time fromz= to z= 1.62, the redshift at which the ) 4.2. Dynamlf:al Mass Estlmate .
cluster is observed. We allow for a range of formation red- _AS discussed above, it is unclear if the cluster galaxies of
shift (with a maximum formation redshift taken to be when CIG J0218.3-0510 sample a virialized, relaxed dark—matter
the lookback time was 4 Gyr), where at eagh, we con- halo, or if this object is in the process of assembling thtoug
struct a simulated sample of 1@alaxies with ages assigned MErgers. Under the assumption that the galaxies are virial-

randomly from a uniform distribution with & t < At. From  1zed, we use the velocity dispersion to provide a crude esti-
these simulated galaxies we compute the scatter in the sim/Mate for the dynamical mass of CIG J0218.3-0510 as a refer-

ulated color distributions and the luminosity—weightectag €nce, although we qualify this with the caveals 8 2.5. For
Then, for a given measurement of the scatter in the colors, wed Velocity dispersiong = 8604490 km s* (see §2.5), the
infer the corresponding luminosity—weighted age and thus o~ corresponding dynamical mass estimatlign ~ 3rviro? ~

tain an estimate for the formation redshift of the red—seqae 4 x 10 M, for a virial radius of 0.9 Mpc. We derive the same

Figure7. The top panel shows the evolution of the rest—frauneB color
measured at rest—franvs = —21.4 mag for red—sequence galaxies in clusters
as a function of redshift. Smaller circles show the resuéimflower—redshift
clusters [(Bower etal._1992: Ellis ef 4. 19¢7: van DokkumlE1898E.b,
[2000; Mer et al2009). The large box point shows the valuévelérfor the
cluster CIG J0218.3-0510 at6R5 derived here. The curves show the ex-
pected evolution of a stellar population with solar metéifi formed with an
e—folding timescale- = 0.1 Gyr at the formation redshift indicated. The bot-
tom panel shows the evolution of the scatter in the rest-dtdmB color for
red—-sequence galaxies as a function of redshift. Symbeltharsame as the
top panel. The scatter in the colors of red—sequence galingeeases with
redshift. The right axis of the bottom panel indicates theeeted scatter in
the rest—framel{ — B) color for a red sequence observedzat 1.62 for a
given mean luminosity—weighted formation redshift (seg¢)teThe scatter

in the U —B) color for thez= 1.62 cluster corresponds to a luminosity—
weighted formation redshift off = 2.25-2.45, consistent with the evolution
in the U —B)g color.
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dynamical mass estimate usiltyo (Carlberg et al. 1997 consistent with a mean luminosity—weighted age 6f-11.3
Even so, we caution the reader that the dynamical mass mayGyr, yielding a formation redshifff = 2.354+0.10, and corre-

be highly uncertain given the statistical errors and syateam  sponding to the last major episode of star formation in these
biases. galaxies.

This mass is a factor of4 larger than the limiting halo We provide a crude estimate of the dynamical mass of
mass of the IRAC—selected clustelrs (Papdvich 2008), and ifCIG J0218.3-0510, although this result is highly uncertiia
accurate then it implies that CIG J0218.3-0510 resides @ on to systematics in the data and owing to the unknown dynam-
of the most overdense environments in the SWIRE survey. Inical state of CIG J0218.3-0510. Under the assumption that
this case, based on the expected growth of dark—mattershaloethe dark matter halo of CIG J0218.3-0510is virialized and re
(Springel et all 2005) the mass of CIG J0218.3-0510 shouldlaxed, we estimate a dynamical mass based on the measured
increase to at least ¥0M, by z=0.2, becoming arich cluster  velocity dispersionMgyn ~ 4 x 104 M, within a virial radius
of galaxies comparable to the Coma cluster. of ryir ~ 0.9 Mpc. Our reanalysis of théMM X-ray emission

The high dynamical mass estimate of CIG J0218.3-05100f this cluster favors a lower virial mass,11x 104 M, but
corresponds to a large gravitational potential well. 16t/ consistent within the uncertaintites. If these masses @re a
the case, then the hot diffuse gas of the ICM should emit curate, then we expect CIG J0218.3-0510 to evolve to a rich
significant X-ray luminosity. This is supported by the X— cluster withM ~ 10" M, atz= 0.2 similar to the Coma clus-
ray detection we infer at the location of CIG J0218.3-0510 ter. Further spectroscopic and multiwavelength obsermati
in §[2.8. Assuming that all the detected X-ray emission of galaxies in CIG J0218.3-0510 are needed to constrain bet-
originates from the ICM we infer a mean temperature of ter the mass measurement.
~3 keV and virial mass of .1 x 10'* M, based on the lo-
cal luminosity—temperature and mass—temperature reftio . . .

d: Arnaud et Al 2005). This is roughly ‘We acknowledge our colleagues for stimulating discus-
a factor of 4 lower than the dynamical mass derived above,SiOns, and helpful comments. In particular, we wish to thank
but within the large error budget. While the X-ray detec- CNris Simpsonand Masayuki Akiyama for their spectroscopic
tion of CIG J0218.3-0510 supports the high derived virial '€dshifts in advance of publication. We thank Renbin Yan
mass, obtaining much deeper X—ray data is required for a self for assistance with the spectroscopic reductions. We a@iso a

tained lvsis of the ICM ti d determina knowledge Stefano Andreon, Chris Simpson, S. Adam Stan-
f[:igg'ame analysis ofthe properfies and mass de emeaford’ and Jon Willis for very helpful feedback and sugges-

tions. Lastly, we thank the anonymous referee whose helpful
5. SUMMARY comments improved both the quality and clarity of this pa-

We report the discovery of a spectroscopically confirmed per. This work is based on observations made wittEiitzer

galaxy cluster az=1.62 located in the SWIRE XMM-LSS Space Telescopevhich is operated by the Jet Propulsion

field. This cluster candidate was selected solely as an Over_Laboratory, California Institute of Technology. This wae

: : : e e based in part on data obtained as part of the UKIRT Infrared
density of sources with re8pitzefIRAC colors, satisfyin N -
([3.6] _y[4.5])AB ~ -0.1 mag, \?vith no other selection gitegr]ia Deep Sky Survey. A portion of the Magellan telescope time
imposed. Photometric redshifts derived from SXIB/{z was granted by NOAQ, through the Telescope System Instru-
bands), UKIDSS-UDSJK-bands), and SpUDS (3.6-8.0 mi- mentation Program (TSIP). TSIP is funded by NSF. Support
cron) for the galaxies in and around this cluster show that th for M.B. was pravided by the W. M. Keck Foundation. We ac-

: knowledge generous support from the Texas A&M University
structure corresponds to a galaxy surface density of seurce . ‘
atz= 16 that is>pzoa times ?he m)éan surface den)éity at this and the George P. and Cynthia Woods Institute for Fundamen-

redshift. Furthermore, our recent analysis of existigM tal Physics and Astronomy.
data on this cluster provides a weak but unambiguous detec-
tion compatible with the expected thermal emission fronhsuc

a cluster. This confirms that our selection of overdensities

; ; if Andreon, S., Maughan, B., Trinchieri, G., & Kurk, J. 2009, A&07, 147
of sources with red IRAC colors identifies galaxy clusters at Aragon-Salamanca, A.. Elis, R. S.. Couch, W. J.. & CarterLap3,

z>1.3. . ) . o MNRAS, 262, 764
We obtained spectroscopic observations of galaxies in thearnaud, M., & Evrard, A. E. 1999, MNRAS, 305, 631

cluster region using IMACS on the Magellan telescope. We Armaud, M., Pointecouteau, E., & Pratt, G. W. 2005, A&A, 4893

measured redshifts for five galaxies in the ramgk.62—1.63, Baggiae'r']'cg- ’ngiﬂg"f“ J. P, Perimutter, S., & SteinfiaRl J. 1999,

all within 1.4 arcmin € 0.7 Mpc) of the cluster center. In ad- Beers. T. C.. Flynn, K., & Gebhardt, K. 1990, AJ, 100, 32

dition, we measured spectroscopic redshifts for two saurce gjaesiee, J. P., et al. 2003, ApJ, 596, L 143

with z=1.62-1.63 within 14-2.8 arcmin (07 -1.4 Mpc). —. 2006, ApJ, 644, 30

The cluster appears to be dominated by red galaxies, withBorgani, S., etal. 2001, ApJ, 561, 13

(z-J) > 1.7 mag. The photometric redshift distributions for g?;"nf;]g gé—ufg:‘ |Jab Fljlzuf; E"L'S('BR- 8‘3&99%;\"2‘50%5':346 g%a

t[he. brlghteSt red galaxies are.centra”y Peakmﬁz' co- Brodwin, M Gdnzalez, A. H.,YMous’takas,pr. A Eiseﬁha?%lt’R.,

incident with the spectroscopically confirmed galaxies. Stanford, S. A., Stern, D., & Brown, M. J. I. 2007, ApJ, 6713L9
Thez-J versus] color-magnitude diagram of the galaxies Brodwin, M., et al. 2006, ApJ, 651, 791

in this cluster shows a strong red-sequence, which includesBrunner, R. J., & Lubin, L. M. 2000, AJ, 120, 2851

the dominant population of red galaxies. The rest—frame Bruzual, G., & Charlot, S. 2003, MNRAS, 344, 1000

_ . B Carlberg, R. G., Yee, H. K. C., Ellingson, E., Abraham, R.ait, P.,
(U -B) color and scatter of galaxies on the red-sequence are Morris. S., & Pritchet. C. J. 1996, ApJ. 462, 32

) o ) Carlberg, R. G., et al. 1997, ApJ, 485, L13
16 HereM,qq is the mass of the dark matter halo within a spherical volume Chiaberge, M., Capetti, A., Macchetto, F. D., Rosati, PzZTcP., &
defined by radius oo where the average density is 200 times the critical Tremblay, G. R. 2010, ArXiv e-prints

density at the observed redshift. De Lucia, G., & Blaizot, J. 2007, MNRAS, 375, 2
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