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ALMA PIN-POINTS A STRONG OVER-DENSITY OF U/LIRGS IN THE MASSIVE CLUSTER XCS J2215 AT
Z =146

STUART M. Stach,! A. M. SWINBANK, IaN SmaiL! MarT Hirron? J. M. SIMPSON’®
Draft version May 11, 2017

ABSTRACT

We have surveyed the core regions of the z = 1.46 cluster XCS J2215.9—1738 with the Atacama Large
Millimeter Array (ALMA). We obtained high spatial resolution observations with ALMA of the 1.2 mm
dust continuum and molecular gas emission in the central regions of the cluster. These observations
detect 14 significant millimetre sources in a region with a projected diameter of just ~ 500 kpe (~ 17).
For six of these galaxies we also obtain 2 CO(2-1) and 2 CO(5-4) line detections confirming them as
cluster members and a further two millimetre galaxies have archival spectroscopic redshifts which also
place them in the cluster. An additional ~ 4 millimetre galaxies have photometric redshifts consistent
with cluster membership, suggesting that the bulk (>12/14, ~85%) of the submillimetre sources
in the field are in fact luminous infrared galaxies lying within this young cluster. We then use our
sensitive new observations to constrain the dust-obscured star formation activity and cold molecular
gas within this well-studied example of a z ~1.5 cluster. We find evidence that the cooler dust and
gas components of these galaxies may have been influenced by their environment reducing the gas
reservoir for their subsequent star formation. We conclude that these actively star-forming galaxies
have the dynamical masses and stellar population ages expected for the progenitors of massive, early-
type galaxies in local clusters.

Keywords: Galaxies: clusters: individual: (XMMXCS J2215.9—-1738) — galaxies: evolution — galaxies:

formation
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Figure 2. Thumbnails showing the ALMA Band 6 continuum (top row of cach panel), Ky (middle row of each panel) and three-colour
HET WEC3 images (1.25, 140 and 160 pm, lower row of each panel] of the SNR =4 millimetie continuum sourees detected in our map,
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Table 1
Properties of the ALMA 1.25 mm continuum detections in XCS 12215
D R.A. Dec. 51.25mm Lrir SFR Zp 23
(J2000) (nly) (10MLp) (Meyr—')  (HO9)
1 221558.75 —173740.9 0.46£0.00 3577 50730 1447110 1.460
2 221559.17 —173741.9 0.49+008 2873 a0t20 1151280
3 221558.54 —173747.6 0.93£005 88733 130750 1997032 1,453
4 221559.98 —173750.5 0.21+0.04 3.6723 50130 1.257%1%  1.301
5 221600.40 -—173750.6 0.37+£0.07 1.77)8 201313 1.3312%9  1.4s1
6 221557.23 —173753.3 0.68+£0.08 94727 140720 1.30799%2 1.454
7 221557.30 —173758.0 0.46+0.09 3.6757 50730 1357099 1.450
8 221559.71 —173759.0 0.88+008  3.3709 501392 1327020 1.466
9 221559.69 —173759.7 0.2840.05 6.7722 igpfly  1m0REt
10 221557.48 —173759.9 0.18+£0.04  1.870% 30132 1.9719-37
11 221558.15 —173814.5 0.98£0.06 55757 got20 1737052 1.467
12 221559.78 —173816.7 0.60+£0.09 2472 40720 1541085 1472
13 221558.09 —173819.4 0.30+£0.07 3.97%2 6077 1:347%: 02
14 221558.23 —173822.3 0.56+0.08 3.6735 50730 146723

~Spectroscopic redshifts in bold are from "*CO emission, confirmed non-members are in italics.

. Table 2
Emission line properties for 12C0(2-1) and '2C0O(5-4) detections in XCS.J2215

D T —— FWHMco(2-1) T oSt FWHMcos—4) Mgas Maga
(10K lem s~ pc?) (kms™1) (10K kms—! pe?) (kms—1) (1019 Mg) (10'9Mg)
3 1.30+0.3 500£90 0.524+0.07 46040 2.4%0.7 1144
6 0.560.09 120£30 0.37+0.06 22020 1.0+0.2 0.6+0.3
7 0.8+0.1 450100 0.2440.03 AT0£60 1.3+0.2 945
8 1.5+0.3 440£90 0.46+0.07 510£50 2.2+0.6 914
11 0.910.2 370£90 0.3810.06 51050 L.6x0.5 613
12 1.0+0.3 330100 0.33+0.08 600100 1.5x0.7 5x3




' po]

I-'FI'\'U[I ) !K km s

Bpoae Kak NOHMXEeHHbIe TEMMbI
3Be3000pa3oBaHUA A5A TaKoro
KONM4yecTBa rasa

— e e — e :
| @ XOS J2215 YUF @ XCS J2215 + +
+ == 1.75MCs E+ SMGs § i
: = 1.5 5MGs 4 b+ Local U/LIRGs 5 @

“"F #+ Local U/LIRGs + . 3 F o+ BzKs r+Th +

[+ BaKs = N

1
log L'cos-qy [K km

'¥;&|{+

+

+
ol
4 toa
4

#

+

FWHM [km s ' log Lin [Le)]



Cnekynsaymm — 4to bygeT vyepes
10 mnipa NeT

Age (Gyr)

& + @ XCS]J2215

++ Smith et al, (2009)
—g— Nelan et al. (2005)
L L | L " L L 1 L s

0 O I ORR Lo ,  L r, S (|

lo g{a‘fn

23 24

Figure 7. A plot of the velocity dispersion of local early-type
galaxies to their luminosity-weighted stellar ages, adapted from
(Nelan et al. 2005). We show the median trend line and dispersion
derived by (Nelan et al. 2005) and overplot measurements for indi-
vidual galaxies in the Shapley Supercluster from (Smith et al. 2009)
to illustrate the scatter. We plot the velocity dispersions derived
from the Gaussian fits to the '2CO lines for the six CO-detected
millimetre members in the core of XCS 2215, where their adopted
age is the lookback time to z = 1.46, 9.3 Gyrs. These points there-
fore lie where they would appear today if the bulk of their stars
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Figure 1. Postage stamps (30" x30") showing the CO (2—1) integrated intensity maps with zoomed-in 6" x6"” HST images. The synthesized
ALMA beam for each map is shown by the white ellipse. We note the blue galaxy to the northeast in J0224-3656 has a photometric redshift of
2 = (.63 and is thus unlikely to be contributing to the CO flux. The last two stamps in the bottom row represent ALMA pair detections.
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Table 1. Properties of the CO-detected cluster galaxies

1D

S/N*

ScoAu®

FWHM"

zco Mgas© Mtoliar (SFR) Feins T
(Jykms™) (kms™) (10" Mg) (10°Me) Moyr™) (Gyr)

J0225-371 1.599 63  1.184+0.18 401471 219434 63705 106419 0787002 21405
J0225-460 1.601 5.8  0.63+0.11 509104 11.742.1 B ] 86+17 0567017 14404
10225-281 1.610 6.2  059+0.16 122434 111431 65711 97+16  0.63150 1.1+04
J0225-541 1.611 140 0704006 307431 133412 66705 73+17  0.677003 1.840.5
J0330-57 1.613 52 0314013 155440 59425 55 i 3811 0.647017  1.610.8
J0224-3656 1.626 6.8 0304006 5394113  5.841.1 10,0053 £2+15 03715 14106
J0224-159 1.635 5.2 0464011 245468  8.942.1 St 134443 0.6010 2 07103
J0224-3680/3624%  1.626 7.0 1.07+£0.19  776+192 20.5436  9.173P 67£15  0.69700° 3.1+09
J0224-396/424" 1.634 99  1.3240.12 493+ 53 2554+24 162137 147£21  0.61150% 17403

“Computed from the peak flux and noise in the collapsed image cube.

b Computed from a Gaussian fit to the spectral profile.

“Calculated using ro1 = 0.77, aco = 4.36.

dpyir galaxies, where the CO luminosity and SFR have been measured for the combined pair system.

©Spectral profile is fit with a double Gaussian.
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Table 1. Summary of the cluster sample properties (including secondary
clusters identified along the line-of-sight, cf. §2.1), sorted according to clus-
ter halo mass. Columns 1-5 contain the cluster ID, cluster redshift, cluster
velocity dispersion, cluster halo mass (calculated following Finn et al. 2005)
and the number of spectroscopically confirmed cluster members (Halliday
et al. 2004 Milvang-Jensen et al. 2008).

Cluster Zel Tel log M. No. of spec.

(kms™") (Mo) members Table 2. Details of the full spectroscopic sample and subsample, divided
Clusters by environment and morphology. The subsample has a stellar mass-
c11232—1250 0.5414 I{}S{}f;};’ 15.21 34 completeness of log M. /Ma = 10.6.
cl1216—-1201 07943 1018772 15.06 67

T2

cl1138—1133 04796 ?32;17[% 14.72 49 Spectroscopic sample ST BT e e
cl1354—1230 07620 6487,/ 14.48 22 T T i LA TR
cll054-1146  0.6972 589770 14.38 49 Mass-complete 65 30 95 4 194
c1227-1138 06357 574772 14.36 22 Toid T 31 9 91 30 151
cll138—1133a 04548 542707 14.33 14 Mass-complete 15 6 35 | 57
cl1037—1243a 04252 5371508 14.33 43
cl1054—1245 07498  504111% 1416 36
cl1040—1155 07043 418752 13.93 30
cl1227—1138a  0.5826  432127° 1369 1
Groups
cll103—1245a  0.6261 336750 13.66 15
cl1037—1243 05783 319133 13.61 16

cl1103—1245b 07031 252792 13.27 11
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Table 3. The relative fractions for galaxies identified as undisturbed, internally asymmetric (possessing asymmefry but with no obvious external cause),
interacting galaxies, tidal galaxies and galaxies experiencing an ongoing merger, for a fixed morphology in cluster and field environment. Refer to Section 6
for detailed discussion.

Morphology  Environment Undisturbed  Internally asymmetric  Interacting Tidal Merger
(0) (1A) (V1) (tT) (m/M)
Ellipticals Cluster 0.79£0.04 0.01x0.01 0.17£0.04  0.02£0.01  0.0210.01
(E) Field 0.64+0.08 0.08+0.05 0.14+0.06  0.11£0.05  0.0840.05
Lenticulars Cluster 0.930.04 0.01x0.01 0.07£0.04 0.01£001 0.0130.01
(50) Field 0.85%0.11 0.05%0.05 0.15£0.11  0.05£0.05  0.0530.05
Spirals Cluster 0.35£0.03 0.2510.03 0.13£0.03  0.09£0.02  0.11:0.02
(Sp) Field 0.3610.05 0.2210.04 0.200.04 0.11£0.03  0.1130.03
Irregulars Cluster 0.03£0.03 0.3810.12 0.15+0.08 0.09£0.06 0.3210.11
(Irr) Field 0.02x0.02 0.2110.09 0.12+0.07  0.21+0.09 0402011
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e Asexpected, the vast majority of elliptical and SO galaxies are
smooth and symmetric, while all irregular galaxies are “rough™ and
asymmetric. Statistically, spiral galaxies tend to have higher values
of RFF and A,.. than early-type galaxies.

e Over 60% of all spiral galaxies are visually classified as show-
ing some degree of asymmetry. Of these, about one third exhibit
asymmetry of internal origin (due, e.g.. to the presence of large star-
forming regions), while the rest show signs of galaxy-galaxy inter-
actions, tidal interactions or mergers in comparable proportions.

e In agreement with the results of Hoyos et al. (2016), we find
that RF'F' correlates strongly with the star-formation activity of
the galaxies: star-forming galaxies tend to have much “rougher™
structures.

e At fixed morphology, there are no significant differences in the
distribution of the disturbance classes of cluster and field galaxies.

e About 40% of all the spiral galaxies are classified as symmet-
ric and undisturbed both in clusters and in the field. However, the
fraction of these that are passive (i.e., non-starforming) is twice as
large in clusters than in the field: about half of the cluster sym-
metric spirals are passive, vs. only one quarter in the field (with
a significance of 2.30). These passive spirals are not only visu-
ally symmetric, but also quantitatively smoother (i.e., have smaller
RFF values) than star-forming ones.

e While nearly all lenticular galaxies are visually symmetric and
undisturbed both in clusters and in the field, all the field ones are
passive, while nearly ~20% in the clusters are star-forming.
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The effects of the cluster environment on the galaxy mass-size
relation in MACS J1206.2-0847
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ABSTRACT

The dense environment of galaxy clusters strongly influences the nature of galaxies. Their abundance and diversity is imprinted on
the stellar-mass—size plane. Here, we study the cause of the size distribution of a sample of 560 spectroscopic members spanning a
wide dynamical range down to 10%°Mg (log(M)-2) in the massive CLASH cluster MACSJ1206.2-0847 at z = 0.44. We use Subaru
SuprimeCam imaging covering the highest-density core out to the infall regions (3 virial radii) to look for cluster-specific effects on a
global scale. We also compare our measurements to a compatible large field study in order to span extreme environmental densities.
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Our sample is comprised of spectroscopic cluster members,
the only way to establish cluster membership with high confi-
dence. To distinguish between cluster members and interloping
foreground and background galaxies, we assume a cluster mass
model assuming a singular isothermal sphere (S1S; Carlberg
et al. 1996), thereby identifying cluster membership on the basis
of their location in projected phase space. We use the velocity
dispersion o ~ 1087km/s, virial radius Ryyy ~ 1.96, and virial
mass Mgy ~ 1.37 x 10'°M,, presented in Biviano et al. (2013)
for this cluster. For our purpose, we follow the simple approach
offered by Carlberg et al. (1997) to identify cluster members as
those galaxies with velocities |v| < 2o(R), which is in rough
correspondence with the more detailed analysis by Biviano et al.
(2013). We also use galaxies between 2a(R) < |v|] < 60(R),
which are considered galaxies that are falling into the cluster (see
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Fig. 3: The 3D distribution of the sample: Sérsic index n ver-
sus stellar mass, color coded by their (B-R) colors. The dashed
line indicates the hard cut in Sérsic index (n=2.5) used here for
the first morphological classification into disk-dominated and
spheroid-dominated galaxies.
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spective weighted data log(M/M,) > 8.5 for star-forming and
log(M/M,) > 9.2 for quiescent galaxies (see Appendix A). Er-
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Fig. 7: The stellar-mass — size relation for star-forming galaxies
with n < 2.5 (blue), star-forming galaxies with n > 2.5 (green),
and quiescent galaxies with n > 2.5 (red), quiescent galaxies
with n < 2.5 (black). Star-forming disk galaxies are much larger
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Table 1: Velocity dispersions for four subgroups of galaxy mem-
bers and results of their K-S tests

Galaxy sub-population  # velocity dispersion
(2-cr clipped) [km s™']

blue disks 253 2585 (2117) £178

blue spheroids 64 2185 (967) £507

red disks 108 1096 (741)x171(741)

red spheroids 118 1247 (932) £131

Compared Samples p-value(%) K-S test

blue disks vs. blue spheroids 6.3

blue spheroids vs. red disks «1

red disks vs. red spheroids «1

blue spheroids vs. red spheroids «1

blue spheroids vs. red disks «l

red disks vs. red spheroids 2.4
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Fig. 14: Differences in size to the star-formation relation (as
shown in Fig. 9) vs. cluster-centric distance, normalized by Ragy.
We show density contours for blue and red disk galaxies. At Ry,
an increasingly important population of "red disk" galaxies is re-
sponsible for a decrease of sizes of disk-dominated galaxies.



