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ABSTRACT

Galaxy clusters are expected to form hierarchically in a ACDM universe, growing
primarily through mergers with lower mass clusters and the continual accretion of
group-mass halos. Galaxy clusters assemble late, doubling their masses since z~(0.5,
and so the outer regions of clusters should be replete with infalling group-mass systems.
We present an XMM-Newton survey to search for X-ray groups in the infall regions of
23 massive galaxy clusters ((Magg)~10%° My) at z~0.2, identifying 39 X-ray groups
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e The average mass per cluster contained within these
infalling X-ray groups is 2.2x 10" M4, or 1945% of the mass
of the primary cluster.

e We estimate that ~10"° M@ clusters increase their
masses by 16+4% between z=0.223 and the present day
due to the accretion of X-ray groups with M g[;[:ﬁlﬂ”‘"'z Mg.
This represents 35-50% of the expected mass growth of these
clusters at these late epochs. The rest of the mass growth is
likely to occur through the smooth aceretion of dark matter
not bound within DM halos.
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DEEP CO(1-0) OBSERVATIONS OF Z = 1.62 CLUSTER GALAXIES WITH SUBSTANTIAL MOLECULAR
GAS RESERVOIRS AND NORMAL STAR FORMATION EFFICIENCIES
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ABSTRACT

We present an extremely deep CO(1-0) observation of a confirmed z = 1.62 galaxy cluster. We
detect two spectroscopically confirmed cluster members in CO(1-0) with S/N > 5. Both galaxies have
log(M./Mg)> 11 and are gas rich, with M 01 /(My+ Mol )~ 0.17 — 0.45. One of these galaxies lies
on the star formation rate (SFR)- M, sequence while the other lies an order of magnitude below. We
compare the cluster galaxies to other SFR-selected galaxies with CO measurements and find that they
have CO luminosities consistent with expectations given their infrared luminosities. We also find that
they have comparable gas fractions and star formation efficiencies (SFE) to what is expected from
published field galaxy scaling relations. The galaxies are compact in their stellar light distribution,
at the extreme end for all high redshift star-forming galaxies. However, their SFE is consistent with
other field galaxies at comparable compactness. This is similar to two other sources selected in a blind
CO survey of the HDF-N. Despite living in a highly quenched proto-cluster core, the molecular gas
properties of these two galaxies, one of which may be in the processes of quenching, appear entirely
consistent with field scaling relations between the molecular gas content, stellar mass, star formation
rate, and redshift. We speculate that these cluster galaxies cannot have any further substantive gas
accretion if they are to become members of the dominant passive population in z < 1 clusters.
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Table 1
Stellar Population Parameters of CO-detected Galaxies

1D log(M s /Mg )? SFR? log(Lir/La)? riye” n® q°
(Mg yr~7] [kpc|
30169 nagte s 120F 2 11461012 4.154+0.17 0.6+0.1 0.23 +0.03
30545° 6 W e 1558 12.2370-1°  1.934+0.15 2.7+0.4 0.76 +£0.05

* Computed from the MAGPHYS (da Cunha et al. 2008) fits to the full SED from the u-band through
the Herschel SPIRE bands at 500pm. We assign a minimum 0.15 dex uncertainty to all quantities.
b The effective radius for a Sérsic (1968) fit to the F160W HST/WFC3 imaging from
an der Wel et al. (2012).

© The Sérsic (1968) index of the fit to the F160W HST /WFC3 imaging from van der Wel et al. (2012).
4 The minor-to-major axis ration of the fit to the F160W HST/WFC3 imaging from van der Wel et al.
(2012).

¢ The observed optical and NIR photometry for this source are well separated from the neighbor
30577, It is possible that the MIPS 24um and Herschel Auxes may include contributions from 30545
and the neighbor 30577, As the SFR is dominated by the FIR emission for the Herschel source, if it
iz blended we should still be measuring the total SFR corresponding to the CO detection.
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LOW METALLICITIES AND OLD AGES FOR THREE ULTRA-DIFFUSE GALAXIES IN THE COMA CLUSTER
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ABSTRACT

A large population of ultra-diffuse galaxies (UDGs) was recently discovered in the Coma cluster. Here we
present optical spectra of three such UDGs, DF 7, DF 44 and DF 17, which have central surface brightnesses of
e = 24.4-25.1 mag arcsec. The spectra were acquired as part of an ancillary program within the SDSS-IV
MaNGA Survey. We stacked 19 fibers in the central regions from larger integral field units (IFUs) per source.
With over 13.5 hours of on-source integration we achieved a mean signal-to-noise ratio (S/N) in the optical of
9.5A7!, 7.9A" and 5.0A°", respectively, for DF 7, DF 44 and DF 17. Stellar population models applied to
these spectra enable measurements of recession velocitiee ages and metallicities. The recession velocities of
DF 7, DF 44 and DF 17 are 65993 km/s, 640253 km/s and 8315*3 km/s, spectroscopically confirming that all
of them re-nde in the C{)ma cluster. The stellar pnpulauc-m of these three galaxies are old and metal-poor, with
ages of 7.9*3¢ Gyr, 8.9*43 Gyr and 9.1*2% Gyr, and iron abundances of [Fe /H] —1.0*03, —1.3*)"4 and —0.81)3,
respectively. Tthr -;tﬁllar masses are 3— 6 x 108M, . The UDGs in our sample are as old or older than galaxies
at similar stellar mass or velocity dispersion (only DF 44 has an independently measured dispersion). They
all follow the well-established stellar mass—stellar metallicity relation, while DF 44 lies below the velocity
dispersion-metallicity relation. These results, combined with the fact that UDGs are unusually large for their

stellar mass, suggest that stellar mass plays a more important role in setting stellar population properties for
these galaxies than either size or surface brightness.
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2005
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