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Abstract

We propose to use the unique spatial resolution of HST and ACS to construct a Treasury imaging survey of the
core and infall region of the richest local cluster, Coma. We will observe samples of thousands of galaxies down
to magnitude B=27.3 with the aim of studying in detail the dwarf galaxy population which, according to
hierarchical models of galaxy formation, are the earliest galaxies to form in the universe. Our initial scientific
objectives are:

1) A study of the structure of the dwarf galaxies, including scaling laws, nuclear structure and morphology, to
compare with hierarchical and evolutionary models of their formation.

2) A study of the stellar populations from colors and color gradients, and how the internal chemical evolution of
galaxiesis affected by interaction with the cluster gaseous and galaxy environment.

3) To determine the effect of the cluster environment upon morphological features, disks, bulges and bars, by
comparing these structure in the Coma sample with field galaxy samples.

4) ldentification of dwarf galaxy samples for further study with the new generation of multi-object and integral -
field spectrographs on 8-10 metre class tel escopes such as Keck, Subaru, Gemini, and GTC.

This is the first such survey of a nearby rich cluster. It will provide a key database for studies of galaxy
formation and evolution, and a very needed reference for comparison with similar galaxy surveys both in lower
density environments in the nearby universe, and in high density environments at high redshifts.
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Target Summary:

Target RA Dec Magnitude
COMA-CORE-MOSAIC 1259487000 +27 57 25.00
COMA-OUTSKIRTS-1 1256 19.6000 +27505.00
COMA-OUTSKIRTS-2 12 56 2.1000 +27 49 49.00
COMA-OUTSKIRTS-3 1258 335000 +274917.00
COMA-OUTSKIRTS4 1256 59.4000 +27 45 16.00
COMA-OUTSKIRTS-5 1258 13.9000 +27 44 46.00
COMA-OUTSKIRTS-6 1256 29.4000 +27 42 33.00
COMA-OUTSKIRTS-7 125757.9000 +27 42 0.00
COMA-OUTSKIRTS-8 1258 27.4000 +274111.00
COMA-OUTSKIRTS-9 12 56 3.0000 +27 39 17.00
COMA-OUTSKIRTS-10 125655.3000 +27 38 42.00
COMA-OUTSKIRTS11 1257219000 +27 38 14.00
COMA-OUTSKIRTS12 1257 42.6000 +27 37 45.00
COMA-OUTSKIRTS-13 1258 26.9000 +27 34 47.00
COMA-OUTSKIRTS-14 12 58 6.9000 +27 3341.00
COMA-OUTSKIRTS-15 1257 46.3000 +273317.00
COMA-OUTSKIRTS-16 1256 37.5000 +27 33 13.00
COMA-OUTSKIRTS-17 1257259000 +273147.00
COMA-OUTSKIRTS-18 1257225000 +27 28 39.00
COMA-OUTSKIRTS-19 125755.1000 +27 28 42.00
COMA-OUTSKIRTS-20 125817.3000 +27 27 0.00
COMA-OUTSKIRTS-21 1256 46.7000  +27 26 40.00
COMA-OUTSKIRTS-22 1257 39.8000 +272617.00
COMA-OUTSKIRTS-23 1256 18.9000 +27 2550.00
COMA-OUTSKIRTS-24 12 57 4.8000 +27 23 42.00
COMA-OUTSKIRTS-25 1258 29.9000 +272251.00
COMA-OUTSKIRTS-26 12 58 0.8000 +27 22 17.00
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Target RA Dec Magnitude
COMA-OUTSKIRTS-27 12 57 9.3000 +27 14 18.00
COMA-OUTSKIRTS-28 1256 28.9000 +27 14 6.00
COMA-OUTSKIRTS-29 1258 30.7000 +27 11 49.00
COMA-OUTSKIRTS-30 1258134000 +27 09 23.00
COMA-OUTSKIRTS-31 1257 38.8000 +2708 47.00
COMA-OUTSKIRTS-32 1258125000 +270617.00
COMA-OUTSKIRTS-33 1256 49.1000 +27 0554.00
COMA-OUTSKIRTS-34 12 57 4.1000 +27 05 24.00
COMA-OUTSKIRTS-35 125752.1000 +27 03 29.00
COMA-OUTSKIRTS-36 1256 36.6000 +27 03 5.00
COMA-OUTSKIRTS-37 1257295000 +27 00 28.00
COMA-OUTSKIRTS-38 125713.7000 +270017.00
COMA-OUTSKIRTS-39 1258 31.7000  +27 00 4.00
COMA-OUTSKIRTS40 125816.6000 +265552.00

Observing Summary:

Target

Config Mode and Spectral Elements

Flags

Orbits

COMA-CORE-MOSAIC

COMA-OUTSKIRTS-1

COMA-OUTSKIRTS-2

COMA-OUTSKIRTS-3

COMA-OUTSKIRTS-4

COMA-OUTSKIRTS-5

COMA-OUTSKIRTS-6

ACS/WFC Imaging FA75W

ACS/WFC Imaging F814W
ACS/WFC Imaging F475W
ACS/WFC Imaging F814W
ACS/WFC Imaging F475W
ACS/WFC Imaging F814W
ACS/WFC Imaging F475W
ACS/WFC Imaging F814W
ACS/WFC Imaging F475W
ACS/WFC Imaging F814W
ACS/WFC Imaging F475W
ACS/WFC Imaging F814W
ACS/WFC Imaging F475W
ACS/WFC Imaging F814W

84
(2x42)
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Target Config Mode and Spectral Elements Flags Orbits

COMA-OUTSKIRTS-7 ACS/WFC Imaging F475W 2
ACS/WFC Imaging F814W

COMA-OUTSKIRTS-8 ACS/WFC Imaging F475W 2
ACS/WFC Imaging F814W

COMA-OUTSKIRTS-9 ACS/WFC Imaging F475W 2
ACS/WFC Imaging F814W

COMA-OUTSKIRTS-10 ACS/WFC Imaging F475W 2
ACS/WFC Imaging F814W

COMA-OUTSKIRTS11 ACS/WFC Imaging F475W 2
ACS/WFC Imaging F814W

COMA-OUTSKIRTS-12 ACS/WFC Imaging F475W 2
ACS/WFC Imaging F814W

COMA-OUTSKIRTS-13 ACS/WFC Imaging F475W 2
ACS/WFC Imaging F814W

COMA-OUTSKIRTS-14 ACS/WFC Imaging F475W 2
ACS/WFC Imaging F814W

COMA-OUTSKIRTS-15 ACS/WFC Imaging F475W 2
ACS/WFC Imaging F814W

COMA-OUTSKIRTS-16 ACS/WFC Imaging F475W 2
ACS/WFC Imaging F814W

COMA-OUTSKIRTS-17 ACS/WFC Imaging F475W 2
ACS/WFC Imaging F814W

COMA-OUTSKIRTS-18 ACS/WFC Imaging F475W 2
ACS/WFC Imaging F814W

COMA-OUTSKIRTS-19 ACS/WFC Imaging F475W 2
ACS/WFC Imaging F814W

COMA-OUTSKIRTS-20  ACS/WFC Imaging FA475W 2
ACS/WFC Imaging F814W

COMA-OUTSKIRTS-21 ACS/WFC Imaging F475W 2
ACS/WFC Imaging F814W

COMA-OUTSKIRTS-22 ACS/WFC Imaging F475W 2
ACS/WFC Imaging F814W

COMA-OUTSKIRTS-23 ACS/WFC Imaging F475W 2

ACS/WFC Imaging F814W
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Config Mode and Spectral Elements

Orbits

COMA-OUTSKIRTS-24

COMA-OUTSKIRTS-25

COMA-OUTSKIRTS-26

COMA-OUTSKIRTS-27

COMA-OUTSKIRTS-28

COMA-OUTSKIRTS-29

COMA-OUTSKIRTS-30

COMA-OUTSKIRTS-31

COMA-OUTSKIRTS-32

COMA-OUTSKIRTS-33

COMA-OUTSKIRTS-34

COMA-OUTSKIRTS-35

COMA-OUTSKIRTS-36

COMA-OUTSKIRTS-37

COMA-OUTSKIRTS-38

COMA-OUTSKIRTS-39

COMA-OUTSKIRTS-40

ACS/WFC Imaging F475W
ACS/WFC Imaging F814W
ACS/WFC Imaging F475W
ACS/WFC Imaging F814W
ACS/WFC Imaging F475W
ACS/WFC Imaging F814W
ACS/WFC Imaging F475W
ACS/WFC Imaging F814W
ACS/WFC Imaging F475W
ACS/WFC Imaging F814W
ACS/WFC Imaging F475W
ACS/WFC Imaging F814W
ACS/WFC Imaging F475W
ACS/WFC Imaging F814W
ACS/WFC Imaging F475W
ACS/WFC Imaging F814W
ACS/WFC Imaging F475W
ACS/WFC Imaging F814W
ACS/WFC Imaging F475W
ACS/WFC Imaging F814W
ACS/WFC Imaging F475W
ACS/WFC Imaging F814W
ACS/WFC Imaging F475W
ACS/WFC Imaging F814W
ACS/WFC Imaging F475W
ACS/WFC Imaging F814W
ACS/WFC Imaging F475W
ACS/WFC Imaging F814W
ACS/WFC Imaging F475W
ACS/WFC Imaging F814W
ACS/WFC Imaging F475W
ACS/WFC Imaging F814W
ACS/WFC Imaging F475W
ACS/WFC Imaging F814W
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Target Config Mode and Spectral Elements Flags Orbits

Tota prime orbits: 164



B Scientific Justification

Overview — With 164 orbits of HST time using the Advanced Camera Forv&s (ACS), we
will survey a substantial area of the Coma cluster of gatkgi@0 arcmif) in the F475W and
F814W bands. The areas selected cover both the core anldragimn of the cluster, allowing a
detailed study of the properties and morphological trams&tion of cluster galaxies at~ 0 as
a function of environment. This Treasury program will parithe local “rich cluster” benchmark
for comparison to ACS surveys of less dense and relaxedasmaients (Virgo, Fornax, Perseus),
high-redshift HST cluster surveys [66], and field surveyshsas HUDF, GOODS, and GEMS.
Coma provides the opportunity to study galaxies in a verfeéht environment to anything
previously part of an ACS program. The Coma core is the deémggdaxy environment in the
local universe. As such, it provides a key reference to sthdyole of the environment in galaxy
formation and evolution. Over many years Coma has beenestiadiwavelengths from the X-ray
to the radio. However, no deep optical images of Coma witlh Isjgatial resolution over a wide
cluster area exist yet. Only the combined sensitivity, vadea and spatial resolution of ACS at
HST can provide these observations. Scientific issues totessed include:

e Measure the luminosity function (LF) down to M, = —9 for comparison with other more nearby
clusters. Thisiscritical for detecting dwarf galaxies at luminosities that overlap with the Local-
group dwarf spheroidals, and testing whether the faint-end LF slope in clustersis universal.

e Measure detailed morphologies using bulge-disk decomposition techniques for a wide range of
galaxy luminosities, including those at the faint end of the cluster LF. HST images will also reveal
compact nuclei, nuclear bars, disks, and dust rings. Comparison with current results in Fornax,
Perseus, and Virgo will outline their dependence upon galaxy density within the cluster.

e Derive global colorsand color gradients at a range of luminosity and environment to investigate
the origin of cluster galaxies, and to understand the environmental process acting upon them.

¢ Investigate the bright and faint ends of the global scaling laws among structural parameters
(e.g., luminosity-radius, luminosity-velocity dispersion, fundamental plane) and assess any envi-
ronmental dependence.

The proposed survey fits the criteria for a Treasury progtamobservations have the poten-
tial to solve multiple scientific problems which can only leessed with ACS data. We intend
that the ACS data will trigger complementary observatiorbk wther facilities, in particular a large
ground-based multi-band and spectroscopic programme.effhanced data products from ACS
and other ground- and space-based facilities will be madiedole as an integrated resource in the
context of Virtual Observatory developments, and will béfad interest to the community.

The Need for HST — At the distance of the Coma cluster100 Mpc), 0.1 corresponds te-50

pc. Typical ground-based observations do not have theadpasiolution to resolve and quantify
internal structure and features (e.g., star clusterseanceings, nuclear bars, compact disks, nu-
clear starbursts, pseudo-bulges) at this distance. Mergsuch components, when smeared out
by ~1” PSFs, are known to have a serious biasing effect on measuntgofestructural properties
[5]. Detection and measurement of globular clusters ana gthmpact dwarfs are also seriously
impaired by ground-based seeing. Moreover, HST-ACS obsens are required to achieve the
depth needed to detect low surface brightness galaxieallsiHST-ACS images are also required



to investigate the presence of partially depleted coresainmtgalaxies whose sizes typically range
from ~40 to ~ 140 pc [74].
Cluster Dwarfs: The Earliest Galaxies— Galaxy clusters are the largest accumulations of matter
in the Universe. Unlike the field, they are dominated by etype galaxies, and host massive,
gaseous, X-ray-emitting halos. Their galaxy content is itated by early-type dwarfs (dE/dS0s)
[73,69], which are thus the main, but not the sole, focus & tinoposal. The study of dwarf
galaxies is important, becauggdwarfs host considerable amounts of dark matiérthe popular
hierarchical clustering scenario predicts naturally thaarfs in clusters are the first galaxies to
form [79]; regions in which galaxy formation is initiateddirare ones whose small-scale density
peaks (which become the dark matter halos) are superimmosadderlying large-scale density
peaks, which evolve into rich clusters; afid) Dwarf galaxies have a shallower potential well than
giants and, therefore, efficiently probe a wide range ofremvnental processes. Despite decades
of study, we still do not really understand the physics digvihe environmental effects on dwarf
galaxy evolution. The debate centers around the relatipeitance of mergers, tidal interactions,
and ram-pressure stripping in shaping the morphologiealaiges, and on the relative importance
of supernova winds and black-hole-driven outflows in regyodpstar formation. For instance, in
the “galaxy harassment” model [59], some nearby clustetd8&¢ may be evolved counterparts of
the numerous low-mass blue disk galaxies observed in ctuaténtermediate redshifts whose na-
ture/evolution has puzzled cosmologists since their disigo[13]. Tentative evidence in support
of this model is the discovery of a spiral structure in a dite#&action of cluster dEs [35]. Yet an-
other plausible scenario is that cluster dE/dSOs formeat #ie cluster’s initial collapse, possibly
originating from accreted field galaxies [21]. A fractionaéister dE/dSOs do appear to be only
~ 7 Gyr old and have nearly-solar metallicities [77], corestwith being the remnants of stripped
spiral galaxies. Despite the increase in observational fdatdE/dSOs in the last decade, the tests
to discriminate among this diversity of models are incoarle, and the formation mechanisms
of dE/dSOs remain a mystery. To accurately test the predistof the existing plethora of mod-
els, we will provide a comprehensive dataset with which tmgtthe morphology, structure, and
populations for a statistically representative sampleEdti&0s as a function of their environment.
In what follows we expand upon four key projects to be undemavith the survey, however
the range of the science output is much larger.

The Structure and Scaling-Laws of Dwarf Galaxies- Despite being the most numerous galaxy
type in nearby clusters, dE/dS0O galaxies are among the nooslypstudied due to their low sur-
face brightness (22 1. <26 B mag/arcség. Like their more massive counterparts, dE/dSOs
exhibit well-defined empirical correlations among globalaxy parameters, such as luminosity,
radius, surface brightness, color, velocity dispersiorg Bne strength indices. These so-called
scaling laws can tell us a great deal about the physical pseseoperating during the early stages
of galaxy formation, of which major contributors are starshation feedback [26], tidal interac-
tions [24], and interactions with the hot intergalactic mea [3,69,76]. The study of the scaling
laws in various environments also provides the key obsemaltreference needed to test specific
predictions of current theoretical models of dwarf galaggmiation and evolution. For instance,
the galaxy harassment model predicts that dE/dSOs in theesiglensity cluster regions should
have steeper light profiles, the fraction of nucleated d8sd$hould be higher, the fraction of any
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remaining disk structure should be lower, and they show mégher metallicities than those lo-
cated in lower-density cluster environments [59]. Hielnézal models predict old ages and low
metallicities for dE/dSOs, especially in high-density ieomments. Alternatively, younger ages
and higher metallicities in lower-density cluster envireents would support their evolution from
accreted field galaxies. Our team already has line stremgtibes and velocity dispersion mea-
surements for a couple of hundred dE/dSOs in the two Coma fikddcribed above. The proposed
HST-ACS observations will provide measurements of thectitiral parameters, such as the Sérsic
index, half-light radius and surface brightnesses, neéotedl comprehensive study of the scaling
laws for dE/dSOs galaxies. Comparison between the slopeseatter of these scaling laws for
the Coma core and those for the infall region and lower dgictiisters, will allow to test for any
environmental effects on the structural and stellar pdmrgroperties of these galaxies.

We will also investigate the population of Ultra-Compact &¥g (UCDs); a relatively new
addition to the family of small stellar systems. To date thaye been detected in the Fornax
and Virgo Clusters [44], and possibly in Abell 1689 [57]. Vhange in brightness from/,, =
—13.5 down to the magnitudes of the brightest globular cluste&3?2]. The origin of UCDs,
and indeed their status as a separate class of object, relvssare [8,27,28,39,59,67]. The study
of structural and color parameters of UCDs in a richer emritent will test the viability of the
proposed formation models.

Color gradients and Stellar Populations— The steepness of the color gradients of dwarf and
giant galaxies directly reflects their merging history: ralithic collapse imposes an initially steep
negative metallicity gradient [15], which will be progready diluted by subsequent major mergers
[7,48]. Semi-analytic models of hierarchical galaxy fotioa predict differences in the merger
history as a function of galaxy morphology, mass, and envitent [17]. In order to provide a
complete understanding of cluster dwarfs, it is crucialdguare a sizable and unbiased sample, so
that the global scaling relations of different dwarf sulgygdE, dSO, dE-N, dirr) can be reliably
determined. Giant Coma ellipticals have metallicitiest heem to correlate with galaxy mass,
which is broadly consistent with monolithic collapse ma&l@1]. In contrast, dwarf ellipticals
display a variety of color gradients, even positive in sonaegs, which is an indication of recent
star formation [77]. The survey will provide the first datitgetest detailed predictions for scaling
relations and internal color gradients in a rich clusterimmment, for a large range of galaxy
masses. Complemented Ayband and IFU observations, our ACS images will be used &pnét
the observed color distributions in terms of ages and/oahngties.

Another major outstanding puzzle is the physical origin o$testarburst spectra in distant
clusters. Spectroscopic surveys [14] identified severkxigs with post-starburst spectra in the
infall region of Coma. Suggestions as to what triggereddtessts range from equal-mass galaxy
mergers [6] to high-speed interaction with the dense ICM718% The key to distinguishing be-
tween these processes is the spatial distribution of tleenrediate-age populations. It would be
concentrated to the center if major mergers were involvgdaBile it would be an extended phe-
nomenon if the galaxy had swept through the ICM. The sharpoéy¢ST is needed to provide
a clear-cut answer on this issue, which could provide a lbinealigh in our understanding of the
evolutionary effects observed in distant clusters.

The Faint End of the Luminosity Function — The logarithmic slope of the low-mass end of the
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Cold Dark Matter (CDM) mass function has a slopex —1.8. In contrast, the faint end of the
field-galaxy luminosity function has a slope ~ —1.3, when measured either from optically-
selected surveys [10], or H80] or « ~ —1.0, when measured in the K-band [17,49]. Luminosity
functions in clusters and groups are often not well fit by glgiischechter function, and are better
modeled by a combination of a Gaussian and a Schechter dar@®]. The composite behavior
of the LF and the trends with cluster richness are beginriniget understood in the context of
the conditional luminosity function [21], which providespawerful conceptual framework for
exploring the physics of galaxy formation via studies ofdsa{clusters and groups) of different
mass. The suppression of the faint-end slope of the LF veladithe CDM mass function is widely
believed to be due to photoionization by the meta-galactiddckground, which suppresses star-
formation in low-mass halos. This predicts an environmlaelgpendence [76] because the fraction
of dwarf-mass subhalos that collapse before re-ionizasibigher in higher mass halos, i.e., much
higher in a10'*M,, halo than in al0*' M, halo. This prediction can be tested directly with our
survey, as the very faint-end of the LF slope in Coma shoulddeer to the CDM prediction, and
at least some of the dwarfs should have very old stellar djuls.

Disks, Bulges, and Bars in the Cluster Environment- The high density in the Coma cluster
core makes it an ideal place to investigate the morpholamsitly relation. We know that average
B/D flux ratio and HI depletion increase with galaxy densityCioma [22,11]. Using ground-based
imaging, a recent analysis concludes that disks in the Careaare 30% smaller than in the field
for a given bulge size [36]. The ACS data will allow us to draicelly improve the quantitative
basis for these statements, as bulge-disk decomposititreipresence of nuclear components
depends critically on spatial resolution [5]. The radigbeledence of bulge and disk morphologies
will constrain the roles of mergers [2] and of disk truncatpyocesses.

It is widely recognized that stellar bars redistribute thguwar momentum of baryons and
dark matter in disk galaxies, driving their dynamical anclgar evolution [50]. From a theoretical
standpoint, we expect bars to occur in a dynamically cold;rgzh disks either spontaneously or
under the influence of a satellite companion or minor medgerluster environments, high speed
impulsive encounters (minor mergers and harassment) amghrassure stripping exert competing
influences on the formation and destruction of bars. In tlop@sed program, we will identify
unobscured primary and nuclear bars that can be as small@s 400 pc, and detect nuclear
features induced by bars, such as resonance starburstaamypact disks, and disky pseudo-bulges
[50]. The properties (size, strengths, ellipticities) @frd will be characterized using rigorous
guantitative criteria [43] that were previously applied to several tremggalaxies at~ 0.2 — 1
from the GEMS survey [68], demonstrating that opticallyiis bars are abundant out tox 1.
We will directly compare the derived optical bar properile€£oma galaxies to matched control
samples of galaxies in SDSS and GEMS [43].

While observations in the rest-franieband (F814W) may miss some highly obscured mor-
phological features, a comparison of the optical properieross field and cluster environments
will set important constraints on how environment influentteeir formation and evolution.

Relation to previous HST surveys- There are a number of existing ACS surveys of galaxy clus-
ters. The largest is the ACS Virgo Cluster Survey (GO 9401€Bté), whose aims are quite
different from ours. That survey focused on globular clusyestems in Virgo early-type galaxies,
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the cores of the bright E and SO galaxies, and the calibratidime surface brightness fluctuation
method for distance scale determination. However, in a&ddtb studying only early-type galax-
ies, the Virgo survey targeted individual objects and ditlaower the intergalactic field. Only as a
by-product has the Virgo survey produced a study of UCDs. Hérseus Survey (GO 10201-PI:
Conselice) shares some of our aims but is sampling a lesseretduster and covers significantly
less area. A study of Abell 901/2 (GO 10395—PI: Gray) is of arieés more distant system, thus
both the imaging and ground-based follow-up have muchalvall limits in absolute magnitude
terms, and detection of small-scale structure is hampeen.study of the Coma Galaxy Clus-
ter will be complementary to these surveys, it will sampleeas® cluster environment with an
unprecedented combination of large coverage, photonapth, and high spatial resolution.

Existing data on the Coma cluster— Extensive spectroscopic surveys of Coma exist, largely by
members of this collaboration. These include redshifts$89, velocity dispersions [16,46,53,60],
and line strength indices [14,54,60,61,62]. Independampdes of dwarf galaxies have been de-
fined by Mobasher et al. and Matkovic & Guzman in two regiohshe cluster: the core and
the South-West extension near NGC 4839. Both of these regimtargeted in the current pro-
posal. Samples of post-starburst (K+A) galaxies have beénatl by [14,64] in the same regions
of the cluster. Our team has begun to assemble near-IR pettpwf large samples of dwarf
galaxies. We intend to undertake a complete JHK survey ddithas covered by the ACS observa-
tions using allocations on the UKIRT Wide Field Camera (Bté&y). Developments in the future
will allow the acquisition of IR data with comparable resbdn to ACS, either from ground based
adaptive optics facilities, or future space facilities (88; JWST).

As the nearest rich cluster, Coma has been a natural tamgetb$ervations at all electromag-
netic wavelengths. At X-ray wavelengths, deep XMM and Charstludies of the cluster galaxies
and ICM are available [32,78] and have been supplementedibga Chandra survey of the infall
region (PIl: Hornschemeier; [40]). Deep Spitzer MIPS obagowns of the entire survey region
proposed here are published [4] while Spitzer IRAC obsematof the infall region in Coma have
been obtained by members of our team (Pl: Hornschemeieral$@Wdave FUV and NUV GALEX
coverage of the entire region (PI: Hornschemeier). We aerphg for a large VLA proposal to
cover the area of Coma selected for the HST/ACS observaiiRindl. Miller).

Spectroscopic and Infra-Red Follow-Up— We intend to undertake a major campaign of deep
multi-object ground-based spectroscopy, mainly aimedatacterising the star formation histo-
ries of our galaxies, improving on the first order determorabf age and metalicity given by the
broadband optical colors. HST is uniquely able to provigestiuctural information with which to
define and classify large samples of Coma dwarfs for compitang spectroscopic observations
on the latest, and future, generations of high-resolutiomfi-object spectrographs on the largest
ground-based telescopes.

Line strength indices from exisiting and proposed spectpg provide estimates of stel-
lar population ages and metallicities for a large numberiafigand dwarf Coma galaxies. The
combination of star formation histories and accurate moligagies will constrain the evolutionary
history as a function of galaxy mass [61] and present-dayphmogy [51, 63] for the first time
in the dwarf regime. Thanks to HST, we can test whether th@btahdistribution observed in the
metallicities of Coma dwarf galaxies [62] is reflected alsstructural differences between the two
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classes, clarifying the possible different formation atele for low mass galaxies in clusters.

High-resolution near Infra-Red photometry, from grouradséd Adaptive Optics facilities, or
in the future from WFC3, offers the promise of breaking the-agetallicity degeneracy [42,70].
Combined with the Spitzer observations which are alreadympd, the effect of the third parameter
of dust extinction will be addressed [41] in studies of age mretallicity differences.

The spectroscopic campaign will also provide vital kinemeata. With a larger sample of
Coma galaxies with accurate velocities and morphologiescan compare the velocity distribu-
tions of giants, dwarfs, and UCDs, which will assess how fam@ has moved towards equipar-
tition, and the spatial relationship between these thréaxgaypes [25,36]. We will search for
cluster substructure and infalling groups, and thus sthdyohgoing mass accretion of Coma in
the context of hierarchical structure formation models [Eurthermore, using a large number
of velocities we will constrain the cluster mass densityfifgcand the orbital kinematics of the
galaxies themselves [52,55,56].

An important science driver is the faint end of the Fundamldnliane (FP). Being the nearest
rich cluster, Coma is the best available z=0 reference tatiss of the evolution of the FP with
look-back time [45]. The Coma FP has also been used as a fopartson with other galaxy
types, such as field ellipticals and bulges of disk galax®&SS images, together with new deep
spectroscopy, will improve our knowledge in two ways. Stusal parameters will be determined
with higher accuracy using ACS data, allowing for a betterstraint of the role of structural non-
homology in the thickness of the FP [75]. Structural paramsetvill also be derived for fainter
galaxies, allowing for accurate studies of the faint encheffP.

Thew/oqy vs. e diagram, a classical tool to measure kinematic anisotrogpheroidal sys-
tems, was recently revised [9], highlighting the benefit8dfpectroscopic information. This new
diagnostic tool has been used to show that disky elliptiealéch common lore assigns isotropic
velocity dispersions, are in fact strongly anisotropic][1Zhe degree of kinematic decoupling
may be related to the strength of harrassment processes \[@3will obtain 2-D spectroscopy
of selected Coma dwarfs to determine their degree of kineraatsotropy. In general, IFUs and
multi-slit spectrographs such as Keck/DEIMOS, Gemini/G®®LT/Flames and Subaru/FMOS
will be used to study the samples constructed from this surve

Other Science Projects We have provided the highlights of the core science progkarnother
important projects to be undertaken by the team or the widemaunity include:

Globular clusters — The point source limits are 1.5 mag brighter than the peak of the GC lu-
minosity function, so we are restricted to studying the tiegt GCs. However, with imaging for
a large number and wide range of galaxies, we can complemisting HST WFPC2 studies on
bright Coma ellipticals (e.g. NGC4874 [47] and NGC4839). éyvinteresting recent develop-
ment has been the finding of a correlation between colounanahbsity for the brightest blue GCs
in several BCGs [38,71], interpreted as a mass-metallieigtion with Zoc M?5°, By stacking
the lower-luminosity galaxies, we can test the univergalitthis relation.

— Multi-frequency studies of star formation and gas content in the core and infall region of the
cluster, using existing and proposed data from Spitzer, Galex, MCAandra, and XMM.

— Study of morphological transformation in the core and outskirts of the cluster, how indicators of
current merger activity (shells, ripples, tails) dependmupnvironmental density.
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Bl Description of the Observations

ACS observations— The goal of this Treasury Project is to provide a legacy aftpmetric and
morphological information on Coma cluster galaxies hawamngnge of absolute magnitude and in
a variety of environments. Color information is importaminhany of the science goals described
above, and we have chosen to observe in filters F814W and F4IMad\Hepth of F814W is ideal
for the structural work. We have chosen F475W over F606Witkeshe longer exposure times
required as the colors of single stellar population (SSR)etsshow that (F475 - F814) is between
2.5 and 3 times as sensitive at detecting stellar populath@mges, whether caused by age or
metallicity, as (F606 - F814).

Survey tiling and targeting strategy — Due in part to the composition of rich clusters, many of
the primary science goals involve the analysis of dwarfxjak In particular, in addition to a
contiguous map of the core region (see below) we target krawarf cluster members and star
forming galaxies from three sources:

1) The Mobasher et al. [58] sample of Coma galaxies withlR.5.

2) The Florida [53,54] sample of dwarf spheroidal clustenrbers.

3) The Caldwell et al. [14] sample of galaxies with abnornkatA) spectra.



We propose a tiled area of 42 tiles in the core (approximaélypy 18 arcminutes) plus a
further 40 pointed observations in the infall region arolNE@C 4839 observed spectroscopically
by [54,62]. At an orientation of 282 degrees, these tilestmapositioned to include 211 known
dwarf cluster members from these lists, and 16 E+A galaxass {14].

The total survey covers 740 square arcminutes. We propasetirts per pointing, with
an exposure time of 800s in F814W and 2800s in F475W. Thetsatysiimits (S/N = 10) are
B ohnson = 27.3 and! sonnson = 25.1 10 @ 0.2 arcsecaperture. Calculations using the ETC surface
brightness limits and detailed surface photometry of Comaifs [34], predict that the limits for
measuring color gradients will bg ~ 19.5 (M, ~ —15.5); for measuring detailed structural
parameters such as Sérsic indidés~ 21 (My, ~ —14); and for measuring basic structural
parameters to distinguish dwarfs from background for qoieihg samples for deep spectroscopy
V ~ 23 (My ~ —12).

Thus our total request is 164 orbits

Scheduling and orientation in two-gyro mode— In two-gyro mode the optimum orientation is
282 degrees; at this orientation Coma is observable withimalr(b3 minute) visibility for 46 days

in Cycle 15. The tiles in the central mosaic need to be at theesaientation, but this requirement
can be relaxed for the targetted observations in the outat region, provided that the information
on the possible orientations is available at the phasealiphg stage. Splitting the requested time
over two Cycles can also be considered if required due todsdimg constraints.

Data Products— The data will be reduced by a dedicated ACS pipeline. Sirtol@.g. the Virgo
ACS project, the products will include catalogs of galaxaesl associated globular clusters, and
and their basic properties (e.g., celestial coordinatesynmitudes, colors, and structural param-
eters), a list of galaxies down to the limiting magnitude=(25.1) and the results of isophotal
analysis for each galaxy (radial profiles of surface brigk# color, ellipticity and position angle),
as well as extinction maps and dust masses. We will produice o@ps using Voronoi binning
[30], extending them to much larger radii. To the surfacgltness profiles we will fit differ-
ent profiles, such as Sérsic, or Sérsic + exponentialemiS+ exponential + nuclear component
[5,34]. We will derive rigorous bar parameters [43], andhe buter parts we will measure the
asymmetry, lopsidedness, and outer cutoffs [65]. Resultde/published on a project web site.
Data will be ingested in the Astro-Wise system (www.astisesorg), a novel astronomi-
cal information system which federates both raw and prezksgata (images and catalogues of
sources). The AstroWise system facilitates on-the-flynee@ssing both for calibration results and
science results, via web-services (www.astro-wise.omt@t). It allows researchers at different lo-
cations to share data and the data processing in a commastinitture. It also facilitates viewing
and retrieving of any data item and the association of solistewith other wide-field imaging
surveys also ingested in the system (e.g., VISTA, OMEGACAWED, MegaCAM@CFHT). For
this project the association with results from the MegaCASKBIT will be important, and the
statistical comparison with results from other plannedspdenodern, ground-based, wide-field
imaging of nearby Southern Superclusters such as Horatogind Shapley (the VST VESUVIO
project) can be facilitated by Astro-Wise. The Astro-Wigstem will be used to publish the re-
sults on the internet, both directly through the portal ardirectly through the European Virtual



Observatory (Euro-VO) to which Astro-Wise connects.

Project Management Plar- Overall project management will be the responsibilityhas PI, D.
Carter, who will be responsible for coordinating workpagés, organising meetings, and main-
taining communications. The U.S. Principal investigasoHiC. Ferguson. The project will have
four main phases, which will overlap in time:

1) Data taking and distribution phase: Work in this area ist splo two workpackages. P. Goud-
frooij will coordinate the STScl pipeline workpackage imding CR cleaning, registration, flat-
fielding, photometric and astrometric calibration, and aicieg. The deliverables of this work-
package will be fully reduced and calibrated FITS imagessehwill be available to the commu-
nity within three months of data being taken. The host forithage data archive will be STScl.
R. Peletier will coordinate the data products workpackag@raningen. The input to this pack-
age will be the FITS images, and the output will be mergedapatrized object lists containing
magnitudes, colors, scale and morphological parametedsxéternal data (e.g., redshifts, ground-
based colors) for all objects in the images. The object Wislisbe hosted at Groningen, mirrored
at Liverpool and at STScl, and will be available within onaryef the data being taken.

HST Data Products and Data Release Schedule

Raw Data Immediately public on entry into HST archive.

Version 1 Co-added, CR-cleaned, drizzled images of indaiifields released
within 3 months.

Version 2 Final images reprocessed with best referencesiiildsmproved
astrometry will be released 6 months after the final obsemst

Source lists Positions and magnitudes released with tlstove? images.

Full catalogs Catalogs including results of morphologarslysis and

external data (redshifts and ground-based colors) forgdats
will be released one year after the last observations.
Coma Public Datasets expected from other facilities
Deep Spectroscopy Bridges/Hudson/Tully/Okamura (Gekéauk/Subaru).
IR Spectroscopy Balcells/Guzman (GTC La Palma).
IR Imaging Lucey/Smith (UKIRT/VISTA).

2) Science Exploitation Phase: Overall responsibility regth the Pl to achieve a consensus on
the division of science goals within the team. Two team pap#lt be published on methodology
(led from STScl/Liverpool and Groningen respectively) amteast six on the science goals listed
in the paper. Project science meetings will be held everyrsixths, alternately in Europe and
on the east coast of the USA. These meetings will be open tgaeticipants in the project. The
Science Exploitation Phase will last for two years from ttagtof observing, at which point effort
will be transferred into the followup phase.

3) Outreach Phase: This is divided into two workpackages: ipahitreach and community out-
reach. Public outreach will be led from STScl with consitdganput from Liverpool. STScl will
develop visual materials, and Liverpool will use the famb of the National Schools Observatory
(NSO, and the International Schools Observatory, botheolsy Liverpool John Moores, to de-
velop material for use in education. The NSO has a customemagcessing program, LTImage,
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developed for UK secondary (age 11 - 18) schools to enabiiests to analyse and appreciate as-
tronomical images. NSO products involving Coma clusteadaiuld be made available in the US
through STScl, and would be translated into languages ttla@rEnglish by the host institutions
or national agencies of members of the team. Community acitreas the goal of enhancing the
exploitation of the Coma dataset, and would be the respiitgidf the Pl. The primary means of
community outreach would be project science meetings, whizuld be open, and at each meet-
ing there would be at least one invited contribution from sone outside the team. The outreach
phase will be concurrent with the Science Exploitation Bhas

4) Followup Phase: Ground based and other wavelength follasvagportant to the success of this
project. Deep optical spectroscopy, and infra-red imagingd spectroscopy in particular are key.
The PI will be responsible for ensuring coordination of thiesce goals and avoiding duplication.
Expected companion programs and leads are listed in the ablolve. All data sets will be public

with schedules (relative to the observations) simlar toHBd data.

Special Requirements

Coordinated Observations

B Justify Duplications

At the distance of Coma, the typical half-light radius of d&0s is 1 — 3. Accurate measurements
of the structural parameters can only be done using HST.

In a pilot programme, members of the team have already asdlgit suitable archival HST
(WFPC2) images of dE/dSO galaxies in Coma [34]. The detectmiei are unresolved at the
0.”1/pix resolution of the WF chips of the WFPC2 images. Thediatwto higher spatial resolution
of ACS/WFC is vital. It is vital to construct a large and regeatative sample, which the proposed
survey will do.

In the Coma cluster, the only ACS observations are for GOZQ®89:West), a deep study
of a single field to detect intergalactic tidal debris, and9@®4 (PI:Gregg), an | and ddstudy
of an individual luminous spiral galaxy. There are a numdeWwdPC2 observations: GO5997
(Pl:Lucey) a survey of short exposures of the cores of bradjiitical galaxies, which provides
the raw data for the preliminary study described above; G@gPI:Harris), GO8200 (PIl:Harris)
and GO8184 (PI:Cote), deep studies of the globular clisstetems of the cD and giant elliptical
galaxies in the cluster; GO6773 (Pl: Rose), a multi-wavelsindy of a small sample (4 in Coma)
of the poststarburst galaxies; and GO8645 (PIl:Windhaast)id-UV observation of an individual
cluster galaxy. Most of these observatiosn are too shatbowdr purposes, and all target individual
bright galaxies, so none provide the wide area survey age lsamples of galaxies that we need.
However the deep WPFC2 observations of globular clusteesysof giant galaxies will provide
a valuable comparison with our GC observations of clustertsy
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