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Exploring the formation and evolution of galaxies is onelwf key science topics of the Square
Kilometer Array (SKA). The unprecedented sensitivity of tBKA will enable us for the first
time to map the cosmic distribution of neutral gas (H}) th galaxies from the local universe up
to cosmological distances. This unique observationaldggall help understand how galaxies
from in dark matter (DM) overdensities, accrete gas in a spgat mode or, alternatively, by
interactions and mergers. In addition, by mapping the codfistribution of radiocontinuum
emission, the SKA will provide the physical framework explag how gas gets converted into
stars in galaxies. Finally, the mapping of the cosmic distion of baryonic oscillations by the
SKA will shed light on the equation of state describing thendltant, but enigmatic, dark energy
component in the universe.
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1. Theuniverse: general framework for galaxy formation

In the last decades there has been considerable progresddrstanding how galaxies may
form, thanks to the parallel revolution in cosmological ralsd In cold dark matter (CDM) mod-
els, galaxies are expected to form hierarchically throdghduccessive merging of small CDM
spheroids. In this context, the limited knowledge on theabvatur of baryons during mergers is a
major handycap. The physics of baryon assembling is exeglydiomplex. The behaviour of the
baryons in numerical simulations is simplisticly modellgging semi-analytical recipes. To fal-
sify/verify these assumptions, observational constsadmé paramount. However, there is a dearth
of observational constraints to the behaviour of baryonthénprocess of galaxy formation. At
early epochs most of the baryons are expected to be in thehgas pTherefore the observation of
the neutral gas component (atomic and molecular) in gadxen cosmological distances down
to the local universe is a prerequisite to understandingaitmeation and evolution of galaxies.

There is a number of open questions to be answered by the ngapitihe cosmic distribution
of baryonic matter in a wide range of redshifts:

e How and how quickly gas settles into DM halos? How are diskséml?

e What is the importance of mergers versus more quiescentgaaléccretion?

e Where are the missing dwarf galaxies?. Where are the migsasgive galaxies?
e What is the physics of feedback and what explalog/nsizing?

e When and how did the gas get converted into stars?

In the following we summarize how the SKA is expected to taekith the resolution of the several
issues mentioned above.

2. The cosmic distribution of neutral atomic hydrogen (HI)

2.1 HI sciencetoday

Neutral atomic hydrogen (HI) is by far the most abundantenelg in the universe. As such,
observations probing HI are the best choice to trace galealon in a wide range of environ-
ments (clusters, isolated regions, voids...). The 21cmrhikgion line is an excellent tracer of
the distribution and kinematics of neutral gas in elligtigalaxies and spiral disks. In particular,
HI maps can be viewed as a fossil record of galaxy interastenmd provide constraints to cold
accretion models.

In the context of HI galaxy surveys undertaken with todagledcopes, the case of elliptical
galaxies (E) deserves special attention. It is uncleareifdnichical assembly schemes can explain
all the observational properties of ellipticals. While ttlassical merger sequence may explain
the different HI morphologies found in E ([1]), slow but loifeggting cold accretion processes may
also equally account for the morphology of E galaxies thaevidstorically considered as merger
remnant paradigms. This is the case of polar ring galaxig¥ (An extension of these surveys to
a larger number of objects will be a key to testing the diffitiscenarios that explain the formation
and evolution of massive spheroidal galaxies.
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Furthermore, HI lines in absorption, detected in radiadlobjects have been recently used to
reveal massive gas outflows in a significant number of ratbagss ([3]). Blueshifted absorption
lines of up to 2000km/s-width have been detected in a fewogadaxies, betraying the presence
of massive and energetic HI outflows. These observationgmarnde crucial constraints to the
feedback influence of activity on the neutral ISM. Howevbg humber of objects that can be
studied is scarce due to the sensitivity limitations to det®ntinuum emission to the required
level.

The detection of huge HI halos in isolated spirals, of whicBAN891 is a representative
example ([4]), betrays the existence of primordial masgae reservoirs in galaxies (see Fig. 1).
This gas may be continuously falling onto the disks of gasxand thus feed star formation activity
on long time scales. The detection of massive HI halos in miftignt number of galaxies may
provide an answer to the problem of the missing baryons. diitiad, the study of HI emission in
spirals can be also key to probing star formation laws andlangnomentum transfer mechanisms
in galaxy disks ([5];[6]). HI observations in an increasimgmber of galaxies is an essential piece
of information in this type of analysis that probe evoluiontracks in galaxies, and hence, require
an improved statistics.

The Arecibo Fast ALFA (ALFALFA) HI survey of galaxies is a gbdlustration of how deep
and how far we can get today in a typical HI detection and mapexperiment ([7]). The AL-
FALFA survey covers an area 67000 square degrees and detect a number3if.000 galaxies
with typical Mgas~10°-10'M, up to a redshift 20.06. The deepest 21cm observations have been
able to detect HI emission in a galaxy of cluster Abell 963wiite Westerbork radiotelescope at
redshift 2-0.2 (see Fig. 2, taken from [8]). The role of mergers and coldetion processes in
galaxy evolution awaits to be ellucidated by extending teection and mapping of HI emission
and absorption to cosmological distances.

2.2 HI sciencewith the SKA

The SKA will be theultimate HI telescope. One of the main drivers of the SKA experiment
is the possibility of studying the neutral hydrogen cont@ngalaxies to cosmological significant
distances (22). This goal can be reached thanks to the enormous gain sitiggy: the SKA
would have a collecting areatwo orders of magnitude larger than existent radiotelesop¥ith
this sensitivity goals at hand, the SKA would be able to ddtglky Way-like galaxies out to 21—
1.5 and large spiral galaxies like M 101 out teZ.5, after a typical integration time of 12 hours
(see [9]). Besides its high-sensitivity capabilities, 81€A will combine a large field-of-view~{50
square degrees at1GHz) with a wide frequency coverage and bandwith (0.1-2%)GHhanks
to these unprecedented capabilities, the SKA will boossthgstics of the number of HI galaxies
detected tev10’ targets per square degree out4dbzn just~15 days of regular observations. The
improved statistics will allow us to observe changes in thenidss function of galaxies as function
of redshift, an information to be confronted with the préidics of theoretical models that predict
a significant evolution to be tested.

By mapping the cosmic distribution of radiocontinuum (bttermal and non-thermal) emis-
sion to cosmological distances, the SKA will shed light om pihysical framework explaining how
gas gets converted into stars in galaxies. As an illustratibe SKA will be able to detect the
radiocontinuum emission ofmoderatestar forming galaxy 10 M., yr~!) out to a redshift 24
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Figure1: HI emission map of the nearby edge-on spiral galaxy NGC 88apted from [4]) shows huge HI
halo. Data obtained by the Westerbork radio telescope (WWSRWel contours are 0.005, 0.01, 0.02, 0.05,
0.1,0.2,0.5, 1.0, 2.0 and® 10** cm2.

after 8 hours of integration (see [9]). This will enable usrtake a significant step forward in our
understanding of star formation laws in galaxies.

3. The cosmic distribution of molecular hydrogen (H»)

Molecular gas is the fuel of star formation activity in gas Current millimeter radiotele-
scopes have been able to map the emission of CO and that ofrotiecular species, and thus
trace the content, distribution and kinematics of molecglas in an ample number of nearby
galaxies. The study of CO line emission in nearby spiralsliskve been used to study star forma-
tion laws in galaxies ( [10]). Furthermore, high-spatiagaieition CO observations, obtained with
mme-interferometers, have been instrumental in the studGN feeding mechanisms in the local
universe ( [11]). The high-sensitivity of current mme-irfegometers have also allowed to detect
the emission of molecular gas in galaxies situated at réddteyond z-1. Among the most re-
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Figure 2: HI detection at redshift 0.2, a spatially resolved galaxy in cluster Abell 963. Toijp #ows

HI spectrum. Bottom left: Position-velocity HI diagram atpmajor axis extracted from the H | data cube.
Top right: Integrated HI contours superimposed on R-barafjgn(gray scale). Bottom right: Enlargement
of the optical image. Figure taken from [8].

markable detections, it is worth noting the case of SDSS&843251, the highest redshift quasar
currently known at 26.4 ( [12]).

The detection of high-redshift CO emission has been limited reduced~100) number of
galaxies, however. Many of the so called high-redshift zemiers (e.g., Sub Millimeter Galaxies
(SMGs), Lyman Break Galaxies(LBGs), Star Forming Galax®sGs) and quasars (QSOs)) are
gravitationally lensed systems, and thus their emissioratarally amplified. Current models of
galaxy formation and evolution would benefit from the oba&on of thenormalpopulation of star
forming galaxies at high redshift.

Besides being a powerful HI radiotelescope, the SKA wilbdie able to probe the distribu-

tion of molecular hydrogen in galaxies to cosmologicalatises. As an example, the cumulative
number of CO(1-0)-detected galaxiesvat-22 GHz would amount te-10° per square degree
after one hour of integration time ( [13]). In this contextisiworth noting that the SKA telescope
may be a nice complement to the capabilities of the Atacamge ®illimeter Array (ALMA).
In particular, while ALMA will probe the high rotational les of CO and other molecules in the
high-redshift universe, the SKA will provide informatiom ¢the lower rotational lines of the same
species. The combination of SKA and ALMA observations isaggtito get a handle on the spectral
energy distribution of molecular lines in a large sample @fgies and, also, for a wide range of
redshifts.
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4. The cosmic distribution of baryonic oscillations

Baryonic Acoustic Oscillations (BAO) have a preferred sgadcale from the era of recombi-
nation. The comparison between BAQOs at different z, thragalaxy redshift surveys to be done
by the SKA, with CMB fluctuations gives an estimate of the diguaof state of the dark energy
component in the universe. The information gained from thdysof thewigglesin the distribution
of baryons as a function of redshiftasthogonalwith respect to that obatined in the study of CMB
fluctuations. The SKA is a specially designed instrument &asare the power spectrum of the
baryonic oscillations in the universe at different redstahges ( [14]). A detailed review on this
key science topic for the SKA has been written by [15].
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