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Abstract
Observations of atomic hydrogen (HI) are a fundamental component of SKA science, with
the Hydrogen Array being part of the initial concepts of the project. The atomic gas is
key in central processes of galaxy evolution and structure formation, such as the buildup of
stellar mass in galaxies, star formation (SF) in and beyond the optical disc, galaxy dynamics
or in probing environmental influence. The study of HI in nearby galaxies is part of one
of the five Key Science Projects identified by the community as key science drivers for the
SKA: Galaxy Evolution, Cosmology and Dark Energy.
SKA will make HI imaging of galaxies possible with unprecedented sensitivity and resolution,
both characteristics crucial to address these questions. The first stage of SKA (SKA1, first
science expected in 2020) will reach column density limits 3 times deeper than current
facilities for the same integration time and angular resolution. At column densities similar
to the ones reached by current interferometers, a 300 resolution will be achievable (≤150 pc
for galaxies out to 10 Mpc, i.e the Local Volume, starting hence to resolve individual H I
clouds). The full SKA will provide mapping of individual galaxies at 100 resolution out to z =
1, one order of magnitude deeper than current interferometers, and reach the same angular
resolutions now achieved for the Local Group out to 10 Mpc. This will be complemented
by a survey speed that will allow detecting HI emission from around a billion galaxies over
3/4 of the sky, out to a redshift of z∼2 [123].
In this chapter we summarize the main areas of HI studies of galaxies in which SKA will
have an impact, with special emphasis on those areas of particular interest for the Spanish
astronomers, both observers and theoreticians.

1

Introduction

The HI component of galaxies, the main phase of their neutral gas content, informs us
about the different processes that shape them, from their very formation to their internal
evolution, as well as the way they are connected with their environments. However the 21cm
HI line is intrinsically faint, hence limiting the extent of the studies performed so far. HI
mapping of galaxies has been feasible till now at only moderate redshifts (z < 0.25). Nearby
spirals have been the subject of extensive HI-mapping (Sections 2 and 4), although with
angular resolutions limited to values an order of magnitude higher than 100 , the typical one for
standard optical observations. On the other hand HI mapping of early-type galaxies (ETGs)
has been scarce till recently, when the picture of red and quiescent ETGs has started to change
(Section 3). HI stripping has been proposed to inhibit SF in extreme environments, although
the removed gas is suspected to exist at column densities below the present detection limits
(Section 4.1). The same applies to cosmological cold gas accretion, suspected to maintain
SF in galaxies: unfortunately models predict it to occur at too low column densities to be
detected by current interferometers (Section 4.2). In summary, as nicely expressed by T.J.
Cornwell and R.A. Perley in [16], in order to motivate a km2 Hydrogen Array, ‘A volume of
the ’Encyclopaedia of the Universe’ is written in 21 cm typescript. Unfortunately the printing
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is rather faint and we need a large ’lens’ to read the text! ”.
This Chapter focuses on those aspects of galaxy evolution in which HI studies play
a relevant role and that are of particular interest for the Spanish astronomical community.
This includes synergies with nearby galaxy surveys (Section 2), formation history of early
type galaxies (ETGs, Section 3), environmental effects (Section 4), SF in the outskirts of
disks and cold gas accretion (Section 4.2) or theoretical models (Section 5). We remark that
covering all angles of galaxy evolution in which this component plays a relevant role, such as,
for instance, galactic fountain processes, high-velocity clouds, kinematical studies of galaxies
and their dark halos, the Tully Fisher relation or the HI mass function, is beyond the scope of
this chapter. Detailed discussions of these and related topics can be found in the revision of
SKA capabilities for the study of the history of HI that the HI and Galaxy evolution Science
Working Group has performed ([4, 18, 85, 76]).

2

Nearby galaxy surveys

A number of studies have focused in the last years on interferometric HI studies of nearby
galaxies, in order to investigate how HI relates to SF, galaxy morphology, mass and environment, complementing blind single dish studies as HIPASS [2] and ALFALFA [37]. THINGS
[119] has performed HI observations with the VLA (Very Large Array) of 34 galaxies at distances 3 < D < 15 Mpc, reaching the highest angular resolution so far (600 ), and LittleTHINGS
observed 21 dwarf irregular and blue compact galaxies [48]. VLA-ANGST [79] is an NRAO
Large Program to observe 35 gas-rich and actively star forming (D < 4 Mpc) galaxies in HI,
selected from the HST ACS Nearby Galaxy Survey Treasury (ANGST) performed with the
HST. FIGGS is a Giant Metrewave Radio Telescope (GMRT) based HI imaging survey of a
systematically selected sample of extremely faint nearby dwarf irregular galaxies [3]. LVHIS
[57] is a project comprising deep HI line observations with the Australia Telescope Compact
Array (ATCA) for all nearby, gas-rich galaxies (D <10 Mpc, δ < -30) that are detected in the
HI Parkes All Sky Survey. For δ > +20 degrees the Westerbork Radio Synthesis Telescope
was used (WSRT-LVHIS project), with which the WHISP HI-survey [107] of spiral and irregular galaxies was performed as well. SHIELD [10] aims at measuring the total halo masses of
the extremely low-mass galaxies detected by ALFALFA by means of deep, high spatial and
spectral resolution HI observations with the VLA. Other more specific studies are described
in the next sections.
Spanish astronomers play a major role in several studies that comprise either HI observations and/or studies of galaxy evolution with important synergies with the SKA. In the
following we summarize those that would benefit from the improvement in spatial resolution and/or sensitivity that SKA will provide. Studies focused on specific environments, like
isolated galaxies, compact groups or clusters, will be presented in Section 4.
The Calar Alto Legacy Integral Field Area survey (CALIFA [93]) is obtaining integralfield spectroscopic data in the optical of a diameter selected sample of 600 galaxies of all
Hubble types in the local universe (0.005 ≤ z ≤ 0.03) with the 3.5 m telescope at the Calar
Alto observatory. CALIFA provides very precise measurements of the stellar and ionized gas
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kinematics and metallicities, as well a spatial resolved derivation of the full SF history and the
properties of the ionized gas mapped over the entire optical extent of galaxies at an angular
resolution of 200 . A complementary survey of HI at a similar spatial resolution will provide
with unique information about the gas duty cycle, since it will connect the atomic gas, with
the SF processes and the SF and chemical enrichment histories of galaxies, and allow to
answer, among others, key questions on the origin of the gas or the angular momentum and
dark matter distribution in galaxies. In the first phase of the SKA, SKA1-MID will reach
similar depths as e.g. THINGS but at 300 resolution in 10 hours, hence starting to resolve
individual HI clouds. Reaching 100 resolution would require 1000h per galaxy with SKA1-MID
to map the main HI component of a disc, hence the full SKA will be required for this aim.
The kind of observations that SKA will be able to perform are also of interest for the
Spitzer Survey of Stellar Structure in Galaxies (S4 G), a representative, volume-limited (D <
40 Mpc) survey of nearby spiral and dwarf star-forming galaxies, elliptical, and dwarf galaxies
at 3.6 and 4.5µm with the IRAC camera on board of the Spitzer Space Telescope, a project
with significant participation of Spanish researchers. Synergies with SKA HI studies will be
most important in the outer regions of the galaxies for which deep mid-IR and often optical
[56] imaging is available. Reaching low HI column densities will provide vital complementary
information, allowing us to progress in the study of important issues such as radial HI profiles
in relation with truncation/antitruncation studies (e.g. [71, 74]) detection of tails, shells (e.g.
[63, 64]), or presence of tidal debris in ETGs (e.g. [55]; see Section 3).
Complementarities are as well foreseen with the IRAM key project NUclei of GAlaxies
(NUGA; see [32]), established to systematically tackle the issue of nuclear fueling, and later
extended to the outer discs (HI-NUGA) using the VLA, covering scales from a few tens parsec
to the outer few tens kiloparsec. NUGA showcases the complementarity between ALMA and
SKA, which will lead to a revolutionary improvement in our understanding of SF and nuclear
activity. Mapping the various spatial scales of the different instabilities (HI: outer, CO: inner)
is essential to establish whether nuclear activity depends on the host galaxy properties. The
dissipative nature of the gas makes HI ideal to trace dynamical disturbances, both internal,
such as non-axisymmetric potentials, or external, such as tidal interactions. The first results
of NUGA showed a slightly larger HI extent and less prevalent disturbed HI disks for Seyfert
hosts than for LINER host galaxies [40]. In addition, there is the recent study by [92], based
on global properties of more than 250, 000 galaxies drawn from the Sloan Digital Sky Survey,
suggesting that the level of nuclear activity depends primarily on the availability of cold gas
in the nuclear regions of galaxies —similar results were obtained by [26] by measuring the
average HI content of a volume-limited sample of 1871 Active Galactic Nuclei (AGN) host
galaxies—, while large-scale environment and galaxy interactions only affect AGN activity in
an indirect manner, by influencing the central gas supply. In contrast, the conclusions from
the NUGA project were based on a sample of only 16 galaxies, so a detailed HI mapping
study with a larger dataset may reveal more relations with respect to the AGN type and
would certainly improve the significance of these early results.
However, studies of the 2D distribution of HI in galaxies using samples much larger
than that seem nowadays sheer impossibility. For instance, THINGS required typically 10h
per galaxy to produce a complete observation with a 5σ sensitivity of 2.7 × 1020 cm−2 (600
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and 5 km/s of spatial and spectral resolution respectively, [119]). SKA Australian pathfinder
ASKAP will anticipate the capabilities of the full SKA ,with an instantaneous field of view
of ∼ 30 deg2 , allowing to map a large number of galaxies together with their environments
as part of WALLABY large program (Koribalski et al 2012).
Another complementary strategy will be the observation of the 21cm HI line in absorption, which is mainly a function of the strength of the background continuum source. This
sort of observations are hence useful to increase our understanding of the spatial distribution
and kinematics of the circumnuclear disks that inhabit the central parsecs of radio sources,
thus providing an important test of unified schemes for AGN (see Perucho et al. Chapter).

3

Early type galaxies

Resolved HI studies of ETGs are in a more preliminary stage than for spiral galaxies, the
traditional target of HI studies. Searching for cold gas in ETGs started in the 1960s, with
single dish detections reaching about a hundred in the 1990s, detecting HI in 15% of ellipticals
and 25% of lenticulars for a detection limit of a few times 108 M (e.g [46] and references
therein). ALFALFA data, with a detection limit of around 108 M for nearby galaxies, show
a very low detection rate of ETGs (∼ 1%) in the region of the Virgo cluster [33]. High-z
observations show that intermediate-mass ETGs actually finished forming stars much more
recently than the most massive ones [13], which have traditionally biased our view on the
properties and evolution of ETGs. Our picture of ETGs no longer sees them merely as red,
featureless and quiescent. Rejuvenation signatures in ETGs are often detected, including
HI gas (e.g. [78, 39] - ALFALFA) and even SF in galaxy outskirts, as shown by GALEX
[88]. According to [78], the fraction of ETGs with HI detections depends strongly on the
environment, being very common in field galaxies, and extremely uncommon in clusters,
suggesting that very different mechanisms are at play. Slow and fast rotators seem to have
similar HI mass and rates of discs/rings ([99], ATLAS3D), and the weak relation between
HI and stellar disc is confirmed by their frequent kinematical misalignment in fast rotators.
More recent results, based on CALIFA observations, indicate that most if not all ETGs
present a diffuse ionized gas emission, which is most probably ionized by post-AGBs and
other ionization sources different than SF [100, 80]. This indicates that ETGs are not totally
gas free objects, and the lack of SF has to be explained by other reasons. Measuring the
amount of HI would clarify the nature of this gas, and why it is not forming stars nowadays.
This complex picture highlights a diversity of ETG formation histories. A correlation
between HI mass and morphology with the density of the environment has been shown by
[99], and tidal debris has been identified in S4 G ETG targets [55]. However it is not clear yet
whether cold gas in ETGs is always due to gravitational interactions/mergers or is leftover gas
being directly accreted from the halo, since preliminary studies of isolated galaxies from the
AMIGA sample (Analysis of the interstellar Medium of Isolated GAlaxies, Section 4) reveal
that HI detections are not rare in isolated ETG galaxies. Such low density environments
are hence ideal to disentangle the origin of cold gas in ETGs. Unfortunately the above
mentioned studies have shown that HI surface density is generally much lower in E+S0 than
spirals, hence a high sensitivity is needed for their study. ATLAS3D reached 5σ sensitivities
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with the WSRT of 0.6 - 3.1 × 1019 cm−2 with typical resolutions of 3500 and 16 km/s in
12h observations. SKA1-MID will be able to go down to 2.9×1018 cm−2 at similar or better
resolutions (3000 and 5 km/s) in a 10h integration. These data, combined with ALMA data in
order to characterize both the atomic and molecular components of the interestellar medium,
are key to understand the origin and SF history of ETGs.

4
4.1

Galaxies and their environments
HI as a priviledged tracer of galaxy interactions

HI, as the most extended cold component of the interstellar medium, is a very sensitive
tracer of interactions, hence playing a major role in disentangling internal from environmental
processes. The inventory of detailed HI observations of galaxies in environmentally selected
samples is growing, ranging from isolated galaxies to groups or clusters. Having a sufficiently
large HI data set in and around many galaxies in different environments will be a prime goal
for the SKA, as it will provide very valuable information in order to determine to which extent
are galaxy properties governed by initial conditions (nature) or driven by environmental
effects (nurture). In this section we will refer to works on isolated galaxies and compact
groups, while clusters are discussed in detail in the Chapter by Ascaso et al in this book.
While it is easy to recognize a rich cluster, definitions of low-density environments
can be confusing. In recent years there has been an increased emphasis on identifying low
density or isolated galaxy populations. The AMIGA program ([111]) was designed to provide
a sample with strict isolation criteria [116, 117] implying that its galaxies have likely been
unperturbed for ∼ 3 Gyr. Variables expected to be enhanced by interactions have lower values
in AMIGA galaxies than in any other sample, even field galaxies: LFIR [66], radio continuum
[65], AGN rate [91], a lower fraction of dense gas which could be more diffuse [67, 69, 77], or
no radioexcess above the radio-FIR correlation [90]. Redder (g-r) colours and larger discs [28]
coexist with red pseudobulges having formed most of their mass at an early epoch [21, 29].
Having minimized environmental effects, a key finding in a single dish HI study of isolated
galaxies [24] was that AMIGA shows the lowest values of the HI profile asymmetry of any
studied sample. Some significant asymmetries (involving 25 - 50% HI mass) are still found
in AMIGA sample, and in an effort to discover their cause interferometric HI data are being
gathered for a significant subsample. Neither tidal features nor gas rich companions are found
in the most sensitive interferometric HI studies of AMIGA galaxies, reaching N(HI)∼5x1019
cm−2 even for the most asymmetric cases (e.g. [23, 25, 86, 98, 97]), with the signatures
of HI asymmetry stronger in the resolved morphology than in the velocity field. Those
studies indicate that at least some of their HI asymmetries were generated recently (∼108
yr) and were not produced by interactions with currently observed minor companions. If
asymmetries can only be generated by tidal interactions, lopsidedness in isolated galaxies
should not be observed. Asymmetries in the accretion of cosmological cold gas would be
an obvious candidate to generate them (see Section 4.2). In 100 hours per pointing, SKA1MID will achieve brightness sensitivities equivalent to the best current datasets (N(HI)∼2e18
at/cm2, 10 km/s and 1500 resolution) over 0.46deg2 [85].
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ALFALFA data was used by [43] to study a sample of ∼ 740 groups of 3 or more
members (HI mass sensitivity ∼ 109 -1010 M ), that led the authors to prove the evolution
in the spatial distribution of the HI content of galaxy groups as a function of their group
membership. They find strong evidence that HI is being processed in galaxies as a result of
the group environment and that the infall of gas rich objects is important for the continuous
growth of large scale structure at the present epoch. Finding out which physical mechanisms
are responsible for processing or removing the cold gas reservoir of galaxies requires high
resolution and time consuming HI observations, currently feasible only for a few nearby
groups (e.g. ALFALFA Leo region, [102]). SKA1-MID will be able to perform routinely
deep observations of large galaxy fields in a modest amount of time, allowing a search for
intragroup HI clouds, tidal debris, or swept back HI disks.
Hickson compact groups [44] (HCG) constitute a more extreme kind of environments,
with densities similar to cluster cores, which should favor pre-processing through extreme
tidal interactions. In general their average SFR and molecular gas content [108, 49] are
similar to control samples, but in HCGs there exists a higher fraction of young late type
spirals compared with isolated galaxies, and most of them belong to groups in which the
majority of their members are also young and actively forming stars [82]. According to [73],
the low frequency (20%) of star forming nuclei supports that there is no SF enhancement in
HCGs. Although 42% of galaxies in HCGs present nuclear activity , most corresponds to low
luminosity AGN. In fact in this kind of environment there is a remarkable deficiency of broadline AGNs, consistent with gas stripping through tidal interaction [72]. As we explain below,
recent studies suggest that their intragroup medium might be refueled with diffuse processed
cold gas, but current radiotelescopes are unable to confirm this. Single dish observations of
HCGs showed a large HI deficiency ([121, 47]). Interferometric VLA observations of the HI
in 26 Hickson Compact Groups ([112, 103, 109, 120, 110, 113, 114, 20]) have shown that they
seem to be evolving from a phase where the gas is located in the galaxy discs, to intermediate
cases where the HI is still detected as a net of high surface brightness tidal tails and bridges
(see example in Fig. 1), and finally into a stage where almost no HI is detected, neither in
the galaxies nor in the intragroup medium. What physical processes give rise to this extreme
deficiency is still a mystery, despite of the numerous studies performed since this evolutionary
model was proposed. Comparison of VLA imaging with high-quality single dish observations
with the GBT ([5, 6]) has provided evidence for the existence of a diffuse HI component missed
by the VLA that increases with evolutionary stage, more consistent with tidal stripping than
with ram-pressure (see as well [89]), and spread over a velocity range of more than 1000
km/s. This suggests that slow evolution of tidal debris may lead to a final stage where the
HI becomes faint and extended – hence escaping detection by current interferometers – being
returned to the IGM. Sensitivities in the above referred interferometric studies of HI in HCGs
reach a maximum value of N(HI) = 5× 1019 cm−2 (e.g. HCG 92 study with VLA C+CnB+D,
2000 resolution, [103, 120]). SKA1-MID will provide the required field of view (300 ) with a
highly improved sensitivity (e.g. 1.3×1018 cm−2 at 3000 and 5 km/s in 10h) able to provide
key information on the fate of gas in HCGs.
The unprecedented high sensitivity and resolution observations that will be achieved by
SKA will also help us to better characterize the environment of galaxies in a more unbiased
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Figure 1: (a) Map of the HI column density distribution in HCG 31 obtained with the VLA
DnC configuration, superimposed on a B-band image. (b) The same as (a) for VLA CnB
array data. (c) Map of the first moment of the HI radial velocity in HCG 31 obtained from
the VLA DnC configuration data showning both with iso-velocity contours and gray-scale.
(d) The same as (c) for the CnB array data. The gray scale in panels (c) and (d) represents
heliocentric velocities in km s−1 as shown in the wedge. See [110] for more details.
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and quantitative manner. The environment of galaxies is usually characterized by means of
the definition of isolation criteria and cluster/group/field membership or other quantitative
measurements of the density of galaxies. As mentioned above, samples of galaxies with properties as less affected by environment as possible are used as a reference for environmental
studies. In that respect, isolating the HI emission of galaxies in close proximity in combination with galaxy redshift measurements and intracluster medium observations at other
wavelengths, will provide us with the most accurate information on both the HI content and
environment of galaxies. With SKA we will be able to significantly improve our current standard measurements of the HI content of galaxies (e.g., [41, 101, 106]) by overcoming confusion
effects and any potential biases that limit the studies carried out to date.

4.2

Star formation beyond the optical disc and cold gas accretion

For three decades it has been known that about one third of galaxies show unusually extended
HI distributions (e.g., [7, 45]). It was not until recently, with the advent of the Galaxy
Evolution Explorer (GALEX) [68], that we could observe easily SF far beyond the optical
radius of galaxies ([104, 35, 22]). The star-forming regions generally show a good spatial
correlation with the HI component (the main phase of neutral gas at large radii) in such
extended HI discs (e.g [25]). Comparing UV and HI in them allows the study of the KennicuttSchmidt (KS) law, i.e. the SFR per area versus gas surface densities ([96, 53]), in the extreme
low-density and often low-metallicity environments of the outskirts of galaxy discs, which
can elucidate the limiting conditions for gas cloud and SF ([105, 70]). In this respect, SKA
observations will provide valuable insight into the fundamental question of whether it is
possible or not to trigger SF in very low-density gaseous environments. In addition, the gas
reservoirs observed in galaxies seem to be insufficient to explain sustained SFRs over a Hubble
time, both at high redshift ([15]) and in the local Universe ([30]). It is therefore essential
to unravel whether the availability of HI in the outer disks of galaxies bears any connection
with the depletion time scales of molecular gas in their inner regions due to SF.
Apart from this mechanism, several other alternatives which also require the study of
HI at low column densities have been proposed to sustain SF over cosmological times. Gas
accretion from the intergalactic medium seems necessary, although its origin is controversial.
It could be partly explained by SNe and AGN feedback (galactic fountain models, e.g. [31]).
Additionally, cosmological pristine gas might be accreted into the galaxy, as simulations
suggest [27], along what is called the Cosmic Web. However, the observed cold gas accretion
seems to be an order of magnitude too low to explain the measured SFRs [95]. Besides, the
flat, non-primordial chemical abundances measured in the ionized-gas in outer discs suggests
that either this gas has been transported from the inner diks (metal transport) or it is
IGM gas pre-processed by galactic outflows [8, 36]. If gas accretion from the IGM is the
dominant process by which galaxies acquire their gas, then it must happen below the current
observational limit for the HI column density N(HI)∼1018 cm−2 . While gas features have
been detected at such column densities using the GBT antenna ([122]), deep interferometric
observations cannot reach beyond a few 1019 cm−2 , where ubiquitous clouds and streams
were not found (see deep HI WSRT data of nearby edge-on galaxies performed as part of
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HALOGAS survey, [42]).
The picture that emerges from HI observations is consistent with the study of cosmological hydrodynamic simulations by [84]. They find that, in the high over densities where the
galaxies and clusters are, the gas is fully neutral. However, in the filaments N(HI) decreases
well below 1018 cm−2 , making them only accessible to SKA. The issue is complicated by
the fact that galaxies live their lives embedded in a variety of environments. Hence, lonely
galaxies could constitute privileged witness of cold gas accretion effects till SKA comes to
a reality. The same applies to the study of the compact dwarf star-forming galaxies in the
Local Universe [125], as these objects have probably the same nature as the building blocks
from which larger galaxies formed in a more primitive Universe. Understanding the role of
the inflow of pristine neutral gas from the cosmic web to trigger the intense bursts of SF in
these systems is mandatory to explain the rhythm in the formation and evolution of these
objects. SKA will provide HI maps in these dwarf star factories with an unprecedent spatial
scale. The full SKA is expected to reach N(HI) = 2.8×1017 at/cm−2 in 10h with spatial and
spectral resolutions of respectively 3000 and 4 km/s.

5

Synergies with theoretical models

Numerical simulations are key in order to define in detail many of the here summarized
programs, as they can play a double role either motivating new observations or trying to look
for an explanation for the new results.
From the numerical point of view, two complementary approaches are available. The
first one are the so called semi-analytical models of galaxy formation, a very successful technique to study galaxy formation in cosmological context [14] although limited by the oversimplified description of the physical phenomena involved. One of the most widely used is
GALFORM, where the authors [59, 60] have implemented a more general treatment of SF,
which is able to track the HI and H2 content of galaxies individually. The second approach
is based on hydrodynamical simulations in a cosmological context, (HSs hereafter) where not
only DM but also gas processes are followed in detail through basic, well known physical laws.
In implementing physical processes, different approaches are possible depending on how large
the box size is and how the initial conditions are implemented. Fully cosmological hydrodynamical simulations, with high resolution regions in large periodic boxes, can self-consistently
include a detailed modellization of the physical ingredients involved in the growing of cosmic
structures (see for instance [118]). Both, semi-analytical models and these fully cosmological simulations, will make possible a statistical assessment of the relation between HI and
molecular gas, SF, stellar masses and luminosities, providing a physical explanation of observed local and high-redshift relations (e.g. [60, 34, 61, 62]). This substantial progress still
requires significant improvement in the gas accretion models inside simulations of galaxy formation. Besides, detailed simulations of the formation and growth of galaxy discs indicate
that changes in the gas volume density of the outer discs seem to be the cause of the evolution
in the position of SF threshold radius [94].
On more general grounds, the outcome of simulations will allow a direct comparison of
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the virtual simulated Universe with the new data produces by SKA, leading to detection of
cosmic shock waves associated with galaxy formation [81], the understanding of the nature
and nurture of the galactic halos [87], and the description of the SF processes in galaxies [58].
Hydrodynamical simulations can be based as well on the so-called constrained initial conditions, in particular for the local Universe (CLUES project, http://www.cluesproject.org/, [38]). In this case, the local structures at scales larger than ∼ 5 Mpc have
been fixed according to observational data on the density field and velocity flows, with random fluctuations seeding smaller structures. This enables us to analyze in detail our Local
Universe formation, including the Local Group, its intra-group gas, its constituent galaxies of
different masses, with an even increasing resolution (some 100 pcs to date). Another widely
used approach are the zoomed-in simulation technique, where a subox is re-simulated with
very high resolution, allowing us to obtain galaxies (in general, disk ones) and their (varying)
environments at high resolutions and in deep detail.
These two last approaches show a particular synergy with expected high resolution
HI SKA maps of galaxies (and environments). Some of their predictions crossed to SKA
capabilities are: 1) The gas within the disk and at the outskirts of galaxies (both HI and
H2 ), its space and velocity structure with high spatial resolution, and correlations with SFR,
stellar mass and element abundance [19, 75]. 2) Inflows and outflows within and around
forming galaxies, as a function of environment and cosmic time. Cold, j-rich gas reservoirs
are predicted by HSs around disk-forming galaxies ([11, 9, 17]) with messy kinematics. 3)
Subhalo abundance (e.g. [124]), that may allow SKA discriminating between the CDM and
WDM models. Also, HI detection in satellites, in particular those that are devoid of stars but
may have HI. 4) Improved measurements of the distribution of dark matter profiles within
galaxies, providing crucial constraints for dark matter detection experiments (e.g. [83]) .
A different approach is based on fully analytic chemical evolution models, useful to test
(subgrid) modeling in simulations. They have recently highlighted that the observed relation
between metallicity and stellar-to-gas fraction [126, 1] provides invaluable constraints on the
amount of cold gas infall and galactic winds throughout the history of the galaxy.
Summing up, SKA maps of the radial distribution of neutral hydrogen, combined with
the information provided by ALMA on the molecular gas, as well as present and forthcoming integral-field optical spectroscopic surveys (which measure the physical properties of the
stellar and ionized components), will provide, for the first time, all the data that is required
in order to break the degeneracies present in current theoretical scenarios, as well as those
required to test the predictions of hydrodynamical simulations, thus leading to an unprecedented leap in our understanding of galaxy formation and evolution.

6

Conclusions

SKA will provide breakthrough observations, revolutionary in the combination of parameters
sky coverage, spatial resolution, and sensitivity, which will allow us to tackle many important
questions in the field of galaxy structure and evolution. We have highlighted here a few
examples of specific topics where Spanish scientists are currently leading or are playing a
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major role, with the expectation that they can extend their lead if Spain has access to
SKA. This will allow our community to build on and further enhance the strengths we have
developed over the past decades.
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