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Recent high-resolution studies of the inter-stellar med{iSM) and star formation in galaxies have revolutionized view of how
stars form (e.g. Leroy et al. 2008). These discoveries halecdinto question one of the most fundamental assumpti@ade in galaxy
formation models: that stars form from the whole gas conéttie ISM (e.g. White & Frenk 1991, Lagos et al. 2008). It is ndear
that the real picture is not this simple: stars form only friva coldest component of the ISM, i.e. the molecular gas (Bigiel et
al. 2010). This implies that fuelling star formation is natlyabout providing newly cooled gas, but taking this gas tdilcolder,
molecular phase. As part of my thesis work, | revisited tleatiment of star formation in galaxy formation models bass#dgia more
realistic scenario in which the transformation of gas insrs and the associated flow of mass and metals betweentthadoold gas
phases are treated in a more general way, with stars formamg folecular gas (Lagos et al. 2011a, 2011b). This worktdates
the first major improvement to the treatment of star formmatmce the original calculations in Cole et al. (1994). Mywnaodelling
allowed, for the first time, a statistical assessment of¢hation between the different ISM components, star foromtnd other galaxy
properties, such as stellar mass and luminosity, allowipfyesical explanation of observed local and high-redskifitions between
the atomic, molecular hydrogen abundances with other gadeoperties (Lagos et al. 2011b; Geach et al. 2011; see Fididwever,
there are open questions that | aim to address with thisdgh that | discuss below.
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WHERE IS THE ATOMIC HYDROGEN IN THEUNIVERSE?

How much of the atomic hydrogen in the universe is in the ISyalztxies? How much of it is in the form of cold flows coming into
the galaxy halo?These are crucial questions in galaxy formation, since tleégrmine which channels fuel star formation. High-gyalit
measurements of tHel cm emission in large surveys of local galaxies (Zwaan et @052 and absorption-line measurements in the
spectra of quasi-stellar objects (Noterdaeme et al. 20G&g allowed an accurate measurement of the evolution aflthel density
of atomic hydrogen. These observations suggest very dititdution of the atomic hydrogen global density with redtshi

In my semi-analytic model, by including the atomic hydrogemtent in the ISM of galaxies, | am able to explain the obsarv
atomic hydrogen global density at < 2.5 (see the right-panel of Fig. 1). At higher redshifts, the elaghderpredicts the atomic
hydrogen global density by a factor 8f2, suggesting that the atomic hydrogen at higher redshiftgghntie primarily outside galaxies.
On the other hand, hydro-dynamical simulations show th&@0% of the atomic hydrogen in the universezats 3 is expected to be
outside galaxies, in the form of cold flows (Van der Voort et 2011). However, a key part in answering the questions aboxees
from the challenge of modelling how much atomic hydrogercisoainted for in cold flows, in a self-consistent way. | aim stireate
the contribution from cold flows to the atomic hydrogen alamzk in the semi-analytic model to test the suggestionseabov

Another key component needed to answer these questionthis @onfrontation of theory and observations, which wilplossible
by collaborating with the ESO group targeting atomic hy@mogn galaxies and halos (e.g. Martin Zwaan, Carlos De Breutkis
will allow me to test the physical treatment of the gas ineldidn galaxy formation models, further improving the phgsiavolved.
This will also help to make direct predictions for the new giextion of radio telescopes, such as the Australian Squisomitre Array
Pathfinder, the WALLABY, ASKAP HI All-Sky Survey and the SqeaKilometer Array. | am also part of the WALLABY project,
closely collaborating with the group at Western Universitystralia. | have been invited to speak at the WALLABY wdtkp in Nov.,
2011.

WHAT IS THE NATURE OF LUMINOUSINFRARED GALAXIES?

How common are luminous Infrared galaxies at high-red8hifte they representative of the entire high-redshift galaopulation?
Are they Milky-Way progenitors@alaxy formation models have shown to be very successfulpraming statistically, the properties
of galaxies, suggesting that the physics included on theouighly correct (e.g. Baugh et al. 2006). However, the priigseof specific
populations of galaxies, such as massive galaxies, are chafkenging in hierarchical cosmologies.

Why are luminous infrared galaxies interesting and ‘spEgidMuch effort has been made to increase the redshift limit seoke
‘normal’, star-forming galaxies. Successful campaigngharought new, exciting results about how much molecularrgaides in a
relatively small number of luminous infrared galaxies @awi et al. 2010, Geach et al. 2011), showing that they sedmave much
higher gas-to-total mass ratios than local universe copatts. These samples are the best we have to date at higiftedo study




the ISM of galaxies. Geach et al. (2011), compiled availableervational data to show that the gas-to-total masssaéms to evolve
with time, revealing how the observed trends can be explidityemy model, Lagos et al. (2011a), and concluded that thokugon is
expected to be very sensitive to the dynamical mass of gdlagihalos.

This work suggests that it is not trivial to make the conr@ttietween these high-redshift galaxies and the low-rédsgdliaxy
population. In order to identify the descendants of theghInedshift, molecule-rich galaxies, it is necessary t&latheir evolution. A
theoretical framework of galaxy formation is necessarylé@@ these luminous infrared galaxies in the big pictureabdixy formation,
given that their evolution is predicted to depend on their &rmation history, accretion history, the environméreyt reside in and
their dynamical properties. The semi-analytic model oaggalformation gives us the opportunity to select galaxiethénsame way as
in observations. Furthermore, it makes it possible to tthekevolution of all galaxy properties. Based on simple apipnations to
estimate the Carbon-Monoxide emission, which is what issuestl in observations, | show in Lagos et al. (2011b) thaptkdicted
properties of these galaxies agree with observations assseqaence of my new modelling of star-formation.

A major step, however, is to connect the molecular contegiiaixies with the Carbon-Monoxide emission in a more playsvay.
For this | have started a collaboration with Estelle Bayetf¢@d), Serena Viti and Tom Bell (UCL) whose expertise is indelling the
ISM of galaxies. | led the development of a novel hybrid appiowhich aims to estimate theoretically the Carbon-Modexmission
of galaxies by combining the galaxy formation model with tB& simulations performed by the Oxford-UCL group (Lagosakt
2011c, in prep.). This will allow us to study theoreticaflyy the first time, the relation between Carbon-Monoxideleoolar hydrogen,
stellar content, and other galaxy properties, in a realigtiverse. The expertise in star formation in high-redgfdfaxies at ESO led by
Wolfram Freudling, Paola Andreani, Eelco van Kampen andy®idgs will reinforce these studies, given these expenspmehensive
view of what observations tell us about the ISM of these gataand how their star formation proceeds.

ARE SUPERNOVAE RESPONSIBLE FOR QUENCHING STAR FORMATIGN

How is the star formation history of galaxies affected byesnpvae feedback? Is this feedback powerful enough ase tire
global star formation rate decline of the univers8@pernova feedback represents a long standing problentaryg@rmation model.
Currently, toy models are used to treat supernova feedbdtkh are parametrized to reproduce the faint-end of theérasity function
(Cole et al. 2000; Guo et al. 2010). These toy models do netitsth account key physical conditions, such as the densityeol SM
of galaxies or how much energy is being released by supeenolAis is a fundamental issue in galaxy formation modeigrgihe
importance of supernova feedback in determining the stardtion history of galaxies.

What have we learned from observationSectroscopic campaigns of distant galaxies suggest tmarful, extended outflows
might be common place at high-redshift (e.g. Shapiro et @092. If these outflows are big enough to compensate for gaetmn
onto the galaxy, they could be sufficient to quench star ftiona This would imply that supernova driven outflows playiaaportant
role in the transition from active star-forming galaxiep#ssive, dead galaxies. However, the importance of theflewsl it not clear
yet given the lack of information on gas accretion.

From the point of view of galaxy formation theory, superndviaen outflows can be modelled in a more physical way by ¥aithg
their evolution from the point of energy injection to the supova remnant, until it breaks-out from the galaxy and bezpan outflow
(Ostriker & McKee 1988). However, this is only possible aftgaking assumptions about the properties of the ISM, sutheafilling
factors of the warm and cold gas in the ISM (Lagos et al. 201@rép.). By doing so, | want to tackle in a more realistic makle effect
of supernovae feedback on star formation and whether pararfezms used are good descriptions of these events. A &gmponent
to address how well the new modelling does, is to comparerigigied outflow velocities with observations. | also wantdst how
realistic are the assumptions made about the ISM and whettmat these need to be systematically different at low agh-nedshifts.

In extreme systems, such as starburst galaxies, it has beygosged that radiation pressure acting on the dust can leesufficiently
to blow out all the gas in the ISM, quenching star formatiohdfpson, Quataert & Murray 2005). Such extreme systemsdwvoul
certainly present very powerful outflows that can be proledtiservations. | aim to include a formal description of ¢hetarbursts
in the galaxy formation model to study how outflows generatethese environments could be observed. Another powediulce
of feedback, extensively used in semi-analytic models,eofrom Active Galactic Nuclei (AGN; Lagos et al. 2008, 2009 alaxy
formation models do not consider AGN feedback during itghtest stages (quasi-stellar objects) as an effectivesamifrmechanical
feedback, even under the evidence of massive outflows in-@die objects (Alexander et al. 2010). This assumptiontsatested
within the scheme of evolving outflows | am currently devéhgp(Lagos et al. 2012, in prep.) by studying the mass loaduming
QSO activity. The expertise of Harald Kuntschner, CarlosHpeuck and Mark Westmoquette at ESO on outflows of local agt-hi
redshift galaxies and the best techniques to observed themd give this project a great impetus with the necessaggifack from
observations.

ASSESSING THE CAPABILITY OF NEW INSTRUMENTS TO CARRY OUT GALAY SURVEYS

Galaxy formation models have shown to be the best tools foeicapability studies for instruments with different sifieations
(Cai et al. 2009). They allow the introduction of typicalfinsnental errors and the manipulation of the selectiored&tof galaxies.
| am currently involved in the use of lightcones generatednfmy Lagos et al. (2011b) model to assess the capability tifrrater
telescopes to carry on galaxy surveys (Pl: James Geachy.r@iesents an important step to statistically assesld#on between
the stellar and gas content of galaxies in observations.



