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Abstract: Interstellar gas is important baryonic components in galaxies, in which molecular

gas (mainly molecular hydrogen H2) and neutral gas (mainly atomic hydrogen HI) have great

effect on the physical processes in each galaxy. In this thesis, we develop physical models

about neutral gas and molecular gas in galaxy disks based on previous semi-analytic models

(SAMs) of galaxy formation, and we use the model to study the role of neutral and molecular

gas in galaxy formation and evolution. Our model is a modified version of the SAMs named

L-Galaxies by Munich Group in Max-Planck Institute for Astrophysics. According to the

methods used in the models of galaxy chemical evolution, we divide each galaxy disk into

a series of concentric rings in SAMs. Then we trace the physical processes in each ring on

galaxy disks, such as gas infall, conversion of atomic gas to molecular gas, star formation,

metal enrichment, supernova reheating etc, and the evolution in each ring is independent. In

our model, we assume that the surface density profile of infalling gas is exponential in each

time step, and the newly infalling gas is directly superposed on the gas radial profile already

existing on the disk. The scale radius rd is proportional to the virial radius of the halo

times its spin parameter λ. We adopt two kinds of prescriptions for molecular gas formation
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processes in our models: one is based on the analytic models by Krumholz et al., in which the

molecular gas fraction is a function of local gas surface density and local gas metallicity. The

other one is a prescription where the H2 fraction is determined by the pressure of interstellar

medium, in which the molecular gas fraction is related to gas surface density and stellar mass

surface density according to the approximation by Obreschkow et al. Since star formation

processes happen in giant molecular clouds, and the observational results from Leroy et al.

show that star formation rate surface density is approximately proportional to molecular gas

surface density, we use H2 surface density related star formation law in our models based on

the molecular gas formation prescriptions.

We run the models on the merger trees of Millennium Simulation outputs. Our models

give the results of radial surface density profiles of star, molecular gas and neutral gas which

can fit the recent observations from nearby disk galaxies (e.g. the results from SINGS,

THINGS, HERACLES, BIMA SONG and some other observation programmes). And our

results can also fit the mass functions of star, neutral gas and molecular gas at z = 0. Based

on these results, we study the global properties for the mass ratios of molecular gas, neutral

gas and star vary as a function of global scale parameters, including stellar mass, mean

stellar surface density, mean gas surface density. We elucidate the trends in terms of three

variables which cannot be directly observed. They are the virial mass of the dark matter

halo, the spin parameter of the galaxy disk and the fraction of recent accreted gas.

In the last section, we extend our models. The first work is to include the model

of ionized gas in galaxy disks. We use the ionization-recombination model of interstellar

gas by Gnedin & Kravtsov and get a gas molecular fraction prescription related to stellar

far ultraviolet fields. Based on such kind of prescription, our model predicts that the inner

regions of galaxy disks with high gas metallicity tend to have low neutral gas surface density,

which may help to explain the anti-correlation between gas metallicity and HI column density

in the observations of DLA absorbers. The second work is to include the process of radial

gas inflow on galaxy disks, which can solve the problem of too fast gas consumption in inner

disks and too slow gas consumption in outer disks when ΣSFR ∝ ΣH2
is adopted as the star

formation law. The third work is to include the models of neutral gas and molecular gas

in the previous SAMs based on Millennium II outputs. The resolution of Millennium II

Simulation is 125 times higher than Millennium Simulation, so the model can help to study

the gas components in galaxies at high redshift or in low mass dwarf galaxies. In our current

model, the results can fit the observations atz = 0 quite well, including the mass functions

of star, neutral gas and molecular gas at z = 0 and some other properties. But the model
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results have some difference to the observations at high redshift. This may be caused by

problems both in the model recipes and in the observations at high redshift. Comparing to

the previous model results, the new model has some obvious improvements, especially on

the redshift evolution for the relation between stellar mass and gas metallicity.
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