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Origin of the Relation between Galaxy Morphology and its
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The morphology of galaxies---the distribution of stellar components inside the galaxies-
--has long been believed to represent the evolutionary stages of galaxies. Many studies
over the past decades demonstrated the relationship between the galaxy morphology
and other physical parameters of galaxies, such as stellar mass (M+), color, and star-
formation rate (SFR). In this thesis, we focus on the amount of atomic hydrogen (HI)
in the galaxies---a representative of the total gas content of galaxies available for their
future star formation---and their morphology.

We perform a stacking analysis of the HI 21 ¢cm spectra from the Arecibo Legacy First
ALFA (ALFALFA) survey for the optically selected local galaxies (0.01<z<0.05) drawn
from the Sloan Digital Sky Survey (SDSS),

to study the average gas fraction of galaxies at fixed M+ and SFR.

The focus of this study is to investigate the morphological dependence of the HI gas
mass fraction at fixed M+ and SFR, to minimize the effects of these parameters. We
first confirm that the average gas fraction strongly depends on the stellar mass and
SFR of host galaxies. Massive galaxies tend to have a lower gas fraction, and actively
star-forming galaxies show higher gas fractions, consistent with many previous studies.
We use three morphological classifications based on parametric indicator (Sersic index),
non-parametric indicator (C-index), and visual inspection (smoothness from the Galaxy
Zoo 2 project) measured on the optical images.

We find that there is no significant morphological dependence of the HI gas mass
fraction at fixed M+ and SFR when we use C-index for the morphological classification.
We confirm a similar result in the case that we use the Sersic index for the
morphological classification. However, unfortunately, we cannot draw a firm conclusion
due to the small number of samples for the statistical discussion when using the Sersic
index. In contrast, interestingly, we demonstrate that the HI gas mass fraction for
visually “smooth” galaxies is on average 0.71"0.11 dex lower than that of “non-smooth”
galaxies with the same M* and SFR. By comparing the visual morphology with other
morphological indicators and inspecting the optical images of “smooth” and “non-
smooth” galaxies, we find that the visual smoothness is sensitive to small-scale
structures within the galaxies (spiral arms, barred bulges, and clumps). Our result
suggests that even at fixed M+ and SFR, the presence of such small-scale structures
(seen in the optical images) is linked to their total HI gas content.

Motivated by the significant difference in the HI gas fraction between smooth and non-



smooth galaxies at fixed M+ and SFR verified by the observations, we use the recent
cosmological simulation (Illustris) to identify the physics behind relationship between
galaxy morphology and its HI gas fraction. By tracking down the formation history of
galaxies in the simulated universe, we find that smooth and non-smooth galaxies have
similar stellar mass growth and star formation histories. At the same time, they show
a significant difference in the gas mass growth and their past merger histories in the
stellar mass range of M+*<1011M;, . We argue that the consecutive merger events to the
gas-rich disk would cause gravitational instability and structure formation inside the

galaxies, resulting in different appearances at z=0.
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