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Summary (Abstract) of doctoral thesis contents

In this thesis, I discuss the relationship between observable galaxies and their
underlying invisible host dark haloes over the global cosmic time at z=0-5 based upon
the precision clustering analyses. At each redshift, I collect a large number of galaxy
samples enough to obtain high-quality two-point auto angular correlation function
(ACF), which is a useful estimator to measure the strength of galaxy clustering
quantitatively. Furthermore, the high accurate ACFs enable to carry out more precise
clustering analyses using a ““halo occupation distribution (HOD)'" formalism, which
characterizes the occupation number and the distribution of galaxies within the
virialized dark haloes as a function of the dark halo mass.

At low-redshift (z<1.4) Universe, I collect numerous galaxy samples using the data
of the Hyper Suprime-Cam Subaru Strategic Program (HSC SSP) Wide-layer. By
using the photometric images with the extremely wide survey area taken by the
Subaru/Hyper Suprime-Cam, I collect a large number of massive galaxies (Mx>1011M
o) up to z=1.4 as well as the less massive galaxies down to the limiting magnitude of
1<25.5 mag. Deep optical multi-wavelength images enable to apply a spectral energy
distribution (SED) fitting technique to derive the stellar mass and the photometric
redshift of each galaxy sample with high accuracies. I divide galaxy samples into
subsamples according to their photometric redshift and the stellar mass in order to
investigate the dependence of the clustering properties upon the physical properties
by computing the ACFs of each subsample. Thanks to the numerous galaxy samples,
derived ACFs show excellent S/N ratios, and the HOD model is able to reproduce the
observed ACFs over all magnitude ranges. The mean halo masses of low-z dark haloes
increase monotonically with increasing the stellar-mass limits and the cosmic time,
indicating the evidence that massive haloes host massive galaxies and the halo
growth via halo mergers. Our observed stellar-to-halo mass ratios (SHMRs) are in
good agreement with the theoretical model, although the slope at high-mass end
shows a deviation from the model prediction.

The epoch at z~2, known as the "“cosmic noon'", is important era to study formation
and evolution of galaxy; however, it has been very difficult to construct a large
number of galaxy samples, which is essential to carry out the precision clustering
analyses. By combining our original data with publicly available data, I apply
BzK/gzK selection to the wide-field imaging data over 5.2 deg2, which is the
largest-ever survey area of the BzK/gzK study. I select 41,112 sgzK galaxies down to
KaB<23.0. The ACFs based upon the largest sgzK sample with high quality enable to
perform the HOD analysis. The mean halo mass and the HOD mass parameters are

found to increase monotonically with increasing K-band magnitude, suggesting that
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more luminous sgzK galaxies reside in more massive dark haloes. Following the dark
halo mass evolution using the extended Press-Schechter formalism and the number
evolution of satellite galaxies in a dark halo, I find that faint Lyman break galaxies
at z~4 could evolve into the faintest sgzK galaxies (22.0<Kas<23.0) at z~2 and into
the Milky-Way-like galaxies or elliptical galaxies in the local Universe, whereas the
most luminous sgzK galaxies (18.0<Kap<21.0) could evolve into the most massive
systems in the local Universe. In addition, the SHMRs of the sgzK galaxies are found
to be consistent with the theoretical prediction, as well as the previous observational
results at z~2.

At high-redshift (z>3) Universe, I carry out the HOD analysis using the dropout
galaxy samples at z~3, 4, and 5 using the Canada-France-Hawaii Telescope Legacy
Survey (CFHTLS) Deep Field. Deep- and wide-field images of the CFHTLS Deep
Survey enable to obtain sufficiently accurate ACFs to apply the HOD analysis. The
mean dark halo masses, (Mn) =1011.7"12.8 h'1 Mo, is found to increase with the
stellar-mass limit. The threshold dark halo mass to possess a central galaxy within
dark haloes, Mmin, show almost identical behavior to their stellar mass, compared to
low-z with the same stellar-mass limit, whereas the threshold dark halo mass to
possess one satellite galaxy, M1, show systematically higher values at z=3-5 than
those of low-z over the entire stellar-mass range. The satellite fractions, which
represent the percentages of the satellite galaxy with respect to the total samples,
are found to be significantly small compared to z~2, indicating the drastically
increase of satellite galaxies from z=3-2. Along with the high M1 values and the low
satellite fractions of high-z galaxies, satellite galaxies form inefficiently within dark
haloes at high-z. Assuming the main-sequence of star-forming galaxies, I compute the
SHMRs, which is found to agree with those derived using the SED fitting method.
The observed SHMRs are highly consistent with the theoretical predictions based on
the abundance-matching method within 1 ¢ confidence intervals. The pivot halo
mass, Mpivot, which 1s the mass at the most efficient star-formation in galaxies, is, for
the first time, found to increase with cosmic time at z>3, and the SHMRs at Mpivot
show little evolution, indicating that mass growth rates of stellar components and
dark haloes are comparable at 3<z<5.

From the precision clustering/HOD analyses, I firstly achieve to trace the redshift
evolution of Mpivot across cosmic history by observations. The evolution of Mpivot 1s
follows the theoretical prediction: Mpivot iIncreases with decreasing the redshift at
z=3-5 and has a peak at z~2, which is known as the highest star-formation era, and
then decrease the star-formation efficiency with increasing the cosmic time at z=2-0.
This result of the redshift evolution of star-formation efficiencies is consistent with
the theoretical models as well as the observational results. Moreover, we show, for

the first time observationally, the dark halo mass with the most efficient
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star-formation activity is Mh~1012M, over cosmic time.
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