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The formation and evolution of galaxies are essential topics in modern astronomy.
Galaxy properties are correlated with their living environments, which is called the
“environmental effect”. In the local universe, galaxies in dense environments, such as
clusters, are often in the quiescent phase. To reveal the origin of the environmental
effect, it 1s essential to explore its initial condition in the distant universe.
Protoclusters are one of the ideal laboratories at that point, but due to the small sample
size, their properties are totally in mystery at z>3. Moreover, recent studies suggest
that the different galaxy populations probe the different spatial distribution in
protoclusters, although it is not yet clear how this impacts the environment related
studies and whether it is the same in the general field. Moreover, recent observations
with deep surveys and sensitive near-infrared spectrograph have revealed the
existence of galaxies with suppressed star formation even at ~1-2 Gyr after the big
bang. However, it is not yet explored whether the quenching mechanism of these high
redshift galaxies is related to the environment or other mechanisms, such as active
galactic nuclei (AGNs).

In this thesis, I report exploring the star formation activity of galaxies mainly at
high redshift and its connection to their living environment. Based on the wide-field
survey of the Hyper Suprime-Cam Subaru Strategic Program (HSC-SSP) and the
Cosmic Evolution Survey (COSMOS), I conduct three studies with the statistical
approaches.

Firstly, we derive the rest-frame UV luminosity function of galaxies in protoclusters
(PC UVLF) at z~4. This protocluster sample is selected from the overdensity map of
Lyman break galaxies at z~4 from the HSC-SSP, and the largest sample at this redshift.
After the statistical correction for the incompleteness and contamination for
protocluster galaxies, we successfully determine the PC UVLF for the first time. From
this function, we find that protocluster galaxies tend to be brighter in the rest-frame
- UV than field galaxies. It is not likely due to AGNs, suggesting that protocluster
galaxies are more active in star formation. The PC UVLF also suggests that
protoclusters at z~4 contribute to the =6-20% of the total star formation occurring in
the universe. These suggest that the environment has already affected the galaxy
evolution at z~4, and protocluster galaxies may evolve earlier than field galaxies.

Secondly, we evaluate the general spatial distribution difference among different



galaxy populations at 2<z<4.5 in the COSMOS field. We construct a massive star-
forming and quiescent galaxy (SFG and QG) sample from the photometric redshift and
Lya emitter (LAE) sample of the SC4K survey. We conduct two analyses: clustering and
overdensity measurement. The cross-correlation signal of SFGs and QGs is as expected
from their autocorrelation signal. However, the cross-correlation signal of SFGs and
LAEs is significantly lower than their autocorrelation signal. This low signal suggests
that some physics segregate LAEs in addition to the halo mass difference. The
overdensity distribution measured by SFGs as a tracer supports this trend, showing
that LAEs are in less dense regions than SFGs and QGs. These results reinforce the
importance of exploring multiple galaxy populations in quantifying the intrinsic galaxy
environment of the distant universe. In addition, we discuss the connection between
SFR and the living environment from the derived overdensity. However, we do not find
any correlation. Based on the clustering analysis and the overdensity, this work
suggests that the environmental quenching is insignificant at z>2.

Lastly, we explore the connection between galaxy quenching and AGNs at 0<z<5,
which is another plausible mechanism for quenching. We conduct the X-ray and radio
image stacking for X-ray undetected QGs selected from the latest COSMOS2020 catalog.
We successfully detect signals of X-ray and radio for up to z~5 for the first time. The
X-ray and radio luminosity cannot be explained by the only X-ray binaries and star
formation-related emissions, respectively, suggesting that QGs ubiquitously possess
low-luminosity AGNs. Moreover, QGs have higher AGN luminosity than SFGs at z>1.5.
We conclude that this trend indicates that AGNs have an essential role in galaxy
quenching, possibly through “radio-mode” feedback. This is not seen at z<1.5, which
might reflect that other mechanisms, such as environmental quenching, are dominant
for quenching.

This thesis observationally suggests that the overdense environments at the high
redshift (z>2) have a role in enhancing the star formation, not in quenching, and it
already starts as early as z~4. Quenching at high redshift is likely to be caused by
AGNs. On the other hand, it also suggests the importance of mapping the multiple

galaxy populations to examine the real environment.
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