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Summary (Abstract) of doctoral thesis contents

The star-forming activity of galaxies in the Universe comes to its peak about ten
billion years ago from the present-day Universe (redshift z~2). This epoch is called
the "“cosmic high noon”. In order to understand how the star-forming activity of
galaxies is peaked towards the cosmic noon, we go further back in time to z ~ 3-3.6
which is 1-2 Gyr prior to z~2. We aim to reveal what physical processes are involved
in such a rapid increase of star formation rates (SFRs). So far, the ultraviolet
(UV)-selected galaxies, such as Lyman Break Galaxies (LBGs), have been commonly
used to probe the pre-peak epoch at z > 3. However, the UV-selected galaxies tend to
be biased to bluer, less dusty star-forming galaxies due to strong dust extinction in
the rest-frame UV regime. On the other hand, the rest-frame optical emission lines
are less affected by dust extinction, and thus the optical emission line selected
galaxies are more representing the star-forming galaxies including dusty ones. We
focus on the [Oiii]l A 5007 emission line instead of Ha to trace star-forming galaxies at
z= 3-3.6 because Ha is no longer accessible at z > 2.6 from the ground. Recent
studies have reported that high redshift normal star-forming galaxies tend to show
strong [Oiii]l emission as compared to the local counterparts. It is expected that we
can use the [Oiii] emission line as a good tracer of star-forming galaxies at z > 3.

Imaging observation with a narrow-band (NB) filter, which can capture the
redshifted strong emission lines from galaxies, is a powerful method to construct a
sample of star-forming galaxies in a particular redshift slice. It provides us with a
clean sample of star-forming galaxies down to a certain flux and equivalent-width
(EW) limits. In this Thesis, we use the samples of NB-selected [Oiii] emission line
galaxies at z > 3 obtained by the two systematic NB imaging surveys, namely
Mahalo-Subaru and HiZELS.

In the first place, we want to confirm that the [Oiiil emitters actually trace
star-forming galaxies at high redshifts with little bias. For this purpose, we compare
[Oiii] emitters with Ha emitters at the same redshift (z=2.23) selected by the NB
filters at H and K-band, respectively. We find no significant difference on the global
physical quantities between the two samples. This indicates that the [Oiii] emitters
are not biased towards a particular population with respect to the Ha emitters at
z=2.23. We have thus confirmed that the [Oiii] emission line can be a useful tracer of
star-forming galaxies at high redshifts.

With the [Oiii] emitters at z > 3 in the general fields, we investigate the
star-forming activity of galaxies before the peak epoch. Stellar masses and SFRs of
the [Oiii] emitters show a positive correlation, which is known as the ““main

sequence'" of star-forming galaxies. By comparing the stellar mass— SFR relation of
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the [Oiii] emitters with that of the NB-selected galaxies at z~2, we find that there is
little evolution in the normalization of the main sequence between the two epochs,
but that there is an offset along the constant main sequence towards the lower stellar
masses with respect to the z~2 star-forming galaxies. Based on the assumption that
the galaxies evolve along the constant sequence, we can estimate the stellar mass
growth of star-forming galaxies from z=3.2 to 2.2. As a result, a significant mass
growth of galaxies during just 1 Gyr interval is suggested. Moreover, by dividing the
samples at z=3.2 and 2.2 into three stellar mass bins, we find that, from z=3.2 to 2.2,
the fraction of massive galaxies with relatively high sSFRs and high dust extinctions
increases in the highest stellar mass bin. This suggests that the dusty star formation
phase becomes more common among massive galaxies since z=3.2 towards the peak
epoch.

We also carried out the NIR spectroscopic observations of the [Oiii] emitters at
z=3.24 with Keck/MOSFIRE. Comparing the excitation and ionization states and
gaseous metallicities of the [Oiii] emitters at z=3.24 with those of other samples at
the same epoch, we find that the [Oiii] emitters have similar ISM conditions to those
of the UV continuum-selected galaxies, which are different from those of LAEs. We
also compare the gaseous metallicities of the [Oiii]l emitters with those of the
star-forming galaxies at z~2 from the literature. Their gaseous metallicities are
almost the same at a fixed stellar mass, and the mass— metallicity relation does not
show a strong evolution between the two epochs.

In this Thesis, based on our unique NB-selected [Oiii] emitters, we investigate the
physical properties of star-forming galaxies at z > 3. Our results infer that the stellar
mass-SFR relation and the mass-metallicity relation are almost constant between
z~3.2 and 2.2. The stellar masses are likely to determine the evolutionary stage
(star-forming activity and ISM conditions) of star-forming galaxies between the two
epochs. While the scaling relations are almost constant, our results also suggest that
the individual galaxies show a significant stellar mass growth between the two
epochs (1 Gyr interval). The star-forming activity of galaxies is accelerated since z >
3 towards the peak epoch.

In order to reveal the physical mechanisms behind such a rapid galaxy growth, it
is required to investigate their internal structures, kinematics, and molecular gas

components with the AO-assisted imaging, integral field spectroscopy, and ALMA.
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