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In the current framework of galaxy formation, cold gas accretion from the cosmic web
which forms the backbone of the Universe with dark matter, fuels star formation and
active galactic nucleus (AGN) activity in galaxies. After star formation proceeds,
accreted gas from the intergalactic medium (IGM) interacts with gas ejected from
galaxies via various feedback mechanisms in the circumgalactic medium (CGM,
roughly referring to gas within a few times the virial radii of galaxies), regulating the
galactic gas supply. Thus, the IGM and CGM are crucial components to reveal galaxy
formation and evolution, and extensively studied for decades. Despite many efforts,
however, there remains so much mystery about them, e.g., if the cosmic web filaments
really exist at high redshift in the first place, how much the gas distribution is affected

by their large-scale environments, and so forth.

In this thesis, we tackle these issues mainly using the Lya emission line. Our goal is
to detect the IGM in Lya emission, which will lead to further investigation with
spectrographs to constrain detailed physical properties of the IGM. At the same time,
we aim to characterize the CGM around LAEs at z~3, through stacking analyses. We
especially focus on “protoclusters”, which are ancestors of today's galaxy clusters, since
they are the site of the most active, massive galaxy formation within which various
important processes are at work. We present our results of successful wide-field
observations with the Hyper Suprime-Cam (HSC) on the Subaru Telescope targeted at
a massive protocluster at z=2.85, at the center of which a “hyperluminous” QSO
(HLQSO) resides. Using a narrow-band filter, we can detect redshifted Lya emission
from that redshift, and probe the IGM and CGM around the protocluster and other
normal density fields at the same time, thanks to the wide field of view of the HSC.

In Chapter 2, we focus on the large- and small-scale Lya structure around the QSO. As
we took wide-field images centered at the protocluster and the QSO, we can probe
diverse environments from a protocluster to void regions simultaneously. Lya emitters
(LAEs, young star-forming galaxies) are used to trace the large-scale structure at
z=2.85 and the distribution of Lya blobs (LABs, galaxies with extended Lya emission)
1s studied. We revealed the large-scale filamentary structure extending from the
protocluster. LABs are basically distributed along the structure, with larger ones

particularly clustering around the HLQSO, confirming a previously noted tendency of



LABs to prefer denser environments. We then describe diffuse Lya emission detected
around the QSO revealed with our deep imaging observations. One diffuse nebula has
no luminous UV/sub-mm counterpart within it and has a filamentary shape pointing
toward the HLQSO. We propose a few explanations for this nebula; one interesting
possibility is that the nebula may represent a cold filament which is predicted in

simulations but remains observationally elusive until very recently.

With the same datasets, we can probe the CGM of LAEs through stacking analysis.

Chapter 3 will focus on diffuse Lya emission around LAEs, or Lya halos (LAHs). The
depth and wide field coverage of our data enable us to argue the dependence of LAHs
on various galaxy properties, especially on Mpc-scale environments with
unprecedented depth and sample size at z~3. With 3490 LAEs within the field, we probe
LAHs of various subsamples through stacking of their Lya images. Subsamples are
constructed with 5 quantity: UV magnitude, Lya luminosity, Lya equivalent width,
local environment, and distance from the HLQSO. We succeeded to detect more
extended Lya emission compared to UV continuum emission in all subsample. UV-
bright/Lya-bright/low-Lya equivalent width LAEs have more extended LAHs, while the
distance from the QSO seems not to make a large difference in LAHs. Finally,
combining our results and those in literature, we conclude that the dependence of LAH
shapes of LAEs on large-scale environments is only evident in the densest parts of the
Universe, i.e., in protoclusters. These results suggest that the CGM distribution
around star-forming galaxies at z~3 in normal environments is mainly determined by

their own properties such as halo masses instead of their external conditions.

Our goal of detecting the IGM in Lya emission is partially achieved in this thesis - we
discovered a promising candidate and further characterization is still ongoing. At last
in Chapter 4, we highlight key results and present our future directions to further

approach the ultimate goal of understanding the galaxy formation at high redshift.
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