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The Environment of Quasars in the High Redshift Universe
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Luminous quasars are generally thought to be formed through major mergers of gas-rich galaxies. At a high
redshift, the reservoir of the gas feeding the quasars can be supplied by major (wet) mergers. This suggests that
the activity of quasars and therefore, their supermassive black hole (SMBH) growth, may depend not only on
their intrinsic properties but also on the surrounding environment beyond the scale of a galaxy. However, the
mechanism by which the large-scale environment affects mass accretion onto the SMBH, with a scale much
smaller than that of a galaxy, is not known. It is generally assumed that the most luminous quasars and galaxies
are hosted by massive halos, as suggested by M-o relations. Therefore, if quasar activity is triggered by
frequent mergers, it should preferentially occur in the peaks of the matter density, i.e., high redshift
protoclusters (or clusters in the formation) that are thought to evolve into the galaxy clusters seen in the local
universe. However, this topic is still controversial and a consistent picture for the environment of high-$z$
quasars has not been achieved. In addition, the extreme rarity for both protoclusters and quasars does not allow
us to derive a general picture of their relation.

Moreover, there is another aspect that makes it difficult to evaluate the quasar environment. The most
luminous quasars could suppress galaxy formation in their surroundings through feedback,
“photoevaporation”; photoionization heating by an intense ultra-violet (UV) radiation from the quasars can
evaporate collapsed gas in the halo and further inhibit gas cooling. This phenomenon could be effective around
quasars, especially in terms of preventing the formation of low-luminosity galaxies. However, the occurrence
of this process is not readily apparent during observations, because in addition to the small field-of-view,
previous studies have not probed deep enough to investigate galaxies with sufficiently low luminosity or low
mass, where more effective photoevaporation is expected.

In this thesis, the advantages of the wide-field imaging capability of a Subaru telescope was exploited to
characterize the large-scale environment of high-redshift quasars by systematically investigating (1) the
number of galaxies that are clustered around quasars, and (2) the extent of the influence of the radiation effect
of quasar on these surrounding galaxies. Two wide-field images dataset produced by Subaru were used. One is
the 1st release data (DR1) of the Hyper Suprime-Cam Subaru Strategic Program (HSC-SSP) of 121 square
degrees to statistically characterize the environment of a large number of optically selected quasars at z~4 from
the Sloan Digital Sky Survey (SDSS). The other is the narrow-band images obtained using the Suprime-Cam
to target 11 fields of quasars at z~2-3, to systematically study the radiative feedback effects on the surrounding
low-luminosity galaxies. ]

Firstly, a cross-correlation between the positions of the SDSS quasars at z~4 and the bias-free wide-field
protocluster catalog was performed, which is produced by HSC-SSP DR1 data at the same redshift. It was
found that only two out of 151 quasars reside in regions with galaxy overdensity significance of more than 4c,
compared to the field. The distributions of the distance between quasars and the nearest protoclusters are
statistically identical to those found in the g-dropout galaxies (star-forming galaxies at z~4). In addition, the
overdense significance at the position of the quasars are also the same as those of g-dropout galaxies. These
results suggest that quasars tend to reside in almost the same environment as star-forming galaxies at this
redshift. Using stacking analysis, it was found that the average density of the g-dropout galaxies in the vicinity
of quasars is slightly higher than that in the region of g-dropout galaxies over 1.0-2.5 pMpc scales. However,
at < 0.5 pMpc, the values in the vicinity of quasars tend to be lower. I also found that quasars with higher UV-
luminosity or with more massive black holes tended to avoid the most overdense regions. These findings are
consistent with a scenario in which the luminous quasar at z~4 resides in structures that are less massive than
those expected for the progenitors of the current rich clusters of galaxies.

Next, I focused on the Lyman alpha emitters (LAEs) to systematically study the possible photoevaporation
effect of quasar radiation on surrounding low mass galaxies at z = 2-3. I selected LAEs using Suprime-Cam
narrow-band images at the same redshifts as the quasars at z~2. The proximity zone of a quasar is defined by
the region where the local UV radiation from this entity is comparable to the UV background. It was found that
LAEs with high a rest-frame equivalent width of Lyman alpha emission (EW) of > 150A with low stellar mass



< 1078 solar mass, are scarce in the quasar proximity zones. This suggests that quasar photoevaporation effects
may be occurring. The halo mass of LAEs with EW > 150A is estimated to be 3.6x1079 solar mass, either
from the Spectral Energy Distribution (SED) fitting or the main sequence. Based on a hydrodynamical
simulation, the predicted delay in star formation under a local UV background intensity with J = 10~{-21} erg/
s/cm?2/Hz/sr for galaxies with less than this halo mass is approximately > 20 Myr. This is longer than the
expected age of LAEs with EW > 150A. However, photoevaporation seems to be less effective in the vicinity
of very luminous quasars, which is consistent with the idea that these quasars are still in an early stage of
quasar activity.

These findings imply that most quasars appear in individual galaxies and not by major mergers. Once they
appear, low-mass galaxy formation around the quasar will be suppressed because of the intense UV radiation
from the quasar, photoevaporation. Therefore, for the first time, the environment of quasars at high redshifts
throughout their lifetime is statistically and observationally revealed.
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