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A Systematic Search for Galaxy Proto-cluster Cores at z ~ 2

(2 ~ 21281 5 FIASITE 1 7 O RGHIHEE)

35186117
ANDO Makoto

Department of Astronomy, School of Science, The University of Tokyo

A proto-cluster core is the most massive dark matter halo (DMH) in a given
proto-cluster. To reveal the galaxy formation in core regions, we search for proto-
cluster cores at z ~ 2 in ~ 1.5deg® of the COSMOS field. Using pairs of massive
galaxies (log(M,/Mg)) > 11) as tracers of cores, we find 75 core candidates, among
which 54% are estimated to be real. A clustering analysis finds that the average
DMH mass is 2.6705 x 10 M, and 4.0%}% x 1013 M, if contamination is corrected.
The extenced Press-Schechter model shows that their descendant mass at z = 0 is
consistent with Fornax or Virgo-like clusters. Moreover, using the [lustrisTNG sim-
ulation, we confirm that pairs of massive galaxies are good tracers of DMHs massive
enough to be regarded as proto-clsuter cores. We examine the properties of member
galaxies of the cores in terms of the stellar mass function (SMF) and the quiescent
fraction. It is found that the cores have a more top-heavy SMF and a higher quies-
cent fraction than field galaxies. These properties are qualitatively similar to those
of mature clusters at z < 1.5. The environmental quenching efficiency is calculated
to be 0.1879-% for galaxies with log(M. /M) > 10.3, which is comparably low to
that of mature clusters at z ~ 1.5 in the literature, suggesting that cluster envi-
ronments have not quenched galaxies significantly until down to z ~ 1.5 although

excess quenching is already seen in cores.
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Experimental and observational approaches to understand
the properties of organics in space

(RENRUHRANFEL L5 2REHEY OYIEIRAE)

HEEWT A ID: 35-186119

Thanks to the breakthrough brought by the space-based infrared observations unaffected
by the atmospheric absorption, it has become clear that the organics ubiquitously exist
in the interstellar medium (ISM) of galaxies. Those interstellar organics can potentially
be related to the origin of life in our solar system. However, our knowledge of their
formation and evolutional process is quite limited. Especially, the origin of primitive
organics in the solar system is still an open question; i.e., solar-origin or pre-solar origin
(or both). One possible hypothesis of the pre-solar origin is such that a part of the
organics in the ISM originates in evolved stars and that they have been delivered and
incorporated as part of the primitive organics in our solar system. Since the interstellar
organics cannot be easily caught/handled in hand, this question has to be tackled with
the combined approaches between observational studies and experimental studies.

This thesis is composed of four chapters. In Chapter 1, I describe the results of synthesis
experiment of laboratory o'rganics QNCC, which are found to be the best ever analogues
of organics formed in dusty classical novae. In Chapter 2, I give the science goals and
the project status of the space exposure experiment of these laboratory organics using
International Space Station (ISS) to investigate the process that organics originating in
evolved stars be delivered and incorporated into part of primitive organics in the solar
system. In Chapter 3, I discuss how to combine the result of the synthesis experiment
of the organics with observational data to investigate the true nature of organics formed
around evolved stars. I also provide the preliminary results of mid-infrared observation
of a dusty WR star, which is potentially an important source of organics in the early
universe. In Chapter 4, the summary and the future perspective are given.

Based on the combined approaches between experimental and observational studies, I
will try to demonstrate the properties and formation/evolutional process of interstellar
organics.



Collimation of the relativistic jet in the quasar 3C 273
with multi-frequency VLBI observations

(ZR VLB & 8 2 = — 9= 3C273 Y zv b OULHIER O E)
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Abstract

The relativistic jet launched from the supermassive black hole at the center of active
galactic nucleus (AGN) is one of the highest energetic phenomena in the universe.
A key question to understand its nature is how the collimation occurs, enabling the
central black hole to release the accretion and/or rotational energies to a larger scale
structure beyond the host galaxy. Recent radio observations for nearby low-powered
radio galaxies suggest that the collimation of the jet occurs on a wide range of scales
inside the Bondi radius. However, little is known for other AGNs like quasars due
to the lack of the angular resolution. Here we present very long baseline interfer-
ometry (VLBI) observations with the Global Millimeter VLBI Array (GMVA) of
the archetypical quasar 3C273 at 86 Gllz, for the first time including the Atacama
Large Millimeter/sub-millimeter Array (ALMA). Qur observations achieve a high an-
gular resolution of ~70 pas, resolving the innermost part of the jet ever on scales of
~ 10° Schwarzschild radii. Our observations, including close-in-time High Sensitivity
Array (HSA) observations at 15, 22 and 43 GHz, suggest that the jet parabolically col-
limates and has a transition to the conical flow, similar to jets from LLAGNs. These
indicate the universality of the collimation process for AGNs with various accretion
rates from LLAGNSs to active quasars.



Exploring galaxy formation by optical large
surveys for Lyo emission

(TSGR R ERE 7 — & % B\ T Lyo BERR CHE S ST 2 L)
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Abstract

We study intergalactic medium (IGM) and active galactic nuclel (AGNs) at high-redshift based on data
taken from optical large surveys for Lyo emission.

In the first half of the paper, we present results of the cross-correlation Lye intensity mapping with
Subaru/Hyper Suprime-Cam (HSC) ultra-deep narrowband fimages and Lye emitiers (LAEs) at z =
5.7 and 6.6 in a total area of 4 deg®. Although overwhelming amount of data quality controls have
been performed for the narrowband images and the LAE samples, we further conduct extensive analysis
evalualing systematics of large-scale point spread function wings, sky subtractions, and unknown errors
on the basis of physically uncorrelated signals and sources found in real HSC images and object catalogs,
respectively. Removing the systematics, we carelully calculate cross-correlations between Lyo intensity
of the narrowband images and the LAEs. We identify very diffuse Lya emission with the 3¢ (2¢)
significance at > 150 comoving kpe (ckpe) far from the LAEs at z = 5.7 (6.6), beyond a virial radius of
star-forming galaxies with Afy, ~ 10* M. The diffuse Lya emission possibly extends up to 1,000 ckpe
with the surface brightness of 10720 — 10~ erg 5~! cm™? arcsec™?. We confirm that the small-scale
{< 150 ckpe) Ly radial profiles of LAEs in our Lyc intensity maps are consistent witli those obtained
by recent MUGSE observations (Leclercq et al. 2017). Comparisons with numerical simulations suggest
that the large-scale (~ 150 — I,000 ckpe) Lya emission are not explained by unresolved faint sources of
neighboring galaxies including sasellites, but by a combination of Lye photons emitted from the central
LAE and other unknown sources, such as a cold-gas stream and galactic outflow. We find no evolution
in the Lya radial profiles of our LAEs from z = 5.7 to 6.6, where theoretical models predict a flattening
of the profile slope made by cosmic reionization, albeit with our moderately large observational errors.

In the second half of the paper, we present results of the luminosity [unction (LF) for AGNs at
2.0 < z < 3.5 based on the integral feld spectrograph data taken by the Hobby-Eberly Telescope Dark
Energy Experiment (HETDEX) survey. We make a uniform AGN sample that consists of 480 type 1
AGNs with Myy down to ~ —18.5 from the Subaru/HSC r-band photometric source catalog with the
HETDEX spectra. In the optical images taken with the Hubble space telescope and Subaru, we find that
a large fraction of faint (Myy 2 —22.5) AGNs show spatially extended continua that are components
of host galaxies. With the uniform AGN sample, we obtain a UV LF for AGNs at 2.0 < = < 3.5 that
span a wide UV liminosity range of —26.5 < Myv < —19.5. At the faint end (—22.5 < Myy < ~19.5)
of our derived UV LF, we identify a significant hump whose shape is similar to the bright end of the
galaxy LF. Our UV LF is well fitted with a linear combination of the double power-law and the Schechter
function that describe the galaxy LF. The best-fit parameter of the coefficient of the Schechter function
indicates that 10.7725% of galaxies with —22.5 < Myy < —19.5 have fains AGN activities. Our AGN
LF at z ~ 2 — 3 and the local Seyfert galaxy LI are comparable, which gives a hint that the number
density of faint AGN population shows little redshift evolution. Estimating the cosmic SMBH density
growth rates from the UV LI for AGN, we find that the cosmic SMBH density growth rates via the
bright (Myv < —22.5) and faint (—~22.5 < Myy < —19.5) AGNs are comparable at 2.0 < z < 3.5, which
are caused by the large duty cycle of the faint AGNs,
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Far-sidelobe and Polarization Measurement of
LiteBIRD Low Frequency Telescope

using a 1/4-scaled Model
(1/4 A7 =) EFNEH Wz LiteBIRD {ERIEERBORAY 1 N o—7 L mREoRlE)

Hayato Takakura (35-186126)

Polarization of the Cosmic Microwave Background (CMB) has crucial information on
the inflationary universe. To detect these signals, we need a telescope with a broad
frequency coverage and a wide field of view. On the other hand, development of such a
telescope has difficulties in the calibration of far-sidelobes and polarization angles. Far-
sidelobes contaminate the weak CMB polarization signals with strong radiation from the
Galactic plane coming outside of the pointing direction. Errors of the polarization angles
result in the generation of pseud polarization.

LiteBIRD is the only funded CMB observation satellite for the 2020s, and the Low
Frequency Telescope (LFT; 34-161 GHz) is one of its telescopes. To verify its optical
design, we carried out near-field antenna pattern measurement of a 1/4-scaled LFT at
scaled frequencies between 140-220 GHz, which correspond to the lowest bands of the full-
scale LF'T. We investigated the antenna patterns up to 60° from the boresight, not only
at the center but also at the edges of the focal plane to cover the 20° field of view. The
measurements were consistent with simulated far-sidelobe patterns down to —50dB level,
and indicated that far-sidelobes for two orthogonal polarization directions are consistent
with each other down to —40dB level. We also measured the cross-polarization patterns
and confirmed that their peak levels are less than —20dB, most of which originates from
the feed.

On the other hand, near-field measurement takes impractically long time at higher
frequencies and for polarization angle measurement. Therefore, we developed another
measurement system with compact antenna test range method. Because the ground
calibration of the LFT is planned to be conducted at its operation temperature of 5K,
we designed the setup as small as possible to implement in a cryogenic chambers. The
neasured antenna patterns are consistent with those measured by near-field measurement
down to —40dB level. We also measured the polarization angles with wire grid polarizers
and a goniometer stage. The measurements were well explained by a simple Jones calculus,
and the statistical error of the determined polarization angles was less than +5 arcsec.



A Method of Measuring Chemical Abundances of Red Supergiants
and the Application to the Objects near the End of the Galactic Bar
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The rate of iPTF 14gqr like ultra-stripped supernovae and
binary evolution leading to double neutron star formation
(iPTF 1dgqr & ATED ultra-stripped supernovae @
FEHEIE E | NS &k L DBIfR)
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Recently, the gravitational wave signal [rom a double neutron star (DNS) merger event was
detected. DNS systems play important roles in various fields of astronomy and astrophysics. For
example, using GW signals, we can constrain the equation of state of a highly dense nuclear
matter. DNS systems are produced from massive binaries and must experience twice supernovae
(SNe). When a canonical core-collapse SN whose envelope is ~ (3{1) Mg, occurs, a pulsar kick
{~ ©O{100) km s™') is imparted onto a binary system, and thus the binary system is widened and
might dissociate. If a binary system has large orbital separation or already dissociated, it never
cause a merger evenl. Therefore, a SN with a small kick is considered Lo be essential to form
a DNS system that will merge within a Hubble time. On the other hand, it is suggested that
a SN explosion of an extremely stripped star (envelope mass S (H{0.1) Mg) might occur with a
small kick (~ O(10) km s~1). This type of SN is called an ultra-stripped SN (USSN). In addition
to that, from a perspective of binary evolution, a USSN is expecled to occur at the final stage
of DNS formation. Recent research revealed that a type Ie SN, iPTF ldgqr (SN 2014ft), has
low ejecta mass (=2 0.2 M) and its progenitor has a helium envelope with its mass ~ 0.01 Mg.
This SN is interpreted as a USSN, and thus this is the first discovery of a USSN. Furthermore,
the observation of iPTF l4gqr provides us with some information about its formation history,
such as common envelope (CE) phase. Therefore, we can investigate the binary physics such as a
CE phase by observing USSNe. Additionally, Lthe observation of USSNe leads to the observational
verification of the theoretically proposed formation scenario of DNS systems. Thus, the observation
of USSNe has an astrophysical significance. However, how many USSNe oceur in the Universe,
and how many of these we can detect have not been investigated in detail. Here, we perform rapid
population synthesis calculations so as to estimate the detection rate of iPTF l4gqr like USSNe
with optical transient surveys: the intermediate Palomar Transient Factory (iPTF), the Zwicky
Transient Facility (ZTTF), and the Large Synoptic Survey Telescope (LSST). We find that iPTF,
ZTF, and L8ST can observe iPTF 14gqr like USSNe at the rates of 0.3, 10, and 1 yr~1, respectively.
The iPTF can detect 1 iPTF 14gqr like USSN during its four year observation. We also investigate
effects of mass-loss efficiency during Roche-lobe overflow on formation channels. Additionally, we

estimate the explosion site of USSNe in order to investigate the origine of USSNe.



Orbital Structure of Planetary Systems Formed by Giant Impacts.
Stellar Mass Dependence
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Abstract

Recent exoplanet surveys revealed that for solar-type stars close-in super-Earths
are ubiquitous and most of them are in multi-planet systems. These systems
are more compact than the solar system terrestrial planets. Ongoing and future
exoplanet observations will find more of them around low-mass stays. However
there are not many theoretical studies on the formation of such planets around
low-mass stars. Now is the time to clarify the effect of the stellar mass on planet
formation. In the standard model the final stage of terrestrial planet formation
is the giant impact stage where protoplanets gravitationally scatter and collide
with each other, to evolve into a stable planetary system. We investigate the
effect of the stellar mass on the architecture of planetary systems formed by glant
impacts. We perform N-body simulations of the giant impact stage around the
star with mass of 0.05 - 1.0 times the solar mass. Using the isolation mass of
protoplanets, we distribute the initial protoplanets in 0.05 - 0.15 au from the
central star, and follow the evolution for 100 million Kepler periods. We find that
for a given protoplanet system, the mass of planets increases as the stellar mass
decreases, while the number of planets decreases. The eccentricity and inclination
of orbits, and the orbital separation of adjacent planets increase with decreasing
the stellar mass. This is because as the stellar mass decreases the relative strength
of planetary scattering becomes more effective. We also discuss the properties of

planets formed in the habitable zone.
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Transmission Spectroscopy of the Atmosphere of
TRAPPIST-1g using Subaru/MOIRCS and Gemini/GMOS-N
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Uncovering the composition of planetary atmospheres is important for understanding the planetary
formation, evolution, and habitability. The TRAPPIST-1 system, which has seven Earth-sized planets
orbiting around an M-dwarf, provides an exceptional opportunity for the atmospheric characterization
of temperate Earth-sized exoplanets (Gillon et al. 2017). Based on the previous studies using Hubble
Space Telescope (De Wit et al. 2018), most of the TRAPPIST-1 planets seem not to have clear
H2/He-dominated atmospheres. However for TRAPPIST-1g, the largest planet in the system, the
result was not conclusive in the observed wavelengths (1.1-1.7um). In addition, the effect of the stellar
surface inhomogeneity on the transmission spectra has recently begun to be considered (Rackham et
al. 2017). With this effect, the planetary transmission spectra can be considerably distorted especially
in the optical wavelength range.

To study the atmospheric nature of TRAPPIST-1g, we observed a TRAPPIST-1g transit event
on the night of UT 2017 September 2 with the Subaru Telescope / Multi-object infrared camera and
spectrograph (MOIRCS) at ~ 600nm and the Gemini Telescope / Gemini Multi-Object Spectrographs
(GMOS) at 1300-2300nm, simultaneously. The observed wavelength range is useful to constrain the
planetary atmosphere, because it covers strong methane absorption lines around 2.3 pm and the
signatures of Rayleigh scattering in the optical wavelength range.

We model the light curve with the combination of the transit model and the trend model using
Gaussian Process technique. We fit the 14 light curves in each wavelength bins simultaneously and
estimate the best parameters using the Malcov Chain Monte Carlo method.

The resultant transit depths are consistent with the results of other telescopes, although the de-
rived transit depths have too large uncertainties to constrain the TRAPPIST-1g’s atmosphere models.
However, owr results are umportant to constrain stellar surface model of the TRAPFPIST-1. We com-
pare the validity of several stellar surface models obtained from previous studies and three different
planetary atmosphere models. The derived relatively flat transmission spectrum can rule out the ex-
istence of large hot spots. We find that it is hmportant to observe transmission spectra simultaneously
in a wide wavelength range to constrain the stellar model before the intensive planetary atmosphere

studies using next generation large telescopes.
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Galactic Chemical Evolution of r-process Elements
-Constraints of their Astrophysical Sites on Core-Collapse Supernova,
Neutron-Star Merger and Collapsar-
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Abstract

R-process produce a hall of heavy elements in the universe. However. its detail
process is still not clear since r-process proceed by capluring neutrons so rapidly.
Its astrophysical site is also under-debate although some candidates, such as core
collapse supernovae, neutron star merger and coliapsar, have heen discussed- for
decades. To investigate this open question, many caleulation of chemical evolution
have been done. Both of observation and theoretical caleulation, however, have so
large uncertainty that the debate is still not settled. In previeus studies, abundance
of only Ewopium is discussed. since all or most r-process elements are assumed to
be synthesized by one astrophysical event in order to reproduce r-process "univer-
sality” and they evolve in the same way. We calculated a one-zone galactic chemical
evolution of abundance pattern over whole range of r-process elements as a fune-
tion of time by taking account of two types of core collapse supernovae, neutron
star merger and - -collapsar simultaneously. We suggest that "universality” can he
satisfied even if both of multi-astrophysical sites contribute to r-process abundance.
The NSM model dominated by wind-ejecta, where only weak r-process occur, is

preferred from owr calculation.




Development of a new N-body simulation code for globular
clusters with binary stars
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Abstract

Globular clusters are one of possible formation sites of binary black holes {(BBHs) which
coalesce due to the gravitational wave emission. In dense star clusters, three-body
encounters drive the dynamical formation of hard BBHs. However, N-body simulations
of globular clusters with a realistic number of particles (more than one million) is still
difficult. One reason is the calculation cost of direct summation of gravitational force
among stars, because it is O(N?). In order to solve this problem, we adopt a particle-
particle particle-tree (P*T) method (Oshino et al. 2011, Iwasawa et al. 2015, 2017}, in
which force from distant particles is calculated using a tree code (O(NlogN) calculation
cost), while that from neighbor particles is directly calculated. The other reason for the
difficulty of globular-cluster simulations is long timescale of globular clusters (=10 Gyr)
compared with the orbital period of binaries (< 1 day). To overcome this problem, we
developed a new code, "P3T-DENEB," combining P’T scheme with an algorithm for
binaries, GORILLA, which treats the orbits of isolated binaries as two-hody problem
(Tanikawa and Fukushige 2009). Our code is MPI parallelized, and test calculations have
been done using a CPU cluster. With 10° particles, the calculation speed of PPT-DENEB
is about 100 times faster than that of a direct N-body simulation code with GORILLA.
The parallelized calculation scaled up to 10% cores in the case of 10 particles. We also
performed N-body simulations of globular clusters with a mass function over core collapse
with maximum 4096 particles. We confirmed the energy conservation and the formation

of hard binaries in globular clusters.
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