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Dust Properties of Hickson Compact Groups Revealed by AKARI,
Spitzer and Herschel Observations

35-156116
Ayato Ikeuchi

In this thesis, we analyzed the near- to far-infrared properties of member galaxies in
Hickson Compact Groups (HCGs) 56 and 92. HCGs 56 and 92 are the compact groups of
galaxies that are gravitationally strongly interacting. Such galaxies offer ideal opportunity
to investigate the effects of galaxy interactions on the galactic environment (e.g., star
formation and AGN activities) and their evolution. We have carried out the AKARI/IRC
slit-less spectroscopic observations of 56 and 92a and investigated the spectral properties of
2-14 micron spectrum of member galaxies. We detected clear signs of UIR bands in
galaxies HCG 56a, HCG 56c+d, HCG 56e, and HCG 92a, which are all regarded as a
normal and/or starburst galaxies. The near- and mid-infrared spectrum of HCG 56b shows a
strong continuum emission with no clear presence of UIR bands nor silicate absorption,
which are consistent with the presence of ANGs and are common characteristics of Seyfer
I galaxies. The near- and mid-infrared spectrum. of 92¢ shows a strong red continuum
emission and a broad bump structure around at 8 micron and a strong absorption feature at
9.7 micron by silicates, which are quite similar characteristics to those observed in the core
of Luminous Infrared Galaxy NGC 4418. We also investigated the spectral energy
distributions (SEDs) constructed from AKARI/IRC, Spitzet/IRAC & MIPS,
Herschel/PACS & SPIRE photometric datasets. We have carried out the fitting to the
observed near- to far-infrared SEDs using the latest dust SED models and AGN dust model.
We examined the location of member galaxies on the MIR/FIR 'diagnostic diagram (UIR
6.2/FIR vs. 6.2 micron-continuum/FIR), which has been used to distinguish the AGN and
starburst activities based on ISO datasets of various types of field galaxies. The positions of
HCG 56a, HCG 56c+d, HCG 56e, HCG 92a and SQ-B in the diagnostic diagram are
roughly consistent with the sequence of the normal and starburst galaxies and those of
HCG 56b and HCG92c, which have ANGs, distribute in low UIR 6.2/FIR and high 6.2
micron-continuum/FIR area. These results suggest that the behavior of member galaxies in
HCG 56 and HCG 92 on the MIR/FIR diagnostic diagram is generally consistent with those
of field galaxies. We found that the star formation rate (SFR) of each member galaxy
calculated from the best-fit parameters is not significantly higher than the Galactic SFR
value. Therefore, we have concluded that the induced star formation activities due to the
galaxy interaction has not been recognized from our analyses.
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Connection between Galaxy and Inter-Galactic Medium at z ~ 2 — 3
Studied by Optical and Near-Infrared Observations
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Abstract:

We present spatial correlations of galaxies and IGM neutral hydrogen Hi in the COSMOS JUltraVISTA
1.62 deg? field. Our data consist of 13,415 photo-z galaxies at z ~ 2 — 3 with K, < 23.4 and
the Lyo forest absorption lines in the background quasar spectra selected from SDSS data with
no signature of damped Lya system contamination. We estimate a galaxy overdensity Sga1 in
an impact parameter of 2.5 (proper) Mpc, and calculate the Lyco forest Quctuations 8y whose
negative values correspond to the strong Lyo forest absorption lines. We identify weak evidence
ol an anti-correlation between §ga and &7 with a Spearman’s rank correlation coefﬁcieryt of
—0.39 suggesting that the galaxy overdensities and the Lya forest absorption lines positively
correlate in space at the ~ 90% confidence level. This positive correlation indicates that high-z
. galaxies exist around an excess of HI gas in the Ly forest. We find four cosmic volumes, dubbed
Agbs; Bobs: Cobs, and Dops, that have extremely large (small) values of dga >~ 0.8 (~1) and o¢ry
~ 0.1 (~0.4), three out of which, Bons—Dobs, significantly depart from the dgal-d(y correlation,
and weaken the correlation signal. We perform cosmalogical hydrodynaimical simulations, and
compare with our observational results. Our simulations reproduce the'Jgal-J(F} correlation,
agreeing with the observational results. Moreover, our simula;tions have model counterparts of
Agve—Dobs, and suggest that the observations pinpoint, by chance, a galaxy overdeunsity like a
proto-cluster, gas filaments lying on the quasar sightline, a large void, and orthogonal low-density
filaments. Our simulations indicate that the significant departures of Bops—Dobs are produced
by the filamentary large-scale structures and the observation sightline effects. We study Aqps
for more details with the medium high spectral resolution VLT /X-shooter spectrum, and find
three absorbers, dubbed Systems 1,2 and 3, with Cn, Sirv, C1v and Mgli._ This is the Arst time
to identify multiple metal absorbers in a proto-cluster candidate. Our results of photoionization
modeling and Lya + Lyf fitting suggest that System 2 is a typical Lyman Limit System, and
that Systems 1 and 3 have moderately low HiI colunn densities of log Ny, (em™2) ~ 16.0 — 16.5
with a high metallicity of Z/Zg =~ 0.3 — 1.0 indicative of gas clumps in the CGM and/or the
intra~cluster medium of the proto-cluster candidate. We will extend this study, and investigate
the small-scale galaxy-HI relations that are key for galaxy inflow and outfow processes with the
Hobby-Eberly Telescope Dark Energy Experiment survey data that ave about two orders of mag-
nitude larger than the present study data. APPENDIX: We have prototyped two types of mirror
coatings, which are the multi-layer dielectric coating and the enhanced silver coating, to decide
which mirror coating is suitable for the TMT/IRIS tmager optics. We measure reflectance and
thermal deformation, and estimate wavefront error contribution at 77 K when the coatings are
applied to the IRIS imager. Our results suggests that the multi-layer dielectric coating has the
high reflectance and the small mirror surface deformation, and is suitable for the IRIS imager.
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Angular momentum evolution of stellar disks at high redshifts
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The stellar disk size of a galaxy depends on the fraction of the dark halo mass settled as disk stars, m, =
M, /My, and the fraction of the dark halo angular momentum transferred to the stellar disk, j, = J,/Ja.
Since m, and j, are determined in a different manner by a seties of star-formation related processes such
as inflows and feedbacks, measuring j, and /m, at various redshifts is needed to understand those processes
and thus the formation history of disk galaxies. However, angular momentum studies at z > 1 are still very
limited because it is difficult to kinematically measure j,.

We use the 3D-HST GOODS-S, COSMOS, and AEGIS imaging data and photo-z catalog, where stellar
masses and star formation rates are also given, to examine j, and m, for star-forming galaxies atz ~ 2, 3,
and 4, when disks are actively forming. For each redshift, we divide the catalog into M, bins and infer My
from clustering analysis and abundance matching, thus obtaining m, for each bin. We also measure, for
objects in each bin, effective radii ry at rest 5000A with GALFIT which, combined with Mo et al.’s (1998)
analytic disk formation model and M, and m, measurements, gives j; without measuring disk kinematics.

We find that the j./m, ratio is ~ 0.77 & 0.06 for all three redshifts over the entire mass range examined,
8 x 1010 < My /h™' My < 2 % 10'%, with a possible (< 30%) decrease with mass. This high ratio is close to
those of local disk galaxies, descendants of our galaxies in My, growth, implying a nearly constant j, /s
over past 12 Gyr. These results are remarkable because mechanisms controlling angular momentum transfer
to disks such as inflows and feedbacks depend on both cosmic time and halo mass and indeed theoretical
studies tend to predict j,/m, changing with redshift and mass. It is found that recent theoretical galaxy
formation simulations predict smaller js/my than our values. We also find that a significant fraction of our
galaxies appear to be unstable against bar formation. We also examine the r;—M, relation for our galaxies,
finding shallow power-law slopes of the relation decreasing from =~ 0,19 at z ~ 2 to = 0.08 at z ~ 4. These
shallow slopes less than 0.2 reflect the non-positive slopes of the j,/m.-My, relation, and the decrease
toward z ~ 4 may be due to a decrease (getti-ng more negative) in the slope of the j, /m,-Myy, relation over
the same redshift range.
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How supermassive black holes (SMBHs; Myy ~ 109°M) were formed and evolved in the early
Universe is one of the most intriguing mysteries. In order to investigate the properties of “seed” black
holes (BHs), seaches for nearby (z < 0.5) low-mass nuclear black holes (Mg < 10°Ms), which are
thought to be local analogs of seed BHs, have been conducted until now. Rapid optical variability is
expected to be detected for such low-mass active BHs since the anti-correlation of BH mass and its
variability timescale has been found empirically in case of QSOs, and has been suggested to be an effective
tool to search for low-mass active BHs, We evaluated the properties of the optical variability of 20 low-
mass BHs with the BH masses of 10*° < Mgy /M, < 10%% with the unconventional high-cadence (~
30 min) photometric data, The variabilities of the AGNs of this mass range (< 10°M,) within such a
short timescale are evaluated for the first time. Our data are taken with Kiso Wide Field Camera on
the 105 em Schmidt telescope at the Kiso observatory. In order to evaluate AGN variability, we used
the structure function (SF), which is commonly used as an indicator of the variability and is defined to
be the pure rms magnitude difference as a function of the time difference. As a result, we found that
9 out of 20 low-mass BHs show variability which have significantly larger than those of stars in the
fields. Finally, we successfully found that low-mass BHs show variability in as short as ~hours to 10
days, which is significantly higher amplitude than those of QSOs. This result implies that rapid optical
variability surveys are quite promising to effectively find low-mass BHs.
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Collective neutrino flavor Qscillation's and
application to supernova nucleosynthesis
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Abstract

I: core-collapse supernovae, tremendous numbers of ueutrinos are produced
inside a proto-neutron star. These neutrinos propagate outwards accompany-
ing gravitational binding energy of the inner core. In such extreme celestial
conditions, non-linear neutrino flavor oscillations are caused by coherent scat-
terings of self-interacting neutrinos. These many-body effects induce collective
neutrino oscillations and dramatical flavor transitions. In proton-rich gas flow,
these flavor transitions will trigger crucial effects on vp process nucleosynthesis.

We have calculated collective neutrino oscillations in core-collapse supernovae
imposing typical values of neutrino luminosity and energy in cooling phase. We
have confirmed thelr fundamental properties discovered in previous numerical
studies. In the 2 Aavor single-angle calculation, we have interpreted nmnerical
results analytically. We have also executed more realistic 3 flavor multi-angle
calculation using the simulation data of 1D explosion model and applied to nu-
cleosynthesis in a neutrino-driven wind cousistently. In normal neutrino mass
hierarchy, collective neutrino flavor trausitions raise up the ratio of anti-electron
type neutrinos in flavor space before vp process proceeds actively. Therefore,
especially in a slower gas trajectory, vp process is enhanced prominently and
more p-nucleus are synthesized enough to explain their solar abundances. Our
simulation results imply that neutrino-driven winds can be promising sites for
92Mo and ®Ru whose origins are still poorly unknown. These results also sug-
gest that collective neutrino oscillations can enhance vp process significantly
and these oscillation effects are necessary for more precise nucleosynthesis cal-
culations,
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Development of a low frequency vibration isolation system for KAGRA, and
study of the localization of coalescing binaries with a hierarchical network of
gravitational wave detectors.
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Abstract

This work describes the development of the seismic attenuation systems for the power recycling
mirrors of the KAGRA interferometer. It also includes a study about source localization of a coalescing
binaries by using a network of gravitational wave detectors with different sensitivities.

The KAGRA detector is the Japanese large-scale cryogenic gravitational wave telescope (LCGT)
which is now being developed underground in the Kamicka mine. The core optics of the KAGRA
detector will be suspended by the so-called seismic attenuation system (SAS). Their positions are
actively controlled by using sensors and actuators implemented on SAS, in order to suppress the large
displacements caused seismic noise driving the mechanical resonances of the suspension systems.

This work verified an existing simulation tool for the mechanical suspension system and active
control systems by using one suspension system used in iKAGRA. The iKAGRA is a test run which
was conducted in spring 2016 with Michelson configuration. This verification confirmed that the
simulation tool worked properly for designing the active control system for the suspension system.

Active control systems for the suspension system which will suspend the power recycling mirrors
are designed by using the simulation tool.

In the coming years, large-scale gravitational wave detectors will start coincident observations
to achieve source localization. However, in the beginning, the sensitivities of those detectors can be
different from each other, even if they are operated at the same time. Thus, one has to construct a
method to effectively use the less sensitive detectors’ information. This work investigated a hierarchical
network search to deal with such a situation. In this search, the less sensitive detectors are included
into the network with lower SNR, threshold than the SNR of the higher sensitive detectors, only when
a trigger is generated from the higher sensitive detector’s coincidences search. .

This study confirmed that this method can reduce the systematic error on a sky map probability by
a factor of 0.7, by using 2 high sensitivity detectors and 1 or 2 low sensitivity ones. This is compared
to a performance of a network search by the 2 high sensitivity detectors. The study supposed that
the detection network composed by 3 (or 4) detectors whose detection ranges are 70 Mpc and 20
Mpe. It also confirmed that the hierarchical network search is useful for the observations involving
gravitational wave detectors with different sensitivities.
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Probing the Origin of Fast Radio Bursts by Fermi Gamma-ray
Survey and Simulations of Binary Neutron Star Mergers

Shotaro Yamasaki (ID: 35-156133)

This thesis consists of the general introduction (Chapter 1) and the following three
chapters: 2) A Blind Search for Prompt Gamma-ray Counterparts of Fast Radio Bursts
with Fermi Gamma-ray Survey, 3) Probing the Origin of Fast Radio Bursts by Binary
Neutron Star Merger Simulations, and 4) Subaru Image Analysm of FRB150418 Host
Galaxy Candidate.

Fast Radio Bursts (FRBs) are a mysterious flash phenomenon detected in radio
wavelengths with a duration of only a few milliseconds, and they may also have prompt
gamma-ray flashes. In Chapter 2, we carry out a blind search for msec-duration gamma-
ray flashes using the 7-year Fermi Large Area Telescope (Fermi-LAT) all-sky gamma-ray
data. About 100 flash candidates are detected, but after removing those associated with
bright steady point sources, we find no flash events at high Galactic latitude region (|5} >
20°). Events at lower latitude regions are consistent with statistical flukes originating
from the diffuse gamma-ray background. From these results, we place an upper limit
on the GeV gamma-ray to radio flux ratio of FRBs as £ = (vL,)/ (VLy radio S (42—
12) x 107, depending on the assumed FRB rate evolution index 8 = 0-4 [cosmic FRB
rate ®prp o (1 + 2)?]. This limit is comparable with the largest value found for pulsars,
though & of pulsars is distributed in a wide range. We also compare this limit with the
spectral energy distribution of the 2004 giant flare of the magnetar SGR 1806—20.

What is investigated in Chapter 3 is the binary neutron star mergers. One possible
theoretical model for FRBs (at least for non-repeating ones) is a binary neutron star mer-
ger. However, the merger environment can be significantly polluted by dynamical ejecta
during the early in-spiral phase, which would result in the suppression of radio emission.
Motivated by this, we investigated the geometry of dynamical ejecta (and/or tidal tails”)
leading up to the time of merging, using 3+1 dimensional simulations of binary neutron
star mergers. We constrain the column density of the ejecta as a function of both polar
angle and time, and thereby determine the progression of possible emission geometries.
Our results show that regions with smaller polar angle (S 45°) are more transparent and
thus become favored emission sites compared to those with larger polar angle 2 60°. In
the case of neutron star mergers, we thus conclude that most likely the polar region is a
more plausible emission site for radio emissions.

In Chapter 4, we briefly present the details of optical image analysis of the
FRB150418 host galaxy candidate (WISE ]071634.59-190039.2), which was not inclu-
ded in Keane et al. 2016 due to the lack of space. The results obtained by profile fitting
are consistent with the Sersic index n = 4 value seen in elliptical galaxies.
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