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Abstract One experimental approach to investigate QCD structure is measure hadron property in
medium. Direct measurements of Vector meson spectrum are planned at J-PARC. New beamline and
spectrometer have been constructed in January 2020. The preliminary result in the first beam and
spectrometer commissioning are shown and future prospect is shown.
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Fig. 1 Newly constructed beamline and spectrometer.
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Abstract An experiment to measure a spectrum of vector mesons in nuclear medium is performed as the
J-PARC E16 experiment. The invariant mass of detected electron and positron pairs produced in pA
reaction will be minutely investigated. A commissioning run was carried out in May 2020. The
performance of the spectrometer, especially the trigger system will be presented.
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F1g 1. The overall view of the E16 spectrometer.
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Abstract Alpha condensation is one of the most intriguing topics in the nuclear structure. We searched
for the alpha condensed state in *C using the alpha inelastic scattering. The experimental results were
compared with cluster-model calculations and the existence of the alpha condensed state in *C was
discussed.
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Multipartite, Quantum, and Classical Correlation
in the AdS/CFT correspondence

Yukawa Institute for Theoretical Physics Koji Umemoto

Abstract A variety of correlation measures in quantum information theory are discussed in the context of
the AdS/CFT correspondence. This provides a toolkit for studying the relationship between boundary
correlations and bulk spacetime geometries.
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Many of the tools and ideas of quantum information theory have been employed to shed light on the
holographic principle. The entanglement entropy in the AdS/CFT correspondence tells us that information of the
bulk geometries is encoded in the boundary correlations. This thesis is aimed to deepen our understanding of this
direction by studying various correlation measures in holography. We first derive a generalization of the
holographic entanglement of purification conjecture for multipartite states. It turns out that this proposal is
consistently supported in arbitrary n-partite states. We next study the entanglement of purification in quantum
many body systems by numerical methods. That reveals a remarkable non-monotonicity of the entanglement of
purification, attributed to the different sensitivities to quantum and classical correlations. We finally discuss the
holographic duals of two classes of correlation measures: optimized correlation measures and axiomatic
entanglement measures. The results suggest that classical correlation also plays an important role in encoding the
geometrical information.
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The relationships between neutrino Majorana mass and
other physics

RALfambtZE s REREA
Abstract The Seesaw models are well-known ones which derive the neutrino Majorana masses.
Throughout this thesis, we show the relationships between neutrino Majorana mass and other physics, for
example the muon g-2 anomaly [1], the observed dark matter relic density [2, 3] and the strong CP
problem [3].
© 2021 Department of Physics, Kyoto University
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Abstract Supersymmetry (SUSY) can extend the Standard Model to solve various problems. I present a
search for supersymmetric-electrowikinos with a large mass difference between the lightest SUSY
particle and the next to lightest SUSY particle, utilizing large radius jets from the decay of bosons in data
collected by the ATLAS detector.
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Fig 1. Fynman diagram for hadronic decay Fig 2. Large radius jets generated by boosted boson
modes of % h— %1 via bosons. g represents decaying hadronically.

light-flavor (anti-) quarks.
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Gravitational perturbations as TT -deformations
in 2D dilaton gravity systems
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Abstract We investigate a gravitational perturbation of 2D dilaton gravity with an arbitrary dilaton
potential. As a special case, we consider a Liouville gravity with a negative cosmological constant. In this
case, a finite TT -deformation of the matter action is realized as a gravitational perturbation on AdS,.
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X-ray Study on Supernova Remnants
Interacting with Dense Clouds
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Abstract: We perform spectroscopy of X-rays from Supernova remnants (SNR) and reveal that both
thermal conduction and adiabatic expansion are responsible for recombining plasmas in SNRs, with the
dominant channel depending on the evolutionary stage. We also model line structures as evidence for
sub-relativistic particles accelerated in SNRs, using atomic-collision data.

© 2021 Department of Physics, Kyoto University

A supernova remnant (SNR) is the astrophysical object resulting from an explosion of a star, and acts as the
major energy source in the Universe. We study X-rays from SNRs interacting with dense clouds, which are ideal
targets to investigate injection process of energy released in the explosions into the interstellar space. We perform
spatially resolved spectroscopy of thermal X-rays from the SNRs, W44 and IC 443, with XMM-Newton, and
construct a model to predict X-ray line emission from dense clouds bombarded by sub-relativistic particles
accelerated in SNRs.

Previous observations of SNRs interacting with clouds, including W44 and IC 443, unveiled the presence of
peculiar plasmas in “recombination dominant phase”, so-called over-ionized recombining plasmas (RPs) (e.g., [1]).
Such plasma is not anticipated in the standard picture of SNR evolution. Although the physical process of the
over-ionization has not yet been fully understood, a key seems to be an efficient dissipation of internal energy of
SNR plasma into ambient clouds e.g., [2-3]. We compare spatial variations of plasma parameters of RPs in W44
and IC 443 with distributions of clouds hit by their blast waves. We find that combination of lower electron
temperature and shorter recombination timescale is achieved in the region interacting with the clouds [4].
Moreover, a clear anticorrelation between the electron temperature and the recombination timescale is found. The
results indicate that the plasma was overionized by rapid cooling of electrons through thermal conduction with the
clouds. Given that a few other overionized SNRs show evidence for adiabatic expansion as the major driver of the
rapid cooling [5], our new result indicates that both processes can contribute to overionization in SNRs, with the
dominant channel depending on the evolutionary stage.

Our recent X-ray studies revealed the presence of the neutral Fe Ka line emission from dense gas in the vicinity
of some SNRs, which can be best interpreted as K-shell ionization of Fe atoms in the gas by sub-relativistic
particles accelerated in the SNRs e.g., [6]. The results indicate that the Fe Ka line is a new diagnostic tool to probe
sub-relativistic particles, which were almost unexplored until recently. Information on such particles is important
to estimate total energy transferred into accelerated particles in SNRs and to consider the injection mechanism of
thermal particles into the acceleration process. We construct a model for the Fe Ka line structures by various
projectile ions using atomic-collision data. When energetic heavy ions collide with target atoms, their strong
Coulomb field can easily cause simultaneous ejection of multiple electrons of the target. This results in shifts in
characteristic X-ray line energies, forming distinctive spectral structures [7]. Detection of such structures in the
neutral Fe Ka line strongly supports the particle ionization scenario, and furthermore provides direct evidence of
heavy ions in the accelerated particles. An ~ eV energy resolution by X-ray micro-calorimeters onboard future
X-ray satellites e.g., [8] will be able to resolve the structures.
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Analytic Conformal Bootstrap in 2D CFT
FRLFamhFsess T8 ek

Abstract We study the conformal bootstrap in 2D CFT. The problem is that we cannot solve the bootstrap
equation because of the complicated structure of Virasoro block. In this thesis, we give new approaches to
investigate the Virasoro block and apply them to solving of the conformal bootstrap equation.
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The AdS/CFT correspondence provides remarkable progresses in understanding of the quantum gravity.
Nevertheless, there are still many black boxes, and they are thought to be the greatest mysteries in
modern theoretical physics. For example, we do not know how to construct a CFT dual to a pure gravity
theory (so-called the holographic CFT). The conformal bootstrap is useful tool to reveal unknown data
of a given CFT, like the holographic CFT. One example of remarkable accomplishments is the Cardy
formula, which tells us the entropy at high energy in CFT. The surprising point is that this entropy
completely matches the Bekenstein Hawking entropy. It means that the thermodynamics of the black
hole is really " * thermodynamics", not just a coincidence. As in this example, the conformal bootstrap
provides a lot of developments for the understanding of the AdS/CFT.

In this thesis, we develop the conformal bootstrap technique in two dimensional CFT. The problem is
that we have no simple closed form of the Virasoro block, which is the fundamental object to solve the
equation. One approach to overcome this problem is to consider the semiclassical limit (large c limit),
which corresponds to the large degrees of freedom limit. In this limit, there are some simple closed
forms of the Virasoro block. One of techniques to evaluate the semiclassical Virasoro block is known as
the * “monodromy method". In this thesis, we develop this monodromy method to give the light-cone
limit of the semiclassical Virasoro block beyond the known limit (i.e. heavy-light limit) [1]. We can find
an interesting transition of the Virasoro block in regard to the intermediate state. In the bulk side, this
transition can be interpreted as the BTZ black hole formation from a two-pthesis state.

Moreover, we introduce another method to investigate the Virasoro block, based on the * “fusion
matrix approach" [2]. We show that the fusion matrix can be utilized to study the light-cone
asymptotics. This result completely matches the result from the monodromy method.

Applying this result to the conformal bootstrap equation, we can show that the twist spectrum at large
spin can be realized by the fusion rules of the Liouville CFT, which is the two-dimensional counterpart
of the statement that the twist spectrum in any higher-dimensional CFTs can be approximated by that
of a generalized free field theory in that limit. From this view point, this large spin twist spectrum has a
natural bulk interpretation. We also consider the application of the result from the monodromy method
to give the Cardy-like formula for the OPE coefficients.

Finally, we give the light-cone asymptotics for more general Virasoro blocks [3]. In the above, we only
focused on the 4-point Virasoro block. But we can generalize this result to higher-point Virasoro block.
Moreover, in the same logic, we can also give the Regge limit asymptotics of the Virasoro block. These
results can be applied to investigate the dynamics of quantum information.
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Brane dynamics in Fermi gas formalism
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Abstract We study dynamics of the D-branes by using a matrix model computing the partition function
of their worldvolume theory. We successfully applied a computation technique called Fermi gas
formalism to a broad class of matrix models. As a result, we find new dynamics of D-branes.
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The original motivation of study in this thesis is to investigate the M—theory and especially
M2-branes. The M2-branes are believed to be reduced to D3-branes in type IIB string theory by
taking a dimensional reduction and a T-dual. Therefore, the dynamics of D-branes are very
important. We study their worldvolume theory because the IR duality of worldvolume theories
reveals the dynamics of D-branes. We particularly focused on its non—perturbative aspects.
More explicitly, we study a three—dimensional N'=3 supersymmetric Yang—Mills—Chern-Simons theory
with a circular quiver diagram. We also study its IR theory, which is generally three—-dimensional
N=4 superconformal Chern—-Simons theory with the same quiver diagram. The partition function
of the gauge theory on the round three—sphere can be reduced to a matrix model by using so—called
supersymmetric localization technique [1]. Though the matrix model is finite—dimensional
integral, they are still difficult to study, especially non—perturbatively. However, a novel
formalism called Fermi gas formalism [2] made it possible to study the matrix model in various
aspects. For example, the technique allows us to access a parameter region called the M-theory
region and can be used to study instanton effects in the region.

However, the Fermi gas formalism has only been applied to specific matrix models. One main purpose
of this thesis is to apply the Fermi gas formalism to more general matrix models. We also discuss
the application of the Fermi gas formalism mainly in two ways. First, we obtain exact (and
therefore non-perturbative) results on relations between matrix models coming from the brane
dynamics such as Hanany-Witten transition. This result implies supersymmetry breaking and duality
cascade in the gauge theory. Second, we relate the matrix model to an operator called quantum
curve. Motivated by this relation, we study the symmetry of the quantum curve. We then return
to the brane dynamics and find that the symmetry of the quantum curve implies new dynamics of
D-brane.
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Abstract We apply variation after K-projection in the framework of antisymmetrized molecular dynamics
with the S-constraint to investigation of the low-energy dipole excitation. It is found that the cluster
structure plays an important role in LED excitations in light nuclei.
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(239 % low-energy dipole (LED) 734 5. LED i isovector (IV) %! & isoscalar (IS) F”O)%ﬁf%ﬁlﬂ r=
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Abstract We are developing a high-pressure xenon gas TPC for neutrinoless double-beta decay search.
Our detector has a unique readout structure that uses electroluminescence light to detect ionization signals
with high energy resolution. We developed a large-sized prototype detector (180L detector) to get a
know-how of enlargement. We obtained a high energy resolution of 0.8% (FWHM) at Q-value by the
prototype detector.
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Fig.1 180L large sized prototype detector. Fig.2 Evaluation of the performance of 180L

prototype detector Blue line is fitted by ay E
and green line is fitted by av E+bE.
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Abstract We have developed a focal plane camera of the first Large-Sized Telescope (LST) of the
Cherenkov Telescope Array which is the next generation very-high-energy gamma-ray observatory. We
have also developed an analysis method for monoscopic observations and evaluated the telescope
performance with the observations of the Crab Nebula.
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Fig. 1. Standard deviation of pulse peak Fig. 2. Alpha distribution of the Crab
time in the camera of the first LST. Nebula observed with the first LST.
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Non—perturbative Aspects of Higgs Physics in the
Standard Model and Beyond
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Abstract: Firstly, we study the Nambu monopole in two Higgs doublet models (2HDM). It is a magnetic
monopole-like soliton accompanied by two vortex strings containing Z boson fluxes. We present some
cosmological consequences. Another important soliton in Higgs physics is the sphaleron. We propose a
novel method to obtain the sphaleron solution. It would enable accurate calculations of baryon asymmetry
in the universe.
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After the results of the Large Hadron Collider Run II, the success of the Standard Model
(SM) of particle physics is established whereas new physics beyond the SM has not yet been
discovered. In this situation, it may be important to look at the SM and its extensions from
a different perspective

In this work, we study solitons in Higgs physics towards revealing the whole structure of
the Higgs sector. Solitons are non—perturbative and coherent configurations of fields and can
provide non—trivial predictions that are not seen in the perturbative approach. Firstly, we
consider the Nambu monopole [1,2] in two Higgs doublet models (2HDM), in which an additional
Higgs doublet is added into the SM Higgs sector. The Nambu monopole is a magnetic monopole—
like soliton accompanied by two vortex strings containing Z boson fluxes. This monopole is
topologically stable when the 2HDM Higgs potential has two global symmetries in contrast to
a counterpart in the SM, which is unstable because it is pulled by a single Z string.
Furthermore, we study a more realistic case without the symmetries and present some
cosmological consequences. The monopole would be useful to probe non—perturbative physics in
2HDM. Another important soliton in Higgs physics is the sphaleron [3], which is an unstable
soliton. We propose a novel method to obtain the sphaleron solution based on the gradient
flow. It would work well for the SM and some extended models and enable accurate calculations

of baryon asymmetry in the universe.
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Fig.1: Plots of energy density and gauge fluxes of Nambu monopole in two Higgs doublet models
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Abstract To study the formation mechanism of nanostructures on metal target by femtosecond laser
ablation, we have proposed a new method to measure the transient optical property of titanium surface
irradiated by a femtosecond laser with below-ablation-threshold fluence. Several hundred picosecond
after the irradiation, increase in absorption coefficient has been discovered.
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Abstract The investigation methods with atomic resolution of thin lanthanoid films has been developed
using neutron-irradiated films as a Mossbauer source. Thin films of lanthanoids were deposited by
electron beam gun. By introducing specific isotope into the atomic layers as a probe, Mdssbauer spectra
of a specific isotope can be obtained.
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Shear viscosity of classical fields using
the Green-Nakano—Kubo formula on a lattice
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Abstract We investigate the shear viscosity of the classical Yang-Mills field based on the linear response
theory. We find that its coupling dependence is weaker than the leading-order perturbative calculation. We
also discuss its magnitude by comparing with that extracted in expanding geometry.
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The perturbative calculations based on the quantum chromodynamics (QCD) predict that a
matter produced in relativistic heavy—ion collisions is initially in the form of a highly
occupied and weakly coupled system consisting of gluons, which is called glasma. Due to the
high occupancy and the weak coupling, quantum fluctuations give only a sub—leading effect in
the state of the glasma. The real-time lattice simulation of the classical Yang-Mills (CYM)
field therefore provides important insights into the space—time evolution of the glasma. For
example, it has been suggested that the instabilities of the CYM field drive the thermalization
of the glasma. Recently, the CYM description is also used to obtain initial conditions for
subsequent hydrodynamic evolution.

The shear viscosity extracted by the hydrodynamic analysis is found to be close to the
lower bound predicted by the superstring theory. The underlying mechanism for such a small

shear viscosity has been studied from various points of view.

The main purpose of this presentation is to extract the shear viscosity in the CYM theory
that is the framework giving the hydrodynamic initial condition in the current analysis. It
may be worth investigating how the transport properties of the CYM field are reflected in the
initial condition of hydrodynamics. We extract the shear viscosity from the time correlation
function of the energy—momentum tensor, via the Green—Nakano—Kubo relation. We examine the
time correlation function on a lattice by using many thermal configurations as an ensemble
Our studies are based on the scaling property of the CYM theory, which allows us to represent
the shear viscosity on the lattice unit by a function of g2T, n=Tf,(g*T).

We show the scaling function fa determined by the numerical calculations. It rapidly
increases with decreasing g?T at small g?T and its g dependence, f, o< g+10=188) " is found to
be much weaker than the leading—order perturbative calculation. This weaker dependence is
consistent with the g dependence of the anomalous viscosity under the strong disordered field
[1]. The obtained value of the shear viscosity based on the linear response theory is found
to be roughly consistent with that extracted from the evolution of the glasma energy density
in a longitudinal expanding geometry [2]. This presentation is based on Ref. [3]
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Abstract An established approach for quantitative investigation of the partial restoration of chiral
symmetry in finite density is study of deeply bound pionic atoms. We plan to perform spectroscopy of
pionic atoms via (d,2He) reaction at RIBF. A newly developed focal-plane tracking detector system will
allow us to achieve more precise measurement.
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Geometry of configuration space
in Markov chain Monte Carlo methods
and the wor ldvolume approach
to the tempered Lefschetz thimble method
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Abstract We develop the Markov chain Monte Carlo method in two directions. The first direction is to
define a distance between configurations, which enumerates the difficulty of transitions between
configurations. The second is to develop the tempered Lefschetz thimble method, which an algorithm
towards solving the sign problem.
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The Markov chain Monte Carlo (MCMC) method has been an important tool in theoretical physics,
as it enables non—perturbative calculations of expectation values from first principles. In this
work, we develop MCMC methods in two directions, aiming to investigate still unknown aspects
of physical systems.

The first direction is to define a distance between configurations [1,2], which enumerates
the difficulty of transitions between configurations. Such distance enables us to investigate
relaxation processes in a MCMC algorithm in terms of the geometry of the configuration space,
and further to adjust parameters in the algorithm in a purely geometrical way. On the other hand,
since our distance gives a way to define geometry from a stochastic process, we can regard it
as a novel mechanism for the emergence of spacetime geometry from randomness [3]. As an example,
we apply our formalism to a tempered stochastic process of an eigenvalue of a U(N) matrix, where
we argue that a Euclidean anti—de Sitter space emerges in the configuration space

The second direction is to develop the tempered Lefschetz thimble method (TLTM) [4], which is
an algorithm for solving the sign problem. The TLTM is a parallel tempering algorithm, in which
we use the flow time of the antiholomorphic gradient flow as the tempering parameter, and prepare
copies (or replicas) of the configuration space for each flow time. We first develop the TLTM
by proposing an algorithm to evaluate expectation values precisely with a criterion ensuring
global equilibrium and the sufficiency of the sample size [5]. We then implement the Hybrid Monte
Carlo (HMC) algorithm on the TLTM [6], in order to reduce computational costs for transitions
on the flowed surface compared to the Metropolis algorithm. Finally, we propose a novel HMC
algorithm, where molecular dynamics is performed on a continuum set of the flowed surfaces, which
we call the worldvolume of the flowed surface [7]. This algorithm solves the sign and ergodicity
problems simultaneously without preparing replicas. Furthermore, one no longer needs to compute
the Jacobian of the flow in generating a configuration, and only needs to evaluate its phase
upon measurement
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Long time supernova simulation and search for supernovae
in Super—Kamiokande IV
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Abstract Supernovae are one of the most energetic explosions in the universe and release neutrinos. We
simulated a supernova model up to 20 s. Next we apply this model for Super-Kamiokande to search
distant supernovae and obtain the upper limit of the supernova rate of 0.36[SN/year]. (45 words)
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Path optimization with neural network
for sign problem in quantum field theories
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Abstract We propose a new method, the path optimization method, to avoid the sign problem which
appears in some field theories, such as finite density lattice QCD. In this talk, we discuss the application
of this method to low dimensional gauge theory with a serious sign problem.
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Abstract We develop and examine a new, computationally cheap method to detect continuous
gravitational waves. Our method can detect monochromatic signals with 32% larger amplitudes than the
coherent matched filtering, with a reasonable computational cost.
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Abstract We are developing a high-pressure xenon gas TPC to search for the neutrinoless double-beta
decay of '*Xe. We showed that the prototype detector is expected to achieve a good energy resolution of
0.8% FWHM at the Q-value. Development to enlarge the sensitive volume of the prototype detector is
also conducted.
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Abstract Production rate of a hadron in e'e” annihilation may reflect the inner structure of the hadron. On the
expectation, we are analyzing the production rate of A(1405) using data of BELLE experiment. In this
presentation, I will report the overview and the current status of the analysis.
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<IpEBEZLND,

BxlZZoFHEOEL &, A (1405) OBEEREICEH Lz, A (1405) [1THHZ 7 +— 7 #RCI13E
FEOBBNEL <  H< L KFETF L ETFOREREIRE TH 5 N R SN TE R+ Th 5 [2],
IEDOHIFE THENE T HEENRE SN TEY B2 X[B31[4]), ALRr=xYF v/ /K
MNERO—DTH B,

Belle FHEBRDOT — X #HWT, BHETEZE0 O EPEA (1405) DAEREIND efe — y*x —A
(1405)X + c.c. DOJSWHEFEZTID, T US) NS DIRANZBET D72, TOEELY 60 MeV K\,
BELOTRLX— 10.52 GeV VI /3T 40— 79.3 fb!)DF —Z 25, AT CITRET v X%
JLA(1405) — 7 2t — 7w pr’ BEY, 7220 - z'Ay OZODOF ¥ XNV EHRDLTFETH
%, F£l2, ZZTiEblindanalysis ZEH L. A (1520) Z&MOHEUAEL LT 5, BIEITA (1405) —
T 2 OF ¥ RV OWNWTIENT A2 ED TN D, A X2 MEBOSMFOREL & R, A (1520) O Hr
HFEDSCATIFFEDOAE 5] & bl U, T DU M2 R L TV D, ARIEER TITENT A OBEEE & BLRkIZ
DONTIHRD,
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