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Foreword

More than a year has passed since the spread of the new coronavirus infection. KMI’s research
activities, which are based on international collaborative research, are still severely restricted. On the
other hand, restrictions on international travel are gradually being eased, and we were able to dispatch
long-term overseas researchers in 2021. In addition, it has become more established to hold research
meetings and other events online. Although there are still some things that are difficult to do without
face-to-face research activities, such as creating new ideas, we are fortunate to be in a situation where
we can look forward to conducting research activities.

In 2021, we received very sad news: Professor Toshihide Maskawa passed away on July 23. Profes-
sor Maskawa, together with Dr. Makoto Kobayashi, won the Nobel Prize in 2008 for their proposal of
the Kobayashi-Maskawa mechanism, which leads to CP violation in the Standard Model of elementary
particles. Professor Maskawa was the first director of KMI, which was established in 2010, and he
contributed greatly to the establishment and subsequent development of KMI. T will hold Professor
Maskawa’s many advices in our heart and strive for the development of KMI.

In this report, the experimental and theoretical highlights at KMI are reported in Sect. 3, where
other activities spanning through all scientific missions at KMI are also summarized. Research-related
activities, such as regular seminars and colloquia, conferences and meetings, are summarized in Sect.4.
Publications and presentations through these activities are listed in Sect. 5.

Junji Hisano
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Chapter 1

Organization

1.1 Organization

KMI Organization

Division for Director
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Studies
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Theoretical
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Theoretical
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Group
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Mathematics

1.2 Staff List

Director : HISANO Junji

Adyvisory Board

Director Emeritus
Drs. Maskawa & Kobayashi

Division for
Experimental
Studies

Group

Flavor Physics

Group

Origin of
Spacetime
Structures

Director Emeritus: MASKAWA Toshihide, KOBAYASHI Makoto

Division of Theoretical Studies (Chair, NOJIRI Shin’ichi)

Theoretical Particle Physics Group
TANABASHI Masaharu (Professor)

HISANO Junji (Professor)

TOBE Kazuhiro (Associate Professor)
NONAKA Chiho (Associate Professor)
MAEKAWA Nobuhiro (Associate Professor)
KITAHARA Teppei (Assistant Professor)
YAMANAKA Nodoka* (Assistant Professor)

String Theory and Mathematics Group
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KANNO Hiroaki (Professor)
SHIROMIZU Tetsuya (Professor)
SAKAT Tadakatsu (Associate Professor)
IZUMI Keisuke (Lecturer)

Cosmology and Theoretical Astrophysics Group

SUGIYAMA Naoshi (Professor)

NOJIRI Shin’ichi (Chair, Professor)

ICHIKI Kiyotomo (Associate Professor)
MIYATAKE Hironao* (Associate Professor)
YOKOYAMA Shuichiro (Assistant Professor)
KOBAYASHI Takeshi (Assistant Professor)
SUNAYAMA Tomomi* (JSPS Research Fellow)
ARAT Shun* (Researcher)

Computational Theoretical Physics Laboratory (Chief, ICHIKI Kiyotomo)

TANABASHI Masaharu (Professor)
NONAKA Chiho (Associate Professor)
ICHIKI Kiyotomo (Chief, Associate Professor)
AOYAMA Tatsumi (Visiting Scientist)
MIURA Kohtaroh (Visiting Scientist)

Division of Experimental Studies (Chair, ITOW Yoshitaka)

Flavor Physics Group

Tau-Lepton Physics
IIJIMA Toru (Professor)
KRIZAN Peter (Professor)
TOMOTO Makoto (Professor)
HORII Yasuyuki (Associate Professor)
NAKAHAMA Yu (Associate Professor)
YOSHIHARA Keisuke* (Associate Professor)
SUZUKI Kazuhito* (Lecturer)
KATO Yuji (Assistant Professor)
ZHOU Qidong (Assistant Professor)
GAZ Alessandro (Visiting Scientist)
MATSUOKA Kodai (Visiting Scientist)
HAYASAKA Keiji (Visiting Scientist)
Fundamental Astroparticle Physics
ITOW Yoshitaka (Chair, Professor)
NAKAMURA Mitsuhiro (Professor)
KITAGUCHI Masaaki (Associate Professor)
KAZAMA Shingo (Associate Professor)
OKUMURA Akira (Junior Associate Professor)
NAKANO Toshiyuki (Lecturer)
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NAKA Tatsuhiro (Visiting Scientist)
Origin of Spacetime Structures Group

Observational Astrophysics

NAKAZAWA Kazuhiro (Associate Professor)
Theoretical Spacetime Analysis

NAMBU Yasusada (Associate Professor)

Instrument Development Laboratory

NAKAMURA Mitsuhiro (Chief, Professor)
NAKAZAWA Kazuhiro (Associate Professor)

Tau-Lepton Data Analysis Laboratory

ITIJIMA Toru (Chief, Professor)
TOMOTO Makoto (Professor)
KATO Yuji (Assistant Professor)

Public Relations Office

MIYATAKE Hironao* (Chief, Associate Professor)
NAKAHAMA Yu (Associate Professor)
KAZAMA Singo (Associate Professor)
MINAMIZAKI Azusa (Researcher)

MIZUTANI Mayu (Secretary)

Associate Members

HARADA Masayasu
KAWAMURA Seiji
SHIMIZU Hirohiko
TAJIMA Hiroyasu
SATO Osamu*
ROKUJO Hiroki*
FUKUDA Tsutomu*

(New members are indicated with * .)
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Chapter 2

Management System

e Steering Committees

— Steering Committee of KMI
In this Committee, the following agenda items are discussed:

1.

AR O

7.

Selection of Director General in KMI,

Future plans and evaluation on the plans in KMI,

Basic policies of managements and administrations in KMI,

Personnel affairs in KMI,

Budgets and facilities in KMI,

Collaborations with the Division of Theoretical Studies and the Division of Experimen-
tal Studies,

Anything else related with managements and administrations in KMI.

— Steering Committee for each Laboratory in the following list is placed, where its manage-

ments and administrations are discussed:

* Computational Theoretical Physics Laboratory

* Instrument Development Laboratory

x Tau-Lepton Data Analysis Laboratory

e Advisory Board

By following the foundation of KMI, an international advisory board has started.

The members of the advisory board are the followings (in alphabetical order):

- ELLIS John (Professor at King’s College London)

- KAJITA Takaaki (Director, Institute for Cosmic Ray Research, The University of Tokyo)
- ISO Satoshi (Professor KEK)

- MURAYAMA Hitoshi (Professor, University of California, Berkeley)

- SASAKI Misao (Professor, Kavli Institute for the Physics and Mathematics of the Universe,
The University of Tokyo)

- SILK Joseph (Professor, Institut d’astrophysique de Paris)

- YAMAUCHI Masanori (Director General of High Energy Accelerator Research Organiza-
tion)
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Chapter 3

Progress in Research

3.1 Division of Theoretical Studies

3.1.1 Theoretical Particle Physics Group

This year I investigate the following topics: Study of tetraquarks made from two heavy quarks and
two light quarks based on a quark model. Study of the density dependence of the chiral condensate
in neutron stars using the haronic model. (Masayasu Harada)

Electric dipole moments (EDMs) of a fermion are sensitive to beyond the standard model. We
derive a simplified formula of the EDMs. In the Standard Model, it is well-known that non-trivial
cancellations between some rainbow-type diagrams induced by W boson exchanges occur in the calcu-
lation of the neutron EDM at the two-loop level due to the gauge symmetry. The fermion self-energy
and the vertex correction are related through the Ward-Takahashi identity, and this relation causes the
exact cancellation of the EDM. We derive EDM formulas for a more general setup by introducing the
form factors for the fermion self-energy and the vertex correction so that the derived formulas can be
applicable to a larger class of models. We conclude that the non-zero EDM contributions are induced
from rainbow-type diagrams with the chirality flipping effects for internal fermions. We also discuss
the other possible generalization of the EDM calculation which is applicable to the other classes of
models. (Junji Hisano)

The dark matter may be unknown neutral particle in models beyond the standard model. We study
gamma-ray line signatures from electroweakly interacting non-abelian spin-1 dark matter (DM). In
this model, Zs-odd spin-1 particles including a DM candidate have the SU(2);, triplet-like features,
and the Sommerfeld enhancement is relevant in the annihilation processes. We derive the annihilation
cross sections contributing to the photon emission and compare with the SU(2)y, triplet fermions,
such as Wino DM in the supersymmetric Standard Model. The Sommerfeld enhancement factor is
approximately the same in both systems, while our spin-1 DM predicts the larger annihilation cross
sections into 7y/Z~ modes than those of the Wino by 389. This is because a spin-1 DM pair forms
not only J = 0 but also J = 2 partial wave states where J denotes the total spin angular momentum.
Our spin-1 DM also has a new annihilation mode into Zs-even extra heavy vector and photon, Z'~.
For this mode, the photon energy depends on the masses of DM and the heavy vector, and thus we
have a chance to probe the mass spectrum. The latest gamma-ray line search in the Galactic Center
region gives a strong constraint on our spin-1 DM. We can probe the DM mass for 225.3 TeV by the
Cherenkov Telescope Array experiment even if we assume a conservative DM density profile. (Junji
Hisano)

The Fermilab Muon g — 2 collaboration recently announced the first result of measurement of the
muon anomalous magnetic moment (g — 2), which confirmed the previous result at the Brookhaven
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National Laboratory and thus the discrepancy with its Standard Model prediction. The world average
of measured values deviates from their standard-model predictions at 4.20 level. We revisit low-scale
supersymmetric models that are naturally capable to solve the muon g — 2 anomaly, focusing on two
distinct scenarios: chargino-contribution dominated and pure-bino-contribution dominated scenarios.
It is shown that the slepton pair-production searches have excluded broad parameter spaces for both
two scenarios, but they are not closed yet. For the chargino-dominated scenario, the models with
Mma, 2 Mg+ are still widely allowed. For the bino-dominated scenario, we find that, although slightly
non-trivial, the region with low tan 5 with heavy higgsinos is preferred and the muon g—2 anomaly can
be explained while satisfying the LHC constraints. We also checked that the stau-bino coannihilation

works properly to realize the bino thermal relic dark matter. (Teppei Kitahara)

Spinor-helicity formalism can produce scattering amplitudes directly from symmetry, locality and
unitarity, and without relying on Lagrangian. Such a formalism is called the on-shell approach. The
on-shell approach is expected to extract some essences in field theory, which are not obvious in the
usual Feynman methods. We study the on-shell version of the Higgs mechanism in effective field
theories (EFTs) containing particles of different spins, focusing on contact terms as a simple starting
point. We derive the massive contact terms and their coefficients from the massless amplitudes of
the EFT above the symmetry breaking scale, by covariantizing the massless contact terms under
the massive little group. Mass-suppressed contributions to the contact-term coefficients arise from
higher-point contact terms with additional soft Higgs legs. We apply this procedure to obtain massive
four-point amplitudes featuring scalars, spin 1/2 fermions and vectors, in the standard-model EFT.
(Teppei Kitahara)

Motivated by the R(D(*)) anomalies, we study non-resonant searches for new physics at the LHC
by considering final states with an energetic and hadronically decaying 7 lepton, a b-jet and large
missing transverse momentum (pp — 75,0 + Efrniss). Such searches can be useful to probe new physics
contributions to b — crv. They are analyzed not only within the dimension-six EFT but also in
explicit leptoquark (LQ) models with the LQ non-decoupled. The former is realized by taking a limit
of large LQ mass in the latter. It is clarified that the LHC sensitivity is sensitive to the L(Q mass for
O(1) TeV even in the search of pp — Th5+E{~niSS. Although the LQ models provide a weaker sensitivity
than the EFT limit, it is found that the non-resonant search of pp — m,b + EIT]rliSS can improve the
sensitivity by &~ 40% versus a conventional mono-7 search in the whole LQ mass region. Consequently,
it is expected that most of the parameter regions suggested by the R(D(*)) anomalies can be probed
at the HL-LHC. We also investigate the angular correlations among b, 7 and the missing transverse
momentum to discriminate the LQ scenarios. (Teppei Kitahara)

Rare meson decays are among the most sensitive probes of both heavy and light new physics.
Among them, new physics searches using kaons benefit from their small total decay widths and the
availability of very large datasets. On the other hand, useful complementary information is provided
by hyperon decay measurements. We summarize the relevant phenomenological models and the status
of the searches in a comprehensive list of kaon and hyperon decay channels. We identify new search
strategies for under-explored signatures, and demonstrate that the improved sensitivities from current
and next-generation experiments could lead to a qualitative leap in the exploration of light dark
sectors. (Teppei Kitahara)

The 2020 report of the NANOGrav experiment, which can be interpreted as gravitational waves of
cosmic string origin, suggests that the cosmic string is generated by symmetry breaking on a scale of
about 10'* GeV. Since the scale at which SU(2)g x U(1)p_1, — U(1)y breaking occurs in the natural
grand unified theory is exactly that scale, we investigated whether the cosmic string generation by
such a breaking is possible or not. Since a topological string with guaranteed topological stability does
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not arise in this breaking, we discussed the stability of a non-topological string. Since this breaking
is the same as the breaking of the Standard Model, we extended the discussion of the stability of
the electroweak string, which is a non-topological string discussed in that case, to the theory with
supersymmetry. As a result, we were able to show that it is the same as the stability argument for
electroweak strings with appropriate readings. Unfortunately, in natural grand unified theories, the
non-topological strings are found to be unstable. (Nobuhiro Maekawa)

We formulate an extension of Higgs effective field theory which contains arbitrary number of
scalar and fermion fields with arbitrary electric and chromoelectric charges. The BSM Higgs sector is
described by using the non-linear sigma model in a manner consistent with the spontaneous electroweak
symmetry breaking. The chiral order counting rule is arranged consistently with the loop expansion.
The leading order Lagrangian is organized in accord with the chiral order counting rule. We use
a geometrical language to describe the particle interactions. The parametrization redundancy in the
effective Lagrangian is resolved by describing the on-shell scattering amplitudes only with the covariant
quantities in the scalar/fermion field space. We introduce a useful coordinate (normal coordinate),
which simplifies the computations of the on-shell amplitudes significantly. We show the high energy
behaviors of the scattering amplitudes determine the “curvature tensors” in the scalar/fermion field
space. The massive spinor-wavefunction formalism is shown to be useful in the computations of
on-shell helicity amplitudes. (Masaharu Tanabashi)

A discrepancy between the standard model (SM) prediction and the measured value in the muon
anomalous magnetic moment (muon g-2) has been reported. If it is due to the new physics, the
relatively low new physics scale is suggested. Therefore, the current and near future experiments
can probe such a new physics, and hence a study of the new physics interpretation would be very
important. It has been suggested that some of leptoquarks can enhance the contribution to the muon
g-2 due to the top quark loop contribution, and hence these leptoquarks would be an interesting
possibility to explain the muon g-2 anomaly. We have studied the contributions of leptoquarks to
other processes such as B — D™ and B — K®[*]~, whose measured values also deviate from the
SM predictions, and we have clarified how large deviations from the SM predictions of these processes
are possible in the leptoquark models. (Kazuhiro Tobe)

I worked with Nikolaos Kidonakis to investigate soft gluon corrections to single top quark produc-
tion processes at LHC. We showed that this approximate evaluation of higher order QCD contributions
are important and also quantifiable. I also worked with Naohiro Osamura and Philipp Gubler to in-
vestigate the contribution of the CP-odd gluonic Weinberg operator to the electric dipole moment of
atoms. It is found that a non-negligible contribution through the pion-exchange appears. (Nodoka
Yamanaka)

3.1.2 String Theory and Mathematics Group

Ding-Iohara-Miki algebra (a.k.a. the quantum toroidal algebra of type gl;) is the underlying symme-
try of the correspondence between the instanton partition function of supersymmetric gauge theory
and the conformal block of two dimensional conformal field theory. We worked out the difference
equation (quantum KZ equation) for the correlation functions of the intertwiners of the MacMahon
representation of Ding-Iohara-Miki algebra. We also worked out the quantum KZ equation for the
elliptic deformation of Ding-Iohara-Miki algebra, where we have to take the trace of the intertwiners.
Solutions of our difference equation give building blocks of the partition function of the six dimensional
supersymmtric gauge theory compactified on the torus. (H. Kanno)
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We have discussed the uniqueness of static black hole solutions for the Einstein-conformal scalar
system in the two ways. In the proof based on the divergence inequalities, we could give a systematic
way to derive the divergence inequalities. And we also gave the proof of uniqueness of the static
solution in higher dimensional version of the Einstein conformal field system. Meanwhile, we could
refined the area inequality in the gravitational field taking account of the contribution from angular
momentum, gravitational waves and matters. (T. Shiromizu)

We have aimed at a deeper understanding of higher-group structure in quantum field theories,
among which a special focus has been on an axion-Maxwell system in higher-dimensional space-time
and the low energy effective theories of mesons in QCD-like theories. Finding out the higher-form
symmetries manifested in these models is complete. On the basis of these results, we will continue to
explore the higher-group structures and their physical meanings in the next year. (T. Sakai)

We have pointed that, in asymptotically flat four-dimensional spacetimes, the behaviors of null
geodesics in the asymptotic region cannot be approximated by those in flat spacetime. The time depen-
dence of gravitational potential and/or gravitational wave, whose amplitudes decay in the asymptotic
region due to the asymptotic flatness, gives the same-order contribution to null geodesics in the 1/r
expansion as that by the centrifugal force. With large luminosity, such effects can be balanced with
the centrifugal force, and thus a null geodesic can stay on r =const. surface temporarily no matter
how large r is. (K. Izumi)

3.1.3 Cosmology and Theoretical Astrophysics Group

I studied the dressed asymptotic states in QED and clarified the infrared physics with H. Furugori.
In this work, we constructed a divergence-free and unitary S-matrix using dressed states proposed in
this paper. We may give a unified and new insight into IR physics, including asymptotic symmetries,
memory effects, and unitarity of the state evolution. With M. Terasawa, I proposed statistical systems
based on p-adic numbers and we have shown that there appear phase transitions even for the one-
dimensional system. In the framework of the F'(R) gravity, I investigated the compact star with
K. Numayjiri and T. Katsuragawa and we have shown that the models are strictly restricted if the space-
time outside the compact star is the Schwarzschild space-time. With G. G. L. Nashed, I constructed
black hole solutions with/without electric charge or with/without rotation in several kinds of gravity
theories like F'(R) gravity, and mimetic Euler-Heisenberg theory. In order to solve the problem of
the Hubble tension, I considered the equation of state for the early dark energy with S. D. Odintsov,
D. Saez-Chillon Gomez, and G.. S. Shanov. I also considered the thermal effects in the propagation
of gravitational waves with S. Capozziello and S. D. Odintsov. With S. D. Odintsov and T. Paul,
I proposed a wide class of holographic dark energy models and investigated their properties. I also
compared several kinds of black entropies with S. D. Odintsov and V. Faraoni. With them, I also
generalized known entropies and applied them to black hole physics and cosmological expansion.
Because so-called F'(R,G) gravity has ghosts in general, I considered the modification of the models
to avoid the ghosts with S. D. Odintsov, V. K. Oikonomou, and A. A. Popov. By using this ghost-free
F(R,G) gravity model, I proposed a model describing the ekpyrotic bounce in the early universe and
the dark energy era in a unified way with S. D. Odintsov and T. Paul. (Nojiri)

Primordial black holes (PBHs) as part of the dark matter (DM) would modify the evolution of
large-scale structures and the thermal history of the Universe. Future 21 cm Forest observations, which
are sensitive to small scales and the thermal state of the intergalactic medium (IGM), could probe the
existence of such PBHs. We show that the shot-noise isocurvature mode on small scales induced by
the presence of PBHs can increase the amount of low-mass halos, or minihalos, and thus the number
of 21 cm absorption lines. However, if the mass of PBHs is as large as Mppps10M with a sufficiently
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abundant fraction of PBHs as DM, fppm, the IGM heating due to accretion on the PBHs counteracts
the enhancement due to the isocurvature mode and instead reduces the number of absorption lines.
The confluence of both effects imprints a distinctive signature on the number of absorbers, allowing
the abundance of PBHs to be constrained. We calculate the prospects for constraining PBHs with
future 21 cm Forest observations and find achievable competitive upper bounds on the abundance as
low as fPBH ~ 1073 at Mppy = 100M, or even lower at larger masses, in regions of parameter space
unexplored by current probes. The influence of astrophysical X-ray sources on the IGM temperature,
which could potentially weaken the limits, was studied. (Ichiki)

Weak gravitational lensing (WL) is one of the powerful probes of cosmology because of its capability
of measuring the matter distributions (including dark matter that makes up more than ~ 80% of
the matte in the Universe) directly. Through WL, we can measure the time evolution of large-scale
structure (LSS), which enables us to investigate the nature of cosmic acceleration. Therefore a number
of galaxy imaging surveys, such as Suabaru Hyper Suprime-Cam (HSC), Euclid satellite mission, Vera
C. Rubin Observatory’s LSST, Roman Space telescope, are ongoing and planned. This year, we have
completed the first-year cosmology analysis of HSC. Specifically, we placed cosmological constraint on
0g-Qy plane (and their combination Sg = 0g1/€,/0.3) using galaxy-galaxy clustering and lensing, in
which we used the BOSS spectroscopic galaxies for clustering and lens objects and HSC photometric
galaxies for the sources in the lensing measurements. The results were consistent with the Planck
analysis, although other cosmological constraints by cosmic shear prefers smaller values of Sg. Thus
we need more statistics to conclude if Sg measured from LSS is smaller than that from Planck. The
results are currently on arXiv, and currently in the process of revision papers according to referee
comments. This study was featured in a YouTube channel called “Cosmology Channel.” In addition
we published a forecast paper of Roman space telescope, in which Miyatake contributed to forecasting
modified gravity constraints (Eifler et al., 2021). This study was featured in the NASA website
(Miyatake).

We have investigated the abundance of the primordial black hole with the non-Gaussian primordial
fluctuations. In Kitajima et al., 2021, we mainly focused on the exponential-tailed non-Gaussianity
which has been extensively discussed in the inflationary model that could realize the enhancement
of the primordial fluctuations. We found that the non-Gaussianity strongly enhances the probability
of generating primordial black holes. In Escriva et al., 2022, we performed numerical simulations to
investigate the formation of the primordial black hole with the negatively-skewed non-Gaussianity
and we carefully checked the validity of the conventional formation criteria for such a case. To probe
the existence of the primordial black hole indirectly by making use of the future gravitational waves
detector, I have started a collaboration with the Uxg group led by Prof. Kawamura (Kawasaki et al.,
2022, Wu et al., 2022) (Yokoyama).

We explored a new connection between monopoles and astrophysics by showing that monopole-
antimonopole pairs can be produced by cosmological magnetic fields in the early Universe. We demon-
strated that monopoles of GUT scale mass can even be produced if primordial magnetic fields exist
at sufficiently high redshifts. In addition, we derived new limits on the monopole mass and also on
the initial amplitude of primordial magnetic fields. (Kobayashi)

My collaborators and I found that optical clusters are anisotropically distributed, which alters the
mass-richness relation as well as boost the lensing signals of the clusters on large scales. Ignoring
this effect can bias the cosmological measurements using optical clusters. Therefore, we modeled this
anisotorpy of the optical clusters and applied it to the redMaPPer cluster catalog from Sloan Digital
Sky Survey (Park et al., 2022). In addition, I developed a method to quantify the boost on the
large-scale lensing signals using spectroscopic galaxies (Sunayama 2023). This method enables to give
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a tight prior on the boost parameters used in cosmological analysis and will potentially improve the
constraining power on cosmological parameters. In the fall, I was invited to the Institute of Advanced
Study in Princeton to give a talk about my recent work (Sunayama).

We compute the propagation of gravitational waves from binary mergers in inhomogeneous uni-
verses at late time. This study aims to capture the large-scale structure (LSS) via gravitational waves,
which would provide a new way of probing the Universe. In addition, we are interested in how poten-
tial signatures of modified gravity can be observed in realistic situations of wave propagation in the
Universe. We numerically produce mock universes by the state-of-the-art N-body simulations. We
assume the propagation equation of gravitational waves that is obtained in the WKB approximation in
a FRW universe. We then fit the models of inhomogeneous matter distributions e.g. the conventional
Dyer - Roeder modulation of the cosmological distances and its extension called the mDR model c.f.
Clarkson et al. 2012 with the output of the N-body simulations, quantifying the luminosity distance
in the amplitude of the propagating gravitational waves. Besides the previous works, our way of
computation is capable of considering the wave propagation in gravitational potentials around galaxy
clusters or sparse voids in one of the most realistic ways. We reveal, in practical science cases with
Einstein Telescope and Cosmic Explorer, the inhomogeneity of the matter distribution can cause a
systematic deviation from the FRW-assumed distance indicator up to 5% level. This implies the sys-
tematics may overlap with the signatures of modified gravity. We conclude that serious considerations
of inhomogeneity is significant for gravitational-wave cosmology in high precision. In this study, we
neglect the effect on phases on gravitational waves for simplicity. In future works, we will employ the
propagation equation of gravitational waves in the limit of geometrical optics and weak gravitational
fields (Arai).

3.1.4 Computational Theoretical Physics Laboratory

Hydrodynamic simulation: The hydrodynamic model is the most successful model for description of
quark-gluon plasma (QGP) in the relativistic heavy-ion collisions. The viscous property of QGP is one
of the key aspects of the strongly interacting QGP (sQGP). In 2021, we apply our hydrodynamics code
to analyses of photon production at RHIC and the LHC. Also, we propose the new photon production
process, radiative recombination model. The model succeeds the resolution to the photon puzzles
found in transverse momentum spectra and elliptic flow as a function of Pr. Furthermore, in 2022,
we construct a relativistic resistive magneto-hydrodynamics code. We carry out the test calculation
for validation of the code. Then we apply the code to analysis of observables at RHIC. As a result, we
find that the charge-dependent anisotropic flow is a good probe to extract the electrical conductivity
of the QGP medium from high-energy heavy-ion experiments.

Cold and Dense QCD: Understanding of the QCD phase diagram is one of the most important
subjects in hadron and nuclear physics. In particular, investigation of possible phases in low tempera-
ture and high density region is the center of attention, after success of detailed measurement of radius
and mass of neutron stars. Here we approach the issues from point of view of QCD effective theories
which are not exact QCD but contain feature of QCD: one is the Gross Neveu Model and the other
one is two color QCD. (Chiho Nonaka)

Cosmological Simulation: Cosmic microwave background (CMB) scattering in galaxy clusters in-
duces polarization signals corresponding to the quadrupole anisotropy in the photon distribution at
the cluster location. This "remote quadrupole”, derived from measurements of the induced polariza-
tion, provides an opportunity to reconstruct primordial fluctuations on large scales. We discuss how
comparing the local CMB quadrupoles predicted by these reconstructed primordial fluctuations, and
direct measurements from CMB satellites may allow us to test dark energy beyond cosmic variance
limits. (Ichiki)
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3.2 Division of Experimental Studies

3.2.1 Flavor Physics Group
e B and tau physics at Belle and Belle II

The SuperKEKB /Belle II experiment has started physics data taking with all sub-detector components
installed since March 2019. Within this fiscal year, the SuperKEKB accelerator achieved the world
highest peak luminosity, 3.8 x 103* cm™2s7!, while the KEKB peak luminosity record is 2.1 x 103

251, Belle II experiment has accumulated 230 fb—! data, we are working on several analyses by

cm™
using these data.

One of the biggest challenge in the Tau-Lepton Physics Group is to find evidence of New Physics
beyond the Standard Model (SM). There is a hint in existing data collected by the B-factory experi-
ments Belle and BaBar, and also by the LHCb experiment at CERN. These three experiments have
reported a deviation from SM prediction on R(D(*)), which is the ratio of branching fraction of the
semileptonic decay of the B meson into the final state with the 7 lepton, B — D® 7w, over to those
with the muon or the electron, B — D™ (u(¢ = e, u). While the weak interaction in the SM does not
distinguish the three leptons, this “lepton flavor universality” may be violated in NP models, such
as the charged Higgs and the lepto-quark model. Members from Flavor Physics Group at Nagoya
University have contributed to the R(D(*)) measurements at Belle experiment in the past years. We
also started the first R(D™)) measurement at Belle II experiment. The result could provide a fully
independent cross check of the R(D(*)) anomaly by a new experiment. In addition to the measure-
ment of R(D™), we also try to measure the branching fraction of tauonic B decay as B — 7v with
the Belle I data. This decay model is considered to have a strong correlation with the new physics
involved in R(D™)) anomaly.

The SupperKEKB/Belle II experiment provides unique opportunities for critical test of SM and
search for New Physics with variety of channels in B and 7 decays. In the Flavor Physics Group
at Nagoya University, we are working not only the B — D*rv decays, but also the measurement of
time-dependent CP violation in rare B decay of B* — ptp?. As a intermediate milestone for this
measurement, we plan to measure the branching fraction of B* — p*p° with 189 fb~! data.

tr~ 7m0y cross section using initial

We are also working on the measurement of the ete™ — 7
state radiation. The precise result of the eTe™ cross section will be crucial input to estimate the
hadron vacuum polarization effects, and thus to improve the SM prediction of the anomalous magnetic
moment of the muon, so called muon “g-2”. In particular, the result recently reported by the Fermilab
g-2 experiment has confirmed the deviation reported earlier by the Brookhaven experiment, and the
combined result has about 4.20 deviation from the SM value. On the other hand, some discrepancy
exist between the results of the eTe™ cross section measurements in the past by the BaBar and KLOE
experiments. Therefore, the result from the Belle II experiment will provide very important input for
verification.

We are also performing several analyses at Belle experiment. Charged-lepton-flavor-violation is
predicted in several new physics scenarios. We update the analysis of 7 lepton decays into a light
charged lepton (¢ = e, ) and a vector meson (VO = p° ¢, w, K*¥ or K*), 7 — (VY using 980 fb~!
data. A machine learning selection method was developed, It improved by about 30% efficiency
compare to the previous cut-based selection.

Apart from the New Physics search, heavy flavor hadron physics is also the area we are intensively
working. B-factory experiments have observed a large number of charmonium-like states in the B
meson decay and opened a new era in the field of hadron spectroscopy. In particular, we measured
the properties of candidate of exotic states of cé-meson spectrum, so called X (3872). It has been
discovered in the decay of B — J/vntn~ at Belle experiment. The lineshape was studied by using
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Breit-Wigner model. It is possible that X (3872) include DD* component. To understand the nature of
X (3872), we measrued total width of X (3872) as well as the lineshape in the X (3872) — DD* decays
by using Belle data. We improved the measurement of mass and width of Breit-Wigner lineshape,
and also try to determine parameters of Flatte lineshape as that with multiple decay channels.

e ATLAS

KMI achievements in 2021 at the energy-frontier LHC-ATLAS experiment

Our scientific goals are (a) to reveal the structure of vacuum and the origin of the mass of particles
through the measurements of the Higgs-boson properties and (b) to discover new phenomena arising
from physics beyond the Standard Model (SM) such as supersymmetry (SUSY). The Run 2 period
(2015-2018) of the LHC-ATLAS experiment at CERN finished successfully, collecting 140 fb~! of
proton-proton collision data at a centre-of-mass energy of /s = 13 TeV. This data allowed us to mea-
sure the SM processes including the Higgs-boson properties more precisely and also to explore heavier
new particles with significantly improved sensitivities. Three complex analyses are in progress: search
for Higgs-boson pair (di-Higgs) production, search for long-lived particles (LLP), and measurement of
top-quark mass using J/v in the final state of top-quark-pair production. In parallel, we have been
developing advanced technologies for the muon trigger system. This system determines which physics
events will be retained for offline data analyses, and is of fundamental importance to the ATLAS
physics program.

Physics achievements

(1) Search for di-Higgs production

We searched for resonant di-Higgs production in the bbbb final state using the full Run 2 dataset
collected with the ATLAS detector. The analysis is divided into two channels, targeting Higgs boson
decays which are reconstructed as pairs of small-radius jets or as individual large-radius jets. Spin-0
and spin-2 benchmark signal models are considered, both of which correspond to resonant di-Higgs
production via gluon-gluon fusion. The Nagoya group took a leading role in the estimations of the
trigger uncertainty and the contamination of the single Higgs boson production. The data are consis-
tent with SM predictions. Upper limits are set on the production cross section times branching ratio
(Figure [3.1(a)). Paper draft was submitted in Feb. 2022, and published in May 2022 (Phys. Rev. D
105, 092002).

(2) Search for LLP production

No new physics phenomena were observed yet with focus on prompt decays, and new weakly-interacting
particles can have long lifetimes. The Nagoya group started a new activity in 2020 to search for LLP
decaying into hadrons using events that contain multiple energetic jets and a displaced vertex. The
search employs dedicated reconstruction techniques that significantly increase the sensitivity to LLP
decaying in the ATLAS inner detector. The Nagoya group is responsible for data-driven background
estimation for SM processes and instrumental effects. We plan to obtain the search result in 2022.
(3) Measurement of the top-quark mass using J

The Nagoya group has been focusing on top-quark physics historically since the LHC start and made
various results with Run 1 dataset. A precise measurement of the top-quark mass has been becoming
important with even higher statistics, in order to understand the stability of vacuum. We started
a new activity with the focus of the top-mass measurement using a .J/¢ meson. This channel can
suppress the large uncertainty from physics modelling on jet hadronization, which has been one of
the largest uncertainties in high-statistics channels. We established the method of top-quark mass fit
using the distribution of the invariant mass of J/1 in the bottom quark jet and charged lepton from
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the W boson decay. We found that the statistical uncertainty for the full Run 2 dataset is about
1 GeV, which can be reduced with larger dataset expected in the near future.

Trigger achievements

Operation and maintenance

KMI keeps playing a main role in the operation and the maintenance of the muon trigger system with
the thin gap chambers (TGC), which cover the pseudorapidity range 1.05 < |n| < 2.4. High voltage
could not be applied to about 40 TGC chambers in late Run 2. Eleven chambers were replaced by
spare chambers in 2021. Nagoya PhD student staying in CERN with the supports from KMI took a
leading role in the cabling required for the chamber replacements (Figure [3.1[(b)). In addition to the
chamber replacements, we completed the installation of new backend boards (Figure [3.1fc)), which
can receive signals from New Small Wheel (NSW). The inclusion of NSW signals in the muon trigger
system is crucial for the reduction of fake muon trigger due to low momentum particles from secondary
interactions of the proton beam, and is a major upgrade of the ATLAS trigger system during Long
Shutdown 2 (2019-2021).

Phase-II upgrade High-luminosity LHC (HL-LHC) starting from 2029 is planned to increase the
luminosity by a factor of about 10 compared to the current LHC for more precise measurements of
Higgs-boson properties and more sensitive searches for the physics beyond the SM. The trigger and
data acquisition system of the ATLAS experiment is being upgraded to cope with the higher radiation
levels, the higher detector occupancy, and the higher data rate at HL-LHC (called phase-II upgrade).
This year, we worked on prototyping of frontend and backend boards of the TGC in the phase-1I
upgrade program. The second prototype of the frontend board was produced and a thorough test on
the functions was performed. No problems were found and the design for mass production was fixed.
The backend board shall implement huge amount of optical links (around 200) and high-end FPGA
(XCVU13P), and the design requires significant efforts. We produced the first prototype and con-
firmed that basic functions such as FPGA configuration work as expected (Figure [3.1(d)). The track
reconstruction firmware was established for full coverage of TGC, and the performance was confirmed
with Vivado simulation using detector inputs provided from Monte-Carlo samples.

e Fundamental Astroparticle Physics

T-violation in resonance reactions, neutron lifetime, medium range interactions

The enhancement of the violation of time-reversal symmetry is predicted in the neutron capture
reaction for some nuclei. We estimated the enhancement factor for *La as a target candidate at
the order of 10%. The enhancement depends on the resonance parameters and spin states of the
nuclei, which can be discussed with the angular correlation terms of the (n, ) reaction. The neutron-
spin dependence of the angular correlation terms (?, v) provide powerful information to confirm
the enhancement mechanism. We measured the various correlation terms by surrounding germanium
detectors in ANNRI neutron beam line in Material and Life Science Experimental Facility (MLF)
at J-PARC. A high-performance 3He neutron spin filter is installed on the beamline to polarize the
incident neutrons. We have also measured the reactions of 117Sn, ¥!1Xe to estimate each enhancement
factors. We discuss the compound states with the global analysis of the whole data with the theory
group.

For the T-violation search experiment, the polarized nuclear target has to be prepared. A LaAlOs
single crystal, which has the perovskite structure, is a candidate for the polarized target. The collab-
orative study started to fabricate the large scale of the crystal with Tohoku University. Dynamical
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Figure 3.1: (a) Expected (dashed black lines) and observed (solid black lines) 95% confidence level
upper limits on the cross section of resonant di-Higgs production in the spin-0 signal models. The
lo and 20 uncertainty ranges for the expected limits (colored bands) are shown. Expected limits
using each of the resolved and boosted channels individually (dashed colored lines) are shown. (b)
Nagoya PhD student working on cabling for the TGC electronics after chamber replacements. (c)
Muon trigger board installed during Long Shutdown 2 for the inclusion of NSW signals in the muon

trigger system. (d) First prototype of the muon trigger board for the HL-LHC. A high-end FPGA,
XCVU13P, is mounted at around the center of the board.
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nuclear polarization (DNP) system are developing with Hiroshima University, Osaka University and
Yamagata University. The enhanced polarization of '3%La nuclei was demonstrated by the DNP
method with the LaAlQOj single crystal fabricated by ourselves.

These results showed the feasibility of the T-violation search experiment with high sensitivity,
which is comparable to that of neutron EDM and which has different systematics. We have started
the detailed design of the T-violation search experiment. International collaboration ‘NOPTREX’ is
established with US and Chinese group.

The recent values of neutron lifetime deviate far beyond the systematic errors claimed in the past
and sometimes can be a trigger of discussion of new physics. We published the first result of neutron
lifetime measurement by using pulsed neutron beam at NOP beamline in J-PARC. The time projection
chamber (TPC) detects both of the electrons from neutron beta decay and the nuclear reaction by
3He in order to estimate the flux simultaneously. The measured value was 89858 s, which still has
a large uncertainties. To improve the statistics the upstream beam optics has been upgraded. The
spin flip chopper (SFC) produced the well-defined bunches, which have short length enough to fit in
the fiducial volume of the TPC. The SFC consists of neutron spin flippers and spin-selecting mirrors,
which control the beam trajectory with the spin-flip, however, the size of the devices is limited the
beam cross section. We installed new spin flippers and mirrors with large beam-acceptance to improve
the statistics of the measurement. The origin of the systematic uncertainties is also studied by using
the improved statistics.

Dynamical diffraction in the perfect crystal provides the detail information about interactions in
the crystal, for example, the movement of nuclei, the charge radius of neutron, and the fifth force. We
have successfully provided the limit of the existence of the Yukawa-type fifth force between the atom
and neutron by using Pendell6sung interference fringes. A cold-neutron interferometer with artificial
multilayer mirrors was demonstrated by using pulsed neutrons. We tried to apply the interferometer
to precise measurement the nuclear scattering length, which can be used for test for models of nuclear
physics. It also can be utilized for search for unknown force, for example, chameleon field. Nuclear
emulsion as a neutron detector with high position resolution were developed with the emulsion group
in Nagoya University. It will be applied to various experiments including a study of gravity. Neutron
small angle scattering with nanoparticles can be used for search for unknown interactions in the
medium range.

Understanding Cosmic-Ray Air Shower using Accelerator

The Large Hadron Collider forward (LHCf) experiment measures neutral particles emitted in the very
forward angle region of hadron-hadron collisions at LHC. A similar version of the experiment RHICf
has been done at RHIC with polarized proton-proton collisions at 510 GeV. Knowledge of the forward
particle production is expected to improve the hadronic interaction models used in the interpretation
of cosmic-ray air shower observations. In 2021 we accelerated the preparation for an operation with
/s = 13.6 TeV proton-proton collisions scheduled in 2022. The goal of the operation is to increase
the number of events for precise measurement of high energy 7%, and rare particle measurements
like n and KY. The read-out system of the LHCf-Arm2 detector was upgraded to improve the data-
taking speed. In September we performed a beam test at CERN-SPS and electron and proton beams
were injected to the detectors. Even a minimum number of persons could join the beam test due to
travel restrictions related to COVID-19, we could check the basic performance of the detectors and
confirmed the improvement of Arm2 read-out speed. In the beam test, a joint operation with ATLAS-
ZDC detector was performed also. The improvement of energy resolution for hadronic showers was
confirmed by combining the measured energy deposit in the LHCf and ZDC detectors, which was an
important milestone for a joint operation with ATLAS in 2022.
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Dark Matter and Neutrino Experiments at Kamioka Mine

Super-Kamiokande (SK) is the 50-kton water Cherenkov detector underground of the Kamioka Ob-
servatory dedicated for observation of neutrinos and possible proton decay. In 2021, the performance
of a new 50cm photomultiplier tube with a Box&Line type dynode was studied for the construction
of the Hyper-Kamiokande. As well as the signal test work of the delivered PMT at the Kamioka site,
a test bench has been set up in the laboratory to evaluate the signal stability. We have also developed
a new atmospheric neutrino simulation based on the Honda code utilizing existing hadron production
data by accelerator expriments. We continued data analysis of the XMASS experiment to finalize
dark matter search by using the full data set.

Dark Matter and Neutrino Experiments at Laboratori Nazionali del Gran Sasso (LNGS)

The XENONNT experiment, the latest detector of the XENON dark matter program, was constructed
to look for elusive dark matter particles. The detector holds almost 6 tonnes of ultrapure liquid xenon
as a target medium. The XENON experiment aims at detecting tiny amount of charge and light
produced after the interaction of a dark matter particle with a xenon nucleus. The detector is installed
inside a water Cherenkov active muon and neutron veto. Despite the pandemic situation, XENONnT
was successfully constructed and commissioned from spring 2020 to spring 2021. Afterwards, the
XENONNT experiment took the first science data over 97.1 days, from July 6 to November 10, 2021.

The XENONNT experiment requires the lowest possible levels of natural radioactivity, both from
sources intrinsically present in the liquid xenon target and from detector materials and the environment
surrounding the detector. The former is dominated by radon, and its elimination affects the discovery
potential of dark matter. The XENON experiment has successfully managed to reduce such radon BG
to an unprecedentedly low-level, thanks to extensive material screening and the successful operation
of an online cryogenic distillation column that actively removes radon from the xenon.

We are also conducting various R&D works for the future DARWIN project, an experiment with
40-ton double-phase xenon Time Projection Chamber (TPC). With its great sensitivity to rare WIMP-
nucleus interaction, the DARWIN experiment has to improve background rates achieved by the cur-
rently leading experiments such as XENONnT. These are dominated by radon constantly emanated
from detector surfaces. The idea of a hermetic quartz chamber in a dual-phase xenon TPC has the
potential to improve the detector sensitivity because it can isolate the TPC’ s sensitive volume from
external interference and is thus expected to prevent contamination caused by radioactive and elec-
tronegative impurities, which originate from the outer detector materials. We have built a dedicated
small TPC, and are currently testing its performance with gaseous xenon in a room temperature.

Search for dark matter and research on the origin of cosmic rays with gamma-ray obser-
vations

Cosmic gamma rays are produced through interactions of dark matter, CRs, and the interstellar
medium. Therefore, gamma rays are useful probes to search for dark matter and investigate the
properties and distribution of CRs and the interstellar medium.

We are developing a next-generation gamma-ray observatory, CTA, to observe cosmic gamma
rays in an energy range from well below 100 GeV to above 100 TeV. We oversee the development,
procurement, and calibration of silicon photomultipliers (SiPMs) for small-sized telescopes in CTA.
One advantage of the SiPM is its ability to operate under moonlight, which can increase the observation
time by a factor of two. We studied the behavior of the SiPM under intense background light. Under
intense background light, the SiPM current increases, the voltage drops across the series resistor of
the bias circuit, and the drift of the breakdown voltage due to the temperature rise are expected
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to reduce the pulse amplitude. In addition, the pulse amplitude of the SiPM output signal can be
reduced if the SiPM detects photons while recovering from detecting previous photons owing to the
background light. When the series resistor is at a minimum, the pulse amplitude drop is measured
to be approximately 7%, with a background light intensity equivalent to that of the full moon. We
found that the temperature increase had the largest effect on the pulse amplitude at 4%, whereas the
effect of the voltage drop across the series resistor was 1.5%. These two effects accounted for 5.5%
and 7% of the measured amplitude reduction, respectively. The simulation of pulse overlap during the
recovery time indicates that this effect can fully explain the remaining 1.5%.

The CTA is now considering employing the SiPM for the large-sized telescope to take advantage
of the higher photon detection efficiency, smaller pixel size, and ability to operate under moonlight.
However, the SiPM suffers from higher background light owing to better photon detection efficiencies
in the red region, where the background light is bright. We proposed the application of a red filter
on the surface of a light concentrator to reduce background light. We developed a prototype light
concentrator and verified its characteristics. We also performed simulation studies on the gamma-ray
detection efficiencies and found that the red filter improved the efficiency by more than 20% at a
gamma-ray energy of 20 GeV. By reducing the pixel size by half, the improvement can be as much as
30%.

Directional Dark Matter Search

Direction sensitive search is a new promising methodology for direct dark matter detection and
its identification. However, expected nuclear recoils scattered by WIMPs like dark matter and target
nuclei recoils in the detector being low-energy of 10-100 keV scale because of lowness of the dark
matter velocity. The expected track length in the solid (or liquid) detector is less than 1 um, therefore
development of technologies to obtain tracking information in such a short distance is the unique key
of the project.

NEWSdm (Nuclear Emulsion WIMPs Search directional measurement ) experiment has been op-
erated by the international collaboration consisting of 12 institutes, 5 countries. Current main experi-
mental site is the National Laboratory of Gran Sasso (LNGS), Italy, and R&D and data analysis sites
are KMI, Nagoya University, Toho University and Napoli university. This project utilize originally
developed the Nano Imaging Tracker (NIT) which is super-high resolution tracking device based on
nuclear emulsion with 10 nm scale resolution and also, new readout systems to obtain nano-scale
direction information continue to develop in KMI and Italian group, those systems are very unique
in this experiment. NIT has a good signal noise ratio, especially electron background rejection power
(1073 or even better).

The scanning speed increases year by year and 60g/year/machine in spring and with effort for
change to wide field camera, currently achieved 440g/year/machine by autumn 2022, The effort of
scanning speed up will be continued to the target value around several kg/year/machine. NEWSdm
facility in LNGS, underground site, Hall-F have been constructed. In the site , a new emulsion gel
production machine which was installed at the end of 2018, started production of NIT devices under
clean condition at deep underground from 2019. Pouring NIT emulsion films and development of them
were also at the underground site. So all processes other than film scanning and analysis are performed
underground where background caused by cosmic rays is significantly less than on the surface lab.

We started demonstrations for data analysis and scanning data using 1 g scale target mass in
2019. This year, a series of test runs with 2 NIT plates (target NIT mass~ 4g) changing exposure
time as 0.2-0.3 day, 2 weeks, 4 weeks to see signal increase by exposure time. At the exposure time,
the NIT devices were at the condition of -30 degree temperature and surrounded by thick polyethylene
bloke shields. By doing several runs with the same condition at 0.2-0.3 days of exposure, the detected
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number of signal-like candidates fluctuated and the amount was larger than expected. Now we are
investigating to understand this issue. One simple problem which we already supposed is the need to
reduce storing the background gamma or neutrons during NIT film development or NIT setting up
time into a shield at the exposure site. The shield during development or detector construction will
be set after fixing the design of shield and test experiment in near future. In 2021, a measurement
of environmental neutrons at the LNGS surface lab was performed with 28 days exposure time. The
analysis was summarized and we reported the status at the JPS meeting in March 2022, and the
preliminary result in September 2022.

Nuclear Emulsion Technologies

Nagoya University is almost the only university/public research institute capable of research, de-
velopment and manufacturing of nuclear emulsions. In recent years, the use of emulsion films has
expanded beyond elementary particle physics to include various imaging fields, and the demand for
them is growing on the order of 1000m?. Currently, a large gel production machine is in operation,
20kg of emulsion gel can be produced a day. This corresponds to approximately 10 m? emulsion films.
An upgrade of the emulsion gel/film facility operating at Nagoya University is underway to promote
further research activities. For example, in order to achieve both film production capacity and gel
production capacity, we have developed a roll-to-roll automatic coating machine. This machine can
pull the base film directly from the roll, pour the emulsion gel on the surface, dry it continuously, and
finally wind the film onto another roll. Automation has made it possible to produce films of sufficient
thickness and uniformity in a short period of time. This machine was used to produce films for the
FASER and GRAINE projects.

Also our emulsion scannig facility is assuming role of the center of nuclear emulsion analysis for
particle physics ;,muon radiography and other applications. The HTS1 is working for these applications
and is the world fastest emulsion scanning system. The 2nd generation system, HTS2, is under
commisioning and the new nuclear emulsion has been developing. The new gel has lager AgBr crystals
and optimized for HTS2 optics. In order to get the further scannig throughput and covinience for
other institutes and groups, also the third generation of scanning system has been developping.

The developement of PTS, which is focused to read-out for fine graine emulsion "NIT”, is on
going for the directional dark matter search, NEWSdm. In last year, we reported that a novel ellipse
analysis with the 2nd order moment method has been implemented, thereby causing carbon ion tracks
down to kinetic energy of 30 keV to be detected. The recent upgrade of PTS has been achieved 4
times of throughtput as last year version. That is corresponding over 400g per year of the capability
of analysis speed. A new new objective and imager was equipped which had 8 time field of view, and
develope new method of correcting aberration of optics. At present, the further tuning of algorithm
is ongonging. The next upgrade will increase the effective frame rate by equipping multiple image
sensors, enabling kg-scale experiments with a few number of PTS systems.

Balloon Experiment for Gamma-rays Astronomy using Nuclear Emulsion Technology

Observation of cosmic gamma rays is important in understanding high-energy phenomena in the
universe. Since 2008, the Fermi Gamma-ray Space Telescope has surveyed the sub-GeV/GeV gamma-
ray sky and provided a large amount of data. However, observation remains difficult owing to the lack
of angular resolution, and new issues have arisen.

We started up a precise gamma-ray observation project, Gamma-Ray Astro-Imager with Nuclear
Emulsion (GRAINE), using balloon-borne emulsion gamma-ray telescopes to enable high angular
resolution, polarization-sensitive, and large-aperture observations in the 0.01-100 GeV energy region.
In the last balloon experiment (GRAINE 2018), which was performed in April 2018, we succeeded
in the first detection of a celestial gamma-ray object, Vela pulsar, via the balloon-borne emulsion
telescope. The expanse of the gamma-ray image in the 100-MeV region is ~ 0.4° | which is the
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expected performance of our telescope, and the world’s highest angular resolution was demonstrated.

We start the scientific observation phase by enlarging the aperture area, extending the flight
duration, and repeating balloon flights. The next balloon experiment (GRAINE 2023) is approved by
JAXA and scheduled in March 2023 (The original schedule was in 2021, but postponed due to covid
19). The experiment aims at the observation of Vela pulsar, Geminga pulsar, the galactic center,
etc. in the GeV energy region, and the survey of transient phenomena by the largest aperture area
telescope.

Since June 2022, we conducted nuclear emulsion production using new facilities in Nagoya Univer-
sity at full-capacity operation for the first time, and completed 600 m? of Nagoya-made emulsion films
for the next experiment. We have also developed a 6-m long large pressurized vessel gondola, which
mounts 2.5-m?-aperture-area emulsion telescopes (6.6 times larger than that of GRAINE 2018) and
attitude monitors, via various performance and environmental tests. All equipment and films were
shipped to Alice Springs, Australia at the end of 2022 and the beginning of 2023. The GRAINE team
will start final preparations for the experiment at the launching site in February 2023.

Study for Neutrino Physics using Nuclear Emulsion

Tau neutrino is the one of the least known standard model particles. It is due to large uncertainty
of its production and difficulties in detection and identification. So far tau neutrino-nucleon interaction
cross section has a large error of several tens % and we, DsTau, SHiP, are aiming to measure it
within10% accuracy. And we also study tau neutrino production at the forward direction from the
LHC collision point by FASERv.

DsTau experiment aims to study the tau neutrino production with CERN SPS 400 GeV proton
on tungsten and molybdenum target. DsTau will provide accurate tau neutrino flux information for
future experiments like SHiP measuring tau neutrino cross section with high statistics by performing
a detailed analysis of the differential production cross-section of Ds — 7 + v, and the 7 = X + v,.
Nuclear emulsion trackers used in DsTau can identify Ds — 7 4+ v, cascade decay, thanks to the sub-
micrometric position resolution of emulsion, average 7 mrad angle difference between Ds and tau in few
mm distance can be detected. The uncertainty of tau neutrino production flux will be reduced below
10% using 1000 detected such a cascade decays from 2.4 x 10% proton -tungsten interaction. After the
success of 2018 pilot run data taking and analysing status, the DsTau is formally approved as CERN
NA65. The physics run started from 2021 and 17 (12 tungsten, 5 molybdenum) Emulsion Cloud
Chamber (ECC) modules were exposed to 10° protons/cm? beams. The 2021 run developed emulsion
films are under scanning and analysing. Together with the 2021 run data analysis, we produced a
total surface of 110 m? emulsion films and sent them to CERN for the 2022 run. In the middle of
October 2022 we performed the 2022 run, again 17 (9 tungsten and 8 molybdenum) ECC modules
were exposed to proton beams with the same track density as the 2021 run. The developed 2022 run
films have just arrived at Nagoya University for the analysis.

SHiP experiment is planning to expose tau neutrinos from 2031 or later. Currently we are polishing
the design of the beam dump facility and detector components to get the approball. We are doing
performance tests for tau decay daughter track’s change and momentum measurements. Thanks to
sub-micrometric resolution of nuclear emulsion, a compact spectrometer length of 3 cm can determine
charged track’s charge for momentum < 7 GeV/c. The compact emulsion spectrometer (CES) has
emulsion films as a tracking device with low density 1.5cm spacers. The CES performance tests have
been conducted with several base materials. As a result the glass base or solid thicker base (COP)
make the distortion of emulsion plates smaller and then produce better performance on momentum
resolution.

FASERv is a new project taking data in 2021-2024 and later aiming to study high energy neutrinos
from the ATLAS collision point at 480m away in forward direction. 1.1 tons of neutrino ECC detector
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using 1mm thick tungsten plates as neutrino interacting target interleaved with nuclear emulsion films
will be mounted in the TI12 tunnel. By analysing a sub-sample (target mass of 11kg, luminosity of
12.2fb71) of 2018 pilot run data by two small 15kg ECCs, the first observation of neutrinos from
LHC were reported in Phys.Rev.D 104, L091101(2021) . A total of about 140 m? emulsion
films produced at Nagoya university were sent to CERN by 3 bunches of shipment and constructed
3 neutrino detectors. We installed them one by one in front of the FASER detector. Films of all 3
modules are developed and sent back to Nagoya university and currently we are analyzing 1st and
2nd modules and will scan the films of 3rd module soon.

The NINJA experiment at J-PARC and related activities

Currently study of Sub-Multi GeV neutrinos is one of most important subject in the field of particle
physics because almost long baseline neutrino oscillation experiments which search for the CP violation
in the lepton sector use neutrinos in this energy region and the main systematic error in current and
future neutrino oscillation analysis is caused from the uncertainty of neutrino-nucleus interactions in
this energy region. Furthermore, the MiniBooNE experiment at Fermilab reported an anomaly of 4.7
sigma excess of electron like neutrino events in Sub GeV energy region which indicates the existence
of a sterile neutrino. Sterile neutrino search is also a big topics in this field because it is not predicted
by the Standard Model and a candidate of right-handed neutrino, dark matter or dark radiation.
However, the MiniBooNE signal has been not concluded as evidence of sterile neutrino because there
is still a possibility that it comes from an unknown systematic error, for instance, the uncertainty of
neutrino-nucleus interactions. So more precision measurement of short baseline neutrino oscillation
like MiniBooNE condition is needed. In summary, the study of Sub-Multi GeV neutrinos is a key to
open physics beyond the Standard Model.

The NINJA experiment aims to measure Sub-Multi GeV neutrino-nucleus interactions precisely
and search for sterile neutrino at the same physics condition in the MiniBooNE with different detec-
tor and accelerator at J-PARC. Thanks to the excellent position resolution of the emulsion detector
which is the main detector in NINJA, we can measure not only leptons but also hadrons from neu-
trino interactions at low energy threshold. This allows us to reconstruct neutrino interactions without
ambiguities. Actually, we clearly demonstrated to detect below 500 MeV/c protons from neutrino
interactions in iron and water target which could not be detected so far. Then we found the disagree-
ment between the measured data and the simulated prediction in backward pion production at anti
neutrino-iron interactions. This indicates the understanding of neutrino-nucleus interactions are not
enough and our measurements is effective to modify the current neutrino interaction models or the
current neutrino interaction generators.Currently, we have anlyzed neutrino-water interactions with a
250 kg large mass detector (iron:130 kg, water:75 kg, emulsion:30 kg, CH:15 kg) which implemented
neutrino beam exposure from Nov. 2019 to Feb. 2020 as our 1st Physics Run.

The activities of the NINJA experiment have been documented at Snowmass2021 as one of the
leading precise neutrino-nucleus interaction measurement experiments. Furthermore, NINJA-type
water target emulsion detector was adopted as one of the near detectors for ESSnuSB project, a
future ultra-large long-baseline neutrino oscillation experiment.

3.2.2 Origin of Spacetime Structures Group

Progress on the X-ray observatory XRISM (X-Ray Imaging and Spectroscopy Mission)
XRISM is a JAXA-lead X-ray astronomy satellite, to be launched in JFY 2022. Based on the
heritage of the Hitomi X-ray observatory, XRISM focuses on its soft X-ray super high resolution

spectroscopy with an energy resolution of ~ 5 eV using a calorimeter array, 30 times better than
existing X-ray CCD detectors. Because it does not use dispersion optics, the energy resolution is
not affected by the spatial structure of the target and therefore is a powerful tool to observe diffuse
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objects, such as clusters of galaxies and super-nova remnants.

The XRISM team is concentrating developing and testing the mission systems, the satellite, the
ground support systems and science analysis software. Also, target selection of Performance Verifica-
tion Phase is on going. Uxg member is contributing in developing the information sharing system, as
a member of the science operations preparation team (SOPT).

The Imaging X-ray Polarimetimetry Explorer (IXPE) mission

IXPE is a SMEX mission lead by MSFC/NASA, to be launched in October 2021. It aims at the
first imaging-polarimetry observation in the 2-8 keV X-ray bands. Polarization reflects the geometry

of the emission region, such as the magnetic field orientation and/or scattering material distribution.
Nagoya University is providing the thermal-shield for the X-ray mirror optics, based on the experience
on those of the Suzaku and Hitomi satellites. Because of the higher temperature requirement, the
material of the thermal shield is changed from PET to polyimide film, and production parameters are
newly developed. In 2020 summer, final set of calibration activities using material os the same lot of
the flight models was performed. The output will provide vital information to evaluate the detector
response.

FIZHEEERIAIRT1ILA

Figure 3.2: (left) The XRISM mission image. (right) The IXPE mission and its thermal shield.

X-ray optics and detector development activities

In view of the future X-ray observatory, we are developing new optics. One is a new mirror using
domestic electroforming technology. As the first year trial, we succeeded in developing a miniature
mirror, and demonstrated the technology. Designing of mirror holding structure, improvement of the
mirror itself is going on.

The FORCE mission, a wide-band fine imaging probe in 1-80 keV, is proposed for launch around
early-2030s. The main science aim is to probe the hidden black-holes in the universe, and measure
the non-thermal components in SNRs and other objects. While the optics development is ongoing
in NASA/GSFC, detector components and satellite system design work is ongoing. In 2020, imager
subsystem design work has started. Also be sharing technologies with MeV gamma-ray measurement
detector development activities in our group, one of the key FORCE detector elements, CdTe double-
sided Strip Detector development has started.

X-ray data analysis: merging cluster of galaxies

Cluster of galaxies are the node of the large-scale-structure, and is the largest self-gravitating
system in the Universe. We are analyzing a early-phase merging cluster using X-ray data of Suzaku
and XMM-Newton. In the bridge region connecting the two clusters, we found two zones with high-
pressure, separated by an apparent “channel” with pressure deficit in between. Very hot plasma, or
enhanced high-energy particle and magnetic field, which all cannot be easily observed in existing X-ray
observatories can reside in the channel.
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(a) image 20.0 to 40.0 ke

Figure 3.3: (a) Test result of the newly developed CdTe-DSD imager. (b) Thunder cloud gamma-
ray observation champaign of FY2020. (c¢) Plasma pressure distribution of a merging cluster CIZA
J1358.9-4750.

Thundercloud gamma-ray observation

Thunderclouds are known to emit gamma rays with energy as high as 30 MeV. As one of the
applications of space-borne compact X-ray/gamma-ray detector technology, we are performing gamma-
ray observations of winter thunderclouds around the seashore of Japan Sea. In early 2019, we observed
a series of gamma-ray glows, a minute-lasting gamma-ray emission originating from the cloud itself,
within ~ 6 minutes. The phenomena can be understood as two or three rapidly growing electron
acceleration regions coming out of one thundercloud. We are continuing the observation activity by
adding two “collimated” detectors aiming at measuring the accelerator altitude.

3.2.3 Instrument Development Laboratory
Operation of the TOP counter in the Belle II experiment

The TOP (Time-Of-Propagation) counter is a ring imaging Cherenkov detector for particle identi-
fication (PID) in Belle II. Tt utilizes the time of propagation of Cherenkov photons and position to
reconstruct the Cherenkov ring image. Each TOP module consists of a 2.7-m long highly-polished
quartz radiator bar, an array of 32 Micro-Channel-Plate photomultiplier tubes (MCP-PMTs) at the
end of the bar, and readout electronics with a high-speed waveform sampling ASIC.

The Belle II experiment gradually increased the luminosity with keeping the beam background
level in 2021. The operation of the TOP counter was rather stable, while we improved the operation
system. We introduced alert system to notify the frequently happened trouble and to shorten the
dead time of data taking.

The deterioration of the quantum-efficiency (QE) of MCP-PMT is the main issue to keep the PID
performance. The deterioration is happened due to the ion and neutral gas generated from the MCP
surface by hitting the multiplied electrons. Because of the high beam background rate, we expected
that the QE lifetime will reach by 2022, therefore we need to replace about 220 MCP-PMTs during
the long shutdown 1 (LS1) in 2022-2023.

We have developed the PMT monitoring system, which evaluate the variation of the hit rate, gain
and QE of each PMTs and check the lifetime. By the monitoring result during 2021 run, we found the
larger QE drop than expected in some of PMTs. To check the phenomena in the laboratory bench,
we started to perform the lifetime test with high temperature environment.
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Toward the PMT replacement, we have performed the studies to improve the known issues. 1)
The current PMT modules were assembled with 4 MCP-PMTs and fixed limited position of silicone
potting and silicone glue to the optical filter. Since the magnetic field in the Belle II detector applies
the rotation force to PMTs, some MCP-PMTs were peeled off from the optical filter, which cause the
photon loss. To prevent the peeling off, we will install silicone shim under MCP-PMT. For selecting
the right thickness, we need to know the PMT thickness (or gap size). We have developed the thickness
measurement system using a movable stage and a laser displacement sensors, and successfully measured
the thickness with < 10um precision and determined the appropriate shim thickness. 2) To make the
PMT replacement work easy, fast and safely, we developed HV module carrier and special hex wrench.
The PMT replacement work will be carried out inside the detector with up-side-down position in some
TOP module. We need to remove and set the screws in the blind region. We prepared the HV module
carrier with the screw fall prevention and special wrench to tighten the hex screws in the blind region.

We have an upgrade option of the TOP counter with replacing the PMTs with silicon photomul-
tipliers (SiPMs). We have studied the feasibility of using SiPMs for the TOP counter with a Monte
Carlo simulation. Though SiPMs have a worse time resolution and a much higher rate of dark noise
than the MCP-PMT, the PID performance of the TOP counter with SiPMs is comparable with the
current system, owing to the higher photodetection efficiency. We have confirmed the timing resolu-
tion of SiPM under the high hit rate environment. By using the waveform digitizer and performing
the constant-fraction-discriminator timing determination, the timing resolution is stable up to 2MHz
hit rate (Fig. [3.4])).
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Figure 3.4: Single-photon timing resolution of Hamamatsu SiPM (MPPC) as a function of the noise
rate. Red triangles show the result measured by threshold-type discriminator, TDC and ADC. Blue
points are for the result by digitizer with constant-fraction-discriminator algorithm.

3.2.4 Tau-lepton Data Analysis Laboratory

In the Belle IT experiment, the required computing resource is O(10°) CPU cores and O(100 PB) stor-
ages. In order to accumulate such a huge resource, we adopted the distributed computing technique,
which connect the computing resources all over the world and utilize it as a single big computer. The
Belle II experiment started the data taking with all the detector installed since Apr, 2019. In 2020
FY, SuperKEKB achieved world highest luminosity, and distributed computing is playing important
role.
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The important task in the distributed computing side is to uploaded the raw data in the grid
world and make one copy in the Brookhaven National Laboratory (BNL) in USA as soon as data is
taken. Last year, we developed a system to make the copy in the automatic way. With increase of the
luminosity, higher throughput for to make the copy. We made various improvement in both hardware,
software, and monitoring system to increase the throughput and make the operation smooth. Thanks
to those efforts, we handled more than 1 PB of data in this year, as shown in Fig.

Transfered data by Destination
47 Weeks from Week 51 of 2019 to Week 46 of 2020

PB

0 Aorz020 May2020 Km2020 MIZ020 Aw2020 Sep 203
Max: 1.45, Average: 0.72, Current: 1.45

Figure 3.5: Size of Belle II raw data copied to BNL tape system.

As data is accumulated, the importance of the end-user analysis is rapidly growing. Figure
shows the number of end user jobs concurrently running. As you can see, some fraction of jobs are
failed with various reasons. It is important to make sure that user jobs can be successfully finished
before submitting massive number of jobs to use the computing resource efficiently. In order to realize
it, we developed two frameworks. Omne is Python syntax checker, which check the syntax of the
analysis code before the submission, and stop it when an issue in the code is found. The other one is
the framework called “scout job”. In this framework, when a user submit a massive number of jobs,
tiny fraction of jobs which execute small number of events are submitted first. Only when those test
jobs are successfully finished, remaining jobs are submitted. These machineries have been successfully
implemented in Belle II distributed computing system just now. We expect number of failed jobs to
be decreased drastically in the future.

Running jobs by FinalMajorStatus
47 Weeks from Week 52 of 2019 to Week 47 of 2020

jobs
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Figure 3.6: Number of user analysis jobs concurrently running.
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Research Related Activities

4.1
1]

4.2

Conferences and meetings held by KMI

1st KMI Flash

Date: 28 Jul. 2021

Place: KMI, Nagoya Univ.4+ Online (zoom)

Style: Domestic

Number of participants: 68

Sponsorship: KMI

Web site: https://www.kmi.nagoya-u.ac.jp/events/3869/

FHR IO Z D504, ZLUTHRER — WIS AZBAT

Date: 12-13 Mar, 2022

Place: Yukawa Institute for Theoretical Physics, Kyoto University

Style: Domestic

Number of participants: registered participants 177, in-person attendance about 50
Sponsorship: Yukawa Institute for Theoretical Physics, Kyoto University; Division of Physics
and Astronomy, Graduate School of Science, Kyoto University; KMI, Nagoya University

Web site: https://www2.yukawa.kyoto-u.ac.jp/~tm2022/index . php

KMTI Interdisciplinary Seminar ”Dark matter and new physics searches with a polarized xenon
detector”

Date: 05 Jan, 2022

Place: KMI, Nagoya Univ.+ Online (zoom)

Style: Domestic

Number of participants: 7

Sponsorship: KMI

Seminars and Collquia

2021/04/08 10:30- KMI Colloquium (Zoom)
“Quest for Unification”
Prof. Qaisar SHAFI (Bartol Research Institute, Univ. of Delaware)

2021/05/19 17:30- KMI Topics (Zoom)
“Weak Lensing Cosmology from the Subaru Hyper Suprime-Cam Survey First Year Data”
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[10]

[11]

[12]

Dr. Hironao Miyatake (KMI, Nagoya University)

2021/06/09 17:00- KMI Colloquium (Zoom)
“X-ray Probing of Death of a Massive Star”
Dr. Toshiki Sato (Rikkyo University)

2021/06/23 17:30- KMI Topics (Zoom)
“Muon source development for the J-PARC muon g-2/EDM experiment”
Dr. Kazuhito Suzuki (KMI, Nagoya University)

2021/06/24 17:00- KMI Theory Seminar (Zoom)
“On the 4-dimensional Einstein-Gauss-Bonnet theory”
Dr. Chunshan Lin (Jagiellonian University)

2021/07/14 17:30- KMI Topics (Zoom)
“Status and prospect for SuperKEKB/Belle II Experiment”
Dr. Keisuke Yoshihara (KMI, Nagoya University)

2021/07/28 17:00- KMI Colloquium (Zoom)

“Research and development of xenon bubble chamber detector for underground experiments”

Dr. Yoshihito Gando (Tohoku University)

2021/09/22 17:30- KMI Topics (Zoom)
“Glueball dark matter in SU(N) lattice gauge theory”
Dr. Nodoka Yamanaka (KMI, Nagoya University)

2021/09/29 16:30- KMI Colloquium (Zoom)
“Fate of quarkonia in the quark-gluon plasma”
Prof. Yukinao Akamatsu (Osaka Univ.)

2021/10/13 17:00- KMI Colloquium (Zoom)
“Recent developments in JT gravity”
Prof. Kazumi Okuyama (Shinshu U.)

2021/11/25 14:00- KMI Colloquium (ES635 + Zoom)
“The pursuit of the most general gravity theory”
Prof. Masahide Yamaguchi (Tokyo Tech)

2021/12/08 17:30- KMI Colloquium (ES635 + Zoom)

“The search for primordial gravitational waves from cosmic inflation with CMB experiments in

the Atacama desert and space”
Dr. Yuji Chinone (Univ. of Tokyo)

2022/01/19 17:30- KMI Topics (Zoom)

“A brief review on primordial black hole formation and recent related topics”

Dr. Chulmoon Yoo (Nagoya University)

2022/01/26 17:30- KMI Colloquium (Zoom)
“A new dawn of spectroscopy”
Dr. Franz Muheim (Edinburgh University)

2022/03/9 17:00- KMI Colloquium (Zoom)

“Origin of neutrino masses — Implications to particle physics and cosmology”

Prof. Takehiko Asaka (Niigata Univ.)
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4.3 Awards

No awards this year.



KMI ANNUAL REPORT 2021

34




Chapter 5

Publications and Presentations

5.1

Published papers

5.1.1 Division of Theoretical Studies

Refereed papers

1]

T. Minamikawa, T. Kojo and M. Harada, “Quark-hadron crossover equations of state for neutron
stars: constraining the chiral invariant mass in a parity doublet model”, Phys. Rev. C 103,
045205 (2021).

S. Kono, D. Jido, Y. Kuroda and M. Harada, “The role of the U 4(1) breaking term in dynamical
chiral symmetry breaking of chiral effective theories,” PTEP 2021, no.9, 093 (2021)

Q. Meng, M. Harada, E. Hiyama, A. Hosaka and M. Oka,“Doubly heavy tetraquark resonant
states”, Phys. Lett. B 824, 136800 (2022).

T. Minamikawa, T. Kojo and M. Harada, “Chiral condensates for neutron stars in hadron-quark
crossover: From a parity doublet nucleon model to a Nambu-Jona-Lasinio quark model”, Phys.
Rev. C 104, no.6, 065201 (2021).

Motoko Fujiwara, Junji Hisano, and Takeshi Toma, ” Vanishing or non-vanishing rainbow? Re-
duction formulas of electric dipole moment”, JHEP 10 (2021) 237 [arXiv:2106.03384 [hep-ph]]

Tomohiro Abe, Motoko Fujiwara, Junji Hisano, and Kohei Matsushita, ”Gamma-ray line from
electroweakly interacting non-abelian spin-1 dark matter”, JHEP 10 (2021) 163 [arXiv: 2107.10029

[hep-ph]

E. Goudzovski, D. Redigolo, K. Tobioka, J. Zupan, G. Alonso-Alvarez, D. S. M. Alves, S. Bansal,
M. Bauer, J. Brod and V. Chobanova, et al. “New physics searches at kaon and hyperon facto-
ries,” Rept. Prog. Phys. 86 (2023) no.1, 016201 doi:10.1088/1361-6633 /ac9cee [arXiv:2201.07805

[hep-ph]].

R. Balkin, G. Durieux, T. Kitahara, Y. Shadmi and Y. Weiss, “On-shell Higgsing for EFTs,”
JHEP 03 (2022), 129 doi:10.1007/JHEP03(2022)129 [arXiv:2112.09688 [hep-ph]].

M. Endo, S. Iguro, T. Kitahara, M. Takeuchi and R. Watanabe, “Non-resonant new physics
search at the LHC for the b — c¢7v anomalies,” JHEP 02 (2022), 106 doi:10.1007/JHEP02(2022)106
[arXiv:2111.04748 [hep-ph]].

35



KMI ANNUAL REPORT 2021 36

[10]

[11]

[12]

[13]

[19]

[20]

[22]

M. Endo, K. Hamaguchi, S. Iwamoto and T. Kitahara “Supersymmetric interpretation of the
muon g — 2 anomaly”, JHEP 07 (2021), 075 doi:10.1007/JHEP07(2021)075 [arXiv:2104.03217

[hep-ph]].

K. Nakamura, T. Miyoshi, C. Nonaka and H. R. Takahashi, Phys. Rev. C 107, no.1, 014901
(2023).

H. Fujii, K. Itakura, K. Miyachi and C. Nonaka, Phys. Rev. C 106, no.3, 034906 (2022)
doi:10.1103 /PhysRevC.106.034906 [arXiv:2204.03116 [nucl-th]].

S. Borsanyi, Z. Fodor, J. N. Guenther, C. Hoelbling, S. D. Katz, L. Lellouch, T. Lippert,
K. Miura, L. Parato and K. K. Szabo, et al. Nature 593 (2021) no.7857, 51-55 doi:10.1038 /s41586-
021-03418-1 [arXiv:2002.12347 [hep-lat]].

R. Nagai, M. Tanabashi, K. Tsumura and Y. Uchida, Phys. Rev. D 104 (2021) no.1, 015001
doi:10.1103/PhysRevD.104.015001 [arXiv:2102.08519 [hep-ph]].

N. Kidonakis and N. Yamanaka, JHEP 05 (2021), 278

E. Chapon, D. d’Enterria, B. Ducloue, M. G. Echevarria, P. B. Gossiaux, V. Kartvelishvili,
T. Kasemets, J. P. Lansberg, R. McNulty and D. D. Price, et al. Prog. Part. Nucl. Phys. 122
(2022), 103906

P. Cheewaphutthisakun and H. Kanno : “MacMahon KZ equation for Ding-Iohara-Miki alge-
bra”, JHEP 2104 (2021) 031. doi: 10.1007/JHEP04(2021)031

P. Cheewaphutthisakun and H. Kanno : “Quasi-Hopf twist and Elliptic Nekrasov factor”, JHEP
2112 (2021) 130. doi: 10.1007/JHEP12(2021)130

Y. Abe, T. Inami and K. Izumi, “Perturbative S-matrix unitarity (S%aggerS = 1) in R?W gravity,”
Mod. Phys. Lett. A 36 (2021) no.16, 2150105 doi:10.1142/S0217732321501054

K. Tzumi, Y. Tomikawa, T. Shiromizu and H. Yoshino, “Area bound for surfaces in generic
gravitational field,” PTEP 2021 (2021) no.8, 083E02 doi:10.1093/ptep/ptab089

M. Amo, K. Izumi, Y. Tomikawa, H. Yoshino and T. Shiromizu, “Asymptotic behavior of null
geodesics near future null infinity: Significance of gravitational waves,” Phys. Rev. D 104
(2021) no.6, 064025 doi:10.1103/PhysRevD.104.064025

T. Shinohara, Y. Tomikawa, K. Izumi and T. Shiromizu, “Divergence equations and uniqueness
theorem of static spacetimes with conformal scalar hair,” PTEP 2021 (2021) no.9, 093E02
doi:10.1093 /ptep/ptabl07

K. Izumi, Y. Tomikawa and T. Shiromizu, “Uniqueness of static spacetime with conformal scalar
in higher dimensions,” Phys. Rev. D 104 (2021) no.10, 104025 doi:10.1103 /PhysRevD.104.104025

E. Babichev, K. Izumi, N. Tanahashi and M. Yamaguchi, “Invertibility conditions for field
transformations with derivatives: Toward extensions of disformal transformation with higher
derivatives,” PTEP 2022 (2022) no.1, 013A01 doi:10.1093/ptep/ptabl51

M. Amo, T. Shiromizu, K. Izumi, H. Yoshino and Y. Tomikawa, “Asymptotic behavior of null
geodesics near future null infinity. II. Curvatures, photon surface, and dynamically transversely
trapping surface,” Phys. Rev. D 105 (2022) no.6, 064074 doi:10.1103/PhysRevD.105.064074



KMI ANNUAL REPORT 2021 37

[26] K. Lee, T. Shiromizu and K. Izumi, Phys. Rev. D 105 (2022) no.4, 044037 doi:10.1103 /PhysRevD.105.04403’

[27] H. Furugori and S. Nojiri, “Dressed asymptotic states and QED infrared physics,” Phys. Rev.
D 104 (2021) no.12, 125004, doi:10.1103/PhysRevD.104.125004

[28] G. G. L. Nashed and S. Nojiri, “Analytic charged BHs in f(R) gravity,” Phys. Lett. B 820
(2021), 136475, doi:10.1016/j.physletb.2021.136475

[29] G. G. L. Nashed and S. Nojiri, “Specific neutral and charged black holes in f(R) gravitational
theory,” Phys. Rev. D 104 (2021) no.12, 124054, doi:10.1103/PhysRevD.104.124054

[30] S. Nojiri, S. D. Odintsov, D. Saez-Chillon Gomez and G. S. Sharov, “Modeling and test-
ing the equation of state for (Early) dark energy,” Phys. Dark Univ. 32 (2021), 100837,
doi:10.1016/j.dark.2021.100837

[31] S. Capozziello, S. Nojiri and S. D. Odintsov, “Thermal effects and scalar modes in the cosmologi-
cal propagation of gravitational waves,” Phys. Dark Univ. 33 (2021), 100867, doi:10.1016/j.dark.2021.10086"

[32] M. Terasawa and S. Nojiri, “Statistical system based on p-adic numbers,” Phys. Lett. B 819
(2021), 136410, doi:10.1016/j.physletb.2021.136410

[33] S. Nojiri, S. D. Odintsov and T. Paul,

[34] G. G. L. Nashed and S. Nojiri, “Mimetic Euler-Heisenberg theory, charged solutions, and multi-
horizon black holes,” Phys. Rev. D 104 (2021) no.4, 044043, doi:10.1103/PhysRevD.104.044043

[35] G. G. L. Nashed and S. Nojiri, “Rotating black hole in f(R) theory,” JCAP 11 (2021) no.11,
007, doi:10.1088/1475-7516,/2021 /11 /007

[36] S. Nojiri, S. D. Odintsov and V. Faraoni, “Area-law versus Rényi and Tsallis black hole en-
tropies,” Phys. Rev. D 104 (2021) no.8, 084030, doi:10.1103/PhysRevD.104.084030

[37] K. Numajiri, T. Katsuragawa and S. Nojiri, “Compact star in general F(R) gravity: Inevitable
degeneracy problem and non-integer power correction,” Phys. Lett. B 826 (2022), 136929,
doi:10.1016/j.physletb.2022.136929

[38] S. Nojiri, S. D. Odintsov, V. K. Oikonomou and A. A. Popov, “Ghost-free F(R,G) gravity,”
Nucl. Phys. B 973 (2021), 115617, doi:10.1016/j.nuclphysb.2021.115617

[39] K. Ichiki, K. Sumiya and G. C. Liu, “Measuring the cosmological density field twice: A novel
test of dark energy using the CMB quadrupole,” Phys. Rev. D 105, no.6, 063507 (2022)
do0i:10.1103 /PhysRevD.105.063507 [arXiv:2202.11332 [astro-ph.CO]].

[40] P. Villanueva-Domingo and K. Ichiki, “21 cm Forest Constraints on Primordial Black Holes,”
doi:10.1093/pasj/psab119 [arXiv:2104.10695 [astro-ph.CO]].

[41] A. Leauthaud, A. Amon, S. Singh, D. Gruen, J. U. Lange, S. Huang, N. C. Robertson, T. N. Varga,
Y. Luo, C. Heymans, H. Hildebrandt, C. Blake, M. Aguena, S. Allam, F. Andrade-Oliveira,
J. Annis, E. Bertin, S. Bhargava, J. Blazek, S. L. Bridle, D. Brooks, D. L. Burke, A. C. Rosell,
M. Carrasco Kind, J. Carretero, F. J. Castander, R. Cawthon, A. Choi, M. Costanzi, L. N. da
Costa, M. E. S. Pereira, C. Davis, J. De Vicente, J. DeRose, H. T. Diehl, J. P. Dietrich, P. Doel,
K. Eckert, S. Everett, A. E. Evrard, I. Ferrero, B. Flaugher, P. Fosalba, J. Garcia-Bellido,



KMI ANNUAL REPORT 2021 38

[46]

[47]

M. Gatti, E. Gaztanaga, R. A. Gruendl, J. Gschwend, W. G. Hartley, D. L. Hollowood, K. Hon-
scheid, B. Jain, D. J. James, M. Jarvis, B. Joachimi, A. Kannawadi, A. G. Kim, E. Krause,
K. Kuehn, K. Kuijken, N. Kuropatkin, M. Lima, N. MacCrann, M. A. G. Maia, M. Makler,
M. March, J. L. Marshall, P. Melchior, F. Menanteau, R. Miquel, H. Miyatake, J. J. Mohr,
B. Moraes, S. More, M. Surhud, R. Morgan, J. Myles, R. L. C. Ogando, A. Palmese, F. Paz-
Chinchén, A. A. P. Malagén, J. Prat, M. M. Rau, J. Rhodes, M. Rodriguez-Monroy, A. Rood-
man, A. J. Ross, S. Samuroff, C. Sadnchez, E. Sanchez, V. Scarpine, D. J. Schlegel, M. Schubnell,
S. Serrano, 1. Sevilla-Noarbe, C. Sifén, M. Smith, J. S. Speagle, E. Suchyta, G. Tarle, D. Thomas,
J. Tinker, C. To, M. A. Troxel, L. Van Waerbeke, P. Vielzeuf, and A. H. Wright, “Lensing without
borders - I. A blind comparison of the amplitude of galaxy-galaxy lensing between independent
imaging surveys,” MNRAS, 510(4):6150-6189 (2022), do0i:10.1093/mnras/stab3586

D. Rana, S. More, H. Miyatake, T. Nishimichi, M. Takada, A. S. G. Robotham, A. M. Hop-
kins, and B. W. Holwerda, “The Subaru HSC weak lensing mass-observable scaling relations
of spectroscopic galaxy groups from the GAMA survey,” MNRAS, 510(4):5408-5425 (2022),
d0i:10.1093 /mnras/stac007

M. Aguena, C. Avestruz, C. Combet, S. Fu, R. Herbonnet, A. I. Malz, M. Penna-Lima, M. Ricci,
S. D. P. Vitenti, L. Baumont, H. Fan, M. Fong, M. Ho, M. Kirby, C. Payerne, D. Boutigny, B. Lee,
B. Liu, T. McClintock, H. Miyatake, C. Sifén, A. von der Linden, H. Wu, M. Yoon, and LSST
Dark Energy Science Collaboration, “CLMM: a LSST-DESC cluster weak lensing mass modeling
library for cosmology,” MNRAS, 508(4):6092-6110 (2021), doi:10.1093 /mnras/stab2764

T. Eifler, H. Miyatake, E. Krause, C. Heinrich, V. Miranda, C. Hirata, J. Xu, S. Hemmati,
M. Simet, P. Capak, A. Choi, O. Doré, C. Doux, X. Fang, R. Hounsell, E. Huff, H.-J. Huang,
M. Jarvis, J. Kruk, D. Masters, E. Rozo, D. Scolnic, D. N. Spergel, M. Troxel, A. von der Linden,
Y. Wang, D. H. Weinberg, L. Wenzl, and H.-Y. Wu, “Cosmology with the Roman Space Tele-
scope - multiprobe strategies,” MNRAS, 507(2):1746-1761 (2021), doi:10.1093 /mnras/stab1762

T. Eifler, M. Simet, E. Krause, C. Hirata, H.-J. Huang, X. Fang, V. Miranda, R. Mandelbaum,
C. Doux, C. Heinrich, E. Huff, H. Miyatake, S. Hemmati, J. Xu, P. Rogozenski, P. Capak,
A. Choi, O. Doré, B. Jain, M. Jarvis, J. Kruk, N. MacCrann, D. Masters, E. Rozo, D. N. Spergel,
M. Troxel, A. von der Lin- den, Y. Wang, D. H. Weinberg, L.. Wenzl, and H.-Y. Wu, “Cosmology
with the Roman Space Telescope: synergies with the Rubin Observatory Legacy Survey of Space
and Time,” MNRAS, 507(1):1514-1527 (2021), doi:10.1093/mnras/stab533

W. Wang, X. Li, J. Shi, J. Han, N. Yasuda, Y. Jing, S. More, M. Takada, H. Miyatake, and
A. J. Nishizawa, “The Stellar Mass in and around Isolated Central Galaxies: Connections to the
Total Mass Distribution through Galaxy-Galaxy Lensing in the Hyper Suprime-Cam Survey,”
ApJ, 919(1):25 (2021), doi:10.3847/1538-4357 /ac0e38

M. Oguri, S. Miyazaki, X. Li, W. Luo, I. Mitsuishi, H. Miyatake, S. More, A. J. Nishizawa,
N. Okabe, N. Ota, A. A. Plazas Malagén, and Y. Utsumi, “Hundreds of weak lensing shear-
selected clusters from the Hyper Suprime-Cam Subaru Strategic Program S19A data,” PASJ,
73(4):817-829 (2021), doi:10.1093/pasj/psab047

B. Wu, T. Ishikawa, S. Iwaguchi, R. Shimizu, I. Watanabe, Y. Kawasaki, Y. Michimura,
S. Yokoyama and S. Kawamura, “Conceptual design and science cases of a juggled interferometer

for gravitational wave detection,” Phys. Rev. D 106, no.4, 042007 (2022) doi:10.1103/PhysRevD.106.042007

[arXiv:2207.09214 [gr-qc]].



KMI ANNUAL REPORT 2021 39

[49] A. Escriva, Y. Tada, S. Yokoyama and C. M. Yoo, “Simulation of primordial black holes with
large negative non-Gaussianity,” JCAP 05, no.05, 012 (2022) doi:10.1088/1475-7516/2022/05/012
[arXiv:2202.01028 [astro-ph.CO]].

[50] Y. Kawasaki, R. Shimizu, T. Ishikawa, K. Nagano, S. Iwaguchi, I. Watanabe, W. Bin, S. Yokoyama
and S. Kawamura, “Optimization of Design Parameters for Gravitational Wave Detector DE-
CIGO Including Fundamental Noises,” Galaxies 10, no.1, 25 (2022) doi:10.3390/galaxies10010025
[arXiv:2202.04253 [gr-qc]].

[51] N.Kitajima, Y. Tada, S. Yokoyama and C. M. Yoo, “Primordial black holes in peak theory with a
non-Gaussian tail,” JCAP 10, 053 (2021) doi:10.1088/1475-7516,/2021/10/053 [arXiv:2109.00791
[astro-ph.CO]].

[52] Y. Mikura, Y. Tada and S. Yokoyama, “Minimal k-inflation in light of the conformal metric-
affine geometry,” Phys. Rev. D 103, no.10, 101303 (2021) doi:10.1103/PhysRevD.103.1.101303
[arXiv:2103.13045 [hep-th]].

[53] T. Kobayashi, “Monopole-antimonopole pair production in primordial magnetic fields,” Phys.
Rev. D 104, no.4, 043501 (2021) [arXiv:2105.12776 [hep-ph]].

[54] M. Kalomenopoulos, S. Khoschfar, J. Gair, and S. Arai, “Mapping the inhomogeneous Uni-
verse with standard sirens: degeneracy between inhomogeneity and modified gravity theories,”
Mon.Not.Roy.Astron.Soc. 503 (2021) 3, 3179-3193 [arXiv:2007.15020 [hep-ph]].

Non-refereed papers

[1] A. Aryshev et al. [ILC International Development Team], “The International Linear Collider:
Report to Snowmass 2021,” [arXiv:2203.07622 [physics.acc-ph]].

[2] T. San José, M. Ce, A. Gérardin, G. von Hippel, H. B. Meyer, K. Miura, K. Ottnad, A. Risch,
J. Wilhelm and H. Wittig, PoS LATTICE2021 (2022), 423 doi:10.22323/1.396.0423

[3] L. Parato et al. [Budapest-Marseille-Wuppertal], PoS LATTICE2021 (2022), 358 doi:10.22323/1.396.0358
[arXiv:2202.05807 [hep-lat]].

5.1.2 Division of Experimental Studies

Refereed papers

[1] Y. Horii, Y. Nakahama, M. Tomoto, ATLAS Collaboration, AtlFast3: The Next Generation of
Fast Simulation in ATLAS, Comput Softw Big Sci, 6, 7 (2022)

[2] Y. Horii, Y. Nakahama, M. Tomoto, ATLAS Collaboration, The ATLAS inner detector trigger
performance in pp collisions at 13 TeV during LHC Run 2, Eur. Phys. J. C, 82, 206 (2022)

[3] Y. Horii, Y. Nakahama, M. Tomoto, ATLAS Collaboration, Observation of electroweak produc-
tion of two jets in association with an isolated photon and missing transverse momentum, and

search for a Higgs boson decaying into invisible particles at 13 TeV with the ATLAS detector,
Eur. Phys. J. C, 82, 105 (2022)

[4] Y. Horii, Y. Nakahama, M. Tomoto, ATLAS Collaboration, Emulating the impact of additional
proton—proton interactions in the ATLAS simulation by presampling sets of inelastic Monte
Carlo events, Comput Softw Big Sci, 6, 3 (2022)



KMI ANNUAL REPORT 2021 40

[5]

[14]

[17]

[18]

Y. Horii, Y. Nakahama, M. Tomoto, ATLAS Collaboration, Search for heavy particles in the
b-tagged dijet mass distribution with additional b-tagged jets in proton-proton collisions at v's
= 13 TeV with the ATLAS experiment, Phys. Rev. D, 105, 12001 (2022)

Y. Horii, Y. Nakahama, M. Tomoto, ATLAS Collaboration, Search for Higgs boson decays into
a pair of pseudoscalar particles in the bbuu final state with the ATLAS detector in pp collisions
at vs = 13 TeV, Phys. Rev. D, 105, 12006 (2022)

Y. Horii, Y. Nakahama, M. Tomoto, ATLAS Collaboration, Search for new phenomena in three-
or four-lepton events in pp collisions at ¥s = 13 TeV with the ATLAS detector, Phys. Lett. B,
824, 136832 (2022)

Y. Horii, Y. Nakahama, M. Tomoto, ATLAS Collaboration, Operation and performance of the
ATLAS semiconductor tracker in LHC Run 2, JINST, 17, P01013 (2022)

Y. Horii, Y. Nakahama, M. Tomoto, ATLAS Collaboration, Performance of the ATLAS Level-1
topological trigger in Run 2, Eur. Phys. J. C, 82, 7 (2022)

Y. Horii, Y. Nakahama, M. Tomoto, ATLAS Collaboration, Measurement of the c-jet mistagging
efficiency in tt events using pp collision data at Vs = 13 TeV collected with the ATLAS detector,
Eur. Phys. J. C, 82, 95 (2022)

Y. Horii, Y. Nakahama, M. Tomoto, ATLAS Collaboration, Configuration and performance of
the ATLAS b-jet triggers in Run 2, Eur. Phys. J. C, 81, 1087 (2021)

Y. Horii, Y. Nakahama, M. Tomoto, ATLAS Collaboration, Search for Lepton-Flavor Violation
in Z-Boson Decays with 7 Leptons with the ATLAS Detector, Phys. Rev. Lett., 127, 271801
(2021)

Y. Horii, Y. Nakahama, M. Tomoto, ATLAS Collaboration, Search for new phenomena in pp
collisions in final states with tau leptons, b-jets, and missing transverse momentum with the
ATLAS detector, Phys. Rev. D, 104, 112005 (2021)

Y. Horii, Y. Nakahama, M. Tomoto, ATLAS Collaboration, Search for charginos and neutralinos
in final states with two boosted hadronically decaying bosons and missing transverse momentum
in pp collisions at ¥s = 13 TeV with the ATLAS detector, Phys. Rev. D, 104, 112010 (2021)

Y. Horii, Y. Nakahama, M. Tomoto, ATLAS Collaboration, Search for charginos and neutralinos
in final states with two boosted hadronically decaying bosons and missing transverse momentum
in pp collisions at vs = 13 TeV with the ATLAS detector, Phys. Rev. D, 104, 112010 (2021)

Y. Horii, Y. Nakahama, M. Tomoto, ATLAS Collaboration, Search for exotic decays of the
Higgs boson into bb and missing transverse momentum in pp collisions at ¥s = 13 TeV with the
ATLAS detector, JHEP, 1, 63 (2021)

Y. Horii, Y. Nakahama, M. Tomoto, ATLAS Collaboration, Measurement of b-quark fragmen-
tation properties in jets using the decay B — J/¢ K in pp collisions at Vs = 13 TeV with the
ATLAS detector, JHEP, 12, 131 (2021)

Y. Horii, Y. Nakahama, M. Tomoto, ATLAS Collaboration, Search for resonances decaying into
photon pairs in 139 fb~! of pp collisions at ¥s = 13 TeV with the ATLAS detector, Phys. Lett.
B, 822, 136651 (2021)



KMI ANNUAL REPORT 2021 41

[19]

[20]

[21]

[22]

[23]

[25]

[26]

[27]

[28]

[30]

31]

[32]

Y. Horii, Y. Nakahama, M. Tomoto, ATLAS Collaboration, Search for exotic decays of the Higgs
boson into long-lived particles in pp collisions at vs = 13 TeV using displaced vertices in the
ATLAS inner detector, JHEP, 11, 229 (2021)

Y. Horii, Y. Nakahama, M. Tomoto, ATLAS Collaboration, Measurement of the production
cross section of pairs of isolated photons in pp collisions at 13 TeV with the ATLAS detector,
JHEP, 11, 169 (2021)

Y. Horii, Y. Nakahama, M. Tomoto, ATLAS Collaboration, Search for dark matter produced
in association with a Standard Model Higgs boson decaying into b-quarks using the full Run 2
dataset from the ATLAS detector, JHEP, 11, 209 (2021)

Y. Horii, Y. Nakahama, M. Tomoto, ATLAS Collaboration, Search for New Phenomena in Final
States with Two Leptons and One or No b-Tagged Jets at ¥s = 13 TeV Using the ATLAS
Detector, Phys. Rev. Lett., 127, 141801 (2021)

Y. Horii, Y. Nakahama, M. Tomoto, ATLAS Collaboration, Search for dark matter produced in
association with a single top quark in vs = 13 TeV pp collisions with the ATLAS detector, Eur.
Phys. J. C, 81, 860 (2021)

Y. Horii, Y. Nakahama, M. Tomoto, ATLAS Collaboration, Search for dark matter in events
with missing transverse momentum and a Higgs boson decaying into two photons in pp collisions
at vs = 13 TeV with the ATLAS detector, JHEP, 10, 13 (2021)

Y. Horii, Y. Nakahama, M. Tomoto, ATLAS Collaboration, Measurement of the tttt production
cross section in pp collisions at vs = 13 TeV with the ATLAS detector, JHEP, 11, 118 (2021)

Y. Horii, Y. Nakahama, M. Tomoto, ATLAS Collaboration, Search for bottom-squark pair
production in pp collision events at vs = 13 TeV with hadronically decaying 7-leptons, b-jets,
and missing transverse momentum using the ATLAS detector, Phys. Rev. D, 104, 32014 (2021)

Y. Horii, Y. Nakahama, M. Tomoto, ATLAS Collaboration, Measurements of the inclusive and
differential production cross sections of a top-quark—antiquark pair in association with a Z boson
at vs = 13 TeV with the ATLAS detector, Eur. Phys. J. C, 81, 737 (2021)

Y. Horii, Y. Nakahama, M. Tomoto, ATLAS Collaboration, Measurement of single top-quark
production in association with a W boson in the single-lepton channel at vs = 8 TeV with the
ATLAS detector, Eur. Phys. J. C, 81, 720 (2021)

Y. Horii, Y. Nakahama, M. Tomoto, ATLAS Collaboration, Jet energy scale and resolution
measured in proton-proton collisions at vs = 13 TeV with the ATLAS detector, Eur. Phys. J.
C, 81, 689 (2021)

Y. Horii, Y. Nakahama, M. Tomoto, ATLAS Collaboration, Measurements of sensor radiation
damage in the ATLAS inner detector using leakage currents, JINST, 16, P08025 (2021)

Y. Horii, Y. Nakahama, M. Tomoto, ATLAS Collaboration, Evidence for Higgs boson decays
to a low-mass dilepton system and a photon in pp collisions at ¥s = 13 TeV with the ATLAS
detector, Phys. Lett. B, 819, 136412 (2021)

Y. Horii, Y. Nakahama, M. Tomoto, ATLAS Collaboration, Exclusive dimuon production in
ultraperipheral Pb+Pb collisions at ¥sNN = 5.02 TeV with ATLAS, Phys. Rev. C, 104, 24906
(2021)



KMI ANNUAL REPORT 2021 42

[33]

[34]

[39]

[40]

[41]

[42]

Y. Horii, Y. Nakahama, M. Tomoto, ATLAS Collaboration, Search for Displaced Leptons in v's
= 13 TeV pp Collisions with the ATLAS Detector, Phys. Rev. Lett., 127, 51802 (2021)

Y. Horii, Y. Nakahama, M. Tomoto, ATLAS Collaboration, Search for squarks and gluinos in
final states with one isolated lepton, jets, and missing transverse momentum at vs = 13 TeV
with the ATLAS detector, Eur. Phys. J. C, 81, 600 (2021)

Y. Horii, Y. Nakahama, M. Tomoto, ATLAS Collaboration, Muon reconstruction and identifi-
cation efficiency in ATLAS using the full Run 2 pp collision data set at v's = 13 TeV, Eur. Phys.
J. C, 81, 578 (2021)

Y. Horii, Y. Nakahama, M. Tomoto, ATLAS Collaboration, Determination of the parton dis-
tribution functions of the proton from ATLAS measurements of differential W+ and Z boson
production in association with jets, JHEP, 7, 223 (2021)

Y. Horii, Y. Nakahama, M. Tomoto, ATLAS Collaboration, A search for the decays of stopped
long-lived particles at vs = 13 TeV with the ATLAS detector, JHEP, 7, 173 (2021)

Y. Horii, Y. Nakahama, M. Tomoto, ATLAS Collaboration, Search for supersymmetry in events
with four or more charged leptons in 139 fb~! of /s = 13 TeV pp collisions with the ATLAS
detector, JHEP, 7, 167 (2021)

Y. Horii, Y. Nakahama, M. Tomoto, ATLAS Collaboration, Measurements of differential cross-
sections in four-lepton events in 13 TeV proton-proton collisions with the ATLAS detector,
JHEP, 7, 5 (2021)

Y. Horii, Y. Nakahama, M. Tomoto, ATLAS Collaboration, Performance of the ATLAS RPC
detector and Level-1 muon barrel trigger at vs = 13 TeV, JINST, 16, P07029 (2021)

Y. Horii, Y. Nakahama, M. Tomoto, ATLAS Collaboration, The ATLAS Fast TracKer system,
JINST, 16, P07006 (2021)

Y. Horii, Y. Nakahama, M. Tomoto, ATLAS Collaboration, Search for charged-lepton-flavour
violation in Z-boson decays with the ATLAS detector, Nature Physics, 17, 819 (2021)

Y. Horii, Y. Nakahama, M. Tomoto, ATLAS Collaboration, Test of the universality of 7 and
lepton couplings in W-boson decays with the ATLAS detector, Nature Physics, 17, 813 (2021)

Y. Horii, Y. Nakahama, M. Tomoto, ATLAS Collaboration, Two-particle azimuthal correlations
in photonuclear ultraperipheral Pb+Pb collisions at 5.02 TeV with ATLAS, Phys. Rev. C, 104,
14903 (2021)

Y. Horii, Y. Nakahama, M. Tomoto, ATLAS Collaboration, Measurement of the relative Bgﬁ / B*
production cross section with the ATLAS detector at ¥s = 8 TeV, Phys. Rev. D, 104, 12010
(2021)

Y. Horii, Y. Nakahama, M. Tomoto, ATLAS Collaboration, Search for trilepton resonances from
chargino and neutralino pair production in ¥s = 13 TeV pp collisions with the ATLAS detector,
Phys. Rev. D, 103, 112003 (2021)

Y. Horii, Y. Nakahama, M. Tomoto, ATLAS Collaboration, Measurements of Higgs bosons
decaying to bottom quarks from vector boson fusion production with the ATLAS experiment at
Vs = 13 TeV, Eur. Phys. J. C, 81, 537 (2021)



KMI ANNUAL REPORT 2021 43

(48]

[49]

[52]

[55]

Y. Horii, Y. Nakahama, M. Tomoto, ATLAS Collaboration, Search for pair production of third-
generation scalar leptoquarks decaying into a top quark and a 7-lepton in pp collisions at vs =
13 TeV with the ATLAS detector, JHEP, 6, 179 (2021)

Y. Horii, Y. Nakahama, M. Tomoto, ATLAS Collaboration, Search for doubly and singly charged
Higgs bosons decaying into vector bosons in multi-lepton final states with the ATLAS detector
using proton-proton collisions at vs = 13 TeV, JHEP, 6, 146 (2021)

Y. Horii, Y. Nakahama, M. Tomoto, ATLAS Collaboration, Search for charged Higgs bosons
decaying into a top quark and a bottom quark at vs = 13 TeV with the ATLAS detector, JHEP,
6, 145 (2021)

Y. Horii, Y. Nakahama, M. Tomoto, ATLAS Collaboration, Measurements of WW + > 1 jet
production cross-sections in pp collisions at ¥s = 13 TeV with the ATLAS detector, JHEP, 6, 3
(2021)

Y. Horii, Y. Nakahama, M. Tomoto, ATLAS Collaboration, Search for new phenomena in events
with an energetic jet and missing transverse momentum in pp collisions at vs = 13 TeV with
the ATLAS detector, Phys. Rev. D, 103, 112006 (2021)

Y. Horii, Y. Nakahama, M. Tomoto, ATLAS Collaboration, Observation of photon-induced WW
production in pp collisions at ¥'s = 13 TeV using the ATLAS detector, Phys. Lett. B, 816, 136190
(2021)

Y. Horii, Y. Nakahama, M. Tomoto, ATLAS Collaboration, Search for a heavy Higgs boson
decaying into a Z boson and another heavy Higgs boson in the llbb and IWW final states in pp
collisions at v's = 13 TeV with the ATLAS detector, Eur. Phys. J. C, 81, 396 (2021)

Y. Horii, Y. Nakahama, M. Tomoto, ATLAS Collaboration, Search for new phenomena in final
states with b-jets and missing transverse momentum in vs = 13 TeV pp collisions with the

ATLAS detector, JHEP, 5, 93 (2021)

Y. Horii, Y. Nakahama, M. Tomoto, ATLAS Collaboration, Measurement of the associated
production of a Higgs boson decaying into b-quarks with a vector boson at high transverse
momentum in pp collisions at ¥s = 13 TeV with the ATLAS detector, Phys. Lett. B, 816,
136204 (2021)

Y. Horii, Y. Nakahama, M. Tomoto, ATLAS Collaboration, Search for new phenomena in events
with two opposite-charge leptons, jets and missing transverse momentum in pp collisions at vs
= 13 TeV with the ATLAS detector, JHEP, 4, 165 (2021)

Y. Horii, Y. Nakahama, M. Tomoto, ATLAS Collaboration, Search for new phenomena with
top quark pairs in final states with one lepton, jets, and missing transverse momentum in pp
collisions at ¥s = 13 TeV with the ATLAS detector, JHEP, 4, 174 (2021)

Y. Horii, Y. Nakahama, M. Tomoto, ATLAS Collaboration, Search for pair production of scalar
leptoquarks decaying into first- or second-generation leptons and top quarks in proton—proton
collisions at v's = 13 TeV with the ATLAS detector, Eur. Phys. J. C, 81, 313 (2021)

Y. Horii, Y. Nakahama, M. Tomoto, ATLAS Collaboration, Measurement of the CP-violating
phase ¢ in BY — J/1¢$ decays in ATLAS at 13 TeV, Eur. Phys. J. C, 81, 342 (2021)



KMI ANNUAL REPORT 2021 44

[61]

[62]

[63]

Y. Horii, Y. Nakahama, M. Tomoto, ATLAS Collaboration, Optimisation of large-radius jet
reconstruction for the ATLAS detector in 13 TeV proton—proton collisions, Eur. Phys. J. C, 81,
334 (2021)

Y. Horii, Y. Nakahama, M. Tomoto, ATLAS Collaboration, Search for heavy resonances decaying
into a pair of Z bosons in the {T17I'tI'~ and I*t]~vv final states using 139 fb~! of proton—proton
collisions at ¥s = 13 TeV with the ATLAS detector, Eur. Phys. J. C, 81, 332 (2021)

A. Gaz, K. Hayasaka, T. lijima, Y. Kato, P. Krizan, K. Matsuoka, K. Yoshihara, Q.D. Zhou,
Belle II Collaboration, Precise Measurement of the D and D Lifetimes at Belle II, Phys. Rev.
Lett., 127, 211801 (2021)

A. Gaz, K. Hayasaka, T. lijima, Y. Kato, P. Krizan, K. Matsuoka, K. Yoshihara, Q.D. Zhou,
Belle II Collaboration, Search for B* — K*vi Decays Using an Inclusive Tagging Method at
Belle II, Phys. Rev. Lett., 127, 181802 (2021)

A. Gaz, K. Hayasaka, T. Iijima, Y. Kato, P. Krizan, K. Matsuoka, K. Yoshihara, Q.D. Zhou,
The Belle and Belle II Collaboration, Combined analysis of Belle and Belle II data to determine
the CKM angle ¢3 using BT — D(KYh~hT)h' decays, JHEP, 2, 63 (2022)

Zhou Q. D., Yamada S., Robbe P., Charlet D., Itoh R., Nakao M., Suzuki S. Y., Kunigo T., Jules
E., Plaige E., Taurigna M., Purwar H., Hartbrich O., Bessner M., Nishimura K., Varner G., Lai
Y-T, Higuchi T., Sugiura R., Biswas D., Kapusta P., PCl-express based high-speed readout for
the Belle IT DAQ upgrade, IEEE Transactions on Nuclear Science, 68, 8, 1818 (2021)

Nakao Mikihiko, Itoh Ryosuke, Yamada Satoru, Suzuki Soh Y., Konno Tomoyuki, Zhou Qi-
Dong, Kunigo Takuto, Sugiura Ryohei, Park Seokhee, Liu Zhen-An, Zhao Jingzhou, Konorov
Igor, Levit Dmytro, Nakamura Katsuro, Tanigawa Hikaru, Taniguchi Nanae, Uchida Tomo-
hisa, Nishimura Kurtis, Hartbrich Oskar, Lai Yun-Tsung, Shoji Masayoshi, Kuzmin Alexander,
Zhulanov Vladimir, Kunkler Brandon, Mostafanezhad Isar, Nakazawa Hideyuki, Unno Yuji, Per-
formance of the Unified Readout System of Belle II, IEEE Transactions on Nuclear Science, 68,
8, 1826 (2021)

K. Hayasaka, T. lijima, Y. Kato, P. Krizan, K. Matsuoka, Belle Collaboration, Search for lepton-
flavor-violating tau-lepton decays to Iy at Belle, JHEP, 10, 19 (2021)

K. Hayasaka, T. Iijima, Y. Kato, P. Krizan, K. Matsuoka, Belle Collaboration, First measure-
ment of the AT — pr/ decay, JHEP, 3, 90 (2022)

K. Hayasaka, T. Iijima, Y. Kato, P. Krizan, K. Matsuoka, Belle Collaboration, Search for B°
meson decays into A and missing energy with a hadronic tagging method at Belle, Phys. Rev.
D, 105, 5 (2022)

K. Hayasaka, T. Iijima, Y. Kato, P. Krizan, K. Matsuoka, Belle Collaboration, Search for a Light
Higgs Boson in Single-Photon Decays of Y(1S) Using Y(2S) — n77~Y(15) Tagging Method,
Phys. Rev. Lett., 128, 8 (2022)

K. Hayasaka, T. lijima, Y. Kato, P. Krizan, K. Matsuoka, Belle Collaboration, Combined analysis
of Belle and Belle II data to determine the CKM angle ¢3 using B* — D(KJhTh™)h ' decays,
JHEP, 2, 63 (2022)

K. Hayasaka, T. lijima, Y. Kato, P. Krizan, K. Matsuoka, Belle Collaboration, Search for
tetraquark states X .55 in D D} (D*T D*") final states at Belle, Phys. Rev. D, 105, 3 (2022)



KMI ANNUAL REPORT 2021 45

[74]

[75]

[76]

[77]

[79]

[80]

[88]

[89]

K. Hayasaka, T. Iijima, Y. Kato, P. Krizan, K. Matsuoka, Belle Collaboration, Study of B —
D*h~ (h = K/r) decays at Belle, Phys. Rev. D, 105, 1 (2022)

K. Hayasaka, T. Iijima, Y. Kato, P. Krizan, K. Matsuoka, Belle Collaboration, Measurement of
B(Bs — DsX) with By semileptonic tagging, Phys. Rev. D, 105, 1 (2022)

K. Hayasaka, T. Iijima, Y. Kato, P. Krizan, K. Matsuoka, Belle Collaboration, Search for the
decay BY — nn, Phys. Rev. D, 105, 1 (2022)

K. Hayasaka, T. Iijima, Y. Kato, P. Krizan, K. Matsuoka, Belle Collaboration, Measurements
of the branching fractions of ZY — AK2, Z2 — YOKS, and Y — S+ K~ decays at Belle, Phys.
Rev. D, 105, 1 (2022)

K. Hayasaka, T. [ijima, Y. Kato, P. Krizan, K. Matsuoka, Belle Collaboration, Measurements
of ¢*> moments of inclusive B — X.ITv; decays with hadronic tagging, Phys. Rev. D, 104, 11
(2021)

K. Hayasaka, T. Iijima, Y. Kato, P. Krizan, K. Matsuoka, Belle Collaboration, Measurement of
Differential Branching Fractions of Inclusive B — X,I"1; Decays, Phys. Rev. Lett., 127, 26
(2021)

K. Hayasaka, T. [ijima, Y. Kato, P. Krizan, K. Matsuoka, Belle Collaboration, Study of eTe™ —
T(15,25)n and ete™ — T(15)n at /s = 10.866 GeV with the Belle detector, Phys. Rev. D,
104, 11 (2021)

K. Hayasaka, T. Iijima, Y. Kato, P. Krizan, K. Matsuoka, Belle Collaboration, Search for B® —
7F1%(l = e, u) with a hadronic tagging method at Belle, Phys. Rev. D, 104, 9 (2021)

K. Hayasaka, T. lijima, Y. Kato, P. Krizan, K. Matsuoka, Belle II Collaboration, Search for
BT — KTvi Decays Using an Inclusive Tagging Method at Belle H, Phys. Rev. Lett., 127, 18
(2021)

K. Hayasaka, T. Iijima, Y. Kato, P. Krizan, K. Matsuoka, Belle Collaboration, Measurement of
the branching fraction of AT — pw decay at Belle, Phys. Rev. D, 104, 7 (2021)

K. Hayasaka, T. Iijima, Y. Kato, P. Krizan, K. Matsuoka, Belle Collaboration, Measurment of
branching fractions and search for CP violation in D° — 7#t77n, D% = K*tK~n, and D° — ¢n
at Belle, JHEP, 9, 75 (2021)

K. Hayasaka, T. lijima, Y. Kato, P. Krizan, K. Matsuoka, Belle Collaboration, Evidence for the
decay QY — 77Q(2012)~ — 7+ (KZ)~, Phys. Rev. D, 104, 5 (2021)

K. Hayasaka, T. Iijima, Y. Kato, P. Krizan, K. Matsuoka, Belle Collaboration, Measurement of
the masses and widths of the X.(2455)" and 3.(2520)" baryons, Phys. Rev. D, 104, 5 (2021)

K. Hayasaka, T. [ijima, Y. Kato, P. Krizan, K. Matsuoka, Belle Collaboration, Search for the
decay BY — n'n, Phys. Rev. D, 104, 3 (2021)

K. Hayasaka, T. Iijima, Y. Kato, P. Krizan, K. Matsuoka, Belle Collaboration, Search for the
ne2(1D) in ete™ — ynea(1D) at /s near 10.6 GeV at Belle, Phys. Rev. D, 104, 1 (2021)

K. Hayasaka, T. Iijima, Y. Kato, P. Krizan, K. Matsuoka, Belle Collaboration, Measurements of
partial branching fractions of inclusive B — X,["v; decays with hadronic tagging, Phys. Rev.
D, 104, 1 (2021)



KMI ANNUAL REPORT 2021 46

[90]

[91]

[100]

[101]

[102]

[103]

K. Hayasaka, T. lijima, Y. Kato, P. Krizan, K. Matsuoka, Belle Collaboration, Search for B? —
1’ Xs5 at Belle using a semi-inclusive method, Phys. Rev. D, 104, 1 (2021)

K. Hayasaka, T. Iijima, Y. Kato, P. Krizan, K. Matsuoka, Belle Collaboration, Measurements of
branching fractions and asymmetry parameters of Z0 — AK*0 20 — Y0K*0 and E — YT K*~
decays at Belle, JHEP, 6, 160 (2021)

K. Hayasaka, T. lijima, Y. Kato, P. Krizan, K. Matsuoka, Belle Collaboration, First determi-
nation of the spin and parity of the charmed-strange baryon Z.(2970)", Phys. Rev. D, 103, 11
(2021)

K. Hayasaka, T. Iijima, Y. Kato, P. Krizan, K. Matsuoka, Belle Collaboration, Measurement of
branching fractions and CP asymmetries for Df — K+ (n,7%) and D} — 7t (n,7") decays at
Belle, Phys. Rev. D, 103, 11 (2021)

K. Hayasaka, T. Iijima, Y. Kato, P. Krizan, K. Matsuoka, Belle Collaboration, Measurement of
the resonant and nonresonant branching ratios in 2% — ZCK+ K~ Phys. Rev. D, 103, 11 (2021)

K. Hayasaka, T. Iijima, Y. Kato, P. Krizan, K. Matsuoka, Belle Collaboration, Measurement
of the branching fraction of the decay B™ — w7~ [Ty in fully reconstructed events at Belle,
Phys. Rev. D, 103, 11 (2021)

K. Hayasaka, T. Iijima, Y. Kato, P. Krizan, K. Matsuoka, Belle Collaboration, Test of Lepton-
Flavor Universality in B — K*I*]~ Decays at Belle, Phys. Rev. Lett., 126, 16 (2021)

K. Hayasaka, T. Iijima, Y. Kato, P. Krizan, K. Matsuoka, Belle Collaboration, Search for the
dark photon in B® — A’A’, A’ — ete™, uTpu~, and 777~ decays at Belle, JHEP, 4, 191 (2021)

K. Hayasaka, T. Iijima, Y. Kato, P. Krizan, K. Matsuoka, Belle Collaboration, Measurements of
the branching fractions of A} — pn and A7 — pr¥ decays at Belle, Phys. Rev. D, 103, 7 (2021)

K. Hayasaka, T. Iijima, Y. Kato, P. Krizan, K. Matsuoka, Belle Collaboration, Measurement of
the CKM matrix element |V,,| from B® — D*~[*y; at Belle, Phys. Rev. D, 103, 7 (2021)

K. Hayasaka, Z. Huang, and E. Kou, The hadronic 7 decay 7= — Kjv; — (K w)v, —
(K—nt7~ 7%, and the axial vector mixing angle, Eur. Phys. J. C 81, 502 (2021)

“Meteorological Aspects of Gamma Ray Glows in Winter Thunderstorms”, Wada, Y. ; Enoto,
T. ; Kubo, M. ; Nakazawa, K. ; Shinoda, T. ; Yonetoku, D. ; Sawano, T. ; Yuasa, T. ; Ushio,
T. ; Sato, Y. ; Diniz, G. S. ; Tsuchiya, H., Geophysical Research Letters, Volume 48, Issue 7,
article id. €91910 (April 2021)

“Simulations of expected signal and background of gamma-ray sources by large field-of-view de-
tectors aboard CubeSats”, Galgéezi, Gébor ; Ripa, Jakub; Campana, Riccardo; Werner, Norbert;
P4l, Andrés.; Ohno, Masanori ; Mészaros, Laszl6 ; Mizuno, Tsunefumi; Tarcai, Norbert ; Tori-
goe, Kento ; Uchida, Nagomi ; Fukazawa, Yasushi; Takahashi, Hiromitsu; Nakazawa, Kazuhiro
; Hirade, Naoyoshi ; Hirose, Kengo ; Hisadomi, Syohei ; Enoto, Teruaki; Odaka, Hirokazu ;
Ichinohe, Yuto ; Frei, Zsolt; Kiss, Laszlo, Journal of Astronomical Telescopes, Instruments, and
Systems, Volume 7, id. 028004 (April 2022)

“Current status of space gravitational wave antenna DECIGO and B-DECIGO”, Kawamura,
Seiji ; Ando, Masaki ; Seto, Naoki ; Sato, Shuichi ; Musha, Mitsuru ; Kawano, Isao ; Yokoyama,



KMI ANNUAL REPORT 2021 47

[104]

[105]

[106]

[107]

[108]

Jun’ichi ; Tanaka, Takahiro ; Ioka, Kunihito ; Akutsu, Tomotada ; Takashima, Takeshi ; Agat-
suma, Kazuhiro ; Araya, Akito ; Aritomi, Naoki ; Asada, Hideki ; Chiba, Takeshi ; Eguchi,
Satoshi ; Enoki, Motohiro ; Fujimoto, Masa-Katsu ; Fujita, Ryuichi ; Futamase, Toshifumi ;
Harada, Tomohiro ; Hayama, Kazuhiro ; Himemoto, Yoshiaki ; Hiramatsu, Takashi ; Hong,
Feng-Lei ; Hosokawa, Mizuhiko ; Ichiki, Kiyotomo ; Ikari, Satoshi ; Ishihara, Hideki ; Ishikawa,
Tomohiro ; Itoh, Yousuke; Ito, Takahiro ; Iwaguchi, Shoki ; Izumi, Kiwamu ; Kanda, Nobuyuki ;
Kanemura, Shinya ; Kawazoe, Fumiko ; Kobayashi, Shiho ; Kohri, Kazunori ; Kojima, Yasufumi
; Kokeyama, Keiko ; Kotake, Kei ; Kuroyanagi, Sachiko ; Maeda, Kei-ichi ; Matsushita, Shuhei
; Michimura, Yuta ; Morimoto, Taigen ; Mukohyama, Shinji ; Nagano, Koji ; Nagano, Shi-
geo ; Naito, Takeo ; Nakamura, Kouji; Nakamura, Takashi ; Nakano, Hiroyuki; Nakao, Kenichi ;
Nakasuka, Shinichi ; Nakayama, Yoshinori ; Nakazawa, Kazuhiro ; Nishizawa, Atsushi ; Ohkawa,
Masashi ; Oohara, Kenichi ; Sago, Norichika ; Saijo, Motoyuki ; Sakagami, Masaaki ; Sakai, Shin-
ichiro ; Sato, Takashi ; Shibata, Masaru ; Shinkai, Hisaaki ; Shoda, Ayaka ; Somiya, Kentaro
; Sotani, Hajime ; Takahashi, Ryutaro ; Takahashi, Hirotaka ; Akiteru, Takamori ; Taniguchi,
Keisuke ; Taruya, Atsushi ; Tsubono, Kimio ; Tsujikawa, Shinji ; Ueda, Akitoshi ; Ueda, Ken-
ichi ; Watanabe, Izumi ; Yagi, Kent ; Yamada, Rika ; Yokoyama, Shuichiro ; Yoo, Chul-Moon
; Zhu, Zong-Hong, Progress of Theoretical and Experimental Physics, Volume 2021, Issue 5,
id.05A105, 11 pp. (May 2021)

“Gamma-ray astrophysics in the MeV range”, De Angelis, Alessandro; Tatischeff, Vincent ;
Argan, Andrea ; Brandt, Sgren ; Bulgarelli, Andrea; Bykov, Andrei ; Costantini, Elisa; Silva,
Rui Curado da ; Grenier, Isabelle A.; Hanlon, Lorraine ; Hartmann, Dieter ; Hernanz, Margarida
; Kanbach, Gottfried ; Kuvvetli, Irfan ; Laurent, Philippe ; Mazziotta, Mario N. ; McEnery, Julie
; Morselli, Aldo ; Nakazawa, Kazuhiro ; Oberlack, Uwe ; Pearce, Mark ; Rico, Javier ; Tavani,
Marco ; Ballmoos, Peter von ; Walter, Roland; Wu, Xin ; Zane, Silvia ; Zdziarski, Andrzej;
Zoglauer, Andreas, Experimental Astronomy, Volume 51, Issue 3, p.1225-1254 (June 2021)

“Detailed design of the science operations for the XRISM mission”, Terada, Yukikatsu; Holland,
Matt ; Loewenstein, Michael ; Tashiro, Makoto ; Takahashi, Hiromitsu ; Nobukawa, Masayoshi
; Mizuno, Tsunefumi; Tamura, Takayuki ; Uno, Shin’ichiro ; Watanabe, Shin ; Baluta, Chris ;
Burns, Laura ; Ebisawa, Ken ; Eguchi, Satoshi; Fukazawa, Yasushi ; Hayashi, Katsuhiro; lizuka,
Ryo ; Katsuda, Satoru ; Kitaguchi, Takao ; Kubota, Aya ; Miller, Eric; Mukai, Koji; Nakashima,
Shinya ; Nakazawa, Kazuhiro ; Odaka, Hirokazu ; Ohno, Masanori ; Ota, Naomi ; Sato, Rie
; Sawada, Makoto; Sugawara, Yasuharu ; Shidatsu, Megumi ; Tamba, Tsubasa ; Tanimoto,
Atsushi ; Terashima, Yuichi ; Tsuboi, Yohko ; Uchida, Yuusuke ; Uchiyama, Hideki; Yamauchi,
Shigeo ; Yaqoob, Tahir, Journal of Astronomical Telescopes, Instruments, and Systems, Volume
7, id. 037001 (July 2021)

“Multiple Gamma-Ray Glows and a Downward TGF Observed From Nearby Thunderclouds”,
Hisadomi, S. ; Nakazawa, K. ; Wada, Y. ; Tsuji, Y. ; Enoto, T. ; Shinoda, T. ; Morimoto,
T. ; Nakamura, Y. ; Yuasa, T. ; Tsuchiya, H., Journal of Geophysical Research: Atmospheres,
Volume 126, Issue 18, article id. €¢2021JD034543 (September 2021)

“Catalog of gamma-ray glows during four winter seasons in Japan”, Wada, Y.; Matsumoto, T.
; Enoto, T.; Nakazawa, K. ; Yuasa, T.; Furuta, Y. ; Yonetoku, D. ; Sawano, T. ; Okada, G.;
Nanto, H. ; Hisadomi, S. ; Tsuji, Y. ; Diniz, G. S.; Makishima, K.; Tsuchiya, H. Physical Review
Research, Volume 3, Issue 4, article id.043117, (November 2021)

“Characteristics of Low-Frequency Pulses Associated With Downward Terrestrial Gamma-Ray
Flashes”, Wada, Y.; Morimoto, T.; Nakamura, Y.; Wu, T.; Enoto, T.; Nakazawa, K.; Ushio,



KMI ANNUAL REPORT 2021 48

[109]

[110]

[111]

[112]

[113]

[114]

[115]

[116]

[117]

[118]

[119]

[120]

[121]

[122]

T.; Yuasa, T.; Tsuchiya, H., Geophysical Research Letters, Volume 49, Issue 5, article id.
€2021GL097348 (March 2022)

“Atmospheric Electron Spatial Range Extended by Thundercloud Electric Field Below the Rel-
ativistic Runaway Electron Avalanche Threshold”, Diniz, G. ; Wada, Y. ; Ohira, Y. ; Nakazawa,
K. ; Enoto, T., Journal of Geophysical Research: Atmospheres, Volume 127, Issue 3, article id.
€2021JD035958 (February 2022)

”Reduction of quantum noise using the quantum locking with an optical spring for gravita-
tional wave detectors”, Rika Yamada, Yutaro Enomoto, Izumi Watanabe, Koji Nagano, Yuta
Michimura, Atsushi Nishizawa, Kentaro Komori, Takeo Naito, Taigen Morimoto, Shoki Iwaguchi,
Tomohiro Ishikawa, Masaki Ando, Akira Furusawa, Seiji Kawamura, Phys. Lett. A, 402 (2021)
127365 (published on 2021.6.28)

" Investigation of crackling noise in the vibration isolation systems of the KAGRA gravitational
wave detector”, Yuhang Zhaoa, Shin Kirii, Yingtao Liu, Takashi Uchiyama, Ryutaro Takahashi,
Seiji Kawamura, Phys. Lett. A, 416 (2021) 127664 (published on 2021.11.17)

”Optimization of design parameters for Gravitational Wave detector DECIGO including fun-
damental noises”, Yuki Kawasaki, Ryuma Shimizu, Tomohiro Ishikawa, Koji Nagano, Shoki
Iwaguchi, Izumi Watanabe, Bin Wu, Shuichiro Yokoyama and Seiji Kawamura, Galaxies 10
(2022) 10010025 (published on 2022.2.1)

K. Hirota, et.al. (M. Kitaguchi, H. M. Shimizu), “Neutron Imaging Using a Fine-Grained
Nuclear Emulsion”, J. Imaging 7, 4 (2021).

K. Ishizaki, et.al. (M. Kitaguchi, H. M. Shimizu), “Measurement of nuclear spin relaxation time
in lanthanum aluminate for development of polarized lanthanum target”, Nucl. Instr. and Meth.
A1020, 165845 (2021).

B. Heacock, et.al. (M. Kitaguchi, H. M. Shimizu), “Pendellésung interferometry probes the
neutron charge radius, lattice dynamics, and fifth forces”, Science 373, 1239-1243 (2021).

T. Okudaira, et.al. (M. Kitaguchi, H. M. Shimizu), “Energy-dependent angular distribution of
individual + rays in the *%La(n,y)*!*La reaction”, Phys. Rev. C104, 014601 (2021).

A. Addazi, et.al. (M. Kitaguchi, H. M. Shimizu), “New high-sensitivity searches for neutrons
converting into antineutrons and/or sterile neutrons at the HIBEAM/NNBAR experiment at
the European Spallation Source”, Journal of Physics G 48, 070501 (2021).

J. Koga, et.al. (M. Kitaguchi, H. M. Shimizu), “Measurement of v rays from SLiF tile as an
inner wall of a neutron-decay detector”, JINST 16, P02001 (2021).

K Hirota, et.al. (M. Kitaguchi, H. M. Shimizu), “Neutron lifetime measurement with pulsed
cold neutrons”, Prog. Theor. Exp. Phys., 2020, 123C02 (2020).

C. B. Adams et al.,Design and performance of the prototype Schwarzschild-Couder telescope
camera, Journal of Astronomical Telescopes, Instruments, and Systems, 8, id. 014007 (2022).

K. Kamiya et al., High-energy gamma-rays and neutrons observed in very impulsive solar flare
on 2012 June 3, Publications of the Astronomical Society of Japan, 73, pp.1443-1469 (2021)

L. Baldini et al., Catalog of Long-term Transient Sources in the First 10 yr of Fermi-LAT Data,
The Astrophysical Journal Supplement Series, 256, id.13 (2021)



KMI ANNUAL REPORT 2021 49

[123]

[124]

[125]

[126]

[127]

[128]

[129]

[130]

[131]

[132]

[133]

[134]

[135]

[136]

[137]

[138]

M. Ajello et al., Fermi Large Area Telescope Performance after 10 Years of Operation, The
Astrophysical Journal Supplement Series, 256, id.12 (2021)

M. Ajello et al., High-energy emission from a magnetar giant flare in the Sculptor galaxy, Nature
Astronomy, 5, p. 385-391 (2021)

E. Aprile et al., Rn-222 emanation measurements for the XENON1T experiment, Eur. Phys. J.
C. (2021) 81:337

V.C Antohi et al., Improved quality tests of R11410-21 photomultiplier tubes for the XENONnT
experiment, JINST 16 P08033, August 2021

O. Adriani et al., Performance of RHICT detector during operation in 2017, JINST 16 P10027
(2021)

K. Abe et al., Diffuse supernova neutrino background search at Super-Kamiokande, Phys.Rev.D
104 (2021) 12, 122002, arXiv:2109.11174

K. Abe et al., Diffuse supernova neutrino background search at Super-Kamiokande, Phys.Rev.D
104 (2021) 12, 122002, arXiv:2109.11174

K. Abe et al., First gadolinium loading to Super-Kamiokande, Nucl.Instrum.Meth.A 1027 (2022)
166248, arXiv:2109.00360

K. Abe et al., Search for neutrinos in coincidence with gravitational wave events from the LIGO-
Virgo O3a Observing Run with the Super-Kamiokande detector, Astrophys.J. 918 (2021) 2, 78,
arXiv:2104.09196

K. Abe et al., Supernova Model Discrimination with Hyper-Kamiokande, Astrophys.J. 916 (2021)
1, 15, arXiv:2101.05269

A. Orii et al., Search for tens of MeV neutrinos associated with gamma-ray bursts in Super-
Kamiokande, PTEP 2021 (2021) 10, 103F01, arXiv:2101.03480

K. Abe et al., Neutron-antineutron oscillation search using a 0.37 megaton-years exposure of
Super-Kamiokande, Phys.Rev.D 103 (2021) 1, 012008, arXiv:2012.02607

K. Abe et al., Search for event bursts in XMASS-I associated with gravitational-wave events,
Astropart.Phys. 129 (2021) 102568, arXiv:2007.16046

Performance of an emulsion telescope for gamma-ray observations in the GRAINE2018 balloon-
borne experiment , Yuya Nakamura, Shigeki Aoki, Atsushi Iyono, Ayaka Karasuno, Kohichi
Kodama et al. , 10.1093/ptep/ptaal32 , PTEP 2021 (2021) no.12 , 123H02.

First neutrino interaction candidates at the LHC , FASER Collaboration Henso Abreu (Tech-
nion) et al. , 10.1103/PhysRevD.104.1091101 , Phys. Rev. D 104(2021) no.9 , L091101.

The trigger and data acquisition system of the FASER experiment , FASER Collaboration Henso
Abreu (Technion) et al. , 10.1088/1748-0221/16/12/P12028 , JINST. 16(2021) no.9 , P12028.



KMI ANNUAL REPORT 2021 20

Non-refereed papers

1]

[13]

[14]

H. Yoshikawa, et al., (M. Kitaguchi, H. M. Shimizu), “S-wave Resonance Analysis of 13°La and
109Ag in the Compound Nuclear Process Towards T-violation Search”, Proceedings of the 3rd
J-PARC Symposium (J-PARC2019), 011136 (2021).

M. Hiromoto, et al., (M. Kitaguchi, H. M. Shimizu), “Proof-of-principle Experiment for the
Study of a New Intermediate-range Interaction Using Coherent Neutron Scattering”, Proceedings
of the 3rd J-PARC Symposium (J-PARC2019), 011118 (2021).

, et al., (M. Kitaguchi, H. M. Shimizu), “Study for the Experimental Sensitivity of T-violation
Search in Compound Nuclear Reaction of 1'7Sn”, Proceedings of the 3rd J-PARC Symposium
(J-PARC2019), 011137 (2021).

T. Okudaira, et al., (M. Kitaguchi, H. M. Shimizu), “Measurement of Angular Distributions of
y-rays from *9La+n to Excited States of 1“9La”, Proceedings of the 3rd J-PARC Symposium
(J-PARC2019), 011121 (2021).

N. Yamamoto, et al., (M. Kitaguchi, H. M. Shimizu), “Development of Pulsed Neutron Interfer-
ometer”, Proceedings of the 3rd J-PARC Symposium, 011119 (J-PARC2019), 011119 (2021).

S. Makise, et al., (M. Kitaguchi, H. M. Shimizu), “Study of y-ray from 4.53eV p-wave Resonance
of 1"Cd Using Compound Nuclear Reaction”, Proceedings of the 3rd J-PARC Symposium,
011119 (J-PARC2019), 011138 (2021).

S Imajo, et al., (M. Kitaguchi, H. M. Shimizu), “Ultracold Neutron Time Focusing Experiment
and Performance Evaluation of an Improved UCN Rebuncher at J-PARC/MLF”, Proceedings
of the 3rd J-PARC Symposium (J-PARC2019), 011091 (2021).

N. Sumi, et al., (M. Kitaguchi, H. M. Shimizu), “Precise Neutron Lifetime Measurement Using
Pulsed Neutron Beams at J-PARC”, Proceedings of the 3rd J-PARC Symposium (J-PARC2019),
011056 (2021).

A. Tiberio et al., Very-forward neutral pion production cross section in proton-proton collisions
at /s = 13 TeV measured with the LHCf experiment, Proceedings of ICRC 2021, 386 (2022)

O. Adriani et al., LHCf plan for proton-oxygen collisions at LHC, Proceedings of ICRC 2021,
348 (2022)

H. Menjo et al., Status and Prospects of the LHCf and RHICf experiments, Proceedings of ICRC
2021, 348 (2022)

K. Ohashi et al., A simulation study for one-pion exchange contribution on very forward neutron
productions in ATLAS-LHCf common events, Proceedings of ICRC 2021, 190 (2022)

C. B. Adams et al., Technical and scientific performance of the prototype Schwarzschild-Couder
telescope for CTA, Proceedings of the SPIE, 11820, id. 118200E (2021)

C. B. Adams et al., Design and performance of the prototype Schwarzschild-Couder Telescope
camera, arXiv:2109.05127

C. B. Adams et al., Detection of the Crab Nebula by the prototype Schwarzschild-Couder Tele-
scope, arXiv:2109.06225



KMI ANNUAL REPORT 2021 o1

[16] R. Zanin et al., CTA — the World’s largest ground-based gamma-ray observatory, 37th Interna-
tional Cosmic Ray Conference. 12-23 July 2021. Berlin, Germany - Online, published March
18, 2022. Online at https://pos.sissa.it/cgi-bin/reader/conf.cgi?confid=395, id.5

[17] R. White et al., The Small-Sized Telescopes for the Southern Site of the Cherenkov Telescope
Array, 37th International Cosmic Ray Conference. 12-23 July 2021. Berlin, Germany - Online,
published March 18, 2022. Online at https://pos.sissa.it/cgi-bin/reader/conf.cgi?confid=395,
id.728

[18] H. Abe et al., Development of an advanced SiPM camera for the Large Size Telescope of the
Cherenkov TelescopeArray Observatory, 37th International Cosmic Ray Conference. 12-23 July
2021. Berlin, Germany - Online, published March 18, 2022. Online at https://pos.sissa.it/cgi-
bin/reader/conf.cgi?confid=395, id.889

[19] H. Abe et al., Status and results of the prototype LST of CTA, 37th International Cosmic Ray
Conference. 12-23 July 2021. Berlin, Germany - Online, published March 18, 2022. Online at
https://pos.sissa.it /cgi-bin/reader/conf.cgi?confid=395, id.872

[20] H. Abe et al., First follow-up of transient events with the CTA Large Size Telescope proto-
type, 37th International Cosmic Ray Conference. 12-23 July 2021. Berlin, Germany - Online,
published March 18, 2022. Online at https://pos.sissa.it/cgi-bin/reader/conf.cgi?confid=395,
id.838

[21] H. Abe et al., Analysis of the Cherenkov Telescope Array first Large Size Telescope real data
using convolutional neural networks, 37th International Cosmic Ray Conference. 12-23 July
2021. Berlin, Germany - Online, published March 18, 2022. Online at https://pos.sissa.it/cgi-
bin/reader/conf.cgi?confid=395, id.703

[22] H. Abe et al., Physics Performance of the Large Size Telescope prototype of the Cherenkov Tele-
scope Array, 37th International Cosmic Ray Conference. 12-23 July 2021. Berlin, Germany - On-
line, published March 18, 2022. Online at https://pos.sissa.it/cgi-bin/reader/conf.cgi?confid=395,
id.806

[23] Y. Ohtani et al., Cross-calibration and combined analysis of the CTA-LST prototype and the
MAGIC telescopes, 37th International Cosmic Ray Conference. 12-23 July 2021. Berlin, Ger-
many - Online, published March 18, 2022. Online at https://pos.sissa.it /cgi-bin/reader/conf.cgi?confid=395,
id.724

[24] Y. Kobayashi et al., Camera Calibration of the CTA-LST prototype, 37th International Cosmic
Ray Conference. 12-23 July 2021. Berlin, Germany - Online, published March 18, 2022. Online
at https://pos.sissa.it/cgi-bin/reader/conf.cgi?confid=395, id.720

[25] O. Blanch et al., Commissioning of the camera of the first Large Size Telescope of the Cherenkov
Telescope Array, 37th International Cosmic Ray Conference. 12-23 July 2021. Berlin, Germany -
Online, published March 18, 2022. Online at https://pos.sissa.it/cgi-bin/reader/conf.cgi?confid=395,
id.718

[26] C. M. Alispach et al., Reconstruction of extensive air shower images of the Large Size Tele-
scope prototype of CTA using a novel likelihood technique, 37th International Cosmic Ray
Conference. 12-23 July 2021. Berlin, Germany - Online, published March 18, 2022. Online at
https://pos.sissa.it/cgi-bin/reader/conf.cgi?confid=395, id.716



KMI ANNUAL REPORT 2021 92

[27] R. Lopez-Coto et al., Deep-learning-driven event reconstruction applied to simulated data from
a single Large-Sized Telescope of CTA, 37th International Cosmic Ray Conference. 12-23 July
2021. Berlin, Germany - Online, published March 18, 2022. Online at https://pos.sissa.it/cgi-
bin/reader/conf.cgi?confid=395, id.771

[28] L. Foffano et al., Monitoring the pointing of the Large Size Telescope prototype using star
reconstruction in the Cherenkov camera, 37th International Cosmic Ray Conference. 12-23 July
2021. Berlin, Germany - Online, published March 18, 2022. Online at https://pos.sissa.it /cgi-
bin/reader/conf.cgi?confid=395, id.712

[29] S. Locke et al., New Methods and Simulations for Cosmogenic Induced Spallation Removal in
Super-Kamiokande-IV, arXiv:2112.00092

5.1.3 Papers in Science Communication

Refereed papers

[1] Yuko Ikkatai, Atsushi Inoue, Azusa Minamizaki, Kei Kano, Euan McKay and Hiromi M. Yokoyama,
‘Effect of providing gender equality information on students’ motivations to choose STEM.’
PLOS ONE, 16(6): €0252710 (2021)

[2] Yuko Ikkatai, Atsushi Inoue, Kei Kano, Azusa Minamizaki, Euan McKay and Hiromi M. Yokoyama,
‘Factors related to girls’ choice of physics for university entrance exams in Japan.” Physical
Review Physics Education Research. (17), 010141 (2021)



KMI ANNUAL REPORT 2021 53
5.2 Presentations at International Conferences
(I: Invited, O: Oral, P: Poster)
5.2.1 Division of Theoretical Studies
Name of Conference Place Date I O
Reimei Workshop ”"Hadrons in dense matter at J-PARC” | Japan, Ko- | February 21-23, | 1 0
(KEK Tokai, Japan and On-line 2022 rea 2022
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HQL 2021 University 13-17 Sep. 2021 1 0 0
of Warwick,
UK
NUCLEUS 2021 Online 20-25 Sep. 2021 0 1 o0
TAU 2021 Indiana Uni- | 27 Sep. -1 Oct. |1 0 O
versity, USA | 2021
JpGU-AGU joint meeting 2020 Japan 12-16 July 2021 0 2
16th Marcel Grossmann Meeting online 7 July 2021 0 0
Gravitational wave detection at the Moon Workshop Firenze, 14 Oct. 2021 0 0
Italy
The 24th International Spin Symposium (SPIN2021) Japan  and | 18-22 October 1 0 0
online
Low-x 2021 Elba, Italy Setember 26 0 1 O
ICRC 2021 Online July 15—— 22 0 1 0
37th International Cosmic Ray Conference Online 12-13 July 2021 0 0 1
The 22nd International Workshop on neutrinos from accel- | Online 23-27 Sep 2021 0 1 o0
erators
International Conference on Materials and Systems for Sus- | Online 6 Nov. 2021 0 3 0
tainability 2021
experiment total 3 12 3

5.3 Presentations at Domestic Conferences

5.3.1 Division of Theoretical Studies
Name of Conference ‘ Place Date I O P

ILC Summer Camp 2021 online 21-24 Sep 2021 1 0 O
H AW 22021 FEKE K2 online 14-17 Sep 2021 1 0 0
EFTHliR 2 MR SR AR [ 30 Jun-2Jul2021 [1 0 0O

A
T T AT =)V R online 22 May 2021 1 0 0
T o)L —RETEZ B 2 SR online 22 Apr 2021 1 0 0

BYDmTame £ D online 30Aug-1Sep2021 |0 1 0
BGO&fime T DI online 20-21 Sep 2022 0 1 0

The Physical Society of Japan 2021 Autumn meeting online 14-17, Sep 2021 0 2 0
The Physical Society of Japan 2022 Spring meeting online 15-19, Mar 2022 0 2 0
YITP Workshop online 7-10, Dec 2021 0 1 O
KXBRENZ BT By 7T — X fifht & FHiaw/ 7 A — & | online 27 Sep. 2021 1 0 0
DHEE
BLORBIINFHGRY — 2> ay 7 online 17-19 Nov. 2021 0 1 0
B34l BHERAES VRYTU L online 22-24 Dec. 2021 0 1 0
Bophrs T =a— bV ) T KRR & FH ) %S | T%+online | 7-8 Mar, 2022 0 0
theory total 6 10 O

5.3.2 Division of Experimental Studies
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Name of Conference Place Date I O P
The Physical Society of Japan 2021 Autumn meeting online 14-17, Sep 2021 0 5 0
The Physical Society of Japan 2022 Spring meeting online 15-19, Mar 2022 0 6 O
KEK Photosensor /Scintillator Workshop Tohoku Univer- | Dec. 2021 0 2 0
sity (+zoom)
KEK Detector Technology Project Workshop KEK (4zoom) Sep. 2021 0 1 O
experiment total 0 14 O
5.3.3 PR office
Name of Conference ‘ Place Date ‘ I
HE B REBEBE B/ NEXFDYIPE ¥ | online 2 Apr. 2021 1 0 0
Bl
5.4 Tutorial and Reviews Articles

1]

=)

SR, EALE, LB, THOZU00 I 2 —F VEEBAEER] T r)VF—=a1—2 40-2, 56-65
(2021)

M. Kitaguchi, “Neutron Physics”, The 5th Neutron and Muon School, Tokai, Japan, Dec. 2021.

Yoshitaka Itow, Neutrino physics in Super-K/Hyper-K, Neutrino physics in Super-K/Hyper-K, China
(online), Jul. 2021

BB, — AT, IR, IR E, v b a7 v, MILASE, “BREDY = Vv E—ATF LA RA T
IR DAL RIEHM 20 F R, 19 & p. 64-78 (2021)

—Fi M, HE B, BEIRRE, MNE, v A a7 v, BEILEE, “STEMA B IZRE L Snd6Eh0Y
TV R = A=VHRE A XY ADLIRHIZ", RIPE Mt 25t 25k, 19 % p. 79-95 (2021)
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Chapter 6

International Relations

6.1 International Collaborations

Collaboration Name

‘ the other parties

MWA

CSIRO, Curtin University, University of Western Australia (Australia), Ku-
mamoto University, Nagoya University (Japan), Shanghai Astronomical Ob-
servatory (China), and others

LiteBIRD

KEK, Kaveli, Berkeley, MPA and others (26 organizations)

Subaru
Suprime-Cam

Hyper

NAOJ, Kavli IMPU, Princton, ASTAA, Nagoya, others (all institues in Japan
and Taiwan)

scope

Roman Space Tele-

NASA, STScl, Caltech, Kavli IMPU, Nagoya, and others

ATLAS

CERN, High Energy Accelerator Research Organization (KEK), and others
(178 organizations)

Belle

High Energy Accelerator Research Organization (KEK), Tohoku University,
Niigata University, University of Tokyo, Osaka University, Nara Women’s Uni-
versity, National Taiwan University (Taiwan), University of Hawaii (USA),
Budker Institute of Nuclear Physics (Russia), Institute for Theoretical and Ex-
perimental Physics (Russia), University of Ljubljana (Slovenia), Max Planck
Institut fur Physik Muenchen (Germany), Karlsruhe Institute of Technology
(Germany), and others

Belle I1

High Energy Accelerator Research Organization (KEK), Tohoku University,
Niigata University, University of Tokyo, Osaka University, Nara Women’s Uni-
versity, National Taiwan University (Taiwan), University of Hawaii (USA),
Budker Institute of Nuclear Physics (Russia), Institute for Theoretical and Ex-
perimental Physics (Russia), University of Ljubljana (Slovenia), Max Planck
Institut fur Physik Muenchen (Germany), Karlsruhe Institute of Technology
(Germany), and others

o7
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Muon g — 2/EDM

Ibaraki University, High Energy Accelerator Research Organization (KEK),
Japan Atomic Energy Agency (JAEA), J-PARC center, The graduate univer-
sity for advanced studies (Soken-dai), Tokyo Institute of Technology, The Uni-
versity of Tokyo, Kyushu University, Nagoya University, Niigata University, Os-
aka University, International University for Health and Welfare, RCNP. Osaka
University, Research Center for Electron-Photon Science, Tohoku University,
RIKEN, Toyama College, TRIUMF (Canada), University of Victoria (Canada),
University of British Columbia (Canada), Charles University, Faculty of Math-
ematics and Physics, Prague (Czech Republic), CNRS/IN2P3/UPMC/LPNHE
(France), LPNHE Paris (France), LPNHE Paris Sorbonne Universite (France),
Central University of Karnataka (India), Indian Institute of Technology Hy-
derabad (India), Manipal Academy of Higher Education (India), Budker In-
stitute of Nuclear Physics (Russia), Korea University (Republic of Korea),
Sungkyunkwan University (Republic of Korea), Center for Axion and Preci-
sion Physics Research (CAPP), Institute for Basic Science (IBS) (Republic of
Korea), KAIST (Republic of Korea), Seoul National University (Republic of
Korea)

XRISM

JAXA, NASA (US), Kanto Gakuin University, Kwansei Gakuin University,
Kyoto University, Nagoya University, Nara University of Education, Nara
Women’s University, Nihon Fukushi University, Osaka University, RIKEN,
Rikkyo University, Saitama University, Shibaura Institute of Technology,
Shizuoka University, Tohoku Gakuin University, Tokyo Metropolitan Uni-
versity, Tokyo University of Science, University of Miyazaki, University of
Tokyo, Waseda University, Canadian Light Source Inc. (Canada), University of
Chicago (US), Harvard-Smithsonian Center for Astrophysics (US), Lawrence
Livermore National Laboratory (US), Massachusetts Institute of Technology
(US), Saint Mary’s University (Canada), University of Maryland (US), Univer-
sity of Michigan (US), University of Waterloo (US), University of Wisconsin
(US), Yale University (US), ESA (European Space Agency), European Sauther
Observatory (Germany), SRON (Netherland), University of Amsterdam (Nei-
therland), University of Durham (UK), University of Geneva (Switzerland) and
others

Athena X-ray observa-
tory

European Space Agency, ISAS/JAXA, NASA (USA) and others

FORCE X-ray obser-

ISAS/JAXA, Kyoto University, Osaka University, Miyazaki University,

vatory NASA(USA), and others

TUCAN KEK, RCNP Osaka Univ., TRIUMF, The University of Winnipeg and others
(12 organizations)

Cherenkov  Telescope | Max-Planck-Institut fiir Kernphysik, and others (216 organizations)

Array (CTA)

Fermi Gamma-ray | NASA Goddard Space Flight Center, and others (57 organizations)

Space Telescope

LHCf INFN University of Florence (Italy), University of Catania (Italy), Ecole Poly-
technique (France), LBNL Berkeley (USA), Waseda University, Kanagawa Uni-
versity, Tokushima University, Shibaura Institute of Technology, University of
Tokyo

RHICT INFN University of Florence (Italy), University of Catania (Italy), Tokushima

University, Shibaura Institute of Technology, Waseda University, University
of Tokyo, RIKEN, Japan Atomic Energy Agency, Korea University (Korea),
Seoul National University (Korea)

Super-Kamiokande

Kamioka Observatory, Institute of Cosmic Ray Research (ICRR), University
of Tokyo, and others (40 organizations)
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Hyper-Kamiokande

Kamioka Observatory, Institute of Cosmic Ray Research (ICRR), University
of Tokyo, and others (76 organizations)

XENON

Istituto Nazionale di Fisica Nucleare, Laboratori Nazionale del Gran Sasso
(INFN-LNGS), and others (28 organizations)

DARWIN

University of Zurich, University of Freiburg and others (33 organizations)

XMASS

Kamioka Observatory, Institute of Cosmic Ray Research (ICRR), University
of Tokyo, and others (14 organizations)

OPERA

INR Institute for Nuclear Research (Russia), University of Napoli (Italy),
University of Bari (Italy), Lomonosov Moscow State University (Russia),
Kobe University (Japan), Univer-sity of Bern (Switzerland), Nagoya Univer-
sity (Japan), METU Middle East Technical University (Turkey), Univer-sity
of Padova (Italy), Universite de Savoie (France), Ham-burg University (Ger-
many), JINR-Joint Institute for Nuclear Research (Russia), INFN-Laboratori
Nazionali del Gran Sasso (Italy), University of Bologna(Italy), Universite de
Strasbourg (France) , Toho Univeristy (Japan), University of Roma (Italy),
Gyeongsang National University (Korea), In-stitute for Theoretical and Exper-
imental Physics (Russia), Universite Libre de Bruxelles (Belgium) and others

NEWSdm

INR Institute for Nuclear Research (Russia), University of Napoli (Italy), Uni-
versity of Bari (Italy), Lomonosov Moscow State University (Russia), METU
Middle East Technical University (Turkey), JINR-Joint Institute for Nuclear
Re-search (Russia), INFN-Laboratori Nazionali del Gran Sasso (Italy), Uni-
versity of Roma (Italy), Institute for Theoretical and Experimental Physics
(Russia)

DsTau

University of Bern (Switzerland), JINR-Joint Institute for Nuclear Re-
search(Russia), METU Middle East Technical University (Turkey), Institute
of Space Science (Romania)
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SHiP

University of Sofia (Bulgaria), UTFSM (Universidad Técnica Federico Santa
Maria) (Chile), NBI (Niels Bohr Institute), Copenhagen University (Denmark),
LAL, Univ. Paris-Sud, CNRS/IN2P3 (France), LPNHE Univ. Paris 6 et
7 (France), Humboldt University of Berlin (Germany), University of Bonn,
(Germany), University of Hamburg (Germany), Forschungszentrum Jiilich
(Germany), University of Mainz, (Germany), University and INFN of Bari
(Italy),University and INFN of Bologna (Italy),Istituto Nazionale di Fisica Nu-
cleare (INFN), Sezione di Cagliari (Italy), Universita Federico IT and INFN of
Naples (Ttaly), University La Sapienza and INFN of Rome (Italy), Lab. Naz.
Frascati (Italy), Lab. Naz. Gran Sasso, (Italy), Aichi University of Educa-
tion (Japan), Kobe University, (Japan), Nagoya University (Japan), Nihon
University (Japan), Toho University (Japan), Gyeongsang National Univer-
sity (Korea), KODEL, Korea University (Korea), University of Leiden,(The
Netherlands), Laboratory of Instrumentation and high-energy Particle physics
(LIP) (Portugal), Joint Institute of Nuclear Research (JINR) (Russia), Insti-
tute for Theoretical and Experimental Physics (ITEP) (Russia), Institute for
Nuclear Research (INR) (Russia), P.N. Lebedev Physical Institute of the Rus-
sian Academy of Sciences (LPI) (Russia), National University of Science and
Technology "MISIS” (Russia), National Research Centre (NRC) ”Kurchatov
Institute” (Russia), Institute for High Energy Physics (Russia), Petersburg
Nuclear Physics Institute (PNPI) ( Russia), Moscow Engineering Physics In-
stitute (MEPI) (Russia), Skobeltsyn Institute of Nuclear Physics of Moscow
State University (Russia) ,Yandex School of Data Analysis (Russia), Institute
of Physics, University of Belgrade, (Serbia), Stockholm University (Sweden),
Uppsala University, (Sweden), CERN, University of Geneva (Switzerland),
Ecole Polytechnique Federale de Lausanne (EPFL) (Switzerland), University
of Zurich (Switzerland), Middle East Technical University (METU) (Turkey),
Ankara University (Turkey), Imperial College London (UK), University Col-
lege London (UK), Rutherford Appleton Laboratory (RAL) (United Kingdom),
Bristol University (UK), Warwick University (UK), Taras Shevchenko National
University of Kyiv (Ukraine), Florida University (USA)

6.2 Visitors

No visitor this year.
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Public Relations

7.1 Media Relations

[1] Press release [TH5& R T 2V F —OEZERIHEE LHC IZT=2— MY J KISMEM % 71O THIEH- =
a— MY FEEDOH U WA (First observation of neutrino interaction candidates at the LHC — A new
perspective on neutrino experiments —) |
Date: 29 Nov., 2022
Related KMI member: Toshiyuki Nakano, Mitsuhiro Nakamura, Hiroki Rokujo, Osamu Sato
News link: https://www.kmi.nagoya-u.ac.jp/eng/blog/2021/11/29/first-observation-of-neutrino-interac
Related link: https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.L091101
Joint press release: FASER collaboration
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7.2 Newspaper Articles
Date Media Title KMI Members
2021/11/10 | NASA Website | NASA’ s Roman Mission Will Help | Prof. H. Miyatake
(link) Empower a New Era of Cosmological
Discovery

7.3
1]

Outreach Events held by KMI

KMI x ITbM MIX CAFE

Date: 19 May 2021

Place: Online (Zoom)

Lecturers: Keisuke Yoshihara (KMI), Hidenori Takeuchi (Institute for Advanced Ressearch, ITbM)
Number of Participants: 18

Co-host: Institute of Transformative Bio-Molecules (ITbM), Nagoya University and KMI

KMI x ITbM MIX CAFE [E¥ x Y550 F ]

Date: 26 June 2021

Place: Online (Zoom)

Lecturers: Seiji Kawamura (Graduate School of Science, KMI), Shigehiro Yamaguchi (Graduate School
of Science, ITbM)

Number of Participants: 77

Co-host: ITbM and KMI

25 - DL B~ZAMNITHELFHDEH~

Date: 3 Oct 2021

Place: Online (Zoom)

Lecturers: Keisuke Yoshihara (KMI), Shigeru Yoshida (Chiba University)

Number of Participants: 108

Co-host: International Center for Hadron Astrophysics (ICEHAP), Chiba Uniberisty and KMI

Hi—[a KMI OBOG b — 2 @ 2,83 V12 & 5 Fhi T W1HL O BT
Date: 16 Oct 2021

Place: Online (Zoom)

Lecturer: Yasumichi Aoki (Riken)

Number of Participants: 37

Host: KMI

i E | TROAORDOMA~YHDEZEA T 2 NOZHERFTEDF ¥ ) T8 A
Date: 11 Feb 2022

Place: Online (Zoom)

Lecturers: Anno Ishihara (Chiba University), Yu Nakahama (KEK, KMI)
Number of Participants: 45

Co-host: ICEHAP, KMI

INK - ZRJERGRS0JE4F /IS A Z AT

Date: 14 January, 2022

Place: Sakata-Hirata Hall, Nagoya University + online

Lecturers: Makoto Kobayashi (KMI, KEK), Seiji Tanabashi (Gradualte School of Science, KMI), Toru
Iijima (KMI), Junji Hisano (KMI), Taichi Kugo (Kyoto University), Mitsuhiro Nakamura (Institute of
Materials and Systems for Sustainability Advanced Measurement Technology Cente, Nagoya University),
Shinsaku Kitakado (Nagoya University)

Number of Participants: in-person 51, online about 140

Host: KMI


https://www.nasa.gov/feature/goddard/2021/nasa-s-roman-mission-will-help-empower-a-new-era-of-cosmological-discovery
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7.4 Outreach Events held by KMI members

[1] M. Nozawa, T.ShiromizuaR, "¥7 1 Y7 A T I v 7 K= IVDIEHRNNT NI A fRPFADHF 72725
7 H&EY 1 T v 220214:6H 5

[2] K.Tanabe, T.Shiromizuil, " Ky v 7 =)V & EAFEZERYIFEZ OO BT H R Y 1 T > 2247

20214E10H

[3] K.Kashiyama,T.Shiromizu, "NVt B74E MiGwmE ETFRE 2R T I v 7 AR —"JIftHEY 1 T
> A247 20214E£10H

[4] H. Miyatake, HSC’s latest constraints on {1, and og!, Cosmology Talks (YouTube Channel) |[link], Nov.

9, 2021

[5] H. Miyatake, B CHHOTH TV IHRRF | HRIKES A | HEE TR, K782 - F 1 V7 [link],

Feb. 9, 2022

7.5 Public Lectures by KMI members

Name Date Location Event Title Lecture title Approx. #
of partici-
pants
Keisuke Tzumi 2021/11/18 FHIESTEHA | BHEERAKRFE (| KEOEMNF 40
B E R R %)

Masaaki Kitaguchi 2021/11/04 SHENIPEE | TS SR 7YY — BENETFEERS | 60
*55 .

Yoshitaka Ttow 2021/06/05 | HEETAFERE | B4 &0 R =5 [ BT2 5B FHOBE D O 100
VATV AR— | Yo TV RAHEEHE
h12

Yoshitaka Itow 2021,/08/02 FHESL MR | REEE —a—hV/ 32
%2 (online)

7.6 KMI Science Communication Team

KMI supports outreach activities by a student group called KMI Science Communication Team (KMISCT;
https://teamkmisc.wixsite.com/home). Here is the list of activities and products from KMISCT.

e Welcome to Nagoya University!: Special contents to encourage freshmen who entered the University
during COVID-19 (link).

e Physics in your pocket: Sticky notes from which one can learn physics trivia, e.g., how many muons go
through this sticky per second (link))?

e Lunch meeting: Invite a guest to learn tips for outreach.

— How to make effective slides? (Issei Takahashi; ITbM)

— What is an effective approach in a hands-on science museum during COVID-197 (Hideki Miura;
vice-director of Science World)

— Science communication via YouTube (Shunsaku Kitagawa; Kyoto University)

e Dark Candy: Detailed explanations of topics related to particle physics and cosmology (link]).

o Received President’s Award 2021

7.7 Other Contributions by KMI members

’ Name

‘ Activity

Junji Hisano

Editor of Physics Letters B

Takeshi Kobayashi

Review Editor on the Editorial Board of Cosmology, Frontiers in Physics



https://www.youtube.com/watch?v=jRhQvuee97Q&t=1221s
https://note.com/nagoya_ura/n/n5399a70698ad?magazine_key=m1e09136b6f58
https://teamkmisc.wixsite.com/home
https://teamkmisc.wixsite.com/home/message
https://teamkmisc.wixsite.com/home/physics-in-your-pocket
https://teamkmisc.wixsite.com/home/dark-candy
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Chapter 8

External Funding related with KMI

Grant-in-Aid for Scientific Research (KAKENHI)

(All items are for PI (Principal Investigator) if not specified. Co-I stands for Co-Investigator.)

Name Research Funds ID Amount [JPY]
(Direct Expense)
FUKUDA, Tsutomu Grants-in-Aid for Scientific Research (B) 21H01108 3,650,000
FUKUDA, Tsutomu Grant-in-Aid for Challenging Exploratory Re- | 21K18627 2,400,000
search
FUKUDA, Tsutomu Grant-in-Aid for Scientific Research on Innova- | 18H05537 5,000,000
tive Areas [Co-I]
HARADA, Masayasu Scientific Research (C) 20K03927 1,000,000
HISANO, Junji Scientific Research (C) 21K03572 1,430,000
HISANO, Junji Scientific Research (B) [Co-] 20H01895 500,000
HORII, Yasuyuki Transformative Research Areas (B) 21H05085 10,200,000
ICHIKI, Kiyotomo Scientific Research (C) 18K03616 700,000
ICHIKI, Kiyotomo Scientific Research (A) [Co-I] 21H04467 100,000
IIJIMA, Toru Scientific Research (S) 18H05226 19,000,000
IIJIMA, Toru Specially Promoted Research [Co-I] 20H05625 4,500,000
ITOW, Yoshitaka Scientific Research (A) 21H0446 13,130,000
ITOW, Yoshitaka Grant-in-Aid for Challenging Exploratory Re- | 20K20919 4,810,000
search (A)
ITOW, Yoshitaka Transformative Research Areas (A) [Co-I] 18H05538 12,194,000
ITOW, Yoshitaka Scientific Research (A) [Co-I] 19H00675 390,000
ITOW, Yoshitaka Scientific Research (B) [Co-I] 20H01917 130,000
IZUMI, Keisuke Scientific Research (B)[Co-I] 20H01902 300,000
IZUMI, Keisuke Scientific Research (A)[Co-I] 17H01091 200,000
I1ZUMI, Keisuke Transformative Research Areas (A)[Co-I] 21H05189 300,000
IZUMI, Keisuke Transformative Research Areas (A)[Co-I] 21H05182 100,000
KANNO, Hiroaki Scientific Research (C) 18K03274 500,000
KAWAMURA, Seiji Scientific Research (B) 19H01924 3,400,000
KAWAMURA, Seiji Challenging Research (Exploratory) 21K18626 2,500,000
KAZAMA, Shingo Scientific Research (B) 20H01931 4,380,000
KAZAMA, Shingo Transformative Research Areas (A) 21H05455 2,000,000
KAZAMA, Shingo Scientific Research (A) [Co-I] 21H04471 500,000
KAZAMA, Shingo Scientific Research (A) [Co-I] 21H04466 300,000
KAZAMA, Shingo Grant-in-Aid for Scientific Research on Innova- | 19H05805 2,700,000
tive Areas (Research in a proposed research area)
[Co-T]
KITAGUCHI, Masaaki Scientific Research (B) 21H01092 2,800,000
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KITAGUCHI, Masaaki Scientific Research (A) [Co-I] 19H00690 100,000
KITAGUCHI, Masaaki Scientific Research (B) [Co-] 19H01927 200,000
KITAGUCHI, Masaaki Scientific Research (A) [Co-I] 21H04475 700,000
KITAHARA, Teppei Early-Career Scientists 19K14706 600,000
MAEKAWA, Nobuhiro Scientific Research (C) 19K03823 800,000
MIYATAKE, Hironao Grant-in-Aid for Scientific Research on Innova- | 21H00070 1,800,000

tive Areas (Research in a proposed research area)
MIYATAKE, Hironao Transformative Research Areas (A) 21H05456 2,000,000
MIYATAKE, Hironao Scientific Research (B) 20H01932 3,700,000
MIYATAKE, Hironao Scientific Research (A) [Co-]] 19H00677 500,000
NAKAHAMA, Yu Scientific Research (C) 21K03598 1,600,000
NAKAMURA, Mitsuhiro | Grant-in-Aid for Specially promoted Research 18H05210 39,800,000
NAKANO, Toshiyuki Grant-in-Aid for Specially promoted Research | 18H05210 2,500,000
[Co-I]
NAKANO, Toshiyuki Grants-in-Aid for Scientific Research (S) [Co-I] 17H06132 3,000,000
NAKANO, Toshiyuki Grants-in-Aid for Scientific Research (A) [Co-I] | 21H04472 3,000,000
NAKANO, Toshiyuki Grants-in-Aid for Scientific Research (B) [Co-] 19H01909 200,000
NAKANO, Toshiyuki Grants-in-Aid for Scientific Research (B) [Co-] 19H01988 320,000
NAKAZAWA, Kazuhiro | Scientific Research (A) 20H00157 14,800,000
NAKAZAWA, Kazuhiro | Scientific Research on Innovative Areas (A) 21H00166 2,500,000
NOJIRI, Shin’ichi Scientific Research (C) 18K03615 4,420,000
OKUMURA, Akira Scientific Research (B) 20H01916 2,600,000
ROKUJO, Hiroki Grants-in-Aid for Scientific Research (B) 20H01915 2,100,000
SATO, Osamu Grants-in-Aid for Scientific Research (B) [Co-I] 21HO01108 50,000
SATO, Osamu Grants-in-Aid for Scientific Research (A) [Co-I] 18H03699 2,590,000
SATO, Osamu Grant-in-Aid for Specially promoted Research | 18H05210 2,500,000
[Co-T]
SATO, Osamu Grant-in-Aid for Scientific Research on Innova- | 18H05535 50,000
tive Areas [Co-I]
SATO, Osamu Grant-in-Aid for Scientific Research on Innova- | 18H05541 8,600,000
tive Areas
SATO, Osamu Fostering Joint International Research (B) [Co-I] | 18KK0085 1,500,000
SATO, Osamu Grants-in-Aid for Scientific Research (B) [Co-] 19H01909 200,000
SHIMIZU, Hirohiko Scientific Research (S) [Co-I] 20H05646 3,000,000
SHIROMIZU, Tetsuya Scientific Research (C) 21K03551 100,000
SHIROMIZU, Tetsuya Scientific Research (A)[Co-I] 17H01091 300,000
SHIROMIZU, Tetsuya Transformative Research Areas (A) 21H05189 2,900,000
SHIROMIZU, Tetsuya Transformative Research Areas (A)[Co-I] 21H05182 100,000
SUNAYAMA, Tomomi Transformative Research Areas (A) 20H05855 1,000,000
TAJIMA, Hiroyasu Scientific Research (A) 21H04468 5,700,000
TOBE, Kazuhiro Scientific Research (C) 20K03947 600,000
YOKOYAMA, Shuichiro | Scientific Research (C) 20K03968 900,000

Other Research Funds

Name Research Funds 1D Amount [JPY)]

(Direct Expense)
HISANO, Junji JSPS Core-to-core program 12,984,750
ICHIKI, Kiyotomo JST FOREST JPMJFR20352935 7,000,000
ICHIKI, Kiyotomo ATP Acceleration Research JP20317829 11,300,000
KAZAMA, Shingo Ozawa-Yoshikawa Memorial Electronics Research 2,000,000

Grant Fund

MINAMIZAKI, Azusa Daiko Foundation 950,000
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MIYATAKE, Hironao T-GEx startup grant 500,000
MIYATAKE, Hironao T-GEx tailor-made grant 1,500,000
NAKAZAWA, Kazuhiro JAXA/ISAS Basic development for onboard 1,400,000

equipment
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