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Yukawa Institute for Theoretical Physics (YITP) was founded in 1953 in commemoration of Hideki Yukawa being awarded the Nobel
Prize. For the promotion of the research in particle physics and related fields in theoretical physics, the institute was started as the first
national research center with its facilities open to the community of theoretical physicists in Japan. In 1990, the institute was unified with
Research Institute for Theoretical Physics (RITP) of Hiroshima University. The current English name, Yukawa Institute for Theoretical
Physics, was adopted at the time of the unification of the two institutes. In 2008, Toshihide Maskawa, the 7th director of the institute, was
awarded the Nobel Prize in Physics, being the second Nobel laureate from YITP.

Since ancient times, humans have been fascinated with fundamental questions about nature such as "What is the ultimate constituent
of substances?", "How did the universe start?", "How did life arise on Earth?", etc.

These naive questions concerning our world have eventually developed to natural science, and they led to the explosive progress of
modern physics in the 20th century. However, as humans have gained more knowledge and deepened the level of understanding of nature,
it has also realized that there exist "vast oceans of truth" lying undiscovered in front of us. For example, a unified description for the
physics over all hierarchies of the scale -- from the microscopic scale (elementary particle) to the macroscopic (the universe) scale -- is not
known. Understanding systems with rich structure and high complexity such as life systems is still challenging and an issue of great
importance.
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Our institute tackles these issues through research in theoretical physics, especially in particle physics, nuclear physics, condensed
matter physics, astrophysics and cosmology. We aim to contribute to the development of natural science by gaining our knowledge in these
areas.

Not only has our institute made outstanding achievements in various fields of theoretical physics, the institute has played an important
role as the first national research center with its facilities open to the entire community of theoretical physicists in Japan. Furthermore,
we encourage activities creating new interdisciplinary fields of research involving the forefront of modern physics. In 2016, we newly
established a research organization "Center for Gravitational Physics (CGP)" to collaborative researches among particle physics,
astrophysics and cosmology. From January 2018, Quantum Information theory group has started working as the 5-th research group in
YITP. Prior to CGP, we started a new project "Yukawa International Program for Quark-Hadron Science (YIPQS)", with which YITP has
played a role of international hub for the researchers in the world since its launch in 2007.

In 2013, we celebrated the 60th anniversary of YITP. Even though our activities in the face-to-face style were largely restricted due to
the COVID19 pandemic, we still hold many seminars, workshops and conferences in the remote or the hybrid styles in 2020. We will keep
doing our best for further development of theoretical physics, wishing that the institute will be able to overcome this pandemic and
celebrate the anniversary of the 70th, 80th, 90th and more. We appreciate your help and support for our activities.
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Executive Board, Advisory Board, and Joint Use Management Committee

Executive Board

The Executive Board is the highest decision making body established to deliberate on important matters concerning
the administration and management of the institute. It is composed of several members appointed by the director from
among faculty members of the institute or Kyoto University.

External members of the Executive Board (Term: 2 years)

Norio Kawakami, Professor Graduate School of Science

Takahiro Tanaka, Professor Graduate School of Science

Hikaru Kawai, Professor Graduate School of Science

Takashi Kumagai, Professor Research Institute for Mathematical Sciences

Advisory Board

The Advisory Board is charged with advising the director, upon his/her request, on important matters concerning the
management of the institute and composed of the director, 8 faculty members of the institute, and 12 external members
from academic circles. External members are composed of 6 physicists specializing in particle or nuclear theory, 4
physicists specializing in condensed matter physics, and 2 physicists specializing in astrophysics, recommended
respectively by nationwide communities of researchers in particle theory and condensed matter physics and the
Conversazione of Theoretical Astronomy and Astrophysics.

External Member of Advisory Board (Term: from April, 2019 to March, 2021)

Particle Atsushi Hosaka, Professor Research Center for Nuclear Physics, Osaka University
and
Nuclear Hiroshi Suzuki, Professor Faculty of Science, Kyushu University
Theory Kouichi Hagino, Professor Graduate School of Science, Kyoto University
Mihoko Nojiri, Professor Institute of Particle and Nuclear Studies, KEK
Takashi Nakatsukasa, Center for Computational Sciences, University of Tsukuba
Professor
Masaaki Kimura, Associate Faculty of Science, Hokkaido University
Professor
Condensed Seiji Miyashita, Editor-in-Chief The Physical Society of Japan
Matter Journal of the Physical Society of Japan
Physics Masao Ogata, Professor Graduate School of Science, The University of Tokyo
Sumio Ishihara, Professor (Term:  Graduate School of Science, Tohoku University
from April, 2019 to November 7, 2020)
Hisatomo Harima, Professor Graduate School of Science, Kobe University
(Term: from November 8, 2020 to March,
2021)
Syuichi Murakami, Professor School of Science, Tokyo Institute of Technology
Astrophysics Tomonori Totani, Professor Graduate School of Sciences, The University of Tokyo

Takahiro Tanaka, Professor

Graduate School of Science, Kyoto University

Joint Use Management Committee

The Joint Use Management Committee is charged with advising the director, upon request, on important matters
concerning the implementation of research through joint use of the institute's facilities and composed of the director, 8
faculty members of the institute, and 12 external physicists (which may include up to 3 physicists of Kyoto University).
External physicists are composed of 6 physicists specializing in particle or nuclear theory, 4 physicists specializing in
condensed matter physics, and 2 physicists specializing in astrophysics, recommended respectively by nationwide
communities of researchers in particle theory and condensed matter physics and the Conversazione of Theoretical

Astronomy and Astrophysics.

External Physicist Member of the Joint Use Management Committee (Term: from April, 2019 to March, 2021)

Particle Yoshimasa Hidaka, Professor Institute of Particle and Nuclear Studies, KEK
and Yutaka Utsuno, Principal Researcher =~ Advanced Science Research Center, Japan Atomic Energy Agency
gsgii?’r Kentaroh Yoshida, Assistant Graduate School of Science, Kyoto University
Professor
Kazuyuki Ogata, Associate Professor Research Center for Nuclear Physics, Osaka University
Masakiyo Kitazawa, Assistant Graduate School of Science, Osaka University
Professor
Takayuki Myo, Associate Professor Faculty of Engineering, Osaka Institute of Technology
Daisuke Jido, Professor School of Science, Tokyo Institute of Technology
Condensed Makoto Katori, Professor Faculty of Science and Engineering, Chuo University
Mattfar Hiroshi Kontani, Professor Graduate School of Science, Nagoya University
Physics Gen Tatara, Chief Scientist Center for Emergent Matter Science, RIKEN
Kentaro Nomura, Associate Professor ~ Institute for Materials Research, Tohoku University
Astrophysics Jiro Soda, Professor Graduate School of Science, Kobe University

Ryo Yamazaki, Professor

College of Science and Engineering, Aoyama Gakuin University
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In 1949, Hideki Yukawa became the first Japanese to be awarded the Noble Prize in Physics. On
hearing this news, Risaburo Torigai, then president of Kyoto University, proposed a
commemorative project of establishing Yukawa Memorial Hall as a center for the promotion of
science to commemorate this event. The Science Council of Japan also resolved in the general
meeting in January of the following year to submit a request to the Japanese government for a
commemorative project for the promotion of research in theoretical physics. Under such a support,

History

Yukawa Hall was constructed and inaugurated at its present site in Kyoto University in 1952.
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B WK RE (R HA10) | 1954 4R FLRRERTT
H. Yukawa (at the center), and S. Tomonaga and S. Sakata (to his right)
A picture was taken in 1954 in front of the entrance of the Yukawa Hall.

Although institutionally Yukawa Hall was one facility of Kyoto University, in response to
requests by researchers in theoretical physics all over Japan, it was decided to run it as a facility
for joint use by researchers over the nation. In August, 1953, Yukawa Hall became a research
institute attached to Kyoto University to be reestablished as the Research Institute for
Fundamental Physics with Hideki Yukawa as the first director. Following the purport of
Yukawa Hall, the institute became the first of the type of facilities designated as Joint Research
Laboratory, which were subsequently established in many places in Japan. As Yukawa Hall
became the Research Institute for Fundamental Physics, its original name remained as that of
the building which housed it. Ever since its foundation, as a Joint Research Laboratory, this
institute has not only conducted research on problems of theoretical physics but also promoted
joint research activities such as holding seminars and workshops, thus playing the role of the
center of research in this area in Japan. It also devoted its efforts on research in unexplored
interdisciplinary areas including nuclear astrophysics, biophysics, and plasma physics.
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The institute has also played a central role in international academic
exchange. In September, 1953, immediately after its establishment, the institute
provided the main venue for the “International Conference on Theoretical
Physics,” sponsored by the Science Council of Japan. This is the first
international conference held in Japan after World War II and provided
opportunities to promote exchanges between Japanese and foreign researchers
in theoretical physics. Many foreign researchers have since visited and stayed at
this institute. In 1978, the institute started to host Kyoto Summer Institute as a
series of international research seminars. This was renamed to Yukawa
International Seminar (YKIS) and has continued to this day.

BEESZ I —  Yukawa International Seminar 2016
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The Research Institute for Theoretical Physics (RITP) of Hiroshima University was established as a research institute attached to the former Hiroshima
University of Literature and Science, the predecessor to Hiroshima University, in 1944 with the primary objective to “conduct comprehensive study of
physics through the investigation of the space time structure.” On August 6, 1945, a year after its establishment, an atomic bomb was dropped on
Hiroshima. Two professors affiliated with the institute were killed, most of the institute members were injured, and its research facility was destroyed.
After World War II, in 1949, the first step toward the reconstruction of RITP was taken when the municipal government of Takehara-cho (present
Takehara-shi) donated a governmental office building and its premise. With the establishment of Hiroshima University under the new school system of
Japan, the new development of the Research Institute for Theoretical Physics of Hiroshima University started, yielding excellent research in relativity
theory, cosmology, and elementary particle theory. In 1991, the Marcel Grossmann Award was given to RITP for its long years of achievement in areas of
relativity and cosmology. The two research institutes differ greatly in the history of their establishment and the manner of their management, they had
it in common that subject of their study is theoretical physics. In addition, the developments in physics in recent years have made concepts and
mathematical methods in different areas of research including particle physics, nuclear physics, condensed matter physics, and cosmology even more closely
related with each other, as seen in the development of a theory to unify four fundamental forces of the nature.
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Under such a circumstance, the momentum started to grow rapidly for unifying both research institutes around 1987. Based on the agreement by
Kyoto and Hiroshima Universities, the unification of both institutes was realized in June, 1990 by transferring all the members of RITP to Kyoto
University to reorganize the Research Institute for Fundamental Physics. As a result of the unification, the institute was reinstituted as a Joint
Research Laboratory attached to Kyoto University having 10 research divisions. Although the Japanese name of the institute, Kisobutsurigaku
Kenkyujo [Research Institute for Fundamental Physics], remained unchanged, its English name was changed to “Yukawa Institute for Theoretical
Physics (YITP)” in memory of Hideki Yukawa. The institute was located in two campuses in Kitashirakawa and Uji for a while after the unification,
and a new building which can accommodate all institute members was completed adjacent to Yukawa Hall in 1995. On the other hand, Yukawa Hall,
which was built 55 years before, was entirely renovated through seismic retrofitting from 2007 to 2008. The “Panasonic Auditorium” was constructed
in its courtyard and inaugurated in April, 2008 to serve as a main venue for workshops, seminars, and conferences, thanks to the donation from
Panasonic Corporation.

In recent years, a trend of fragmentation into specialized areas and subareas is observed in physics also. On the other hand, however, research
integration crossing the boundaries between areas of study has gained an extreme importance, and this has become a worldwide trend. In order to be
fully responsive to the trend of research which requires rich interdisciplinarity, the institute reorganized research divisions into three major divisions
in April 2003: “Fundamental Physics,” “Physics of Matter,” and “Physics of Extreme Conditions.” In the academic year 2007, the “Yukawa International
Research Program of Quark-Hadron Sciences” started, which enabled the institute to hold an intensive live-in international workshop of 1 to 2 months
twice or three times every year. The institute is thus becoming a truly international base for joint research where forefront researchers over the world
are always visiting and conducting research. In 2008, Toshihide Maskawa, a professor emeritus and former director of the institute, was awarded the
Nobel Prize in physics, together with Dr. Yoichiro Nambu, a member of the international advisory committee of the institute, to give a great impact
both inside and outside the institute. In 2015, The International Research Unit of Advanced Future Studies was established in collaboration of 12 (then
19) Kyoto University research organizations. The unit was operated by YITP until March in 2020. In 2016, Center for Gravitational Physics (CGP) was
established as a new center of YITP. Its purpose is to establish an international center for gravitational physics in the wider sense through collaborations
with researchers and institutions from all over the world. In 2020, The International Research Unit of Quantum Information was established to open the
future of science. Quantum information science is an interdisciplinary research field that has been rapidly developing in recent years. There are high
expectations that it will offer both next-generation information technology as well as a modern framework for understanding the natural world.
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Chronological Table

1952.7 Yukawa Hall was built
1953.8 The Research Institute for Fundamental Physics (RIFP) was established at Kyoto University.
Two divisions of "Field Theories" and "Theory of Mesons" were established.
1953.9 The International Conference on Theoretical Physics was held.
1954. 4 Two divisions of "Nuclear Theory" and "Solid State Physics" were established.
1960. 3 Yukawa Hall was extended to the north.
1965.9 The "International Conference on Particle Physics" was held on the 30th anniversary of the
meson theory
1969. 6 An accommodation for visitors "Kitashirakawa Gakusha" was built.
1978.9 The 1st Kyoto Summer Institute (KSI) was held.
1979. 8 “Yukawa Hall Archival Library” was established.
1980. 4 The Division of "Statistical Physics" was established (with the 7-year term of duration)
1982. 4 Positions for visiting foreign professors of "Theoretical Physics" were opened
1985. 2 “Yukawa Memorial Room” was established.
1985. 8 The "International Conference (MESON 50)" was held on 50th anniversary of meson theory
1987. 4 The Division of "Statistical Physics" was abolished due to the expiration of the terms of
duration and replaced by the Division of "Non-linear Physics" (with the 10-year term of
duration). KSI was renamed Yukawa International Seminar (YKIS)
1990. 6 Unification with RITP (Hiroshima Univ) Ten divisions of "General Relativity", "Statistical
Physics", "Nuclear Theory", "Particle Physics", "Solid State Physics", "Field Theory", "Theory of
Space-time", "Fundamental Theory of Cosmology", "Non-linear Physics (with the fixed term of
duration)", and "Particle-physical Astrophysics (for visiting foreign professors)" were established
1995.7 The main building was built
1997. 4 The Division of "Non-linear Physics" was reorganized and renamed the Division of
"Non-equilibrium Physics" (with the 10-year term of duration)
2003. 4 Ten divisions were reorganized into three groups, ie.; "Fundamental Physics", "Physics of
Matter", and "Physics of Extreme Conditions"
2004. 4 Kyoto University became a national university corporation.
2006. 4 - Yukawa-Tomonaga Centennial events were held. (Special Exhibition at National Museum of
Nature and Science in Ueno, the Kyoto University Museum, etc.
-2007. 1 Tomonaga Centennial Symposium: Progress in Modern Physics, and the Memorial Ceremony)
2007. 4 The Division of "Non-equilibrium Physics" was abolished due to the expiration of the terms of
duration and reorganized into the Division of "Advanced Statistical Dynamics" as a permanent
division. The Yukawa International Research Program of Quark-Hadron Sciences started
intensive workshops.
2008. 3 Earthquake retrofitting of Yukawa Hall was completed
2008. 4 Panasonic Auditorium in Yukawa Hall was opened
2008. 12 Toshihide Maskawa, a former director, and Yoichiro Nambu, a member of the international
advisory committee, received the Nobel Prize in physics.
2010.4 The institute was designated as a Joint Usage/Research Center in Physics.
2011. 4 North Comprehensive Education and Research Building housing Maskawa Hall was completed
on the North Campus. An intensive workshop program became a permanent budget item.
2013.5 Gravitatioinal Wave Research Center was inaugurated at YITP
2015.7 International Research Unit of Future Creationology was founded.
2016. 4 Center for Gravitational Physics was established.
Directors of YITP
1¢t Hideki Yukawa 1953. 8.1 --1970. 3.31
2nd Ziro Maki 1970. 4.1 --1976. 3.31
31 Humitaka Sato 1976. 4. 1 --1980. 3.31
4th Ziro Maki 1980. 4. 1 - 1986. 3.31
5thKazuhiko Nishijima 1986. 4. 1 -- 1990. 3.31
6t Yousuke Nagaoka 1990. 4. 1 --1997. 3.31
7hToshihide Maskawa 1997. 4. 1 -- 2008. 3.31
8th Taichi Kugo 2008. 4. 1 -- 2007. 3.31
9th Tohru Eguchi 2007. 4. 1--2011. 3.31
10th Taichi Kugo 2011. 4.1--2013.3 31
11t Misao Sasaki 2013.4.1--2017. 3.31
12t Sinya Aoki 2017.4.1-
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1 = - o The goal of high energy physics is to elucidate the basic constituents of matters and the laws
Nl =2/ -
%*ﬁ%ﬂﬁﬂ & =" that govern their dynamics. The Standard Model of elementary particles is the most

ngh Energy Physic S fundamental theory that has been established so far; but there remain some problems indicating
that it is still incomplete as a "theory of everything". Our group aims at the understanding of
fundamental laws of nature that lies beyond the Standard Model.
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Superstring Theory

The most fundamental building blocks of the world might be spatially extended objects -- such as strings. Superstring theory emerged
from this simple idea. It is now known that superstring theory can describe all the particles and their interactions (electromagnetic, weak,
strong and gravity) in a unified manner. Our group studies ten-dimensional superstring theory and its eleven-dimensional extension called
M-theory through various approaches, from the low energy effective supergravity to string field theory. Our questions are diverse; some
members are interested in understanding string theory itself better, whereas others are more interested in applying it to problems in modern
particle physics or cosmology. Recent study of string theory and quantum field theory revealed surprising correspondences, called duality,
between two seemingly different physical systems, for example, between gravity and gauge theory. Duality often relates the strong coupling
phase of one theory to the weak coupling phase of the other. AAS/CFT correspondence is one of the most important examples of duality. It
has wide applications not only to elementary particle physics but also to nuclear theory, condensed matter, quantum information and black
holes.
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Quantum gravity

While general relativity was a great success as classical theory of gravity, it has not yet been formulated in a manner compatible with
quantum mechanics. There are various approaches to quantum gravity; string theory and other approaches in which space-time itself is
regarded as a dynamical object. Consistent quantum gravity is necessary for understanding strongly gravitating systems such as the
creation of the universe or black holes, and it may lead us to a new picture of the universe.
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Non-perturbative quantum field Theory

Quantum field theory, a frame-work representing behavior of elementary particles, is formulated as quantum mechanics with infinite
number of degrees of freedom. In the weak coupling regime, perturbative treatment works well but numerical analysis based on the lattice
gauge theory defined on the discretized lattice proves especially effective in the situations that investigating strong coupling quantum field
theory like QCD describing for dynamics of quarks and gluons. The lattice QCD with Monte Carlo simulation enables us to compute, for
example, masses of hadrons (bound states of quarks). In addition, it has recently become possible to compute hadron-hadron interactions
like nuclear force acting between proton and neutron, which Hideki Yukawa succeeded to explain by introducing the pion. Such numerical
method begins to be used to analyze non-perturbative properties of superstring, while many attempts are also made to examine various
non-perturbative aspects of quantum field theory through investigating supersymmetric gauge theory.
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(6) LHC  (f) ATLASS  (GE#E CERN ATLAS 557 /1—2)
LHC and ATLAS experiment (photo courtesy of CERN ATLAS experiment group)

Particle phenomenology

The particle phenomenology is a bottom-up approach to investigate new physics beyond the standard model based on experimental and/or
observational results. In high-energy experimental physics, the latest major breakthrough is the discovery of Higgs boson by the large
hadron collider (LHC) at CERN Switzerland. We also expect to discover new particles in the next generation collider, along with verifying
more precise properties of Higgs boson. In addition, a wide variety of experiments and observations, including high energy cosmic ray
observation, dark matter search and precise measurement of cosmic micro wave background, are now in progress. Our group attempts to
check the consistency between existing models and new results and also to construct new consistent models.
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Y O

Jﬁ %*Z 7 =7 We study various aspects of quark-hadron-nuclear systems interacting via "strong
Nuclear Theory Group interactions”, widely extending from quarks and gluons, hadrons such as mesons and
nucleons, to nuclei made of nucleons and hyperons. In order to study these systems
belonging to different hierarchies, we utilize various theoretical techniques in physics
--- quantum mechanics, relativity, field theories, and many-body theories. Main
subjects discussed in nuclear theory group include the structure and dynamics of
nuclei and hadrons, QCD vacuum structure, and hadronic and quark matter under
extreme conditions. These are closely related to particle physics, astrophysical
phenomena, and condensed matter theories as well as to recent accelerator
experiments.
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Nuclear Many-Body Physics

Nuclei sit at the center of atoms and specify the atomic element. Nuclei are composites made of nucleons (protons and
neutrons) and have various structures and excitation schemes as quantum mechanical many-body systems. The primary
goal of this area is to elucidate and predict the evolution of nuclear properties as functions of proton and neutron numbers
--- nuclear shape, density and mass of the ground and excited states, and the structure of excited level spectrum.
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Quark-Hadron Many-Body Physics

Quarks and gluons, strongly interacting fundamental particles, are confined inside hadrons at low temperatures and
densities, while hadronic matter undergoes phase transitions to deconfined quark-gluon matter under extreme conditions
as in the early universe, neutron star core and relativistic heavy-ion collisions. It is a major goal to reveal the phase
structure of quark, hadron and nuclear matter. We also investigate vacuum and in-medium properties of hadrons and their
interactions and QCD vacuum structure using quantum anomaly. These theoretical studies are compared with and examined by
the relativistic heavy-ion collision data and lattice QCD simulation results.
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o o All matters are aggregates of numerous particles interacting with each other in

4:@4\% ﬂ Jb—"7 various manners. Condensed Matter Physics Group aims at elucidating complex
Condensed Matter movem'ents or states which do not appear u'ntﬂ particle sy§tems form a group or tht'eir
dynamic temporal changes. Furthermore, it aims to elucidate the mode of material
Physics Group movement and dynamic changes in phase structure in non-equilibrium open systems
including biological systems.
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Solid State Physics

The subject of condensed-matter physics is how matter behaves at low temperatures where the quantum nature of
particles becomes manifest. Electrons are correlated with each other through the electromagnetic interaction and at the
same time each electron obeys the so-called Fermi statistics which is purely quantum in its origin. As a consequence of the
interplay among these two and other factors, matter shows a variety of phases, e.g. metallic, insulating, magnetic, and
superconducting ones. With the help of field theories and various methods of numerical simulations, we study topological
materials and topological quantum phenomena, quantum phenomena found in low-dimensional magnets and frustrated
spin systems, quantum phase transitions and so on.
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Advanced Statistical Dynamics

Various structures having dynamical orders and functions appear in systems far from equilibrium. We study a
fundamental principle to characterize such dynamical processes. In particular, we are interested in rheology and transport
processes, and dynamical phase transitions of non-equilibrium systems. In addition, we also study biomechanics to describe
the motion of biological elements, and various aspects of living systems including the evolution and the emergent processes.
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Scientific Activities

We study cosmological and astrophysical structures under extreme conditions, based
. on solid knowledge of physics such as general relativity, quantum field theory,
EE| 7 ] L— 7 hydrodynamics, as well as on experimental and observational data, making maximum
use of computer simulations when they are necessary.

Astrophysics Group
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Cosmology

The recent development of observations have revealed the nature and history of the Universe with a greater precision, and
the Universe is now known to have very rich structures over a vast range of scales. A concordant cosmological model,
established over the last decade, consistently explains such a wide range of observational facts, and the model strongly
supports an idea that the early Universe has experienced a rapid accelerated cosmic expansion called cosmic inflation.
Despite the indisputable successes, the concordant model is still phenomenological in the sense that the model lacks a proper
basis to explain several ingredients. In our group, we do research from various points of view: from model building based on
particle physics, field theory, and general relativity (top-down approach) to developing methods to test theoretical models
against observational data (bottom-up approach).
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Gravitational waves physics

According to Einstein's general relativity, spacetime is curved in the presence of self-gravitating objects, and if the self-
gravitating objects move, the curved spacetime structure is varied, resulting in the emission of gravitational waves which
propagate with the speed of light. The presence of gravitational waves was already proven indirectly by the observation of
binary pulsars by radio telescopes. However, the direct detection of gravitational waves had not long been achieved until
2015. General relativity predicts that strong gravitational waves can be radiated during the merger of binary strongly self-
gravitating bodies like neutron stars and black holes. Therefore, gravitational-wave detectors have been constructed aiming
at the detection of gravitational waves from such compact binary systems. On September 14, 2015, advanced LIGO,
gravitational-wave detectors of United States of America, succeeded in the first direct detection of gravitational waves
emitted from the merger of binary black holes. This announces the opening of gravitational-wave astronomy and
gravitational-wave physics. We will have subsequent detections of gravitational waves by advanced LIGO and by Japanese
KAGRA. However, for efficient detection of gravitational waves and for accurately extracting physical information of the
detected gravitational-wave sources, we have to construct accurate theoretical templates of gravitational waves. For this
purpose, we have to accurately solve Einstein's equation and equations that govern the motion of matter. In our Institute,
we have been pursuing this project by fully solving the Einstein's equation and general relativistic matter equations in a
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large-scale numerical simulation. By this method, we have been deriving accurate gravitational waveforms that can be used
for theoretical templates of gravitational waves and predicting electromagnetic and neutrino signals that could be emitted
from the merger of neutron-star binaries.
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Theory of Gravity

Today's standard model of the universe involves unknown components called dark matter and dark energy, and their
origin is a great mystery. Modification of gravity has been considered as one of possible approaches to the mystery of dark
energy. Furthermore, in order to describe gravity in a quantum mechanically consistent way, it is presumably necessary to
modify general relativity one way or another. For these reasons, various modifications or/and extensions of general relativity
have been proposed. Many of such modified gravity theories are strictly constrained by consistency with the observed orbital
motions in the Solar System and the large-scale structures of the universe. Gravitational wave observations are also expected
to provide new kinds of constraints in the near future. We are searching for a theory of gravity that is observationally viable
and that can replace general relativity.
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High Energy astrophysics

The universe provides extreme conditions such as high energy, strong gravity, high density and strong magnetic field,
which are not reachable for any ground experiments, and it is very interesting to reveal high-energy astrophysical
phenomena in itself. High-energy astrophysical phenomena are sometimes so bright as to be seen far into the distance,
playing a tool for exploring an era of first stars in cosmology. Deeply understanding these phenomena also makes it possible
to investigate new physics in high-energy and high-density physics, such as an annihilation rate of dark matter and an
equation of state of nuclear matter. The 20th century was a multi-wavelength era, in which we have expanded available
wavelengths for astronomy, while the 21th century is a multi-messenger era as we use gravitational waves, neutrinos and
cosmic rays in addition to photons to observe the universe. We are studying various theoretical topics of high-energy
astrophysics, such as the most violent transients, particularly supernova explosions and gamma-ray bursts, accretion disk-
magnetosphere-jet systems of compact objects like black holes and pulsars, and multi-messenger emission from these objects.
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FELHEEL TV D, BERIIZIE, BIEN—BAESHRICL EETHETEOARCKEZEEDE/IRBEICL ST 7 v 7 F—VEB X
OFEE M AZ DT AGRTE ORI, BRI L 2B AR AR OMIA L Y. 2HEL TV,

Numerical simulations

Most of astrophysical and astronomical phenomena are nonlinear systems, in which gravity, hydrodynamics, and radiative
transport play important roles. Numerical simulations are necessary to make quantitative predictions on such phenomena.
Astrophysics & Cosmology Group perform researches using such numerical simulations, too. Using numerical relativity, we
study neutron star binary mergers and black holes and accretion disks formation processes from gravitational collapses of
massive stars. We also study super novae explosion processes using radiative transfer simulations.
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. Our group has two goals. One is to achieve high-performance information processing
i =Nl = =% 4 = . . . .

%;"_‘ th i& 7 A% 4 tasks by controlling quantum properties. In particular we focus on theoretical study of
quantum computing, quantum design, and quantum cryptography. The other is to shed
a new light on traditional physics by applying concepts and techniques obtained in
Information Group quantum information science.

Quantum
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Quantum Computing QCIL,]A sstip

We show sub-universal quantum computing models cannot be classically efficiently simulated QMA P FP
based on classical complexity theory (Quantum supremacy). We also study classical verification | poStBQP.,
of quantum computing and secure cloud quantum computing. We are also interested in QCMA
applications of relations between tensor-network states and measurement-based quantum Bgp  WPP

computing to statistical physics and condensed matter physics.
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Quantum Randomness and Its Applications

Randomness, such as random numbers and pseudo-random numbers, is known to be useful in various information tasks
such as cryptography, communication, and computation. Quantum randomness, a quantum version of randomness, is
similarly a useful resource for quantum information tasks. We propose new methods to improve various information protocols
based on quantum randomness, and also explore new applications of quantum randomness in quantum information science.
Additionally, we study complex quantum many-body systems from the perspective of quantum randomness, which has been
widely argued in recent years. We especially focus on quantum black holes and study the black hole information paradox
from the viewpoint of quantum randomness.
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This institute was founded in 1953 as the first institute in Japan autonomously
governed by the research community, and has been making every effort to respond to
the requests from the community of the researchers of theoretical physics.

Workshops selected from the nationwide contest

YITP More than 20 workshops per year have been selected from the applications by
the researchers in the whole country, and have been organized. These
pI'OgI'amS workshops have been playing the role as a center for research communication.

All the selected workshop programs are approved only after active discussions
by the committee members elected by vote in the research community under the
attendance of those who proposed the programs. These workshops have been
assisting new research areas to develop: plasma physics, biophysics,
astrophysics in the past, and more recently nonlinear-nonequilibrium physics,
gravitational wave astronomy and so on.

The number of workshops and the accumulated number of participants in the
past few years are as follows. For more details, please see the list of the
workshops held in the fiscal year 2019 on page 20.

Fiscal year Number of symposia Number of participants
2015 28 2819
2016 22 2547
2017 24 2,898
2018 25 2,585
2019 28 (Cancelled 2*) 2,993
2020 26 (Cancelled 8%) 3,398

*workshops were cancelled due to the spread of COVID-19.

Regional schools and workshops/lecturer dispatch

The institute has a program to support the expenses for sending lecturers to small research meetings at various places
that have participants from plural institutions. We also financially support sending lecturers to "Summer Schools"
organized by the nationwide societies of young researchers mainly composed of the graduate school students.

Schools in FY 2020 Participant’s affiliation

The 50th Summer School on Astronomy and Astrophysics Univ. Tokyo = Nagoya Univ. * Tohoku Univ. * Tsukuba Univ -
SOKENDALI - Rikkyo Univ. * Tokyo Tech. + Waseda Univ. *
Saitama Univ. * University of Hyogo. and many others (omitted
for brevity).

65th Condensed Matter Physics Summer School Cancelled

The 66th YONUPA Summer School Cancelled

The 60th Summer School of Young Researchers Society for Univ. Tokyo - Hokkaido Univ. - Tohoku Univ.* Osaka Univ.-Tokyo

Biophysics Tech * Osaka City University. * Nagoya Univ. * Kyushu Univ. -
Kobe Univ. * Chiba Univ. * Doshisha Univ. and many others
(omitted for brevity).

Hokuriku Shinetsu Spring School Cancelled

Hokkaido Nuclear Theory Group Workshop "The interface Hokkaido Univ. - Kitami Institute of Technology * Osaka City

between physics of cooled atomic systems and nuclear University. + RIKEN + Hokusei Gakuen Univ..

physics"

Ouetsu School Niigata Univ. * Yamagata Univ. = Akita Univ. = Tohoku Univ.

and many others (omitted for brevity).

Yukawa International Program for Quark-hadron Sciences (YIPQS)

YIPQS aims at making YITP a unique center for international collaborations in theoretical physics and at establishing a
new area of research field, quark-hadron sciences. Under YIPQS, we annually organize several long-term visiting
workshops on quark-hadron sciences and related subjects such as string theory, condensed matter physics, and cosmology.
A number of world-leading scientists participate the workshop, and lively discussions during the workshops lead to
scientific achievements with high impact. YIPQS was first approved as a five year project, and it is approved to run with
general budget supported by the government from 2011 and we are now planning to extend the scope of the program.
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2020 FEMAESBE T (MASHNE BEIE SHNELE ALK

Mean-field and Cluster Dynamics in Nuclear Systems 2020 (MCD2020), (F 11-)3%

Frontiers in Non-equilibrium Physics 2020: Statistical mechanics of athermal systems, /(41 11)%

FEF - KRR TER =y b HZERETERA S —V 6.29~7.3/212 4

o5 65 [ FE 08/ (k)%

Recent Topics in Time-Domain High-Energy Messenger Astrophysics,”8.3~4,24 4

#66[E R TR =E A FEOER (k)%

5 50 BRI - RSB FEH O 8.24~27,/273 4

%5 60 [0l MBS FO2 BOF8.24~26,235 4

FRLT B ORER 2020,78.31~9.4,7271 4

Potential Toolkit to Attack Nonperturbative Aspects of QFT-Resurgence and related topics-9.7~25,86 %4

Workshop on Quantum Information, Computation, and Foundation,9.14~18 /152 4

WE D LR v Y AR OBEERIEESE (F IR

AR - IEEORTBREDT T O Bk « ARV & P 10.26~28,130 44

B < 0 Z BRI 2020,711.2~6,7238 4

2 717 —QCD DIRIR =& W E OWBELOTRSR 11.83~6,789 4

QCD phase diagram and lattice QCD,/ (H1 1E) 3%

Strings and Fields 2020,711.16~20,”424 4

FHAERICE T 5 & 3V —FUH R PE O L kR Y12.7~10,/148 41

WE D R v Y VORI 12.17~18 /171 4

S OMGROE TR 2021.1.5~8,215 4,

The Schwinger Effect and Strong-Field Physics,2021.1.18~29,7198 4

School on Advanced Topics in Quantum Information and Foundations,”2021.2.1~12,7189 4

Fast Radio Bursts: A Mystery Being Solved?,2021.2.8~19,7110 4,

BB 2O < BERWBL OB 2021.3.1~5,7477 4

Hadron in Nucleus 2020 (HIN20),2021.3.8~10,7147 %4

FERFIES U — 2 Y a v ,/2021.3.16,735 4

BRIk pES - FHmMILS 2021,72021.3.17~19,/59 4

25th Anniversary Symposium of German-Japanese Joint Research Project on Nonequilibrium Statistical Physics Perspectives for
Future Collaboration,” (1 11)%

LD AwlLe. EEZDINH,2021.3.24~31,7122 4
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2016 (°Fhk 28) 116 17 4 4
2017 (Frk 29) 88 7 3 2
2018 (K 30) 106 11 6 2
2019 (&Fn1) 95 12 5 1
2020 (4Fn2) 82 1 0 0
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Symposia/Workshops in FY 2020 (Title/Date/Number of participants)
Mean-field and Cluster Dynamics in Nuclear Systems 2020 (MCD2020)  (Cancelled) 3
Frontiers in Non-equilibrium Physics 2020: Statistical mechanics of athermal systems, (Cancelled) 3%
YITP/International Research Unit of Quantum Information, School on Quantum Information 2020,76.29~7.3,212
65th Condensed Matter Physics Summer School,” (Cancelled)
Recent Topics in Time-Domain High-Energy Messenger Astrophysics ,8.3~4,24
The 66th YONUPA Summer School,” (Cancelled)
The 50th Summer School on Astronomy and Astrophysics,”8.24~27,273
The 60th Summer School of Young Researchers Society for Biophysics,8.24~26,7235
Progress in Particles Physics 2020,78.31~9.4,271
Potential Toolkit to Attack Nonperturbative Aspects of QFT-Resurgence and related topics-9.7~25,786
Workshop on Quantum Information, Computation, and Foundation,~9.14~18,152

Theoretical studies of topological phases of matter,” (Cancelled) ¢

Forefront of the studies on unconventional and high temperature superconductivity : diversity and universality,”10.26~28 130
Exact Renormalization Group 2020 (ERG2020),11.2~6,7238

Probing the physics of high-density and low-temperature matter in 2-color QCD,”11.3~6,789

QCD phase diagram and lattice QCD,” (Cancelled) 3%

Strings and Fields 2020,711.16~20,424

Connecting high-energy astroparticle physics for origins of cosmic rays and future perspectives,12.7~10,7148
Theoretical studies of topological phases of matter,”12.17~18 /171

Quantum computing on quantum field theories,”2021.1.5~8 215

The Schwinger Effect and Strong-Field Physics,2021.1.18~29,7198

School on Advanced Topics in Quantum Information and Foundations,”2021.2.1~12,189

Fast Radio Bursts: A Mystery Being Solved?,2021.2.8~2.19,7110

Recent progress in theoretical physics based on quantum information theory,2021.3.1~3.5,477

Hadron in Nucleus 2020 (HIN20),2021.3.8~3.10,7147

Kyoto Workshop on Quantum Cryptography,”2021.3.16,”35

The workshop on gravity and cosmology by young researchers 2021,,2021.3.17~19,/59

25th Anniversary Symposium of German-Japanese Joint Research Project on Nonequilibrium Statistical Physics Perspectives for
Future Collaboration,” (Cancelled)
Homotopy Algebra of Quantum Field Theory and Its Application,”2021.3.24~31,7122

* Cancelled due to COVID-19, but included here as a record of the joint use applications and approvals.
Atom researchers

This visiting program at YITP concerns a stay of researchers for a period of 1-3 months. YITP will support travel
and expenditure of a visitor. This program has been used by many graduate students and play a significant role for
training researcher across the country.

Visitors (Short-term)

This program hosts domestic and foreign researchers who stay at the institute for the period of a few days to 1-2
weeks. Their travel and stay expenses are supported. This program encourages collaborations between researchers
in YITP and outside.

Fiscal year Seminars Short-term visitors ~ Atoms type visitors  Others:the long-term

visitors, etc.

2016 116 17 4 4
2017 88 7 3 2
2018 106 11 6 2
2019 95 12 5 1
2020 82 1 0 0

Civic and Open Lectures

Civic and open lectures for general citizens or high school students are given several times a year by members of
the institute and distinguished researchers visiting the institute. In 2019, the joint public lecture "Physics and
Universe VII" was cohosted by YITP and Division of Physics and Astronomy, Graduate School of Science.
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YITP is one of the most important hubs of the international collaboration in the field
of theoretical physics in Japan: YITP has been actively holding international conferences
and long-term workshops, and inviting visiting professors and many short-term visitors
from abroad.

SIS
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International Conferences

Since 1978, YITP has been holding international conferences every year. Among them, Yukawa International Seminar
(YKIS) has the longest history, and its theme is determined in the Joint Use Management committee. Also, from 1986 to
2005, YITP organized the Nishinomiya-Yukawa Memorial International symposium/workshop on theoretical physics, in
cooperation with Nishinomiya city. In 2003, Department of Physics of Kyoto University and YITP were selected as one of
the centers of excellence (the so-called twenty-first century COE). In cooperation with this program, YITP started a
program for a long-term international workshop. In 2007,the program for the long-term international workshop on the
quark-hadron physics was accepted as one of the special education and research projects of Japan. Since then, two or
three long-term workshops have been held every year for a variety of themes related to the quark-hadron physics.

AEANFBHE
1982 fEITHE LIAMENFBEIR AR M, A DOELH KT - HHFEETH DI - BRI L7400 B OWFFEE DAY G
L. EWAFEE & & bICFERFE AT > T\ D, Fio, REEBEAERT DR HIGERE %) %L'C%(* WZb#EboTWnD,
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International Exchange

Visiting Professors

In 1982, a position of the visiting professor from foreign countries was assigned to YITP. Since then, many world-class
visiting professors in the field of theoretical physics have been invited from well-known universities and institutes. The
visiting professors collaborate with Japanese researchers and play an important role in enhancement of the activity in
Japan. They also give special lectures during their visit.

B SMELNE B % e - EEE
Fiscal year Visiting Professors Countries/Nationalities
2015CFRL 27) Colombi, Stephane 77 A3LFE France
Blaizot, Jean-Paul 7 7 v A4FE  France
Sommer, Rainer KA > #IRIEFIE  Germany
van Wijland, Frederic 7 7 A3EFE France
20165k 28) Mukhi, Sunil Parsram A >R India
Cai, Rong-gen g A RN China
Avishai, Yshai A4 A7 x)V[E Israel
Meng, Jie HriE A\RJEFIE China
2017CFL 29) Weise, Wolfram KA #IRIEFIE  Germany
Grassi, Pietro Antonio A 2 U7 IFETtaly
Oono, Yoshitsugu 7 A Y HERE USA - HA Japan
Barvinskiy, Andrey 2 7 #F  Russia
20185k 30) Levinson, Amir A AZx)LE Israel
Porrati, Massimo 7 AV BEHKE USA
Afanasjev, Anatoli 7 AV BEHRE USA
Hansson, Thors Hans A = —F F[E Sweden
2019CF5k 31) COLANGELO, Gilberto A A A Switzerland

SANTOS REYES, Andrés

A~A >  Spain

RANDRUP, Jargeni

T AU BERE USA

ZHANG, Bing

rh#E N R4LF1E  China

2020(55F1 2)

Balog, Janos

/N7 ) —  Hungary
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BIIEEE IF——% Yukawa International Seminars (YKIS)

TR EENNEEL
HEOE — i i - Talks Participants
Fiscal 7 HIZELS PHER Ty R [
Title Organizer Date
year Japanese/ Japanese/
Foreigners Foreigners
2016 KB L BT SASRICT D =T il E  Tadashi  6.13~ 12 28 104 106
Quantum Matter, Spacetime and Information Takayanagi 6.17
2017  2018a "General Relativity -- The Next Generation --" B 2.19~ 8 26 93 111
Shinji Mukohyama 2.23
2018  2018b "7 A—7 + /» Fu U BEEDEERE 2018 "Recent PN 6.11~ 23 21 60 39
Developments in Quark-Hadron Sciences" Akira Ohnishi 6.15
2019  Black Holes and Neutron Stars with Gravitational Frh F 10.7~ 4 21 58 90
Waves Kunihito Ioka 10.11
2020  Developments in Physics of Unstable Nuclei WIE HZ ik
Naoyuki Itagaki Cancelled
HEES I EHiawEEY R YP v LA—E Nishinomiya-Yukawa Memorial Symposia
AT EBNEE
EESai S _ o e » Talks Participants
Fiscal 7 HIZELS MER oy R
Title Organizer Date
year Japanese/ Japanese/
Foreigners Foreigners
2016  Nuclear Physics, Compact Stars, and Compact-star K B, %W K 10.17~ 23 32 79 61
Mergers 2016 (NPCSM 2016) Akira Ohnishi, 11.18
Masaru Shibata
2017 EEERICHIT DHAT RIS 2017 ek BRI 10.23~ 40 70 111 62
Novel Quantum States in Condensed Matter 2017 Masatoshi Sato 11.24
2018  New Frontiers in String Theory 2018 AR T3 7.2~8.3 40 64 121 97
Shigeki Sugimoto
2019  Quantum Information and String Theory 2019 EmEE BRETEAIT  5.27~6.28 26 98 82 208
Tadashi Takayanagi
Tomoyuki Morimae
2020  Frontiers in Non-equilibrium Physics 2020: LIPS ik
Statistical mechanics of athermal systems Hisao Hayakawa  Cancelled

2020 FEEE IS E AFKGFESE Researchers from Abroad in FY 2020
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International Research Unit

for Quantum Information

Bl = M3 2020 R4 TSI LTz, FHRYEE AT AR & 720 . sEREORIGET « &2 2 — - R E 12 B2 L
TERAFROVTEOHBEL . F7, BrFHlaid U CRAB M U AIT 5 2 L2 BIE L T\, SHEABE 284, [ERREREC

DRIGER y b U —2 DR A D, MRIRIRTTEZHEET 2,

The International Research Unit for Quantum Information was established on April 2020 in collaboration of 12 Kyoto University research
organizations, and is operated by the Yukawa Institute for Theoretical Physics (YITP). Its vision is to conduct research on quantum
information and explore new research subjects. Several foreign researchers have been invited to accelerate our international actitivies.

Visiting Fellow: Program-Specific Senior Lecturer (#MNEAFEHHHTE)

Name (K&4) Affiliation  (F7&) Term G

. Program-Specific Assistant Professor;,
Michele Dall’Arno . . . 2020/4/1-2025/3/31
Yukawa Institute for Theoretical Physics

Visiting Fellows (GFRESNEAZE) : 2020

Institution in Kyoto University
Name (F4) Affiliation (F7/&) Term @)
(Prof. in charge) 2 AME - #E
Proféssor; . .
. . . . . Yukawa Institute for Theoretical 2020/5/16-
Miguel A. Cazalilla Department of Physics, National Tsing .
. . Physics 2020/8/15
Hua University
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Purpose

Physics is just facing a paradigm shift brought by a completely renewed understanding of gravity in this 21st century.
Understanding nature of gravity has been one of the central issues in particle physics/string theory and astrophysics.
By the recent development of string theory, gravity has become a core subject in a very wide area of theoretical physics.
It is anticipated that a new perspective on nature may be gained by a deeper understanding of gravity. For example,
gravity may be the key for the understanding of basic phenomena in quantum theory such as quantum entanglement.
Also, gravitational-wave astronomy has started with the first detection in 2015, and a great amount of discoveries of
astrophysical phenomena in strong gravitational fields are anticipated in the near future, which could lead to a deeper
understanding of physics associated with strong gravitational fields. The purpose of this center is to stimulate various
fields in theoretical physics from new perspectives, with "gravity" as a keyword, and to establish an international center
for gravitational physics in the wider sense through collaborations with researchers and institutions from all over the
world.
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This center has the following five sections. The research topics for each of them are as follows:

Quantum Gravity/String theory: At present, the most reliable theory of gravity is general relativity of A. Einstein.
However, it is notoriously difficult to be combined with the quantum theory, which describes the microscopic world,
and the construction of the theory of quantum gravity is still a very important open problem. String theory is
considered as one of the most promising approaches for the quantum gravity. Many researchers believe that it is a
candidate of an ultimate unified theory, because it describes all the elementary particles from just one type of “string”.
However, the complete formulation of string theory is not yet available. In our center, we are trying to develop non-
perturbative formulation of string theory, understand strong coupling phenomena, and investigate applications to
other fields. We also work on various related topics, such as matrix theory, tensor theory, higher spin gauge theory,
non-perturbative effects in quantum field theory, elementary particles and the interactions among them, microscopic
description of blackhole, mathematical structure of supersymmetric gauge theory, etc.

Gauge-Gravity correspondence: Gauge/Gravity duality provides us a remarkable method that equivalently connects
gravity (superstring theory, general relativity) with quantum matter (quantum field theories, quantum many-body
systems). This enables us to reduce complicated analysis of strongly interacting quantum system to much simpler
classical calculations in gravity. At the same time, we can convert difficult problems in quantum gravity into simpler
ones. In our center, we are exploring various applications of gauge/gravity duality to QCD, Nuclear Physics and
Condensed Matter Physics. Also, recent progresses have revealed a deep connection between gauge/gravity duality
and quantum information theory, such as quantum entanglement. We are also making progresses, aiming at a new
description of gravity from the viewpoint of quantum information.

Gravitational-wave astronomy: Soon after its first science run was started in 2015, advanced LIGO detected
gravitational waves from binary black holes and announced the opening of gravitational-wave astronomy.
Furthermore, in 2017, gravitational waves from a merger of two neutron stars were discovered, and electromagnetic
waves in all wavelengths such as a gamma-ray burst and macronova/kilonova were also observed. The operation of
KAGRA in Japan has also started, and the multi-messenger era (multi-particle astronomy) primely moved by
gravitational waves is coming in earnest. We are working in the precise prediction of gravitational waves from these
sources aiming at extraction of new physical information associated with strong gravity from the detected
gravitational-wave signals and also in the prediction of electromagnetic signals using numerical-relativity and
astrophysical phenomenology.

Cosmology and gravity: Cosmology has been rapidly developing, based on precision observational data. It is fair to
say that many parameters describing our universe have been determined, or at least are in the process of being
determined, with good precision. However, the physics behind the values of these parameters is still hidden in a veil
of mystery. For example, we do not know what dark energy and dark matter really are, although our universe is
thought to be filled mostly with them. Also, what made our universe so big? This question can be addressed by cosmic
inflation, but again we do not know the physical origin of the inflaton field driving inflation. Three great mysteries,
dark energy, dark matter and inflation, are standing in the way of cosmology which boasts precision observational
data. There also remain many other mysteries in cosmology such as the initial singularity and the origin of cosmic
magnetic fields. In our center we tackle those mysteries by using every possible means such as general relativity,
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statistical physics, particle physics and superstring theory.

® Quantum information: There are two goals in quantum information theory. One is to develop high-performance
information processing tasks by using quantum properties. Our center mainly focuses on quantum computing. We
study which types of quantum computers are faster than classical computing based on complexity theory. We also
construct secure protocols for cloud quantum computing. We also theoretically analyze random quantum circuits that
are experimentally realized in laboratories by using the technique of design. Topological quantum fault-tolerant code
is another important research topic in our center. The other goal of quantum information theory is to bring concepts
and techniques developed in quantum communications and quantum computing to the traditional physics in order to
re-investigate physics from a new viewpoint. In fact, several interesting results have been obtained in the interaction
between quantum information and the traditional physics, such as condensed matter physics, statistical physics, and
string theory. Our center is also actively studying in that direction.
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Yukawa Institute maintains a unique large-scale computer system and dedicates it to
community members who belong to theoretical physics laboratories in Japan. As one
' of Research Information Centers for theoretical physics, our institute widely
Archive distributes various research information, in order to contribute to progresses in
theoretical physics not only domestically but also worldwide.

Computer Room
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Large Scale Computer System

The large-scale computer system, which was replaced in January 2021, is used not only by Yukawa Institute members
and visitors but also by other theoretical physicists in Japan remotely, so currently more than 600 users have their accounts.
Our computer systems consist of super computer (Dell Yukawa-21), numerical calculation server, fileserver, web server and
mail server. Yukawa Institute participates in Japan lattice Data Grid (*JLDG) and contributes to the secure management
of the important research data and also its effective utilization. (*JLDG is the lattice QCD collaborations in Japan using
supercomputers installed at distant sites, managing and sharing daily research data),

Wireless LAN is available in every room, which enables us to deal with mobile information terminals, which are rapidly

developing.
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Research Information Center for Theoretical Physics

Various kind of research information such as workshop, visitor, seminar, and recently electronic files/audio files presented
at conferences/workshops, are sent through institute’s website.

In addition, Yukawa Institute provides the mailing lists of research groups, such as Soryushiron Group etc., and their
web pages to facilitate the exchange of research information among the community members.

Yukawa Institute for Theoretical Physics 2020 26



ZIYiTP YITP Computer System

VUKAWA INSTITUTE FOR
THEDRETICAL PHYSICS

Dec 2020

(‘Su per Computer System
(Yukawa-21)

GPU Server (Yukawa-21)

Model @ Dell PowerEdge R840 135Node
Total Core : 15120 (112Cores x 135)
Peak Performance : 1.30 PFLOPS

Total Memory : 202.5 TiB

\/F :100Gbps Ethernet

Model : Dell PowerEdge R940xa 2Node
8 CPU + 4 GPU
5120 CUDAcore x4 GPU

Interconnect Network 4 0 0 Gbps Ethernet

| | | |
Super Computer Storage || Computer Algebra Server Generalized File Server Frontend Server (Dual)
DDN EXAScaler DELL PowerEdge R640 Effective Capacity: 250TB I
Effective Capacity 1.1 PB 24 Core 256GiB Memory .
Login Server (Dual)
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The YITP library collects and preserves the latest volumes of academic journals,
books, and proceedings of international workshops in theoretical physics and the
related fields. These sources are available not only to the members of our institute
and Kyoto University but also to all researchers, both domestic and foreign, in the
theoretical-physics community.

Library
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We house about 95,000 books and periodicals. You can search KU Library Online Catalog (KULINE) to find them held in
the YITP Library. Besides the systematic collection of the ordinary literature, our library promotes extensive use of the
electronic literature. Moreover, we support the interlibrary loan system (ILL) among libraries of other universities.
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Our library is located on the 3rd floor of the Main building, where we have the open-stack space for journals and books,
the reading space equipped with the latest journals, and the area for an internet/database search. In the basement stack,
we keep a massive collection of old volumes and rarely requested journals.
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100 Japanese Journals / 855 Foreign Journals 11,180 Japanese Books / 83,530 Foreign Books
2020 (ffn2) FEROT—4 (DATA at 2021.3.31)
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As a collaborative program for the Division of Physics and Astronomy, Graduate
School of Science, Kyoto University, this institute has been accepting several graduate
GI' adu ate students in particle physics and astrophysics since 1994 and those in condensed matter
physics and nuclear physics since 2004.

Education

FY Master Doctor Total
2005 14 13 27
2006 18 12 30
2007 17 18 35
2008 13 18 31
2009 13 23 36
2010 19 22 41
2011 18 25 43
2012 16 26 42
2013 15 24 39
2014 16 18 34
2015 15 21 36
2016 13 23 36
2017 18 20 38
2018 23 16 39
2019 21 16 37
2020 18 22 40
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One of the institute's roles as a Joint Research Laboratory is training young researchers in Japan and abroad. The institute
accepts part-time research fellows, YITP research fellows funded by the Yukawa Memorial Foundation (Yukawa Fellows),
JSPS postdoctoral fellows, etc. These research fellows are young or mid-career researchers who have already obtained the
doctoral degree in science, and they are making contributions to enhancing the research activities of the entire institute
through their individual research projects and joint research with other YITP members. The institute also positively accepts
young researchers from abroad under programs such as JSPS Postdoctoral Fellowships for Foreign Researchers.

Research

FY Fellows Yukawa Fellows JSPS Fellows
2005 12 2 17
2006 13 1 16
2007 16 0 10
2008 14 2 9
2009 19 2

2010 18 3

2011 13 2

2012 11 2 14
2013 17 2 17
2014 16 2 17
2015 18 1 11
2016 18 1 9
2017 21 1 9
2018 20 1 10
2019 21 1 8
2020 23 1 5
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Awards

Kugo, Maskawa, and Kobayashi at Stockholm, 2008
(photo by Kenji Matsui)

Award Awardee

Nobel Prize Hideki Yukawa (1949) Toshihide Maskawa (2008)

Order of Culture Hideki Yukawa (1943) Ryogo Kubo (1973)
Kazuhiko Nishijima (2003) Toshihide Maskawa (2008)

Person of Cultural Merit Hideki Yukawa (1951) Ryogo Kubo (1973)
Kazuhiko Nishijima (1993) Toshihide Maskawa (2001)

Imperial Prize Hideki Yukawa (1940) Ryogo Kubo (1969)

Imperial Prize and Toru Eguchi (2009)

Japan Academy Prize

Japan Academy Prize

Kazuhiko Nishijima (1964)

Toshihide Maskawa (1985)

Yukio Hayakawa (1991) Takushi Nakamura (2005)
Nishina Memorial Prize Kazuhiko Nishijima (1955) Ryogo Kubo (1957)
Takeo Matsubara (1961) Yutaka Toyozawa (1966)
Hajime Mori (1968) Kyoji Kawasaki (1972)
Fumitaka Sato (1973) Jiro Maki (1977)
Hisao Marumori (1978) Toshihide Maskawa (1979)
Taichi Kugo (1980) Toru Eguchi (1984)
Kazuo Fujikawa (1986) Yoichi Iwasaki (1994)
Arisato Kawabata (1994) Masataka Fukugita (1994)
Yang Sung-Kil (1995) Norio Kawakami (1995)
Kenzo Inoue (1999) Hisashi Horiuchi (2000)
Sinya Aoki (2012) Akira Furusaki (2015)
Tadashi Takayanagi (2016) Masaru Shibata (2018)
Asahi Prize Yukio Hayakawa (1973) Toshihide Maskawa (1994)
Yoshiki Kuramoto (2005)
Boltzmann Medal Ryogo Kubo (1977) Kyoji Kawasaki (2001)
Marcel Grossmann Yukio Hayakawa (1988)
Award
Other Awards

Medal with Purple Ribbon, J.J.Sakurai Prize for Theoretical Particle Physics from the American
Physical Society, First Award for Essay on Gravitation, IBM Japan Science Prize, Humboldt Award,
L'Oreal UNESCO Awards for Women in Science, Kakurironshinjinronbun-sho [Excellent Paper Award
for Young Nuclear Physicists], Rothschild and Mayent Grants, Saruhashi Prize, Daiwa Adrian Prize,
Superconductivity Science and Technology Award, Seiichi Tejima Award, Toray Science and
Technology Prize, Nishinomiya-Yukawa Memorial Prize, Chunichi Culture Prize, The Hayashi
Chushiro Prize, The PASJ Excellent Paper Award, The ASJ Young Astronomer Award, JPS Award for
Academic Papers on Physics, Fujiwara Award, Matsunaga Prize, Yamaji Prize for Natural Science,
Institute of Physics Fellow, Sitaro Nakamura Prize, Inoue Prize for Science, EPS High Energy and
Particle  Physics  Prize, Yukawa-Kimura Prize, Harada Young Research Award,
Kinzokuzairyokagaku-josei-sho [Metal Material Science Award for Young Researchers],
Yukawa-Tomonaga Memorial Prize, Tachibana Award for the Most Outstanding Female Researcher at
Kyoto University, JSPS Prize, MEXT Science and Technology Award for Young Researchers, New
Horizons in Physics Prizes, JSPS Young Scientists Award, MEXT Commendation for Science and
Technology , Takekoshi Prize, Particle Physics Medal, Tsukuba Prize, Best Presentation Award of The
IPSJ SIG on Quantum Software.
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Publications -

The Institute cooperated in the editing of the Progress of Theoretical Physics, a monthly academic journal in English for
publishing results of research in theoretical physics both nationwide and worldwide. The journal was founded by Hideki
Yukawa immediately after World War II in 1946 and has a history of more than half a century. It was widely known
internationally as an academic journal specialized in theoretical physics, and its publication has ended in the end of 2012.
Its publishing cost is partly covered by Grant-in-Aid for Scientific Research (Grant-in-Aid for Publication of Scientific
Research Results) from the Japan Society for the Promotion of Science.
Its circulation at that time is about 800 copies, about a half of which are
distributed overseas. Papers from authors abroad also appear on the
journal.

The Publication Office of the Progress of Theoretical Physics has
trustees and directors. The board of trustees elects (5-10) directors, and
the board of directors selects and appoints (30-40) editors from among
researchers both inside and outside the institute. The Publication Office
has been closed in the end of March, 2013. The editorial committee
edited regular issue comprising submitted papers, letters, and invited
papers and also plans and edits supplementary issues.

Moreover, the successive journal of Progress of Theoretical Physics
has launched as Progress of Theoretical and Experimental Physics
published by the Japanese Physical Society of Japan and the Oxford
University Press.

Progress of Theoretical Physics (BITI5~% 4 %)

YITP Annual Report
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The “Annual Report” is an annually published research report in English that covers the entire research activities of this
institute. It lists journal papers and books by the faculty members, research fellows, and graduate students of the institute
as well as details of all preprints published. It also includes reports on all seminars, lecture series, international and
national workshops, and various public lectures.
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Although Yukawa Memorial Foundation is a public-interest incorporated foundation independent from the Yukawa
Institute for Theoretical Physic, both history of its establishment and its subsequent operations are closely related to this
institute. The foundation has accepted research fellows, now called as the Yukawa special research fellows, who stay and
work at the institute every year since 1957. The foundation provides support for Yukawa International Seminar (YKIS),
held by the institute every year, and is also engaged in other projects which include providing a travel stipend to young

researchers attending international conferences, holding the Memorial Lectures for Chushiro Hayashi and for Kajuro
Tamaki, and awarding the Yukawa-Kimura Prize.
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ER.F3ME  Soryushiron Kenkyu [Particle Theory Studies]

[FRLTamifgel 1Z. BAROFRI 75 - TR OMRE L0 R 2 BR 1507 V— 71357 L TV DR 7 — 7 OREEES
Tho>T, BHIZZ L TREICHERLERL, MHRERREEZRET D L2 ERAMICL TV, FBRITERMEICDRY | fhk
BT bR 2O TTV, TITO BRI FTIIT S O R « [RFEBREEO — ARA S Z LIT kY %817
SNTEN, 2011 FEEEZ b > THEFI & oTz, M FROET T — B A 7 SENCFFEB R A ARHEEAT R B (JST o J-
STAGE IZHEWTA I TV, 2009 4L 0 EROBITAFTEICL VIED B, 2012 L0 HIXRRL 5 7V —7 D3
8- BITEIT-o TV 5,

A—AL~— : http!//www2.yukawa.kyoto-u.ac.jp/~soken.editorial/

The Soryushiron Kenkyu is an organ published by Soryushiron Group
composed of Japanese researchers in particle and nuclear theory. It is
primarily intended for publishing research results, opinions, and research
information freely and informally. This Journal covers papers on particle
theory, workshop/seminar reports, talks, lectures, and opinions concerning
issues relevant to particle theory including those concerning schemes for
research. The original paper version of the organ ceased its publication at
the end of the academic year 2011. For many years until then, its editor-in-
chief had been elected from among YITP members, and one of directors of
the Publication Office for the Progress of Theoretical Physics related to
particle and nuclear physics had been responsible for the publication of this ES el
organ. The text of the whole content of the paper version is publicly LB #IF| 2~ 4 &
available at J-STAGE managed by the Japan Science and Technology — TE&: B)IFHH —VEZEHES
Agency (JST). A new electric version of the organ was launched by a YITP  Soryushiron Kenkyu
member in 2009, and it is presently edited and published by a committeein ~ Above: the inaugural through 4th issues
Soryushiron Group since the beginning of the academic year 2012. Below: commemorative issues for Hideki
Website: http://www2.yukawa.kyoto-u.ac.jp/~soken.editorial/ Yukawa's Nobel Prize

WPERF S  Bussei Kenkyu [Condensed Matter Physics Studies]
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WCBE L 7-RERIBEIC DWW TCOBRETH 5, T2, [tEirse] o7 — A 71X, BB RFEMEAT O CiE#R ) v~ —# CiNii
B OFHRFZZAFGR Y AL R VALICB W TABR ST 5,

R— L= : http'//www.bussei-kenkyu.jp/

The Bussei Kenkyu is published once a month with a view to
facilitating research in condensed matter physics jointly by
providing researcher with opportunities to publish and discuss
their research results and opinions and to exchange information

BUSSEI KENKYU (€ WEB since 2012

related to research quickly. Researchers of this institute and others AT Jr—
. . . . . . .y .. ABIOWT EMNLFRES. ERARORS/— b SUOHRLE
living in Kyoto are primarily engaged in editing this journal, and e & J=-JuRLax SREREOENGC. SreT
: . . . TS TERR S DR TLY; s SR R AN—
......... D pdi77 A UCTETREL TWIER SO SmBmOLTED
edl‘cors also app01.nted to represent other regions in dJ apan as well e e
as various areas in condensed matter physics. The original paper BRmi L S e T

L=Cnleg (12U, RSN DBE RS SRS ESA . B8

EBEDTBTENBOFIOT, BN LOTFASEL
&, )

version of the organ ceased its publication at the end of the
academic year 2011. A new electric version of the organ has been
edited and published quarterly since the beginning of the academic
year 2012.

The electric journal Busser Kenkyu covers papers,
workshop/seminar reports, lecture notes, and opinions on issues
related to research. The reports of workshops/seminars on
condensed matter physics as a part of the joint use of this institute
are published on the Bussei Kenkyu The archives of the Busser
Kenkyu is publicly available at the Scholarly and Academic
Information Navigator of the National Institute of Informatics
(CiNii) and Kyoto University Research Information Repository
Kurenar.

Website: http://www.bussei-kenkyu.jp/

(2013.05.20)
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i)l Ge /e e SRk = T3,

Yukawa Ha].]. Historical materials of this institute are composed of those related to Hideki

Yukawa possessed by the Research Institute for Fundamental Physics (RIFP) before
Archival Library the integration and those related to the Research Institute for Theoretical Physics
(RITP) of Hiroshima University. Those historical materials are maintained by the
Archival Library Committee.

NS FhafE skt ) (Yukawa Hall Archival Library B$FR YHAL) %, FTANHEEIC LY 1979 E8 A 1 HIZRESINT, €D
Brgid, TR % OO W EL 2 O ZEESE) K OV ORI 2 BRSOk, I, SCiRE 2 I, B8, RFL. F
WAL OIFEE ORIt 5] Z & Th D,

AHEFRIRAT - DB SN TSRO EEAREERE LTE, FRTHOBMEE S & 25 EOHE , — b - /X
Bif e WIS R EA2 %5 2N TES, BEAICESD IO OBEHIEREMIZHE KO b O T, ARBLEEHILRHE
(REF=E) O—MENG, EREIEEHEM SRV 1979 FERICHER SN, B)IFLOHEIC LY AEBERICFR SNZLDTH
Do
Fo, BESEEE T 20 FELBOEEMTERIEIN T EZREOBRZE LN D, & 512 1981 FEolEEok%k, #
AN E AR LIEWEBROREOER b EENOFH SN, ToKb, MEOARPLFIR, BE, TETLALR
L. HEREEN, I<KRITE TER, BIIENPOLAEFICHFE S TE T,

Historical Materials Related to Hideki Yukawa

Yukawa Hall Archival Library (YHAL) was established in August 1st, 1979 by the
Research Institute for Theoretical Physics through the internal procedures for the
purpose of collecting, organizing, and preserving historical materials concerning
research works on meson theory and related fundamental physics to make them
accessible to researchers.

The most valuable materials preserved in this archival library include calculation
notes, paper manuscripts, and laboratory records of Hideki Yukawa which trace the
development of meson theory. Those materials numbering several hundred items are of
the first grade, even internationally. They were discovered in the corner of the library of
the Department of Physics of the Faculty of Science at the end of 1979 and donated to
YHAL by courtesy of Hideki Yukawa.

A large quantity of materials which Yukawa left at his office where he spent almost 20
years till the retiring age as the director of the institute, were donated by himself to the
institute. After Yukawa's death in 1981 also, a lot of materials related with physics which
he left at the institute and home were donated by his family. Also after that, precious
historical materials like Yukawa's diary, pocket notebooks, books and photo albums, have
been being donated by them one after another until quite recently.
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2013 AR, LA 6 FEMICHIe o TRIF, IFEALERTOERESHmL, 475 3 THOT VX LVEREFRELTIANT v
Lz, /— b, Bfa, BE. RED—WOEEBEEHIOWTIE, A% v LT PDF BLOTIFF EREMG L LT (DELBS
HTET—7% WAV JERID) 7Y 2 b L,

ARFFEFT TR, BIIELOEATEDEE A5 2 CEDEEEZEETZOIC, BIIELAER L W ZIRFTE=EL 15
Fi&%] (Yukawa Memorial Room) & L TCIRFL TS, ZOREEICENN-EE GEFH 250 M, mEQ 1,920 45 7
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YHAL has classified and organized the most important parts among those massive materials, until 2000, thanks, in
particular, to the devotion of late committee member Rokuo Kawabe, and published successively the rigorous catalogs in
particle physics group bulletin “Soryushiron Kenkyu' from 1982 to 1999. Those catalogs were combined into a booklet "A
Catalog of Historical Materials in YHAL" at the occasion 2007 of centenary of Yukawa's birth, and its pdf version was
opened to the public at the YHAL homepage: https:/www2.yukawa.kyoto-u.ac.jp/~yhal.oj/

YHAL, receiving twice a Grant-in-Aid in Scientific Research (A) in collaboration with Tomonaga's and Sakata's memorial
rooms for the periods 2008-2010 and 2011-2013 fiscal years for six years in total, has made an inspection of almost all
materials in YHAL, and listed up 43,000 items of bibliographic data. A part of valuable historical

materials like notebooks, manuscripts, laboratory records, diary etc were scanned and digitized into PDF and TIFF
format and a little amount of audiotapes were into WAV format.

YITP preserves the former director's office used by Yukawa as "Yukawa Memorial Room" in order to let his research life
imagined and to remember his great achievement. Books (about 250 copies of his work and about 1.920 copies of books he
owned) and a tablet in this room were donated by his family to this institutee. A part of valuable historical materials
collected by YHAL are also preserved in this room. Since Yukawa's collection of books which he kept at hand till his last
years was recently donated by his family, YHAL is now preparing to hold a standing exhibition at the memorial room in
order to show them to the public.
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(TE@mHFICO>WT O © URL:
https://www. yukawa. kyoto—u. ac. jp/rrk/rrk. html)

Historical Materials related to the former Research Institute for Theoretical Physics of Hiroshima University

Documents on the history of RITP, brochures of the institute, photos of parties concerned including Yoshitaka Mimura,
the first director, a nameplate placed at the main entrance of its building, etc. are preserved. The prize (silver sculpture)
and certificate for Marcel Grossmann Award are also preserved. The award was given to the former RITP of Hiroshima
University in recognition of its research achievement at the 6th Marcel Grossmann Meeting (on General Relativity) held
at Kyoto International Conference Center in June, 1991.
(URL of "the record about RITP": https://www.yukawa.kyoto-u.ac.jp/rrk/rrk.html)
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EEBPEMENR Yukawa Institute for Theoretical Physics
FTErN © AL ) BT RSN

@ BIEIE Research Building
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(1990 4F) |ZRf R

F aCilitieS . Constructed upon the integration with the Research Institute
A d o for Theoretical Physics of Hiroshima University in 1990 and
ccommodation completed in 1995,
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Constructed in commemoration of awarding of the Nobel Prize

in Physics to Hideki Yukawa in 1949 and completed in 1952.
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B HEFAMEEEAT  dtaliiEs)
Guesthouse for Joint Use Researchers (Kitashirakawa Gakusha)
AT % 3 D HFFEE O1E Ak
R THEENEr ) 13, AHFZEET k?ﬁl@ﬁ%ﬁ AT & ORI HhE R
The accommodation facility for researchers visiting the institute, called
“Kitashirakawa Gakusha,” is administered and managed jointly by the institute
and the Research Institute for Mathematical Sciences.
FREEEHRE ¢ 137m2, FE-~YKIIFE 453m2, Hi b 4Bt IURAE 144

PR RESHIZER AR ) VAT 50-227  EEAf 075-701-8848
FIFFpe S I BBEFRIHEY  (075-753-7003)

Address :  Kitashirakawa Ogura-cho 50-227, Sakyo-ku, Kyoto ; Telephone: 075-701-8848
Please contact Joint Use Management Office for reservation (075-753-7003).
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	01_ご挨拶（青木）_20210922
	02_組織（総務）
	03_協議員会_運営協議会
	04_協議員会_運営協議会（英語）
	05-06_歴史_20210803
	07_年表（日）
	08_年表（英）
	09_研究活動_素粒子_20210913
	10_研究活動_素粒子_20210913
	11_NT_20210908
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