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Physics of transition metal oxides
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magnetic, and optical properties of various transition metal oxides.
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Introduction to superconductivity and superﬂuidity
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theory, superconductivity, metal-insulator transition, mean field approxi-
mation, phase transition, ligand field theory
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Strongly correlated electron systems, Transition metal oxides, Symmetry
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Frontier Materials Science |-1II

This course dedicated for foreign students who do not
understand Japanese and is therefore given in English.
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density functional theory, many-body electronic structure theory,
tutorial for a software package
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many-body problem, Krylov subspace method, Monte Carlo method, numerical
algorithm, condensed matter physics, statistical mechanics
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Ultrafast laser spectroscopy, Terahertz spectroscopy, Photoinduced phase transition, Correlated electron materials, Molecular materials
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Introduction of the study

A photoinduced phase transition is a phenomenon, in which an electronic and crystal structures are changed by a photoirradiation.
In our laboratory, we are exploring various photoinduced phase transitions and clarifying their mechanisms by using ultra-short
laser pulses with a temporal width of 100~7 fs (fs=10"°s). For example, a Mott insulator of copper oxide can be converted to a
metal by a laser pulse irradiation via the melting of the electron order formed by electron-electron Coulomb repulsions (Fig. 1).

We are also aiming to control electronic structures of solids by using a light (electromagnetic field) pulse in the infrared region. Figure
2 shows a conceptual diagram of a metallization when a Mott insulator is irradiated with a monocyclic terahertz pulse having a large
electric field amplitude Ex. In this phenomenon, the bands are tilted by the electric field pulse, and a metallization is triggered by
carrier generations through quantum tunneling processes. The right panel of Fig. 3 shows time evolutions of absorption changes in

Guo Zijing

Light is a very powerful tool for investigating physical
properties of materials. At Okamoto Lab, you can
carry out your researches using the latest laser
spectroscopy equipment by yourself. Prof. Okamoto is
a kind, reliable professor who is very easy to talk to
and always caring. Other lab members are also
excellent people. | am learning a lot from them while
enjoying research with them. At Okamoto Lab, you
will be given full and careful supports from all aspects
such as how to proceed with the experiments and
prepare for the presentations. Through doing research
with all these supports, | feel that | have been achiev-
ing huge personal growth.

the infrared region appearing when a Mott insulator consisting of organic ET molecules (the left part of Fig. 3) is irradiated with a
terahertz pulse. The results provide information on the dynamics of metallization. Recently, we are trying to observe a new nonequilib-
rium steady state called Floquet state, which is produced by the interaction between an oscillating light electric field and an electronic
system when a solid is irradiated with a mid-infrared pulse, and to control the electronic structure using this state (Fig. 4). We are
studying the nature of Floquet state using a subcycle spectroscopy, in which we can detect electronic state changes along an oscillat
ing light electric field via the changes of optical constants for a probe pulse shorter than the period of the mid-infrared pump pulse.
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Strongly correlated electron systems:
Fertile ground for development of
new functional materials

The semiconductor technology is the most
significant accomplishment originating from
twenty-century solid state physics. The band
model well describes the charge carriers in
semiconductors, and is very useful for design-
ing many kinds of devices such as diodes,
transistors, memories, photodiodes, and
CCDs. Nonetheless, the physical properties of
all the materials cannot be predicted by the
band model. Strong correlation between
electrons is a major source of the discrepancy

with the band model. A lot of issues related
to the strong electron correlation still remain
to be solved and hence attract a bunch of
researchers.

Another reason why we are interested in the
strongly correlated electron systems is that
they provide a rich variety of functions. We
are exploring novel physical properties
arising from strong electron correlation by
paying special attention to symmetry break-
ing.

FAX : 04-7136-3811 (B E-1EX)
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Profile

Professor Taka-hisa Arima

1991.9~1995.3: Research Associate, Department of Physics, University of Tokyo
1995.4~1995.10: Research Associate, Department of Applied
Physics, University of Tokyo
1995.11~2004.6: Associate Professor, Institute of Materials Science, University of Tsukuba
2004.7~2011.3: Professor, Institute of Multidisciplinary Research
for Advanced Materials, Tohoku University
2011.4~present: Professor, Department of Advanced Materials
Science,University of Tokyo

Associate Professor Yusuke Tokunaga

2005.3: Ph. D., Dept. of Applied Physics, University of Tokyo
2005.4~2007.3: Researcher, ERATO Tokura Spin Superstructure Project, JST
2007.4~2011.3: Researcher, ERATO Tokura Multiferroics Project, JST
2011.4~2013.3: AS| Research Scientist, Advansed Science Institute (ASI),RIKEN
2013.4~2014.11: Senior Research Scientist, RIKEN Center for Emergent Matter Science
2014.12~: Associate Professor, Department of Advanced Materials Science, University of Tokyo
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Introduction of the study

We are interested in the strongly-correlated electron systems which show novel phys-
ical properties. We design such materials, grow crystals, measure their physical prop-
erties, and investigate the origin of the physical responses. Here are some typical
examples:

@ Control of electric polarization of matter with a magnetic field

@ Change in shape of matter with a magnetic field

@ Control of magnetism of matter with an electric field

@ Control of optical property with a magnetic or electric field

@ Directional birefringence/dichroism

All of these physical responses are related to the simultaneous breaking of symme-
tries. We often utilize the facilities for synchrotron and neutron experiments to
reveal the symmetry breaking.
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Associate Professor Yusuke Tokunaga
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Tatsuki Sato

Prof. Arima and Prof. Tokunaga are cheerful, intelli-
gent, and respectable persons. When the experiment
does not go well, they friendly give me advice. They
also discuss research directions from a broad perspec-
tive, which are very useful for me.

In the laboratory, each student energetically carries
out research to develop material functions by utilizing
the charge, spin, and lattice degrees of freedom. Com-
munication between students are also active. | think
that this group provides an environment suitable for
those who want to study hard what you like.
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Superconductivity, Quantum critical phenomena, Quantum liquid / liquid crystal / glass, Topological quantum physics
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Introduction of the study

Our research interests focus on the “Quantum Phases of Matter” such as high-transi-
tion-temperature superconductivity, in which anomalous physical properties appear owing to
the quantum effects of interacting electrons in materials. Engineering of charge, spin, and
orbital degrees of freedom of electrons in such quantum phases of matter may lead to the
developments of next-generation functional materials. The current research projects include:
(1) Understanding of the origin of high-temperature-transition superconductivity, (2) Physics
of quantum criticality and BCS-BEC crossover and its relation to high-temperature supercon-
ductivity, (3) Quantum liquid crystals and quantum glasses, and (4) Experimental verification
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of new states of matter that are predicted by theories, such as quantum spin liquids in
frustrated magnets and topological superconductivity with gapless edge states. We design
our own low-temperature measurement apparatuses, make original programs to control
them, and develop new analyses by ourselves. These experiences will enhance your experi-
mental skills, which may be helpful for your research career.
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Associate Professor Kenichiro Hashimoto
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Kota Ishihara

Profs. Shibauchi and Hashimoto are world-leading research-
ers in the field of strongly correlated electron systems.
Because they always give us proper advices based on their
extensive knowledge and experience, we can progress our
research step by step. They also respect our opinions and
ideas about our research, so we can freely enjoy our
research.

Our research interests consist of various topics, such as the
mechanism of high-transition-temperature superconductivity
and recently proposed novel quantum states. Because all
topics are very interesting and related to fundamental under-
standings of the condensed matter physics, | really enjoy to
gradually progress my research through trials and errors.
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Single crystal growth, Exploration for functional materials, Correlated electron systems, Multiferroics
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Introduction of the study

Multiferroics, a class of functional materials, are defined as materials in which multiple order
parameters such as ferromagnetic, ferroelectric, and ferroelasitic orders coexist and couple
each other. We aim to explore new types of mutiferroic couplings and orders such as mag-
netic toroidal, magnetic quadrupole, and
chiral orders, which lead to unconventional
control of electronic properties in materi-
als, and hopefully which will be used for
future electronic devices. To achieve these

Ryusuke Misawa

Professor Tsuyoshi Kimura is a leading researcher in the
field of condensed matter physics with many accom-
plishments, but he also puts a lot of effort into educa-
tion. He respects the opinions of his students, and the
advice he gives from his high level of expertise and
broad perspective is always a great help to me in our
research. In the laboratory, each of us has our own
research theme that we work on independently. In
addition to online meetings, there is an atmosphere of
casual discussion in the field, and sometimes progress
in research is made through that casual conversation.

purposes, we proceed with domestic and
intimate collaborations with scientists
having various experimental and theoreti-
cal techniques, and expand our targets into
various materials which no one focused on
in terms of multiferroic research.
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May scientific discovery be with you

in the laboratory

| got interested in physics when | was
thirteen years old. | read a book and was
really shocked at the world of Theory of rela-
tivity.

Then, | majored in physics at university and
started my academic life as experimentalist.

Message to students

You can find something interesting in
nano-world if you usecutting-edge instru-
ments and has a great sensitivity to small
changes.

In our laboratory, many students have discov-
ered new phenomena.

Developing one of discoveries, we recently
successfully demonstrated that nano-scale
switch devices were fabricated by atom
manipulation and operated even at room
temperature. Playing with atoms is a lot of
fun!
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Profile

Professor Yoshiaki Sugimoto

2001 B.Sci. in Physics, Osaka University

2006 Ph.D. (Eng.), Osaka University

2006 Postdoctoral Researcher, Osaka University
2007 Tenure Track Researcher, Osaka University
2011 Associate Professor, Osaka University
2015 Associate Professor, The University of Tokyo
2022 Professor, The University of Tokyo
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Introduction of the study

The ability to assemble nanostructures with unique and specific properties is a key
technology for developing the next generation devices. For this goal, major success is
anticipated through the bottom-up approach: an attempt to create such nano-devic-
es from the atomic or molecular level instead of miniaturizing from the macroscopic
world. In the bottom-up approach, the ultimate limit is to fabricate artificial nano-
structures on surfaces by manipulating single atoms or molecules one by one.

In our laboratory, we are developing such atom manipulation techniques as well as

chemical identification and local characterization techniques using scanning probe
microscopy (SPM). Our SPMs are based on Atomic force microscopy (AFM) that has
wide applications, such as, insulator imaging and force measurements.

Combination with Scanning tunneling microscopy (STM) allows us to access various
physical/chemical quantities on identical atoms at the same time. We are also devel-
oping the new system to achieve higher spatial resolution and higher functionality.

EoEHIREDFEDEBIZLTINBIETLLD,

WEREH IR

Kohei Niki

Sugimoto-sensei is one of world leading scientists in
the field of scanning probe microscopy. In our laborato-
ry, we study atomic scale physics and nanotechnology
with our own idea. Up to now, many of students
discovered interesting phenomena using our
home-built atomic force microscopes, which have the
highest spatial resolution in the world. My research
subject is chemical identification of single atoms.

Since everything is made of atoms, development of the
chemical identification is relevant to a wide range of
research areas. Naming atoms is really fun and chal-
lenging!
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The thrill of being a researcher is being able to investigate
topics of interest at one's own discretion.

It's precisely because the themes are challenging and require
a battle with the world that I felt compelled to take them on.

As a child, | enjoyed crafting and art. In
junior high and high school, | joined the geo-
science club and collected rare stones and
fossils outdoors. It was fun to discover things
like shark teeth and quartz.

My research topic, topological insulators, has
been a focus since my senior year in college.
It was a truly novel area of study at the time,
with intense research and competition world-
wide. It was a challenging endeavor, with the
potential for great success if results were

achieved, but nothing if someone else beat
you to it. This motivated me to take on the
challenge. As a result, | was able to achieve
good results, which have led me to where |
am today. It's not just about working alone;
it's about consulting with others, trying
repeatedly, and focusing on experiments over
and over again. Sometimes, by paying atten-
tion to the sudden feeling that "something is
off" and observing it, you can find areas for
improvement.
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Profile

Associate Professor Ryutaro Yoshimi

2011 B.Eng., in Dept. of Applied Physics,
University of Tokyo

2016 Ph.D(Eng.), in Dept. of Applied Physics,
University of Tokyo

2016-2019 Special Postdoctoral Researcher,
Center for Emergent Matter Science,
RIKEN

2020-2024 Research Scientist, Center for
Emergent Matter Science, RIKEN

2024- Associate Professor, Dept. of Advanced
Materials Science, University of Tokyo
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Introduction of the study

In our laboratory, we synthesize high-quality thin film samples using molecular
beam epitaxy, and explore functional quantum responses such as energy-dissipation-
less quantum transport and spintronics properties that manipulate magnetized spins
with electric currents on surfaces and interfaces. In particular, we focus on topologi-
cal quantum materials, such as topological insulators, Weyl semimetals and Rashba
semiconductors, which exhibit characteristic band and/or spin structures due to
crystal symmetry and band inversion. In sample synthesis, we control the chemical
composition of materials, construct hetero-interfaces by stacking different materials,

and develop and design samples using various methods to realize and elucidate new
physical phenomena.

Associate Professor Ryutaro Yoshimi
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Semiconductor qubits, Electron spin manipulation, Nanodevice physics, Quantum computers, Quantum technology

TVOFHBZENE 2 E AT FHCKERGRIERE
BRIORHET2H4ZBTUE Uz 9 <(CIFBLE
DIERME SNV EBZVWTT A ZHUEF
[CRRRMESNIcEEDEVEFOEULHTT,

INFET. ERANDKRAPIRER TE < DffRE &
EBICHRITHTERAATER UISANITKIETE
BEVSDEFAEZERI LT, TNBEEIAETIR
MROEICEBIFT TT ARSI ABIAE E—i#E
(S FBRBFT/N\A ADHIFTNRE 2 & T & A
BRULTHEBANS

@ e-mail : j.yoneda@edu.k.u-tokyo.ac.jp
@ R—LR—3J' 1 https:/Avww.k.u-tokyo.ac jp/materials/yoneda/

YMERFH Tl YEZENRE ULV
BHICBVT, ERZHRET 2ERBNANERH
SNTVE T SFERIFZZREFED D DI
BRARUCRIEE, FcBREANEDBN'D
RLBRFPEERHEAEVNFEFO>TVET,
HAIFZDP T, 8T/ T\ ZApDE—
BFHHEERL, 8BFIV/E1—IREND
INAZEBEIELCVE T BOMERZERRD T
OYF « PICRIAATETLIZEL,

ANRDAFIFST
A FREOBNEBEZ
CEBAEITFEY

[=] A=A =]
f

22



| ARG

RADMRETIE. /AT —)UCTHi
MIENIEERTNA R (FEHFF
FNAR) ZEBICHIEIT B LT, B
FHOBF PR VREDSFHCET
YEEEkL, BFIVE1—9IRRE
DEFEMICIAT S EZBIELTH
T, ETFHIEEAM ORI TR M OR
BMERICEDBOT. EFRY hRE
(CHRRSNBZHEHET / FTNA XTI,
B—  MYETFTOETRRZEFK T
L. BYECHIENT 2 &N TREICIRU &

FUYRERICYD Y hEN
FBES S TFNAAF VS

Ulce TORIBAHBFRAEVEFIK
R fRE CHfE - AEY 2RItimidifi e
RAVWT, BRSFROEFIE—L VR
- ETHBEORRFELGZROT 28T
F/EZE, ZOEFIBERLENRZ
BIsgEFF / 7/ ROAKICE I
ATOVET,

B—BFRACVEFRED
BBRERERF

Introduction of the study

In our laboratory, we focus on experimental research on semiconductor quantum nanodevices
to enhance physics understanding of the quantum behaviors of electrons and spins in
solid-state devices and to explore their applications in quantum technologies such as quantum

computing.

Recent advancements in quantum technology and nanofabrication have enabled us to control
and measure the quantum states of single or few electron spins in semiconductor nanodevices
(e.g., quantum dots) with high precision and at the single-shot level. By leveraging
state-of-the-art technologies for quantum control and measurement of single electrons, we
aim to extend the reach of quantum coherence and entanglement in solid-state devices, with
critical applications in quantum information processing.
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Laboratory of Professor Junichi Takeya & Associate Professor Yasunari Tamai
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Positive mind in your tough time brings opportunity.
Considering a bit more deeply always helps.

It is by accident ten years ago that | joined the
research field of organic semiconductor
materials, which seizes my heart and mind now.
When | was dreaming of applying the
technology of field-effect transistors various
exotic materials to control electron density simply
by external electric field, many fascinating data
appeared in journals reporting such effects using
organic materials, which turned out to be a fake
afterwards. Since | already invested a lot before |
recognized the truth, the incident caused the
greatest pinch in my life. However, it was because

of this unusual experience that | deeply noticed
very different characters of organic materials, i.e.
softness, low electronic charge density, and
controllability by external stimulation as a result.
The experience also taught me the power of
being positive so that any uncommon experience
turns into a treasure at the end. | am leading a
group with experts in chemistry, physics and
engineering to develop unprecedented materials
with fast operating frequency for future low-cost
and printable electronics industry. Your exciting
ideas are welcome to contribute the future.
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2005 Visiting Researcher, RIKEN

2005 Visiting Associate Professor, IMR, Tohoku University
2006 Associate Professor, Graduate School of Science, Osaka University
2010 Professor, Institute of Scientific and Industrial Research, Osaka University
2013 Professor, School of Frontier Sciences, The University of Tokyo
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2013 Ph D, Department of Polymer Chemistry, Kyoto University

2013 Postdoctoral Researcher, Kyoto University

2015 Postdoctoral Researcher, University of Cambridge, UK

2016 Assistant Professor, Department of Polymer Chemistry,
Kyoto University

2018 JST PRESTO Researcher

2023 Associate Professor, Graduate School of Frontier Sciences,
The University of Tokyo
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Introduction of the study

In the development of next-generation electronic devices, it is needed to consider
their compatibility to the environment and demands for their diverse functions
because of the rapid structural change in human society. Recently, organic semicon-
ductor devices are attracting much attention as a practical candidate to meet such
requirements because of their simple and low-cost production processes, low envi-
ronmental burden, as well as for their unique function of flexibility. The scope of our
research group ranges from basic scientific studies on materials chemistry and charge
transport physics in organic semiconductor interfaces to the device functionalization

Chizuru Sawabe

In our laboratory, we are conducting the frontier
research on organic electronics with our professors,
who have different backgrounds from physics or chem-
istry. | feel that their keen ideas presented in daily
discussions are always full of enthusiasm for research
and are the driving force for promoting a wide range
of research from basics to industrial applications. The
members of our laboratory work on a wide variety of
research topics, and sometimes | can get new perspec-
tives from members whose research topics seem to
have little relevance to mine.

and engineering of organic semiconductors.
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Knowing that "Kou are the only one doing this" gives you confidence,

contributes to t

e advancement of society,

andleads to connections with

other researchers. Take on thechallenge of doing research that is unique to you.

Influenced by my mother who loves biolo-
gy, | loved catching fish in the river and bird
watching from a young age. After graduat-
ing from elementary school, | started
attending a junior and senior high school
that took an hour and a half one way from
home, so | didn't have many opportunities
to interact with nature. However, | liked
science subjects such as physics and chemis-
try, and even studied the content | would
study at university while | was still in high
school. After entering university and joining
a research lab, | started researching on
themes given to me by professors at first,

which was an uninteresting environment,
but halfway through, | had to face things
that didn't have answers and come up with
my own ideas. When my teachers and
seniors were interested in what | was doing,
| realized that | could do what | wanted,
and | thought that being a researcher was
right for me. There are trends in research
fields and materials depending on the era,
and many researchers enter them. Thanks
to that, society is developing, but in my
opinion, | want to do things that no one
else is doing. | would like all students to try
things that no one else is doing.
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Profile

Associate Professor Shusaku Imajo
2016 : Visiting Researcher, Dresden High Magnetic
Field Laboratory, Helmholtz-Zentrum

Dresden-Rossendorf
2018 : Ph.D, Dept. of Chemistry, Graduate School
of Science, Osaka University
2018-2025 : Project Research Associate, Institute
for Solid State Physics, University of Tokyo
2019 : Visiting Researcher, National High Magnetic
Field Laboratory, Los Alamos National
Laboratory
2025 : Visiting Fellow, School of Science and
Technology, Nottingham Trent University
2025- : Associate Professor, Dept. of Advanced
Materials Science, University of Tokyo
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Introduction of the study

In recent years, quantum science and technology have made remarkable advance- FRFIFT | AEEER HF ERiEE
ments, driving the need for new functional materials that align with these emerging BH EEE NV R EEGR Y RIE LR
technologies. Organic materials exhibit diverse emergent properties due to their BHTEE . E¥CEARES

molecular degrees of freedom, such as molecular shape and arrangement. This makes
them not only an ideal platform for understanding quantum phenomena but also a
promising candidate for next-generation quantum electronic materials.

In our laboratory, we focus on investigating various electronic properties, particularly
the quantum phenomena of m-electrons in organic materials, using precise measure-
ment techniques combined with extreme environments. Our goal is to deepen the
understanding of these properties and further develop novel organic materials.

To achieve the experimental understanding of quantum phenomena, it is crucial to
study their responses under extreme conditions, such as high magnetic fields, low
temperatures, and high pressures. To enable precise experiments under such
conditions, we are developing unique measurement techniques and specialized
experimental equipment, aiming to pioneer new research fields through innovative
approaches.
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Laboratory of Professor Katsuhiko Ariga
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Can we control molecular machines by our hand?
Big findings are always hidden behind impossible questions

I want to be different from others, be
storage guy, be in minority group, behave
unexpectedly, and work hard like super-
human (but | cannot probably be a smart
professor). Last year, Nobel prize of chem-
istry was given to molecular machines
that are operated upon sophisticated
molecular designs and are currently by
top-level nanotechnology. However, we
are trying to operate molecular machines
by our hands to make them for
everyone’ s use. Crazy ideas, catch and

release of a molecule by hands and nucle-
ic acid base discrimination much better
than DNA by hands, can be done with our
secrete interfacial technique.

MERFREETFEN

KELTHLL, ROV FORLTEHLL, tT
ROBNI TS &S BICFrLVIY
TTH>THRULLVFAEBIF D FEER L. L
AVAREICESD. BHICERY BRREUFE T &
TOBBLHRP CELBEICHKEEEZ DT
EDEYY—DRFEE W SIIREREN S, U
AJONSMmENBUTV>TERDLSIC
HBCYEEHR T 2D FEAERDE IR K
HDYERIRFETITO>TVET . HIRcDA
EEBIFCDIREICHIFTTHERAD?

AXNRDAFIFST
A FREOBNEEZ

Profile

Professor Katsuhiko Ariga

1987: Graduated from Tokyo Institute of Technology,
master course (1990, PhD)
1987-1992: Assistant professor at Tokyo Institute
of Technology
1990-1992: Postdoctoral fellow in University of
Texas at Austin
1992-1997: Group leader of JST Supermolecules Project
1998-2001: Associate professor at Naralnstitute
of Science and Technology
2001-2003: Group leader of JST Aida Nanospace Project
2004- Group leader of National Institute for Materials
Science (since 2007, MANA Principal Investigator)
2017- Professor of University of Tokyo
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Introduction of the study

Our research is based on organic chemistry, supramolecular chemistry, and interfacial Tomohiro Murata

science. We freely synthesize functional molecules that are often assembled at Dr. Ariga is an effective and disciplined researcher. His
appropriate interface. For example, synthesized molecular machines are aligned as attitude to research impresses and motivates us. He has
thin films on water surface, and these molecular machines are operated by hand-like a strong understanding of a broad array of scientific
motion of film compression and expansion to catch and release a target molecule. fields. When | am stuck during my research, | can
Such molecular machines and insect-like supramolecular assemblies are also trans- always find a novel perspective by discussing with him.
ferred on highly sensitive mechanical sensors. Highly sensitive detection of environ- In our laboratory, each member has a unique research
mentally toxic gasses and super-bio discrimination of amino acids and nucleic acid theme and studies it through thinking outside the box.

bases are actually accomplished. We aim to create functional molecular systems that You can have an invaluable research life in an environ-
no one have ever prepared. ment surrounded by many foreign researchers.
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he-
SREEIFEEE
Group of New Materials
and Interfaces

I ulr.-u }"f

L’

e
i

i

1 ]

T T . WERWY L

BATRSEHR-HALT. HLLAFOLTEZES.
R e)—FTH5MAEBAFHLSREBELTHEELLD,

FHOENS, BHYSANPNESHN
fcZ&FR< BAOTROT. BREFRZAKX

FOBTEIMIEFZLEUE, EFHERE
BHDFET. WREILBBIEToleled
1B TR, HRZELTHTEL
WOleD SRR S (TR EEEVFEU.

R ZEIBD e RKZAFEDEIC, YIED
ERZDEDEEDAEEVND BEIDSE
[CER8ZEZ(TT. ZARBRHAREZELEITN
FRS5BVEBRNICE>IEATT,

MERT2BS. FANICT—XZRDT
PUEWERBW., ZEICTARIFRT—Y
[FHIVBFEITH ? EHFFRN DR <IEXR
Ul ENREYAOYU hOZT ZDEHD
IHEICIRVFE U, IRIEFERARDH 1R
59, AAH0U NOZIZAHHTRD
WO IeRCBRREE EDK S I HAER
TB3H. EVSBBEICERMIBEATOETD,

MERSRZEETFEN

AREZEG FHE DL IEHICH 2YWE R
HERE (NIMS) - Bt A NOZ O 2R RIERR 2
I =AY IRIF =TI —TFE— R ERSTH
REEDH TVNE T H8F >/ T AENIMSIFHETEH
[GEL AHREDFMBEERFRRAZEITIRL
NIMSDFEUIIRF R Z R CRImDYE-
MHRIRE AT I EN CERT A VU—D T
N=DVDHRERT HUWDEZE BN TNES
L& ST LD 7 A 77 =R 5 (50
H%m;o)ixt“b\Mﬂ%ﬁl:(;ﬁﬁowﬁn

W AREANOBREWVEHE @ TEL: 04-7136-3756 (f8) 029-859-2062 (NIMS)(AIEH) TEL : 070-1265-0561(FH78)
@ e-mail : kuchida@edu k.u-tokyo.ac.jp (FIHEH) naka24ysk@edu.k.u-tokyo.acjp (A7)
@ i—L_R—3 1 https://www.k.u-tokyo.ac.jp/materials/uchida

Discover and observe phenomena by ourself and
lay the foundation for new research fields.
Let's create world-leading research from Japan.

Ever since | was a child, my parents never
told me to do anything and | decided on my
carrier by myself including the selection of
the university. In fact, | never once thought
of becoming a researcher until | started my
research. | chose to be a researcher because
| found that I like doing research.

The field of spin caloritronics has developed
from a physical phenomenon | discovered
when | was an undergraduate student in
Keio University. This is a field that offers
great opportunities for students to play an

active role. Currently, we are working not
only on basic research, but also on how to
develop the various principles discovered in
spin caloritronics for practical applications.
Our laboratory conducts research in cooper-
ation with Spin Caloritronics Group,
Research Center for Magnetic and Spintron-
ic Materials, National Institute for Materials
Science (NIMS) in Tsukuba. Students in this
laboratory can use state-of-the-art facilities
not only at Univ. Tokyo but also at NIMS.

Profile

Professor Ken-ichi Uchida
2008 B. Eng., Keio University, Japan
2009 M. Sc. Eng,, Keio University, Japan
2012 Ph.D. (Physics), Tohoku University,
Japan

2012 Assistant Professor, Institute for
Materials Research, Tohoku University
2014 Associate Professor, Institute for
Materials Research, Tohoku University
2016 Group Leader, Research Center
for Magnetic and SpintronicMaterials,
National Institute for Materials Science
2023 Distinguished Group Leader,
Research Center for Magnetic and
Spintronic Materials, National Institute
for Materials Science

2024 Professor, Graduate School of
Frontier Scences, The University of Tokyo
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Associate Professor

Yusuke Nakanishi

2010B. Sc.,, Nagoya University, Japan
2012 M. Sc,, Nagoya University, Japan
2012 Mitsubishi Chemical Corporation
2015 Ph.D. (Chemistry), Nagoya
University, Japan

2016 JSPS Postdoctoral Fellow for
Research Abroad (Rice University)
2017 Designated Assistant Professor
YLC, Institute for Advanced Research,
Nagoya University

2018 Assistant Professor, Graduate
School of Science, Tokyo Metropolitan
University

2024 Associate Professor, Graduate
School of Frontier Sciences, The
University of Tokyo
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We are mainly conducting research on "spin caloritronics" based on the fusion
of spintronics and thermoelectric/thermal transport properties. We are devel-
oping new thermal energy conversion, control, and transfer phenomena and
functionalities driven by the concerted effects of electron transport, magne-
tism (spin), phonon, ferroelectricity, etc., and materials science to improve
their energy conversion efficiency by introducing technologies and knowledge
from interdisciplinary fields beyond the conventional framework of spintron-
ics. We aim to contribute to the realization of a sustainable society by break-

ing new ground in spin caloritronics using our uniquely developed active ther-
mal measurement and hybrid/composite material synthesis techniques as well
as by bringing it to fruition in thermal management technologies.

FEH B9 HEHIR

Associate Professor Yusuke Nakanishi

2010 A BAFBFILFH 225

2012 B BAFAF RS R EEEE
¥ (LFR) ELaifpReeT

2012 =F{k% (R, =7 I H)V) #HAad

2015 BAHBAFAF RSN EEYE
?51 (1)!:—*??&) BTHREARRET. #:
B

2016 BAFHRESR BHERIHRE CKE
S4AKE)

2017 ZEHBEAFEFMIR YLCRHEEIH

2018 fiﬁgﬁk?ﬁ?ﬁﬁ%ﬂ%ﬂ%ﬁ?@
T

2024 REAFAZ BT BE AR FHZERM
BREWOERE (HE)

#
L)
u
®
&
54
&
B
&
I
Y
A
i
E
&
——
I
i
;

SRR | WS

WSS KES R DWW BE




O
7 D tzmlﬁﬂ$ Process Science for Advanced Materials

IRt (R B AR

Laboratory of Professor Associate Professor Tsuyohito Ito

Group of Materials
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Enjoying your research is the first step towards achieving good results.
Let's pursue science and technology to realize a prosperous society.

It is said that over 99% of the matter in the
universe is in a plasma state, yet the functions of
plasma utilized by us humans living on Earth are
only a small fraction. The reaction fields created by
plasma states hold a wide range of possibilities.
Since my graduation thesis research, | have been
fascinated by these possibilities and have been
working to generate and control them.

In our laboratory, we are working on developing
materials processing using nano/microplasmas,
supercritical fluid plasmas, and multiphase
plasmas. We are also striving to understand these
reaction fields through advanced measurements
and statistical analysis. Understanding plasma
reaction fields, especially those involving
condensed phases, which exhibit significant
non-equilibrium characteristics, is extremely
challenging. The history of plasma research, which

began with Dr. Langmuir, spans nearly 100 years,

yet plasmas, which are collections of particles far
from Boltzmann distribution, remain an academi-
cally intriguing research subject. If we can freely
control these diverse distributions, plasma reaction
fields could become powerful tools for solving
many of the problems faced by modern society
and for realizing a prosperous future society.
Achieving this will require broad knowledge and
innovative thinking that is not confined to tradi-
tional frameworks. There is no waste in learning.
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2016 Assodiate Professor, Graduate School of Frontier Sciences, The University of Tokyo
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Introduction of the study

: S : - . : ; Associate Professor Ito is an intelligent and knowl-
Our laboratory is engaged in pioneering new fields in plasma materials science. For edgeable scholar who is at the forefront of plasma

Hasegawa

example, we are conducting research using coe)_(is_tence systems of ﬂl:JidS and pla_sma, research. He is also very considerate of his students
such as plasma-induced nanomaterial synthesis in supercritical fluids or solutions, and approachable, providing guidance from the same
which differ from conventional room temperature and low-pressure environments. perspective as the students and offering generous
We are also working on advanced measurements to understand new reaction fields, support for their research.In Associate Professor Ito's
including laser electric field measurements in open atmospheric environments where laboratory, each member can pursue research on

S . topics that interest them. The atmosphere is bright
many new plasma applications are b_emg_de_veloped, and the measurement and anal- and lively, and when in need, students can easily con-
ysis of high-energy neutral particles irradiating surfaces. Along with the development sult with the professor and senior members. The
of these processes and measurement results, we are also challenging the construction "plasma" studied in this laboratory still holds many
of new analysis and design guidelines to understand processing fields that are far unknowns, and it is full of new discoveries. Reseafch-
from equilibrium systems and have diverse overlapping distributions. ing and uncovering these unknown areas with your

own hands will be an invaluable experience.The
Kashiwa campus provides an environment where you
can concentrate on your research. When you hit a
roadblock in your research, you can relax and refresh
yourself in the green parks. There are also events
such as sports tournaments and barbecues, making it
an ideal environment for enjoyable research.
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Materials science and engineering is the key technology for all kinds of engineering.
New materials can design unlimited world beyond the universe.

High-temperature metallic materials used for
aircraft jet engines and other applications are a
very challenging research topic because there
are many problems to be solved, including not
only high-temperature mechanical properties
but also environmental resistance and micro-
structural stability to maintain stable mechani-
cal properties. The microstructure of metallic
materials changes depending on the process,
which has a significant impact on high-tem-
perature mechanical properties. Therefore, we
aim to establish alloy design that can be used in

the future by clarifying the relationship
between microstructure and mechanical prop-
erties through microstructure controlling by
various processes. Although it is difficult to
dramatically improve properties in this field, |
really enjoy investigating the possibilities of
new alloys that no one has tried before. With
Assistant Professor Sae Matsunaga, | look
forward to working with the students to design
new materials.
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Professor Yoko Yamabe-Mitarai

1989 Bachelor of Engineering, Department of Metallurgical
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1999 Senior Researcher, NRIM

2001 NRIM changed to National Institute for Materials
Science (NIMS)

2006 Group Leader, NIMS

2016 Deputy director of Research Center for Structural
Materials, NIMS

2020 Professor, Department of Advanced Material
Science, The University of Tokyo
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Introduction of the study

We develop innovative heat-resistant materials such as new titanium alloys, shape Yuji Ishida (M2)
memory alloys and high-entropy alloys with high performance in high-temperature | thought that research on high-temperature materi-
use, i.e., jet engines and power generation systems. Especially, we focus on process- als was easy to visualize because | could actually
ing to maximize the relation between mechanical properties and microstructures. touch the materials and their mechanical properties
Heavy forging, 3D additive manufacturing etc. are the prospected technologies to are also a visible phenomenon. Prof. Mitarai and
improve the materials’ potential. Lecturer Matsunaga are very friendly, so we can ask
them for advice and have a chat easily. They careful-
We have recently focus on High-entropy alloys (HEAs). HEAs have been expected to ly guided me through my research, paper writing,

have high strength even at high temperature due to large lattice strain by mixing of and presentation. In addition, the atmosphere of
several elements in a composition close to their equiatomic ratios. We will apply this our laboratory is very friendly, so we can enjoy
not only to structural materials but also to high-temperature shape memory alloys to research.

clarify their potential as high-temperature materials.
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What is the most meaningful study to develop the technologies for
the future society? That was the reason why | started to learn materials
science. In the world of electron devices, “things we hope to do" are
changing to “things we can do” every day.

| majored in chemical engineering because learning chemis-
try seemed necessary to understand the technology for the
benefit of our society, such as the technologies for environ-
mental conservation and efficient usage of energy. After
graduation, | started to work with a professor leading the
cutting-edge research on electron devices with in-depth
knowledge of physics. While | kept struggling to pursue his
many creative ideas, | finally found my way to come to
where | am today.

Today materials science provides one of the keys for develop-
ing advanced electron devices. In this research field, special-
ists in materials science are not the majority, so | always feel |
am responsible for the role to clarify the technological issues
in device physics from a perspective of materials science. In
those researches, we cannot find a solution without repeat-
ing trials to test our various ideas over and over again. That is
how future technology develops. We should enjoy such
struggling to keep moving the technology forward.
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Atsushi Tamura

In Kita Research Group, we are working to solve the
problems in technologies of advanced electron devices
from the viewpoint of materials science. The research
facilities to carry out from the fabrication of devices to
the evaluation of device performances are available in
our group, which enables us to work on various topics
ranging from material properties to device physics.
There are lots of chances to gain new insights through
discussions with other students by frankly expressing their
opinions each other. Since we have many international
students in our group there are also opportunities to train
yourself to communicate in English.

To improve the performance of today’ s electron devices dramatically, it is essential
to incorporate new device materials with higher functionality. In the electron device
operations, the carrier density change in semiconductors occurs in the near-interface
region within several or tens of nanometers of the interface between the semiconductor
and the insulating layer. Therefore, in order to fully utilize new device materials, it is
essential to control the atomic arrangement and physical properties in this nano-region
near the interface, by designing appropriate fabrication processes based on the deep
understanding of the properties of those materials. For example, it is contributing to

an energy-saving society to significantly improve the efficiency of power devices for
electric power conversion, by fully utilizing wide-gap semiconductors instead of Si as
the new device material. The materials showing superior dielectric properties such as
ferroelectricity in nanometer-thick films, are expected to be applied to new non-volatile
memory technology that will support the next-generation computing.
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Introduction of the study

On the basis of advanced materials science, we are developing the technology needed to achieve new science. Our projects are observing
dynamics in biological physics, soft-matter, and nano-materials systems. We are creating a very large super-transdisciplinary area by using these
sample systems.

Recently, we succeeded in time-resolved (-us) x-ray observations of dynamical motions of individual functional protein channels in aqueous
solutions for the first time of the world. In this single molecular detection system, which we call diffracted x-ray tracking (DXT), we observed the
rotating motions of an individual nanocrystal, which is labeled to a specific site in individual functional molecules, using time-resolved Laue
diffraction. New features of the mechanism of functional hiological molecules were found in the above study, and we are considering many
applications, for example, X-ay trapping, X-ray evanescent microscope, and Single molecular detection system using electron probe.

To achieve the acquisition of advanced information in super-transdisciplinary science, we hope to contribute to material sciences, life sciences,
nanotechnology, and biotechnology. Especially, monitoring intemal molecular motions and dynamical localization will be particularly important
in the future science. Additionally, we should consider user-friendliness and availability to researchers and developers. We will demonstrate the
potential of new measurements by using new advanced light sources.

For education, our goal is bringing up students who can conduct scientific research and contribute to practical developments. Now, itis very
important for scientists to develop this new super-transdisciplinary science.
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Lecturer Masahiro Kuramoti

Daisuke Sasaki

Prof. Sasaki is a very enthusiastic researcher, and the
Sasaki Laboratory could not have been better prepared
as an environment for doing research. The laboratory
itself is spacious, the desks are wide, and a wide variety
of laboratory equipment and materials are set and
ready for use. Because of the small number of students
that belong to this laboratory, | became much more
proactive in my research during the two years of my
master’s course. During these two years, my professors
helped me to perform experiments to measure samples
| had proposed, and | gained valuable experience in
thinking and conducting my own research, habits
which will help me in my research life in the future.
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What are the interesting and peculiar
points of organic materials in comparison

with inorganic ones?

In the high school time, | enjoyed chemical
experiments. My favorite was beautiful color
of transition metals and my questions were
why ruby is red and sapphire is blue. My
major in the University was chemistry and the
research of the functional organic materials
has been started. Fortunately, | discovered
the new organic superconductor with the
world record of the transition temperature.
The discovery was beyond my expectation
and the reply of nature to my question.

My dream is to discover the novel functional-
ities in order to expand the possibilities of
organic materials. Recently, we found the
metallic state of the single-component of
purely organic materials, even though organ-
ic materials were originally insulators.

Why do not you join our group and have
your enjoyable experience to find new func-
tional materials with us?
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Profile

Professor Hatsumi Mori

1984 Ochanomizu University, B.S., Chemistry
1986 Ochanomizu University, M.S., Chemistry
1986-1989

Technical Associate, the Institute for Solid

State Physics (ISSP), the University of Tokyo
1989-2001

Researcher, International Superconductivity

Technology Center
1992 The University of Tokyo, Ph. D., Chemistry
2001-2010

Associate Professor, ISSP, the University of Tokyo
2010-present

Professor, ISSP, the University of Tokyo
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Introduction of the study

The interesting point about organic molecules is that each molecule has its own Ryohei Kameyama

unique character. When these molecules are aggregated to form regularly arranged Prof. Mori is a cheerful, kind, and energetic person
crystals or thin films, not only the individualities of the molecules add up, but also who is passionate about research and education. Mem-
the interactions and interfacial effects between the molecules join to create qualita- bers at Mori Lab grow as a researcher through daily
tively different and exotic properties and functionalities. In order to develop such discussions with Prof. Mori and other Mori-lab mem-
functionalities unique to molecular materials and systems, Mori Laboratory members bers, and trial and error related to their research.
have conducted researches on the development of materials and systems for molecu- Because the lab members experience both organic
lar functional materials (superconductors, ferromagnets, ferroelectrics, and synthesis and physical property measurement, members

super-proton conductors) and organic electronics (transistors and light-emitting can broaden their horizons and options. As a perk of
materials), as well as their physical and functional properties. being a Mori-lab member, we can gaze at beautiful
single crystals of compounds we have made!
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Exploring something unknown is always exciting. Join
our challenges for mysteries hiding in new materials
under unprecedented extreme environments.

We are studying exotic phenomena at very low
temperatures. Helium, for example, never freez-
es but remains liquid even at absolute zero
temperature. Liquid Helium undergoes a super-
fluid transition at ~2 K and shows bizarre
phenomena below the transition temperature -
a flow without viscosity, a creeping climbing
along container walls, etc. These phenomena
are well known examples of macroscopic mani-
festations of the quantum mechanics which
describes phenomena at microscopic length

scales. Macroscopic quantum states provide us
clear cuts to understand quantum physics which
often defies our intuitive understandings of
Nature. Condensed-matter physics at very low
temperatures are good playgrounds to study
these macroscopic quantum phenomena, and
are our main research fields. In particular, when
a trivial stable state is frustrated by quantum
fluctuations, new non-trivial states emerge. We
are now exploring these exotic states of new
materials down to very low temperatures.
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Profile

Associate Professor Minoru Yamashita

2000-2005: Department of Physics, Graduate School
of Science, Kyoto University, Ph.D. Science
2005-2007: JSPS Research Fellow (PD), ISSP, University
of Tokyo and Cornell University
2007-2007: Postdoctoral Associate, Cornell University
(J.C. Davis group)
2007-2012: Assistant Professor, Department of Physics,
Kyoto University (Matsuda-Shibauchi group)
2012-2013: Research Scientist, Riken (Kato group)
2013-present: Associate Professor, Institute for Solid
State Physics, The University of Tokyo
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Introduction of the study

What happens when materials are cooled down close to absolute zero temperature?
It sounds a boring question because everything freezes at T = 0. It is NOT true, howev-
er, because quantum fluctuations persist even at absolute zero temperature. The
richness of low-temperature physics was first demonstrated by the discovery of
superconductivity, which was followed by many amazing quantum phenomena —
superfluid transition of Helium, Bose-Einstein condensations of Alkali Bose gases —
hidden at low temperatures.

We are interested in these quantum condensed states at low temperatures where the

thermal fluctuations are negligible. Especially, we are now challenging measurements
of correlated electron systems at ultralow temperatures (below 20 mK), thermal Hall
effects of charge-neutral excitations (phonons and spins) in an insulator, as well as
detecting multipole orders by using NMR measurements.
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Associate Professor Minoru Yamashita
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20074 Postdoctoral Associate, Comell University (J.C. Davis group)
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Kousei Iso

Prof. Yamashita is bright and gentle person. He always
gives me good advices based on his wealth of knowl-
edge and experience to perform my measurements at
ultralow temperatures. He is the best person for
students like me who want to be a master of
ultralow-temperature physics. In Yamashita laboratory,
a variety of advanced and unique measurements,
including my ultralow-temperature measurements, are
possible to study the physical properties of various
metals and insulators. We enjoy our graduate
student’ s life with all members.
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You can only continue to do what you want to do
on your own. Enjoy proactive research, and even
if it seems difficult, you will always be able to see
the future If you think about it thoroughly.

Seeing through the eyes of science. | have been
doing classical ballet since the first grade of
elementary school, and | sometimes think that
ballet is connected to physics. If you think about
the unique movements of ballet in terms of
mechanics and so on, and figure it out, even if you
don't have the talent, you can learn it with
practice. There are times when | want to run away,
but the reaction of the audience will give you an

idea of where to do next. | think this applies to
research as well. | chose department of engineer-
ing because | wanted to find some clue for environ-
mental problems that | learned about in class when
| was in elementary school. When | learned about
it, | simply thought physics was interesting. Physics
for me is a job where | can think about how my
ideas can contribute to the world and improve my
surroundings while pursuing what | like.
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Profile

Associate Professor Rina Takagi

2009: B. Eng., Department of Applied Physics,
The University of Tokyo

2014: Ph.D. (Eng.), Department of Applied Physics,
The University of Tokyo

2014: Research Fellow (PD), Japan Society for the
Promotion of Science (JSPS)

2014: Postdoctoral Researcher, RIKEN CEMS

2019: Research Scientist, RIKEN CEMS

2019: Assistant Professor, Institute of Engineering
Innovation, The University of Tokyo

2020: PRESTO Researcher, Japan Science and Technology (JST)

2023: Associate Professor, Institute for Solid State Physics,
The University of Tokyo
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Introduction of the study

In materials in which electrons strongly interact with each other, quantum many-body
effect plays an important role. In such strongly correlated electron systems, the electron
degrees of freedom, such as charge, spin, and orbital, and the symmetry and topology of
the solids cooperatively generate various electronic phases such as Mott insulators,
magnetic order, and superconductivity. We would like to design and develop electronic
properties based on molecular orbitals in crystals such as transition-metal compounds,
rare-earth intermetallics, and molecular conductors. Our research techniques are crystal
synthesis, transport-properties and thermodynamics measurements, as well as neutron and

synchrotron X-ray scattering at external facilities. The recent research topics include: (1) the
development of new materials and functionalities arising from topological magnetic
structures, (2) the exploration of novel electronic phases relating to charge, spin, and
orbital degrees of freedom in molecular conductors.




¥ﬁ %Eﬂ$ Materials Design

MERF IR

Group of Solid State Physics

B3

(PIELAZEFR)

(The Institute for Solid
State Physics)

=_ R A=

Laboratory of Professor Zenji Hiroi

BARADEBEFHEVIEIZSLRELHL.
BFHC ISR BB X 2T B,
FBRTAICHLU . MEDERZETIICRBIEDNTEET,

I0MANTNE BRI A P EVRDIEH
B, Z0RICH—RVRFHE
BRICFRAITE UK A TV D ZEB > TR
BULFELI. BANMMEVHITHRDEL
TCFEHLLWDDOHHBIET, ZIC
FBHOBEFTHIIN->TLDEABEVYE
BHAENET. EVICHEEERULGA
5. H2RCIERFEL. HBEFICEFSIE
GBOC ARG RZS | SRITDT

T, ZORDBEZBRHNBLESVDSE
FRETIT.— A . BHEDALVDES
M IEREECEN>THISHSULT
WBTENRIVET . ZDRIGE
HNENREPREZIDEHDEZ(F
BONTHST . KELHELTEIN
TWET,

H ARZEAOBENEHE @ TEL: 04-7136-3445 FAX : 04-7136-3446
@ e-mail : hiroi@issp.u-tokyo.ac.jp
@ R—L~R—' : https://www.k.u-tokyo.ac.jp/materials/hiroi

New horizon in materials science explored on
the basis of solid state chemistry and physics

We are exploring exotic phenomena such as
superconductivity and quantum magnetism in
solid state physics by searching for new materi-
als using various techniques in solid state
chemistry. Myriad of electrons in a crystal can
move around almost freely to give a metallic
conduction and sometimes exhibit supercon-
ductivity below a critical temperature Tc by
forming quantum-mechanical pairs called
Cooper pairs. New compounds with higher Tcs,
hopefully above room temperature, are
desired for future applications and would be

achieved by finding a new strong "glue" for
Cooper pairs. On the other hand, once
electrons stop at each atom to be localized, the
spin degree of freedom emerges. Particularly,
when they are located on lattice points of the
triangle geometry, magnetic frustration takes
place, which tends to suppress conventional
magnetic order and may lead to an exotic spin
"liquid" state at absolute zero temperature.
We are now looking for model compounds to
study these interesting phenomena and trying
to uncover the physics behind.
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Profile

Professor Zenji Hiroi

1983 Graduated from the Department of Chemistry,
Faculty of Science, Kyoto University

1987 Graduated from the Graduate School of Science,
Kyoto University

1989 Doctor of Science, Kyoto University

1989 Technical Associate, Institute for Chemical
Research (ICR), Kyoto University

1992 Research Associate, ICR, Kyoto University

1995 Associate Professor, ICR, Kyoto University

1998 Associate Professor, Institute for Solid State
Physics (ISSP), University of Tokyo

2004 Professor, ISSP, University of Tokyo
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Introduction of the study

The remarkable discovery of high-T. superconductivity and the following enthusiastic
research in the last decades have clearly demonstrated how the finding of new materials
would give a great impact on the progress of materials research and solid state physics. Now
related topics are spreading over not only superconductivity but also unusual metallic behav-
ior that is generally observed near the metal-insulator transition in the strongly correlated
electron systems. We believe that for the next few decades it will become more important to
explore novel physics through searching for new materials. Transition-metal oxides are one of
the most typical systems where the effect of Coulomb interactions plays a critical role on their
magnetic and electronic properties. Especially interesting is what is expected when electrons
localized due to the strong Coulomb repulsion start moving by changing the bandwidth or
the number of carriers. We anticipate there an unknown, dramatic phenomenon governed
by quantum fluctuations. Topics we are now studying are superconductivity hopefully with
higher Tc values and quantum spin systems with the triangle geometry where a magnetic
frustration may lead to an unusual spin liquid ground state. One of our recent progresses is
that we found superconductivity for the first time in the pyrochlore oxides a-Cd,Re,0, and
B-AOs,04 (A = K, Rb, Cs), as shown in the above figure.

Hajime Ishikawa

We talk with Professor Hiroi friendly on various topics
on daily life as well as research. He always gives us
important suggestions during discussion on research,
from which we have learned a lot on the chemistry and
physics of materials. Students can do their research in a
relaxed atmosphere at their own paces in the Hiroi
laboratory. | myself would like to open up a new hori-
zon in materials science through the discovery of new
compounds, the growth of high-quality single crystals
and detailed physical characterizations.
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Laboratory of Professor Yoshihiko Okamoto
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Physics is interesting, but | was not good at it.
The feeling of “interesting” makes the impossible
possible and contributes to practical use.

| spent my student days at the Kashiwa Campus
when | was a student at the Graduate School of
Frontier Sciences. | took the University of Tokyo
exam from my hometown of Kurashiki, and when |
came to Tokyo with the intension of attending a
university of Tokyo, | was surprised to suddenly go to
Kashiwa. I" ve been in Kashiwa for over a decade, so
now | feel like I' m back in a place I' m used to.

As a child, | was an ordinary boy who loved playing
outdoors and video games. However, | liked science,
and | was particularly good at chemistry, so | went

on to Natural Sciences | at the University of Tokyo.
Actually, physics was interesting for me, but | was not
good at it. And | wanted to study inorganic chemis-
try, so | chose a laboratory that could do such
research. At that time, | belonged to a big group and
enjoyed studying solid state physics based on
inorganic chemistry. The professors allowed me to do
research freely, and it was interesting to synthesize
various materials and measure their physical proper-
ties.

When | thought about getting a job, | liked the
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environment where there were students, so | wanted
to work at university. Now | remember that | learned
a lot from my supervisors, such as how to explain in
an easy-to-understand manner and hot to judge
what is really interesting experimental results.
Nowadays, many students decide to get a job by
stability orientation, but | believe that there is a way
to open up by conducting thorough experiments.
Let’ s find something interesting, which may be an
interesting material or interesting phenomena,
together.
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Introduction of the study

The discovery of a new material has a potential to trigger the evolution of
condensed matter physics. We aim at discovering new materials of crystalline solids
that exhibit novel quantum phenomena and innovative electronic functions. The
main target is inorganic compounds containing transition metal elements. We will
achieve this goal by combining various ideas for new materials, information
obtained by making full use of databases, and various synthetic methods. For exam-
ple, we try to find novel superconductors with unusual properties and magnetic
materials with new types of spin arrangement by synthesizing new materials with
very high symmetry but a complex crystal structure. In contrast, by focusing on the
materials with ultimate low-dimensional crystal structure, we will develop various
electronic functional materials such as high-performance thermoelectric materials

and actuator materials.
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University of Tokyo, Dr. Sci.
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Physics, Nagoya University

2014-2018 Associate Professor, Institute for Advanced
Research, Nagoya University

2018-2019 Visiting Associate Professor, Institute for
Chemical Research, Kyoto University

2018-2022 Specially Appointed Associate Professor, Institute of
Innovative Research, Tokyo Institute of Technology

2022 Professor, Institute for Solid State Physics, University of Tokyo
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Experiments, in any case, are entertaining.

| want to share the excitement of discovering a brand-new
phenomenon and knowing that | conducted a successful experiment.
| want you to have the best time possible while performing research

in our cozy lab.

| chose to pursue a career in science because | wanted to work
in a field where | could utilize my manual dexterity. As a
researcher, | was drawn to the thought that | could make
beautiful crystals, conduct precise and accurate measurements,
and provide correct data.These are the fundamental steps that
form the basis of my research. Searching for good crystals can
be time-consuming and requires me to spend two to three
hours examining them under a microscope. However, when |
am fully focused, it becomes easier to find high quality crystals,

and the moment | discover one is incredibly satisfying. The
feeling of relief when I find “the only one crystal” is what
drives my passion for research. Looking back, when | was in
elementary school, | used to gaze up at the starry sky during
astronomy observations. Later in high school, | observed how
metal seeds would grow and form a miniature forest, as well
as experiments that would instantly change the color of
materials. Perhaps it was the beauty that science can create
that drew me to pursue a career in this field.
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2023: Associate Professor, Institute for Solid State Physics,
The University of Tokyo
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Introduction of the study

Our laboratory conducts research on structural physics of functional materials.
Structural physics is a field that clarifies the properties of materials based on the crystal
structures, which are the starting point for materials research. By utilizing not only
laboratory systems but also various quantum beams like synchrotron radiation and
neutrons from multiple perspectives, we work to understand the fundamentals of the
mechanism of functional expression through quantum multi-probe and multi-scale
analysis that reveals various aspects of materials on a wide range of atomic scales. We
focus on a broad range of topics, including practical materials like dielectrics, semicon-

ductors, and solar cells as well as fundamental materials like new superconductors and
magnetic materials. Under the guiding principle of "research that is pleasant to create
and measure," we do our everyday research while taking into account not only how
to clarify functions but also how to achieve improved performance.
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New materials research leads to the discovery of new phenomena.
By learning the state of art techniques of both synthesis and low
temperature measurements, you may discover your own material,
which shows new functions, paving a path for new technology.

The discovery of new phenomena is at the forefront
of research in condensed matter physics. This is partic-
ularly true for the inorganic materials, which provide
an important basis in current electronic and informa-
tion technology. They have been central subjects of
basic research because quantum correlations among
the Avogadro numbers of electrons lead to exotic
macroscopic phenomena such as superconductivity,
quantum Hall effect, and quantum criticality. Thus, the

search for new materials that exhibit new characteris-
tics is one of the most exciting and important projects
in the materials research. We have synthesized new
materials in so-called strongly correlated electron
systems including transition metal compounds and
heavy fermion intermetallic compounds. Our interest
lies in macroscopic quantum phenomena such as
novel quantum criticality, exotic superconductivity and
quantum spin liquid in magnetic semiconductors.
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Introduction of the study

One of our primary interests is the search for new materials that exhibit new quantum phenomena. In
our group, we synthesize new materials in so-called strongly correlated electron systems including
transition metal compounds and heavy fermion intermetallics. Currently we study, (1) low-tempera-
ture electronic and magnetic properties of the new transition metal compounds, (2) quantum spin-or-
bital liquid in two-dimensional magnetic semiconductors, (3) exotic superconductivity and quantum
critical phenomena in heavy fermion systems (4) macroscopic Berry phase effects. We also study novel
Hall effects that arise owing to a complex nano-spin-structure, which allows antiferromagnets to
function as a non-volatile memory without using rare-earth or precious metals.

New materials research often leads to the discovery of new phenomena. By learning the techniques of both
synthesis and low temperature measurements, you may discover your own material and be filled with surprise.
Through our weekly seminars, in which we review the techniques employed at the forefront of condensed
matter physics, you will gain the insights to understand novel physics principles, which can then be clarified by
your own experiments. | believe that this will be one of the experiences that you will come to treasure in your life.
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Akito Sakai

Hi! We are enjoying experiments such as crystal growth,
and low temperature measurement. In our lab, you will
perform cutting-edge research by using a wide variety
of instruments and techniques from the beginning, so
there are many chances to make a great discovery!

You will work together with our members, consisting

of professional researchers, experienced senior
students, and also a number of our collaborators visit-
ing us from around the world. You will learn experi-
mental techniques and research methods through your
own study. If you want to join the world’ s leading
research, please come to our Lab!
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Feel it interesting,

then we can find novel things.

In graduate schools, we should do the
“world" s first” thing which is not written in
our text-book used in undergraduate school.
When | was a graduate school student, |
found many things with my research theme
for spin current injection into novel materi-
als. While the spintronics changes as time go,
I am still in the research field because it is
quite interesting. When we meet new phe-
nomena, everything is confused. However, it
important to transfer the information to
others. We should use the word which can be

understood by other people. Without doing
this, our findings cannot be the true ones.
For the research, it is important to do our
best for everything. Once we learn how to
obtain knowledge and how to use this, we
can use this ability forever in our future life.
Every time, my former teacher tries to make
people around him happy. Reflecting on this
mind, | would like to make a good environ-
ment for my graduate students and staff
members.
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Introduction of the study

Fabrication of new material and finding a new phenomenon are key things in phys-
ics research. We fabricate high-quality and novel multilayer consisting of metals,
dielectrics, and organic molecules by using the thin-film deposition technique of
semiconductor engineering, that is, molecular beam epitaxy. Specifically, we focus on
the properties of spin, which corresponds to the angular momentum of electron
rotation and only appears in a nano-scale system. We fabricate quantum spintronics
devices using a magnetic metal, topological magnet, and a chiral molecule. Our
purpose is to find a new physical property and to develop them for electronic device

applications.

Ryoya Ando

Assoc. Prof. Miwa is at the forefront in the research
field of spintronics. He gives precise comments to
students. His comment is always for the growth of
students, and our research life is meaningful. We are
doing our research at our own pace and our own pace
because we have many state-of-art facilities for spin-
tronics research. We can enjoy the world of condensed
matter physics.
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In our research, we explore the unexploited scientific field
by continuous effort and broad interest. There is a romance
that unravels things that no one in the world knew.

| specialized in chemistry at university which was the
most interesting when | was a high school student. |
also favored living things and | wanted to study
biomolecules from a physicochemical point of view
using lasers for proteins of living organisms. Therefore,
| chose the Photo Physical Chemistry laboratory that is
doing such research at the graduate school. In our
laboratory, since the experimental sample is mainly
protein, it cannot be usually purchased. So, | have to
make it by genetic engineering technology using E.
coli and yeast on our own. We also need to make the

sample to be examined by ourselves, and we have to
measure it properly, both will be needed.

| chose the way of researchers, because | thought that
it is a very romantic job to investigate why such a
chemical reaction occurs, why such a living thing is
alive, the mechanism and to unravel what | do not
understand. In order to understand the mechanism of
biological molecules of living organisms more than
anywhere in the world, | thoroughly think and
proceed the research with the aim to attain the level
that there is no more.
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Profile

Associate Professor Keiichi Inoue

2002: Kobe University, B. S., Chemistry
2007: Kyoto University, Ph. D., Chemistry
2007-2009: Assistant Professor, Chemical Resources
Laboratory, Tokyo Institute of Technology
2009-2016: Assistant Professor, Faculty of Engineer-
ing, Nagoya Institute of Technology
2012-2015: PRESTO researcher, JST
2015-2019: PRESTO researcher, JST
2016-2018: Associate Professor, Faculty of Engineer-
ing, Nagoya Institute of Technology
2017-Present: Visiting Scientist, Center for Advanced
Intelligence Project (AIP), RIKEN
2018-Present Associate Professor, The Insti-
tute for Solid State Physics
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Introduction of the study

Most of living organisms use light to create biological energy and to obtain informa-
tion of external world for their survival. Among them, various types of photorecep-
tive proteins play the central role. We especially focus on microbial rhodopsins, the
photoreceptive membrane protein in micro-organisms, and aim to elucidate their
functional mechanism by means of advanced spectroscopy. Furthermore, based on
those insights, we are also trying the development of new molecular tools for opto-
genetics which is drawing broad attention in recent years.
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We actively discuss on researches every day in Inoue
lab. When | obtain interesting data, all the staff
members join the discussion to support my research.
Research topics in Inoue lab are at the cutting edge,
and you would feel excited that your research
project can lead to the world's first discovery. Since

there are many opportunities to communicate with

foreign members in English, you can improve your
English skills as well.
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Challenging research to manipulate
spins to go beyond the limits for
next generation science.

In near future, current electronics for information
technologies are expected to encounter
fundamental limits in terms of physical size and
energy efficiency as a consequence of advanced
miniaturization. Spintronics, utilizing the spin of
electrons to convey information, is anticipated to
offer further development as well as the solution
to the above problem. We put our focus on the
novel properties of such spins emerging
particularly from the interaction among spins
and nano-scale magnets.
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Laboratory of Professor Yoshichika Otani
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Profile

Professor Yoshichika Otani

Professor YoshiChika OTANI was born in Tokyo Japan. He
obtained his B.Sc. (1984), M. Sc. (1986) and Ph. D. (1989) degrees
from Keio University. He was a research fellow (1989-1991) at
Physics Department of the Trinity College, University of Dublin, a
researcher (1991-1992) at the Laboratore Louis Néel, CNRS. Then
he was appointed to a research instructor (1992-1995) at the
Department of Physics, Keio University, an associate professor at
the Department of Materials Science, Graduate School of
Engineering, Tohoku University, and a team leader (since 2002) of
Nano-Magnetics Laboratory at FRS-RIKEN. Since 2004 he has also
been appointed to a professor at ISSP University of Tokyo. He has
been primarily working on experimental studies on spintronics
such as magnetic and transport properties of nano-structured
magnetic/non-magnetic (superconductive) hybrid systems
including vortex dynamics confined in magnetic nano-disks.
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Introduction of the study

Otani group has been carrying out spintronics research since 2004. The group has developed static and dynamic electrical generation and
detection techniques of the spin angular momentum flow, called spin current, the fundamental physical entity responsible for various
spintronics phenomena such as a nonlocal spin valve, spin-transfer torque, spin-orbit torque, Edelstein effects, and spin Hall effects. The
group's research interests have evolved into the development and elucidation of various novel spin-mediated conversion phenomena
among quasiparticles such as electrons, magnons, phonons, and photons. These interconversion phenomena mentioned above arise from
spin-orbit interaction inside, on surfaces, and at interfaces of solids. The group has demonstrated a significant Rashba Edelstein effect at
the interface of various metal-oxide interfaces. The group has also recently discovered a new class of spin Hall effects, i.e., magnetic spin
Hall effects in quantum materials, Mn3X (X=Sn and Ge) in collaboration with colleagues in the quantum materials group.

The magnon-phonon coupling is also an important research topic in the group. The group has established the acoustic spin pumping
method to inject an acoustic wave into ferromagnetic thin films. This method enabled the group to study the Magneto-rotation coupling,
which is fundamentally different from the magneto-elastic coupling. Thereby, the group has succeeded in observing the 100 %
rectification of surface acoustic waves propagating in an ultra-thin ferromagnetic thin film. The group has also demonstrated the
manipulation of Skyrmion creation and annihilation by using surface acoustic waves. The final goal of the group is the realization and
understanding of new spin-mediated coupling among various quasiparticles.
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Ayuko Kobayashi

Prof. Otani possesses an in-depth understanding of physics,
thus he naturally serves as a role model for students. He not

res students and values their opinions on their

desired paths, but also leads them with clear guidance that
prioritizes outstanding results. Students are expected to

y give presentations at international conferences

and join collaborative research with overseas institutions,
which is supported by our day-to-day discussions with many
non-Japanese researchers. With these experiences, many
students have chosen to follow carrier paths outside of
Japan after graduation. The laboratory members share a
strong common purpose in solving challenging problems in

modern society, dedicating ourselves as a team.
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Experimental research resembles

mountaineering.

In both “projects”, we must make a plan
carefully and prepare instruments thor-
oughly. During the experiment, we have to
keep the five sensens very keen; otherwise,
we may miss important signs which nature
shows. We often face difficulties, and
depending on the situation we decide if
we step forward, change direction or turn
back. When various difficulties are over-
come, nature shows impressive outcomes.
Let’ s enjoy this moment!
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Profile

Professor Jun Yoshinobu

1984 B. A. from Kyoto University

1986 M. S. from Kyoto University

1989 Dr. of Science from Kyoto University
1989 Postdoc: University of Pittsburgh

1991 Postdoc: RIKEN

1992 Researcher: RIKEN

1997 Associate Professor: ISSP, University of Tokyo
2007 Professor: ISSP, University of Tokyo
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Introduction of the study

Solid surfaces are intriguing objects; novel structures and electronic properties
emerge as a result of symmetry breaking of bulk. In addition, a solid surface plays an
important role as a “low dimensional reaction field”, on which we can supply atom-
s/molecules and manipulate them deliberately. In order to fabricate atomically-con-
trolled surface materials, the dynamical behavior of atoms and molecules on surfaces
should be understood. These subjects are closely related to the basics of catalysis,
semiconductor fabrication, organic devices, solar cells etc. In addition, the concepts
in surface chemistry are very useful to understand elementary reactions in environ-

mental and cosmic chemistry. In order to investigate structures, reactions and elec-
tronic properties of atoms and molecules on surfaces, we have utilized surface vibra-
tional spectroscopy, photoelectron spectroscopy and scanning tunneling microscopy.
Synchrotron radiation (KEK-PF, SPring8 etc.) is also used to study electronic structure
of surface and interface.
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Yuichiro Shiozawa

Prof. Yoshinobu has a warm personality. He enthusiasti-
cally guides each student in their research and helps
them when they have any other problems. The labora-
tory has an open and free atmosphere. Students have
come from a wide range of fields such as chemistry,
physics, and engineering. Yoshinobu's laboratory has
various advanced surface analysis systems, and we are
constantly conducting cutting-edge research by making
full use of these instruments. Although each student
has his or her own research theme, synchrotron radia-
tion experiments are conducted in cooperation with
other members in the laboratory.
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Laboratory of Professor Mikk Lippmaa
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Visit laboratories, look at many
research projects, talk to friends,
and take the time to understand.

| encourage students to look at many research
projects, talk to friends, visit their laboratories, and
take the time to understand what other groups are
studying. Even for those who decide to stay in
academic positions after graduation from graduate
school, simple blind chance has as much influence on
the topic that you will be working on ten years later,
as any personal preferences or wishes. It is therefore
useful to know about many fields related to materi-
als, physics, and chemistry, to be able to choose
wisely when making future career decisions.
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Profile
Professor Mikk Lippmaa

Graduated in 1989 from Tartu University in Estonia.
Received a Ph.D in 1994 and Dr.Tech in 1995 from
Helsinki University of Technology in Finland. Worked
as a senior researcher of Natural Science Division at
Academy of Finland in 1994, and a lecturer at Helsinki
University of Technology in 1995. Worked on growth
dynamics of oxides as a JSPS fellow at Tokyo Institute
of Technology from 1996 to 1999. Developed combi-
natorial thin film growth techniques within the
COMET project since 1999. Joined the Institute for
Solid State Physics at the University of Tokyo in 2001.
Currently studying ultrathin oxide structure and
electronic properties of oxide heterointerfaces.
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Introduction of the study

Thin films, nanostructures, and thin interface layers in epitaxial heterostructures offer inter-
esting ways of controlling the electronic phases that appear in oxide materials. The presence
of multiple different phases that can be stabilized in oxides by small changes in carrier densi
ty, slight lattice distortions or by various external applied fields has brought about the possi-
bility of developing useful new functional electronic devices for sensing and data storage.

The purpose of our work is to study the phase transition mechanisms in various oxide materi-
als in restricted geometries. In most cases, we use transport measurements to probe for the
presence of metal-insulator transitions under various forms of external excitations, such as
electrostatic carrier accumulation in field-effect and ferroelectric devices or by applying
controlled levels of strain on thin film materials. Some of the examples that we are currently
working on are the strain-driven metal-insulator transition in vanadates, generation of
two-dimensional high-mobility quantum wells in titanates, and the stabilization of ferromag-
netic order in ultrathin manganites. Our latest interest is in photocatalytic oxide materials for
collecting sunlight and using the energy of the Sun to generate clean fuels, like hydrogen.
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Shuji Ezura

Prof. Lippmaa is a cheerful person, and he can help
you with your research whenever you have a prob-
lem. Even if a student gets stuck in research, he can
give accurate advice to each student based on expe-
rience and knowledge. Even for me, who originally
had little knowledge of physics and whose English
wasn’ t very good, | was able to learn a great deal in
two years by listening carefully. In addition to a
serious attitude toward research, the laboratory has
abundant facilities, so | think students can do proj-
ects that they enjoy.
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We still have many opportunities for making a great discovery
for the human beings. Challenges to unexplored extreme
conditions are the key to make the breakthrough.

“Gijyutsu” in Japanese can be translated to "engineering”, or
"technique”, or sometimes “art". That is a word given by my class
teacher to me when | was a high school student. | thought that he
suggested me to utilize the scientific techniques to my future job.

I have been working on the research of high magnetic fields for
twenty-two years since | started the bachelor thesis study. Generation of
high magnetic fields may sound simple and rather easy. However, it actually
requires very difficult techniques and therefore there are lots of unsolved
physical problems that require the high magnetic fields. It is very exciting to
conduct the experiments at extremely high magnetic fields that are only
available in our laboratory. We have a chance to solve such interesting and

important issues. A material that we think we understand very well may
behave very differently in high magnetic fields owing to its excited state
that is usually hidden in a normal condition. There are opportunities to
discover new and important phenomena at the very high magnetic fields

In condensed matter physics, we treat 102 atoms and only know a
part of the phenomena given by them. In experimental research of
material science, a researcher basically proceeds with his or her
work independently. It is quite exciting and a really good
experience to find something new by his or her own experiment. In
the microscopic world of matter we still have lots of possibilities of
great discoveries. Why don’ t you join this intriguing research?
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Profile

Professor Yasuhiro Matsuda

EDUCATION

Doctor of Engineering, Tohoku University,
Sendai, Japan, March 1996

ROFESSIONAL EXPERIENCE

1996 — 2001: Research Associate, Institute for
Solid State Physics, University of Tokyo, Tokyo.
2002 - 2005: Associate Professor, Department
of Physics, Okayama University, Okayama.
2006 — 2008: Associate Professor, Institute for
Materials Research, Tohoku University, Sendai.
2008 — 2021: Associate Professor, Institute for
Solid State Physics, University of Tokyo.

2021 - Present: Professor, Institute for Solid
State Physics, University of Tokyo.
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Introduction of the study

We have studied various kinds of interesting phenomena induced by applying strong
magnetic fields. A 700 Tesla-magnetic field that is a world record for the laboratory
experiment is utilized by means of destructive magnets. Aim of our research is to
find new phenomena that are intrinsically different from that at weak magnetic
fields and to understand them. In such strong fields, the Zeeman energy exceeds an
energy scale of room temperature and the effect of shrinkage of wave function
causes a breakdown of the effective mass theory. Therefore exotic phenomena possi-
bly take place in the high magnetic fields. Our current research subjects are: (1) Mag-
netization process of quantum spin systems, (2) Quest of magnetic-field-induced
phase transition of solid oxygen, (3) Insulator-metal transition at strong magnetic
fields, (4) Electronic state of heavy fermion compounds in high magnetic fields, (5)
Cyclotron resonance in ferromagnetic semiconductors, and others. Development of
experimental techniques is very important for the research of strong magnetic fields.
Creative ingenuity and skilful techniques are the key to success of experiments and
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Miyuki Takemura

Matsuda-sensei and all staff members are friendly and
very kind to students. | often ask them about my
research and they always give me advices politely and
suddenly.

The greatest feature of our laboratory is that we can
do experiments by using world-record magnetic field
(for measurement) anytime. We can do cutting-edge
research always and the data of high-magnetic-field
experiments is always unique. So, I' m highly
motivated to research. Please come to our lab!
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Groundbreaking research in a world-class facility!
Our environment provides opportunities to deepen and broaden
your knowledge, if you are motivated to study materials science.

| am the youngest of four brothers, and during my
elementary school years, | was devoted to playing
soccer. In junior high, my competitive nature emerged,
and | found joy in improving my rankings in exams. |
particularly enjoyed challenging math problems. Howev-
er, during the time when | was thinking about my future,
my father passed away. This led me to shift my focus
from the dream of being a professional soccer player to
the reality of aiming for a good education and a promis-
ing career. Determined to aim for the top, | set my sights
on attending Kaisei High School and pursuing the path

to the University of Tokyo.

At the University of Tokyo, | chose the Department of
Applied Physics, and after getting the doctoral degree, |
went to France and Germany. In Kashiwa, there is a
world-class facility capable of generating the highest
magnetic fields in the world. Using magneto-optical
probes under ultrahigh magnetic fields, we can induce
dramatic changes in the state of matter and observe
unexpected phenomena. | am engaged in challenging
experiments here that can only be conducted in this
unique environment.
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Associate Professor Miyata Atsuhiko

2012.3: Doctor of Engineering, University of Tokyo

2012.4-2014.1: Postdoctoral researcher, Institute
for Solid State Physics, University of Tokyo

2014.2-2019.4: Postdoctoral researcher,
Laboratoire National des Champs Magnetiques
Intenses, France

2019.5-2023.4: Postdoctoral researcher,
Hochfeld-Magnetlabor Dresden,
Helmholtz Zentrum Dresden Rossendorf,
Germany

2023.5: Associate Professor, Institute for Solid
State Physics, University of Tokyo
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Introduction of the study
ZHOU Xuguang

The Miyata Lab is an energetic and dynamic research
group, characterized by a relaxed atmosphere reminis-
cent of Western research labs. Within the Miyata Lab,
you have the opportunity to explore a diverse range of
scientific topics in materials science under ultrahigh
magnetic fields, reaching up to hundreds of teslas.
Professor Miyata, with his extensive experience across
various fields, provides timely guidance whenever
needed. The research conducted in this environment is
both thrilling and exciting. | strongly encourage you to
become a part of the Miyata Lab and embark on the
journey of ultrahigh magnetic field research together.

We have been working on magnet technology and new measurement techniques in
pulsed magnetic fields and studying ultrahigh-magnetic-field science. Currently, we
are focusing on van der Waals magnets where exotic optical properties are strongly
coupled to magnetic structures. Ultrahigh magnetic fields have the remarkable capa-
bility to induce diverse magnetic structures, thereby giving rise to novel magneto-op-
tical phenomena.

Giant linear dichroism has been observed in FePS3 due to its zigzag magnetic order.
Ultrahigh magnetic fields can induce a fully polarized phase where the giant linear

dichroism vanishes (magnetic-field control of giant linear dichroism).
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If you work on your research with curiosity and show interest in anything,
you can definitely find a tremendous number of discoveries.
Never give up, and then a bright future will open for you.

When | was an elementary school student, The Interna-
tional Science Exposition was held at Tsukuba (Expo
'85). In one of the events for the Expo., | posted a letter
into the “post capsule”, in which posted letters will be
sent back to oneself 16 years later. In that letter, | had
written my dream for the future; that is, what | want to
be when | grow up. Completely forgotten such a thing,
| had devoted myself to kendo during the elementary
and junior high school, got interested in theories of rel-
ativity and elementary particles in high school, and ma-
jored in physics at University of Tokyo. Even at that
time, | had not yet imagined | would become a scientist.

However, | was attracted by the studies with a professor
in the graduate school, and had gone to the doctor
course unexpectedly. | think my exciting experiences
and intellectual curiosity motivated my research life.
Now, | would like to return the favor to my respected
professors and prepare better environment for younger
scientists to continue with their studies. From the “post
capsule”, the letter came back to me having continued
with study 16 years later. There has been written that “I
want to be a scientist when | grow up.” My dream | de-
scribed as a child has come true. When | was a primary
school student, | could see my future, couldn’t 2!
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Associate Professor Kozo Okazaki

1998 B. Sc.,, Department of Physics, University of Tokyo

2003 Dr. Sc., Department of Physics, University of Tokyo

2003 Researcher, Institute for Solid State Physics,
University of Tokyo

2003 Assistant Professor, Department of Physics,
Nagoya University

2010 Researcher, Institute for Solid State Physics,
University of Tokyo

2013 Assistant Professor, Department of Physics,
University of Tokyo

2014 Project Associate Professor, Institute for Solid
State Physics, University of Tokyo

2019 Associate Professor, Institute for Solid State
Physics, University of Tokyo
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Introduction of the study
Takeshi Suzuki

Professor Okazaki has an pioneering research record in the
world, which primarily focuses on superconductivities e.g.
mechanisms for iron-based superconductors. Moreover, he has
deep knowledge and broad perspective over the significantly
wide area in the condensed matter as well as optics. He is very
busy, but always takes time for us to discuss until we are
completely satisfied.

The lab has two state-of-the-arts apparatus with their quite
different characters. We can use both of them and discover
many new phenomena emergent in a condensed matter for
the first time in the world. Through valuable experimental data
and intensive discussions, we are always surprised to encounter
elegant secrets which nature hide from us until then.

Angle-resolved photoemission spectroscopy is a very powerful experimental technique that can directly
observe a dispersion relation between momentum and energy of the electrons in solid-state materials,
whereas by utilizing a femtosecond laser as pumping light and its high harmonic generation as probing
light, we can observe ultrafast transient properties of the band structures in a non-equilibrium state. In
our group, we are developing and improving a time-resolved photoemission apparatus that utilize high
harmonic generations of an ultrashort-pulse laser in collaboration with a laser-developing group. We are
aiming for understanding the mechanisms of electron relaxations from photo-excited states and mecha-
nisms of photo-induced phase transitions by direct observations of transient electronic states with a

pump-probe type time-resolved photoemission spectroscopy. Also, we are aiming for understanding the
mechanisms of unconventional superconductivity by direct observations of the electronic structures and
superconducting-gap structures of unconventional superconductors with a laser-based angle-resolved
photoemission apparatus with a world-record performance that achieves a maximum energy resolution
of 70 micro eV and lowest cooling temperature of 1 K.
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From interests in light itself to its interaction with matter
| believe research quality depends on how it can broaden

one’s interests.

We recognize a material' s color by detecting a visible light which, in the
case of a leaf, we call green, yellow or red. This depends on the absorp-
tion or transmission property of the light reflecting complex interaction
between the light and the material. When a material is illuminated by a
light called "soft X-ray", we see another " color" which provides a lot of
information about the origin of the electronic and magnetic property, as
well as local bond coordination, local symmetry and so on.

We are currently developing soft X-ray emission spectroscopy, a tool to
detect such soft X-ray "color" with an intense and well organized (color,
size, polarization, position, time-structure and so on) soft X-ray light
source called synchrotron radiation. With only a slight advance in the

sample handling, we can extend the target of this noble spectroscopy
and obtain new information that cannot be made available by other
methods. For example, pure liquid water, which is completely transparent
in the visible light region, looks inhomogeneous in terms of the energy
distribution of valence electrons responsible for hydrogen bond
formation when observed by soft X-rays. In 2008, we reported the
inhomogeneity of liquid water, which became a subject of discussions all
over the world and is still much debated in water-related intemational
conferences and on journal papers. Soft X-ray emission spectroscopy is
such a powerful technique which provides us a chance to explore new
fields.
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Profile

Professor Yoshihisa Harada

He graduated from the University of Tokyo
and got a Ph.D. degree (2000) under the
supervision of Professor Shik Shin. He was a
fellow of Japan Society for the Promotion of
Science (JSPS) and then moved to
RIKEN/SPring-8 as a postdoctoral researcher
(2000-2007). He was appointed as project
lecturer (2007-2009) and project associate
professor (2009-2011) at the University of
Tokyo. He became Associate Profes-sor at
ISSP, the University of Tokyo in 2011 and was
promoted to Professor in 2018.
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Introduction of the study

We can explore the origin of the electronic structure of materials responsible for their electronic, magnetic, and optical Aya ko Kameda

properties using extremely intense X-rays with a desired energy and high energy resolution that can be obtained using Prof. Harada is at the forefront of soft x-ray research
synchrotron radiation. Our home grounds are SPring-8 and NanoTerasu, synchrotron facilities in the world; it is where and is actively pioneering new research subjects. He is
we have developed noble and original spectroscopies for material science in 'soft' X-ray region in-between vacuum also keen to teach students, giving polite and thought-
ultraviolet rays and X-rays. In particular, we are leading the world in soft X-ray emission spectroscopy, a kind of light ful comments, and is always willing to help us with
scattering, promising for electronic structure analyses of liquids and operand spectroscopy of a variety of catalysts. Our various consultations.

studies include:

Our laboratory's characteristics are that it is located in a

*observation of elementary excitations (crystal field excitation, spinon, magnon, charge density wave, orbiton large synchrotron radiation facility, SPring-8, where we

etc) instrongly correlated materials like Mott insulators and noble high temperature superconductors can conduct research surrounded by a lot of instrumen-
*electronic structure analysis of aqueous solutions to study microheterogeneity and interaction at solid-liquid interfaces tations and many researchers from various fields.
*development of in situ soft X-ray spectroscopy for surface reaction of fuel cell catalysts, electrochemical reaction, and Many of our members are overseas, and we enjoy our

photocatalytic reaction
*electronic structure analysis of reaction center in metalloproteins

daily activities in this luxurious environment and global
atmosphere (and nature!).

*basic study on ultrahigh energy resolution optics for soft X-ray emission and time-resolved spectroscopy
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@ e-mail - masuda@issp.u-tokyo.ac.jp
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Experience and enjoy a discovery by yourself.

You will be addicted to

Masuda group studies novel quantum phe-
nomena realized in low dimensional quan-
tum spin system, oxygen molecule magnet,
and multiferroics materials by combination of
crystal growth, bulk property measurement,
and neutron scattering. Any students who
have interest in quantum phenomena, crystal
growth, bulk property measurement, neu-
tron scattering experiment, doing experi-
ment abroad, presentation abroad at inter-
national symposium, etc., are very welcomed
to our group.

physics world!
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Profile

Professor Takatsugu Masuda

1996 Department of applied physics, Faculty of
engi neering, University of Tokyo

1999 Research associate, Department of Advanced
Materials Science, Graduate School of Frontier Science,

2002 Dr. Technology, Department of Applied Physics,
University of Tokyo

2002 Postdoctoral research associate, Oak Ridge
National Laboratory,

2005 Associate professor, Yokohama City University,

2010 Associate professor, University of Tokyo
Hobby: Butterfly, Tennis, Mountaineering, Jogging
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Introduction of the study

Here we will introduce two examples of our recent study, break down of quasiparticle in antiferromagnet and nematic correlation in frustrated magnet.
Many phenomena in condensed matter science can be explained by using the concept of quasiparticle. For example antiferromagnetic order is a result of
Bose condensation of magnons and superfluidity is those of phonons. The quasiparticle, however, can be unstable and decay if allowed by conservation
laws. It was initially predicted in superfluid Helium and was identified by a termination of the excitation at twice the energy of a roton. Recently the
magnon version of the spectral termination was predicted in the 2D square lattice Heisenberg antiferromagnets (SLHAF) in high magnetic field. At zero
field a two-magnon continuum spreads in the higher energy region for all wave vector g and there is no decay channel. With increasing field the
one-magnon branch moves to higher energy around q = () and eventually overlaps with the continuum at a threshold field. The hybridization of
one-magnon with two-magnon continuum induces instability of the one-magnon. Our group experimentally observed the magnon instability in S=5/2
SLHAF Ba2MnGe207 by using neutron scattering technique.

One of the recent interests in condensed matter science is to search for a spin liquid that exhibits order not in a conventiond two-spin correlation but in
other correlations such as magnetic multipole or spin chirality. A 1D frustrated spin chain with a ferromagnetic nearest-neighbor interaction (J1) and an
antiferromagnetic next-nearest-neighbor interaction (J2) is diversity of such novel states. In zero field vector spin chirality does order with a broken 72
symmetry. At a field close to the ferromagnetic polarized phase, a pair of magnons form a bound state, and its Bose condensation at approximately g =m
induces the quasi-long-range order of transverse spin nematic correlation (S+0 S+1 S| S-+1) . At the same time longitudinal two spin correlation exhibits
spin density wave like sinusoidal behavior. Our group explored such novel states in ferromagnetic frustrated chain LiCuVO4 and identified the SDW-like
order in high magnetic field.
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S. Hayashida et al,, Sci. Adv. 5, eaaw5639 (2019).
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Shunsuke Hasegawa

Prof. Masuda is always earnest not only in research but also in
education. He patiently teaches us until we reach full under-
standing of topics. Even though our idea in research is crazy, he
sincerely considers it and a realistic solution is fed back.

In our group, each member is conducting the research at his/her
own pace. On the other hand, we can get fruitful advice from
weekly meeting and daily conversations. When a new phenome-
non is discovered in a neutron scattering experiment after long
and careful preparation, the sense of accomplishment is much
greater than that of reaching summit of Mt. Fuji.
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If there is an opportunity, the mind will change.
Grab even one success in failure, gain confidence and go out.
| hope this will be a place where you can develop your own

strength to open up your life.

| specialized in physics because | am very
impressed with the fact that physics can
explain complex phenomena by simple
laws. When | was a graduate student, my
supervisor supported me to try new things
even though | failed sometimes. From the
experience, | would like to respect the
ideas and motivations of students. | have
been studying polymer physics to under-
stand the molecular origin of their physical

properties. By revealing simple principles
in complicated phenomena of polymers,
we are trying to establish material designs
for the applications in the fields of medi-
cine, robot, automobile, and so on.
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Profile

Associate Professor Koichi Mayumi

2009 Graduate School of Frontier Sciences, The University of Tokyo Ito
and Yokoyama Laboratory, Department of Advanced Materials
Science Research Fellowship for Young Scientists (DC1)

2012 ESPC ParisTec Laboratoire SIMM/PPMD CNRS Postdoctoral
Researcher

2014 Graduate School of Frontier Sciences, The University of Tokyo Ito
and Yokoyama Laboratory, Department of Advanced Materials
Science Assistant Professor

2018 Graduate School of Frontier Sciences, The University of Tokyo Ito
and Yokoyama Laboratory, Department of Advanced Materials
Science Project Lecturer

2020 Present The University of Tokyo Neutron Science Laboratory
Affiliated to the ISSP Associate Professor
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Introduction of the study

The research goal of Mayumi group is to reveal molecular mechanisms for macroscopic prop-
erties of soft matter systems. One of our targets is to understand toughening mechanisms of
polymeric materials. Recently, the fine control of nano-structure has improved significantly the
mechanical toughness of polymer-based materials. The tough polymeric materials are expect-
ed to be applied for biomaterials, soft robots, and structural materials for automobiles and
airplanes. We study nano-structure and dynamics of the tough polymeric materials by means
of small-angle and quasi-elastic neutron scattering measurements with deuterium labelling.
The deuterium labelling technique enables us to observe separately each component in
multi-component systems. By combining the nano-scale structure/dynamics measurements,

Chang Liu

| have been studying with Prof. Mayumi since | was a Ph.D
student. We discuss directly with Prof. Mayumi in meetings.
Prof. Mayumi encourages students to find interesting
research topics by themselves, so | enjoy the comfortable
atmosphere. We have many chances to use neutron and
X-ray facilities for our research. | was very excited when |
discovered a new phenomena in a X-ray facility.

macroscopic mechanical tests, and molecular dynamics simulations, we aim to establish molec-
ular understandings of toughening mechanisms for polymeric materials and discover novel
molecular designs for tough materials.
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It's a waste to judge something without trying it.It was by
chance that | ended up doing research in Al and physics.
But | found it surprisingly close, and it turned out to be
fascinating.Turning points often come from unexpected
places, so it's important to keep an open mind, broaden
your perspective, and just try things first.

' ve always been drawn to science fiction novels. The
ideathatwhat' swritten in these stories might actually
come to pass—or might blur the line between reality
and fiction—fascinated me deeply. My interest in quan-
tum mechanics, in particular, led me to study applied
physics at university.Superconductivity became a major
passion of mine, and I didn’ t hesitate to continue on to
graduate school. | was fortunate to receive an offer from
a national research institute, which also gave me the
opportunity to study abroad at MIT in the United States.
While studying there, | was invited by the group leader
to join research at the intersection of Al and physics. This

happened just as Al was beginning to gain traction in

Japan, and when | retumed, | found myself unexpectedly
considered a “pioneer” in the field. | grew up in Hokkai-
do and started competitive skiing as a child. There were
always people around me who were far better, and |
faced setbacks, such as not getting into my first-choice
high school. But looking badk now, | see these challenges
as invaluable experiences. My tools are simple: paper,
pencil, and a computer. You never know what might
open a door for you. Broadening your interests is a sure
way to foster growth.
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Introduction of the study

I'm investigating new frontiers in physics through the use of machine learning and artificial
intelligence, specifically by applying advanced Al techniques to research in solid-state physics.
Physics has made tremendous strides over the 19th and 20th centuries, driven primarily by two
branches: experimental physics and theoretical physics. In the latter half of the 20th century,
computational physics emerged as a third branch, leveraging the power of computers to open
up new avenues of discovery. Now, with the rapid expansion of Al and machine learning in the
21st century, a new “fourth branch”—"machine learning physics”"—is beginning to take shape.
This new field centers on using machine learning to gain deeper insights into physics and,
conversely, applying physics principles to enhance machine learning techniques. In the Nagai
Lab, our main objective is to advance our understanding of physics by harnessing the power of
machine learning. In physics, theoretical models described by Hamiltonians are extremely precise
in representing physical phenomena, but they often involve complex, demanding calculations.
For instance, predicting electron dynamics through quantum mechanics is an especially challeng-
ing task. My research focuses on what might be possible if machines could handle these intricate
calculations in place of human physicists. We are developing methods where machines generate
models and perform simulations autonomously. Although outcomes may vary, we have
successfully developed a self-learning Monte Carlo method that produces highly accurate results.
By combining machine-generated models with those developed by physicists, we aim to uncover
new and previously unknown phenomena.
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