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Introduction of the study

A photoinduced phase transition is a phenomenon, in which an electronic and crystal struc-
tures are changed by a photoirradiation. In our laboratory, we are exploring various photoin-
duced phase transitions and clarifying their mechanisms by using an ultra-short laser pulses
with a temporal width of 100~7 fs (fs = 10-'° s).

For example, a Mott insulator of copper oxides can be converted to a metal by a laser-pulse
irradiation via the melting of the electron order (Fig. 1). In some kind of molecular materials,
a Van-der-Waals-type neutral crystal can be converted to an ionic one by a laser-pulse irradia-
tion. In this transition, the rapid changes of molecular valences are accompanied by changes

of molecular structures and positions, which can be detected as oscillatory signals on the
optical reflectivity change (Fig. 2).

When a ferroelectric or ferromagnetic crystal is irradiated with a visible laser pulse, a
terahertz electromagnetic wave is emitted via the modulation of the polarization or magneti-
zation. By measuring its waveform at various positions in a crystal, we can visualize the ferro-
electric or ferromagnetic domains (Fig. 3).

Guo Zijing

Light is a very powerful tool for investigating physical proper-
ties of materials. At Okamoto-Kida 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. Associate Prof. Kida is
impressive how well he handles experimental machines and
devices, and | always obtain help from him. Other lab mem-
bers are also excellent people. | am learning a lot from them
while enjoying research with them. At Okamoto-Kida 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 I have been achieving huge personal growth.




;ﬁ*ﬂ ﬁ%'ﬁ$ Correlated-Matter Physics
B Fi #R-1EK tht HEHER ¥

Laboratory of Professor Taka-hisa Arima & Associate Professor Yusuke Tokunaga

- SEEIF
sAE

Group of Applied Physics

%
Mk

ABRDERRICEMTERIMAL.

SESFLT
KHLEL&D,

hZEDE, RKICBET BT ENAFE
T BEHXNTT NHKSIFE2TTR
BREVWSEFEMHEZEOVTCOLFURR. B E
B BABLUR7ZITEHDTEEXRS
CRBEBEES T RN ZEHEERITE
Ulc. REDEIF R IRTICASD

FoTLWFULIEL. KR BICRZICDHIT
ETFRU,

REICADTHOSIFYPEIZFDBEICHE

B ARZEADOBELEHE @ TEL: 04-7136-3805(F8) TEL: 04-7136-3770 ({@K)

SV e Z

FFEUC. GRENYEBEZDO—SHFTHD
EVWDSTEDHHT. BARAEYEZICDHE
KO DOWEDTY . PBTZODTYMHE
BZEVWDSDIRRDBICHEAISIEHIG.
MEBEDE BOER. BIERDEE,
YBEREEDRE. AIET —9 DEETE LS
fe—EDWERDIXRTCZED TITOT

N CEBREULSERLENSTT . ST
TLBIARMERITNE. TRILF—HE

@ e-mail : arima@k.u-tokyo.ac.jp () y-tokunaga@k.u-tokyo.ac.jp (f&K)
@ ii—L_R—3J' | https://www.k.u-tokyo.ac.jp/materials/arima-tokunaga

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.
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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 Sience, 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

20004F RWRAF TFERPIRTFF 223

20055 RWRAFAF I TF AR
YPEETFEREHERET B (T

20054 BIFEAMTHREHHS ERATO+2
AEVRBEETOVTY N A

20074 B EAHREAEAS ERATO+2
RIVFT7IOA IR T OV LY MRS

20114 B HZRn E S EA%RRT HBMomiRg

201345 B{LFHAZRRN BRI F MR 2 —
R E AR 20145128 KVIRE

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

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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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

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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Ryusuke Misawa

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.

research

In the laboratory, each of us has our own
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.
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Laboratory of Associate Professor Yoshiaki Sugimoto
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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

Associate 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
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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.
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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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Laboratory of Professor Kozo Ito & Associate Professor Hideaki Yokoyama
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Change the world and our lives

with soft materials!

We are researching soft materials which can be
applied to a wide area around our lives. Our lab
especially focuses on supramolecular systems and
block copolymers such as slide-ring materials, neck-
lace-like polyrotaxane, nanocellular structures, and
surface segregation of hydrophilic block copolymers,
which form fascinating structures self-assembly.
They do not only bring a new science and technolo-
gy in polymeric materials but can be applied to
scratch resist coating, soft actuator, heat insulator,
surface reforming, and so on. Some of them were
available on the market already. Actually, | founded

a venture company to promote various applications
and businesses based on the novel concept of
polymeric materials. | believe that our research will
change the world and our lives drastically.

Message to students

You can find a lot of fascinating systems in soft mate-
rials. | suppose that our lab is featured by an academ-
ic fusion between chemists and physicists, and a close
balance between basic science and applied technolo-
gy. If you are interested in chemistry or physics of soft
materials, please come and join us!
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Profile

Professor Kozo Ito

1981: B.Eng. in Applied Physics, The University of Tokyo
1986: D.Eng. in Applied Physics, The University of Tokyo
1985-1991: Researcher, Research Institute for Polymers and Textiles,
Agengy of Industrial Science and Technology
1991: Lecturer, Dept. of Applied Physics, The University of Tokyo
1994: Assodiate Professor, Dept. of Applied Physics, The University of Tokyo
2003: Associate Professor, Dept. of Advanced Materials
Science, The University of Tokyo

Associate Professor Hideaki Yokoyama

1989: B.Eng. in Polymer Chemistry, Tokyo Institute of Technology
1991: M.Eng. in Polymer Chemistry, Tokyo Institute of Technology
1991-1995, 1999-2001: Researcher, Bridgestone Corporation
1999: Ph.D. in Materials Sci. & Eng., Cornell University
2001-2008: Senior Researcher, National Institute of Advanced Industrial Science and Technology
2008-present: Associate Professor, Dept. of Advanced Materials Science, The University of Tokyo
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Introduction of the study

Polymers, liquid crystals, colloids, and membranes have a common feature such as
softness, large fluctuation and response to external stimuli, and complex hierarchical
structures. Therefore, they are classified as soft matters or soft materials. Of them,
our current research topics include slide-ring materials with freely movable
cross-links, structure and dynamics of supramolecular polyrotaxane, spontaneous
segregation of hydrophilic block copolymers, and nanocellular structures formed
with supercritical carbon oxide. We are interested in both chemistry and physics of
these polymeric materials and actually cover a wide range of research on them:

synthesis of molecules, measurement of mechanical, electrical, optical, thermal prop-
erties, theoretical analysis, and even practical application.
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Professor Kozo Ito
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Associate Professor Hideaki Yokoyama
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1997 M.S. in Materials Science and Engineering,
Cornell University

1999 Ph.D. in Materials Science and Engineering,
Cornell University

2001 RIS TEMRE
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Manabu Inutsuka

Materials science is now getting more and more
required in various fields including environment,
energy and medicine. We aim not only to produce
novel materials but also to analyze them and compre-
hend what happens in them. Such a study often needs
both physics and chemistry, and this is why we belong
to “Frontier science”. Why don’ t you join us and make
full use of your knowledge of physics and chemistry to
challenge new problems? Reliable staffs, wide ranging
research subjects, collaboration with entrepreneurial
venture, fantastic instruments, and comfortable sofas

: there is everything in our laboratory for your excit-
ing research life!
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Materials for Future, Materials for Society.
It's Our Identity, It's Our Pride.

When | started my carrier at university, | had unforgettable experience on my work. My
project was to develop an antifouling polymer coating against marine fouling organisms,
such as blue mussel and bamade. | soaked a substrate with my polymer coating into an
aquarium with living blue mussels. After several hours, it s been a long time coming! |
finaly find the composition ratio of the polymer coating that exhibits excellent antifouling
property. This experience became a start point for me to work on fundamental polymer
science toward practical application. Now, we are working on biomimetic adhesive
materials inspired by adhesive protein of blue mussel. That s exactly “Yesterday's enemy
is today's friend". In our group, we are developing the next-generation structural
materials based on polymeric and supramolecular materials. The mult-material design is
anovel concept on the structural materials to overcome the inherent material
performance by adequate combination of different substrates. Among them, polymeris a

promising material because polymer can create variety properties by molecular design.
Therefore, those who have knowledge on molecular design and insights on physical
properties are highly required. Let' s create “Wow!" for future with us.

Message to students

“The fruits of your research are proportional to the number of your conversations with
others”. This is a slogan of WPI-MANA, National Institute for Materials Science
(NIMS), which is our research partner. By joining our department, you can find lifelong
colleagues and faculty members with expertise, along with the world highest research
facilities on materials physics / properties. Good iceas on novel materials will come
weling up into you by interacting with researchers with a broad range of knowledge
under intemnational circumstance. " Conversation”, this is a fount of innovation.
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Laboratory of Associate Professor Masanobu Naito & Lecturer Kazuaki Kato
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Profile

Associate Professor Masanobu Naito

2001 Ph.D. (Eng.), Tokyo Institute of Technology
2001 JSPS Research Fellowships for Young Scientists (PD) (University of California, Irvine, USA)
2002 Assistant Professor, Nara Inst. Science and Technology
2009 PRESTO-JST Researcher

2010 Principal investigator, Nara Inst. Science and Technology
2011 Associate Professor, Nara Inst. Science and Technology
2012 Principal researcher, National Institute for Materials Science (NIMS)
2016 Group Leader, Principal researcher, National Institute for Materials Science (NIMS)

Lecturer Kazuaki Kato

2004 Ph.D. (Eng.), Osaka University

2004 Researcher of National Institute of Advanced Industrial Science and Technology
2005 Research fellow of Alexander von Humboldt Foundation (Saarland University, Germany)
2007 Project Researcher, The University of Tokyo
2009 Project Assistant Professor, The University of Tokyo
2014 Project Lecturer, The University of Tokyo
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Introduction of the study

We are developing new materials through the following three different approaches. One is the control of the hierarchical molecular motions in
polymers to create new properties and functions. Unlike metals and ceramics, material properties of polymers such as resins and rubbers reflect the
hierarchical molecular motions, from the diffusion of entire chains to the rotation of small side chains. Such local motions remain even in the glass
state, to have a major effect on e.g., the impact resistance and the gas permeation. Our original strategy is controlling macroscopic properties of
materials made of “macro-molecular machines” by designing their unique intramolecular motions. For example, we can synthesize a necklace-like
mechanically-interlocked polymer consisting of a polymer chain and threaded cyclic molecules. Because the different components are not bound
chemically but constraint topologically each other, the large main chain motions are maintained in the frozen cyclic components.

To address the community’ s demands on new functional materials, novel strategy for new functional materials are highly required. The second

approach is materials design inspired by biological system, so-called, biomimetics. Especially, we are developing biomimetic adhesive materials
which adopt molecular structure of adhesive protein of the marine fouling organism, such as blue mussel.

The third approach is to develop the material designs integrating natural resources. For example, we utilize polyphenol, which contains in persim-
mon tannin, as raw materials with superior functional monomer because polyphenol exhibits a variety of physiological activity, such as antibacterial
or antioxidation.
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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.

TEL : 04-7136-3765 (F4%)  TEL : 04-7136-3788 (&)
@ e-mail : takeya@k.u-tokyo.acjp(f18)  tokamoto@k.u-tokyo.acjp (Z)  swatanabe@edu k.u-tokyo.ac jp GEE)
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Laboratory of Professor Junichi Takeya & Associate Professor Toshihiro Okamoto & Associate Professor Shunichiro Watanabe
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Profile

Professor Junichi Takeya

19911 Master, Department of Physics, Graduate School of Science, The University of Tokyo
1991 Researcher, Central Research Institute of Electric Power Industry
2001 PhD, Department of Physics, Graduate School of Science, The University of Tokyo
2001 Visiting Researcher, ETH, Switzeraland

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

Associate Professor Toshihiro Okamoto
2003 Doctor of Science, Graduate School of Science, Osaka City University
2003 JSPS Fellow (SPD)

2003 Postdoctoral Researcher, Nagoya University
2005 Postdoctoral Researcher, Stanford University, USA
2007 Researcher, RIKEN

2009 Project Assistant Professor, School of Science, The University of Tokyo
2010 Project Associate Professor, The Intitute of Sientific and Industrial h(1R), Oseka Universty
2012 Associate Professor, ISIR, Osaka University

2013 Assodiate Professor, School of Frontier Science, The University of Tokyo




HIRFRIEDIRE
DFERIC S HHAEZL
MESH o RERDBFT /N

RRALPEES

DHFNEFE > TVET AR

FTF RHEDBFMRELT
BFSNTVS. . ZOHNKTHE

BENTLEN S RTrv IR
MOENZT 1A TLA1.E5(C
FRBECLTRICE TSI

AT ERDFIBHERIBER  (END2ERYDOFEET N1 STNIVE1—IBEDEGR
ERACBIRENKDOOSNTY  RZEPDELEBHRILIND LVWEBHAERRET SO T BN
FTOUEERDP.BHT ZJROWREAZCYEOE  RBEECLGIIENEFINT

2l RIBEEENNSVWRES
Ot APHEMBIRREE L\ D7
BB T ERFEREIN

BIRHASEELRAETEAN
[T TVET . ERSDWVFERF
ZESEHMM<ISVDESD

WET.COLTHLWIEZR]
BB EC 2 ERARIEIC
82T BWBATOET,

EEERARILEDD:
RS B LT AR
BN FHEEICHEOTVET,

%fiiﬂnb\ﬁﬁbb‘cuﬁ%)%?@ izgs

RICKGEDH BEEDFHENAT
EFOERDFT ESPOCETE
RELEDTHEZEZDMEDHECTT,

FLMMEZ RIS 2 THEHZE:
ATcEDOMRE EERLTLEP TSR
TAVIEOENETA AT LA DT
STNAvEa—2ELIIsALE L,
MEERRETHTExBIELET,

i
#
g
#
&
B
$
Eg
i

IEE#b@th—~

B EwinpZed])

-

=

LY
I FEE =4

Chizuru Sawabe
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Associate Professor Shunichiro Watanabe
2011 Doctorof Engineering Deparmnt of Applied Physis, - Graduate School ofEngineeing, Nagoya University

2011 JSPS Fellow (PD)

2011 Postdoctoral Researcher, the University of Cambridge, UK

2014 JSPS Fellow (SPD)

2014 Visiting Researcher, School of Frontier Science, The Un|ver5\ty of Tokyo

2015 JST PRESTO Researcher, PRESTO J

2016 JSPS Leading Initiative for Excellent Young Researchers
2016 Visiting Researcher, AIST-UTokyo OPERANDO-OIL

2016 Project Associate Professor, School of Frontier Science, The University of Tokyo
2020 Associate Professor, School of Frontier Science, The University of Tokyo
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Professor Junichi Takeya

1991 ﬁ?t;ﬁ%ﬁﬂnﬂ%ﬁ%@lﬁl%ﬂ:uﬁfﬂkY
1991 BARE A B P REE

2001 i?ﬁ-}ﬁ-}ﬁﬂnﬂ%&%@lﬂ‘)miﬁi T§i 25)
2001 2 @R TRIAS - ZEMER

2005 E{LFHAZERT- R EMERE

2005 SRALAS S EAEIBZRRT - & BEN# IR

2006 ABRAFEZEAICE AR
2010 ABRAS FE R P BFRRT - 3%

2013 RERFAF S BAI A AR E R SR EE

A BR #HIR

Associate Professor Toshihiro Okamoto
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Introduction of the study

environmental burden, as well as for their unique
function of flexibility. The scope of our research
group ranges from basic scientific studies on materi-
als chemistry and charge transport physics in organic
semiconductor interfaces to the device functional-
ization and engineering of organic semiconductors.

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 semiconductor
devices are attracting much attention as a practical
candidate to meet such requirements because of
their simple and low-cost production processes, low

Associate Professor Shunichiro Watanabe

2011 ZEEAFAFRY T T VBT S BEWSBIEAT KRR LRERET
2011 BAZREKEFHIZE (PD)

2011 7777 k#5710 AR A TP ILI MR —T BHRSE
2014 BAPHRERKHIAZE (SPD)

2014 REAPAL T BHHERANNERSUNARAS REHFHAE
2015 RIRATIREMERE UST) T EDFHHZRE (FE)
2016 ERHIFE SRS HIE

2016 FERAH- 8K OPERANDO-OIL FEEHEFFZRE
2016 RREAFAZ S AR FHARNER S SEARIR
2020 RRAF AT be# A A AR F R ER S BOfH0R

Chizuru Sawabe

In our laboratory, we are conducting the
frontier research on organic electronics with
our professors, who have different back-
grounds from physics or chemistry. | 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 indus-
trial applications. The members of our
laboratory work on a wide variety of
research topics, and sometimes | can get new
perspectives from members whose research
topics seem to have little relevance to mine.
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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

| 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.
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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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Create yourself using chemistry

Chemistry could be the science for expressing
your character. While physics and biology
may be measured by how quickly you can
reach the final endpoint, chemistry can result
in a variety of new skills and materials along
the journey, leading to creativity and origi-
nality at every point of your research.

When | was a student in Kyoto, | was fortu-
nate enough to study under professors who
fostered a great environment to conduct
research independently, and this motivated
me very much. | am a firm believer that
students can take proactive approaches to
problem solving if they are provided with

significant and exciting targets that cause
them to act spontaneously, and can result in
high praise from society for their talents and
insights.

| find that | am always trying to start and
finish the job quickly — probably because |
was a 100-meter sprinter in my youth — so |
feel that concentration and relaxation are
important in the lives of young researchers,
and serve to bring out the best of you using
your own chemistry.
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Laboratory of Professor Takashi Uemura & Lecturer Nobuhiko Hosono
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Profile

Professor Takashi Uemura

1997: B. (Eng.) in Organic Chemistry, Kyoto University
2002: Ph.D. (Eng.) in Polymer Chemistry, Kyoto University
2002: Assistant Professor, Kyoto University
2010: Associate Professor, Kyoto University
2018: Professor, The University of Tokyo

Lecturer Nobuhiko Hosono

2006: B. (Eng.) in Organic Materials Chemistry, Tokyo
University of Agriculture and Technology
2011: Ph.D. (Eng.) in Polymer Chemistry, The University of Tokyo
2011: Postdoctoral Researcher, Eindhoven University of Technology
2012: Research Fellow (SPD), the Japan Society for the Promation of Science (1SPS)
2012: Visiting Researcher, Eindhoven University of Technology
2013: Visiting Researcher, University of California, Irvine
2014: Assistant Professor, Kyoto University
2018: Lecturer, The University of Tokyo
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Introduction of the study

All naturally occurring polymers are produced through enzymatic catalysis, where
stereo-, regio-, and chemoselective reactions proceed effectively within regulated
and well-organized molecular-scale spaces. Inspired by these elegant operations in
biological systems, our research group has been developing new methodologies to
control the structures of polymers and nanomaterials using microporous compounds,
such as MOF, COF, and organic cages. The use of their designable nanochannels for
materials synthesis can facilitate multi-level structural control over the products. In
addition, construction of the host-guest nanocomposites provides unprecedented

material platforms to accomplish many nanoscale functions.
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Professor Takashi Uemura
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Shuto Mochizuki

Prof. Uemura seeks out “new and interesting” things.
He always asks us, “What is the essential point?” and
“What if we think about it from another point of
view?” We can learn how to think better through
discussion with him. In our lab, each member has their
own unique research project and does experiments
using cutting edge machines. Our lab has many foreign
researchers and students, and | enjoy hanging out and

drinking with them.
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Laboratory of Professor Kaoru Kimura
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Impression in the age of twenties is
entire life’s treasure in the field of science.

The discovery of “Quasicrystal” gave a great
impression to me, and | have continued to
investigate it until now. It takes 27 years from
the first discovery in 1984 to get Novel Prize
in 2011 after establishment as a big concept
of solid state structure, which takes a place
beside “Crystal” and “Amorphous”.

In “Quasicrystal”, “Semiconductor” and
“Insulator” have not yet been discovered. It is
remaining as a basic problem in the solid
state physics, whether they exist or not. On
the other hand, the development of high

performance “thermoelectric material” has a
potential to be a key technology, which can
contribute to the energy problem and the
environmental one. We are proposing that
“Semiconducting Quasicrystal” should be a
great candidate for thermoelectric material.
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Profile

Professor Kaoru Kimura

1979 Graduation, Department of Physics, the University of Tokyo

1984 PhD, Department of Physics, the University of Tokyo

1984 Research associate, Institute for Solid State Physics, the
University of Tokyo

1989 Lecturer, Department of Materials Science, the University of Tokyo

1992 Associate professor, Department of Materials Science,
the University of Tokyo

1993 ( ~ 1994) Visiting researcher, Gerhardt Mercator
University, Duisburg, Germany

1994 Associate professor, Department of Materials
Engineering, the University of Tokyo

1999 Professor, Department of Advanced Material
Science, the University of Tokyo
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Introduction of the study

Chemistry of group-13 elements Group-13 elements such as B and Al are the rare elements that
form icosahedral cluster structures. We found that the character of such clusters in solids can be
converted from covalent to metallic, by introduction of central atoms. By using an electrostatic
levitation system, we discovered that liquid boron is a semiconductor. Searches for new cluster
superconductors and new cluster molecules are in progress, from calculation and experiments.

Quasicrystals Quasicrystal are lattice structures that lacks periodic symmetry, like a Penrose lattice with 5-fold
symmetry. We are searching for new three-dimensional quasicrystals that contains icosahedral clusters of
group 13-elements. We investigate the properties of those quasicrystals and related structures (approximant
crystals) from theory and experiments. The final goal of us is the first discovery of semiconducting quasicrystals.

Search for new thermoelectric materials Thermoelectric materials are solids that convert heat and electricity.
However, determination of the most promising material family is difficult, since thermoelectric properties chang-
es dramatically by varying carrier density, impurity doping and microstructures. By first-principles calculations
and experiments, we are investigating thermoelectric properties of various complex intermetallic compounds
including quasicrystals and incommensurate compounds. We succeeded in discovery of new thermoelectric
materials RuGa2 and FeGe y . By collaboration with information scientists, we are gathering a big data of experi-
ments in past literatures, and applying machine learning techniques to accelerate research and development.

Atsuro Sumiyoshi and Koichi Kitahara

Professor Kimura is a mild parson. Because he is
respecting self-initiative of students, we can determine
many things by ourselves in our research activity. He
supervises us to give a definite comment from the wide
view based on his experience. We think that he is an
ideal professor for self-active students.

In our laboratory, we are doing material development and
basic evaluation based on the view of applied solid state
physics (nano-space function design). Because there are calm
atmosphere in our laboratory, it is easy to ask and discuss
many things. We, laboratory members, are absorbing
knowledge and technique each other, as a result, we can
focus on the most important point of the research theme.
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99% of the visible universe is in the plasma state and

today's technologies and devices such as computers,

smartphones etc., would not be a reality without plasma processing
Our research focuses on the development of new, exotic plasmas,
to push the frontiers of materials research even further

Plasma Materials Science is evolving as a major
foundation for the development of advanced
technological materials that find application in
a large variety of emerging fields such as
biotechnology, pharmaceutics and medicine,
opto- and nanoelectronics. To address the chal-
lenges that the fabrication of new nanomateri-
als demands, the development of novel plasma
techniques that allow to synthesize and

process materials more efficiently, economical-
ly and ecologically, is necessary. This requires
an interplay between different scientific and
engineering disciplines. We hope to attract
highly motivated students who are capable to
‘think outside of the box' and are interested to
work in an exceptionally interdisciplinary field
and a research group that fosters international
collaboration and exchange.
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Laboratory of Professor Kazuo Terashima & Associate Professor tsuyohito Ito
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Profile

Professor Kazuo Terashima

1982 Bachelor of Science from Faculty of Engineering, The University of Tokyo
1984 Master of Science from Faculty of Engineering, The University of Tokyo
1987 Research Associate, Faculty of Engineering, The University of Tokyo
1988 Dr. of Engineering from Faculty of Engineering, The University of Tokyo
1990 Lecturer, Faculty of Engineering, The University of Tokyo
1992 Associate Professor, faculty of Engineering, The University of Tokyo
1993~1995 University of Basel (Switzerland): Guest Professor
1999 Associate Professor, Graduate School of Frontier Sciences, The University of Tokyo
2009 Professor, Graduate School of Frontier Sciences, The University of Tokyo

Associate Professor Tsuyohito Ito

1999 Graduated from the Faculty of Engineering, The University of Tokyo
2004 Ph.D. from the University of Tokyo

2004 Postdoctoral scholar, Mechanical Engineering Department, Stanford University
2006 Tenure-tracked Associate Professor, Graduate School of Engineering, Osaka University
2011 Associate Professor, Graduate School of Engineering, Osaka University
2016 Assodiate Professor, Graduate School of Frontier Sciences, The University of Tokyo
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Introduction of the study

The aim of our research is to establish new frontiers of plasma science & tech-
nology for the next generation: Micro- and Nanoplasma Materials Science. The
main topics include: plasma-liquids/fluids systems for synthesizing novel materi-
als, such as nanodiamonds; reactions/processing at cryogenic plasma-frozen
media interface; and plasma interacting with active surface that emits
field-emitted/thermal/photo electrons for energy/environmental applications.
Interactions between external fields and plasma are also investigated for estab-
lishing functional plasma as materials.
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Associate Professor Tsuyohito Ito
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Kenichi Inoue

Our laboratory research team conducts innovative
studies, from which you can find a unique research
theme. The atmosphere is positive and lively, and
each student can work according to the student’ s
research style.

Professor Terashima is a great researcher with extensive
knowledge and always seeks new perspectives. As an

educator, he gives students the opportunity to study. Asso-
ciate Professor Ito offers friendly consultations and
provides accurate research guidance.

Advanced plasma science is a frontier field for everyone,
with new areas for further development. Although the
first step is challenging, discoveries always motivate us.
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Laboratory of Professor Yoko Yamabe-Mitarai & Lecturer Tetsuya Matsunaga
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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.

I, Mitarai, wanted to study mechanical engineering because | was
interested in building robots. When | noticed my wish was not realized,
| started to study material science. But | feel it is not bad because | can
interact with various fields and attractive people through the research
with materials installed in aircraft engines. Dr. Matsunaga worked in
JAXA and is interested in materials used in aerospace, and contributes
to aerospace field through metallic materials science. The reason why
we get into the project is COFFEE. | met him in his boss" s office and
talked about titanium during his coffee break.

There are some trends in research field. I've been working on rather minor
research topics. However, | have continued these topics no matter how
others think about my research. And if | keep going, others recognize,

"Mitarai is the specialist of this field." I think that | have been able to
continued my research because | have not given up my interest topics and
| like understanding new things. It would be nice if you could reach
world-leading finding by probing into phenomena what you feel fun.

Message to students

Heat-resistant materials are used in aircraft jet engines and
power generation, and are one of the key technologies support-
ing the industry. In our laboratory, we design new materials by
deep understanding of mechanical properties and environmen-
tal resistance at high temperatures and clarifying their mecha-
nism. Use your own idea and develop new materials!
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Profile

Professor Yoko Yamabe-Mitarai

1989 Bachelor of Engineering, Department of Metallurgical Engineering, Tokyo Istitute of Technology
1991 Master of Engineering, Department of Metallurgical Engineering, Tokyo Insttute of Te(hno\ogy
1994 Doctor of Engineering, Department of Engineering, Tokyo I f Technology
1994 JSPS fellowship(PD)Visiting Researcher, Manchester University (Britain)

1995 Researcher, National Research Institute for Metals (NRIM)

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

Lecturer Tetsuya Matsunaga

2005 B.S. in Faculty of Engineering, Tokyo Metropolitan Institute of Technology
2007 M.S. in Faculty of Engineering, The University of Tokyo
2010 Ph. D. in School of Physical Sciences, The Graduate University for Advanced Studies

2010 Project Research Associate, Japan Aerospace Exploration Agency
2011 Assistant Professor, Institute for Materials Research, Tohoku University
2014 Researcher, National Institute for Materials Science (NIMS)
2016 Visiting Researcher, The Ohio State University

2017 Senior Researcher, National Institute for Materials Science
2020 Lecturer, 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
memory alloys and high-entropy alloys with high performance in high-temperature

use, i.e., jet engines and power generation systems. Especially, we focus on process-

ing to maximize the relation between mechanical properties and microstructures.
Heavy forging, 3D additive manufacturing etc. are the prospected technologies to

improve the materials’ potential.

Creep test is one of the methods to reveal the creep properties such as the materials’

lifetime and the time-dependent strain heading to failure. In our laboratory, the
creep properties of metallic materials for jet engines, i.e., heat-resistant titanium
alloys, have been investigated to establish the materials’ design concept of the
alloys. The dependencies of process and heat-treatment-temperature are the note-
worthy topics as well.
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Professor Yoko Yamabe-Mitarai
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Lecturer Tetsuya Matsunaga
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Ko Yanao (B4)
Yuji Ishida (B4)

Prof. Mitarai and Lecturer Matsunaga are very
friendly, so we can ask them for advice and have a

chat easily. | did not know what to do in my research
at first, but | finally finished my graduate thesis by

their useful advice for my research, my thesis and
presentation.

Our laboratory just started last year, so it is interest-
ing for me to see how the laboratory is developed.
In addition, the atmosphere of our laboratory is very

friendly, so we can enjoy research.
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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 (-is) 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 biological molecules were found in the above study, and we are considering many
applications, for example, X-ray 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, it is very
important for scientists to develop this new super-transdisciplinary science.
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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
I 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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Life is made from materials.

The Maeda Laboratory located in RIKEN Institute
provides you with multidisciplinary research
environments to study biological materials science.

The biological materials are quite different
from metals and inorganic materials but have
soft characteristics. Typical examples are
proteins and nucleic acids including DNA.
Proteins are functional materials working in
living systems while nucleic acids act in encod-
ing, transmitting and expressing genetic infor-
mation. These biological macromolecules are
also important outside living bodies. They are

useful for diagnostics such as sensing, monitor-
ing, and imaging. We may take advantage of
biological materials even for engineering
purposes: nano-structured materials may be
prepared with the aid of nucleic acids and/or
proteins. Development of hybrid materials
between artificial and biological is one of the
promising ways to utilize biological functions in
non-biological fields of science and technology.
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Profile

Professor Mizuo Maeda

Mizuo Maeda, a polymer chemist, received his Ph.D. from the University of Tokyo in
1983, He was an Assistant Professor in the laboratory of synthetic polymer chemistry
at the University of Tokyo since 1983 through 1988. Then he moved to Kyushu
University as an Assodiate Professor of Synthetic Chemistry. Prior to coming to RIKEN
Institute as a Chief Scientist in 2001, Dr Maeda was Professor of Materials Physics
and Chemistry at Kyushu University since 1995. He is now Director of Bioengineering
Laboratory in RIKEN. Since 2006, Dr Maeda also has a laboratory in the Department
of Advanced Materials Science, School of Frontier Sciences, the University of Tokyo as
a Professor. He received the Award of the Society of Polymer Science, Japan (2004),
the Prize for Science and Technology in the Research Category, as the Commenda-
tion of Science and Technology by the Minister of Education, Culture, Sports, Science
and Technology, Japan (2007), the Chemical Society of Japan Award for Creative
Work (2009), and the Award of Japanese Society of Biomaterials (2011).
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Professor Mizuo Maeda
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Introduction of the study

The principal purpose of our laboratory is to explore a new frontier of research field which Eitaro Kondo

fuses biological science and engineering. On the basis of polymer chemistry, analytical chem- Our laboratory is located in RIKEN, which enables us to
istry, biochemistry, and molecular biology, we are studying new materials comprising biolog- study in multidisciplinary fields. In our lab, we have the
ical components, novel methodology for biosensing and medical diagnosis, and artificial chance to work with specialists in biology, chemistry, as
systems for regulation of biological processes. Those new ideas and materials are being well as physics. In my case, | had the background of
applied to the field of biomaterials sciences, medical engineering, life science, environmen- biology before joining Maeda lab, but now | am work-
tal science and micro/nanoscience. As an example, we have newly prepared DNA-polymer ing on Bio-MEMES in collaborating with physicist,
conjugates which have been applied for DNA biosensor, affinity electrophoresis, SNPs-re- chemist and biologist. Not only Prof. Maeda gives me

sponsive diagnostic nanoparticle, artificial gene regulation system, etc. These researches may useful advices as mentor and chemist, but other staffs
be classified into a new category, i.e., "DNA engineering’ . Some current research topics are also help me in their specialty. | think it’ s one of the
as follows: gene diagnosis using DNA-functionalized colloidal nanoparticles, power-free most wonderful situations for doing research. You are
microfluidic devices for immunoassay and gene sensing, detection of gene point mutation welcome to join us in the future!

using DNA-conjugate materials and affinity capillary electrophoresis, enzymatic synthesis of

novel polymeric materials, functional studies on molecular chaperones and applications.
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Laboratory of Professor Hatsumi Mori
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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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Professor Hatsumi Mori
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Introduction of the study

The interesting point about organic molecules is that each molecule has its own
unique character. When these molecules are aggregated to form regularly arranged
crystals or thin films, not only the individualities of the molecules add up, but also
the interactions and interfacial effects between the molecules join to create qualita-
tively different and exotic properties and functionalities. In order to develop such
functionalities unique to molecular materials and systems, Mori Laboratory members
have conducted researches on the development of materials and systems for molecu-
lar functional materials (superconductors, ferromagnets, ferroelectrics, and

super-proton conductors) and organic electronics (transistors and light-emitting
materials), as well as their physical and functional properties.

20106 RRAZYDMEAFRARBURIRE

Ryohei Kameyama

Prof. Mori is a cheerful, kind, and energetic person
who is passionate about research and education. Mem-
bers at Mori Lab grow as a researcher through daily
discussions with Prof. Mori and other Mori-lab mem-
bers, and trial and error related to their research.
Because the lab members experience both organic
synthesis and physical property measurement, members
can broaden their horizons and options. As a perk of
being a Mori-lab member, we can gaze at beautiful
single crystals of compounds we have made!
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Laboratory of Associate Professor Minoru Yamashita
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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? Kousei Iso

It sounds a boring question because everything freezes at T = 0. It is NOT true, howev- Prof. Yamashita is bright and gentle person. He always
er, because quantum fluctuations persist even at absolute zero temperature. The gives me good advices based on his wealth of knowl-
richness of low-temperature physics was first demonstrated by the discovery of edge and experience to perform my measurements at
superconductivity, which was followed by many amazing quantum phenomena - ultralow temperatures. He is the best person for
superfluid transition of Helium, Bose-Einstein condensations of Alkali Bose gases — students like me who want to be a master of
hidden at low temperatures. ultralow-temperature physics. In Yamashita laboratory,
We are interested in these quantum condensed states at low temperatures where the a variety of advanced and unique measurements,

thermal fluctuations are negligible. Especially, we are now challenging measurements including my ultralow-temperature measurements, are
of correlated electron systems at ultralow temperatures (below 20 mK), thermal Hall possible to study the physical properties of various
effects of charge-neutral excitations (phonons and spins) in an insulator, as well as metals and insulators. We enjoy our graduate
detecting multipole orders by using NMR measurements. student’ s life with all members.
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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 T. 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.
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Professor Zenji Hiroi
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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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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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Profile

Professor Satoru Nakatsuiji

1996: Graduated, Department of Metal Science,
Faculty of Engineering, Kyoto University
1998-2001: Research Fellow for Young Scientist of
Japan Society for the Promotion of Science,
Kyoto University, Department of Physics
2001: Doctor of Science from Kyoto University
2001: Postdoctoral Research Fellow of Japan Society for
the Promotion of Science, National High Magnetic
Field Laboratory, Tallahasee, Florida U.S.A.
2001-2003: Postdoctoral Research Fellow for Research Abroad
of Japan Society for the Promotion of Science, National
High Magnetic Field Laboratory, Tallahasee, Florida U.S.A.
2003: Lecturer, Faculty of Science, Kyoto University
2006: Assodate Professor, Intitute for Solid State Physics,The University of Tokyo
2016: Professor, Institute for Solid State Physics,The University of Tokyo
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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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Profile

Associate Professor Shinji Miwa

2005 B.S. from Osaka University

2007 M.S. from Osaka University

2007 Toyota Motor Corporation

2011 Assistant Professor, Graduate School of
Engineering Science, Osaka University

2013 Ph.D from Osaka University

2016 Associate Professor, Graduate School of
Engineering Science, Osaka University

2018 Associate Professor, The Institute for Solid
State Physics, The University of Tokyo
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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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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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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



I ﬁﬁ;"iu ll:lﬂ

KEVCRACBITIRTF - DFOIAF

8OKMDSi (100) ¢ (4X2) REIDA I A4 I —RFITERMICKHEE LI NIAFILTZ

RFDSTMREET IV

WET, Ffe. RERIVEZEEICHEU TR

(HHREFY) BB BS

SwIIREE (RE). Bl ITRILF—ER. FRTI—ITCELSRESNRBITYEZE %
RISRE) 7z, =N ELE EmeV) o FU. FicMERTYIE - T/ YHEERRL ,fg
WRRAEIE (B 100eV) (CFN'DEBEDEX TUVFET. DFIUVINOZIRICDRID .
EDY CEBFHF. HREELS. KR"okEs ERHRNSETIVREDOKIGET. 5 %
RRHABE) PEFTO-—TBEME BREYE RIGOERPAHZXLDRE =
(STM. AFM) ZEXfEUTCEBRNICIHZELT  BAESHILTVED, ?é

_—y - Eﬁ
| EEISDAYyE—Y .

AKE x4

Sumera Shimizu
SERLERFCEERAMW
T RARERADSIFNNT
WBERETT . FE—A—A
([CHUT REFDICEEL
TNET B DIRFIE.
HOMSRBRLWIEZE . BHD
HRTRYICEFATEDEH
EHHBU ZORRD . WIN BTH T BL DRI
HRIGETINTLLKAHBL DT X THELDDE.
MBVWEWSHFISRNZT  HSRNCEFEEICEER
RETT, (LMD CTE. LWVLEKTHE
SEMREZOTHEIE. B JHBRUVERICENET.

&5 = #iR

Professor Jun Yoshinobu

19844F REPAFIRFERERZE

19895 REAZAZIIEFHAREHLZER
BERBET (BFED)

19894 KE LW Y /N\—F KA FRHELARE

19914 BML AP ERS RIS

19926 B AHEPIARS

19965 B FMRPRRIZEMARE

19974 RRAZMEMFCFRBIEIR

20074 REAFYIEATEPIER (RH)

MBRFREET AN
[HALUTHZW]. [BAXTHI
W, Z0D. HRIcDRMRZ I
gHOH. ITCHIET,

Introduction of the study

Sumera Shimizu

Professor Yoshinobu is liked in and out of the laborato-
ry because of his gentle nature. He is a devoted teacher
for each student. In our experiments | am often excited
when | find out something new which nobody has not
seen, because our research could be relevant to the
future applications. Since the atmosphere of Yoshinobu
laboratory is open, we can discuss everything without
distinction of junior, senior or rank even if the theme
of each member is independent.

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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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
2012-2014: PRESTO researcher, JST
2014-Present: 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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Yuma Kawasaki

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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Laboratory of Professor Yoshichika Otani
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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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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 technigues 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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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- Shuji Ezura

esting ways of controlling the electronic phases that appear in oxide materials. The presence Prof. Lippmaa is a cheerful person, and he can help
of multiple different phases that can be stabilized in oxides by small changes in carrier densi- you with your research whenever you have a prob-
ty, slight lattice distortions or by various external applied fields has brought about the possi- lem. Even if a student gets stuck in research, he can
bility of developing useful new functional electronic devices for sensing and data storage. give accurate advice to each student based on expe-
The purpose of our work is to study the phase transition mechanisms in various oxide materi- rience and knowledge. Even for me, who originally
als in restricted geometries. In most cases, we use transport measurements to probe for the had little knowledge of physics and whose English
presence of metal-insulator transitions under various forms of external excitations, such as wasn’ t very good, | was able to learn a great deal in
electrostatic carrier accumulation in field-effect and ferroelectric devices or by applying two years by listening carefully. In addition to a
controlled levels of strain on thin film materials. Some of the examples that we are currently serious attitude toward research, the laboratory has
working on are the strain-driven metal-insulator transition in vanadates, generation of abundant facilities, so | think students can do proj-
two-dimensional high-mobility quantum wells in titanates, and the stabilization of ferromag- ects that they enjoy.

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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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 10% 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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Laboratory of Associate Professor Kozo Okazaki
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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 “|
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 12!
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Profile

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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Schematic diagram of a time-resolved photoemission ap-
paratus utilizing a femtosecond laser and its high har-
monic generation.
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Photo-induced insulator-to-metal transition in an exci-
tonic insulator Ta2NiSe5 observed by HHG laser TRPES.
a, b. Spectra before and after pump, respectively.
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Introduction of the study

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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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.
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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 o 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 spectroscapy, 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 international
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 was promoted to Associate Profes-
sor at ISSP, the University of Tokyo in 2011. In
the same year, he established his research
group.
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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 Ooo000 Ooo00

properties using extremely intense X-rays with a desired energy and high energy resolution that can be obtained using 00000 00000 00000 00000 00000 00000 00000
synchrotron radiation. Our home ground is SPring-8, one of the highest brilliant synchrotron facilities in the world; it is 00000 00000 00000 00000 00000 00000 00000
where we have developed noble and original spectroscopies for material science in 'soft' X-ray region in-between 00000 00000 00000 00000 00000 00000 O0OOO
vacuum ultraviolet rays and X-rays. In particular, we are leading the world in soft X-ray emission spectroscopy, a kind of 00000 00000 00000 00000 00000 00000 00000
light scattering, promising for electronic structure analyses of liquids and operand spectroscopy of a variety of catalysts. 00000 00000 00000 00000 00000 00000 O0O0OO
Our studies include: 00000 00000 00000 00000 00000 00000 O0OOO
*observation of elementary excitations (crystal field excitation, spinon, magnon, charge density wave, orbiton 00000 00000 00000 00000 00000 00000 O0OOO

etc) instrongly correlated materials like Mott insulators and noble high temperature superconductors 00000 00000 00000 00000 00000 00000 00000

*electronic structure analysis of aqueous solutions to study microheterogeneity and interaction at solid-liquid interfaces 00000 00000 00000 00000 00000 00000 O0O0OO
*development of in situ soft X-ray spectroscopy for surface reaction of fuel cell catalysts, electrochemical reaction, and 00000 00000 00000 00000 00000 00000 Q0000
photocatalytic reaction 00000 00000 00000 00000 00000 00000 O0OOO
*electronic structure analysis of reaction center in metalloproteins 00000 00000 00000 00000 00000 00000 00000
*basic study on ultrahigh energy resolution optics for soft X-ray emission and time-resolved spectroscopy 00000 00000 00000 00000 00000 00000 00000
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Experience and enjoy a discovery by yourself.
You will be addicted to physics world!

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.
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Profile

Associate 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 resuft 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 conventional two-spin correlation but in
other correlations such as magnetic muttipole or spin chirality. A 1D frustrated spin chain with a ferromagnetic nearest-neighbor interaction (/1) 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 22
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 =1
induces the quasi-long-range order of transverse spin nematic correlation (S+0 S+1 S S-I+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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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.
I 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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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 ESPCI 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 PresentThe 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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Interdisciplinary studies lie at the core of the Graduate School of Frontier Sciences. This means that
we might have to take classes that we will never use in our research, listen to research presenta-
tions we have no knowledge about, or be expected to work on a physics-heavy project at the gradu-
ate level with only a chemistry background. Of course, it is not easy to balance the breadth require-
ments of this interdisciplinary major, and the depth of our research focus. However, through continu-
ous exposure and opportunities to exchange ideas in classes and seminars, | have learned a lot
about topics outside my discipline such as magnetics and spintronics. | do not know if this knowledge
will be useful for me in the future, but come with an open mind, learn about seemingly uninteresting
topics, expand your perspective and trust that the dots will somehow connect in the future.

The suburban Kashiwa campus that is surrounded by nature also provides a serene environment to
focus on our research. That said, the extensive grounds on campus are frequently used for a variety
of recreational activities ideal for both athletic and less athletically inclined people like me, such as
barbeque parties, mini soccer and baseball games.

Finally, enjoy your studies in Japan! The Department of Advanced Materials Sciences, Kashiwa
campus and Japan offer so much to explore, but don’ t forget also that you have something to con-
tribute in terms of your academic and cultural background!
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I am currently a Master Course student working on the application of soft x-ray spec-
troscopy methods in understanding adsorption and dynamic phenomena in
nanoporous materials. Being mainly involved in beamline experiments, | had the
opportunity to handle an extensive selection of samples — from layered perovskites to
biopolymers, observe various setups — in vacuum and ambient conditions, under low
temperatures and magnetic field, and perform different measurements such as absorp-
tion, emission, and diffraction — all in one instrument. Such diversity of scope — from
condensed matter physics and solid-state materials, to solution and polymer chemis-
try, had always given fresh perspective on my individual research interests. Moreover, |
was able to meet and work with researchers from within and outside Japan, both sea-
soned and young, always bringing with them their interesting science, stories and all in
between. My experience here echoes interdisciplinarity and collaboration, true to the
spirit of the Department of Adanced Materials Science, in bringing together the fields
of physics, chemistry and materials engineering to generate novel and useful science.
With this, | would like to warmly welcome the new students, and wish you a fruitful
journey hereon.
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