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DL BRREREZEEZ BT 2o 0iB ko 2 RO ZE ZLTH DI L2 B A TEGREEZ HLO I TLREI,

The Institute for Solid State Physics (ISSP) is a national joint research institute dedicated to exploring materials science. We offer world leading research
infrastructure, including extreme environments such as ultra high magnetic fields and ultra high pressures, advanced quantum beams—lasers, synchrotron
radiation, and neutrons—and large scale supercomputers. Our research framework allows us to carry out the entire process from materials synthesis to
processing and evaluation in a coherent and continuous manner. We also pursue diverse research in emerging areas of materials science, including surface
science and biomaterials. Another distinctive feature of ISSP is the everyday interaction between theorists and experimentalists—in the Division of Condensed
Matter Science, the Division of Condensed Matter Theory, and the Division of Nanoscale Science— where daily discussions naturally lead to new ideas. Such
intellectual exchange is essential for scientific progress.

When you were born, Japan’s population was close to its peak at around 128 million. Eighty years from now, it is expected to fall into the 70 million range.
Japan is already one of the most advanced population declining societies, and your lives will unfold within this reality, where social challenges will continue to
grow. Meanwhile, the world population is projected to keep increasing for the next eighty years, making issues such as energy, food security, and the
environment even more serious. In this situation, I encourage you to think carefully about what you choose to study in graduate school.

When I was a university student, the fall of the Berlin Wall and the rapid spread of the internet occurred almost simultaneously, marking a time when the world
became connected at unprecedented speed. Today, deep learning based Al is likely to bring about changes of similar scale. Although AI has advanced rapidly in
the cyber world, we are now entering the era of Physical AI—a world in which systems observe physical reality, optimize actions through virtual simulations,
and operate autonomously in real environments.

Japan’s demographic trends and Al are closely related. In countries with growing populations, people may worry that Al will take jobs. In contrast, Japan faces
a severe labor shortage and therefore shows relatively little resistance to adopting AI. Moreover, Japan has strong capabilities in the hardware foundations of
Physical Al—especially in materials science—and holds a significant share of semiconductor materials. Materials science will continue to play an essential role
in supporting these developments.

As Physical Al advances, research styles will change significantly. We will be able to obtain large amounts of high quality experimental data, almost as if
operating a supercomputer. Although AT development is currently centered on the U.S. West Coast, its tools are becoming rapidly commoditized. This means
that a world in which data has the greatest value is approaching, and research itself will evolve accordingly.

With these broader contexts in mind, I hope you will reflect carefully and choose the path you wish to follow, as you take your next steps toward the future.

FRURAE PP ZERT R
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KOBAYASHI, Yohei
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MIEREFRDOEE - KFR

Education at ISSP

WITERRERT T, B AL, T2 LTEY AL I TERD AR DI O 2 8 2 7 A R Al B (138 - [ %
fitzoTVRET,

ISSP offers comprehensive graduate education (Master’s and PhD courses) beyond conventional disciplinary fields such as
physics, chemistry, engineering and biology.

Mt RO &

Features about ISSP

TS 2 R 70 R G 3%
RSesn DA - HEE M7
KERMIHH B

Practical educational environment
with world-class large experimental
facilities and state-of-the-art
equipment and instruments

SKnthesis

2<%

WEDEN

Synthesis of materials

Understand
p3IR)

MEDEREFE

Understanding and predicting
condensed matter physics.

03

WA IE - Rl o i %
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Research environment with a full
complement of excellent
researchers covering a wide range
of materials science fields

=N

FEERB R Growth of crystal

NATYHLUF1/ 50 TOEMEE
HARPLGECARNEEREREENE
BICHYET,

Various universal crystal synthesis devices
are available, such as halogen and xenon
lamp four-ellipsoid zone melting furnaces.

SERERRAE  Thin film deposition

DFRIERFI—BFRIVIST1E
W fSERE AL I TEES.
Thin film synthesis and processing

equipment such as molecular beam epitaxy
and electron beam lithography.

WEATTEH D% BAERET %
7a—rN)V B,

EEY — 27 ay 7~DS00., Bk
BT L E S 7 E R A
Global environment with many foreign
researchers. Active international
exchange through participation in
international workshops and overseas
study programs

BEARERE (0000 i
RE/RBEDIVF TV NG EREER
PENSIIHET 2BEEM  BIERELE
STVET,

Large and medium sized multi-anvil type high
pressure generators and their associated high
pressure synthesis and measurement environments
are also available.

X—/N\—3d>Ea—43 Ohtaka

Supercomputer Ohtaka

PIMERRRICEHEL e X—/\—avEa—4
DB EBDVAT LHHVET,

There are supercomputers specialized in condensed matter
researches and there are multiple systems available.

tIF— - HRE

Seminars and workshops
BADELGIRREZBMIBOVELORENT—ZEY
PR EEMMEICRET A IS — RROBAETNTOET,

Seminars and workshops are held by inviting prominent overseas
researchers as lecturers and taking up topics of interest.

YRR T TDREFR Research at ISSP

PIERTIE SR T L BB ) % 208 — P AYERE L HE 2 MRIR 9 S AIIC b 2 = — 7 R IFJERT ¢ T,

FZeE Fi7 e E 2D T “WE - > A7 Al (Materials
Control)”, Z L CHERZILAEL BT L\ 2A i 2 Al S 2 35 -

DS W - PIER A ZIEFIL TR,

and Systems)”  ZDOMWEEAME T2 “ HiE - FlHH (Measurements and

FHE D “ W&l (Theory and Computation)” o 3 > oiiliz A BEM I FL/E X

ISSP uniquely brings together experts in experimental methods and physical theory to elucidate material science. Our research consists of
"Materials and Systems" development to create new materials, "Measurements and Control" to measure their properties, and "Theory and
Computation" to understand the results and create new science. By organically interacting with these three axes, we are developing material and

physical science.

Measure
FANRB

BRRETRNSHE

Physical properties of materials
appeared in extreme conditions

B s

Large facilities

=
EE Al 7R
Theoretical approach

HULLWRRZETH
HRzZE®RT D

Theory and Computation

Measurements and Control

MR

Extremely low temperature
MK~ uKEWD TABMEIRERIE COREEA
EILEVMERDOEFREEANDED
TEEY,

Quantum phenomena in materials can be
investigated by precise measurements at
cryogenic temperatures from mK to K.

EHEREERRISRERE

Electromagnetic concentration type
ultra-high'magnetic field generator

ERREMR RIS 200122 LT
BROREIERHIR R RE DI DRI
B IORBERRLEE T,

In addition to the electromagnetic
concentration type ultra-high magnetic field
enerator that has achieved the world'
ighest indoor generated magnetic field of
1200T, we also have a wide variety of
experimental environments under high
magnetic fields.

HEZHND

RFIEEDR

Atomic structure analysis

BFEMEE®. STM AFME W > fe R EEIE
ZRNDEB XRETEBL L BELFR
ICHANENET,

The structure can be easily examined with
electron microscopes, surface structure

instruments such as STM and AFM, and X-ray
diffractometers.

TR SERERR

Synchrotron radiation facility

{l&lcdpBNanoTerasu, LEREBEICHD
SPring-8. Z L TXfREHEF L ——SACLA
EMALERBRHITELY,

Synchrotron experiments are available at

anoTerasu in Sendai, and SPring-8 in Harima.
Also, the X-ray free electron laser SACLA is
available.

YME=EDLB

Materials and Systems

REEF

Experimental approach

&

L—H—REFHNEER

Laser photoelectron spectroscopy group
HR—DIRILF—DREEN BV BRI #R -
REVDR BEDRARLTEREBES
ELFESTENTEET,

Students can use a device with the world's highest

energy resolution, capable of measurin
time-resolved, spin-resolved, and angle-resolved data.

it 55

Neutron science facility

J-PARCOMLF, JAEADFAZ AR FIFIRR-3%F|
R U et 7 RERbER. B DR\ T
LHYET,

MLF at J-PARC and a neutron experimental facility
using the research reactor JRR-3 at JAEA. We also
visit overseas facilities.
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CAMPUS LIFE
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BT, BEOERBREVWSWARBERELHD
FINRERBICE THIELWVERE >R
VET.

Q. RIBILASTHT, U HTTh?
SR CESS T E AN ESB) IdHEF)
ROEBET. thORBRMRTIETHEEHRIE
Hex EXBWC ZHHD T L. AT
TB00F v FEQF/ SR (BFHES
/S SROBIN D) Y FS5 7« TR
Wizh MEROREZ H DI - EhE T

HH5-oTWET, BBAKERICH S iOCaffe*
THIOREEDACZEDEZ L7zD. <
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K E S

CAMPUS LIFE

Interview to current students about student life at ISSP,

from choosing a laboratory to research topics!

Q. What kind of research do you do?

| am conducting research on two-dimensional
(20) boron-based materials, specifically
focusing on hydrogen boride (often referred to
as borophane% with a five and 7 membered
rings structure. My work involves synthesizing
these novel materials and studying their unique
Broperties, such as electronic characteristics.

y employing techniques like chemical
synthesis and spectroscopic methods (e.g.,
photoelectron spectroscopy), | investigate how
their semimetallic behavior and the 20 Dirac
electrons. Through this research, | aim to
discover new material platforms for future
applications in areas such as high energy
efficiency devices, sensors, and energy storage.

Q. When did you start thinking
about ordecide to go on to
graduate school ?

During my undergraduate studies, | pursued a
double degree in mathematics and physics. |
realized early on that | truly enjoy learning new
things and rarely get tired when I'm immersed
in academic work. This realization led me to
consider graduate school as a natural
progression. So, around the third year of my
undergraduate studies, | decided to pursue
graduate studies. In Chinese universities, many
students go on to attend graduate schools
abroad, and | remember professors
encouraged this path as well.

Q. How did you decide on your
research topic and laboratory?
While preparing my undergraduate thesis, |
tried to merge my éackground in both
disciplines into one research project and came
across graphene—a remarkably simple yet
extraordinarily powerful 20 material. Seeing
how graphene revolutionized its field made me
want to explore 20 materials research further,
hoping someday to develop a novel material
with similarly groundbreaking potential. initially
Blanned to pursue graduate studies in the
nited States,

Around 8:00

Daily Schedule

Desk work

Ms. Xiaoni Zhang

D3, I.Matsuda Lab. ISSP, Department of Chemistry, School of Science, The University of Tokyo

but encountered visa issues. While waiting, |
conducted a three-month research internship
at Institute of Science Tokyo (formerly Tokyo
Institute of Technology). The study o?/ZD
materials aligns perfectly with my interests, as
it allows me to utilize my knowledge in both
mathematics and physics. My internship gave
me a deep appreciation for the high-quality
research environment in Japan, inspiring me to
visit several other laboratories in the country.
Ultimately, | was introduced to my current
supervisor at the University of Tokyo, and after
discussing research interests and goals, | felt
that this lab would be the best fit.

Q. Tell us about the I.Matsuda Lab.

One notable aspect of our laboratory is the
freedom we have in choosing and planning our
research. From the very beginning, each
member can pursue topics that genuinely
interest them. Once students move into the
doctoral course, they have flexibility in
scheduling their experiments and can propose
new research plans if they can convince the
professor of their potential. Another unique
feature is the broad range of research our lab
undertakes. We work on everything from
sKnthesizing novel materials and characterizing
their properties, to developing new measure-
ment techniques and exploring practical
applications. This means you can carry out
comprehensive research, essential(lj( “from zero
to infinity,” while benefiting from discussions
with experienced members at every stage of
your work. Overall, our environment
encourages openness, collaboration, and
innovation, supported by a close yet respectful
relationship between students and the
professor.What | am truly grateful for about
my professor is that he responds to me
immediately with insightful advice whenever |
reach out, wherever he is. (He is often on
research trips around the world, making it
sometimes challenging for our lab members to
keep track of his whereabouts!) His prompt
response

and insightful advice allowed me to discover
B14H26, which was recently published in a
paper. Initially, | thought it was an impurity, but
my professor advised me to investigate it
thoroughly, suspecting it might be a new
substance. Following his advice, | investigated
further and confirmed the discovery of the
new material. Acting quickly, my professor
immediately contacted a professor at Tsukuba
University, as well as Prof. Mori and Prof.
Yoshinobu at ISSP. Without wasting any time, |
gathered the necessary materials and rushed
to consult with them. We discussed the
required measurements and the preparation of
samples, and then proceeded with the
research. Conducting synchrotron radiation
experiments, our lab members are located in
various places, including NanoTerasu in
Sendai, Miyagi, and here in Kashiwa. | conduct
most of my research, ranging from synthesis to
measurements, on the Kashiwa campus.
However, 2-3 times a year, | visit SPring-8 in
Harima, Hyogo, or Photon Factory in Tsukuba,
Ibaraki, for synchrotron radiation experiments.
Since our lab members are dispersed, we
conduct our lab meetings mostly via Zoom.
This does not prevent us from having fulfilling
activities outside of research. On special
occasions, we gather in person for dinners or
celebration.

Q. What advice would you give to
students in choosing a laboratory?
| think the first step is to understand yourself,
what you want to do, what is the most
important thing for you (high technique?
Friendly environment?), and maybe it is better
to consider )

what is your
most dislike
paramter.

Then, visit the
laboratory
before you
make the
decision will
be helpful.

Around 13:00

Laboratory

Mother material YCrB4 for hydrogen boride synthesis
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ELRR E3EE
BER-YEFEY https://www.phys.s.u-tokyo.ac.jp/ %
EREE [
etrme -
BEREFEER P https://www.chem.s.u-tokyo.ac.jp/ 2
BELRE joEAD]
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BLRE [OF= 2
Etrae O R,
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BLRE [Of=
L3R EiE
R - RiREMREER https://www.ib k.u-tokyo.ac.jp/ H
BREE =%
ELRE E3E
FHEE - MERER https://www.k.u-tokyo.ac.jp/materials/ i
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ELHRE BETROER #BE (2023~20255 )
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Z0ft 6.6%
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JAPANHRRE &4
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SE-RIR A —ER

FMrA 24, SMBCREEES AR, T—ILNTY -y I RFESHH
Rt AR SBETARIT. ZHURIT £y MRIAY MEA R
RUBE

fla=hEs

H#ARMTYF R b, Scienchem Co. Ltd

IRILF—
RRHR

<EEEEAR>

r ZOft 3.4% S-S 6.1% (%Ojﬂﬁ 3.0%

Bl RER-EE- T —ER
9.1%

it
19.0%

RE®x

SESEA 56.9%
20.7%
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HEBEOREIDEEAL TSI, BEFH100%IBSBNEENBDFET

<EHLRE>
-EE

BRRHTLY N NTTHERS BT AR T (5 7R —,
BABEBEHXARNTT), 70 I/ RERH huawei

B B
v —7ikHA R4, Bz HOYAl R 4t iS4 SCREENR—)L T V72
EABI RGN, BOBERNSH BHBHRAT. HYK (Sicarrier)

LHTH
TenPower, AGCHZ &4t UBEl R &4 R EH LY Fv I ERILE
Y- HR Bt

e
Shenzhen SiCarrier Technologies Co. Ltd. Z2HF L5t &4t JASM
AR TS BEEDRHRBRAT

SE-RIR-EH Y —ER
BRES ANES HTEE—T7 Vv To/0y—kAatt

%il-2R
=%®T. Lengshi Transmission Technology Co., Ltd

<HIFRHBEE>

BB{L2FFFRAR. IHES Université Paris-Saclay, JAXA, Max Planck
Institute. ETH, Zurich, sRERF BRI ERI AT, BT TTA.
BT RITHTRRMM, 9 FRPHRAR

<EFREEA>
FFRAF, Ghent University (Belgium) . KERAZ, L& AT
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International Exchange

ES )ik

Ed|

xR ﬁ ° E }% International Center for Condensed Matter Physics and Materials Science

b

Convenient Facilities and Services

(EXAIRAN

> AABICEHGESR - Y—EX—KE

R

List of Convenient Facilities and Services

MR OERRRHLR & LT NE O FHEBICTERE I B REDBAVW(NEAZERE NEAZEWN RS, ERLRFE) © BET—0
¥ av7ORE RONERNBIFREDAMBRE LU TREZBADIRE (ZEBINRE) ZEROEBREEHIEE L TTR>TOET,

We organize workshops regularly and invite international researchers (Visiting Professors). We also build graduate students' capacity by

broadening their international horizons (International Research Opportunities for ISSP Students).

$ ﬂE iﬁ 91‘ im JE International Research Opportunities

YIEFTIE B TORRMAZRL T ENBRRZ R > cERINRERN ARG CEBAMEBR T 22 LZBMNE LT REREZ B DI
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Through a program initiated in 2017, ISSP offers graduate students the opportunity to enrich their skills by spending up to several months

overseas and conducting joint research at one of the leading global academic and research institutions.
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Kashiwa Library Cafeteria and Coop store Dining Hall Sushi Restaurant Hama ISSP Library Gorokuro Pond (nickname)
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N I\NANRY)LIHR ! ZEMEVWRL! KU TRyE—BT2HLU,
A central library at the heart of Cafes and stores are available for Dining Hall offers variety of menus You can enjoy sushi easily on The Library is located on the Gorokuro Pond, named after
Kashiwa Campus, one of the three lunch and late-night snacks. that are convenient for students. campus. Hama special is a must Kashiwa Campus and houses a Sanshiro Pond on the Hongo
core campuses of the University tryl large collection of specialized and Campus, is suitable for walking or
of Tokyo foreign-language books for short breaks
students.
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iQcaffe time invites everyone to take a
HAY S THERIGLTVET, break from their research. It's relaxing
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Soccer, baseball, tennis, table tennis, jogging, tea ceremony, flower arrangement and many other fun club activities are available
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E-mail: jitatani@issp.u-tokyo.ac.jp
Tel: 04-7136-3535
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E-mail: oka@issp.u-tokyo.ac.jp
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My research focuses on the response of quantum
materials to external stimuli such as light and magnetic
fields. One key aspect involves leveraging light to
engineer new functionalities. | have previously studied
Floquet engineering schemes to modify electronic band
topology and magnetic interactions.
Additionally, | investigate how light can probe the
quantum geometric properties of topological materials,
Project Assistant Professor particularly studying nonlinear optical responses arising
from nontrivial quantum geometry in various materials.

| also explore the interplay between different degrees of freedom—spin,
orbital, and lattice—and their influence on transport and magnetic
properties. In particular, | am studying chiral phonons and their magnetic
response which arises from such interplay. In this direction, | am also
interested in studying how a very strong magnetic field would influence
different properties of quantum materials.

In the future, | want to study the unique phenomena at the interface of
strong magnetic fields, quantum geometry, and light-matter interactions.
| also want to study the effect of different kind of periodic drives on
quantum materials where the spatial variation or quantum aspects of the

7o = = ~
L RELTVER L EEATHY £T,
L7UHE2H LT —Lk—L

external drive play an important role. This can be achieved by using
phonons or placing the materials inside cavities, respectively."
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M. Fukuda et al., Mater. Adv. 2, 4392-4413 (2021).
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R. Zhang, M. Fukuda et al., Nano Lett. 25, 1101 (2025).
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What happens when materials are cooled down close to absolute zero

FNcCl pal esearch temperature? It sounds a boring question because everything freezes at T =
Investigator Outline 0. It is NOT true, however, because_quantum fI_uctuations persist even at
absolute zero temperature. We are interested in these quantum condensed
L W E DK states at low temperatures where the thermal fluctuations are negligible.
HETEE=H o THE Especially, we are now challenging measurements of correlated electron

systems at ultralow temperatures (below 20 mK) where many interesting
KT B AR phenomena have remained unexplored due to technical dlf_ﬂcglhes. Further,
we are studying thermal Hall effects of charge-neutral excitations (phonons

XAFS ERERE XRD and spins) in an insulator, as well as detecting multipole orders by using

PDF M= ND e LT & NMR measurements.
. INS ‘ / TEM Associate Prof. Yamashita Minoru _ | : : |
Bl wh b e - o5 of soli E
. N O Study of electric properties of solids at z - formu’a
IR LiwE— ultra-low temperatures (T < 20 mK) )
WMRER2E WO THELTT EITE . E
04-7136-3252 = o (Left) Unique cryostat capable of ultra-low (1 mK) under =
iyamaura@issp.u-tokyo.ac.p . YT R — S EREAT P high-magnetic field (15 T). _ El e
T AEA363a VS MR MRl D ARG (238 2 s (Right) Unknown phase discovered in CeColns by S H=80T
quantum oscillation measurements at ultra-low Z a :

| | | |
esearch Topics temperatures H. Shishido et al., Phys. Rev.Lett. 2018) 0 50100 150 200

BRBEEFOBELYEOHRE TR T Oy FD—IB
—SERREE > CEFNL BT R DR L KB E BIET O Study of topological properties
of spins and phonons by thermal
Hall measurements.
Topological thermal Hall
effect of magnons in lattice
of magnetic skyrmions
SAERLICHEC RE R S F—=7ETcoaEER M. Akazawa et al., Phys. Rev. Research (2022).
BrE7 7 I — 3 E ) =B B - i .
?g;;w%;ﬁ%ﬁ BROSBBEEHLRL S O Study of unconventional orders of spins
and multipoles by NMR measurements Detection of pressure-induced
o ¥ A E—— TR magnetic ordered phases
N4 A7 AT OKEEFIREEAZRR 2ERREFEFOBEEM AT + Accurate analysis of NMR Angle-resolved NMR

spectra detects symmetry
breaking in spin and electronic
systems

. Explore electron and spin
fluctuations through nuclear
spin relaxations

FHADE R > 12 — - —
O N TR A b b A RSB RFTEROBERTE
Bl
PRI D B H. Takeda et al., Phys. Rev. B (2021).
Kb BFEERK _
. SN N REDNT—<
BEDELIICHEAIND, FHANTE, SBAEIALAITAL, g 2i=s ’ - EszE
KOND &S5 AEHREZ Bz KEMERTERIBEL L0, . i;g%gi%%'\é%ﬁ% ERORE — We welcome your visits!! — !%_. =
ELBBEREEYI-LE VS FNTRLENTY, - RIS O S A R https://yamashita.issp.u-tokyo.ac.jp/ s
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The most common minerals in the Earth’s crust are oxides. Oxides can be found
everywhere in our everyday life: in concrete, window glass, precious gems, ceramic
kitchen knives, and many other places. Oxides are key components in modern electronics
as dielectrics in capacitors or insulators in transistors and memories. Lippmaa laboratory
works on oxide thin films, nanostructures, and interfaces.

Many common transition metal oxides can be viewed
as stacks of atomic layers. This layering and the
semi-localized nature of transition metal electrons
gives oxides many fascinating properties, such as
superconductivity, magnetism, ferroelectricity, and
many others.

Prof. Mikk Lippmaa

Working on oxide thin films gives you a chance to learn many experimental techniques, from materials synthesis
and nanostructure growth to device fabrication and materials property analysis. We offer projects oriented either
at synthesis, property analysis, or technique development, depending on your interests.

Lippmaa laboratory uses pulsed laser deposition to grow nanoscale films,
heterostructures, and various types of nanostructures. Using in-situ electron
diffraction for surface analysis, we grow crystals a single atomic layer or block
at a time. Our main interest is in the physical properties of nanometer scale
surface layers (catalysis), interfaces (2-dimensional systems), and
nanostructures (functional properties), superlattices (spin structure), doped or
strained layers (altermagnets). Novel physical properties and functions often
appear at interfaces; hence we work on techniques for growing high-quality
oxide heterostructures and seek interesting new materials functions.

Searching for novel magnetic states and weak
(anti)localization effects in 2D confined carrier
systems at interfaces that contain magnetic
impurities or other localized spins.

Machine learning analysis of surface diffraction (RHEED)
patterns with a U-Net neural network for autonomous
synthesis of new materials

We welcome students who like experimental science,
are interested in developing new materials and are
interested in learning to use various experimental
techniques for thin film synthesis and materials
characterization.

FHLIIMREHPZ ZEL 2L,
https://lippmaa.issp.u-tokyo.ac.jp/
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