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Condensed matter science has evolved through the discovery of
unexpected phenomena and new classes of materials. Behind the
apparently different phenomena exhibited by diverse materials,
there consistently exists the universality of physical laws that hold
across material diversity. The Division of Diverse Condensed Matter
Science (DCMS) aims to explore condensed matter science through
the complementary perspectives of diversity and universality.
Researchers across the fields including strongly correlated systems,
quantum phenomena, artificial thin films, surface and interfacial
reactions, protein functions, and cellular functions collaborate to
elucidate the universal principles inherent in the diverse material world
across a wide range of temporal and spatial scales and hierarchical
structures. Through interdisciplinary approaches, this division
advances the exploration of new materials and the development of
novel methodologies in condensed matter science, with the goal of
establishing scientific principles that enable a deeper understanding
of emergence of material functions. In addition, the Division is
committed to realize the diversity not only in research fields but also in
people including female and international researchers.

HMAEE Vv I —
Leader LIPPMAA, Mikk
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;:l: J: m % % Inoue Group

HiZET —< Research Subjects

B2 AREE 2 S RT Y Y D5 THEEEA 1 = X LN OK
REMRNT I8 K O o
Functional and spectroscopic studies on the mechanism of molecular function
of photoreceptive membrane proteins, rhodopsins

Fei o E HIRE D AT TN DS
Application of advanced spectroscopy for biomolecular study
BNy T 2%k LIC LT Ha A 2 o S B
Exploration of novel photoreceptive proteins using genome big data
R TR & RBRA B (L2 T 7 R ) T O BEREDUE K 10
i & 2 & & D < FBIBERETE ) T-BHFE
Elucidation of functional determinant factors of biomolecules and the

development of novel functional molecules using machine learning methods
and experimental automation

FEBE B B

Project Research Associate
KATO, Yoshitaka

Bh# kH =
Research Associate
NAGATA, Takashi

BEHER HE =
Project Professor INOUE, Keiichi

HIY Course

AR A A FEEMER BEREF
Integr. BioSci., Frontier Sci.

Z L DEMIIRE 2, BEOEBFEHO DT %)V
F—ER, NAROEREIZL RN T 2 7= DERE L LTH
M3 %, ZLTTDEEICHLINREEZRTZSTON, L4k
ENZREZ NI ETCH B,

AHIFERETIE, TNEERRIEZRR V787 B OREREFR I
AN Z A LFEFE—ICHSMCT B L ZHNE L, L——
IRE R 70 it 57 IO IREN 70 e SR R7x E 2@ U T m kMR
THBINZHRR NI BT O IGFEBIE 2 R B ¢
EIToTW05%, &LICHER ARG, FIEN T Ll
AEDOHBTET, BT D7 LN0Uh SR - AL X)L
KB X SZERNGEREZHEL TV, ZLT. ThbHD
MRZEE &S, HERPREDIHZHEEE U EREM Ak
ST ORFICE IO TS — )7 T LFEDRHRYT J LMEHTF
WORENE 5T /Ly T TF—2%d LI, #iakit
EWIAINE SR L U BID %50 TRED PRR W0 Mk 22 8 1k
75 5 ISR A LEDOHFEEIT> TV,

SRR OMENO 7Y (L) Loy N\ vERR (EF).
2N BRERITAEIERRTY -V X7 -3 > (A).

Microbial rhodopsins with a variety of functions (top left) and the purified protein sam-
ples (bottom left). Automated experimental workstation for protein functional analysis

(right).

Most living organisms use sun light as energy source for their biological
activity and information source to recognize environmental change. In
this photobiological events, a wide variety of photoreceptive proteins
play the central role.

Our research aims unified understanding of the mechanism of
biomolecular functions of various photoreceptive membrane proteins
called “rhodopsins”. The chemical elementary process of these supra
complex photoreceptive proteins is studied by time-resolved laser
spectroscopy and vibrational spectroscopy, and we are promoting
further research by combining biochemical and electrophysiological
techniques to achieve multi-layer understanding from atomic and
molecular to cellar and individual levels. Furthermore, whereas we
are developing novel artificial biomolecules for the application to
optogenetics and so on, based on the fundamental insights, exploration
studies of new photobiological phenomena and related molecular groups,
and developments of machine learning technology and experiment
automation methods are being conducted with genome big data
accompanying the development of genome analysis technology in recent
years.

MBEAFRICLZO N TV Y OBHARABST V% (L) sLUon k7Y
VRFRICBITBLFF—IVORRMEERR (EF). RIEMRICKRE LR
FrRIVARTYVORER (BT,

Time-resolved resonance Raman spectroscopy of rhodopsin using the original optical

system (top) and photo-isomerization process of retinal in rhodopsin (bottom left). Photo
currents of ChR expressed in mammalian cells (bottom right).

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/inoue_group.html
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_% * m % % Takagi Group

HiZE T —< Research Subjects

B = #uasatiRaeE 7 RIC IV B HiERR
Search for new properties in multi-orbital strongly correlated electron systems
B KoY iUREIC Db B EEEEME DRI
Functionality related to topological magnetic structures
B /) il e LB o - A
Design and elucidation of novel electronic phases based on molecular
orbitals

B EH ERC
Research Associate
URAI, Mizuki

HEEER B BR

Associate Professor TAKAGI, Rina

FI Course
HEEMER
Adv. Mat., Frontier Sci.

PEHTICHEES 2 ZHOE TR AN T 2R TR,
{E2AHMEE OROMEORS MG OYEINEREE (R -
gt « EJ1) ZEMCZLE R 2 T & THRARE TRV FRE
%, AMRETIE, WMEEKR, BIEPERREEEY D
TYMERE, 2 U THEL BRI 75 E MR 72 9280
THEZBE L, BEFARDEM - A - WUl H HEDRD
79 IR BIGY bR O DI UE O 21T > T\ %, FF
AR O FHBEICEHT S ik D, BROERICH
2 WL & L OB FYITEORGT 2 HiE 9. o5,
BREELEYem e R E O SICA, AT
TN 575 % 0 FIBERE EMRINOPEZ T > TV, Bk
Il M ARBE YA VRESRGBEC F Db 2 Fik - BEREE D B,
DFIEERIC BT 2 PR TR ORR G EZ2ED T
%o

ZEYEBBRBTFRICEVWUCEEBEFHEN T 2HMIBEIERICE > TELS
M RAOY AV SIEEDRERR,

Schematic of topological magnetic structure generated by magnetic interactions mediated

by conduction electrons in a multi-orbital strongly correlated electron system.

In strongly correlated electron systems, various electronic phases can be
generated by slightly changing chemical properties (element type and
crystal structure) or the physical environment (temperature, magnetic
field, and pressure) of the matter. Our group is interested in electronic
phase transitions and topological structures, in which charge, spin,
and orbital degrees of freedom interact with each other. By combining
material synthesis, macroscopic measurements of physical properties
such as magnetization and electrical conduction, and microscopic
techniques such as scattering experiments and nuclear magnetic
resonance, we aim to elucidate the physics behind the phenomena and
to design new electronic properties, especially by focusing on molecular
orbitals in crystals. Our research targets cover a wide range of materials,
including inorganic crystals such as transition metal compounds and
rare earth alloys, as well as molecular conductors. Specifically, we are
exploring new properties and functions related to topological magnetic
structures, and novel electronic phases in molecular conductors under
pressure.

BAMEHE(AD FeS Tl RFITAEVEFIDFR Y 2RBHISICE > TERET
BEER—IVIRVECRDEZREB LT

In the magnetic semiconductor FeS, a fictitious magnetic field induced by the antiparallel
spin arrangement gives rise to anomalous Hall effect at room temperature.

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/takagi_group.html
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':I:I ;‘;i m % % Nakatsuji Group

HiZET —< Research Subjects

R ARE DA UREMER D = TR
Room-temperature topological transport in magnetic materials

SEAHB RIS B S B mAH LB LW RSk DB
Strange metal behavior and unconventional superconductivity in strongly
correlated materials

B FRoYhVa HREOHIEIC LAY ooy AL T
WFE—IN—RZAT 1 VT
Manipulation of topological states for spintronics and energy harvesting
applications

RFEHE it M
Project Professor NAKATSUJI, Satoru

HIY Course
HEERYES
[Phys., Sci.

BIE, WMERMEE, AV hao s XV i,
FREY—L WIS ERICK > THUEME - Ho3h, 24D
HLOWYIBIB SR OFE RITED > T B, N5 OWEEoO
ZENCIE, FRITE. TEHm. BRTEERAETRELTCER
BEEMNRKEL D> THED, BAFONEOVH 7z B2 758
LW TOMENEEIC A > TW5, FAEDOHIZEE T,
ZOEI T LR 2 BBt 22 FEZHSIED L,
TH LR S RS 1 OIS HHIC & > TZ ORI H 2 Wik
Al % Hig LTI EIT> TW\Wb, TN TERL, &
FEOEL REHEENZ A PO 7 AR )V F—
IN=RAT o4 VTIWCHHT B2 DWREI 7> THD, FEHE
RS EEHZED TN S,

PrixLaxTi2Alo DEEER, IEFERIBEENRIUIBTFHE (HAK) HRTHR
N3, [Nat. Commun. 16,2114 (2025)]

Low temperature phase diagram for Pri_xLayTi2Alzo. Unconventional superconductivity
appears in the ferro-quadrupole ordered phase (inset). [Nat. Commun. 16, 2114 (2025)]

The condensed matter physics is considered one of the most versatile
subfields of physics, embracing big ideas from particle physics,
cosmology, and quantum information. Recently, the concept of topology
has brought up a new era in condensed matter research that integrates
a diverse spectrum of fields and topics, bridging basic science with
technological innovations. Thus, it is critical to push beyond the
traditional disciplines to establish new conceptual framework and to
target at the significant problems. Our research activities focus on
designing and synthesizing new materials with emergent quantum
properties that have never been seen before, then exploring the
physics and functionalities of such properties with our world-leading
measurement facilities. Our goal is to lead the innovative quest for new
quantum materials that bear a far-reaching impact not only on basic
science but also on our everyday life in the future.

Mn3Sn/Ta =F (F - &) & EOREHTOEBEBENEEICHFGERr—1
TIDMESND, BT\ RICHE LT, 2 U BV EBEENZRRY
%, [Science 392,761-765(2026)]

Mn3Sn/Ta devices (red and yellow) show advantageous scaling behavior for low-power
operation in the picosecond regime. This enables power consumption that is more than
two orders of magnitude lower than that of ferromagnetic devices. [Science 392, 761-
765(2026)]

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/nakatsuji_group.html
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M E:I: % % Hayashi Group

HiZE T —< Research Subjects

B DNA AV A IBF ) 2TV VTRV E—Z— RIS
DN TE ) JEHR
Precise force measurement of motor proteins using DNA origami nanosprings
B T /8T VIR ARG & B (PS = o — 1 O}
Culture of iPS-derived neurons using media containing charged nanobubbles
FPEF LSBT — 2 A\DANA ZHEEDJGH

Application of Bayesian inference to neutron scattering experimental data

iR MK AxF
Professor HAYASHI, Kumiko

HI Course
HIRIARMIET S
Complex. Sci. and Eng., Frontier Sci.

FREN7/EE a5 s = Rl Okt )t 1 ) 1| PN BN N & 1
faZze g e Ul shil e o LR Th %, F &
M IR BB B O . MIIRND & > 87 -5y 18l
REZPIPEE R DB A iR ® N RO—DEWNWZ %, T
., BRGEEMBEOREICK D, BE AT — )VOREEHID
AlREL 720 MRS IC B9 2 PR IS AR IS R U Te,
— . MIBEANIC BT B2 2 ESFO R R IVF—¢
Wo XA T2y ZiRYEE R EEICHIE T B, KA
ELUTREREICHZ, RUIFEETIE, T2 LIZHEICHD
T Tzd, NRIIINF—REDRAF 2w Il xq]
WIS 2B ORREED TV B, BENEET—2Z
WD THIRANIRSE OMEGE T V2R L, MO XA
27 REYHEEAINICE BT 5 L RHIET, Cchuck
D, MRERERIICHET S EEIEHIRREDOHRE D,
REEANDEBRIC DRI A T EZARL TV,

DNAFUAIRS /XTI >T (NS) ZERWE—2—2VI\VEFRI VD
TEHAIDRFE, NS DENEGHLSREZHE L. NDEICERT B, ERED
FKEVE Y MEKY LERGIRENTRICE DT,

Development of force measurements for the motor protein kinesin using DNA origami
nanosprings (NS). The length of the NS is estimated from fluorescence images and con-
verted into force. This approach enables more precise force measurements than conven-
tional experiments using optical tweezers.

In addition to physical measurements in solid-state physics, physical
measurements of biological systems, particularly living cells, have
emerged as a new frontier in physics. The observations and manipulation
for intracellular protein molecules in nonequilibrium environments
living cell represent one of the most challenging targets. In recent
years, advances in super-resolution microscopy have enabled precise
measurements at the length scale, leading to significant progress in our
understanding of intracellular structures. In contrast, techniques for
accurately measuring dynamic physical quantities such as force and
energy of protein molecules inside cells remain underdeveloped.

To address this challenge, our laboratory is developing new
methodologies to measure dynamic physical quantities such as force and
energy. Based on these measurements, we aim to construct theoretical
models of intracellular phenomena and achieve a quantitative physical
understanding of cellular dynamics. Ultimately, we aim to further
advance the contribution of physics to medicine by deepening our
understanding of various diseases, including neurological disorders.

SUNVEERT BHEES//NTIL (NB) ISREEZFEL. T5RAFEML
NB 3Kk WERVINRZETRY, TORMEZERL. NBZRBW L b iPS #ifghsk
HRMREORMEREEAOHEZBIEY. RERLOHLEHRZR.

Charged nanobubbles (NBs) that generate radicals induce cell death, and positively
charged NBs exhibit a stronger effect. By exploiting this property, we aim to develop a
high-purity culture method for human iPS cell-derived neurons using NBs. This is a col-
laborative study with the Harada Group.

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/hayashi_group.html
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1 a Hf 4t % Yoshinobu Group

HiZET —< Research Subjects

B & < HESNIEFIUMBIC X %9 T OIE ML & KR IED
e
Activation and surface reaction of molecules on well-defined model catalysts
B 2 XoeE Ty Vil OEIRE & SO
Electronic states and reactivity of edge surfaces of two-dimensional materials
B THz /)L RIS X B RHIC BT BIRB LD THAF IV A
DU
Vibrational spectroscopy and dynamical processes of molecules on surfaces
using THz pulse
B R 7B KUY S X< S EAER L MR T O 5
e
Spectroscopic study of materials surfaces reacted with neutral particles and
plasma

Bk &EF =
Professor YOSHINOBU, Jun

HIY Course
EXRF QP HEHINER
[Chem., Sci.lf Adv. Mat, Frontier Sci.

W BT - AR AL L. LW R RS T
% S TH BT LW BRI ORS BRI TH %,
LG« SR EMERFION T Tidad, TRIVF—ZHD
BELTLEETHD, AT —)VTYERH ZHIE L.
WERER & DRI TNA R 2 BI8S % f2bicid, 2K -
IZBITZEMERHIRT S DR RTH B, EKHTHT
BT« BTORAF I AWML, DT NA X720 T
5. ESICHIERBERFHICH I AL ERIGIC DOV TE T
M52 T N5, YWIFEETIE. FAKREICHI S H
T TFODEAF I A ET IV & ORI O -
Ytk - KOS, MEEER L 75 X< L O EER %2, fREE.
JEE T, ERE S 2 3OVEEMET R CERE L THIZEL TW
%, Fleo Yrruburyghte v AT v RtET
DI HEE L TV, A THz 28V AT K B 0 fif oy
e 7 u e ZHIENC E D ATV S,

L—H—II TR Lz MoS: T VE () B, (b) TvIED SEM &, H
KU (Q FRVARY ML

Laser-fabricated MoS» edge surfaces: (a) Schematic diagram, (b) SEM image of the edge
surface, and (c) Raman spectrum

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/yoshinobu_group.htm]

The most important characteristic of solid surfaces is that they serve as
“reaction sites” where atoms and molecules can be supplied from the
outside to fabricate new materials. Surfaces and interfaces are important
not only as the sites of mass transfer but also as the energy conversion
sites. To control mass transfer at the atomic scale and create functional
materials and devices, it is essential to understand the fundamental
processes occurring at surfaces and interfaces. Research about the
interactions of atoms and molecules with surfaces provides insights
not only into catalysts and devices but also into chemical reactions in
the environments in Earth and space. In our laboratory, we investigate
the kinetics and dynamics of atoms and molecules on solid surfaces, as
well as the structure, properties, and reactions of model catalysts and
low-dimensional materials and the interactions between material surfaces
and plasma, using vibrational spectroscopy, photoelectron spectroscopy,
and scanning tunneling microscopy as well as DFT calculations. We are
also advancing operando photoelectron spectroscopy using synchrotron
radiation and we have engaged in time-resolved spectroscopy and the
control of chemical processes using ultra-broad band THz pulses.

THz ) \IVABRBIRERICEE HUKHARE & DHFEHAZE)

The apparatus for THz-pulse induced surface reactions (collaborated with
Matsunaga Group.)
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]) 4 70 ? — E{ % % Lippmaa Group

HiZE T —< Research Subjects

7OV AL —Y —HERIRIC K B LW L AT o gD
(@
Growth of thin oxide films and heterostructures by pulsed laser deposition
B #iyr  EB KU/ ay Ry y MEREOEK
Synthesis of nanostructures and nanocomposite thin films
B tic B 53y U 7 A4 FIT A
Carrier dynamics in photocatalysts
WEOA— /< AEH

Autonomous synthesis of thin films

B HBh AR
Research Associate
TANAKA, Tomoaki

BE JyIv—
Professor LIPPMAA, Mikk

FI Course
HEEMER
Adv. Mat., Frontier Sci.
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Fig.1: Evolution of the process performance measure during a fully autonomous iterative
materials synthesis process. The plot shows the Bayesian optimization path that finds the
optimal synthesis conditions that yield the highest crystalline quality and explores the

parameter space to build a map of how each process parameter affects the crystallinity of
the thin film.

Developing new materials and electronic devices is a hugely
time-consuming endeavor due to the large parameter space of the
synthesis process. Our laboratory works on pulsed laser deposition
of oxide thin films, where the process parameter space has around 10
dimensions (compositions, pressure, temperature, rate, etc.), making
a complete optimization infeasible. We have therefore developed an
autonomous synthesis workflow for the optimization of the structure of
materials based on real-time electron diffraction feedback. We combine
neural network image segmentation that enables automated analysis of
diffraction images and the extraction of structural quality metrics for thin
films (Fig. 1). The synthesis conditions are obtained from a Bayesian
optimization algorithm that can rapidly find the best synthesis conditions
even in a very multidimensional parameter space. Additionally, the
optimization process provides a multidimensional map of the crystal
quality in the synthesis parameter space (Fig. 2), which is an invaluable
tool when integrating multiple materials in a device structure. Such
quality mapping is practically impossible without a fully autonomous
synthesis process
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2 1 YSZO) BAR LIRS ¥ ERE ThFeOs SERICH T HHERmMER v
7 BBZVEERRE) ZRT. JhE. REREE. BREOE. BLURERR
EDSBB=ZRITINT A—Z BBV THRREN TN S,

Fig. 2: A crystal quality map (brighter is better) for metastable TbFeO3 films grown on
YSZ(111) substrates, shown in a three-dimensional growth temperature, oxygen pressure,
and growth rate parameter space.

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/lippmaa_group.html
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