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FRCRRUIICHL D FHA T W B0 PPV ER2 C IR prgE
BEAREEZRZLTEY, 2706 I70FTOEE
T ERMEFICT T BRI X > T, FEEERISH L
WIS B L7720 BT LW RSO TS ET1T-o 72
D% ENAREL D, YIMERIZED T L— 27 Z)L—ICid,
MO GRZ RE IS FIREN 28 % X 5 ikl /s
ZRICZ, T LWRBICE D SRS RERA R TH %,
KEFNE 4 DOWERE, BXO, Bl MER2AVT2 % -
T — ARG RIE R 2 5T % 6 DOWSEED
ORI E NS, P « Mgk OFFRIIZEE & L BT, T
FIEICH DO BRI D A—/S—a Y a—2ZHW03
KIFREEUEFIRIC W2 % £ T, SRR AR LT
YIEPIERIC 3B B e O ZEAREIC L D fHA TV %, &
7. WHEAT DN DRER 7 )V — T & i & R itk &
T3,

The Division of Condensed Matter Theory is actively engaged in
theoretical research on the cutting-edge topics in condensed matter
physics. Theoretical studies play a crucial role in condensed matter
physics: those studies at various levels extract new discoveries from
experimental results, and novel theoretical predictions also start as
well as boost experimental works. For achieving a breakthrough
in the condensed matter physics, the research based on novel ideas
is essential and indispensable, in addition to continuous research
for increasing the predictive power based on existing theories.
This division now consists of four groups and six other groups of
concurrent members at the Numerical Materials Research Laboratory,
and the Division of Data-Integrated Materials Science. Together with
other theoretical groups, the activity of this division covers various
theoretical studies from basic theory based on analytical methods to
large-scale state-of-art numerical computation using supercomputers,
and actively develops the theory for forefront research subjects in the
condensed matter physics. Discussions and collaborations are also
actively pursued with experimental groups inside and outside ISSP.

WEEE M| RS
Leader OKA, Takashi
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IiTﬂ m % % Oka Group

HiZET —< Research Subjects

B ErEoTayr - 2y o=7Y vy
Floquet engineering of quantum materials
P ZUSROITHIRGE

Nonequilibrium states in quantum many-body systems

KRBTSR, AEHRPIERAN DGO G O F

Application of field theory to biology and information physics

¥ BE HH BH v v
Research Associate Research Associate
NUMASAWA, Tokiro YAN, Han

B M BEE

Professor OKA, Takashi

HIY Course

EFREE B BH Eh BEBE Food- 2071

Research Associate

FUIIl Tatsuya Project Research Associate

CHUDHARY, Swati

[Phys. Sci.|

ETYEOIEFHIREEICES RO B REEFR RT3 &
i, TR & LICYIEHZ BFEICHITE UBRERE X
5 RNICIIGES %, T TRy « VYT
VR ESNZH LOERARDEE A ZED TED .,
PRGSO R S THIRS % 2 & VAJREIC R D
DOH B, EHICHEFH. Za—F)NVxy bT—=7bwvoicd
S g, HEMWICIEP iSRSNI SN TE
BRI E O TERME N TE MR ESEIC L DD,
SO ERSBUER T 7 & O LN R T2 FIAT 5 2 & TH
BETHR, PREYE, ARG EOEETE Y
HOIPE RO 2B T > T e did, LERS
o N =7 REYIRICE T BRI &, AR 7
YA OIS ORIEIC & B Z Ff > T %,

EFMEOTAYYT - IVIZTIVIDLENY, NV R hROY— ZEY
HE. HEEFREEOEHIEPHREBICEDIC T /NS RORRICDHEN ST
Wa,

Floquet engineering in quantum materials. T. Oka, S. Kitamura, Annu. Rev. Condens.
Matter Phys. 10, 387-408 (2019).

Our primary research focus around studying quantum materials driven
far from equilibrium by external fields. Our objective is to discover new
fundamental laws of physics that govern these exotic states and explore
methods to control their collective dynamics. To achieve this, we employ
innovative theoretical frameworks like Floquet engineering, which
allows us to comprehend nonequilibrium physics at a similar depth
as equilibrium systems. Additionally, we draw valuable insights from
other research fields such as turbulence, neural networks, and nonlinear
semiconductor optics, and apply them to investigate new exotic quantum
materials. Our target materials encompass a wide range, including
topological systems and strongly correlated systems. We will also
investigate novel nonlinear response phenomena, such as the heterodyne
Hall effect, wherein the quantum Hall effect is induced by oscillating
magnetic fields. Furthermore, we have a keen interest in exploring
problems beyond traditional condensed matter physics, such as chemical
reaction networks in biological systems and information theory.

70V s IVIZT ) VI OHBEENDISE EEFAERDERY bT—
il

Application of Floquet engineering to optogenetics and control of cell signalling.

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/oka_group.html
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bl] % m % % Kato Group

HiZE T —< Research Subjects

B AV xavy 7 %05 ks

Quantum transport phenomena in mesoscopic systems

B A v Fu= g AET ORI

Fundamental theory of spintronic devices

AR DI & ki

Nonequilibrium and transport properties in solids

B EEF RAE
Research Associate
SANO, Ryotaro

HHE O mE B
Associate Professor KATO, Takeo
I Course

BYRMES
[Phys. Sci.|

WIFREX, AV ARy IW - A ho= X0
Z IR & LT T ABIRIC B B IEEHREED
fRINICEL D ATA T W%, FEPHIRRET 2. DR T, 21K
EBrmEERPMEL, 7/ ATr—IcBF5ET - ALV -
BN ERH S S O FR & 5772 W RS O RER
ZHIEL TV,

AV ZACY 73BT RICE T AR RIS
AT - BT A ZOfRIFZE YD, AE Y ba=s 2058
TIEAEYER—IVRERAE V=R Z#RICREIN S
A VLR ROMRNEEZHED TV S, BIRNICIE, #
PR - BEARmOAE ViR - JLER, 28E R —ILROT
A UERIR Y. VE - HHEOKZ A sz B LT
W5, FRNANDRER V)L — 7 & OFLFIRTZE & R I it L
T3,

BT REEYE O L & o FH I FE o i i &2 4155
RO R TP 2 0 h T e 2 HEEE LTV,

DEEFR—IVRBFOR A DERNEQRBEKEE. 7Oy hBELUE
BRISEBFRAY V27 b (QPC) TOERF b RIVEEER(LE R EE
DEFEVTHIVOES SUBHHOEREZTNTNRY .

Frequency dependence of the microwave absorption rate in a fractional quantum Hall
droplet. The plots and solid lines show the results of quantum Monte Carlo simulation
and perturbation theory, respectively, for varying quasiparticle tunneling strengths at a
quantum point contact (QPC).

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

ISSP Digest 2026

Our group focuses on mesoscopic physics and spintronics, investigating
the nonequilibrium properties of quantum transport phenomena.
Combining nonequilibrium statistical mechanics, quantum field
theory, and many-body electron theory, we aim to understand the
novel phenomena arising from electron, spin, and heat currents at the
nanoscale, and to establish new concepts in condensed matter physics.

In the mesoscopic field, we study nonequilibrium many-body effects
and quantum noise in two-dimensional electron gas. In spintronics,
we develop the theoretical foundations of spin transport phenomena,
including the spin Hall effect and the spin Seebeck effect. Our research
extends across a wide range of materials and degrees of freedom,
encompassing topics such as spin and orbital current transport at
magnetic/metal interfaces and quantum transport of anyons in fractional
quantum Hall systems. We also actively pursue collaborative research
with experimental groups both within and outside our institute.

Our goal is to pioneer next-generation quantum materials research,
advancing both the fundamental physics of quantum transport and its
applications in the control of spin and heat functionalities.
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HAZIVT 4/ VIEK>THFRENZHEBHERR. —DDEFHEDITRIV
F—DHEBEELEEDPEERDAEEZRT ., BARREIRILF—
TO7 IV E%ZRY,

Orbital accumulation induced by chiral phonons. The figure shows the magnitude of

orbital accumulation when only the energy of a single electron orbital is varied. The inset
displays the Fermi surface at each energy.




} I I m m % % Kawabata Group

HiZET —< Research Subjects

Yotk (PR Em

Condensed matter theory

JETAROM IR - SR
Nonequilibrium phases of matter
JET a1
Nonequilibrium statistical mechanics

TV — MR

Non-Hermitian physics

B N\F EETER

Research Associate ONO, Seishiro

HEIR IE =T
Associate Professor KAWABATA, Kohei

HIY Course

WA INPESRZ D & LTk EEl o #efi A 7z
AT, IFTPHEBAIRCGR TR E N2 W MEYEIC K E 0D
FEoTWVD, TOEIBHETELWERICEH ST, P
BHFBCR THN A YRGS, EEAMWETE AL, KARL
U THEMDHALL TWEW, i, SHROE 5% 25 F8IENY]
RFENZBFEINTHICHBOT, JIETFHERBCROHEMIZE 5
WCHEEMZE LT EEZAENS, AR ETIE, IEFH
R THN S ZE LML 2 U L LT, YIHEwD
LW Z L 2 2 L2 BT, RETIE. JETHBHK
RO PRI HIVHHOR O BRI USHH, £l AA X
RBETBICOVTIIIEL. & AN FEESRISHHICH 72 &
178 O IR R CRICHAA OYITERG 2 R 7E L T & Tz, W
e bR Y=o e —RNGEERZ & LI LT, HiE
THEMD AL DR ZBB XU TET 5 K5 5 Sk
HERZMEE L. LW B2 S %,

FRODHIVIBRIRICS T B/ UV DS DBERIRE G REREDIETIVE — s
R2R [Phys. Rev. Lett. 135,096601 (2025)]

Non-Hermitian origin of detachable boundary states in topological insulators [Phys. Rev.
Lett. 135, 096601 (2025)]

Recent years have seen remarkable progress in the physics of open
quantum systems. In view of the recent rapid development of quantum
information science and technology, it seems urgent to develop a general
theory of open quantum systems. In our group, we are broadly interested
in theoretical condensed matter physics, with a particular focus on
nonequilibrium physics, to establish new foundations and principles in
contemporary physics. Our recent research highlights topological phases
of open quantum systems, as well as dissipative quantum chaos and
lack thereof. On the basis of fundamental concepts such as symmetry
and topology, we aim to uncover new physics intrinsic to far from
equilibrium.

BRARIGERICNT BRI 2 Y IV AT I O — [Phys.Rev.B 112,
085112 (2025)]

Complex entanglement entropy for complex conformal field theory [Phys. Rev. B 112,
085112 (2025)]

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/kawabata_group.html
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@ ﬁ Hf %"’BL % Koshino Group

HiZE T —< Research Subjects

B2xayE -7 LYEOR TR
Quantum theory of two-dimensional and moiré materials

AR DAV < AR A B R R R SRS BED < E  k
Novel physical phenomena from topological properties and geometric phases

B ST B S L ] 2 1 S ) R D B i A
Theoretical frameworks for quasiperiodic systems and materials with novel
geometric structures

BiR BE BA
Professor KOSHINO, Mikito

FI Course
EFRER
[Phys., Sci.

TAOTESR T UERR L. RIS 2 F O %
FaPrEZ g e UT, Z0R FIEEZ HammIiciize L C
W3, TNSOYEOMIZEE 21 D SUHEIC IR L, it
KOMBICITAENZD S T2 LOIER R4 LR E N,
BAECRYER OB R Ty T4 7 D—DEE>TW05,
BADTIV—=TTiZ, 270NV N7 U BRKENIC
B X NSRS AT 2 N5 2 8T HROA
P 2 BRSO D B & LB, FilzaPrte
HEREDHIRIIERZ HIE L TV 5, Hic, BTIRED F R
V—e TRACHRT ZMMEMRICER L, hRa YL
YIPER AR B TIREEDMIICE D A TV D, EHIC. i
EIx 2 MR 2 R T2 7 O HER PR 0 L W e 2 RS 72
HIBWERICHR LT, KD T Ty REGROPMSHAR 2 %
Teil R OBIFEIC BB L T B, FERIL— T L B
HHE L. B & FHERD IS X 2 BB SO Tl & B 2 f
LT3,

RERWGEET LMETHRZ VA A NBI 71 00E (B) &/\Y FigE
(HB) 72y bV RIcER L THERAGEFRENE LS,

(top) Phase diagram of two-component quadrupoles in a triangular lattice. J =J cos a and
J =J sin  are isotropic and anisotropic couplings of neighboring quadrupoles. (bottom)
Quadrupole configurations in the ordered phases. 6, is the direction of local quadrupole
moment, while 0, = —0,/2 is the corresponding director direction.

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/koshino_group.html
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Our group conducts theoretical research on the quantum properties
of materials with unconventional shapes and structures, such as
two-dimensional materials and moiré systems. Research on these
materials has rapidly expanded since the beginning of the 21st century,
leading to the discovery of a wide variety of novel physical phenomena
absent in conventional materials, and has now become one of the
frontiers of condensed matter physics. In our group, we aim to establish
fundamental theoretical frameworks and propose new physical properties
and functionalities by employing effective continuum models based on
the microscopic Hamiltonian. In particular, we focus on physical effects
originating from the topology and quantum geometry of electronic states,
and investigate topological properties and emergent quantum states. We
also develop theoretical descriptions beyond the conventional Bloch
framework for quasiperiodic materials and systems with new geometric
structures. Through close collaboration with experimental groups, we
seek to predict and understand new physical phenomena.

hBN &7 570D 5%23BET LROEE (L) LIXILF—ANYT ML
DAEEKRENE (T, BFEF vy TERFHMOT 25 ChemBTHY. 47T
DEFR—IVHREFHANICBIFRT B,

Structure (top) and angle-dependent energy spectrum (bottom) of a trilayer moiré system
composed of hBN and graphene. The numbers indicate the second Chern numbers char-
acterizing the energy gaps, which are formally related to the four-dimensional quantum
Hall effect.
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RADWIET IV —T13, BEEtDER e, 2 X2
HOEEEE 1 XA T30 Az, BUAE « fETi T2 O T
LTV %, TAIOGIE. BEFIEICHT 2 mmaiioedt:
(HHG) THY, L —Y— YV LR E O EEH 7258
U, @GS atinin SHRd 5 2 L2 HIEL T %,

HHG Z T, 5RAERIFE 741 X 7 ADFEK, Berry i
~ AR DA VRS O, SRS R O H D s
Lldic, BE VAHRID R W78t e b LT
VB, INEZEUT, HIHYEE FICEOREL ., UV - XUV i
ROBHO IR ED TS,

ESITEFRE, BPWENYIFICET % HHG ZRIF L7zt
227V Ui XUV EROAEBIC B2 IER L, frarEa—
T4 YIWNTTET & b=y VHEREERADICHZ HiE L T %,

D ;‘?\ ‘y .‘7‘; /{ m%% Ronetti Team

BEHE SUVATY TLIYVES
Visiting Professor LANDSMAN, Alexandra
Our group studies the creation of ultrafast flashes of light (the
source side) and the interaction of this ultrafast light with
matter (the detector side) using a variety of numerical and
analytic methods. One topic of interest involves high harmonic
generation in quantum matter. The interaction of ultrashort
laser pulses with condensed matter systems provides a unique
perspective of strong field phenomena, such as tunnel ionization
or high harmonic generation (HHG), which historically have
only been investigated in atomic gas. We are interested in how
HHG can be used to probe correlated electron dynamics (such
as dublon production in Mott insulators), reconstruct Berry
curvature, investigate topological phase transitions, or extract
high-order nonlinear susceptibility of materials. Whenever
possible, we collaborate with experimental groups, which
use ultrashort mid-IR light sources to drive non-perturbative
electronic dynamics in crystals. The aim is to both understand
strongly nonlinear electronic response and create new light
sources in the UV and XUV.

Recently, we turned our attention to creation of entangled XUV
light sources using HHG from quantum materials and molecules
interacting with nonclassical light, with applications to photonic
integrated circuits for quantum computing.

AW ZE TlE, EIoumtHBEEFRICHB T 2B FinEs K
U bR Y3V O FERIFECH D fHA TV 5, & DD,
DEET R —IVRICHBIT 2 T =4 VUER 7O E iR 2 h
DIJEEEE LTI TWA, ToA V3 Bokel 2D i
BRI T THO, TOT AT 7KDL MR YL
BFRTEAOIH E WS BEL S, ILEEBRNICKEEEH
BEDTVWD, BERAYFAVR T N RGO HET R—
JVFR DR BIS Z WEE AT U, (kOB T15 Tl
ZAENEDN STV D@BREAFT I I ARIASHNICT S
T ET. T VGO HERAIRREEIC [ 72 BRER IS A D
Wz HIEd, EHIc, FiicaRRilEOREZH LTI
FDT VAT 4 TRROEEENZHE L, &R
PEANOMfREZ — RS2 ERHNET %,

BFEHEHE OxvTa 75EF

Visiting Associate Professor RONETTI, Flavio
In our group, we conduct theoretical research on quantum transport and
topological properties in low-dimensional strongly correlated electron
systems. In particular, we focus on elucidating the properties of anyonic
quasiparticles emerging in fractional quantum Hall systems as a central
research theme. Anyons are exotic quasiparticles characterized by
fractional statistics, and have recently attracted significant international
attention due to their potential applications in topological quantum
computation based on braiding. We aim to establish a theoretical
framework for the experimental verification of anyonic statistics by
performing exact analyses of transport phenomena in fractional quantum
Hall systems with quantum point contacts. This approach enables us
to uncover higher-order anyon dynamics that cannot be captured by
conventional perturbative methods. Furthermore, by proposing novel
experimental configurations, we seek to realize the direct observation
of anyon braiding effects and to deepen the understanding of quantum
transport properties.
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