L

s WF 7E 31 1"

Division of Condensed Matter Theory

W Tk, EEBRIRELE bHIILoD, Bl
ROFEERYBRA, AT BE, ERE DR
Feli DRTEICOWT, I 7 Hth > & 1EF I BE
R IToCws, ZOHEL, EEEROM
AR, F2NEEL AT 2485
DEB)ZHEZ 2 F RO, Z2LT, WEHOAR
BREATEHZEFVORE, I5ICI3H%KD
LHBRDOTE TH D, HAMRELTUL, BT
AE Y RPMMBEE T RICB T AR HER PR
THERBIR, BROBETR, Ao WHICE T 58
EFE, 792 —2avRk, R TOBRE
RMBER, ZLT, AVZRaEy7RIcBIT5E
TR HAEHORMELRESHKTH L, hs
DORNRIZT7 I u—FT2FELLEETHD, PR
02— 75 EORAE R IED CBRIN T, B0
HA IS EE DL R B G, 5 ULBY B
(LR 2 B B S O BB — R B EH R R ey T
AN EDORBBEBHEG R T EE, &R
FEVRZNETNBELETE2D2PLE L TI%i%Z
OTW3, ZokIic, MMeEELTUL, B
DRIFEIHOME E FEZ T RBIRILL A=
Tw3,

] BR B— B #
Professor TSUNETSUGU, Hirokazu  Research Associate
% g I ER B %
Professor OSHIKAWA, Masaki Research Associate
EHER e =& B #
Associate Professor KATO, Takeo Research Associate
B 28 & B %
Associate Professor SUGINO, Osamu Research Associate

= 3 *
iR (58) 2 . e g™
Visiting Professor TAKIMOTO, Tetsuya Research Associate
% GEARE)Y YL T5—
Visiting Professor DAMLE, Kedar

=)k S N

#E GEAERD" TV AV
Visiting Professor RAN, Ying

In this Division, we are conducting vigorous
theoretical research from a microscopic point of
view on topics at the forefront of contemporary
condensed matter physics, statistical physics, and
materials science, also in collaboration of experimental
groups. Our goals include theoretical elucidations of
experimental results, developments of new concepts
to describe collective behavior of interacting systems,
useful theoretical modeling of materials, and predic-
tions of novel interesting phenomena. The topics in
recent research span diverse areas as quantum phase
transitions and critical phenomena in quantum spin
systems and strongly correlated electron systems,
heavy-fermion physics, superconductivity in various
materials, frustrated systems, dynamic processes and
catalytic properties at surfaces, and quantum trans-
port and interactions in mesoscopic conductors. A
wide variety of methodologies, including modern
approaches based on mathematical concepts such
as topology, many-body perturbation theory based
on quantum field theory, and large-scale, state-of-
the-art computational approaches such as quantum
Monte Carlo simulations and ab-initio calculation of
electronic structures based on the density functional
theory, are utilized to approach these problems.
Each member of this Division employs calculation
techniques in accordance with his/her expertise and
taste. As a whole, this Division and related Theory
Groups cover a wide range of problems and method-
ologies in the cutting-edge condensed matter theory.
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Quantum spins on the breathing pyrochlore lattice. Long and short bonds
have exchange couplings J” < J.
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Strongly correlated electron systems, particularly compounds
including d- or f-orbital electrons, are the main subjects of our
research. In these systems where electron-electron interactions
are very strong, a variety of interesting phenomena emerge at
low temperatures, and various magnetic orders, unconventional
superconductivity and density waves are typical cases.

Targets of our recent study include novel types of quantum
order and quantum fluctuations in frustrated spin and strongly
correlated electronic systems with multiple degrees of freedom.
In these systems, many soft modes of fluctuations are coupled,
and this affects the nature of quantum phase transitions, as
well as electronic states and dynamical properties including
transport phenomena. One of our recent achievements is about
a frustrated quantum spin system with spatially modulated
exchange couplings. We have found that emergent multimer
orders depend on the spin quantum number, and a tetramer
order is stabilized in the S=3/2 case corresponding to some Cr
compounds.
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Nearest-neighbor spin correlations inside units for the case of S = 3/2.
Tetramer correlations are dominant. Antiferromagnetic and ferromagnetic
correlations are shown by red and blue bonds, respectively and bond
thickness schematically represents 1S;+S;l. Dashed lines show weak anti-
ferromagnetic correlations between neighboring units.

Electronic states of strongly correlated systems with d- or f-electrons

2. 77 AKNL—Y 3 VROKENE
Statistical physics of frustrated systems
3. EFHEHOHTEFHDOER
Theory of novel phases in quantum magnets

4. BEEEFRICH T D EANBGEE

Unconventional superconductivity in strongly correlated electron systems
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quantum point contact

edge states dgt 2

Upper panel: A schematic
figure of the Hong-Ou-

Mandel-type two-elec-
tron collision experiment.

Two electrons injected
from two quantum dots

propagate along edge
states, and collides at a

central quantum point
contact. Lower panel:

The probability P, that
two electrons scatter into

the same edge states, is
plotted as a function of a
wavepacket delay time At.
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Transport properties in mesoscopic systems
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Theory of quantum transport in interacting electron systems
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The main research subject of our group is theory on quantum
transport in nano-scale devices using various approaches. This
research field is also called ‘mesoscopic physics', which has
been studied for long time by focusing on quantum mechanical
nature of electrons. Recently, mesoscopic physics based on
new viewpoints is studied from such as nonequilibrium many-
body phenomena, shot noise, high-speed drive phenomena,
spintronics, and so on. We are constructing theories to explain
these phenomena, by exploiting nonequilibrium statistical
mechanics, fundamental theory of quantum mechanics, and
many-body physics. Nonequilibruim transport properties of the
Kondo quantum dots, electron and heat transport under time-
dependent external fields, and many-body effect in thermal
transport of phonons, can be cited as our recent research.

We are also treating various research subjects related to
many-body effects and nonequilibrium phenomena. Glass-like
behavior in organic conductors and structural phase transi-
tion in solid oxygen can be cited as these activities. We are also

collaborating with experimental groups in ISSP.
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The photon-assisted zero-bias noise (the solid line) and the equilib-
rium thermal noise (the dashed line) evaluated at the corresponding
Tef (the right inset) are displayed as a function of the strength of the
external filed. The left inset: a schematic picture of the present model.

Fundamental theory of non-equilibrium statistical mechanics and quantum measurement
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The concept that has been developed in the research field of
topological insulator is applied to the research field of strongly
correlated electron systems to search novel quantum states. In
order to confirm such quantum states, it is important to show a
topological invariant relating with experimental measurements.

Recently, I am interested in the topological states in corre-
lated electron systems with the orbital degree of freedom,
which will contribute to form effective spin-orbit interactions
different from the usual one. The purpose of the project is to
find topological phases in d-electron or f-electron systems and
to propose a novel phase. The gapless surface states charac-
teristic of topological states should reflect the symmetry of
topological phase in bulk, relating with the order parameter of
the state. Since they will affect the transport property at surface,
it is necessary to study their contribution in detail. Through
the collaboration with Prof. Tsunetsugu mainly, I would like to
contribute a progress in this research field.
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