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Quantum Materials Group

Discovery of new materials, new phenomena,
and new concepts has progressed condensed matter
physics. A good example can be found in the history
of research in strongly correlated electron systems,
one of the major fields studied in ISSP. On the other
hand, breakthroughs have been often made at an
intersection of various different research fields. To
facilitate another leap forward in our activity, the
quantum materials group has been created to promote
interdisciplinary studies based on the collaboration
between the experimental and theoretical groups
beyond the conventional research disciplines.

The quantum materials group currently consists
of three core groups and nine joint groups. All these
groups vigorously conduct collaborative research
to discover novel quantum phases and functional
materials in correlated electron/spin systems. The
activities include new material synthesis in bulk and
thin film forms and their characterization through
state-of-art measurement systems. Device fabrication
is also made for spintronics applications. These exper-
iments are being conducted through lively discussion
and tight collaboration with theory groups, which
search for novel topological phases by using new
theoretical approach and numerical methods.
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Oshikawa Group

BTEER0MGmERLELTEEZIT>T0S, BT
LAk % LRI R 8 KO O Bl O B B R B R &
T2, JAHIZRICOWTHNL T 2 AR E R T2
Libic, EEREROM— B H 72 F RN 5
TEOLHELT 2, RLEDHED—DLELT, A4 7Vl
A D LHEAETRICOWLTD4 0FERDRF Ry 7 AT
—EDERINRIR 25272, $l. BOMERICB TR T
REZIGHLT BRI 2N D FE T TR v v 7L A
B SFAHDRNCHT 7 BB B 2 ERR LT, T,
HIHOSHICH 5 EBHAZ 75T D TH L, ZDLH
RPGRIIRICB I B RIE R FEBFIL LA IO ERL, *
Y ITACVIREH R EOH AR R ANVHEZEBLT %
WERGHIOWTHIFEZED TS, ZNHDHEDS
CiE, EBRHMFRE LTHEEL TV 5,

T —~ Research Subjects

I EZR ZH BK
OSHIKAWA, Masaki TADA, Yasuhiro
% B

Professor Research Associate

Our main focus is quantum many-body theory. Based on the
close correspondence among quantum many-body systems,
classical statistical systems, and field theory, we pursue universal
concepts in physics. At the same time, we aim to give a unified
picture on experimental data and to make testable predictions.
As an example of our recent achievements, we have given a
certain theoretical result for the total orbital angular momentum
of chiral superfluids, which has remained paradoxical for 40
years. We also demonstrated, based on anomaly in quantum
field theory, a new classification of gapless quantum critical
phases in the presence of a discrete symmetry. This opens up a
new direction in classification of quantum phases. In order to
connect these theoretical developments with experiments, we
also study material design to realize exotic topological phases
such as Kitaev spin liquids. Much of our research is carried out

in international collaborations.

SEEEEER (Metal-Organic Framework, MOF) Z#W ¥4 T 72
VIRAEDRET. FYTT7EREF. BEEREE U TRAEYREZERT 5. 3
BICHERREVVHEICRITZ2EFAEVEETH D, 1V IV LABIEHNEDOE
BEAYTOF I T7RBORENER SN TNDD. INSOYPETEHE
BEMICERT 2N\ EVNILTRIBEEROFSHNAE <. EEREEFR
EVBETIRBWN, FAlE. MOF ZAWTEERBEEERZMH L. &£
DB FY T 7RBEDORFEDAREEEZIREL I,

Designing Kitaev spin liquid using Metal-Organic Framework (MOF).
Kitaev model is an intriguing exactly solvable spin model, with a
spin-liquid ground state. Although realizations of the Kitaev model in
iridates and other inorganic materials has been discussed, the domi-
nance of Heisenberg type interactions owing to direct exchanges pre-
vents the ground state from becoming the spin liquid. We proposed a
possibility of more ideal realizations of the Kitaev model, using MOFs
in which direct exchange interactions are suppressed.

1. BFRAEVRBLOEEBFRICETHETFALHIE

Electron Spin Resonance in quantum spin systems and itinerant electron systems

2. EFHROERICE T B8 & HI5ER

Conduction at a junction of quantum wires and conformal field theory

3. MNRAOYAIEEEFIVIVTILAY K
Topological phases and quantum entanglement

4. W1 ZBREDOHEREEE
Orbital angular momentum of chiral superfluids

5. hAROVAIAAE - FAREVHIVIBROMERTDORERE

Realization of topological phases and topological phenomena in materials

37

THE INSTITUTE FOR SOLID STATE PHYSICS 2019



RrWHIEI N —T

Quantum Materials Group

https://www.issp.u-tokyo.ac.jp/maincontents/
organization/ labs/nakatsuji_group.html
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Nakatsuji Group

Project Professor
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a, MHEMAICE T HEER—ILHR () & REHEIERE Mn3Sn L& 1T 2 EZER—
LR (BR). BEMEERTE BREAEM CL> TEFOESI HITFSNB T
sk, EOMIBT (B = 0) TR—ILBRVPERNICENS, —H T, REEREIE
A MnsSn Tid, EOBIET (B = 0) T. A2, BREEILM ORWREILEWVT,
R—LHRVERNICREN S, 0BG, BFOEBHZMIT2ER &322 REBHNG
REHIZ b H AEYFSUT s DHEFLICE>TEHRSETNEEEZIS5NS. b,
Mn3Sn DSBS, 71 TAEFORIERICAET S Mn [FHIE—X > b (BRN)
B L. FIIREREBEZR T ¢, Mn3Sn ICHF 2R TOMR—/VIEREDH
B,

Magnetic behavior and crystal structure of Mn3Sn. a, Anomalous Hall effect
in ferromagnets (left) and in antiferromagnets (right) induced by bending
the trajectory of conducting carriers by magnetization and fictitious field,
respectively. b, Crystal and spin structure of Mn3Sn. Each Mn has a magnetic
moment (arrow). ¢, Magnetic field dependence on the Hall resistivity in
Mn3Sn at room temperature.
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Research Associate Project Research Associate Project Research Associate

The discovery of new phenomena is at the forefront of
research in condensed matter physics. This is particularly true
for the inorganic materials, which provide an important basis in
current electronic and information technology research, which
keep providing numbers of macroscopic quantum phenomena
due to correlations among the Avogadro numbers of electrons.
Thus, the search for new materials that exhibit new charac-
teristics 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 quantum phenomena such as
exotic superconductivity and anomalous metallic states close
to a quantum phase transition, novel topological phases in
magnetic metals, quantum spin liquids in frustrated magnets,

and their spintronics application.
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1. DAIIVHEEEDEFCEMNREZDAEY NAZY RGH

Quantum transport phenomena in Weyl magnets and their applications for spintronics

2. MRAOVAINEEEDREFKE TRILF—/I\— R T4 VT

Search for novel topological magnets and their application for energy harvesting

3. MRAYAILEFHEYH U WBEEEDRA
Search for novel topological phases and superconductors
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Miwa Group
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MIWA Shinji SAKAMOTO, Shoya
IR BhZ

Associate Professor Research Associate

We study experimental condensed-matter and material
physics using high-quality and unique nano-structures. We
employ ultrahigh vacuum technique, which has been used for
semiconductor engineering, for the multilayer fabrication with
metals, insulators, and organic molecules. We focus on spin and
orbital properties, which can be pronounced in nano-structure,
and fabricate quantum spintronics devices with metals, quantum
materials, and functional molecules. Our research purpose is
to characterize the physical properties in such devices and use
them for application.

Recently, we study spin-dynamics using microwave voltage/
current and femtosecond pulse laser systems. We also study
microscopic origin of the various spintronics phenomena using
operando X-ray absorption spectroscopy. Using the obtained
knowledge, we design and fabricate spintronics devices showing
large effects at room temperature.
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X7 —~ Research Subjects

1. EFPEZRAWCAEY NOZIZXF/NA R
Spintronics device using quantum materials
2. ARG YR XIEAHIC & 27 /\1 YD HEHERERR
Operando X-ray spectroscopy to reveal device physics
3. RES/ HIEIC & 27/ ZHEREm £
Interface engineering to develop device performance
4, AEVICEBMEB AV E2—FT VT
Brain-inspired computing using spintronics
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KONDOU, Kouta
BEERIR
Visiting Associate Professor

My current research interests lie in the demonstration of
novel spintronics functionalities by using the topological
materials with unique surface state and band-structures. So
far, I have investigated the spin-charge interconversion effect at
surface and interface states of topological insulator and Rashba
interfaces. We found that the conversion efficiencies at these
interfaces were much higher than typical transition metals that
exhibit spin Hall effects.

Recently, by collaboration with the group of Prof. Satoru
Nakatsuji, we succeeded in observing new class of spin Hall
effect (Magnetic spin Hall effect) in topological antiferromagnet
Mn3Sn, in which the direction of current induced spin accumu-
lation varies in relation to the magnetization direction of
Mns3Sn. As a visiting associate professor, I am planning to study
the physical properties of spin current and to demonstrate high-
speed control of magnetization dynamics in these magnetic
topological materials.

NI =)
HERBUT, Igor
NEAZEHIR

Visiting Professor

The general area of my research is the theoretical many-
particle physics. I am fascinated with qualitatively novel
phenomena due to particle interactions, and have been after new
theoretical tools and paradigms needed for their understanding.

In recent years I have pursued several connected threads of
investigations. In systems with quadratic band touching, such
as bilayer graphene in two, and gapless semiconductors, such
as gray tin or mercury telluride, and more recently strongly
correlated iridates, in three dimensions, the role of Coulomb
interaction in determining the ground state is non-trivial and at
present poorly understood. We have, for example, entertained
the “fixed-point collision” scenario for the instability of the
non-Fermi liquid phase towards a Mott insulator with nematic
order. There is a number of conceptually new theoretical issues
that need to be addressed, such as the replacement of the
Lorentz with Galilean invariance. Another related question
is whether a topologically non-trivial phase, be it insulating,
metallic, or even superconducting, can arise out of a topologi-
cally trivial phase due to an increase of electron-electron inter-
actions. Professor Oshikawa and Nakatsuji have a strong interest
in interplay of topology and electron-electron interactions, and I
hope to discuss with them these and related problems.
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