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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
two core groups and six 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 experiments
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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%" & ]Il Ex EHR (BB) i IEEA BEIWRE  TA7Y YAIY
Professor OSHIKAWA, Masaki Visiting Associate Professor NAKAMURA, Masaaki Project Researcher  TIAN, Zhaoming
BB it A FEHEAZE) XTOR PURATAXR 77V BEWES EH =3
Professor NAKATSUJI, Satoru Visiting Professor NUGROHO, Agustinus Agung Project Researcher TOMITA, Takahiro

B g TR RER B % ZH B BEWERE NV ATV
Professor SAKAKIBARA, Toshiro Research Associate TADA, Yasuhiro Project Researcher MAN, Huiyuan

y g ¥ IE B % WA FEN HEFRa™ K E
Professor SHIN, Shik Research Associate MATSUMOTO, Yousuke Project Researcher OTSUKI, Takumi

B ge EBH &= BB BH OBEA HEREE ™ EBE R
Professor HIROI, Zenji Project Research Associate SAKAI, Akito Project Researcher HIGO, Tomoya

B g™ K& &H=E PIRSFIARE 77F YI—LX
Professor OTANI, Yoshichika JSPS Research Felow QUACH, James
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Associate Professor YAMASHITA, Minoru JSPS Research Fellow SHIMURA, Yasuyuki
HHE g & PIRERIARE 28

Associate Professor KONDO, Takeshi JSPS Research Fellow SUGIURA, Sho
1 B3RS, A IGEERYIEMEEPY, /concurrent with Division of Condensed Matter Science

2 3. ABEBIEIE—L Y MRSWREY ¥ —. /concurrent with Laser and Syncrotron Research Center

*3 3. ABEWERETMER. /concurrent with Materials Design and Characterization Laboratory

4 BpNssIs. ATk 2T —LMERTZERF, /concurrent with Division of Nanoscale Science

37
THE INSTITUTE FOR SOLID STATE PHYSICS 2016




RrwHEEI N—T

Quantum Materials Group

http://www.issp.u-tokyo.ac.jp/maincontents/organization/
labs/oshikawa_group.html
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Oshikawa Group
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OSHIKAWA, Masaki TADA, Yasuhiro FUJII, Tatsuya

% B B

Professor Research Associate 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.

S EEEEER (Metal-Organic Framework, MOF) ZW 45 T 72 E
VIRADFZEt, FYT7ERIG, EEREE U TRAEYREZERRT 5. 3k
BICHERREVHEICRITZ2EBFAEVEETH D, VIV LABIEHNEORE
BAEEYTOF I T 7RBEORENE RSN TVNED, INSOYPETEHE
BERMBCERT 2\ BNV BEEEROFSHIRE . EEREFZR
EVBETIRBW, FAlE. MOF ZRWTEERBEEERZMHIL. &£
DIEEMRF Y T7RBEORIFOAREMEEIRR U T,

Designing Kitaev spin liquid using Metal-Organic Framework (MOEF).
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. EFRAEVRBICBEEFRICE T BEFALVHIE

Electron Spin Resonance in quantum spin systems and itinerant electron systems

2. EFHROBERICE T BEE & HI5ER

Conduction at a junction of quantum wires and conformal field theory

3. NRAYAIEEEBFIVIVTILAY K
Topological phases and quantum entanglement

4. A1 ZIBREDOHEREEE
Orbital angular momentum of chiral superfluids

5. hAROYVAIAE - FAROVHILIBROYMERTDRERER

Realization of topological phases and topological phenomena in materials
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Nakatsuji Group
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a, BEMEARICHEITE2EER—IVHR (ER) & RERMEM MnsSn ICE T2 EER—
LR (ER). BEBEEFRTIE. BREBI(EM &> TEFOEEIHITESND S
slck D, EOMEBT (B = 0) THR—ILMENBEENICEN S, —A T, REHIE
A Mn3Sn Tk, EREIBT (B = 0) T, B2 BHEBIM DBRWREICEWT,
IR—ILRNBEENICENS, CDHE. BEFOEBZHIT2ERE B2 REHE
AEREIZB b M. AEVEFZT VT s DBBlICE>THEIhdEEZ 515, b,
Mn3Sn DB SHEE, 7T ARFORERICAET 2 Mn IFBKE—X >~ (FXM)
ZHL. FIIIREEERBEZTRT . ¢, MN3Sn ICH T2 ERTOR—VIEFEDR
BRI,

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
Mn;3Sn at room temperature.
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NAKATSUJI, Satoru MATSUMOTO, Yousuke SAKAI, Akito

% Bh# RHEBIH

Professor 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. EFHEEBRREETOML WBIREERESBIRE

Exotic superconductivity and anomalous metallic states near quantum phase transitions

2. BRI RITZERNNROIAILEFHR
Macroscopic topological effects in magnetic metals

3. 7S5 AL —h UcHEHRTOFREHLE. BF ALV RIEIRE

Novel magnetism and quantum spin liquids in frustrated magnets
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Quantum Materials Group
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Nakamura Group
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Quantum Materials Group
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Nugroho Group
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R IEER
NAKAMURA, Masaaki
BEMEHR

Visiting Associate Professor

The purpose of our research is studying the topological
phenomena in condensed matter physics. Especially, we are
interested in new physical quantities to identify topological
states. For example, in two-dimensional topological insula-
tors, existence of a topological state has been confirmed by
observing transport coeflicients. However, the detection could
be done more efficiently, if there are non-contact experiments
which depend only on bulk properties of the systems. For such
a physical quantity, we have proposed the dynamic spin suscep-
tibility, which is related to the electron spin resonance (ESR) for
localized spin systems. The topological states can be character-
ized by existence of specific peaks. It has also been pointed out
that the spin Hall conductivity is closely related with the orbital
magnetic susceptibility. So we would like to discuss the detailed
relationship among these physical quantities, their behavior
under several situations, and also applications to experiments.
As other topological physics, we will also study fractional
quantum Hall effect using one-dimensional mapping. In ISSP,
we would like to contribute to progress of this research field, by
discussing with Prof. Oshikawa, who is an expert on topological
physics and theory of ESR, as well as other researchers.

XJOm
NUGROHO, Agustinus Agung
NEAEZEHIR

Visiting Professor

FIRTARR TFIV

A large anomalous Hall effect in a non-colinear antiferro-
magnetism Mn3Sn has attracted much interest in a recent year.
Since the contribution of the spin component is very small in
non-collinear antiferromagnetic system, therefore the contri-
bution of the orbital component suggests to play an important
role to the anomalous Hall effect. Meanwhile, the existence of
the Berry curvature in Mn3Sn has been predicted theoretically.
Together with my host, Prof. Satoru Nakatsuji, we explore how
to enhance the anomalous Hall effect of Mn3Sn single crystal.
Beside this fundamental study, we also research to obtain a
material with a topological phase having a large anomalous
Hall effect at room temperature. The activities are carried out
on single-crystalline material which mainly grown by using
czochralski technique at Nakatsuji’s Lab. During my stay, I
collaborate with Assoc. Prof. Takeshi Kondo to investigate the
existence of Weyl anomaly in Mn3Sn and also Prof. Yoshichika
Otani for spintronics device of antiferromagnetic materials.
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