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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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Visiting Professor  ARITA, Ryotaro
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Visiting Professor RAN, Ying
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/ concurrent with Division of Condensed Matter Science
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/ concurrent with Laser and Syncrotron Research Center
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/ concurrent with Materials Design and Characterization Laboratory

"4 BRI, AIEEF S X — VR ERF,

/ concurrent with Division of Nanoscale Science
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Oshikawa Group
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OSHIKAWA, Masaki TADA, Yasuhiro
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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.

S EEEEEE (Metal-Organic Framework, MOF) Z#W 4 T 72
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BICHERREVREICRITZ2EFAEVEETH D, 1Y I TV LABIEHNEDOE
BEAYTOF I T7RBORENER SN TNDD. INSOYPETEHE
BRBICERY 2\ BNV BEEEROFSHARE . EEREIR
EVBRETIE RV, BAE. MOF Z WTEZERBIEEERZMFI L. &
DERNRFY T 7R OEREO IS ZIRE U,

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. BFRAEVRBSPEEBFRICETDETFALVHIB

Electron Spin Resonance in quantum spin systems and itinerant electron systems

2. EFHROBERICE T B8 & HI5ER

Conduction at a junction of quantum wires and conformal field theory

3. MROVAIBEEFIVIVTILAY N
Topological phases and quantum entanglement

4. W1 ZIiBREDOHEREEE
Orbital angular momentum of chiral superfluids

5. hAROVAHIAE - FAREVHILIBROYMERTDORER

Realization of topological phases and topological phenomena in materials
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Nakatsuji Group
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a, MEIEERICE 1T 2 RER—ILMR (EN) & RIBBEMEAE MnsSn ICE 1T 5 RER—
VAR (AR, BHMEEFTIE. BRBEM L > TEFOEBHIHITESNS
Lic&h, EAEET (B = 0) TR—ILHRVBEWICRNS, —A T, R&HE
@ Mn3Sn TiE, EAKIBT (B = 0) T 2. BHEEMEM OBWREICEWT,
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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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NAKATSUJI, Satoru SAKAI, Akito
% B
Professor 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.

a magnetization
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1. DAIIVHEEEDEFCEMNREZDRAEY NAZY RGH

Quantum transport phenomena in Weyl magnets and their applications for spintronics

2. MROVAINEEEDREFEE TRILF—N—RZT 1V

Search for novel topological magnets and their application for energy harvesting

3. MRAYAILEFELH U WBEEAEDREA
Search for novel topological phases and superconductors
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Quantum Materials Group
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ARITA, Ryotaro
EEHIR

Visiting Professor

SEAER

My current research interests are in computational materials
science based on first-principles calculation. Especially, I have
been working on a variety of correlated materials such as transi-
tion metal oxides, heavy fermion systems, molecular solids, and
so on. As a visiting professor, I am planning to study functional
antiferromagnets. Motivated by the recent discovery of large
anomalous Hall effect in Mn3Sn and Mn3Ge by the group of
Prof. Satoru Nakatsuji, we have recently formulated a scheme
based on “cluster multipole” to characterize the magnetic struc-
ture. With this scheme, one can design electronic, transport
and optical properties of magnets with general spin structure.
Collaborating with my host, Prof. Nakatsuji, we wish to find new
functional antiferromagnets. In addition to this project, I intend
to interact with other ISSP professors.
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LI TH—
DAMLE, Kedar

NAEAEBEESHEZ

Visiting Professor

Our research focuses on phases and transitions in strongly
correlated quantum systems as well as related problems from
statistical mechanics. Frustrated quantum magnets and other
bosonic systems, in which the leading couplings compete with
each other and are unable to determine the low temperature fate
of the system due to a large degeneracy of low-energy configura-
tions, often provide realizations of interesting low-temperature
phases stabilized by quantum or thermal fluctuations within the
subspace of low energy configurations. With this motivation,
much of the work in our group has focused on numerically or
analytically tractable examples of such interesting low tempera-
ture phases. Examples include frustrated magnets with relatively
strong single-ion easy-axis anisotropy and bosonic systems with
frustrated interactions. A recent focus has been the development
of algorithms that allow efficient simulations of certain classes of
frustrated magnets. Additionally, we are interested in examples
of entropic ordering as well as critical phases in the statistical
mechanics of lattice gases that obey local constraints, since these
phenomena are similar to order-by-disorder phenomena in

frustrated magnets.
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RAN, Ying
NAEABEHIR

Visiting Professor

One of the goals of our research activities is to develop
systematic theoretical understandings of new types of corre-
lation-driven topological phases and to search for these states
in practical materials. We plan to theoretically develop certain
generic symmetry-related conditions, under which exotic
topological phases are inevitably realized. Namely symmetry-
related conditions could enforce topological phases. These
symmetry-related conditions would provide guiding principles
to identify both realistic quantum models and candidate
materials realizing correlated topological phases. Another goal
of our research activities is to algebraically analyze quantum
critical points in frustrated quantum spin systems. For example,
based on recently developed boson-fermion dualities, it turns
out that electronically doping such quantum critical points
could immediately lead to high temperature superconductivi-
ties. This algebraic analysis would allow us to sharply under-
stand the pairing symmetries and mechanisms, which could be
relevant to multiple unconventional correlated superconductors.
ISSP provide us with a unique opportunity of collaborate with
Prof. Oshikawa, who is an expert on many aspects of topological
states of matter. Moreover, ISSP is one of the leading institutions
in this fields of strongly correlated quantum materials. We hope
to both contribute to and benefit from the exchange of ideas
with the members of ISSP.
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