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Quantum Materials Group

Condensed matter physics has progressed, relying
on discoveries of new materials, new phenomena,
and new concepts. 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 often been made
at an intersection of various research fields. The
quantum materials group, aiming at another leap
forward in our activity, 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 the 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
carried out for spintronics applications. These experi-
ments are conducted through lively discussion and
tight collaboration with theory groups, which search
for new topological phases by using an advanced
theoretical approach and numerical methods.

[

B B Bl EF B % ZH BE  pEmxs BB HE
Professor OSHIKAWA, Masaki Research Associate TADA, Yasuhiro Project Researcher  SHIGA, Masanobu
B g I = B % A #% sEmEas /\vvIv VUrda
Professor TAKIGAWA, Masashi Research Associate SAKAMOTO, Shoya Project Researcher HANSHEN, Tsai

B g TR RER BHEBNH Bl =3 pgwxrs Ty JU
Professor SAKAKIBARA, Toshiro Project Research Associate TOMITA, Takahiro Project Researcher FENG, Zili
BB EH EZ IR e Kkt sEmEs LA Y1Y IV—
Professor HIROI, Zenji Project Research Associate HIGO, Tomoya Project Researcher RAY, Mayukh Kumar
B oge KA &b

Professor OTANI, Yoshichika

wrrgug ™ it Al

Project Professor NAKATSUJI, Satoru *1 FRPSRTES, AT R R 2 ERFY

S - Em /concurrent with Division of Condensed Matter Science

Associate Professor MIWA, Shinji *o FRPI3ETE, 275 4B ot SRR,

s W™ 2 /concurrent with Materials Design and Characterization Laboratory

Associate Professor YAMASHITA, Minoru *3 FRSRIS, AR F /2 — LERTIRERF.

S ¥ FiEOE /concurrent with Division of Nanoscale Science

Associate Professor KONDO, Takeshi *4 B AR R IR S S & 357,

i O mx BiE /concurrent with Physics Department, Graduate School of Science

Associate Professor MATSUNAGA, Ryusuke *5 SIS, ABRER I —L ¥ MRS e Y 5 —,

St Mg 5= /concurrent with Laser and Syncrotron Research Center

Associate Professor

OKAZAKI, Kozo
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Oshikawa Group
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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.

S EEEEER (Metal-Organic Framework, MOF) Z#W ¥4 T 72

VBRAEDRE, ¥ T TREG, BEEREE UTAEYREZRET 5. ¢
BICEIRRVWERICRITZEFACVRETH S, (U I7LARIEYEDE

BEYTOFRY T7EBORRENER/IN NI CNSOYETRE

BERBICERY 5/\ 1 €NV BBEEFROFSAKRE ., HEREEFR
EVBETIRBWN, EAlE. MOF ZAWTEERBEEERAZMH L. &£
DIBBIGF I T7RBORBOAREEZREL I,

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. BFRAEVRBSEEBFRICETHETFALVHIB

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. MROVAIBEEFIVIVTILAY K
Topological phases and quantum entanglement

4. A1 ZIiBREDOHEREEE
Orbital angular momentum of chiral superfluids

5. hAROVAIAAE - FAREVHILIBROMERTDORERER

Realization of topological phases and topological phenomena in materials
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a, MEIEARICE 1T 2 RER—ILMR (EN) & RIBEMEAE MnsSn ICE 1 5 RER—
LR (GR), BEEEPTIE BRE(EM &> TEFOEFHNHIFSND T
sic&h, EAEET (B = 0) TR—ILHRVBEWICRNS, —A T, R&H4E
& Mn3Sn TiE. EREIST (B = 0) T HD. BHEBIEM DBZWREICEWT,
R—LHRVERNICRN S, 0BG, BFOEBHZMIT2ER &322 REBHNG
MBS b A AEYFSUT s DHEFLICE>TEHRSETNEEEZIS5N S, b,
Mn3Sn DHESEE, 7 TARFORERICUET 2 Mn iFRIE—X >~ (FXH)
ZB L. FINRBEEBEZRY . ¢, Mn3Sn L& 1T 3 ER TOR—JUEHAE DR
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
Mn3Sn at room temperature.
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it A SH R B kit
NAKATSUJI, Satoru TOMITA, Takahiro HIGO, Tomoya
RHERUR FHEBN K FHEBIH

Project Professor 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.

a magnetization

1. DAIIVREBERDEFEENREZDAEY A= T XA

Quantum transport phenomena in antiferromagnetic Weyl metals and their applications for spintronics

2. MRAOVAIEEEDREFKE TRILF—/I\— R T VT

Search for novel topological magnets and their applications for energy harvesting

3. MRAOYAILEFHEPH U WBIEEARDRE
Search for novel topological phases and superconductors
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Miwa Group
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MIWA Shinji SAKAMOTO, Shoya
HERIR UE

Associate Professor Research Associate

We study experimental condensed-matter and material
physics using high-quality and unique nanostructures. 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. 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 the
microscopic origin of the various spintronics phenomena using
operando X-ray absorption spectroscopy. Using the obtained

knowledge, we design and fabricate spintronics devices showing
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large effects at room temperature.
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X-ray spectroscopy. We conducted
o ) B the operando X-ray magnetic cir-
cular dichroism spectroscopy under electric-field application to the MgO dielectric,
and found a change in electronic state in the interfacial Pt layer. The origin of the
voltage-controlled magnetic anisotropy, which is important for future non-volatile
random access memory, has been revealed.

X7 —~ Research Subjects

We find that the signal-

- to-noise ratio in the spin-
torque diode effect in
~ nano-magnets can be
enhanced by the non-

- y linear effect.

1. EFYEZHEWVCAEY NOZI ZT/N1 R
Spintronics device using quantum materials

2. 7z LARICLR L —H—OHENE X RERWCART Y ROHIT & BT /81 2YIEORERERA
Operando spectroscopy using pulse laser and x-ray to reveal device physics

3. RES /HHEIC & 27 /N1 HkeEm £
Interface engineering to develop device performance

4, AEVICEBMEB AV E2—FT 1T
Brain-inspired computing using spintronics
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