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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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Professor SHIN, Shik Research Associate  SAKAI, Akito Project Researcher MAN, Huiyuan
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Professor HIROI, Zeniji Research Associate SHIMOZAWA, Masaaki Project Researcher SUGIMOTO, Satoshi
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Professor OTANI, Yoshichika Research Associate  ISSHIKI, Hironari Project Researcher HIGO, Tomoya
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Associate Professor MIWA, Shinji Project Researcher OTSUKI, Takumi Project Researcher MUDULI, Prasanta Kumar
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Associate Professor YAMASHITA, Minoru Project Researcher SUZUKI, Shintaro JSPS Research Fellow Qu, Danru
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Associate Professor MATSUNAGA, Ryusuke 4 P3RS, ABIE S/ R —ILHERFZRERPT /concurrent with Division of Nanoscale Science
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Oshikawa Group
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#HI 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 45 T 72
VIRAEDRET. FYTT7EREF. BEEREE U TRAEYREZERT 5. 3
BICERRVHEICRITZ2EFAEVEETH D, 1Y I T LABIEHNEDOE
BEYTOXRY T7EBRORRENERIN NI CNESOYETRE
BERMUCERY 2\ BNV BEEEROFSHARE <. HEREEZR
EVBETIRBWN, FAlE. MOF ZRHWTEERBEE(ERAZMHIL. &£
DERNRFY T 7R OEEO RN ZIRE U,

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. BFRAEVRBSPEEBFRICEITEEFALVHIE

Electron Spin Resonance in quantum spin systems and itinerant electron systems

2. EFHROBERICE T BEE & LIS ER

Conduction at a junction of quantum wires and conformal field theory

3. MNRAOYAIEEEBFIVIVTILAY S
Topological phases and quantum entanglement

4. W1 ZIBREDOHEREEE
Orbital angular momentum of chiral superfluids

5. hAROVAIAAE - FAROVHILIBROYMERTDORERER

Realization of topological phases and topological phenomena in materials
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Nakatsuji Group

WER D7y T4 7IE, HLOBROFERICH 2,
B Th, HERYEIZRLDEIEEZZAMEIELTRD &
CHIAENTE R, 20WEYE» Y EHD 102 b0
BYDHIEHLTAIV T <7 ok B THE I F 2 LH
RSTs ), W L gz BREE L 725t D BT 2 2 039t
LuETBRZHIETWERAORM® Th 2, 51,
NS ORTHROHRIIBAROEHRILL P 0T th20
Flg L D HFI M 2 EARTE LTS, FAEDEE T
. ZOXI BB L OEEEOBIFEE HIF L 2 B E B ¥ 1
HOfHA, AEY PR=7 ZBEBEPC T L F — N —RZAT 4~
T EDIGHICE T 2H 7 B R R T 2% %
T2,

2D, EDWRETIE, WHIEARDALS
T, FLOYHEBIROF A2 HIE L 2 emPrEile,
Too ZNRIGH L7 7354 AR WEIEHIE I b )12 AT
VW3, Sk TR OCTH LA Y O B G RS
BfEBLICH S I M E &b IC, BEE LB EIBIN S
R 2> & SIS BB A Z IR DL LT k4 Zemis B 1
ExITHO>T\ 3,

a, MHEIEERICE T2 RER—ILHMR (EN) & RIBEMEAE MnsSn ICE 1T 5 RER—
VR (AR, BHMEEFTIE. BRBEM ICL> TEFOEBHIHITESNS
sic&h, EOHET (B = 0) TR—ILHRVBEWICRN S, —A T, R&HE
@ Mn3Sn TiE, EAKBT (B = 0) T 2. BHEEMEM OBWREICEWT,
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)
EHL. FIIREREBEZR T ¢, Mn3Sn IL&EF 2 ER TONR—/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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Bt Al BEH OBEA
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.
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1. DAIIVHEEEDEFCEMNREZDAEY NAZY RGH

Quantum transport phenomena in Weyl magnets and their applications for spintronics

2. NROVAIEEEDREFEE TRILF—/I\— R T VT

Search for novel topological magnets and their application for energy harvesting

3. MRAYAILEFEYH U WBEEEDREA
Search for novel topological phases and superconductors
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Miwa Group
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1 (a) An example of novel
multilayer with characteristic
nano-structure. By using
conventional materials such as
Fe, Pt, and Pd, we fabricated
novel multilayer device with
new physical phenomena. (b)

(b) o1

Ptlsedge  Ptl,edge

XMCD

XMCD integral
(.5)
3

» XMCD integral

11.55 1160 13.25 13.30
X-ray energy (keV)

Results of X-ray magnetic circular dichroism spectroscopy. We conducted
the spectroscopy under electric-field application to the MgO dielectric, and
found a change in electronic state in interfacial Pt layer. The origin for the
voltage-controlled magnetic anisotropy, which is important for future non-
volatile random access memory, has been revealed.

AT —~ Research Subjects
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MIWA Shinji
HERIR

Associate Professor

We study experimental condensed-matter and material
physics using high-quality and characteristic nano-structures.
We employ ultrahigh vacuum technique, which has been used
for semiconductor engineering, for the multilayer fabrication
with metals (Fe, Co, Mn, V, Sn, Pt, Pd, Ir...), insulators (MgO...)
and organic molecules (phthalocyanines...). We focus on spin
and orbital properties, which can be pronounced in nano-struc-
ture, and fabricate quantum spintronics devices with metallic
multilayer, quantum materials, and organic ultrathin film. Our
research purpose is to characterize the physical properties in
such devices, and use it for application.

Recently, we have characterized spintronics phenomena such
as interfacial magnetism and magneto-electric effects by electric
measurements and X-ray spectroscopy. Using the obtained
knowledge, we design and fabricate spintronics device showing
large effect at room temperature.

(a) RF input (Pe)

MgO/Ta/cap
FeB (2 nm)
b MgO (1 nm)
Ne—ms CoFeB (3 nm)
buffer/PM/CoFe/Ru

~ L
120 nm
A_ DC bias (Isc > 0)

ee
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eer 10K [ ockn | ;
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(b) T\/-IPW:0 (a) Functional device

using spin-dynamics in
nano-magnets. (b) Sche-
matic of spin-dynamics
and potential. If we pre-
cisely control the spin-
potential, non-linear
effect can be enhanced.
We find that signal-to-
noise ratio in the spin-
torque diode effect in

\/

e nano-magnets can be
enhanced by the non-
° ® Pre=0 linear effect.

1. REY NOZ I ZTINA 2D X FAHIC & 2148 R

X-ray spectroscopy to reveal mechanism for spintronics devices

2. RES/HEICLZ2REY N OZY R T/ XD ERMEREM £

Increase in performance of spintronics device at room temperature by interface engineering

3. TAIEEEERDREY kO= 9 27 /N1 ZIGA
Spintronics devices with Weyl magnetic materials

4, REVTAF IR CLBWB AV E2—F 1V
Brain-inspired computing using spin-dynamics
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Quantum Materials Group
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DRICHKO, Natalia Vladmirovna
NEAEEHE

Visiting Professor

Natalia Drichko’s research interests are states of matter which
arise as a result of strong interactions between electrons and
related magnetic interactions. The same interactions between
electrons, which lead to unconventional superconductivity,
can produce a magnetic insulator when tuned to be somewhat
stronger. While more traditionally these effects are found in
atomic crystals, Drichko is also interested in these exotic states
of matter demonstrated by molecular crystals, which can show
also exotic states such as quantum dipole liquid.

One of the ways to study fundamental properties of materials
is to measure their excitation spectra. We can obtain informa-
tion about masses of atoms and strength of chemical bonds
in a system build of atoms, such as a molecule or a crystal,
by exciting vibrations. Similarly, we can learn about interac-
tions between electrons and spins in materials by exciting the
electronic and magnetic degrees of freedom. Drichko uses
inelastic light scattering, so-called Raman scattering, to study
vibrational, electronic, and magnetic excitations.

by JUTA—=K T4UTA
HICKS, Clifford William
HNEANEEHE

Visiting Professor

I specialise in the application of uniaxial stress to correlated
electron materials: my group use piezoelectric actuators to
continuously distort the lattice, so that instead of studying a single
compound, we can instead study, in effect, a series of compounds
related by distortion of the lattice. Uniaxial stress has a qualita-
tively different effect from hydrostatic pressure on many materials.
For example, in-plane uniaxial stress on the correlated-electron
superconductor SroRuQOy causes an elliptical distortion of its largest
Fermi surface, and drives it through a Van Hove singularity in the
density of states. The critical temperature of the superconductivity
more than doubles. In contrast, hydrostatic pressure causes T; to
decrease. Hydrostatic pressure generally increases T: of the high-
temperature cuprate superconductors, however here it is more
interesting to suppress T so as to allow alternative electronic
ground states to emerge. These alternative ground states provide
information on the interactions that may drive the superconduc-
tivity. In-plane uniaxial stress on YBayCu3Og.x suppresses its T,
and induces long-range charge density wave order.

We developed our piezoelectric uniaxial stress apparatus
in-house. We are working to extend the measurements commonly
performed on unstressed crystals to uniaxially stressed samples:
resistivity, magnetic susceptibility, heat capacity, dilatometry, x-ray
scattering, muon spin rotation, and neutron scattering. The structure
of the uniaxial stress cell means that we cannot simply use commer-
cial apparatus. Therefore we do a lot of our own instrument devel-
opment and precision engineering. Materials that we have studied
include superconductors such as SryRuQOy, FeSe, and YBa;CuzOg.x;
the magnetically ordered compounds CeAuSb,, Sr3Ru,0O7, and
PdCrOy; and the heavy-fermion Kondo system PrV;Als.

THE INSTITUTE FOR SOLID STATE PHYSICS 2018



	量子物質研究グループ/Quantum Materials Group



