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Professor TAKIGAWA, Masashi Research Associate
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Professor SAKAKIBARA, Toshiro Research Associate
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Professor MORI, Hatsumi Research Associate
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Project Professor NAKATSUJI, Satoru Project Research Associate
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AR kHE #A FHEBIH

Associate Professor OSADA, Toshihito Project Research Associate
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HEHER Wr =® FHEBNH

Associate Professor YAMASHITA, Minoru Project Research Associate
B F
Research Assistant
RifrEFIg

Technical Associate

" me R HRNYEL SRS L OB TYERRS L — 7 & .

TOMITA, Takahiro
B ki

HIGO, Tomoya

Ml FEF

MURAYAMA, Chizuko

Discoveries of new materials, for example, high
temperature superconductors, organic conductors,
graphene, and topological insulators, have often
opened new horizons in materials science. Applica-
tion of extreme conditions of low temperature, high
pressure, and high magnetic field has also revealed
various unexpected properties of matters, such as
superconductivity and quantum Hall effect. The goal
of the Division of Condensed Matter Science is to
uncover novel phenomena that lead to new concepts
of matter, through combining search, synthesis and
characterization of new materials.

Each group in this division pursuits its own
research on synthesis of new materials and high
quality samples, and precise measurements of trans-
port, thermal, magnetic properties including nuclear
magnetic resonance. Their main subject is to elucidate
varied phenomena which emerge as a concerted result
of strong electron correlation, topology, multipole,
and molecular degrees of freedom, in transition metal
oxides, heavy electron systems, organic conductors,

atomic layer materials, and topological materials.

Hig ®X HEMERE FRTVTA TITAN ATHIAY
TAEN, Toshihiro Project Researcher KISWANDHI, Andhika Oxalion
BT BT BEHRE EBE E

FUJINO, Tomoko Project Researcher SATO, Mitsuyuki

RKE £ BERRE? N\v¥IY VrA
TAKEDA, Hikaru Project Researcher HANSHEN, Tsai

HE B’ BEWERE™ Ty YU

DEKURA, Shun Project Researcher FENG, Zili

EH RiA BEFRE™ L4 X317 I7—

Project Researcher RAY, Mayukh Kumar

WHE A

UCHIDA, Kazuhito

/ concurrent with Physics Department, Graduate School of Science and Quantum Materials Group
*2 B, AEIEBFYWEMESIL—7, / concurrent with Quantum Materials Group
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Mg R I8 (NMR) 2 EL2EBRFRELT BIAN
DBVETHIMH L ERICER T3 REMRE LTS, &
MBI RT3, HISE, 8 (R ) e, Bk, W
BT Lo e S BRI IR L TE D, W5 - £
NN NEHE2EZBZETINSDORTHIERE
DRIDEG2, FETPZIEEAEORTE —X v P ELANE
ME—RAV P 2R>TED, ZNGIIEHDET2ME 5
PELBALEZEC TS, ZORONMRIZ, FERNE
DAE v, HHfi, %ﬁ&awﬁﬁﬁﬁ%&éofﬁnéﬁ

BAERPRECIESTOWE 2, /0t 2 6755
%&&&50ﬁ&w@&&%@%%oﬁwXNMRMﬁ%E
ZEEMHL . AR - TGS - S SO INBREE Stk L A

abhE T, BBERLEY. & LBELEYCFH KEEz
WNRELWEZIT>TW S,
@) al (] T ' H\1\<r111.>l “- 1a A
_ 4-*’3 T ek B
g ¢ P .,'E‘t// ! = %2
5 T % i — 3b
< i - —_—
LR
I /[T S
i 3a Za/Ti T=60K  --- %g
L B
s | /ﬁdf\f I
%“foh l Ll
, [: {1
710 720 730 4.0 750 6.0
Frequency [MHz]

BE 60K, #%5 6.6 TR ZICHITBHLIIRILEY PrTizAlao FOZILI =D L (Al
RFEDNMR AT Ml 7ZEAITL (Pr) 74V IEFEKYE 2 BETEOHERS
EERE ’iﬁ% EECRUBFRFEZRT . PrAAYEADTRICWOBELT7ILI
ZUALICIRERENICELS 3 D0T A MEEL. ZREND<ITT>H B W

<100> AR DEIGIC & > TIFMBT 1 MDD, S 5ICZDERD BB
IE&>TH5EDNMR #IGHRZRI e, FEICEME NMR ARSI MLHENS,

NMR spectra of Al nuclei in PrTirAloH at the temperature of 60K and the
magnetic field of 6.6 tesla. The Pr ions with a non-magnetic doublet ground
state in the crystal electric field undergo ferro-quadrupole order at low tem-
peratures. There are three Al sites forming a cage surrounding Pr ions, each
of which splits into inequivalent sites under magnetic fields along <111> or
<100>. Each Al site generates five quadrupole split NMR lines, resulting in a
complicated NMR spectrum.

1. 8RJT. 72AKL—b - REVRDT A F U XA EEFHER
Dynamics and quantum phase transitions in low dimensional or frustrated spin systems

2. BRZBEER
Exotic superconductors

3. BEEBETFRICE T IER - L& - SMFORFEESE

i

=
TAKIGAWA, Masashi
Bz

Professor

I

We use nuclear magnetic resonance (NMR) as the major
experimental tool to investigate exotic phenomena caused by
strong electronic correlation in solids. A remarkable feature of
strongly correlated electron systems is the competition among
various kinds of ordering such as superconductivity, ferro-
or antiferromagnetism, charge and orbital order. Quantum
phase transitions between these ground states can be caused
by changing the external parameters such as magnetic field or
pressure. Nuclei have their own magnetic dipole and electric
quadrupole moments, which couple to the magnetic field or
electric field gradient produced by surrounding electrons. This
makes NMR a powerful local probe for microscopic investiga-
tion of the exotic order and fluctuations of multiple degrees
of freedom of electrons, i.e., spin, charge and orbital. We use
various NMR spectrometers in different environment (low
temperature, high magnetic field and high pressures) to inves-
tigate transition metal compounds, rare earth compounds, and
organic solids.
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along <111> due to ferro- % 2.30K
quadrupole order. The signals & AAJL.Z 40 K
from the 3a sites are indi- A A
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The splitting of NMR lines

| uniquely determines the symme-
try of the charge density distribu-
tion and the order parameter.

“_mirror

Ordering and fluctuations of charge, orbital, and multipoles in strongly correlated electron systems

4. ACVHEREBFRICBIT DT LRHKE
Novel orders in spin-orbit coupled electron systems
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Field-angular dependences of the specific heat of a spin triplet superconduc-
tor UTe; in magnetic fields rotated in the ac plane. The local minimum of
the specific heat at 0=90°as well as the shoulder structure at intermediate
field angle (arrows) can be explained by assuming a point node along the
a axis. These results provide evidence for a non-unitary triplet pairing in
UTe;.

1. EVWEFH LAY ORIE & BnE

Magnetism and superconductivity in heavy electron systems

2. fEFLAYOLETEHEICHEY 2HFLESE

Multipole orderings and fluctuations in f electron systems

3. 77 AL — MNEHEEOBLETE

Magnetization of geometrically frustrated magnets
4. EFAECYROEKIKRRE

Ground state properties of quantum spin systems

7S
}‘;' }
R B

SAKAKIBARA, Toshiro
26y

Professor

Magnetic phenomena in condensed matter can be observed
at a wide range of temperatures. In heavy fermions and certain
other systems, interesting magnetic behavior often occurs at
low temperatures much below 1 K. Because of difficulty in
making magnetic measurements at such low temperatures, little
work has been done to date. Our interest is to research those
magnetic materials having low characteristic temperatures,
such as f-electron compounds, heavy fermions, quantum spin
systems, and geometrically frustrated spin systems. To study
these systems, we also develop necessary equipment. Equipment
we have successfully developed includes: high sensitivity magne-
tometers which are operable even at extremely low temperatures
down to the lowest of 30 mK, and equipment to perform angle-
resolved specific heat measurements in a rotating magnetic field.
The latter is an effective tool for investigating the nodal struc-
tures of anisotropic superconductors.

UTez DBREF v v TOBEK. a ARICIRA >~/ —RERD,

Schematic view of the gap structure of UTe; with a point node
along the a axis.
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Mori Group
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MORI, Hatsumi FUJINO, Tomoko DEKURA, Shun

26 EUEY FHEBDER

Professor Research Associate Project Research Associate

Development of “materials science” is started from discoveries
of novel materials with new concepts.

The development of novel functionalities (electron and proton
conductivities, magnetism, dielectrics, responses by external
stimuli such as pressure and electric field, and field effect transistor)
has been aimed based upon molecular materials and systems
with utilizing intra- and inter-molecular degrees of freedom.

The attractive points of molecular materials are 1) that a
variety of intra- and inter-molecular degrees of freedoms are
designable and controllable, 2) that large Coulomb interactions
(electron correlation) reflect the magnetism (electron particle) as
well as conductivity (electron wave) in molecular materials, and
3) that large responses by external stimuli are observable due to
softness of molecules and strong electron-phonon coupling.

In Mori group, novel Mott-type organic superconductor
k-ET2Cu(NCS); and charge-ordered-type one B-(meso-
DMBEDT-TTF),PFs have been developed and characterized
(Fig. 1). Moreover, novel electron-proton coupled purely organic
conductors, where conductivity and magnetism switching due
to coupled deuteron and electron transfers, have been developed
and characterized (Fig. 2).
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Fig.1. Novel organic superconductors: (i)single E 2 XZ(?at ED?T?'I?)( i(; H7DD) (I\;:J\EQ iz%dg?fg%;; “
crystals of Mott-type xET2Cu(NCS); and .(uﬁ 10° |- D 1 DR TIEEIES & ORI D &b 3,
electrical resistivities under pressures for charge &0 e
ordered-type p-(meso-DMBEDT-TTE),PFs, . | 0 6 8 10 Elg.Z. Switching behavior of electrual"re51§t1\r‘1ty and magne-
10 o 100 200 300 LSM due to large deuteron isotope effect in proton-electron

Temperature (K)

correlated purely organic conductors k-X3(Cat-EDT-TTF)
(X=H,D).

1. 2FOBEREZENUVICHRER (B) B4EL070 NV EEEDFHE & BREIERE
Development and studies of structural and physical properties for novel organic (super)conductors and proton

conductors based upon molecular degree of freedom

2. BfERTEFNTO N VBB EBE U CERGEE. SEEA

FEADFRF RN

Development and studies of structural and physical properties for electron-proton coupled molecular functional materials

3. A FEMEONG (% B, BE. £H) BEOHE

Studies of responses by external stimuli (magnetic and electric fields, temperature, pressure) for molecular materials

4. BREADRN SV IRY DMK
Study of organic field effect transistor
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Osada Group
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(a) Band dispersion of the t-type organic conductor with a finite
width and a gap due to the spin-orbit coupling. There appear the
spin-polarized helical edge states along edges, so that the system
is a topological insulator. (b) Energy levels of the T-type organic
conductor with a finite spin-orbit coupling under magnetic fields
(Hofstadter butterfly). Although no Zeeman effect is considered,
we can see additional spin splitting with the orbital origin. The
energy gap at zero field corresponds to the gap of each spin sub-
band with the Chern number of +1.
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OSADA, Toshihito TAEN, Toshihiro
HEHIR B

Associate Professor Research Associate

Osada group aims to search, elucidate, and control novel
electronic states, quantum transport phenomena, and topolog-
T ical phenomena in low-dimensional/atomic layer materials,
topological materials, and artificial nanostructures, by experi-
ments on quantum transport phenomena under high magnetic
field, low temperature, and high pressure environments. Main
experimental tools include device fabrication of atomic layers,
their complex stacks, and artificial nanostructures using
advanced microfabrication/evaluation equipment, precision
measurement of double-axial magnetic field angle dependence,
high magnetic field measurement with 40T-class miniature
pulse magnet. Recently, we have focused on quantum transport
in twisted bilayer graphene and black phosphorus ultrathin
films, topological electronic states and transport phenomena in
organic conductors such as a-(BEDT-TTF),I3, and magnetic
field-induced electronic phase transition in ultrathin graphite.
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Application example of the method for studying the anisotropy of the band structure
by the interlayer magnetoresistance. (a) In-plane magnetic field orientation dependence
of interlayer magnetoresistance of an layered organic conductor a-(BEDT-TTF)l3.
Measured from weak charge-ordered state to two-dimensional Dirac semimetal state
under different pressure. A local minimum of resistance occurs in the magnetic field
orientation perpendicular to the principal axis of the tilted Dirac cone. (b) Arrangement
of experiments. (c) Schematic diagram of the band structure of a-(BEDT-TTF),I3 with
a tilted Dirac cone and a van Hove singularity (saddle point). The anisotropy of Dirac
cone where the Fermi level is located can be measured at low temperatures, and the
anisotropy of the van Hove singularity with high density of states at high temperatures
due to thermally excited carriers.

Topological properties of an organic Dirac semimetal

2. RFEMBER L7 7 VT T—ILABEBROBEFEEL ETFIE
Electronic structure and quantum transport in atomic layers and their van der Waals stacks

3. BRE ROYAINYEDOEFERR

Quantum transport phenomena in layered topological materials

4. BRPEOBERERSCEEERIE—L VX

Interlayer coherence and angle-dependent magnetotransport in layered conductors

5. BRY S 7 71 b OWSFRLEFIREE

Magnetic-field-induced electronic phase transitions in thin-film graphite
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The ultralow tempera-
ture cryostat at ISSP.
Nuclear demagnetiza-
tion cooling enables
experiments down to 1
mK under a magnetic
field up to 10 T. The
lower left picture is an
enlargedview of the
experimental space.
The lower right picture
shows a cantilever cell
for torque measure-
ments.

1. BERICKT2BEREFROME

T HE 2
YAMASHITA, Minoru ~ TAKEDA, Hikaru
IR UES

Associate Professor Research Associate

What happens when materials are cooled down close to
absolute zero temperature? It sounds a boring question because
everything freezes at T = 0. It is NOT true, however, because
quantum fluctuations persist even at absolute zero temperature.
The richness of low-temperature physics was first demonstrated
by Heike Kamerlingh Onnes at 1911, who was the first to liquify
Helium and reached ~ 1 K. He discovered that the resistance
of mercury suddenly vanished at low temperature. Followed by
this discovery of the superconducting transition, many amazing
quantum phenomena - superfluid transition of Helium, Bose-
Einstein condensations of Alkali Bose gases — were found at low
temperatures.

We are interested in these quantum condensed states at low
temperatures where the thermal fluctuations are negligible.
Especially, we are now challenging measurements of correlated
electron systems at ultralow temperatures (below 20 mK) where
many interesting phenomena have remained unexplored due
to technical difficulties. Further, we are studying thermal Hall
effects of charge-neutral excitations (phonons and spins) in an
insulator, as well as detecting multipole orders by using NMR

measurements.
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Cd AXRZ U A MATHEASNIHR—IVRERK Ky OREKREFNE. RERFEE
K<BTVBED, HB L DHBMEERORESICHIEL TRy DREZHEDD
ZEDDM oI BARIIERE Y 7 v TORAK,

The temperature dependence of the thermal Hall conductivity xx, of Cd
kapellasite samples. Although the temperature dependence of all samples
are similar, the magnitude of «y, is found to depend on the magnitude of
the longitudinal thermal conductivity. The inset shows the setup of the mea-
surements.

Study of strongly correlated-electron systems at ultralow temperatures

2. WERERICHR T 2 IR EMEDOHN—ILZIR

Study of thermal Hall effects of charge-neutral excitations in insulators

3. NMR Z AW B FHF DR
Multipole orders studied by NMR measurements
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