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Discoveries of new materials have often opened
new horizons in materials science. High tempera-
ture oxide superconductors, carbon clusters and
nanotubes, and organic conductors are good
examples. New materials also lead to the future devel-
opment of new devices and technologies. The goal of
the Division of New Materials Science is to uncover
novel phenomena that lead to new concepts of matter,
through combined efforts of search, synthesis and
characterization of new materials. Currently, our
division consists of 4 groups. Although each group
has its own research style and projects, we try to
maintain close collaboration between those groups
working on production of high quality materials and
those working on advanced technology for measuring
physical properties.

In particular, we keep strong collaboration with
the Materials Design and Characterization Labora-
tory. One of the subjects of our current intensive
research is the effects of strong electronic correlation,
in particular, various ordered phases and fluctuations
involving spin, charge and orbital degrees of freedom,
in transition metal compounds heavy electron
systems, f-electron compounds and organic conduc-
tors. Here, various advanced experimental techniques

are employed, such as transport, magnetic and calori-
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metric measurements, nuclear magnetlc resonance
and optical measurements.
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Takigawa Group
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The boron NMR spectrum at a very low temperature and a high magnetic
field obtained from SrCux(BO3),, a quantum magnet in which spin-dimers
have a planer orthogonal configuration. The sample used in the measure-
ment was intentionally doped with impurities by replacing 0.5 % of mag-
netic Cu by non-magnetic Zn. The spin-dimers far from impurities form
singlet, however, those in the neighborhood of Zn impurity generate local
staggered magnetization (spin polaron). While the former corresponds
to the intense resonance lines with nearly zero internal field (shown by
arrows), additional 15 resonance lines provide a fingerprint of the spin
polaron generated by a Zn impurity.
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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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Distribution of Cu-spin moments in the neighborhood of a Zn impurity
obtained from analysis of the NMR spectrum The location of the Zn impu-
rity is indicated by x and red circles show Cu atoms. The solid (open) red
circles indicate Cu spins directed along (opposite to) the external magnetic
field. The Black circles show boron sites, where the numbers show corre-
spondence to the resonance lines in the NMR spectrum. In the NMR spec-
trum, not only the boron sites on the same layer as the Zn impurity but also
the boron sites on the neighboring layers are observed.
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Dynamics and quantum phase transitions in low dimensional or frustrated spin systems
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Exotic superconductors

3. BEREETRICKE T ZER - PuE - ZWMFORFEESE

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

4. BUEBREERICE T2 AEY EEBRDY A FIVR

Spin and charge dynamics in magnetic organic conductors
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Sakakibara Group
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Magnetism and superconductivity in heavy electron systems

2. fEFLEYDOLBFEHEICHRT 2HRFEESE

Multipole orderings and fluctuations in f electron systems

3. 77 AL — MEMEFRORLIERE

Magnetization of geometrically frustrated magnets
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Ground state properties of quantum spin systems
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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.
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Phase diagram and magnetic structures of an Ising antifer-
romagnet YbaPtPb having an orthogonal dimer structure.
(a) differential susceptibility at 80 mK, (b) phase diagram
(magnetic field direction of [110]), and (c) the expected
collinear magnetic structure at low fields (phase I). The
magnetic structure for the dimers perpendicular to the mag-
netic field is immune to H and the transition temperature is
independent of H (phase III, inset). In phase II, magnetiza-
tion of the dimers parallel to H increases continuously. This
behavior, which does not comform to the Ising spin model,
strongly suggests the occurrence of a “pseudospin flop” due
to a hidden high-rank multipole moment. Figure (d) shows
schematic diagram of magnetic moments (thick arrows) and
high-rank multipole moments (double arrows) in phase II.
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3) that large responses by external stimuli are observable due to

to coupled deuteron and electron transfers, have been developed
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Fig.1. Novel organic superconductors: (i)single ke e - 2 P
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electrical resistivities under pressures for charge- 2o L1l : -
ordered-type p-(meso-DMBEDT-TTF),PFq . | 0246810 Fig.2. Switching behavior of electrical resistivity and magne-
P ‘ 10 0 100 200 300 Lsm due to large deuteron isotope effect in proton-electron
Temperature (K) correlated purely organic conductors k-X3(Cat-EDT-TTF); (X
=H, D).
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Development and studies of structural and physical properties for novel organic (super)conductors and proton
conductors based upon molecular degree of freedom

2. EARTEFATON VBB E R LBEEER. FEARDOBE & HARERR
Development and studies of structural and physical properties for electron-proton coupled molecular functional materials

3. B L REEDRE T 2 REBA DR & AR
Development and studies of structural and physical properties for novel metal complexes whose magnetism and
conductivity are competitive

4. 2FEMEONEG O #5. B, BE. £H) BEOHE

Studies of responses by external stimuli (light, magnetic and electric fields, temperature, pressure) for molecular materials
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Quantum Critical Superconductor B-YbAIB, found in our group

(Top left) Crystal structure. 4f-electrons mainly contribute to magnetism and
superconductivity. (Top right) High quality single crystal grown by Al-flux
method (Bottom) Phase diagram constructed by the contour plot of the expo-
nent a of the power law behavior of the resistivity. Quantum critical region
appears under zero field without tuning for the first time in a metal. (Inset)
Superconductivity emerges from the quantum critical state only in the case of
ultrapure single crystals.
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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, and quantum spin liquids in frustrated magnets.
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Exotic superconductivity and anomalous metallic states near quantum phase transitions

2. BHEERICE T 2ERNNROVAIILEFHR
Macroscopic topological effects in magnetic metals

3. 75 AL — b UBEHRTOHERIE. 8 FAEYRERE

Novel magnetism and quantum spin liquids in frustrated magnets
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Visiting Associate Professor

We have studied the geometrically frustrated magnet that
is basically composed of triangular lattice. It is well known
that the geometrically frustration effect in magnet can lead to
novel phenomena such as a macroscopic degenerated ground
state with no long range magnetic ordering. Recently, the
geometrically frustration effect in the metallic strongly corre-
lated electrons system has attracted much interest because novel
phenomena emerge in the transport properties. In particular, 4d
and 5d transition metal pyrochlore oxides, whose structures are
composed of a network of corner-shared tetrahedra, have been
attracting much interest because of their novel transport proper-
ties such as unconventional anomalous Hall effect, supercon-
ducting transition, metal-insulator transition.

We have investigated the metallic pyrochlore rare-earth
iridates RyIr;07 (R: rare-earth), indicating unconventional
anomalous Hall effect, metal-insulator transition and giant
magnetoresistance effect. The pyrochlore rare-earth iridates are
unique frustrated Kondo lattice systems composed of localized
4f moments and Ir 5d conduction electrons. In this collabora-
tion, we have been exploring the quantum critical phenomena
near a disappearance of metal-insulator transition involving
antiferromagnetic ordering that is theoretically predicted.
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Visiting Professor

I am a theoretical physics working in the field of strongly
correlated electron systems. As a visiting professor at ISSP in
2015, my research program comprises several projects related to
the scientific activities of my host Professor Satoru Nakatsuji:

1. The unusual electronic properties of a heavy fermion metal
0-YbAIB, under the applied magnetic field.

2. Theoretical analysis of the angular-resolved photoemission
spectroscopy (ARPES) performed by Prof. Shin’s group on
B-YbAIB,, which exhibits a strange-metal behavior at low
temperature.

3. T have started preliminary analysis of PrTr,Alyy (Tr =V, Ti),
a compound synthesized in Prof. Nakatsuji’s group, which is
a candidate for the multipolar magnetic order.

4. The magnetic properties of the frustrated pyrochlore iridate
compounds Pr,Ir,0; and Nd,Ir,0; are very intriguing and
are a subject of active research by Prof. Nakatsuji’s group.
More in-depth theoretical studies are needed and I have
started developing a possible numerical approach to address
this problem.
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