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In the IMGSL, electronic states of matter are investigated using pulsed
magnets. Many kinds of materials, such as semiconductors, magnetic
materials, metals, and insulators are studied. Non-destructive magnets
can generate approximately 80 T and are used for high precision
experiments including electrical resistivity, optical property, and
magnetization measurements. Combination of high pressures and low
temperatures with the high magnetic field is also available. These
experimental techniques are open for domestic as well as international
researchers. The magnet technologies are intensively devoted to
developments for the quasi-steady long pulse magnet (an order of 1-10
sec) energized by the world largest DC generator (210 MJ), and also
to a 100 Tesla class nondestructive magnet. On the other hand, the
single-turn coil and electromagnetic flux compression techniques have
been utilized for ultrahigh magnetic field generation exceeding 100 T
in destructive manner. Researches with the multi-megagauss fields
of around 100 to 1000 T have been conducted aiming to a discovery
of novel phenomena. Also, we plan to the use multi-megagauss fields
for interdisciplinary researches with chemistry, bioscience, and space
physics.
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Development of Non-destructive Pulse Magnets
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Study of Spin-orbital Coupled Mott Insulators at High Fields
ARIREARD RIS T O WSS
Study on High-field Electronic Properties of Organic Conductors
730V AR5 C DY PERNE FIE DB FE
Development of Physical Property Measurement Techniques in Pulsed
Magnetic Field
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Magnetization curve of a 4d transition metal Mott insulator GaNb4Seg. The featureless
magnetization curve with small magnetization indicates that the nonmagnetic ground state
with an excitation gap larger than the energy scale of the magnetic transition temperature
Twm = 30 K is realized.
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We perform materials physics research based on the precise physical
property measurements under strong pulsed magnetic fields, which
are generated by the tailored pulse magnets with various strength
and duration of magnetic fields. We perform e.g. magnetization
measurements up to 75 tesla (T) in 4 msec, resistance measurements
up 65 T in 30 msec, and heat capacity measurements up to 43 T in
1 sec. We aim to develop the pulse magnets that can generate 100
T non-destructively or ultra-long pulsed magnetic field. We explore
quantum magnetic or conducting phases at high fields in strongly
correlated electron systems including spin-orbital coupled Mott
insulators and quasi-two-dimensional organic superconductors. We
synthesize the materials of interest as well as investigate the novel
materials developed by the collaborators.
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Low-temperature electrical resistance of the two-dimensional organic superconductor
k-(BEDT-TTF)>Cu[N(CN)2]Br in high fields. The superconductivity is suppressed by
magnetic field and shows the transition to the normal state at upper critical field Hco.
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Magneto-optical measurements with laser optics and its application to
ultra-high magnetic field science

B /L 2R I 50 % NMR JIE & B RO ISR
NMR mleasurement under pulsed fields and its application to magnetic
materials
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Development of new measurement techniques with nanofabrication
technology
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Observation of quantum oscillation in ultra-high magnetic fields and
fermiology of topological insulators
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Unique magnetic field response of a-(BETS)2I3 (a) Magnetoresistance at low tempera-
tures. When a magnetic field is applied parallel to the current, a negative magnetore-
sistance due to the chiral magnetic effect is observed. (b) Positive magnetoresistance is
observed when a magnetic field is applied perpendicular to the current.
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Ultra-high magnetic field (higher than 100 T) is an extreme condition
that remains unexplored until recently. In this field region, many of
unprecedented phenomena are expected to appear, and their experimental
observations and understandings are the focus of our group. To achieve
this goal, we employ/develop the following experimental techniques,
“1. Magneto-optical measurement under pulsed magnetic fields”,
“2. Ultra-fast magnetoresistance measurement with micro-fabricated
devices”, “3. Pulsed-field NMR experiment with a FPGA module”, and
“4. Time-resolved neutron diffraction under long pulsed fields”, and
so on. With these state-of-the-art techniques, we currently investigate
various field-induced phenomena, such as the quantum transport in
topological insulators/superconductors and the novel magnetic phases
in quantum spin systems. Our final goal is the extension of the available
field range of a condensed matter research up to ~1000 T, and thus
our efforts are also devoted to technical developments for ultra-high
magnetic field generations as well as the further improvements of
measurement techniques.
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Long pulsed magnetic field generated by coil using high-purity copper (6N) wire. The
black line is a pulsed magnetic field generated by a high-purity copper coil cooled with
liquid helium. The red line is a pulsed magnetic field generated by a high-purity copper
coil cooled with liquid nitrogen.




ﬁ 7j‘\< 61: % % Tokunaga Group

Fi35 T — < Research Subjects

SIVFT v Ay Z A O AR
Field-induced transitions in multiferroic materials
STRERRIRAEIC 351 5 FE TSRS
Electronic phase transitions in the quantum limit state
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Hi%hfspeed polarizing microscope imaging in pulsed-high magnetic
fields
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High-field study of topological materials
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Field-angle dependence of magneto-electric effects in BiFeOs. The inset schematically
shows rotation of the ferromagnetic moment and spin-driven electric polarization in the
canted-antiferromagnetic states above 20 T.
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Magnetic fields have been widely used in the research of solid-state
physics as they can directly and continuously tune the spins, orbitals, and
phases of electrons in materials. We explore novel quantum phenomena
and non-trivial field effects in pulsed-high magnetic fields up to 60 T
using various state-of-the-art experimental techniques to study their
magnetic, transport, dielectric, structural, optical, and caloric properties.

In BiFeO3, which is perhaps the most extensively studied multiferroic
material, our high-field studies clarified microscopic origin of the
magnetoelectric coupling and revealed non-volatile memory effect,
magnetic control of ferroelastic strain, and a novel multiferroic phase
at around room temperature. In addition, our high-field experiments
on semimetals and semiconductors revealed novel insulating phase in
graphite, valley polarization in bismuth, and quantum oscillations in
semiconducting tellurium.

In addition to these in-house studies, we accept about 40 joint research
projects per year and study various localized/itinerant magnets and
topological materials in high magnetic fields.
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Longitudinal magnetoresistance of a topological insulator BiSb alloy. The color plot dem-
onstrates field and temperature dependence of the resistivity. Application of the magnetic
field causes semiconductor-semimetal transition at ~11 T, and induce a novel insulating
state at ~20 T.
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The magnetic field-induced insulator-metal transition of strongly
correlated materials
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Quest for the magi,rnetic field-induced phase transition in the
ferroelectric materia
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Excitons in van der Waals solids at an ultrahigh magnetic field
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Quest for the magnetic field effect on photochemical reaction
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Magnetic field-induced insulator-metal transition in VO,.
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We are searching for non-perturbative magnetic field effects, such as
large changes not only in the electronic state but also in the crystal
structure, using ultra-high magnetic fields. However, in solids, the
energy scale can be effectively enhanced due to the competing nature
of the various interactions. For example, an insulator such as VO, has
an energy gap on the order of 1 eV, but it undergoes a phase transition
from insulator to metal at magnetic fields of 200~300 T. On the other
hand, the key to understanding this phase transition is the picture of
the destabilization of the V-V molecular orbitals formed in the dimer
of V atoms by a magnetic field. The phenomenon of the breakdown
of molecules in solids in a magnetic field is expected to be similar in
mechanism to the breakdown of molecules such as H» that occurs in the
huge magnetic field of the universe (about 103 T). In addition, we are
searching for novel phenomena caused by non-perturbative magnetic
field effects in a variety of other objects in ultra-high magnetic fields.
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Magneto-optics and THz experiments under ultrahigh magnetic fields
BT REPER D BRI

High-field study on quantum magnets
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Magnet technology
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Transmission

Landau level spectroscopy on the topological insulator Bi>Ses. The band structure is well
described by the Dirac model including a mass term.

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/miyata_group.html

We have been working on magnet technology and new measurement
techniques for pulsed magnetic fields and also studying ultrahigh-
magnetic-field science. Currently, we are developing THz spectroscopy
techniques using quantum cascade lasers and magneto-optical
spectroscopy for atomic-layer materials. We apply these techniques to
van der Waals magnetic semiconductors exhibiting exotic excitons and
topological Kondo insulators and excitonic insulators to understand their
unconventional band structures. We are also working on megagauss
science using destructive pulsed magnets.

Magnetization (ug/f.u.)
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Magnetization process of the Yafet-Kittel ferrimagnet MnCr2S4. Strong spin-lattice cou-
pling between Mn and Cr ions is the origin of its rich phase diagram including a robust
magnetization plateau.
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Visiting Professor PORTUGALL, Oliver

Our aim is to promote the use of Megagauss (MG) fields in two
ways: by improving the general experimental conditions for sensitive
measurements; and by studying the optical properties of organicsem
iconductors (OS) as an example for materials where the highest fields
are essential. Both projects are the continuation of joint work started in
2022.

Measurements in MG fields are affected by transient electromagnetic
disturbances (TED). To solve this problem it is important to understand
the different sources of TED, their propagation inside the high-field
installation and their points of infiltration into sensitive measurement
circuits. Our plan is to study and solve this problem by developing
suitable noise probes, shielding and filtering techniques.

OS are widely used in main-stream technology such as OLED-TVs,
yet some of their intrinsic properties remain elusive. This is partially due
to the inefficiency of magneto-spectroscopic investigation methods as
charge carriers are localized in molecular orbitals and hence insensitive
to an applied field. However, we expect MG fields to create at least
perturbative effects, giving rise to phenomena such as Davydov or
Aharonov-Bohm splittings. Our plan is to pursue previous measurements
and investigate these phenomena in different types of OS in order to
learn more about their charge carrier dynamics.
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