International MegaGauss Science Laboratory
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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
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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.

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

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
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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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(a) Magnetic-field-versus-temperature (H-T) phase diagram of CulnCrsSs. (b) Predicted
schematic of the magnetic structures for X-, Y-, and C phases. (¢) Adiabatic magnetocalo-
ric effect curves (gray) near the A-phase where abnormal magnetostriction and magneto-
capacitance responses are observed.
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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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Relative changes of the sound velocity of (a) green dioptase and (b) liquid oxygen mea-
sured by using the single-turn coil megagauss generator.
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Field-induced transitions in multiferroic materials
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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.

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

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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Quantum oscillations observed in Hall resistance of a single crystal of Te. (inset) Field-
angle dependence of differential peaks in Hall resistance shows two-dimensional behavior
shown by the solid lines. This coincidence indicates existence of metallic surface states in
semiconducting Te.
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Magnetic-field-induced insulator-metal transition
SRR 35U B S TIRAE
Excitons in ultrahigh magnetic fields
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Electronic states in high-T. superconductors in a strong magnetic field
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Ultrahigh magnetic field effects on chemical bonding and chemical
reaction
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Magneto-transmission at 1.977 um in a W-doped (6%) VO thin film. The magnetic field
induced metallization is indicated by a significant decrease of the transmission at around

500 T.
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We have been studying properties of solids that appear in ultrahigh
magnetic fields of up to 1000 T. The ground state of matter can
significantly change by applying such a strong magnetic field through
direct interaction of a magnetic field with spin and that with kinetic
motion of an electron. Unexplored research area is open in a magnetic
field range over 100 T because specially designed destructive manners
are required to produce the magnetic field. Metal-insulator transition and
high-T. superconductivity are intriguing subjects for the ultrahigh field
research. Non-perturbative effects are expected in the hydrogen-atom-
like energy state of an exciton in the strong magnetic field, which is a
similar situation with a hydrogen atom at an extremely high magnetic
field of 10% T in the neutron star. Effects on chemical bonding by 1000 T
magnetic field is studied in terms of influences of magnetic fields to
structural phase transitions in solids. In order to experimentally study the
1000 T science, development of measurement techniques has also been
done as parts of purposes of the research.
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Magnetic field-temperature (B-T) phase diagram of LaCoO3 determined by the FBG

magnetostriction measurements. Right figures schematically represent different spin
states and high-field o and f phases.
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Visiting Professor ~ KIM, Yongmin Joseph

Under high magnetic fields, charged particles in semiconductors enter
various excited states, which affect the optical transition properties. In
the case of doped semiconductor quantum wells, transition energy and
intensity oscillate in the quantum Hall regions, and new bound states
such as charged excitons, spin waves or skyrmion appear in the optical
transition signals. We are studying the optical transition properties
of semiconductor bulk crystals and quantum structures under pulsed
high magnetic fields. We are interested in the Rashba effect or polaron
formation in organic-inorganic hybrid perovskite 2D and 3D crystals.
The optical transition properties of novel excited particle systems of
multiple exciton complexes such as hexciton or oxciton appearing in
two-dimensional TMD materials are being studied.
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Our aim is to promote the use of megagauss fields in scientific
experiments in two ways: by improving and characterizing the
performance of single-turn coils (STC) for different scientific
applications; and by studying the optical properties of organic
semiconductors (OS) as an example for materials where megagauss
fields are essential.

To improve the characterization of STC, we determine their
time-dependent field homogeneity both experimentally using Faraday
rotation imaging, and theoretically based on a filamentary approach
for the current distribution inside the conductor. This approach will
also be used to investigate whether suitable coil shapes can reduce the
destructive effect of explosive conductor sublimation inside the bore at
very high fields.

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, megagauss fields can create at least
perturbative effects, giving rise to phenomena such as Davydov or
Aharonov-Bohm splittings. Our plan is to investigate these phenomena
in order to learn more about the charge carrier dynamics of OS.
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