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The aim of this laboratory is to study the physical
properties of matter (such as semiconductors,
magnetic materials, metals, insulators) under ultra-
high magnetic field conditions. Such a high magnetic
field is also used for realizing the new material phase
and functions. Our pulse magnets can generate up to
80 Tesla by non-destructive way, and up to 1000 Tesla
by destructive (the single turn coil and the electro-
magnetic flux compression) methods. The former
serves for the physical precision measurements (the
electro-conductance, the optics, and the magneti-
zation). The multiple extreme physical conditions
combining the strong magnetic field with ultra-low
temperature and ultra-high pressure are also available,
and are open for domestic as well as for international
scientists. 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. Whereas, the
explosive pulse magnets capable of generating 1000
Tesla are oriented for new horizons in material science

under such extreme quantum limit conditions.
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Newly installed electro-magnetic flux compression (EMFC) system. The new EMFC gen-
erator energized by the 10 modules of 50 kV condensers, all together 5 M]J, is designed to
generate 1000 T ultra-high magnetic fields. Another 2 MJ main condenser modules are
//sw wanconsensersank US€d to inject an energy to the relatively light EMFC system for frequent use, but capable of
oSS generating around 600 T. The seed field coils, generating the initial magnetic field, which is
compressed by the EMFC, are connected to the sub condenser bank modules of 20 kV, 2 MJ.

Control room

5MJ EMFC System  Old SMJ EMFC System

Old Main Bank
2MJ, 40 kv

Sub Condenser Bank
2M,20kV

2M Main Condenser Bank
0.5 Module =2 MJ, 50 kV.
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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 Ty = 30 K is realized.
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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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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.

tH (T)

ZRITTEBBIRER k-(BEDT-TTF)2Cu[N(CN)2]Br O{ER 385 B KIEHT,
5l & > TBEENIIHIS N BESERFAES Heo U ETREERE L 55,
Hez PHESIETIE ZRITHNGETEZ RIRL TEEEICH T 2HI5HE 0 ITK
#9 %

Low-temperature electrical resistance of the two-dimensional organic
superconductor x-(BEDT-TTF),Cu[N(CN)2]Br in high fields. The
superconductivity is suppressed by magnetic field and shows the transi-
tion to the normal state at upper critical field Hey. Hez and magnetore-
sistance depend on the field angle 0 to the conducting plane according
to the anisotropy of the two-dimensionality.

Study on High-field Electronic Properties of Organic Conductors

4. IV AESSH TOYIEEFEDORFE

Development of Physical Property Measurement Techniques in Pulsed Magnetic Field
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Longitudinal magnetostriction of bismuth measured by the capacitance method
in a pulsed high magnetic field (blue line). Quantitative coincidence with theo-
retical calculation (broken line) suggests the emergence of field-induced valley
polarization predicted in this model. This result provides us with thermody-
namic evidence for the complete valley polarization, namely one of the three

Fermi pockets dries up, at around 40 T, as illustrated in the inset.
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Field-induced transitions in multiferroic materials

2. EFMRREICE T2 EFIHERE
Electronic phase transitions in the quantum limit state
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Research Associate Research Associate Project Research Associate

Magnetic fields have been extensively used in the research of
solid state physics as they can directly tune the spins, orbitals, and
phases of electrons in materials. We study various phenomena in
pulsed high magnetic fields generated by non-destructive magnets
using various state-of-the-art experimental techniques.

As one of our recent projects, we focus on the electronic states
in the ultra-quantum limit state. Since charge carriers are confined
in the smallest cyclotron orbit, Coulomb interaction dominates
over the kinetic energy. Therefore, we can realize tunable strongly
correlated electron systems in the quantum limit states. In partic-
ular, we have been focusing on the semimetals having an equal
number of electrons and holes; and found a novel field-induced
phase in graphite, complete valley polarization in bismuth, and
anomalous quantum transport properties in black phosphorus
under multiple extreme conditions.

We are also studying multiferroic materials through high preci-
sion experiments in pulsed-fields. In BiFeOs, which is perhaps the
most extensively studied multiferroic material, we found bipolar
resistive memory effect, magnetic control of ferroelastic strain,
and a novel multiferroic phase at around room temperature.

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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(a) Linear magnetostric-

tion of a single crystal 'E‘ 400
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of BiFeOs. Hysteretic
behavior in the virgin
curve (1st) below 10 T
represents the strain's
ferroelastic response
in this material. (b)
Magnetoelectric effects
observed in rotational
magnetic fields. The data
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show the doubling of electric polarization at the transition from the cycloi-
dal to canted-antiferromagnetic state at around 18 T.

High-speed polarizing microscope imaging in pulsed-high magnetic fields

4. NROYAILVYE O RBIH YRR
High-field study of topological materials
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Y. Matsuda Group
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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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Magnetic-field-induced insulator-metal transition
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We have studied properties of matters that emerge under
ultrahigh magnetic fields of up to 1000 T. Ground state of
matter can dramatically be changed by applying such strong
magnetic field, since spin and kinetic motion of electrons are
directly affected by magnetic field. Various kinds of novel phases
are expected to emerge in the strong magnetic fields through
the phenomena such as the formation of nontrivial magnetic
structure in low dimensional spin systems, exotic local-itinerant
transition in strongly-correlated magnetic compounds, and
strong spin-lattice coupling in molecular solids. The field-
induced phase transition without thermal excitation at a low
temperature is a quantum phase transition where the excited
state in weak fields transforms to the new ground state in strong
fields. Thus, hidden potential characters of matter appear in
strong magnetic fields and novel phenomena can occur. Only
short-duration destructive pulsed magnets can produce strong
fields far exceeding 100 T; beyond overcoming the technical
difficulties regarding the destructive magnetic field, unexplored
research fields open. We have also been enthusiastically devel-
oping new measurement techniques to discover the exotic novel
phases in the field range of 100 ~ 1000 T.
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Ultrahigh-magnetic-field magnetization process of quantum spin systems

3. EVWBEFRUMHBIZEEFROBEKIS T COBFRE

Electronic state of heavy fermion and valence fluctuating systems at ultrahigh magnetic fields

4. EFERROBSFHEBERER

Magnetic-field-induced structural phase transition in solid oxygen

5. A Y- IR FRIEGROESH O

Properties of matters with strong spin-lattice coupling in high magnetic fields
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Zeeman splitting pattern of the R lines of Ruby. The non-linear Zeeman
splitting was observed in ultra-high magnetic field region above 100 T. The
inset shows the octahedrally coordinated Cr’* ions in Al,O3 which is the
cause of the photoluminescence of ruby.
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Ultra-high magnetic field (higher than 100 T) is an extreme
condition that remains unexplored until recently. Many of
unprecedented phenomena are expected to appear in ultra-high
magnetic field region, and our group focuses on the observa-
tion/understanding of those exotic phenomena. To achieve this
goal, we employ the following experimental techniques, “1.

»

Magneto-optical measurement technique”, “2. Ultra-fast magne-
toresistance measurement with micro-fabricated devices” and “3.
High-field NMR experiment with a FPGA module”. With these
techniques, we currently investigate the magnetotransport in
topological insulators/superconductors and the novel magnetic
phases in quantum spin systems. Our final goal is the condensed
matter research at ultra-high magnetic field region up to ~1000 T,
and thus our future work will also be devoted to technical devel-
opments for ultra-high magnetic field generations as well as the

improvements of measurement techniques.
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Magnetoresistance of the upper critical field on Fe(Se,Te) superconductor.
The upper critical field accompanied by the resistivity jump was observed
around 40 T. The accessible field range for the magnetoresistance measure-
ment is ~200 T.

Magneto-optical measurements with laser optics and its application to ultra-high magnetic field science

. WNLRSEBIZ T IC&E 1 % NMR AIE & ISR DG

NMR measurement under pulsed fields and its application to magnetic materials

. AN TR = B W e FTARRAE FIE DO RF

Development of new measurement techniques with nanofabrication technology

. BREHSE AW EFIREOEE & MROYAIILIERED T T)LIADY—

Observation of quantum oscillation in ultra-high magnetic fields and fermiology of topological insulators
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We have been studying the cyclotron resonance on various
semiconductors and semimetals under high magnetic fields and
low temperatures.

The research on these related materials was performed using
ultra high magnetic fields so far. Recent progress of crystal
growth techniques enables us to study the Dirac fermion physics
even in narrow gap semiconductors or semi-metallic materials.

“Cyclotron resonance”, which is a magneto-optical phenom-
enon in the high magnetic field, is quite useful for investigating
the effective mass and other transport properties (mobility,
carrier density) without ohmic electrodes like standard
magneto-transport measurements.

We aim to investigate anomalous electronic properties
realized on the surface or the interface in semiconductors and
semimetals by the cyclotron resonance with the destructive high
magnetic field beyond 100 T. We will also develop terahertz
lasers and detector systems for realizing ultra-high field cyclo-

tron resonance measurements in a wide range of the frequency.
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Visiting Associate Professor

I will explore exotic physical phenomena realized in high
magnetic fields by the recently developed Pulse-Field NMR
measurement.

High magnetic fields generated by pulse magnets intro-
duce fascinating physical properties, such as field-induced
superconductivity and spin liquid state, and spin/electronic
nematic states. The experimental probes that can access to their
microscopic origin are still limited because of the limitation
on field-pulse duration and drastic time evolution of magnetic
field strength. By using the flat-top field in collaboration with
the groups of Professor Kohama, and Kindo, we succeeded in
performing NMR measurement in magnetic fields up to 53 T
for a frustrated magnet. As a visiting associate professor, I will
expand the target materials to rare-earth metals and multiferroic
materials and reveal the magnetic properties in high fields from

a microscopic viewpoint.
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