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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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Control room
5MJ EMFC System  Old SMJ EMFC System

Old Main Bank
2MJ, 40 kv

Sub Condenser Bank

2M,20kV
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2M Main Condenser Bank
0.5 Module =2 MJ, 50 kV.
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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
smanconsensersank  US€d to inject an energy to the relatively light EMFC system for frequent use, but capable of
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.
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Profile of magnetic field for Short pulse magnet. The maximum field of
85T is the highest record for mono-coil field. This magnet is used for the
75T-measurements as a user’s coil.

1. EFAEYRME OBIERRR
Study on magnetism of quantum spin systems
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We carry out precise measurements under non-destructive
pulsed high magnetic fields that are generated by capacitor
banks and flywheel DC generator installed at the facility. Various
magnets have been developed at user’s requests. Up to now,
available field conditions for users are as follows.

1. Short pulse magnet: Pulse duration 5 ms, maximum field 75 T
2. Mid pulse magnet: Pulse duration 30 ms, maximum field 65 T
3. Long pulse magnet: Pulse duration 1 sec, maximum field 43 T

Short pulse magnet is used mainly for magnetization
measurements on insulating materials and Mid pulse magnet
is used for various measurements on metallic materials. Our
magnet has been breaking the world record of non-destructive
mono-coil field and we continue to develop a new magnet
aiming at the new world record of 100 T. We have installed the
flywheel DC generator on May 2008. The generator enables us
to generate long pulsed field with the duration of 1 second. The
Long pulsed field is used for the heat capacity measurement
under high field and the p -T measurement can be done by use
of flat-top field. Higher long pulsed field is under development.

1 ns 12 125 13

time (sec)
AYTIIAR TRy ~ OBIERT . REORKHISIE 43T, COVT R b
EHISPHRAERE LTI —IRRHL TV,
Profiles of magnetic field for Long pulse magnet. The maximum field of
43 T is used for the heat capacity-measurements under high field.

Study on magnetism and conductivity of strongly correlated electron systems

3. FEWE 100 7RSI T Xy b DRF
Development of non-destructive 100 T-magnet

4. BOYTIULAR TRy N DRF
Development of ultra-long pulse magnet
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Longitudinal magnetostriction of bismuth measured by the capacitance method
in pulsed high magnetic field (blue line). Quantitative coincidence with theo-
retical calculation (broken line) suggests emergence of field-induced valley
polarization predicted in this model. This result provides us of thermodynamic
evidence for the complete valley polarization, namely one of the three Fermi

pockets dries up, at around 40 T as illustrated in the inset.

1. XIF 7 OA v I MEORIGHEREGRE
Field-induced transitions in multiferroic materials
2. EFBRIREICH T 2 BEFHERE
Electronic phase transitions in the quantum limit state
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Magnetic fields have been extensively used in broad research
fields of solid state physics because they can directly tune the spins,
orbitals and phases of electrons in materials. We study various
kinds of phase transitions in high magnetic fields with using
non-destructive pulse magnets and developing/improving various
experimental techniques; e.g. magnetization, magnetoresistance,
electric polarization, polarizing optical microscopy, and so on.

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
strongly correlated electron systems in the quantum limit states.
In particular, we have been focusing on the semimetals having
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 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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(left) Magnetization curves of single crystals of BiFeO3. Anomalies of mag-
netization curves shown in the shaded area suggest emergence of a novel
multiferroics phase (IM phase) in this field-temperature region. (right)
Schematic illustration of the spin arrangement in the IM phase.

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

4. NROYHIVYE O REIS YRR
High-field study of topological materials
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O Single-tum coil in up sweep (2 K)
— Monte Carlo calculation ¥ = 128 (2 K)
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Magnetic field dependence of the magnetic-field derivative of the magneti-
zation (dM/dB) in $=1/2 two-leg organic spin-ladder compound BIP-BNO.
The distinct two peaks are the characteristic of the spin ladder system.

1. BSFHEtRE-=BER
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 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 destruc-
tive 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 enthusiastically developed 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. EVWBTFRUMBIZEEFROBEIS T TOBFRE

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

4. ERERR OWnFHEmEREE

Magnetic-field-induced structural phase transition in solid oxygen

5. AV IRFIEHEEROBST OYE

Properties of matters with strong spin-lattice coupling in high magnetic fields
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(a) Magnetocaloric effect (MCE) of BiCuyPOg measured by AuGe
thin film. (b) Faraday rotation angle of BiCu,POg measured by laser
optics. The MCE data should correspond to the isentropic T(H)s
curve in which the temperature change due to field-induced phase
transition were observed. The Faraday rotation angle was measured
up to 120 T by using a single turn coil system, where the field-induced

phase transitions were detected at ~60 and ~90 T.
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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.
Magnetooptical measurement technique”, “2. Ultra-fast magne-
toresistance measurement with micro-fabricated devises” and
“3. High-field NMR experiment with a FPGA module”. With
these techniques, we currently investigate the magnetotrans-
port in topological insulators/superconductors and the novel
magnetic phases in quantum spin systems. Our final goal is the
condensed matter researches at ultra-high magnetic field region
up to ~1000 T, and thus our future work will be also devoted to
technical developments for ultra-high magnetic field genera-
tions as well as the improvements of measurement techniques.
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Magneto-optical measurements with laser optics and its application to ultra-high magnetic field science

2. INLRABEIZTICEIFTZ NMRAIEE 7 A KL — MNEHEEANDIGA
NMR measurement under pulsed fields and its application to frustrated magnetic materials

3. BN T HAlT 2 AW HTR T /N1 R DFIF

Development of new devise with Nanofabrication process

4. Bl AW CETIREOER & ROV AIIERED T )L A0V —
Observation of Quantum Oscillation in Ultra-high magnetic fields and fermiology of topological insulators

5. AN Tk W e HRRIE 7/ N R DS

Development of new measurement devise with Nanofabrication technology
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