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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 730 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
over 100 T are oriented for new horizons in material
science under such extreme quantum limit condi-
tions. Development for 1000 T-generation by means
of the electro-magnetic flux compression method is

also our mission.
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Newly installed electro-magnetic flux compression (EMFC) system. The new EMFC
generator energized by the 10 modules of 50 kV condensers, all together 5 MJ, is
designed to generate 1000 T ultra-high magnetic fields. Another 2 MJ main condenser
modules are used 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
osx10me-sw,sokv  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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Newly-developed ultra-high magnetic field generator of the electro-
magnetic flux compression method. The 5M]J fast condenser bank is capable
of supplying maximum electrical current of amount to 8 mega-ampere,
which is injected to a primary coil through the collector plate. By upgrading
the performance such as the maximum charging voltage and the residual
impedance, ultra-high magnetic fields up to 1000 T are planned to generate.
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We are engaged in development for generating ultra-high
magnetic fields above 100 T, and pursue the solid-state science
realized under such an extreme condition. We employ two
methods for the ultra-high magnetic field generation, one is the
electro-magnetic flux compression (EMFC) and the other is the
single-turn coil (STC) method. We have established a new type
of coil for the EMFC, and currently the maximum magnetic field
is 730 T. This value is the highest achieved thus far in an indoor
setting in the world. Further development is underway for
achieving much higher fields, more precise and reliable measure-
ments for the solid-state physics. The horizontal and vertical
(H- and V-) STCs are used for more precise measurements up to
300 T, respectively, in accordance with their magnetic field axes.
The H-STC is mainly used for magneto-optical measurements
by use of laser optics, whilst the V-STC is more suitable for the
study of low-temperature magnetization in a cryogenic bath. We
are conducting the studies on magneto-optics of carbon nano-
materials or of semiconductor nano-structures as well as on the
critical magnetic fields in superconducting materials and on the
high-field magnetization processes of the magnetic materials

with highly frustrated quantum spin systems.
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The temperature-magnetic field phase diagram of the cuprate superconduc-
tor Laj 84Sr0.16CuQO4. The open symbols are the upper critical field evaluated
from the high-frequency electrical conductivity measurement ( O : single-
turn coil, [J : non-destructive pulsed magnet). The intensity map shows the
evolution of the high-frequency probe signal. The dashed curve is a fitting
curve of the upper critical field by the Werthamer-Helfand-Hohenberg
(WHH) theory. The upper critical field is determined by the Pauli effect in
this material.

Technical developments for destructive ultra-high magnetic field magnets and for solid-state physics measurements

2. BRESHIICENR
Magneto-optics in ultra-high magnetic fields
3. EBREISHEIE, BIREADRAS

Magnetization processes of magnetic materials and the critical magnetic field in superconducting materials in ultra-high magnetic fields
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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. EFRAEYRYE OBLIEWR
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 36 T
Short pulse magnet is used mainly for magnetization measure-
ments 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 are under development.

OXJIWAR T 254
40
35 P o
/,
30 /
25 7/ \\

20 // "‘A\

R4

10 A\ Wl
\

i 0 0.5 1 &

time (sec)

AYJILAR TRy b OBEET . REDRKHISIE 36T, 2OYIFRY b
EHISPHRAERE LTI —IRRHL TV,

Profiles of magnetic field for Long pulse magnet. The maximum field of
36 T is used for the heat capacity-measurements under high field.
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Study on magnetism and conductivity of strongly correlated electron systems

3. EWIE 100 TRV R Y ~DFRFE
Development of non-destructive 100 T-magnet

4. BOYTINVAR TRy ~ DRAF
Development of ultra-long pulse magnet
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(top) in-plane (pxx) and out-of-plane (p.;) magnetoresisitance and
(bottom) in-plane Hall resistance (pxy) of single crystals of graphite
measured in pulsed high magnetic fields applied along the c-axis. The inset
in the lower figure schematically shows the expected dispersion relation of
the two Landau subbands crossing the Fermi energy. Anomalous increase
of the p;; in this quantum limit state suggests the emergence of novel
electronic state above 53 T.

1. NILF 7 041 v IV YEOHIGHREERRE
Field-induced transitions in multiferroic materials

2. EFMRREICE T 2EFIHEGERE
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 the electrons. We study various
kinds of phase transitions in high magnetic fields with using
non-destructive pulse magnets and 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 phase transi-
tions of semimetals in the quantum limit state. Owing to the
small carrier density, some semimetals can go into the quantum
limit state, in which all the carriers occupy only the lowest
Landau level, in the field range accessible by pulse magnets.
Our magnetic and transport measurements on graphite, which
is known as a typical semimetal, suggest the emergence of the
quantum limit state above about 53 T. The non-monotonic
increase in the resistance at the higher field indicates the
emergence of a novel electronic phase above 53 T. We are
carrying out various experiments on graphite to make clear the

nature of this novel phase.
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High-speed polarizing microscope imaging in pulsed-high magnetic fields

4. BRBEEEDREISYIE

High-field studies on high temperature superconductors

59

THE INSTITUTE FOR SOLID STATE PHYSICS 2015



[l s 2 B S i

International MegaGauss Science Laboratory

http://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/y._matsuda_group.html

e LU R sh W 7E =

Y. Matsuda Group

ARWFZEE TR E L HEE L S F LR
JRAZ—N=BIRE RN, 100 TA7 % 2 2 s
FIRCOEFEDOET - WA EOWAE2IT>Tw 5, Ptk
W92 FT O T Rk A 1 13 700 7 27 Bk D B BRI H5 F6 A4 23l
BThHh, ZOBEOXr——er 2L X —3iRERE TSR
ZRECERD10, % OYVE THFE LSRR
TE2, HEMIIE, (1) EAERR R OB EHT B O R
B, (2) AR - B, (3) ML TAY
v ROBHEISWAGBRE, (4) BOETROMY hE IRE,
BEDW%EIT>T\»5, %7, SPring-8 ¥ KEK-PF 2%
W IR OV A BRI S % W72 40 T RREETo X Kk
I3 X MG oy o b iT> TR D, 22
DO R D S S H B RO M Es R o s &
Wscxs,

200 + f t t t
Buax=193T
150 T=191K
E 100
m
50
0
9 Transmission
intensity
) 2.20 1.0
>
2 0.8
e
@ 215 0.8
5 04
2
e 2.10 o
) 0.0

4
Time (us)

ElfRELR 018 A S MBS HTAR BN DBRAIRIN AT b ILDEAL . RIS
Magnetotransmission spectra image at the field-induced phase transition
from the o phase to novel phase of solid oxygen. The upper panel shows the
waveform of the magnetic field.
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We have been studying the electronic and magnetic proper-
ties of matter in ultrahigh magnetic fields exceeding 100 T in
collaboration with Takeyama Group. Magnetic-field-induced
phase transitions and crossover phenomena in strongly corre-
lated systems are the main subjects.

Magnetic field can precisely control the electronic states
through the Zeeman effect and Landau quantization. In ISSP, a
700-Tesla magnetic field is generated by the electromagnetic flux
compression technique. Since the Zeeman energy in such a high
field is larger than the energy corresponding to a room tempera-
ture, significant field effects are expected. Specifically, the
following subjects are studied: (1) Novel magnetic-field-induced
phase of solid oxygen, (2) Magnetic-field-induced insulator—
metal transition, (3) Magnetization process of quantum spin
systems, and (4) Electronic states of heavy fermions in high
magnetic fields. We also carry out the X-ray magneto-spectros-
copy in pulsed high magnetic fields using synchrotron X-rays
at the SPring-8 and KEK-PE Element- and shell-selective X-ray
magneto-spectroscopy is expected to uncover the microscopic
mechanism of magnetic-field-induced phenomena.
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Ultrahigh magnetic field magnetization process in a valence fluctuating
compound o-YbAIB4. The field derivative of the magnetization is plotted as
a function of magnetic field in the inset.

Study of the magnetic-field-induced novel phase of solid oxygen

2. BSTEEEE - EEHBE
Magnetic field-induced insulator-metal transition
3. ERTETAE Y RO EBHISHALBE
Magnetization process of quantum spin systems

4. BEVBETROHSHETFRE

Electronic states of heavy fermions in high magnetic fields
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We are studying condensed matter physics to discover and
understand mysterious quantum phenomena of countless
electrons as solid state chemists. So far, we have mainly synthe-
sized and studied inorganic compounds showing unusual
phenomena such as giant magnetoelectric effect, anomalous
magnetotransport, high-temperature superconductivity, and
giant thermoelectric effect, which can not be fully described by
the conventional solid state electronics.

Generally, it is rather difficult to design a new bulk material
showing interesting physical properties. Thus, the search for
such materials is typically starting from the related compounds
of the known interesting system, followed by synthesizing
isoelectronic compounds. However, such compounds obtained
by conventional solid state reactions are limited. To overcome
this situation, we adopt special synthetic methods such as a
high-pressure technique and a soft chemistry process. Further-
more, we put our efforts on the measurements of physical
properties under high pressures and/or high magnetic fields to
search for novel quantum phenomena. For the measurements at

high magnetic fields, we collaborate with Tokunaga laboratory.

THE INSTITUTE FOR SOLID STATE PHYSICS 2015



