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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 M]J), 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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A picture of the largest flywheel DC generator. This generator can supply the maximum
energy of 210 MJ at the rotation speed of 460 rpm. The maximum output is 51.3 MW,
which allows us the maximum voltage of 2.7 kV and the maximum current of 19 kA. A 60

T class long pulsed field with duration of about 1 sec. is planned by use of this generator.
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Takeyama Group

1007 AFLL Lo saigi5 76 £ B b 7E & 2 D X 5 ki
BB T CHR BT 2 UMD RRNIH L LT T2, Wil
DFAESTHEELT, BT 2L —2FH LRI Z21T
5 TR Bl CEBKERZRALT
RS T2 TBEa Vil 2FRALC05, T8
BERMEE ) Tk, CIcEN AU RIS FEE 730 TS
ZEBLCOEDS, BHICEOEISTEEL KR LG
ZEOTPEHIE HIE L R D TH S, T—&
SaAf Nk, Tl BREMSGOHAICKD, BEIOHAZ
ZnZEnE L, BEIIFRICL = =2 Hu A0t E
12, MR A 4 & A G O 7RI L E,
7 7AN=% M LS IE IO TwS, T—% &0
ANE ) TREBEEEVENERBEE o0, B8XZ 300
FAZETYMEEBZIT>T0 S, UIFEETIE, Z0k)
75 RGBT T T, A=Ky F ) Fa—T IF
7 =R 3G T OB G SRR I IR
DR, BURE AR DAY, 7 7 A — M TR U
Ptk 75 EORBBES MBI ORI R £ 2 ED T 5,

205 Eqof(6.5)
8: 154
e
g 10} ‘
Enof {6,5)
< o5t ‘ A
| Enof (65) By of (65)
X II -
Wi _’,J b\__’J'l \_,\\q__ //r\_f‘-\_“
10 16 20 25 30 35 40 45 e
Photon Energy (eV) BRI R FRE [ LW o —

"GENSLVARNT ST 4 —ik) THA45 YT+«
(6,5) DIHICHBERANSNIE—NAISUT BB
N—MRYF/F1—TOHRBRARY ML, g &
WEEHEEE % ZR U fo E A ER Y < — i,

Optical absorption spectra of single-wall car-
bon nanotubes of the (6,5) chirality specifically
selected by means of “single-surfactant multicol-
umn gel chromatography method”. The inset is a
photo of the SWNT/PVA film with high degree of
SWNT alignment.
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Sketch of the horizontal type sin-
gle-turn coil ultra-high magnetic
field generation system, capable of
generating 300 T with a pulse form
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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 effect of a peculiar excitonic structure was found to manifest itself in distinctive Aha-

ronov-Bohm splitting in ultrahigh magnetic fields up to190 T. The zero-momentum dark
singlet exciton lies below the bright exciton for the first subband transitions Ej1, while for

A% 7T —~ Research Subjects

1. MR MES A & IR RIRT R

the second subband transitions Ej», the relative ordering was found to be opposite.

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. BREISH(LAE. BIREAOMERTES

Magnetization processes of magnetic materials and the critical magnetic field in superconducting materials in ultra-high magnetic fields
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Kindo Group
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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
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
longer pulsed field with the duration of 1-10 seconds. The Long
pulsed fields can provide much better conditions for precise
measurements that had been thought to be difficult before.
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1. EFRAEY ZME ORI
Study on magnetism of quantum spin systems

2. BERGCEYEOHN B DR
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Time dependence 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.

Study on magnetism and conductivity of strongly correlated electron systems

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

4. BOYT VAR T Ry ~ DRAF
Development of ultra-long pulse magnet
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Tokunaga Group
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The high-speed imaging system that can take polarizing microscope images

in pulsed fields up to 35 T. The magnet and the sample are cooled down
using the closed-cycle cryocooler.

1. ¥ILF 7 zO4 v & DGISFHRREGE
Field-induced transitions in multiferroic materials

2. BRBLEFOBRESYIE

High-field studies on high temperature superconductors
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The crossed-coupling among spin, charge, orbital, and lattice
degrees of freedom causes changes in various physical properties
in magnetic fields. We study novel physical phenomena in these
cross-correlated materials with utilizing the world highest class
of pulsed magnetic fields. To capture the essential aspects of
the composite phase transitions, we have been developed many
experimental probes that can detect the instantaneous changes
of various physical properties. In particular, our high-speed
polarizing microscope system provides us with unique oppor-
tunity to visualize the changes in crystallographic symmetry in
pulsed high magnetic fields. With utilizing these special instru-
ments, we are studying on magnetoelectric effects in ferro-
electric magnets, field-induced melting of spin/orbital order
in a parent compound of the iron-based superconductors, and

martensitic transformation in magnetic shape-recovery alloys.
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Spin and orbital phase diagram of Fey.yTe; xSy, which is a parent compound

of the iron-based superconductors. The insets show polarizing microscope
images in the orbital-ordered/disordered phases.

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

4. BIERRREREE OHMISHERER

Field-induced transitions in magnetic shape-memory alloys
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Y. Matsuda Group
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Magneto-optical absorption spectra in solid oxygen o phase.
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We have been studying the electronic and magnetic proper-
ties of the matter in ultra-high magnetic fields exceeding 100 T
in collaboration with Takeyama Group. Magnetic-field-induced
phase transitions and cross over 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 electro-magnetic
flux compression method. Since the Zeeman energy in such a
high field is larger than the energy corresponding to a room
temperature, a significant field effect is expected. Specifically,
the following subjects are studied: (1) Quest of magnetic field-
induced phase transitions 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-spectroscopy 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 microscopic mechanisms of the magnetic-field-induced

phenomena.
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Quest of magnetic field-induced phase transitions of solid oxygen

2. WIHFHEIERA - EBER
Magnetic field-induced insulator-metal transition

3. (ERTEF ALY RO@ELIGHLEE
Magnetization process of quantum spin systems

4. BEVBTROHSHETFRE

Electronic states of heavy fermions in high magnetic fields
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