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WiiER TlE. 7OVAR T 3w M K o Tl st 7= 3%
AU, BARYE CREgk, B, BE. Hgikz L)
DEBETIREZFANT NS, JEIER VAR 7 3%y ME 75
TATIREE TREMAETH D, BLRURE, JAIOE., W
b7x & ORI, &)ERAGR & A S DR T2l
[REEERICFAV S NS, FFENINOMERE 20T e 3 5
MEREOIZUCIRIAS M I N TV B, A—8—F v 8v
Z—EP (150 AHY a—)V) LHAGDE BTy 78
VA (1~ 10 BREED) ZHVhUE, #EEHEN & UTRS
BJIEZ EERETH O FFEPOIENIE 100 7 A T
FRECEHNONTWVWS, )y, BRIV A< T 3w b
ICWE—%&E 1)Uk L BREOEEDH D, 100 ~ 1000 7
AT DB A EETH %o MR IR H Ak
T2 PSR EC T, AL - B> FEH Y & Ol
BIFEANDERE1TR> TW0b,

In the IMGSL, electronic states of matter are investigated using pulsed
magnets. Many kinds of materials, such as semiconductors, magnetic
materials, metals, and insulators have been studied. Non-destructive
magnets can generate fields up to approximately 75 T and are used
for high-precision experiments, including electrical resistivity, optical
property, and magnetization measurements. Combinations of high
pressures and low temperatures with a high magnetic field are 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 supercapacitors (150 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
destructively. Research with the multi-megagauss fields of around 100
to 1000 T has been conducted to discover novel phenomena. Also, we
plan to use multi-megagauss fields for interdisciplinary research with
chemistry, bioscience, and space physics.

MR Bk EE
Leader TOKUNAGA, Masashi
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JERHE )V A< T 3y b DRIFE
Development of Non-destructive Pulse Magnets

IS 7 F O 7o A € WGERE EAER O5fiu Mott #f ik 0L
Study of Spin-orbital Coupled Mott Insulators at High Fields

ARE RO RIS PV O
Study on High-field Electronic Properties of Organic Conductors

7V AR T P MERIE FHE D RS
Development of Physical Property Measurement Techniques in Pulsed
Magnetic Field

B eE A
Professor KINDO, Koichi

HIY Course
HEERYES
[Phys., Sci.

PIPERIE RIS A DR TR L RN OV A ERFD
JIVAR 7 3w FORIFE L. TNHMED 9OV S F
TORGEYMENE 2 B & Ui 211> T b, il
BRAT75 7 A5 (D, 4 2L UBORYS FTOENE. &
K 65T, 30 2 UMDY FTOBESIEFIMIE. &A 43T, 1
WO R TOBHIEEIT> TV, JEERE 100T O
FEER, KO BRI OOV ZEREHGOREZHIR LT T 2w
F DOBFERIT> TV 5, A Y VHIEEHEER OV Mott #t
FRRARD R BRI A & W o Te RIS R Ok AS A
OAHEE 7R 2 TRMZENR E U, B FEAHDEEH %
BRLTWB, HANEED Stk 22 3720 Tx <,
H 5Bk S 29 % AR LTI Z B LTV,

AEVENEEEIER DR 4d BF Mott ##§ 1K GaNbsSes DREALERIR, /NE 7
Wi & BHIRGHLRRIRIE. BREHEE T =30 K SHFENB LV EKRER
F v v TEFOREGFMMREERENERE L TVSILERLTVS,

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
Tm = 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 to 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.

ZRITEHEBIRE M K -(BEDT-TTF)2Cu[N(CN)2]Br DRI SRS R BIEH. Bk
BICE > TRIZEAIFI SN, BRSBTS Ho U ETEEERELE S,

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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/ J A ?‘é" m % % Kohama Group

FiZE T —< Research Subjects

L—H' =% IO T2 RO EF N ROWITE & 2 OGRS
DIsH
Magneto-optical measurements with laser optics and its application to ultra-
high magnetic field science

2V ARG RIS 350 % NMR JII5E & Rk oIS

NMR measurement under pulsed fields and its application to magnetic
materials

PRI LH 0l 72 FA D T BB E T D 7
Development of new measurement techniques with nanofabrication technology
HI5E Y % O 7o EFREI OB & b R 2 7V figik o
AV =
Observation of quantum oscillation in ultra-high magnetic fields and
fermiology of topological insulators

B B IER

Research Associate
GEN, Masaki

HEEIR NE B

Associate Professor KOHAMA,Yoshimitsu

FI Course
TITERYETSE
App. Phys., Eng.

100 T ZitB 2 % sk, S REETE0RET
HNEETH - TMIREREETH D . AR OWIZREI WV 2
%o TOXDRMIRERE FCRREEEYMESNTFEEINT
BO. YHIKETER NS HaYEHERORRZ LU CHRAE
HIfELTW%, TAEmRTELELCE, N, L—Y—Z2Huv
TeREAOEAED, T2, Sin T 734 21 & % B e di B A
EHUE), T3, FPGA 7731 AIC & 37 %)L Ahig NMR il
EL, T4, ar 00 ARG R TORyEhPEFET &7
e UIEMRELTEDY, ThUTK DL s BE 7RI
B B8R HER L T05, BIffOFaT—<Ik, RO
D7 VAR BIEEY I 351 B RIS EELRIE DL,
HTACVRIEEMOMGFRHOWRTH %, mikHxH
X 1000 T fE T ORI 28 THBb, 20
BERL O 72 DI RRRE 8 LR R 35 K OB IIE Bt O B
EHETNVTN DS,

0-(BETS)2l3 DRFRGHUSISEE (2) ERICH 1T BHSIENZIR, B & FITICHE
HBEMMY 2 &, B ZIVEBKIEENRICK 2B OBIIBRMRHVFAETND.
(b) BREEZBEICHISZET T 2 & EQHSBRAGRAINS,

Unique magnetic field response of a-(BETS)2I3 (a) Magnetoresistance at low tempera-
tures. When a magnetic field is applied parallel to the current, a negative magnetore-
sistance due to the chiral magnetic effect is observed. (b) Positive magnetoresistance is
observed when a magnetic field is applied perpendicular to the current.

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.

SHIESE (6N) HBfE>fc a1 IVIc kB AV TNV ABSRE, BRISKEENY D
LTAMLEESMERI VL /UL ARES, FMISREERETANLES
FESO A IVIC K BNV ABES.

Long pulsed magnetic field generated by coil using high-purity copper (6N) wire. The
black line is a pulsed magnetic field generated by a high-purity copper coil cooled with
liquid helium. The red line is a pulsed magnetic field generated by a high-purity copper
coil cooled with liquid nitrogen.

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/kohama_group.html
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NVF T 211y 7 WE O AR
Field-induced transitions in multiferroic materials
ERIREEIC B51) % & THHHRES
Electronic phase transitions in the quantum limit state
7V ABETES NI 30 % ik RS E
High-speed polarizing microscope imaging in pulsed-high magnetic fields
R0 27 VI O sEidE Y R se

High-field study of topological materials

BhER OBE A B =ZHN B
Research Associate Research Associate
KONDO, Masaki MITAMURA, Hiroyuki

B mx B
Professor TOKUNAGA, Masashi

HIY Course
HEERYES
[Phys., Sci.

BEBE KT m
Project Research Associate
KINOSHITA, Yuto

BB TORE V| WEHEE) B X O E#EER T %
NGTHD . YTV DIEIAN B OWIHCARI R TH %,
F4 3 EE 60T FToV A5 FiC B 2 Witz
WUT, S FTRETZ2H LR TIRES X UCIEAER
WAL R OEREIT> T\ %, i FTHNZHHR0
AEEEL MRS 27201013, SHEAYHEEESOREE T
HEST 2T ENEBETH D, KA, 7OIVAY FTiELT %
RéME, BAUENE, AN MG, SR, RER E £ b
ZBREICHHT 2 FIEEF - B LT3, b
OPEZERME LT, SIVF T zaAy ZYHEICE T %2754
BEPIMES® b R o A7)L s B O R AUE R 7 & 2 e LT
W5,

FI4ER 40 PFFEEE O EN I X CEBIL R 2170, BEL
IEE - REAE VRYE. hRa Y kU & O
VIRt Ze 2 B L T %,
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}
N,
:

BiFeOs ICH 1 BTN RDHIS Ak, BARIE 20 T U EDOMESRE
BAMARIC BV BRI L & A Y BRDOBROBORIETZ XY,

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.

B(T)

b ROD AV BiSh A2 DOHtiERIET. IBNEROBREMSKELRZHS—

7Oy b TRL ERETHBZENT 5E 1N TAETHEGD SFERBICEK
B LI, 20 T AHE THTEHMERIRICTE B,
Longitudinal magnetoresistance of a topological insulator BiSb alloy. The color plot dem-
onstrates field and temperature dependence of the resistivity. Application of the magnetic
field causes semiconductor-semimetal transition at ~I11 T, and induce a novel insulating
state at ~20 T.
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B SRR E R OB D R
The magnetic field-induced insulator-metal transition of strongly
correlated materials

B A S A ORI A AR O 2R
Quest for the magnetic field-induced phase transition in the ferroelectric
material

RS B 2 7 7 > 5V T — )L A B ORI IR E

Excitons in van der Waals solids at an ultrahigh magnetic field

B L2 3503 B RSN R D Bk

Quest for the magnetic field effect on photochemical reaction

B#E BH #BA

Research Associate
ISHII, Yuto

i WHE R
Professor MATSUDA, Yasuhiro H.

FI Course
FIEFMER

IR 2 VW TR FIRBO A A 5 IR MmMEEIc b R E
2 RE T kR, IFEEINRE R OBRR 21T TV
%, 1000TICBVWTHHEFTRAL Y PHIEZECT
100 meV D T 3)VF =DM T2 T % EHFE NS
W FEEPTIEIRR B EERDEIIL TR Y, 2O 3
F—RAT —)VEFATINCHRE NG S, BRI, VO2z DX S
THBEARTEZAINVF—F vy TN 1eVDA—H—ThH 5
M. 200~300 T F2E DRSS THuf AL 5 BBICHEER T 5,
—Ji. TOMEEROMBEOFICE 2D, VIET O RIKIC
e E NS V-V IO FHUENHES CTREZET 5% TH
%o RN T ML CHIN S BISUS, Tl O ERRES (109 T
FEEE) THAU % He 7% EDI3F DOt & BREIC BV TREE
Nb%, TOM, BIZEAD SFHEERIL 2N ERE £
BRI BT, g b O JEHEE SR R & 28
BIBIROEERZIT> T %,

VO, DREZHIEHR AR RES

Magnetic field-induced insulator-metal transition in VO,.

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/y._matsuda_group.html
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We are searching for non-perturbative magnetic field effects, such as
large changes not only in the electronic state but also in the crystal
structure, using ultra-high magnetic fields. In solids, the field-induced
energy scale can be effectively enhanced due to the competing nature
of the various interactions. For example, an insulator such as VO, has
an energy gap on the order of 1 eV, but it undergoes a phase transition
from insulator to metal at magnetic fields of 200~300 T. On the other
hand, the key to understanding this phase transition is the picture of
the destabilization of the V-V molecular orbitals formed in the dimer
of V atoms by a magnetic field. The phenomenon of the breakdown
of molecules in solids in a magnetic field is expected to be similar in
mechanism to the breakdown of molecules such as Hj that occurs in the
huge magnetic field of the universe (about 10° T). In addition, we are
searching for novel phenomena caused by non-perturbative magnetic
field effects in a variety of other objects in ultra-high magnetic fields.

ERT X% Mn BLY OB REHER

B-T phase diagram in Bi-based manganite
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B &7~ 7 7L B
Magneto-spectroscopy on quantum materials under ultrahigh magnetic fields
ORI I LA 1 72 35 U 7 R 1 AU S E
High-precision electrical conductivity measurement using microfabrication
techniques

IOIVAS T 20y S ORFE
Magnet technology

B BBk X BEBE v Vsv
Research Associate Project Research Associate
SUDO, Kenta YANG, Zhuo

HHE =R BE
Associate Professor MIYATA, Atsuhiko

HIY Course
FEEMER
[Adv. Mat., Frontier Sci.|

AR TIE, JEHE VA< 7 %y FOBFEN S, 2OV
A FIC BT 2 HAEFIEOMG. & SICIEmiiE
HHEE TE—HLUTHEEL TV 3,

HAEE, B ATr—RL—%— (QCL) ZHW\Wiz/)LA
B BT o~V o @Eb it % & e eic, i EE
Ei7 13 U &9 2 MUNatEHS i 2 BEEOE #5008 (AR - 3T
FRAVIEIK) O @K L ds K Uz AR L O BRTRICEL D
ATV, chUCkD, 77 FIVT—)IVAYEICE T %
Kz e IRMEDRRIA, Bk 1~ 7/ ks ORI E,
TSI TE TIRIEDO M FRMER Z OIS E O R His LT
W5, 5, BRAA Y —L (FIB) Z MW MHihnT
iz 16 U 7 dbg FE FE AUREE 2 BB L. B TR IR AE
ICHBT 2 EIREEDRIICEL D fHA TV,

F 7z, 100 T 2B % A7 ZiBsskE oyt
IS & RIS PRER U, MFRERES T CHRAEL S 2 B TS
DBRZREHEEL TV 5,

T 7Y TIVT — )V AR FePS3 TlE, YU U HSIEEICHR LIcEXGHR
R_BEHENREEN TS, BERESZMML. BIRFEONHEZZ(LE
BT Llck) . BERGRIL_BIEORIEZRREE LT,

In the van der Waals magnet FePS3, giant linear dichroism is originating from the zigzag

magnetic structure. Ultrahigh magnetic fields can control the giant linear dichroism by
changing the symmetry of the magnetic order.

Our laboratory focuses on high-field science, ranging from the
development of non-destructive pulsed magnets to new measurement
techniques under pulsed high magnetic fields, as well as a wide range of
measurements in high magnetic fields.

Currently, we are advancing terahertz spectroscopy under pulsed
magnetic fields using quantum cascade lasers (QCLs). We are also
improving the sensitivity of magneto-optical spectroscopy in the visible
and near-infrared regions for micro-scale samples, including atomically
thin films, and developing new magneto-spectroscopy techniques.
With these approaches, we aim to elucidate unconventional excitonic
states, achieve magnetic-field control of exciton—magnon coupling, and
deepen our understanding of the symmetry of electronic states and their
magnetic-field response in van der Waals materials.

In addition, we are conducting high-precision electrical conductivity
measurements utilizing microfabrication techniques based on focused
ion beam (FIB) processing, with the goal of elucidating electronic states
in the quantum limit.

We are also advancing megagauss science in magnetic fields exceeding
100 T to explore novel quantum phenomena under extreme conditions.

77 TIVT — )b ZAHEE SnSe &, camel's back BIDHEFHEEEZE T 5.
FERGIE )V RABEIS T COMKB BN ICKY . ZDDMEFHE— 7 I
BB T OO EENICRIEE Nz,

The van der Waals semiconductor SnSe features a camel's back valence band structure.

The magneto-transmission spectroscopy provided direct evidence for the formation of
indirect excitons associated with the two valence band maxima.

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