':I:I % m % % Nakajima Group
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Rk TIRELIC K B M RR U A IVERIF E ZF DR A F I Z A
DI

Neutron scattering studies on topological magnetic orders and their
dynamics
B i 6t P T G TR 72 R O T BEME R O RE SRS A7
Magnetic structure analysis by means of polarized neutron scattering
BT INTEIE 172 D T2 28 AR B M EBL S D Bilih
Exploration of novel cross-correlated phenomena induced by
anisotropic stress
Wi BN GELIE 72 IO T2 SOU R s - O il ORI IF %
Study on magnetic structures in high fields by means of time-resolved
neutron scattering with pulsed magnetic fields

A

UL G
Research Associate
SAITO, Hiraku

\\ S
HHE e ZH
Associate Professor NAKAJIMA, Taro

FI Course
TIERYETSE
App. Phys., Eng.

EARDRAIMEEIEIERICH KM BEISENTHE O, KM
WK ENTET—<ThH %, HIZAIXELDETICDH B
HTE. BRHOZAE U HEFEINCTHE CATENCHT > TR
MEELTWVD, ThlAcE, S8 ARIDME R R4 &
SR DEAET 20, JLEZTND O R Y VS| OB 221
R, MEOFEE, (8, B0 EERKEL
ZEHEE T ENHLENIIR>TE, AIFFEETIET D
X9 TREVHRFIC X > THER T SN2 AR S
EERMIRT—<E LT3, il LT, S58ARDREA
HFEIC L > TER WAL CEIVF T 2aAL vy 759, b
R YAV IR SIS Th DA AT IV S 4 a5
E LT, PETEGEL & XOREGEL 2 W CRES TR & 2 il
REEZIHSMCT BT LICID ATV S, iz, T
GLE Az RSG5 XL, ZEMBERE T OREPR
EE R E, B TERTIC & IO s,
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VYIE MnSi DEES - ERTERER, 02T OEBSHRTRME - 2895 &
THEREAFIVIH VIREHRIFRT 2,

(a) A schematic of magnetic skyrmion lattice. (b) The equilibrium and metastable state
diagram of MnSi. The metastable skyrmion lattice state is realized by a rapid temperature
sweep in a magnetic field of 0.2 T.

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

Magnetism in solids has been extensively studied in the field of
condensed matter physics. A well-known example is ferromagnetism,
which means that magnetic moments in a solid are spontaneously
aligned to be parallel to each other owing to exchange interactions.
Besides the ferromagnetism, there are various types of orders of
magnetic moments, such as collinear antiferromagnetic and helical
magnetic orders. Among them, non-collinear or non-coplanar magnetic
orders have recently attracted increasing attention because they can
lead to time-space symmetry breaking which may dramatically alter
electronic properties of the systems. We study emergent phenomena
induced by the non-collinear/non-coplanar spin orders by means of
neutron and X-ray scattering techniques. One example is spin-driven
ferroelectricity, where a spiral magnetic order breaks spatial inversion
symmetry of the system and leads to spontaneous electric polarization.
Another example is a vortex-like spin texture called magnetic skyrmiom,
which often appears in a long-wavelength helimagnet. By the virtue of
the topologically-nontrivial spin texture, the magnetic skyrmion induces
an effective magnetic field acting only on conduction electrons. We are
also exploring new methodologies in neutron and X-ray scatterings, such
as time-resolved neutron scattering, to investigate the unconventional
magnetic orders in detail.

1=0.50's, Tnor
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MnSi DERERXF IV F VIEFHB UV RICE > THER L. ZOERBEREN
218127 BN B HEF/ ) VAEEELIC K o TERIAI L TR,

The results of time-resolved neutron scattering measurement on MnSi in a magnetic field;
the hexagonal diffraction patterns correspond to a triangular lattice of metastable sky-
rmions.
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HiZE T —< Research Subjects

B SERiE R~ 7 DI A TV
Chiral split of altermagnetic magnon

Bz BERORAF I TR

Dynamics of spin supersolid
FEF o EdR DR

Development of neutron spectrometer

BE EH B
Research Associate
ASAI, Shinichiro

B RM EH
Professor MASUDA, Takatsugu

FI Course
HEEMER
Adv. Mat., Frontier Sci.

SERED B IGH F TIEIA SFZEE N TV 2 HETERIE. BFB
KOOIV T 47 ELTEZOHKRZED TV S, K
MR, BRARHEMER OB LT BS - & TIREZ 5
MICHER L, ZORMZMIATSLZHEELTVWS, T
IC J-PARC IC&E ENTW % HRC 73 tdsz R L7eitge (O
M) ZHEEL TERD, T THEE. Btkho X 1) 2
U A% CHIE T 8 LW H 153 )% 2% HOrizontally
Defocusing Analyzer Concurrent data Acquisition (HODACA,
K (@ BI8) ORFICE F2IAT Tz, 2023 EEICT T A
L — MgEAA CsFeCls 72 HW FeidBuE iz rb Nz, A (b)
WKWRENBZXIICELL T Ty T E—=7BEE N, HK (c)
IOREND KD ITIATIIZE & — BT B AU B E Nz,
PERDIIIEAR LT 7 OfEDORERNIRTH 2 T LAPISMhE
ToTze 1%IE. HRC 70)6di & HODACA 73 Yeai D ARHAFIFIC
X0 REWNAS T 2 DAL TIVRHE, A VBRERD X
AF VA, AEVPEAE e EOFH LWHRZRERT 5,

25 L L 1
-2 -1 0

(—1.33,0,1)

—
[

(a) REHEER MnTe DFREFANY bl 892 meV DY/ VHRHERIEN
feo (0) FTEENIRUEFIEERTFOAHA SIVIE, DRLEIY/ VHEESDH
ASVTAZR/DOTEERLTWS,

(a) Neutron spectrum of the altermagnet MnTe. A magnon splitting of approximately

2 meV was observed. (b) Calculated chiral term of the neutron structure factor. The split
magnons have different chiralities.

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/masuda_group.html
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Magnetic materials, which are studied across a wide range from
fundamental research to applications, have also attracted significant
interest as a frontier for exploring quantum phenomena. Our group aims
to experimentally discover novel quantum phenomena and quantum
states in various magnetic materials and to elucidate their underlying
mechanisms. While our research has primarily utilized the HRC
spectrometer installed at J-PARC (see left figure), in recent years we
have also expanded our efforts to include the development of a new
neutron spectrometer, the Horizontally Defocusing Analyzer Concurrent
data Acquisition (HODACA, see right figure (a)), designed for highly
efficient measurements of magnetic dynamics. In fiscal year 2023, a
test operation using the frustrated magnet CsFeCl; was conducted. As
shown in the right figure (b), Bragg peaks were correctly observed, and
magnetic excitations consistent with previous studies were detected,
as shown in the right figure (c). It was found that HODACA offers a
measurement efficiency 70 times higher than conventional spectrometers.
Going forward, by complementarily utilizing the HRC and HODACA
spectrometers, we aim to explore new phenomena such as chiral magnon
splitting in alternating magnets, the dynamics of spin supersolids, and
spin-wave spin currents.

3
s
€

-1 1

0
(13,13, (. 1. w)

(a) HODACA 73 /t#a &=, (b) HODACA TEEIE N7 5 X b L — MEEMEAK
CsFeCls D75y =2 70774 )b, (c) HODACA TERIE hfz CsFeCls D
BRUBEEANY b b, BIRISFITHZRIC K SRR

(a) Overview of HODACA spectrometer. (b) Bragg peak profiles measured in a frustrated
magnet CsFeCl; by HODACA. (c) Magnetic excitation measured by HODACA. White
curve is a theoretical curve reported in a previous study.
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T ORI 0TV DBRIN L A g = X L DR
Toughening mechanism of tough polymeric materials

LT X SN LG Z W Ic 2 R Rm TV 7 b 2 —
PRI OHEIE T
Structure of multi-component polymer and soft matter systems by
small-angle neutron/X-ray scattering

PR ELIE 2 IO Te 2RO RE 0 1 - V7 bR X —
MRID R A F 3 A figh
Dynamics of multi-component polymer and soft matter systems by
quasi-elastic neutron scattering

- B B OERR
Research Associate
ODA, Tatsuro

HHE BES #—
Associate Professor MAYUMI, Koichi
I Course

HEEMER
Adv. Mat., Frontier Sci.

AEETIE, @ TZECHELEY T M 2=t
FEHBMEOIRIAZ A¥g LT\ 5, BIZE, 9/ - o7
)b T OREIEHIENT K O 5550 A O BEARE I (X TR A I 1)
LEUDDHO., ZDOXK D ImEsiE sy TAENE. AN TR
ANTIMEZREDEFEMEL, V7 haRy NHOY 7F 21—
Z—. H o RITHE EICHW 258 R & U TO IS D AT
ENTVD, A, ElES D FMRICR LT BT -
X A INAEELL S K O A dEGR PERGELIE IS K > TETE FIC
BIBF MG ZAF 7 ZAOFHNZET-o T3, EoT
MEHIZ K T ENTWVE T DN —RNTHZH, firt
THELEZ WS &, KRBT U TIC K > TEMERE
F BINWICBIET 5 EAHREL 75 %, BUELIEIC &> THH
MM ENTFEERES « XA F I 7 A&7 ain)i - s
260 & OB ZEIHT % & & &I, FRMRERGHRH OTR
1o TV,
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before A 4 stretching
stretching £
(x13)

BRY S EBDFHMERLL. HOMMZHCESWET IV ERRE L, T
DfFRFEERIE. DZRYBRC EEEL. BEMRY IVISTORES TET
ER:N

We have developed self-reinforced gels in which polymer chains are crystallized under
stretching. The crystalline domains disappear immediately after the strain is released. The
reversible strain-induced crystallization simultaneously realizes high toughness and rapid
recoverability under repeated deformation.

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

The research goal of our group is to understand molecular mechanisms
for macroscopic properties of soft materials. One of our targets is to
understand toughening mechanisms of polymeric materials. Recently,
the fine control of nano structure has significantly improved the
mechanical toughness of polymer-based materials. The tough polymeric
materials are expected to be applied for biomaterials, soft robots, and
structural materials for automobiles and airplanes. To reveal molecular
mechanisms of their macroscopic mechanical properties, we study
nano-structure and dynamics of the tough polymeric materials under
deformation by means of in-situ light, X-ray, and neutron scattering
measurements. Especially, small-angle and quasi-elastic neutron
scattering measurements with deuterium labelling enable us to observe
separately each component in multi-component systems. By combining
the nano-scale structure/dynamics measurements with macroscopic
mechanical tests and molecular dynamics simulations, we aim to
establish molecular understandings of toughening mechanisms for
polymeric materials and discover novel molecular designs for tough
materials.

—g@r— stretch

self-reinforced gel

BEOBDFTIVDEE. BREANHBREZ5|0k2 L. TCICBRNE
BLT. BILTLE S, —AHT. BEHETILTIE. BROBFDICEVWTS
DFEDB|ELEFENTRERILT 2T LT BROERHIHIENS,

When we stretch a pre-notched specimen of a conventional polymer gel, the crack
propagates immediately and the sample is broken. For the self-reinforced gel, the strain-
induced crystallization of polymer chains near a crack tip suppresses crack propagation.
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Ea E{ % % Seki Group

AWFZERE T, 2N aEE (Ro Y — « fFrdE - X
TeMER &) VL e E B 2@ U T, SR L Y
faZZ R« A¥Y by ARERRIIT A2 L2 HIEL
TW5, i, BrORSEWVIZIEL S5 2 5N ELR
BHC K-> THIEE NS, —75. bRa YV EkFEihEz
PES W T BTN - T2l TS T Lic kb TE]
FEM | EHIN S ERIANEEIGNE TS T ENRR
TN, ZOREMAY RIS E A OB O FIE T 2 AR A
DAEZ ZAREMEMDTVS, T LIERO RO Y— - 3t
RIE « XoetEic sk Uz RSO B TSN R 2 88 0
A B, MENIRERIE D T YRR )5 &
EW I UTHMET % L & &I, N TR ZEREL 721
7T INA ZOVERK #HZ 8 U C L BHENS 27 1 7 UL -
HEERE IR Yy VT EDISHIC D RN S, H LW TR HE
DFBUCH Y LS,

FEHR B HE—#
Visiting Professor SEKI, Shinichiro

Our group develops novel electronic and spintronic functions through
the exploration of new materials with nontrivial topology and symmetry.
Usually, the behavior of electrons is controlled by the external electric
and magnetic fields. On the other hand, in materials with topologically
nontrivial orders, electrons feel giant “emergent” electromagnetic fields
due to the curved geometry, and their effective use can dramatically
change the way to control electron dynamics. In collaboration with Prof.
Nakajima group and other members of ISSP, we design and synthesize
new material systems to realize such unique quantum phenomena. By
employing the state-of-the-art crystal growth and micro-fabrication
techniques, we develop novel electronic functions potentially suitable
for various applications such as information processing with ultra-low
energy consumption or information detection with ultra-high sensitivity.
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International MegaGauss Science Laboratory
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B0 s 1 B st it B -~ WS et %

WhERTE, 7OVAR T 20w BT & - Tl g 7= 5
AU, BELRYE CREgk, B, B, Higikz L)
DFEFIREEZ TR TV B, JEHIER VR~ 7 3w ME 75
TFASHEZTRENETHD ., BXURE., JCAISE, W
b7x & O, & ERARE & A S DB Tl 5
REERICHWO NS, ERENNOMRESZ0E LS 5
HERPZOIZRICIRIL S SN T VWD, A—/8—F vy
Z—EJ (150 AA Y a—)b) LilAGDET Y 78
VA (1~ 10 B ZHViUE, #EEHS L U TR
BER LB AHETH O BIFMOIERIE 100 7 X TS
FRELCEHOENTWS, fly, BHERDSV A< 7 32y b
IIE—8&& a0k L BREEMTE N H D . 100 ~ 1000 7
AT DORERES = ENRET H Do MR I AR RS HY
T 2HAHSFERZEC T, AL - B> FH Y & Ol
BFHEANDEHE1775> TV 5,

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.

MERE Bk EE
Leader TOKUNAGA, Masashi
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HiZE T —< Research Subjects

FEMHE VA= 7 3w b DB
Development of Non-destructive Pulse Magnets
IS 7 F O T2 A €GB EAER O5fiv Mott ik OW9E
Study of Spin-orbital Coupled Mott Insulators at High Fields
ARIEAR DR T OWZE
Study on High-field Electronic Properties of Organic Conductors
7V AR C OYIERIE FiE DO B FE
Development of Physical Property Measurement Techniques in Pulsed
Magnetic Field

B eE A
Professor KINDO, Koichi

FI Course
BRI
[Phys., Sci.|

PIVERIE TR B T bk 2 IR B 0 SV AR 2D
POVAR T 20w bORFEE . ZNMMED IOV X9l T
TOREEYIEREZ A L LI 217> T3, flX
BIRK 757 A7 (D, 4 VMO T TOREHE,. &
K 65T, 30 VMO R TOBEXIESIE, &K 43T, 1
WO T COBNIEZTT> TV, JEREERYZE 100T D
FEAR . & O RO OV Agsii DRt Z HIFL T~ 7 2y

FORFEZIT> T b, AY VHTEMHEAEH O Mott

FEAARSe A B EEA Lo © TosRfid s ™ T OWPED AR A
OEHBE 7R TR AR E U, | FRKHE (5072
FRL TV, HANHEED SR 220 % 720 T/x <,
H 5 Blkd 2V EZ2 G L T2 ER L TV 5,
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AEVENEEEIEADEL 4d BF Mott ##§ & GaNbaSes DREALBRIR, /NE7E
b & ARG H LIRS, BREBEE T =30 K SHFENB KV EKRER
F v v TEFOREGFHMEREERENERREL TVWSILERLTVS,

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
Twm = 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 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.

J Lo
10 20 30 40 50
HoH (T)

ZRITEHEBIREM K -(BEDT-TTF)2Cu[N(CN)2IBr DEIR SRS R BIEH. Bk
BICE > TRIZEAIFI SN, BEEHRRS Ho U ETEEERELE S,

Low-temperature electrical resistance of the two-dimensional organic superconductor
k-(BEDT-TTF)>Cu[N(CN)]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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HiZE T —< Research Subjects

L —Y' =% HW RO R OIS & Z ORI F A
DILH
Magneto-optical measurements with laser optics and its application to
ultra-high magnetic field science

7SV ARG FIC 3503 % NMR JIlE & BRI
NMR mleasurement under pulsed fields and its application to magnetic
materials

T I T B8 72 P T BB E T D BFE
Development of new measurement techniques with nanofabrication
technology

BRI 2 F D 7o FARET OB & b R a2 AUk o
oIt ny—
Observation of quantum oscillation in ultra-high magnetic fields and
fermiology of topological insulators

AN

BE B IER

Research Associate
GEN, Masaki

ull
HEEIR NE B
Associate Professor KOHAMA,Yoshimitsu

FI Course
IERMETF
App. Phys., Eng.

100 T i Z2 % Wshtg iy, <l TE0RET
LINETH > IMRIREECH D . ANFARBEOWIREE & WV 2
%o TOXD RMIRERE FCRREEEMHMESN TEEINT
BO. YRR TR I NS HaTYRRERORAZ U THRAE
HIELTW%, TEERTELLCE, . L—Y—Z2Hu»
TR E L, T2, PRI 7781 A0S & % Bl disE 4
HHTED, 3. FPGA T34 R & %70V Z58kgE NMR
ELL T4, ary 00 AR R TOREhPEFai) Z%
Ha LB LTED., 2hic kL st - RIC
BUZHBHRKERERL TS, BEO AT —<IE, FRo
D ARSI 351 B RIS RIE DL,
BT RAEVRILEY OISR OHRTH 5, mt&izH
FECIE 1000 T fHIK OSBRI ZBT TED, TD
EERK O T2 8\ BRI 578 AR il 38 K O BIE Bl O BAFEIC
&N EFENTN S,

30 500
a k] P B
400} 23K
I
300 - 3.1K 4
200+ 10K 1
100 F 20K |
\ 30K
40K
0 100K ]
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45 L Lo
-30-20-10 0 10 20 30 40 50 60 70
B(T) B(T)

0-(BETS)2l3 DFFRGHUSISENE (a) ERICH VT BHSIENZIR, B & FITICHE
HBEMMY 2 E. B ZIVBKIEBNRICK 2B OBIIBRMROHVEAETND.
(b) BREEZBEICHISZET T 2 & EQHSIBRAGRAINS,

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.

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

18 T T T
16+ Lig. He—cooled magnet

14- ]

10+ 1
8- J

6- 4
4] Lig. N,—cooled magnet

Magnetic Field (T)

0.00 0.05 0.10 0.15 0.20
time (s)

SHIRESE (6N) BfE>fc a1 IVIc kB AV TNV ABSRE, BRISKEENU D
LTAMLUEESMERI VL /UL ARES, FMIGRERETANLES
FESAO 1 IVIC K B/ NIV RABES,

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.
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SIVFT v Ay Z A O AR
Field-induced transitions in multiferroic materials
STRERRIRAEIC 351 % B TR
Electronic phase transitions in the quantum limit state
28V AR SIS0 B e CRR I

Hi§hfspeed polarizing microscope imaging in pulsed-high magnetic
fields

RO VI ORI S
High-field study of topological materials

Bh# =H*
Research Associate
MITAMURA, Hiroyuki

BhER OEBE A
Research Associate
KONDO, Masaki

B mkx B
Professor TOKUNAGA, Masashi

-l

BEBE KT M
Project Research Associate
KINOSHITA, Yuto

FI Course
HEERYES
Phys., Sci.

W53 DAY Y HuEES B X TN EZFHN T %
WETH O UIEEIZE DRI B DRI R TH %o
A3 inm 60 T X TO/ VALY NI 2Rz
WU T, s FCHRET 28 LR FIRES KUIEETE
BB SDRR 217> TV 5, &l FTHNSBIRD
AHZIEL PR B 72DICi3, 2RI Z & WK T
WESTZHTENEETH S, L, 7OVARE T TR %
WATE, SBAUREE, FAEME. ME. WRRE, R EDZE
Z BRI S 2 ETFEZHFE - AR LTS, TNnb
DORGEZFMEL T, XV FT a1y ZYHEICET %585
BIPIES® T R0 )V 8 ORGSR R 72 2158 L T
W5,

FAEM 40 MHREOEN T K O EBILFRFZ 2170, M
TIIE - JRTEAY VRWE. AR D VIE S £ Ol
Vet BRI LTV B,
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BiFeOs ICH 1 2B KINRDHIS A AETF I, BARIE 20T U EDOMESRE
BAMEARIC BV BRI L & A Y BRDBROBORIETEZ 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.

10
B(T)

b ROD AV BiSh A2 DHtiERIET. IBNEROBREMSKELZHS—

70Oy TR ERETHBZENT 5 & 1N THETHEGRD SFERBICEK
B LI, 20 TAHA THIEMRIKICTE 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 ~11 T, and induce a novel insulating
state at ~20 T.
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1:,-& EEI ’i 6‘[—\ 61: % % Y. Matsuda Group

Fi35 T — < Research Subjects

SRAHBEEE TR ORGSR kG s
The magnetic field-induced insulator-metal transition of strongly
correlated materials

AR RO O PR
Quest for the magfnetic field-induced phase transition in the
ferroelectric materia

Bl ©58RBc 51 % 7 7 2 70T — )L AEADIHEE TiRAE
Excitons in van der Waals solids at an ultrahigh magnetic field

FUEARIRIC I 2 A RO TR

Quest for the magnetic field effect on photochemical reaction

b

B aH #BA BEBH M BB
Research Associate Project Research Associate
ISHII, Yuto HAYASHI, Hiroaki

i
iR MHE R
Professor MATSUDA, Yasuhiro H.

FI Course
HEEMER
Adv. Mat., Frontier Sci.

HRS 2 O CETIRED A7 5 I MEICE K&
AL RIE TR, JEEBINNSS I ROBREIT> T
%, 1000TICBVWTHHEBEFTRAL YR EZTEL T
100 meV FEE DO T 2 )V F—=MEH T T % L HFE NS
M. R TEEEL SHEERAMEFILTEBD., O3
F— 27 —)VIEETICHRE NG S, HlZIE, Voz &S
BHBFAETCEIIRINF =Ty v T 1eVOA—X—TH %
M. 200~300 T R EE ORGEG THukg kD 5 &Rz T %,
—J5. TOMIEB OO 755 DIE, VIEF0O mIkIC
ERE N5 V-V O FHEED S TREERT 2% TH
%o [EIEND T-H RS CHEN SIS TH OB KRS (10° T
FREE) THU % Ho 72 E D5 FDRHEE & BEREIC 350 THULE
NH 5B, ZoOM, BIZEHEDSHEEIL 2RV ERE, £
RIS BT, B8RS h O JEE IR RIC X % HT
BBROGBRET> TV 5,

0.5F T T T T T =

0.4] 293 K B

031

Transmission

Insulator
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0.1 B
1 1 1 1 1
0 100 200 300 400 500
B (T)
VO, DHIGHRMG AR B

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 H» that occurs in the
huge magnetic field of the universe (about 103 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.

350 T !

T =|
Bi,,Ca, ,MnO,
TCO down B . o
300 By e o CO-melting region -
e _ o ferromangetic
250 —Charge @ fluctuating phase 9
order (CO)
. 200 si.. (double exchange)
3 para
~ magnetc @~ @
T 15,00_ 9 ------ hysteresis b
N i . —@
| ERCO)
10012 Wi Bw2 T
* ® antiferro ® B"w m°
50 |- :magnetice ~ Gradual -  magnetic —|
H CO melting saturation
T*_’O" L ! !
0 50 100 150 200

B(T)

ERT X% Mn B OB REER

B-T phase diagram in Bi-based manganite




E’ HEI 61: % % Miyata Group

B35 T — < Research Subjects

HRAEY T C OGO « THz 730 EE

Magneto-optics and THz experiments under ultrahigh magnetic fields
RGP O SR Y

High-field study on quantum magnets

ISIVAS T 20y - ORiFE
Magnet technology

HENH 1B =

Project Research Associate
YANG, Zhuo

HHE =H BE
Associate Professor MIYATA, Atsuhiko

FI Course
HEEMER
Adv. Mat., Frontier Sci.

AWFZEETIE. I VA T 20y S ORTE - 73V A
5 R C ORI a R RO « s IEE £ T —d@
DIT>TWVW5B, BifE. /T AAT— RL—P =2
AW BT NIV )t &R IR RE £ Oy NaRHS
X9 2RO (AT - BRIV Zi ATV B, C
UCE D T7 TN T =)V A EAR TS N R R
IR FIRE DRI - R\ & A Vs Ik - ke
iz EDR RNy FRGEDOMRZ KD %, Tz, 100T %
G A AT A ARG T OYIERIE I & BRI ER D A
ATV,
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Magnetic Field (T)

77V TIVT — IV AT FePS3 TlE. YUY U HSIEEICHR LIcEXGHR
R_BENREENTL S, BRESZMML. BIRFONIEZZ(LE
BT Llck) . BEAGRE_EHEORIHERES 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.

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

We have been working on magnet technology and new measurement
techniques for pulsed magnetic fields and also studying ultrahigh-
magnetic-field science. Currently, we are developing THz spectroscopy
techniques using quantum cascade lasers and magneto-optical
spectroscopy for atomic-layer materials. We apply these techniques to
van der Waals magnetic semiconductors exhibiting exotic excitons and
topological Kondo insulators and excitonic insulators to understand their
unconventional band structures. We are also working on megagauss
science using destructive pulsed magnets.

Magnetization (ug/f.u.)
('n"e) Hp/WP

0 20 40 60 80 100
Magnetic field (T)

Yafet-Kittel 227 = U BEMEMR (MnCroSs) DEIRESZH(LEBEE. Mn & Cr 14>
BICEB AEVRFHEEERICE>TT I M REEZEEC R EHTIEEE &
BT &=mLic

Magnetization process of the Yafet-Kittel ferrimagnet MnCrzS4. Strong spin-lattice cou-
pling between Mn and Cr ions is the origin of its rich phase diagram including a robust
magnetization plateau.
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Center of Computational Materials Science
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b it R E R A O 2 —

MEE A== Y ¥ a—RIcREINZIEEDFE
FROFBICHE > T, KGRI RIC X 2 ER
NDT Ta—FHWEATH %D, AV Ea—2ZFH L
EIMETINC K > T WA - EREIC BT 2 mFERSY
PS5 BRI R N 5 PR T NA X
AR EMIC B 2 B IG5 E SRR PEE SIS
FEODL T EMHRFENZICHMBEICE S T JLWFIPH
WKBWTEHERRENEN> TV, Aty Z2—F, 7—
ZAIH < TR T 7OV T Y 2 7 b TE
Ty M ERASHLEE LT, TEE SUIETZeRT
LFEFHANNa Y 25 &3 25 EEIROEHZ8E U T,
NS OFEICHICID A TVWD, T5IC, 332
ZT A4V T b TR - DT DY A b MateriApps
DR « A & LEEAM OBER DT DICEI RV ER
FEENMER « EE< Y F 2771 rZ L (MP-CoMS) Z it
HTWV5,

As symbolized by the Fugaku computer, massively parallel and
exhaustive computation is actively used for solving problems in
materials science in recent years. In fact, computer-aided science has
been providing answers to many problems ranging from the most
fundamental ones, such as critical phenomena in quantum magnets,
superconductors, and superfluids, to the ones with direct industrial
applications, such as semiconductor devices and electrode chemical
reactions in batteries. Due to the recent hardware trends, it is now
crucial to develop a method for breaking up our computational task
and distribute it to many computing units. In order to solve these
problems in an organized way, we, as the major contractor of several
national projects such as Fugaku Computer Project and the DxMT
project, coordinate the use of the computational resources available
to our community, including Fugaku and ISSP supercomputers. In
addition, we also operate the web site, MateriApps, which offers easy
access to various existing codes in materials science, and in order to
develop human resources for the doctoral program, we promote the
Advanced Human Resource Development and Industry-Academia
Matching Program for Computational Materials Science (MP-CoMS).

trva—K RB &=
Leader OZAKI, Taisuke
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3 i% m % % Misawa Group

HiZE T —< Research Subjects

B 5P 2 RREID )5 B R T OR%

Development of numerical methods for quantum many-body systems
R RT Y AV B B RS

Quantum transport phenomena in topological materials
B =72 € Uik - iR

Quantum spin liquid * High-Tc superconductivity
B 5B RIS S B 77— X MBI gE

Data-driven research for strongly correlated electron systems

AR =ZF &R

Project Associate Professor MISAWA, Takahiro

BT 2RO TH 2 EADOMMAREE R TIE. &
IR - BT AY RIKICREE N2 Ha 8 FHEE <
FEY %, TNEDOBGETRIL T2 Az I L T,
HHA - FibkREZ B9 2 T L IZERERIIBI 2 DR S R HIR
TH%, AWMHETIE, TOPIRKMZIEICH LT, Ik
DHERTIE L A —/3—a V¥ 2 — 2 %2 [ T KB EG
ZERES % L THRDAMA TV, FRC, H—HBEE L &
A5 1 B RS R AT 2 AL A B D B T2 B — SRR AH B R R
HEORFEZIT>TH D COFEZHVS T LT, i 5
EPAY VK - HIRE R oRa 22U E O frar s F AR O R
P25 TV 5%, mILOWIIEH & U TR & i (R85 A D
WA RINIIV S 2T DT — XRS50
KICBI B BF A VRIADIRRZ ENH S, EHIC, H—
JEBRREAHBE SR 12 D e 7 — 2 B ) O 7 — 2 72 RG]
Lle T — 2 EREOH L EH TV S,

Ae [meV]
odh

06

0.4] I%'V'SAP

Ab initio  []

Exp O 02/

B-X(Pd(dmit)alo (X IE A F 74> ) DE—REFMREDETZ1T o iR, B—RIEHE
TR&T BB (AF) & BF AU RIEE (QSL) DI R IVF—7 Ae = EqsL-Ear( B\
1& X = EtMesSh TOBFAL Y HfHRZ EGCRBIER (BEE) 2L <BRLTV S,

Results of the ab initio effective model analysis of B'-X[Pd(dmit)2]> (X represents a cat-
ion). From the ab initio calculations, we obtain the energy difference between the antifer-
romagnetic (AF) and quantum spin liquid (QSL) phases, Ae = EqsL-EaF (shown at wall
surface). We find that the theoretical results well reproduce the experimental phase dia-
gram (shown at bottom surface) including the quantum spin liquid phase at X' = EtMe3Sb.

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

In strongly correlated electron systems in solids, which are typical
examples of quantum many-body systems, many exotic quantum phases,
such as high-temperature superconductivity and quantum spin liquids,
emerge. It is a grand challenge of condensed matter physics to elucidate
a deep understanding of the physics behind these exotic phenomena and
to predict new phenomena and functions based on the understanding. In
our laboratory, we tackle this challenging issue by combining state-of-
the-art theoretical methods with large-scale numerical calculations using
powerful supercomputers. In particular, we have developed an ab initio
method for treating strongly correlated electron systems, which combines
ab initio calculations with highly-accurate methods for solving quantum
lattice models. By using this method, we have studied exotic quantum
phases such as high-temperature superconductivity, quantum spin liquids
and correlated topological phases. Recent examples of our work include
the data analysis of ab initio effective Hamiltonians for iron-based
superconductors and the study of quantum spin liquids in molecular
solids. In addition, we are now conducting data-driven research using the
ab initio method for strongly correlated electron systems.

60 r T T r r
@11 Fe-Se 00
B11 Fe-S 0
50 f{w1lFeTe ° o 1
@111 Fe-As
A111 Fe-P
. 40 o122 Fe-As °® |
[ @ 1111 Fe-As
— 30 Ha1111Fep ® o i
& 42622 Fe-As| o ¥ @
[o) A 42622 Fe-P
SIS |
A ]
10 | :
'S
0 L L

0 10 20 30 40 50 60
Tpredict [K]
o

BRBLEFOE—RIB/N\Z )V FZ7 VOMBH/NT A —2 0 5BEREINZE
RETILOS/SNERBTHEONERRE (TP) SEHFTA L ERRE
(TPredict) DLE#, ERETIVHRBERSE &K CBRTETVR T EHDD B,
Experimental 7¢ (7c%*P) vs. predicted T (Tcp“’dic‘) obtained from the regression model,
which is constructed from the microscopic parameters of ab initio Hamiltonians for iron-
based superconductors. We can see the regression model reproduce the experimental
results well.
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Laser and Synchrotron Research Center

84

s O & — L 2 FOEREAEE R o 2 —

MRk — L > BERMASE 2 > 2 — (LASOR) T,
MU SOV A 8RS L — P — R8T L — W — 72 & O MR
WL —Y—B XU, ¥r7a b U ahec X 3 e
E— LT 2R L, SR YEREERERL T b,
L—W =R R s 2 a9 A EANTE
Z—U T H L. mMBEORGHEEZAIHELTWS, T
NS ORI EFNT, T IVY S X RE TD
JENT 3V F—HIPH T, W Y. BRI
HEE I RRECEE e, A U mMs e, BEME. [T
DAL, A A= 2T FHD IR E DM ET> T B,
N5 ORIRN R AR DY Tk 2 WV TRk, satiR
e, GEwE. EARYE. XK, A & OELEEE
e L b B, L—Y—InLAE, HEZhRDTNS
EH OGRS EE A OAIHEZR S 5, ML BXU
& v 2 /SATOL—H—FF - 5YEDfiic, SPring-8 %
T/ T 5 RCBO TR X B DO 2 7> T,

The Laser and Synchrotron Research Centre (LASOR) is developing
new lasers with extreme performance in ultra-precise, high-intensity
and ultra-short pulse lasers. The state-of-the-art soft X-ray beamline
is also being developed using synchrotron radiation. LASOR is
responsible for advanced spectroscopy, such as high-resolution,
time-resolved spectroscopy, diffraction or scattering imaging, using
new coherent light sources based on laser and synchrotron technology
over a wide spectral range from terahertz to X-ray. In LASOR,
a wide range of materials sciences for semiconductors, strongly
correlated materials, molecular materials, surfaces and interfaces, and
biomaterials will be studied, as well as industrial sciences such as laser
processing using advanced light sources and advanced spectroscopy.
The aim of LASOR is to integrate laser science and synchrotron
radiation science. Most of the research activities on the development
of new high-power lasers and their application to materials science
are carried out at Kashiwa I and II campuses. On the other hand,
experiments using synchrotron radiation are carried out at SPring-8
and NanoTerasu.

trE—R IRET

Leader KOBAYASHI, Yohei
Bltr2—K #l®RX
Deputy Leader AKIYAMA, Hidefumi

Bltr2—K RHEA
Deputy Leader HARADA, Yoshihisa
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ﬂi ﬁ 61: % % Itatani Group

HiZE T —< Research Subjects

AR & N7 iR R RV A L— Y — D BiFE
Development of phase-stable intense ultrashort-pulse lasers

X7 BRSOV AFEE LR - 577 - [ERD T SRS
Generation of soft-X-ray attosecond pulse, attosecond spectroscopy of
atoms, molecules, and solids

st L— 9" — i C O s B S O L] & il
If\iAe]zgsurement and control of ultrafast phenomena in strong optical
elds

R A X R R D Bl 5

Development of ultrafast soft X-ray spectroscopy

BHEDH KT St [BEHE RE =
Project Research Associate Project Research Associate
MIZUNO, Tomoya FUKAYA, Ryo

B R ARD
Professor ITATANI, Jiro

FI Course
EFRYES
Phys., Sci.

EREME VAL —— DL, 7Tz LS
R AP REIR D R IR SIS B T B WIS 21T 5 TV B, HEIRREFE
KB LT, AlD 5 hIRIVEI T O NI E Nz msi
M SV ZFERDOBIFE & &k « FR - lRIEBE TO SR E
AW FEAE 2 R U 72 2RI R OV 2RI B3 2 g
1o TW3, File, FRUY T 7 A7 L—Y—%# 2 Fz it
b7 SOV 2 L—H =7 Hig U TR O BaTE & o
TV, YREMFIICBE LU Tld, 7 MR XER L 2 Ol
SR T - 1 - BRI T ORI CES T X
I AT B 72 FISiT o TV B, Nkl
SNz AR L YR AR & U e AT X
D, TINVY IS XFRE TR A= UTafEdi ehis
BATRETH O . W OIEFHIRREIC BT 2 BHEE 2 b4 7%
FIEEZE L CHMEBHIL, oIt Thlidsces
HfsLTW5%,

X-ray CCD

IR (10 fs, 1.6 um)

IR first -
SX (<1 fs, 400 eV) -

Rydberg
37 (LUMO) = ! w *r s R | mlfsan
D 404 f i &
MR ] N,O*
3 153 4 ‘ N1s-31
A4y @ N,0
\]
0w D 3 e e IREEY
21 (HOMO) e &
g - 0.08
"o £ S| fo.00 -
- 8
A 396 -0.08 N5-2n
) |
-N‘r - -15 -10 -5 0 5 10 15
Lo Delay (fs)

7 B X R UV R L N2O 3 FO@ERINA Y L. WRBIEICES T2
IRIVF—EAL, BRAENY TH A IVOEREZ TEBERINANRY ML,

Schematic of transient absorption spectroscopy of N2O molecule using attosecond soft
x-ray pulses, energy levels involved in inner-shell excitation, and the observed transient
absorption spectra. The observed ultrafast modulation is due to the tunnel ionization of
the molecule in a core-hole state.

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

We are working on the development of intense ultrashort pulse
light sources and their applications in ultrafast spectroscopy on the
femtosecond to attosecond time scale. In light source R&D, we focus on
the generation of waveform-controlled intense optical pulses from the
visible to the mid-infrared spectral range and the generation of short-
wavelength ultrashort pulses using the physics of high-order harmonic
generation in gases, solids and liquids. In addition, we are developing
the building blocks of next-generation light sources to overcome the
limitations of current Ti:sapphire laser-based technologies. Based on
these novel light sources and techniques, we are developing attosecond
soft X-ray spectroscopy and other ultrafast methods to probe field-
driven nonlinear processes in atoms, molecules, solids, and liquids. Our
waveform-controlled intense light sources and related technologies will
enable novel ultrafast spectroscopy covering an extremely broad spectral
range from THz to soft x-rays. Our goal is to observe and control the
ultrafast dynamics of non-equilibrium states of matter through multiple
degrees of freedom.

40 Fy T
® 0.05705a.u.13.85fs
35 = 0.04921a.u.14.0fs
4 0.04598 a.u. 14.0fs
v 0.04340 a.u. 14.05 fs
25 " — calculated DCS based on the SAE

Photoelectron momentum (a.u.)

05 i Y Y 10 15 20 25 30 35 40
CEP (nrad) Scattering momentum v, (a.u.)

() BL—Y—1ZHh TORBFOBREICL>THESNEF ¥ T - T \O—
TRBERIFIEICKTE LIENRBFANY bb. () BRAShIABFANRY ML
HSBIERE N BRELKTE R & iR & DI

(Left) Carrier-envelope phase dependence of the photoelectron spectra observed by
rescattering of laser-accelerated photoelectrons. (Right) Comparison of the differential
scattering cross section reconstructed from the observed phase-dependent photoelectron
spectra. The good agreement indicates that quantitative information can be obtained from
the high-energy rescattering phenomena.
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Iﬂ Ilﬂér[ m % % Okazaki Group

HiZE T —< Research Subjects

OB A R 7 iR HE L — ' — ARPES 1 & % JERER I RS D B
HHAEIH
Mechanisms of unconventional superconductivities investigated by
ultralow-temperature and ultrahigh-resolution laser ARPES

B 5 i L— ' — W53 iR ARPES 12 & 2 Yeat tisis o 1%
Ffit]
Mechanisms of photo-induced phase transitions investigated by HHG
laser time-resolved ARPES

S L—9' == A T D RAE - IREfE 707 ARPES SE DFHFE
Developments of high-resolution/time-resolved ARPES systems using
advanced lasers

UL < N

Research Associate
SUZUKI, Takeshi

HHE R A=

Associate Professor OKAZAKI, Kozo

FI Course
HEEMER
Adv. Mat., Frontier Sci.

FRE R Tt B h OB 7O E & T3V F—
DI EEEGR (23N Nk ) 2 B C & 258 ) 55Tk
THb. AWRETIE. RE\ETFIVF—0fRHE 70 peV.
EHPERE 1 K &0 SRR EEREE T 2 L—Y—fME S
fRACTE T e 2 VT, FEHER BB R EAR O B T Hd
RS v oy THEG 2 BT 2 2 & T ORI Z H
FRLTW3, ¥/, 7o LML=V —Z R 205
Kz 7 a—7Y & UTRW SRR EE 7590 Tl
JEFEIRAEIC 31 B /8 RGEO@EERE B BRI TE %, A
WRETIE. ERERLE 70— 7Y O T2 i e
T eEEEZ VT, B O BRI I K 2P
MHIEEHIELTWS, L= —FIROMKE 195 C
LIC& D, L —P =2 WO B CEE DB - i
RICEHOHATVS,
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70 A EBEE Cs(Va,Ta)sShs(Te =52K) D7 TV EEBEEF v v 7

Fermi-surface map and superconducting gap of the Kagome superconductor
Cs(Va,Ta)3Sbs(7. = 5.2 K)

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/okazaki_group.html
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Angle-resolved photoemission spectroscopy is a very powerful
experimental technique that can directly observe a dispersion relation
between momentum and energy (band structure) of the electrons in
solid-state materials. In our group, we are aiming for understanding the
mechanisms of unconventional superconductivity by direct observations
of the electronic structures and superconducting-gap structures of
unconventional superconductors by laser-based angle-resolved
photoemission system with a world-record performance that achieves the
maximum energy resolution of 70 peV and lowest cooling temperature
of 1K. In addition, by time-resolved photoemission spectroscopy
utilizing a femtosecond laser as pumping light and its high harmonic as
probing light, we can observe ultrafast transient properties of the band
structure in a non-equilibrium state. We are aiming for understanding the
mechanisms of photo-induced phase transitions and control of physical
properties of materials by light by using time-resolved photoemission
spectroscopy utilizing high harmonic laser as probing light. We are also
developing and improving photoemission systems that utilizes advanced
lasers in collaboration with the laser development groups.

E-Ef (eV)

0 &
-1 L
k, (A7) ke (A7)
FHETHERH TauNiSes |25\ B HHRIBRIE - RIS

Photo-induced insulator-to-metal transition in an excitonic insulator TayNiSes observed
by HHG laser TRPES. a, b. Spectra before and after pump, respectively.




* * ‘j‘ m % % Kimura Group

HiZE T —< Research Subjects

ERFEIN L » SHALZ TR U e @l X SOeEa 7 OR%E
Development of high-precision X-ray optical devices using ultra-
precision fabrication and measurement techniques

Fetin) Gz A U TR X RIEEM A A — 2 > Bt D B SE
Development of new X-ray microscopy technology using advanced
light sources

R X FRBEREIC K B BERIINEA A= > T
Material property imaging with soft X-ray microscopy

B X SEE L — I KB T = L A A=
Femtosecond imaging of samples in liquids using X-ray free-electron
asers

BE MR BF

Research Associate
TAKEO, Yoko

HHE AN BE
Associate Professor KIMURA, Takashi

FI Course
TIERYETSE
App. Phys., Eng.

AWFZEE T, XFREHBE T L—Y—Maht, meEm
I & o T X AREIR & BRGE X BB TR RE L,
FTz RS A A — 2 T HMOBRICH D LA TS, Bk
P&, R ERE SPring-8/SACLA T X KREAM SFts
EDIE, BT L)L OINTREE 2 R D Sl s A SlE 7'
Y A E Ule X B ORGHE-, LY AL AA X—
IV TDODOFET IV X LDFEEITS TW5,

F I ILEREE & & ICBATE LTz X BREEMEE OFE I & /4
FICHE O A TE O T /R Rt/ M7 & DRk
RZ TR <L WHELBERITESOMEEE T D v U s ik BRI
CEHAIZIT-> TV d, MERZBDT. AV Ay 7MiM
W35 & Ptk O B R 72 24 Y - R fRRE TRE U DU %
TET, #lhY AT AV T ZBIEL TV,

SPring-8 @ BLO7LSU ICHEEE L8 X 2 4 04 5 7 « #£& CARROT(Coherent
Achromatic Rotational Reflective Optics for pTychpgrahy), €&k 4§ 7 + )L 2 —
ST-ENMALEAZREEAT ST LICEY., RLATTEROM X FTHMZ
50 nm BEDDREETA A —I VI T BT ENAIRETH S,

Soft X-ray ptychography system CARROT (Coherent Achromatic Rotational Reflective
Optics for pTychpgrahy). We constructed this achromatic soft X-ray imaging system with
50 nm spatial resolution at BLO7LSU of SPring-8.

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

Our laboratory is engaged in the development of next-generation
X-ray imaging technologies that combine state-of-the-art X-ray
sources—such as X-ray free-electron lasers, synchrotron radiation, and
high-order harmonics—with ultra-precise X-ray optical components.
Our research includes the construction of advanced X-ray microscopes
at large-scale synchrotoron radiation facilities such as SPring-8 and
SACLA, the design and fabrication of X-ray optics using cutting-edge
semiconductor manufacturing techniques with atomic-level precision,
and the development of sophisticated computational algorithms for
lensless imaging. In close collaboration with domestic and international
research partners, we actively apply these technologies to a wide
range of samples, including inorganic materials such as nanoparticles
and magnetic nanostructures, as well as biological specimens like
mammalian cells and marine plankton. By uncovering the relationship
between mesoscopic structures and their physical or chemical properties
with high spatial and temporal resolution, we aim to open up new
frontiers in a variety of scientific fields, including materials science,
nanotechnology, and life science.

Soft X-ray image
of mammalian cell

BAAY ST K YEHRI L eI X HRTRIN (LB (B (FERY).
A OHEEEZER1LT 2 LG CBBERRT BT LN FRETH B,

Soft X-ray transmission (upper) and phase (lower) images of a mammalian cell measured
by ptychography. Intracellular structures can be observed without thinning the sample.
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/ J A M 61: % % Kobayashi Group

HiZE T —< Research Subjects

B s OV A L—Y— 3 25 LORFERR
Development of high-power ultrashort pulse laser systems
B L —y—hnToys
Fundamental understanding on laser processing
BEFICHI AR 70
Precision spectroscopy of molecules for medical applications
B YA N—T VIV AT L
Cyber-Physical System

Bh# Rl HHARD

Research Associate
NAKAGAWA, Kotaro

g W OFT
Professor KOBAYASHI, Yohei

FI Course
IHERWETSE
App. Phys., Eng.

G L— 1 — DO IIFEFE & T O T8 - it
BREOWIE 217> TV, FHOCH BT LB X TZDISH
FHEORMFE., HE VA NANRT—L—Y—=F L —
PN TOEEOMRZPLEE LTWVD, L—Y =K
TR A LRI T 2w 707 7 A N—OF iz, @8
RO L, BE T —D L —Y—2 AT LRI,
ARG, ER6. HARRN O EFEICB VW TRMT %, B
BOBRLOAMTERHARENOA—L Y XE— RRAMEL —
P—TRET %, 7o LML= =" R—2 & Uiz mfifE
Jb—L v FEENETONRE 0@ iz Hig L
Te RF IO O R VER R T 2T > Tnd, L—H—
LD & 220t e YEOHEERICENT, L—H—
INLO¥FRSEICID ATV, GEEDRYINZDH?
ZEHID 7200,

HEARBALICEZRFDN. BIFERIRILT—DEIRSEEBRERVIEL
E-FEEBAL—Y—LDEFEDEICEVIE— FODBEE MDD ATRE
ot BlEARRT—7)U He DIftE— R ED DAL,

Optical frequency comb based ultra-high precision spectroscopy. The combination of
ultra-high repetition-rate laser and ultra-high resolution spectrograph makes it possible to
resolve each comb tooth to detect the meta-stable He atom.

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/kobayashi_group.html
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We are developing advanced laser technologies and their applications.
Both ultimate technologies of ultrashort pulse generations and ultra
narrow-band laser generations were mixed, the optical frequency
comb then was born. It opened up a new research area such as carrier-
envelope-phase dependent phenomena, attosecond physics, and precision
spectroscopy by using a femtosecond light source. It also realized the
high-repetition and high-intensity physics. It could create wide field of
applications in the physics, metrology, medical science, and astronomy.

We are developing an Yb-fiber laser-base optical frequency comb, XUV
frequency comb, and high-power fiber chirped pulse amplifier system for
these applications. The high-repetition-rate laser system will be applied
for a calibration of a spectrograph in an observatory or an arbitrary
waveform generation in an optical field, or a breath diagnosis.

In addition, we are studying the fundamental processes of laser
processing and bridging the gap between them and industrial
applications. We would like to know “How is a material cut?”

L——INT3BR0Y 7 IR EESRAE

Measurement of laser processing dynamics with sub-picosecond time resolution.




iﬁ % m % % Kondo Group

HiZE T —< Research Subjects

B AR L — Y — R & 3 % i o R RE A 1 ) R Ty
JCHEE D FE
Development of a laser-excited ARPES system with ultra-high energy
resolution

FIEIR - AU 08 - BRSO T T R B IR
REN=S Rl e R i
Superconductivity and topological quantum phase investigated by
angle-, spin-, and time-resolved photoemission spectroscopy

B BC 2RI U7 7o)t TZEd 2 imH R R
Staqntgly correlated physics studied by photoemission with synchrotron
radiation

M AR &
Associate Professor KONDO, Takeshi
HI Course

BERMEBY

AR OE T <N REIR,. H50 2 E 7Ytz
fitd 2 ECORMEZE X %, AEDCETEE, YETH
KB NETZ2MERCTRIVF—DOBELTA A=V
79 % T ETNY FEEZ AL S BN e B TETH 5.
COHEAlZN—A L LT, NV EDFFDAE UAdZzRE L
2. IIVZETHIES 2 IV RAF IV AT 2 L
A=)V % T LT BREETYELNNY FEiER
HMLTHRATL %, YIIAETIE. TOXS BB LUIDEE
TR 2B LT, (Rl BEk, BEOETRYET
HERME. PRI DA )VR T, BRI R T g
BEFH PGS EOBRKMSYIEZ, HERBIESTHRONS
INY PG BRI T %, & DHIcid, MR L —Y —Jtik
KNUZhz ook 7zl tkEzmEL. 7 b
SHEMGL P O WHIZE AL (T3P —F v v TR
& DHEIERD ZRT %,

The momentum-resolved band structure provides fundamental
information to understand the electronic properties of materials. The
angle-resolved photoemission spectroscopy (ARPES) is a powerful
technique to visualize the band structure by mapping the intensities of
photoelectrons as a function of angle and energy. With the spin-resolved
technique, we can also identify the spin-polarized character of the band.
In addition, the time-resolved ARPES realized with a pump-probe
technique can track the reordering process of electron system from its
nonequilibrium state. In our laboratory, we utilize these various ARPES
techniques and study the following phenomena: nonconventional
superconductors, heavy fermions, strongly correlated systems,
topological quantum phases, and quantum well states. Furthermore, we
develop a new ARPES machine capable of achieving both the lowest
measurement temperature and the highest energy resolution in the
world by innovating a *He cryostat and a laser source. The state-of-art
equipment will enable us to identify even a subtle electronic feature
close to the Fermi level, such as an energy gap and a mode-coupled
dispersion, which is typically tied to exotic behaviors of conduction
electrons.

(8)

AN 1 Is
% an
M\
%
B/ BT
A A Sy
_/V\_-“\f'“'m
N §
-/v\ 2
'/I\/I\—I-\V‘Tq,:(f

-50 0 50 -50 50
Energy [meV]

(a) SRR LM TR RAEBR B4 BioSroCUO6+d DIERIBIE, (D) EF 77T 51—, () BEDEABTHHERRDORNE, (d) )\ FOEDRFy T2 3w b,
(e) I\ FigEDLMAR, (f) 7 TIVZEAY THIBEELEFY v v TOREER. (0) BEEEGEEERE (T) LVEE (RBR) LIER (M) TAEL
7 TIVZEBYDANRY kb, (h) (Q) TRT ANY LD Te EFTOES . BIEERADHRTESNTH Y. () TRIWITR I ROBHE WSS %,
(a)Crystal structure of Bi>SroCuOg+q high-7¢ superconductor. (b) ARPES analyzer. (c) Diagram of ARPES experiment. (d) Snapshot of dispersion image. (¢) Whole

band structure. (f) Competition between superconducting gap and pseudogap. (g) Spectra around Fermi surface below (red) and above (black) superconducting
transition temperature (7. = 35K). (h) Difference between the curves in (g). (h) Coherent spectral weight is painted with a red color, which is corresponding to the red

region represented in (f).

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/kondo_group.html
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’/? EEI E:I: % % Harada Group

HiZE T —< Research Subjects

IKTEPER A D EIRAE & X 7 A —1E [ DA EAERIC
B9 2 Wit
Electronic structure analysis of aqueous solutions to study
microheterogeneity and interaction at solid-liquid interfaces

ot fi B, U R D SR STHEAT, FEAUESASOS, RIS
fEtit, RJE R 2R EOBERERT D7 D T D50 FILEOBFE
Development of in situ soft X-ray sgectroscopy for surface reaction

of batterIy catalysts and electrodes, electrochemical reaction,
photocatalytic reaction and functionality of metalloproteins

SEAHBEY IS 3503 % SRS G i lifite . A& > iikd, <27/ ik,
AR, WUEPIEED) OEIZBIN & T DRRINDOWYE

Stucéy on the origin and observation of elementary excitations (crystal

field excitation, spinon, magnon, charge density wave, orbiton) in
strongly correlated materials

XD T3V F — M RAE(L & IR o D 72
DIERE AT

Basic study on ultrahigh energy resolution optics for soft X-ray
emission and time-resolved spectroscopy

B#H AN A HERE BN BR

Research Associate Project Research Associate
KIUCHI, Hisao SHIMAMURA, Takenori

R RE BA
Professor HARADA, Yoshihisa

HI Course
FEFMER

MR T, TR SR O D X BIED—DTH %
SPring-8 & NanoTerasu IC 3B\ T “#AXHR W & MHENZH67%
WTHT LWtz L. WEOERN, MHIEE, Ot
P 72 T 2 B Z ORI > TN 2 98217 -
TWd, FHOEEELO —RTH 2 X FRFE 0 tIicE H L.
SEFHBIIEIC 351 2 ik (RGmmlike, XA E Ve, <7
J VI, AR LR, WU s &) D E R &
Z DRER O, IKTEVEHR, SR / KRS O FE IR
L X /RO, PARE A - TR O
LT S SIRAT . SCAMRE S SR D T2 b DZ DY (A RF 2V F)
INTEEE O, B2 2B OB FIREMITR 2. X
IO REA L S %5 5B MERZ NG E LT
%o KRICHRECAVIILE LT XARIAN - FE e et
RE(LDOTcHDR & D, F L TARBEEEZE & HF L TRX
TR A A= > T OIS 2T > T 5,

LUHIZE=E D SPring-8 TIREICHF Lz 50 meV DB I XIVF—DREEEF DA
EDRER X FREADHEBE, 2024 &£ 4 BK Y NanoTerasu THEL T3,

Angle-resolved soft X-ray emission spectrometer with high energy resolution of 50 meV,
originally developed by our laboratory at SPring-8, which is moved and operated at
NanoTerasu from April 2024.

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/harada_group.html
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We explore the origin of the electronic structure of materials responsible
for their electronic, magnetic and optical property using intense and
energy tunable synchrotron X-ray source: SPring-8 and NanoTerasu,
one of the most brilliant synchrotron facilities in the world. We have
developed novel spectroscopies for material science in ‘soft’ X-ray
region. We are leading the world’s soft X-ray emission spectroscopy,
a kind of light scattering powerful for electronic structure analyses of
liquids and operando spectroscopy of a variety of catalysts. Our topics
include a study on elementary excitations (crystal field excitation,
spinon, magnon, charge density wave, orbiton etc.) in strongly correlated
materials, electronic structure analysis of aqueous solutions, interaction
at solid-liquid and gas-liquid interfaces, the surface reaction of fuel
cell battery catalysts and rechargeable battery electrodes, electronic
structure analysis of reaction center in metalloproteins, electrochemical
and photocatalytic reactions. We also explore basic study on high
performance soft X-ray absorption and emission spectroscopy as
well as advanced application of soft X-ray spectroscopic imaging in
collaboration with Prof. Takashi Kimura laboratory.

1b, 3a; 1b,;

Y
3 80
VTR
CroKFK
BEEMEA T X EBREDR 50,7 D7KFIZK
BREOMIL z2~x& 0 g
U mneok

BHTEH—HDF/ A— VT A XDNREFOREEM A 4V REED. FHED
A7V EFERNIGEB T BT [14F4 2 ZR Y& KDKEEEEIEZ D
LTW5B] TEDRXIGHEADHTHSD LG DT,

Soft X-ray emission spectroscopy has revealed that functional ionic liquid crystalline

KRS ICBBA
KOBEFREDOE

membranes with extremely uniform, nanometer-sized pores recognize the "hydrogen-
bonded structure of water surrounding the ions" in order to selectively permeate specific
ions.




*(L: EEI i%i E:I: % % I. Matsuda Group

HiZE T —< Research Subjects

B AT YR XRIBIC LB KE LT - Frv VT RAF I
A D5E
Operando X-ray experiments to study molecule and carrier dynamics at
surfaces

X #E ME T L—Y—2 O T IEIE X oo
Study of non-linear X-ray spectroscopy by X-ray free electron laser
HFFEMRIORGE & BB
Pesign and synthesis of novel functional materials of the monatomic
ayer
B AL Ry P&V XSRS ORI
Tetc;,hnical developments of X-ray spectroscopy experiments using Al
robots

B#E R EBE®
Research Associate
HORIO, Masafumi

B MA &

Professor MATSUDA, lwao

HI Courses
EFREY @EFRT

Phys., Sci. | Chem., Sci.

R R ESR X R L — =D B R4S B BLZe SRR~k
X #R72 W2 HE « BT « JERIE /Y e D E R
ZRAF L. BIEEE (LX) 26> THROBEIE FICET %
Raez bz TZ2o) BT 24T Y REEBREIML TV
o TR L ESUSRE O AIRE BN D T &)
T EBMETHVENE 2 B E r e 5 KT T % THBL
L. E7/)VIED S FEEMROYME L EEENEZIHS M LT
W5, & HICHIFEE TEHT 72 EFEBEOBIThIC N A T, Al
ORy MEHROEALHEL TS, WRELTWSYERE
BEICT Ty 7EFREA LREFEFERMmH Y E 0%
L/ SRERTH O, ZTNTNOEFYIES X OHEEEIEOBTZE
EiioTWb, L AV T+ T 4 7 A%ITIc, A DK
HIRFHT — R TIERE T « — RNy 7 BN oMk
DOFF EBWREITV, ZFOMHEILEEHIEL TV 5,

ART Y FRBRAT—2 3> FEAKABFANLEE, BEERICRESN
THY. MEPENGE ERLBEERISOBAICEREIND. KELERED
FRGEE) 7 IVE A LTRAS I ENTES,

An operando experiment station of ambient-pressure X-ray photoelectron spectroscopy,
developed at the synchrotron radiation facility. The instrument probes intermediates dur-
ing chemical reaction at the surface in real time.

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

We have developed measurement techniques for absorption spectroscopy,
photoelectron spectroscopy, and nonlinear spectroscopy using
vacuum ultraviolet rays to soft X-rays, generated from high-brilliant
synchrotron radiation (SR) and X-ray lasers. We have focused on
operando experiments to make in situ observations of a material
during its operation. At the SR facility, we have realized photoelectron
spectroscopy measurements under conditions from ultrahigh vacuum to
ambient pressure, unveiling properties and functionalities of the model
and actual systems (See the Figures). Our instrumental developments are
based on pioneering new measurement principles and, recently, they are
combined with the Al robot technology. Our material targets are mainly
monatomic layers with the exotic Dirac electrons and surface/interface
systems of strongly correlated materials. Based on the fundamental
theories and informatics, we design and synthesize novel materials while
feeding back information using our precise measurement data. We aim
to implement our functional materials in society.

Aﬁnosﬁheric i’ressdre
= | (1 bar, Hy) hv =800 eV
5
£
-,
=
‘B
C
o | Audf
£ || Au foil
90 86 82

Binding energy (eV)

FHARE CTER LILTEATE T COR X MLEBFDICAE (£BD Au 4f R
),

The real ambient pressure soft X-ray photoelectron spectrum, measured and achieved at
the laboratory (Au 4f'core-levels of a Au foil).
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1:, -L: 7j‘\< m % % Matsunaga Group

HiZE T —< Research Subjects

T TNV - HFRINEEDC L AR B 5
Develo&)ment of ultrafast pulsed laser technique in terahertz-mid
infrared range

YRS THE S NI 2 RROBEBA A FI 7 A
Ultrafast dynamics of many-body systems driven by light field
L RE P IDVERIEIC BT B IHRIEINE &IPS

Nonlinear responses and nonequilibrium phenomena in topological
semimetals

FINVYEEAEY hu= s A
High-speed terahertz spintronics

/ o |
BEBH BE B
Project Research Associate
YUMOTO, Go

BH 2B &KX
Research Associate
MUROTANI, Yuta

M Wk B
Associate Professor MATSUNAGA, Ryusuke

FI Course
B REF
[Phys., Sci.|

T TNV INS IR < SRR - AIHEIC D e s a e — L
> MEEZEFAWT, MEOHISE EABHICK > TARREIN
B IEPHRRIED T Z N T VB, ST S\ IR
DT+ YTV F—ZEH meV EETH D, YEYHICE
WTHEERY o)V IEEHEOBYUIEE LTINS N TES
FHRREBRFLEE T TS, & HIGEFERFEE NI Med T
WSR2 Fr D iR T S LY IR Z RS % T & T
BT RV F—DEF A BN BT %, H 20
FHOEFIE D & ES5ICZIIVF—DWEEIC X B Ik
HEAEEIC X > Tav— LY MEHAEHZEHRNS T &M
ARETH %0 7 T NIV FAER ORI & IERIE 2 e
FHEZHHT & e Elc, BIREPKREED X 5 B2 AR
DOHPICBNZ LGS, hRa YL EERIc BN TH
KICHNZIEEINE ., SE A VilkiHss &, JEREHIR
RETHN 2B DO T2/ IR R, Z OREREMEZ I S i
5,

BBET INIVYINIVARES LOMBREFRA UV AREICBVNS T T
NOBAREE VAL =Y XTI

Regenerative-amplified femtosecond pulse laser system for intense terahertz wave gen-
eration and phase-locked mid-infrared light generation

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

ISSP Digest 2025

We use coherent light sources based on ultrafast pulsed laser technology
to generate terahertz wave, mid- and near-infrared, and visible light
to study the dynamics of light-induced nonequilibrium processes in
a variety of materials. Particularly terahertz spectroscopy can reveal
low-energy electromagnetic responses of materials on the range of
millielectronvolts, which include crucial details for the dynamical
motions of electron, phonon, or spin degrees of freedom in condensed
matter physics. A novel route for optical control of materials by strong
resonant or off-resonant excitation by light field has also been made
possible by recently discovered powerful terahertz pulse production
technology. We explore superconductivity or antiferromagnetism,
gigantic nonlinearity of topological semimetals, and high-speed spin
transport phenomena, in addition to the development of phase-stable
terahertz generating and detection techniques and novel nonlinear
spectroscopy schemes.

T INIVY BHISES LU Hall (IBEREICAV 558 « kYT - RAEEAERFT
b PP SN

Transmission, reflection, and polarization rotation spectroscopy system for terahertz elec-
tromagnetic response and Hall conductivity measurements

Fd

510




ﬁ}[;‘lﬁfﬂl Eﬁ%ﬁlﬂ{%ﬁ'@%‘z / W@ - 371 (SPring 8 1) - & (5775 2M)

Synchrotron Radiation Laboratory / Kashiwa (E-building) « Harima (in SPring-8) * Sendai (in NanoTerasu)

BRI ZE iR (SOR fiRR) 138 i -2k X
L —5' =72 R U 72 et P e i 22 0 FBa el O BRFE W 9t 72
T AIB. O3S Tr>TW\5,

BIEA T« ATIE. SRR e SPring-8 THI¥E - i#
MU T &I MPUR S IERED BN R A A Y F > T XART >
VAl —RE—LTA % 2022 FEEICHPHICBE L. BIE
WERRE & LA T X BRI A A=Y Y T AT — 3 > D R&D
217> TW5, Fiz SPring-8 1Pt L7e X fAIME T L —
B —Jfiti 7% SACLA Tl IERIE X HC2E DWFZE 70 B 7= BHh L.
T ORI B L T H T e & U T O HkiRE R A
1T>TWVW53,

A4 7 ¢ A& 2022 4F 11 FICBZE L, b RFFH L
B v S AN TR T B LW 3 GeV X B iR
NanoTerasu ICFHHSOETE T2 AT— 3 >, B0 fREER
XHRIEIAT— 3>, 3T/ ESCA AT — 3>
ERHRLUTER MO S 552 5B D, 2024 {FE X
DEHZHEL TV a,

WO R E #iTl& LASOR L—H'— 7 )LV —7 L Oiffi ¢
R ETREFRAEIC X B L—Y I E ANz A > « FERf -
IS FRICEE T RSB N O 2 RoTM 1 - R s 1)
FeEEE 2R U, EFRFAICE L T 5,

The Synchrotron Radiation Laboratory (SRL) advances novel materials
research by developing soft X-ray spectroscopic techniques using the
high-brilliance synchrotron radiation source and soft X-ray lasers at
three sites, Harima, Sendai, and Kashiwa.

In the Harima office, the world's highest performance fast polarization-
switching soft X-ray undulator beamline, developed and operated until
2022, was transferred to RIKEN, and R&D of a soft X-ray spectroscopic
imaging station is conducted in collaboration with RIKEN SPring-8.
At the X-ray free electron laser facility, SACLA, nonlinear X-ray
spectroscopy was developed and the updates have been carried out.

The Sendai office opened from November 2022, and ambient pressure
photoemission spectroscopy, three-dimensional nanoESCA, and
high-resolution soft X-ray emission spectroscopy stations have been
transported to the new 3GeV X-ray source facility NanoTerasu, which is
being built at the new Aobayama campus of Tohoku University. These
experimental stations have been upgraded and have been in operation
since FY2024.

At Kashiwa campus, there are two end-stations of photoemission
spectroscopy in the E-building that have been available for the joint-
research program. One station is dedicated to the spin-, time-, and
angle-resolved photoemission spectroscopy and the other is to the
two-dimensional angle- and time-resolved photoemission spectroscopy.
The light source is a laser that is based on the high-harmonic generation
and it is operated in collaboration with the LASOR laser group.

mEE RE BA
Leader HARADA, Yoshihisa

Bl MH &
Deputy Leader MATSUDA, Iwao

https://www.issp.u-tokyo.ac.jp/maincontents/organization/sor.html
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Supporting Facilities

WIPERFZEATIC 225 Eh 72 FIHIC #ED Tu { T DGR DRI 5N TV %o (RIRFERICAR AT RIZRIANY & Lok %S
R HNE - e B IIRRILE, A B TAE 21T 5 TAFE, X $EEE M MERR OB B2 17 5 G B R . AP MRS
ZZRORIZ, FEAKEOIEROME - EHZIT5NERLEND S, 2022 FH MMM TE217 5 d7WE T/ HE o A
PHREN, EHICAE L,

ISSP provides various facilities to support research activities such as the cryogenic service laboratory for supplying liquid helium and liquid nitrogen,
the machine shop for various machining, and the radiation safety laboratory for safety in experiments that utilize X-ray, y-ray and radioactive
materials, and the library. In addition, by opening the Laboratory of Nanoscale Quantum Materials in 2022, ISSP has enriched our capacity for
research and experimentation including nanofabrication among others.

HYET /RS T R

Laboratory of Nanoscale Quantum Materials

BEEEE Bk B B =R ¥ HifEPBE BEX &R
Chairperson : HASHISAKA, Masayuki Research Associate : ENDO, Akira Technical Specialist : HASHIMOTO, Yoshiaki

BTYIES /ST R TIE. NN T AR E NSRRI E 2 AT LU T T30 2B L, FINORRA RSESRHI L R T
BV ZHET 2 e 2I vy a e LTS, TRAX Y TN TR Z 2 TL— = D7 /31 2%
BT, INDOI—P—I3GE 225 L THLOREEZFIMTE S, IitO1— — L HEFH THRTL THS &K
EZFHTE%,

Our goal is to promote solid-state physics research by fabricating novel materials into micro- or nanoscale devices and linking them to various
advanced measurement technologies at ISSP. The laboratory staff is available for consultation on fabrication processes and provides advice and
training to users. Users within the institute can use the equipment by themselves after appropriate training. Users outside the institute can also use the
equipment under the joint-research program.

FEXR

BFRIVISTA—HE XAV LAT+ MNIVIST 1 ZE,
ERAAVE-LIMTEE., A VITyForREE RFENBEHE.
EEREFEME. L —EHE. VA VR4 —RE, BFEREEE.
ANy AFEERE. RTBHEEE. HRRE

Main Facilities

Electron beam lithography system, Maskless photolithography system,

Focused ion beam processing system, Dry etching system,

Atomic force microscopy system, Scanning electron microscopy system,

Laser microscopy system, Wire bonding system, Electron beam deposition system,
Sputtering deposition system, Atomic layer deposition system,

Dilution refrigerator system

BFRUVIS T —EB(TVAZVR), REIREEIE
75kV, E—LREE 2nm,

Electron beam lithography system (Elionix). The highest acceleration
voltage is 75 kV. The beam diameter is 2 nm.

94 ISSP Digest 2025
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Cryogenic Service Laboratory

EEEER Bk RE wifErEE B ¢ wirErIEE Bl BF —KEmRE kXK BF

Chairperson : TOKUNAGA, Masashi Technical Specialist : TSUCHIYA, Hikaru Technical Specialist : SAGIYAMA, Reiko Technical Associate : SASAKI, Takako

TR S IEHARNY 7 L L IRA RO, 3B X IRREAMCBI T 23— E AR F v VS AR EKRDEEH AR NDE
HEIT5>TWS, AN 7 LIS E ALY DT DITH I N5, BIELTEAY Y LA AZEIR L, K8 L CH
WILd %, 2024 FEREOHIAND 7 LOE i & MHGRIZZNZ N 203,470 L, 130,421 L Th 5, WIAZERIIINTI DA
L. G L TW05, 2024 FEOWAEZOMHEIZ 7216121 £75> T\,

Cryogenic Service Laboratory supplies liquid helium and liquid nitrogen, provides general services concerning cryogenic techniques, and manages
high-pressure gas cylinders for the researchers and the students in Kashiwa Campus. The laboratory has its own liquefiers to produce liquid helium
from the evaporated helium gas that is recovered and purified for recondensing. The recondensed liquid helium is transferred from a 10,000 L storage
vessel to various small storages for users by using a centrifugal immersion pump system. The liquid nitrogen is purchased from outside manufacturer.
In the fiscal year 2024, liquid helium of 203,470 L was produced, of which 130,421 L was supplied to users, and liquid nitrogen of 721,612 L was
supplied.
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ANUDLRICERB | (U>7F)  Helium liquefier system | (Linde) 200 L/hr
ANUDLTRACEB I (U>7F)  Helium liquefier system Il (Linde) 233 L/hr
TBIENY D L\FriE Liquid helium storage vessel 10,000 L
TRIRZESRATIE Liquid nitrogen storage tanks 20,000 L
BB 7 LA R [EHEE Heloum gas recovery compressor 190 m3/hr

BORNU DT LRERYT Centrifugal liquid helium pump system 20 L/min
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ERSH Helium liquefier, storage, and transfer system

Helium Liquefying Service

The continuous increase of the world-wide demands of the scarce natural gas of
helium causes the repeated crises in obtaining helium gas for academic institutions,
requiring actions for the promotion of recycling helium gas. Since 2019, Cryogenic
Service Laboratory opens the use of the helium liquefier system for business outside
the University of Tokyo. The helium gas brought by external users is liquefied after
purifications, providing liquid helium for the external users. This service is expected to
advance the recycle of helium gas that is otherwise vented to air.
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Machine Shop
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Chairperson : KINDO, Koichi Projedt Specialist : KAWAGUCHI, Koushi Technical Associate : SAKA, Haruki
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Project Academic Specialist : FURIHATA, Hiroshi Technical Staff : MURANUKI, Seiji
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The machine shop consists of a metal shop and a researcher’s machine shop, which are equipped with

various facilities for designing metal. They supply researchers required various original devices and
instruments.
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Main Facilities

Metal Shop @ Five-Axis Universal Machining Center, Numerically Controlled Lathe,
Numerically Controlled Milling Machine

Researcher’s Machine Shop : Universal Lathes, Precision Lathes, Milling Machine
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Radiation Safety Laboratory
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Project Specialist : NOZAWA, Kiyokazu
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Chairperson : YAMAURA, Jun-ichi
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The aims of this laboratory are to protect researchers from irradiation due to radioactive sources,
X-rays, y-rays and so on and to provide rooms for radiation experiments and radiochemical operations
by use of unsealed U, Th and sealed *?Na sources. Various types of survey-meters are provided.
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Main Facilities

The rooms for radiation experiments and radiochemical operations (unsealed U, Th and sealed 22Na
source), various types of surveymeters, and, 7ch hand-foot-clothing monitor.

NYRT7y FOREZR—
The 7ch hand-foot-clothing monitor
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Library
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Information Technology Office
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Public Relations Office
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The ISSP Library collects journals, books, and, more
recently, e-books on diverse condensed matter physics
to support research and educational activities for
joint-use and joint-research, as well as internal research
in ISSP.
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International Lieson Office
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Information Technology Office operates the local area
network in ISSP, and WWW servers for the ISSP home
page (https://www.issp.u-tokyo.ac.jp), and it provides
other servers to support all the users in ISSP.
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Counseling Services
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The Public Relations Office is responsible for
disseminating information about the research results and
activities of the ISSP to the general public.
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Stock Room
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To promote the international collaborative research
and the internationalization of the Institute, the
International Liaison Office assists in administrating
ISSP International Collaboration Programs that
include the visiting professorship program and ISSP
international workshops.
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A broad array of counseling and referral services are
provided to students, faculties and staffs.
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Stock room supplies stationery and parts that are
commonly used in research and experiments.



