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MR o e — L > MRt > 2 — (LASOR) Tid.
MU OV A, B8R, KiEEx e, mRNEkae—L > b
Fetkz & D L—Y =R &, 7 m ba Uidghtic
K BRI — LT A VBT U, YRl & BRI
EHRLUTWS, LASOR &, L—¥'—F2# L g eR# 0
W28 3 EANTE I — 7 Sl TH . WiED
AARE A A U, AlE D EBIRIIOEmOAMEBR L T
Wb, MR Ie—L > ARED U &Iei ez A,
T IV SR X FRE TOILL )V F—HiPH T, B85k
MY, BREDYE, BEDRIEE T, AV
TR YE. SEMYE. BITRMREL, A=V T ok
D ARG U RGNEREL T3, BIRNEERS S
HFEE G CEEA, SmEEYE. SIS, B ARYE.
L, Fie & OIREWEEEYIERIZE L & B, L—Y—
T 7% &4k = — I % S H O GRS 4 T 2 b i fEi
ORIHZEIHS . MIBXCIF v 220 L—Y —BH,
SPring-8 %0/ 7 F AICHR X 0 YL B O WL 72 72 ik
LTW3,

The Laser and Synchrotron Research Centre (LASOR) is developing
new lasers with extreme coherent performance in ultra-precise,
high-intensity and/or ultra-short pulse lasers, and state-of-the-art
soft X-ray beamlines of synchrotron radiation sources. One of the
most important aims of LASOR is to integrate laser science and
synchrotron radiation science, and develop creative and innovative
young talents. Using new coherent light sources based on laser and
synchrotron radiation technology over a wide spectral range from
THz to X-ray, we further develop advanced spectroscopy, such as
high-resolution, time-resolved, diffraction, scattering, imaging, and
operando spectroscopy. On the basis of our advanced light sources and
advanced spectroscopy, we study a wide range of materials sciences
for semiconductors, strongly correlated materials, molecular materials,
surfaces and interfaces, and biomaterials, as well as basic industrial
sciences such as laser processing. 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.
Experiments using synchrotron radiation are carried out at SPring-8
and NanoTerasu.

VR -k il EX
Leader AKIYAMA, Hidefumi

Bltr2—K MHE
Deputy Leader MATSUDA, Iwao
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BRI BEFE 2R awivama Grous

FZET —< Research Subjects

G A Ay FR1 0V ZAER L — Y — & I E Pl R
DI
Gain-switched short-pulse semiconductor lasers and ultrafast non-equilibrium
non-linear optical physics

SREAL —H—FNA X - BV a—Ib - VAT LOBF LG
i

Development and applications of semiconductor-laser devices, modules, and
systems

S DSt AR5 R D e R 3 )L A — 25 4 & BT R
S
High-efficiency energy conversion and detailed-balance-limit physics in
advanced space solar cells

TG, FLVEMTOL, BTV - 5ok
Luminescence measurement standards, firefly bioluminescence, rhodopsin
Raman spectroscopy

BE W HRE
Research Associate
KOBAYASHI, Masataka

HIR il ®|X
Professor AKIYAMA, Hidefumi

HI Course
B RYEF
Phys., Sci.

PR E T SO, PER L — D — O KEEEM
DTINA AP, B2V EYFR R 8. L—Y =7 - B
WO - EEEHNEAN B AR R - N T2 VLT
WEL T 5,

PR L — =10 LT, B I smy ikl 72 SRR 72 0 b
A MmJEEERRRE 2 AR A L. 7 o L MR OV X FRARR
WiB N g BHETE. D S AR e it D SR I RS 7 X
Z PR 2 Yy B I Bl - B . m iR R R T
W& D EA 1PN AR S IR 2 ARRTE,
LEA L — =B, SRR, WERPEOMI R E IR
BN 5175 TV 5,

JCERBEA & LT, Megdotz SIS S5l
Sz Ema e AR, F /RS OB FHAT B £
i B O EGER ORI Z T L TV D, N5 DFE
W7z i Uy SR ZOVAEYFRO YR iz Y-k
HEROEMRPRE S & HFETHIE L TV,

100 AR TBEFHREERL —H— (ab) ERZIVILY T T5—F (o) DIEIE

Nano-structures of 100 T-shaped quantum-wire semiconductor laser (a,b) and firefly
luciferase protein (c).

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

Advanced laser spectroscopy on the basis of lasers and microscopy
is developed and applied to semiconductor quantum wires and other
nano-structures, in order to understand and control their optical
properties quantum mechanically.

Pico- and femto-second pulse generation directly from gain-switched
semiconductor lasers is studied intensively to understand the pulse
dynamics and the shortest-pulse limit. High-quality III-V-semiconductor
space solar cells and their internal loss rates and mechanisms are
also studied. We make the world thinnest and cleanest quantum-wire
semiconductor lasers that have superior laser performances such as
low threshold currents. Experimental findings and problems provide
us fruitful physics subjects related to 1D physics, many-body physics,
lasers, solar cells, crystal growth, material science, and semiconductor
device physics and engineering.

We are developing experimental techniques such as sensitive
luminescence detection, absolute luminescence-yield measurements,
transmission/absorption measurements of single nano-structures, micro-
spectroscopy, imaging, and solid-immersion microscopy. Some of these
techniques have been applied to study of bioluminescence of fireflies,
jelly fish, and sea fireflies as well as luminol chemiluminescence.

ALy FHEEL—F—D5DT T L MYV AFE

Direct fs pulse generation from a gain-switched semiconductor laser.
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ﬂi ﬁ E:I: % % Itatani Group

HiZE T —< Research Subjects

AR & N e R R L A L— Y — D BiFE
Development of phase-stable intense ultrashort-pulse lasers

WXHT S OVAFEELIRF « 0 F - [EADT S
Generation of soft-X-ray attosecond pulse, attosecond spectroscopy of atoms,
molecules, and solids

5 L — Y — 35 v C OO i B G OB & il
Measurement and control of ultrafast phenomena in strong optical fields
T X AR DBl 7

Development of ultrafast soft X-ray spectroscopy

BN 7720 TR
Project Research Associate
PYATENKO Elizaveta

B Re ARD
Professor ITATANI, Jiro

FI Course
B REF
[Phys., Sci.|

EREME VAL —— DL, Tz LS
R RV REIR DI R IR S B S B WSS 21T 5 TV B, FETERHF
KB LT, AT S RIS T ORI S N7z s
MU OV ZEROBIFE & . &R - R - ARV T O
PR R U Te 2R R OV ZORRIC RIS 2 9 7%
ToTW53, ey FRUT T 747 L—P == A it
R OV A L—H =ik B g U7l OBl R &
TV, YRS U Tld, 7 BRI XHR L X Ol
SR T - T - BERTR T ORI CES TS
T IR RS B 5% TICHT > T % NI
N R L AR B R & U iR I X
D, TINVY IS XERE TR A= UTafEdin e n#
BI[HETH 0 . WEOIFHRIRTEIC 3513 % BIRFL 2 RE 4 7%
FIFEE 2 U CHFMBIHIL, S5t Thilldsc s
HfELTW5%,

7 MEX R UV R AL N2O 3 FOI@ERINA Y L. WRBIEICES T2
IRIVF—#M, BRSNY 791 7 IVOERES T TOBERIRANRY b,

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
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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.

() BL—Y—BHR TORBFOBREICL>THESNEF ¥ T - T \O—
TRABERIFIEICKTE LIENRBFANY bb. () BRAShIABEBFAXY b
HSBIERE Ny BRELKTE T & AR & 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.




iﬁ % m % % Endo Group

FZET —< Research Subjects

B GHz R DR U« /A 78T — D VA L——DBFE
Development of GHz-Repetition-Rate, High-Power Ultrashort-Pulse Lasers

B JE77 Y R AR IRRE e BT R AT R TARIE DL R & B IR
BIANODIEH

Generation of Novel Quantum States Including Non-Gaussian States and Their
Applications to Quantum Information Processing

Bt L s o &I EFERNIC D < B et OBt

Exploration of Quantum Optical Materials Based on Light-Matter Interactions

HEEIR = E

Associate Professor ENDO, Mamoru
HI Course

ITHERMETF
App. Phys., Eng.

AR DFERE R K OYE R TIE L O FRIEERIFE B O AR IC
. L= OSSN B B, AFEE T, L—Y—
HFEEEZSNZH-EE LTS OTRRL, HBEZOED
Z WIS NS BEET Uy IgEn R 2 PR 92 C &z i &
5,

EREDIR U « @)y« ARMES M AR IC BT 2 R OV
AL —Y—Z A LRGN R U, FEIRER. R, 7055 NAHTIE,
WELHICE S X CRBEMICEEILT 52T & T, HNICEHE
WL NIERORIHZTTS, THhICK D, BHALRTIEE
PR HET B o Tz IERE RIS @R e KRR K
KL, o 7ay T« 7 EHET %,

T 5, TNEOYERFEMZRAEE LT, IRt X
UGB, CRFIEHUE, 725 Tt VB O 11
FAEFNCHESD < LOWIBEO B & (19572 BB S % .

ARG, HFEHRICE EE5T, HEREKRELTY
HOARBTFHZYI DI T RANET 5,

EaB VAL =9 — LIERAOCFER. HAFHERSE R EEBRaDEE
FHOREMSRERRD—ER.

Part of an experimental setup for quantum light source generation, combining a picosec-
ond pulsed laser, nonlinear optical crystals, and photon-number-resolving detectors.

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

Recent rapid advances in optical science and optical quantum
information processing have been fundamentally supported by progress
in laser source technologies. In this laboratory, laser sources are not
treated as given instruments; instead, we take the strategic design of
light sources themselves as the starting point for expanding accessible
research regimes.

We develop ultrashort-pulse laser systems that simultaneously achieve
high repetition rates, high average power, and low noise, through an
integrated approach encompassing oscillator design, amplification,
dispersion and phase control, and wavelength conversion. By
constructing light sources optimized for specific experimental purposes,
we enable access to strongly nonlinear regimes and high-efficiency
generation of novel quantum states that are difficult to reach with
conventional sources.

Based on these advanced light sources, we further extend our research to
nonlinear and quantum optics, photonic quantum information processing,
and the exploration of new physical phenomena arising from quantum
interactions between light and matter.

Our laboratory aims not merely to develop laser sources, but to use them
as a foundation for exploring previously inaccessible regimes of physics.

ERDL Y 7w T K WERE NIz Schrodinger DIEIREED 7 « 7+ — 8%
KT RYFTERABFHELEFIENDISANRFENS,
Wigner function of a Schrodinger cat state generated by the setup shown on the left. Such

states are promising for applications in fault-tolerant optical quantum computing and
quantum optical materials.
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Iﬂ Ilﬂér[ m % % Okazaki Group

HiZE T —< Research Subjects

TR T 9 A RE L — 4 — ARPES 1T & % JEfE R AN s O F%
HAEIH
Mechanisms of unconventional superconductivities investigated by ultralow-
temperature and ultrahigh-resolution laser ARPES

B R i L— 9 — ISR ARPES I & 2 B Hiisk O 1%
Hafit]
Mechanisms of photo-induced phase transitions investigated by HHG laser
time-resolved ARPES

Febii L—Y'—2 e @ o fghe - 70 i ARPES 2&E D BYE
Developments of high-resolution/time-resolved ARPES systems using
advanced lasers

B MHE RY
Research Associate
IKEDA, Ryohei

HHE R A=

Associate Professor OKAZAKI, Kozo

FI Course
HEEMER
Adv. Mat., Frontier Sci.

fa R T e, AT OE T OEE R & TR
F—OHBIR O3 PG ZEEEBINT & 258172925
FETH B, AWFRETIE, TIVF—DMEETO p eV,
RHGERE 1 K &S HR&E ez 69 2 L—Y—fEny
fRCRE T o eEkiE 2 AV, RO B A D TG F &
U8 vy 7RG Z EREIT 2 2 & T, T OFEBIEME
DOz HIEL TWd. £e. 7 = L ML —Y—Z R T
Z DR e W2 T a— T LI B R R 1ot &
D, JETHRRTBIC I 273 > PSB4G5 72
TBHILMNTED, AMRETIE, @REHW 2 T 0—T
&9 B I DR 1 E 2 -V T O ERBIESAHERRE OB
MR K OV K B WtERlEZ His L Twa, 51, L—
P—RFEWIILERE L OEHIC KD St L— =2 VW OtE
TOIREEDRFE « mEIC MO HA TS,

70 XS Cs(Va,Ta)sShs(Te =5.2K) D7 TV I 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

ISSP Digest 2026

Angle-resolved photoemission spectroscopy (ARPES) is a powerful
experimental technique that enables direct observation of the energy—
momentum dispersion (band structure) of electrons in solids. In
our group, we aim to elucidate the mechanisms of unconventional
superconductivity by directly probing the electronic structures and
superconducting gap structures using a laser-based ARPES system with
world-leading performance, achieving an energy resolution of 70 peV
and a base temperature of 1 K. These capabilities allow us to resolve
extremely fine electronic features and investigate low-energy phenomena
with unprecedented precision. Furthermore, time-resolved photoemission
spectroscopy (TARPES), which employs a femtosecond laser as the
pump and its high harmonics as the probe, enables us to investigate
ultrafast transient electronic structures in non-equilibrium states. Using
a high-harmonic-based TARPES system, we study photo-induced
phase transitions and explore optical control of material properties. In
collaboration with laser development groups, we are also engaged in
the development and advancement of next-generation photoemission
systems based on cutting-edge laser technologies.3

I FHERR IR TaaNiSes (< B 1F BHFIEAGEA - 2BES

Photo-induced insulator-to-metal transition in the excitonic insulator TayNiSes




7" 1; ;‘l‘ b}I: % % Kimura Group

FZET —< Research Subjects

RSN - FHINEZ TG U7z @ik X SO 3= T ORI
Development of high-precision X-ray optical devices using ultra-precision
fabrication and measurement techniques

Febi G2 G U 7T X R A A — 2 > T Rl DBz
Development of new X-ray microscopy technology using advanced light
sources

X RRBAREIC K B BRI A A= > 7

Material property imaging with soft X-ray microscopy

A X SEHEFL—Y—Ic K AWTPERE T 2 L A XA—D 7

Femtosecond imaging of samples in liquids using X-ray free-electron lasers

BE MR BT

Research Associate
TAKEQ, Yoko

HER AN EE
Associate Professor KIMURA, Takashi

EI Course
IX¥ZRMETSR
App. Phys., Eng.

AR TR, XFREABE T L—P =MD smEH
I & o e st X BOGIR & RS 2 X SRR T2 Re U,
BT RHAA A — 2 > TR OBIFICH D #HA TV %, Bk
IS iE, REEHERiRY SPring-8/SACLA T X FREAMBIHE
EDIEM, FF LV ONN TR 72 F5D St A S 7 o
Y REEH Ule X #5701, LY XL AA A—
DT DIHOFET NIV X LORFZIT> T b,

F I HFAIRTEH & & BICHFE L 7z X BREMEROTEIC & i
WREICE D FHATI D, F /RO T/ Wit 7 & O ek
FURHZD T <L RIS 7D > 7 - s gL
RHUZIT > T0d, MRZMDT, XAV R Z M
Rt & Yk OB 72 B O 22 R - BERTIN M REE TREO DU %
LT, YA A YOI TEZBERL TV 5,

SPring-8 @ BLO7LSU ICHEEE LU X R 2 4 04 5 7 « #£i& CARROT(Coherent
Achromatic Rotational Reflective Optics for pTychpgrahy), ©&k 4§ 7 + L2 —
IT-EFALAFREGEAT S Llck Y RABRROE X R THBZ
50 nm IZEDDREETA A =TIV I TR ENFRETH 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.

BXIR2A T 57 1 IC &K WEHRI LTS - B SHERE (ND7/23), TTREBD
RUiERRZE EE LTI 22 LT MR FREDERZ TREIRNIT
RyEVITBHIENTES,

Soft X-ray ptychographic image of a hybrid cell line of neuroblastoma from mice and
nerve cells from rats (ND7/23). By scanning across the absorption edge wavelengths of
specific elements, this technique enables element-selective mapping of chemical state
variations within the cell.
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IR BWEFE S cuson row

HiZE T —< Research Subjects

B X AME T L— =2 R st O s
Development of measurement techniques for condensed matter physics using
X-ray free-electron lasers

B nzigr B rRFO@EEL 1S I A

Ultrafast lattice and electronic ordering dynamics induced by photoexcitation
B @535 T ofs & - IRE

Crystal structures and electronic states under ultrahigh magnetic fields
B XA 2 P T S O fiR AT

Crystal structure analysis using high-brightness X-rays

HEE ARE b
Associate Professor KUBOTA, Yuya

FI Course
B RER
[Phys., Sci. |

R il 5 5 i 7% SPring-8 B X X fH B F L — ¥ —
(XFEL) fitig% SACLA ZHuDNC . lERERE X K7 F O 7=
TR L TV 5, i X BOCHROMEREZ i KIRIC G L
FIPERHI A O BIFEICHL D A, & < ICHEIRD Ik
ICHEH LT, fshRES S & OB HIREEOIIAZ HIE L T\ 5,
B 21X, XFEL OMEIGEMN &R/ OV AEZIEH L, el —
e LA A DR TR R X AR AL E O 2028 2175
T2, Sl & N7z i BV EIC 38U % 4 s o 5 17k
FORAF I A%, 7z MPORHE A — )b TN
THENTFRETH B, E BT, B—% T IV FE
(PINK-02) 7% SACLA ICCTBHH¥E L7z, 100 T Dl N Tr8
B9 2 E OSSR X OB HIRER, XRAETE XU X
BTS2 2 B LT3, Fia, BYLEIZLT
E3EEE L. SPring-8-11 21 Ush & 9 2 KA RO B TS
ICHREMIC S L TV,

BFE 0 AR X SREHTRIES), EARADNRIE Aig IE—L Y T+ /2 %T T
LD DF/ A— MVDRZERR T — IV TEZRRATES

Example of time-resolved X-ray diffraction experiments. The photoexcited Alg coherent
phonon in bismuth is directly observed with femtosecond temporal resolution and nano-
meter spatial resolution.

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/y._kubota_group.html
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We focus on condensed matter physics using high-brightness hard
X-rays, mainly at the large synchrotron radiation facility SPring-8 and
the X-ray free-electron laser (XFEL) facility SACLA. We work on
developing advanced measurement techniques that take full advantage of
state-of-the-art X-ray sources, with particular interest in nonequilibrium
states in solids to elucidate their crystal structures and electronic
states. For example, by utilizing the short wavelength and ultrashort
pulse duration of XFELs, we perform time-resolved X-ray diffraction
experiments in combination with optical lasers. This technique enables
direct observation of the femtosecond-scale dynamics of crystal
structures and electronic orders in photoexcited strongly correlated
materials. In addition, we developed a portable magnetic field generation
system (PINK-02) at SACLA. Using this system, we investigate the
crystal structures and electronic states of materials that emerge under
ultrahigh magnetic fields exceeding 100 T through X-ray diffraction and
X-ray spectroscopy. We are also actively involved in the development
of next-generation advanced light sources, including SPring-8-1I, in
collaboration with RIKEN.

SACLA [£&1F % 100 T iBsRELZRAESEE PINK-02 Z AUV e RBRDRF, BAR
DFEBUDEEBH PINK-02, PINK-02 ISHAFHERELEA (ISSP) LtuHHM (BEK) &
DHFEFFE

Experimental setup using the ultrahigh magnetic field generator PINK-02 (>100 T) at

SACLA. The box-shaped device in the center is PINK-02, which was jointly developed
with the Y. H. Matsuda group (ISSP) and the Ikeda group (UEC).




/ J A M Elt %:cl.a % Kobayashi Group

FZET —< Research Subjects

RSB VA L—Y'— 2 AT LOWISERFE
Development of high-power ultrashort pulse laser systems
B L —¥—hn o
Fundamental understanding on laser processing
BEFISHI AR 70
Precision spectroscopy of molecules for medical applications
B AR—=T ¢ DAY AT L
Cyber-Physical System

BhE Il KRR

Research Associate
NAKAGAWA, Kotaro

BRI FET
Professor KOBAYASHI, Yohei

HI Course
| THRIETY
App. Phys., Eng.

I L— P — OIS FE & TN W T8 - st
RO 217> TV, FHOUEREa LB X TZDIGH
FHEORFE . BEIVZ A IS8T — L—F—F iz L—
PN LOFHOMEZFOHEE LT 5, L—Y =)
BRFE T LRI S 2 v 7R T 7 A N —DF k2RI, #
EROK L, BE P ST—D L= =2 AT LEERIL,
ARG, SRAb HEARSRN OB EFICB O TEMT %, BE
BORLOFHTERMHRENOA—L Y XE— RRAMEL —
Y- RET 5, 7 LML= = R—=2 & Uil
Jb—L v hEENETONRE 05 @Z iz Hig L
Tz ERAOSH ORI R D T2 217> Tnd, L—H—
ILOFBR LR EWEOHEERICBNT, L—Y—
INTOXPREERICH O #HAT WS, HEEOERYINE DM ?
RO T2,

HARBALICEZRFDN. BFFERIRIVF—DHEINSBEBERVIRL
E—FEBL——LDEHFEDRICK VT — FODBEE e H AT BE
Gofe, BE A2 ZXT—T I He DIEE— RREDFEDHA,

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.

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—H— T8RO Y 7 & IBEMmRAE

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

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/kobayashi_group.html
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L Jie it 7 =

Kondo Group

HiZE T —< Research Subjects

B PR L — Y — 7z IR & 3 % i o R RE A o ROC 100

JEHLE DRATE
Development of a laser-excited ARPES system with ultra-high energy
resolution

B /0 « A Vo - KR REE T T R B EHRESe
MRT YAV E T

Superconductivity and topological quantum phase investigated by angle-, spin-
, and time-resolved photoemlssmn spectroscopy

.W%t%ﬂﬁbht% IPETTIIZE S % iR AR B

Strongly correlated physics studied by photoemission with synchrotron
radiation

B¥H 7 Ay Yy
Research Associate
HUH, Soonsang

MR ABE &
Associate Professor KONDO, Takeshi

HI Course
EFRYEF
Phys., Sci.

EAFR O < N> R, %6@%@¥%ﬁ%@
f#d 2 ETCOREEE 52 %, MEDRAE T, HETH
I BNETEAENCIRINF—DEBE L TA A=V
J9 % &Y REEZRTTHILT 2812 RRFIETH 5.
COHMER=ZE LT, NV RPRFOAE Uiz AE L
kD\NwzﬁTﬂM¢%#$®&4%\7X%7IAF$
AT —)VTEINT 52 LT, ZEEE I REEE
WLTHRATL %, YWIFEETIE, TDXS &étbfc"éﬁ

DNCEAZEEL T, (i) BEEA, EVETRYET
FBERE., b RoYAba A, AR cHili s
SmFHPBER E 0BRSS E, EEEETELONS
INY RS BERICIZET %, & HIcld, MR L—3"—ei
KUOZnZz TGS a ot aE 2y L, 7o )b
SHECTRBOI 5 O 72 B TR (T3 F—F v v TOHE)
L& DMHENEH) ZMHT %,

(a) SHER LY = RBREA BioSraCuOe+d DIESRIEE. (0) KEF 7514 F—
e) I\ FiEED2HR, (f) 7 T/VIEAY CHROBERESEF v v TOBRERR. (

7 TIVZERYDANY kb, (h) (9) T

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 3He 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.

-(c )ﬁﬁ’ﬁ%@ﬁ:a?ﬁj‘;‘zi%ﬁ@ffi‘ﬁl (d) 1\ FRBDRFy T3y b,

) BIEEHIERE (T) £ V&R (BR) LER (F7R) TAEL

TR AN bILD Te EFTDES. iﬁfﬁ%ﬁﬁﬁb‘ﬁ‘f?ibh"{é’o ) () TRIEWITR I ROBHENIST 5.

(a)Crystal structure of BizSroCuOg+q high-T¢ superconductor. (b) ARPES analyzer. (¢) 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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FZET —< Research Subjects

IKTEPER A D EIRRE & X 7 0 AN —1E IR O EAERIC
B9 2 W%k

Electronic structure analysis of aqueous solutions to study microheterogeneity
and interaction at solid-liquid interfaces

o fl B b MR 0D SR SOSHRAT. FEXULARIG, DM IS
fEtT. RJE R 2R B OBERERT D7 D T D0 FIE OB SE
Development of in situ soft X-ray spectroscopy for surface reaction of battery
catalysts and electrodes, electrochemical reaction, photocatalytic reaction and
functionality of metalloproteins

SIS 55035 RN LSS, AC VM. <5 Vi,
B EE PR . WOE RS O BN &2 DR DRSS
Study on the origin and observation of elementary excitations (crystal
field excitation, spinon, magnon, charge density wave, orbiton) in strongly
correlated materials

TR XARFE ) O i T 3 )V — I fiRfig (b & R ) i3 e D 7 &
DEE AT

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

¥ 3R XH

Research Associate
ZHANG, Wenxiong

B RE BX
Professor HARADA, Yoshihisa

EI Course
MBS MER
Adv. Mat., Frontier Sci.

WIS T, R EEE OBEDE X RIEO—DTH %
SPring-8 & NanoTerasu I3\ C WX HR " & PEEN 2%
WTH LWtz L. WEOBSMN, TR,
FIE 2 T 2 H KR Z ORI > TN 2 e 217 -
TV, FHCEHELO—RITdH 2 I X FRFEI eI H L,
SEEHBIYIEIC 351 2 Kbk (REmmlike, A€ Ve, <27
J VI, FERPE IR, WUE R &) OB &
Z DRE O, IKTEVEHIR, WS / KGR O % IR
L I 7 O R PEOBIAL BRI MG -« XA AR oD
RESCHNT, TSI DTz DZ D8 (AXF V1)
IHTEEE O, BIE X 2RV EOTEIREMITR E, )X
I L S %5 5 2VERZITRE LT
o RICHRECAVIILE LT XARIIN - FE e et
REILD/=HDR & D, X UAKFEERFEE & HFH L TiX
TR A A= > T OIS ETT> T 5,

2024 £ 4 A & Y NanoTerasu BLO7U TH@H D 30meV OF L3 JVF —DAREE
EFEDAEDRE X RHNDHEERE HORNET-II

30meV resolution angle-resolved soft X-ray emission spectrometer HORNET-II installed
at NanoTerasu BLO7U and under operation since April 2024.

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

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.

BHTEH—HDF/ A— VT A XDNREF OB A 4V BRREED. HED
A7V FRNITBEBY BTeHIT T4 7 2 ZEY & KDKKRBEEBEE RH
LTWB] TEDNRXFANHTHONEG DT,

Soft X-ray emission spectroscopy has revealed that functional ionic liquid crystalline
membranes with extremely uniform, nanometer-sized pores recognize the "hydrogen-
bonded structure of water surrounding the ions" in order to selectively permeate specific
ions.
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*(L: EEI i%i E:I: % % I. Matsuda Group

HiZE T —< Research Subjects

B ARS YR XRERICK B ERE LD T - FX VT EAF 3
A DIZE
Operando X-ray experiments to study molecule and carrier dynamics at
surfaces

B X R EBE T L — Y —Z AW IHE X S OBst
Study of non-linear X-ray spectroscopy by X-ray free electron laser

B Bi5 AR ORGE & AR
Design and synthesis of novel functional materials of the monatomic layer

Al TRy bW X B0 TR OB 5

Technical developments of X-ray spectroscopy experiments using Al robots

B#E R EBE®
Research Associate
HORIO, Masafumi

BiE NE R

Professor MATSUDA, lwao

I Course
EFREY REFRLT
Phys., Sci.

R T YER X R L — =D B AT 2 228 R~k
X #R72 W2 A « BT « JERIE Y e D E RN
ZHF L, BIEEE (LX) ZH> THROBIEFICE T %
Regz bz T2 BT 24T Y REREZIML TV
%o FHEHERE T B AR O L AIREER BN T LA
T E5METHVENE 2 | f F 28 & K&UTSRMT T % T
L. E7/)VIED S FEEMBOYME L BEENEZIH S M LT
W5, & HICHIEE T 72 EFEBEO BITRIC N A T, Al
TRy M OZEABHEREL TV 5, w5E LTV AR
BEIET 1 T 7 ETZREA UREE MmN o«
W/ JERTH O, ZTNTNOEFYIES X OHEEMEOWTZE
T TW0W5, AT AT 0 7 AZ2Itic, L DR
EIRFH T — R TR E 7« — RNy 7 BN oMk
DG EBREITV, ZO4EIEERHIEL TV 5,

ART Y FRBRAT—2 3> FEARABFANLEE, BEERICRESN
THY. MEPENG ERLBEERISDOEAICEREND. RELERED
FREE )T IVE A LTRAB 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
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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.

FHARE CER LILTEATE T COR X MEBFOICAE (£BD Au 4f R
1),

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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FZET —< Research Subjects

TNV - HRYNEEDE OV A FARBE
Development of ultrafast pulsed laser technique in terahertz-mid infrared range
YRS THE S NI 2 RSROBEB A A F I 7 X
Ultrafast dynamics of many-body systems driven by light field
FARB I AVERIBICE T B IEEISE LI S
Nonlinear responses and nonequilibrium phenomena in topological semimetals
B 75~ VY EEAY Y b=y R

High-speed terahertz spintronics

BH B &KX
Research Associate
MUROTANI, Yuta

BEDH HE B
Project Research Associate
YUMOTO, Go

HEE Wk R
Associate Professor MATSUNAGA, Ryusuke

HI Course
EFRYES
[Phys., Sci.|

T TNV NSRS < LR - afgEIc bz a e —1
¥ MEEZ T, MEORIGE L BRI K > Tl h
ZIEPHERRIED I Z PR TV B, BT T 5V JE e
DT 4 MY XNVF—RGZE meVIEETHL, MEWHICE
WTHEERT o)V I EEFEOBHIEEETIND N TES
HEAEBTHEL > TV, & HISTERBES NS T
VBRI & RO @R T 5 NV IR Z RS % T & T,
RT3 )V F— DL Z SANCE T 5. 50
PHHOEFEEL D & ESICTIIVF—DEVEERIC K Bk
HEWEHEIC K > Tav—L Y MRHEERZEHRNS T &M
ARETH B0 T TNV FAER U & JERIE e ilE
THZEFETZ L L bic, BEERGREMED X 5 R2 AR
DFFICHNZEHES, M Ra Y ESEIcBVTHE
KICHNZIERIEISE., @A E Vs iHga & JEPER
RECHN 2O 12/ IRBER N, ZOBREMZIF 5 i
R

BBET INIVY INIVARES SOMBEREF RN UV AREICBANS 7 1
MBS/ VAL -V R T4

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

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 (IBERIEICAWV538 - kYT - RAEERERGT
A 2T L

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

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

B VAL—Y =AW 20 MBI, mm A E
Y=L UTHEHZRD TV S, RN, 2 A RPR,
INEHEDHERI D, PR L —F—E TN S OHRDHE
Tl V2R E UTHETH 2, i3 A1y FIE 8 Ak L —
Pl B 27OV AEROBEELEFETHY, T2 L EBD
EEMEDFIFEE N TV D, IEOREN DR 2 £z
EHIENE, TR BRA Ff, 2 U THEAETARE B0z
D TH D, DFB MG Si fEEDE “HM/NY > F R 2
HOTA ARG L — P — G I & > THRBISN TV %,
TNTNO TSGR EFEFNND O, gD = — kD
W, Z O 72 i RBRIC TG N 958 ) 75 Tk 72 588 R0 % w2
NH %,

AWFEE Tl LASOR ORkLpiZe= & 3tH T, LRl —Y'—
7OV AR ORI A 73 = X L EHIREEZ 25 L, Z D
FARMBRSVZ 88D . FEROICH OFR R DA Z HIEd .
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EEBHIER F vavFao
Visiting Professor CHEN, Shaogiang

Multiphoton microscopy with a short pulse laser has emerged as
a powerful biomedical tool for cancer and Alzheimer’s disease
research and diagnosis. With advances in tunability, cost-efficiency,
and compactness, semiconductor laser diodes have shown promising
potential as wavelength-controlled pulsed light sources for these
applications. Gain switching is a key method for short-pulse generation
in semiconductor lasers, and femtosecond gain-switched pulses have
already been demonstrated.

Precise and fast tunability or control in wavelength is attracting recent
scientific, technological, and practical interests, and is achieved by
distributed-feedback structures or by external-cavity-laser structures
using silicon-photonics double-micro-ring-resonators. Each approach has
its pros and cons, and appropriate methods must be selected to develop
their most advantages based on application needs.

In this proposed research, with the collaboration with Akiyama lab in
LASOR, we aim to study the physical mechanisms and limiting factors
of several laser-pulse-control techniques, explore their fundamental
limitations, and provide technical references for future applications.



