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Laser and Synchrotron Research (LASOR) Center develops new
lasers with extreme performance of ultraprecise, high intensity
and ultra-short pulse lasers. The cutting edge soft X-ray beamline
is also developed using synchrotron radiation. LASOR center is
responsible for the advanced spectroscopy such as high resolution,
time-resolved spectroscopy, diffraction or scattering imaging, by new
coherent light sources based on laser and synchrotron technology
over a wide spectrum range from terahertz to X-ray. In LASOR
center, a variety of materials sciences for semiconductors, strongly-
correlated materials, molecular materials, surface and interfaces, and
bio-materials are studied as well as industrial science such as laser
processing using advanced light sources and advanced spectroscopy.
The aim of LASOR center is synthetic science for photon sciences and
collaborations with materials science. Most of the research activities
on the development of new lasers with an extreme performance and
the application to material science are studied in specially designed
buildings D and E with large clean rooms and the isolated floor
in Kashiwa Campus. On the other hand, the experiments utilizing
the synchrotron radiation are performed at beamline BLO7LSU in
SPring-8 (Hyogo). We contribute to construct the next-generation
synchrotron radiation facility at Tohoku.
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HiZE T —< Research Subjects
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Development and precise control of ultrashort pulse laser systems
L—— LR
Fundamental understanding on laser processing
EEFRISHIT ARV +-0 0
Precision spectroscopy of molecules for medical applications
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App. Phys., Eng.
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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

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——INTBR0Y 7 IR EE ST

Measurement of laser processing dynamics with sub-picosecond time resolution.
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,/? EEI 61: % % Harada Group

HiZE T —< Research Subjects

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

ORI Al B D2 1 S S ARAT . FEXUL A RIS, Al S S AT
BIE 2 2R B OBEBERNT D T2 0D Z DI FIED BT
DeveIOﬁ)ment of in situ soft X-ray spectroscopy for surface reaction of

fuel cell catalysts, electrochemical reaction, photocatalytic reaction and
functionality of metalloproteins

SEFHBI P EIC 5002 SRk fn sl . A ke, <7/ ik,
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Stucéy on the origin and observation of elementary excitations (crystal

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

WX RRFEVEID YE DM T3 )L = Rhedt & M iR 5 e D 72 6
DERE AT

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

B KA AL
Research Associate
KIUCHI, Hisao
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Professor HARADA, Yoshihisa

HIR Course
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[ Adv. Mat., Frontier Sci.
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High energy resolution soft X-ray angle resolved emission spectrometer constructed for
University of Tokyo outstation beamline BLO7LSU in SPring-8.

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 X-ray source: SPring-8, 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 promising 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 like
Mott insulators and novel high-Tc superconductors, electronic structure
analysis of aqueous solutions, interaction at solid-liquid interfaces, the
surface reaction of fuel cell catalysts, 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 for the next generation
synchrotron light source.
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Soft X-ray emission spectroscopy has revealed that functional ionic liquid crystalline

RS ICHURL
KOBFREOE

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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HiZE T —< Research Subjects

By PEICBI 5T Ty 7 T2Vt Y
Dirac Fermions in monatomic layers

X BREA BT L —Y— =2 W T IERIE X B Ot
Study of non-linear X-ray spectroscopy by X-ray free electron laser

B A4X5 Y FXBMERICKBEE LD T - FX VT EAF 3
A D%
operando X-ray experiments to study molecule and carrier dynamics at
surfaces

B RS B BT YV a L — R = LT A DY
(kS

Developments of frontier technologies for undulator beamlines of the
next generation synchrotron radiation

BhE R EB®
Research Associate
HORIO, Masafumi
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Dirac Femions in Non-honeycomb 20 lattice and the pair-formation
[Borophene (atomic ayer of B))

) mrn.c'a:c‘om Non-equilibrium
in Non-honeycomb 2D lattice in the 2D lattico Massive Dirac Fermions
[Borophene] [Topological B (HB) [Topol h B)
a Cu,Sl layer] metal dichalcogenide]

AARECERSLCRELKRFEBOOAL Y 3y, TNENFEDT 1T v
BFREBLTEY ., BEFRELF v VT 220 RAZFHMEAN .

A collection of monatomic layers with various types of Dirac Fermions that are synthe-
sized and examined in our group.

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

We have developed advanced techniques for absorption spectroscopy,
photoelectron spectroscopy, and nonlinear spectroscopy using vacuum
ultraviolet rays to soft X-rays, generated from high-intensity synchrotron
radiation, X-ray free electron lasers, and high-order harmonic generation
lasers. With our completed spectroscopy systems, we have conducted
operando experiments to “in situ” observe any changes of the material
states under the operation conditions of functionalities. Using the
characteristics of each light source, the dynamic changes in each time
scale from femtoseconds to milliseconds are tracked in real time to
clarify the details and a series of the temporal information is chronically
connected to capture the whole picture of the dynamic phenomenon.
In our laboratory, we are mainly studying physical properties and
functionalities of monoatomic layers with exotic Dirac Fermions and
at surfaces/interfaces of strongly correlated materials. We manage
and operate high-brilliant soft X-ray beamline BLO7LSU at SPring-8.
We are also devoting ourselves in constructions of beamlines for the
next-generation synchrotron radiation facility.

(a) Microbunching
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The soft X-ray second harmonic generation (SHG) and the Fe 3p resonant effect in the
GaFeO;3 crystal using free electron laser. (a) The measurement set-up and (b) the absorp-
tion spectrum. Intensity, I, of (c) the fundamental (ho = 27.5 eV), (d,e) SHG (2ho = 55
and 53eV) with respect to the incident intensity, Io.
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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 - 477 - [ERD T SRS
Generation of soft-X-ray attosecond pulse, attosecond spectroscopy of
atoms, molecules, and solids

i L— 9" =15 C O B SR OB & il
Observation and control of ultrafast phenomena in strong optical fields
B X R YETL DB FE

Development of ultrafast soft X-ray spectroscopy

B K Bt
Project Research Associate
MIZUNO, Tomoya

B RR #Hx

Research Associate
KURIHARA, Takayuki

HEEIR RE ARR

Associate Professor ITATANI, Jiro

FI Course
B REF
Phys., Sci.
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Transient absorption spectroscopy of NO molecules using soft-X-ray attosecond pulses. (a)
Experimental setup. (b) Spectrum of attosecond pulses. (c) Relevant energy levels of NO
molecules. (d) Observed transient absorption spectra. (e)Absorption spectra of the NO
molecules at the ground state without excitation.

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/itatani_group.html
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We work on the development of intense ultrashort-pulse light sources
and their applications to ultrafast spectroscopy of strong-field-driven
processes on the femtosecond to attosecond scales. Regarding the R&D
of light sources, we focus on the generation of waveform-controlled
intense optical pulses from visible to mid infrared spectral ranges, and
the generation of soft-X-ray attosecond pulses using the physics of high
harmonic generation. Furthermore, we develop the building blocks of
next-generation light sources to break the limit of current Ti:sapphire
laser-based technologies. Based on these novel light sources and
techniques, we develop attosecond soft-X-ray spectroscopy and other
ultrafast methodology to explore field-driven nonlinear processes of
atoms, molecules, and solids. Our waveform-controlled intense light
sources and related technologies are expected to realize novel ultrafast
spectroscopy that cover an extremely broad spectral range from THz
to soft X rays. We aim to observe and control ultrafast dynamics of
non-equilibrium states of matters through various freedoms.
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Photoelectron momentum distribution of tunnel ionized Xe atoms. Due to the rescattering
process, the photoelectrons are accelerated with a strong dependence on the carrier-enve-
lope phase. HCO(n) shows the electron trajectories at different half cycles as indicated in
the insets.
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HiZE T —< Research Subjects

HoRR L — 9" — 72 R EIR & 9 % il i 70 AR AE A FE 7 RO CEE 107
JCHEE D FE
Development of a laser-excited ARPES system with ultra-high energy
resolution

LR « Ao - WD R 100 T RS BnE -
rRE DIV E T
Superconductivity and topological quantum phase investigated by
angle-, spin-, and time-resolved photoemission spectroscopy

TR LT 70 C T T % siiH B A R it
St{iongly correlated physics studied by photoemission with synchrotron
radiation

BhE BRH X
Research Associate
KURODA, Kenta

M AR &
Associate Professor KONDO, Takeshi

FIX Course
B REF
Phys., Sci.
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pectral weight

(a)

sample !

(e)

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.
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(a) SRR L= RAEBIREA BioSroCUO6+d DIERIBIE, (D) KEF 771 51—, () BEDEABTHHERRDOENE, (d) )\ FHEDRF Y T3 v b,
(e) I\ FiBEDLMAR, (f) 7 TIVZEAY THIBEELEFY v v TOREER. (o) BEEEGEEERE (T) LUEE (RR) LIER (M) TAEL
7 TIVZERAYDANYT b, (h) (9) TRTANRY VD Te L FTDESD, BIREMADRTESNTE Y. (f) TERAMITRT ROBEHEXIET 5.
(a)Crystal structure of BizSroCuOg+q¢ high-T, 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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1:, -L: 7]< m % % Matsunaga Group

HiZE T —< Research Subjects

B SOREENTIIZOE T F NV - RN L ZO BT R O R H
(ks
Development of intense, phase-locked terahertz-mid infrared pulse
generation and detection technique

ﬂi%%?ﬁ%@éhkﬁ?%%%%@ﬁ%ﬁﬁ%ﬁﬁX®m
7%

Ultrafast nonequilibrium dynamics of many-body systems in solids
driven by strong light field

B B8 SRRGMEC 3510 2 SRR R OB S O AR & el
Study and control of collective excitations and anomalous responses in
superconductivity and antiferromagnetism

B7 5y 7/ TV ERBICBT 5 ERIEIIGE & st
L7 b= X/ A8y b=y X

Giant nonlinear responses in Dirac/Weyl semimetals for high-speed
electronics and spintronics

BhE #H EfE

Research Associate
KANDA, Natsuki

HEEE Wk B
Associate Professor MATSUNAGA, Ryusuke

FI Course
B REF
[Phys., Sci.|

T TNV IS PRI < SRR - AIHEIC D e s a e — L
> MEEZFAWT, MEOHISE EAEHICK > TARREIN
B IEPHRRIED T 2 IR T VB, ST 5V IR0
DT+ P VIRV F—=R3F B meVIEETHD., MEYIICE
WTHEERT o)V IEEEOBYUSE LTINS N TES
FHRTEBRFLEE T o TV0E, & HIGEFERFEE NI Med T
WA RO ETREE T Z LY Il R ER Y % C & T,
BT 3V F—DHAh A LB LT %, H 2V
BHOERILE D & EHICZIIVF—DERWEEBIFIC X B IE
HEAEIEIC > Tav—L > MRHAMEHZEHNS T &M
ARETH %o T TNV FER ORI & FERE 5 ElE
FEZHHT B & e E I, BIREPRRHEED X 5 B2 AR
DOHFICBINZ LGS, R YL EERIcB TR
KICHNZ IR E 2 &, JEPALIREETHN 2 B DO ¥ /-
IRIRREZ TR, Z OBEEMEZIHS ST %,

BBET INIVY INIVARES LOMBREFRNA UV AREICBVNS T 1
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
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We investigate light-matter interactions and dynamics of light-induced
nonequilibrium phenomena in a variety of materials by utilizing terahertz
wave, mid- and near-infrared, and visible coherent light sources based on
ultrafast pulsed laser technology. Especially terahertz spectroscopy can
unveil low-energy electromagnetic responses of materials on the order
of millielectronvolts which include essential information for dynamical
motions of electron, phonon, or spin degrees of freedom in condensed
matter physics. Recently-developed intense terahertz pulse generation
technique has also opened a new pathway toward optical control of
materials by strong resonant or off-resonant excitation by light field. In
addition to the development of phase-stable terahertz generation and
detection technique and novel nonlinear spectroscopy scheme, we study
cooperative behaviors in many-body systems like superconductivity or
antiferromagnetism and giant nonlinearity in topological semimetals,
and seek hidden transient phases of matters in nonequilibrium system to
reveal the functionalities of materials for fast electronics and spintronics
in terahertz frequency.

T INIVY BHISES LU Hall (IBEREICAWVSE8 « kYT - RAEEAERFT
B2 AT L

Transmission, reflection, and polarization rotation spectroscopy system for terahertz elec-
tromagnetic response and Hall conductivity measurements
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HiZE T —< Research Subjects

R ERIE L — 9 — 72 FI O T R ) AR C BB 170 e O B 7E
Development of a time-resolved photoemission apparatus utilizing high
harmonic generation from a ultrashort-pulse laser

SR 5 OV OB T ORABH ORI, i
(B D E BN
Mechanisms of electron relaxation from photo-excited states and light-
induced superconductivity

MR B 5 0 R BE L — " — 1y 257 6 7R 700 e K B IFTER
TR RIS D B iR
Mechanisms of unconventional superconductivities by ultralow

temperature and ultrahigh resolution laser-based angle-resolved
photoemission spectroscopy

UL G 2 NI
Research Associate
SUZUKI, Takeshi

AR mE E=
Associate Professor OKAZAKI, Kozo

FIX Course
HEEMER
Adv. Mat., Frontier Sci.
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Ti:Sapphire laser + Regen Ace
(800 nm, 10kHz, 30 fs, 0.7 mJ)

Ti:Sapphire laser + Regen (Astrella)
r/4 (800 nm, 1 kHz, 30 fs, 6 mJ)

BBO
(SHG:400 nm, 50 fs, 1.5mJ)
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Schematic diagram of a time-resolved photoemission apparatus utilizing a femtosecond
laser and its high harmonic generation.

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

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, whereas by utilizing a femtosecond laser as
pumping light and its high harmonic generation (HHG) as probing light,
we can observe ultrafast transient properties of the band structure in a
non-equilibrium state. In our group, we are developing and improving
a time-resolved photoemission apparatus that utilizes high harmonic
generation of an ultrashort-pulse laser in collaboration with laser
development groups, and aiming for understanding the mechanisms
of electron relaxation dynamics from photo-excited states and
demonstration of photo-induced superconductivity by direct observations
of transient electronic states using pump-probe type time-resolved
photoemission spectroscopy (TRPES). In addition, we are aiming for
understanding the mechanisms of unconventional superconductivity by
direct observations of the electronic structures and superconducting-gap
structures of unconventional superconductors with a laser-based angle-
resolved photoemission apparatus with a world-record performance that
achieves a maximum energy resolution of 70 pueV and lowest cooling
temperature of 1 K.
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Photo-induced insulator-to-metal transition in an excitonic insulator TasNiSes observed
by HHG laser TRPES. a, b. Spectra before and after pump, respectively.
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Development of high-precision X-ray optical devices using ultra-
precision fabrication and measurement techniques
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Femtosecond imaging of samples in liquids using X-ray free-electron
asers
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Lens-less Imaging Using Phase Recovery Calculation
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High-resolution coherent diffraction imaging system at SACLA, X-ray free electron

laser facility. High-photon-density femtosecond pulses focused by multi-layered mirrors
enable imaging at a resolution of up to 2 nm.

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/kimura_group.html
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We are developing new micro-imaging techniques using advanced X-ray
sources such as X-ray free-electron lasers, synchrotron radiation and
high-order harmonics.

We design and fabricate various types of novel X-ray optical elements
by combining ultra-precise fabrication and measurement technologies
at the atomic level with semiconductor fabrication processes such
as electron beam lithography. Specifically, we are developing ultra-
precise focusing mirrors and spectroscopic optical elements for X-rays,
microfluidic devices for measuring samples in solution, and phase
recovery algorithms for computer-aided lens-less imaging. By combining
advanced X-ray light sources with ultra-precise X-ray optical elements,
we aim to open up new science by linking mesoscopic microstructures
and physical properties with unprecedented spatial and temporal
resolution in organic and non-organic materials.
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‘Wolter mirror optics for soft X-ray nano focusing.
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Interfacial water at interfaces is involved in various molecular
processes and interfacial phenomena, such as molecular recognition
and self-assembly of biological and artificial molecules to macroscopic
phenomena and material properties such as friction, adhesion,
contamination, and wetting. In recent years, it has become clear
that self-assembly is a major factor in determining anti-adhesion
and selectivity of molecular recognition at bio-interfaces (interfaces
containing biomolecules, artificial materials, cells, etc.).

In this laboratory, the role of interfacial water molecules in the
development of anti-adhesion or adhesion of materials is clarified by
observing the surface of self-assemble monolayer (SAM) using high
performance atomic force microscopy (AFM).
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Synchrotron Radiation Laboratory / Harima Branch
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The synchrotron radiation laboratory (SRL) advances novel materials
research by developing soft X-ray spectroscopic techniques using the
high-brilliance synchrotron radiation source. In the Harima Branch, we
have the world's highest performance fast polarization-switching soft
X-ray undulator beamline (University of Tokyo Synchrotron Radiation
Outstation Beamline) at SPring-8 BLO7LSU, which is equipped with
ambient pressure photoemission spectroscopy, three-dimensional
nano-ESCA, and high-resolution soft X-ray emission spectroscopy
stations. We actively accept joint research projects including
international and industrial collaborations. We are also working on
the R&D of a new spectroscopic imaging station to advance our
measurement techniques for the next generation synchrotron radiation.
In the E-building at Kashiwa, an ultra-high resolution spin-resolved
photoemission spectrometer equipped with the VLEED spin detector,
is under operation and open for joint research using vacuum ultraviolet
and soft X-ray laser sources developed by the LASOR laser group. We
are also starting up a time-resolved photoemission spectroscopy system
moved from SPring-8 to the E-building.
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