Laser and Synchrotron Research Center
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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.
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ﬂi ﬁ 61: % % Itatani Group

FiZE T —< Research Subjects

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

X7 BRSOV AFEE LR - 437 - [ERD T SRS
Generation of soft-X-ray attosecond pulse, attosecond spectroscopy of
atoms, molecules, and solids
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Development of ultrafast soft X-ray spectroscopy
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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.
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(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 Ilﬂg[ 61: % % Okazaki Group

HiZE T —< Research Subjects

OB T B 7 e L — T — ARPES I & % JEHERI S E OB
AN
Mechanisms of unconventional superconductivities investigated by
ultralow-temperature and ultrahigh-resolution laser ARPES

B A L— U — 538 ARPES I & % Yl iR OB
Ffii]
Mechanisms of photo-induced phase transitions investigated by HHG
laser time-resolved ARPES

Jedi L—9' == F Te i D RAE - e 707 ARPES 2&E DR FE
Developments of high-resolution/time-resolved ARPES systems using
advanced lasers

UL Q2 NI
Research Associate
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Fermi-surface map and superconducting gap of the Kagome superconductor

Cs(Va,Ta)sSbs(7e = 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.
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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

FiZE T —< Research Subjects

BN EREEN T - GHAEZ T A U7 RS X S0 o Rs
Development of high-precision X-ray oEtical devices using ultra-
precision fabrication and measurement techniques

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

R X FRBEREIC K B BERIINEA X =2 > T
Material property imaging with soft X-ray microscopy

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

B#E MR BT

Research Associate
TAKEO, Yoko

HHE AN BE
Associate Professor KIMURA, Takashi

FI Course
TITERYETSE
App. Phys., Eng.
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SPring-8 @ BLO7LSU ICHEEE LU X 2 4 0% 5 7 « #£& CARROT(Coherent
Achromatic Rotational Reflective Optics for pTychpgrahy), © &4t 7 + )L 2 —
ST ENALEAZREEAT R LICRY . BLTEROM X ETarlz
50 nm REDDREETA A—I VT 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

BXIRZA Y57 1 I K YUEHRI L el o B EFiERa (ND7/23), TTHREBD
RURim R R EE LTI 2T & T MaR DL REDERZ TREIRNIC
RyEVITTBHIENTES,

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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/ 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—hnT oy
Fundamental understanding on laser processing
BEFISHI AR 70
Precision spectroscopy of molecules for medical applications
B Y AT VIV AT L
Cyber-Physical System

Bh# ARl KRR

Research Associate
NAKAGAWA, Kotaro

g W OFT
Professor KOBAYASHI, Yohei

FI Course
ITHERWETSE
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
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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——INTBR0Y 7 IR EESRAE

Measurement of laser processing dynamics with sub-picosecond time resolution.
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HiZE T —< Research Subjects

B iR L — Y — R & 3 % i o RRE A 1 ) R Ty
JCHEE D FE

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

resolution
B 4R - A Y iR - WO ETE 100 T R SRR
FREa I A)VEH

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

B BRI U 7o)/t TZEd 2 i E Ry
St{iongly correlated physics studied by photoemission with synchrotron
radiation

M A &
Associate Professor KONDO, Takeshi
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Spectral weight

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)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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’/? EEI E:I: % % Harada Group

FiZE T —< Research Subjects

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

ot fi B0, R U R OD SR STHEAT, FEAUESASOS, JERIGS
fEtt, RJE 2 2R EOBERERT D7 D T D50 FILEOBAFE
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, WP OEZBI & T DRRINOYE

Stucéy on the origin and observation of elementary excitations (crystal

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

X DI T3V F — M RE(L & IR 5 D 72
DEREC AT

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

B AR AL

IR BN B
Research Associate Project Research Associate
KIUCHI, Hisao SHIMAMURA, Takenori

R RE BA
Professor HARADA, Yoshihisa
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SPring-8 & NanoTerasu IC W\ T B XHR " & MHEN 3%
WTHT LWtz L. WE RS, BRI, Ot
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LUHIZE=E D SPring-8 TIREICHR L1z 50 meV DB IXIVF—DREEEFH DA
ENRER X FREAD LB, 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,

o@
¢ 09
%1 crozkfnzk
&) é@?
ﬁXﬁ%%ﬁi’éu i

RERE ICHUEL
KOBFREDE

HRENE A A >

BRREOEIL z~&bp0 @
" e

BHTEH—HDF/ A— VA XDNREFOWEEM A 4V RERD. HED
A AV FRNTEB Y BTebIT [ 4 2 2B EKDKKREAEEE S
LTWB] TEDNRXEIANHTHOENEGE 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.




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

FiZE T —< Research Subjects

B A5 YR XREBRIC KR LT - FY VT RAF I
A DL
Operando X-ray experiments to study molecule and carrier dynamics at
surfaces
X BEHET L—Y—Z AT IEE X Boreomtse
Study of non-linear X-ray spectroscopy by X-ray free electron laser
USRI OB & Ok
Pesign and synthesis of novel functional materials of the monatomic
ayer
B AL Ry &V X SRS ORI
Tetc;,hnical developments of X-ray spectroscopy experiments using Al
robots

B R EBE®
Research Associate
HORIO, Masafumi

BiR MHE B
Professor MATSUDA, lwao

FIX Courses
BB REYRE

Phys., Sci. @ Chem., Sci.
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FRMEZE )T IVEA LTRA BT EDTES,

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.
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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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Nonlinear responses and nonequilibrium phenomena in topological
semimetals
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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 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.
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Transmission, reflection, and polarization rotation spectroscopy system for terahertz elec-
tromagnetic response and Hall conductivity measurements
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