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Laser and Synchrotron Research (LASOR) Center
develops new lasers with extreme performance of ultra-
precise, 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 ultra-high resolution
photoemission, time-resolved, spin-resolved spectros-
copy, diffraction, light scattering, imaging, microscopy
and fluorescence spectroscopy, 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 semiconduc-
tors, strongly-correlated materials, molecular materials,
surface and interfaces, and bio-materials are studied
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 applica-
tion 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 experi-
ments utilizing the synchrotron radiation are performed
at beamline BLO7LSU in SPring-8 (Hyogo).
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Anisotropic superconducting gap structure of the iron-pnictide supercon-
ductor KFe;As; revealed by ultra-high-resolution laser photoemission spec-

troscopy. The critical temperature is 3.4 K.
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Professor Research Associate

We are investigating the properties of materials through
photoemission spectroscopy implemented by lasers in the
vacuum-ultraviolet to soft-x-ray region. Photoelectrons carry
the complete information of the electrons in solids, namely, their
energy, momentum, time, space, and spin.

The photoemission spectrometer utilizing the monochro-
matic laser achieves the energy resolution of 70 peV, which is
the highest in the world. This enables us to directly observe
the superconducting gaps and pseudo-gaps of novel super-
conductors and strongly-correlated materials, as well as the
momentum-resolved electronic structures that are closely
related to the transport properties of solids. We can also reveal
the electron-phonon or -magnon interactions in solids. We are
also performing time-resolved photoemission spectroscopy
in order to know the photo-induced phenomena in supercon-
ductors, transition metal compounds, organic materials, and
semiconductors. Furthermore, we are now developing photo-
electron microscope in order to know the nano electronic struc-
ture in solids. Our aim is to have the nanometer size microscopy

of electronic states.
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Laser Photoelectron microscopy (Laser PEEM)
that has an ultrahigh spatial resolution of 2.6 nm.

1. XL —F—RBSORELBFONIC L 2BLEE. BERTYE. FIVEZOETFREDOME
Ultra-high resolution laser-photoemission study on the superconductors and the low dimensional materials

2. BXRL —TF BRI BFONIC L 2 AFERROMAE
Time-resolved laser-photoemission study on the photo-induced phenomena

3. XL — U —HEBFBEMEREICL DT/ BEOETFIREOHAR
Laser photoelectron microscopy on the electronic states of nanomaterials
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Overview of the time-resolved photoemission system at
high-brilliant soft X-ray beamline, SPring-8 BLO7LSU.
Synchrotron radiation pulses, generated at an undulator,
pass through a monochromator that is composed of mir-
rors (M) and a plane-grating (PG). A Ti:Sapphire laser
system (BLO7LASER) is installed at the beamline.
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Associate Professor

Research Associate

We develop experimental techniques using vacuum ultraviolet
~ soft X-ray, generated by high brilliance synchrotron radiation,
X-ray free electron laser (XFEL), and high-harmonic generation
(HHG) laser, to reveal physical properties of single atomic layers
and surface/interface systems.

At SPring-8 BLO7LSU, we operate the segmented cross undulator
and develop the novel magneto-optical experimental technique
using its function of the fast polarization switching. With XFEL
and a HHG laser, ultrafast spin dynamics of magnetic ultra-
thin films and interface layers are investigated by time-resolved
measurements of the resonant magneto-optical Kerr effect.

At the time-resolved spectroscopy station in SPring-8
BLO7LSU, time-resolved measurements of photoemission
and X-ray absorption spectroscopy were made with laser and
synchrotron radiation. Through the joint-researches of catalysis
and photovoltaics, dynamics of carriers and molecules at the
surface/interface are studied.

With the temporal information collected by individual light
sources at each time scale, ranging from femtoseconds to milli-
seconds, we promote understanding of the whole dynamic
picture by combining the sequential information.
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Time-resolved measurement of the resonant magneto-optical Kerr effect of the ferrimagnetic
metallic GdFeCo alloy. (a) Experimental results (circles) of the intensity variation with rota-
tion angle (ellipsometry) taken at hv = 53 eV for soft X-ray FEL at each delay time shown in
each figure with fitting by cosine curve (solid lines). Red and blue colored data were taken
at the opposite directions of magnetic field. (b) A schematic diagram of the magnetization

L REBFBDT—F
(b) EEBERNS/ENICHGHICHT S Fe DBERE—X >V bD

reversal dynamics of the Fe magnetic moment with respect to an external field H. The length
of the arrows is scaled to the magnitude of the Kerr rotation angle at each delay time shown
in (a). One can recognize reversal of the Fe spin in the femtosecond-time scale.

1. BEDBEHRXEONRROBFEEREY (37 XOMRE

Developments of time-resolved soft X-ray spectroscopy and researches on surface dynamics
2. ABFOXERICL Z2EBHE L OHERHRERH - REDOEFREOHE
Electronic structures of metal and semiconductor surfaces studied by means of photoelectron spectroscopy

3. BE/ULABRX REAVWCKEMMBEROBE L BSRAEY YA FI 7 ADHE
Development of time-resolved experiments using ultra-short soft X-ray pulses and researches on ultrafast spin dynamics
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Kobayashi Group
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Optical frequency comb based ultra-high precision spectroscopy. The combina-
tion 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.
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Offset-free optical frequency comb.

IR E A IRAER

KOBAYASHI, Yohei TANI, Shuntaro
IR B

Associate Professor Research Associate

We are developing advanced laser technologies and their appli-
cations. 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 femto-
second 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-repeti-
tion-rate laser system will be applied for a calibration of a
spectrograph in an observatory or an arbitrary waveform gener-
ation 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 indus-

trial applications.

L —H—iNTeR oY 7 & IR EAE

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

Development and precise control of ultrashort pulse laser system

2. B#RDRU —SREYE

High-rep rate, high-field physics
3. wEAK

Precision spectroscopy
4. XEBEHILDKRX - EE - BEGH

Astronomical, medical, and metrological application of the optical frequency comb

5 L—Y—MInFE
Fundamental understanding on laser processing
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CEP dependences of soft-X-ray high harmonic spectra in the water window
produced by an intense IR laser system.

1. BREBRE/VULAL -5 —DREH
Development of intense ultrashort-pulse lasers

2. 7 ~pyEE
Attosecond physics
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Associate Professor Research Associate

We work on the development of intense ultrashort-pulse
lasers and their applications to ultrafast spectroscopy on femto-
to attosecond time scales. As for the light-source development,
we work on the methodology to produce waveform-controlled
intense optical pulses and to extend their spectral range towards
mid-infrared and THz regions. For the spectroscopic applica-
tions, we work on novel methods using strong optical fields and
attosecond soft-X-ray pulses aiming for dynamic molecular
imaging with attosecond and Angstrom precisions, and also on
femtosecond soft-X-ray spectroscopy of solids. By using phase-
controlled intense ultrafast light sources and frequency conver-
sion, we expect to produce optical pulses in extremely wide
spectral ranges with precise synchronization. We aim to use
such ultrabroadband coherent light for observing and control-
ling the dynamics of non-equilibrium states of matters through

various freedoms.
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Time evolution of rotational wavepackets in HBr molecules (lower panel)
and achieved molecular orientation (above panels).

Observation and coherent control of ultrafast phenomena using strong optical fields

4. EEDBERER X 107
Soft-X-ray ultrafast spectroscopy of solids
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Harada Group
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High energy resolution soft X-ray angle resolved emission spectrometer con-
structed for University of Tokyo outstation beamline BLO7LSU in SPring-8.
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Associate Professor Research Associate

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 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, surface reaction of fuel cell catalysts, electronic
structure analysis of reaction center in metalloproteins, electro-
chemical and photocatalytic reactions. We also explore basic
study on ultrahigh energy resolution optics for soft X-ray

emission and time-resolved spectroscopy.
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High order vibrational excitations of H,O observed by the high energy
resolution soft X-ray emission spectrometer. The energy separation reflects
the potential profile of hydrogen bonding. Using soft X-ray emission we
confirmed the presence of a microheterogeneity in pure liquid water.

1. KAERGOEFREE S/ ORE—E. ERAEDOHELERICET 2R
Electronic structure analysis of aqueous solutions to study microheterogeneity and interaction at solid-liquid interfaces

2. MRS BAMEORERIGET. BEXCZRD. SRERGET. £EY >/ EOEERT D HDZDENTFEDRR

Development of in situ soft X-ray spectroscopy for surface reaction of fuel cell catalysts, electrochemical reaction,

photocatalytic reaction and functionality of metalloproteins
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Study on the origin and observation of elementary excitations (crystal field excitation, spinon, magnon, charge density
wave, orbiton etc.) in strongly correlated materials like Mott insulators and novel high temperature superconductors.

4. MXBHRADHDOBBIRILF —DEEEL & KBDED DT DERIEAHR

Basic study on ultrahigh energy resolution optics for soft X-ray emission and time-resolved spectroscopy
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Wadati Group
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Resonant soft x-ray diffraction instruments installed at BLO7LSU, SPring-8.
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Associate Professor Research Associate

We investigate the electronic structures, ordered states, and
dynamics of strongly correlated materials, such as transition-
metal compounds, by using x-rays from synchrotron radiation
(e.g. SPring-8). Our main experimental technique is resonant
soft x-ray diffraction, that is, x-ray diffraction performed by
tuning the x-ray energy at the absorption edge of the constituent
element. One can determine detailed magnetic structures of
extremely small samples including thin films and nanostruc-
tures. By this technique we study ordered states in materials
which show anomalous behaviors such as superconductivity and
giant magnetoresistance. We will further extend this technique
to time-resolved measurements by using time structures of
synchrotron x-rays and x-ray free electron laser (e.g. SACLA),
and directly measure the dynamical processes. These studies will
reveal the mechanisms of anomalous behaviors and contribute
to search for novel properties and phenomena in strongly corre-
lated electron systems.
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Time-resolved measurements of ferromagnetic thin films. This shows the
demagnetization and recovery processes under laser illumination.

Resonant soft x-ray diffraction study of ordered states in strongly correlated electron systems

2. KD BRI X REF RS

Development of time-resolved resonant soft x-ray diffraction systems

3. MXIRZERWH L WA FERDORRE

Development of novel spectroscopic techniques by using soft x-rays
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Associate Professor Research Associate

The momentum-resolved band structure provides funda-
mental information to understand the electronic properties
of materials. The angle-resolved photoemission spectroscopy
(ARPES) is a powerful technique to visualize the band struc-
ture 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 disper-
sion, which is typically tied to exotic behaviors of conduction
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1. BRL - —ZRiELRE T 2BENREAEIBIEEFINEBEDORE

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

2. AEDE -

AV - KESEABFONRTRSBMEEY MROYAILEFHE

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

3. BERZFRALILABFONTHRT 2 EEEETRYE

Strongly correlated physics studied by photoemission with synchrotron radiation
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Okazaki Group
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Schematic diagram of a time-resolved photoemission apparatus utilizing a
femtosecond laser and its high harmonic generation.

1. BREFRL —F—z2BVWRKEMBAEEF O IEBEDRF

g

mlE &=

OKAZAKI, Kozo
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Project Associate Professor

Angle-resolved photoemission spectroscopy is a very
powerful experimental technique that can directly observe
a dispersion relation between momentum and energy of the
electrons in solid-state materials, whereas by utilizing a femto-
second laser as pumping light and its high harmonic genera-
tion (HHG) as probing light, we can observe ultrafast transient
properties of the band structures 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 develop-
ment groups, and aiming for understanding the mechanisms of
electron relaxations from photo-excited states and demonstra-
tion of light-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 struc-
tures and superconducting-gap structures of unconventional
superconductors with a laser-based angle-resolved photoemis-
sion apparatus with a world-record performance that achieves
a maximum energy resolution of 70 peV and lowest cooling
temperature of 1 K. m
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Coherent phonon excita-
tion in BaFe;As; observed
by HHG TrPES.

Development of a time-resolved photoemission apparatus utilizing high harmonic generation from a ultrashort-pulse laser
2. JERERRED S OYEFRDOETFOEEE ORI, XFEBEEDEREESRN

Mechanisms of electron relaxation from photo-excited states and light-induced superconductivity
3. BMEERBEIREL — Y —BEIBAEEFNNIC L 2 IFEREBEARDOHEEREA

Mechanisms of unconventional superconductivities by ultralow temperature and ultrahigh resolution laser-based angle-

resolved photoemission spectroscopy
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Visiting Professor

Transition-metal compounds show rich physical properties
and undergo various phase transitions including supercon-
ducting, magnetic, and metal-insulator transitions. In transi-
tion-metal compounds, d-electrons with spin, charge and orbital
degrees of freedom are affected by complicated lattice distor-
tions, and exhibit the interesting electric, magnetic, and optical
properties. We have been studying the electronic structure of
transition-metal compounds using photoemission spectroscopy
in order to understand the origin of the physical properties and
the mechanism of the phase transitions. Our recent research
activity focuses on Ta;NiSes which is a strong candidate of
excitonic insulator. We have been working on photoemission
spectroscopy of Ta;NiSes and related materials in collaboration
with Prof. Shin and Prof. Okazaki, LASOR, ISSP.

-

hngE &
KATO, Hiroyuki S.
REEHER

Visiting Associate Professor

A proton in the hydrogen bond plays important roles in
various functionalities in materials, such as integrations in solids
of organic molecules, network formations in bio-molecules,
and dynamical energy transfers in batteries. This laboratory
challenges to synthesize a new material that couples this proton
—functionality (protonics) and the electron-functionality
(electronics). The targeting material is a Cat-TTF molecule
which was found to have the apparent correlation between a
proton and an electron. The sample is a layered material of
a conductive organic molecule and its electric conductivity
dramatically changes with position of a proton at the interlayer.
Thus, it is inferred that a single layer of Cat-TTF may change
its electronic property when it is grown on a solid surface and
the location of the proton is controlled at the interface. Tight
collaborations are established with various laboratories in ISSP,
especially Iwao Matsuda group, to realize the film growth and

the experimental verification.
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Visiting Professor

We study carrier dynamics in selected metal chalcogen-
ides, which are layered semiconductor materials with a strong
potential for valley-electronics applications. The experiments
are performed at Kashiwa campus and at SPring-8 BLO7LSU in
collaborations with groups of the ISSP, especially the laboratory
of Prof. Iwao Matsuda. Various ultrafast phenomena in femto
to picoseconds time scales, such as generation of the photon-
coupled electronic states and evolution of surface photovoltage
(SPV), are directly investigated by time- and angle-resolved
photoemission spectroscopy using high harmonic generation
(HHG) from a laser source. In parallel, the relaxation of SPV at
longer time scales is precisely determined using time-resolved
core-level photoemission spectroscopy using synchrotron
radiation. Dynamical effects associated with adsorbates on
the surfaces of metal chalcogenides are also measured. The
combined experimental results based on the two different light
sources, laser and synchrotron radiation, leads to a detailed
physical picture for the temporal evolution of the photo-excited

carriers at a surface or in a single-layer.
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Figure-8 undulators installed in SPring-8, which provide high-brilliance
synchrotron radiation into the beamline BLO7LSU.
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Project Researcher : TANG, Jiayi

Project Researcher : FENG, Baojie
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The synchrotron radiation laboratory(SRL) is promoting
advanced solid state spectroscopy using synchrotron radiation
in soft X-ray and vacuum ultraviolet region. SRL operates a
branch laboratory at SPring-8 to maintain the high-brilliance
soft X-ray beamline BLO7LSU of the University of Tokyo, where
time-resolved soft X-ray spectroscopy, high-resolution soft
X-ray emission spectroscopy, 3D (depth + 2D microscopy)
nanoESCA, X-ray magneto-optical effect, and soft X-ray diffrac-
tion are utilized to study electronic states and dynamics in new
materials. SRL developed the fast polarization switching of the
undulator light source in cooperation with SPring-8. In the
building E at Kashiwa campus, SRL developed the ultra-high
resolution spin-resolved photoemission spectroscopy using
vacuum ultraviolet and soft X-ray lasers in collaboration with
laser light source scientists in ISSP.

ERICHBF2EMEAL Y VLEED BRILFERA L —F —MESDBEBEFOH
KB,

A laser-excited spin-resolved photoemission spectrometer with VLEED spin
detector, which enables us to measure spectra with very high energy and
momentum resolutions.
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