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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 spectros-
copy, such as ultra-high resolution photoemission,
time-resolved, spin-resolved spectroscopy, diffrac-
tion, light scattering, imaging, microscopy and
fluorescence spectroscopy, by new coherent light
sources based on laser and synchrotron technology
over a wide spectrum range from X-ray to terahertz.
In LASOR center, a variety of materials sciences
for semiconductors, 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 collabo-
rations 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 BLO7 in SPring-8 (Hyogo).
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(a) Time-resolved luminescence

Energy (eV)

(b)

Configuration coordinate
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Up-eomunlon measurement setup .
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Optical methods based on pulsed lasers are indispensable for
investigation of ultrafast phenomena in solids.

While, the ultrafast technique has been developed mainly
in the visible and near infrared region, the spectral range is
growing to long wavelength (mid infrared, terahertz) and
short wavelength (EUV, soft X-ray), recently. Our group is
engaged in investigation of excited states and their dynamics in
various materials i.e., inorganic oxides, organic complexes and
bio-molecules, taking full advantage of the pulsed light sources
from THz to soft X-ray region.

For this purpose, we developed transient absorption/reflec-
tion spectroscopy in visible and infrared regions, femtosecond
luminescence spectroscopy, terahertz time-domain spectros-
copy, and soft-X-ray time-resolved interferometery.

Our main interest is the dynamics of electron-lattice relax-
ation, magnetic ordering, and photoinduced phase transitions.

Wavepacket dynamics of the atoms in solids is investigated by
luminescence up-conversion method and the time development
of the wavepacket shape and splitting phenomena are observed.
Terahertz pump-and-probe method is developed and applied to
photoinduced phase transitions and spin related phenomena to
study their dynamical behavior.
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(a) Movie of the wavepacket takul for the self-trapped excitons
in quasi-one-dimensional Pt complex (Pt-Br) by means of time-
resolved luminescence. Ordinate (energy) corresponds to the devia-
tion of the atoms from the equilibrium position. The damped oscil-
lation and a splitting of the wave-packet at 300 fs are clearly seen.

(b) Wave-packet motion on an adiabatic potential energy surface.
The wave-packet proceeds to the left and splits on top of the poten-
tial energy barrier. (c) The central part of the femotosecond lumi-
nescence measurement optics.

SEYY e h=lEg=
Atomic movie based on ultrafast luminescence spectroscopy

2. BERRRN - TINIVYRDHEIC L DAFTERGBE EAEVKREOY A FIIR
Dynamics of photoinduced phase transitions and spin ordering by time-resolved infrared and terahertz spectroscopy

3. R X IRTHETIC & 2 EFEREMR DR E 2 #RER

Time-resolved observation of surface morphology by a soft X-ray interferometer
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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.

* 18 Al 7&E

Shik SHIN Yukiaki ISHIDA
% B3

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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BREFRFAE AWK X EL — S —REDBRLEFONLEE.
Soft-x-ray time-resolved photoemission spectrometer using high-harmonic
generation.

1. MX L — VBB DRELEFONICL 2BLEE. BERTYE. FVEZOEFREDOME
Ultra-high resolution laser-photoemission study on the superconductors and the low dimensional materials

2. MXBL —Y—KEPBAEFINRIC L BHAFERROMAE

Time-resolved laser-photoemission study on the photo-induced phenomena

3. MXRL —F—ABEFEMRICL 2T /BEDEFREDHR

Laser photoelectron microscopy on the electronic states of nanomaterials
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Electron density map of the one-dimensional structure of the Au-Si(553) sur-
face, reconstructed from measured X-ray diffraction data by using a phase and
amplitude retrieval algorism.
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Fundamental studies on X-ray, neutron, and electron diffrac-
tion, in particular intended for the development of new methods
to solve the structure of surfaces, interfaces, and nano struc-
tures by using interference phenomena. Aiming to solve the
phase problem in surface X-ray diffraction, we have developed
new methods, such as a direct imaging of interface atoms from
measured X-ray diffraction intensities, a characterization of
meso-scopic range strain field utilizing multiple X-ray diffrac-
tion phenomenon, and X-ray fluorescence holography. These
methods are applied for such as surface quasi-one dimensional
metal, metal silicides, organic films.

A recent topic is the development of a new method for quick
measurement of surface X-ray diffraction profile aiming for
time-resolved measurements of dynamic phenomena at surface

and interface, that is collaborated with other researchers.

0% o ¢ Fo ¢

wn
z direction/A

|
L

12 3 4 5
Electrons/A-3

(=}

AE U e XKIREIITEED S EENICA X—I 27 Uk Bi &K /Si(111)
SREEE,

Bi thinfilm/Si(111) interface structure directly reconstructed from
measured x-ray diffraction data.

Studies on surfaces, interfaces and nano-structures by diffraction/scattering

2. REFRHE E DEEHEEDFF

Development of new methods to study the surfaces and interfaces

3. X#RHERIC & T IR R EH UL VWAZER B DR

Optical phenomena such as nonlinear optics in X-ray wavelength region

4. X#REHFE. XiR - PEFRR. THE

X-ray diffraction physics, X-ray and neutron optics, and X-ray interferometry
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RYI(BEERR. BX) &
VIS (BEEE. BE).
Firefly (Arima, Japan) and
sea firefly (Yokosuka, Japan).

B—THEFHROERRIX

Transmission/absorption
spectrum of a T-shaped
single quantum wire.

1. MIRRAA Yy FYITHERL —F—B L OKEEHEDT /N1 XE
Device physics of gain-switched semiconductor lasers and solar cells
2. BmEFEREFHRE L OHFICRITBERTEFELF v U7 DLAHEMAER & IEFEit
Many-body interactions and non-equilibrium properties of low-dimensional electron-hole systems in clean semiconductor quantum wires and wells
3. ¥EHETFEER L VT /A XD, SmBE L. BWEFHE. BEHO A EHREDA
Material physics and development of high-quality semiconductor nano-structures via microscopy
4, IRZI - 73T « T IIRY )ik E DEMFN & YL FEFICETRIELE
Bioluminescence of firefly, jelly fish, sea firefly, etc. and bio/chemiluminescence measurement standards
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Associate Professor Research Associate

Advanced laser spectroscopy on the basis of lasers and
microscopy is developed and applied to semiconductor quantum
wires (QWRs) and other nano-structures, in order to under-
stand and control their optical properties quantum mechani-
cally, which vary with their size and shape.

The structures of current interest are T-shaped GaAs quantum
wires. We are currently aiming at making the world thinnest and
cleanest quantum-wire semiconductor lasers that have superior
laser performances such as low threshold currents. Experi-
mental findings and problems there 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.

For the above studies on small nano-structures, we are devel-
oping experimental techniques such as sensitive luminescence
detection, absolute luminescence-yield measurements, trans-
mission/absorption measurements of single nano-structures,
micro-spectroscopy, imaging, and solid-immersion microscopy.
Recently, some of these techniques have been applied to study of
bioluminescence of fireflies, jelly fish, and sea fireflies as well as
luminol chemiluminescence in collaboration with biologists and

industry researchers.
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Dynamics in materials, mainly the surface/interface systems,
are studied with developing experimental techniques for
N eI time-resolved vacuum ultraviolet (VUV) ~soft X-ray (SX)
spectroscopy with high brilliance synchrotron radiation (e.g.
SPring-8) and ultrashort pulsed- lasers.

Roles of carrier and molecule dynamics at the surface/inter-
face systems are significant in voltaic effects and catalytic
HAZDbLDN reactions, for examples, that are necessary for our social
technology. Moreover, the surface/interface system is intrinsi-
cally two-dimensional and it has been a valuable playground
for low-dimensional physics. In our laboratory, we carry out
time-resolved measurements of photoemission and X-ray
absorption spectroscopy to directly probe temporal evolutions
of electronic, chemical, and spin states of materials during such
dynamical phenomena. We reveal their detailed mechanisms at

each time scale, ranging from femtoseconds to milliseconds, and

ez HEEL T2, promote understanding of the whole picture by combining the
sequential information.
0.6
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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.

PG
M2

(BLOTLASER)
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BEEZENZN (a) 3.1, (b) 560
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Time-evolution of the Si 2p spectra during the relaxation of the surface photo-
voltage effect, taken at different laser power density per pulse: (a) 3.1, (b) 560 and
(c) 2700 pJ/cm?/pulse, respectively. The vertical axis represents relative binding
energy with respective to the Si 2p3/; peak position before the photo-excitation.
The solid line in (c) is the result of fitting with the damped oscillation model.

Relative binding energy (eV)

20
Delay time (ns)

40

1. BEDBRXBONRBROFAEERESY (F IV ADMHE

Developments of time-resolved soft X-ray spectroscopy and researches on surface dynamics

2. KBFOHRAERRICL Z2EBE L OHEHRE - FHOBEFREDCHE

Electronic structures of metal and semiconductor surfaces studied by means of photoelectron spectroscopy

3. BE/NLAR X REAWCRKBEIBRERORMFEEBSRACEY YA F 37 ADHE

Development of time-resolved experiments using ultra-short soft X-ray pulses and researches on ultrafast spin dynamics
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Associate Professor Research Associate

We are studying advanced laser technologies and their appli-
cations. Both ultimate technologies of ultrashort pulse genera-
tions and ultra narrow-band laser generations were mixed, the
optical frequency comb then was born ten years ago. It opened
up a new research area such as carrier-envelope-phase depen-
dent phenomena, attosecond physics, and precision spectros-
copy 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 higher repeti-

tion rate of >4GHz laser oscillator is also studied.

Yb 77 A4 N=L—HF—%R—R& UIcHERKILDEE
Optical frequency comb based on an Yb-fiber laser

1. BR/ULAL —F =Y 2T LOMERFEFERO L —F —DBIER I

BIEDIRLL—Y—ICLLB2HEARTTAY

Xe plasma generated by multi-MHz laser system.

Development and precise control of ultrashort pulse laser system

2. B#RDRU —EREYE
High-rep rate, high-field physics
Precision spectroscopy
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Soft x-ray spectra in the water window produced by an intense IR laser
system.

A% 7T —~ Research Subjects

1. BREBE/VULA L —5—DRH
Development of intense ultrashort-pulse lasers

2. BREHEE LT ST X R/ UL R DFE EDFITH

1

wk#& JAER aH IER

Jiro ITATANI Nobuhisa ISHII
HEHIR Bh#

Associate Professor Research Associate

In attosecond optical sciences, we can measure the dynamics
of matter on unprecedented time scales with phase-stabilized
intense ultrashort laser pulses and attosecond soft-x-ray pulses.
One of the main objectives in attosecond sciences is to measure
and control the multielectron dynamics of matter in highly
excited states. Intense ultrashort-pulse lasers are also useful to
produce optical pulses at different wavelength covering from soft
x rays to IR and THz. It means that we can probe and control
the ultrafast dynamics of matters through various freedoms.

We work on the development of intense ultrashort-pulse
lasers, and their applications to attosecond optical sciences.
Especially we work on high harmonic generation, aiming to
produce attosecond soft x-ray pulses for time-resolved soft-x-ray
spectroscopy. We also work on the generation of intense IR and
THz pulses and their applications to coherent control of atoms
and molecules.
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KD RO BR @R O RAR I,
High harmonic spectra in the water window and their dependence to
carrier-envelope phase (CEP).

Generation of attosecond soft x-ray pulses, high harmonic generation, and their applications to ultrafast spectroscopy
3. BEEL—Y—ZRWAFOIE—L Y MNIEELOAXA—I VT
Coherent control and imaging of molecules using intense laser sources
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Harada Group
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Yoshihisa HARADA ~ Jun MIYAWAKI
HEHIR B3

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 noble 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 operand spectroscopy of a
variety of catalysts. Our topics includes study on elementary
excitations (crystal field excitation, spinon, magnon, charge
density wave, orbiton etc.) in strongly correlated materials like
Mott insulators and noble high temperature 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 metallopro-
teins, electrochemical and photocatalytic reactions. We also
explore basic study on ultrahigh energy resolution optics for soft
X-ray emission and time-resolved spectroscopy.

Intensity (arb. units)

Energy loss (eV)

Ultrahigh energy resolution soft X-ray emission spectrometer
constructed for University of Tokyo outstation beamline
BLO7LSU in SPring-8.

TRIEDKDHFICS 7 AORG—UNFET B EHBA T SNl

Multiple vibrational excitation of H,O observed by the ultrahigh energy resolution
soft X-ray emission spectrometer. The energy separation reflects the profile of the
Morse function modulated by hydrogen bonding. Using soft X-ray emission we
confirmed the presence of a microheterogeneity in pure liquid water.

1. v Mgk, FTREEEEREORBRYEICHK I 2RME (BREME. AEVME. Y7/ Ve, EREERME. JuE

R L) DEEER & Z DA D

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 noble high temperature superconductors

2. KAERAOEFRELE S/ O —. BERAEOEEIERICEY 5%
Electronic structure analysis of aqueous solutions to study microheterogeneity and interaction at solid-liquid interfaces

3. MEEAEOREARIGENT. BRICFERIN. KHAERINET. £BY > /0B ORI DI DZ DGATFEDFRFK
Development of in situ soft X-ray spectroscopy for surface reaction of fuel cell catalysts, electrochemical reaction,
photocatalytic reaction and functionality of metalloproteins

4. MXBHRADHDOBHIRILF —DEEEL & KD BN DT DERIEFAHR

Basic study on ultrahigh energy resolution optics for soft X-ray emission and time-resolved spectroscopy
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Kiss Group
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Asakura Group
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Visiting Associate Professor

We perform the researches on molecular conductors (especially
on quasi-2D system) and developments of new spectroscopy and
peripheral technologies.

Direct observation of electronic structures, especially band
dispersions and Fermi surface by ARPES, have been carried out
very few and not at all for quasi 2D system owing to its difficulty
even its importance to understand the electronic properties. The
lack of the information about the relations between electronic
structures and properties is critical problem for designing
functional molecular (electronic) structures for applicable devices.

Eventually, we have been constructing knowhow for breaking
out the situation by Laser photoemission spectroscopy. Recently,
we succeed to observe the band dispersions and Fermi surface
and perfect experiment for the first time in the world on molec-
ular conductor that have high metallicity. At present, we are
performing laser angle resolved photoemission spectroscopy on
quasi-2D molecular conductors that show superconductivity and
heavy Fermion like behaviour.

-
o

$E K#

Daisuke ASAKURA
REEHRR

Visiting Associate Professor

In order to realize an innovative improvement of lithium
ion battery electrode materials, in particular, in terms of high
capacity and/or high power, my group is aimed at the develop-
ment of novel electrode materials based on the knowledge of
their electronic structure. Soft X-ray absorption/emission (XAS/
XES) of these materials is one of the best and comprehensive
approaches to know the electronic structural change of transi-
tion metals upon charge/discharge reaction, i.e. insertion/deser-
tion of lithium ions in the existing electrode materials.

We are developing a novel cell that enables never-accessed in
situ XAS/XES measurements of lithium ion battery electrode
materials at University of Tokyo outstation beamline BLO7LSU
in SPring-8. By applying thus developed elemental technologies
we can contribute to the development and diversifying use of
XAS/XES.
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Santander-Syro Group
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Andres Felipe SANTANDER-SYRO
REEHIR

Visiting Associate Professor

In solids with strongly interacting electrons, the competition
between the different degrees of freedom leads to competing
quantum ground states, from which a rich variety of exotic
phase transitions and novel states of matter emerge. To under-
stand the remarkable properties of such materials, a direct
experimental approach is to study their electronic structure
through angle-resolved photoemission spectroscopy (ARPES).
In this project, in collaboration with the group of Prof. S. Shin,
we will investigate several challenging classical and quantum
phase transitions in heavy-fermion materials. Many of these
transitions have been scarcely addressed by ARPES, due to
the temperature scales (of a few Kelvin) of the ordered phases
and the energy scales (of a few meV) of the relevant heavy-
electron. Thus, we will use the various laser-ARPES setups at
ISSP endowed with ultra-high energy and time resolutions and
low-temperatures. These studies should provide precise signa-
tures of the interplay between many-body interactions, phase
transitions, and associated microscopic broken symmetries in

heavy-fermion systems.
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Bi% (MR Z & Professor (Director) : S. SHIN

24 % INFR 3K Professor : F. KOMORI

®E OB B WH B Associate Professor : I. MATSUDA
®E OB B JFRH %R Associate Professor : Y. HARADA
Bh 2 B2 1F3E  Research Associate : M. FUJISAWA
B 4 BARK 722 Research Associate : H. TAKAKI

Bh 2 A = Research Associate : S. YAMAMOTO
Bh 2 938 J—ER Research Associate : K. YAJl

Bh 24 = = Research Associate : J. MIYAWAKI
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Figure-8 undulators installed in SPring-8, which provide high-brilliance
synchrotron radiation into the beamline BLO7LSU.

EMiEmM8 BE MBBF Technical Associate : A. FUKUSHIMA
RITEFPIEE A Technical Associate : T. SHIBUYA
BRSPS BT FEJ8  Technical Associate : K. SHINOE
BEMEMBE JFOR b Technical Associate : A. HARASAWA
RiTErIBE T#% 1&3C Technical Associate : H. KUDO
RiiErI#E T4 15 F5BL Technical Associate : H. SAGEHASHI
HEWRE F FS  Project Researcher : H. NIWA
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The synchrotron radiation laboratory is promoting advanced
solid state spectroscopy using synchrotron radiation in soft
X-ray and vacuum ultraviolet region. They operate 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 and high-resolution soft
X-ray emission spectroscopy are utilized to study electronic
states and dynamics in new materials. The synchrotron radia-
tion laboratory also operates the Tsukuba branch and maintains
two bending-magnet and undulator beamlines, connected with
two experimental stations at the Photon Factory (KEK-PF); an
angle-resolved photoelectron spectrometer (BL-18A) and a spin-
and angle resolved photoelectron spectrometer (BL-19A). The
current interests at KEK-PF are in the spin dependent surface
electronic structures of quantum films, topological insulators

and transition metal magnetic thin films.

73 tﬁj\Tﬁ%Ea KEK-PF BL-19A
FORERZITS.
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A new 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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