










 
 
Fig. 3. A view of the coil setup of the electromagnetic flux 
compression inside of an anti-explosive house. The world's 
strongest indoor magnetic field of 1200 T was achieved in 
2018. 
 
Our experimental techniques using the destructive mag-
netic fields have intensively been developed. The system, 
which is unique to ISSP on the world scale, is comprised 
of a power source of 5 MJ main condenser bank and 2 MJ 
condenser bank. Two magnet stations are constructed, and 
both are energized by each power source. Both systems are 
fed with another 2 MJ condenser bank used for a seed-field 
coil, the magnetic flux of which is to be compressed. The 
2 MJ EMFC system can generate 450 T. The 5 MJ system 
is used for the generation of a 1000 T-class magnetic field. 
For the research in the magnetic field range of 100 - 300 T, 
we have two single-turn coil (STC) systems that have a 
fast-capacitor bank system of 200 kJ for each. One is the 
horizontal type (H-type), and the other is a vertical type (V-
type, Fig. 4). Various kinds of laser spectroscopy experi-
ments, such as the cyclotron resonance and the Faraday ro-
tation, are possible using the H-type STC, while a stable 
low-temperature condition of 2 K is available for the V-
type STC.  
 

 
 
Fig. 4. Schematic picture of the V-type single-turn coil 
equipped with a 40 kV, 200 kJ fast capacitor bank system. 
The liquid-helium-bath cryostat with a plastic tail is also 
shown.  
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Available  Magnets, Specifications 

Magnet Type Bmax 
Pulse 
width 
Bore 

Power source Applications Others 

Building 
C 

Room 
101-113

Electromagnetic Flux 
Compression Destructive 1200 T 3μs 

(100–1200 T) 
10 mm 

5 MJ, 50kV 
2 MJ, 50kV 

Magneto-Optics 
Magnetization 

Magneto-Striction 
Magneto-Transport 

5 K - room 
temperature 

Horizontal 
Single-turn Coil Destructive 300 T 

200 T 

6μs 
5 mm 

10 mm 
0.2 MJ, 50 kV 

Magneto-Optics 
Magnetization 

Magneto-Striction 
Magneto-Transport 

Ultrasound 

5 K - room 
temperature 

Vertical 
Single-turn Coil Destructive 300 T 

200 T 

8μs 
5 mm 

10 mm 
0.2 MJ, 40 kV 

Magneto-Optics 
Magnetization 

Magneto-Striction 
Magneto-Transport 

Ultrasound 

2 K - room 
temperature 

Building 
C 

Room 
114-120

Mid-pulse Magnet Non-de-
structive 

60 T 

70 T 

40 ms 
18 mm 

40 ms 
10 mm 

0.9 MJ, 10 kV 

Magneto-Optics 
Magnetization 

Magneto-Transport 
Electric-Polariza-

tion 
Magneto-Striction 
Magneto-Imaging 

Torque 
Magneto- Calorim-

etry 
Heat Capacity 

Ultrasound 

Independent 
Experiment 

in 5 sites 

Lowest tem-
perature 

0.1 K 

Building 
C 

Room 121 

PPMS Steady 14 T Resistance 
Heat Capacity 

Down to 0.3 
K 

MPMS Steady 7 T Magnetization Down to 2 K 

Building 
K 

Short-pulse magnet Non-de-
structive 88.6 T 2.5 ms 

12 mm 0.5 MJ, 20 kV Magnetization 
Magneto-Transport 

1.4 K - 
Room tem-

perature 

Long-pulse magnet Non-de-
structive 40 T 1 s 

30 mm 150 MJ, 2.4 kV 
Resistance 

Magneto-Calorime-
try 

0.5 K - 
Room tem-

perature 
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Center of Computational 
Materials Science 

With the advancement of hardware and software technolo-
gies, large-scale numerical calculations have been making 
important contributions to materials science and will have 
even greater impact on the field in the near future. CCMS 
is a specialized research center established in 2011 for pro-
moting computer-aided materials science with massively 
parallel computers, such as the Fugaku supercomputer, 
which has been developed in Kobe as the core of a bil-
liondollar national project. Activities of CCMS are divided 
into the following three categories: (1) highly efficient and 
largescale use of the Fugaku supercomputer and its appli-
cation to grand-challenge problems in computational ma-
terials science, (2) activities as the center for the commu-
nity of computational condensed matter physics and mate-
rials science, and (3) computational physics research aim-
ing to solve intriguing physics emerged from strongly cor-
related systems. 

For the first category, each group in CCMS is carrying out 
various individual research projects in its own expertise to 
efficiently utilize large-scale parallel computers. For ex-
ample, the Ozaki group has been developing efficient and 
accurate methods and software packages to extend the ap-
plicability of DFT to more realistic systems and investi-
gated the structural and electronic properties of various 2D 
materials in successful collaboration with experimental 
groups and industrial companies. There are other activities 
such as development of Tensor Network (TN) based nu-
merical methods and Markov-chain Monte Carlo methods 
by the Kawashima group and the Todo group. 

As for the activities in the second category, apart from ma-
jor annual conferences and formal international meetings, 
the CCMS provided a series of lectures and training ses-
sions at Kashiwa. For example, training sessions "Kashiwa 
Hands On" for getting accustomed to various application 
programs, such as OpenMX, HΦ, mVMC, AkaiKKR, and 
MateriApps LIVE!, as shown in Fig. 1, have been held 
monthly. Each session is designed for more than 10 train-
ees and takes 4-5 hours. We also coordinate the use of the 
computational resources available to our community, and 

support community members through various activities 
such as administrating the website "MateriApps" for infor-
mation on application software in computational science as 
shown in Fig. 2. 

For the third category, the Misawa group addressed search-
ing for topological insulators in solids which is one of the 
main issues of modern condensed-matter physics since ro-
bust gapless edge or surface states of the topological insu-
lators can be used as building blocks of next-generation 
devices, and showed a way to realize a topological state 
characterized by the quantized Zak phase, termed the Zak 
insulator with spin-polarized edges in organic antiferro-
magnetic Mott insulators without relying on the spin-orbit 
coupling. The finding provides an unprecedented way to 
realize a topological state in strongly correlated electron 
systems. Prof. Misawa was also involved in the Data gen-
eration and utilisation materials Research and development 
projects (DxMT). 

These activities are supported by funds for various govern-
mental projects including the DxMT project and the Pro-
gram for Promoting Researches on the Supercomputer Fu-
gaku. 

The following is the selected list of meetings organized 
by CCMS in recent years: 
l 2024/4/3-4 ISSP joint workshop for ISSP Supercom-

puter Co-use and CCMS.
l 2024/6/5 Matching Workshop for industries & grad-

uate students/ postdocs.
l 2024/7/24-26 DxMT AIM Hack2024.
l 2024/11/22 11/29,12/6, 12/13 MP-CoMS lecture se-

ries: Fundamentals and Practice of Materials Infor-
matics.

In addition to the events listed above, we organize regular 
hands-on programs for various applications, such as 
2DMAT, ALAMODE and moller. 

Fig. 1. Software in the CCMS community 

Fig. 2. MateriApps Website 
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Laser and Synchrotron Research Center 
(LASOR Center) 

 
The Laser and Synchrotron Research Centre (LASOR 
Center) was established in October 2012 to advance pho-
ton and materials science research. With 10 groups in 2024, 
LASOR is the largest division in ISSP. Most of the research 
activities on the development of new high-power lasers 
and their application to materials science are conducted in 
specially designed buildings D and E with large clean 
rooms and vibration-isolated floors at the Kashiwa campus. 
We also have a clean room for a laser processing platform 
at the Kashiwa II campus. On the other hand, experiments 
using synchrotron radiation are conducted at Nano Terasu 
(Miyagi), SPring-8 and SACLA (Hyogo).  
 
The development of new laser light sources in the vacuum 
ultraviolet to soft X-ray range has revolutionized materials 
research. This is represented by high-energy-resolution 
photoelectron spectroscopy, ultrafast time-domain spec-
troscopy, and ultrafast nonlinear spectroscopy. Materials 
science research using lasers has entered a new era. Ultra-
short, high-power lasers are becoming an increasingly at-
tractive light source for both basic research and industry. 
State-of-the-art laser sources and spectroscopy are being 
explored in great detail. 
 
Synchrotron-based research is another area of activity at 
the ISSP. The dramatic increase in the brilliance of syn-
chrotron radiation has also opened up a new field of photon 
science. In 2018, the Japanese government has announced 
the construction of a new synchrotron facility in Tohoku 
(Nano Terasu). LASOR has decided to subjectively con-
tribute to this facility from design to operation, and Nano 
Terrace is currently in operation. 
 

 
 
Fig. 1. Optical frequency comb 
 
Lasers and synchrotrons evolved independently, and today 
both types of light source cover a wide range of photon 
energies, overlapping in the vacuum ultraviolet to soft X-
ray regions. Recognising their shared research interests 
and technologies, ISSP has brought together the fields of 
extreme lasers and synchrotron radiation on a single plat-
form. By facilitating interaction between these two fields, 

LASOR will become a global hub for innovation in light 
and materials science, fostering collaborative research and 
close cooperation with other ISSP divisions such as New 
Materials Science, Nanoscale Science, and Condensed 
Matter Theory. 
 

 
Fig. 2. Close look of a high-peak-power ultrashort-pulse 
laser 
 
The mission of LASOR is to cultivate and advance the fol-
lowing three scientific fields:  
1. Laser Science, 
2. Synchrotron radiation science, 
3. Extreme Spectroscopy, 
 

 
 
Fig. 3. Spin-resolved photo-emission spectroscopy. 
 
Laser science group 
We have continued to develop various state-of-the-art laser 
systems, such as high-power solid-state lasers, high-inten-
sity lasers, ultra-short pulse lasers down to the attosecond 
time scale (peta-Hz linewidth), ultra-stable 1-Hz linewidth 
lasers, optical frequency combs, mid-infrared lasers, THz 
light sources, and semiconductor lasers. The technology of 
high-power and ultrashort pulse lasers has progressed 
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during these 10 years. It has opened two research direc-
tions. One is a coherent extreme ultraviolet light source re-
alized by a high harmonic generation (HHG) scheme. The 
average power of HHG became high enough to be used for 
photoemission spectroscopy. Photon energies from 7 eV to 
60 eV are now available. They can be either very narrow 
bandwidth or ultrashort pulse. The other is an industrial 
science such as laser processing. Variable pulse duration, 
100 W average power, femtosecond laser is now available 
at LASOR for any collaborative research, including com-
panies. We have a laser processing platform for both indus-
trial and scientific applications. 

Fig. 4. Phase-dependence of high harmonic spectra in soft 
X-rays.

We also aim to develop novel laser spectroscopy and co-
herent nonlinear optical physics enabled by emerging la-
sers and optical science/technology, and to comprehen-
sively study fundamental light-matter physics, optical ma-
terials science, and applied photonics. Such research in-
cludes ultrafast spectroscopy for excited state dynamics, 
terahertz magnetic field spectroscopy for spin dynamics, 
quantitative microspectroscopy of semiconductor lasers, 
and nanostructured photonic devices such as quantum wire 
lasers, gain-switched semiconductor lasers, multi-junction 
solar cells, and bioluminescent systems. 

Fig. 5. Generation of 7-eV, femtosecond light with (a) Xe 
and (b) Xe/Ar gases. 

Synchrotron radiation science group  
By inheriting and developing the synchrotron techniques 
cultivated for more than 20 years, we are continuously 

developing world-class spectroscopies such as time-re-
solved photoemission/diffraction, ultra-high-resolution 
soft X-ray emission, 3D (depth + 2D microscopy) nano-
ESCA, and X-ray magneto-optical effect, and providing 
these techniques for both basic materials science and ap-
plied science that contributes to the instrument applica-
tions in collaboration with outside researchers. In order to 
pioneer new spectroscopies for next-generation light 
sources, we are improving the fast polarization switching 
of the undulator light source in collaboration with SPring-
8. In addition, we are promoting frontier work on the use
of X-ray free-electron lasers, SACLA, with high spatial
and temporal coherence comparable to optical lasers in
collaboration with scientists of laser light sources and
spectroscopy.

Fig. 6. Pump-probed photoemission system using 60-eV 
laser 

Extreme spectroscopy group 
The advent of laser-based light sources in the soft X-ray 
region opens a new stage in the field cultivated by synchro-
tron radiation. One of the milestones was the development 
of a laser-based light source of ~7 eV for sub-meV resolu-
tion photoemission spectroscopy. In the last five years, the 
available photon energy has been increased to 11 eV using 
Yb fiber laser technology. It has high photon flux(1014 pho-
tons/sec) with sub-picosecond time resolution. Laser-
based spin-resolved ARPES is realized in LASOR with 11 
eV laser. This technology would open up a whole new field 
of spectroscopy. High-harmonic-generation based photoe-
mission spectroscopy in the 20-60 eV region is another di-
rection to be pursued. Femtosecond time domain spectros-
copy has been achieved. Combined with picosecond time-
domain spectroscopy using the pulsed light delivered by 
synchrotrons, we are investigating the electronic structures 
and dynamics of matter in the bulk, on the surface, and 
down to the nanoscale. The ultimate goal is to extend soft 
x-ray operando methods to lasers. Diffractions, magneto-
optical effects, and inelastic scattering now performed at
synchrotrons will be performed by lasers to access the real-
time dynamics of chemical reactions and phase transitions
down to femtoseconds.

State-of-the-art laser-based organismal spectroscopy is a 
new direction in LASOR. The ISSP research field is 
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shifting from simple materials and science to a complex 
one involving living bodies and functional materials with 
excited state physics.   
 

 
 
Fig. 7. Photonics devices under study: (left panel) semi-
conductor quantum wires and (right panel) firefly-biolumi-
nescence system consisting of light emitter (oxyluciferin) 
and enzyme (luciferase) 
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Synchrotron Radiation Laboratory 

The Synchrotron Radiation Laboratory (SRL) was estab-
lished in 1975 as a research division dedicated to solid state 
physics using synchrotron radiation. Currently, SRL is 
composed of three research sites, the Sendai office, the Ha-
rima office and the E-building of the Institute for Solid 
State Physics. 

Synchrotron soft X-ray experimental stations at Sendai 
office and Harima office 
In 2009 SRL established the Harima branch laboratory in 
SPring-8 and operated a high brilliant and polarization-
controlled 25-m long soft X-ray undulator beamline, 
BL07LSU until August 2022 in collaboration with Syn-
chrotron Radiation Research Organization (SRRO) of the 
University of Tokyo. The management of the beamline was 
transferred to the RIKEN SPring-8 Center in September 
2022. In November 2022, the Sendai office was formed on 
the Aobayama campus of Tohoku University under the 
auspices of a new SRRO launched in April 2022 and in-
cludes six departments of the University of Tokyo. At the 
end of FY2022, three endstations, ambient pressure X-ray 
photoemission (APXPS) (Fig. 1a), nanoESCA (Fig. 1c), 
and high resolution soft X-ray emission spectroscopy 
(HORNET-II) (Fig. 1d) stations were relocated to the new 
3GeV synchrotron facility NanoTerasu in Sendai, which 
started commissioning of the storage ring in early 2023. In 
2024, the Sendai Office witnessed significant progress fol-
lowing the official launch of NanoTerasu, which com-
menced its user operation on April 9, 2024. At the initial 
stage of operation, two beamlines—BL07U and BL08U—
were fully equipped and opened to coalition users. During 
the first half of 2024, more than 30 user proposals were 
accepted, and in the second half, the number exceeded 40 
users. The storage ring current has reached 200 mA in rou-
tine operation—surpassing that of SPring-8—enabling re-
markably bright soft X-ray radiation that dramatically ex-
pands the scope of advanced spectroscopy experiments. 
Both BL07U and BL08U beamlines have achieved a spec-
tral resolving power of E/ΔE > 15,000 under standard con-
ditions. In RIXS (Resonant Inelastic X-ray Scattering) ex-
periments at HORNET-II station, energy resolutions 
around E/ΔE ≈ 10,000 have been realized in the photon 
energy range from N 1s (400 eV) to Fe 2p (710 eV). The 
APXPS station has reached a maximum operating pressure 
of 1 atm, successfully enabling in situ studies of surface 
reaction dynamics under true ambient conditions, which 
marks a significant technical achievement. In 2024, three 
research papers utilizing BL07U and BL08U have been 
published, accompanied by one press release and one news 
release. Continuous efforts are being made to further opti-
mize beamline performance, including enhancements in 
beam stability, polarization control, and energy range ex-
tension. These developments indicate steady progress to-
ward full-scale user operation and advanced experimental 
capabilities in the coming years. 

At the Harima Office, research and development efforts 
have been actively pursued in collaboration with the 

RIKEN SPring-8 Center and the Japan Synchrotron Radi-
ation Research Institute (JASRI), focusing on the develop-
ment and application of next-generation X-ray imaging 
technologies utilizing both the soft X-ray beamline 
BL07LSU and the X-ray Free Electron Laser facility 
SACLA. 

At BL07LSU, six undulators transferred to RIKEN have 
been reconfigured as an R&D beamline aimed at achieving 
higher stability and resolution. Advanced X-ray optical 
components such as mirrors, diffraction gratings, and po-
larization elements have been developed, achieving a spa-
tial resolution of 50 nm in experimental imaging. Particu-
lar emphasis has been placed on ptychography in combi-
nation with total-reflection mirror optics (Fig. 1c) and 
high-intensity pink-beam illumination to establish an ultra-
fast spectro-microscopy method. This system is being ex-
tended toward a four-dimensional analytical framework in-
tegrating spatial, temporal, and energy domains. 

At SACLA, ultrafast imaging experiments with femtosec-
ond time resolution are underway to simultaneously ob-
serve the dynamics of electrons, spins, and lattice vibra-
tions in materials. Exploratory studies of nonlinear optical 
phenomena, coherent phonons, and X-ray-induced mag-
netic transitions have also been initiated. 

Fig. 1. Soft X-ray advanced experimental stations (a) Am-
bient pressure photoemission (APXPS) (b) Soft X-ray im-
aging (c) NanoESCA (d) Soft X-ray emission (HORNET-
II). APXPS, NanoESCA and HORNET-II stations were 
transferred to the new 3GeV synchrotron facility Nano-
Terasu at the end of FY2022 and installed in BL07U 
(NanoESCA, HORNET-II) and BL08U (APXPS) at the 
end of FY2023. 

High-resolution Laser SARPES and ARTOF system at 
E-building
High-resolution Laser Spin- and Angle-Resolved Photoe-
mission Spectroscopy (SARPES) is a powerful technique
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to investigate the spin-dependent electronic states in solids. 
In FY2014, LASOR and SRL staffs constructed a new 
SARPES apparatus (Fig. 2a), which was designed to pro-
vide high-energy and -angular resolutions and high effi-
ciency of spin detection using a laser light at E-building. 
The achieved energy resolution of 1.7 meV in SARPES 
spectra is the highest in the world at present. From FY2015, 
the new SARPES system has been opened the joint-re-
search program. The Laser-SARPES system consists of an 
analysis chamber, a carousel chamber connected to a load-
lock chamber, and a molecular beam epitaxy chamber, 
which are kept ultra-high vacuum (UHV) environment and 
are connected to UHV gate valves. The electrons are ex-
cited with 6.994 eV photons, yielded by 6th harmonic of a 
Nd:YVO4 quasi-continuous wave laser with a repetition 
rate of 120 MHz, and 10.7 eV photons, driven by the third 
harmonic radiation at 347 nm of an Yb:fiber chirped pulse 
amplifier laser, which was developed by Kobayashi's lab 
in LASOR. The hemispherical electron analyzer is a cus-
tom-made Scienta Omicron DA30-L, modified for in-
stalling the spin detectors. The spectrometer is equipped 
with two high-efficient spin detectors orthogonally placed 
each other, associating very low energy electron diffraction, 
which allows us to analyze the three-dimensional spin po-
larization of electrons. At the exit of the hemispherical an-
alyzer, a multi-channel plate and a CCD camera are also 
installed, which enables us to perform the angle-resolved 
photoelectron spectroscopy with two-dimensional (en-
ergy-momentum) detection. The laser-SARPES with 7 eV 
laser can provide both high-resolution spin-integrated and 
spin-resolved photo-emission spectra in various types of 
solids, such as spin-orbit coupled materials and ferromag-
netic materials. In addition, using the 10.7 eV makes it pos-
sible to follow their ultrafast spin dynamics in the time do-
main by pump-probe scheme. A spectroscopy system using 
a dichroic mirror (SiO2/HfO2 multilayer) was introduced 
for a stable switching of the 7 eV and 10.7 eV lasers. A 
major experimental challenge lies in achieving both effi-
cient spin detection and long-term stability in pump–probe 
measurements. In 2024, the team successfully improved 
the beam profile by introducing the fundamental wave into 
the optical path to compensate for deterioration in the laser 
amplifier over time. This modification has led to signifi-
cant improvements in beam focus and intensity stability, 
resulting in enhanced reproducibility and higher-quality 
band dispersion images. With the energy resolution of 1.7 
meV, the system now allows for precise spin-resolved anal-
ysis of electronic band structures. 

Looking ahead, further advancements are planned through 
the implementation of a high-power optical parametric am-
plifier (OPA) to generate tunable pump pulses, enabling 
studies of nonlinear optical responses and photoinduced 
phase transitions under strong excitation conditions. Im-
provements to real-time laser diagnostics using FROG and 
related tools are also underway to enhance the accuracy of 
time-resolved measurements. Through these developments, 
we aim to strengthen its role as a national and international 
hub for spin dynamics research. 

The time-resolved soft X-ray spectroscopy (TR-SX) sta-
tion was moved from SPring-8 BL07LSU to the E-building 
in 2020. The measurement chamber is equipped with a 
unique electron spectrometer, the two-dimensional (2D) 
angle-resolved time-of-flight (ARTOF) analyzer (Fig. 2b). 
The system is currently operational for measurements of 
2D angle-resolved photoemission spectroscopy with 
pulsed laser of 6 eV photon energy supplied by Itatani’s lab 
in LASOR. Time-resolved measurements can also be con-
ducted with temporal resolution of 600 fs. An ultra high-
speed reading and visualization program is currently in de-
velopment to enhance usability. 

Fig. 2. (a) Laser-SARPES system and (b) ARTOF system 
at E-building. 
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