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1. Introduction

Coherent-radiation energy with a wide wavelength
tunability and a high power is an indispensable tool for
exploiting cutting-edge energy science. The research
in this section aims at generating and applying new
quantum-radiation energy. Free-electron laser (FEL)
is one of such radiation. We have been developing a
mid-infrared FEL, KU-FEL. To extend the study field
wider wavelength region, a coherent compact THz
source, and Laser Compton Gamma-ray (LCS) for iso-
tope imaging have been carried out. Transdisciplinary
research on renewable energy implementation, espe-
cially in rural areas in ASEAN, has also been pro-
moted through international collaborations.

2. Free-electron Laser

FEL is a next-generation light source because of
its very wide wavelength tunability, potential high ef-
ficiency, and high peak power. We have been devel-
oping several new approaches to improve our FEL
system and application research under a collaboration
research program.

2.1 KU-FEL

The target wavelength of KU-FEL is the MIR
(Mid infra-red) regime, from 5 to 20 um, with high-
power and wide tunability for basic research on energy
materials. Figure 1 shows a schematic drawing of the
KU-FEL system. The KU-FEL consists of a 4.5-cell
thermionic RF gun, a 3-m travelling wave accelerator
tube, a beam transport system, a 1.8-m undulator and
a 5-m optical resonator. The FEL device can now
cover the wavelength range from 3.4 to 28 um. The
maximum macro-pulse energy that can be provided is
around 80 mJ in a 2-us macro-pulse at the wavelength
of 8.5 um. The FEL is routinely operated and opened
for internal and external users.

For increasing the peak power of the KU-FEL, the
photocathode operation of the 4.5-cell thermionic RF
gun has been established. Under the photocathode op-
eration, the micro-pulse energy of 100 pJ and the
world's highest extraction efficiency (9.4%) of the os-
cillator-type FEL has been achieved. Then, the micro-
pulse duration was shortened to 150 fs (~4.2 cycles at
11 pm). In addition, nonlinear compression of 8.6-um
FEL pulse was achieved, and the pulse duration was
compressed from 146 to 106 fs (from 5.1 to 3.7 cycles)
by passing through a 30-mm thick Ge plate.

For further increase of the peak power of KU-FEL,
a new 1.6-cell RF gun has been installed at the up-
stream side of the accelerator tube. By using the new
RF gun, the highest micro-pulse energy at 5 mm got
2.4 times as high as that obtained by the 4.5-cell RF
gun.
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Fig. 1 Schematic drawing of the KU-FEL and THz-CUR

2.2 THz Coherent Undulator Radiation Source

A compact terahertz coherent undulator radiation
source (THz-CUR in Fig. 1) has been constructed. It
consists of an Energy-Chirping-Cell-attached (ECC)
RF-gun, a solenoid magnet, a magnetic chicane bunch
compressor, a triplet quadrupole magnet, a planar un-
dulator, and a laser system for photocathode. In this
device, short electron bunches are generated by the
ECC RF gun and the bunch compressor. Intense co-
herent undulator radiation can be generated from short
electron bunches.

Recently, an optical cavity has been installed for
demonstrating the pre-bunched FEL oscillator scheme
in collaboration with Dr. Sakaue’s group in Tokyo
University. Coherent stacking of the coherent undula-
tor radiations has been achieved.

2.3 Application of MIR-FEL and THz-CUR
Many application researches of MIR-FEL and
THz-CUR have been performed under the Joint Us-
age/Research Center for Zero Emission Energy Re-
search of our Institute. In JFY2025, 16 external user
groups used KU-FEL.



One of the many applications achieved using
MIR-FEL is selective phonon excitation. In strongly
correlated systems, it is beneficial to understand the
role of each phonon mode on the material properties.
Due to the widely tunable wavelength range of MIR-
FEL, many phonon modes in the mid-infrared region
are accessible. Selective excitations of Raman active
phonon modes (LO mode of 6H-SiC, A; (LO) mode
of GaN), Raman inactive mode (LO3 mode of SrTiO3),
and even, infrared inactive mode (T2 of single crystal
diamond) have been successfully observed through
pump-probe experiments. Most recently, resonant ex-
citations of the 2TO and LO phonon modes in NiO
were performed at various temperatures (298 K to 523
K), and changes in the antiferromagnetic domain pat-
tern over time were observed. The domain images,
captured using magneto-optical birefringence micros-
copy, were analyzed using the Structural Similarity In-
dex Measure (SSIM) image metric. Distinct recovery
dynamics have been observed, where 2TO phonon ex-
citation induced domain changes that persisted on the
millisecond timescale with thermally retarded recov-
ery, whereas LO phonon excitation resulted in micro-
second timescale recovery, which accelerated with in-
creasing temperature.

Fig. 2 Distinct recovery dynamics of 2TO and LO
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3. Isotope Imaging for Nuclear Safety and
Security

A multi-isotope imaging method has been developed
at BL1U beamline in UVSOR, Institute of Molecular
Science. We succeeded in obtaining a 3D isotope
image of 2*Pb embedded in an aluminum cylinder.
However, a quantitative evaluation of the specific
isotope has not been achieved yet because of the high
spatial dependence of the Laser Compton Gamma-ray
beam. We proposed generating a flat spatial
distribution with a beam size of a few mm in diameter,
called a flat-LCS gamma-ray beam. The abundance of
a natural lead sample has been tried by using the flat-
LCS gamma-ray beam in UVSOR. Enriched 2%Pb

rods of 6.2 mm thickness and a natural lead plate of 6
mm thickness were irradiated by normal LCS and flat-
LCS gamma-ray beams. The NRF gamma-rays
emitted from the witness 2°°Pb target were measured
with two Ge detectors. The evaluation of the
abundance of natural lead is evaluated to be 58.6%
(LCS) and 58.7% (flat-LCS), which is a slightly high
value from the standard abundance of natural lead,
52.4%. We are trying to find the reason for this
discrepancy.

4. Social aspects of energy use

In Southeast Asia, significant progress has been made
toward universal electrification, yet around 35 million
people still lack access today. Much of the research on
electrification challenges has focused on Africa and
South  Asia, often emphasizing economic,
technological, and institutional factors while
overlooking social dimensions. Since 2016, our group
has examined the social impacts of electrification
projects from a quality-of-life perspective, assessing
changes in living conditions and social disparities
across different contexts in Southeast Asia (Fig. 3).
Using mixed methods from the social sciences, our
findings show that renewable electrification can
reduce reliance on expensive energy options while
improving educational opportunities and social
interactions. However, challenges remain, including
limited livelihood improvements, the risk of
reinforcing pre-existing inequalities, and issues
related to system capacity and waste management. In
parallel, we are expanding this work through research
on energy justice and sustainable energy transitions,
including analyses of the Water—Energy—Food (WEF)
nexus in Madagascar and studies on clean cooking
transitions in vulnerable communities.
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Fig. 3 Rural electrification fieldwork locations 2016-2025

Acknowledgment

All our research works have been supported by the
KAKENHI,  Q-LEAP(MEXT),  JASTIP(JST),
UVSOR Collaboration Research, CSEAS DASU
(Kyoto University), and the Laboratory for Complex
Energy Processes Collaboration Research (IAE).

_18_



Collaboration Works

KIEDEAA, NSTDA (¥ 1) ,JASTIP [ H ASEAN £}
A ) _X— a3 RIS — R T HEBA
FEIFFE DOHEHE |

K 4H H B, University of Malaya (= L —>7)
JASTIP-net

KIEGH, SRR I, 7 — /L U —
g T =Y A o REE LB =
v B

Jordi Cravioto, FUHB KPS LS AME 7 ¢ — L R
U— 7 L F =Y A A ARG LT BB
2=y h

Financial Support
1. Grant-in-Aid for Scientific Research

KIS, JHARFTEB), 2R 2 7t LCS o~
RFAE L T AV TR R NRF-CT [RIRF]
ENZBE S D A5

RIEEYEH, JEAEFZEB), 2t —L v by U
DHAES ABHE L —Y—MHAEHR (KriHs)

4 i, EBAFEB), BE VAP HREF L —
—IZ L D REERIRIE TR F O (5r4)

4 R, BRDTIEB), JEMmRY e m AR InE & H 5
L7 HHES L — P =l 2 B3 2058 (5
H4)

A R, HAERTZEB), ok — L2 by D
D < BB L —F—MHEMER (L)

£ i, PRERIpEIE (Bh) |, AR 7 — o
G X D FH MRS (5He)

2. Others

K B, ASEAN University Network (AUN)
Human Capacity Building for Science, Technology, and
Innovation Coordination between ASEAN and Japan
towards Grand Challenges

K 46 ¥ B ., WFP Madagascar, Regarding the
Implementation of a Study on the Value-Add of
Sustainable Water-Energy-Food (WEF) Interventions
to Improve Food Security and Livelihoods in Climate-
Affected Areas of Southern Madagascar

Sy, FSIRSEAIRRSE, TR —F—
J R g AL TR T MR L — Y — He & 4

uEEH AT OB ) R TEHRE L — Y —THE
B B EM 0K LT MR 72 0 o HLpE R
Hrowrge])

Publications

T. Kawasaki, A. Nagase, K. Hayakawa, F. Teshima, K.
Tanaka, H. Zen, F. Shishikura, N. Sei, T. Sakai, Y.
Hayakawa, Infrared Free-Electron Laser: A Versatile
Molecular ~ Cutter  for  Analyzing  Solid-State
Biomacromolecules, ACS Omega, 10, 14, 13860-13867,
2025

C. Pengtem, S. Deeum, Amirullah, H. Ohgaki, S.
Romphochai, P. Bhumkittipich, Design of Multi-
Objective Energy Management for Remote Communities
Connected with an Optimal Hybrid Integrated
Photovoltaic—Hydropower—Battery =~ Energy  Storage
System (PV-HP-BESS) Using Improved Particle Swarm
Optimization, Energies, 18, 9, 2250, 2025

V. Xayalak, K. Sengratry, N. Khamphone, H. Ohgaki,
The feasibility study of the solar heat pump combined
system for the production of hot water in Laos, Earth and
Environmental Science, 1511, 1, 012003, 2025

T. Kawasaki, H. Zen, K. Nogami, K. Hayakawa, T. Sakai,
Y. Hayakawa, Structural Analysis of Carbohydrate
Polymers by using Infrared Free Electron Laser, 2025

F. Shishikura, K. Hayakawa, K. Nogami, T. Sakai, Y.
Komatsuzaki, Y. Hayakawa, Y. Takahashi, T. Tanaka, H.
Zen, T. Kii, H. Ohgaki, Electroretinograms of Cricket
Compound Eyes Evoked by Ultraviolet, Visible, and
Mid-infrared Irradiation, H KIZEFHERE, 84, 4, 163-170,
2025

T. Kawasaski, H. Zen, K. Nogami, K. Hayakawa, T. Sakai,
Y. Hayakawa, Direct Analysis of Solid-Phase
Carbohydrate Polymers by Infrared Multiphoton
Dissociation Reaction Combined with Synchrotron
Radiation Infrared Microscopy and Electrospray
Ionization Mass Spectrometry, Polymers, 17, 17, 2273,
2025

Z. Bi, K. Tanaka, H. Zen, H. Ohgaki, Development of
Array-Type Secondary Electron Emission Monitor
Toward Single-Shot Measurement of Extraction
Efficiency of FEL Oscillators, Particles, 8, 3, 81, 2025

H. Zen, Observation of strong multi-pulse effects on
spectral broadening of long-wavelength infrared pulses
with 29.75 MHz repetition rate in a KRS-5 plate,
Japanese Journal of Applied Physics, 64, 102001, 2025

T. Kono, T. Sakae, H. Zen, etal,, Bacterial

_19_



Biomineralization: Review and Quick X-ray Diffraction
Determinative Table for Bacterial Biominerals, Journal of
Hard Tissue Biology, 34, 4, 181-198, 2025

S. Sucharitakul, S. Thanasanvorakun, V. Yarangsi, S.
Yarin, K. Hongsith, M. lJitvisate, H. Ohgaki, S.
Phadungdhitidhada, H. Zen, S. Rimjaem, S. Choopun,
Infrared FEL-Induced Alteration of Zeta Potential in
Electrochemically Grown Quantum Dots: Insights into
Ton Modification, Nanomaterials, 15, 20, 1543, 2025

M. Omer, T. Shizuma, M. Koizumi, Y. Taira, H. Zen, H.
Ohgaki, R. Hajima, Effect of coaxial HPGe detector

structure on y-ray beam measurements, Radiation
Physics and Chemistry, 240, 113467, 2025

FHEER, 5HAAE, SR Sat, A, 1
B, KEHEH, REESRT o FA =7 AT~
WELY e B AW RS L A L — T — T K B
W7 + 7 U Eh O EHERGEY, B AR SR
2K, 35,2, 79-87, 2026

Ju Yoon Hnin Bo, H. Zen, H. Ohgaki, Resonant phonon-
induced magnetic domain dynamics as Néel temperature
is approached in nickel oxide, Japanese Journal of
Applied Physics, 65, 2, 023001, 2026

A.L.G. Lemence, J. Cravioto, B.C. McLellan,
Investigating social sustainability in  Philippine
electrification policies through qualitative content
analysis, Energy for Sustainable Development, 88,
101817, 2025

H. Zen, Ju Yoon Hnin Bo, H. Ohgaki, Kyoto University
Free Electron Laser Facility (KU-FEL) (Current and
Ongoing Developments), 2025 50th International
Conference on Infrared, Millimeter, and Terahertz Waves
(IRMMW-THz), 2026

R. Matsuda, Ju Yoon Hnin Bo, H. Zen, H. Ohgaki,
Measurement of Domain Pattern Changes in
Antiferromagnetic Materials via Specific Phonon
Excitation at Low Temperature, 2025 50th International
Conference on Infrared, Millimeter, and Terahertz Waves
(IRMMW-THz), 2026

B. Mochizuki, J. Cravioto, Child-centered Digital
Engagement: A New Pathway to Support Clean Cooking
Transitions?, Journal of Inquiry and Research, 123, 253-
271, 2026

Presentations
H. Ohgaki, Malaysia-Japan Collaboration: What You

Should Know, Bridging Ideas: Malaysia-Japan Research
Collaboration Opportunities Workshop, Seminar Room

1&2, Research Management & Innovation Complex,
University of Malaya, 2025.5.21

H. Ohgaki, Program and project management skill for the
effective STI Coordination, Science, Technology and
Innovation (STI) Coordination Training Workshop for
the Next Generation of STI Coordinators 2025, Mandarin
Hotel Bangkok, 2025.5.28

H. Ohgaki, Leadership skill for the effective STI
Coordination, Science, Technology and Innovation (STI)
Coordination Training Workshop for the Next Generation
of STI Coordinators 2025, Mandarin Hotel Bangkok,
2025.5.28

H. Ohgaki, Introduction to Science, Technology, and
Innovation Coordination: STI Coordination,
AUN/SEED-Net Regional Conference 2025: ASEAN
BCG Network Meeting and Conference, Universitas
Airlangga, 2025.6.15

H. Zen, H. Ohgaki, R. Hajima, Development of Infrared
Oscillator-type Free-Electron Laser for High Harmonic

Generation Experiments, CLEO/Europe-EQEC,
International Congress Center Messe Miinchen,
2025.6.26

H. Ohgaki, Introduction to Science, Technology, and
Innovation Coordination, STI Coordination with DISTI,
Private Sector and University in Banteay Meanchey,
DISTI Banteay Meanchey's meeting room, 2025.6.30

H. Ohgaki, Introduction to Science, Technology, and
Innovation Coordination, AUN/SEED-Net Regional
Conference on Materials Science and Engineering, in
conjunction with ISMSE 2025, Ho Chi Minh City
University of Technology, 2025.7.23

J. Cravioto, Electritrification and QoL in Rural SE Asia:
Rethinking vulnerability and Just Energy Transitions,
International Seminar on Environment: Think Globally,
Act Locally, Nistarini College, Purulia, West Bengal,
India, 2025.7.29

PR —, JNWEAE, e, KEE, BI85,
B E, &JF1E A, Tenio Popmintchev, HH7E L —
P—CTEREN T 2 Eig 0 K L7 N RYEIROAFSE : 2025,
5522 [|l H AN PSS, JRER TR A
v L8R, 2025.8.6

JIEREAE, e, REZEH, PER—, KA H
BfL—Y—LT7r7 A N—L—HF—LOREYD
O ORI > AT L OFHE, 5 22 8] H ANE S
DS, HEERTRFAM A v 73R, 2025.8.6

H. Zen, Ju Yoon Hnin Bo, H. Ohgaki, Present Status of

_20_



Free Electron Laser Facility at Kyoto University, 5 22
] A AR E 2, O R MR v
INX,2025.8.7

INRREEEE, W EFnZ, R, KR, T T~
WY NF R FEL BT 0158, 45 22 M A A
IR RS, W RFEHEA S v XX,
2025.8.8

H. Ohgaki, Non-destructive Isotope-Selective Imaging
by Laser Compton Scattering Gamma-ray, The Workshop
on Photonuclear Science in 2025, Fudan University,
Shanghai, 2025.8.10

K. Nishimoto, H. Zen, T. Hayakawa, T. Shizuma, M.
Omer, H. Ohgaki, Quantitative Evaluation of NRF Yield
by Using LCS beams in UVSOR, The Workshop on
Photonuclear Science in 2025, Fudan University, Shang-
hai, 2025.8.10

R. Matsuda, Ju Yoon Hnin Bo, H. Zen, H. Ohgaki, Meas-
urement Of Domain Pattern Changes In Antiferromag-
netic Materials Via Specific Phonon Excitation At Low
Temperature, IRMMW-THz2025, Espoo, Otaniemi,
Aalto University campus, 2025.8.19

H. Ohgaki, Ethics and Responsibili9es in Science Com-
munica9on, Science Communica,on for Society, MISTI
Headquarter, Phnom Penh, Cambodia, 2025.8.20

H. Zen, Ju Yoon Hnin Bo, H. Ohgaki, Kyoto University
Free Electron Laser Facility (KU-FEL) (Current and On-
going Developments), IRMMW-THz2025, Espoo, Ota-
niemi, Aalto University campus, 2025.8.20

Z.Bi, K. Tanaka, H. Zen, H. Ohgaki, Development of Ar-
ray-type Secondary Electron Emission Monitor toward
Single-shot Measurement of Extraction Efficiency of
FEL Oscillators, The 12th Korea-Japan Joint Summer
School, H&ARENET 7 / v Y—t & —, 2025827

K. Nishimoto, H. Zen, T. Hayakawa, T. Shizuma, M.
Omer, H. Ohgaki, Quantitative Evaluation of NRF Yield
by Using LCS beams in UVSOR, The 12th Korea-Japan
Joint Summer School, HARIRT 7 / n v —k ¥
—, 2025.8.27

H. Ohgaki, Accelerator Physics I, The 12th Korea-Japan
Joint Summer School, HFARENRT 7 / a o —k L H
—, 2025.8.27

H. Ohgaki, Accelerator Physics 11, The 12th Korea-Japan
Joint Summer School, HFARENRT 7 / a o —k L H
—,2025.8.28

KIEZEW], PAE, 2k, RIEA, BEET,

Mohamed Omer, LCS/F-LCS b™— . % V7= NRF Y
BOEEM, AR5 2025 FKOKE,
b E R =55, 2025.9.10

IR, I, 1.6 22 Y R ) B B w788 A
W2 LD RESRFEF RSB BE L — Y OMRER E,
H AR B2 80 [RHFER KRS, N KF RN
¥ s8R, 2025.9.17

AR, &K E I L D EEEE L BT
E— AR AE, BAWEERE 80 [MIFERKE, NG
KERILEF ¥ v 734,2025.9.17

KA, R LS AL~V E TO TR
X —ZONWT, T R/LX—H T 2R 3EHTA R
TS, R RFETFIRF ¥ /3%, 2025.10.19

H. Ohgaki, Introduction to Science, Technology, and In-
novation Coordination: STI Coordination, UTB-STE
CONNECT 2025, Universiti Teknologi Brunei,
2025.10.22

H. Ohgaki, ASEAN-Japan STI Coordination —Concept,
Landscape and Opportunities, The 2025 NUOL Interna-
tional Conference on Science, Engineering and Innova-
tion (ICSEI 2025)in Association with AUN/SEED-Net
Regional Conference “Promoting Science, Technology,
and Innovation for Sustainable Development in Lao PDR
and Beyond”, HolidayInn Hotel, Vientiane, 2025.11.27

H. Ohgaki, Introduction of STI Coordination and JAIF
project, The 16th AUN/SEED-NET REGIONAL CON-
FERENCE ON GEOLOGICAL AND
GEO_x005F x0002_ RESOURCE ENGINEERING, In-
stitute of Technolgy Cambodia, 2025.12.11

H. Ohgaki, What You Should Know, The 16th
AUN/SEED-NET REGIONAL CONFERENCE ON GE-
OLOGICAL AND GEO_x005F x0002 RESOURCE
ENGINEERING, Institute of Technolgy Cambodia,
2025.12.11

J. Cravioto, Just Energy Transitions: Behaviour, Policy,
and Technology for Sustainable Electrification in Rural
Communities of SE Asia, 2025 4% ZE #ilji2, K
MRKF FlRBIFEL I I7H T EA— 1,
2025.12.11

KHE#HH, FEL & High-Power Radiation fiff4E5 & 74,
% 32 [1] FEL & High-Power Radiation Aff%t %3, SPring-
8,2025.12.18

Ju Yoon Hnin Bo, H. Zen, H. Ohgaki, Antiferromagnetic
domain recovery dynamics from different phonon excita-
tions mediated via MIR-FEL irradiation in NiO, 5 32 [A]
FEL & High-Power Radiation #ff 2% 2, SPring-8,

_21_



2025.12.18

H. Ohgaki, Report on Science, Technology, and Innova-
tion (STI) Coordination, The 29th AUN/SEED-Net Steer-
ing Committee Meeting of AUN/SEED-Net, Mandarin
Hotel Bangkok, 2026.1.14

J. Cravioto, Energy access vulnerabilities in Southeast
Asia: A view through quality of life change from solar
electrification, FHZHiF A B E 54 [Tnnovative
Science Project] , {422 W ST JRE AT i 25 4%, 2026.1.17

J. Cravioto, Vulnerability, electrification and quality of
life in SE Asia, The Current Science & Technology Pol-
icy Stream: Answering the Challenges for Social Energy
Issues in Local Regions, BRIN, Jakarta, Indonesia,
2026.2.20

H. Ohgaki, Introduction to STI Coordination, For the
Next Generation of Science, Technology and Innovation
(STI) Leaders 2026 “From Strategy to Impact: Develop-
ing Practical Skills for STI Coordination and Collabora-
tion”, Holiday Inn Bangkok Sukhmvit, 2026.2.24

H. Ohgaki, Logical Framework (Logframe): Project De-
sign and Management, For the Next Generation of Sci-
ence, Technology and Innovation (STI) Leaders 2026
“From Strategy to Impact: Developing Practical Skills for
STI Coordination and Collaboration”, Holiday Inn Bang-
kok Sukhmvit, 2026.2.24

H. Ohgaki, Introduction to STI Coordination, Science,
Technology, and Innovation (STI) Coordination Training
Workshop for the Next Generation of STI Leaders in
Cambodia, Royal University of Phnom Penh (RUPP),
Cambodia, 2026.3.24

_22_



	AR_2025_.pdf

