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FOREWORD

The Institute of Advanced Energy (IAE) was founded in May 1996 to 
explore the energy systems for the next-generation by going back to the fun-
damental principles of nature, and to create new energy theories for the next 
generation and advanced technologies to guide and implement these theories. 
At present, the faculty members belonging to the Faculty Consort of Advanced 
Energy in the Natural Science Platform are engaged in 14 research sections 
in three divisions, each of which investigates one of the following three basic 
processes of energy: generation, conversion, and utilization. The Laboratory 
for Complex Energy Processes supports and stimulates collaborative research 
to address issues related to complex energy processes. The Integrated Re-
search Center for Carbon Negative Science (ICaNS) was established in 2022. 
Through extensive collaboration with researchers in the Graduate Schools of 

Energy Science and Engineering, the Center is actively developing new concepts, academic foundations, and sci-
ence and technology for the effective use of carbon dioxide to realize a carbon-neutral society.

The two core research areas of the Institute are “Plasma and Quantum Energy Science” and “Soft Energy 
Science”. The former aims to realize nuclear fusion to generate solar energy on Earth. The latter aims to achieve 
highly efficient energy utilization and conversion based on the principles of materials science and energy utiliza-
tion by living organisms that have built the biosphere on Earth with solar energy. It also actively promotes the in-
ternationalization of research and the transfer of research results to society through cooperation between industry, 
academia and government.

Certified as a “Zero-Emission Energy” Joint Usage/Research Center by the Ministry of Education, Culture, 
Sports, Science and Technology (MEXT) in 2011, the Institute is entering its third phase of operation and contin-
ues to contribute to the zero-emission energy research community. As a Zero-Emission Energy research center, 
we collaborate with domestic and overseas researchers in a wide range of academic fields and promote the shared 
use of cutting-edge research equipment to strengthen the foundation of academic research and to accelerate new 
scientific research.

Japan has also set a goal of “virtually eliminating greenhouse gas emissions by 2050,” and carbon neutrality is 
now a goal for societies worldwide. The IAE is committed to a wide range of research into zero emission energy, 
which is certain to play an increasingly important role in achieving carbon neutrality and providing a variety of 
new energy technology options. 

This annual report summarizes the major research achievements of each of IAE’s research divisions for 
FY2023 (April 2023-March 2024) to represent IAE’s research activities. I hope you will enjoy our Institute’s 
ongoing research in a wide range of scientific disciplines, which will surely provide innovative solutions to meet 
the demands of achieving carbon neutrality. 

March 2024

Takashi MORII
Director 
Institute of Advanced Energy
Kyoto University
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Advanced Energy Generation Division 
 

Quantum Radiation Energy Research Section 
 
 
 H. Ohgaki, Professor 
 T. Kii, Associate Professor (concurrent) 
 H. Zen, Assistant Professor 
 Jordi Cravioto Caballero,  Program-Specific Assistant Professor 
 
1. Introduction 

Coherent-radiation energy with a wide wave-
length tunability and a high power is an indispensa-
ble tool for exploiting cutting-edge science. The re-
search in this section aims at generating and applica-
tion of 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 
study field wider wavelength region, a coherent A 
compact THz source, high Tc undulator for X-ray 
generation, and Laser Compton Gamma-ray (LCS) 
for isotope imaging have been carried out. Transdis-
ciplinary research on renewable energy has also been 
promoted through international collaborations. 

2.  Free-electron Laser 
FEL is a next generation light source because of 

its wide wavelength tunability where the convention-
al lasers cannot reach, potential high efficiency, and 
high peak power. However, the system is usually 
much larger and the cost is higher than conventional 
lasers. We are going to overcome these difficulties by 
exploiting an RF (radio-frequency) gun, a high Tc 
undulator, etc. 

2.1 KU-FEL 
The target wavelength of KU-FEL is MIR (Mid 

infra-red) regime, from 5 to 20 m, with high-power 
and 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 thermion-
ic RF gun, a 3-m travelling wave accelerator tube, a 
beam transport system, and a 1.8-m undulator and a 
5-m optical resonator. The FEL device now can cover 
the wavelength range from 3.4 to 28 m. The maxi-
mum macro-pulse energy which can provide is 
around 60 mJ in a 2-s macro-pulse at the wave-
length of 9.8 m. 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 
operation, the micro-pulse energy of 100 J and the 
world highest extraction efficiency (9.4%) of the os-
cillator-type FEL has been achieved. Then the mi-
cro-pulse duration was shortened down to 150 fs 

(~4.2 cycles at 11 m). In addition, Nonlinear com-
pression of 8.6-m FEL pulse has been 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, newly fabricated 1.6-cell RF gun has been 
installed at the upstream side of the accelerator tube. 
The initial commissioning of the new RF gun was 
successfully finished and FEL lasing with the elec-
tron beam generated from the gun has been achieved.  

 

 
Fig. 1  Schematic drawing of the KU-FEL and THz-CUR 

2.2 THz Coherent Undulator Radiation Source 
A new compact terahertz coherent undulator ra-

diation source (THz-CUR in Fig. 1) has been con-
structed. It consists of a 1.6-cell RF-gun, a solenoid 
magnet, a magnetic chicane bunch compressor, a tri-
plet quadrupole magnet, a planar undulator, and a la-
ser system for photocathode. In this device, short 
electron bunches are generated by the photocathode 
RF gun and the bunch compressor. The electron 
bunches are injected to the undulator and intense co-
herent undulator radiation can be generated. 

The 1.6 cell RF gun used for the THz-CUR was 
replaced with an energy chirping cell attached RF 
gun for improving its performance under collabora-
tion with Dr. Sakaue, Tokyo University. The gun uti-
lizes a velocity bunching scheme for generating ul-
tra-short electron bunch. A commissioning experi-
ment has been done and the saturation of THz peak 
power due to the space charge effect can be success-

THz-CUR

3-m Traveling-wave type
Accelerator Tube

1.8-m Hybrid
Undulator

70-cm UndulatorBunch Compression
Chicane

KU-FEL

4.5-cell
Thermionic
RF Gun

1.6-cell RF Gun

5-m Optical Resonator
Out-coupling

Mirror

0 1 2 m

1.6-cell
RF Gun

Newly Installed
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fully suppressed. 
The polarization control method of the THz-CUR 

has been developed under collaboration with Dr. 
Kashiwagi, Tohoku University. The polarization state 
of the THz-CUR can be easily controlled from linear 
to left-handed circular and right-handed circular 
without significant power loss. 

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 JFY2023, 17 external user 
groups used KU-FEL.  

3.  Bulk SC Staggered Array Undulator 
An undulator with strong magnetic field will play 

an important role in future synchrotron light sources 
and FELs. We have developing a new undulator 
which consists of stacked bulk high critical tempera-
ture superconductors array and a solenoid magnet.  
The magnetic field strength is about three times 
higher than that of conventional permanent magnet 
undulators. (Fig.2) 

 
Fig. 2 Performance comparison 

4.  Isotope Imaging for Nuclear Safety and 

Security 
Multi-isotope imaging method has been developed 

at BL1U beamline in UVSOR, Institute of Molecular 
Science. The enriched 206, 207, 208Pb and natural Pb 
target rods of 8 mm was used for 1-D imaging ex-
periment. The NRF gamma-rays emitted from the 
witness target consisted of enriched 206, 207, 208Pb rods 
were measured with two Ge detectors. The flux of 
the incident LCS gamma-ray beam (maximum ener-
gy of 5.53 MeV) with 2 mm beam size was moni-
tored by a plastic scintillator detector and whole ab-
sorption was measured by a LaBr3(Ce) detector. The 
scanning step was 4 mm. As a result, two isotopes 
(207, 208Pb) image was clearly obtained, but failed for 

206Pb whose NRF reaction rate is one order smaller 
than that of 207, 208Pb. Flat-LCS and standard LCS 
have been used for the measurement, and Flat-LCS 
enhanced lower energy (5.0-5.3 MeV) NRF peaks. 

5.  Social aspects of energy use 
In 2023, more than 775 million people in the 

world are still without electricity. Recently, reports 
show that this figure has increased for the first time 
in decades. In Southeast Asia, almost 31 million peo-
ple remain without access, but the study is insuffi-
cient compared to regions such as Africa and South 
Asia. Moreover, research focuses on economic, 
technological and institutional aspects of electrifica-
tion, but studies focusing on social barriers and im-
plications are still scarce. Therefore, our group inves-
tigates the social effects of electrification with a 
quality-of-life perspective by comparing experiences 
of rural electrification projects in Southeast Asia (Fig. 
3). Applying mixed methods from the social sciences, 
we have found that solar systems can improve the 
education of children in rural households, reduce de-
pendence on expensive and dangerous energy 
sources, and improve social interaction. However, 
economic disparities in the community can be exac-
erbated and concerns about changing lifestyles and 
limited system capacity are crucial aspects for suc-
cessful projects. Our group also analyses how 
household roles affect efficient appliance purchasing 
in urban contexts and topics related to energy justice. 

 
Fig. 3 Rural electrification survey sites 2016-2022 
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Collaboration Works 
 
大垣英明, NSTDA（タイ）, JASTIP「日 ASEAN 科学
技術イノベーション共同研究拠点－持続可能開発
研究の推進」 
 
大垣英明, University of Malaya（マレーシア）, JA-
STIP-net 
 
 
Financial Support 
 
1. Grant-in-Aid for Scientific Research 
大垣英明, 基盤研究(B), F-LCS レーザーコンプトン
散乱 γ線による同位体イメージングの高度化に関す
る研究 
 
大垣英明, 基盤研究(B), コヒーレントエッジ放射
から紐解く自由電子レーザー相互作用（分担金） 
 
紀井俊輝，基盤研究(B)，バルク超伝導体アンジュレ
ータへの電子ビーム入射 
 
全炳俊, 基盤研究(B), 共振器型自由電子レーザの
引き出し効率飛躍的向上に関する研究 
 
全炳俊, 基盤研究(B), 超短パルス自由電子レーザ
ーによる長波長赤外強光子場科学の開拓（分担金） 
 
全炳俊, 基盤研究(B), コヒーレントエッジ放射か
ら紐解く自由電子レーザー相互作用（分担金） 
 
全炳俊, 基盤研究(B), 究極的な高勾配加速を目指
した自由電子レーザー逆過程加速に関する研究（分
担金） 
 
Cravioto Jordi, 基盤研究(B), 包括的 QoL 評価法の確
立：東南アジアの僻地電化における幸福度と不公平 
 
 
2. Others 
大垣英明, 科学技術振興機構, 日ＡＳＥＡＮ科学技
術イノベーション共同研究拠点－持続可能開発研
究の推進－ 
 
大垣英明, 国際協力機構（JICA）, カンボジア国炭
素中立社会に向けたクリーンエネルギー転換ロー
ドマップ策定プロジェクト 
 
大垣英明, 東京大学 光・量子飛躍フラッグシップ
プログラム（Q-LEAP）, 「先端レーザーイノベーシ
ョン拠点「次世代アト秒レーザー光源と先端計測技
術の開発」部門」「自由電子レーザーで駆動する高
繰り返しアト秒光源のための基礎基盤技術の研究」 
 
 

大垣英明, Paul Scherrer Institute（スイス）, Testing of 
REBCO bulk undulator prototype 
 
大垣英明, （一財）新技術振興渡辺記念会, ＡＳＥＡ
Ｎ地域の科学技術コーディネート人材育成に関す
る調査 
 
大垣英明, （公財）トヨタ財団イニシアティブプロ
グラム，異なる国・セクターを繋ぐ科学技術イノベ
ーションコーディネーションに関する学びあい：人
材育成プログラムの開発と政策提言 
 
 
Publications 
 
H. Zen, R. Hajima, H. Ohgaki, Full characterization of 
superradiant pulses generated from a free‑electron laser 
oscillator, Scientific Reports, 13, 6350, 2023 
 
Y. Taira, S. Endo, S. Kawamura, T. Nambu, M. Okuizumi, 
T. Shizuma, M. Omer, H. Zen, Y. Okano, and M. 
Kitaguchi, Measurement of spatial polarization 
distribution of circularly polarized gamma rays produced 
by inverse Compton scattering, Physical Review A, 107, 
6, 063503, 2023 
 
S. Masuno, M. Hashida, H. Zen, Formation of periodic 
surface structures on semiconductors under mid-infrared 
free-electron laser irradiation, IEEJ Transactions on 
Fundamentals and Materials, 143, 10, 320-324, 2023 
 
Y. Zhao, H. Zen, H. Ohgaki, Particle tracking simulation 
of a new photocathode RF gun in free-electron laser 
facility, KU-FEL, Particles, 6, 2, 638-646, 2023 
 
Anugerah Yuka Asmara, AR. Rohman Taufiq Hidayat, B. 
Kurniawan, H. Ohgaki, T. Mitsufuji, J. Cravioto, 
Building a Sustainable Photovoltaic Innovation System 
in Indonesia Through Network Governance Perspective, 
Environment & Policy, Environmental Governance in 
Indonesia, 61, 463-485, 2023 
 
Y. Uozumi, T. Furuta, Y. Yamaguchi, H. Zen, T. Kii, H. 
Ohgaki, E. Velicheva, V. Kalinnikow, Z. Tsamalaidze, P. 
Evtoukhovitch, Study of crystalline scintillator response 
with development of single-electron beam of 2–6 MeV at 
KU-FEL, Journal of Nuclear Science and Technology, 60, 
9, 1125-1132, 2023 
 
H. Okumura, S.G. Itoh, H. Zen, K. Nakamura, 
Dissociation process of polyalanine aggregates by free 
electron laser irradiation, Plos One, 18, 9, e0291093, 
2023 
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H. Ohgaki, K. Ali, T. Kii, H. Zen, T. Hayakawa, T. 
Shizuma, M. Fujimoto, Y. Taira, Generation of flat-laser 
Compton scattering γ-ray beam, Physical Review 
Accelerators and Beams, 26, 093402, 2023 
 
H. Zen, R. Hajima, H. Ohgaki, Nonlinear compression of 
naturally down-chirped superradiance pulses from a free-
electron laser oscillator by thick germanium plates, 
Optics Express, 31, 24, 40928-40936, 2023 
 
M. Katoh, H. Ota, J. Yamazaki, K. Hayashi, Y. Okano, E. 
Salehi, Y. Taira, A. Mano, M. Fujimoto, Y. Takashima, M. 
Hosaka, F. Sakamoto, T. Kaneyasu, H. Zen, Light Source 
Developments at UVSOR BL1U, Journal of Physics: 
Conference Series, 2687, 032005, 2024 
 
R. Hajima, K. Kawase, H. Zen, H. Ohgaki, Carrier-
Envelope Phase Stabilization in FEL Oscillators, Journal 
of Physics: Conference Series, 2687, 032013, 2024 
 
T. Kii, T. Akasaka, and M. Tomita, Generationof Periodic 
Magnetic Field using Bulk MgB2, IEEE Transactions on 
Applied Superconductivity, 10417004, 2024 
 
K. Sota, K. Ando, H. Zen, T. Kii, H. Ohagaki, T. 
Nakajima, Morphological study of depth-controlled high 
quality holes and lines fabricated on a metal substrate 
with a thin metal film by picosecond laser pulses, Optics 
and Laser Technology, 175, 110853, 2024 
 
J. Cravioto, H. Ohgaki, Can the circular economy be 
relevant for rural development? Insights from 
communities without electricity in South-East Asia, EGU 
General Assembly 2023, EGU23, 11487, 2023 
 
H. Zen, H. Ohgaki, R. Hajima, Generation of Naturally 
Down-chirped Few-Cycle Pulse from Free-Electron 
Laser Oscillator and Its Pulse Compression, 2023 48th 
International Conference on Infrared, Millimeter, and 
Terahertz Waves (IRMMW-THz), 2023 
 
H. Zen, T. Kii, H. Ohgaki, Present status of Kyoto 
University Free-Electron Laser facility, KU-FEL, 
Proceedings of IPAC'23, 1866- 1869, 2023 
 
H. Ohgaki, K. Ali, T. Kii, H. Zen, T. Hayakawa, T. 
Shizuma, Y. Taira, Generation and NRF Application of 
Flat-Laser Compton Scattering Gamma-ray Beam in 
UVSOR, Proceedings of IPAC'23, 1874-1876, 2023 
 
R. Hajima, K. Kawase, H. Zen, H. Ohgaki, Carrier-
Envelope Phase Stabilization in FEL Oscillators, 
Proceedings of IPAC'23, 5121-5123, 2023 
 
 

M. Katoh, H. Ota, J. Yamazaki, K. Hayashi, Y. Okano, E. 
Salehi, Y. Taira, A. Mano, M. Fujimoto, Y. Takashima, M. 
Hosaka, F. Sakamoto, T. Kaneyasu, H. Zen, Light Source 
Developments at UVSOR BL1U, Proceedings of 
IPAC'23, 169-172, 2023 
 
R. Hajima, K. Kawase, J.K. Koga, H. Zen, H. Ohgaki, 
Laser-induced gas breakdown by a train of femtosecond 
long-wave infrared FEL pulses, 2023 48th International 
Conference on Infrared, Millimeter, and Terahertz Waves 
(IRMMW-THz), 2023 
 
T. Kii, A Bulk Superconductor and Its Application to 
Insertion Devices, 67th ICFA Adv. Beam Dyn. Workshop 
Future Light Sources, 2023 
 
大垣英明, UVSOR BL-1U におけるレーザコンプト
ンガンマ線を用いた非破壊同位体識別イメージン
グ技術の基礎研究, 放射光, 36, 3, 133-139, 2023 
 
紀井俊輝, バルク超伝導体の基礎とアンジュレー
タへの応用, 加速器, 20, 1, 10-19, 2023 
 
坂上和之, 大谷将士, 岡安雄一, 鈴木研人, 全炳俊, 
想田光, 学会活性化特別委員会の紹介, 加速器, 20, 
2, 116-119, 2023 
 
S. Deeum,T. Charoenchan, N. Janjamraj, S. Romphochai, 
S. Baum, H. Ohgaki, N. Mithulananthan, K. 
Bhumkittipich, Optimal Placement of Electric Vehicle 
Charging Stations in an Active Distribution Grid with 
Photovoltaic and Battery Energy Storage System 
Integration, Energies, 16,22, 7628、2023 
 
S. Basu, K. Usher, H. Tamiya, R. Akasegawa, Y. Hui, Q. 
Chen, J. Cravioto, H. Ohgaki, Synergies and Trade-offs 
Quantification from Regional Waste Policy to 
Sustainable Development Goals: The Case of Kyoto City, 
Sustainable Development, 1-21, 2024 
 
D.I. Avila-Ortega, S. Garcidueñas-Nieto, D. Moran, S. 
Cornell, J. Cravioto, P. Søgaard Jørgensen, C. Flo-res-
Santana, R. García Ochoa, G. Engström,, Mexico’s 
carbon inequality: Why income matters. Journal of 
Ecological Economics, ECOLEC-D-23-01421 (under 
review), 2024 
 
 
Presentations 
 
H. Ohgaki Roles of Relevant Stakeholders in the National 
Innovation System, The 1 st National Science 
Technology Innovation Day, Koh Pich Convention & 
Exhibition Center, 2023.3.27 
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H. Zen, T. Kii, H. Ohgaki, Present status of Kyoto Uni-
versity free-electron laser facility, KU-FEL, 14th Interna-
tional Particle Accelerator Conference, IPAC'23, The 
Venice Convention Centre, 2023.5.9 
 
H. Zen, H. Ohgaki, R. Hajima, Improvement of extrac-
tion efficiency of oscillator-type mid-infrared free-elec-
tron laser at Kyoto University, 14th International Particle 
Accelerator Conference, IPAC'23, The Venice Conven-
tion Centre, 2023.5.9 
 
R. Hajima, K. Kawase, H. Zen, H. Ohgaki, Carrier-enve-
lope phase stabilization in FEL oscillators, 14th Interna-
tional Particle Accelerator Conference, IPAC'23, The 
Venice Convention Centre, 2023.5.9 
 
H. Zen, K. Tanaka, Y. Zhao, H. Ohgaki, Commissioning 
of new photocathode RF gun for oscillator-type mid-in-
frared free-electron laser at Kyoto University, 14th Inter-
national Particle Accelerator Conference, IPAC'23, The 
Venice Convention Centre, 2023.5.11 
 
H. Ohgaki, K. Ali, T. Kii, H. Zen, T. Hayakawa, T. Shi-
zuma, Y. Taira, Generation and NRF application of flat-
laser Compton scattering gamma-ray beam in UVSOR, 
14th International Particle Accelerator Conference, 
IPAC'23, The Venice Convention Centre, 2023.5.11 
 
羽島良一, 川瀬啓吾, 全炳俊, 大垣英明, 早川恭史, 
境武志, 赤外自由電子レーザーで駆動する高次高
調波光源の研究, 光・量子ビーム科学合同シンポジ
ウム 2023 (OPTO2023), 大阪大学レーザー科学研究
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1. Introduction 

Main objective of our research division is to real-
ize advanced energy systems for the sustainable de-
velopment under global environmental constraints. 
We have shown a Zero-emission energy scenario 
based on fusion energy with biomass-based recycling 
system where biomass waste is converted into liquid 
fuel or hydrogen. And further we now propose an 
innovative Negative emission scenario to isolate CO2 
in the atmosphere by a carbonization process. Our 
research section focuses on development of hydrogen 
isotopes fuel circulation system, breeding blankets, 
fusion material R&D, feasibility study for fu-
sion-biomass hybrid power system, conversion of 
biomass waste, and fusion neutron genera-
tion/measurement. The following are main research 
achievements in the fiscal year of 2023. 
- Accomplishment of the highest efficiency for fusion 
fuel extraction from lead lithium eutectic alloy using 
the droplet system in the fusion study field. 
- Electrochemical purification of nitrogen in liquid 
lithium using chloride molten salt. 
- Elucidation of corrosion behavior on reduced acti-
vation steel F82H. 
- Development of the water-cooling system for the 
cathode in the glow discharge type of fusion neutron 
source. 
 
2. Fusion fuel (hydrogen isotope) recovery system 
development from liquid lead lithium droplets 

Lead lithium eutectic alloy (Pb-17at%Li, Pb-Li) 
is a promising liquid material for the efficient fuel 
(hydrogen isotope) breeding on a fusion reactor. Ef-
fective recovery of the bred fuel is a key issue of liq-
uid blanket fusion reactor. 

We developed the vacuum sieve tray method, fu-
sion fuel recovery from liquid Pb-Li droplets falling 
in vacuum. This fiscal year, on a collaboration work 
with National Institute for Fusion Science (NIFS), 
the continuous fuel recovery campaign was per-
formed. We obtained fuel extraction efficiencies be-
tween 0.6 and 0.7 (Fig. 1). The long blue line shows 
proof-of-principle results performed in our division 
in 2013 [1]. Red circles show the results performed at 
NIFS this year. The two results are almost identical, 
showing the consistency of this method. This is the 
highest efficiency record in the fusion field. 

 
3. Electrochemical purification of nitrogen impu-
rities in liquid lithium using chloride molten salts 

Fusion-relevant neutron sources, such as Ad-
vanced Fusion Neutron Source (A-FNS), are neces-
sary for neutron irradiation experiments for the fu-
sion material development. Liquid lithium is the 
flowing target of A-FNS, and easily absorbs nitrogen 
impurities which may cause corrosion of the structure 
material. Therefore, nitrogen extraction technology is 
essential for the A-FNS development. 

We adapted an electrochemical method using 
chloride molten salt to extract nitrogen. In this ex-

 
Fig.1 Obtained extraction efficiencies as a function of the
droplet falling period. Blue long dash line shows a 
proof-of-principle result obtained in 2013 [1]. Red circles 
are results in 2023. Both are almost identical, showing the 
consistency of this recovery method. 

 
Fig.2 Temporal change of N concentration in liquid Li 

and the required potential for 2mA current. 
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periment, an electrochemical cell filled with chloride 
molten salt (LiCl 58.5 mol% – KCl 41.5 mol%) was 
prepared, and Li supported by a stainless-steel tube 
was placed in the chloride molten salt as the counter 
electrode. The working electrode was coil-shaped 
nickel wire. The temporal change of nitrogen con-
centration in liquid lithium was monitored at a con-
stant current of 2mA (Fig. 2). This purification sys-
tem sufficiently extracted nitrogen impurities. 
 
4. Corrosion of reduced activation steel F82H steel 
by solid breeder material (LTZO) pebble 

JA-DEMO plans to adapt lithium zirconate titan-
ate (Li2+xTiO3+x+Li2ZrO3; LTZO) pebbles as the solid 
blanket breeder material, and reduced activation fer-
ritic/martensitic (RAFM) steel F82H as the blanket 
structure material. The corrosion characteristics of 
F82H by LTZO pebbles are crucial because corrosion 
on F82H may degrade the strength of the structure. 
We experimentally investigated the formation of the 
corrosion layer on F82H to find the activation energy, 
which is required to predict corrosion behavior. 

The corrosion on F82H by the LTZO pebbles was 
induced at 693, 833, and 993 K under sweep gas (Ar 
+ 0.1% H2) flow. The temperature dependence of the 
diffusion coefficient is shown in Fig.3. ① is plotted 
based on the corrosion layer formed up to 380 hours, 
while ② is based on the corrosion layer formed up 
to 190 hours. The activation energies in the cases of 
① and ② are calculated to be 1.67 eV and 0.94 eV, 
respectively. The red line in Fig.3 is the result of a 
similar study that investigated corrosion between 
Li2TiO3+excess Li2O and EUROFER (another type 
of RAFM steel) [2]. The difference between ① and 
② will be due to the “breakaway behavior” which is 
also reported by the work [2]. The activation energies 
in the present study are higher than that of the prior 
study on EUROFER. This may be due to the differ-
ence in the contact area between the solid breeder 
specimen and the structural material, and the supply 
rate of the Li2O vapor. Therefore, it is expected that 

the mechanism of corrosion and diffusion of Li and 
O that contribute to corrosion is not significantly dif-
ferent among the different types of solid breeder ma-
terials and structural materials. 
 
5. Upgrading of the glow discharge type fusion 
neutron source by cathode cooling 

The fusion neutron source of glow discharge type 
emits neutrons by inducing nuclear fusion reactions 
between deuterium and/or tritium. Fusion reactions 
in this device mainly occur on electrodes, especially 
on a cathode. This neutron source is expected to be 
used not only for fusion research but also for indus-
trial applications and medical applications.  

The device generates ions by applying an electric 
input (several tens of kilovolts and several tens of 
milliamperes) to induce a glow discharge. Although a 
neutron production rate (NPR) has a positive correla-
tion with a current, an NPR tends to stagnate at a 
high current operational regime. This stagnation of 
NPR is caused by the decrease of deuterium concen-
tration on a cathode due to deuterium desorption.  

We constructed the water-cooling feedthrough 
system to solve the issue caused by deuterium de-
sorption. The present study aims to evaluate the 
cathode cooling effect on NPR. The diamond-like 
carbon (DLC)-coated cathode was employed in the 
neutron production experiment. Fig.4 shows that the 
cathode cooling prevents the stagnation of NPR in 
the high current regime (> 30 mA) and enhance the 
NPR. This effect means the cooling system surpasses 
deuterium concentration on the cathode. At 50 kV 
and 60 mA (the maximum electric input of this ex-
periment), the NPR in the case using the wa-
ter-cooling system achieved more than twice as high 
as the NPR in the case without the water-cooling 
system. The water-cooling system is expected to ex-
pand applications of fusion neutron sources.  

References 
[1] F. Okino et al., Fusion Sci. Tech. 64 (2013) pp. 549 
[2] K. Mukai et al., Nucl. Mater. Energ., 15 (2018) pp.190 

 
Fig.4 Comparison of NPRs between the cases 

with/without the water-cooling system. 

 
Fig.3 Temperature dependence on the diffusion coef-
ficient of the corrosion layer on F82H or EUROFER. 
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八木重郎, University of California San Diego（アメリ
カ）, SiC/SiC 複合材料で製作した配管試験体を流動
液体金属（PbLi）に曝露し、その腐食特性を調べる 
 
八木重郎, 核融合科学研究所 一般共同研究, 横断
的研究のための COE 共同研究プラットフォーム・
Oroshhi-2 の利用検討会 
 
興野文人, 核融合科学研究所 一般共同研究, 液体
リチウム鉛⽅式ブランケットループからのトリチ
ウム回収に関する研究 
 
 
Financial Support 
 
1. Grant-in-Aid for Scientific Research 
八木重郎, 基盤研究(B), 機能性被覆の劣化診断手
法と修復技術の開発（分担金） 
 
八木重郎, 基盤研究(B), 高強度中性子環境におけ
る電気絶縁被覆機能材料の反跳原子による特性変
化（分担金） 
 
向井啓祐, 基盤研究(B), 事故耐性ハイブリッドセ
ラミックスの創成 
 
向井啓祐, 基盤研究(B), リチウム 6 同位体濃縮の為
のハイブリッドカスケーディングシステムの開発
（分担金） 
 
坂部俊郎, 特別研究員奨励費, 放電型核融合中性子
源の実用化に向けた自己制御システムの構築に関
する研究 
 
 
2. Others 
八木重郎, 量子科学技術研究開発機構, 液体リチウ
ム流動ループ中での窒素トラップの健全性評価 
 
八木重郎, 京都フュージョニアリング（株）, 核融合
炉内機器及び付属システムの開発研究 
 
向井啓祐, 量子科学技術研究開発機構, 固体増殖材
による低放射化フェライト鋼の腐食と機械的強度
への影響評価  
 
 
Publications 
 
K. Mukai, One‐step fabrication of Li2TiO3 ceramic 
pebbles using pulsed YAG laser, Journal of the American 
Ceramic Society, 106, 10, 5581-6377, 2023 

K. Mukai, J-H. Kim, M. Nakamichi, Measurement of 
thermal expansion anisotropy in Be12Ti and Be12V, 
Nuclear Materials and Energy, 36, 101473, 2023 
 
Y. Ogino, S. Kenjo, T. Sakabe, K. Mukai, M. Bakr, J. Yagi, 
S. Konishi, Measurements of Thermal and Epithermal 
Neutron Spatial Distribution Using Activation Foils 
Inside a Fusion Blanket Mock-Up, IEEE Transactions on 
Plasma Science, 1-7, 2023 
 
R. Ito, F. Nomoto, Y. Ogino, K. Mukai, J. Yagi, Lithium 
Isotope Enrichment Effects in Liquid Metal/Chloride 
Molten Salt System, Fusion Science and Technology, 
2229673, 2023 
 
T. Sakabe, Y. Ogino, K. Mukai, J. Yagi, M. Bakr, 
Influence of the Hydrogen Isotope Affinity of the 
Cathode Coating Material on the Neutron Production 
Rate in the Glow Discharge–Type Fusion Neutron Source, 
Fusion Science and Technology, 2227821, 2023 
 
T. Matsuo, S. Kenjo, K. Mukai, J. Jagi, S. Konishi, Gas 
composition change during operation of a compact 
discharge fusion neutron source with a closed deuterium 
supply system, Fusion Engineering and Design, 195, 
113979, 2023 
 
Y. Ogino, M. Kobayashi, K. Mukai, J. Yagi, S. Konishi, 
K. Ogawa and M. Isobe, Evaluation of Gamma-Ray Dose 
Distribution in the Toroidal Direction of LHD Vacuum 
Vessel from Radionuclides Generated in Deuterium 
Plasma Experiments, International Journal of Energy 
Research, 2024, 1550582, 2024 
 
Y. Urano, K.I. Fushimi, K. Hata, Y. Kawai, S. Konishi, K. 
Kotera, S. Kurosawa, K. Mukrai, Y. Ogino, R. Orito and 
T. Sakabe, Quenching factor measurement of low-energy 
Na recoils in ultra-pure NaI(Tl) crystal, Proceedings of 
Science, 441, 2024 
 
F. Okino, Y. Hamaji, T. Tanaka & J. Yagi, Axial 
Concentration of Dissolved Deuterium by Dispersion in 
a LiPb Experimental Loop, Fusion Science and 
Technology, 2024 
 
R. Ito, S. Aratani, K. Mukai, J. Yagi, Gas analysis in 
electrochemical extraction of hydrogen from liquid 
lithium, Fusion Engineering and Design, 200, 114192, 
2024 
 
S. Kenjo, M. Oyaidzu, K. Obata, K. Ochiai, S. Sato, 
Assessment on liquid Li fire risk under humid air 
condition and with heat insulator, Nuclear Materials and 
Energy, 38, 101569, 2024 
 
 

– 27 –



Presentations 
 
H. Tamiya, J. Yagi, K. Mukai, S. Takayama, Effect of 
Fe3O4 grain size on Microwave Pyrolysis of Cellulose, 
57th Annual Microwave Power Symposium (IMPI 57), 
The Curtis Hotel, Denver, Colorado, USA, 2023.6.27-29 
 
八木重郎, 液体金属とその利用-核融合・原子力分野
での高伝熱性流体-, 第 46 回京都大学宇治キャンパ
ス産学交流会, 京都大学宇治キャンパス, 2023.7.5 
 
T. Sakabe, E. Edwards, A. Lanzrath, J. Ball, S. Mackie, S. 
Segantin, R.A. Tinguely, K. Woller, Feasibility Study of 
Real-time Neutron Measurement using a Diamond 
detector for the LIBRA experiment, The 30th IEEE 
Symposium on Fusion Engineering (SOFE2023), The 
University of Oxford, England, 2023.7-9-14 
 
T. Wallace-Smith, M. Bakr, T. Sakabe, K. Mukai, T. Scott, 
T. Firestone, Fusion Rate Enhancement through 
Deuterium Enrichment of Plasma-Facing Component 
Surfaces, The 30th IEEE Symposium on Fusion 
Engineering (SOFE2023), The University of Oxford, 
England, 2023.7-9-14 
 
Y. Ogino, K. Mukai, F. Araki, S. Kusaka, T. Matsuo, J. 
Yagi, S. Tamaki, I. Murata, Evaluations of the neutron 
flux and the tritium production inside a fusion breeding 
blanket mock-up, The 30th IEEE Symposium on Fusion 
Engineering (SOFE2023), The University of Oxford, 
England, 2023.7-9-14 
 
S. Takayama, K. Mukai, J. Yagi, Development of a 
method for compsiting Li2TiO3 and nanocarbon by 
microwave irradiation, 第 14 回エネルギー理工学研
究所国際シンポジウム, 京都大学宇治おうばくプ
ラザ, 2023.8.30-9.1 
 
K. Itagaki, R. Kasada, K. Yabuuchi, K. Mukai, 
Development and evaluation of Fe2M type bulk Laves 
compounds, 第 14 回エネルギー理工学研究所国際シ
ンポジウム , 京都大学宇治おうばくプラザ , 
2023.8.30-9.1 
 
K. Sasaki, Y. Shindo, K. Mukai, I. Takahashi, R. Kasada, 
Study of the surface modification layer of lithium ion 
electrolyte for electrodialysis, 第 14 回エネルギー理工
学研究所国際シンポジウム, 京都大学宇治おうば
くプラザ, 2023.8.30-9.1 
 
J-H. Kim, T. Hwang, Y. Sugimoto, K. Mukai, K. 
Yabuuchi, R. Kasada, M. Nakamichi, Hydrogen 
absorption and desorption properties of beryllium 
intermetallic compounds, 第 14 回エネルギー理工学
研究所国際シンポジウム, 京都大学宇治おうばく
プラザ, 2023.8.30-9.1 

I. Takahashi, E. Kaji, R. Yoneyama, T. Watanabe, K. 
Sasaki, K. Mukai, Analysis and Design of 
Electrode/Electrolyte Interface for All Solid State Battery, 
第 14 回エネルギー理工学研究所国際シンポジウム, 
京都大学宇治おうばくプラザ, 2023.8.30-9.1 
 
興野文人, 浜地志憲, 田中照也, 八木重郎, リチウ
ム鉛液滴からのトリチウム連続回収能率 その２高
回収率の検討, 日本原子力学会 2023 年秋の年会, 
名古屋大学, 2023.9.6-8 
 
伊藤諒, 荒谷舜, 北川柚葉, 向井啓祐, 八木重郎, 
塩化物溶融塩を用いた液体リチウム中軽水素の電
気化学的抽出における発生ガスの分析, 日本原子
力学会 2023 年秋の年会, 名古屋大学, 2023.9.6-8 
 
荒谷舜, 伊藤諒, 北川柚葉, 向啓祐, 八木重郎, 塩
化物溶融塩を用いた液体金属リチウム中窒素不純
物の電気化学的抽出における発生ガスの分析, 日
本原子力学会  2023 年秋の年会 , 名古屋大学 , 
2023.9.6-8 
 
向井啓祐, ベリリウム金属間化合物の熱膨張異方
性の評価, 日本原子力学会 2023 年秋の年会, 名古
屋大学, 2023.9.6-8 
 
J. Yagi, Y. Matsunaga, M. Tabuchi, S. Kajimura, K. 
Mukai, S. Konishi, Alkali metal vapor diffusion pump for 
fusion reactor evacuation, 15th International Symposium 
on Fusion Nuclear Technology (ISFNT-15 ), The 
Auditorio Alfredo Kraus, Las Palmas de Gran Canaria, 
Spain, 2023.9.10-15 
 
F. Okino, Y. Hamaji, J. Yagi, T. Tanaka, Continuous 
tritium extraction from falling LiPb droplets in a vacuum, 
15th International Symposium on Fusion Nuclear 
Technology (ISFNT-15 ), The Auditorio Alfredo Kraus, 
Las Palmas de Gran Canaria, Spain, 2023.9.10-15 
 
S. Aratani, R. Ito, K. Mukai, J. Yagi, Electrochemical 
extraction of nitrogen impurities in liquid lithium using 
chloride molten salt, 15th International Symposium on 
Fusion Nuclear Technology (ISFNT-15 ), The Auditorio 
Alfredo Kraus, Las Palmas de Gran Canaria, Spain, 
2023.9.10-15 
 
R. Ito, S. Aratani, K. Mukai, J. Yagi, Equilibrium 
distribution of lithium isotope between liquid metal and 
chloride molten salt containing CsCl, 15th International 
Symposium on Fusion Nuclear Technology (ISFNT-15 ), 
The Auditorio Alfredo Kraus, Las Palmas de Gran 
Canaria, Spain, 2023.9.10-15 
 
 
 

– 28 –



田宮裕之, 向井啓祐, 高山定次, 八木重郎, セルロ
ースのマイクロ波熱分解における水蒸気添加と生
成ガスへの影響, 第 17 回日本電磁波エネルギー応
用学会シンポジウム, 2023.10.25-27 
 
八木重郎, 荒谷舜, 向井啓祐, 動環境リチウム中に
おける窒素回収 Fe-Ti 合金粒の挙動, 第 40 回プラズ
マ・核融合学会 年会, アイーナ・いわて県民情報交
流センター, 2023.11.27-30 
 
荒谷舜, 伊藤諒, 北川柚葉, 向井啓祐, 八木重郎, 
液体金属リチウムからの窒素不純物の電気化学的
除去, 第 40 回プラズマ・核融合学会 年会, アイー
ナ・いわて県民情報交流センター, 2023.11.27-30 
 
伊藤諒, 荒谷舜, 北川柚葉, 向井啓祐, 八木重郎, 
液体金属と塩化物溶融塩を用いた電気化学的酸化
還元によるリチウム同位体効果, 第 40 回プラズマ・
核融合学会 年会, アイーナ・いわて県民情報交流
センター, 2023.11.27-30 
 
片岡浩輔, 向井啓祐, 八木重郎, 固体増殖材 LTZO
ぺブルによる F82H鋼表面の腐食挙動, 第 40回プラ
ズマ・核融合学会 年会, アイーナ・いわて県民情報
交流センター, 2023.11.27-30 
 
藤井大輔, 坂部俊郎, 向井啓祐, 八木重郎, 酸化チ
タン表面の窒化による窒化/酸化チタン窒化による
二重被覆の作製, 第 40 回プラズマ・核融合学会 年
会 , アイーナ・いわて県民情報交流センター , 
2023.11.27-30 
 
北川柚葉, 坂部俊郎, 伊藤諒, 向井啓祐, 八木重郎, 
先進ブランケット液体増殖材 Li-Pb-Na の水素溶解
度, 第 40 回プラズマ・核融合学会 年会, アイーナ・
いわて県民情報交流センター, 2023.11.27-30 
 
美濃部治美, 伊藤諒, 向井啓祐, 八木重郎, 超臨界
二酸化炭素による F82H 鋼の腐食における酸素不純
物濃度の影響, 第 40 回プラズマ・核融合学会 年会, 
アイーナ・いわて県民情報交流センター, 2023.11.27-
30 
 
伊藤諒, 荒谷舜, 北川柚葉, 八木重郎, 核融合炉ブ
ランケット液体増殖材の高温電解合成, 電気化学
会北陸支部秋季大会, オンライン, 2023.12.14 
 
伊藤諒, 荒谷舜, 北川柚葉, 向井啓祐, 八木重郎, 
液体 Pb/Li17Pb83 電極におけるリチウム脱挿入挙動, 
電気化学会第 91 回大会, 名古屋大学東山キャンパ
ス, 2024.3.14-16 

興野文人, 浜地志憲, 田中照也, 八木重郎, リチウ
ム鉛液滴からのトリチウム回収 - 管内部分流によ
るトリチウム回収率向上, 日本原子力学会 2024 年
春の年会, 近畿大学 東大阪キャンパス, 2024.3.26-
28 
 
坂部俊郞, 石井嵩也, 向井啓祐, 八木重郎, 放電型
核融合中性子源における陰極水冷式フィードスル
ーの中性子発生率への効果, 日本原子力学会 2024
年春の年会 , 近畿大学  東大阪キャンパス , 
2024.3.26-28 
 

– 29 –





 

Advanced Energy Generation Division  
 

Advanced Plasma Energy Research Section 
 
 

K. Nagasaki, Professor 
S. Kobayashi, Associate Professor 

 
 
 
1. Introduction 

The current subjects of this research section are to 
study the properties of high-temperature plasmas in 
order to control and improve the plasma energy con-
finement from the physical viewpoint of nuclear fu-
sion research. The experimental and theoretical inves-
tigations for optimizing the helical-axis heliotron con-
figuration are in progress under collaboration with 
other groups of international/national institutes and 
groups of other universities under the auspices of the 
Collaboration Program of the Lab. Complex Energy 
Processes, IAE, and the Collaborative Research Pro-
gram of NIFS (National Institute for Fusion Science). 

In this report, a remarkable result obtained in the 
Heliotron J experimental study in FY2023 is reported 
focusing on transport characteristics regarding fast ion 
induced magnetohydrodynamics (MHD) instabilities, 
especially in response of energetic particle (EP) driven 
MHD instability to modulated ECH in Heliotron J. 
Several techniques have been demonstrated to miti-
gate EP-driven MHD instabilities. Electron cyclotron 
heating and current drive (ECH/ECCD) represent po-
tent methods for stabilizing these MHD instabilities. 
This study focuses on assessing the influence of ECH 
on suppressing EP-driven MHD modes in Heliotron J 
to reveal intricate interactions between ECH and EP-
driven modes. 
 
2. Response of energetic particle driven MHD in-
stability to modulated ECH in Heliotron J1  

In our preliminary modulation trial, the NBI power 

was set at a modest level of 90 kW for co-injection, 
whereas the modulation amplitude of the 2nd-harmonic 
ECH scanned systematically. The modulation fre-
quency is set at 50 Hz, with 10 ms duration for both 
the maximum and minimum power levels. The maxi-
mum power of the ECH modulation is 192 kW, while 
the minimum power varies from 158 kW to 113 kW. 
An EP-driven mode (EPM) is observed in the fre-
quency range 95-103 kHz with some delay after the 
modulated ECH power reaches its minimum ampli-
tude [1]. In subsequent trials, we raised the NBI power 
to roughly 100 kW for co-injection and 450 kW for 
counter-injection. In the case that the maximum power 
of the ECH modulation changed to 247 kW with its 
minimum power from 228 kW to 113 kW, an EPM of 
100 kHz is also observed at the lower power level. Ad-
ditional instability with f = 85 is excited when the NBI 
power is increased (see Fig. 1). Figure 1 illustrates the 
temporal evolution of EPM observed in modulated 
ECH plasmas.  

The electron cyclotron emission (ECE) data is 
depicted, serving as an indicator of the core electron 
temperature, given the optical thickness in the core re-
gion is approximately 2. A noticeable increase in the 
ECE signal accompanies the escalation of ECH power, 
contrasting with the decline in averaged electron den-
sity measured using a microwave interferometer. Ad-
ditionally, the onset of the mode occurs with a delay 
of 6.0 ms following the reduction in ECH power. Sub-
sequently, after a brief delay of 1.5 ms, the mode van-
ishes and is effectively suppressed upon the resump-
tion of ECH power increase. Analysis based on hybrid 
EP-MHD simulations conducted by MEGA [2] and 

 
Fig. 1. Time evolution of EP-driven mode in Helio-

tron J. 

 
Fig. 2. Dependence of mode amplitude on ECH 
power. 
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the shear Alfven continua derived from STELLGAP 
developed by D. Spong (2003), along with prior ex-
perimental findings in the same magnetic configura-
tion, suggest the observed mode is identified as an 
EPM with m/n=1/2, where m and n represent the po-
loidal and toroidal mode numbers, respectively. 

The amplitude of the observed mode exhibits a 
clear correlation with the ECH injection power. As the 
ECH power is increased, the suppression of the mode 
becomes evident, as depicted in the experiment. When 
the minimum ECH power level is set at 100 kW, the 
mode is clear. It is noteworthy that once the ECH 
power surpasses the threshold one, the mode experi-
ences effective suppression as shown in Fig. 2[1]. 

The threshold range lies within 110 to 138 kW. 
These findings underscore the pivotal significance of 
ECH power in regulating and alleviating the identified 
mode. Defining this range for mode suppression offers 
valuable perspectives for enhancing the operational 
efficiency of the Heliotron J device and addressing the 
MHD instabilities induced by energetic particles. 

A delay of the mode appearance is noted in the 
response of mode amplitude to the modulation of ECH. 
This trend is depicted in Fig. 3, showcasing the pro-
gression of mode intensity <I> against the product of 
line-averaged electron density <ne> and ECE intensity, 
reflecting core plasma pressure. At high amplitudes of 
ECH modulation, the mode intensity remains low. 
Nevertheless, upon reduction of ECH power, the mode 
strength swiftly escalates, as highlighted by the red 
circle in Fig. 3. The intensity of the mode persists at 
high levels even as plasma pressure begins to rise, 
with eventual suppression occurring at elevated pres-
sure levels. To decipher the primary factors governing 
this response, we investigated by plotting mode inten-
sity against either <ne> or ECE intensity. Analysis re-
veals that, in comparison to electron density, electron 
temperature exerts a more significant influence on 
mode strength. This finding suggests that the delay re-
sponse effect is closely associated with fluctuations in 
electron temperature. Furthermore, disparities in the 
product of <ne> and ECE intensity indicate that the 
suppression of mode excitation is linked not only to 
bulk plasma pressure but also to fast ion confinement. 

The impact of ECH on EP-driven modes is 

intricate. Nearly all factors associated with MHD sta-
bility can be influenced by ECH, encompassing both 
the driving and dissipative aspects. ECH has the po-
tential to alter ion and electron Landau damping, radi-
ation damping, and even continuous spectrum damp-
ing (via electron temperature Te modification). Con-
versely, the variation in Te also influences electron-
drag collisions, thereby affecting the slowing down 
time.  

In order to better determine the influencing fac-
tors of the mode instability, we conducted the follow-
ing experiments. We initially stabilized the electron 
density and subsequently ramped up the ECH injec-
tion from 113 kW to 247 kW. During this phase, three 
instability frequency ranges emerged within the 70 
kHz to 120 kHz spectrum. However, with the increase 
in ECH power, these instabilities were effectively sup-
pressed. This clearly demonstrates the inhibitory ef-
fect of ECH on MHD instability as we mentioned 
above. Then, we kept the ECH constant and increased 
the electron density. When the ECH injection is held 
constant at 247 kW, the instabilities within the three 
frequency ranges are partially suppressed as the elec-
tron density increases. However, when the ECH injec-
tion is held constant at 113 kW, the instability is not 
suppressed; instead, it is further excited (see Fig. 4). 
When we increase ne, the absorption rate of ECH and 
NBI also increases. NBI absorption increases which 
can destabilized the modes. But ECH absorption rate 
increases which will enhance the bulk electron pres-
sure and the slowing-down time of energetic ions to 
suppress the mode. The effect of ECH depends on the 
electron density and the excited modes, which are 
linked to the equilibrium between stabilizing and de-
stabilizing influences. ECH amplifies stabilizing ef-
fects such as continuum damping, finite Larmor radius 
(FLR) effects, and electron-ion Landau damping. Ad-
ditionally, ECH intensifies destabilizing effects such 
as pressure and temperature gradients, slowing down 
time of EP, and EP beta through the reduction of ne and 
the increase in Te.  

 
[1] Y. Zhong, et al., Plasma Fusion Res. 19, 1202008 
(2024). 
[2] P. Adulsiriswad, et al., Nucl. Fusion (2021) 60 
096005 

 
Fig.4 The evolution of the normalized intensity I 
with the electron density <ne>. 

 
Fig.3 The evolution of the normalized mode in-
tensity with product of <ne> and ECE intensity. 
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1. Introduction 

Nuclear fusion energy has some attractive features 
as a future option for the base-load electrical power 
source and thus magnetic field confinement fusion re-
search is thus being conducted all over the world. To 
realize fusion reactor, there are however several urgent 
issues that need to be resolved, for example (1) im-
provement of plasma energy confinement, (2) en-
hancement of fueling ability. We are tackling these is-
sues by understanding their physical processes by ex-
periment using a magnetic confinement device Helio-
tron J. In the experimental reactor stage, the develop-
ment of plasma diagnostics tools is also an issue for 
understanding plasma physics. 
Results in FY2023 featured in this report are about 

the improvement of confinement in the high density 
plasma produced by pellet injection and development 
of advanced diagnostics. 

 
2. Improvement of confinement in the dense-
plasma 
  In fusion plasma, the power output from the fusion 
reaction is proportional to the square of the density. In 
addition, the higher the density, the better the plasma 
confinement. Therefore, high density is required in fu-
sion plasmas, however, as the density increases, the 
electromagnetic fluid nature of the plasma becomes 
stronger. Magneto-hydrodynamic instabilities excited 
in the dense-plasmas often limit the density and/or 
plasma pressure normalized by magnetic pressure. As 
experiments progress, it has been pointed out that such 
density limitations can be exceeded by controlling the 
density distribution. It is observed that high density 
plasma with a center-peaked profile is maintained sta-
bly. In the gas puffing method, which is a common 
particle refueling method, fuel gas is supplied to the 
periphery of the plasma, making it difficult to form a 
center-peaked profile. In the pellet injection method, 
icy solid hydrogen is injected into the plasma, so that 
the fuel reaches near the center as it ablates, forming a 
peaked density profile. Thus, the achievement of high 
density is closely related to the development of parti-
cle fueling methods. 

We've been performing pellet injection experiments. 
Recently, it is confirmed that the peaked density pro-
file is formed after pellet injection by Thomson scat-
tering diagnostics. In this experimental campaign, it is 

found that the peaked density profile is sustained for a 
long time (about 10 ms which is of the order of the 
energy confinement time). Typical experimental result 
is shown in Fig. 1. The pellet injection at 240 ms in-
creased to 2x1019 m-3 then the density gradually de-
creased. The plasma stored energy decreases after pel-
let injection due to decrease in the temperature due to 
cold electron supply, but suddenly begins to increase 
at 252 ms. The stored energy is an index of the plasma 
energy confinement and thus increase in the stored en-
ergy suggests improvement of confinement. The en-
ergy reached a maximum around 260 ms, at which 
time magnetic measurements indicated that the MHD 
had become active. Behaviors of plasma spatial struc-
ture (radial profile of density and temperature) is pre-
sumable from the spatiotemporal structure of plasma 
emission intensity observed with an AXUV array. Fig-
ure 1(b) indicates temporal evolution of local plasma 
emission estimated by using the Abel inversion tech-
nique. We can see that the emission profile changes 
quickly in the energy rising phase and a profile with 
strong emission in the peripheral is formed just before 

 
Fig. 1 Typical temporal evolution of (a) plasma 
stored energy and (b) radial profile of local plasma 
emission after pellet injection at 240 ms (indicated 
vertical dash line). Vertical solid line denotes when 
the energy rise began. 
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the energy reaches its maximum. Further energy in-
creases can be expected if the mechanism that triggers 
such a change in radial profile is identified.  
 
3. 2D Imaging of Emission and Density of Small 
Pellet Ablation Cloud 

In hydrogen ice pellet injection fueling, the density 
of the pellet ablation cloud, consisting of the bright 
neutral hydrogen cloud surrounded by the high-den-
sity low-temperature plasma cloud, called plasmoid, is 
one of the key parameters to evaluate the fueling pro-
cesses and efficiency. However, conventional spectro-
scopic methods for larger devices, such as LHD, are 
hard to apply to our low-density cloud in Heliotron J, 
which is usually categorized as a medium-sized device. 

In this study, we have designed and developed a 
fast 2D imaging spectroscopy system and have suc-
ceeded in measuring the intensity, density, and tra-
jectory of the ablation cloud of the small hydrogen 
pellet in Heliotron J. 

We measured the 2D image of intensity and den-
sity from the spectral line shape of Hβ at 486 nm using 
a high-speed (10k fps) non-unity magnification 
(300/180 focal ratio) grating spectrometer. The emis-
sion collected from the viewing area, 144 x 144 mm2 
square at the midplane including the pellet trajectory, 
is rearranged using the 2D to linear optical fiber bun-
dle onto the entrance slit of the spectrometer.  

A typical result (shot#82554 ECH+NBI heating) 
shows that the bright "emission cloud", indicating the 
pellet location, traveled along the injection trajectory 
at the speed of around 230 m/s, which fairly agrees 
with the one obtained from the arrayed Hα signal. The 
"density cloud" deduced from the Stark broadening, 
on the other hand,  exhibited different features –– 
elongated along the local magnetic field line having a 
density around 1020 –1021 m-3.  

 
4. Improvement of electron cyclotron emission di-
agnostics 

The electron cyclotron emission (ECE) is one of 
the promising diagnostics to measure electron temper-
ature (Te) with high temporal resolution (0.1 sec). 
The ECE measurement is sometimes disturbed by the 
strong emission at 70 GHz, which is injected into the 
H-J in order to produce plasma by electron cyclotron 
heating (ECH). Thus we installed new antenna far 
from the ECH injection port. As seen in Fig. 3, we use 
the metal lens for focusing the ECE. The Gaussian 
beam width (diameter) is approximately 5 cm. The fo-
cused beam is transmitted through horn antenna and 
WR-15 waveguide to the outside of the vacuum cham-
ber. In the detection system, we have installed new 
front-end for down-converting RF wave in 55-70 GHz 
to intermediate frequency (IF) in 1-16 GHz. The new 
lowpass filter (54 GHz), balanced mixier, Gunn diode 
oscillator (54 GHz), and IF amplifier with 55 dB are 
used to compose the front-end. In the experiment, we 

have compared the new ECE diagnostic with conven-
tional one. We have calculated the cross-coherence for 
signal and 70 GHz ECH noise, and we found that the 
coherence is dramatically reduced in the new system.  
 

 
 
Fig. 2 Design concept of the spectrometer. 

(1) 2D-1D imaging optical fiber array 
(2) Non-unity magnification large aperture 

grating spectrometer 
(3)High speed 2D detector   

 
Fig. 3 Schematic illustrations of new ECE an-

tenna. 
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1. Summary 

The author spent three months (July. 1, 2023-Sept. 
31, 2023) as a guest professor at the Uji campus of 
Kyoto University, hosted by the Y.Miyauchi group.  

Here the author reports an investigation on (6,5) 
single-walled carbon nanotubes dispersion and 
optical characterization. 
2. Introduction 

Single-walled carbon nanotubes (SWCNT) 
possess a wide array of remarkable mechanical, 
chemical, and electronic properties, rendering them as 
ideal candidates for diverse applications, including 
composites, energy storage, biological and chemical 
sensors, flexible electronics, and transparent 
electrodes. In particular, the high charge-carrier 
mobility of semiconducting (sc-) SWCNT together 
with the ability for solution processing hold a great 
promise for high-performance low-cost transistor 
applications. [1] Many of these properties depend 
sensitively on SWCNT structure, which is 
characterized by the chiral index (n,m) that denotes 
the length and orientation of the circumferential 
vector in the hexagonal carbon lattice. Electronic 
properties are notably influenced, with subtle 
structural variations causing tubes to transition from 
metallic to semiconducting with diverse band gaps. 
Therefore, to fully exploit their technological 
potential, it is essential to have monodisperse single-
chirality SWCNT with a single (n,m) index. [2] 

Post-growth sorting of SWCNTs is essential due 
to the fact that their growth typically results in 
mixtures of various semiconducting and metallic 
nanotube species. Among the various sorting 
techniques available, such as gel chromatography, 
density gradient ultracentrifugation (DGU), and 
aqueous two-phase separation, selectively wrapping 
SWCNTs with conjugated polymers is a method that 
yields highly pure semiconducting and even 
monochiral dispersions with relatively low effort. [1] 
For instance, the polyfluorene copolymer poly[(9,9-
dioctylfluorenyl-2,7-diyl)-alt-co-(6,60-{2,20-
bipyridine})](PFO-BPy) yields almost monochiral 
(6,5) SWCNT dispersions. Therefore, PFO-BPy is 
widely used for the dispersion of single chirality 
SWCNT with small diameter. In general, polymer-
sorted SWCNTs exhibit very low residual metallic 
content and little inter-tube interactions, which results 
in high purity dispersion. Here, we realized high 
purity (6,5) SWCNT dispersion by using PFO-BPy 
and characterized its optical properties. 

3. Experimental observations  
(1) (6,5) SWCNT dispersion 

All (6,5) SWCNT dispersions were prepared 
from the same CoMoCAT® raw material (Sigma 
Aldrich 773735). For polymer-wrapping with tip 
sonication, 17.6mg PFO-BPy (American Dye Source, 
Lot#23G004A1) were dissolved in 30ml toluene 
before adding 7.6mg CoMoCAT raw material. After 
adding CoMoCAT and raw material, a respectively 
10-minute bath sonication is required to mix the 
solution evenly. Subsequently, tip sonication was 
carried out using a BRANSON SONITIER 250 
ultrasonic crusher at 40% power and 30% duty cycle 
for 3 hours. The solution was stirred evenly every 
hour, and the temperature was maintained at 20°C 
using a cooling bath. The dispersion step was 
followed by centrifugation at 19000 g (Eppendorf 
himac CS 100FNX) for 30 min with an intermediate 
supernatant extraction. Due to the high-purity (6,5) 
SWCNT, we can observe that the final purified 
solution exhibits a strong purple color in figure 1. [3] 
By adjusting parameters such as the power and time 
of tip sonication, the concentration of the solution can 
be adjusted, while also influencing the quality and 
purity of the separated carbon nanotubes. 

 
Fig. 1 (a) Solution after centrifugation (the supernatant 
consists of 65 tubes and the black sediment is impurities). 
(b) Extracted supernatant（c）Different concentrations of 
(6,5) solutions obtained by changing the tip sonication time 

 
(2) Optical characterization  

From absorption spectrum, each type of single-
chirality species can be clearly identified. Figure 2 
illustrates the absorption spectrum of the CoMoCAT 
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SWCNT dissolved in toluene by PFO-BPy, a typical 
solvent demonstrating selective extraction of 
semiconducting SWCNT. At 996nm, a prominent 
peak is evident, indicating absorption by the (6,5) 
SWCNT. Notably, the background absorption in the 
NIR region is minimal, a typical trait of PFO-
dissolved SWCNT toluene solutions. This stands in 
stark contrast to numerous other dispersants such as 
surfactants, aromatic compounds, and polymers, 
which often exhibit significant background 
absorption in the NIR region. Furthermore, there is 
almost negligible absorption observed within the 400-
550nm range, characteristic of metallic SWCNTs. 
This underscores a distinct advantage of PFO 
dispersants over many other SWCNT dispersants  

 
Fig. 2 Vis-NIR Absorption spectrum of dispersed (6,5) 
SWCNT solution 
 

Photoluminescence (PL) spectroscopy serves as 
a potent tool for determining the chirality indices(n,m)  
of SWCNT. To identify all nanotube species within 
the dispersion, photoluminescence-excitation(PLE) 
maps are measured as shown in Fig. 3. As shown in 
Figure 3, we can only see the (6,5) SWCNT peak 
emission (996 nm) and peak excitation (575 nm) 
which indicates that the purity of (6,5) SWCNT in the 
solution is very high. 

 
Fig. 3 PLE maps of dispersed (6,5) SWCNT solution 

 
To further determine whether the extracted 

SWCNT contain other semiconducting- and/or 
metallic-SWCNT, the Raman spectra (532nm 
excitation) of the extracted tubes were measured 
(Figure 4). The SWCNT dispersions were drop-cast 
on Glass slide. The radial breathing mode (RBM) in 
the regions of 240-350 cm-1 and 150-240 cm-1 is 
attributed to the semiconducting and metallic 
SWCNT respectively. As depicted in the figure, for 

the PFO-BPy extracted SWCNT, we observe distinct 
peaks in the region of 240-350 cm-1 and almost no 
peaks in the 150-240 cm-1 region which indicates that 
the extracted SWCNTs are predominantly 
semiconducting SWCNTs, aligning well with 
previous reports utilizing PFOs and their derivatives. 
However, through normalized Raman spectroscopy, 
we can observe that the solution dispersed through tip 
sonication has a particularly high D peak, and the 
corresponding high GD ratio indicates that the quality 
of carbon nanotubes is not very high. How to improve 
both purity and quality is a topic that needs further 
research in future studies. 

 
Fig. 4 Raman spectrum of dispersed (6,5) SWCNT solution 

 

(3) (6,5) SWCNT film deposition 
With high purity (6,5) SWCNT solution, we can 

obtain a film through filtration. Here, we use vacuum 
filtration to form a SWCNT film. Two viable filter 
papers are considered: the AAO inorganic filter paper 
(Whatman AnodiscTM25) and the VCWP filter paper 
(Merck, VCWP02500). Vacuum filtration is 
advantageous for achieving a uniform and complete 
film. Once the film is obtained, it becomes necessary 
to separate the film from the filter paper. The removal 
of VCWP filter paper is relatively simple, requiring 
only acetone to completely dissolve the filter paper, 
but the resulting film tends to be relatively impure. On 
the other hand, removing the AAO filter paper is 
relatively difficult, requiring long-term soaking to 
form a submonolayer[4] that facilitates the separation 
of the film and filter paper. However, this method 
results in a cleaner film.  

 
Fig. 5 (6,5) SWCNT film with different thickness 

 
[1] Graf A. et al Carbon, 2016, 105: 593-599. 
[2] Sanchez-Valencia J R.et al Nature,  
[3] 2014, 512(7512): 61-64. 
[4] Ozawa H. et al Chemistry Letters, 2011, 

40(3): 239-241. 
[5] Zhang C. et al ACS nano, 2022, 16(11): 

18630-18636. 
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1. Introduction 

Our research section focuses on the physical prop-
erties, functions, and energy applications of quantum 
materials that exhibit significant quantum mechanical 
effects, such as carbon nanotubes, two-dimensional 
semiconductors, and recently discovered topological 
materials. The aim is to create new technologies for 
highly efficient use of solar light/thermal energy that 
will contribute to the realization of a sustainable en-
ergy society. To understand the unique physical prop-
erties of these materials from the fundamental princi-
ples and extract superior functions that exceed the lim-
its of conventional materials, we are promoting inter-
disciplinary research that covers basic sciences, in-
cluding materials synthesis and condensed matter 
physics, as well as thermal, mechanical, electronic, 
and optical engineering along with the fabrication of 
integrated nanomaterials. Followings are main re-
search achievements in the year of 2023.  

2. Birefringent optical responses of single-chirality 
carbon nanotube membranes 

Membranes consisting of single-walled carbon 
nanotubes (SWCNTs) with a specific chirality have 
great potential in photonic and thermo-optic applica-
tions because of their strong and distinct light-matter 
interaction via excitons with high-temperature robust-
ness. Generally, these membranes are fabricated via 
the vacuum filtration of single-chirality SWCNT dis-
persion, and SWCNTs are aligned two-dimensionally 
in the plane (Figure 1(a)). The electric field compo-
nent normal to the membrane surface (red arrow in 
Figure 1(b)) is always perpendicular to the tube axis 
of each SWCNT. Meanwhile, the optical responses of 
each individual SWCNT are anisotropic with respect 
to the tube axis as shown in Figure 1(c). For these rea-
sons, it is expected that the macroscopic responses of 
the membranes depend on the light-propagation direc-
tion. However, their anisotropic optical features and 
complete complex refractive index spectra remain to 
be unveiled, hindering the design of devices to deal 
with light propagating in arbitrary directions using 
SWCNT membranes as opto-functional materials.  

In this study, we revealed the birefringent optical 
response of a single-chirality SWCNT membrane, as 
examined using polarization- and angle-resolved re-
flection spectroscopy [1]. We determined the ordinary 
(in-plane) and extraordinary (out-of-plane) complex 

refractive index spectra for it. The membrane was fab-
ricated via the vacuum filtration of a (6,5) SWCNT 
dispersion prepared using gel chromatography, and 
the spectra were obtained in the near-infrared-to-visi-
ble region using homemade optical setups. All spectral 
features were consistent with a uniaxial birefringent 
membrane, reflecting the random in-plane orientations 
of SWCNTs. Figure 1(d) shows the obtained complex 
refractive index spectra. The ordinary one presented a 
series of sharp resonances of parallel-polarized exci-
tons while the extraordinary one is ~1.9 with the small 
contribution from the cross-polarized exciton reso-
nance (Scross). We found that this resonance is small but 
indispensable for properly predicting angle-dependent 
optical responses of the membrane. The complete 
knowledge of the birefringence and complex refrac-
tive index spectra of the single-chirality SWCNT 
membrane facilitates the precise and diverse design of 
photonic and thermo-optic devices based on SWCNTs. 

Fig. 1 Schematic of the (a) top and (b) side views of a sin-
gle-chirality SWCNT membrane fabricated via vacuum fil-
tration. (c) Anisotropy in the exciton optical response in an 
individual SWCNT. (d) Ordinary (in-plane, 𝑛𝑛��� , blue) and 
extraordinary (out-of-plane, 𝑛𝑛���� , red) complex refractive 
index spectra of the membrane. 
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3. Fabrication of pure carbon nanotube membrane 
without mid- and far-infrared optical absorption 

In this study, high purity single-chirality SWCNT 
thin films were fabricated using a polymer dispersion 
method, and their complex refractive index spectra 
were determined [2]. It was found that the Drude-type 
mid- and far-infrared absorption, which normally in-
creases at lower photon energies (long wavelengths), 
hardly appears in the absorption spectra of high-purity 
semiconducting SWCNT thin films. This may be at-
tributed to extremely suppressed thermal free carrier 
generation because thermally excited electrons and 
holes attract each other by Coulomb force to form 
strongly bound excitons. This study confirmed that it 
is possible to fabricate SWCNT thin films with almost 
no mid- and far-infrared absorption which causes un-
wanted radiative energy leak in photon-energy selec-
tive solar absorber and/or thermal emitters for efficient 
solar and thermal energy harvesting technologies.  

  

4. Exciton energy transfer under low temperature 
in a lateral heteromonolayer of WSe2–MoSe2 

Controlling exciton motion in monolayer transi-
tion metal dichalcogenides (TMDCs) has been attract-
ing much attention, because it enables new-type opto-
electronic devices such as exciton transistors and ex-
citon routers which exhibit an extremely reduced en-
ergy consumption and fast operating speed. In our pre-
vious study, the unidirectional exciton energy 
transport has been demonstrated in a lateral TMDC 
heteromonolayer at room temperature [3]. However, 
physical parameters related to exciton motion such as 
mobility and lifetime strongly depend on temperature, 
and it is still elusive that how temperature affects ex-
citon kinetic property, energy transfer process.  

In this study, we examined the exciton energy 
transfer process in a lateral heteromonolayer of WSe2–
MoSe2 at low temperature [4]. Position-dependent 
photoluminescence excitation (PLE) spectroscopy 
measurements revealed the occurrence of exciton 

energy transport from WSe2 to MoSe2 both at room 
temperature and 15 K. The effective energy transport 
distance in WSe2 was longer at 15 K than at room tem-
perature, suggesting that the dark excitons with longer 
diffusion length than bright excitons preferentially 
contributed to the exciton energy transport across the 
heterojunction interface at 15 K. This study provides 
useful insights for the development of excitonic de-
vices based on exciton transport in transition metal 
dichalcogenides. 
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Fig. 2 Real n() and imaginary () parts of complex 
refractive index spectra of the polymer-dispersed (6,5) 
SWCNT film shown as the inset. 

Fig. 3 Photoluminescence excitation (PLE) spectra at 
at 15 K recorded at (a) the WSe2, (b) the MoSe2 and 
(c) the interface. The inset figures display the excita-
tion and detection positions.  

– 50 –



Collaboration Works 
 
宮内雄平, 浙江大学（中華人民共和国）, 高純度半
導体型カーボンナノチューブ試料の作製とヘテロ
構造化 
 
 
Financial Support 
 
1. Grant-in-Aid for Scientific Research 
宮内雄平, 挑戦的研究（開拓）, 量子非平衡吸収体を
用いた太陽光熱利用の原理的革新 
 
西原大志, 基盤研究(B), 熱励起子ポラリトン状態
の実現と熱放射制御原理の開拓 
 
川上未央子, 特別研究員奨励費, 精密熱ふく射スペ
クトル制御に向けた異種ナノ物質薄膜の多重積層
技術の開拓 
 
Wu Hengkai, 特別研究員奨励費, カーボンナノチュ
ーブの量子熱光物性に基づく超高効率太陽光選択
吸収体の実現 
 
 
2. Others 
宮内雄平, 科学技術振興機構 戦略的創造研究推進
事業チーム型研究（CREST）, ナノ物質科学を基盤
とするサーモエキシトニクスの創成 
 
宮内雄平, 日本学術振興会, 国際共同研究教育パー
トナーシッププログラム（PIRE プログラム）, 配向
制御ナノチュ－ブを基盤にした日米共同クリーン
エネルギー技術開発 
 
宮内雄平, （公財）関西エネルギー・リサイクル科
学研究振興財団, 第 14 回エネルギー理工学研究所
国際シンポジウムの開催 
 
西原大志, 科学技術振興機構 創発的研究支援, ナ
ノシステム制御による太陽光利用の技術革新 
 
 
Publications 
 
M. Shimasaki, T. Endo, K. Watanabe, T. Taniguchi, K. 
Matsuda, T. Nishihara, Y. Miyata, Y. Miyauchi, Exciton 
energy transfer under low temperature in a lateral 
heteromonolayer of WSe2–MoSe2, Japanese Journal of 
Applied Physics, 62, 11, 112002, 2023 
 
H. Wu, T. Nishihara, A. Takakura, K. Matsuda, T. Tanaka, 
H. Kataura, Y. Miyauchi, Birefringent optical responses 
of single-chirality carbon nanotube membranes, Carbon, 
218, 118720, 2023 
 

西原大志, 劉知鋭, 宮内雄平, 中遠赤外光吸収を持
たない純炭素薄膜～カーボンナノチューブの熱ふ
く射制御応用に向けて～  , 伝熱 , 62, 260, 36–42, 
2023 
 
西原大志, 自作簡易エリプソ分光による熱ふく射
物性計測, 熱物性, 37, 3, 100–104, 2023 
 
 
Presentations 
 
T. Nishihara, Nanophotonics relying on distinct thermo-
optical properties of low-dimensional excitons, 
ICNN2023(International Conference on Nano-photonics 
and Nano-optoelectronics), パ シ フ ィ コ 横 浜 , 
2023.4.19 
 
Y. Miyauchi, Photophysics and chemistry of carbon 
nanotubes at high temperatures, 2023 Workshop on 
JUNCTIONS: Japan-US Network for Clean energy 
Technologies Involving Oriented Nanotubes, Jyobun 
Hall, Yokohama Media and Communications Center, 
2023.5.22 
 
Y. Miyauchi, Anisotropy in complex refractive index 
spectra of single-chirality-enriched carbon nanotube 
films, The 243rd ECS Meeting, 2023, Hynes Convention 
Center, Boston, 2023.5.30 
 
西 原 大 志 , Photonʼs free energy classifying one-
dimensional excitonic light emission, 第 17 回光物質科
学研究討論会, 京都大学, 2023.6.3 
 
西原大志, 自作簡易エリプソ分光による熱ふく射
物性計測, 日本熱物性学会 セミナーシリーズ, オ
ンライン, 2023.6.30 
 
西原大志, ナノ物質のユニークなエネルギー変換: 
熱から単一波長の光へ, 第 46 回京都大学宇治キャ
ンパス産学交流会 , 京都大学宇治キャンパス , 
2023.7.5 
 
Y. Miyauchi, Studies on optical properties of single-
chirality carbon nanotube membranes for photothermal 
applications, The Tenth US-Japan Joint Seminar on 
Nanoscale Transport Phenomena, Loews Coronado Bay 
Resort, San Diego, California, USA, 2023.7.17 
 
西原大志, アップコンバージョン分光器を用いた
ロックイン”ライクな”中赤外分光, ふく射勉強会, 
東京工業大学, 2023.8.26 
 
 

– 51 –



Y. Miyauchi, Study on high-purity carbon nanotube 
membranes toward solar energy harvesting and 
utilization, The 14th International Symposium of 
Advanced Energy Science, 京都大学宇治キャンパス, 
2023.9.1 
 
西原大志, 放射エントロピーで再定義する多彩な 1
次元励起子発光, 日本物理学会第 78 回年次大会, 
東北大学, 2023.9.18 
 
H. Wu, T. Nishihara, A. Takakura, K. Matsuda, T. Tanaka, 
H. Kataura, Y. Miyauchi, Determination of in- and out-
of-plane complex refractive index spectra of single-
chirality carbon nanotube membranes, 第 84 回応用物
理学会秋季学術講演会, 熊本城ホール, 2023.9.20 
 
宮内雄平, カーボンナノチューブの量子物性科学
に基づく太陽エネルギー利活用の新たな可能性, 
第 3 回ナノカーボン未来技術講演会「カーボンニュ
ートラルを実現するナノカーボンの未来技術」, 東
京大学弥生講堂一条ホール, 2023.10.20 
 
西原 大志, 低次元励起子の特異な熱光物性と高温
ナノフォトニクスへの応用, 第 8 回フォトニクスワ
ークショップ「光で照らす多彩な世界」, 沖縄県青
年会館, 2023.11.2 
 
Y. Miyauchi, Science and engineering of excitons in low-
dimensional nanomaterials, 36th International 
Microprocesses and Nanotechnology Conference (MNC 
2023), Keio Plaza Hotel Sapporo, Hokkaido, Japan, 
2023.11.15 
 
T. Nishihara, Distinctive high-temperature light emission 
originating from one-dimensional excitons of carbon 
nanotubes, Workshop on Innovative Nanoscale Devices 
and Systems 2023, Outrigger Kona Resort and Spa, USA, 
2023.12.5 
 
宮内雄平, 熱と光とナノ物質の科学, 第 1 回ナノシ
ステム研究会, 島津製作所本社, 2023.12.2 
 
宮内雄平, ナノ物質の励起子光物性と熱放射研究, 
領域全体会議 , TKP カンファレンスセンター , 
2024.2.17 
 

– 52 –



Advanced Energy Conversion Division 
 

Advanced Laser Science Research Section 
 
 
 T. Nakajima, Associate Professor 
                                    
 
 
 
1. Introduction 

We use lasers to fabricate the functional materials 
and also to probe the dynamics without perturbing the 
various processes. This year we have developed three 
different techniques. The first one is to probe the bub-
ble dynamics of hydrogen evolution reaction through 
alkaline water electrolysis, and the second one is to 
fabricate the optical elements. The third one is to ob-
tain the high quality holes and lines, which are the 
most elementary unit structures for laser microm-
achining with unprecedented quality.  
 
2. Role of the surface morphology of the electrodes 

to form hydrogen and oxygen bubbles during 
water electrolysis 

  Hydrogen evolution via water electrolysis is one of 
the promising candidates for renewable energy pro-
duction. Toward efficient hydrogen evolution, not 
only the catalysis development but also the morpho-
logical design of the electrode surface to attain the 
high surface-area-to-volume ratio is important. How-
ever, bubbles sitting on the electrode surface reduce 
the active surface area and increase the ohmic re-
sistance between electrolyte and electrode interface, 
and it is important to find the optimal morphology of 
the electrode surface so that the bubble detachments 
occur soon after their formations with a minimal dura-
tion on the electrode surface. Our previous study has 
revealed that the hydrogen bubbles are preferentially 
formed at the sites with pits or crevices on the elec-
trode surface. A natural question is whether those sites 
also serve as the forming sites of oxygen bubbles when 
the polarity of the electrode is reversed.   
  In this study, we carry out the comparative study on 
the forming sites of hydrogen and oxygen bubbles us-
ing the identical Ni electrode with a single laser-in-
duced microstructure by reversing the polarity of the 
electrode, and we take the movie of the bubbles on the 
electrode surface during the electrolysis (Fig. 1(a)). 
The bubbles in the vicinity of the electrode surface are 
illustrated in Fig. 1(b). Representative optical images 
of hydrogen and oxygen bubbles during hydrogen as 
well as oxygen evolution reaction (HER and OER) are 
shown on the left side of Fig. 1(c), where the hydrogen 
and oxygen bubble forming sites are marked by thick-
white and thin-blue circles, respectively. It is very in-
teresting to point out that all the forming sites of 

hydrogen bubbles are found only at the periphery of 
the microstructure, while those of oxygen bubbles are 
found not only at the periphery of the microstructure 
but also on the flat area around the microstructure. 
This suggests that, although the shallow surface struc-
ture is preferred to form bubbles and the local surface 
morphology plays a crucial role for hydrogen bubbles, 
it plays a lesser role for oxygen bubbles and some 
other factors such as local convection play some roles. 
Those findings are very important to design the elec-
trode surface structure toward efficient HER.  
 
3. Facile fabrication of optical diffusers by abla-
tion-assisted nanosecond laser micromachining 
 
Optical diffusers are essential elements to alter the 
spatial distribution of incident light, and frequently 
used as essential components in optoelectronic 

(a) (b) 

(c) 

Fig. 1 (a) Setup for the water electrolysis and bubble 
measurements. (b) Schematic of bubbles on the micro-
structured Ni electrode. (c) Representative optical im-
ages of hydrogen and oxygen bubbles forming at the 
microstructure, false-colored surface profile, and the 
SEM image at site 1 indicated in the surface profile. 
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devices. It is known that there are two approaches to 
fabricate the optical diffusers. The first one is to pro-
duce micro/nanostructures on the surface of a trans-
parent glass substrate by direct laser writing, and the 
second one is to produce appropriate patterns through 
the introduction of fillers or lithography to a transpar-
ent polymer film through the wet chemical processes.  
    For the direct laser writing of micro/nanostruc-
tures at the surface of a transparent glass substrate an 
ultrashort laser is usually employed. It is practically 
impossible to structure the transparent glass with na-
nosecond laser in the visible or near-infrared wave-
length range. One way out of this is to use energetic 
fragments to etch glass, and we undertake ablation-as-
sisted laser micromachining of glass substrate by na-
nosecond laser pulses in the near-infrared range. The 
fabrication procedures of optical diffusers are shown 
in Fig. 2. Briefly, we ablate the Ni plate which is 
placed behind the slide glass with a small (<~1 mm) 
gap with nanosecond laser pulses (40 ns at 50 kHz) 
with various laser powers at the scanning speeds of 
250 to 2000 mm/s (Fig. 2(a)-(c)). Then, we remove the 
Ni plate and perform laser cleaning to remove debris 
from the slide glass (Fig. 2(d)-(g)). Tis way, we do not 
have to introduce any wet chemical cleaning process 
to fabricate the optical diffuser. A representative sur-
face morphology of the diffuser and beam profile 
through it is shown in Fig. 3. The advantage of the de-
veloped technique is that it is very quick and efficient 
without any wet process. This demonstrates that cost-
effective nanosecond laser can be a convenient tool for 
laser micromachining of transparent materials.  

 
4. Fabrication of depth-controlled high quality 
holes and lines on a metal substrate by nanosecond 
laser pulses 
 
It is widely believed that an expensive femtosecond 
laser is necessary to fabricate high quality holes with 
very little ablation rims, while the use of inexpensive 
nanosecond laser suffers from the formation of pro-
nounced ablation rims. It is not always so only if we 
can somehow suppress the heat problems. Our idea to 
realize such situation is to introduce a thin metal film 
on a metal substrate, and selectively blown out the 
film with laser pulses of modest fluence. This is pos-
sible, as we show in Fig. 4 for a Ni substrate with a Ni 
film of 80 nm thickness, because the ablation thresh-
old of a metal film on a metal substrate is much lower 
than that of the bare metal substrate.  
  After ensuring that we can selectively blow out the 
Ni film while the Ni substrate is intact, we perform 
nanosecond laser micromachining of Ni substrate with 
a Ni film of 80 nm thickness to fabricate the high qual-
ity hole and line (Fig. 5), which exhibit the very flat 
bottoms without notorious rims. This demonstrates 
that the metal substrate with a metal film is a nice 
workpiece to fabricate high quality holes and lines by 
nanosecond laser micromachining.  

Fig. 2 Change of the diameter of fabricated holes 
on the Ni substrates with and without Ni films as 
a function of laser fluence. 

Fig. 3 Representative surface morphology of the 
fabricated diffuser and beam profile through it. 

Fig. 4 Change of the diameter of fabricated holes 
on the Ni substrates with and without Ni films as 
a function of laser fluence. 

(b) 

Fig. 5 Morphologies and SEM images of the fabri-
cated (a) hole and (b) line on the Ni substrates with 
a Ni film.  

(a) 

(b) 

– 54 –



Financial Support 
 
中嶋隆, 新エネルギー・産業技術総合開発機構, 燃
料電池等利用の飛躍的拡大に向けた共通課題解決
型産学官連携研究開発事業／水素利用等高度化先
端技術開発／常温水電解の実用化基盤研究プラッ
トフォームの構築 
 
中嶋隆, （公財）京都大学教育研究振興財団, 水電
解水素製造の高効率化：レーザー科学からのアプロ
ーチ 
 
中嶋隆, （公財）天田財団, 高繰り返しナノ秒パル
スレーザーを用いた革新的レーザー除染技術の開
発 
 
 
Publications 
 
W. Rong, K. Ando, T. Nakajima, Facile fabrication of 
optical diffusers by ablation-assisted nanosecond laser 
micromachining of glass substrates, Optics and Lasers 
in Engineering, 167, 107621, 2023 
 
K. Ando, Y. Uchimoto, T. Nakajima, Comparative study 
of bubble forming sites at the laser-induced microstruc-
ture on a Ni electrode during hydrogen and oxygen 
evolution reactions, International Journal of Hydrogen 
Energy, 49, 449-457, 2023 
 
K.Sota, K. Ando, T. Nakajima, Fabrication of 
depth-controlled high-quality holes and lines on a metal 
surface by nanosecond laser pulses at 1064 nm, Interna-
tional Journal of Advanced Manufacturing Technology, 
2023 
 
K. Sota, K. Ando, H. Zen, T. kii, H. Ohagaki, T. 
Nakajima, Morphological study of depth-controlled high 
quality holes and lines fabricated on a metal substrate 
with a thin metal film by picosecond laser pulses, Optics 
and Laser Technology, 175, 110853, 2024 
 
 
Presentations 
 
T. Nakajima, Hydrogen evolution efficiency with la-
ser-textured electrodes, The 14th International Sympo-
sium of Advanced Energy Science, 京都大学宇治キャ
ンパス, 2023.9.1 
 

– 55 –





Advanced Energy Conversion Division 
 

Advanced Energy Structural Materials Research Section 
 
 K. Morishita, Associate Professor 
 K. Yabuuchi, Assistant Professor 
 
 
1. Introduction 

The development of robust materials and the 
establishment of reliable system management are 
essential for the safe and efficient operation of 
advanced nuclear energy systems. This section 
addresses the mission of establishing maintenance 
management methodologies as well as materials R & 
D for advanced nuclear energy systems such as fusion 
and fission reactors. Our research interests include:  

 
(1) Theory, modeling, numerical simulation, and 
data-driven science & technology of irradiated 
materials: Radiation damage processes of materials 
during irradiation occur at various time and length 
scales. To understand these processes, so-called 
multiscale viewpoint and statistical arguments are 
required. In this section, efforts are made to model 
material behavior during irradiation complementarily 
using several computational techniques such as MD, 
ab-initio calculations, kinetic Monte-Carlo, rate-
equation analysis, FEM and CFD. Recently, additional 
efforts have also been devoted to this research using 
machine learning, AI, and data-driven techniques. 
(2) Plant integrity analysis: Structural integrity of a 
reactor pressure vessel (RPV) during pressurized 
thermal shock (PTS) events is of critical importance in 
the quantitative assessment of reactor safety. We 
evaluate this using 3D CFD and FEM. The risk of the 
RPV function loss is quantified and then is proposed 
as an indicator available for optimizing maintenance 
strategy. 
(3) Effects of irradiation on the microstructure and 
mechanical property changes of materials: High 
energy particle irradiation leads to the formation of 
oversaturated interstitials and vacancies. The behavior 
of those defects is responsible for the evolution of the 
microstructure, which may cause degradation of the 
mechanical properties of the material. The elucidation 
of the behavior of point defects is essential for 
understanding the mechanisms responsible for the 
changes in mechanical properties. In our study, the 
microstructure evolution under high energy particle 
irradiation has been investigated experimentally and 
computationally. 
 
2. Size distribution of defect cluster production in 
irradiated materials 

In materials of fusion reactor components, high 
energy neutrons entering the material collide with 

many target atoms, initiating displacement cascade 
processes. This process produces locally dense 
athermal point defects within the material, some of the 
point defects aggregate to form defect clusters. This 
has a profound effect on the material’s microscopic 
composition and structure thus altering its mechanical 
properties. Therefore, it is important to investigate the 
impact of these processes in the design and selection 
of component materials. However, the displacement 
cascade process occurs on an extremely short 
timescale of several tens of picoseconds, it is very 
difficult to observe it experimentally. As such, 
computer simulation techniques are often employed 
instead. Among them, molecular dynamics (MD) is 
one of the most powerful tools. In this study, the 
factors influencing the generation of clusters were 
investigated through the MD simulation of the 
collision cascade in Fe.  

Fig.1 shows a snapshot of the displacement cascade 
in Fe at 0.2 ps, which is initiated from a PKA with a 
kinetic energy of 50 keV. It can be seen from this 
figure that the nucleation of an SIA loop (marked by 
green line) is formed at a relatively early stages. The 
formation of such cascade clusters is thought to have 
a major impact on the subsequent microstructural 
developlement, making it difficult to develop fusion 
reactor materials with excellent radition resistance. 

 
3. Effect of irradiation environments on 
microstructural evolution in Fe during irradiation 

Many studies have been done so far using 
numerical simulations to develop tools to predict 
material degradation under irradiation. However, 

Fig. 1: Evolution of displacement cascades in Fe 
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many conventional predictions mainly evaluate the 
“average” behavior of the changes due to irradiation 
without taking into account the effects of fluctuations. 
The fracture behavior of a material does not depend on 
the average behavior of the material, but rather is 
dominated by the material’s property at its weakest 
point. Therefore, it is important to focus on 
fluctuations in defect microstructural evolutions. 

In this study, the fluctuations in defect generation 
and associated microstructural changes caused by 
irradiation are focused. The probability distribution 
function (PDF) of the number of point defects and that 
of the number of cascade clusters are obtained as a 
function of recoil energy using our molecular 
dynamics simulations (MD). The recoil energy 
spectrum for a specific neutron irradiation facility, e.g., 
high flux isotope reactor (HFIR) in ORNL, is then 
obtained using the nuclear library JENDL constructed 
by JAEA. Using these data evaluated here, the average 
and fluctuations of point defect generation rate and 
those of cascade cluster generation rate are evaluated 
individually for the specific irradiation facility. These 
generation rates are furthermore employed as a source 
term in the rate theory equations to evaluate the 
microstructural changes of materials during 
irradiation. Our calculation results showed that the 
fluctuation in microstructural changes is highly 
dependent on irradiation conditions; for example, the 
coefficient of variation in concentrations of defect  
clusters accumulated varies by up to 40 % in HFIR. 

 
4. Modeling of SiC materials for application in 
nuclear energy system: first principles calculations 

Since its excellent properties such as high strength 
and low induced radioactivity, SiC materials are being 
developed and validated as nuclear materials. 
However, before practical application in nuclear 
reactors, it is necessary to study the effects of high 
temperature and irradiation environment of nuclear 
systems on the properties of SiC materials. 

To simulate the radiation damage behavior of 
materials using molecular dynamics methods, a 

reliable potential function is required. However, it is 
known that the Tersoff, MEAM, and GW potential 
functions widely used in molecular dynamics 
simulations of SiC materials are inconsistent with 
highly accurate first principles calculations. Therefore, 
it is necessary to develop new potential functions that 
can accurately describe the interactions between 
atoms. 

On the other hand, with the development of 
artificial intelligence technology, neural networks 
have been proven to be able to construct high-
precision potential functions and apply them to 
material modeling research. Therefore, in order to 
conduct reliable molecular dynamics simulations of 
irradiation behavior, this study used a high-precision 
first principles calculation method to calculate the 
total potential energy of SiC materials and provided 
teaching data for constructing neural network 
potential energy functions.  

First principles calculation was carried out by 
supercomputer system using SIESTA code. We 
constructed 3C-SiC model with 216 atoms composed 
of 3×3×3 supercells and approximated the exchange 
interaction of electrons using generalized gradient 
approximation. To obtain a good generalization ability 
for the neural network potential function to be 
developed, not only the calculation of the perfect 
crystal SiC but also the cases for different lattice 
constants, vacancies and interstitial atoms were 
calculated. A total of 149 calculations were conducted. 
As input parameters for the neural network potential 
function, atomic coordinates, energy and force have 
been calculated and extracted. 

 
5. Application of AI technology to the image 
analysis for nuclear materials development 

TEM image analysis of post-irradiation metals has 
often been conducted in the field of nuclear material 
development research, where an interpretation of 
imges is different unfortunately from person to person. 
To avoid this gap, a new attempt is being made to 
apply the state-of-the art AI technology to the image 
analysis. If this attempt progresses successfully, it 
should be possible to bridge the gap between the skill 
levels of skilled and novice users. 

 
Fig. 2: Average and fluctuations (CV) of cluster gen-

eration rate  
Fig. 3: 3C-SiC perfect crystals.  
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1. Introduction 

We are engaged in fundamental and applied re-
search of nano-materials from a viewpoint of optics 
and material science. Our research aims to explore 
new physical and chemical phenomena leading to the 
applications of novel nano-materials including carbon 
nanotubes, layered transition metal dichalcogenides, 
perovskites for the efficient utilization of light energy 
and the development of future optoelectronic devices 
with ultra-low energy consumption. The followings 
are main the research achievements in the year of 2023. 
 
1. Quantum Phenomena of Moiré Excitons in a 
WSe2/MoSe2 Heterobilayer  

A quantum two-level system has garnered consider-
able attention in recent years due to its numerous po-
tential applications in the fields of physics, such as 
quantum simulation, quantum computing, and quan-
tum information processing. The development of these 
systems facilitates the construction and utilization of 
quantum bits (qubits), which serve as fundamental 
units for quantum computing and quantum infor-
mation. Resonant light–matter interactions, such as 
Rabi oscillation, Ramsey interference, and Hahn ech-
oes enable the manipulation of quantum two-level sys-
tems by generating superposition states. However, the 
superposition states of qubits suffer from the interac-
tion and fluctuation from the environment, resulting in 
an accelerated decoherence process. This decoherence 
process imposes a temporal limitation on the precise 
manipulation of quantum systems, hindering their po-
tential applications.  

Recent progress in artificial van der Waals (vdW) 
structures, achieved by stacking atomically thin two-
dimensional (2D) materials, has opened up opportuni-
ties for designing novel quantum platform. vdW het-
erobilayer assembled from monolayers of semicon-
ducting transition metal dichalcogenides exhibited 
various intriguing physical phenomena, including 
strongly correlated insulator phases, superconductiv-
ity, and novel ferromagnetism. Moiré superlattices 
with varying atomic registries in vdW heterobilayers 
can be constructed using monolayer semiconducting 
transition metal dichalcogenides with a small lattice 
mismatch or twist angle. The resulting moiré superlat-
tice leads to the formation of periodic, ordered poten-
tial traps, confining and spatially organizing optically 
generated bound electron–hole pairs (excitons) into 

periodic arrays of quantum two-level systems. The 
trapped excitons in moiré potentials are expected to 
exhibit long quantum coherence due to their limited 
degree of freedom as 0D quantum systems; further-
more, coupling interactions can be formed between 
spatially separated moiré potentials, leading to quan-
tum interference of emitted photons. These results es-
tablish moiré exciton quantum systems as not only a 
promising platform for achieving extended coherence 
but also an effective tool for exploring interactions 
within or between quantum systems. However, exper-
imentally, important information on the quantum co-
herence and interference of moiré excitons in vdW 
heterobilayers remains unexplored. This is due to the 
overlapping of multiple emission peaks from moiré 
excitons in their inhomogeneously broadened spectra, 
hindering these intrinsic insights within the diffraction 
limit of light. The experimental approaches of strain-

Figure 1 (a) (b) Schematic of the concept in this study. Na-
noscale fabrication using reactive-ion etching enables to 
obtain emissions from a single moiré exciton and the obser-
vation of its quantum coherence with Michelson interferom-
eter in MoSe2/WSe2 heterobilayer. Designed pattern for 
RIE (left) and the optical image of MoSe2/WSe2 heterobi-
layer with an array of nanofabricated structures (right) are 
presented in (a). A SEM image of typical pillar is presented 
in (b). The inner dotted circle shows a pillar with a diameter 
of 240 nm corresponding to the optical excitation and ob-
servation area of moiré potential. Optical spectra from the 
pillars are Fourier-transformed to temporal interferograms 
using the Michelson interferometer. (c) PL spectra of 
MoSe2/WSe2 heterobilayers with various pillar sizes at 4 K. 
(d) Integrated PL intensity and calibrated intensity of hetero-
bilayer as a function of pillar size.  
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induced exciton traps introduced by metallic nanopil-
lars in heterobilayers have been previously reported, 
to observe spectra with discrete emission lines; how-
ever, the intrinsic properties of the moiré exciton sys-
tem might be inadvertently concealed due to the addi-
tional strain-induced effects.  

Figures 1a and 1b illustrate schematics of the con-
cept using a nanostructure fabrication process, and ex-
perimental setup employed in this study. Nanoscale 
fabrication using reactive-ion etching (RIE) enables 
emissions from a single moiré exciton and the obser-
vation of its quantum coherence in the MoSe2/WSe2 
heterobilayer. During usual optical measurements, ob-
taining clear spectrum from moiré excitonic states is 
difficult due to the inhomogeneity of the moiré poten-
tial, leading to ensemble-averaged and broadened 
emissions comprising multiple peaks. This issue arises 
because the focused laser light with a spot size of ap-
proximately 1.5 μm is determined by the diffraction 
limit of light, which excites a large number of moiré 
potentials due to the much smaller spatial period of 
moiré potentials. To address this, in the microfabrica-
tion process, we applied a nanoscale fabrication tech-
nique to reduce the optical excitation and detection 
area of the MoSe2/WSe2 heterobilayer with a nano-pil-
lar structure. The nanofabricated heterobilayer, with a 
pillar size smaller than the wavelength of light, will 
result in a reduced number of spectral peaks beyond 
the diffraction limit of light. Thus, this approach al-
lows for the anticipated observation of emission from 
a single moiré potential, enabling the revelation of the 
quantum coherence of moiré excitons.  

Figure 1c displays the photoluminescence (PL) 
spectra of the nanostructure-fabricated MoSe2/WSe2 
heterobilayer, measured at 4 K with varying pillar 
sizes. In the heterobilayer with a pillar size of 500 nm, 
the PL spectrum reveals an inhomogeneously broad-
ened ensemble average of multiple peaks from large 
number of moiré excitons. This finding agrees with 
previously reported results. The broadened spectrum, 
characterized by a Gaussian distribution, arises from 
the inhomogeneity of moiré potentials in the heterobi-
layer. As the pillar size decreases, the number of peaks 
in the spectra significantly decreases. Consequently, 
the PL spectrum of the heterobilayer with a 50-nm pil-
lar size reveals a singular emission peak from a moiré 
exciton, attributed to the reduced number of moiré po-
tentials within the optical excitation and detection area 
determined by the pillar size.  

To obtain the information on the quantum coher-
ence, the first-order correlation function of emission 
signals from a moiré exciton is measured using a Mi-
chelson interferometer. Figure 2a presents the counter 
map of interferometry of the PL spectra as a function 
of delay time at 4 K for an excitation power density of 
14 W/cm2. The amplitude of the oscillation fringe be-
tween the maximum and minimum intensities gradu-
ally decreases with increasing delay time, indicating 

the process of decoherence, as presented by the tem-
poral interferogram in Fig. 2b. Figure 2c shows the 
visibility as a function of delay time from Fig. 2b.  

The visibility as a function of delay time, corre-
sponds to the Fourier transform of the emission spec-
trum, with the convolution result of extrinsic inhomo-
geneous and intrinsic inhomogeneous linewidth, in 
form of Lorentz and Gaussian functions, respectively. 
Consequently, the delay time-dependent visibility in 
Fig. 2c can be modeled by the product of exponential 
and Gaussian functions. The fitted result by the model 
function of Lorentz and Gaussian functions well re-
produce the experimental results of visibility as a 
function of delay time. With consideration of               
the energy relaxation lifetime, the population relaxa-
tion process hardly contributes to the dephasing pro-
cess. As a result, pure dephasing time of this position 
is evaluated to be 7.1 ps, corresponding to a homoge-
neous linewidth of 184 μeV. The long coherence of 
moiré exciton revealed in this study offer potential ap-
plications of moiré quantum systems in quantum tech-
nologies. 

 
 

 
 
 
 
 
 
 
 
 
 

Fig. 2 (a) Counter plot of the first-order correlation 
function of PL signals as a function of delay time, 
measured using the Michelson interferometer. (b) In-
terferogram of the moiré exciton peak in the time do-
main at 4 K in the excitation power condition of 14 
W/cm2. (c) Decay profile of visibility in the interfero-
gram, with solid curve representing the fitted result of 
the product of an exponential and a Gaussian func-
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1. Introduction 

The heat transport on the magnetic island and 
stochastic magnetic field are essential in magnetic 
confinement fusion research because the magnetic 
island and stochastic magnetic field sometimes 
simultaneously appear in the fusion plasma. For 
example, in tokamaks, the magnetic island is 
generated by the MHD instability of the tearing mode. 
If two magnetic islands simultaneously appear and 
overlap in the reversed magnetic shear, the magnetic 
field may be stochastic. On the other hand, for 
stellarators, due to the lack of toroidal symmetry, the 
magnetic field can become naturally stochastic. 

For a long time, it has been believed that the 
temperature gradient cannot be kept if the magnetic 
field structure is strongly stochastic. Rechester and 
Rosenbluth theoretically discussed the electron heat 
transport on the strongly stochastic magnetic field[1]. 
On the strongly stochastic magnetic field, the 
diffusion of the magnetic field lines enhances the 
diffusion process, and then the electron temperature 
flattens. That is, there is no temperature gradient on 
the stochastic field. However, in many tokamak and 
stellarator experiments, although the stochastic 
magnetic field is expected, a finite temperature 
gradient is observed from the measurement. Thus, 
some believe that the finite temperature gradient is 
evidence where the magnetic field does ‘not’ become 
stochastic. However, this is not true. 

Dewer and Hudson studied the chaos in the 
perturbed magnetic field and successfully constructed 
the nearby integrable field, the so-called quadratic-
flux-minimizing (QFM) surface or ghost surface[2]. 
Then, they proved that a near-integrable surface is a 
KAM surface. The heat transport is studied on the 
analytical and realistic stochastic magnetic field. If 
some KAM surfaces exist on the stochastic magnetic 
field, those KAM surfaces can be worked as a 
transport barrier. In addition, depending on the ratio of 
the parallel and perpendicular heat conductivity, 
𝜒𝜒∥/𝜒𝜒�, the finite temperature gradient can be kept on 
the stochastic magnetic field. 

In this study, we numerically study the heat 
transport on the stochastic magnetic field of a 
stellarator. In particular, the heat transport depending 
on the different diffusions is considered. 

 

2. Model and Numerical Implementation of 
anisotropic heat diffusion 

In this study, we study the anisotropic heat diffusion 
on the stochastic magnetic field following numerical 
studies in tokamaks. At first, it assumes that heat 
transport is dominated by heat conduction. Then, the 
heat transport equation is considered as follows: 

 
where 𝑛𝑛 and 𝑇𝑇 are electron density and temperature, 
𝑞𝑞 is the electron heat flux, and 𝑄𝑄 is the heat source. 
Here, the convection term is neglected. For simplicity, 
the constant density is assumed. So, the heat transport 
equation is rewritten as 

 
This is a starting equation. 

In this study, the equation is numerically solved. 
Here, the strong anisotropy is given by the heat flux, 

 
Gradients of the 𝑇𝑇 along the parallel and 
perpendicular directions can be defined by, 

 
and 

 
where, 𝑏𝑏  is the unit vector of the magnetic field, 
𝐵𝐵/𝐵𝐵, and 𝐼𝐼 is the unit tensor. 

This study approximates these gradients by the 
finite difference scheme on the cylindrical coordinate 
�𝑅𝑅, ϕ, 𝑍𝑍� . In previous studies, the parallel and 
perpendicular gradients are approximated by metrics 
of the magnetic field. However, guaranteeing enough 
accuracy, particularly along the parallel direction, is 
challenging. Therefore, this study uses the field line 
tracing method to improve the numerical accuracy of 
calculating the parallel gradient. At first, the 
anisotropic heat diffusion equation is simplified in the 
given magnetic field as 

 
Next, two magnetic field lines are traced from a 
computational grid on �𝑅𝑅, 𝜙𝜙, 𝑍𝑍�  to 𝑏𝑏  and �𝑏𝑏  
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directions, respectively. Here, the equation of the 
magnetic field lines is defined by 

 
where the integral variable is 𝑙𝑙.  

If the length 𝐿𝐿 of the field line tracing from the 
computational grid can be defined, the parallel 
gradient at 𝐿𝐿/2 can be defined as 

 
where 𝑙𝑙 is the arch length of the field line from the 
grid and 𝑇𝑇|���� is the temperature at 𝐿𝐿 � �𝑙𝑙. Here, 
the 𝑙𝑙 � 0 is the grid. Thus, the parallel diffusion on 
the grid can be defined as 

 
The magnetic field line is traced by the 4th-order 
Runge-Kutta method, and the 4th-order scheme 
interpolates the temperature. At the beginning of the 
simulation, the field line is traced, and two end points 
of the field line at 𝑙𝑙 � �𝐿𝐿  and �𝐿𝐿  starting from 
𝑙𝑙 � 0 are stored in the memory. On the other hand, 
the perpendicular diffusion on the cylindrical 
coordinate may be simplified as 

 
where the metric along the 𝑅𝑅  direction is ignored. 
The second-order finite difference scheme 
approximates the second derivate, and the derivative 
along the 𝑅𝑅 direction is defined as 

 
The time evolution of the anisotropic heat diffusion is 
integrated by the 4th-order Runge-Kutta method. 

In this study, the heat source is given by the 
Gaussian profile on the magnetic axis. The plasma 
response effect is not included, and the magnetic field 
is fixed in time. 

3. Results 

 We applied a new code that implemented the 
above ideas to a stellarator, 𝐿𝐿/𝑀𝑀 = 2/10 Heliotron 
configuration. 

The 𝜒𝜒∥/𝜒𝜒�  is scanned from 10�  to 10��  in 
figure 1. A top panel shows enlarged 𝑇𝑇/𝑇𝑇�  profiles 
on 𝑍𝑍 =const. plane, and a bottom panel shows a 
Poincare plot at the horizontally elongated cross 
section for the vacuum standard configuration. Two 

purple circles indicate the stochastic magnetic field 
region. Due to the increased 𝜒𝜒∥/𝜒𝜒�, the 𝑇𝑇/𝑇𝑇� profile 
is changed, and the small flattening of the temperature 
appears from 𝜒𝜒∥/𝜒𝜒� = 10�. However, for the cases 
of 𝜒𝜒∥/𝜒𝜒� = 10� - 10��, the change of the profile is 
not large. According to Fitzpatrick's theory[3], the 
flattening width of the temperature on the magnetic 
island is proportional to the following equation, 

 
If the𝜒𝜒∥/𝜒𝜒� is 10�, the 𝑊𝑊�/𝑟𝑟� is roughly 10��. 

The flattening size in this study is consistent with the 
theoretical prediction. 

5. Summary 

We numerically study the anisotropic heat diffusion on 
the stochastic magnetic field in the Heliotron 
configuration. The smooth temperature profile 
appears if the perpendicular diffusion is significant, 
although the magnetic field becomes stochastic. 
However, if the ratio of 𝜒𝜒∥/𝜒𝜒� increases to 10�, the 
small flattening of the temperature profile appears on 
the stochastic magnetic field. In that region, the 
connection length of the magnetic field line is 
sufficiently long. Therefore, the finite temperature 
gradient can be kept. 

 
Fig. 1: A comparison of the anisotropic heat diffusion 
with the different 𝜒𝜒∥/𝜒𝜒� is shown. The 𝜒𝜒∥/𝜒𝜒�  is 
scanned from 10�  to 10�� . A top panel shows 
enlarged 𝑇𝑇/𝑇𝑇�  profiles on 𝑍𝑍  = const. plane, and a 
bottom panel shows a Poincaré plot at the horizontally 
elongated cross section for the vacuum standard 
configuration. Two purple circles indicate the 
stochastic magnetic field region. Due to the increased 
𝜒𝜒∥/𝜒𝜒�, the 𝑇𝑇/𝑇𝑇� profile is changed. 
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1. Introduction 

In this research section, we study electrochemistry 
and materials science. We also apply them to the devel-
opment of new water electrolysis, new metal plating pro-
cesses, and new rechargeable batteries. 

In this fiscal year, we have researched a highly effi-
cient water electrolysis using hydrate melt, a tungsten 
film plating process using molten salts, and dual carbon 
batteries using ionic liquids. 

 
2. Development of Highly Efficient Water Electrolysis 
Using Hydrate Melt 

Hydrogen production by water electrolysis using 
electricity from renewable energy sources is attracting at-
tention. However, one of the challenges in conventional 
water electrolysis, including alkaline water electrolysis 
(AWE), is the improvement of energy efficiency. Re-
cently, we reported that water electrolysis using an 85 
wt% KOH hydrate melt (KOH:H2O = 65:35 mol%) at 
150°C significantly reduced the overpotential for the hy-
drogen evolution reaction (HER) and oxygen evolution 
reaction (OER) compared to a conventional 30 wt% KOH 
aqueous solution (KOH:H2O = 12:88 mol%) at 80°C [1]. 

In this fiscal year, we focused on a NaOH–KOH hy-
drate melt (NaOH:KOH:H2O = 9:61:30 mol%), which 
has a lower melting point (88°C) than the KOH hydrate 
melt (101°C), and investigated HER and OER behavior 
at a Ni electrode. 

Fig. 1 shows a comprehensive summary of the over-
potentials for HER and OER at 200°C in the NaOH–
KOH hydrate melt. This summary includes data for each 
current density, highlighting the total overpotential and 
the corresponding reduction in comparison with the KOH 
aqueous solution at 500 mA cm⁻2 and 80°C (total over-
potential: 1133 mV). At a current density of 500 mA cm⁻2, 
the total overpotential of 545 mV is 588 mV (52%) lower 
than that of the KOH aqueous solution at 80 °C. At an 
increased current density of 1000 mA cm⁻2, the total 
overpotential of 619 mV is 514 mV (45%) lower. Even at 
2000 mA cm⁻2, the total overpotential of 714 mV is 419 
mV (37%) lower. Water electrolysis utilizing the NaOH–
KOH hydrate melt shows promising potential for signifi-
cantly enhancing the energy efficiency, even at higher 
current densities relative to conventional AWE. 
 

3. Development of W film Plating Process Using Mol-
ten Salt Electrolyte: Effect of O2− Ion Concentration 
on the Crystal Structure of W Films 

Tungsten (W) is a metal with superior properties, 
such as heat resistance, high strength, and low thermal 
expansion. However, its hardness and brittleness make it 
difficult to process into complex shapes and conventional 
tungsten processing methods are costly. Thus, the elec-
trodeposition in molten salts was explored as an alterna-
tive processing method [2]. Typically, α-W was electro-
deposited from molten salts. However, we have electro-
deposited β-W, metastable phase of W, from CsF-CsCl-
WO3 melt at 773 K [3,4]. We predicted that oxygen con-
tent in W films, which is affected by O2− ion concentra-
tion in molten salt, has an influence on the crystal struc-
ture. To investigate the effect of O2− ion concentration, W 
electrodeposition was performed in molten CsF–CsCl at 
773 K with different W sources and Li2O concentration. 

W was electrodeposited in molten CsF–CsCl–WCl6 
at −200 mA cm−2 for 360 C cm−2 and in molten CsF–
CsCl–WO3 with various added amounts of Li2O at −4 mA 
cm−2 for 90 C cm−2. Phase identification of the samples 
was conducted by X-ray diffraction (XRD). As shown in 
Fig. 2, the pre-dominant α-W formation was observed in 
molten CsF–CsCl–WCl6, while only β-W formation was 
confirmed in molten CsF–CsCl–WO3. Furthermore, the 
addition of Li2O increased the orientation of β-W crystal 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Comparison of overpotential on a Ni electrode in 
30 wt% KOH aqueous solution at 80°C and the NaOH–
KOH hydrate melt at 200°C. 
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to the 111 plane. The structure of W(IV) complex ions 
might depend on O2− ion concentration, resulting in dif-
ferent crystal structures of electrodeposited W and crystal 
orientation. 

 
4. Development of Dual-Carbon Batteries Using Ionic 
Liquid Electrolytes 

The large-scale electrochemical energy storage (EES) 
devices are indispensable for the establishment of energy 
supply system with intermittent renewable energy re-
sources such as solar photovoltaic and wind power. Cur-
rent lithium-ion batteries (LIBs), which are being used for 
portable electronic devices, have been the candidates of 
the EES system. However, the geological scarcity and un-
even distribution of lithium and cobalt resources cannot 
fulfill the increasing demands of large-scale EES devices, 
evoking the necessity of other viable options. To address 
these issues, we have developed LIB alternatives such as 
sodium and potassium secondary batteries because so-
dium and potassium resources are abundant in the Earth’s 
crust and seawater [5]. 

Furthermore, we recently investigated the feasibility 
of dual-carbon batteries (DCBs) [6,7]. Since carbon-
based materials are used for both positive and negative 
electrodes in DCBs, the conventional metal oxide-based 

positive electrodes containing scarce metals like cobalt 
and nickel are no longer necessary. Also, we adopted 
ionic liquids (ILs) as promising electrolytes because 
DCBs are categorized in reserve-type batteries that re-
quire a large amount of charge carriers in electrolytes at 
the initial state. Fig. 3 shows the discharge capacities of 
graphite/graphite full cell with K[FTA]–[C4C1pyrr][FTA] 
IL electrolyte (FTA = (fluorosulfonyl)(trifluoromethyl-
sulfonyl)amide, C4C1pyrr = N-butyl-N-methylpyrrorid-
inium) at 298 K. In the initial 10 cycles, the discharge 
capacity gradually decreases from 84.0 (1st) to 69.5 
(10th) mAh g−1. Thereafter, the full cell shows the stable 
cycling performance and retains the reversible capacity 
of 62.5 mAh g−1 at 100th cycle, which indicates the fea-
sibility of DCBs utilizing IL electrolytes. 
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Fig. 3. Discharge capacities of graphite/graphite full 
cell at 298 K. Electrolyte: K[FTA]–[C4C1pyrr][FTA] 
(molar fraction: x(K[FTA]) = 0.20). Capacity and cur-
rent density are expressed per the active material 
weight in the positive electrode. 
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Fig. 2. XRD patterns of W films electrodeposited in 
molten CsF–CsCl with (a) WCl6 (1.0 mol%), (b) WO3 

(2.0 mol%), (c) WO3 (2.0 mol%)–Li2O (1.0 mol%), 
and (d) WO3 (2.0 mol%)–Li2O (2.0mol%) at 773 K.  
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1. Introduction 

Nanotechnology is essential for highly efficient 
energy use. Our group studies the basics of assembling 
small molecules into the advanced materials and de-
vices in energy sector with high efficiency. We have 
already developed several unique techniques which 
are totally new molecular assembling methodology 
such as ‘electro-chemical Epitaxial Polymerization’ 
and ‘Two-Zone Chemical Vapor Deposition (2Z-
CVD)’ which enable to produce molecular wires on 
metal surface from small molecules. By using these 
techniques, organic electronic devices such as field-
effect transistors and organic solar cells will be devel-
oped. 

Main research achievements in Molecular Nano-
technology Research Section in 2023 are described 
below. 

 
2. Bottom-Up On-Surface Synthesis of Edge-func-
tionalized Graphene Nanoribbon 

Graphene nanoribbons (GNRs) have shown great 
potential for electronics, optoelectronics, and photon-
ics. These properties strongly depend on width and 
edge structure of them. Therefore, precisely controlled 
width and edge structure is required for desired prop-
erties. Bottom-up synthesis of GNRs is one of the suit-
able methods to satisfy these requirements because of 
the definition of their edge structures and widths by 
the shape of precursors. Atomically precise synthesis 
of armchair-edged GNRs has already been achieved 
under ultra-high vacuum (UHV) condition. However, 
given GNRs in this method were low yield and density 
was still low. Therefore, it was difficult to develop or-
ganic electronic devices with them. To develop de-
vices, high-yield fabrication of assembled GNR films, 
isolation, and device fabrication are required. 

We have developed 2Z-CVD to produce densely 
packed, parallelly aligned self-assembled GNRs on 
Au(111) under low vacuum condition of 1 Torr from 
halogenated polycyclic aromatic hydrocarbon (PAH) 
precursors. This technique successfully produced a se-
ries of armchair-edged GNRs in high yield. The attrac-
tive features of this method originate from an inde-
pendent temperature control of the radical-generation 
process (zone 1) and the growth process (zone 2), 

which afforded GNRs in high yield without using 
UHV conditions. The precursor was sublimated to the 
Au(111) substrate in zone 2 by passing through zone 1 
in a quartz tube. The mechanism is supposed to in-
volve radical generation in zone 1, polymerization of 
the radicals on the Au(111) substrate in zone 2, and 
subsequent dehydrogenation to form GNRs.1 Addi-
tionally, we demonstrate a new concept of 'confor-
mation-controlled surface catalysis'; the 2Z-CVD of 
the 'Z-bar-linkage' precursor, which represents two 
terphenyl units are linked like a 'Z', exhibiting flexible 
geometry that allows it to adopt chiral conformations 
with height-asymmetry on an Au(111) surface, results 
in the efficient formation of acene-type GNRs with a 
width of 1.45 nm through optimized cascade reactions. 
These cascade reactions on the surface include the 
production of self-assembled homochiral polymers in 
a chain with a planar conformation, followed by effi-
cient stepwise dehydrogenation via a conformation-
controlled mechanism. Our proposed concept analo-
gous to the biological catalyst, enzyme, is useful for 
the fabrication of new nanocarbon materials.2 

Recently, GNRs having an asymmetrically func-
tional substitution at each edge have attracted much 
attention due to the realization of ferroelectric or fer-
romagnetic properties predicted by theory. However, 
it has been difficult to produce them because of the 
decomposition of functional substitution at high-tem-
perature process during the dehydrogenation reaction. 
To overcome these drawbacks, we have developed a 
brand new method, molecular-vapor-assisted low-
temperature growth (MVLTG), based on a massive 
dose of gaseous hydrogen-accepting molecules to the 
prepolymer on the metal surface at a low temperature.  

After producing precursor polymers using the 2Z-
CVD method with Z-bar-linkage having a different 
substitution at each edge as a precursor, hydrogen ac-
ceptor was fed into the reactor (evacuated quartz tube), 
which promote dehydrogenation reaction resulting in 
giving asymmetrical GNRs without decomposition of 
functional substitution at a lower temperature. Then, 
we succeeded in the direct observation of asymmetric 
GNRs produced on Au(111) with a low-temperature 
scanning tunneling microscope. The low-voltage STM 
measurement and dI/dV mapping suggest that 
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MVLTG successfully enhanced the dehydrogenation 
reaction without the decomposition of the functional-
ized group of the GNRs’ edges.3-5 

 
3. Solution Synthesis of Asymmetrically Function-
alized Graphene Nanoribbon toward the Applica-
tion for Functional Materials 

Solution-phase synthesis is one of the most prom-
ising strategies to obtain well-defined graphene nano-
ribbons (GNRs) with tunable electronic and optical 
properties. Asymmetrically edge-functionalized 
GNRs have attracted a great deal of interest in view of 
the relationship between their unique structure and 
properties. Several theoretical predictions have been 
made to change the properties of these systems 
through edge modifications. The introduction of dif-
ferent functional groups to the edges of GNRs back-
bone would offer a promising strategy to exhibit new 
properties. Although the solution-phase syntheses of 
GNRs having symmetric substitutions have already 
been reported, our approach, however, has remained 
unexplored. 

We previously reported the on-surface synthesis of 
acene-type GNR from the Z-shaped precursor which 
consists of two terphenyl units. Inspired by this work, 
we envisioned that the asymmetrically substituted 
GNRs would be obtained from asymmetrically Z-
shaped precursor in the solution synthesis. However, 
the desired product was not obtained probably due to 
the skeletal rearrangement in the oxidative dehydro-
genation reaction. To develop the synthetic method for 
asymmetrically edge-functionalized GNR, we have 
synthesized nanographenes as a model compound and 
GNRs from Z-shaped precursor by Pd-catalyzed cy-
clization followed by oxidative dehydrogenation reac-
tions. 
 Based on this method, we investigated the synthesis 
of GNR having symmetric substitutions. As a result, 
we have developed the synthetic method via head-to-
tale polymerization followed by cyclization with Pd-
catalyzed bond formations and oxidative dehydro-
genation reactions. This method is applicable to the 
preparation of asymmetric GNR having different 
functional groups at opposite sides of the edges. We 
developed this method for the asymmetric GNR. The 
relationship between the functionalization of edge 
structures and their properties was identified by ab-
sorption spectra. 

As an additional step, we designed asymmetric 
functional GNR. Asymmetrically functionalized and 
sterically hindered GNRs adopt twisted conformation 
and have dipolar moments along the long and short 
axis by asymmetrically modifying both edges. We hy-
pothesized that polarity of the twisted GNR would be 
controlled by applying an electric field. We succeeded 
in the preparation of helically twisted GNR through 
modified synthetic methods and tested voltage-current 
characteristics in the solid state with sandwitch-type 

cell. As a result, when the positive and negative volt-
age were swept up to 30 V, clear peaks probably due 
to ferroelectric properties were observed. These re-
sults indicated that conformational changes of twisting 
molecules took place even in the solid state by apply-
ing voltages. 
 
4. Deceptive orbital confinement at edges and pores 
of carbon-based 1D and 2D nanoarchitectures 
 
The properties of graphene-based nanomaterials are 

defined by their electronic structure. However, when 
conducting experiments using scanning tunneling mi-
croscopy/spectroscopy (STM/STS) on graphene nano-
ribbons (GNRs), nanographenes, and nanoporous gra-
phene (NPG), researchers have often observed an ap-
parent confinement of electronic orbitals into the 
edges and nanopores. This has led to dubious interpre-
tations such as image potential states or super-atom 
molecular orbitals. Our research shows that these 
measurements are subject to a wave function decay 
into the vacuum, which masks the undisturbed elec-
tronic orbital shape. To explore this, we used Au(111)-
supported semiconducting gulf-type GNRs and NPGs 
as model systems fostering frontier orbitals that ap-
pear confined along the edges and nanopores in STS 
measurements. DFT calculations confirm that these 
states originate from valence and conduction bands. 
The misleading electronic orbital confinement ob-
served is caused by a loss of Fourier components, cor-
responding to states of high momentum. This effect 
can be generalized to other 1D and 2D carbon-based 
nanoarchitectures and is important for their use in ca-
talysis and sensing applications.6 
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1. Introduction 

A transition to renewable energy technologies re-
quires new chemistry to learn from nature. For almost 
3 billion years, nature has developed fantastic solu-
tions to convert solar energy into chemical energy and 
to use it in exceptionally efficient way. Our challenge 
is to understand nature's efficient bioenergetic pro-
cesses and to design bio-inspired energy utilization 
systems. The research interests of our group focus on 
the design of biomacromolecules and their assemblies 
for molecular recognition, catalysis, and signal trans-
duction in water, the solvent of life. We take synthetic, 
organic chemical, biochemical and biophysical ap-
proaches to understand biological molecular recogni-
tion and chemical reactions. Proteins and protein/nu-
cleic acid assemblies are explored to realize the bio-
mimetic function of biological systems, such as visu-
alization of cellular signals by fluorescent biosensors, 
directed self-assembly of peptides and proteins to 
build up nano-bio materials, tailoring of artificial re-
ceptors and enzymes based on the complex of RNA 
and a peptide or a protein, and reconstitution of the 
functional assemblies of receptors and enzymes on the 
nanoar-chitectures. The following are the major re-
search achievements in the fiscal year 2023.  

2. An Artificial Liposome Compartment with Size 
Exclusion Molecular Transport 

The cellular compartment plays an essential role in or-
ganizing the complex and diverse biochemical reac-
tions within the cell. By mimicking the function of 
such cellular compartments, the challenge of con-
structing artificial compartments has been taken up to 
develop new biochemical tools for efficient material 
production and diagnostics. The important features re-
quired for the artificial compartment are that it isolates 
the interior from the external environment and is fur-
ther functionalized to control the transport of target 
chemicals to regulate the interior concentration of 
both substrate and reaction products. In this study, an 
artificial compartment (lipo-WS) with size-selective 
molecular transport function was constructed by using 
a DNA origami-guided liposome prepared by modify-
ing the method reported by Perrault et al. (ACS Nano 
2014, 8, 5132). This completely isolates the liposome 

interior (lipo), including the DNA origami skeleton 
(WS), from the external environment and allows the 
assembly of a defined number of molecules of interest 
inside and/or outside the compartment. By incorporat-
ing a bacterial membrane protein, OmpF, into the lip-
osome, the resulting artificial compartment (lipo-
OmpF-WS) was shown to transport only the molecule 
of interest with a molecular weight below 600 Da from 
the external environment into the interior of the com-
partment. 

 
Fig. 1 Illustration of the insertion of OmpF into the 
membrane of lipo-WS (lipo-OmpF-WS) to construct an 
artificial compartment with a transporter. 
 

3. Near Quantitative Ligation Results in Resistance 
of DNA Origami Against Nuclease and Cell Lysate 

There have been limited efforts to ligate the staple 
nicks in DNA origami which is crucial for its stability 
against thermal and mechanical treatments, and chem-
ical and biological environments. Here, two near-
quantitative ligation methods for the native backbone 
linkage at the nicks in origami are demonstrated: i) a 
cosolvent dimethyl sulfoxide (DMSO)-assisted enzy-
matic ligation and ii) enzyme-free chemical ligation 
using CNBr. Both methods achieved over 90% liga-
tion in 2D origami, only the CNBr method resulted in 
≈80% ligation in 3D origami, while the enzyme alone 
yielded 31–55% (2D) or 22–36% (3D) ligation. Only 
the CNBr method was efficient for 3D origami. The 
CNBr-mediated reaction was completed within 5 min, 
while DMSO method took overnight. Ligation by 
these methods improved the structural stability up to 
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30 °C, stability during the electrophoresis and subse-
quent extraction, and stability against nuclease and 
cell lysate. These methods are simple, non tedious, and 
superior in terms of cost, reaction time, and efficiency. 

 
Fig. 2 Various DNA Origami shapes and atomic 
force microscopy images before and after ligation. 
 

4. A Ratiometric Fluorescent Probe for pH Meas-
urement over a Wide Range Composed of Three 
Types of Fluorophores Assembled on a DNA Scaf-
fold 

The desirable characteristics of the sophisticated fluo-
rescent pH probe are ratiometric detection character-
istics and a wide detection range. In this study, three 
types of fluorophores with different fluorescence 
properties were assembled on a DNA origami 
nanostructure. The DNA nanostructure has the ad-
vantage of being a scaffold that can assemble different 
types of fluorophores with control over their number 
and position. The defined number of three different 
fluorophores, i.e., pH-sensitive fluorescein (CF) and 
Oregon Green (OG), and pH-insensitive tetramethyl-
rhodamine (CR), assembled on the DNA scaffold pro-
vided a ratiometric fluorescent pH probe with a wide 
pH detection range that could cover the variation of 
intracellular pH. 

 
Fig. 3 An illustration of a DNA origami scaffold as-
sembled with three types of fluorophores and 
their response. 
 

5. Macropinoscope: Real-Time Simultaneous 
Tracking of pH and Cathepsin B Activity in Indi-
vidual Macropinosomes 

A fluorescent sensor that allows simultaneous 

analysis of environmental factors in a confined cellu-
lar space is useful for understanding precise molecular 
interactions in living cells and their biological re-
sponses. Macropinocytosis is a ubiquitous endocytic 
pathway for massive uptake of extracellular fluids, re-
sulting in the formation of macropinosomes. Although 
macropinocytosis can affect intracellular delivery and 
cancer proliferation, information on the intracellular 
behavior of macropinosomes is limited. Here, we 
aimed to develop a macropinoscope, a sensor that sim-
ultaneously detects pH and cathepsin B activity in in-
dividual macropinosomes. A macropinosome-specific 
marker, dextran (70 kDa), was used as a platform, onto 
which fluorescein (CF), Oregon Green (OG), and tet-
ramethylrhodamine (CR) were loaded for ratiometric 
pH sensing and imaging. A cathepsin B-cleavable pep-
tide sequence carrying sulfo-Cy5 and the quencher 
BHQ-3 was also loaded; cleavage of the sequence was 
detected as an increase in sulfo-Cy5 fluorescence. A 
steep decrease in pH was observed 5–10 min after 
macropinosome formation, which was accompanied 
by an immediate increase in cathepsin B activity. Our 
design concept will lead to the development of other 
macropinoscopes for the simultaneous detection of 
other parameters in individual macropinosomes.  

 

 
Fig. 4 Illustration of the analysis of simultaneous 
sensing of pH and cathepsin B activity using 
CF/OG/CR/CTSBsub-Dex in live cells. 
 
 

The presented works were supported in part by the 
Grants-in-Aid for Scientific Research (KAKENHI) 
from the Ministry of Education, Culture, Sports, Sci-
ence and Technology (MEXT), Japan to T.M. (No. 
23H02083, and 23K17977) and E.N. (No.20H02860, 
22K19110 and 22H05418). And these works were also 
supported by JST CREST Grant Number 
JPMJCR18H5 to T.M. 
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1. Introduction 

We explore the way how biomolecules such as pro-
teins (involving enzymes) and functional nucleic acids 
(DNA and RNA) work at atomic resolution based on 
structural biology with NMR. We determine both 
static and dynamical structures with the aid of our own 
development of the new methodology and elucidate 
the underlying mechanism of functions of these bio-
molecules. Structural biological approach is also ap-
plied to analyze enzymes involved in degradation of 
wood biomass at atomic resolution. The analysis is 
useful to develop the way to extract energy and valua-
ble materials that can be used as starting materials of 
various products from the wood biomass. Thus, we 
pursue to contribute to the paradigm shift from oil re-
finery to biorefinery. Followings are main research 
achievements in the year of 2023. 
 
2. Structural insights and mutagenesis of Acremo-
nium alcalophilum's feruloyl esterase unveil supe-
rior catalytic activity 

This research provides groundbreaking insights into 
the enzymatic mechanisms and potential 
biotechnological applications of feruloyl esterases 
(FAEs) in the subfamily 5 (SF5), derived from 
Acremonium alcalophilum (AaFaeD). By elucidating 
the crystal structure of AaFaeD's catalytic domain 
(CD) for the first time, both in its free form and when 
complexed with ferulic acid (FA), the study 
illuminates the critical role of a hydrophobic cleft in 
substrate binding and catalysis. This structural 
analysis revealed that FA binds within a distinct 
hydrophobic cleft, leading to targeted mutagenesis 
experiments which demonstrated the significance of 
key hydrophobic residues for enzymatic activity. 
Remarkably, a specific mutant, F120Y, displayed a 
1.5-fold increase in activity towards methyl ferulate 
compared to the wild type. The study's comparison of 
SF5 FAEs with those in subfamilies 2 and 3 
highlighted a broader substrate specificity for SF5 
FAEs, capable of processing both monomeric and 
dimeric phenolic substrates. This capability contrasts 
with the preference of SF2 and SF3 FAEs for 
monomeric substrates, showcasing the unique 
potential of SF5 FAEs in biotechnological 
applications for sustainable biomass degradation. 

These findings significantly advance our 
understanding of SF5 FAEs' structure-function 
relationships and pave the way for exploiting these 
enzymes in developing more efficient methods for 
biomass conversion, contributing to sustainable 
biofuel production and biorefining processes.  

 

 
3. Synergistic effects of co-displayed xylanase and 
feruloyl esterase on Pichia pastoris 

This study explores an innovative approach to 
enhancing lignocellulosic biomass degradation using 
yeast surface display (YSD) technology to co-display 
xylanase (XYN) and feruloyl esterase (FAE) on the 
surface of Pichia pastoris (Komagataella phaffii). By 
engineering three P. pastoris strains—X-Pichia with 
XYN, F-Pichia with FAE, and X/F-Pichia with both 
enzymes—the research examines the synergistic 
action and the impact of enzyme proximity on the 
decomposition of acid-pretreated sugarcane trash. The 
findings reveal a clear synergistic effect when XYN 
and FAE are co-displayed, with X/F-Pichia showing a 
1.5-fold increase in reducing sugar yield compared to 
X-Pichia alone, and a 1.1-fold increase in ferulic acid 
production over F-Pichia or a mixture of X-Pichia and 
F-Pichia. These results highlight the potential of 
enzyme co-display on P. pastoris for significantly 
improving biomass degradation efficiency. The study 
demonstrates the enhanced bioconversion process 
made possible through the strategic co-localization of 
XYN and FAE on the yeast cell surface, facilitating 
effective substrate turnover and increased product 

Figure 1. The determined crystal structure of AaFaeD. 
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yields. This synergistic and proximity effect of co-
displayed enzymes offers a promising avenue for 
efficient and sustainable utilization of lignocellulosic 
biomass, contributing to advancements in 
bioprocessing technologies for biofuel production and 
biorefining, thereby supporting more sustainable and 
environmentally friendly biotechnological 
applications. 
 
4. CsMnP-catalyzed polymerization and condensa-
tion for high-value material synthesis 

This study delves into the catalytic potential of 
manganese peroxidase (MnP) derived from 
Ceriporiopsis subvermispora (CsMnP) for lignin 
modification and its application in Kraft lignin (KL) 
condensation to create high-value lignin-based 
materials. Using guaiacylglycerol-β-guaiacyl ether 
(GGE) as a model compound, CsMnP's ability to 
polymerize the phenolic β-O-4′ lignin substructure 
was explored, revealing the formation of compounds 
with higher molecular weights indicative of 
polymerization. Specifically, NMR analysis of the 
products highlighted the formation of dimeric 
structures through 5-5′ linkages. Further experiments 
with KL demonstrated CsMnP's efficacy in increasing 
the molecular weight of KL by 360% within 24 hours, 
with NMR spectroscopy suggesting condensation 
through α-5′, 5-5′, and 4-O-5′ linkages and a notable 
decrease in phenolic content by 37%. These findings 
underscore the capability of CsMnP to not only 
degrade lignin but also to engineer its structure, 
offering a biotechnological route to valorize lignin 
into more complex and functional materials. The 
successful demonstration of CsMnP-mediated 
condensation reactions provides a promising approach 
for the synthesis of novel lignin-based polymers, 
paving the way for their application in various  

 

 

industries, including materials science and sustainable 
chemistry. This research highlights the versatility of 
MnP enzymes as tools for lignin valorization, 
contributing to the development of environmentally 
friendly and resource-efficient bioprocesses. 
 
5. The structure and interaction with ligands of an 
RNA aptamer targeting HIV-1 Tat in living human 
cells analyzed by in-cell NMR 

An RNA aptamer, which exhibits strong binding to 
the trans-activator of transcription (Tat) protein of 
HIV-1 within living human cells, holds potential as a 
therapeutic drug for HIV. To explore the structure and 
interactions of this RNA aptamer in living cells, in-cell 
NMR serves as a potent method. In this study, we 
investigated the interaction between the RNA aptamer 
and a peptide derived from Tat, which is crucial for the 
aptamer's binding, in living human cells using in-cell 
NMR experiments. The aptamer and the peptide were 
introduced into living HeLa cells, and we obtained in-
cell NMR spectra of the aptamer-peptide complex. 
Through comparison of in vitro and in-cell NMR 
spectra, we discovered that the aptamer forms two U-
A-U base triples upon binding to the peptide, even 
within the cellular environment. These base triples 
expand the originally narrow major groove of the 
aptamer, creating a space to accommodate two critical 
arginine residues of Tat during the binding process. 
Our research rationally explains the high binding 
affinity of the aptamer for the peptide in the cellular 
environment, leveraging both in vitro and in-cell NMR 
analyses. 

 
6. Direct inhibition of human APOBEC3 deami-
nases by HIV-1 Vif 

 HIV-1 Vif is known to counteract the antiviral 
activity of human APOBEC3 (A3), a cytidine 
deaminase. Vif forms a complex called VβBCC, 
comprising CBFβ and the components of E3 ubiquitin 
ligase, Elongin B, Elongin C, and Cullin5. Together 
with the ubiquitin-conjugating enzyme, VβBCC 
induces ubiquitination-mediated proteasomal 
degradation of A3. Here, we elucidated that VβBCC 
inhibits deamination by A3G, A3F, and A3B, 
independently of proteasomal degradation. 
Surprisingly, we discovered that this inhibition for 
A3G is directly attributed to the interaction between 
VβBCC and the C-terminal domain of A3G which was 
not supposed to interact with Vif. Our findings suggest 
that inhibiting the interaction between VβBCC and the 
C-terminal domain, as well as the N-terminal domain 
known to be targeted for ubiquitination, of A3G may 
be needed to prevent counteraction by Vif. 

 
Figure 2. The conversion of GGE catalyzed by 
CsMnP. 
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1. Introduction 

 Structural DNA nanotechnology1 has attracted 
much attention during the past one and a half decades 
due to the addition of the scaffolded DNA origami 
method2 to the field. This method has enabled the syn-
thesis of DNA nanomaterials with a dimension of 
100 nm in diameter, whereas the initially prepared 
non-scaffolded structures were 10 to 20 nm in size. 
Since the invention of scaffolded origami, various 
two- (2D) and three-dimensional (3D) DNA materials 
have been synthesized and self-assembled further to 
create even larger materials in the dimension of mi-
crometers. Due to their self-assembly nature and ad-
dressability, these materials have been used as novel 
scaffolds for nanopatterning of various nanoparticles 
and quantum dots, attachment of carbon nanotubes, 
immobilization of biomolecules such as proteins3 and 
viral capsids, carriers of drugs, a platform for the anal-
ysis of single molecular reactions and processes,4 and 
so on. The specific interest to us is the application of 
these materials as scaffolds for organizing enzyme 
cascades related to biomass energy conversion.3 

Besides the application of origami materials, one 
major issue with these nano-biomaterials is their un-
satisfactory thermal stability, which prevents them 
from being used in various conditions to withstand 
thermal, mechanical, and chemical modifications.5 
For instance, the DNA origami structures that use most 
of the staples of length 32 bases melt below 50 C. 
Similar to the non-scaffolded DNA tube,6 the 3D DNA 
origami structures such as cuboid may also break open 
when deposited on mica or scanned by force-based 
methods such as atomic force microscopy (AFM), and 
disintegrate in deionized water. The biomass product 
contains several carboxylic acids with a pH of 2 to 2.5. 
However, origami materials are stable only between 
pH 4.5-10 but denature at a lower pH.7 The reason for 
the stability issues of the origami materials is the pres-
ence of breaks in the phosphate backbone, the so-
called nicks, in the staple strands. Increasing the staple 
length would improve the thermal stability, but at the 
same time would lead to practical difficulties such as 
increased cost of synthesis, decreased product yield 
and purity, and limitations on the maximum length of 
synthetic oligo DNAs. 

2. Currently available methods 

There have been few reports on stabilizing DNA 
origami structures, including photo-cross-linking us-
ing 8-methoxypsoralen. Another method is the UV 
light-induced cyclobutane pyrimidine dimer for-
mation by placing thymidines nearby within DNA ori-
gami.9 However, these methods are unsuitable where 
native-like DNA is anticipated, as they introduce 
chemical cross-links to the DNA strands. Also, the ir-
radiation of UV light for 1 to 2 h often leads to DNA 
damage. The alternative method is the enzymatic liga-
tion of the nicks,10 which is routinely used in molecu-
lar biology. Enzymatic ligation was also applied for 
the tiny DNA nanostructures such as the DNA nano-
tubes with the size of 10 nm in diameter that contain 
only five nicks or only two sticky ends, DNA triangles 
containing double crossover molecules, four-arm 
DNA junctions, and the DNA triple crossover com-
plexes. Among these structures, the short DNA nano-
tube was ligated with an average efficiency of 68 to 
77%, while no ligation yield was reported for other 
structures. Also, enzymatic ligation is not widely ap-
plied to scaffolded DNA origami. DNA origami struc-
ture is a bundle of tightly packed anti-parallel du-
plexes. Thus, the enzymatic ligation on that is ex-
pected to differ from that of a simple duplex DNA or 
non-scaffolded DNA nanostructures consisting of rel-
atively few ssDNAs. Crystal structures of ligases sug-
gest that the enzymes completely encircle the nicked 
DNA to ligate the nick. The tightly packed DNA ori-
gami may restrict access to the ligase; thus, optimiza-
tion of the conditions and well characterization of the 
ligation is necessary. Further, it is essential to develop 
methods to stabilize DNA origami nanomaterials for 
diverse applications, especially when dealing with en-
zymes involved in biomass energy conversion. 

3. Cosolvent-assisted enhanced enzymatic ligation 
The previous investigations of the effect of organic 

solvents, such as DMSO, on the ligation indicated that 
it increased the extent of the ligation reaction, or 
showed no effect, or increased the specificity while 
decreasing the efficiency. This motivated us to test the 
effect of DMSO and other solvents on the 

Figure 1. Top panel: DNA origami nanomaterials used 
in this study. Middle panel: AFM images indicating the 
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unsatisfactory stability of the origami materials. Bottom 
panel: AFM images of the ligated origami materials in-
dicate improved stability against thermal treatment, nu-
clease digestion, and cell lysate. 

ligation of DNA origami. The initial ligation experi-
ments were carried out with four different 2D DNA 
origami structures, namely rectangle (Rec)2 and 
frame-shaped origami containing 1 (1WF),11 3 
(3WF),12 and 5 wells (5WF, Figure 1, top panel).13 
Several organic solvents were screened to determine 
the best-performing cosolvent on the enzymatic liga-
tion of origami using 1WF. All the staple stands were 
purified to eliminate the kinase inhibitors such as am-
monium and phosphate ions, 5-phosphorylated with 
~100% yield, and utilized to fold M13mp18. After 
folding, the excess staples were removed by spin col-
umn filtration, and the origami was ligated by T4 DNA 
ligase in the absence or presence of cosolvent. To our 
surprise, the ligation proceeded much better and re-
sulted in near-quantitative ligation in the presence of 
DMSO when compared to ligase alone. Additionally, 
we confirmed that only DMSO successfully enhanced 
the enzymatic ligation of origami, and other organic 
solvents failed to do so. As we anticipated, the ligated 
origami resulted in much better stability of the origami 
materials against various treatments (Figure 1, middle 
and bottom panels). 

4. Chemical method to stability the DNA origami 

CNBr was used to ligate the origami staples chem-
ically. Agarose gel electrophoresis (AGE) was used to 
characterize the ligation reaction. The chemically li-
gated origami migrated faster than the native and en-
zymatically ligated origami. This indicated that the 
chemical ligation method is more efficient than other 
methods. Moreover, the chemical ligation reaction 
was completed within 5 min, highlighting the ad-
vantage over enzymatic ligation, which typically re-
quires overnight reaction time for saturation. Reaction 
conditions were carefully adjusted to optimize the li-
gation yield. As a result, the highest possible ligation 
efficiency, exceeding 90%, was achieved under the 
optimized conditions. This ligation method improves 
the structural stability up to 30ºC, enhances stability 
during electrophoresis and subsequent extraction, and 

provides resistance against nuclease and cell lysate. In 
addition to its superior efficiency, this method is 
straightforward and non-tedious, with a cost ad-
vantage over other methods, making it an attractive 
option.14 

5. Conclusions 

Our study demonstrates the use of organic solvent 
on enzymatic ligation and chemical ligation as effi-
cient methods for nick ligation in DNA origami nano-
materials. We could ligate staple nicks in origami with 
near-quantitative yields by optimizing the reaction 
conditions. These methods were successfully tested on 
four different 2D DNA origami structures. The ad-
vantages of using CNBr-mediated ligation include a 
faster reaction time of just 5 min, along with quantita-
tive reaction yields and native phosphate ligation. Ad-
ditionally, the ligation of origami using these methods 
enhances their stability against thermal treatments, 
during electrophoresis and purification, and provides 
resistance against nuclease and cell lysate. Overall, 
our findings suggest two highly effective methods for 
achieving efficient and stable nick ligation in DNA 
origami, with potential applications in biomass-related 
enzymes in particular and in nanotechnology, bio-
physics, and synthetic biology in general. 
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1. Introduction 

We are engaged in research aimed at new applica-
tions of energy over a wide range of spatiotemporal 
scales. For magnetic field energy and plasma energy, 
we are working on establishing powerful and precise 
magnetic field control methods, pioneering new local 
high field and strong gradient applications, optimizing 
fusion plasma confinement by magnetic fields, and 
clarifying plasma transport phenomena. 
 
2. Generation of strong periodic magnetic field 

Synchrotron radiation is produced when charged 
particles are accelerated. If the acceleration is period-
ically applied by a device that generates a periodic 
magnetic field, so called an undulator, intense syn-
chrotron radiation can be obtained via interference. 
Therefore, generation of strong and precise periodic 
magnetic field is quite attractive to develop high per-
formance future synchrotron light sources. The reso-
nant wavelength of the emitted radiation from planer 
undulator R can be expressed using period length of 
the undulator U, energy of the electron beam E, and 
the maximum transverse magnetic field strength of the 
undulator B0 as following equations (1) and (2). 

 

 

. 

Here,  is the Lorentz factor, K is the undulator param-
eter which determines property of radiation, e is the 
charge of the electron, m0 is the mass of electron, and 
c is the speed of light. The unit of wavelength is Å, 
undulator period length is cm, electron energy is GeV, 
and magnetic field is Tesla respectively. According to 
Eq. (1), use of high energy electron beam is essential 
to generate short wavelength synchrotron lights. Thus, 
high brightness hard X-ray higher than 10 keV, which 
play an important role in material science, has been 
provided mainly at 6-8 GeV-class large synchrotron 
radiation facilities such as SPring-8 or high-energy 
linac facilities such as SACLA. In order to increase 

usability of the hard X-ray, new innovative technology 
for generation of hard X-rays in a compact and energy-
saving 3 GeV-class accelerator facilities is desired. 
Therefore, we focused on bulk superconductors, 
which can handle ultra-high currents, and have been 
working on an innovative undulator that enable to gen-
erate hard X-ray even at the 3 GeV-class accelerator 
facility. 

The new undulator consists of stacked bulk high 
critical temperature superconductor array and a 6 T 
superconducting solenoid magnet. In this year, we 
have developed a hybrid array structure consisting 
bulk GdBaCuO superconductor and vanadium 
permendur. Photograph of the new undulator proto-
type and the hybrid array is shown in fig. 1. Magnetic 
field performances were widely surveyed for different 
period length, structure, and operating temperature 
(fig. 2)  

 
Fig. 1  (a) Photograph of the new unduloator proto-

type and (b) the new hybrid stacked array. 

 
Fig. 2  Performance comparison 
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undulators, the performance of this type of undulator 
is about twice as high at 20 K and about three times as 
high at 10 K over a wide range of gap/period ratios. 
 
3. Introduction 

The transport barrier formation in magnetic con-
finement plasmas has been the central topic for 
achieving fusion reactor. Especially, the internal 
transport barrier (ITB) is essential for steady-state op-
eration in tokamaks, because the ITB drives plasma 
current to keep the plasma confinement stable. Con-
ventionally, the ITB is formed due to local turbulence 
suppressions, however, several experiments suggest 
the global dynamics of ITBs that extend beyond the 
range of turbulence reduction regions. Based on these 
backgrounds, we have investigated the global 
transport effect on the ITB formation observed in JT-
60U tokamak plasmas [1].  

 
 
4. Impact of avalanching transport on the internal 
transport barrier (ITB) formation 

We have investigated the avalanche type of 
transport, which is a domino-like event that propa-
gates sequentially to neighbors via local critical exci-
tations. Since avalanches can propagate with a long-
radial distance, the study of avalanches could provide 
new insights into the formation mechanism of the ITB.  

In this experiment, the power of the neutral beam 
(NB) injection was scanned to investigate the ITB 
transition in JT-60U plasmas, with NB powers of 8, 10, 
11 and 12 MW. We have detected the avalanche events 
from density fluctuations measured by reflectometer. 
As shown in Fig. 1, density fluctuation level is in-
creased when the NB power reaches 10 MW. In addi-
tion, the density fluctuation intermittently increases in 
time, showing a bursty feature. The bursty increases 
of density fluctuations, called as bursty fluctuation 
(BF), are synchronized to the large avalanche events 
in electron temperature fluctuations measured by elec-
tron cyclotron emission (ECE) diagnostics. At the av-
alanche events, the electron temperature fluctuation 
indicates void (δTe < 0) and bump (δTe > 0), prop-
agating in opposite direction to relax the electron tem-
perature gradient.  

When qmin (minimum value of the safety factor) 
crosses the rational surfaces, a transient increase of 
temperature is phenomenologically observed in toka-
maks. Similar to the previous studies, electron temper-
ature is increased when qmin reaches 5 (Fig. 3). The Te 
increases were transient in the 8, 10, and 11 MW dis-
charges, whereas the Te increase was continuous in the 
12 MW discharge and finally reached the stationary 
ITB. The BFs continuously and partially appeared in 
the 10 and 11 MW discharges, whereas they were 
completely decreased in the 12 MW discharge. Espe-
cially in the 11 MW discharge, the short-time decay of 
the electron temperature is synchronized to the BFs. 

From these results, we found that the formation of ITB 
is disturbed by the occurrence of avalanches.  
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Fig. 3 Temporal evolution of BFs and electron tem-
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1. Introduction 

The relationship between energy resource con-
sumption and environmental protection is crucial to 
developing a sustainable society. Despite our heavy 
reliance on fossil energy, there is concern that green-
house gas emissions are disrupting the harmony of the 
global environment. Additionally, environmental pol-
lution continues to be the shadow of civilization's pro-
gress due to the energy consumption of fossil fuels. 
One of the solutions is to develop a practical method 
that uses 'enzymes' derived from environmental mi-
croorganisms with high energy utilization efficiency 
in catabolism. Meanwhile, we are also working on 
sustainable agricultural techniques, which are the 
source of life energy. We are collaborating with aca-
demics, biotechs, and university start-ups globally to 
network research towards the social implementation 
of our technologies. 

 
2-1. Two-compositely microbial catalysts effi-
ciently degraded polychlorinated biphenyls. 

We have developed a composite microbial catalyst 
that can efficiently degrade polychlorinated biphenyls 
(PCBs), well-known pollutants found widely in the 
environment. Biphenyl dioxygenase (BDO) plays a 
crucial role in the degradation of PCBs. It incorporates 
two oxygen atoms into the PCB's aromatic ring, which 
then induces aromatic ring cleavage. In more techno-
logical detail, our laboratory has designed a composite 
catalytic enzyme consisting of two BDOs with 

different substrate specificities. We have also forged a 
bioreactor that generates oxygen microbubbles to en-
hance the enzymatic activities of BDOs. With these 
innovations, we have constructed a practical system 
that degrades 99.3% of 40 mg L-1 of domestic major 
commercial PCBs (Kanechrol KC-300 and KC-400 of 
KANEKA CORP.) in 24 hours. This result meets the 
waste disposal measure defined by the Ministry of the 
Environment Government of Japan (Figure 2).  
 
2-2. Several bacterial species associated with PCB 
dechlorination were genetically identified at PCB-
contaminated sites. 

We have been developing an artificial enzyme that 
can dechlorinate PCBs by two-electron reduction. To 
do this, we collected sediments from freshwater pit 
pools contaminated with PCBs in the Yodogawa riv-
erside in the Osaka area and investigated whether bac-
teria associated with PCB dechlorination exist.  

According to 16S rRNA gene phylogenetic analy-
sis, it has been observed that Dehalobacter sp. and 
Desulfitobacterium sp. are present in that specific lo-
cation. Wang and He (Environ Sci Technol, 2013) 
have reported that "Deharobacter" can dechlorinate 
penta- and hexa-chlorinated biphenyls while "Desul-
fitobacterium" can dechlorinate tetra-chlorinated 

 
Figure 2: Gas chromatography-quadrupole 
mass spectrometer data show the degradation 
of PCBs by the composite BDOs-microbial cat-
alyst. 

 
Figure 1: The composite BDOs-microbial catalyst 
was tested in a dedicated experimental bioreactor 
with an oxygen microbubble generation device. 
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biphenyls that are hydroxylated at the para position. 
We successfully prepared the medium for growing 

two specific bacterial species and developed a suitable 
cultivation method. In addition, we observed that 
these bacterial species can reduce PCBs in an artificial 
model of a polluted environment. Even today, after a 
decade of starting this investigation, we continue to 
observe their long-term effects to confirm the accu-
racy of our results. 
 
3-1. A new protein secreted by Rhizoctonia solani 
suppresses filamentous fungi growth. 
 Rhizoctonia solani is a filamentous fungus belong-
ing to the phylum Basidiomycota. This fungus is well-
known for its ability to infect and cause severe dis-
eases in many crops, such as rice sheath blight, which 
significantly impacts paddy-rice production. The ex-
act mechanism by which this phytopathogenic fungus 
infects plants has yet to be fully understood. However, 
studies have shown that when wheat bran is added to 
the growth medium, this fungus secretes glycosidases 
that digest plants and fungi cell walls. Our team has 
discovered a new protein secreted from R. solani when 
cultured with wheat bran as a solid medium. This pro-
tein has a molecular weight of approximately 10 kDa 
and exhibits anti-fungal properties against filamentous 
fungi. We reported this finding for the first time at the 
2023 Annual Meeting of the Japan Society for Biosci-
ence, Biotechnology, and Agrochemistry1. This pro-
tein inhibited the growth of Fusarium fujikuroi, an-
other phytopathogenic filamentous fungus belonging 
to the phylum Ascomycota. It was suggested that this 
protein also inhibited conidium formation and germi-
nation of F. fujikuroi. 
 After conducting an amino acid sequence analysis, 
it was found that the partial amino acid sequence of 
this protein suggests that it has an unknown function. 
Additionally, the full-length amino acid sequence of 
the protein was deduced after investigating the whole 
genome sequence of the R. solani strain that produces 
it. The BLAST search results on this sequence also 
suggested that the protein has an unknown function. 
 According to the process and sequence analysis of 
the cDNA that encodes this protein, the complete 
amino acid sequence of the protein was found to be 
122 residues. The mature protein's amino acid se-
quence, which excludes the assumed signal peptide se-
quence, was 88 residues in length. Based on this infor-
mation, the estimated molecular weight of this protein 
was 9648.24. Furthermore, this particular antifungal 
protein has made us aware of unique structural fea-
tures in its primary amino acid sequence that have 
never been reported. The protein consists of 88 resi-
dues and has a double-repeat structure of 41 residues, 
with a high homology of 92% across the central 6 
amino acid residues. The functional role of such repet-
itive sequences still needs to be better understood. We 
have named this antifungal protein "Double-

Repeating Homologous Sequence Anti-Fungal Pol-
ypeptide (DRHS-AFP)." 
 
3-2. The completion of the genetic recombination 
of DRHS-AFP and investigation of its antifungal 
spectrum. 

We have designed a system for expressing DRHS-
AFP as genetically recombinant proteins. The DRHS-
AFP gene was amplified by PCR and encoded the ma-
ture protein's 88 residues with an additional initiation 
of methionine. Then, we inserted this DRHS-AFP 
gene into the pET-15b, E. coli expression vector, to 
create the DRHS-AFP expression plasmid, pEp10. Fi-
nally, we transformed the E. coli host strain 
BL21(DE3) with pEp10 for the protein expression. 

The efficacy of recombinant DRHS-AFP in con-
fronting filamentous fungi that typically infect paddy 
rice was tested. The pathogens tested included 
Fusarium fujikuroi (Figure 3), Trichoderma viride, 
Pyricularia oryzae, Pythium sp., Rhizoctonia solani, 
and Rhizopus microsporus. The results indicated that 
the genetically modified DRHS-AFP had a growth-
suppressive effect on F. fujikuroi and T. viride. Like-
wise, it was suggested that the anti-filamentous fungal 
activity of the genetically modified DRHS-AFP was 
equivalent to that of the native DRHS-AFP. 

  
< Reference > 
1. Kawamura S., Arima K., Takatsuka Y., Yamagishi 

J., Hara T., Isolation of a novel 10 kDa anti-fungal 
protein that specifically acts on filamentous fungi 
of Ascomycota., the 2023 annual meeting of the 
Japan Society for Bioscience, Biotechnology, and 
Agrochemistry., March 15, 2023, webinar. 

Figure 3. The anti-filamentous fungal activity of 
genetically recombinant DRHS-AFP. 
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1. Introduction 
In order to achieve carbon neutrality by 2050, we need 

to develop new energy systems that include active carbon 
dioxide fixation processes in addition to "zero-emission" 
technologies. Our research center is conducting research 
on such carbon negative technologies. To be specific, we 
are working on the conversion of carbon dioxide into use-
ful materials by using renewable energy and biomass, etc. 

In this fiscal year, we have investigated the conver-
sion of CO2 into carbon material by molten salt electro-
chemical process. We have also studied CO2 fixation re-
action which is facilitated by an enzyme called ribulose 
1,5-bisphosphate carboxylase/oxygenase (RuBisCO). 

 
2. Conversion of CO2 into Carbon Material by Molten 
Salt Electrochemical Process 

As one of the Carbon dioxide Capture and Utilization 
(CCU) technologies, the electrochemical synthesis of car-
bon in molten salts is attracting much attention [1]. By 
using molten salts containing O2− ions, CO2 can be cap-
tured as CO3

2− ions.  
CO2 + O2− → CO3

2− 

Then, CO3
2− can be reduced to carbon as follows. 

CO3
2− + 4e− → C + 3O2− 

Many allotropes of carbon, for example, diamond [2], 
amorphous carbon, graphite, carbon nanotubes, and car-
bon nanofibers have been electrodeposited in molten salt. 
In this fiscal year, the electrodeposition of carbon from 
molten LiCl–KCl–K2CO3 was conducted at various po-
tentials (0.6–1.0 V vs. Li+/Li) and temperatures(773–973 
K) to investigate the effect of electrolysis conditions on 
carbon deposition. 

Fig. 1 shows the transitions of current density during 
electrolysis. The current density increased as the potential 
became negative. The photograph of a typical sample on 
a Ni substrate is shown in Fig. 2. The black deposits were 
attached to the substrate and the black powders were ob-
tained after washing. Fig. 3 shows the Raman spectrum 
of the sample obtained at 0.80 V. Broad bands attributed 
to the D-band (around 1350 cm−1) and G-band (around 
1570 cm−1) are observed. These spectra are specific to 
amorphous carbon, which has both sp2 and sp3 hybrid or-
bital. There is no significant difference in the electrode-
posited carbon at the different potentials and tempera-
tures. 

 
 
 
 
 

 
 
 
 
 
 
 

 
Fig. 1. Transitions of current density during the elec-
trolysis at 0.60 V, 0.80 V, and 1.00 V in molten LiCl–
KCl–K2CO3 at 973 K. 

 
 

 
 
 
 
 
 
 

 
Fig. 2. Photographs of the sample electrodeposited by 
potentiostatic electrolysis at 0.6 V for 30 min at 873 
K in molten LiCl–KCl–K2CO3. (a) As electrodepos-
ited, (b) after washed. 
 
 
 
 
 

 
 
 
 
 
 
 

 
Fig. 3. Raman spectra of carbon electrodeposited at  
0.80 V in molten LiCl–KCl–K2CO3 at 973 K. 
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Table 1 summarizes the current efficiencies of carbon 
deposition under various potentials and temperatures. 
High current efficiencies of 89–98% were achieved at 
773 and 873 K. On the other hand, the current efficiencies 
tended to decrease at 973 K. This may be because, at 973 
K, the current used for carbon monoxide generation in-
stead of carbon deposition increased. 
    
3. Novel Process for Carbon Fixation Reaction 

RuBisCO enzyme, the most abundant enzyme on 
earth, catalyzes the primary CO2 fixation reaction in 
plants, algae, and bacteria via the Calvin–Benson–
Bassham (CBB) pathway. This enzyme catalyzes two 
competing reactions: (1) carboxylase reaction producing 
3-phosphoglycerate (3-PGA) from ribulose 1,5-bisphos-
phate (RuBP), CO2, and H2O, and (2) oxygenase reaction 
adding O2 to RuBP, resulting in 3-PGA and 2-phospho-
glycolate. The oxygenase reaction reduces photosynthe-
sis efficiency. Furthermore, RuBisCO is an enzyme that 
has low turnover efficiency. 

As one of RuBisCOs, T. kodakaraensis KOD1, or Tk-
RuBisCO enzyme shows extreme thermostability, high 
carboxylase activity, and specificity at a high-temperature 
range. This suggests that the enzyme's stable protein scaf-
fold can tolerate higher degrees of mutations at ambient 
temperatures compared to other types. These outstanding 
properties make Tk-RuBisCO an attractive target for 
structure-function studies and protein engineering to im-
prove CO2 fixation activity. 

By using the recombinant Tk-RuBisCO, an initial ex-
amination as to whether a Tk-RuBisCO could extend the 
substrate rather than RuBP. A Tk-RuBisCO was ex-
pressed in E. coli and used for CO2 fixation activity after 
purification (Fig. 4). Activity was investigated and con-
firmed with two different substrates such as RuBP and 
ribulose 5-phosphate (Ru5P) via the NADH-linked spec-
trophotometric assays using GAPDH coupling enzymes 
for measuring RuBisCO activity. 

Fig. 5 shows the enzymatic activities of Tk-RuBisCO 
that 3-PGA was produced. Along with the native RuBP 
substrate, significant levels of CO2 fixation activity were 
observed as a result of the increase in 3-PGA production 
(Fig. 5a). On the other hand, the 3-PGA production de-
tected from an alternative Ru5P substrate (Fig. 5b) was 
lower than that of the native substrate one. That could be 
a lack of affinity for Ru5P compared to RuBP. Thus, the 

activity could be observed only at a high concentration of 
Ru5P.   
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Table 1 Current efficiencies in the electrodeposition 
of carbon in molten LiCl–KCl–K2CO3 at various elec-
trolysis conditions. 
 

 0.4 V 0.6 V 0.8 V 

773 K 97% 94% 98% 

873 K 89% 93% 91% 

973 K 61% 71% 72% 
 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 5. The production of 3-PGA from CO2 fixation re-
action is catalysed by Tk-RuBisCO using native RuBP 
(a) and alternative Ru5P (b) substrates. 

 
 

 
 
 
 

 
 
 
 

 
Fig. 4. SDS-PAGE analysis of Tk-RuBisCO. 
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Nagata, M. Katahira, Highly efficient decomposition of 
beech wood lignin by lignin peroxidase using a mem-
brane reactor, The 7th International KBMSS Symposium 
/ 521st Sustainable Humanosphere Symposium, 京都大
学宇治キャンパス, 2024.1.30 
 
A. Phienluphon, K. Kondo, B. Mikami, K. Teo, K. Saito, 
T. Watanabe, T. Nagata, M. Katahira, Structure-function 
relationship of fungal feruloyl esterases towards 
destarched wheat bran, The 7th International KBMSS 
Symposium / 521st Sustainable Humanosphere Sympo-
sium, 京都大学宇治キャンパス, 2024.1.30 
 
八木勇成, 大賀恵利, 近藤敬子, 岡野啓志, 渡辺隆
司, 永田崇, 片平正人, 選択的白色腐朽菌の溶解性
多糖モノオキシゲナーゼを用いたサトウキビ収穫
廃棄物パルプの分解, 日本農芸化学会, 東京農業大
学世田谷キャンパス, 2024.3.24-27 
 
荒木優衣, 斉藤頼昌, 近藤敬子. 片平正人, 武田穣, 
混合栄養硫黄酸化細菌 Thiothrix nivea の酢酸代謝
に及ぼす硫化水素の影響, 日本農芸化学会, 東京農
業大学世田谷キャンパス, 2024.3.24-27 
 
S. Chuaychob, Novel Process for Carbon Fixation Reac-
tion Inspired by Natural Photosynthesis, 第 14 回エネ
ルギー理工学研究所国際シンポジウム, 京都大学
宇治キャンパス, 2023.9.1 
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S. Chuaychob, W. Hou, M. Shimizu, S. Nakano, A. Ra-
jendran, E. Nakata, T. Morii, Mechanism of RNA Protein 
Aggregate Formation as a Cause of Triplet Repeat Dis-
ease, 第 16 回バイオ関連化学シンポジウム, 東京理
科大学野田キャンパス, 2023.9.8-10 
 
S. Chuaychob, W. Hou, M. Shimizu, S. Nakano, A. Ra-
jendran, E. Nakata, T. Morii, In Vitro Study of Aggregate 
Formation between CUG Repeat RNA and MBNL1 Pro-
tein, 第 50 回国際核酸化学シンポジウム (2023 IS-
NAC), Miyazaki Civic Plaza, 2023.11.1 
 
S. Chuaychob, W. Hou, M. Shimizu, S. Nakano, A. Ra-
jendran, P. Lin, E. Nakata, T. Morii, In Vitro Model of a 
Triplet-Repeat RNA Disease in Myotonic Dystrophy 
Type 1 Utilizing DNA Nanostructures, The 49th Interna-
tional Congress on Science, Technology and Technology-
based Innovation (STT 49), Songkhla, Thailand, 
2024.1.24 
 
S. Chuaychob, W. Hou, M. Shimizu, S Nakano, A. Rajen-
dran, E. Nakata, T. Morii, In vitro model of RNA-Protein 
aggregates in myotonic dystrophy type 1, 日本化学会 
第 104 春季年会, 日本大学理工学部, 2024.3.20 
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Award 

 

Incentive Award in the 19th AESJ Kansai 
meeting 

 
Advanced Atomic Energy Research Section 

Toshiro Sakabe (D3) 
 
The 19th Atomic Energy Society of Japan (AESJ) 

Kansai meeting, sponsored by the Kansai Branch of 
AESJ, was held on 4th March 2024 at the Osaka Sci-
ence and Technology Center. This event provides 
young researchers and students in nuclear fission and 
fusion science and engineering and the surrounding 
area an opportunity to present their works. 

Mr. Toshiro Sakabe (D3) attended and made an 
oral presentation titled "Effect of the water-cooling 
feedthrough system for the cathode on the neutron 
production rate in the discharge type of fusion neutron 
source". He presented the effect of the cathode cooling 
system on the neutron production rate in the glow dis-
charge type of DD fusion neutron source. In this meet-
ing, he received the Incentive Award from the Kansai 
Branch of AESJ. 

 

 

 

Best Presentation Award in the 17th 
JEMEA Symposium 
 

Advanced Atomic Energy Research Section 
Hiroyuki Tamiya (D2) 

 
Hiroyuki Tamiya was awarded Best Presentation 

from the Japan Society of Electromagnetic Energy 
Applications (JEMEA) on January 27th, 2024. Best 
Presentation is annually given to a researcher who has 
achieved outstanding academic results in the field of 
electromagnetic energy applications. He was awarded 
this prize for the achievements of “Novel Reactions in 
Microwave Heating of Cellulose with Magnetite and 
Their Applications”. 

In his award lecture, which was held on October 
26th, 2023 at Kitakyushu International Conference 
Center, he presented the effects of microwave heating 
of cellulose with magnetite and steam feeding. A se-
ries of descriptions of needs, equipment assembly, and 
product analysis were highly evaluated for a presenta-
tion award. 
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Award 

 

Student Poster Award in the 14th 
International Symposium of Advanced 
Energy Science 
 

Functional Materials Science and Engineering 
Research Section 

Kaichi Teranishi (M2) 
 

The 14th International Symposium of Advanced 
Energy Science was held on August 30- September 1st, 
2023, jointly by the Institute of Advanced Energy, 
Kyoto University and Joint Usage/Research Center 
for Zero-Emission Energy Research. This event pro-
vides young researchers and students an opportunity 
to present their works on energy science related to 
zero-emission energy. 

Kaichi Teranishi (M2) made a poster presentation at 
the symposium with the topic of “Exciton effects at 
high temperatures in the transmittance spectra of sin-
gle-walled carbon nanotube membranes”. His presen-
tation was highly evaluated, and he received the Stu-
dent Poster Award. His research provides the basis for 
exploiting exciton effects in carbon nanotubes for 
highly efficient solar and thermal energy harvesting 
technologies. 

 

 
 
 

Student Poster Award in the 14th 
International Symposium of Advanced 
Energy Science 
 

Functional Materials Science and Engineering 
Research Section 
Zhirui Liu (M2) 

 
The 14th International Symposium of Advanced 

Energy Science was held on August 30- September 1st, 
2023, jointly by the Institute of Advanced Energy, 
Kyoto University and Joint Usage/Research Center 
for Zero-Emission Energy Research. This event pro-
vides young researchers and students an opportunity 
to present their works on energy science related to 
zero-emission energy. 

Zhirui Liu (M2) made a poster presentation at the 
symposium with the topic of “Fabrication and optical 
properties of high-purity carbon nanotube membrane 
without far-infrared absorption”. His presentation was 
highly evaluated, and he received the Student Poster 
Award. His research provides the basis for exploiting 
high purity carbon nanotubes for efficient solar and 
thermal energy harvesting technologies. 

 
 

 

– 116 –



Award 

 

Student Poster Award in the 14th 
International Symposium of Advanced 
Energy Science 
 

Functional Materials Science and Engineering 
Research Section 

Hengkai Wu (D1) 
 

The 14th International Symposium of Advanced 
Energy Science was held on August 30- September 1st, 
2023, jointly by the Institute of Advanced Energy, 
Kyoto University and Joint Usage/Research Center 
for Zero-Emission Energy Research. This event pro-
vides young researchers and students an opportunity 
to present their works on energy science related to 
zero-emission energy. 

Hengkai Wu (D1) made a poster presentation at the 
symposium with the topic of “Determination of the 
complex refractive index spectra of single-structure-
enriched carbon nanotube membrane toward solar en-
ergy harvesting and utilization”. His presentation was 
highly evaluated, and he received the Student Poster 
Award. His research provides important information 
necessary for the practical utilization of carbon nano-
tubes in various thermal and optical applications in-
cluding solar thermal energy harvesting.  
 

 
 

Young Scientist Poster Award in the 65th 
Fullerenes-Nanotubes-Graphene General 
Symposium 

 
Functional Materials Science and Engineering  

Research Section 
Hayato Nakamura (M2) 

 
The 65th Fullerenes-Nanotubes-Graphene General 

Symposium was held on September 4th–6th, 2023. This 
conference provides researchers and students an op-
portunity to present their recent studies on nano-
materials science. 

Hayato Nakamura (M2) made a poster presentation 
at the symposium with the topic of “Photolumines-
cence excitation spectroscopy on carbon nanotubes 
synthesized by fullerene coalescence in boron nitride 
nanotubes”. His presentation was highly evaluated, 
and he received the Young Scientist Poster Award. His 
work revealed that the exciton properties of carbon 
nanotubes with a protective shell layer of boron nitride 
can be maintained in their aggregates, providing a ba-
sis for exploiting the quantum effects of carbon nano-
tubes in bulk materials at high temperatures. 
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Award 

 

Student Session Outstanding Achievement 
Award in the Japan Society of 
Maintenology (Prize for Outstanding 
Achievements) 

 
Advanced Energy Structural Materials 

Research Section 
Sakura Nishikawa (M2) 

 
The Japan Society of Maintenology was founded 

in 2003 to establish “Maintenology” of nuclear power 
plants, other complex artifacts, and the natural 
environments, emerged by collecting a wide variety of 
information and knowledge of engineering, 
technology, natural science, sociology.  

At the 2023 annual meeting of this society held at 
Tohoku University on August 27, 2023, Sakura 
Nishikawa provided an oral and poster presentation on 
"Validation of the Advanced prediction method for 
Irradiation Embrittlement using Deep Learning 
Technique". This is an effort to explore a new method 
for predicting irradiation embrittlement, and although 
the data is small, it is highly innovative research that 
applies the latest machine learning techniques to 
material irradiation embrittlement data. Her talk 
attracted a lot of attention at the meeting, and her 
presentation eventually won the Student Session 
Award, “Prize for Outstanding Achievements”. 
 

(Nishikawa is in the middle) 
 
 
 
 
 
 
 
 
 
 
 
 

Student Session Outstanding Achievement 
Award in the Japan Society of 
Maintenology (Prize for originality) 

 
 

Advanced Energy Structural Materials 
Research Section 

Yu Shi (M2) 
 

The Japan Society of Maintenology was founded 
in 2003 to establish “Maintenology” of nuclear power 
plants, other complex artifacts, and the natural 
environments, emerged by collecting a wide variety of 
information and knowledge of engineering, 
technology, natural science, sociology.  

At 2023 annual meeting of this society held at 
Tohoku University on August 27, 2023, Yu Shi 
provided the oral and poster presentations on 
"Molecular dynamics evaluation of microscopic crack 
growth conditions”. His and his co-workers’ effort is 
to explore the conditions for the propagation of small 
cracks in metallic materials under external stress from 
the microscopic point of view. Their effort received 
high attention from the many reviewers, and his 
presentation eventually won the Student Session 
Award, “Prize for Originality”. 
 

 
(Shi is on the far right.) 
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Award 

 

Student Poster Session Encouragement 
Award in the Atomic Energy Society of 
Japan Student Network 

 
 

Advanced Energy Structural Materials 
Research Section 

Sakura Nishikawa (M2) 
 

The Atomic Energy Society of Japan was founded 
in 1959 as the only organization in Japan that aims to 
contribute towards progress in the development of 
atomic energy by seeking academic and technological 
advances pertaining to the peaceful use of atomic 
energy.  

In the 2023 Annual Fall Meeting held at Nagoya 
University, Sakura Nishikawa made a poster 
presentation on her and her coworkers’ effort on 
“Validation of Advanced Prediction Methods for 
Irradiation Embrittlement using Machine Learning 
Techniques”. Her presentation was highly praised by 
the reviewers and finally received the Student Session 
Encouragement Achievement Award for their creative 
research using Machine Learning and Material multi-
scale modelling techniques. Their research will be the 
beginning of a fundamental change in the 
methodology for predicting irradiation embrittlement 
soon. 

 
 
 
 
 
 
 
 

Atomic Energy Society of Japan 2023 Fall 
Meeting Atomic Energy Society of Japan 
Student Network Excellent Prize 

 
 

Advanced Energy Structural Materials 
Research Section 

Chen Yuting (D3) 
  

The Atomic Energy Society of Japan 2023 Fall 
Meeting Organized by the Atomic Energy Society of 
Japan was held at Nagoya University on September 6, 
2023. The student poster section aims to provide more 
opportunities for students in the nuclear field to 
display and communicate. 

Chen Yuting attended and made a poster 
presentation on the topic of " Mechanisms for the 
Generation of Large-Size Clusters in Cascade 
Collisions: Insights from Molecular Dynamics 
Simulations". This poster mainly discusses the 
generation process and mechanisms of defect clusters 
generated in nuclear power plant structural materials 
during the irradiation process. 

Her presentation was highly focused and 
eventually received Atomic Energy Society of Japan 
Student Network Excellent Prize.  
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Award 

 

Outstanding Poster Award, The 3rd 
Student Research Presentation Meeting 
in Institute of Advanced Energy, Kyoto 
University 

 
Advanced Energy Structural Materials 

Research Section 
Sakura Nishikawa (M2) 

 
The 3rd IAE Student Research Presentation 

competition, which was sponsored by the Institute of 
Advanced Energy (Kyoto University), was held on 
December 8 (Fri.), 2023. 

Sakura Nishikawa provided the poster 
presentation on “Advanced Methods for Predicting 
Irradiation Embrittlement using Machine Learning”. 
Her and her coworkers’ efforts are to explore the new 
methodology to predict irradiation embrittlement by 
using machine learning and material multi-scale 
modelling techniques. Her presentation was highly 
focused, and eventually won the Poster Award from 
Institute of Advanced Energy, Kyoto University. 

 

 
 
 
 
 
 
 
 
 
 
 

2023Best Figure Prize, Materials Scienece 
and Technology Division, Atomic Energy 
Society of Japan 

 
 

Advanced Energy Structural Materials 
Research Section 

Kazunori Morishita (Associate Professor) 
 
 Kazunori Morishita, along with Dr. Yoshiyuki 
Watanabe of National Institute for Quantum Science 
and Technology (QST), was awarded for the 2023 
Best Figure Prize from Materials Science and 
Technology Division, Atomic Energy Society of Japan. 
This award is annually given to those who have left 
behind academic drawings that are recognized to have 
had a significant impact on the progress of research on 
nuclear materials. This year, Watanabe and Morishita 
drew a thoughtful illustration, clearly showing the 
quantitative difference in cavity formation in materials 
irradiated at various irradiation fields, which were 
obtained their kinetic rate theory analysis. The title of 
their work is “the irradiation field-dependence of void 
swelling behavior in ferritic steel: kinetic rate theory 
analysis incorporating cavity nucleation behavior”. 
Their work was highly acclaimed by the division 
reviewers, and they eventually received this prize. The 
award ceremony was held on March 28, 2024, at the 
annual division meeting held at Kindai University, 
Osaka. 
 

 
(Morishita is on the left, and Watanabe is on the right.) 
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Award 

 

Young Researcher’s Award in the 5th 
Conference of 2.5 D Materials 

 
 

Optical Nano-science Research Section 
Shuichi Asada (D1) 

 
The 5th Conference of 2.5 D Materials was held 

on July 2nd and 3rd, 2023 at Osaka University, orga-
nized by the Grant-in-Aid for Transformative Re-
search Areas (A) “Science of 2.5 Dimensional Mate-
rials: Paradigm Shift of Materials Science Toward Fu-
ture Social Innovation”. The conference provides 
young researchers and students in the field of related 
research fields to present their works. 
Shuichi Asada (D1) attended and made a poster 
presentation on the topic of “Study of nonlinear pho-
tovoltaic effect and magnetic correlation at 
MoS2/CrPS4 heterointerface”. In this presentation, he 
was awarded the Young Researcher’s Award from the 
Grant-in-Aid for Transformative Research Areas (A) 
“Science of 2.5 Dimensional Materials: Paradigm 
Shift of Materials Science Toward Future Social Inno-
vation”. 
 

 
 

Award for encouragement of research at 
The 64th Fullerenes-Nanotubes-
Graphene General Symposium 

 
Optical Nano-science Research Section 

Wang Haonan (D3) 
 
The 64th Fullerenes-Nanotubes-Graphene General 

Symposium was held by the Fullerenes, Nanotubes 
and Graphene Research Society on March 1-3, 2023 
at Nagoya University. Wang Haonan (D3) attended 
and made a poster presentation on the topic of “Obser-
vation of a single moiré exciton in nano-fabricated 
twisted MoSe2/WSe2 heterobilayers”. 

He received the award for encouragement of re-
search from the Fullerenes, Nanotubes and Graphene 
Research Society. 
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Award 

 

Oral Presentation Award (Green 
Chemistry Award) at The 13th ionic liquid 
symposium 

 
Chemical Reaction Complex Processes 

Research Section 
Takayuki Yamamoto (Assistant Professor) 

 
The 13th ionic liquid symposium was held on 

21st–22nd November, 2023 at Niigata, Japan, which 
was organized by Ionic Liquid Research Association. 
In this annual symposium, researchers present their 
recent studies on ionic liquids and the presentation 
awards are conferred on young scientists and stu-
dents. 

Assistant Professor Takayuki Yamamoto attended 
the symposium and made an oral presentation on the 
topic “Charge–discharge behavior of graphite positive 
electrode in amide-based ionic liquid electrolytes”. He 
received the Oral Presentation Award (Green Chemis-
try Award), which was given by Royal Society of 
Chemistry. 

 

 
 
 
 
 
 
 
 
 

Student Poster Award at The 2023 Joint 
Symposium on Molten Salts (MS12) 

 
 

Chemical Reaction Complex Processes 
Research Section 

Yoshifumi Ishio (M2) 
 
 The 2023 Joint Symposium on Molten Salts 
(MS12) was held on 12th–16th November, 2023, at 
Kyoto, Japan, which was organized by Molten Salt 
Committee of The Electrochemical Society of Japan. 
This symposium provides many researchers in the 
field of molten salts and its surrounding area an 
opportunity to present their works. 
 In this symposium, Mr. Yoshifumi Ishio (M2) 
attended the symposium and made a poster 
presentation on the topic “In-situ Raman 
spectroscopic analysis of the electrode/electrolyte 
interface in the sodium secondary battery utilizing 
FSA-based ionic liquids”, and received the Student 
Poster Award. 
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Award 

 

Research Encouragement Award at The 
95th Workshop of Materials Tailoring 
Society 

 
Chemical Reaction Complex Processes 

Research Section 
Keita Goto (M2) 

 
 The 95th workshop of Materials Tailoring Society 
was held on 3rd–5th August, 2023, at Karuizawa, 
Japan, which was organized by Materials Tailoring 
Society. The purpose of this workshop is to systemize 
the basic study of nanostructured interface creation 
that induces high-performance physical properties by 
non-equilibrium processing such as plasma and 
electrolytic processes and to also apply them to energy 
conversion and strage. 
 Mr. Keita Goto (M2) attended this workshop and 
made a poster presentation on the topic “Novel High-
Temperature Alkaline Water Electrolysis Using 
Molten KOH–H2O System”. He received the 
Research Encouragement Award. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Best Poster Award at The 3rd Nucleation 
and Growth Research Conference 

 
 

Chemical Reaction Complex Processes 
Research Section 
Keita Goto (M2) 

 
 The 3rd Nucleation and Growth Research Confer-

ence was held on 9th–11th November, 2023, at Kyoto, 
Japan, which was organized by Materials Tailoring 
Society. The prime purpose of this conference is to 
discuss in-situ measurements as well as mathematical 
models of the relevant non-equilibrium reaction and 
deposition processes, in which electrons, ions, radicals, 
and clusters interact at the substrate surface. 
 Mr. Keita Goto (M2) attended this conference and 
made a poster presentation on the topic “Novel Highly 
Efficient Water Electrolysis Using NaOH–KOH Hy-
drate Melt”. He received the Best Poster Award. 
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Award 

 

Student Poster Award at The 2023 Joint 
Symposium on Molten Salts (MS12) 

 
 

Chemical Reaction Complex Processes 
Research Section 
Keita Goto (M2) 

 
 The 2023 Joint Symposium on Molten Salts 
(MS12) was held on 12th–16th November, 2023, at 
Kyoto, Japan, which was organized by Molten Salt 
Committee of The Electrochemical Society of Japan. 
This symposium provides many researchers in the 
field of molten salts and its surrounding area an op-
portunity to present their works. 
 Mr. Keita Goto (M2) attended this symposium and 
made a poster presentation on the topic “High-Tem-
perature Water Electrolysis Using Molten NaOH–
KOH–H2O System”. He received the Student Poster 
Award. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Kansai Electrochemistry Encouragement 
Award at The 3rd Kansai 
Electrochemistry Seminar 
 

Chemical Reaction Complex Processes 
Research Section 

Haochen Wang (M2) 
 

The 3rd Kansai Electrochemistry Seminar was held 
on 9th December 2023 at Kobe University, which was 
held by the Kansai Branch of the Electrochemical So-
ciety of Japan. This event provides young researchers 
and students in the field of electrochemistry and its 
surrounding area an opportunity to present their works. 

Mr. Haochen Wang (M2) attended this meeting and 
made a poster presentation with the topic of “Effect of 
O2− Ion on W Electrodeposition in Molten CsF–CsCl”. 
In view of his performance, he was prized the Kansai 
Electrochemistry Encouragement Award. 
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Award 

 

Best Poster Award at The 11th Kyoto 
International Forum for Environment and 
Energy (KIFEE-11) 
 

Chemical Reaction Complex Processes 
Research Section 

Wataru Moteki (D2) 
 
The 11th Kyoto International Forum for Environ-

ment and Energy was held on March 3–5th, 2024 at 
Tendo, Japan. This event provides many researchers 
and students in the field of environment and energy an 
opportunity to present their works. 

Wataru Moteki (D2) attended and made a poster 
presentation on the topic of “Formation of Crystalline 
Si Using Liquid Zn Electrode in Molten KF–KCl–
K2SiF6”. He received the Best Poster Award. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Student Poster Award at The 2023 Joint 
Symposium on Molten Salts 
 
 

Chemical Reaction Complex Processes 
Research Section 

Wataru Moteki (D2) 
 

The 2023 Joint Symposium on Molten Salts 
(MS12) was held on 12th–16th November, 2023, at 
Kyoto, Japan, which was organized by Molten Salt 
Committee of The Electrochemical Society of Japan. 
This symposium provides many researchers in the 
field of molten salts and its surrounding area an op-
portunity to present their works. 

Wataru Moteki (D2) attended and made a poster 
presentation on the topic of “Electrodeposition of 
Crystalline Si film Using Liquid Zn Electrode in Mol-
ten KF–KCl–K2SiF6”. He received the Student Poster 
Award. 
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Award 

 

Student Poster Award in The 14th 
International Symposium of Advanced 
Energy Science 
 

Chemical Reaction Complex Processes 
Research Section 

Wataru Moteki (D2) 
 

The 14th International Symposium of Advanced 
Energy Science was held on August 30–September 1, 
2023. This event provides young researchers and stu-
dents in the field related with energy an opportunity to 
present their works. 

In the meeting, Mr. Wataru Moteki (D2) attended 
and made a poster presentation on the topic of “Elec-
trodeposition of Crystalline Si Film in Molten KF–
KCl–K2SiF6 Using Thin Liquid Zn”. He received the 
Student Poster Award. 

 
 

The Award of Japan Society of Nucleic 
Acids Chemistry (Ikehara Award 2023) 

 
 

Biofunctional Chemistry Research Section 
Takashi Morii (Professor) 

 
 
Professor Takashi Morii was awarded the Ikehara 

Award 2023 by the Japan Society of Nucleic Acids 
Chemistry on November 2nd, 2023. The Ikehara Prize 
is awarded annually to researchers who have played a 
leading role in deepening and developing new re-
search in nucleic acid chemistry through their out-
standing research achievements, and who have made 
original and outstanding contributions to the field. He 
received the award for his work on “Molecular recog-
nition and functionalization of nucleic acid and pro-
tein assemblies”. 

In his award lecture at the 50th International Sym-
posium of Nucleic Acids Chemistry held in Miyazaki 
on November 2nd, 2023, he presented on his leading 
role in establishing the basic science for realizing bi-
opolymers that can function as desired through his 
original ideas on molecular recognition involving the 
cooperative nature of nucleic acid-protein complexes 
and molecular design using chemical synthesis. 
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4. JOINT USAGE/RESEARCH 
PROGRAM 
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Joint Usage/Research Center Program  

“Zero Emission Energy Research” 

 
 

It is an urgent task to find out the best solutions 
against the energy and environmental problem for 
ensuring the sustainable society on the earth. The 
new energy system for this purpose has to be an 
environmentally friendly or ecological one. Here, 
we should consider not only the energy sources but 
also the efficiency in each phase of energy usage. 
The former should have good quality and enough 
quantity. The latter should be considered including 
the so-called “three Rs (Reduce, Reuse and Recycle)” 
in the energy system;  
 Reduce of energy consumption, environmental 

pollutant such as greenhouse gas, waste-heat, 
hazardous waste, etc.  
 Reuse of waste heat/energy, etc. 
 Recycle of fuel, etc. 

In order to realize them, only the extension of the 
present technology is not enough. Interdisciplinary 
studies with innovative ideas are indispensable to 
realize the energy system for next generation.  

We propose a new concept of Zero Emission 
Energy as a typical model of Advanced Energy. IAE 
Zero Emission Energy Research aims at the 
realization of environmentally friendly energy 
system for sustainable society with minimum 
emission of environmental pollutants and with 
maximum utilization of energy and resources. Since 
FY2011, we had operated a project, “Joint 
Usage/Research Program on Zero Emission Energy”, 
which is the program authorized by the MEXT. We 
have started the second term of the Program from 
FY2016 and the third phase in FY2022. Here, we 
aim to (1) promote interdisciplinary joint 
usage/research studies for Zero Emission Energy 
Science & Technology, (2) promote education & 
practical training for young researchers and (3) 
explore future horizon of Advanced Energy System 
for sustainable development. IAE provides many 
unique & attractive facilities for the Joint 
Usage/Research not only in the field of advanced 
plasma & quantum energy but also in the field of soft 
energy. 

Many researchers have participated in this 
program. In FY2023, there were 94 Joint 
Usage/Research collaboration subjects (including 2 
workshops) on Zero Emission Energy, with more 
than 300 visiting participants, including graduate 
and undergraduate students, from 40 universities 
and institutions all over Japan. Researchers from 3 
foreign universities also participated in the program. 
The results of these collaborations are summarized 
in the report "IAE Joint Usage/Research Program on 
Zero Emission Energy 2023". On March 28, 2024, a 
meeting was held online to present some of the 

outstanding results obtained in FY2023. If you are 
interested in this collection, please contact the office 
of Zero Emission Energy Research.  

In addition to the Joint Usage/Research 
collaborations, we organized "The 14th 
International Symposium of Advanced Energy 
Science - Research Activities on Zero-Emission 
Energy Network" on August 30 to September 1, 
2023. This symposium was the first full-scale in-
person event since the onset of the COVID-19 
pandemic and was able to accommodate participants 
from distant locations. This symposium consisted of 
oral session, ZE poster session, student poster 
session, and parallel seminars. The oral session was 
also simultaneously streamed on YouTube. The oral 
session was attended by 252 participants and the 
parallel seminars by 61 researchers, attracting a 
large number of participants. In total, 324 scientists 
and students, including 5 foreign and 5 domestic 
invited speakers, participated in the symposium. At 
the student poster session, awards were given for 
outstanding presentations. 

We are also operating “Zero Emission Energy 
Network” to share the knowledge of Advanced 
Energy and Zero Emission Energy with researchers 
in the fields of energy science and technology, since 
world-wide activities for Zero Emission Energy 
Research are indispensable for the realization of 
sustainable society. 

In FY2022, the Integrated Research Center for 
Carbon Negative Science was established at the 
Institute under the new concept of energy science 
and engineering, which sprouted from zero-
emission energy research. We will continue to 
promote high-quality research and high-quality 
collaborations in multidisciplinary academic fields 
and work closely with domestic and international 
research institutions to contribute to the related 
communities and to the enhancement of Japan's 
research capabilities. 

 
Poster of the 14th International Symposium 
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List of Zero Emission Energy Joint 
Usage/Research Subjects in FY 2023 
(Subject，Principal Researcher，IAE Key Person) 
 
Ionics of super-locally-concentrated electrolytes, 
Atsushi Kitada, Masato Katahira 
 
Development and evaluation of Fe2M type bulk 
Laves compounds, Ryuta Kasada, Keisuke Mukai 
 
Structural analysis of lignocellulosic biomass by 
NMR spectroscopy toward decarbonized society, 
Hiroshi Nishimura, Masato Katahira 
 
Fermentation of a useful polysaccharide using 
hydrogen sulfide as energy source, Minoru Takeda, 
Masato Katahira 
 
Influence of Alloying Elements on Radiation 
Damage Formation and Hydrogen Isotope Trapping 
in Tungsten, Yuji Hatano, Kiyohiro Yabuuchi 
 
Visualization of mitochondrial temperature 
fluctuation towards the development of energy 
production system mimicking mitochondria, Reiko 
Sakaguchi, Takashi Morii 
 
Determining the conditions of heat treatments for 
extending the lifetime of nuclear reactors (2), 
Yoshitaka Matsukawa, Kiyohiro Yabuuchi 
 
Development of anode/electrolyte interface for 
advanced Na-ion battery, Hiroki Sakaguchi, 
Toshiyuki Nohira 
 
Formation of buffer layer on lithium-ion conductive 
electrolyte diaphragm for electrodialysis, Kazuya 
Sasaki, Keisuke Mukai 
 
Photoinduced electron-transfer reactions of 
photosensitizers bound to the active site of enzyme, 
Hiroshi Takashima, Eiji Nakata 
 
Constructing fluorescent biosensor for visualizing 
nuclear localization signal of transcription factor 
Sp1 involved in regulating metabolic pathway, 
Shunsuke Tajima, Eiji Nakata 
 
Isolation of phase-separation regulatory long 
noncoding RNA and NMR analysis of its molecular 
mechanism, Riki Kurokawa, Masato Katahira 
 
Novel pulsed terahertz source by super-radiance free 
electron laser oscillator, Kazuyuki Sakaue, Heishun 
Zen 
 
 

Structural basis of DNA recognition by the 
replication initiator ORC, Shou Waga, Yudai 
Yamaoki 
 
Application of mode-selective phonon-excitation 
method in semiconductors of energy functionality 
with mid-infrared free-electron laser, Kan Hachiya, 
Hideaki Ohgaki 
 
Generation of High intensity THz pulse by 
superposition of undulator superradiant, Shigeru 
Kashiwagi, Heishun Zen 
 
Research for control of cell growth mechanism 
using viral protein-derived peptides, Hideki 
Kusunoki, Takashi Nagata 
 
Change in hardness by hydrogen charging in 
tungsten irradiated with Fe and He ions, Koichi Sato, 
Kiyohiro Yabuuchi 
 
Observation of a distribution of mode-selectively 
excited phonon on SiC, Kyohei Yoshida, Hideaki 
Ohgaki 
 
Wavelength-dependent degradation of polyurethane 
with molecular vibrational excitation, Takayasu 
Kawasaki, Heishun Zen 
 
Study on development of compound-based anode 
for K-ion battery and on compatibility with ionic 
liquid electrolyte, Yasuhiro Domi, Takayuki 
Yamamoto 
 
Ionaization energy of Ce3+ ion in multicomponent 
garnets determined by photoinduced free carier 
plasma absorption spectroscopy using a MIR free-
electron laser, Mamoru Kitaura, Heishun Zen 
 
Analysis of transition from axisymmetric torus to 
helical axis toroidal plasma, Akio Sanpei, Kazunobu 
Nagasaki 
 
Experimental verification of hydrogen adsorption 
and desorption behavior for advanced neutron 
multipliers, Jae-Hwan Kim, Keisuke Mukai 
 
Development of Solid-State Emitters Applicable to 
Luminescent Solar Concentrators, Masaki Shimizu, 
Hiroshi Sakaguchi 
 
Study of Hydrogen Isotope Separation Technology 
by Molten Salt, Hisayoshi Matsushima, Toshiyuki 
Nohira 
 
Evaluation of Irradiation Effects on High-Entropy 
Compound Superconductors, Naoko Oono, 
Kiyohiro Yabuuchi 
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Irradiation and Material Variables Dependence of 
Bubbles/Voids Formation in Fusion Reactor 
Structural Materials, Takuya Yamamoto, Kiyohiro 
Yabuuchi 
 
Irradiation Effects on Ceramics Coatings, Sosuke 
Kondo, Kiyohiro Yabuuchi 
 
Study and experiment of an interaction process 
between a low-density stacked CNT and a high-
power, Ryutaro Matsui, Kazunari Matsuda 
 
NMR analysis of biomolecules for development of 
novel biomaterials, Taiichi Sakamoto, Takashi 
Nagata 
 
Irradiation damage effect on plasma driven 
hydrogen isotope permeation for plasma facing 
materials, Yasuhisa Oya, Kiyohiro Yabuuchi 
 
Investigation on interaction structure and dynamics 
of room-temperature ionic liquid solvation using 
pulse-selected MIR free-electron laser, Sakhorn 
Rimjaem, Hideaki Ohgaki 
 
Structural Analysis of Cell Wall Lignin for 
Advanced Biomass Utilization: Precise analysis of 
differences in lignin structure in each cell wall layer, 
Yasuyuki Matsushita, Masato Katahira 
 
Chemical approach to surface reaction of ablation on 
organic material, Jun Fujioka, Heishun Zen 
 
Development of strong superconducting bulk 
magnets with high shape-flexibility, Takanori 
Motoki, Toshiteru Kii 
 
Development of negative ion source using 
microwave and its application to nano processing, 
Haruhiko Himura, Shigeru Inagaki 
 
Identification of quadruplexes that can regulate gene 
expression, Yoichiro Tanaka, Takashi Nagata 
 
Analysis and Design of Electrode/Electrolyte 
Interface for All Solid State Battery, Ikuma 
Takahashi, Keisuke Mukai 
 
Development of the crystalline cellulose 
degradation system consisting of the psychrophilic 
fungus-type hybrid enzymes., Masataka Horiuchi, 
Takashi Nagata 
 
Physical properties of heterostructures of atomic 
layer materials, Susumu Okada, Kazunari Matsuda 
 
 
 

Development of highly efficient fabrication 
technique of two-dimensional heterostructures., Ryo 
Kitaura, Yuhei Miyauchi 
 
Surface processing of semiconductors using 
graphene nanoribbons, Kazuhiro Fukami, Hiroshi 
Sakaguchi 
 
Development of reduced activation high entropy 
materials for high energy reactor, Naoyuki 
Hashimoto, Kiyohiro Yabuuchi 
 
Fabrication and characterization of two-dimensional 
heterostructures for energy conversion applications, 
Wenjin Zhang, Yuhei Miyauchi 
 
A small-molecule-based technology for live-cell 
imaging of energy metabolism, Shin-ichi Sato, 
Takashi Morii 
 
High performance nanocarbon material 
development based on molecularly functionalized 
carbon nanotubes for zero emission energy society, 
Tomohiro Shiraki, Yuhei Miyauchi 
 
Highly efficient photochemical reactions induced by 
optimal laser pulses, Yukiyoshi Ohtsuki, Takashi 
Nakajima 
 
Study of temporal evolution of coherent edge 
radiation during free-electron laser oscillations, 
Norihiro Sei, Hideaki Ohgaki 
 
Development of hydrogen-oxidizing bacteria strains 
with high prolifiration capability in low hydrogen 
concentration condition, Yasunori Aizawa, Takashi 
Morii 
 
Rooftop PV Hosting Capacity in AC Low Voltage 
Distribution Systems: Future Perspective in 
Cambodia, Vannak Vai, Hideaki Ohgaki 
 
Structural studies on hierarchical molecular 
architectures created in microfluidic device, 
Munenori Numata, Eiji Nakata 
 
Oxidation behavior of mechanically alloyed oxide 
dispersion strengthened alloy powders, Noriyuki 
Iwata, Kiyohiro Yabuuchi 
 
AFM/EM imaging of intracellular metals with 
nanostructures constructed via signal amplification 
systems, Ippei Takashima, Eiji Nakata 
 
Elucidation of the novel competitive function 
between microorganisms of genus Rhizoctonia by 
genomic approach, Yuh Shiwa, Tomijiro Hara 
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Development of an RNA eiding oligonucleotide to 
regulate the biological energy system in the cell, 
Masatora Fukuda, Takashi Morii 
 
Development of novel guanine-tethered antisense 
oligonucleotides, Masaki Hagihara, Takashi Morii 
 
Bactericidal effect of the infrared free electron laser, 
Toshizo Toyama, Heishun Zen 
 
Study of minor element addition (Ni, Si) on 
irradiation hardening of pressure vessel model steels, 
Ken-ichi Fukumoto, Kiyohiro Yabuuchi 
 
Gas Ionization with Ultrafast Intense Long-
Wavelength Infrared Pulses, Ryoichi Hajima, 
Heishun Zen 
 
High intensity broadband THz pulse generation 
using external optical cavity, Yosuke Honda, 
Heishun Zen 
 
Ultra Sensitive Electrochemical Nucleic Acid 
Sensor, Kazushige Yamana, Takashi Morii 
 
Enzyme-free selective structural control of glycan 
by means of molecular vibrational excitation, 
Takashi Honda, Heishun Zen 
 
Application of infrared free electron laser to insulin 
ball seen in diabetes patients, Kazuhiro Nakamura, 
Heishun Zen 
 
In-situ measurement of periodic nanostructures on 
semiconductor surface induced by mid-infrared free 
electron lasers, Masaki Hashida, Heishun Zen 
 
Development of 3 dimensional radiative distribution 
measurement system using incoherent digital 
holography in Heliotron J., Hayato Kawazome, 
Shinichiro Kado 
 
Development of dispersion strengthened high 
entropy alloys for high burn-up core materials, 
Hiroshi Oka, Kiyohiro Yabuuchi 
 
Optimization of reactive oxygen radical production 
process by atmospheric pressure plasma irradiation, 
Hiroto Matsuura, Shinichiro Kado 
 
Experimental study on the advanced methods of 
fault diagnosis and reliability evaluation to be 
applied for complex energy systems, Hidekazu 
Yoshikawa, Kazunori Morishita 
 
Raman Spectroscopy of Molten Salts Containing 
Boron Ions, Yumi Katasho, Yutaro Norikawa 
 

Synthesis of apatite-coated surface-modified 
organic polymer microspheres at ambient 
temperature and pressure, Takeshi Yabutsuka, 
Kiyohiro Yabuuchi 
 
Study of nanomaterials toward efficient and high-
performance energy conversion, Satoru Konabe, 
Yuhei Miyauchi 
 
Development of a New Method for Controlling 
Thermal Radiation by Quantum Metamaterials, 
Atsushi Sakurai, Yuhei Miyauchi 
 
Development of automated algorithms for high-
speed camera image analysis, Nobuhiro Nishino, 
Shinichiro Kado 
 
Study on reaction mechanism of visible-light-
inducedliving radical polymerization for high 
energy efficiency, Yusuke Miyake, Hiroshi 
Sakaguchi 
 
NMR analysis of the three-dimensional solution 
structure of the sequence-specific RNA-binding 
protein Musashi1 involved in translation control of 
the downstream target RNA, Takao Imai, Takashi 
Nagata 
 
High beta plasma formation in advanced heliotron 
configuration using stochastic acceleration, 
Masayuki Yoshikawa, Shinji Kobayashi 
 
Analysis of reaction mechanism of haloacid 
dehalogenase, Takashi Nakamura, Takashi Morii 
Kinetic study on the Paraquat Dichloride removal in 
the water., Pannipha Dokmaingam, Hideaki Ohgaki 
 
High-efficient plasma current drive by electron 
cyclotron waves in fusion reactor, Kenji Tobita, 
Kazunobu Nagasaki 
 
Development of New Semiconductor Power Control 
Devices Aiming for Carbon Neutrality, Kensho 
Okamoto, Kazunori Morishita 
 
Laser decontamination using a high repetition-rate 
nanosecond fiber laser, Atsushi Kosuge, Takashi 
Nakajima 
 
Thermal properties of photoluminescence in single-
walled carbon nanotubes for optical thermometry, 
Shun Aota, Yuhei Miyauchi 
 
Hydrogen and Oxygen evolution on the micro/nano-
structured electrode, Kota Ando, Takashi Nakajima 
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Study on emission process and evaluation of light 
outputs for novel scintillation materials using the 
one electron beam II, Shunsuke Kurosawa, Hideaki 
Ohgaki 
 
Development of a method for compsiting Li2TiO3 
and nanocarbon by microwave irradiation, 
Sadatsugu Takayama, Keisuke Mukai 
 
Radial Correlation Analysis on Edge Plasma 
Turbulence in a Toroidal Plasma and its Dependence 
on Plasma Configuration, Yoshihiko Nagashima, 
Shinsuke Ohshima 
 
Deuterium desorption from heavy ion irradiated 
tungsten using isothermal desorption method, 
Naoko Ashikawa, Kiyohiro Yabuuchi 
 
Role of irradiation defects in the formation of 
plasma induced surface structures on tungsten, 
Mingzhong Zhao, Kiyohiro Yabuuchi 
 
Study of ion irradiation effects on oxide dispersion 
strengthened ferritic steel, Jingjie Shen, Kiyohiro 
Yabuuchi 
 
Lithium Migration Phenomena in Graphite - SiO 
Composite during Relaxation, Shigeomi Takai, 
Takashi Morii 
 
Intracellular calcification of Corynebacterium 
matruchotti by FEL irradiation, Tetsuro Kono, 
Hideaki Ohgaki 
 
Distributed Workshop on "Physics and control of 
non-linear and non-equlibrium plasma based on the 
concept of broad-band energy science", Yasuaki 
Kishimoto, Kazunari Matsuda 
 
Active Learning for Public Outreach in Energy 
Science, Takeshi Yao, Kazunori Morishita 
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Collaboration Works in  
The Laboratory for Complex Energy Processes 

 
 

1. Introduction 
The laboratory was established for research on ad-

vanced energy by the collaborative projects among the 
researchers in the Institute of Advanced Energy to pro-
mote joint activity of our knowledge and wisdom to 
find solutions to these interdisciplinary energy/envi-
ronmental problems. From such a viewpoint, the re-
search targets of the laboratory are focused on two spe-
cific fields, (i) "advanced studies of science and tech-
nology on plasma energy and quantum energy" and (ii) 
"innovative studies of nano-bio functional materials 
for power generation". For this purpose, two sections 
(A2 and A3 mentioned below) are founded. In addition, 
A1 section promotes international or domestic collab-
orative research and assists activities such as academic 
meetings and seminars. In the fiscal year of 2023, 
strong advancement of the collaboration was achieved. 

Close connection between related research fields in 
the institute have yielded unique and interesting out-
comes from the collaboration. The laboratory takes 
charge of organizing and promoting the cooperative re-
search project as a center of research activity in the In-
stitute. The research teams were formed by mostly 
young generation staffs and students in the institute 
lead by associate professor or assistant professor, and 
participated in specific projects to carry out their sub-
jects. The cooperative research activities will be pub-
lished in a publication edited in the laboratory at the 
end of the fiscal year. Management of the technical 
staffs for large scale equipment are also under the re-
sponsibility of the laboratory. 

 
A1 Division of International and Industrial Part-

nership 
This division promotes international collaborative 

research on advanced energy to lead the field of en-
ergy science and technology as a worldwide pioneer. 
For this purpose, the symposium and the workshop 
organized by institution member are supported. 
Following the reduction of the threat of COVID-19, 
meetings or exchanges were begun to restart. 

 
A2 Division of Plasma and Quantum Energy Re-

search 
This section promotes studies on advanced plasmas 

and quantum energy for realizing future energy systems, 
integrating plasma energy science and advanced energy 
material research. In particular, based on the results ob-
tained in our related groups, we aim at extending the re-
search fields and contributing to human society by uti-
lizing the existing key devices such as Heliotron J, 
DuET, MUSTER and inertial electrostatic confinement 
(IEC) device, which have been developed in the institute. 

 
A3 Division of Soft Energy Science Research 

This division promotes studies on emergent materi-
als and systems for realizing next generation soft energy 
system. In particular, functional nano- and bio-materials 
to efficiently utilize solar energy and bio-energy are 
studied by integrating laser science, nanotechnology, 
and bio-technology. We aim at extending our research 
fields by utilizing the existing devices such as System 
for Creation and Functional Analysis of Catalytic Mate-
rials, SEMs, SPM, NMRs including 800 MHz LC-
MS/NMR, Solar Simulator, KU-FEL and various laser 
systems. 

 
2. The cooperative research program 

In the fiscal year of 2023, two categories were set 
up: (1) “Cooperative Research” for cross sectional re-
search and (2) “Sprouting Research” for challenging re-
search proposal by Assistant Professor. The submitted 
proposals were evaluated by the selection committee or-
ganized by a center director, a program chair and three 
division chairs. One “Cooperative Research” proposal 
and four “Sprouting Research” proposals were ap-
proved. The number of research subjects is listed in Ta-
ble 1 according to the division. A brief summary of the 
cooperative research subjects carried out in FY2023 is 
shown in the next page. 

 

Table 1 Number of the accepted research subjects according to the division 
 

 Category 
Total A1 A2 A3 

4 2 2 8 
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The individual research subjects are as follows. 
 
Supporting Activities on International and Indus-
trial Collaborative Research 
 
A1 
“Organization of the sixth research seminar on 
RNA research, and presentation and exchange of 
information in the seminar” 
 M. Katahira, T. Nagata (IAE, Kyoto University) 
 R. Kurokawa, R. Yoneda (Saitama Medical Univer-

sity) 
 T. Yamashita (University of Tokyo) 
 N. Ueno (NIBB) 
 N. Shiina, S. Hirano (NIBB) 
 N. Fukuda (Niigata University) 
 S. Ishigaki (Nagoya University) 
 K. Hitachi (Fujita Health University) 
 T. Oyoshi (Shizuoka University) 
 T. Manen (Ritsumeikan University) 
 R. Yoneda (Saitama Med. University) 
 A. Takeuchi (Ehime University) 
 Y. Oishi (Nippon Medical School) 
 H. Tani (Yokohama University of Pharmacy) 
 T. Nobeyama (Tsukuba University) 
 

 
“Support for collaborative research with Laos on 
biological control of coffee plant diseases and pro-
motion of its technology popularization.” 
 T. Hara, H. Ohgaki, Y. Takatsuka (IAE, Kyoto Uni-

versity) 
 A. Nonaka (Pentalink Inc.) 
 M. Yoneda (Farmer) 
 
“7th International Symposium of the  
Kyoto Biomolecular Mass Spectrometry Society” 
 T. Nagata (IAE, Kyoto University) 
 H. Nishimura, T. Imai, S. Kuwashima,  

A. Sugiyama, K. Takahashi, S. Tazuru,  
Y. Tobimatsu (Research Institute for Sustainable 
Humanosphere, Kyoto University) 
 M. Uesugi, M. Nakamura, S. Futaki, K. Masugu-

chi, S, Yamaguchi, S. Yamago, A. Fujihashi (Insti-
tute for Chemical Research, Kyoto University) 
 J. Matsuo, K. Nishimura (Faculty of Engineering, 

Kyoto University) 
 T. Ara (National Institute of Genetics) 
 N. Kakuda (Doshisha University) 
 T. Nirasawa (Bruker Japan) 
 J. Watanabe (Shimadzu Corporation) 

 
 
 
 
 

“India, Thailand, Korea, Japan ISFT network ac-
tivity and attendant, presentation, and exchange 
of information in STBP 2024.” 
 E. Nakata, H. Ohgaki, T. Morii (IAE, Kyoto Uni-

versity.) 
 N. Kumar (Delhi Technological University, India) 
 M.S. Kim (Seoul National University, South Ko-

rea) 
 Y.T. Kang (Korea University, South Korea) 
 N. Watjanatepin (Rajamangala University of Tech-

nology Suvarnabhumi, Thailand) 
 R.C. Singh, R. Chaudhary, R.M. Singari (Delhi 

Technological University, India)  
 R. Dubey (University of South Florida, USA) 
 S. Jonnalagadda (University of Kwazulu-Natal, 

South Africa) 
 S. Chakraborty (University of Calabria, Italy) 
 
Cooperative Research 
 
A2 
“Nitride/Oxide double coating using dielectric 
barrier discharge” 
 J. Yagi, S. Inagaki, S. Kobayashi (IAE, Kyoto Uni-

versity) 
 D. Fujii (Graduate School of Energy Science, 

Kyoto University) 
 
“Reproducing Aurora Green Emission in La-
boratory Plasma” 
 S. Kado (IAE, Kyoto University.) 
 
Sprouting Research 

 
A3 
“Construction of artificial carboxysomes for the 
efficient carbon fixation” 
 L. Peng, T. Morii, E. Nakata (IAE, Kyoto Univer-

sity.) 
 F. Komatsubara, Y. Hui (Graduate School of  

Energy Science, Kyoto University) 
 
“Development of the in-cell NMR methods to 
investigate the dynamics and structure of bi-
omacromolecules at various time-scales” 
 T. Nagata, Y. Yamaoki, T. Sakamoto, Eladl 

Mohamed Mahmoud Omar Sobhi,  
M. Katahira (IAE, Kyoto University) 
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The Laboratory Seminars 

 
Laboratory Seminars 

The Laboratory promotes topical academic seminars in order to strengthen the research activities in each re-
search section and to enhance the mutual cooperation among a lot of academic fields. In the fiscal year of 2023 
the aims and progress reports of five cooperative researches were presented and discussed, as summarized below. 
The Laboratory also planned a symposium on April 5, 2024 for presentation of the cooperative research results in 
FY2023. 
 
 
(1) August 2, 2023 

J. Yagi 
““Usage of liquid lithium for fusion blanket” 

IAE, Kyoto University 
 

(2) September 13, 2023 
P. Lin 
“Design of artificial carboxysomes for efficient 
carbon dioxide fixation” 

IAE, Kyoto University 
 
 

 
 

 
(3) October 4, 2023 

S. Kado 
““Can the aurora green spectrum be repro-

duced in laboratory plasma?” 
IAE, Kyoto University 

 
 
(4) November 29, 2023 

T. Nagata 
“Development of the in-cell NMR methods to 
investigate the dynamics and structure of bi-
omacromolecules at various time-scales” 

IAE, Kyoto University
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CENTER FOR CARBON NEGATIVE 

SCIENCE 
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2023 Activities 
 

 
Introduction 

The Integrated Research Center for Carbon 
Negative Science (ICaNS) was established in Au-
gust 2022 to promote carbon negative science re-
search toward the realization of a carbon neutral so-
ciety in 2050. Currently, the balance between car-
bon dioxide emissions and absorption has been dis-
rupted, resulting in an excess of carbon dioxide 
emissions and a serious impact on the earth in the 
form of climate change. Restoring the balance is 
difficult with "zero emission" technologies alone 
and requires the development and implementation 
of more active carbon dioxide fixation processes, 
so-called "carbon negative" technologies. The Cen-
ter will work to develop such new carbon dioxide 
fixation technologies in collaboration with the 
Graduate School of Engineering and Graduate 
School of Energy Science at Kyoto University. It 
will also work to develop human resources for "car-
bon negative science," which has not been done be-
fore. 

Last fiscal year (FY2022), three major research 
projects were launched: 1) Solar Energy Utilization 
for CO2 Capture and Conversion, 2) Conversion of 
CO2 into Useful Substances, 3) Biological Utiliza-
tion of CO2. This fiscal year (FY2023), continuing 
from the previous year, we promoted these priority 
research projects and established an educational 
system for "carbon negative science". In addition, 
an international seminar on carbon negative energy 
science was held, and the center's laboratories were 
upgraded and experimental equipment was in-
stalled. 

 
1. Solar Energy Utilization for CO2 Capture 

and Conversion 
The objective of this group is to establish novel 

science and technology for efficient solar energy 
utilization required for capturing CO2 and/or con-
verting CO2 into valuable materials. In FY2023, 
the following studies were primarily conducted in 
this group: Studies on high-purity carbon nanotube 
membranes toward solar energy harvesting and 
utilization, optical science and applications of 
quantum materials for carbon negative energy sci-
ence, low-temperature growth of functionalized 
graphene nanoribbons with electrochemical on-
surface synthesis, efficient hydrogen evolution 
with laser-textured electrodes, research on the ef-
fective use of long wavelength light using mid-in-
frared free electron laser. Based on these results, 
we will continue our efforts to realize new solar 
energy utilization technologies. 

2. Conversion of CO2 into Useful Substances 
       This project group aims to convert CO2 into use-

ful substances. We are particularly interested in elec-
trochemical methods of conversion. By using high-
temperature molten salts as electrolytes, for example, 
CO2 could be converted into a wide variety of valu-
able carbon materials, such as diamonds, carbon 
nanotubes, and graphite. If aqueous solutions, or-
ganic solvents, or ionic liquids are used as electro-
lytes at relatively low temperatures, CO2 can be con-
verted into methane, ethylene, and other materials. 
In FY2023, various types of carbon were electrode-
posited using chloride molten salts at 600-900°C. 
They were analyzed by Raman spectroscopy, and 
mainly amorphous carbons were obtained. A small 
amount of diamond was obtained under certain ap-
propriate electrolytic conditions. It was also sug-
gested that other carbon allotropes could be obtained. 

 
3. Biological Utilization of CO2 

Research in this project focuses on bio-related 
methods, materials and enzymes with the goal to 
contribute to Carbon Negative Science. In FY2023, 
studies that were carried out include the following: 
the development of tools to better understand the bi-
ological cell and its energy conservation, and tech-
nology to enhance and/or prolong the activity of en-
zymes, particularly those related to CO2-fixation. 
Development of membranes, reactors and processes 
to enhance biomass utilization and establish efficient 
biorefineries have been performed. New microbial 
enzymes or metabolic pathways that can utilize CO2 
or prevent its release have been identified. Although 
the individual groups may specialize in diverse areas, 
we will continue our collaborative research to 
achieve our common goals and contribute towards 
developing a bio-based society.   

 
4. Education Activity 

The content of "Carbon Negative Energy" was in-
corporated into the existing undergraduate course 
"Advanced Energy Science" and started in the sec-
ond semester of FY2023. As for graduate-level lec-
tures, "Carbon Negative Energy" was incorporated 
into "Socio-Environmental Energy Science I and II" 
in the Graduate School of Energy Sciences, as in the 
previous fiscal year. The concept of "Carbon Nega-
tive Energy" was also promoted to visitors to the in-
stitute. 

 
5. Other Activities 

We further upgraded Laboratory 1-5, Waiting 
Room 1-2, Program-Specific Associate Professor's 
Room and Program Specific Assistant Professor's 
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Room in the main building of the Uji Campus. As 
for experimental equipment, an ultrasonic homoge-
nizer, electric furnaces for molten salt electrolysis, a 
vacuum oven and box-type dryers were installed, as 
shown in Figs 1-1, 1-2, and 1-3. 

ICaNS Events 
 
April 5: The 1st Steering Committee meeting was 
held. 
May 1: Program-Specific Assistant Professor was 
appointed. 
June 12: The 2nd Steering Committee meeting 
was held. 
July 25: ICaNS website was launched. 
September 1: Symposium on Exploring Carbon 
Negative Energy Science 2023 was held as a par-
allel seminar of the 14th International Sympo-
sium of Advanced Energy. 
September 8: The 3rd Steering Committee meet-
ing was held. 
October 1: Program-Specific Assistant Professor 
was appointed. 
October 27: The 4th Steering Committee meeting 
was held. 
February 15, 2024: The 5th Steering Committee 
meeting was held

 
 

Fig. 1-1 An ultrasonic homogenizer. 
 
 

 
 

Fig. 1-2 Electric furnaces for molten salt electrolysis. 
 
 

 
 

Fig. 1-3 A vacuum oven and box-type dryers. 
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UNIVERSITIES  
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NIFS Bilateral Collaboration Research Program on Heliotron J 

 
The Heliotron J group at IAE, Kyoto University 

has joined the Bilateral Collaboration Research Pro-
gram managed by National Institute for Fusion Sci-
ence (NIFS) since FY2004. This unique collaboration 
program promotes joint research bilaterally between 
NIFS and research institutes or research centers of uni-
versities that have facilities for nuclear fusion research. 
Under this collaboration scheme, the facilities oper-
ated in the different universities are open to all fusion 
researchers just as joint-use facilities of NIFS.  

The main objective of the research in our Helio-
tron J group under this joint research program is to in-
vestigate experimentally/theoretically the transport 
and stability of fusion plasma in the advanced helical 
magnetic field and to improve the plasma performance 
through advanced helical-field control in Heliotron J. 
Picked up in FY2022 are the following seven key-top-
ics; (1) magnetic configuration control for energy con-
finement, (2) production and confinement of high-
density NBI plasmas and high-beta plasmas with 
novel fuelling methods, (3) electron thermal turbulent 
transport with self-criticality, (4) control of MHD and 
its physical mechanism, (5) edge plasmas in advanced 
helical systems, (6) production of energetic (MeV) 
electrons by non-resonant microwaves, and (7) devel-
opment of new plasma diagnostics and analysis meth-
ods.  

Two results from this collaboration research in 
FY2023 are shortly reported below. The annual report 
for all the collaboration subjects in this program will 
be published by NIFS. 

Role of rational surface on energy confinement: In 
rotational transform control experiments, no clear de-
pendence of energy confinement on the helical ripple 
has been observed, therefore the contribution of turbu-
lence transport is anticipated. Generally, no profile 
stiffness is observed in temperature profiles in helical 
systems, and the transport may be driven under a crit-
ical gradient compared to tokamaks. Since the ava-
lanche transport is generated at the gradient around the 
critical gradient, comparison between helical systems 
and tokamaks provides understanding of profile for-
mation. We have analyzed the electron thermal ava-
lanche transport in Heliotron J and JT-60U, comparing 
their properties. 

Electron thermal fluctuations in the low-frequency 
component (f < 3 kHz) observed by an ECE radiome-
ter have been analyzed in the heating power scan ex-
periments in Heliotron J and JT-60U. The temperature 
profiles show little variation with heating input for 
both devices. This indicates the confinement degrada-
bility with respect to heating power common to both 
devices. Since the transfer entropy is a quantity that 

quantifies the causal relationship between two signals 
as a quantity of information, the spatio-temporal evo-
lution of the transfer entropy shows the spatial propa-
gation of thermal fluctuations. The electron thermal 
fluctuation propagates from the center (ECH heating 
position) to the periphery in about 0.2 ms (about the 
diamagnetic drift velocity) in Heliotron J and from the 
vicinity of the maximum temperature gradient to the 
center and periphery in about 1 ms (about 1/10 of the 
antimagnetic drift velocity) in JT-60U. In both cases, 
the time and spatial scales of propagation are non-dif-
fusive, which is characteristic of avalanche transport, 
but there are differences in the direction and speed of 
propagation. The Hurst index, a measure of avalanche 
transport, is also compared. In Heliotron J, it increases 
with increasing ECH power and is close to unity over 
the entire radial range, while in JT-60U, no such de-
pendence on heating power is observed and the Hurst 
exponent tends to depend on the magnitude of the tem-
perature gradient.  

Statistical acceleration using non-resonant wave 
heating: In Heliotron J, energetic electrons exceeding 
2 MeV have been observed when non-resonant 2.45 
GHz O-mode microwaves are injected at the magnetic 
field of about 1 T. Relativistic electron production re-
quires multiple accelerations by an electric field. Sta-
tistical acceleration is a possible acceleration mecha-
nism. Simulation studies on the diffusion process of 
the electron energy distribution show that the diffusion 
coefficient is proportional to the electron energy to the 
power of 3.6, and that this strong energy dependence 
is the essence of the power-law spectrum formation.  

A model equation shows that the change in kinetic 
energy due to an electric field is proportional to the 
product of the electron's initial speed relative to the 
speed of light and its Lorentz factor, i.e., the larger the 
initial energy of the electron, the larger the change in 
kinetic energy. We have performed electron accelera-
tion simulations by changing the initial electron en-
ergy in the range of 10 keV to 1 MeV and investigated 
the amount of change in the kinetic energy of electrons 
that are accelerated or decelerated in an electric field. 
The results obtained from the simulations agreed with 
the experimental ones. On the other hand, to model the 
diffusion coefficient, it is necessary to evaluate the in-
cremental energy determined by both the initial phase 
and the final phase when exiting from the electric field 
region, and the issue is how to incorporate the random-
ness of the phase considering the electron orbit in the 
confining magnetic field. 
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