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Fusion science is driven by the aspiration to realize the dream of harnessing fusion energy̶the 
"sun on Earth." This profound motivation stems from both a sense of mission and the innate 
curiosity of humanity, and it is this blend that gives fusion science its remarkable appeal as a 
transformative scientific and technological endeavor to bring about a new era in human history.
 Fusion science is a comprehensive scientific field with tremendous potential. The journey 
toward achieving fusion burning experiments, which now lie within our reach, has been replete 
with encounters of numerous formidable challenges̶each one overcome through persistent 
effort. Solving one problem often leads to the emergence of new mysteries, demonstrating 
the profound depth and expansive reach of fusion science in enhancing our understanding of 
nature.
 While the fusion reaction itself is already well understood, the "system" required to sustain 
it̶the behavior of ultra-high-temperature plasma̶remains abounding with unanswered 
questions. One of the central goals of fusion science is to unravel the mechanisms of this 
macroscopic system, which operates autonomously and continuously with immense energy. 
In parallel, it is also essential to develop the extraordinarily complex engineering systems that 
will constitute future fusion reactors.
 Viewed from this perspective, fusion science is not only about physical principles̶it also 
touches upon the fundamental principles of the universe, of society, and of life itself. With 
this grand context in mind, we aim to carve a broad path forward through the landscape of 
academic research and technological development.
 The road toward fusion̶the ultimate source of energy̶is sure to lead us into new realms 
of unknown science and technology, presenting countless intersections of discovery along the 
way.
 A fusion reaction is, quite literally, a process in which atomic nuclei combine. Since atomic 
nuclei are ions that carry a positive charge, they naturally repel each other. However, if these 
nuclei can be brought extremely close̶within one quadrillionth of a meter (10�¹⁵ m)̶a 
different force known as the nuclear force overcomes this repulsion, allowing them to fuse. 
Achieving this requires the fuel to be heated to an extraordinarily high temperature̶over 100 
million degrees Celsius.
 It is well known that matter transitions through three states̶solid, liquid, and gas̶as 
temperature increases. When temperatures exceed several thousand degrees, molecules 
break apart into atoms. As temperatures climb into the tens of thousands of degrees, atoms 
themselves become ionized, separating into nuclei (ions) and electrons, forming an ionized gas 
known as plasma. While plasma might seem rare in nature̶lightning is a familiar example̶it 
is actually the most common state of matter in the universe. In fact, 99% of the visible matter 
in the cosmos exists in a plasma state. The Sun, too, is a massive ball of hydrogen plasma, 
within which hydrogen nuclei fuse into helium through nuclear fusion, releasing an enormous 
amount of energy. In other words, a "star" is a self-sustaining and stable system in which fusion 
reactions continuously occur within a mass of plasma.
 On Earth, however, achieving fusion requires a fundamentally different system from that of 
a star. Fusion science faces the challenge of creating an artificial mechanism̶one that doesn't 
exist in nature̶that can sustain stable fusion reactions. In stars, it is gravity, made possible by 
their enormous dimensions, that confines the plasma. For the much more compact "fusion on 
Earth," magnetic fields are used to confine the plasma instead. Magnetism is a mysterious force 
that acts like a vortex, and understanding how it forms macroscopic structures remains one of 
the major unsolved problems in modern science.
 To realize fusion energy, both advanced plasma physics and groundbreaking engineering 
must work together like the two wheels of a cart. For example, just one or two meters away 
from the ultra-high-temperature plasma core where fusion occurs, cryogenic superconducting 
magnets are installed to create strong magnetic fields. Additionally, facilities designed to divert 
and filter out the “ash" (helium) produced by fusion must endure heat levels comparable to those 
experienced by satellites or meteors during atmospheric re-entry. These systems must effectively 
remove the heat while ensuring the stability and safety of the surrounding equipment.
 The path toward realizing fusion energy has been fraught with challenges̶many of 
which could not have been foreseen when research first began in the mid-20th century. 
However, encountering unexpected difficulties is not necessarily a misfortune. As many great 
researchers have testified, “failures often lead to discovery," because truths that transcend 
human understanding often lie in the most unexpected places.
 Fusion can be seen as a steep and formidable peak for those engaged in development 
and engineering, and at the same time, as a treasure trove for academic researchers. The 
very essence of academic inquiry lies in transforming difficult problems into entirely new 
knowledge. The first generation of fusion reactors̶designed and built based on our current 
knowledge̶will be massive in scale and generate extremely powerful magnetic fields. This 
is due to the uncertainties inherent in our understanding. In the future, continued academic 
research will be essential in building a more precise and reliable scientific foundation, which 
will serve as the basis for improving economic viability and ensuring safety.
 Moreover, in the process of overcoming these challenges, we can expect to make 
unexpected discoveries that lead to deeper understanding of nature and technological 
innovation.
 At the National Institute for Fusion Science (NIFS), we are uniting the efforts of all our 
staff to serve as a beacon illuminating new directions in fusion science within the broader 
currents of academic research. We aim to form a grand concourse where researchers from 
across disciplines and borders can come together, collaborate, and expand the scope of 
fusion science across the vast horizon of academic exploration.
 We warmly invite you to take interest in the work of NIFS and to engage with us in a variety 
of ways as we pursue this exciting endeavor.

Towards a new era 
of fusion science
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Fusion is a ubiquitous phenomenon in the universe and is the energy source for all activities there. The sun's fusion energy also 
sustains our Earth’s environment. The National Institute for Fusion Science addresses a wide range of research topics: plasma 
physics, microscopic quantum processes and materials science, and engineering technology for the components of fusion 
devices necessary to realize fusion energy in a form we can use.
 Human beings have built the current advanced scientific, technological, and industrial society by using fossil fuels such as 
coal, petroleum, and natural gas as energy sources. However, the consumption of fossil fuels produces large amounts of carbon 
dioxide and nitrogen oxides, which seriously impact the global environment, and their reserves are limited. Fusion energy has 
great potential to be a solution to this problem.
 As an Inter-University Research Institute, the National Institute for Fusion Science (NIFS) is committed to contributing to the 
development of fusion science and forming a broad science and technology base by making large research facilities and various 
research equipment available, and promoting joint research with domestic and foreign universities and research institutes. In 
addition, NIFS strongly promotes the education of students who will shape the future by establishing laboratories at the Graduate 
University for Advanced Studies, Nagoya University, Kyushu University, and the University of Tokyo and by providing research 
guidance to graduate students from universities throughout Japan. NIFS serves as a focal point where the knowledge of the 
national and global research community is united.

Goals of NIFS
In nuclear fusion, two nuclei with small masses collide to form another 
heavier nucleus, generating enormous energy. Because the total mass 
after the reaction is slightly lighter than before the fusion reaction, the 
mass difference is converted into energy (E=mc²). The fusion reaction is 
the ubiquitous energy source in the universe. Inside stars like the sun, a 
fusion reaction that produces helium from four hydrogen atoms has 
generated energy for over 5 billion years. Fusion research is being 
conducted to use the universe's energy as our power source. To realize a 
fusion reaction on Earth, deuterium and tritium, isotopes of hydrogen, are  
used as fuels. Deuterium and lithium, necessary to produce tritium, are 
found in seawater and can generate a large amount of energy with a tiny 
amount of hydrogen isotopes.
 To initiate a nuclear fusion reaction, deuterium and tritium nuclei (ions) 
must be brought close together, but Coulomb's repulsive force prevents it. 
To overcome this repulsive force and bring the nuclei closer together, they 
must collide at a speed of 1,000 km/s or more. In addition, since the high 
velocity of the nuclei causes them to escape and energy is lost, it is 
necessary to confine the fast-moving nuclei within a certain space, and it is also required to increase the density of the nuclei to 
increase the number of collisions and obtain more fusion energy. Confining many fast-moving nuclei in a certain space is the 
condition for fusion reactions. Such a state is called a high-temperature plasma.

The sun confines plasma with its enormous gravity, but a magnetic field is used to confine the plasma on Earth. The motion of charged 
particles, such as nuclei and electrons, which constitute the plasma, can be limited around the magnetic field lines, confining the 
high-temperature plasma in a certain space. Plasma research, which aims to understand various complex phenomena occurring in 
plasmas, is of central importance for the development of fusion reactors and provides many subjects for academic research, and plays 
an essential role as a basis for understanding cosmic and astronomical phenomena.

What is FUSION?

LHD plasmas

Flame (inside the kiln)
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Fusion energy, the most critical outcome of fusion science, is expected to be the next generation power source that can be 
considered to solve energy and global environmental problems because it is characterized by 1) carbon neutrality, 2) abundant fuel, 
3) inherent safety, and 4) environmental conservation. On the other hand, fusion science is a vast research field that encompasses 
many complex problems, and many research issues remain to be solved. Therefore, in addition to development research that unites 
various sciences and technologies, academic research to create innovations that open up new possibilities is essential.
 The National Institute for Fusion Science (NIFS), an academic research institute, intends to promote interdisciplinary research in 
fusion science by dividing the challenges of fusion energy into several themes and universalizing each of them. By sharing 
cutting-edge issues and awareness of the problems of various academic fields through interdisciplinary development, we aim to 
promote the sharing of brain power, involving an unprecedentedly wide range of areas and to enable the sustainable promotion of 
fusion development research over the long term.
 To promote interdisciplinary research, NIFS has re-defined its identity as an ensemble of research themes as Units, after two 
years of community-wide discussions. NIFS re-started with ten Units from FY2023.
 A Unit is the main body for conducting collaborative research for ten years. It promotes collaborative research that will lead 
fusion science for the next decade under the banner of a research theme that represents fusion science defined by itself. The Unit 
will continue to examine its own theme through open discussions and revise it as necessary. The Unit organization will create 
possibilities for joint usage and collaborative research involving a more comprehensive range of fields than ever.
 Below are the names of the ten Units. The research themes of each Unit are listed on pages 8-12. We are announcing 
information such as the Unit's research activities and the schedule of the open seminar on the Web page at the following URL.
 https://unit.nifs.ac.jp/research/en

■Unit

The section consists of numerical experiments, a numerical database of atoms and 
molecules, and a data analysis system. As for numerical experiments, the Plasma Simulator 
"Raijin," a supercomputer dedicated to the plasma fusion field, has been operating since 
FY2020 to promote world-class joint research on plasma fusion simulations.

Computer Section

To utilize the legacy of the LHD project, such as high-precision diagnostics and various 
heating devices, the LHD will be supported as an academic research platform for three 
years, starting in FY2023. The LHD academic research platform is operated on an 
open-data basis to promote interdisciplinary studies of the Unit.

LHD Section

The platform is various research equipment that serves as the basis for joint research conducted by a Unit. As an Inter-University 
Research Institute, the National Institute for Fusion Science (NIFS) provides large research facilities and various research 
equipment to promote joint research with universities and research institutes in Japan and abroad. The following three sections of 
the Platform Management Office operate in NIFS.

■Platform

Units and Platforms

The section manages engineering research facilities installed in the experimental buildings 
(Superconducting Magnet System Laboratory, Fusion Engineering Research Laboratory, 
Radiation Controlled Area in LHD building, Development Laboratory, and Diagnostics 
Laboratory) in NIFS.

Engineering Facilities Section

Applied Superconductivity 
and Cryogenics

Ultrahigh-flux Concerting 
Materials

Complex Global Simulation

Plasma Apparatus

Sensing and 
Intellectualization

Elemental 
Technology

Physical 
Phenomenon

Research 
Technique

Fusion Science

Meta-hierarchy Dynamics

Structure Formation and 
Sustainability

Phase Space Turbulence

Plasma Quantum Processes

Transports in Plasma 
Multi-phase Matter System
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Fig.  Meta-hierarchy Dynamics Unit addresses various issues in fusion science.
 Hierarchical dynamics with clarity and ambiguity will be explored from a 

meta perspective.

Fig. Examples of the coil and plasma configurations derived by the optimization system being 
developed in the Structure Formation and Sustainability Unit.

Fusion science covers a very wide range of spatio-temporal scales and physical parameter regions, from the microscopic scales 
of atoms or electrons to large scales that can be manipulated by human hands, such as fluids, solids, plasma, and actual 
devices. Furthermore, the collective behavior of charged particles causes a wide variety of phenomena not only in the plasma 
itself but also in the materials in contact with it. Understanding of these complex phenomena has been pursued by elemental 
separation into various hierarchical processes and physical models, or by combining the various hierarchical levels with each 
other. The separation of electrons and ions into their kinetic scales and the coupling of particle and fluid models are 
good examples. However, with recent remarkable 
progress toward higher precision and larger scales in 
experimental and numerical research, phenomena 
that cannot be well captured by the separation and 
coupling of hierarchies have become apparent. In 
such phenomena, what was once a clearly separable 
hierarchy becomes continuously obscured according 
to physical parameters, or the scales of hierarchical 
separation overlap and appear to be a new hierarchy. 
In this Unit, we will reconsider the static and 
dynamic characteristics of such hierarchies from a 
bird's-eye view (meta-perspective). We focus on the 
hierarchical nature of complex phenomena such as 
multiscale turbulences, resonance between wave and 
particle motion, global propagation of fluctuations, 
plasma-solid interface phenomena, velocity-space 
structure, anisotropy of distribution functions, and so 
on, in fusion plasmas, and we are exploring the 
universality in the hierarchical dynamics.

Fig.1 Bounce motion of particles trapped by a potential wave.

Fig.2 An experimental result on the self-organized 
plasma structures expanding into an external 
magnetic field to mimic astrophysical plasmas 
in the laboratory.

Fig.1 Schematic of a compact electron beam ion trap (CoBIT) developed in 
collaboration with the University of Electro-Communications to generate, 
trap, and perform precision spectroscopy of highly charged ions of elements 
observed in fusion reactors and astronomical plasmas.

Magnetically confined fusion plasmas are generally not at all dense so that particle collision rarely occurs. Particles have their 
electric charges therefore can be trapped or expelled in a phase of electrostatic waves. Those trapped particles travel with the 
waves while being bounced by the wave potential, like surfing (Fig.1). During this motion, the waves and particles can exchange 
their energy and momentum, leading to more complicated behaviors. As a result, enhanced plasma transport that makes plasma 
confinement worse and/or collisionless plasma heating are theoretically predicted to occur. So far, direct observation of those 
wave-particle interactions has been extremely challenging and therefore experimental knowledge derived from it has been limited. 
The key quantity is the velocity distribution function, which describes statistical properties of the particle dynamics. In a 
fluctuation-less situation the velocity distribution function follows Gaussian (normal) distribution.
 The Phase-Space Turbulence Unit tries to directly measure the velocity 
distribution function by cutting-edge diagnostic systems, with unprecedented 
resolutions in time, real-space, and velocity-space (Fig.2), by which the 
above-mentioned physics are discussed. This activity contributes not only to 
nuclear fusion development but also to uncovering far-nonequilibrium plasma 
dynamics in the universe.

This Unit addresses the question of how collective properties and dynamics are defined and observed as collective phenomena 
from quantum processes of atoms, molecules, and light in plasmas and materials. Specifically, we measure exotic quantum 
processes created in the laboratory by highly charged ion sources and intense laser fields, and develop quantitative physical 
models of non-equilibrium plasmas in fusion reactors, astronomical objects, and the universe, as well as high-density plasmas. 
From these studies, we aim to elucidate the physics that is universal to collective phenomena on diverse and broad scales.
 We are also conducting highly interdisciplinary collaborative research on development of atomic data and spectroscopic 
models for various astronomical observations (solar corona, solar wind, supernova explosions, kilonovae, etc.), development of 
short wavelength light sources using laser pumped plasmas, and the dynamics of muon quantum few-body systems. In addition, 
we are also developing a numerical database of atoms and molecules and making it open (http://dbshino.nifs.ac.jp/) for various 
plasma research and applications.

Many systems in the real world, such as the Earth, where matter circulates under sunlight, and the organisms that live on it, are 
placed in a flow of energy. Energy tends to eventually turn into uniform thermal energy. On the other hand, when energy flows 
through the system, there is room for a non-uniform structure to form and persist. In a magnetic confinement fusion reactor, there 
is an energy flow starting from the nuclear fusion reaction that occurs in the core plasma. This energy flow creates the confined 
state of the plasma in magnetic field. Various structures have been observed in experiments to be formed in the plasma, such as 
organized flows, boundaries where the properties of the plasma change over time and space, exhaust of specific kinds of 
particles, etc. Some of these structure formations have been found to contribute to the efficiency of fusion reactors. The 
"Structure Formation and Sustainability Unit" explores the universal principle behind structure formations common to various 
systems, and develops efficient and sustainable plasma confinement methods. An important question is how the flow and 
distribution of energy is determined 
in a system composed of multiple 
elements, and what role magnetic 
fields play in the case of plasmas. 
Through advanced measurement 
systems that quantify high-energy 
particles driving energy flow, experiments 
using new confinement magnetic 
fields, and micro-to-macro theory 
and simulations, we clarify these from 
both experimental and theoretical 
perspectives. The findings are fed 
back to the design and optimization of 
the confinement magnetic field and the 
electromagnetic coil that creates it. 

Fig.2 Cutting-edge spectrometer system equipped 
with grating-prism, CMOS fast-camera, and 
image-intensifier.
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Plasma Quantum Processes Unit
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placed in a flow of energy. Energy tends to eventually turn into uniform thermal energy. On the other hand, when energy flows 
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is an energy flow starting from the nuclear fusion reaction that occurs in the core plasma. This energy flow creates the confined 
state of the plasma in magnetic field. Various structures have been observed in experiments to be formed in the plasma, such as 
organized flows, boundaries where the properties of the plasma change over time and space, exhaust of specific kinds of 
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Fig. From left to right: a visible light image of LHD divertor plasma, beryllium distribution on the plasma-facing surface of the tungsten divertor 
plate in the JET tokamak device, an example of molecular dynamics simulation of hydrogen recycling in an amorphous carbon wall, an 
example of dissipative particle dynamics simulation of the formation of self-assembled structures in amphiphilic molecular systems.

Transports in Plasma Multi-phase Matter System Unit

The term "multi-phase" refers to the three states of matter: solid, liquid, and gas. At the point where the fourth state of matter, 
plasma, meets the other three, many interesting phenomena occur. In a fusion reactor, relatively cold plasma around the core 
plasma, where the fusion reaction is taking place, is connected to the solid or liquid reactor wall. In front of the wall, gas is added 
to lower the plasma temperature to reduce the heat load on the wall. In the “Transports in Plasma Multi-phase Matter System” 
Unit, the objective of the research is to investigate how heat and particles are transported in the system where the plasma 
contacts solids, liquids, and gases in a fusion reactor, to predict what a future fusion reactor will look like, and to control the 
transport of heat and particles. The Unit also aims to apply the knowledge and techniques gained from fusion research to study 
various plasma and multi-phase fields other than fusion, such as plasma biotechnology, SDGs, and the formation mechanisms of 
living materials in space, and to contribute to the advancement of these fields. Our research is conducted through experiments 
using plasma devices, various material analyses using electron microscopes, etc., and computer simulations.

Sensing and Intellectualizing Technology (S&I) Unit

In this Unit, we aim to conduct “Sensing and Intellectualization (S&I)” of various types of plasma physics. In our definition, S&I is to 
elucidate the complex structures and relations inside nature and to convert the information into knowledge.
 We develop new plasma diagnostics and expand their measurable range. In addition, we maximize the amount of information to 
extract from the experimental results by utilizing statistical mathematics and data science. Moreover, we reveal hidden correlations 
inside the obtained data by an interactive method, i.e., converting the data into visual, auditory, and textural information. We 
collaborate on these research topics with scientists around the world to tackle open issues in fusion science.
The S&I Unit consists of the following three research pillars:
1. Research of plasma dynamics with advanced measurement and analysis
We develop plasma diagnostics such as phase-contrast 
imaging and laser Thomson scattering measurement, which can 
pave the way for a deeper understanding of plasma physics. 
We also work on the development of light sources and 
detectors that enable new measurements, which can be applied 
in industry.
2. Sustainable plasma control via predictive/judgment-oriented 
research using data science
We establish a real-time prediction and judgment method for 
fusion plasma. In addition, we will investigate the circulation 
process of stable and radioactive isotopes for the social 
implementation of fusion reactors.
3. Challenge of understanding data and development of public 
communication
We study expression methods such as VR display that enables 
3D + α analysis, and construction of numerical models for 
obtaining scientific knowledge. We aim to systematize the 
intellectual search process that has been conducted empirically 
so far. In addition, we promote open science and outreach 
activities for the contribution of our studies to society and the 
realization of fusion power generation.

Fig. 360-degree VR display of fusion plasma

Fig. Pressure perturbation of a magnetohydrodynamic (MHD) instability and 
orbits of thermal ions in a Large Helical Device plasma simulated with a 
kinetic-MHD hybrid code. It has been found that trapped ions (shown 
by the yellow line) suppress the instability and play an important role in 
maintaining a high pressure plasma. This Unit will extend this 
simulation model to develop a new method to study interaction 
between such an MHD instability and micro-instabilities.

Plasma Apparatus Unit

Complex Global Simulation Unit

In order to understand the behavior of an entire system composed of multiple hierarchies, individual simulations of each hierarchy are 
not sufficient. Global simulations that consider the interactions between hierarchies are required. Simulations of magnetic confinement 
fusion plasma require consideration of the interaction between the microscopic hierarchy of particles in the plasma and the macroscopic 
hierarchy of magnetohydrodynamic behavior of the entire plasma. Although their realization is not easy, such complex global simulations 
are important issues that are expected to be actualized not only in the field of nuclear fusion research but also in many other academic 
fields. The reason for this is that the temporal and spatial scales of the microscopic hierarchy and the entire system are often extremely 
different, and the capacity and capability of a computer is not sufficient to simulate the entire range of scales based on a single system 
of fundamental physical equations.  The purpose of the Complex Global Simulation Unit is to develop simulation methods to solve this 
problem and to promote simulation research.
 This Unit aims to develop simulation methods that couple different hierarchies and physical models to realize global simulations that 
predict and elucidate the behavior of entire physical systems that cannot be handled by simulations based on a single system of 
fundamental physical equations. This Unit will realize global simulations of the whole magnetic confinement fusion plasma including its 
core and edge, based on kinetic-magnetohydrodynamic hybrid 
simulation and will elucidate the complex behavior of plasmas. It will 
also develop a methodology with broad applicability to achieve 
simulations that more closely reproduce real-world phenomena, 
beyond the strong limitations imposed by the capacity and capability 
of the supercomputer.  Interdisciplinary research by applying the 
developed methods to related fields will be promoted.

The concept of the Plasma Apparatus Unit is to elucidate the nature of collective phenomena in charged particles with various 
energy levels and to control and apply the charged particles by utilizing the elucidation. Based on the concept and technologies 
developed in fusion science, the Plasma Apparatus Unit will find new approaches to elucidating natural phenomena and deepen 
the elucidation by further sophisticated technologies of plasma apparatus, which involves a charged-particle control apparatus, 
and by creating new apparatus technologies. Introducing knowledge and technologies in different fields will be done by 
collaboration and union with them. The Plasma Apparatus Unit will pursue new developments as technology drivers in natural and 
applied sciences through academic knowledge and extreme apparatus technologies of collective phenomena in charged particles 
at the leading edge of fusion science.
 Interdisciplinary investigations beyond the boundaries of 
fusion science require diversity. Investigations in The Plasma 
Apparatus Unit with various plasma apparatus are conducted by 
a wide range of people, not only inside but also outside NIFS. 
The main individual investigations at the time of the unit 
establishment are neutral beam injector (NBI), anti-material 
plasma, muon and fusion collaboration, and spacecraft electric 
propulsion. Bases of the four investigations, except NBI, are 
outside NIFS. Sharing information closely in the Unit, starting 
from common knowledge and technologies among individual 
investigations, and addressing issues from multiple perspectives, 
synergistic effects such as leading to completely new ideas can 
be expected. This will bring deeper elucidation and new 
developments in science. In order to maximize the effects, the 
Plasma Apparatus Unit will make NIFS function as one of the hubs 
of an academic network that promotes the knowledge and 
technology of various plasma devices.

Fig. Academic Network of Plasma Apparatus Unit
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Fig. Schematic illustration of materials concerting with ultrahigh-flux 
energy and particle environments (top), and electron 
micrographs of oxide-dispersion-strengthened steel developed 
for fusion reactors (bottom).

Ultrahigh-flux Concerting Materials Unit

Materials for fusion and fission reactors, aerospace craft, chemical 
plants etc. are used under extreme conditions, which give rise to 
non-equilibrium states in materials induced by ultrahigh-flux energy 
and various particles. The non-equilibrium states are expected to bring 
about the formation of unknown compounds and structural changes in 
materials such as a self-organization of constituent atoms, including 
crystal lattice defects. By making good use of these new compounds 
and structures, The Ultrahigh-flux Concerting Materials (UlCoMat) Unit 
is to create novel materials that adapt themselves to the extreme 
conditions and engage with the ultrahigh-flux of energy and various 
particles.
 The target materials are refractory metals, dispersion-strengthened 
alloys with ceramic nano-particles, ceramics for electrical insulation, 
hydrogen control, and various sensors, etc. The figure shows fusion 
reactor grade steel strengthened by ceramic particle dispersion. It is 
possible to form various oxide nano-particles containing yttrium and 
titanium under non-equilibrium conditions in an appropriate fabrication 
process. The UlCoMat targets the identification of stable particles 
without decomposition under extreme conditions and materials design 
to enhance the promising particles.

Applied Superconductivity and Cryogenics Unit

※1 : LHD data repository: https://doi.org/10.57451/lhd.analyzed-data

The Platform Management Office is responsible for managing and operating the platforms, which are various research facilities 
operating in NIFS. The Office has three divisions: the Large Helical Device (LHD) Section, the Computer Section, and the 
Engineering Facilities Section. Together with the Operation Group of the Department of Engineering and Technical Services, it 
promotes activities to utilize the platforms effectively for collaborative research and shared use with domestic and overseas 
researchers.

LHD Section

The LHD is the world's largest superconducting plasma confinement device. It has achieved many results over the quarter of a 
century since the first plasma was produced in March 1998, with a mission of creating a comprehensive understanding of the 
torus plasma. The LHD project was completed in FY2022, but the resources of the LHD project, such as precise and 
high-resolution diagnostics and various high-power heating devices, will be utilized as academic research infrastructure for three 
years from FY2023, with support from the Ministry of Education, Culture, Sports, Science and Technology.
 The LHD aims to elucidate the principles of various complex phenomena common to space and astronomical plasmas as well 
as fusion plasmas, by measuring the internal structure of plasmas with various precise and high-resolution diagnostics. The 
Academic Research Platform LHD is based on the principle of open data ※1 and will also provide research infrastructure to 
promote interdisciplinary collaboration among different research fields.

Platform Management OfficePlatform Management Office

Fig. 2 Photograph showing liquid hydrogen being 
stored in the device for testing HTS wires.

Fig. 1 Image of the LHD helium liquefier/refrigerator 
incorporating AI technology

The Applied Superconductivity and Cryogenics (ASC) Unit is a restructured 
body that consolidates the superconducting and cryogenic engineering 
research conducted by NIFS, aimed at promoting sustainable societal 
change through new study in these fields. Our Unit aims to clarify an exit 
strategy for superconducting systems in sustainable society, conduct 
research and development towards the societal implementation of 
superconducting technology, and serve as an academic research hub 
by offering various low-temperature experimental environments using 
temperature-variable cryogenic systems available in the Superconducting 
Magnet Research Building to various users through academia-industry 
collaborations. Furthermore, we will contribute to the realization of a 
hydrogen society by accumulating experience in the operation of liquid 
hydrogen as "clean energy," positioned as an achievable aim of Sustainable 
Development Goals (SDGs), and enhancing the social acceptability of 
hydrogen, including its safety. To improve the reliability of operating 
large superconducting magnets and a helium liquefier/refrigerator, we are 
developing an innovative monitoring system that utilizes AI technology 
(machine learning) (Fig. 1).
 We have developed a device to test the response characteristics of 
high-temperature superconducting (HTS) wires cooled with liquid hydrogen 
and have constructed an environment that allows for the liquefaction of a 
specified amount of hydrogen. Energization tests can be conducted on HTS 
wires. A photograph of the device storing liquid hydrogen (Fig. 2) won the 
Japan Society of Plasma Science and Nuclear Fusion Research's special 
jury award, the “Geological Era Chibanian Award”.
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Fig. Schematic illustration of materials concerting with ultrahigh-flux 
energy and particle environments (top), and electron 
micrographs of oxide-dispersion-strengthened steel developed 
for fusion reactors (bottom).
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about the formation of unknown compounds and structural changes in 
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crystal lattice defects. By making good use of these new compounds 
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conditions and engage with the ultrahigh-flux of energy and various 
particles.
 The target materials are refractory metals, dispersion-strengthened 
alloys with ceramic nano-particles, ceramics for electrical insulation, 
hydrogen control, and various sensors, etc. The figure shows fusion 
reactor grade steel strengthened by ceramic particle dispersion. It is 
possible to form various oxide nano-particles containing yttrium and 
titanium under non-equilibrium conditions in an appropriate fabrication 
process. The UlCoMat targets the identification of stable particles 
without decomposition under extreme conditions and materials design 
to enhance the promising particles.

Applied Superconductivity and Cryogenics Unit
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The Platform Management Office is responsible for managing and operating the platforms, which are various research facilities 
operating in NIFS. The Office has three divisions: the Large Helical Device (LHD) Section, the Computer Section, and the 
Engineering Facilities Section. Together with the Operation Group of the Department of Engineering and Technical Services, it 
promotes activities to utilize the platforms effectively for collaborative research and shared use with domestic and overseas 
researchers.

LHD Section

The LHD is the world's largest superconducting plasma confinement device. It has achieved many results over the quarter of a 
century since the first plasma was produced in March 1998, with a mission of creating a comprehensive understanding of the 
torus plasma. The LHD project was completed in FY2022, but the resources of the LHD project, such as precise and 
high-resolution diagnostics and various high-power heating devices, will be utilized as academic research infrastructure for three 
years from FY2023, with support from the Ministry of Education, Culture, Sports, Science and Technology.
 The LHD aims to elucidate the principles of various complex phenomena common to space and astronomical plasmas as well 
as fusion plasmas, by measuring the internal structure of plasmas with various precise and high-resolution diagnostics. The 
Academic Research Platform LHD is based on the principle of open data ※1 and will also provide research infrastructure to 
promote interdisciplinary collaboration among different research fields.

Platform Management OfficePlatform Management Office

Fig. 2 Photograph showing liquid hydrogen being 
stored in the device for testing HTS wires.

Fig. 1 Image of the LHD helium liquefier/refrigerator 
incorporating AI technology

The Applied Superconductivity and Cryogenics (ASC) Unit is a restructured 
body that consolidates the superconducting and cryogenic engineering 
research conducted by NIFS, aimed at promoting sustainable societal 
change through new study in these fields. Our Unit aims to clarify an exit 
strategy for superconducting systems in sustainable society, conduct 
research and development towards the societal implementation of 
superconducting technology, and serve as an academic research hub 
by offering various low-temperature experimental environments using 
temperature-variable cryogenic systems available in the Superconducting 
Magnet Research Building to various users through academia-industry 
collaborations. Furthermore, we will contribute to the realization of a 
hydrogen society by accumulating experience in the operation of liquid 
hydrogen as "clean energy," positioned as an achievable aim of Sustainable 
Development Goals (SDGs), and enhancing the social acceptability of 
hydrogen, including its safety. To improve the reliability of operating 
large superconducting magnets and a helium liquefier/refrigerator, we are 
developing an innovative monitoring system that utilizes AI technology 
(machine learning) (Fig. 1).
 We have developed a device to test the response characteristics of 
high-temperature superconducting (HTS) wires cooled with liquid hydrogen 
and have constructed an environment that allows for the liquefaction of a 
specified amount of hydrogen. Energization tests can be conducted on HTS 
wires. A photograph of the device storing liquid hydrogen (Fig. 2) won the 
Japan Society of Plasma Science and Nuclear Fusion Research's special 
jury award, the “Geological Era Chibanian Award”.
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Fig. Data analysis equipment

Engineering Facilities Section

The Engineering Facilities section manages and operates experimental facilities in the Superconducting Magnet System 
Laboratory, the Fusion Engineering Research Laboratory, the Radiation Controlled Area in the LHD building, the Development 
Laboratory, and the Diagnostics Laboratory. A task group is assigned to each experimental building to coordinate the dates and 
systems of experiments. The main experimental facilities are listed in the table below.

Database Task Group
We provide the NIFS Atomic and Molecular Numerical Database at <https://dbshino.nifs.ac.jp/> for researchers worldwide, which 
contains numerical data, such as cross-sections, for collision processes between electrons, atoms, and molecules in plasmas. 
The amount of stored data is the largest in the world, among databases of collision cross-sections and many researchers access  
our database. We are also making databases, e.g. the Atomic Data and Analysis Structure (ADAS), available for domestic 
collaborators, which are provided under international collaborations.

Data Analysis Equipment Task Group
Data analysis equipment includes the experimental data acquisition and analysis system, the SNET research collaboration 
network, and the CompleXcope immersive virtual reality system. The experimental data system has accumulated over 3 petabytes 
of diagnostic and analyzed data from the NIFS LHD and other universities’ devices via SNET, and makes the entire research 
resources, including hundreds of analysis programs, available to the public at the same level as local and remote collaborative 
researchers. This is a research project to develop and build the “Plasma and Fusion Cloud.”  The world’s largest nuclear fusion 
database is expected to be used for fusion energy developments and for “data science” and other fields, to promote “open 
science” in nuclear fusion research. CompleXcope enables observers to enter 3-D data space and observe plasma from various 
directions, thereby facilitating the study of plasmas with complex structures.

Superconducting magnet system test facility 

Heat and material flow loop system (Oroshhi-2)

Hot isostatic pressing system (HIP)

Creep testing machine

Planetary ball mill machine

Ultra-thin film nano-scratch tester

High purity arc melting device

Large planetary ball mill under inert atmosphere 

High-speed impact test machine

Surface modification test device (SUT)

Ultra-high resolution field emission scanning electron 

microscope (FE-SEM)

Scanning electron microscope (SEM)

X-ray photoelectron spectrometer (XPS(ESCA))

X-ray diffractometer (XRD)

Tandem accelerator

Ultra high heat load test equipment (ACT2)

Transmission electron microscope (TEM/STEM) ・ Gentle mill

Focused ion beam scanning electron microscopy (FIB-SEM)

Scanning electron microscope (SEM)

Glow discharge emission spectrometer (GE-ODS)

Neutral beam injection heating test stand (NBI test stand) 

High intensity ion source

Multiply charged ion source (CoBIT)

Large bore and high density plasma device (HYPER-I)

Linear plasma device (TPD-II)

Pen type atmospheric pressure plasma jet device

Wide stripe type, high density, room temperature, and  

atmospheric pressure plasma device

Experimental facilities for
cryogenic engineering 

Experimental facilities for 
in-vessel components

Materials analysis 
equipment

Experimental facilities for 
ion source and beam

Experimental facilities for
basic plasma physics and 

material irradiation research

Superconducting Magnet 
System Laboratory

Fusion Engineering 
Research Laboratory

R&D Laboratories

Fusion Engineering 
Research Laboratory

Radiation Controlled Area 
in the LHD building

R&D Laboratories

Fusion Engineering 
Research Laboratory

R&D Laboratories

Category Platform Building

Fig. Plasma Simulator “Raijin”

Computer Section

Plasma Simulator Task Group
The Plasma Simulator “Raijin” is a massive parallel supercomputer system 
utilized to promote academic simulation research on nuclear fusion science 
and to support research and development that can contribute to progress in 
simulation science. The Plasma Simulator “Raijin” consists of 540 computers, 
each of which is equipped with one scalar processor for controlling the system 
and eight “Vector Engine” accelerators for high-speed computing. The 540 
computers are connected with each other by a high-speed interconnect 
network. The computational performance of the system with Vector Engines is 
10.5 petaflops. The capacities of the main memory and the external storage 
system are 202 terabytes and 32.1 petabytes, respectively. The supercomputer 
system is capable of large-scale simulation of fusion and other complex plasma 
phenomena.  In FY2025, we will upgrade the Plasma Simulator in collaboration 
with the National Institutes for Quantum Science and Technology. The new 
Plasma Simulator will consist of three subsystems, and the computational 
performance of the entire system will be 40.4 petaflops.
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Fig. 1 Fusion Science Interdisciplinary Coordination Center

Fig.2 High performance neutron measurement for energetic particle confinement research

The Safety and Health Promotion Center is devoted to preventing work-related accidents, to ensuring safe and sound 
operation of machinery and equipment, and to maintaining a safe and healthy environment for all staffs, collaborators, and 
students.  The center is composed of ten offices, as shown in the figure.

The Fusion Science Interdisciplinary Coordination Center promotes interdisciplinary collaboration in fusion science and development 
research, and social implementation of fusion technology through industry-academia-government cooperation. As a comprehensive 
center that leads and supports collaborative research with universities, development research institutes, and industry, the center links 
three new interdisciplinary fields and a group of Units to develop challenging and interdisciplinary joint research that transcends the 
boundaries of existing fields. In particular, in order to build an interdisciplinary research network with advanced academic research 
fields, promote open science, collaborate with international research projects, and implement the technologies cultivated through 
nuclear fusion in society, the 1) Advanced Academic Research Collaboration Section, 2) Development Research Coordination 
Section, and 3) Industry-Academia-Government Coordination Section support various joint research in collaboration with the Units. 
 At our Center we actively promote and support interdisciplinary collaborative projects that bring together multiple research units. 
Among these initiatives, we have built a strong foundation through the development of neutron diagnostic systems for the Large 
Helical Device (LHD). These are then leveraged to advance fusion science and energetic particle confinement research. Drawing 
on this expertise, we are now pursuing the development of high-performance neutron diagnostics designed to investigate energetic 
particle dynamics in magnetically confined plasma experiments. These efforts extend to both domestic and international facilities, 
including JT-60SA and other major experimental devices worldwide (Fig. 2).

Through these activities, the Safety and Health Promotion Center conducts environmental safety, which 
includes radiation safety, safety education, and radiation training. Furthermore, industrial physicians also 
patrol the work areas. The Committee of Health and Safety discusses and recommends any safety, health, 
and environmental issues to improve appropriate safety management.
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managersScreen shot of the safety training course.

Fusion Science Interdisciplinary Coordination Center Safety and Health Promotion Center

Nine radiation monitoring posts are placed at 
the site boundary. and five near the laboratory 
buildings.

All workers attend disaster prevention training held every year.
They practice evacuation and extinguishing fires.

Safety and health managers 
regularly patrol the work areas.Training lecture held by safety 

control office leaders and 
safety management staff.
In 2024, it was held online.
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The Rokkasho Research Center (RRC, established in May 2007) promotes cooperation and joint research with the Broader 
Approach (BA) activities that are being undertaken in parallel with the ITER project and is building the technical foundation for 
the development of a prototype fusion reactor, by supporting the participation of collaborators of NIFS and universities, based 
on academic standpoints. Furthermore, in order to promote the interdisciplinary expansion of fusion research problems, we 
are focusing on disseminating research issues to a range of academic fields, inviting interdisciplinary meetings, and promoting 
interdisciplinary joint efforts. As an example, the fourth mid-term strategic project of the Research Organization of Information 
and Systems (ROIS), the "statistical-mathematical modeling for plasma data, complementary to plasma physics," has been 
established and we have been deepening/widening collaborations with communities in fields such as statistical-mathematics 
and data science. In addition, we are actively working to contribute to human resource development through establishing and 
deepening cooperation with neighboring educational institutions.
RRC's Homepage: https://www.nifs.ac.jp/en/about/rrc.html

General Information on RRC

The RRC has been a hub for promoting the research project; the Research Organization of Information and Systems (ROIS), the 
fourth mid-term strategic projects does “statistical-mathematical modelling on plasma data, complementary to plasma physics". 
This project had pursued synergetic development of both research communities by applying/improving the statistical-mathematical 
approach to fusion and plasma data and has so far produced notable collaborative achievements, including joint papers and mutual 
participation in academic meetings both in fusion/plasma and statistics societies. 

 A domestic meeting, the “School on the Japanese DEMO, ~manufacturing and integrated innovation~" was held on 3rd and 
4th, March 2025 at Aomori City Cultural Tourism Exchange Facility, The Nebuta Museum WA-RASSE, which was approved as a 
FY2024 NIFS Schooling and Networking Initiative. This school was organized by the executive committee with participation from 
the National Institutes for Quantum and Radiological Science and Technology, the Rokkasho Institute of Fusion Energy (QST 
Rokkasho) and the University of Tokyo and was chaired by the Director of the NIFS RRC. Over 100 people participated, mostly 
from a range of domestic industry. In addition to keynote speeches on the progress of fusion research and high expectations 
for Japanese industry, and lectures on Japanese DEMO research, the school also included lectures on the basics of DEMO 
components and elements, and a tour of the QST Rokkasho which has been the center of DEMO research and development. 
This school successfully stimulates enthusiasm for participating in fusion research and provides an overview of the positioning 
of each company and individual's areas of expertise and interest within the overall design, as well as the relationship with other 
company/individuals' efforts (intended as the foundation for “integrated innovation").

 We are also working on collaboration with nearby educational institutions. In May 2024, an RRC member gave a lecture 
entitled "Challenges to the Unexplored, Towards the Realization of Fusion Energy" at a class of Engineering Design (ED) I 
for advanced-course first-year students at the National Institute of Technology (KOSEN), Hachinohe College. The contents 
were designed so that students could feel that their nearby area (Rokkasho village) has been and will further evolve as the 
world-leading base for fusion research. Plans also to continue for lectures in 2025.

Recent Activities of RRC

The Research Enhancement Strategy Office was established in NIFS in 2013, as a result of a selection by the National 
Institutes of Natural Sciences（NINS）for a “Research University Enhancement Promotion Project” by the Ministry of Education, 
Culture, Sports, Science and Technology. This project selects domestic universities and inter-university research institutes that 
conduct superlative research, and supports their research enhancement policies. Special features of this program are the 
hiring and placement of Research Administrators（URA: University Research Administration staff） and their resulting 
performance of related activities. Although the project ended in March 2023, the activities of the office continue to develop.
 The Office has two URAs, and promotes activities in five task groups: IR （Institutional Research）/ evaluation, 
enhancement of public relations programs, strengthening of the financial base, enhancement of collaboration activities, and 
strengthening of human resource development programs. Each task group, headed by the group leader, promotes activities in 
coordination with other groups and committees in NIFS. These activities are coordinated with the Headquarters for Co-Creation 
Strategy, established in NINS.

Research Enhancement Strategy Office web page : https://reso.nifs.ac.jp/eng/

Academic Management Meeting
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Rokkasho Research Center (RRC) Research Enhancement Strategy Office

Group photo of the domestic meeting, “School on the Japanese DEMO, ~manufacturing and integrated innovation~" (March 2025).
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A library aiming to enrich materials and information provided to fusion researchers around the world
The NIFS Library has 72,000 books and 1,100 titles of journals, mainly on physics, natural sciences and engineering, that aim to 
enrich materials and information to be provided to fusion and plasma researchers around the world. In addition, as an Inter-University 
Research Institute, we are also responsible for providing information to inter-university researchers nationwide and training students 
and young researchers. 
 The library maintains an online library catalog (OPAC), e-journals, e-books, and other online services in an effort to expand 
its functions as an e-library. We are also member of Interlibrary Services（ILL） to obtain materials not stocked in NIFS from other 
libraries. 
 Since January 2021, we jointly procured a new library system with Okazaki Library and Information Center within the same 
organization. We have started a collection-search service on the new OPAC system. With this system, you may research the 
collections of other institutions such as the National Diet Library and CiNii Research, without having to re-enter keywords. (Fig.1)
 In recent years, we have set up an exhibition corner near the library entrance for introducing the collection materials. Exhibitions 
cover a wide range of themes, not limited to specialized materials. (Fig.2)

The Institute has formulated the "National Institute for Fusion Science Open Access Basic Policy", which is based on the principle of 
disclosing research results such as academic papers of its staff to the public, and is accumulating and disclosing research results. 
The library also edits and publishes the NIFS series and English annual reports.

■NIFS Repository

NIFS Repository releases academic results and intellectual products generated by research or educational activities at NIFS. 
Anyone can access these files free of charge on the Web. NIFS fulfills social responsibility and makes social contributions 
by releasing research and educational activities through the NIFS Repository.

■NIFS Series

This preprint publication rapidly disseminates research achievements at NIFS within Japan and abroad. This series consists of five 
types: NIFS-REPORT, PROC, TECH, DATA, and MEMO. (Fig.3)

■Annual Report

The Annual Report summarizes all research achievements and activities at NIFS in each fiscal year. The reports are written in 
English. 

Accumulation and Utilization of Research Activities

Fig.3

2024

The Public Relations Office, as the core organization responsible for public relations and outreach activities, promotes the disclosure 
and sharing of research achievements with society, including the local community, through a variety of activities. Since the 
restructuring of this organization in FY2023, there now are four committees: the Scientific and Public Relations Committee, the 
Social Engagement Committee, the Archives Committee, and the Educational Collaboration Committee. A summary of the 
committees is depicted in the following illustration.
 Many NIFS research staff are active as members of the office. Principal activities include holding press releases (Fig.1), 
publishing public relations magazines (Fig.2), holding scientific events (Fig.3), providing tours of NIFS facilities (Fig.4), scientific 
classroom activities (Fig.5), organizing and storing historical materials related to fusion science research in Japan, and educational 
collaboration activities with high schools.

Outreach to Society LibraryLibrary

Public Relations Office

 Every year we open the Institute and its research facilities to the 
community, so that people may understand our research activities 
and become interested in our cutting-edge research. In FY2024, 
the event was held in October, and in addition to a tour of the 
facility (Fig.1), events such as virtual reality, experiments with vacuum vessels (Fig.2), and a superconducting maglev train, were 
organized to learn about plasma and nuclear fusion in a fun and hands-on way. About 650 people attended the event.
 Moreover, we contribute activities to foster future researchers, such as Educational collaboration activities with high schools (toure 
of the facilities, practical training), internship activities, and other projects.
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NIFS

FSA collaboration

OthersFusion Science Archives preserves and maintains collections 
of historical documents and materials that are related to fusion 
research in Japan. These activities are important from the 
viewpoint of the historical evaluation of fusion research and its 
social accountability. New items are constantly added through 
domestic and international collaborations. They are stored in 
acid-ftee folders and boxes. The total number of registered 
items is about 33,900 as of April 2025 (See Figure). Part of 
those catalogues are available to the public through the 
internet in a hierarchic structure and can be accessed by the 
use of an electronic retrieval system.

https://www/nifs.ac.jp/archives/

The Industry-Academia Collaboration Laboratory is a fusion energy innovation research center where industry, academia, and 
government work together toward the practical application of fusion energy, the world's next-generation energy. The center also 
aims to create new social value through collaboration with external organizations.
 The National Institute for Fusion Science has so far established cooperative relationships with many private companies and 
industries for the social implementation of fusion energy, which is expected to be a new environmentally friendly energy source. 
The Fusion Energy Industry-Academia Collaboration Laboratory was established in 2023 as a new organization to strengthen these 
efforts. We have also been promoting collaboration with fusion start-up companies, which has been gaining momentum in recent 
years, and have established an internal "HF Collaborative Research Group" to conduct research in cooperation with Helical Fusion, 
Inc.  In addition, “ Technology Development Group “ actively pursues to innovate new technology by raising of private finances.

Industry-Academia Collaboration Laboratory

In addition to the SOKENDAI scheme, NIFS provides other educational frameworks 
for students in various graduate universities. In 2025, NIFS educates 25 students 
belonging to the Graduate School of Frontier Sciences at the University of Tokyo, 
the Graduate School of Engineering at Nagoya University, the Graduate School 
of Science at Nagoya University, and the Interdisciplinary Graduate School of 
Engineering Science at Kyushu University, based on joint programs with these 
graduate universities. Furthermore, NIFS has accepted 11 graduate students 
from other graduate universities nationwide and abroad through the special 
research collaboration program. NIFS also continually offers educational internship 
programs.

Joint Program of Graduate Education 
and Special Research Collaboration Program for Education

Information network, systems and security
At NIFS, research activities generate a large amount of experimental and computational data. A number of results are 
produced from the data by an information system that is organically connected by an information network.
 The Information Network Group provides a stable information network environment. Information networks can be 
regarded as the foundation of research activities, but they are still in their infancy and cannot be a reliable foundation simply 
by connecting devices. It is important to examine the functions of network devices and consider security.
 The Information Systems Group develops, operates, and maintains the various information systems that form the 
foundation of NIFS, as well as information systems related to outreach, evaluation, and research support. The processing 
capability of an information system is improved by data design and programming methods, and the user interface changes 
the ease of use. At the stage of developing information systems, we conduct appropriate system development by clarifying 
requirements through hearings with related parties to facilitate and improve the efficiency of research activities.
 The Cyber Security Group works with the Information Network Group and the Information Systems Group to create a 
strong security structure. This includes user education. In addition, members of the Information Security Group also serve as 
the Computer Security Incident Response Team (NIFS-CSIRT), and in the event of a security incident, we will investigate the 
cause and respond to minimize the damage.

The Research and Education Innovation Office is composed of 
the six committees shown in figure. It plans and implements 
activities to deal with various problems related to research 
and education at NIFS and to raise the level of research and 
education.
 The Academic Planning Committee, plans and manages 
seminars and round-table discussions that benefit research 
institute members and the community. We also plan international 
conferences and publications hosted by NIFS. We will transmit 
information to academia based on suggestions from the installed 
advisory board.
 In the Research and Education Improvement Office, along 
with the Academic Planning Committee mentioned above, five 
other committees work together to promote the development 
and improvement of the research and education environment at 
NIFS.

Fig. Composition of the Research and Education Improvement 
Office and the committees positioned within it.

As an academic center of the fusion community in Japan, NIFS has an important role in encouraging young researchers who are 
expected to lead future fusion activity. The education of graduate students is a core part of such human resource development. 
The Education Council was launched at NIFS in AY2023 and has been comprehensively promoting the education of the students. 
Education at NIFS is undertaken within various frameworks, such as the Graduate University for Advanced Studies, SOKENDAI, joint 
programs of graduate courses and special research collaboration programs for education with Japanese universities, internships, 
and so on.

The Graduate University for Advanced Studies, SOKENDAI, was established in 1988 as the 
first Japanese university which offers only graduate courses (no undergraduate courses). As a 
unique and flexible education system, its five- and three-year doctoral programs are provided for 
students who have finished an undergraduate and a master's course. The educational framework 
of SOKENDAI has been upgraded to Graduate Institute for Advanced Studies since April 2023 to 
foster researchers in the next generation who can deal with complicated and challenging issues. 
Graduate Institute for Advanced Studies consists of 20 programs. Each one is supported by a 
corresponding inter-university research institute. NIFS is the institute in charge of the Fusion 
Science program. 
 At present, 18 students are studying in the Fusion Science program. The remarkable point 
of the program is that students can learn a wide range of cutting edge scientific and engineering 
knowledge such as plasma physics, atomic physics, electrical and mechanical engineering, 
superconductivity engineering, material engineering, vacuum engineering, and information 
engineering. This is because fusion science requires highly integrated synthetic research.

The Graduate University for Advanced Studies, SOKENDAI

Education Council ‒for Graduate Students- Information Systems and Cyber Security Center (ISCSC)
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Extensive multi-national and multi-institutional coordinated research 
among Stellarator-Heliotron (S-H) devices has been promoted 
under the auspices of the IEA (International Energy Agency) 
Stellarator-Heliotron Technology Cooperation Program. 
 Contracting parties are Australia, EURATOM, Japan, Russia, 
Ukraine, and the USA (in alphabetical order). Among them, Japan, 
through the Director General of the National Institute for Fusion 
Science, is performing leadership responsibilities as vice-chair. The 
scaling law for the energy confinement time, the so-called ISS04, 
was successfully derived based on 
the extended S-H confinement 
database. Toward deepening physics 
understanding and increasing the 
predictive capability, the profile 
database activity has been steadily 
expanded with the participation of 
multiple institutions.

The Coordinated Research aims at a smooth accomplishment of a wide range of coordinated research activities at NIFS. It plans, 
establishes, supports the framework of coordinated research, and disseminates coordinated research achievements for their 
effective use. In order to accomplish the above-mentioned purpose, the research cooperation committee with the subcommittees 
as shown in the figure below were established corresponding to a variety of coordinated research.

Research Cooperation Committee

Subcommittee for cooperation based on agreements

Subcommittee for Security Export Control 

Subcommittee for Fusion Field Research Planning on Japan-U.S.
Science and Technology Cooperation Project

Subcommittee for Research Planning on Japan-Korea Fusion
Cooperation Project

Subcommittee for Japan-China Science and Technology 
Cooperation Project 

Coordinated Research Activities

Thailand Institute of 
Nuclear Technology 
(TINT), Thailand

ITER Organization

Thailand Institute of Nuclear Technology (TINT) 2016
Thaksin University (TSU)

Thaksin University 
(TSU), Thailand

2024Mahasarakham University (MSU)

Mahasarakham 
University (MSU), 
Thailand

2024

College of Letters & Science and College of Engineering, 
University of Wisconsin, Madison(UWM)

32

College of Letters & Science 
and College of Engineering, 
University of Wisconsin, 
Madison (UWM),U.S.A

International Coordination (2025/4/1)

The Plasma-Wall Interaction (PWI) TCP is a multilateral agreement 
involving Japan, Europe, the United States, Australia, and the 
United Kingdom. In Japan, NIFS serves as the implementing 
organization. Under this agreement, researchers from NIFS and 
universities, as well as students who will be future researchers, 
are conducting international collaborative research at institutions 
around the world on the interactions between plasma and material 
walls. These collaborations mainly involve experiments using 
linear plasma devices and computational simulations. Significant 
achievements have been made 
in various areas, including 
studies on the effects of plasma 
irradiation on fusion reactor 
wall materials through surface 
analysis, research on plasma 
behavior in the peripheral 
regions of fusion cores, and 
the development of plasma 
diagnostic techniques.

●The IEA PWI Technology Cooperation Program (TCP)
International collaboration using the world's linear 
plasma experimental devices
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Fusion Research Community

NIFS

Domestic Collaboration Research Programs

General Collaboration Research

Fusion Development Collaboration Research aims to strengthen 
international competitiveness in the field of fusion science and 
to strengthen the foundation for human resource development. 
Fusion Development Collaboration Research promotes academic 
research using state-of-the-art fusion plasma experiment devices 
such as JT-60SA led by National Institutes for Quantum Science 
and Technology (QST) through the joint use program. Fusion 
Development Collaboration Research strengthens collaboration 
between academic research and fusion development research 
through the cooperation of NIFS units and researchers in the field 
of fusion science and a wide range of academic circles.

Fusion Development Collaboration Research

This collaboration program was initiated in fiscal year 2019 as 
the fourth category of the collaboration programs conducted 
by NIFS to accelerate the "action plan towards fusion DEMO 
research and development", which was composed by the 
Taskforce on DEMO Comprehensive Strategy in the Ministry of 
Education, Culture, Sports, Science and Technology (MEXT). 
This program attempts to solve issues of the "action plan", 
together with the collaboration programs conducted by the 
National Institutes for Quantum Science and Technology (QST).

Fusion DEMO Reactor Collaboration Research

In Research Core Proposal Type Collaboration Research, 
multiple universities and related research institutes collaborate 
on important issues in the field of fusion science to conduct joint 
research aimed at creating universal academic and technical 
knowledge and strengthening the research capabilities of the 
community through the creation of strong research teams.

Research Core Proposal Type Collaboration Research

In Subject Proposal Type Collaboration Research, joint research 
using the facilities and equipment of domestic and overseas 
universities and related research institutions as a research 
platform, and network-type joint research in which multiple 
universities collaborate ,is conducted.

Subject Proposal Type Collaboration Research

In Fundamental Facility Type Collaboration Research, excellent 
and original joint research that will contribute to the development 
of fusion science isconducted between NIFS and five research 
centers, the Plasma Research Center at the University of 
Tsukuba, the Laboratory for Complex Energy Processes at Kyoto 
University, the Institute of Laser Engineering at Osaka University, 
the Advanced Fusion Research Center at Kyushu University, and 
the Hydrogen Isotope Research Center, the Organization for 
Promotion of Research, at the University of Toyama.
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In order to satisfy the broad needs for advancing cutting-edge 
research, NIFS conducts six collaboration research programs. These 
are : General Collaboration Research which utilizes the facilities of 
NIFS, Fundamental Facility Type Collaboration Research, Fusion 
Development Collaboration Research, Subject Proposal Type 
Collaboration Research, Core Proposal Type Collaboration Research, 
and Fusion DEMO Reactor Collaboration Research which utilize the 
facilities of other institutes. The joint use and joint research activities 
are powerfully developed by accepting research proposals from 
researchers each year.

NIFS collaboration research activities are always reviewed and improved to 
be compatible with the latest research trends by changing the categories 
of collaboration. In FY2022, the General Collaboration Research category 
was reorganized, and in FY2024, Fusion Development Collaboration 
Research was initiated. In FY2025, Fundamental Facility Type 
Collaboration Research, Subject Proposal Type Collaboration Research, 
and Research Core Proposal Type Collaboration Research were started. 
The figures show the number of accepted collaboration subjects in each 
category. LHD Project Collaboration Research and Bilateral Collaboration 
Research were closed in FY2022 and FY2024, respectively.

General Collaboration Research is a system for the collaborators 
to carry out their research by using the facilities or the resources 
of NIFS, including experimental devices, diagnostics, the 
supercomputer, databases, and others. Because nuclear fusion 
includes a wide research area in physics and technology, from 
fundamental research to application, the system has a variety of 
categories.
 In this collaboration, the collaborators come to NIFS and 
carry out research at NIFS. However, if it is necessary, NIFS staff 
can go to the university of a collaborator to perform joint research 
there. Furthermore, in the "network-type collaboration" category, 
the collaborators may conduct experiments at other universities 
involved in a particular project.
 Many exploratory research proposals are adopted in 
the General Collaboration Research, and since a graduate 
student can be a collaborator, it is useful for training young 
researchers.
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The Department of Engineering and Technical Services is involved in the operation and maintenance of research platforms such 
as the Large Helical Device (LHD) and information facilities such as the research infrastructure network, as well as the design, 
development, and fabrication of equipment, radiation control, and safety promotion. The Department of Engineering and 
Technical Services contributes greatly to the creation of results in fusion research through advanced and specialized technical 
support.

Mechanical Systems Technology

Machining operation Precision machined products Welding of vacuum parts

We manufacture precision parts using 
machine tools. We also provide 
mechanical design support and design 
various types of plants.

Design and Development Technology

Structural analysis simulation Thermal analysis Design of vacuum pumping system

We develop equipment using numerical 
analysis software for structural, thermal, 
magnetic, fluid, and electric field analy-
sis. We also design and develop 
vacuum and cryogenic equipment.

Electrical and Electronic Technology

Electronic circuit construction Electronic circuit parts High-voltage inspection

We design and develop electronic 
circuits. We also design and manage 
highvoltage power supplies.

Diagnostics and Analysis Technology

Development for diagnostics Data Acquisition System Radiation management support

We support the development of 
diagnostics, and process, store, and 
manage the data acquired in experi-
ments. We also perform tasks related to 
radiation.

Control and Information Technology

Control system development Remote control system Web system development

We develop control systems. We also 
operate and manage information 
networks and perform web development.

Department of Engineering and Technical Services

･Kitami Institute of
 Technology

10 institutes

69 institutes

15 institutes

24 institutes

16 institutes

6 institutes

19 institutes

6 institutes
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Aeon Mall Toki
　●

Operates inside the building of the 
Rokkasyo Institute for Fusion Energy, 
National Institutes for Quantum Science 
and Technology

AuditorsAuditors

Research Enhancement 
Strategy Committee

Research Enhancement 
Strategy Committee

Research Enhancement 
Promotion Headquarters
Research Enhancement 
Promotion Headquarters

Executive DirectorsExecutive Directors

Executive MeetingExecutive Meeting

Research Base Strategy 
Meeting

Research Base Strategy 
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Administrative BureauAdministrative Bureau

Nov. 1980

Mar. 1988

Apr. 1988
May 1989
Apr. 1992

Aug. 1995
July. 1997
Dec. 1997
Apr. 1998
Apr. 2004

May 2004
Apr. 2010
Feb. 2014
Apr. 2016
Mar. 2017
May. 2019
Dec. 2022
Apr. 2023

Science Council of the Ministry of Education proposes the “Long Range Plan for Fusion Plasma Research in 
Universities”
The structure of the National Institute for Fusion Science (NIFS) and the new project of the Large Helical Device 
(LHD) outlined
The preparation committee and preparation office for NIFS established
NIFS established
The Department of Fusion Science established at the School of Mathematical and Physical Science, Graduate 
University for Advanced Studies
The LHD building completed
Headquarters of NIFS moved from Nagoya to Toki
Completion of LHD
The LHD experiments started
Inter-University Research Institute Corporation, “National Institutes of Natural Sciences (NINS)” inaugurated
NIFS becomes one of the research institutes which constitute NINS
National University Corporation,“The Graduate University of Advanced Studies (SOKENDAI)” was established; 
The Department of Fusion Science established in the School of Physical Scienceｓ, The Graduate University of 
Advanced Studies (SOKENDAI)
The 15th year anniversary held
The research section reorganized, and the Department of Helical Plasma Research established
Research Enhancement Strategy Office established
Division of External Affairs established
The LHD deuterium experiments started
The 30th year anniversary held
The LHD deuterium experiments completed
The research section reorganized and shifted to the UNIT research system
The LHD restarted as an Academic Research Platform for interdisciplinary study

Site Map

History of NIFS
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