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Solar corona ： Picture provided by Solar Observatory, NAOJ

Galaxies ： NASA, ESA, the Hubble Heritage Team (STScI/AURA)-ESA/Hubble Collaboration, and W. Keel (University of Alabama)

The reaction in which light atomic nuclei collide with another and heavy atomic nuclei are born is called a fusion reaction. 

The mass after the reaction is smaller than the mass before the reaction, and the reduced mass becomes energy. This energy 

is expressed as the law of conservation of energy (E=mc2). The energy that brightens the sun and the stars comes from this 

fusion reaction.

At present, research for generating electricity by using the fusion reaction is advancing. In fusion reactions on Earth, 

deuterium (D), which has the same isotope as hydrogen, and tritium (T) become fuel. Lithium, which is necessary to produce 

tritium, and deuterium are found in seawater. 
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The Need for
Fusion Power

The Earth at Night ：  NASA Earth Observatory / NOAA NGDC

When seen at night from space, the lights that human 

beings use on Earth are clearly visible.  This brightness 

tells of the great amounts of energy that human beings 

are consuming. Human beings, using fossil fuels such as 

coal, oil, and natural gas, built their present high-level 

scienti�c, technological, industrial society. 

From now, accompanying the population growth and 

the economic development centered in developing 

countries, the earth at night will become ever brighter.
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Benefits of 
Fusion Power 

The consumption of fossil fuels is producing great amounts of carbon dioxide and nitrogen dioxide, and continues to 

bring severe in�uences to the earth ’s environment. Further, there are limits to the amounts of fossil fuels that are 

buried, and the exhaustion of energy resources is a concern. 

Global warming, air pollution, and exhaustion of energy resources are serious problems that threaten the continued 

presence of humans. In supporting the advanced civilization that humans have built and passing an a�uent society to 

future generations, the achievement of fusion energy as a new energy source that is inexhaustible and whose 

environmental burden is small is an important issue shared around the world.
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The National  Inst itute for  Fusion Science seeks to 

achieve fusion power generation as an inexhaustible 

energy source that is gentle on the environment. For 

t h a t  p u r p o s e ,  w e  a r e  c o n d u c t i n g  r e s e a r c h  o n  

g e n e r a t i n g  e x t r e m e l y  h i g h - t e m p e r a t u r e  a n d  

high-density plasma and in maintaining that plasma in 

a stable manner. 

The key to the generation and control of extremely 

h i g h - t e m p e r a t u r e  a n d  h i g h - d e n s i t y  p la s m a  i s  

integrated academic research that  incorporates a  

broad range of science and engineering that span 

experiment and theory,  such as physics,  electrical  

engineering, superconductor engineering, materials 

engineering,  and simulation science.  The National 

I n s t i t u t e  f o r  F u s i o n  S c i e n c e  i s  t h e  b a s e  w h e r e  

leading-edge “knowledge”  among the domestic and 

foreign research communities comes together.

Goals
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Research Activities of The National Institute for Fusion Science

The LHD Project
Utilizing the “Large Helical Device” （LHD）, which uses the 

m a g n e t i c  f i e l d  c o n f i g u r a t i o n  c a l l e d  a  “h e l i o t r o n  

configuration,” and which is an idea unique to Japan, this 

project conducts research in the generation and the 

maintenance of  extremely  high-temperature and 

high-density plasma.

In order to achieve fusion energy generation, it is necessary 

to raise the ion temperature of a plasma to more than 

120,000,000 degrees Celsius and to reach a density of 

more than 100,000,000,000,000 per cubic centimeter. 

In order to satisfy this condition, we are engaging in 

research on such issues as confinement physics, plasma 

heating, and the stable maintenance of plasma.
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In this project, we are conducting design research in order to clarify what a helical type fusion reactor would be were one to be 

constructed. In order to realize such a reactor, as the two wheels of a cart, we are engaged in leading-edge engineering 

research through joint projects with numerous researchers.

We are gaining one after another leading-edge results and important new experiences regarding the “superconducting 

magnet” that produces a powerful and steady-state magnetic field that confines a fusion plasma, the “reactor instruments” 

that absorb the energy that emerges from the fusion reaction and self-produce the fuel, and the long-lasting “advanced 

materials” capable of withstanding a severe environment.

Research Activities of The National Institute for Fusion Science

The Fusion Engineering 
Research Project
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Safety Management

In the LHD, with the goal of producing further extremely 
high-temperature and extremely high-density plasma, we are 
planning experiments that will utilize deuterium, which is an 
isotope of hydrogen. Less than 0.01% of deuterium introduced in 
an experiment will cause a fusion reaction. The radioactivity level 
from the LHD to the environment is less than the natural radiation 
level in nature. And even after commencing with the deuterium 
experiments, people will be able to go inside the LHD and 
conduct maintenance work. At NIFS, we have continuously 
conducted safety management and made information publicly 
available through continuous measurement of the environmental 
radiation on our campus, and we make that information available 
to the public through our homepage. In addition, looking toward 
the deuterium experiment, we have established the Division of 
Deuterium Experiments Management, and have strengthened 
safety management and the sound maintenance of equipment. 
And we are dealing with those matters in a unified way.
Note : At NIFS, we will not conduct experiments that use tritium.  
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International

Domestic

In order for research development and the construction of scholarly foundations that aim at the realization of fusion energy 

generation, it is necessary to gather together the world’s knowledge.

NIFS is an Inter-University Research Institute open to researchers at universities throughout Japan. And as Japan’s core 

institution for fusion science research, NIFS has entered into academic cooperation agreements with important universities and 

research institutes in Japan and abroad. Moreover, NIFS is engaged in active joint research with more than 200 universities and 

research institutes. 

Joint Research

The ITER International 
Fusion Energy Organization
（collaboration; France）

ITER （tokamak） Institute of Plasma Physics, 
Chinese Academy of Sciences
（China）

EAST （tokamak）

Princeton Plasma Physics 
Laboratory  （United States）

NSTX （tokamak）

National Institute for 
Fusion Science（Japan）

LHD （helical type）

National Fusion Research 
Institute  （Korea）

KSTAR （tokamak）

Australia National University（Australia）

H-1NF Heliac （helical type）

Japan Atomic Energy Agency

JT-60SA （tokamak）

University of Tsukuba Plasma Research Center

GAMMA 10 （mirror type）

Osaka University Institute of Laser Engineering

GEKKO-Ⅻ （laser type）

Kyoto University Institute of 
Advanced Energy

Heliotron J  （helical type）

Kyushu University Research 
Institute for Applied Mechanics

QUEST （tokamak）

LHD

Culham Centre for Fusion 
Energy （UK）

Institute for Plasma 
Research （India）

Southwestern Institute of 
Physics  （China）

University of California, 
Los Angeles  （United States）

Lawrence Livermore 
National Laboratory
（United States）

Los Alamos National Laboratory 
（United States） University of Texas at 

Austin  （United States）

University of California, 
San Diego （United States）

Oak Ridge National 
Laboratory  （United States）

University of Wisconsin
（United States）

Karlsruhe Institute of 
Technology （KIT） （Germany）

Jülich Research Centre
（Germany）

National Science Center of
the Ukraine Khar’kov Institute of 
Physics and Technology Institute 
of Plasma Physics  （Ukraine）

A.M. Prokhorov General 
Physics Institute, Russian 
Academy of Sciences  （Russia）

Kurchatov Institute, Russian 
Research Center  （Russia）

Dutch Institute for Fundamental 
Energy Research （FOM） （Netherlands）

Max Planck Institute for 
Plasma Physics （Germany）

W7-X （helical type）

National Research Center for Energy, 
Environment and Technology（CIEMAT） 
（Spain）

TJ-Ⅱ（helical type）

Aix-Marseille University
（France）
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Outline History of NIFS
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November 1980

February 1986

March 1988

April 1988

May 1988

April 1992

August 1995

July 1997

December 1997

April 1998

April 2004

April 2010

Science Council of the Ministry of Education proposed the “Long Range Plan for Fusion Plasma 
Research in Universities”

The structure of the National Institute for Fusion Science (NIFS) and the new Large Helical Device 
(LHD) project were outlined

The structure of the Fusion Science Research Center (temporary name) and the plan for the 
next-generation Large Helical Device formulated 

The preparation committee established and the preparation o�ce for  NIFS opened

NIFS established in Chikusa Ward, Nagoya

The Department of Fusion Science established in the School of  Mathematical and Physical Science, 
Graduate University for Advanced  Studies (Sokendai)

The Large Helical Device experiment hall completed 

Move to the Toki area; the home area of NIFS changed to “Gifu  Prefecture”

Large Helical Device completed

Large Helical Device experiments started

The Inter-University Research Institute Corporation “National  Institutes of Natural Sciences” 
established; NIFS reorganized as a research institute in the National Institutes of Natural Sciences; 
National University The Graduate University for Advanced Studies established; Fusion Science course 
established in the graduate school’s 
School of Physical Sciences Department of Fusion Science

Research organization revised and uni�ed; Department of Helical Plasma Research Division 
established

To visit NIFS ＞＞ By car ;
 Tokai Kanjo Expressway (Toki-Minami Tajimi Interchange [IC]) ; 
 5 minutes from the Interchange

＞＞ By public transportation;
 From Tajimi Station on the JR Chuo Line, 
 ride the Totetsu Bus Company bus (Gakuen Toshi bus route) ; 
 approximately 20 minutes;  get o� the bus at
  “Kenkyu - Gakuen - Toshi - Center”

CENTRAIR
Airport

●
Nagoya

●Osaka

●
Tokyo

Gifu
Prefecture

NATIONAL
INSTITUTE
FOR
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National Institute for
Fusion Science
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Toki City

322-6, Oroshi-cho, Toki-shi, Gifu-ken 509-5292, Japan
Phone: +81-572-58-2222   FAX: +81-572-58-2601   http://www.nifs.ac.jp/

Inter-University Research Institute Corporation
National Institutes of Natural Sciences

National Institute for Fusion Science

Rokkasho Research Center
Department of Helical Plasma Research, NIFS

Nov.2014

Kenkyu-Gakuen-
Toshi-Center
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