


Stars, interstellar environments and comet tails are all made up of plasma

 

A Three Tiered 
Structure   
ITER, the product of an international partnership 
which unites China, the United States, the Russian 
Federation, India, Japan, the Republic of Korea 
and the European Union, relies on a three tiered 
organisation. The international organisation (ITER 
Organization) is responsible for the design, 
assembly and operating of the research facility.
It coordinates the national agencies (structures 
established in each partner country) which are 
in charge of producing the components for the  
facility that will then be transported to Cadarache 
for fi nal assembly. As host country, France has 
two such structures which are coordinated by 
Bernard Bigot, the Senior Representative for the 
implementation of the ITER project in France: the 
ITER mission with the Regional Prefect (itinerary, 
international school....) and the Agence Iter France, 
an entity created within the CEA, in charge of the 
development and site preparation and welcoming 
the members of the ITER Organization and their 
families.

Plasma or ionised gas     

When the temperature of a gas is suffi ciently high 
(some several thousand degrees for air), the mo-
lecules lose one or several electrons.  The gas is 
then said to be in an ionised state: it is a plasma. 
With ITER, the fusion reactions will be obtained 
with atoms of deuterium (an element present in 
water) and tritium (a radioactive element with a 
short life of 12.3 years).  Each collision will create a 
helium nucleus and a neutron releasing a thousand 
times more energy than that present in an average 
particle.  This energy is partly transmitted to the 
helium nucleus created during the fusion reaction 
and partly to a high energy neutron (14MeV).   The 
radiation thus produced heats the walls of the 
torus.  ITER will be the biggest research facility 
in the world capable of producing and controlling 
plasma heated mainly by helium produced by 
fusion reactions and producing ten times more 
energy than that injected into the plasma (500MW 
produced for 50MW injected).

From Torus to 
Tokamak    

In geometry, a torus is a surface of revolution 
generated by revolving a circle round an axis 
situated in its plane. In accordance with this 
defi nition, an air chamber also has a more or less 
toric shape. The term «torus» is found in the Russian 
« Toroidalnaya Kamera c Magnitnymi Katushkami » 
of which tokamak is an acronym. This can be trans-
lated as « toroidal chamber with magnetic coils ». 
The design of tokamak facilities such as those at 
ITER, has been perfected by Russian scientists 
who were the fi rst to raise a hydrogen plasma to 
a temperature of 10 million degrees.

A Sun on  Earth
All research in the field of fusion has the same target: 
to prove that fusion can become a source of energy for future 
generations.  Here is a summary of the articles published in 
Interfaces(2), giving a global overview of the world of fusion.

The sun is a hot, dense ball of 
plasma. During fusion, the 

hydrogen atoms which are the sun’s 
main components turn into helium 
and the fact that plasma tends to 
cool down and spread out is coun-
terbalanced by strong gravitational 
forces. However, on Earth, the 
forces of gravity are much weaker 
and it is therefore impossible to  ob-
tain a fusion reaction between two 
atoms in normal conditions. Neither 
can we envisage using solid walls 
to help contain plasma because 
plasma is made up of a multitude 
of particles and is such a hot gas 
that anything it comes into contact 
with will simply volatilize. Hence, 
fi nding a way to contain plasma has 
long been at the heart of laboratory 
research tests.

A magnetic vessel  
After several attempts at the be-
ginning of the 1960s, researchers 
understood that they could contain 
plasma by perfecting a sort of 
« virtual box » created using a skillful 
organisation of magnetic fi elds 
(100 000 times the fi eld of the Earth). 
The idea was to force the moving 
particles to follow the magnetic 
fi elds created by fi eld lines around 
which they would spin like a helix. 
By making the nuclei and the elec-
trons spin round these magnetic 

lines, the scientists are in effect en-
closing the plasma in a sort of virtual 
vessel and thus containing it.
This process is now used in the heart 
of machines such as the Tore Supra 
in Cadarache, JET in England, JT60 in 
Japan, SST1 in India, or East in China 
and KSTAR in South Korea.  Having 
inherited such developed techno-
logies from around the world, ITER 
will be using the biggest coils ever to 
produce the magnetic fi elds neces-
sary to keep the plasma in levitation 
in the heart of the machine.  Eighteen 
of them placed around the torus will 
produce the main magnetic fi eld to 
ensure the plasma remains confi ned. 
The coil placed in the center of the 
machine will allow the current to be 
injected into the plasma (the central 
solenoid), and the six other coils will 
encircle the torus in order to stabi-
lise it.   In addition to confi ning the 
plasma, the aim is also to maintain a 
perfect seal in the vessel (a vacuum 
vessel) where the plasma is created.  
The ITER vessel will be made up of 
nine components which will be the 
heaviest parts to transport (see in-
sert: « 33 Outsized Components »).
When cooled to a very low tempe-
rature (-271°C), the alloy which is 
the basic material of the vessel that 
contains the plasma  exhibits super-
conductivity, no longer  displaying 

resistance to electric currents. With 
this technology it is therefore pos-
sible to increase the temperature 
in the heart of the plasma.

Pushed to extremes
Technologies using very low tem-
peratures are also used to solidify 
certain gases. In this way, it is 
possible to feed the heart of the 
plasma by injecting frozen deute-
rium at very high speed. Whilst very 
low temperatures are required for 
fusion, extremely high temperatures 
are needed to produce the fusion 
reaction (about 100 to 150 million 
degrees). These temperatures will 
be reached in the heart of the plasma 
in the ITER research facility.   

Robots to the rescue
With the issues of confi nement and 
temperature solved, the problem 
of density must be tackled. The 
density must not be too low so that 
the atom nuclei have a chance to fi nd 
each other, nor too high so that the 
mixture of deuterium and tritium 
does not exert too much pressure 
on the vessel where the plasma is 
produced. In addition, we must take 
into consideration the formidable 
energy which is given off during fu-
sion reactions in the form of radiation.
To operate is such an environment 
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Agenda

Iter

The ITER headquarters: 
meeting organised for 
construction and public works 

companies

13th October 2009
Agence Iter France is organising an information 

meeting for construction and public works 

companies on the 13th October this year from 

10am to 2.30pm in the chateau of Cadarache in 

order to present their architectural and technical 

project for the ITER headquarters (the final office 

building), the next invitations to tender and 

the business rules.

www.itercadarache.org

3rd and 4th December 2009
Intercultural seminar: 
the second edition
As a partner of the ITER Organization, the Agence Iter 
France is organising the second intercultural seminar on 
the 3rd and 4th of December this year in Aix-en-Provence. 
Within the framework of the European Year of Creativity and 
Innovation, this seminar is open to professionals in the worlds 
of art, communication, research, intercultural training and 
human resources. 

Reservations required.  Please see: www.itercadarache.org

View of plasma obtained with the JET facility

ITER Tokamak

where human intervention is no 
longer possible necessitates the 
use of robots. Already, the European 
research facility JET is equipped 
with an articulated beam  about a 
dozen metres long which is used 
to position remote controlled arms 
anywhere inside the machine to cut, 
weld, screw up bolts...  At Tore Supra 
an articulated robot is sent inside 
to inspect the facility. It has been 
specially designed to withstand the 
vacuum and the severe temperatu-
res (120 degrees Celsius) and is in 
fact an eight metre long articulated 
arm capable of slipping into the 
very heart of the machine through 
an opening with a diameter of only 
200 millimetres. Remote controlled 
systems will be installed in the heart 
of the ITER  facility in order to carry 
out similar missions. Some will be 
used to install and remove mas-
sive components weighing several 
tonnes and others will be used for 
internal inspection.
With all this acquired knowledge, 
both scientifi c and technical, ITER 
will allow us to take an essential 
step forwards in the development 
of fusion as a potential source 
of energy. The fi rst experiments 
are expected to be carried out 
in 2018. •

www.itercadarache.org

33 Outsized Components
The construction of the ITER tokamak requires high technology 
components of exceptionally large dimensions:

• 9 elements of 544 tonnes for the vacuum chamber
 (8.5 m wide, 14.1 m long, 7.45 m high)

• 19 superconductive coils each weighing 530 tonnes
 (8.5m wide, 17.3m long, 9.1m high)

• 1 superconductive coil weighing 306 tonnes
 (8.5 m wide, 10 m long, 8.4 m high)

• 4 bridge crane beams weighing 190 tonnes
 (4.5 m wide, approximately 47 m long, 2 m high)

These components will be transported on the roads built between 
Berre l’Etang and Cadarache, they will be night convoys, the slowest 
of which will travel at a speed of just 5km per hour and the fastest at 
about 30km per hour.

99% of the universe is made up of plasma 

Discussing in front of a model

Portrayal of an ITER convoy on a roundabout

(2)All the editions of Interfaces can be consulted 
on www.itercagarache.org

Injection of frozen deuterium into a plasmaInterior of the Vacuum Vessel


