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I. What is the energy problem ? 



Energy is necessary for all human activity 

Industry 

Transport Lighting Heating 

Entertainment 

30-50% 

20-30% 

~20% 



Orders of magnitude (I) : Power 

1 W = 1 J/s 

Total 
consumption 

= 10 TW 
= 10x1012 W 

~ 10 
000 

1 typical 
Power plant 

= 1 GW 
= 109 W 

= 4x1026 W : Arrives on  
earth = 1017 W = 10 000  

Total 
world 

consumption 

= 50 W 



Orders of magnitude (II) : Energy 

= 400J 

1 Kg 
= 42 MJ  
= 42 000 000 J 
= 100 000 

1 m3 of  falls 100 m 

= 1 MJ 

1 Kg 
= 86 TJ 
= 86x1012 J 
= 2000 t  

1 m2 

1 Hour = 1 MJ 

1 Kg 
= 340 TJ 
= 340x1012 J 
= 4 kg 

 

 

 

 

 



World consumption increases rapidly 

 In 2035, total energy 
need : x1.5 compared 
to 2008 

More than 
40 % relies 
on oil 

 Oil Peak : Production 
will decrease soon 

Very serious 
problem 
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Threat of global warming 

Greenhouse gases, such as 
CO2, CH4 and many others, 
help retain solar radiation in 
the atmosphere 
         Average  

Irradiation 
increase 
 

In the future, we expect : 
- More droughts, water supply issues 
- Maybe more typhoons 
- Food and health negative impacts 
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Urge for new sources of energy 

 Oil will become rare very soon 
 

 Fossil fuels in general (oil, coal, gas) produce 
greenhouse gases and should be avoided 

Alternative to fossil fuels must be found 

They must be found urgently 



Alternative to fossil fuels 

Solar 

Hydraulic 

Wind 

Nuclear Fission 

Nuclear Fusion 

Large resource 
Intermittency  
(night/day, clouds) 
Large surface 

Total resource is 
limited 
Environmental 
damage  

Intermittency (wind 
strength) 
Pollution during 
production 

Accidents are very 
serious (Fukushima) 
Big radioactive waste 
issue 

Bio fuels 
Good idea but takes 
land which could be 
used for food 

Let’s try 
harder 



II. 
 What is nuclear fusion ? 

 
Why is it difficult ? 

 
Why is it great ? 



What is nuclear fusion ? 

 Nuclear fusion involves nuclei of atoms. Not the 
electrons 

Hydrogen Deuterium Tritium 



What is nuclear fusion ? 

 Nuclear Fusion is the process in which two atoms 
combine to form a new one 
 In the transformation, a large amount of energy is 
released 



What is nuclear fusion ? 

 The process happens also in the sun core 
 In this case the reaction with simple hydrogen atoms 
 The sun core is extremely hot and dense 

Let’s look at the sun Core where 
fusion occurs: 
T = 15 000 000 °C 

Dens =150*(Water Dens) 

Matter is in 
state 



What is a plasma ? 

Temperature 

 4 states of matter depending on temperature 
 In the  state, temperature is so high that 
electrons separate from nucleus 

 Plasma represents more 
than 99% of known matter 



Nuclei do not fuse easily 
At the nucleus level, two main forces: 

 Coulomb electrostatic forces (same sign repel each other) 
 

 
 Strong nuclear force. The nuclei feel it only at very small 
scale 
 If speed is too small, strong interaction does not occur and 
fusion does not occur 



Nuclei do not fuse easily 

 High speeds of particles = High temperature 

This is why very large 
temperatures are needed 



Nuclei do not fuse easily 

 High speeds of particles = High temperature 

Deuterium nucleus 

Tritium nucleus 

Not enough energy 
Nothing happens 



Nuclei do not fuse easily 

 High speeds of particles = High temperature 

Deuterium nucleus 

Tritium nucleus 

Enough temperature 
(energy) 

Fusion can occur 

Helium nucleus 

Neutron 



Atoms do not fuse easily 
The sun high density is achieved because of the gravity 
produced by its large mass  

= 300 000 X 

We cannot do same in the laboratory. So we 
confine the plasma using magnetic fields 

The density is much smaller than in the sun core 
But the temperature can be 10 times higher  
The matter is in the plasma state 



How the magnetic field confines the plasma 

A charged particle in a magnetic 
field rotates along a helix 

Twice stronger field 
makes twice smaller 
helix radius 



What a fusion plasma looks like 

Design of a 
fusion machine 

Charged particles are 
confined by the 
magnetic field 



Recipe to obtain energy from fusion 

+ 

Charged particle 
remains inside 

 

Contributes to the 
heating 

Boil water 

Electricity 
Generation 



The advantages of fusion 

Fusion reaction is very difficult to maintain. Nuclear explosion 
is impossible 
 
The product of the reaction is Helium, which is a very stable 
and safe gas 
 
 Tritium is very radioactive and fast neutrons activate the wall 

But : 

① The quantities are small 
 
① The level of radioactivity decreases more rapidly 



The advantages of fusion 

If Deuterium-Tritium is used  

Energy for > 10 000 years 

There are other possible fuels (reaction even more difficult) 

H + 11B  3 4He 
Energy for > 100 000 years 



III. A few words about my research 



Fusion is not ready yet 

The Large Helical Device 
(LHD) 

at NIFS 

Machines of today are 
only for studying the 

physics 



Why is it not working yet ? 

 It takes power to heat the plasma: Pinput 
 
 The plasma gives a certain power: Poutput  
 
 The quality factor Q is  

 
Pinput Poutput = Q*Pinput 

Heating Fusion yield 

Goal is 
Q>>1 



The efficiency of the reaction 
Average probability 
for the reaction 

Heating is 
relatively large 
 

Output is very 
small 

Gives an idea of Poutput 

Q<1 

Heating is large 
 

Output is very large 

Q>>1 

We have to heat 
very hard 

0.1 1 10 億度 億度 億度 



What happens when we reach this high temperature ? 

Think about a pressure cooker 
The high pressure inside 

certainly exerts a large force 

A fusion plasma is like a 
pressure cooker 

But the box is the invisible 
magnetic field 



What happens when we reach this high temperature ? 

 The core is very hot and the edge colder. So there 
is a large difference between the core and the 
edge.  

= Pressure expansion force 
= Magnetic confinement force 

 Two forces balance each 
other: equilibrium 
 

 The equilibrium can be 
 stable 
 unstable 

core 

edge 



What is an instability ? 

 We all have common 
experience of instability 



Examples of instability in nature 

“Kelvin-Helmholtz” 
instability on clouds 

Typhoons 

A drop of ink in a glass 

Solar 
eruption 

 or “flare” 

Instabilities contribute to the 
beauty and dangers of nature 



Instabilities in the fusion plasma 

2 problems 

Small scale 
==turbulence 

Large scale 
==Magnetohydrodynamics 



Consequence on the performance 

Instability event 

The instability limits the maximum temperature 

Maximum 
 

Temperature 



What is my job ? 
The plasma stability (and performance) 

depends on several parameters 
 Temperature T 

 

 Density n (Number of particles per unit of volume) 
 

 Size R 
 

 Magnetic field B 
 

 Electric current inside the plasma I 
 

 etc… 

Where is the stability domain ? 



What is my job ? 

If there are 2 parameters, the 
situation is easy to characterize: 

α 

β 

Unstable 

Stable 

Stable 



α 

β 

γ 

What is my job ? 

With 3 parameters, already more 
complex: 

Stable 



What is my job ? 

 With all the parameters, the domain of stability is 
hard to determine 
 
 This is why research is needed 
 
 In order to characterize the stability of the plasma, 
I use simulations, which help predict the plasma 
behaviour 

If we understand better the stability, we can build better 
machines and progress towards the goal of fusion energy 



What does a typical day look like ? 

Writing 
programs 
(Simulation, 
data analysis, 
resolution of 
equations…) Going to meetings to 

learn about new results 

Running 
programs 

Most of the time in front 
of a computer 



There are also experiments 
 Experiments are quite different from simulations 

 

 Writing data analysis programs is often necessary 
 

 You spend more time seeing the machine or 
machine parts 

= 
Inside 

Outside 



There are also experiments 

 Also, you would spend more time in the control 
room 

The Large Helical Device control room 



What do I like in my research job ? 

Everyday is different, so it is 
stimulating and not boring 

 I can build some things with a lot 
of freedom and I can be creative 

 I meet very brilliant and inspiring 
people everyday 

 I think that I do something useful for 
mankind, even if it is only a very small part 



What is necessary when doing research ? 

Research is for you if 
 You like to be amazed by the 
beauty of nature 

 You are logic 

 You like to understand how things work in details 

 You are not afraid to do new things 
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