[La Fusion Nucleéaire
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Reéactions de fusion

ptptptp—a(He,)+2e+2v+28 MeV(4x7) (Interaction faible)
ptn—D(H,)+1,2 MeV
D+D—He,*(23,2 MeV) —>a +(28-4x1,2)

— He,; tn+ (7,5-4,2=3,3 MeV)

— T (H,)+p+(8,2-4,2=4,0 MeV)
D+T —»>He* —>o(He,)+n+17,6 MeV (E/A=3,48)
D+ He; —»Lis* —>o(He,)+p+18,4 MeV

Fi1ssion

B, (238)=7,6 MeV

B, (119)=8,5 MeV

AB, =0,9 MeV

AE=238x0,9=215 MeV (E/A=0,9)



Fusion D+T
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Répulsion coulombienne

Energie de répulsion entre deux noyaux de
charges Z, et Z,, masses A, et A,

Rayons nucléaires (formules approchées)
R(Fermis=10-1cm)=r,A!> r,=1,45
R(deuton)=1,85 R(tritium)=2,1

_1 A% YAVA)
VCoulomb 1,44 1,45*(1411/34_14%/3)

V(d+d)=0,394 MeV
V(d+t)=0,367 MeV

1 MeV=12 milliards de degrés K !!!




Barriere de fusion

.1 Attraction
| nucléaire Potentiel de Coulomb

Rawon

Transmission de la barricre: effet quantique



Eftet tunnel




Approximations

2
Distance d’approche: 1 :Zl ?e
ZZZZ 2
Section efficace: O prysion=TTH2O=T1—" Eie 0
Transmission de (9=eXp ( \/2 MCZVI E )j
la barriére (carrée): 197 V

M est la masse réduite : collision de deux noyaux de masses
MI1 et M2:

MIM2. M, 229304,
M= MI1+M?2 A'

Barri¢re de Coulomb 1,44%2 n*Z1* 22 M
— Xp—
(Gamow) 197 \/E




Comparaison d+d, d+t

Transmission
10 keV 5 keV
120 Md°K | 60 Md°K
d+d 8. 1077 2.5 10

d+t 2. 10 2. 107
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Taux de réaction

R(E)z( \/271;1 - jexp(—g’:) os(E)  Pic astrophysique
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Taux(T)

(1 MeV=1.2 1010 d°K)

Ry(Tk3.671 O'Zoexp( T%Bj Unité: m3/s




Le plasma

M¢élange 1ons et ¢électrons. Charge moyenne nulle
Densités n, et n, Z.n.-n_=0.

Ve,i: 2_T
me,i
m; >>me Ve >V,
T
¢ ions + densité n ¢
Nuage Electrons
Electronique
Longueur de
Debye —




Temps de vie
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Condition d’entretien

Nombre de réactions par cm’: no¢
O énergie par interaction

W=(nv)no(v)V O=nNOR,,(T)

_dN
Perte d’énergie: Pertes= At

Equilibre: W=Pertes

nOR(D=IT " GR,T



Critere de Lawson
Unite: n/(m3/s)

nT:QRg (D_O 27% 020L exp{ ij

Unité: n/(cm3/s)

_ T 141
m-_QRM(T)_O 2770 exp(ij

Pour T=10 keV (120 millions de d°).
Q=20 MeV

nrt=1,43*104 cm-s




Reéalisation de machines

Lawson Criterium
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Central ion temperature, T, (0) (keV)

n x> f(T)
(Pext = 0)

nxtg>f (T, Q=P JPoyi)
(P... # 0)

ext

n x tg > f (T)
sometimes
also transformed into

(taking into account temperature
dependence near minimum)

NnxtxT >310%" (m3s keV)
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Evolution des performances

How far are we on the road
to the sustained fusion conditions

Evolution of the performance over the years
Nz matches that of computers “Moore’s law”
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Principe de confinement

How can a plasma be confined ?

Gravitational
Confinement Magnetic Confinement

B Fuel Pellet

Confinement

J -M Noterdaeme ICENES 2005, Brussels, August 22, 2005 2005.19.11



Principaux concepts

Magnetic confinement

Particles move freely along field lines:
how can we prevent losses in that direction ?

two solutions o N
+ pinching the field lines at the end

% 1A Mw ——> reflection (“mirror”)

U = linear arrangement

but still losses at the end

+ closing the field lines on themselves
——> no end losses

toroidal confinement

however: a pure toroidal field does not work

J.-M.Noterdaeme ICENES 2005, Brussels, August 22, 2005 2005.19.12



Machines circulaires

Stellarator Tokamak

J.-M.Noterdaeme ICENES 2005, Brussels, August 22, 2005 2005.19.14



JET
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Performances JET

What has been achieved ?

» 16 MW
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in a D-T plasma,

with 20 MW input
into the plasma

total output : max 16 MW

record (Q = 0.8) but
not yet self sustaining !
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[.o1 d’échelle

0 Size from scaling laws
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it

£ ITER

BNEN JET

R=62m,a=2m, Tc=3 s

Central

Solenoid T
Toroidal ["j‘ie'l|d | ‘: . E
oils - l _E
= - lll!_‘ ==
P 3 .
Poloidal Field e E] &= Volume 850 m?
Coils : ‘i'_,’-;b‘ﬂ B —
S B Current 15 MA
M oy —— 7 LT Magnetic field 53T
Fusion power 400 MW
, 4 Heating power 40- 90 MW
person = Q 10
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Ie futur

Towards commercial power

electrical
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g2 production fusion power
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