
Monte-Carlo Methods for kinetic equations

Boltzmann eq., Vlasov eq., V.F.-P.

Coupling with other models ) time splitting

1 Example of Kinetic equation :VF-P

� Density of particle f = f(t; x; v)

Set of velocity R3 provided with dv s.t.
R
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here L is conservative (collision operator with the electrons or the ions of a plasma)
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2 Probabilist interpretation
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� L�f is associated to the processus X(t); V (t) (1)
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Simplify O(v �U) = O(x):

The Markov process (Xt; Vt) associated to (1)



d

dt
Xt = Vt; (2)

dVt = dt (E�Ne(r+ s)(Vt �U(Xt))) + �e(Xt)dBt: (3)

where Bt states for the Bronwian motion and �e is the square root of 2Oe(x):

Consider a particle with velocity Vt on a small time intervall �t; then

Vt+�t = Vt � �tNe(r+ s)(Vt �U(Xt)) + b(�t)

b(�t) is a random vector whose expectation is zero and whose variance is s.t.

E[b(�t)b(�t)=(Xt; Vt)] = 2O(Xt)�t

Proposition (probabilist interpretation). For any test fonction ' 2 Cb(D � V );
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f(t; x; v)'(x; v) dx dv =

= Eg ['(X(t); V (t)) ]



3 Principle of the numerical method

�Generation of N processes, ind. equid. : (Xp; Vp); p = 1; :::; N .

� At each time step (small enough)

1. Track the particles according to a free �y (without coll.)

dXt=dt = Vt

2. Acceleration

dVt = dt (E�Ne(r+ s)(Vt �U(Xt)))

e.g. V 0t = Vt + �tE(Xt)

V +t �U(Xt) =
�
V 0t �U(Xt)

� 1�Nejr+ sj�t=2
1 +Nejr+ sj�t=2

3. Di¤usion

V +t ,! V +t + b(�t)



Mean value of b(�t) = 0

E[b(�t)b(�t)=(Xt; Vt)] = 2O(Vt �U(Xt))�t



Remark. Momentum deposition :
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Energy deposition :
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Estimation of R in a zone M
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