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The processes of laser and particle beam interaction with plasma are determined by both the
collective kinetic effects and Coulomb collisions. The problem is that the Fokker-Planck
equation for the collisional plasmadynamicsis very difficult as regards either analytic or direct
numerical investigation. An effective approach to overcome these difficulties is the method of
stochastic differential equations[1].

In the present work we derived the nonliner Langevin equation for particle motion in
collisiona plasma. This equation allows to incorporate the collisional processes into the well-
known PIC codesin asimple and effective way. It isknown that the equation of Fokker-Planck
and Langevin equation are the aternative methods for the description of Markovian diffusion
process v (t). Thus, the starting point of our work isthe stochastic equivalence of these methods,
i.e. we are looking for the nonlinear Langevin equation: dv;/dt = F;(v) + D;x(v)&, which
describe the particle motion in collisional plasma. Here F;, D;;. are the deterministic functions
and £(t) is the random white noise with the following characteristics: < £(t) > = 0, <
&i(t) &(t+7) > = i 6(T). SO, our purpose is to derive this equation and to generalize the
well known PIC-method for the case of collisional plasma.

The Langevin approach can be simply applied when theintegral of collision can be written
asafunction of velocity. But, asfor the description of Coulomb collisionsby the Landau integral
of collisions, the kinetic equation for the f, has an integral dependence on the f5 (where f,
and f; are the distribution function of particles of species o and 3 respectively). This method
is applied directly for the diffusion model of collision integral [3,4], and for the case when the
collisions between the electrons and relatively cold ions are dominant [2]. For the general case
the "quasi-Maxwellian" model [4] was constructed and corresponding Langevin equation was
derived:
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Hee H = > H.(&,) ., G =X, ,G,(&), ¢ = & dze*" / /7 is the error function, and
U(§) = —3d(P/€)/d¢ isthe Chandrasekhar function, v = v — W, &, = [v — u,(x,¢)|/Vr,
and u, isthe average velocity of the species y. The parameter x depends on the definition of
stochastic integral.

The derived equation is satisfactory for many problem of interest, and becomes "exact"
(i.e., it is equivalent stochastically to the description of collision by Landau operator) in the
number of limits [4]. Using the derived equations numerical algorithm was developed and
tested.

With the use of the developed approach the problem of the short laser pulses interaction
with overdense plasmas was considered. Using the simulation of laser-plasma interaction in
collisionless regime, the authors of the paper [5] studied the influence of the sheath on the
absorption and showed that the value of absorption coefficient from the simulation using the
realistic reflection condition (when the particles are reflected by the longitudinal field of the
double layer existing at the plasma boundary) can be greater than the linear theory prediction
by up to 50%. The problem under consideration is formulated as follows. the immobileions of
plasmafill the half-spacex > X;, i.e., thedensity of ionscomponentisequal ton for z > X; and
iszerofor x < X;. Thelaser light propagates along the x —axis and have the main frequency w,,
wherew, < w,.. Thesimulation parametersis chosen close to the described in Reference [5].

Using the developed approach we calculated the absorption coefficient in both collisiona
and collisionless regimes [4]. (The laser light wavelengthis A\ = 0.35mkm, the charge of
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ionsis Z = 3 and the electron concentration is n, = 25n..,., where n..,. isthe critical density for
the incident wave.) The result of absorption coefficient simulation in a wide range of plasmas
parameters (temperature and plasma frequency) is shown in Fig.1. The bold curve separates
the region of plasma parameters (large temperatures and densities) where the spatial dispersion
is large enough and the value of 7, is greater than the linear theory prediction. For the case
of strongly nonlinear regime of laser-plasmainteraction the strong longitudinal electric field at
the plasma boundary is observed. The generation of a high frequency radiation as well as the
formation heated electronsisinvestigated [2].

The simulation results of electron beam stopping in plasmais shownin Fig.2. Theinitia
plasma temperature is 100eV; the electrons beam velocity corresponds to 10keV/, the ratio of
beam and background densitiesis 1/10.

We conclude by mentioning that the devel oped approach is applicable to various problems
for collisional plasmasimulations.
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Figure 1. Absorption coefficient n,, as a function of plasmas parameters: T’ is the plasmas

temperature (in kel’), w,e and wy are the plasma frequency and the frequency of laser light.

Figure 2. The dependence of averaged velocity of electron beam < V'(¢)/V (0) > as a function of time

(Npeam/No = 0.1, Eg = 10keV, Ty = 100eV)).
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