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1. Introduction

In spite of considerable progress in statistical theory of plasma turbulence, consistent de-
scription of electromagnetic fluctuations in turbulent plasmas has not yet been performed.
That is why phenomenological approaches to the description of turbulence influence on
electromagnetic fluctuations still remain an important tool for the studies of this problem
[1-4]. Within such approaches however, it is impossible to take into account explicitly
the effects associated with turbulent diffusion in the velocity space. The purpose of this
contribution is to describe electromagnetic fluctuations in turbulent plasmas in external
magnetic fields with regard for such diffusion.

2. Basic Set of Equations

We consider plasma with saturated turbulence assuming that the characteristic time of
turbulent field changes 7 is much shorter than the correlation times for the fluctuations
under consideration. In such a case, averaging the equation for the microscopic phase
density over the physically-infinitesimal time 7, > 7 yields the kinetic equation
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with the collision term (8F/dt)r) describing the influence of turbulent fields on the evo-
lution of the smoothened microscopic phase density F(X,t). Here, X = (r,v), F** and
F are the forces associated with external and intrinsic plasma fields (the latter is averaged
over turbulent perturbations), the rest of notation is traditional.

The collision term can be represented in the Fokker-Planck form with the kinetic co-
efficients determined by the turbulent field correlation functions. In the general case such
kinetic coefficients should be calculated selfconsistently with regard for their temporary
evolution [5]. In the case under consideration the kinetic coefficients are assumed to be
known. In what follows we also suggest that the turbulence is isotropic in the direc-
tions perpendicular to the external magnetic field and that the velocity-dependence of
the diffusion coefficients may be neglected. Within such model Eq. (1) has the form
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Here, v = (v1,v)), 2 = eBy/mc = e,(), v and v, are the friction coefficients for motions
in the directions parallel or perpendicular to the external magnetic field By = e, DBy, D
and D, are the relevant diffusion coefficients.
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Eq. (2) generates the following linearized equation for fluctuation evolution

) e 9fo(v)
Lodf(X,t) = ——6B(r, )= (3)
where
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fo(v) = (F(X,t)) is the unperturbed distribution function, §E is the electric field fluctu-
ation satisfying the Poisson equation

divéE = 47 Y en / dvef(X,1). (4)

3. Transition probability of a particle in a magnetoactive plasma with regard
for the dynamical friction and diffusion in the velocity space
The formal solution of Eq. (3) is given by

6F(X,1) = 6f00xt) — = [ dt’ [ dxX'W(X. X’,tt’)(SE(r’,t’)a]:;‘(jl) (5)

where 6 f© (X, t) is the fluctuation in the system with no selfconsistent electric interaction,
W(X, X' t —t') is the transition probability in such system. Obviously, these quantities
satisfy the equation

LosfO(X,t) =0 (6)
and
LoW (X, X't —t') = 0. (7)

Eq. (7) should be supplemented with the initial condition W (X, X’,0) = 6(X — X’).
The solution of the initial-value problem for the transition probability is

1
/ e
W(X, X', 1) = TN exp 2A|(anpu + OB + 2k oy PY) | %
1
X exp | = oo (arpl +0.PT +2hip PL —2qieq[p Pi])|. (8)
1

Here e = B/ By = e;,

R : /
pr = € 1T (v cos QT — vy, sin Q1) — v

_ -V T : !/
py = € T (vy Sin QT + vy cos Q) — vy
p, =€ Iy, — vl
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For Q = 0, Egs. (8), (9) recover the fundamental solution of the generalized Liouville
equation obtained by Chandrasekhar [6].
4. Dielectric response functions and correlation functions of the

Langevin sources
As follows from Egs. (4), (5), the Fourier component of the electric field fluctuation
potential is given by

(0)
$y, = % (10)
where
ekw) =1+ Y x(kw),  x(kwy 14”6 ”/dv/dv Wie (v kaJ:;( v)
Wiw(v, V') = 7dTei“’T /dRe‘ikRW(X, X', 1), R=r-r;
(5775:2 = n/dv5 (0) (v). (11)

The correlation function of the Langevin sources is also expressed in terms of the
transition probability, namely,

(5n?)0 = n/dv/dv'Wkw(v,v')fo(V') +c.c (12)

Using the explicit form of the transition probability (8) and Eq. (11) one has
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Eq. (13) makes it possible to recover various particular cases. For instance, for D = 0,
v = 0 one has the well-known result for the Vlasov plasma. For v, ~ v ~ 0 (minor
friction) and Dy = 0 (no diffusion along the magnetic field)

[e.°]
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In the case vy =0, Dy =0 and 3, > 1

kiv af
(ko) = 47re2n/ VJO ( LQL) k| av(|)| 5 k3D, (16)
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Similar relations can be derived also for the source correlation functions. In the general
case we have

f(%—n/dT/dVZJ (ku_?u> (kuéu_e_ug) % (17)
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5. Fluctuation spectra
Relations obtained above lead to the results for the fluctuation spectra very similar to
that for ordinary plasmas. For example,

L4 xi(k, W) 20 010 | o Xe(K W) 2, ¢ 9 (0)

———=|"(6n Z; 0N e - 18
P end + 2 K et (18)

However, in the case under consideration the dielectric response functions (13) and the

correlation function of the Langevin sources (17) should be substituted into Eq. (18).

These relations generalize the result of phenomenological approaches [1-4] which can be

reproduced in the relevant particular cases.
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