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The charged-particle collision integral has been obtained for a plasma placed in a high-frequency
electric field with a frequency close to the plasma frequency. It is shown that the high-frequency
field has a strong influence on the diffusion coefficient. An anomalous increase of the collision
integral on account of the interaction of the particles with the ion sound is observed in a very
narrow region near the threshold value of the intensity of the external field, and the interaction of
the fast particles with Langmuir waves can lead to a considerable increase of the collision integral
even far away from the threshold. The electron-diffusion coefficient of a weakly turbulent plasma
with stationary level of the noise of the ion sound is calculated.

1. Theoretical investigations [*] carried out recently
have indicated the possibility of a parametric instability
developing in a plasma under the action of electromag-
netic radiation on it. In order to exhibit the laws govern-
ing the relaxation processes and transport phenomena
induced by the action of radiation on a plasma, it is
necessary to construct a theory of the collision integral
for the charged particles, which makes up the content of
the present paper.

It is known['™®] that the parametric instabilities
which develop in a plasma lead to an anaomalous in-
crease of the fluctuations of the internal fields. Starting
from known results [?’%) corresponding to taking into ac-
count the Coulomb interaction, one can express the colli-
sion integral in terms of the fluctuations of the longi-
tudinal field. The diffusion coefficient and the coefficient
of systematic friction in momentum space have been
calculated for a steady level of fluctuations for a com-
pletely ionized plasma placed in a spatially homogeneous
monochromatic electric field

E(t) =Esin ot (1.1)

with frequency w, close to electron Langmuir frequency
wie = (47e’ng /me)/%. We show that when the speed of
oscillations of the electrons in the pumping field is small
compared to their thermal velocity:

ve=eE,/m.0,<Kvr,= (xTc/mc) ",

(1.2)

then the coefficient of systematic friction does not
change and the diffusion coefficient may increase con-
siderably owing to the anomalous behavior of the fluctua-
tion level of the field. Near the threshold the diffusion
coefficient increases as In|1 — Ej/Ef} | for nonresonant
particles and like |1 — E§/Efy,|™/* for resonant parti-
cles. Accordingly, the anomalous increase of the colli-
sion integral in the first case is observed in a very nar-
row region near the threshold, in distinction from the
resonant case, when such an increase can occur in a
considerably wider region near the threshold. In this
case the contribution of the interaction of the fast parti-
cles with high-frequency oscillations to the collision
integral always exceeds the contributions of the interac-
tion with the ion sound.

On the other hand it is known[*? that on account of the
nonlinear interaction of the disturbances in a turbulent
plasma state, occurring as a result of the parametric
instability, a stationary level of plasma fluctuations can
establish itself, by far exceeding the level of thermal
fluctuations. In such a situation of developed fluctuations
of the fields we have made explicit the dependence of the
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electron diffusion coefficient on the plasma parameters
and the possibility that it increases compared to the
usual diffusion coefficient which is determined by the
thermal fluctuations.

2. In order to derive the collision integral we make
use of the method of microscopic phase densities *’*

No(ro, P t)= Y 8(ra—1(8))8 (pu=ui(9)),

where the summation is over all particles of the kind a.
Considering only the effects produced by the Coulomb
interaction we consider as the starting equations the sys-
tem of microscopic equations for the functions N,:

ON. dN, o
+vo——t e E(2) +E(r,,,t)]aaN =0.
P

ot or,
Here E(t) is the external radiation field (1.1), E(r, t) is
the microscopic Coulomb field

E(r,0)=— j—rz | dpudr,
b

We introduce the deviations of the random functions N,
from their averages: 6N, = N, — (N,), where the
brackets (...) denote the averaging; the (N,) are
proportional to the first distribution functions (Na)
= nof,, where ny is the average concentration of parti-
cles of type a. For a spatially homogeneous plasma the
first distribution functions satisfy the equations

0fn afa e, 0

L f e E ()2 =
G eEW5

@.1)

€y

N..

[r—r,i

(6N E>=J,, (2.2)

n, 0p,

which follow directly from the averaging of (2.1). The
right-hand side of (2.2), which takes into account the
correlation of the Coulomb field and the particle distri-
bution, is the collision integral denoted by Jy. To deter-
mine the deviations 6N,, we restrict our attention to the
linearized equations

6N, 96N,
on +v5~6—A+ e.E(¢)

98N, 9fa
oN. + e.nE 1
at ar,

I n =0. (2.3)

In the sequel it will be convenient to replace the func-
tions f, by the distributions F, defined by

Fa(po, t) =fa(ptPF(2), 1), (2.4)
where PE(t) are determined from the solution of the
characteristic equations
Pr=e.E(t).
In searching for the solution of (2.3) we shall assume

that the distributions F, (P, t) are slowly varying func-
tions of time (i.e., that they change little over the corre-
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lation time and over the period of oscillations of the
external electric field), Taking this fact into account we
will in the end obtain equations that express the space-
time correlations in terms of the first distribution func-
tions.

We effect a Fourier transformation with respect to
the coordinates in Eq. (2.3):

8N.(t,k, p,) =j dr.8N, (¢, ., po) e=*
and introduce the new functions:

W, (t, k, ) =0N. (2, k, p+P.E(2)) exp {kRE(2)}, RA=m,~'PE(1).

For a monochromatic time dependence of the external
field the functions ¥, and the longitudinal field E can be
represented as expansions

« L

Y.tk p)= Y e Lk p), E(LK)=Y e EM (1K),

n=—c0 n=—o

where the amplitudes ¥’ and E'™ change little over the
period of the external field. Using a one-sided Fourier
transform with respect to time
W, (0,k p) = [ WL (6 K, po) e
9

we obtain the following solution of equation (2.3):

¥ (0,k ,.=—i———-[‘¥.‘.”' k, P, t=
(@, p.) m+nmo+iA kv, (k, pr,£=0)
wem(40) ™ (0, k) ] : (2.5)
Aw=Ai—A ——-—kE" (ﬁ—e—°)
ab a b ﬁ)oz ma m

Here Jy, is the Bessel function of the first kind of integer
index n and the functions

w0, k) =e. [ dp. W™ (@, k, o)

satisfy the linear system of algebraic equations

2 (0, k) +6e(0+nw0, k)Z Joem(Aa) 2™ (@, k)
(2.6)

dp.
ey [
wtnwe.t+iA—kv,

where 5¢,y is the partial longitudinal dielectric permit-
tivity for particles of the type a:

lya(n) (kv Pa, t=0) y

Se. (0, k)=

4neln, 1 oF.
{ o oA kv, p.

The system of equations (2.6) obtained in this manner
differs from the one studied in the theory of parametric
resonance by the presence of a right-hand side. The
Poisson equation allows us to write down the following
relations between the Fourier components of the ampli-
tudes of the harmonics of the longitudinal field,

E™(w, k) and of the charge densities, u{™ (w, k):

ikE‘"’(m,k)=4nZJ,,,_,.(A,,)u\"') (0,k).

e, m

Assuming a slow time dependence of the functions
Fa(Pg, t), we obtain from (2.2)

oF, C4me, a dk k
3t i n, Z Ip. EI—)TF]"_I(A")J —1(4y)
nmlb (2°7)
x E(l{f‘") (m))okE]
2n

The possibility of defining the collision integral (2.7)
in terms of space-time spectral functions (\If;"’ ui)m’ )w Kk
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follows from the invariance of the two-time correla-
tion functions:

(W (k, pa, £)us (K, ) >=(271) %6 (k—k') (Was)x. o, 7,

with respect the transformations

t—~t+2nn/@,, t'—~t'+2nn/w,, n=0, 1, £2,...

Indeed, since we consider a correlation process which is
stationary in time, a simultaneous shift of the times t
and t’ by an integral number of periods of the external
field does not change the physical picture, i.e.,

(\P',ub) X, 1 gr=(\yuuu) K, t4+25n/ G0, 1*+20n/ 000

(2.8)

Thus, from the expansion

(¥t} = Z exp(—inwot+imaot’) (W™ ("'))“,
and the conditions (2.8) we obtain that the functions
\Il‘n’ u{)m’ i depend only on the time difference t —t'.
Hence, in partlcular, follows the applicability of the
formulas of the stationary theory *’%]

(n}_(m)
a Uy

(n}

(27) %6 (k—K') (¥ You=lim 2A<¥™ (0,k, pus™ (0,k')), (2.9)

Ao

where the spectral functions can be expressed in terms
of the equal-time functions
CF ™ (K, Pay 8=0) W™ (K, o, £=0) Y= (2)°8 (k—k') [/ (4a) T (A1)
(n,m) (2.10)
Xnabusb (Pa—ps) FatnanGas 1.
For the slowly varying function F,, expression (2.10)
is a consequence of the equation

(BN, (K, Pa, t=0)8N," (K', ps, t=0)>
= (27)°8 (k—Kk’) [ 828 (Pa—P0) Nafot 8],

where g, (K, Py, Py) are the pair correlation functions.
The correlation functions G, are introduced in analogy
with the functions ¥,

Gas (2, K, Pay Ps) =8us (¢, k, patPE(2), ptPe= (£) Yexplik (RE () —R.E () )}

= Z exp (—inwot+imwt) G ™,

The usefulness of Eq. (2.9) is due to the important
simplifying circumstance that in the limit as A — 0 the
terms which contain G do not contribute to the
spectral function,

We shall be interested in the case of a weak external
field, when the inequality (1.2) holds. Such an approxi-
mation allows one to retain in the collision integral only
three amplitudes of the charge densities, u,” and uj' V:

a
a dF, 7
E—— Duﬂ
apm a Dai

J.= AcF,, 2.11)

apai

where the diffusion coefficients Da and the systematic
friction coefficients A1 in momentum space are defined

by kik
. ea i
D=5 S f dk j do 8(0—kva) (EE) v, (2.12)
e Y (K, P t=0)
AfF, = an'n Z dk45 dcu[ 2,,,( wtno,HiA—kv, e )m,k
- 2,13)
! W o t=0) (
+?Aabl _ZII (n=m) ( otnrw,tiA—kv, e )u) -
In Eq. (2.12) we have used the notation
(EE) &y =200 Z[ Y @) ee (2,14

n=0, 1
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+AuRo Y (mn) @l ul ) e ].
In—ml=1
We restrict our attention to a plasma consisting of

electrons and a single kind of ions, neglecting the effect
of the high-frequency field on the ions. Solving the sys-
tem of equations (2.6) for A = (k°rg)* < 1 and using
an equation similar to (2.9), we obtain the spectral
correlation functions of the harmonics of the charge
densities and, consequently, the correlation functions of
the Coulomb field (2.14). If the inequality

. de. (0, k)

(kez)* Re 1+8¢e. (0t w,, k) <1

holds, we obtain that the spectral functions (2.14) for the
electrons and ions coincide

(EE) .: k= (EE):, K= (EE) o, Ky

and in the frequency region w and w + w, (jw| K w,) they
take the following form:

(EE)., x=(ECE®) o, s+ (EVE) uyan 1H (EEM)wwen,(2,15)
(BE) s, x=(ECE®) ypu, x+ (E=VE=),, 4, (2.16)

1 _ At 1 .
g(E )E(”)a, X _FWZ €4 ﬂaj- dp..ﬁ(m—kV.)Fu, (2,17)

4nt lel?

1
Z(EOE®) 0 m e 2
o Josoot = G TehTe

Z e'n. | dp.8(0x0i—kv)F,(2.18)

(EEVE®ED), | = —(k E)Z&(E“”E“”) X (2.19)
(EEYEEY) gza0 « =4L(kl‘;;)z“_r$([‘:‘°)l‘:m) ©Fwo, ke (2.20)

Here €(w, k) is the nonlinear longitudinal dielectric per-
mittivity:

g=g+/y (krg)?6e:(1+06e.) (1/e,+1/e-,),

€(w, k) is the usual linear permittivity € = 1 + beg + B¢y,
€., is the linear dielectric permittivity for the frequency
w * wo. In the derivation of Egs. (2.15)—(2.20) we recog-
nize that the main contribution to the collision integral
comes from the zeros of the functions Re €(w, k)

=~ Re €(w, k).

A calculation of the correlation functions that enter in
(2.13) leads to the following pair of equations for the
coefficient of systematic friction respectively in the reg-
ion of frequencies w and w* wo(lwl K wo)‘

Ar =

5 dk—jdms(m kv..)Im— 2.21)

ar==1 jdk o 8(0xa— I\v,,)Im—ﬂ
1t follows from (2.21) and (2.22) that a weak high-

frequency field does not change the systematic friction
coefficient. To the contrary, the diffusion coefficient can
increase considerably as a result of the anomalous be-
havior of the level of electromagnetic fluctuations
(2.17)—(2.20). Therefore, in the sequel, in the analysis
of the collision integral of a parametrically excited
plasma, we shall consider only the diffusion coefficient
(2.12), Thus, we finally obtain

oF, 9

ot  0pu

2.22)

oF,
Dx‘)a = Jm
OPaj

2.23)

where the diffusion coefficient D& (2.12) is determined

by the fluctuation spectrum of the longitudinal field
(2.15)—(2.20),

We note that from the kinetic equation (2.23) it follows
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that the following conservation law holds for the total
energy density
“' d(l) (EE)n x

" Znujdpa K

It is easy to understand that the quantity which stands in
the right-hand side of Eq. (2.23) represents the heat
produced in the plasma per unit time and unit volume.
We stress that the heat produced is to a significant de-
gree determined by the external field, since it is the
latter which determines the anomalous character of the
electromagnetic fluctuations.

owlme. (2.24)

3, It is known '™ that in an isothermal plasma
(Te > Tj) the interaction of particles with the ion-
acoustic oscillations can yield a substantial contribution
to the collision integral. We therefore consider the colli-
sion integral (2.23) that takes into account the dynamical
polarization, due to the interaction of the particles with
the oscillations, of the nonisothermal plasma placed in a
high-frequency electric field. The largest effect of such
an interaction appears in the electronic diffusion coeffi-
cient. We consider a plasma state which differs little
from those characterized by Maxwellian states. Then,
substituting the permittivities in which Maxwellian dis-
tributions have been used into Egs. (2.17)—(2.20) we ob-
tain the following approximate expression for the elec-
tronic diffusion coefficient, which describes the interac-
tion with the oscillations (Je-;* < |e,[%):

[vwlivw'];
I[vw']I?
2
tretnarod [dp'Fo(p') [ ak ki, “’T{ 5 (w0,—kv) 8 (0,—kv’)
1) o
16 k'r',, ¥+ (Ao—w,)?

Df=D.f+6D =4 (2x) "'u,.e~n,1j dp’ F.(p')

(3.1)*

[6(@,—wo—kv)8(w,—kv')

+6 (01— 0i—kv') 8 (0. —kv) ] }

The first term in the expression (3.1) corresponds to
the interaction of particles with short-wave oscillations
krpe >>1 (rpe = Vre/wL,e), for which the presence of
HF fields is unimportant, and is determined by the usual
asymptotic collision mte%ral under conditions of strong
isothermieity T > T

T. etmT.> 17!
T, [m em Ty ]

The second term in (3.1) describes the interaction of
the particles with the ion acoustic frequency
wg = wyjkrpe =kvg (Which is con51dera.bly sma.ller than
the ionic Langmuir frequency wy; = (4me{n; /m;) /2 and a
wave vector which is considerably smaller than the re-
ciprocal of the Debye radius rpg) and Langmuir waves
of frequency wo — wg. The damping decrement of the
ionic sound has the form [*]

1=—|i
2 le

Y=".[1—cos® OF (k) ], (3.2)

where ¢ is the angle between the direction of the ex-

ternal field and the propagation vector of the wave, y¢
is the damping decrement of the ion-acoustic waves on
electrons '

Yo=(7/8)"wri0/®re.
In addition
1 re? WA oy (k) kvz.
(2n)" rp [(Awo)*—wz2(k) 12t+4o2 (k) (k) !

and the high-frequency damping decrement ¥ is deter-
mined by the Landau damping and collisions of ions with

F(k)=
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electrons (vg; K kvpe): This implies that the diffusion occurs essentially within
A\t @ 17 @ \? 1 the angle. The contribution to the collision integral of
y(k)= (g) T eXP{—j( ) } t5ve  (3.3) the interaction of the particles with the ionic sound is

then determined by the coefficient 6D§ 5t
Awo denotes the difference between the frequency of the
external field and the frequency of the longitudinal 8Dso* (v, 8) =
plasma wave:

kvre

4re*nerpet
~sire ) “Fw
For fields with an intensity close to the threshold
value (3.6) the main contribution to the integration with
As an illustration of the obtained formula we consider respect to the wave numbers comes from wave numbers

{([1—F (k)sin?®]-"—1}.  (3.10)

Awo=0o— (0L + 0rl+2k,2) ",

a situation when, for states of the plasma which differ satisfying the decay condition (3.7). Carrying out an ex-
from Maxwellian ones (Fg = F + 0Fg), one can retain pansion of the quantity under the square root in (3.10) at
only the first term in the lmear collision integral that point K, one can see that for E, S Egp, for angles
a6F, = 11/2, the diffusion coefficient increases anomalously
61—T[BD.,(F°)0—+GD,,(6F)——— A (i) ()
P s 8Dae’ (vﬂ_i)—ﬂ7 Ao e In| 14— (3.11)
i.e., one considers the case of sufficiently rapid parti- 2 v ou(itA)® E‘mr
cles. Then, making use of the following expression for Owing to such a logarithmic dependence the anomalous
the spectral density of the energy of excited oscillations: enhancement of the collision integral due to the interac-
dm (EE)“ 9 tion with the ionic sound appears only in a narrow region
Wk = | o g 9 (@Red), near the threshold. Thus, if the fundamental contribution
- to the collision integral introduces a static polarization,
we obtain that for fast partlcles v > VTe) the electron the expression (3.9) which takes into account only the
diffusion coefficient 6D1] = ﬁD it GDIJJ 1s determined interaction with the ion-acoustic waves, is comparable
both by the interaction with the ionic sound and with with the Landau 2‘30111510“ integral only for
Langmuir waves Ein—Eys <exp {_ o (1+A)" }
28 nerpe Ezthx (Koroe) ¥ (ko) ’
8D= .[ dic ke, W, (k) [6(“"—1“') For typical plasmas the Coulomb logarithm A ranges
1 (krg)z o (3.4)  from 6 to 20, which confirms what was said above about
6 Frad T Bare)? '5(“"_“’0_“")] : the narrowness of the band of anomalous enhancement of
the collision integral, determined by the interaction with
Here Wg(K) is the spectral density of the energy of the the ionic sound.

ionic sound: . s - - .
In analyzing the contribution of the interaction with

Wo=xT /Y. (3.5)  Langmuir waves to the electronic diffusion coefficient
As can be seen from Egs. (3.4), (3.5), the anomalous n]oa;r tlzl;zllelx;esilo(iltzi 27<e1c0n51der two cases: k¢ > wo and
enhancement of the collision integral is due to the possi- | wo/Kov"| =
bility that the decrement (3.2) vamshes which is real- For sufficiently rapid particles kev > wo, and by
ized for a threshold field strength[*] analogy with the above we obtain

E[hr =1 'Y-(ko)?(ko) . (3.6) 6DppL/6Dp°L~6DF°L/6D°°L~mn/kov<1

dnnuTe 0.0, (ko)
The value of the wave vector ko corresponds to the maxi- and, accordir:gl}: . -
mum of F(k) which occurs for Dot (v, 6) = ;}"’S::Z; dk% le(ck) {[1—F(k)sin20]""’—1——smzﬂ F(k) }
@, (ko) =Awo (ky), (3.7) (3.12)
and equals For field strengths close to the threshold value and
fy= it ~[(+A) 1], A=6 : Z“’” , o= (o oD (3.8) #=7/2 B (3.12) takesge‘form .
In order to compute the tensor 6Djj it is convenient to 8Doo" (”’ ‘9=%) =@ (ﬁrz) o hll 1- o | (8.13)

introduce spherical coordinates p, ¢, ¢ in momentum
space (the angle ¢ being measured from the direction of
the field Eo). In these variables the collision integral

.and the anomalous enhancement of the diffusion coeffi-
cient is observed as before in a narrow region near the

has the form: threshold: B _E: (1A
P En—E, _ !
8= [%*p’(abppi+ 0o i) g <en{-A Ko b
0p p 0o (3 9) thr ¢
+ 1 9 sin® ( sD.. 2 + 8Dos 0 oF.. ° However, in spite of the identical functional dependence
psin® 99 ” » )] on the strength of the external field in (3.11) and (3.13),
The results of the correspondmg calculatlons can be the interaction with the high-frequency oscillations ex-
found in the Appendix. ceeds by far the interaction with ion-acoustic waves:
. . . . . L _i . _n T 1 ©r;
We first consider the influence of the interaction of 8Dy (v,ﬁ— 3 )/ 8D (v,ﬁ— ) ) V 8 era)® F0e)

the particles with the ionic sound on the collision integral
(3.9). Taking into account the fact that the velocity of

the particles is large compared to the phase velocity of
the ion-acoustic waves, the analysis of the expressions
for the diffusion coefficient given in the Appendix yields 8D 40"/8D 50" ~8D ;6" /8D 5,  ~8 < 1.

8D ,5°/8D ' ~8D 16*/8D o' ~v,/v<1, Corresponding to this we have

In the resonance case kv ~ wy the determining effect
is diffusion with respect to momentum
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net n,rE

8D,," (v, 8) =

v F(k) -'—1}. (3.14)
In distinction from the preceding discussion the main

contribution to the diffusion coefficient comes from par-
ticles with velocities directed along or against the direc-

tion of the electric field (¢ = 0, 7). Then for Eo S Egpy
at¥2men,  Korpe E? 17"
8D, (v, 8=0, %) = T [+- 7 ] (3.15)

i.e., for resonant particles the Ej . strong dependence
of the diffusion coefficient on the ilxeld strength, (3.15)
leads to a widening of the region of anomalous enhance-
ment of the collision integral.
(korpe)®

Eine A (1+A)

4, We now turn to the case of a plasma with devel-
oped fluctuations of the fields. We first note that the re-
sults obtained above can be used for the more general
case of the stationary fluctuation spectrum. In particu-
lar, the general expression (3.4) allows one to consider
the problem of behavior of the electronic diffusion co-
efficient of a weakly turbulent plasma with a stationary
level of ion-acoustic noise, which is attained as a result
of the induced scattering of the ionic sound on the
ions [*J, We neglect the influence of the induced scatter-
ing of waves on particles in the collision integral.

2 2
!hr—E°

Keeping in mind that the fundamental contribution to
the diffusion coefficient for fast particles (kv > wo) is
determined by velocity vectors which are perpendicular
to the direction of the external field one can write down
the following approximate expression, describing the
interaction of the electron with the ion-acoustic and
Langmuir waves in the turbulent state:

8Dy (v, B=1/2) =8Dse* (v, B=1/2) +6Doo" (v, B=n/2)

165%*n, E; - W s ;
St () T (5) B ]
v E!hr xT. 8 thr ¥ (ka)

(4.1)

Then the total (with respect to the spectrum) stationary
energy density of the ionic sound [*

(Eo

thr

nexT.
(2n) " 4+A

_ ) Tmz(l)uvz(ko) (4.2)

rolero, (k)

W [ e W 00=

must satisfy the condition that it be small compared to
the energy density of the thermal motion of the plasma
particles

W/nxT.<1.

In Egs. (4.1), (4.2) the threshold value of the electric
field, E;},, the decay wave number ko and the frequency
shift A are determined by the expressions (3.6), (3.8),
and strictly speaking, the formulas are valid only if the
field strength E, exceeds the threshold value by a small
amount (Eo 2 Ethr)-

When the intensity of the plasma oscillations is suffi-
ciently large, so that the interaction with the ¢scillations
can lead to an effective collision frequency

voge =2y ke) ( E _1)[1+ 220 rpd oL

0
B 9C o 0u

_(1+A) ((1+A) '—1>=]
(4.3)
(C is a dimensionless constant of the order of one) which
is larger than the usual electron-ionic one Vei» and the
turbulent dissipation becomes essential for the high-
frequency oscillations, one must replace (ko) by ¥ (ko)
+ /zyeff in the expressions for W and 6D . As a result

of this replacement we obtain for the turbulent coeffi-
cient 6D 89
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x lv(kn)""/weff]z{

D4, (u,ﬁ=zi) -

12(2n)"'e‘n,(E02 1)Ilz neT'pe’ rpe’
E, (1+A) [(1+A)“~1] ro?

oL’

v

(2 )I:

oL’

2 [(1+a) 1] [q(k,)+—veff] } }
(4,4)
However, the effective frequency of collisions (4.3)
exceeds the usual electron-ionic collision frequency only
in the interval

A<A<A,, (4.5)

in which the collisions contribute little compared to the
Cerenkov effect. The upper limit A, in (4.5) is deter-
mined by the decay wave number ko(A) for which the
acoustic frequency becomes equal to the contribution to
¥ produced by the Cerenkov effect

et 2 2

and the lower limit A, is determined by equating the two
terms in the expression (3.3) for ¥, i.e., from the condi-
tion of equality of the effects of Cerenkov damping on
electrons and the electron-ion collisions

@y !
In — ) .

It can be seen from Eq. (4.4) that in the interval of
frequencies (4.5) the interaction of the particles with
high-frequency oscillations is more important than the
interaction with the ion sound. In this region of fre-
quency shifts the quantity 6D s increases with the in-
crease of the relative shift (wo — wp)/wp and the maxima
of the diffusion coefficient, the increase of which is ac-
companied by a corresponding enhancement of the
threshold field (3.6) as a function of A, is attained at the
upper limit A = A, of the frequency shifts
e . E? '

v e (E‘ —1) ’
thr (4,6)
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mi\x 6D (v, o= 7) = ?(211)z ¢
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where the threshold field becomes
E :h, 8 y. O’ e\ "
=—(Q@n)"—(ln—=) .
nexTe Y2 ( n) oL’ ( B oLt )
Thus, according to Eq. (4.6) in a plasma with suffi-
ciently high electron temperature (the temperature is in

eV, n is the number of electrons in 1 cm?®; the plasma is
homogeneous):

T, s
5-—.-T,h
10 T,

one can observe an enhancement of the diffusion coeffi-
cient in momentum space, for which the dependence on
density and temperature of the plasma differs substan-
tially from the usual one, and the dependence on the field
strength has the threshold character.

APPENDIX

Making use of the spherical coordinates p, ¢, ¢ in mo-
mentum space and k, #’, ¢’ in the space of wave num-
bers, we obtain the following expression for the diffusion
tensor (ODaB = 5D[3a)

8L)gs (v, &) =

ST [ fsin 0/d0 AW, (k, ) [ den (@)1 (001 (02))

1 rg® o0 cos*d’
16 Tor § Kot

da,(m.—-mo)f"”(m.—mo)e(f(m.—mo))] ,
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where
f(@)=sin*® sin* &' —[ w/kv—cos § cos o],

? o[ o cos 8/kv— cos ¢’
d,,(m)=W, o= kvsin ¢ ] ’

_ [ocos®/kv—cos ]2
sin®* ¢

doos ()

’

and the function 6 x) is defined by

0, =z<0
1, z>0 °

6(z)= {
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