where 8y is the specific (per unit length) Faraday rotation angle [3].

Thus, we see from (6), (7), and (4) that, unlike in [1], the dependence of
the refractive index on the propagation direction of an electromagnetic wave
relative to the current jo is determined by the nonparabolicity of the energy

band. If there is no magnetic field, then AnII = 0 and Anp = Angpq = (w/c)aF =

An. In the extremely degenerate case, An can be represented in the form

8rep?(e) dmfe).

An = j . 8
° Swlcmd(e) de € = ep (8)

An estimate based on (8) gives for the experimental conditions of [1]
(n-InAs, T = 80°K, carrier density 5.5 % 107 em™® and A = 3.39 u) a value of
An which is smaller by a factor 2 - 3 than the observed value. This is appar-
~ently due to the fact that interband effects play an important role in this
experiment (the energy of the light gquantum 1is close to the width of the for-
bidden band). On the other hand, in the region of longer wavelengths, where
interband effects are insignificant, measurements of An make it possible, in
principle, to determine a number of important plasma parameters in the con-
duction band (see formula (8)).
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The theoretically predicted [1] phenomenon wherein the energy of a power-
» ful radiation flux 1s transferred to a plasma at anomalously high speed is due
to the onset of parametric instability of the plasma. Of great importance to
the full understanding of this phenomenon 1s the development of concepts con-
cerning the turbulent state produced in the plasma during the evolution of the
parametric instability. The results obtained to date in the theory of sta-
tionary turbulence are connected with allowance for the nonlinear interaction
of the growing plasma perturbations, this interaction being due to stimulated
scattering of the waves by the particles. It is precisely the scattering of
ion-acoustic waves by ions which made it possible to obtain a stationary level
of fluctuations of a turbulent non-isothermal plasma in the field of a strong
pump wave [2] (see also [3]). A stationary turbulence level was subsequently
obtained under somewhat different conditions [4, 5] via scattering of waves by
particles.

The stimulated scattering of waves by particles, which were taken into
account in [2 - 5], are by far not the only nonlinear processes of interaction
between waves and plasma particles in the same approximation of the expansion
in powers of the plasma-fluctuation intensity. We wish to call attention here
to the role that the nonlinear frequency shift of the plasma oscillations plays
in the establishment of the stationary turbulence level of a parametrically
unstable plasma. The stabllizing effect of such a frequency shift is
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demonstrated using as an example aperiodic parametric instability, which, un-
like the instability of the type of Raman scattering, or, which is the same,
the decay of the pump wave into a high-frequency plasma wave and a low-fre-
quency ion-acoustic wave, has apparently a more universal significance.

Aperiodic perturbations in a parametrically excited plasma grow together
with the plasma oscillation at the frequency we of the pump wave. To explain
the role of the nonlinear processes in the stabilization of parametric in-
stability, we therefore consider first the nonlinear dispersion equation of
high-frequency plasma oscillations
(ol + 7 2 W) Q)= 0,

(27)?

(1)

Here e(w, E) is the linear longitudinal dielectric constant of the plasma,
w(g) is the spectral energy density of the plasma oscillations, and the kernel
Q(k, k') is given by

Q(k,k')'=2n’—2—

— - X

e’ (kk’ )z (k-k)2  Se (w-0",k-k")

m kk* (ww’)? elo-0’ k-k)

> [1+8€i(w —('J‘pk_k’)],‘

where e and m are the charge and mass of the electron; w, w' and ﬁ, E' are the
frequencies and wave vectors of the interacting plasma oscillations, 6ee and

6€i are the partial dielectric constants of the electronic and lonic components
of the plasma, so that € = 1 + 6€e + Gei. In view of the smallness of the non-

linear frequency shift Gw(E), we obtain from the real part of Egq. (1) (w_ is
the plasma frequency and Ty is the Debye radius of the electrons): P
e

w=o(k)+8awlk); m(k):wé(l+-3~ kzré );
. 2 o

1 dk”
8o (k) = - — w(K) [ = W(k") ReQ(kk"). (2)
2 (273

The imaginarX part of (1) gives the usual expression for the linear damping
decrement ¥(k) of the high-frequency plasma waves (vei is the frequency of the
electron-ion Coulomb collisions, and v is the thermal velocity of the elec-~

. trons) Te

Vei

(k)

s T e exp [ =(1/2) (wy/ kv )]
(ka )3 €

and the nonlinear increment GY(E) to the damping,'which in general may be com-
parable with ¥:

dk”’ .
W(k")Im Q (kk"). (3)

1
dy(k)=—w(k)y
2 (2”)3
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Expressions (2) and (3) can be added to the formulas of the usual theory
of the thresholds of aperiodic parametric plasma instability [6], to the fre-
quency of the plasma oscillations and to thelr damping decrement, respectively.
- Following this addition, the condition that the increment of the parametric in-
stability vanish leads to a relation that determines the stationary turbulence
level:

~ ) (kl.E)2
(Fr oY)+ Bug=80)? = =B —— (Aw, - b0)
4 KE(rh +rh) (4)
e H

Here ;E = (g°§/mm§) is the amplitude of the electron oscillations in the pump-
wave field with electric field intensity ﬁo, Ty is the Debye radius of the
ions, and Awg = wy - w(k) < 0. TFrom (4) it foliows that if the electric field
of the pump wave exceeds a threshold value Ethr determined by the linear theory
e Ni’ and Te, Ti are the electron and ion densi-
ties and temperatures, and k is Boltzmann's constant)

of parametric resonance [6] (N

Vei

Eihrzlﬁrr (N «kT +N,«T, ),

w
P

then nonlinear stabllization of the aperiodic parametric instability is possible
also when ¥ >> 8y,i.e., only as a result of the nonlinear frequency shift dw of
the high-frequency plasma oscillations. We confine ourselves to this simple
case. 3Such a nonlinear stabilization 1s made possible by the negative value

(8w < 0) of the nonlinear frequency shift (2), which increases, in accord with
(4), the negative frequency deviation Awg.

Not far from the threshold, the reglon of wave vectors corresponding to

aperiodic parametric instability, is 1imiteg by a narrow interval of values of
the wave numbers near ko (we assume that y(k) = vei/2)

1 Voi +2{wy~w,)
ky = . ° (5)
o ®

P

and by the narrow cone of directions wilth axis along the pump electric—field
intensity Ey. Therefore under the easily attained conditions (vrII is the ther-
mal velocity of the ions) i

. 3 . .y
(k-k )Zrlz)i < 1,—2—mp(k2—k 2)rf)e<\k—k lv-,-i

the nonlinear frequency shift of the plasma oscillations in the near-threshold
region

2 1
50;(k)=-i’-&( °E )
8 mw; rdy +rh

e i

does not depend on the wave vector and is determined by the effective intensity
of their electric field E:

EZ

Ak wky- =

(27)3 87
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The value of the field E, characterizing the level of the stationary turbulence,
is obtained by solving Eg. (4), in which it is necessary to take into account
the fact that for the wave number (5) the frequency deviation Awg = -(vei/Z) is

determined by the damping decrement ¥. It turns out here that near the thresh-
0ld the effective intensity of the electric fleld of the high-frequency plasma
oscillations is given by

2 _(F4 _E4 \1/2_ (F21 g2
B =(EL - ELy) (E§ ~Efpy) (6)

Taking into account the connection between the levels of the aperiodic per-
turbation and of the high-frequency plasma oscillations in parametric wave
buildup, we can easily obtain with the aid of (6) the value of the effective
electric field intensity E_ of the aperiodic perturbation in the plasma (e, 1is
the ion charge): a ' +

4 €; v, . Vei 2(&)0—&)
2 3/2 _ 172 i .2 ei O P
E" a 3 Ethr(EO thr) | | T°T’ . )
€ wgy @y Wy
e.
x (T, + L Te) ’

| el

For a larger excess of Eo¢ above the threshold E the effective electric field

thr? )
intensity E of the high-frequency plasma oscillations 1in the discussed fturbu-
lent state of the plasma, represented by the narrow region of the space of the
near-threshold wave vectors, does not exceed Ethr‘ Equation (4) can be used

to describe the stationary turbulent state also in a much larger region of wave-
vector space (for example, at a considerable distance from threshold).

We thank V.T. Tikhonchuk for a discussion.
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