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We investigate the nonlinear stage of the development of wave modulation
instability produced in a magnetized plasma when the latter is heated. The
analysis is confined to a one-dimensional model with modulation of the density
transverse to the magnetic field. Numerical solutions and theoretical estimates
are obtained for the parameters of the resultant structure.

PACS numbers: 52.35.Py, 52.50.Gj, 52.25.Lp

It is shown inl" that the threshold of parametric instability is substantially low-
ered if the electrons are magnetized. In this case, in contrast to ordinary modulation
instability, the modulation of the density is the result of inhomogeneous heating of the
plasma, and not by the striction forces. This thermal modulation instability leads to
the formation of plasma inhomogeneities that are elongated in the direction of the
magnetic field, since the temperature and the density become equalized much faster
along the field than across the field. This makes it possible to consider in first-order
approximation the development of the modulation of the density in a one-dimensional
case, perpendicular to the magnetic field.

The electrons are assumed magnetized & , =¢H/ m ,c»v , where v is the electron-
atom collision frequency. The high-frequency electric field will be described by an
equation obtained by averaging over the high frequency v =0 , +o 220 »» in analogy
withl(?1:
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| =w,—w, E, and w, are the amplitude and frequency of the pump field.

Slow quasineutral oscillations of the density and of the temperature ( d/dt<v ) are
escribed by the equations
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FIG. 1. Spatial distribution of the plasma densi-
Z 1y (dn/n)=(4v/wp)p and of the field
0 |[E’=|€e[*24m7nT, at 7=2vt=40. Here
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In the derivation of (2 ) and ( 3 ) we assume T, = T, =T and neglect the thermoelec-
tric power and the heat flux connected with the electron current, which are small in a
weakly ionized plasma. It can be shown!’ that the condition for the applicability of
Eqs. (2) and (3) (8/9t<v ) was satisfied if |[EP<4mnT ,0 /o . In this case, far from

the threshold, |E?>E2 =16m7nT v*/3w’, in the wave-number region

(kp,YS(w,/0, YE/127n T ,, an instability develops with a maximum increment
p e e e

yzv\/lb?/41m T,;herep,=(1/0 , )YV T,/m,.

The last term in (3) contains a small factor, the fraction § .~(m ,/m )<l of
inelastic collisions, and is substantial only at relatively large modulation scales
[~p.,(m,/m,). At the same time, the characteristic dimension of the produced
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inhomogeneities turns out to be much less than [/ ~p e( ) (see below).
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We confine ourselves therefore to a study of the fine-scale structure, although this
analysis is not complete, as can be seen from the fact that if no account is taken of the
electron cooling (the term with 8 ) then there are no stationary solutions (1)-(3).

Let us estimate the parameters of the produced regions of decreased density in the
caviton. From the conditions of the field localization in the caviton we obtain
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8 FIG. 2. Time dependence of the degree of dens
ty modulation P=§p*(d{/L) and the field ener
6 gy I=JleP(as/L).
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&n /n~(15/1%), where [ | is the transverse dimension and & n  is the decrease of the
density in the caviton. The balance between the heat input and heat outflow by ther-

mal conduction yields § T, /T~( 13/p2)E2/8wn T ,. Inasmuch as at equilibrium we
have 8T ,/T=6 n . /n, we get
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where E | is the characteristic field in the caviton.

Equations ( 1 }-( 3 ) were solved numerically with periodic boundary conditions,
which made it possible to analyze quite fully the small-scale structure of the density
modulation. The results of the solution under initial conditions, wherein E are small

perturbations and E,=2vV 24mn T,.03/0}=15v/w ,, are shown in Figs. 1-3. The

2
yrowth of P=f(6—n) dL_x in the quasistationary state is due to the development of
n

ong-wave modulation against the background of a practically stationary small-scale
tructure. An analysis of the different variants has shown that the estimates ( 4 ) are in
atisfactory agreement as a result of a solution in the quasistationary state.

We note that the solution is practically independent of the detuning at |4|Sv.

The caviton parameters have an interesting dependence on the amplitude of the
cternal field. According to the results of the numerical solution we have E? ~E,.

his relation can be explained by considering the energy balance between the external-
wrce energy and the rate of plasma heating

2Imt (A + iv/2) E, ‘Bt [ Edx} = v [|E|%dx. (5)

¢ use next the estimate

} JETP Lett.,, Vol. 27, No. 6, 20 Mar. 1978 " T.M. Burinskaya and A.S. Volokitin 303



fdez 2A+iv E,e —™4t
iv—o ,(8n/n),,

which follows from Eq. (1). Here ( 8n/n),, is the average depth of the caviton, and
(én/n) ,,=—8n,/n. In the case w ,(6n,/n)>v>24| it follows from (5) that

én,\2
(a) » :) E2l ~vE}Y , and this in conjunction with (4) leads to the relation
n

EX~(v/0,)EV 4m T,

A numerical solution shows that the average distance 4 between the cavitons is
proportional to £ §, where a~0.5; this is in good agreement with the minimal length
over which the instability can develop.

The results allow us to conclude that the rate of plasma heating is
d 2 7/4

—<T,>=vE{l /A~E

dT 1 V]

and the cross section for scattering of test waves by the resultant structure is
o~(6n/ny~E,
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1In a paper by T. M. Vurinskaya, which will be published in “Fizika Plazmy” [Soviet Journal of Plasma
Physics] in 1978.
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