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We consider the drift instability in an inhomogeneous collisionless plasma located in a strong constant
magnetic field H, and a high-frequency electric field. It is shown that if the electric field is of the ap-
propriate amplitude and frequency the application of such a field can.cause an expansion of the stability

region and a reduction of the growth rate.

IN recent years a number of authors have considered
both the experimental™?! and theoretical®®®’ aspects

of the effect of external high-frequency fields on low-
frequency oscillations in a plasma. In the present work
we consider the stability, with respect to drift waves,

of a collisionless, weakly inhomogeneous plasma located
in a strong fixed magnetic field Ho and subject to a high-
frequency electric field characterized by the components
c 0E,o

Hy=—-——sinQt

E, = E,pcos Qt,
* 2060 Q ox

(The z-axis is directed along H,, the x-axis is in the
direction of the plasma inhomogeneity, and © is the fre-
quency of the high-frequency field).

In the unperturbed (stationary) state, in contrast
with®? | we find that the high-frequency field exerts the
following average force'? on the plasma particles:

€2 B2
ma2Q2
where a is taken to be e or i respectively for the elec-
trons or ions. Here it is assumed that the plasma is at
rest in the laboratory reference system and that the
effect of the average high-frequency force reduces to an
additional redistribution of the plasma pressure. In par-
ticular, if the fixed magnetic field is uniform a state is
possible in which the plasma is confined exclusively by
the pressure associated with the high-frequency field.

Since the average high-frequency force is exerted
primarily on the electrons, in the stationary state one
expects a separation of charges and the appearance of
an associated electrostatic field Ey = —8¥/8x, owing to
which the ions are also confined.

In the present work the notion of a weakly inhomo-
geneous plasma means that the scale length of the in-
homogeneity in density Ly, temperature L and high-
frequency field &g (skin depth) is large compared with
the Larmor radii of the particles.

By virtue of the assumptions made above, in describ-
ing the unperturbed state of the plasma we can make use
of a local Maxwellian distribution function of the form

Fo=—meV®a, Bo=

(M \" _
Too =\ e (%) ) oa (X o)
o [ _Yoma(vai? + va?) + ma®a(z) + e“W,(J] (1)
'p To(Xa) :
where
Vall=yz'_&os(;:)singt, Xo—z4 ¥ mm:i"'Hi.
* WHa mal

The density of charged particles ng = n; = n is related
to the parameter n, by

l‘“q)“ + e ¥ ) (2)

7 = Nga €XP (— T
o

The perturbed quantities are written in a form pro-
portional to expli(k - r — wt)] and we require that the
following conditions be satisfied on w and kz;vTg:
kzlie K Q, A} < Ly, L, 65 where A; = 27/k] is the
wavelength of the perturbation in the direction trans-
verse to Ho, vy = V2T,/m,, is the mean thermal veloc-
ity for particles of species a, U, = eaEZO/maQ is the
peak oscillatory particle velocity in the high-frequency
field. If these conditions are satisfied then, in particu-
lar, use can be made of the averaged high-frequency
potential in describing the perturbed states; moreover,
the problem can be solved in the geometric-optics ap-
proximation.

The perturbation distribution function f,, satisfies
the kinetic equation

Of 0f1a 2.3
[ (V) et (g + omed) T+ (g — 2 v) T o

ov
(3)

Here, ggf = —V(cba + eam;\ll) is the effective accel-
leration associated with the ‘‘gravity force’’ which takes
account of all electrostatic forces that act on the parti-
cles in the unperturbed state: 5g, = —Vv6®, and
Y = 6¥ are the perturbations in the high-frequency and
electrostatic potentials respectively.

Solving Eq. (3) (for example, by integration over
trajectories) and integrating over dv we obtain the fol-
lowing expression for the perturbation in the density of
particles of species a:

€ m,
8na = (‘;::w _I‘ éq)a)n'T_:' Gay

Gou= m—i% S dv S ik—%‘i»(t— 1) exp {ik[re(f — v) — 1 (2)] + inT} dr.
' (4)
In order to obtain the dispersion relation we must
compute the perturbation of the high-frequency potential
6®e and associate it with 6ne. For this purpose we must
consider the perturbation in the high-frequency motion
of the plasma particles that arises as a result of the
modulation of the high-frequency oscillations by the low-
frequencies; this occurs at frequencies  + w & Q (the
combination tones above the first harmonic can be
neglected by virtue of the condition Q > kzﬁoe .
Following™®! we shall only consider electrostatic_
perturbations of the high-frequency field and write 6E
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= —vy where § = oeit. It can be shown that when
A; < 65 and the wavelengths of the perturbation in the
z-direction is reasonably small the contribution of non-
electrostatic perturbations can be neglected. Nonelec-
trostatic perturbations will be investigated elsewhere.
The perturbed high—fre(}uency oscillations can be
described, by analogy with , using a system of ‘‘quasi
hydrodynamw” equations for a cold plasma (this pro-
cedure is valid by virtue of the condition & > k,vTe)

Q8. + —;i Vi — [BUatrpra] = 0, iQ8Fa + V (8natins -+ ndua) — 0, (5)
where 6, and 50, ~ et are the high-frequency per-
turbations in the velocity and density of particles of
species a and the Poisson equation is written

AV = 4n D) eabiia. (6)

Solving Eqgs. (5) and (6) we find

e 2 k2(ek 2 i
'5Ezo=—%£= ﬁ)p: 2 (e1k ) + eaks) G"_zE;zo’_ ")
Z Q2 (e1k) 2+ esh?)2 — (nkyez)? n
where
(Opa 3 (l)pa.z WHa ®pa?
=L , _ —— e
" Zﬂ —q 2T Za S(ome—o) =1 ? o

are the components of the dielectric tensor for the cold
plasma

(Ei = E&xx = Eyy, E2= _’iaxb = iayx, &3 = Ezz) '
. 4nne? 1 dn
Wpel = — °=——"
me n dz

In finding 6®¢ we can make use of the following ex-
pression for the resulting averaged force that acts on
the electrons in the perturbed state:

F, + 6F, — —mV (D, + 6®,) = sz {aV)E+[arotE}, (8)

where a = @, + 6a is the amplitude of the electron
oscillation in the high-frequency field, E = E, + 6E
and m = me. In the case being con51dered we have

= (0, 0, eE,,/mQ?) and sa, = eGEZO/sz Carrying
out the 1nd1cated calculations we find

5D _ezEzanzo_le__F&
T am e m n
ﬁoez (.l)pgz k;z(k_Lzel + k;z€3) (9)

T Q2 urd (kiter+ kites)® — (xkyes)?

We note that this result can also be obtained from a
general expression for the high-frequency potential such
as that given in®°?.

In the particular case in which wgj K @ < |wHe| the
quantity F coincides with the quantity g given in™J. The
unlimited growth of F as the denominator approaches
zero corresponds to a resonance between the external
high-frequency field and the characteristic electrostatic
oscillations of the plasma.

Taking account of Eq. (9) and writing 6&; = 0, from
Eq. (4) we find
Otte ey G, o ey (10)
n  T. 1—FG,' n T;’

The dispersion equation can now be obtained from the
neutrality condition on the low-frequency oscillations
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ong = onj:

T;
- Ge+ G —FG.G,=0. (11)

We limit ourselves to the particular case

vri << o/ |k|<vre, o0<on, kivre<|om.

Carrying out conventional calculations (cf. for exam-
ple'*®?) we find that the quantity Gy is given by the
following expression in the present case

_iyn Ne
)|
) 1— i |Un 0 — o 3
. i
—A— —A(1— 5),
G U+ 5 (12)
where
Ii(s) T, k2
A =] = '- —_,74_] =t
esly(s), 8=2s L1 To(s) , S e
ky8ac! kT, dinT
0o = @ + 0oa, oo == véa , o = y e , dlnTq
GHa m|ome| dlnn

We now solve Eq. (11) by successive approximations
in the small parameter w*/kzvTe. The frequency
Re w = w is found from the zeroth approximation for
the drift wave and the growth rate y = Im w is found
from the first approximation for the drift wave:

TA(1—

. omi/2)
e e e
. Jno% 24 (1 — 81;/2) _ _
Y=ilon [T+(1_A)(1+F)]3{(1+r)(1 A)+Fi1—(1+7)4]
+ea+0 T — (14 2 ) k-4 a4+ p1), (19
where

E=wo/ 0", o= we— 0oi, T=TilTe

In the limiting case k vpj/wgj < 1 (transverse wave-
length much larger than the ion Larmor radius) we can
write A =1 and § = 0 in which case

o= 0"(1+F) — oo,

Y
'Y=—V“!—kz|—vTe‘(F+§+

(13a)
’; ) (14a)

It is evident from Eq. (14a) that in this case the
plasma is stable with respect to the drift wave if
779 > _2(F + E).

In the opposite limiting case of short wavelengths
( | much shorter than the ion-Larmor radius but, by
hypothesis, much larger than the electron Larmor
radius) we shall limit our analysis, for reasons of
simplicity, to the isothermal case Tg = Tj. We then find
that the plasma remains stable in the region 2(1 — &)
<n<2m=ne=np.

Under experimental conditions™’ @ < wyj; in this
case, it is easy to show that for all wavelengths of per-
turbations that satisfy the condition k3/k% > m/m; the
quantity F is negative. Consequently, as is evident from
Eq. (14a), this quantity acts as a destabilizing factor
whereas ¢ is always positive and hence provides an ex-
pansion of the stability region and reduces the growth
rate associated with the instability. In order-of-magni-
tude terms we find

n? L, m

F~ ——— | A ——
16nnT ' 7 8s 16mnT
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so that when Lj, > &g the stabilizing effect dominates in
the skin depth.

It follows that for the conditions being treated here
the effect of the high-frequency field on the stability of
the plasma appears as a consequence of two independent
mechanisms. One of these, investigated by Fainberg
and Shapiro'! , is connected with the appearance of
average high-frequency forces on the low-frequency
plasma perturbations (6g-mechanism). The second
mechanism arises owing to the existence of these forces
even in the unperturbed state (g-mechanism). In both
cases the stabilizing appears as a consequence of the
increase in the frequency of the drift waves which leads
to an increase in the Landau damping due to the elec-
trons. In the case of the g-mechanism this increase in
frequency can be associated with the Doppler shift (by
an amount kyga /‘-"Ha) due to the drift of charged parti-

cles with the velocity g /“’Ha; in this case it is impor-
tant that the ions and electrons drift with different
velocities (the expression for the growth rate only con-
tains the velocity difference).

It is valid to neglect effects associated with the pres-
ence of the averaged high-frequency forces in the un-
perturbed state if the plasma is rarefied, in which case
&g > Ly that is to say, the high-frequency field is es-
sentially uniform over the cross-section of the plasma.
In this case by virtue of the disappearance of the stabil -
izing g-mechanism the stability condition deteriorates
and the results obtained here go over to the correspond-
ing results obtained in"*?. In particular, in the short-
wave limit (k 1VTi /‘*’Hi < 1) the stability region found
here 2(1 — £) < < 2 is found to disappear and an insta-
bility can occur, as was noted in'*?, for all values of the
parameter 7 (as in the case of the absence of the high-
frequency field).

In conclusion we wish to thank A. B. Mikhailovskii
and L. I. Rudakov for valuable comments and A. A.
Rukhadze, Ya. B. Fainberg, V. D. Shapiro and V. P.
Sidorov for fruitful discussions.
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