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IN experiments on the interaction of electron beams
with a plasma,'”® it is not uncommon to find large
amplitude low-frequency oscillations superimposed
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on the radio-frequency oscillations under study. We
have investigated the possibility that the low-fre-
quency phenomena are drift waves excited by the
beam and have found that the transverse motion
of the ions makes such an interaction impossible.
In Fig. 1 the solid curves show the dispersion re-
lation for drift waves in a low-density inhomoge-
neous plasma in a uniform magnetic field.* The
wave traveling in the direction of the ion pressure-
gradient drift vy; is damped, and that traveling in
the direction of the electron pressure-gradient drift
v40 18 unstable when the resistivity # is finite and
there exists a small component k, of k along the
magnetic field BZ. The resistive overstability goes
over continuously® into the ordinary universal in-
stability when 4 — 0. The growth rate of the elec-
tron-drift mode is ordinarily small but is possibly
increased by an electron beam if a resonance occurs
between the parallel phase velocity of the drift wave
in the plasma and the velocity of a space-charge
wave’ in the beam. The dashed lines on Fig. 1 show
the dispersion relation for the latter at fixed &, and
varying k,. If the beam plasma frequency w, is right,
an intersection with the electron drift mode can
occur. The wave on the beam traveling with k. in
the opposite direction intersects the ion-drift mode
over a larger range of w, and can possibly reverse
the damping of that mode. Since drift waves are
characterized by w/k; << v (the electron thermal
velocity) and since we consider energetic beams with
directed velocity v, >> v4ne, resonance requires that a
fast backward wave exist in the beam; this requires
a large value of w, and a rather high perveance beam.

Consider a system of four components: (1) plasma,
electrons with temperature KT, density n., and a
uniform density gradient n.'/n, in the z direction;
(2) plasma ions with temperature ;;, KT, and density
n; = n.; (3) beam electrons with temperature KT,
directed velocity v,2, and uniform density ny,; (4) a
uniform distribution n, = n, of ions at T; = N7,
to neutralize the beam. We linearize the equations
of motion and of continuity for each species under
electrostatic perturbations of the form exp i(k.y +
k2 — of) and insert the perturbed densities into
Poisson’s equation. Finite ion Larmor radius effects
are retained via the viscosity tensor. We assume
k,/k.. sufficiently small that ion motions parallel to
B may be neglected and @ = w/w,; <K 1 (drift-wave
approximations). The motion of plasma electrons
along B is assumed to be controlled by resistivity
alone; whereas, the parallel motion of beam elec-
trons is controlled by inertia alone. We then obtain
the following dispersion relation:
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where 1 = KT,/4mn.¢, a° = KT,/Mo?, o} =
drnd/m, & = &} + kI, kL = k0, tan 0 = k,/k;,
8 = anl/n,, ¥ = (nen/B)7'¢, and & = (w —
ko) /we. The right-hand side of Eq. (1), when set
equal to 0, gives the dispersion relation for resistive
drift waves,* shown in Fig. 1 for \; = 1. The left-
hand side, when set equal to 0, is the dispersion
equation for the electron beam and the nondrifting
ions which neutralize it. For A\, &< (v5/v:1.)°, it can
be shown that the term proportional to A, is negli-
gible; hence, we neglect it. The square bracket can
then be recognized as the usual cold beam-plus-ion
dispersion relation
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in the limit € < 1 and ¢ <« ©°. These approxi-
mations eliminate from Eq. (1) acoustic waves and
the lower hybrid frequency, which appear in Eq. (2).

With N, = 0, Eq. (1) is seen to be a quartic equa-
tion for » with complex coefficients. However, since
ko > o, we may set & & —ko/ws, in the left-

“hand side; whereupon, it becomes independent of w,

and the equation is only quadratic. One can then
convince oneself that, for ¥ < o® and Ny, K 7o,
the left-hand side (the beam) has very little effect
on the right-hand side (the drift waves). To be sure



the higher degree terms have no effect, we have
actually computed the solutions of the complex
quartic with 20-digit accuracy. For parameters cor-
responding to the m = 3 mode of an 0.2-eV potas-
sium plasma 1.5 cm in radius, with n, = 3 X 10"
em ™ and B = 4000 G, and a 1-keV beam of various
densities up to n, = 2.5 X 10" em™, we find that
the imaginary part of the drift waves is affected by
the beam less than 1 per cent in all cases, even when
n, has the value corresponding to synchronism be-
tween the drift wave and the beam space-charge
wave. We, therefore, conclude that it is not possible
to excite drift waves by a fast electron beam. This
result is in agreement with the kinetic theory results
of Kuleshov and Rukhadze’ and of Arsenin,® which
show that the destabilizing effect comes only in the
Landau (resonant particle) term, which is expo-
nentially small when v, >> v,,,.

Furthermore, we can show that no excitation can
be expected for arbitrarily large values of n./n..
Consider the square bracket of Eq. (1), which gives
the dispersion equation for an electron beam passing
through a neutralizing background of ions at rest.
For \, = 0, this can be written

& — A+ pHd +pcos’ =0, 3)
p % = (M/m)sin® 0 + (wie/wy).

The roots are & 1 + p’ sin® § and & = p° cos® 0.
For w/w?, K m/M, p & wp/w.., the usual waves in
the beam are recovered: (v — ko) =~ o? +
~ wp sin” 0 (upper hybrid), and (0 — k;v0)° = w? cos” 9
(Langmuir oscillation). However, if w}/w?, > m/M,
p & (M/m) sin® 6, we obtain (0 — ko) = o,
and (0 — kyvo)® R weiwee cos” 8, which is a modified
lower hybrid frequency in the beam frame. For
B >1000 G or so, it can be shown that the cyclo-

tron or upper hybrid wave is too fast for synchro-
nism with a drift wave in the plasma. If it were not
for the ion term (M /m) sin® 6, synchronism could
be achieved with the space-charge wave by making
wp, and, hence p, sufficiently large. However, the
presence of the ion term, which can be traced to the
ion motion in the y direction due to finite inertia and
hence finite compressibility, puts an upper limit
on p. This has the effect of limiting the wave ve-
locity in the beam frame to a velocity considerably
smaller than v,. The presence of a compressible ion
fluid makes it impossible for fast backward waves
in the beam to exist such that w < w, in the labo-
ratory; therefore, synchronism with a drift wave
cannot be achieved for any beam density. The low-
frequency phenomena mentioned at the outset must
be caused by another effect, probably the centrifu-
gal instability of a plasma rotating in a radial elec-
tric field.
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numerical computations.
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