On the relaxation of an electron beam in a high-density,
slightly ionized gas

S. |. Krasheninnikov and V. V. Filyushkin
I V. Kurchatov Institute of Atomic Energy

(Submitted 27 June 1980)
Pis’ma Zk. Eksp. Teor. Fiz. 32, No. 4, 290-292 (20 August 1980)

The relaxation of an electron beam in a high-density, slightly ionized molecular gas
is examined. The relaxation length of the beam is found, with account of the
dependence of the electron density and the instability increment of the energy of
the Langmuir vibrations.

PACS numbers: 52.40.Mj

In studying the relaxation process of an electron beam one usually considers a
completely ionized collisionless plasma. In this case the intensity of the Langmuir
vibrations, in resonance with the beam electrons, can be determined by various nonlin-
ear transfer mechanisms of the waves over the spectrum.’ On the other hand, when an
electron beam is injected into a slightly ionized, high-density gas, where the electron
density # is determined by the energy W, of the Langmuir vibrations, the beam insta-
bility stabilization effect can be related to the dependence of the instability increment
y~1/v'n on W,

For a sufficiently high density N of the neutral gas, when electron diffusion plays
no significant role, the electron density is determined by the local value of W, and can
be found from the kinetic equation®:
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where f,(€) is the plasma electron energy distribution function; the first term on the
right side of (1) describes the heating of the electrons in the field of the Langmuir
vibrations for collision with particles of the weakly ionized gas; the second term de-
scribes the elastic and inelastic interaction of electrons with the weakly ionized gas; the
third—electron destruction processes.

In the case of a molecular gas, however, when most of the electron energy goes
into the excitation of vibrational degrees of freedom, the dependence of the electron
density on W, has a simpler form?:

Vove, = nhov,, , (2)

where v,,, v,, are the frequencies of elastic collision and vibrational excitation of the
molecules, respectively; #iw is the vibrational quantum of the molecule.

Since v,, and v,, have only a slight dependence on the average electron energy,
we shall ignore this dependence below.
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Thus, as follows from (2), the beam instability in a slightly ionized, high-density
gas may be due to a decrease of the increment y~ 1/v/n. Assuming the relaxation to
be one-dimensional, consider the following system of quasilinear equations:
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where f, (v) is the velocity distribution function of the beam electrons; W, is the energy
spectral density of the Langmuir vibrations; k& is the wave number;
v,=0w, /Ok;w, = (4wne’/m)'’*; e, m are the electron charge and mass; ¥, is the
instability increment for wave number k. Since the group velocity v, of the Langmuir
vibrations is small, then if the intensity W, of the Langmuir vibrations is calculated
under the assumption that 2y, >v,,, it turns out to be so large for beam electron
densities of practical interest that the condition 2y, > v,, is drastically violated in light
of relation (2). Then, ignoring the left side in (3) and finding the function £, (v)
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where v,,.: f,(v,,) = 0, v,, <v,; after its substitution into (4) with (2) taken into account
we obtain the equation for the relaxation rate
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In the case Av/v, &1 we have an estimate of the relaxation length
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For typical beam energy values of ~3 keV, a beam electron density n, = 2 < 10°
and a neutral gas pressure of the order of 0.1 Torr the relaxation length is equal to
about 10 cm, which agrees well with experimental results.* It should be noted that the
dependence of L,, on v, and n, also agrees well with experimental data.

Equation (7) was obtained for the relaxation length by ignoring the left side of Eq.
(3)—consideration of spectral transfer because of plasma inhomogeneity does not sig-
nificantly influence the relaxation process if the condition
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is satisfied.
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