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The interaction of an electron beam with a weakly ionized and complex dusty plasma is a subject
of interest for different fields, ranging from material science up to cometary complex plasmas
[1] - [9]. When the energy of these fast electrons with current dedgit¥, ) lies over the first
ionization energye > E, of the background neutral gas, ionization instabilities could be devel-
oped [4]-[8]. We deal with the multi-fluid description of a weakly ionized plasma composed of
populations of ions, negatively charged dust grains and thermal electrons inmersed into a uni-
form background of neutral atoms with densityat rest. The one-dimensional continuity and
momentum transfer transport equations for each plasma speais#g the standard notation,
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The indexa stands for positive ions and identical dust grains,
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(o = d,i) with charges), = eandqy = —e Z; while 3 runs for
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(d,i) and a with v4 ¢ ~ 0. The isothermal electron population .s..«:

with temperaturele > T, > T, IS Ne = Neoexp(ed /Te) andue = -
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0. Both, the source and sink terms and drag friction forces:in ™ :
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frequencieszaﬁ. The plasma potential fluctuations are related to  o.;

the charged particle densities by means of the Poisson equation’s—————————ui
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for the electrostatic plasma potential
Figure 1:lonzationcross sec-
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The ionizations caused by the electron beam with particle fli{) (current den-
sity J,,= —el) and ion lossesv, n, are considered in the ion source - sink term
S =V ne+na0,(E)F(E)—v_n, while the almost point grain charging equations are ne-
glected,S; =016, 7, 8, 9].
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The ionization frequency, and the electron impact Unstable modes for E = 2 E,
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We follow the previous work [9] in the stability analy- K =KA,

sis and Egs. (1), (2) and (3) are linearized and Fourier

. . . Figure 2:Imaginary part of normal-
transformed using the phasor éxpawt + kz). In the equi- g ginaryp
o o ized frequency versus wave number.
librium state, the temperaturdg and densities,, are

_ ) ) . For E, > Ep (positive x) the instabil-
uniform whereas all particle populationg,; = 0) remain _ _
ity growth rate increases fgr> 0 .

atrest. Thus, witlvg =5 5 v, 5 and on taking = Xeq+ X

for any variable, and we will obtain the following linearized equations,
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where tilded variables are the Fourier transformed perturbation amplituddde ion source

term§1 is currently calculated under the assumption of a uniform incident flux,

of ionizing electrons, where, is the beam density with enerdy;, = e¢, greater than the
ionization energyl of the neutral background atoms [4, 5, 9]. Alternatively, because of the
beam energy fluctuationg, +ed ¢, the non-thermal electron populatiog, also varies, thus,
assumingl” as divergence-free inside the plasma, we have= u,,don,, + n,,dou,, = 0 at

first approximation. Thereforén,, = —n,, (0 ¢/2¢,) modifies the global electron density and
also contributes to charge space effects in Eq. (3). In addition, for the electron impact cross
section we haved g, = (dg, (E,)/dE)) SE, with SE_ = ed¢. This leads us to a more involved
linearized ion source term,

szvl (1+M

NeoV X) Ae—v =V (1+]X)—v =V ())fle—v i  (6)
eoV,

wherej = fi,, 0, (E,) /v, isthe dimensionless electron beam current density where the func-

tion v;"(j) works as an effective ionization collision frequency and the dimensionless factor
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X= <0|-(I-Eb)> :_OEL

accountsfor the slope ofg; (E,) which strongly depends on the value of the electron beam
energyE, as shown in Fig. 1. Therefore, the currégi= —el (E,)) contributes to or hinders the
ionization instability througl§ in accordance with the sign gof. Using the linearized Poisson
equation and the Boltzmann relation for thermal electefis= Tefie/Neo We obtainne { = (i, —
Zpiiy), where the dimensionless correction fadfds related to charge fluctuations induced by
Nepy PEINGL ~ 1+ K2AZ, — Ny Te/ (NeoePy).

The dimensionless dispersion equation éaik ) is calculated from Eqgs. (4) and (5) using
the ion source term of Eq.(6). The collision frequemngyis used which leads to the frequency
w = Q/Vves and the corresponding mean free path is used for the lengths leading to the
scaled wavenumer = K Aga. The results are similar to those of Ref. [9], but with(j) instead
of a constant ionization frequeney only related with ionizations by thermal electrons.

In the linear analysis the ionization instability is trig-

gered for Imw(k) > 0 and both, the incident beam Unstable modes for & =5 E,

energyE, anddg, /dE critically control the unstable
@

modes througlv(j) in EQ.(6). >0 of

Fig. 2 shows that significant departures from tife

not
equilibrium (unstable modes) are observed Bgr= 5 _1:_4
2E, with positivey, the larger values of > 0 increase ’§ i

< ok
£
trary, the unstable positive branch is only found in Fig.

the scaled instability growth rate le(k ). On the con-

-3
3 for j = 0 whenE, = 5E, wherey is negative. There- 10"

fore, for electron beam energikg > En, the systemis
stabilized by increments in the current dengity O as Figure 3:Contraryto Fig. 2 forE, > En

suggested by Eq.(6). Moreover, the effect of this io(?fegativex ) the roots ofw (k) lead to sta-
izing electron current would disappears = Em.  pje branches foj > 0.

We conclude that the decreasing dependence of the
electron impact ionization cross section with energy leads to an stabilizing effect, and restricts
the energy range and amplitude rate for the ionization instability.

In addition, x also controls the dust frequency modes. The resonant destabilization for grow-
ing of dust acoustic (DA) modes [8, 9] coupled to dust ion acoustic modes (DIA) can be en-

hanced or reduced since the asymtotic condition,
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T n
KZ <CI%IA+ rr;) = (n:)—l) Vi VL

whereCp, », is the dust ion acoustic speed, changes into a more challenging non-conclusive

one,

2 (Cha Ti><1+1x n) .
K (Z +m N (1+]){ neo Ljvin

which is reduced to the former expression fer 0 and = 1. Finally, although the energy of the electron
beam is controlled in the experiments, the accelerated electrons at the high potential side of a
double layer also excite ionization instabilities [3, 4, 5]. We stress here that the ciyean

also originate from the jump in plasma potential and most of the previous conclusions would be

also valid for anodic double layers [10].
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