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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 densityJeb(Eb) lies over the first

ionization energyE > EI 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 densityna at rest. The one-dimensional continuity and

momentum transfer transport equations for each plasma species,α using the standard notation,

are
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Figure 1: Ionzation cross sec-

tion for Argon.

The indexα stands for positive ions and identical dust grains,

(α = d, i) with chargesqi = e andqd = −eZd while β runs for

(d, i) and a with να e ≃ 0. The isothermal electron population

with temperatureTe ≫ Ti ≫ Td is ne = neoexp(eϕ/Te) andue =

0. Both, the source and sink terms and drag friction forces in

Eqs. (1) and (2) are considered by the corresponding collision

frequenciesναβ . The plasma potential fluctuations are related to

the charged particle densities by means of the Poisson equation

for the electrostatic plasma potential

∂ 2ϕ
∂z2 = −4πe(ni −ne−Z nd) (3)

The ionizations caused by the electron beam with particle fluxΓ(E) (current den-

sity Jeb = −eΓ ) and ion lossesνL ni are considered in the ion source - sink term

Si = νI ne+naσI (E)Γ(E)−νL ni , while the almost point grain charging equations are ne-

glected,Sd = 0 [6, 7, 8, 9].
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Figure 2: Imaginary part of normal-

ized frequency versus wave number.

For Eb > Em (positive χ ) the instabil-

ity growth rate increases forj ≥ 0 .

The ionization frequencyνI and the electron impact

ionization cross-section of neutralsσI (E) account for the

ion production by both ionizing thermal and injected non-

thermal electrons. Note that the ionization cross section

and beam current densityJeb depend on the electron beam

energyEb > EI , consequently, the effects of the beam

source term strongly depends onEb and σI (Eb) varia-

tions.

We follow the previous work [9] in the stability analy-

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

transformed using the phasor exp(−iωt +kz). In the equi-

librium state, the temperaturesTα and densitiesnαo are

uniform whereas all particle populations (uαo = 0) remain

at rest. Thus, withνα = ∑β να ,β and on takingx= xeq+δx

for any variable, and we will obtain the following linearized equations,
−i ω ñα + i knαo ũα = S̃α (4)

(να − i ω) ũα + i k

(

Teqα ñe

eneomα
+

ñα Tα
mα neo

)

= ∑
α 6=β

ναβ ũβ (5)

where tilded variables are the Fourier transformed perturbation amplitudesδx. The ion source

termS̃i is currently calculated under the assumption of a uniform incident flux,

Γ(Eb) = nbub = nb(2eϕb/m)1/2

of ionizing electrons, wherenb is the beam density with energyEb = eϕb greater than the

ionization energyI of the neutral background atoms [4, 5, 9]. Alternatively, because of the

beam energy fluctuations,Eb +eδϕ, the non-thermal electron populationneb also varies, thus,

assumingΓ as divergence-free inside the plasma, we haveδΓ = uebδneb+ nebδueb = 0 at

first approximation. Therefore,δneb=−neb(δϕ/2ϕb) modifies the global electron density and

also contributes to charge space effects in Eq. (3). In addition, for the electron impact cross

section we have,δσI = (dσI (Eb)/dEb)δEb with δEb = eδϕ. This leads us to a more involved

linearized ion source term,

S̃i = νI

(

1+
nbσI (Eb)Γ

neoνI
χ
)

ñe−νL ñi = νI ( 1+ j χ)−νL ñi = ν∗
I ( j) ñe−νL ñi (6)

where j = ñebσI (Eb)Γ/νI is the dimensionless electron beam current density where the func-

tion ν∗
I ( j) works as an effective ionization collision frequency and the dimensionless factor
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χ =

(

Te

σI (Eb)

)

dσI

dEb

accountsfor the slope ofσI (Eb) which strongly depends on the value of the electron beam

energyEb as shown in Fig. 1. Therefore, the currentJeb=−eΓ(Eb) contributes to or hinders the

ionization instability throughSi in accordance with the sign ofχ . Using the linearized Poisson

equation and the Boltzmann relation for thermal electronseϕ̃ = Teñe/neo we obtainñeζ = (ñi −

Zp ñd), where the dimensionless correction factorζ is related to charge fluctuations induced by

neb, beingζ ≃ 1+k2λ 2
De−nbTe/(neoeϕb).

The dimensionless dispersion equation forω(κ ) is calculated from Eqs. (4) and (5) using

the ion source term of Eq.(6). The collision frequencyνea is used which leads to the frequency

ω = Ω/νea, and the corresponding mean free pathλea is used for the lengths leading to the

scaled wavenumerκ = K λea. The results are similar to those of Ref. [9], but withν∗
I ( j) instead

of a constant ionization frequencyνI only related with ionizations by thermal electrons.
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Figure 3:Contraryto Fig. 2 forEb > Em

(negativeχ ) the roots ofω(κ ) lead to sta-

ble branches forj > 0.

In the linear analysis the ionization instability is trig-

gered for Imω(κ ) > 0 and both, the incident beam

energyEb anddσI/dE critically control the unstable

modes throughν∗
I ( j) in Eq.(6).

Fig. 2 shows that significant departures from the

equilibrium (unstable modes) are observed forEb =

2EI with positiveχ , the larger values ofj ≥ 0 increase

the scaled instability growth rate Imω(κ ). On the con-

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

3 for j = 0 whenEb = 5EI whereχ is negative. There-

fore, for electron beam energiesEb > Em the system is

stabilized by increments in the current densityj > 0 as

suggested by Eq.(6). Moreover, the effect of this ion-

izing electron current would disappears forEb = Em.

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,χ 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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whereCDIA, is the dust ion acoustic speed, changes into a more challenging non-conclusive

one,

K2
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which is reduced to the former expression forj = 0 andζ = 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 currentJeb can

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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