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Introduction
The stability of an unmagnetized plasmallw@ansition (PWT) in the presence of
secondary electron emission (SEE) producethbythermal plasma electrons was checked
by Franklin et al. [1] for a dbsionless plasma, Tskhakaya at [2,3] and Eibl [4] for a
collisional plasma. Here, we analyze the itgbof the presheath when the secondary
electrons are produced at a plane praheface by fast electrons in a collisional
unmagnetized plasma. A dispersion relatien derived to analyze the three-stream
instability produced by the interaction of the fast incoming electrons with the fast reflected
electrons and the secondatgectrons, embedded in ttieermal-electron background.
Theory —Presheath | nstability Analysis

We consider a time-dependent presheadradterized by the system of equations:
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Herefj represents the equilibrium distributiumction for the thermal electrons and is

given by a cut-off Maxwellian distribution fuhon. To the system of equations (1) we will

add Poisson’s equation.

To linearize this system, we denote tﬁ(x,v) the equilibrium value and by
a(x,t) = aexdi(ot—kx)] the arbitrarily small perturbation in space and time, of any
variable a(x,t) which is characterizing our system (electron density n, average electron

velocity u, electron distribution fution f, electric field E). Heran is the frequencyk is
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the wave number and(x,v) is the amplitude of the linear eigenmode considered. With

these notations, we obtain the dispersion i@tafior the presheath olur plasma containing

thermal electrons, fast electrons aedandary electrons produced by them:
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We will analyze here the case << v, << . With this approximation we expand in Taylor

series up to the first order the teris—xv —iv,) "and (o —kv)™ . Here and below we

consider a region near to the presheath ecérd8PE) and assume potential to be zero. In

Eq. (2)f"equalsf and is given by

£th _pAth _ v 2 —
fo (X,v)=A ex{ L—VLT\/EJ ]H(vC V), (3)

WhereT‘I is the electron temperature in the bulk plasma afié /K, T " /m, andnY

are the thermal velocity and the equilibriunernmal-electron density at CPE, respectively;

A" is a constant given by
-1
"= 2nt . [vg;\/E @+erf [-ev,/ KT )] . (4)
We denote by, (< 0) the potential values at the prokerface. Hence the cut-off velocity

at the CPE can be written gs=/-2eV, /m, . f' is the equilibrium fast-electron

distribution function athe CPE having, the form

frix,v)=A ex% —{%} } H(-v)+A' ex% _{\:/_E\stﬁ } H(V)H(v, -v), (5)

wherev, and v’ = 1/kBT;, I m, are the shift and thermal velocities of the fast electrons,

respectively, A" is a constant given by

- ﬁﬁgo{\/%v;tb+ 2erf[E, 1k, T!, + erf(\/— eV, kg T —[Eo /e T}, )] }_1 . (6)

Where E, and ni are the initial energy and the densitfythe fast electrons at the CPE,

respectively f*® is the equilibrium secondary elestr distribution functions at the CPE

2
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Wherevy =, /k T /m, andA* given by

A% = \/iﬁzg{\/;vz‘f[l+ erf(vc /\/Evzf)_ }_1 (8)
After substitution of the Eqgs. (3, 5) a(id, the dispersion relation (2) becomes:
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Where
Il:f_éh(vc)_'_ﬁ;(vc)_Fef(Vc)’ |2:Vc|1_n' |3:V(2:|1_2nU;
I:tlh = F(;h(vc)’ Itzh = ch_;h(vc)_ n, l?h = chzf;h(vc)_ nu; (10)

n=jfdv, nv=J-vfdv;

From Eq. (9) it readily follows that the real part of the frequetgyis the solution of the

third order equatioRee(®,,x)=0 , using the assumptiBeo >>Imo=35w. For the
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growth rate we obtain:
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and the group velocity aesponding to Eq. (11) is
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The instability condition can be formulated by two criterions >0, v /dm << dX,

corresponding the instability conditiof a nonuniform media [5]. Herex is the typical
gradient scale length.

As an example, we consider the following case/n, =4-10*, mvZ /2T, =50 and

e’ sh

ox = 0.0Im. Results are plotted in the figures bel@we can see, that there exists a region

in x4, space where the conditions for instability are fulfilled.
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ConclusionsWe derived analytically the dispeosi relation for the PWT problem, for
plasma containing three particle stream& thcoming fast electron, the reflected fast
electron and the secondary eleatproduced by the primary fastectrons at a plane probe
surface. We show that foealistic parameters this kind of plasma sheatiisible.
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