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A one-dimensional, kinetic model of the electron population between the lateral walls
of a Hall thruster is developed, with the aim assessing the effect of electron thermaliza-
tion on the replenishment of the high-energy tails of the electron distribution function
that are collected by the walls. Secondary electron emission beams are included too. A
presheath/sheath formulation, with simplified presheath dynamics, is adopted and the
charge saturation limit of the sheaths is taken into consideration. Asymptotic results for
the high- and low-thermalization limits are presented and compared with existing models.
The solution of the problem remains unclear for high secondary emission and intermediate
thermalization.

I. Introduction

The performance and lifetime of a Hall thruster with dielectric walls is very affected by the plasma-
wall interaction. This leads to plasma recombination, electron energy losses, wall collisionality, and ion
sputtering.’'? Plasma recombination depends on the two-dimensional response of the bulk of the plasma ,®
but electron energy losses and wall collisionality depend mainly on the sheaths created close to the walls;*
finally, ion sputtering depends on the response of both presheath (i.e. bulk of the plasma) and sheaths. The
main or primary electron population is confined between the two chamber walls by the electrostatic potential,
except for the high-energy tail of the distribution function that is collected by the walls. In addition, there
can be large secondary electron emission( SEE) from the walls.

Hobbs and Wesson® showed that the sheath potential fall decreases and the energy losses into the wall
increase as the SEE yield increases. For a SEE yield close to 1, they showed that the sheath enters into
a space-charge saturated regime, that prevents the vanishing of the electron-repelling sheaths and bounds
the electron energy losses to the walls. The application of this model to Hall thrusters was proposed by
Jolivet and Roussel.® Then, Ahedo,* starting from the Hobbs-Wesson model, derived a presheath/sheath
model capable of quantifying the above four plasma-wall interaction phenomena. The application of this
wall interaction expressions into simulations of the Hall thruster discharge’™® has shown excessive particle
and energy losses and, consequently, unreasonably strong deterioration of performances.
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The model of Ahedo* considered a complete replenishment of the high-energy electrons collected by the
walls. However, recent works suggest (i) a significant depopulation of these high-energy electrons caused by
an insufficiently fast thermalization,®™!! and (ii) the partial re-collection by the walls of secondary electrons
that do not interact with the rest of the plasma.!? Both phenomena, which modify certainly the sheath
potential fall and the energy losses, depend basically on the thermalization of the electron population.
At present, the understanding and modelling of this phenomenon is poor because of the several electron
population and collisional processes, the complex dynamics of the magnetized electrons, and the possible
influence of plasma instabilities.

The purpose of this paper is to derive a simple kinetic model for electrons, capable of (a) evaluating the
effect of partial electron thermalization on both the primary and secondary populations and (b) determining
the resulting sheath potential fall and plasma-wall interaction magnitudes. Also, we aim to recover the low
and total thermalization asymptotic limits, which will provide useful analytical expressions and will allow
a comparison with our previous macroscopic models. Electron thermalization will be modelled simply by
an ’average’ frequency, independent of the electron velocity and position. The influence of the weak electric
field of the presheath on the electron population is ignored here. This simplification weakens the consistency
of the model somehow but, on the other hand, leads to a more tractable and comprehensive model while it
keeps fully the effects of the two processes, thermalization and SEE, we intend to discuss here.

Section II presents the electron model, Sec. III obtains its formal solution, Sec. IV presents the boundary
conditions required to close the model, and Sec. V presents asymptotic and numerical solutions. Conclusions
are presented in Sec. VI.

II. The kinetic electron model

A. Formulation

A one-dimensional, stationary plasma confined between two planar, ceramic walls is considered (Fig. 1). The
zero Debye length limit is invoked, leading to a two-scale structure, consisting of a quasineutral presheath
and collisionless space-charge sheaths adjacent to the walls. The sheaths are discontinuity surfaces in the
presheath scale. Symmetry is assumed, so that only half-channel is studied. Let point M be the channel
median and points Q and W represent the sheath /presheath transition and the wall.
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Figure 1. Sketch of the model.

The electric potential ¢(z) is assumed monotonic in the half channel MW with ¢ = 0 and ¢ < 0
elsewhere. The only exception to this will be the very inner region of the sheath in the charge-saturation
regime. We can take advantage of ¢(x) being monotonic in region MW to use ¢ instead of = as independent
variable and thus avoid the two spatial scales. The magnetic field is assumed perpendicular to the walls and
all magnetic effects are disregarded.

The velocity of each electron is divided into components parallel and perpendicularto 1, v =v,1,4+v; 1|
and the electron distribution function has the functional form f(xz,vg,v1). [Subscript e for electrons is
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omitted in most variables.] This satisfies the Boltzmann equation

f e do, Of

Y Bz me dx Ouy,

=ve(fo—f) tvifi +v.f, (1)

where the terms on the right-hand side represent electron thermalization, ionization, and transverse diffusion.
For convenience, when expressing the different contributions to this equation,

9 [ e \P/2 _mevz
WP(”’T)*<27TT) eXp( oT (2

represents a Maxwellian distribution function of temperature 7" in p dimensions.

Electron thermalization can be due to Coulomb collisions among electrons or fluctuation effects. A BGK
formulation of this phenomenon uses a thermalization frequency ». and the local-equilibrium distribution
function

~—

fo(z,v) :ne%((% _Vz)2+vi;Te); (3)

where n., V,, and T, are local density, fluid velocity, and temperature, respectively, defined in the usual way.
Gas ionization is modelled with a frequency v; and a Maxwellian distribution function for plasma pro-
duction

fi(m,v) = n.(x)ps(v?, T1), (4)

and it can be assumed that 77 < Tp. Finally, transverse (i.e. axial) diffusion of the plasma, is modelled
with frequency v, and takes into account variations of the flow of the plasma parallel to the walls required
to sustain the stationary radial discharge.

In addition, the model takes into consideration secondary electron emission(SEE) by electron impact at
the walls. The SEE yield is modelled with a linear function

S(E) = 80 + (1 - o) 2> (5)

where I/ = m.v?/2 is the electron energy and F is the electron energy for 100% SEE. The distribution
function of secondary electrons at the wall (point W) is assumed semi-Maxwellian

2T M.

T

fsW(v) = 3Gs 4)03(7}27Tw)H(_7}z)~ (6)

Here,

gs = _/ dvvzfsW (7)
Ve <0

is the secondary electron flux from the wall (with g; > 0 for convenience) and H(v) is the Heaviside step
function. The determination of gs in terms of the primary electron flux and the SEE yield is part of the
solution.

The radial energy of each electron is conserved across the sheath:

mev2/2 — e¢p = const. (8)

Then, the distribution function of secondary electrons at the presheath boundary is f.q(v) = fa(v)H(—v, —
vsh), with
2TMe edwa

f2(v):gs T, €xXp T, 4)03(7}27Tw)7 (9)

Vs, = 1/ 2w/ me (10)

and

the velocity increment across the sheath.
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B. Simplifications

The analysis we present here is based on a simplified electron model. The main simplification is that we
disregard the variations of the electric potential in the presheath (which amounts to take ¢ = ¢ar). Thus
we will not be able to obtain a correct solution of the presheath. However, this simplification will not prevent
us from studying the coupled roles of electron thermalization and SEE on the electron-wall interaction.

The two other simplifications are mainly a consequence of the previous one. First, we will neglect gas
ionization, since cold electrons created from ionization cannot be treated properly without considering the
potential variations in the presheath. And second, we substitute the local equilibrium function fy(v), Eq. (3),
by the global one

fo(v) = nows(v*; Ty), (11)

where ng and T; are constant.

Taking integral moments over v on the Boltzmann equation, the radial electron flow g. satisfies

dge
di? - V@(na - n@) + vyne, (12)
and the electron flux reaching the sheath and the wall is
L hy2 hy2
e = Gew = Ve | Mo = —/ dxne | + 1/2/ dzne. (13)
2 0 0
Notice that in order that fo(vo) does not contribute (globally) to the plasma production it must be
9 [h/2
— / nedx = ng (14)
h Jo
v, = 2gew /noh. (15)

This is the plasma balance equation'® for this model, which, in the absence of ionization, determines the
transverse contribution of plasma, i.e. v,. For any other value of v, only Eq. (13) would be satisfied, ng
would not be the mean value of n. in the presheath, and there would be net plasma production associated
to fo.

III. Solution for the electron population

Let ¢wq the sheath potential drop, which will be determined later as part of the solution.

A. Electron distribution function in presheath

Calling
V=1V, — U, (16)

the general solution of Eq. (1) in the presheath, with the simplifications commented above, is

—vr

I(@,v) = A(v)exp —= + == fo(v) (17)

/Ufli
where A(v) is to be determined from the boundary conditions at the sheath/presheath transition Q (zg =
h/2) and the channel centerline M (zp; = 0). First, the symmetry condition at x = z,; vields f(0, —v) =
f(0,v). Second, at & = zg particles with 0 < v, < v, are reflected within the sheath. This means
flza,ve) = flag, —vs) for |vg| < vep. Third, at @ = zg, particles with v, < —wvsp correspond only to the
SEE, that is f(zg,v) = f2(v) for vy < —vep.

Applying the above boundary conditions, the electron distribution function in the presheath is

~ fo, o] < ven,
Ry N P Y | R P 1

vy |Ug]

f(xm) -
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B. Electron distribution function in sheath

Particularizing the distribution function at the sheath transition Q, one has

f2(v1)7 Uy < —Ugp,
fQ(vz) = %fo(%% |vz| < Ush, (19)
= folwx) {1 —exp (- ”—h)} Fhden (= 22), s ea,

€T

where the dependence on v is omitted for sake of simplicity. The radial energy of each electron is conserved
across the sheath, Eq. (8). Using ¢ as a convenient independent variable for the sheath and

02 (6, 02) = sign(va) /02 + 2e(dq — 6)/me, (20)
the distribution function inside the sheath satisfies
[(@,va) = fo(vaq(@,va)). (21)

C. Particle and energy fluxes across the sheath

The net flux of electrons at the wall W has three contributions:
JeWw = /dvvsz(v) ~gpt+gf — 9s, (22)

where (moving integration from W to point Q), g5 defined in Eq. (7),

vh Ve
gp = / dv (1 —exp — )szfm (23)
Vg >Ush z

g = / dvv, f2 exp (24)
Vg >Vsh

Uy

are the contributions of ’secondary’ electrons, 'primary’ electrons, and ’free secondary’ electrons coming from
the opposite wall (at = —h/2), respectively.
In a similar way, the flux of electron energy to the wall W is

1
Gew = /dvim@vzvsz = qp+ 45 — g, (25)

where (proceeding similarly to gew )

1 —vh g
qp = / dv (To —edwq + —mevi> (1 — eXp ’ )%V—fm (26)
Ve >Ush 2 Uz v
1 —vh
qy = / dv (Tw - e(bWQ + _mevi> Vg f2 eXp y ) (27)
Ve >Ush 2 Uz
qs = 2T gs, (28)

are the contributions from primary and free-secondary electrons. We expect g, ~ Togp, > ¢s and g7 < ¢, so
that gew =~ gp.
The flux of electrons at points Q and W are the same, but the electron energy flux at point Q is higher
than at point W,
9eqQ = qew + €PWQgew, (29)
where the last term includes non-negligible contributions from secondary electrons.
We use now Eq. (5) for the SEE yield in order to express gs in terms of gp. One has

mevz mevz
gs — / dvvszé < > :/ vzfQ(S < — e(bWQ) . (30)
ve>0 2 Ve >Vsh 2
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Then, it turns out easily that
qp + qf

95 = Solgp T g7) + (1 = 00) 75—, (31)
so that the effective SEE yield can be expressed as
s 0( T
9s _ (ap 0) (32)
9p 1 - af(50

with oy = g¢/gs and o, = q, + g4 /Togp; we will see below that a, ~ 1.8 — 2.

IV. Closure of the model

Ion dynamics in the presheath cannot be solved with the simplified model discussed here. Nevertheless,
the ion flux at the sheath edge can be determined from conditions dictated by the sheath problem. The
Poisson equation for the sheath potential is

do e
= L (o) — () ()

where the plasma densities depend only on ¢ because the sheath is collisionless. The development of a
space-charge, monotonic solution at point Q require that

() = ()l 20 (34)

which is the Bohm condition. Accepting that the ion flux fulfills the marginal (or sonic) form of the Bohm
condition, and assuming that ions are singly charged and enter the sheath as a quasi-cold beam, one has
endo  dn,

= , 35
migizw do Q ( )

where: conservation of the ion flux across the sheath and plasma quasineutrality have been applied, and
giw/neq is the ion fluid velocity at the sheath edge. This condition relates the ion flux to magnitudes that
depend only on the electron model and thus avoids to solve the ion dynamics in the presheath. Indeed,
Eq. (35) is a boundary condition for this problem. One expects to have

giw ~ nov/To/m; (36)

The solution for the electron distribution function f depends on four groups of parameters. First, we
have h, ng, and Tp, which are the input parameters used commonly to non dimensionalize plasma equations
and variables. Second, there is v,, which measures thermalization effects. Third, we have dy, Fy and T,
which model the SEE. And four, there are ¢w¢ and v, which, in fact, are output parameters. This means
that a doubly iterative process must be used to solve the problem. The two extra conditions that determine
¢wq and v, are the following. First, the zero electric current condition at the wall means

gw = giw = gew . (37)

Substituting here the electron and ion fluxes from Eqgs. (22) and (35) we end with an implicit equation for

$wq. We will show that this implicit character can lead to a non-unique solution of the problem. Second,
v, must verify (15).

One important restriction to the present model remains to be noted. All the study here has been based

on a monotonic potential fall in the sheath. However, for high SEE the sheath can become charge-saturated.

The charge-saturated limit(CSL) of the sheath correspond to attaining zero electric field at the wall boundary.
In terms of electric charge within the sheath, the CSL is defined by

*Q
/ (ni —ne)dp =10 (38)
ow
The practical determination of the CSL is not simple since it implies one extra level of iteration and the
computation of double integrals on the potential.

For cold SEE (i.e. T, < Tp) the charge-saturated regime of the sheath is simple to visualize from the
CSL. For warm SEE, the effects of the potential well formed near the wall need to be considered.
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V. Results

Four thermalization regimes can be distinguished in our model:

a) high thermalization: v.h > vep = /2edwg/me;

b) intermediate thermalization, v.h = O(vgp);

¢) low thermalization, 1/Tp/m; € veh < vgp; and

d) very low thermalization, v.h < O(\/To/m;).
High thermalization is the case assumed by most models and simulations of Hall thrusters, but intermediate
or low thermalization are more plausible for typical Hall thruster parameters (at least within this model
hypotheses). For instance, for T, = 20eV, n. = 10¥s~! and h =15mm, one has h~1/Th/m, ~ 1.2 x
1085~ h=1y\/Ty/m; ~ 2.5 x 105571, and the electron-electron thermalization frequency is!* ~ 2 x 107s71,
which places v, in the low thermalization case. Turbulent effects could increase v. to the intermadiate
thermalization case.

Next, we present first analytical solutions for the three asymptotic limits, and then numerical results for
any thermalization level. These use Tj instead of e¢w ¢ to non-dimensionalize the thermalization frequency,
De = vehy/me /Ty, which modifies slightly the ranges of the above thermalization cases.

A. High thermalization limit: v.h > vy,

It allows one to take exp(—vh/v,) = 0 in Eq. (19).
From Egs. (23), (24), and (26), we have

{ To edwq
gp = no S exp (— T , gr ~0, qp = 2T0ogp. (39)

Then, the flux ratio between the different populations are

s 1
L osem), e —— (40)

gp aw - 1 — (5(2T0)7
and from the expression of g, the sheath potential fall satisfies

1 2T,
+In[1 = 3(27h)] + 5 In ZO—; (41)
i 9w

Th 2 n 27,

e(bWQ _ 11 my;

where the argument of the last logarithm can be expressed in terms of the plasma density, using the Bohm
condition (35).
These results are valid as long as the CSL is not reached, that is for 1 — 6(27%) > +/m./m;, roughly.

B. Low thermalization limits: v.h < vy

In this case we take exp(—vh/v,) ~ 1 —vh/v,. From Egs. (23), (24), and (26), and calling qAwa = edpwa/Th,
one has

o] - 1 “
gp I/gh/ dvg fo = 5Ifehnoerf(:(<b‘1/&2)7 (42)
Ush
vh
gfgs_thsQ<1_ >952957 (43)
Ush

i ~ mev2 v, [
qp ~ I/Eh/ Ch}zfo <T0 — e(bWQ + z) == (TO — 6¢WQ)gp + hnoTO—/ t267t2 Clt (44)
Ush 2 ﬁ ({5%2

Q

Then, the flux ratios are
gs _ 0(apTh) 9p

~1, (45)

9p 1_(507 g_W
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and the sheath potential fall satisfies

lepwq 29w
erfc T hng (46)

where again Eq. (35) must be used for gw.
From Eq. (44), the energy flux of primary electrons satisfies

; 1
_M}z_w

wQ

¢$14//i9 eXP(—qBWQ)
2172
\/?erfc(m{/Q)

The above expressions are valid for v.h > O(\/To/m;). For veh > \/To/mi, one has qBWQ > 1 and some
extra asymptotic expressions can be used.

Notice that, except for high SEE, the case v.h ~ /To/m. presents epwo/Th ~ In+/m;/m. > 1 and
veh < \/edwa/me, so it still verifies the low thermalization asymptotic expressions.

dp

== L
Tng

o

+ O (47)

-05

R R g,

Uy ' 2 55 05 %

Figure 2. (a) Spatial evolution of the electron distribution function [ f(#,,) = nal\/Tg/meffde, & = z/h,

bz = ve\/Me /T | for vehy/me /Ty = 2.8027 and To/F1 = 0.667, Output parameters: edw/To = 2.4251, gs/gp = 1.2882,
and gy/gs = 0.2814, In (b) the beam of secondary electrons has been omitted.

C. Numerical results

Figure 2 shows the evolution of the electron distribution function, along the channel for a case of intermediate
thermalization; the evolution within the sheaths is not shown. For v, <0, take f(z,v,) = f(—=, —v;). The
secondary electron beam coming from the wall lying next to x = —0.5, reaches the presheath with the
velocity vs, and is then partially thermalized. At x/h = —0.5, there are no primary electrons with v > vgp;
this tail is partially replenished within the presheath and then collected at the wall next to z/h = 0.5.

Figure 3(a)-(f) show the combined effects of (i) thermalization and (ii) SEE on the plasma parameters.
For low and high thermalization frequencies the numerical results recover the asymptotic limits analyzed
above. For high thermalization (i.e. for 7. >> 1 in Fig. 3) : secondary electrons are thermalized while crossing
the channel leading to gy — 0; both g,/gw and ¢wq depend strongly on the SEE yield and not on v, ; the flux
of electron energy satisfies gow =~ 21bg,; and the Bohm condition for the ion flux yields gw =~ noy/Ti/m;.
For low thermalization (i.e. for 0. = ve.h/+/To/me < 1 in Fig. 3) : secondary electrons cross almost freely
the channel; the flux ratio between primary electrons and ions remains close to 1, independently of the SEE;
and ¢wqg grows with v, and is independent of the SEE. This low-thermalization behavior was predicted by
Ahedo and Parra.!'?

For low thermalization, g.w/21hg, decreases mildly from 1, as predicted by Eq. (47). Fig. 3(f) shows
that the temperature of the electron distribution function at the sheath entrance, T.q, is lower than Tp
because of the depletion of high-energy primary electrons. Of course, this effect is more pronounced for low
thermalization and near the CSL. Fig. 4 compares the temperatures at points M and Q; the differences are
negligible for low thermalization since f remains almost invariant along the presheath. Notice that Fig. 3(b)
plots the plasma flux to the wall gw normalized with the electron temperature at point Q. The Bohm
condition (35) leads to gw =~ noy/Teg/m;. The discrepancies from this law are larger for low thermalization
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Figure 3. Evolution of plasma parameters with the thermalization frequency (P = vchay/me/Tp) for different
values of the SEE yield: E = Ey/Ty = o0, 8, 2.5, 2.1, 2.0254, 2, 1.5, and 0.5. Other input parameters: Jo = 0,
Tw/To = 001, and /mec/m; = 489.18. The dash-dot line represents the charge-saturation limit. (a) Sheath

potential fall, QBWQ = edwq/To, (b) ion flux, jw = gw/(no/Tg/ms), (c) particle flux ratio between primary
electrons and ions, (d) relative energy flux of primary electrons, (e) particle flux ratio between free-secondary
to total-secondary electrons, and (f) electron temperature at point Q.

and the CSL. The transverse plasma diffusion or contribution is measured by v,. From Eq. (15), this
frequency is proportional to the plasma deposition at the wall, gi. One has

29w 5V Ty /m; (48)

noh h

V, —

so that v, < v, except for very low thermalization. This means that transverse diffusion plays almost no
role on the determination of f(z,v); it just serves to fulfill the global particle conservation.

%01 6. 1 4, 10 100

Figure 4. Comparison of electron temperatures at points M (dashed lines) and Q (solid lines), T = T/Tp, for
different thermalization and SEE cases.

Based on Fig. 3(a), Fig. 5 allows one to obtain the non-simple evolution of the sheath potential fall with
the plasma temperature, before the CSL is reached. For high thermalization there is a monotonic decrease of
¢wq with Th, whereas the trend is just the opposite for low thermalization. For intermediate thermalization
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the situation is more complex. First, ¢wo (1) presents a relative maximum. Second, there is a thin range
of values of Ty/F1, where two solutions of the problem exist, both without sheath charge-saturation (this
is clearly seen in Fig. 3 too). Then, for larger values of Ty/F; there is no solution (except perhaps a
charge-saturated one). Mathematically, the double-solution and the no-solution cases are consequences of
the influence of ¢w g on the ion flux g;w, through the Bohm condition (35). This makes implicit the equation
that determines ¢wq, as Eqs. (41) and (46) for the two asymptotic limits illustrate. At present, we still
ignore whether this double-solution is physically plausible and the way the plasma selects one solution or
another. The lack of a non-CSL solution for high thermalization and high SEE must be further investigated
too.

In the limit 7. — oo (and xenon), the CSL is reached for F;/Ty ~ 2.0254, that is g,/g, =~ 0.9875.
Hobbs and Wesson® found gs/g, ~ 0.983, the differences with our model consisting on they used (i) a full
Maxwellian function for the primary electrons at the sheath edge and (ii) the limit 7, = 0; Ahedo and Parra
used these Hobbs-Wesson hypotheses too. The difference can look small in terms of gs/gp but it amounts to
a 24% in terms of both g,/gw and electron energy losses. As the thermalization frequency decreases, Fig. 6
shows that the CSL is reached for lower values of £ /7T, and larger values of the SEE yield, a trend already
found by Ahedo and Parra.!? Notice that Fig. 6(b) here compares well with their Fig. 4.

3 : -

001 0.1 1 10 100

Figure 5. Evolution of the sheath potential fall (¢wg = edwg/E1) vs the thermalization frequency (V. =

vehy/me/E71) for different electron temperatures, Ty = To/FE1. Notice that F; is used to nondimensionalize all
magnitudes. The dash-dot line represents the charge-saturation limit.

Finally, Fig. 6(a)-(c) shows that the emission temperature of secondary electrons 7T}, has some effect on
the plasma response. In particular, the sheath potential fall at the CSL decreases and the region of non-CSL
in Fig. 6(a) decreases slightly.
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Figure 6. Parameters of the charge saturation limit(CSL) and the influence of the emission temperature of

secondary electrons, T,, = T\, /T5. (a) SEE yield vs thermalization frequency; (b) SEE yield vs relative fraction
of trapped-secondary electrons, 6: = 1 — gr/gs; (c) sheath potential fall.

10
The 29" International Electric Propulsion Conference, Princeton University,
October 31 - November 4, 2005



VI. Conclusions

The kinetic formulation presented here is able to model the depletion and partial replenishment of the
high-energy tails of primary electrons collected by the walls, which was a feature missed by the models of
Hobbs and Wesson and of Ahedo for high thermalization, and of Ahedo and Parra for low thermalization.

The main accomplishments have been to determine: (i) the evolution of the primary-tail replenishment
and the SEE trapping with the thermalization frequency, (ii) the anode sheath fall and the fluxes of particles
and energy to the walls, (iii) the influence of thermalization on the charge-saturation limit, and (iv) the
asymptotic solutions for high and low thermalization (confirming for this last case the SEE-trapping model
of Ahedo-Parra).

The most novel and unexpected result we have found is the response for intermediate thermalization and
high SEE, where parametric intervals with two (non-CSL) solutions exist. This parametric region needs more
further research to understand whether it is just a consequence of the model assumptions or it is plausible
physically.

The present model has neglected the effect produced by the presheath potential fall on the electron
distribution function. The consideration of this aspect is very important to improve the reliability and
accuracy of the model, and to analyze the matching between the presheath and sheath solutions. This
matching should lead to confirm or not the Bohm condition, which has a central role on the existence of
double solutions commented above. The extension of the model to obtain the distribution function for
charge-saturated sheaths can also be necessary to understand the mystery of the double solutions.

The main phenomenon (Coulomb collisions or fluctuations) governing the electron thermalization is, of
course, a key aspect of the problem we pretend to the understand, and requires its own research, which
should provide the functional dependence of the thermalization frequency to be used in the electron kinetic
model.

Finally, it must be noticed that other collisional processes, like the electron-neutral elastic collisions, do
not thermalize the electron distribution function but affect it. In particular, they modify the SEE beams
and the collectable primary-tails, and thus the sheath characteristics.
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