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Introduction

The plasma-wall transition problem is relevant to most su@gplasma physics. In magnet-
ically confined fusion devices, charged particles in thesipla edge can erode the wall, thus
reducing the lifetime of the components facing the plasnmergetic particles hitting the wall
may deteriorate the quality of the plasma confinement, sechigh-Z impurities are released
from the wall and pollute the plasma. In low temperature pksnplasma-wall interactions
are even more fundamental, because treating a surfaceeistbi very goal to achieve. Most
previous experimental and numerical results deal withlsisgecies plasmas, generally argon,
which is used in most laboratory experiments. Here, we cdretenon the much less studied
case of a two-component plasma (argon and helium), whiclattescted some experimental
interest in the last few years. Multi-component plasmasatse relevant to tokamak plasmas,
which contain hydrogen and deuterium, as well as heavieriepas impurities. We present
results obtained from kinetic simulations of the interactbetween a semi-infinite wall and a
weakly collisional argon-helium plasma. The use of a Vlasoge [1, 2] allows us to resolve

the various regions of the transition layer with great aacyr

Model and numerical methods

We consider the interaction between an unmagnetized twggoaent plasma and an infinite
wall. We assume the wall to be perfectly absorbent, i.e. attiges hitting the wall are lost.
Due to the planar symmetry, we need only consider variaiiotise directionx, perpendicular
to the surface of the wall. The corresponding phase spabesswo-dimensionalx, v).

The kinetic model is based on the ion distribution functigi, v,t), which represents the
particle probability density in phase space and can be wsedmpute macroscopic quantities,
such as the particle density= [ fdv or the average fluid velocity = [ fvdv/n. The evolu-
tion of the distribution function is governed by the selfasstent Viasov-Poisson system, with

Maxwell-distributed electrons:
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where the subscrigtdenotes the ion species (Ar or He)s the absolute electron chargethe
self-consistent electric potential, agglthe vacuum dielectric permittivity. The ion density is
an admixture of the two specias:= (1— a)nar + anye, Wherea is the proportion of the light
species (helium). The collision operator is a simple rdiaxaerm of the form:

of;
(‘9—tj>cou =4l = o) ©

wherevj is the collision rate between ions and their respectiverajwith equilibrium distri-
bution fjo. We have made the assumption that each ion species onlgiellith its own neu-
trals. This is justified by considering the mean free pathgHe™-He collisions § = 1.3cm),
Ar*-Ar collisions @ = 8cm), and Ar-He collisions § =62cm): the latter are therefore ne-
glected. lon-ion and ion-electron collisions have meaa fraths of the order of 100cm and are

also neglected.

0.1

The Vlasov equation is solved with an Eulerian

0.0941

code based on a fixed mesh covering the entirgeo.os— l ] {

phase-space [1]. Unlike in Particle-In-Cell (P|C)§ vor

codes, the ion distribution function is defined as & oo

0.04-F R W
smooth function of the phase space variables. The, .1 { |

time integration relies on a splitting scheme, which *¢ 3 I N I
treats each phase space direction separately. This

approach has the advantage of reducing the numggure 1: Computed; profile for three
ical noise compared to PIC simulations. The inalues of the collision rate (lines), com-
tial condition corresponds to a plasma at thermodyared to experimental results [3] (dots).
namic equilibrium, with a Maxwellian distribution

at temperaturéy. The results presented in the forthcoming sections alwelfgs to asymptotic

steady state configurations, obtained by running the cade safficiently long time.

Experimental validation — single-species plasma
Contrarily to previous approaches [1, 2], we consider a cdsravthe mean free path (and
not the collision rate) is spatially uniform. The collisioate is equal to; = (v2)1/2/A;. The

mean square velocity is equal to the thermal speed in thdilegquin plasma, but approaches
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the mean velocityu when the plasma is strongly accelerated in the Debye shieathrder

to validate our model, we have tried to reproduce the ion tatpre profile observed exper-
imentally in a single-species plasma-wall transition [Bfe stress that the temperature is a
difficult quantity to reproduce, as it stems from the secoram@ant of the distribution func-
tion. The main parameters are as follows= Tg/Ti = 25, A = 10*Ap;j, and wall polarisa-
tion gy = —30V. The result is presented in Fig. 1, for different values @& thermal colli-
sion ratevinh = Vin/A, measured in units ofopi. The realistic valuev, = 10*4oopi slightly

overestimates the ion temperature, but the result is ratdwgsfactory forvi, = 2 x 10*4wpi.

1t

Two-species plasma ~
(=

The profiles of the electron and ion densities a@eo.s

shown in Fig. 2 for a typical two-species plasmo’:-
0

wall transition witha = 0.3, T = 25, andTa, =

The. We notice that this proportion is not preserved o4|

within the transition, as the argon density decreasfés?s'
2021

faster than the helium density when approaching tEEeO:1 r

wall. Next, we devote some attention to the Bohm o5 5 50 25 30 35

criterion in a two-component plasma-wall transi-

tion. For a plasma composed of a single ion specip&jure 2: Density profiles in the presheath

a simple analysis shows that, in order to obtain(@p) and Debye sheath (bottom).
monotonic transition, the ions must enter the sheath

with a velocity larger than the Bohm speeg= ,/kgTe/m. In a multi-component plasma, the
same analysis only provides a global criterigq:%vf% < 1, where the summation is relative to
the ion speciesyjo andng are the ion and electron densities at the entrance of thelslga

is the Bohm velocity of thg-th species, and; is the ion velocity at the sheath entrance. The
above criterion can be satisfied in different ways. For imstaeach species can enter the sheath
with its own Bohm velocityc;; alternatively, all ion species can enter the sheath wighstime
velocity — the sound speed of the system, definedgpy: ¥ j(Njo/Neo) cjz. Recent experiments
using argon-helium and argon-xenon plasmas point to thensesolution [4].

In order to clarify this issue, we have performed some sitraria with varying concentration
of the lighter species, i.e. helium. Figure 3 shows the vegjaaf each species at the entrance
of the Debye sheath as a function @f together with the system velocityn. In contrast to
experimental results, the ions enter the sheath with a iglt@at is virtually independent on

the concentratior. For argon ions, the velocity is close to the sound speedabfsihecies. For
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Figure 3: Mean velocities at the entrance of the

sheath as a function of the helium concentration

a. The dashed line is the sound speed of the Sggure 4: Velocity distributions for argon

temvpp, the straight lines are the individual sountioP) and helium (bottom) at the entrance

speeds. of the sheath, for various concentrations.
helium, it is significantly lower (in absolute value) thae tound speed, so that its own Bohm’s
criterion is not satisfied. This is because the mean-frele plahelium is significantly shorter
than that of argon.

Indeed, ion-neutral collisions tend to restore the equilin Maxwellian, thus dragging the
ions towards lower velocities. This is visible in the vetgailistribution of helium ions at the
sheath entrance (Fig. 4), where a long tail appears at loaciteds. The tail is much less pro-
nounced for argon ions. We also notice that the peak of tharhdllistribution does satisfy
Bohm'’s criterion, although the average velocity does nog, tduthe presence of the tail.

Further numerical work will be needed to ascertain the orgjithe discrepancy with exper-
imental results. A more realistic collision operator migketnecessary for a proper description
of the two-species problem. Our next step will be to incogp@Ar-He collisions in the model,
which would couple the two species in a stronger way (at ptekeronly coupling is provided

by the self-consistent electric field).
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