34th EPS Conference on Plasma Phys. Warsaw, 2 - 6 July 2007 ECA Vol.31F, P-5.030 (2007)

Dust in magnetized sheath
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The presence of dust in the plasma provides an importanhdsiig tool. For example, in a

bounded plasma, sheath characteristics can be studiedsidevable detail by using fine dust
probes (Samarian & James, 2005). This is due to the facthkatttarge on the grain is a func-
tion of local plasma conditions and thus, studies of the dystamics in such a surrounding
can provide information on the electron and ion fluxes, orstieath potential and on the elec-
tric field. Therefore, the investigation of the charged caettaviour provides useful guide in
measuring the sheath characteristics.

The present study will focus on investigating the dust dyicanm a magnetized sheath in the
presence of magnetized electrons and ions. By predictegrthin size and charge in levitation
equilibrium, the sheath characteristics can be prediatedrately. This study aims to undertake
such an investigation by first, elucidating the dependemtieeomagnetized sheath on various
plasma parameters and then consistently calculating thikgelon an isolated grain inside the
sheath and corresponding levitation position. The plaheath structure in the presence of a
magnetic field parallel to the wall is investigated in thisrludAlthough, the electron inertia is
neglected from the present formulation, effect of the etecheutral collision is retained in the
dynamics. The ionization frequency is also included. THectfof Lorentz force and collision
terms is compared on the structure of the plasma sheath. Bdrgecon the dust grain inside
the sheath is calculated self-consistently and effect @itlagnetic field strength and plasma-
neutral collision on the grain charging is delineated.

Two-component plasma consisting of electrons and singlyggd ions is considered in the
presence of a magnetic field that is parallel to the wall. @ué¢ formation of the sheath near
the boundary, there exists two regions in the bounded pla@naéhe quasi-neutral bulk plasma,
where the electron and, ion number densities are equat ne, and, (b) The sheath at the
boundary where the electron number density will be much lemian the ion number density.
A stationary magnetized planer plasma sheath boundaryc&dd atz = 0 with the plasma
filling the half space < 0. The simplest description of such plasma, consisting@gtactrons
and ions is given in terms of continuity and momentum equatior respective species with a

suitable closure model, viz., an equation of state. The abred equations are
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HereB; = meCE“,m = %, is the ratio of plasma-cyclotron to the plasma-collisiogginencies.

This parameter measures the relative importance of thenkoferce against the collisonal mo-

mentum exchange in the plasma momentum equation. We folipmormalization have been
_ _ep N N Me _ i

usedé = A—ge,fb— = Nj=pr.uj= CS, wp. ,Uin = (‘3; Ven = mz,j‘,wherecs— / Te/my is

the ion-acoustic speedlpe = 1/ Te/4 TN €2 is the electron Debye length, angl = 4711Ng e2/rn

is the ion plasma frequency. The plasma number dengigprrespond to the qusineutral den-

V=

sity at the plasma sheath boundary: 0. The set of Egs. (1) - (6) is supplemented with the
following boundary conditionBle = Nj = 1,Uj;=1,Ujy=0,Uez =0, P = O, ac = Vin- We shall
employ the set of Egs. (1) - (6) with the above boundary cioonlito investigate the sheath
structure in various parameter regimes. We assume argoneadidcharge gas paramefers
Te=1eV,T, =T, =0.05eV ,ny = 10°cm 3

In Fig. 1(a) the sheath potential is shown fgy/ wpi = 0,0.1and 02 respectively. Fovij, =0
wall potential reaches-4 V for Te = 1€V at z= 15Ape. Thus forApe = 0.07 cm, the sheath
width is 1cm. The increase in the collision frequency leadhée decrease in the sheath thick-
ness. Fowi, = 0.1wy; the sheath potential iy = —5V and sheath width ig = 0.5cm. The
experimental results on the collisonal magnetic sheati(&i al. 1995) suggests that when
Amfp = 1/Nh0 < Cs/xj, the sheath width is approximatety (0.5— 0.6) Am¢p. For an argon
dischargegs = 2.36- 10°cm andaw = 2.78- 10*sec ! and thus\msp ~ 1cm< cs/axi ~ 10cm
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Figure 1. The potential (a) and electron density (b) profftasparameters3, = .01, 3c =
.1, Vioniz = .001, ven = .1 with changingvin.

(b)

Figure 2. The parameteng, = Ven = 0.1, Be = 5, Vioniz = 0.001. The sheath potential (Fig.
2(a)) and the electron density (Fig. 2(b)) is shown in therdgar varyingf;.

and the sheath width is 0.6cm. Thus present sheath width fgr = (0—0.2) wy; falls in
the range of experimental observations. We see that the@latumber density decrease faster
with the increase in the ion-neutral collision frequency.

The change in the sheath potential (Fig. 2(a)) dar= vin, is @y = —5.8V and sheath width
is 0.4cm. Whenwy; = 4Vj,, sheath potential changes@y = —3.71V, and, the width of the
sheath reduces ta¥Bcm. With the increase ifi;, the corresponding electron number density
profiles, Fig. 2(b), is shown.

The orbit motion limited (OML) theory of the grain chargingrcbe employed in the presence
of the magnetic field provided (a)< Ape and (b)a < pe = te/ (e Furthermore in a collisional
plasmaApe < Amfp = 1/ny0 is also assumed. By equating the sum of the electron and ion
currents to zero, i.e. the charge on the grain surface i®stat, and calculating the potential
y=®,— P (Sorasio et al. 2001) and thus chaf@e- (kg Teay)/ethe levitational equilibrium
of the grainQE = mgg, can be used to calculate the location and the size of the grsitte
the sheath. In Fig. 3(a) the charge on the gain is given in tiitsofi 103 e. In Fig. 3(b) the size
distribution for the spherical grains of radiass obtained by solving the levitation equilibrium
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Figure 3: Same as in Fig. 1.
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Figure 4: Same as in Fig. 2.

inside the sheath. The spatial derivatil@/dz provides the clue to the stability of the grain
inside the sheath. WhetQQ/dz < 0 orda/dz < 0, the grains are in an stable equilibrium inside
the sheath. We see from Fig. 3(b) that in the absence of iatraleollision, grain is practically
present right up to the sheath wall except when there is rmigimcharge of the grain to keep
it in equilibrium.

In Fig. 4 (i is varied. The increase in the ion-magnetizati@ (nhibits the free flow of
ions to the grain surface. This results in the grain settmgtwnger repulsive field against the
sheath with fewer electrons than is otherwise possibletéfbee increase i is accompanied
with the grains having less negative charge (Fig. 4(a)). ddreesponding distribution of the
different sizes of the grain displays a shift towards biggable grains with increasirf§j. Since
the sheath width becomes smaller and shifted, the stablebemgum of the levitated grains as

well shifts towards the plasma-sheath boundary.
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