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Abstract

In this work, we have established a stationarytAngle-dimensional theoretical model
describing the dynamics of dust grains in magndtelectrostatic sheath. For this, we have
modeled the electrons and the negative ions byzBwitn’s densities. While the positive ions
and dust grains are modeled by fluid equations. ifkeractions between dust grains are
neglected. To describe the dust grain charge, we haed the orbit motion limited model
(OML). Moreover, the numerous forces acting ondhset grains are taken into account, viz,
electric force, gravity force, ion drag force arelitral drag force. The numerical results show
that the presence of magnetic field reduces thetrelatic sheath thickness, and the
existence of trapping position it affects only niaggy charged dust grain. The trapping
position is determined and the physical parametensrolling the later are discussed.

I ntroduction:

When a conductor is immersed in plasma, such asretkes in discharge plasmas, it
acquires a negative potential with respect to tlik Iplasma, and a boundary layer
corresponding to a transition layer, where the miasleparts from quasi-neutrality that is
called sheath gets forméd].

In the present work, we focus on the effect of aistobligue magnetic field on the

dynamics dust grains trapping in the plasma sheath.

Theoretical Model

The electronge) and negative ion§) are assumed to be in thermal equilibrium, thus,

their number densities, and n; satisfy the Boltzmann relatiofn2].

Nej = neo,joexp(ew Mej ) , (1)
whereT, is temperature of specie(k =g, j).

The positive ions and dust grains are describea ¢old fluid equationg?],
0.(nv;)=0, (2)



39" EPS Conference & 16" Int. Congress on Plasma Physics P4.125

V0V, =-—(-Dp+v; ~B), 3)
m

0.(ngVy) =0, (4)

VOV, =— X g+ g, (5)
my

where n, v, and m are the density, the fluid velocity and the makshe positive ions
respectively,qy, my andvy are the charge, the mass, and the fluid veladitgust grains
respectively, andy being the acceleration of gravity.

In order to relate the self-consistent potentiatliectron, negative and positive ions as

well as dust densities in the sheath, we use Russqguation

__=¢ Uy
Ap=—- -n.—n +n,—|. 6
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The various forces acting on the dust grains aige (F[3]:

Ife (Qd < 0)

Sheath

Ife (Qd > 0)

Fig. 1: The various forces acting on the dust grain
the electromagnetic force,
F o= ay(E+9,xB), (7)
the gravity force,
Y S
Py =myG=2715040, ®

the neutral drag force,

IEn = _gﬂ(l-'- ﬁg}rdzrnnnnvtn (vd - vn) ! (9)
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and the ion drag fordd],

Ifi — Ificoll + Ificoul ’ (10)

where F™' and F® are the collection and Coulomb diffusion parts ué fon drag force
given by
R = minmy, v, (11)

ltot

R = amb? Il nmv, V. (12)

1/2
A + b2 : . : .
M= Ir{bg—bg/zJ being the logarithm of Coulomb arj,, is the impact parameter for a
C + T2

n

1/2
T 8T, : :
diffusion of n/2; v, = [—”j is the neutral thermal velocity.
m

To describe the dust grains charge, we use thérmdiion limited model (OML]5].

Numerical results

In order to study the dynamics of dust grains,cakeulate the total force acting on a
single dust particle which is given by

Fo =Fg tF+ R +F,, (13)
and the dust particle potential energy,
E, = [ Fudz. (14)
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The total force acting on the dust
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We implement the present model by considering aigex plasma with typical parameters of

electronegative dusty plasmas, the particle radjuslym, the electrode potential, = -6V,
the electrons temperaturé, =1eV, the ions temperaturdl; = 0.1eV, the neutral gas
temperature T, = 01eV, the gas pressurd®, =10mTorr, the equilibrium ions density

n, =10°cm™, and the mass density of the dust partigies= 1932gcm™.

First, we have check numerically that the contidoutof the neutral drag force is negligible
compared to other forces. Furthermore, only negadiwst particles could be trapped in the
lower electrode. For the nano-particles, the tnagps due to the compensation between the
ion drag force and the electric force. Whenevarttie micro-particles, the trapping is due to
the compensation between the electric force andytheity force. The magnetic field does
not directly act on the dust particles but it aféethe others forces acting on the particles by
charging the sheath variable such as ions’ numéesity and their velocity distribution.

The figures 2 and 3 show the existence of stabte warstable trapping positions of dust

particles. Finally, we observe that the presenaaajnetic field reduces the sheath thickness.

References
[1] M. A. Lieberman and A. J. Lichtenberg, Prin@plof Plasma Discharges and Materials ProcessirigyW
New York, 1994).

[2] A. Tahraoui and R. Annou, Phys. Plasmas 1950842012).
[3] P. K. Shukla and A. A. Mamuihntoduction to Dusty Plasma Physics, IOP Publishing, (2002).

[4] M. S. Barnes, J. H. Keller, J. C. Forster, JOANeil and D. K. Coultas, Phys. Rev.L&d8, 313 (1992).
[5] S. Chekour, A. Tahraoui, and B. Zaham, Phyaskiasl9, 053502 (2012).



