THE INTERACTION OF TWO DUST PARTICLES IN PLASMAS
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The process of charging and shielding of two dust particles is studied with a molecular dynamic method and
Monte Carlo method for describing of elementary processes, such as elastic, excitation, ionization, charge exchange
processes.The three-dimensional P3M molecular dynamics method [1] is applied as the most complete description of
plasma particles motion and interaction with macroscopic dust grain. The interaction between plasma particles and
neutral gas was simulated using MCC method. The two spherical conductive dust particles were located in nondisturbed
low pressure low temperature plasma at different values of the neutral gas density. The spatial distribution of plasma
particles around dust grains obtained at different interparticle distances. The formation of the common ion cloud and the
effect of ion shadowing were observed at the decreasing of the interparticle distance. The dependence of the
electrostatic and ion drag forces on the interparticle distance was investigated.

PACS: 52.27.Lw.

1. INTRODUCTION

The problem of the charging of dust particles in
plasmas is one of the main tasks to be studied. In plasma
dust particles acquire a charge, interact with each other.
Since the electrostatic energy of interacting particles
strongly exceeds their thermal energy, the particle can
form an ordered lattice. The charge of the dust grains is of
great interest to understand the behaviour of particulates
in processing plasmas used for thin-film production, in
processes of growing particles in the gas phase by
nucleation and aggregation [2] as well as for the study of
space plasmas [3]. The traditional method used to
determine the interaction of dust particles with plasmas is
by means of the Orbital Motion Limited (OML) theory.
In some articles it was shown that this theory is not
accurate in case of high gas pressure, at a strong
interaction between particles and when a relative drift is
added [2,3]. Various numerical methods can be employed
to solve this problem. Among them, direct integration of
the equation of motion of plasma particles represents a
numerical experiment with significance approaching
experiments in laboratory.

2. MODEL

The three-dimensional P3M molecular dynamics
method is applied as the most complete description of
plasma particles motion and interaction with macroscopic
dust grain. The interaction with neutral gas was simulated
using MCC method. The pressure of the neutral gas varies
from 0 to 1.5 Torr. To reduce computational time the
mass of the neutral gas atoms and ions was equal to
hydrogen, but the elementary cross-sections was equal to
argon. Two spherical conductive particles with radius
¥4 =121m was located in nondisturbed plasma with

initial ion and electron concentration n= 1.8010'8m™3,

computational area cube is L= 304m  that is much
greater than electron Debye length Lp, = 5.5(m . The

simulation time is #= 1.5010"% sthat exceeds the ion

plasma period 7; = 36007 s.

3. RESULTS

Fig.1 demonstrates spatial distributions of ion
densities for two different distances between the grains at
low pressure. We can see that at larger distances
R>10A p; dust particles are isolated, i.e. areas of

disturbed ion density near dust particles don’t intersect.
Ion density spatial distributions become nonisotropic at
smaller distance (e.g. at R< 104 ;). The region of the
higher ion density is formed between dust particles. The
shielding distance of the dust is much greater than the ion
Debye length and is comparable with electron Debye
length, that corresponds to the results of numerous
previous researches [4]. The concatenation of the ion
clouds starts at the distances around R =104 p; that

responds to the shielding length. The total charge that
accumulates between grains can amount up to 10 percents
of the dust charge that significantly modify the interaction
between dust particles.

Fig. 2 demonstrates spatial distributions of ion
densities for different values of the neutral gas pressure.
The distributions show that taking into account the
collisions not significantly affects on the shielding length,
but greatly modify the form of the common ion cloud and
the distance, when concatenation of the clouds begins.
The velocity distribution of the ions between the dust
grains greatly differs from the maxwellian. The increasing
of the ion concentration between the dust particles bounds
not only to the higher ionization rate but charge
exchanging processes between ions and neutral atoms that

electron and ion temperatures 7; = 0.025eV and  result in trapping of the slow ions in the intergrain space.
T, = leV correspondingly. The length of the This leads to the stronger binding of the dust grains.
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Fig.1 Spatial distribution of the ion density normalized to ny for two intergrain distances: (a) L, = 10 p; and (b)

L, = 61 p;. Lighter areas corresponds to the higher densities

Fig. 3. The dependence of the ion shadowing force Fy, on
intergrain distance R for different values of the neutral gas
pressure Py = 0.0~ 1.0 Torr. Solid curve responds to the
theoretical dependence in collisionless case [5]

Fig. 3 shows the dependence of the ion shadowing
force Fy, on intergrain distance R for different values of

neutral gas pressure. The effect of the ion shadow for
collisionless case with maxwellian distributions of the
plasma particles was previously investigated in [5]. It was
shown that shadowing force can be described with Eq. (1)

3 4% 7% a

8Ap R )
where a is dust particle radius and Z is dimensionless dust
charge. Black curve on Fig. 3 corresponds to this
analytical dependence. Computated dependences show
that even in collisionless case Eq. (1) cannot describe the
force when intergrain distance is relatively small (more
precisely when the concatenation of the ion clouds
begins). From the other side, Eq. (1) coinsides with
computated dependence on distances more than ten ion
debye length accurate within the constant.

N

With higher values of the neutral gas pressure ion
shadowing force increases that correspond to stronger
binding between particles mentioned above. Increasing of
the force on far distances conditioned to the greater ion
flows due to the more intensive ionization rates. In case of
higher pressure more ions accumulates between dust
grains due to the ion-neutral charge exchange collisions
that leads to the ion shadowing force growth at close
interparticle distances.

4. CONCLUSIONS

The self-consistent hybrid molecular dynamics with
MCC method simulation had been carried out to
investigate nonlinear charging and shielding of two dust
particles in plasmas. We have demonstrated that the
concatenation of the ion shielding clouds between dust
grains significantly grows with neutral gas pressure
growing. The depending of the ion shadowing force on
neutral gas pressure was investigated. It was shown that
higher ion concentration due to ionization and charge
exchange processes results in growing of the shadowing
force in several times of magnitude. Also, it was
demonstrated that the dependence of the shadowing force
at close intergrain distances greatly differs from analytical
one.
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B3AMMOJIEMCTBHUE JIBYX MbIJIEBBIX YACTHIL B IIJIASME
A.FO. Kpaguenko, A.B. Baxkynenxo

[IpencraBineHbl pe3ynbTaThl KOMIBIOTEPHOTO MOJICIUPOBAHUS 3aPSIIKM M SKPAHUPOBAHUS JBYX NBIIEBBIX YACTHUI] B
TUTa3Me TPH MOMOIIM METOJia MOJIEKYJISIPHOW JWHAMUKHU. /Iyl ydera aieMeHTapHBIX MPOLECCOB B IUIa3Me, TaKMX Kak
yIpyIrue CTOJIKHOBEHHS YacTHI], BO30OYXICHHE W HMOHHW3AlMs HEHTPaJbHBIX AaTOMOB, HPOLECCHI IEpe3apsIKd, ObLI
ucnons3oBaH Meto] Monre-Kapio. [{ns Hanbonee TOYHOrO pacyeTa JUHAMHKH YaCTHII TUIa3Mbl U MX B3aUMOJICHCTBUS
C MAaKpOCKOIIMYECKMMH IIbUIEBHIMM YacTHUIIAaMH Obll BbIOpaH TpexmepHblii merony P3M. Ilpu mozpenupoBaHuu
paccMarpuBalloch B3aMMOJICHCTBHE JABYX CQEpHYECKUX MNPOBOMASIIMX YACTHI[, TOMEIICHHBIX B H3HAYAIBHO
HEBO3MYIIEHHYIO HU3KOTEMIIEPAaTypHYIO IIa3My HH3KOTO JABIEHUS IPU Pa3HBIX JaBICHUAX HEUTPaJIbHOTO raza. beumn
TIOTY4YEHBl PAaBHOBECHBIE NPOCTPAHCTBEHHBIE PACHPENCICHUS HOHOB M 3JIEKTPOHOB BOKPYT MBUIEBBIX YaCTHI[ UIS
Pa3HBIX PAcCTOSHMN MeXIy dacTuiamu. IIpym yMEHBIICHHH pacCTOSHMS HaOmoaanochk (GOpPMHUPOBAHHE OOIIETO IS
YacTHIl HOHHOTO oOJyiaka. PaccMOTpeHa 3aBUCHMOCTD CHIIBI IPUTSDKEHHS MEXK/Ty YacTHIIAMH, 00ycIIoBIeHHas 3 dhexToM
TEHEBOTO 3KPaHUPOBAHUSL.

B3AEMO/ISA ABOX MNJIOBUX HACTUHOK B IIJIA3MI
O.10. Kpaguenko, A.B. Bakynenko

[pencraBieHo pe3yibTaTH KOMIT FOTEPHOTO MOJCIIOBAHHS 3aps/DKaHHSA Ta SKpaHyBaHHS NWJIOBHX YAaCTHHOK B
IUIa3Mi 3a JOIIOMOT'OI0 METOIY MOJIEKYJIIpHOI quHaMiku. [y BpaXyBaHHS €JIeMEHTapHHUX IIPOLECIB B IIa3Mi, TaKUX K
TIPY’KHI 3ITKHEHHS YaCTHHOK, 30y DKEHHS Ta 10HI3aIlisl HEHTpaJIbHUX aTOMIB, IPOLIECH Mepe3apsaKy, OyB BHKOPHCTaHNH
Meroq Monte-Kapno. [[ns Hai0igpll TOYHOrO PO3PaxyHKy OMHAMIKM IUIA3MOBHUX YacTHHOK Ta IX B3aeMogii 3
MaKpOCKOIIYHUMH MWIMHKaMu OyB oOpaHuid TpuBuMipHuii Meton P3M. Ilpn MozentoBaHHI po3risganacs B3a€MOJist
JBOX C(EpUYHMX IWIOBHX YAaCTHHOK, IO 3aHYPEHi Y IOYaTKOBO HE30ypeHy HHM3bKOTEMIIEPATYpHY IIIa3My HU3BKOTO
TUCKY TIPH PI3HUX 3HAYEHHSX THUCKY HEHTpajbHOro ra3dy. bynu oTpumMaHi piBHOBa)HI IPOCTOPOBI PO3MOALIH IOHIB Ta
€JIEKTPOHIB HAaBKOJIO NHJIOBMUX YAaCTHHOK ISl PI3HMX BigcTaHed MDK mnuiuHKamu. [Ipn 3MeHIIeHHi BijcTaHi
cnoctepiranocss (opMyBaHHS 3arajbHOI A IMJIOBHX YACTHHOK 10HHOT XMapw. PO3IIIAHYTO 3aJeKHICTH CHITH
MIPUTATAHHS MK IMIJTHHKaMH, 10 00yMOBJIEHA €()eKTOM TiHFOBOTO €KpaHyBaHHS.
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