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The charge and electric potential of a micron-size particle immersed in a low-pressure low-
temperature plasma are the basic characteristics that determine all the properties of dusty or 
complex plasma. The orbit motion limit (OML) theory [1] is usually applied to obtain the charge 
and potential of dust spherical particles in plasma when the radius of particle r0 is much smaller 
than ionic Debye length λD and the mean free path li of ion in plasma (r0<< λD<< li). A long time 
ago it was understood that ions with negative energy can be trapped by a charged particle on finite 
orbits [2] due to charge exchange collisions of ions and atoms. These trapped ions form an ionic 
coat around a charged particle and take part in shielding it. Theoretical investigations of this effect 
were provided in [3] by molecular dynamic calculations and in [4-6] with the help of analytical 
methods. However, in these papers, unrealistic charge exchange collisions of ions and atoms with 
velocity-independent frequencies were considered. Moreover, radial distribution of trapped ions 
both in near and far fields around the charged particle as well as an additional flow of ions to the 
surface of charged particle after a subsequent collision with thermal atoms were greatly 
overestimated.  

In this paper, a new model of ionic coat formation around a micron-sized charged particle 
in low density noble gas plasma is presented. The model is based on the balance equation for the 
formation and destruction of trapped ions as a result of charge exchange collisions of free and 
trapped ions with thermal atoms. The radial distribution of trapped ions density in the field of a 
charged particle has the form  
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Three probabilities P(r) in (1) are introduced and calculated: 1. Ion after charge exchange 
collision is trapped with negative total energy (ε+U(r)<0) by the particle field, Ptr(r); 2. Ion with 
negative energy falls on the particle surface, Pfall(r); 3. Ion acquires positive energy (ε+U(r)>0) 
and goes away to infinity (becomes free) or falls on the particle, Pfree(r). These probabilities satisfy 
the condition Ptr(r) + Pfall(r) + Pfree(r) = 1. The function )(/)()( rrr atraif −−= υυς  in (1) is the ratio 

of averaged relative velocities of free ions and atoms, and averaged relative velocities of trapped 
ions and atoms at point r. Function )(rς  was obtained for a given dependence of a charge 
exchange collision cross section on relative velocity of ion-atom pair [7]. The density of free ions 

)(rNif  was calculated in OML approximation [3]. It should be stressed that all densities and 

probabilities are implicit functions of a self consistent potential U(r) formed by the charged 
particle and volume charge of free and trapped ions and electrons around the particle. The 
potential was found with the help of the Poisson equation, which has a solution for a single 
particle in low-density plasma  
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where )()()()( rNrNrNrN etrif −+=∆ , –eZ0 is a charge of a particle with radius r0. The charge 

of dust particle was calculated also in a self consistent way by equating the fluxes of free ions and 
trapped ions after subsequent collisions with thermal atoms to fluxes of electrons having non-
Maxwellian energy distribution in glow discharge plasma [8]. Thus, double iterative procedure 
was used for self consistent calculation of all densities, probabilities, and particle charges.  

 

  
 

Fig. 1. Radial distributions of probabilities: Pfall(r) - (solid line), Ptr(r) - (dashed line), Pfree(r) - dashed 
dotted line.  

Fig. 2. Radial distribution of free ions Ni(r) (solid line), trapped ions Ntr(r) (dashed lines), electrons Ne(r) 
(dashed dotted line) and total volume charge ∆N(r) (dotted line). 
 
In Fig. 1, and Fig.2 radial distributions of probabilities and ion and electron densities are 

presented for a dust particle with r0=1μm embedded in neon plasma, p=100 Pa, and Debye length 
λD =65 r0. It is seen that trapped ions are distributed at some distance from the dust particle. For 
the chosen conditions, trapped ions provide 54% of screening of particle charge.  

The developed model was applied to calculate an effective charge, Qeff=eZ0-Qtr(r→∞), of 
dust particles in DC glow discharge. In paper [9], it is shown that the predictions of the model are 
in fairly good agreement with the experimental observations [10].  
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