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A dust particle charge plays a great role in complex plasma. It determines the interaction of 
the particle with other dust grains, ions and electrons in surrounding plasma, and with external 
electric fields. In their turn, the plasma parameters determine the dust particle charge. The main 
goal of the paper is to calculate the dust particle charge in the plasma of glow discharge, and to 
describe the dependence of the dust particle charge on gas pressure measured in [1].  

To obtain a dust grain charge one should take into account (in a self-consistent way) the 
following processes: the initial charging of the dust particle due to the fluxes to its surface of free 
ions and electrons from the ambient plasma (OML-theory), the formation of a volume charge 
around the particle that consists of free and trapped ions and electrons in electric potential that 
depends on the dust grain charge. Trapped ions play an important role in shielding the grain 
charge and in providing an additional ion flux to the surface of the grain after subsequent charge 
exchange collisions of trapped ions and atoms. This “collisional” flux of ions decreases the 
particle charge number Z0 in comparison with those predicted in the conventional OML-theory. 

For this purpose we have developed an iterative procedure that includes 1) the calculation 
of the electric potential radial distribution U(r) with the help of Poisson equation; 2) the 
determination of radial distributions of free ions, Nfree(r), trapped ions, Ntr(r), and electrons, Ne(r); 
3) the calculation of a particle charge number Z0 taking into account an additional flux of ions to 
the particle surface after collisions of trapped ions with thermal atoms. This model can be 
regarded as the development and correction of the models presented in [2,3]. 

In Fig.1, the radial dependence of the volume charge, Q(r), and trapped ions charge, Qtr(r), 
in a sphere of radius r,  
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are presented for neon pressure p = 100 Pa and dust particle radius r0 = 1 µm. For the given 
conditions, the Debye length is equal to λD/r0 = 65. It is seen that at infinity the total volume 
charge is equal to the charge of grain, eZ0, i.e. Q(r→∞)/eZ0 = 1. The total charge of trapped 
(bound) ions is equal to Qtr = 0.54 eZ0 (eZ0 = 5000 e), i.e. 54% of the grain charge -eZ0 is screened 
by a trapped ions charge, Qtr(r→∞).  

In Fig.2, the calculations of a particle charge dependence on neon pressure in the range p = 
20 - 150 Pa are presented for the conditions in the glow discharge with electric field E=2.1V/cm 
[1]. The solid line represents the calculations using conventional OML theory with the non-
equilibrium electron energy distribution function obtained from the Boltzmann equation, ZOML(p). 
The dashed line is the calculations of a self-consistent particle charge number, Z0(p), obtained with 
the help of the presented model. Experimental results [1] are shown by symbols. It is seen that the 
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self-consistent particle charge number Z0 is slightly (10-15%) smaller than the charge number 
calculated with the help of OML model, ZOML. The difference is caused by a collisional trapped 
ions flux to the particle surface while in OML model only a free ions flux is taken into account. 
This additional ion flux leads to a somewhat faster charging of a dust particle compared to that 
predicted by OML theory but does not influence the order of the particle charge.  

 

   
 
Fig. 1 Radial distribution of total volume charge Q(r) within the radius r (solid line) and the integral 

of trapped ions charge Qtr(r) normalized to dust particle charge Z0 (dashed line). 
Fig. 2 Dependence of particle charge Z normalized to particle radius r0 on gas pressure: result of 

OML model, ZOML(p) (solid line); self-consistent solution for Z0(p) (dashed line); effective 
charge Zeff (p) (dotted line); symbols are experimental data [1] for the particles with a different 
radius (r0 =0.6, 1.0, and 1.3 µm). 

 
In low density complex plasma, a negatively charged dust particle exists with its ionic coat. 

The charged particle is bound by an electric field with trapped ions in the same way as the atomic 
nucleus is bound with orbital electrons. The electrostatic force acting on a dust particle with the 
ionic coat is proportional to electric field strength and the effective charge of the particle, eZeff. 
With the help of the presented model, an effective particle charge eZeff = eZ0 - Qtr(r→∞) was 
calculated. In Fig.2, the dependence Zeff(p) on neon pressure was shown by a dotted line. It is seen 
that the values of an effective particle charge are in fairly good agreement with experimental data. 
It should be stressed that this curve was obtained without any fitting parameters.  

Thus, the difference between the results of OML theory and experimental data is accounted 
for by the presence of the ionic coat which contradicts with the conclusions of [1] where this 
difference was explained only in terms of additional flux of trapped ions. In experiments based on 
the electrostatic interaction between two particles (see, for example, [4]) or between the particle 
and the electric field [1], one can measure only the effective (or apparent) charge of the dust 
particle, eZeff, placed in low density plasma. 
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