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The dynamics of the ensemble of interacting dust grains under conditions of thermal plasma

was studied, and the formation of the liquid-like structure observed in the experiment was

investigated. The numerical simulations have been carried out by means of code KARAT [1]

using molecular dynamics method in 2D geometry. It includes solution of the equation of

motion for each dust grain taking into account the interaction between dust grains, friction

force and random force arising from asymmetric molecular bombardment (Brownian force):
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where md  is the grain mass, � fr  is the friction decrement, Fbr  is the random force providing

the Brownian motion. �(r) is taken in the following form:
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Here, d is the Debye length, �D is the Debye potential. It should be noted that the system under

consideration can be studied with MD without friction and Brownian force (see for example

[2]). However these forces represent a physical process and some results [3] indicate that they

may have important effects on ordering structure formation.

The computation area is of square form with the side length L0. In order to emulate an

infinite system we use periodic boundary conditions, so that the basic simulation area is

surrounded by neighboring copies of itself, and each particle in the basic computation area

interacts not only with the particles in the basic area but also with the “mirror” particles. The

emergence of the grains leaving the basic computation square on it's opposite edge is also

included. Such periodic boundary conditions give the possibility to avoid boundary effects and

fix the mean dust density. Initially charged dust grains are situated in random positions inside

the computation area after which the process of self-organization starts. Such consideration



corresponds to the real process in experiment where initially neutral and disordered dust

grains come into the plasma region, acquire electric charge very quickly and start interacting.

Figure 1 presents the time evolution of the pair correlation function R(r) calculated

from the grains positions at the moment taken. The last picture in Fig. 1 was obtained through

time averaging of R which is possible because on the final stage of the simulation (40 ms < t

<70 ms) the system approach as the equilibrium state and the pair correlation function does

not evolve in time. In the calculation of the pair correlation function the step along r was taken

to be 0.1l, a smaller one would result in too large of a chance of calculation error. One can see
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Fig. 1.  The time evolution of the correlation

function in the numerical simulation.

Dashed curve correspond to the experi-

mental correlation function.
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from Fig.1 that first of all, the particles at small distances disappear with the area of zero

correlation function at small r being formed. This process takes place very quickly because the

electric repulsive force at small distance is very strong. Then the sharp nearest-neighbor peak

develops (t=5 ms). Further this peak grows and simultaneously the high-order peaks develop.

The final correlation function is characterized by many sharp oscillations. The definition of

the structure formation time t f  remains to be to some extent uncertain because it depends on

the distance range where the evolution of the correlation function is of interest. The bigger

distance the longer time required for the correlation function to approach the final form on this

distance. In practice one may take into account only the distance range where the appreciable

oscillations of the final correlation function take place. In the case in hand one may take only

first three peaks, then t f  can be estimated mst f 35� . Also it is convenient to introduce the

time of the sharp nearest-neighbor peak emergence t1 . This is in fact the time required for any

type of the short order to appear in the system. One can estimate from the simulation t1�5ms.

This  time can be also estimated analytically:
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which gives t1 � 25 ms. The inaccuracy of this estimation is related with strong dependence of

the interaction force on distance because of Debye screening. The initial ordering stage is

related with the grains diverging on small distance r < l.  Substituting 0.7l instead of l in (4)

one would obtain t1 = 6 ms in good agreement with the simulation.

The simulation results showed that ordering of the dust structure manifested in the

experiment can be explained by the electric interaction of dust grains. It is found that the

structure obtained in the experiment is far from equilibrium because the plasma flight time is

less than the time of structure formation. It conforms to the emergence of the experimental

correlation function characterized by a sharp main peak with no high-order ones. At the same

time the comparison of the simulation correlation function with the experimental one indicates

some discrepancy, in particular the peak of the experimental correlation function is extremely

wide which does not agree with the simulation results and in general seems to be unusual for

known liquid structures. This peak broadening is likely to be related to the structure

inhomogeneity, the generation mechanism of which requires special investigation.
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