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It is well known that the electrostatic interaction between the dust particles levitating in 

plasmas leads to the formation of strongly coupled, ordered (liquid and crystalline) plasma states 
[1]. These strongly coupled plasmas can be observed at the most elementary level as the 
microparticles are easily visualized. 

In spite of the appealing aspects of tracking and visualization of dust grain trajectories, such 
observations do not provide direct information about the interaction between the grains and 
between grains and the surrounding plasma. However, results based on careful analysis of the 
tracking data could serve as a guide for development of dynamical models. 

A first step in establishing the experimental foundation for the development and verification 
of such models is to perform statistical analysis of the experimentally observed particle transport 
in dusty plasma experiments. The approach we use is to single out one important observable, 
namely, the particle position (displacement) and study this observable as a stochastic process. 
Such approaches have successfully been applied to complex systems such as finance and river 
flow networks. This kind of analysis cannot replace a detailed study of the underlying dynamics of 
the system, but it can provide quantitative measures that dynamical models have to satisfy. 

We report on a comparative study of statistical properties of dust particle transport in 
different strongly coupled systems. The systems studied include experiments from ground-based 
laboratory where the dust monolayers levitate in the plasma sheath [2,3] as well as 3D dust 
clouds formed in the experimental chamber (PK-3 Nefedov) on International Space Station [4]. 
Molecular Dynamic simulations of 2D Yukawa dusty system have been also analyzed [5]. The 
focus of the work is on transport on different spatial scales, ranging from a fraction of the 
interparticle distance, Δ to the system size scales. 

Analysis of probability distributions (PDF) of particle displacements Δx on different time 
scales τ reveals that the distributions on the spatial scales well below Δ are non-Gaussian with 
exponential or heavier than exponential tails. Their shape is well fitted by a stretched Gaussian 
PDF [3]:   

                                    
( )( , ) ( ) exp[ ( ) qP x a b x ]ττ τ τΔ = − Δ                                        (1) 

In contrast to these features, which appear generic in the sense that we find them in very 
different set-ups, the statistics on scales of the order or larger than Δ is more dependent on 
properties of a particular system. For example, in more ordered systems [2], on the scales 



approaching Δ heavy tails develop into humps at the interparticle distance, and humps at 2Δ, 3Δ 
etc... can be observed on larger scales. In other cases, e.g. in systems with pronounced fluid 
motion, the PDF can approach Gaussian even if vortices are present [3].  Vortices influence 
PDFs only on much larger scales, ~10 Δ, see Fig.4(a) in Ref.[3]. 
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Figure 1 (a) PDF of radial position increments (in units of interparticle distance Δ) for time lag  τ= 0.1 s 
(dots). The nonlinear fit is the function given by Eq. (1) (solid curve) with q=1.5. (b). The same for 
 τ=68 s. 
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