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In this work effective interaction potentials between different types of particles in 

complex plasmas are presented. In particular interactions between dust-dust, charge-atom 

and charge-charge in classical and semiclassical cases were considered.  For the purpose of 

taking into account screening effects in interparticle interaction the method of dielectric 

response function was used. 

 

Introduction. Complex plasma is neutral system consisting different type of the 

particles such as electron, ion, neutral atom and dust grain. Study of complex plasmas for 

practical purposes became especially important after finding of dust structures in the plants 

of the plasma spraying, because such structures have a negative impact on the quality of 

deposited samples. Later it was known that the complex plasma is widely distributed in the 

interstellar space. In gas discharge plasma main role have the collective behavior of 

particles due to long range character of Coulomb potential.  Quantum effects in the 

complex gas-discharge plasma do not play a big role, but are important in space plasma. 

Collective effects that appear in the plasma can be studied using effective 

interaction potentials. Effective interaction potential of particles which takes into account 

many particle correlation effects can be found by the method of dielectric functions.  

For classical plasma screening is important for consideration at large distances, 

whereas in the semiclassical approximation the diffraction effects at small interparticle 

distances, which removes the singularity of the interaction, should be taken into account. 

The interaction micropotentials of the charged particles taking into account the effects of 

diffraction are presented in Refs. [1,2].  

Interaction of an electron and an atom is caused by the polarization of an atom 

under the impact of an electric field of the charged particle. In Refs. [3,4] the screening 

potential of Buckingham is used as an effective potential. The interaction of charged 

particles and charged particles with atoms were considered in detail in Refs [5-10]. 

The interaction potential between polarized dust grains. Ions and electrons can 

be described by the model of the point like charged particles. Dust component of complex 

plasma in comparison with other components have more large  
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size and charge. Additionally most of all complex plasma observed in non equilibrium state 

under external fields. Thus, different mechanism of the polarization is possible. We do not 

consider   mechanism of the polarization. In general dipole-dipole effective interaction 

potentials are obtained. The value of the dipole moment which obtained on the basis of the 

some polarization mechanism can be substituted in the final equation for effective 

interaction potential.  In experimental setup main contribution to the polarization of plasma 

around dust grain gives by ion component because temperature of the electrons more large 

than temperature of the ions. Let’s consider a system of charges: the dust particles, the ion 

cloud in an external field of the second dust particle. One can suppose that the field relative 

to a system of dust particles and the cloud of ions is semihomogeneous. 

Interaction micropotential of dust particles (dipoles):    
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 and vector difference of dipole moments of grains, Z -charge number of the dust 

grain.  

Its Fourier transform has the following form:  
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The dielectric function is taken as:     
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where 22 /4
~

kqii   , q -charge of the ion. 

We find the interaction pseudopotential in the random phase approximation on the 

basis of micropotential (1). From linear response theory it is known that Fourier transform 

of the pseudopotential is obtained from the relation: 
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After Fourier transformation one can obtain the formula for effective interaction 

potential between electron and dust particle:  
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For convenience, we define the following function and the coefficients: 
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Pseudopotential of the charge-atom interaction. We choose the interaction 

micropotential between charge and atom  in the following form: 
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Using the formula (3) for classical and semiclassical cases following expressions 

was obtained:   
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here: 
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and   is the wavelength of charged  particles. 

 

The quantum pseudopotential for pair interaction of particles. The interaction 

potential which takes into account the quantum effects of diffraction due to the uncertainty 

principle and the symmetry effects due to the Pauli bloc principle, was obtained by the equality 

of  the Slater sum:     
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to the classical Boltzmann factor. In these equations, N  is the number of particles of the  -th 

sort, which have a mass m  and thermal wavelength v . The wave function is a properly 

symmetrized eigenfunction for the entire macroscopic system with eigenvalue nE , where n  

represents a complete set of quantum numbers. 

For the region of temperatures KTK 84 1010   and densities 324321 1010   cmncm  

the following interpolation formula was obtained: 
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a n  is an average interparticle  distance and 033.0b , which in the limit 

T  coincides with the Deutsch potential: 
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For dense plasma  3/0  Bs aar  potential (13) weakly depend on changing of density and can 

be expressed in the form: 
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It should be noted that the  potential (13) does not take into account symmetry effect.    
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