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Mathematical formulation of the problem

Poisson-Boltzmann equation

∆𝜑 = −4𝜋 𝑒 𝑛3 − 𝑛4 exp −
𝜑 𝑒
𝑘9𝑇4

− 4𝜋𝑄𝛿(𝑟̅)

Ions	kinetic	equation

𝜕𝑓
𝜕𝑡 + 𝑣̅ R ∇𝑓 +

𝑒
𝑚3

R U𝐸W − ∇𝜑 R
𝜕𝑓
𝜕𝑣̅ = 𝜗3Y Φ[ 𝑣 𝑛3 − 𝑓 𝑣

Newton’s equation

𝑚3
𝑑𝑣
𝑑𝑡 = −𝑄3∇𝜑 + Fтермостат + Fловушка

Particle-In-Cell ionwake potential calculation Dust particle dynamics calculation



Calculation 
parameters of 

plasmas
subsystem

• Pressure

• Dust particle 
radius

• Dust particle
density

• Parent gas 
temperature

• Discharge 
power

• Trap 
parameters

Particle-In-Cell
Ionwake potential 

calculation

Obtain force field

Calculation 
parameters of

dust
subsystem

Dynamics 
simulation of two 

dust particles

Spectrum and 
velocity 

distribution 
calculation

Computational scheme



Ionwake potential for different gas pressure

𝑃 = 45 𝑚𝑇𝑜𝑟𝑟

𝑃 = 70 𝑚𝑇𝑜𝑟𝑟

𝑃 = 30 𝑚𝑇𝑜𝑟𝑟
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Electrode

Dust particles interaction at discharge

Electrical field
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Simulated dynamics properties: 
dust particle velocity distribution
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Simulated dynamics properties: 
dust particle spectral density
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• A scheme for multiscale simulation of the 
dynamics of charged dust particles in plasma 
has been developed and implemented: PIC 
calculation of the interaction potential taking 
into account the plasma environment and 
MD simulation of dynamics

• The explanation of the experiment using 
Ionwake was confirmed by the proposed 
multiscale modeling

Results


