
Computational modelling 

of non-thermal plasma  

in solar flares 

Mykola Gordovskyy  



Outline 

 Method classification 

 

 Test-particle approach 

 

 Particle-in-Cell method 

 

 Vlasov and Vlasov-Maxwell approaches 

 

 Hybrid methods 
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Non-self-consistent lagrangian methods 

Test-particle method 

Full trajectory integration 



Non-self-consistent lagrangian methods 

Guiding-centre approximation 



Non-self-consistent lagrangian methods 

Guiding-centre 

approximation Full trajectory 

- Need to resolve 

Larmor radii 

- Larmor radii need to be much 

smaller than characteristic E & 

B scales 

 

- Larmor periods need to be 

much smaller than typical E & 

B variation times 



Non-self-consistent lagrangian methods 

Martens & Young 1990 

Zharkova & Gordovskyy 2004 



Non-self-consistent lagrangian methods 

Hamilton et al 2005 



Non-self-consistent lagrangian methods 

Gordovskyy et al 2010, 2011 



Non-self-consistent lagrangian methods 

Gordovskyy et al 2014 



Non-self-consistent lagrangian methods 

Non-self-consistency problem 

 

 

 

 

 

Undersampling problem 

- Method is valid if Epart << Esys  

     and jpart << jsys  

- Limited number of test-particles causes 

problems when the distribution function is small 



Non-self-consistent lagrangian methods 

Test-particles with collisions 

+ 
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Self-consistent lagrangian methods 

Particle-In-Cell method 



Self-consistent lagrangian methods 

Particle-In-Cell method 

ρe, ρi, Te, Ti, Ve, Vi, B, E 



Self-consistent lagrangian methods 

Particle 
positions in the 

phase space 

Electric and 
magnetic fields 

Maxwell’s Equations (Eulerean) 

Particle mover (Lagrangian) 



Self-consistent lagrangian methods 

Limitations of PIC method 

- Resolve Debye length 

 

- Resolve plasma frequency 

 

 

 

 

 

- Resolve Larmor radii and periods 

 

- Unrealistic ion/electron mass ratio  



Self-consistent lagrangian methods 

Limitations of PIC method 

- Resolve Debye length 

 

- Resolve plasma frequency 

 

 

 

 

 

- Resolve Larmor radii and periods 

 

- Unrealistic ion/electron mass ratio  

Gyrokinetic or drift-kinetic PIC 



Self-consistent lagrangian methods 

Limitations of PIC method 

- Resolve Debye length 

 

- Resolve plasma frequency 

 

 

 

 

 

- Resolve Larmor radii and periods 

 

- Unrealistic ion/electron mass ratio  

Gyrokinetic or drift-kinetic PIC 

Assume quasi-neutrality, 

solve Maxwell-Faraday and 

Ampere for fields ??? 



Self-consistent lagrangian methods 

Drake, Swisdak & co 2005- 

Tsiklauri & Haruki 2007 
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Self-consistent eulerean methods 

- Distribution function defined in the phase space r, V 

 

- Solve kinetic equation – conservation equation for the phase 

space 



Eulerean methods 

Low-dimensional Vlasov-Maxwell methods 

- Use of GCA (gyro-kinetic or drift-kinetic approaches) makes it 

possible to get rid of one V dimension 

 

- 1D3V and 1D2V models: beam propagation in magnetised 

plasmas 

 

- Assumptions about particle distribution in respect of velocity, 

“Reduced kinetics” (Gordovskyy & Browning 2016 arxiv) 



Zharkova & Siversky 2011 

Eulerean methods 



Getting rid of evolving fields does not make the problem much 

simpler. 

Siversky & Zharkova 2009 

Eulerean methods 



Hybrid methods 

- Aka “fluid-kinetic approaches” 

 

- Only non-thermal part of plasma is treated using one of the 

kinetic approaches, the rest is treated as a fluid 

 

- Fluid electrons + kinetic ions 

 

- Fluid plasma + small fraction of kinetic particles 

 

- Particles are kinetic only in a part of the computational domain 

 

- Etc etc 


