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OBJECTIVE & MOTIVATION



OUTLINE

Preliminaries / Parameters / Equations

DSMC method for LFP equation –
 

(3V + 1D)

Asymptotic-preserving scheme --
 

(1D +2V)

Illustrative results



Parameters (normalization)

–
 

Collision frequency

–
 

Mean free path

–
 

Thermal velocity

–
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Boltzmann collision integral
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Kinetic description of plasmasKinetic description of plasmas
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Conservation laws / invariants 

•
 

Density, momentum, energy (one sort)   
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Landau-Fokker-Planck integral
 

–
Landau (1936),   Rosenbluth et al (1957)
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Расщепление
 

по
физическим

 
процессам
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A general approach to Monte Carlo methods for Coulomb collisionsA general approach to Monte Carlo methods for Coulomb collisions
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Taylor expansion of Boltzmann integral 
with respect to small 
(µ~1)

 
A formal series:

(1) ( )( , ) ( , )LQ f f Q f fαβ α β αβ α β=The first term is the  Landau integral

The rest terms (k≥2): The condition of applicability of 
the approximation of LFP equation:
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LFP equation

Boltzmann equation

DSMC simulation

LFP equation and DSMC simulationLFP equation and DSMC simulation
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Important consequences:

model cross section:

The collision frequency of particles of any kind is constant
 

–
 

“quasi Maxwellian”
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All conservation laws

N operations
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Хвосты
 

функции
 распределения?



Advantage of DSMC
 Multidimensional simulation –

 
(1D…+3V)

 3 conservation laws for collision operator
 Speedy

 

Disadvantage of DSMC
 Time limits /numerical noise, spurious heating/ 

 Distribution function‐?
 

If 1D+2V kinetic equation 
finite‐difference scheme



Monte
 

Carlo
 

methods
 

for
 

LE Key
 

references
 

(predecessors):

• 1 Takizuka
 

and
 

Abe
 

(1977);
• 2 Nanbu

 
(1997);

The
 

methods
 

of
 

TA and
 

N are
 

based
 

on
 

heuristic (physical) arguments.
In

 
particular, Nanbu

 
(1997) does

 
not

 
use

 
any

 
kinetic

 
equation;

sophisticated
 

cross-section

A general approach to Monte Carlo methods for Coulomb collisions

Bobylev
 

and Potapenko, J. Comp. Phys., 2013

Карпов, Потапенко, Физика
 

плазмы, 2015

Бобылев, Потапенко, Карпов, Матем. Модел., 2012

Potapenko,.Bobylev, Mossberg, Transp. Theory Stat. Phys. 2008
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Asymptotic-Preserving Schemes

F. Filbet
 

and S.Jin
 

J. Comp. Phys. 2010
P. Degond, et al      J. Comput. Phys. 2010

S. Guisset, S. Brull, B. Dubroca, E. d'Humieres, S. Karpov, I. Potapenko
Commun. in Comp. Phys. 2016
Collision LFP operator:  Potapenko,.Bobylev, Mossberg, Transp. Theory Stat. 
Phys. 2008

Nonlinear LFP collision integral is treated with completely conservative 
difference schemes 

Self consistent electrical field is computed from the electronutrality
 condition at each time step.

Finite-difference explicit scheme more accurate but time consuming 

2 (exact) conservation laws for LFP operator. Constraints at v~0
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