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Spatial temporal scaling
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Kinetic description of plasmas:

Vlasov equation          + LFP equation

PiC methods Deterministic methods
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Analytical
 

asymptotic
 

results are confirmed with high accuracy 
by the numerical computing

 
of the non-linear kinetic

 
equation

(deterministic and stochastic) and vice versa.
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OUTLINE

Boltzmann equation                         Landau-Fokker-Planck equation

DSMC simulation                              Landau-Fokker-Planck equation

Examples.

Influence of heating  on the temporal plasma relaxation on the base of 
the kinetic equation with the nonlinear

 
Landau-Fokker-Planck

 collisional operator.
Heating terms:

 
an electrical field,  a quasi-linear diffusion operator

Runaway particles for grazing interaction -

Self-similar solutions-

(aim  algorithm verification & validation)
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Presentation Notes
Key ingredient for modelling of weakly collisonal plasma is  LFP equation

We consider the simplest  case – in some sense - space uniform isotropic equation

At the beginning we shortly review some selected results of our works on topic

  with a heating source H 

localized in the velocity space. Then a broader class of the heating terms resulting 

in enhancement of the tail of the distribution function is analytically analyzed.





Boltzmann collision integral
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( , , t)fα v r - distribution function
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Landau-Fokker-Planck integral – Landau (1936), Rosenbluth et al (1957)
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Vlasov equation (PIC)
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Numerical solution:

s s

ex ex

( , ),
( ), (

( , ) self-consistent and external fields
) external fields (sp frat ameially uniform ) 

t
t

t
t

−
−

E r B
E B

r

( ) ( )

2

2(u) 4 L
u

tr tr e e
g u u

m
α β

αβ αβ αβ
αβ

σ π
⎛ ⎞

= = ⎜ ⎟⎜ ⎟
⎝ ⎠

~ 1U r



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”

3μ cos 1 ,2 ,
u
aMin a constεθ ⎧ ⎫= = − =⎨ ⎬

⎩ ⎭

( ) ( )( ), for 0 2
( )

2 , otherwise

trtrg u g
a u αβ αβ
αβ

ε

ε

⎧
⎪⎪
⎨
⎪
⎪⎩

< ≤
=



All conservation laws

N operations
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Simulation parameters for stochastic DSMC  modeling :

- number of particles;

- approximation parameter; 

- number of simulation runs;

- mass ration;     

- ratio of the initial thermal velocities.
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What we can compute? - Distribution function moments:
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Initial distribution function - 0 (| | 1)f vδ= −

New DSMC method is compared with results obtained by completely conservative finite 
difference schemes
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SolutionsSolutions::
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••Asymptotic resultsAsymptotic results
••enhancedenhanced

 
tailstails
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Presentation Notes
In case of localized heat source we have depleted distr. func. Tails in comparison to Maxwell – tie situation changes drastically if we take



P=0 – good test

propagation of the heat bursts, caused by edge localized mode (ELM), into scrape-off layer (SOL) of tokamak 
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Numerically: the Cauchy
 

problem

Finite –difference schemes

STOCHASTIC MODELING OF THE QUASILINEAR DIFFUSION
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Solar wind electrons
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Presentation Notes
The velocity distributions observed in space have too many fast particles, by Maxwell’s standards. This ubiquitous property raises

doubts about the validity of models based on a set of 4uid equations whose closure requires the distributions to be nearly Maxwellian



РезюмеРезюмеРезюме
Предложен

 
новый DSMC метод моделирования интеграла 

столкновений для потенциалов с бесконечным радиусом 
действия. 

Для кинетического уравнения ЛФП с локализованным в Для кинетического уравнения ЛФП с локализованным в 
пространстве скоростей нагревом H(f) решения имеют пространстве скоростей нагревом H(f) решения имеют 
сильно обеднённый хвост в сравнении с максвелловским сильно обеднённый хвост в сравнении с максвелловским 
распределением. распределением. 

Оператор диффузии с расширенным классом 
коэффициентов квазилинейной диффузии, приводит к 
существенному ускорению частиц (увеличению хвоста 
распределения).

Стохастическое моделирование задачи верифицируется 
детерминистическим подходом (асимптотическими 
аналитическими результатами) и наоборот.



Comparison of

 

the numerical moments
with the analytical moments



Non-additivity
Given two independent systems A

 
and B, for which the joint probability density satisfies

the Tsallis
 

entropy of this system satisfies

From this result, it is evident that the parameter | 1 −
 

q
 

| is a measure of the departure
from additivity. In the limit when q

 
= 1,

which is what is expected for an additive system.
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