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Spatial temporal scaling
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Kinetic description of plasmas: Vlasoveq. + LFP eq.

Weakly collisional plasma



Kinetic description of plasmas:

lasov equation +

LFP equation

PiC methods

Deterministic methods

Analytical asymptotic results are confirmed with high accuracy
by the numerical computing of the non-linear kinetic equation
(deterministic and stochastic) and vice versa.



Kinetic description of plasmas:

@ + LFP equation

PiC methods

e-¢, e-1,
Deterministic methods ID3V

boOr11eB A.B., Ilotanenko 1N.®., Kapnos C.A. Metoa. Monte-Kapio ajs
JIBYXKOMIIOHEHTHOM mna3Mbl/ Mat. MoaenupoBanue, 2012

A.V. Bobylev and I.F. Potapenko A general approach to Monte Carlo methods for
Coulomb collisions J. Comp. Phys., 2013

boorieB A.B., ITotanenko 1U.®., Kapnos C.A. MoaenupoBanue MeToaoM MoHTe-
Kapio KHHETHYECKOT0 CTOJIKHOBUTEIILHOTO YPaBHEHHUS ¢ BHEIIHUMU MOIsiMU, Mar.
MoaenupoBanue, 2014

[Ipenpunter UTIM 2012, 2013 — ma caute UIIM nm. M.B.Kenapima



OUTLINE

Boltzmann equation -1 andau-Fokker-Planck equation

DSMC simulation  <ge—p Landau-Fokker-Planck equation

Examples. U~1/r", 1<p<4

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 - E()

Self-similar solutions- D(f)

(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.




Kinetic‘description ‘ofiplasmas

/. (v,r,t) - distribution function jfa(Var,t)d3V:”a(rat)
R;

Kinetic equation:

D=2l 2,
Dafa:zgaﬂ[faﬂfﬂ] ! r "
4

Boltzmann collision inteqgral

O (furfp)= | dwdn g, (W) {£,(v) /(W)= £, (¥) (W)
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U~1/r
Landau-Fokker-Planck integral — Landau (1936), Rosenbluth et al (1957)
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Numerical solution: Vlasov eguation (PIC)
@( @[ (E + 1 vxB j@p =0
81 81‘ m C ov

Landau Fokker-Planck equation
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Splitting over
physical parameters

E (r,?),B (r,7) —self-consistent and external fields
E, (?),B. () —external fields (spatially uniform frame)



LIFP Eguation &nd DSNIC simulation

! LFP equation J model cross section:
G
gaﬂ(ua K, g) = L5|:(1 _H) —8aaﬂ(u)]
2re
{ Boltzmann equation J @, ()= g, for  0<eglt) <2
2/, otherwise

{} Important conseguences:.

. a&c
DSMC simulation u=0089=1—Mln{?,2}, a = const

1
g, &) = 27fj dug,,(u, u,&)=¢&" = const
|

The collision frequency of particles of any kind is constant — “guasi Maxwellian”
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Simulation parameters for stochastic DSMC modeling :

N - number of particles;

& - approximation parameter,

M - number of simulation runs;
P = me/ml. - mass ration:

1/2
5 = (p . ];/TQ) / - ratio of the initial thermal velocities.

What we can compute? - Distribution function moments:

2n

m, (1) = jvznf(v,z)dv = f(V,t)z%-Z&V—Vj) :>M2n(t):%2|vj

R,

m, —current,m, — energy, o(lv]|-1): m0)=1, m() > m
{—>0

Maxw



Jo=0(v|=1

Initial distribution function -

for(vo) = V%a“(v v, )5( 1)
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New DSMC method is compared with results obtained by completely conservative finite

difference schemes
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alectnon distribufion functicn momants

Ranaway “electrons” in two-component

spatially uniform plasmas
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Self-Similar Solutions: I _ my’
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p=0— f(Et) cexp {—f } , Maxwell distribution
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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 




Strongly enhanced tails

r 3

&

F(C — o) ocexpy —const - ey 1>p>0
\ (1-p)]

F(f—)oo) OCQZ_S/Z, p=1

Numerically: the Cauchy problem

Finite —difference schemes

STOCHASTIC MODELING OF THE QUASILINEAR DIFFUSION
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Presenter
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


Pezrome

IIpeasoxken HoBbli DSMC MeToa MoIeIMPOBAHUSI HHTErpaJja
CTOJIKHOBEHHUH JIS MOTEHIHUAJIOB ¢ 0€CKOHEYHBIM PaANyCOM
JeUCTBUS.

/s kuHeTnyeckoro ypasHenus JI®DII ¢ joxkaansoBaHHbIM B
npocrpancrse ckopocrenn Harpesom H(f) pemienust umeror
CUJIbHO 00€/ITHEHHBIA XBOCT B CPABHEHUHU C MAKCBEJIJI0BCKIUM
pacupeaejieHueM.

Oneparop a1uddy3uu ¢ pacliMpeHHBIM KJIACCOM
KO3(PPUIHEHTOB KBA3UJIHMHENHOU NUPPY3UuH, IPUBOIUT K
CYLIECTBEHHOMY YCKOPEHU IO YacTHIl (YBEeJIMYCHUIO XBOCTA
pacnpeaejeHus).

CroxacTuuyeckoe MoJeIMPOBaHUe 3a1a4 Bepuuuupyercs
NeTEPMUHUCTHYECKUM MOAX0A0M (ACMMITOTHYECKUMHU
AHAJIMTHYECKUMM pe3yJIbTaTaAMU) U HA000POT.



m4,5,8,1{1’

N =1000, £=0.05, D=v", p=0, 1

time

Comparison of the numerical moments
with the analytical moments



o [ d [ d 1
_ _ q
Tsallis Statistics Sq(p) = 1 (1 / (p(x)) d:c) _.

Non-additivity
Given two independent systems A and B, for which the joint probability density satisfies

plA, B) = p(A)p(B),
the Tsallis entropy of this system satisfies
S.(A,B) = S,(A)+ S,(B) + (1 - q)S,(4)S,(B).
From this result, it is evident that the parameter | 1 — g | 1s a measure of the departure

from additivity. In the limit wheng=1, S(A,B) = 5(4)+ S(B).
which 1s what is expected for an additive system.

Kappa distribution
- —1—x—1
Ii 1 V2 _ V2
lmn v +—2 = C€Xp —
L KV e | Ve
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