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Collisions between ions and electrons can be
simply modeled by employing the large mass ra-
tio approximation. Here we present a linear like-
particle collision model, accurately conserving all
of particle number, momentum and energy for 6 f
particle simulation.

TOCICH P 4P 6 4Q 1, QL)

W()-WO)/w(0) %

particle number

Our like-particle collision model reads RS """""""" DDA G 1
Cl(fl) — C(l) + [131 +Q1 4 P2 o+ QQ] fM, (1) 0 50 100 150 200 250
where . ‘ ‘ l l
Co(f1) = Crp(f1) + Pfu, (2) il
P8 = A- Loy + BL @) ="
rv) = S \v 11 ) =
dt* 6 hoaegy e 68 S w
5 i d ) é - momentam
P(F7)=A — B— , B ST L
1 (7, 7) 0 (V) Tp+P + T (v )rptp ; /’
£ d
QI(T, 'U) = Da@)O)P, Fid o s0 100 150 200 250
+ d g o & : '
Py = A O TP+P+P+Qit B {0 )TP4PrP4aL e
o d 0 S 15
QQ(T"U) . Daz(” >P+P1+Q1’ % 1k :
i & enérgy
- T UV T dqb] 1 En ) 1
14 = __6 s 13 = _"2 e 50 9 =28
\/;('b 3’ ) [ dz | v : _ 3 :
L LT, dd v , b sgsallong. el ad)
D(:C’U) — 3\/; [ = Ea;] _'U— — 1’ 5 0 50 100 150 200 250
. . . . 2 2 t/raa
¢(z) is Maxwellian integral with z = v*/vj,. The Fig.1 The time history of three conservations

Crp(f1) is drag and diffusion part that describes
the test particle (f1) collisions with Maxwellian
field particles (far), and is readily implemented by
Monte Carlo method. The P fjs works for com- i
pensating d%(f)‘)Tp and ‘—‘117(112)T p, the averaged mo- Fooor
mentum and energy loss due to Crp. Pfyr and !
the other rest terms of Eq.(1) can be implemented I
by weight method in §f simulation. C} repre- 200
sents the previous collision operator(1,2]. In the
implementation of G}, there are still considerable ) )
non-vanishing 4(#)7p4p, &(v?)rpip and £(°)p Davriing bia Lot ! 2 :
due to numerical errors, and the numerical errors i Tih
may get so enlarged as to distort simulation re-
sults. The compensation terms are developed to
restore conservations. For example, Pjfy is in-
troduced to compensate the momentum and en-
ergy loss, &(#)rpyp and £(v?)rpip, and Q1fu e
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Fig.2 The solution of ion drift kinetic equation
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