ELECTROSTATIC ELECTRON FLUID-KINETIC
HYBRID MODEL WITH EQUILIBRIUM RADIAL
ELECTRIC FIELD

Sam Taimourzadeh, University of California, Irvine 07/05/2016

1 Introduction

Recent progress in the use of resonant magnetic perturbations (RMP) in suppressing edge local-
ized modes (ELMs) has placed increased emphasis on the role of the radial electric field (£))
in turbulence suppression, since an increase of pedestal top turbulence and significant change
in the E, profile are observed during ELM suppression on the DIII-D tokamak. Hence, first
principle, kinetic simulations that can capture the dynamics of E,. are crucial to elucidate the
effects of RMP.

2 Gyrokinetic Equations in Toroidal Geometry

In the electrostatic and collisionless limit, the gyrokinetic equation for toroidal plasmas in an
inhomogeneous magnetic field and five dimentional phase space with gyrocenter position X,

magnetic moment y, and parallel velocity v is,

0 . 0
Lfo(X, p,v),t) = 5 + (vbo +v4+vg) -V =bg - (uV By + Z, Vo) — fa=0, (1)
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¢ is the perturbed electrostatic potental and is separated into nonzonal and zonal components,
0¢ and ¢z, respectively, o represents the particle species, and m,, Z,, and By = Bybg are
the particle mass, particle charge, and equilibrium magnetic field, respectively. Now, L can be

separated into equilibrium, nonzonal, and zonal parts. Specifically,

L=Ly+6L+ Lyp (3)
where,
L —g+(vb +vy)-V—=b"-uVB
0= It IPo d 2 Omeavu’
5L = 0vp-V — b Z.Vo6—0— (4)
meOv)|
cbg X Vozp | 0
L — - . _ — b M Ze bl
ZF By \Y Qev X Do V(bZFme@v”
and, vy = w.

3 Electron Kinetic Response

The gyrokinetic toroidal code (GTC) employs a pertubative scheme, meaning that the perturbed
part of the particle distribution is evolved instead of the full distribution. This is done for the

purpose of removing particle noise.

3.1 6f Scheme

The electron response can be separated into equilibrium and perturbed parts, f. = feo + d fe,

with,

Lofeo =0, &)

defining the equilibrium distribution, the neoclassical solution. However, for simplicity, we

will facilitate this work by using a local Maxwellian approximation, f., ~ mﬁ—jﬁwexp[ —

2uB0+mev2
I ; ;
—r |- After recasting f., we can rewrite Eq. 1 as,

Léfe = _LfeO
= —(0L+ Lzr) feo-

(6)

Furthermore, the perturbed part of the distribution can be split into into a dominant adiabatic
part, 0 fe(o), and a smaller kinetic part, 0h.. Namely, 0f, = ¢ fe(o) + dh,, with § fe(o) >> 0h,.
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To obtain an expression for ¢ fe(o), we expand Eq. 1 to first order in w/kjv), assuming that

kL, >> 1, where L, is the equilibrium pressure inhomogeneity scale length, obtaining:

vibg - VS fO — by - Z.Vée

feO = 07

Me UH
Z 5¢ )

5 f0) =

Neglecting terms of second order in pertubation, Eq. 5 can now be rewitten as,

Lohe = =L(feo + 0.f7) = =(6L + Lzr) feo — feo(Lo + LZF)(;}C(O)v (@)
where, !
Lfa = 5ve - (Valo, = 20 ) + 0y (b + L9 X by) - 22 £.0V0,
Lzpfeo = w (Vfeolo, — MZEBOfeo) + Q_”ev X by - %f@0v¢ZF7 o
JeoLo 6}{5;)) = %5;5:) + (vybo + Va) - 6;::0
(0) (0)
S A e

Here, V f|,, represents that v, is held constant, as opposed to x, when taking the gradient.

After simplifying, Eq. 8 becomes,

D Z:50
ot T,

Ze¢ZF> _

L(Sh - feO T

Vinfoolo, = (Va+6ve) - (10)

4 Equilibrium Radial Electric Field

To add the effects of the radial electric field, the definition of the electrostatic potential is modi-
fied:

¢ =00+ Qzp + beg, (11)

where, ¢, is the equilibrium potential. Then L, becomes,

0 0
Ly=— bg+vy+vg, ) - V—b" - uVB , 12
0 8t+(v” 0+ Vqg+ E6q> © Omeav” (12)
where, the new term in the operator, v, = %, is in red. Eq. 10 now becomes,

B 0 Z0¢ 200 ZePzF
Lohe = fuo | gy = = 0¥ Vinfiolu. +ve, - V0 —(Vd+5vE)-V< T )] (13)

Page 3/4



4.1 Magnetic Coordinates

The new term in Eq. 13 can be combined with the last term yielding,

0 Z.5¢
L(She - feO a Te

— V- Vinfuols, — Va- v(ZT(b) — vy - v(%)] (14)

4.1 Magnetic Coordinates

In Boozer coordinates, with By = IV# + gV ( the new term in Eq. 13 becomes,

0fY by X Ve, (- ZeV5¢>

B vi -
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Ze ¢ Oeq
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