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1. Introduction

A 3D numerical gyro-kinetic code has been developed to study the existence and evolution of
a charge separation at a plasma edge. The code includes the effect of a finite Larmor radius
correction and polarization drift. The finite Larmor radius allows for a charge separation at a
plasma edge to exist, and the polarization drift, which has different sign for ions and
electrons, has a tendency to accentuate the charge separation in a time varying electric field
and in the presence of strong gradients. We present first results obtained for the case of a
Cartesian three-dimensional plasma layer, in whichepresents the toroidal periodic
direction, x represents the poloidal periodic direction, gncepresents the radial direction.

The direction of the magnetic field is very close to the nomudlthex - y plane, and makes

an anglef = 89.5 with thex axis (see Fig. 1).

2. The Pertinent Equations

The pertinent equations for the electrons are given by the gyro-kinetic equation:

a = _ .
£+D[(Vuefe)+vn [y fe £ Ey Ga—fe =0 (1)
ot oV
I E*xB . i CBE .0
Ve =Vp T Vpes VD = 2 ; Vpi,e = ; E'_D * (VD - VH)DDED D (2)
B eB [ Ot 0

The ions are described by fluid guiding center equations [1]:

ar;i + [ [(ﬁgin,- ) =0 (3)

The motion of the heavy ions along the magnetic field is neglected.
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Poisson equation:

A¢=—é(n;k —n;) 4)

The star is an abbreviation for an integral operator:
a'(v)= [Gly-y)aly )y (5)

In Fourier space, this integral operation is equivalent to multiplying the coefficient of the
mode ¢** by a factorG; :exp(— k2p?./ 2) Pie =Viie/ We.. As initial value, we take
for the ions and electrons:

n; (y) = N(y)(1+ Osinkqx+ O sin2kox + sin3kox) (6)

fe(x’y,z’vll,t = 0): \/]%e—vnz/ 27, (7)

Teo=Tio =1 m/me=184Q wci/wpi =0.9, p/Ape=09

NW) =5 [+ annl6)]:  Te) = Teo[0:2 + 0.4 tanh (1] (®)

We use a box with, = 28,Ly = 12 andL, = 150,k, = 2r/Ly. The initial equilibrium is
perturbed as indicated in Eq. (5) with= 0.002 . Equations (I-4) are solved using a method of
fractional steps similar to what has been previously reported in Ref. [1]. The number of points
used isNy Ny N, N, = 128x128x64x128.

3. Results

The low frequency waves associated with the inhomogeneous system we are studying are the
Kelvin-Helmholtz instabilities which are driven by a gradient in the transverse velocity shear,
and the drift waves associated with the gradient in the density [2].

Figure 2 shows the time evolution of the first four Fourier modes in the polaidal (
direction. The second mode dominates$ at8500. Indeed, the motion of the electrons along
the magnetic field line (the presencelj, limit the growth with respect to what has been
presented in Ref. [1] for 2D for the same parameters. Figure 3 shows the time evolution of the
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first two modes in the toroidal z direction. There is a rapid growth of these modes after
t = 4000. These modes saturates however at a relatively lower level compared to the modes in
Fig. (2). The physics associated with the evolution of this system is essentially associated with
the charge separation in the poloidat y plane, and the drift mode associated with zhe
dependence [2]. With the shear in the velocity associated with the charge separation in the
poloidal x - y plane is associated the Kelvin-Helmholtz instability. The results we are
presenting are the combined effects of the drift and the Kelvin-Helmholtz instabilities.
Figure 4 shows the time evolution of the potential profiles (full curves) and the charge (dotted
curves), spatially averaged over the periodic directioasdz. We note the potential profile
evolving initially from a sine-like shape to a half-sine like shape, which then grows and
saturates. The potential in Fig. 4 is reaching a level slightly higher than the equivalent results
presented in Ref. [1]. This can be the effect of the combined velocity shear and drift
instabilities present together after 4000. This can also be the effect of a small dissipation in
the 3D code, since we are using only 64 points inztigection forL, = 150. It has been
shown [3,4] that a small dissipation in the present set of equations can have significant effect
on the charge separation and the potential associated with the edge, and can significantly
increase the velocity at the edge. We note also in the time evolution of the charge and in the
potential in Fig. 4 an evolution more rapid than what has been presented in Ref. [1] for the
cased = 89.% (note in Ref. [1] we are plotting the negative value of the potential). Figure 5
shows the time evolution of the electric field profilegy), spatially averaged over the
periodic directionsx andz (wx ~ E). Finally Fig. 6 shows the profiles of the electron
density, spatially averaged over the periodic directioasdz, (full curve) initially att = 0

and at the end at= 8500. Also shown is the equivalent smoothed ion demsitynote that

n; - ne is the charge in Eq. 4 since the electron gyro-radius can be neglected; this charge is
shown in dotted lines in Fig. 4). Work is in progress for further studies on this problem.
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