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Abstract

A gyrokinetic Particle-in-Cell (PIC) code to investigate magnetic reconnection in the low-f
limit is presented. With a magnetic field geometry similar to the VINETA II experiment [1],
the model can be applied to study the kinetic effects of local plasma parameters and plasma

boundary conditions on magnetic reconnection.

Introduction

Laboratory plasmas are confined by vessel walls. In addition to infinite model systems,
boundary conditions such as the plasma sheath are important for the particle kinetics. Also
for natural occurrences in space, e.g. many magnetic field lines in the solar atmosphere have
base points on the conducting surface of the sun [2], boundary conditions do play a role.
The spatial dimensions vary from small-scale dynamics in the current sheet to large-scale global
boundary conditions which both influence each other [3]. To model such phenomena the huge

time and spatial scales involved in magnetic reconnection pose a problem.
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to study driven magnetic reconnection in the strong guide field limit. To conceive magnetic
reconnection the currents in the system need to be understood. Instead of calculating the full
particle dynamics a reduced set of equations is used. The fast gyromotion is neglected and only
finite Larmor radius (FLR) effects are taken into account. This decreases the temporal and spa-
tial demands for many problems so that they become feasible to calculate.

The code closely mimics the magnetic field configuration of the VINETA II experiment [5].
The setup of the linear, cylindrical device is seen in Fig. 1. The simulation intrinsically contains
a strong guide field along the axial direction of the experiment. It contains two axial coils with
steady current in order to produce an x-point configuration. Two additional coils have a sinu-

soidal current to perturb the magnetic x-point topology and to drive the reconnection process.

The gyrokinetic model

The PIC code solves the Vlasov-Poisson-Ampere system of equations for a low-f plasma in
vector potential A and canonical momentum p notation [4]. It follows the characteristics of the
nonlinear electrostatic gyrokinetic Vlasov equation.

Particle position and velocity of the ith particle of species s are denoted by R} and 7,
respectively. The index z indicates the z-component. Using the canonical momentum B‘;Z =
vi +2A,(R},r) and a generalized potential W(R},r) = ®(Ry,t) — v} A (R!,) the equations of

motion reduce to
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The gyroradius is denoted by p and the magnetic field B is described in terms of the vector
potential B =V x A. my, ¢; and b = b+ (A, x b)/By are the mass, the charge and the unit
vector along the magnetic field, respectively. The notations ®(R) = ([ ®(r)6(r—R—p)dr)e
and ()p = §d¢/2m are used.

The electrostatic potential is calculated from the gyrokinetic Poisson equation:
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where @,; is the ion plasma frequency, V | is the gradient perpendicular to the axial magnetic

field and 6 is the delta distribution. The second term on the left hand side represents the ion
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polarization shielding effects. Ampere’s law becomes in the canonical momentum formulation
1 m .
—8ViA = [ Xpe—Ypi |~ [ LASR-ER) ¢ +—=3 Y ASR-R) ¢ ]|
No | \'\ N; N, m;i | N,

The electron skin depth is denoted by 0, = ¢/ @pe.

The code uses three-dimensional cartesian coordinates. The 2D model applies a slab geome-
try (x and y direction) with periodic boundaries in the axial z-dimension. The in-plane fields are
bounded by conducting walls and particles are reflected. Along the guide field (z-direction) the
boundaries are periodic for the fields and the particles leaving the system are entering the simu-
lated domain from the other side. Calculations with various particle density profiles are possible
to study the magnetic field penetration [6]. A full 3D model with reflecting or absorbing con-
ducting walls and logical sheath boundaries is currently being implemented. Various boundary
conditions are needed in order to calculate the nonlinear effects on the particle kinetics similar
to the metal wall end plates in the linear VINETA II experiment. A necessity is a strong axial
guide field to have electrons and ions fully magnetized, whereas the in-plane magnetic field is
generated by currents in external coils parallel to the guide field. This allows to study recon-
nection rates and the dynamics of the generated currents as functions of plasma density profiles

and different ratios of in-plane to guide magnetic field ratios.

The logical sheath model

In order to calculate the influence of the plasma sheath effects on magnetic reconnection a
logical sheath model is used. On earth most laboratory plasmas are confined within a vacuum
vessel. Such bounded plasmas are in contact with the surface of a wall resulting in a plasma
sheath at the plasma edge. The spatial extent of the sheath is about a few Debye lengths. A
standard electrostatic PIC code must have a grid size below the Debye length in order to resolve
the sheath potential drop. In gyrokinetics the cell size is larger. Thus, the sheath can not be
calculated self-consistently. The idea of the logical sheath is not to resolve those spatial scales,
but to mimic the equilibrium conditions at the plasma edge [7].
If ions and electrons hit a conducting surface they recombine and are lost to the plasma. Such
surface acts as a perfect sink for the particles. Normally, electrons in a plasma move faster than
ions, so that initially the electron flux to the wall exceeds the ion flux by far. The flux imbalance
will charge up the wall negatively and generates a potential drop which cannot be resolved in
a gyrokinetic model. This barrier repels electrons and attracts ions until both fluxes are equal.

Thereby, the potential drop adjusts and steady-state is achieved. This flux balance is applied to



41%* EPS Conference on Plasma Physics P1.144

all particles exceeding the extents of the simulation. lons are streaming freely out of the system

and are absorbed if they exceed particle boundaries.
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The potential drop can be

estimated from the speed of the fastest repelled electron AP = %vlznax.

The logical sheath has been tested separately in a one-dimensional electrostatic PIC code [8],

see Fig. 2, and is now being implemented into the gyrokinetic model.
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