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3D2V continuum gyrokinetic simulations of electrostatic plasma turbulence in a straight, 
open-field-line geometry have been performed using a full-! discontinuous-Galerkin ap
proach implemented in the Gkeyll code. While various simplifications have been used for 
now, such as long-wavelength approximations in the gyrokinetic Poisson equation and 
the Hamiltonian, these simulations include the basic elements of a fusion-device scrape
off layer: localised sources to model plasma outflow from the core, cross-field turbulent 
transport, parallel flow along magnetic field lines, and parallel losses at the limiter or 
divertor with sheath model boundary conditions. The set of sheath boundary conditions 
used in the model allows currents to flow through the walls. In addition to details of the 
numerical approach, results from numerical simulations of turbulence in the Large Plasma 
Device (LAPD), a linear device featuring straight magnetic field lines, are presented. 

1. Introduction

The scrape-off layer (SOL) of a tokamak plasma is a region at the outermost edge
where the plasma flows unconstrained along open magnetic field lines that intersect the 
material wall (Stangeby 2000; Stoltzfus-Dueck 2009). The SOL plasma sets the boundary 
conditions on the core confined plasma, so the ability to influence the plasma behaviour in 
this region and in the pedestal is key to improving overall reactor performance (Zweben 
et al. 2007; Kotschenreuther et al. 1995; Dimits et al. 2000; Kinsey et al. 2011; Shimada 
et al. 2007). On a basic level, plasma dynamics in the SOL involve plasma outflow from 
the core, cross-field turbulent transport, and parallel losses at the divertor or limiter 
plates (Mosetto 2014), where plasma-surface interactions such as recycling and impurity 
influx can occur. The balance of these processes is believed to set the SOL width, which 
affects the location and strength of heat loads on plasma-facing components (Eich et al.

2013). The ability to operate future tokamaks like ITER and DEMO with high fusion 
gain without the significant erosion and melting of plasma-facing components is a major 
challenge that necessitates a thorough understanding of SOL turbulence. 

A popular approach in SOL modelling is to solve simplified transport equations 
based on the Braginskii fluid equations. These codes use approximate sheath boundary 
conditions in the parallel direction and do not capture plasma turbulence, requiring the 
use of ad-hoc diffusion terms to model the turbulent transport across the magnetic field 
(Schneider et al. 2006; Rognlien et al. 1994). Edge turbulence codes solving 3D drift
reduced Braginskii fluid equations have also been developed (Ricci et al. 2008; Dudson 
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