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Background
For the operation of tokamaks, it is fundamental to
understand the interaction of the plasma with the
reactor wall. In this region, i.e. the scrape off layer
(SOL), particle distributions are often non-Maxwellian
and particle density is sparse. Particle-in-cell codes
offer a straight-forward formulation to addressing
kinetic problems but in the SOL, this approach leads to
statistical errors.

Our goal is to develop a Vlasov code, kobra,
devoid of these errors, applicable to plasma wall

interactions equipped with AMR for

computational speedup.
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Numerical Code

Next Steps:
• Model the 1d3v “Chodura” sheath
• Anisotropic AMR/Differential timestep
• Promote to fully 4th order code 
• Extend to Vlasov-Maxwell system
• Include additional physics 

Conclusions:

Plasma Wall interaction:
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kobra is currently a second-order code which solves the Vlasov-Poisson 
system. We use an adaptive mesh routine for computational gain.

Vlasov Equation (hyperbolic solver):
• Runge-Kutta midpoint scheme for temporal discretization
• Fluxes are calculated with an upwind scheme with a van-Albada flux 

limiter [1]

Poisson Equation (elliptic solver):
• We generate a second auxiliary grid in the spatial coordinates to 

calculate the scalar potential
• We use a full approximation scheme (FAS) multigrid approach with a 

Gauss-Seidel smoother

Adaptive Mesh Refinement (AMR):
• We refine cells on a cell-by-cell basis
• We use the first two truncation error terms as our refinement 

criteria [2] following the architecture of [3]
• We employ defragmentation and load balancing routines to 

streamline the computational efficiency 

To build towards the Chodura sheath and modeling the
plasma wall interaction, we begin with simulating an
electrostatic plasma sheath [5, 6]. We employ an inflow
boundary on the left and an absorbing wall on the right.
For the Poisson equation, we use a floating-point boundary
potential on each side. Our initial conditions are:
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We have a working Vlasov-Poisson code with an adaptive grid! We reproduce
the damping and growth rates of standard kinetic benchmarks and plasma
sheath physics. We demonstrate computational speeding using our AMR
suite. We are ready to move to higher dimensional problems.

Following [6], the ion velocity 𝑣! fully
determines the steady state. Setting 𝑣! = 0.2,
one obtains normalization 𝑛"! = 1.115 𝑛#! ,
wall potential 𝜙$%&& = −0.80 , and wall
charge𝑄$%&& = −0.77.

There are three ways to run kobra: uniform grid
with Gauss-Seidel, uniform grid with FAS
multigrid, adaptive grid with FAS multigrid. We
compare the three modes of operation

Benchmarks:
To verify that our code is producing physically meaningful
results, we benchmark our progress with the strong landau
damping and two-stream instability. These problems have semi-
analytic solutions for the growth and damping rates which we
can use to validate our results. Here we display results for the
two-stream instability.
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Figure 1: Snapshot of the two-stream
instability taken at t=20.Effective Resolution: (256, 256)

Figure 2: A comparison of the electric energy growth
rate given in [4]. AMR run with 5 levels.

Figure 3: The same simulation taken with 7 levels
and an effective resolution of (512, 512).

Figure 4: The converged electron plasma sheath (right) at t=500 with the overlayed adaptive grid (left).
Simulations run with an effective resolution of 𝑥, 𝑣 = 128, 384 . AMR run with 5 levels of refinement.

Figure 5: The time evolution of the charge at the
boundaries. The left side connects to the quasi-neutral
core and confirms our normalization 𝑛#! . The right
boundary yields𝑄$%&& .

Figure 7: A slice of the electron profile taken at the
core (x = 0) against a reference Maxwellian
distribution. Using 𝜙$%&& , we reproduce the analytic
cutoff velocity 𝑣'() = − −2𝜙$%&& .

Figure 6: A comparison of the analytic potential
distribution 𝜙 𝑥 with kobra’s numeric results. The
distribution is rescaled so the left boundary is 0. We
reproduce the wall potential𝜙$%&& .

Figure 8: The number of cells in the AMR run expressed
as a percentage of the total uniform grid cell count. We
reproduce the analytic results with half of the uniform
grid cells and half the wall time.
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