Structure-Preserving Numerical Methods for Plasma Simulations
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F§ZE: We introduce structure-preserving numerical methods for models in plasma
simulations including  Poisson-Nernst-Planck  (PNP) equations and Vlasov-
Maxwell/Poisson equations. In the first part, we discuss an idea of designing numerical
methods based on the Maxwell-Ampere Nernst-Planck equations which is equivalent to
the PNP. In the second part, we construct curl-free basis functions for the Vlasov-Ampere
equations which is equivalent to the Vlasov-Poisson equations. The scheme with energy
conservation is designed, together with an asymptotic-preserving preconditioner such
that the scheme can simulate systems at the quasi-neutral limit. In the third part, an
energy-conversing scheme is proposed for the Vlasov-Maxwell system based on the
asymptotic-preserving scheme at the quasi-neutral limit characterized by the Debye
length, where the electric field is calculated through a generalized Ohm law. The Boris
correlation and an additional Lagrange multiplier are introduced to achieve both the
Gauss-law satisfying and the energy conservation. Classical benchmarks including the
Landau damping, two-streaming instability and bump-on-tail instability are present to
show the necessity of energy conservation and the attractive performance of the new
algorithms
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