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On the numerical dispersion and the spectral fidelity of the
Particle-In-Cell method! CHENGKUN HUANG, M.D. MEYERS?, Y. ZENG, S.
YI, B.J. ALBRIGHT, Los Alamos Natl Lab — The Particle-In-Cell (PIC) method
is widely used in plasma modeling. However, the PIC method exhibits grid type nu-
merical instabilities, including the finite grid instability and the numerical Cherenkov
instability that can render unphysical simulation results or disrupt the simulation.
A faithful numerical dispersion of the electromagnetic PIC algorithm is obtained
and analyzed to obtain the insight about the numerical instabilities inherent in such
a computation model [1]. Using this dispersion, we investigate how the finite grid
instability arises from the interaction of the numerical modes admitted in the system
and their aliases. Compared with the gridless model [2, 3|, we show that the lack
of spectral fidelity relative to the real system due to the aliasing effect is a major
cause of the numerical instabilities in the PIC model.

[1] M. D. Meyers et al., Journal of Computational Physics, 297, 565-583, (2015).
[2] G. Vlad et al., Computer Physics Communications, 134(1), 5877, (2001).

[3] E. G. Evstatiev, B. A. Shadwick, Journal of Computational Physics, 245, 376—
398, (2013).

Work supported by the U.S. Department of Energy through the LDRD program
at Los Alamos National Laboratory.
2Also at University of California, Los Angeles

Chengkun Huang
Los Alamos Natl Lab

Date submitted: 24 Jul 2015 Electronic form version 1.4



