
Landau damping in 1D periodic inhomogeneous collisionless plasmas

Sanjeev Kumar Pandey1,2, Rajaraman Ganesh1.2

1 Institute for Plasma Research, Bhat, Gandhinagar 382428, India
2 Homi Bhabha National Institute (HBNI), Mumbai, Maharashtra 400094, India

Abstract

Landau damping in a collisionless plasma is a well-known example for wave particle inter-

action [1]. In the past, this phenomenon was addressed for homogeneous equilibria in the linear

and non-linear limit of the perturbation amplitude [2],[3]. However, in reality, equilibria are al-

most always inhomogeneous or non-uniform in space. In the past, a few attempts were made to

address linear Landau damping in one dimensional (1D), bounded as well as periodic, inhomo-

geneous plasmas using fluid models [4],[5] and sheet simulations at large perturbation scales

[5].

In the following, we address an extensive study of linear Landau damping in a periodic inho-

mogeneous collisionless 1D plasma using a high resolution Vlasov-Poisson solver i.e VPPM-

OMP 1.0 [6] without any approximations. Considering a periodic inhomogeneous exact equi-

librium of scale k0 as the starting point, the fate of a small amplitude (linear) perturbation of

scale k is investigated using VPPM-OMP 1.0. The long wavelength perturbation k is found to

generate (k±Nk0) modes (where N is an integer), which allows damping of long wavelength

perturbation in an inhomogeneous plasma and formation of phase-space vortices at phase ve-

locities vφ = ω/(k±Nk0) [6]. The details of this work will be presented.
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[2] T. D. Arber and R. G. L. Vann, J. Comput. Phys. 180, 339 (2002).

[3] G. Manfredi, Phys. Rev. Lett. 79, 2815 (1997).

[4] E. A. Jackson and M. Raether, Phys. Fluids 9, 1257 (1966)

[5] P. K. Kaw, A. T. Lin, and J. M. Dawson, Phys. Fluids 16, 1967 (1973).

[6] Sanjeev Kumar Pandey, Rajaraman Ganesh, AIP Advances 11, 025229 (2021).

47th EPS Conference on Plasma Physics P2.4006


