Nonlinear structures in the Martian magnetosheath
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The Martian environment provides a compelling laboratory for the study of space plasma
physics. Mars does not naturally possess a magnetic field, but the Martian atmosphere's mass
loading and conductive ionosphere function as barriers to the solar wind, creating the bow shock
and the induced magnetosphere. In this rich plasma environment a variety of plasma processes
have been reported, including the occurrence of Electrostatic Solitary Waves (ESWs). In Space
plasmas, the signature of ESWs are usually recorded as bipolar electric field fluctuations of short
duration moving predominantly parallel to the magnetic field. Very recently Kakad et al. [1]
reported the existence of ESWs in the Martian magnetosheath plasma. Motivated by this
observation, we have explored the dynamics of localized electrostatic structures from first
principles.

In the plasma environment encountered in the Mars’s quasi-magnetosphere, along with the solar
wind injected protons and electrons there are also traces of the coexistence between positive and
negative ions [2, 3]. In this regard, we have formulated a negative ion multi-fluid plasma model
and analyzed the structure and the propagation characteristics of various kinds of potential pulses
using the reductive perturbation technique. An extended Korteweg-de Vries (eKdV) i.e. a
Gardner equation can be derived for a certain plasma configuration, giving rise to various types
of analytical solutions. The relation to large amplitude (i.e. Sagdeev theory based) models is
investigated. Our results are corroborated upon critical comparison with the solitary structures
observed in the Martian magnetosphere [1].
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