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This presentation aims to provide an overview of the 

current state of the art in research related with the 

formation and dynamics of electrostatic nonlinear 

structures in Space plasmas. Some of the topics to be 

covered include electrostatic solitary waves in non-

Maxwellian Space (dusty) plasmas [1], supersolitons [2,3] 

and extreme wave events (freak waves) [4]. I will discuss 

the underlying mechanisms involved in the formation and 

propagation of these structures, and how these are 

manifested at different spatiotemporal scales in various 

plasma situations. Certain recent results [5-8], focusing on 

the interpretation of E-field waveforms observed in 

planetary magnetospheres, will be presented.  

 

Localized electrostatic structures in Space plasmas are 

typically manifested in observations as bipolar E-field 

pulses, accompanied by co-propagating pulse-shaped 

localized density excitations. Asides the “standard” 

bipolar waveforms that were e.g. recently detected in 

MAVEN data from Mars’s induced magnetosphere [5,9], 

these may feature different, rather counter-intuitive 

profiles, such as supersolitary waves [2, 3] and flat-top 

solitary waves [6, 8].   

 

I shall focus on the distinction among different types of 

electrostatic structures and how it depends critically on the 

plasma composition, i.e. taking into account the multi-ion 

plasma environment present e.g. in the Martian upper 

layers of the magnetosphere, in addition to the coexistence 

of different electron populations with nonthermal 

distribution, originating from interactions with the solar 

wind [6, 8] or created by various electron acceleration 

mechanisms. The role of negative ions, in particular, will 

be shown to be crucial in determining the polarity of 

electrostatic structures, as well as the influence of 

suprathermal electrons on the morphology of nonlinear 

waves.   
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