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Abstract

Suprathermal populations enhancing the high energy tails of the velocity distributions

are characteristic to the solar wind and planetary environments, but may be associated with

any other non-equilibrium plasma systems in experiments or astrophysical scenarios. The

attempts to apply Kappa (power-law) distribution models and describe realistically non-

equilibrium plasmas are not always successful, and may lead to serious confusions and er-

roneous conclusions. Here it is proposed a comparative analysis to outline recent progress

made in the analysis of Kappa distributed plasmas. Kinetic modeling reveals systematic

destabilizing effects triggered by the free energy of suprathermal populations, leading to

enhanced fluctuations. Suprathermals become thus a specific component self-consistently

entertaining a certain level of wave fluctuations and turbulence in non-equilibrium plasmas.

On the other hand, a moment-based macroscopic description is in general limitedto a mod-

erate presence of suprathermal populations, i.e., to large enough valuesof spectral index

κ > (l +1)/2. However, the so-called regularized Kappa models have recently beenintro-

duced to overcome these limitations and keep a fundamental description basedon standard

definition of extensive entropy.
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