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Kappa distributions have become increasingly widespread in Space Physics as the power-law nature of various
suprathermal tails is merged with the classical Maxwellian cores. Kappa distributions are frequently used to
describe particle populations in the heliosphere, from solar wind and planetary magnetospheres to the
heliosheath and beyond, the interstellar and intergalactic plasmas. Recent theoretical developments explain
the origin of kappa distributions through statistical mechanics and thermodynamics, revealing the robust
physical meaning of temperature and kappa that parameterize these distributions. These have been shown
to be involved in numerous space plasma properties and processes, e.g., polytropic expansion, particle
acceleration and circulation; pickup ions; plasma instabilities, etc. Here we review the recent developments
in regards to the theory of kappa distributions and its thermodynamic origin: (1) Kappa distributions maximize
the entropy of nonextensive statistical mechanics under the constraints of canonical ensemble; (2) Systems
exchanging heat with each other and reaching thermodynamic equilibrium are stabilized always into the
formulation of kappa distributions; (3) Polytropic flows are uniquely consistent to kappa distributions and
their statistical formalism; and (4) The concept of entropy defect, that is, the decrease of entropy due to long-
range correlations among the constituents is one-to-one consistent with the formulation of kappa
distributions.
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