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Many plasmas are not in local thermodynamic equilibrium
(LTE), and describing their evolution is a forefront research
area across plasma science. Often, the evolution of non-LTE
plasmas is interpreted using the first few fluid moments of
the phase space density — density, momentum, bulk kinetic
energy, and internal energy. However, for a system not in
LTE, there are an infinite number of possible moments of the
phase space density that can be important. The evolution of
. higher order moments is typically not considered. We dis-
cuss an approach to describe the evolution of all higher order
moments (Phys. Rev. Lett., 130, 085201, 2023) that employs
the so-called relative entropy (J. Soc. Indust. Appl. Math., 13,
259, 1965) describing all the non-LTE structure of the phase
WEdneSday space density. We derive an equation for its time evolution
March 20, 2024 and argue its form is related to the first law of thermodynam-
3:30 pm ics. We introduce a new quantity we call the “higher order
Room 1005 EECS non-equilibrium terms (HORNET) which quantifies the rate
a phase space density approaches or moves away from LTE
(Phys. Rev. E, submitted). It has dimensions of power density
so it can be directly compared to standard power densities.
We demonstrate the results in particle-in-cell simulations of
magnetic reconnection, decaying plasma turbulence, and
Landau damping of Langmuir waves.
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