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Article details Abstract
Classical plasma physics is mainly focused on the regimes of high
Received: 2025/11/19 temperatures and low densities, where quantum mechanical effects
Accepted: 2026/04/27 are negligible and a description based on the Vlasov—Poisson
Published: 2026/05/31 equations is sufficient. However, recent advances in metallic

nanostructures, semiconductor devices, and dense systems have
highlighted the necessity of studying plasmas in regimes where
quantum effects of particles play a decisive role in the dynamics of
the system. In this paper, a coherent analytical and comparative
review of the common theoretical frameworks for describing
electrostatic and collisionless quantum plasmas is presented,
including the full Wigner—Poisson kinetic model, the Hartree
Correspondence email: equivalent description, quantum fluid models, and semiclassical
z.kiamehr@tafreshu.ac.ir kinetic approximations. The main focus of this review is to
determine the limits of validity of these models, especially in the
nonlinear regime, and to compare the physical assumptions
underlying each of them. Relying on the available analytical results
and selected numerical simulations of the Vlasov—Poisson and
Wigner—Poisson equations, it is shown that the difference between
the classical and quantum descriptions is not limited to the
quantitative modification of the Landau damping rate in the linear
regime, but also manifests itself qualitatively in the nonlinear
evolution of the system. In the classical framework, damping
saturation occurs through particle trapping and the formation of
stable phase space structures, while in the Wigner—Poisson
description, nonlocality and quantum interferences prevent the
formation and stability of these structures, and effective damping
persists even at long times. It is also shown that fluid and
semiclassical models, although applicable in some transition
regimes, can systematically underestimate the nonlinear dynamics
and the true intensity of damping. In fact, this paper, by providing
a clear comparative framework, delineates the boundary between
classical, transition, and quantum regimes and provides a coherent
basis for interpreting existing theoretical and numerical results in
the study of collisionless quantum plasmas, especially in dense
systems.
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