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Plasma sheath is a narrow plasma layer formed in front of the plasma facing components (PFC) 

[1]. It strongly affects the particle and the heat fluxes to and from the PFC and influences overall 

plasma discharge performance, as well as lifetime of PFC components. For decades the classical 

model of the plasma sheath serves as a basics of plasma probe diagnostics, which is used for 

estimation of the particle and the heat fluxes at the PFC in plasma processing and magnetic 

confinement fusion plasma devices. Especially important to predict power loads to the PFC for the 

next generation fusion devises, e.g. like ITER and DEMO, to avoid their damage [2].  

Recently, we find out that the properties of the plasma sheath for high density regimes can 

significantly deviate from the classical one [3]; E.g. the plasma power loads to the so called 

divertor plates of fusion devices can exceed the values predicted from the classical sheath model 

by order of magnitude. In the present work we consider the plasma sheath for even higher densities, 

relevant for next generation magnetic fusion devices, and demonstrate that such sheath has 

different properties. Namely, the ion transport to the PFC is diffusion-dominated. As a result, the 

plasma flow becomes subsonic, the sheath potential drop does not necessarily scale with electron 

temperature and the energy and the angular distribution functions of the ions impinging PFC 

surface are flat. We discuss the consequences of these new properties for the plasma exhaust in 

next generation fusion devices, for the plasma-surface interaction processes and the plasma probe 

diagnostics.  

The diffusive sheath model developed in this work is based on high resolution kinetic modelling 

and simplified analytic approach. It is applicable not only to fusion relevant plasmas, but to any 

boundary plasma with sufficiently high Coulomb collisionality.    
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