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Consider the stationary solution to the Vlasov–Poisson system in a domainΩ ⊂ R
d, corre-

sponding to the Maxwell–Boltzmann distribution:f(t,x, v) ∝ exp−(1
2
|v|2 + φ(x) − φe(x)).

This distribution function models the equilibrium of a population of charged particles under the ef-
fect of its self-consistent potentialφ and of an external (confining) potentialφe created by “fixed”
charges and/or an applied voltage. Integrating in the kinetic variablev, we find that the former is
solution to the nonlinearBoltzmann–Poisson problem:

−∆φ = κ eφe−φ := ρ in Ω,

∫
Ω

ρ dx = M, φ = 0 onΓ1 ∪ Γ2, ∂νφ = 0 on Γ3. (1)

where themassM > 0 of the distribution is given andκ > 0 is unknown; while the latter is
solution to the linear problem:

−∆φe = ρe in Ω, φe = 0 onΓ1, φe = φin onΓ2, ∂νφe = 0 onΓ3. (2)

Above, we have set:∂Ω = Γ1 ∪ Γ2 ∪ Γ3, with Γ2 andΓ3 possibly empty.

WhenΩ is non-convex and non-smooth, the potentialsφ, φe are singular: and their gra-
dients (which make up the electrostatic field) are unboundednear re-entrant edges or vertices
(the well-knownpoint effect). In the case of a polygon inR2, the singular part of the solu-
tion is described by a finite number ofsingularity coefficientsλ, λe: in local polar coordinates
φ(r, θ) = λ rα sin(α θ) + φreg(r, θ), with φreg ∈ H2(Ω).

We are interested in the asymptotic behaviour of the coefficientsκ, λ under various limits,
such asM → +∞ andφin → +∞. The usual boundary layer techniquesdo not work, as the
limiting problems seem to be ill-posed. We introduce a new approach [1], based on the theory of
largesolutions to theboundary blow-up problem

∆u = p(x) eu in Ω, u → +∞ nearΓB, u = gD onΓD, ∂νu = gN onΓN , (3)

whereΓD andΓN can be empty, but:ΓD 6= ∅ =⇒ ΓN 6= ∅ andΓB ∩ ΓD = ∅. The problem (3)
has been studied by many authors in the caseΓB = ∂Ω; see [2] for a review. Under “reasonable”
conditions, we show that it has a unique solution whenΩ is a polygon. Using large solutions as
auxiliary variables, we determine the asymptotic behaviour of κ andλ.
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