Asymptotic behaviour of stationary solutions to the
Vlasov—-Poisson system in a polygon

F. Karamt, S. Labrunié, B. Pinconrd

I ESTE, Universié Cadi Ayyad, Essaouira, Morocco
2 Institut Elie Cartan, Universé de Lorraine, Nancy, France

Consider the stationary solution to the Vlasov—Poissotegysn a domairf2 ¢ R, corre-
sponding to the Maxwell-Boltzmann distributioffi{t, ¢, v) o« exp —(3 |v]? + ¢(x) — de(z)).
This distribution function models the equilibrium of a pdgtion of charged particles under the ef-
fect of its self-consistent potentialand of an external (confining) potential created by “fixed”
charges and/or an applied voltage. Integrating in the kingiriablewv, we find that the former is
solution to the nonlineaBoltzmann—Poisson problem

—Ap =ke* % = pinQ, /pdx:M, p=00onl Uy, 0O,0p=00nT5 (1)
Q

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

—A¢o=piNQ, p.=00nT1, ¢.=0c¢yonly, 0,6, =00nT;3. (2)

Above, we have set)) = I'; U Ty U I'3, with 'y andl's possibly empty.

When €2 is non-convex and non-smooth, the potentials¢. are singular. and their gra-
dients (which make up the electrostatic field) are unbounuest re-entrant edges or vertices
(the well-knownpoint effec}. In the case of a polygon iR?, the singular part of the solu-
tion is described by a finite number singularity coefficients\, \.: in local polar coordinates
P(r,0) = A1 sin(a0) + Preg(r, 0), With ¢ree € H?(12).

We are interested in the asymptotic behaviour of the coefftsix, A under various limits,
such asM — +oo and¢;, — +oo. The usual boundary layer techniqués not work as the
limiting problems seem to be ill-posed. We introduce a nepragch [1], based on the theory of
large solutions to théoundary blow-up problem

Au=p(z)e*inQ, wu—+ooneal's, u=gponlp, J,u=gyonly, 3)

wherel', andT'y can be empty, butt'p # ) = TI'y # ) and 3N Tp = (. The problem (3)
has been studied by many authors in the dgse-= 02; see [2] for a review. Under “reasonable”
conditions, we show that it has a unique solution wkkeis a polygon. Using large solutions as
auxiliary variables, we determine the asymptotic behavidu: and .
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