Approximate boundary conditions for nonlinear Schrodinger equa-

tions and applications to computational methods.

In many applications, and most particularly in the case of dispersive
equations, the (system of) PDE(s) that must be numerically solved is set
in an unbounded spatial domain. This is for example the case of the time
dependent Schrodinger equation that arises in laser modeling and quantum
physics. However, this situation is also met for example for the KdV or
Davey-Stewartson equations. In view of a numerical treatment, one must
truncate the spatial domain into a bounded one that we call 2 here. Of
course, to get a solvable problem, a boundary condition must be imposed
on the associated nonphysical fictitious boundary 3 = 9€2. This problem is
better known as building artificial or absorbing boundary conditions (ABCs)
for PDEs.

In the case of the Schrédinger equation that can be considered as a model
problem, serious developments related to ABCs have been proposed. Even
for the simplest prototype, the one-dimensional linear constant coefficients
Schrodinger equation, both the theoretical construction and the numerical
discretization of the ABCs are nontrivial. Indeed, in this case, the ABC, that
can be written through the Dirichlet-to-Neumann (DtN) operator, involves
fractional derivative operators that must be carefully discretized to get fully
unconditionally stable schemes. In the case of higher dimensions, variable
coefficients and nonlinear problems, the theoretical developments require the
use of much more advanced mathematical techniques, basically pseudodiffer-
ential and microlocal analysis methods.

We will present the usual methods to determine ABC for nonlinear Schro-
dinger equation in one and two dimensional setting. We will also address the
question of approximation of the nonlocal Dirichlet-to-Neumann operators
and present numerical simulations.

References

[1] X. Antoine, A. Arnold, C. Besse, M. Ehrhardt, and A. Schiadle. A
review of transparent and artificial boundary conditions techniques for
linear and nonlinear Schrodinger equations. Commun. Comput. Phys.,

4 (4):729-796, 2008.



2]

X. Antoine, C. Besse, and P. Klein. Absorbing Boundary Conditions for
General Nonlinear Schrodinger Equations. SIAM Journal on Scientific
Computing, 33:1008-1033, 2011.

X. Antoine, C. Besse, and P. Klein. Absorbing Boundary Conditions for
the Two-Dimensional Schrodinger Equation with an Exterior Potential.
Part I: Construction and a priori Estimates. Mathematical Models and
Methods in Applied Sciences, 22:50026-50064, 2012.

X. Antoine, C. Besse, and P. Klein. Absorbing Boundary Conditions for
the Two-Dimensional Schrodinger Equation with an Exterior Potential.

Part II: Discretization and Numerical Results Numerische Mathematik,
(DOI) 10.1007/s00211-013-0542-8, 2013.



