
Time-Dependent Density Functional (TDDFT)

Methods for Intense Laser Fields
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Abstract

Intense laser fields interacting with atoms and/or molecules are the
current main source of coherent “attosecond” pulses. The mechanism
for the generation of such ultrashort light pulses which will allow for
the imaging and control of electrons on their natural timescale, the at-
tosecond (10**-18 sec), is rapid ionization followed by recombimation
thus generating high order harmonics. Modelling of laser-matter inter-
action in this nonperturbative nonlinear regime requires highly accu-
rate solutions of the many body time-dependent Schrödinger equation,
TDSE which is a parabolic partial differential equation of large dimen-
sion. Two time scales occur- femtosecond (10 ∗ ∗ − 15) for nuclei and
attosecond (10∗∗−18) for electrons.To date only “adiabatic” TDDFT
has been used with mitigated results [1].

We have already solved exactly numerically on large supercomputer
grids the H2 molecule(the 2-electron problem) in intense laser fields
both in 3-D and 1-D, the latter allowing in principle to incorporate
nuclear motion. These exact solutions of the 2-electron wave function
allow us to compute the exact Kohn–Sham (KS) local potential as a
function of time,intensity,frequency and internuclear distance.

The numerical methods for solving these TDSEs will be presented,
from nonlinear coordinate transformations [2] to high order
split-operator methods previously developed in our group [3]. Finally
it will be shown that a hydrodynamic approach will be very appropri-
ate for TDDFT using a KS scheme in treating intense laser-molecule
interactions even beyond the standard dipole approximation.
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