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Great progress in computer technology opens up
the possibility for ab initio numerical study of various
ionization-stimulated phenomena arising from the
interaction of atoms and molecules with intense laser
pulses. These include the excitation of a lowfrequency current (with frequencies much lower than
the optical one) in a plasma created by a laser pulse.
The interest to this phenomenon is associated with the
possibility of its use for the generation of coherent
and broadband radiation in the terahertz and midinfrared ranges and possibility of tuning the spectrum
of generated radiation [1-11]. The low-frequency
current density is excited effitiently under the
asymmetry of ionizing pulses [1-10] or ionized
molecules [11]. Among the various methods of
generating low-frequency current, the most wellknown one is based on the use of two-color ionizing
laser pulses [1-8]. The low-frequency current is
generated at some combination frequency of twocomponent laser pulse for a whole set of ratios
between component frequencies [5-8].
The efficient excitation of high-power terahertz
and mid-infrared radiation is associated with the need
to use of high-intensity laser pulses, which produce
fast ionization of a gas medium and accelerate the
freed electrons up to high energies [2, 5, 7, 9, 10]. The
action of such intense pulses on atoms or molecules
(most of which are multielectron quantum systems)
may be accompanied by a dynamic response of various electron orbitals, which was not taken into account in previous similar studies. This response can
significantly influence the magnitude and waveform
of the low-frequency current.
This paper is devoted to direct numerical simulations of ionization-induced excitation of lowfrequency electron current density in multielectron
atoms of noble gases. Our approach is based on the
time-dependent density functional theory (TDDFT),
which has recently been increasingly used in atomic,
molecular, and strong-field physics [12]. The basis of
this approach is the system of time-dependent KohnSham (TDKS) equations, which takes into account the
interaction of electrons with the atomic nucleus and
the external electric field of the laser pulse, as well as
the electron-electron interaction. In the atomic system
of units (in which e = = me = 1 , where
is the
reduced Planck constant, e = | e | is the charge and
me is the mass of the electron) these equations are:
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Here, n is the wave function of the n-th TDKS
orbital, Z is the nuclear charge, N is the number of
electrons, (r,t) is the electron density, and Vee[ (r,t)]
is the potential of electron-electron interaction. The
initial Kohn-Sham orbitals correspond to electronic
configuration of the unperturbed atom. For considered
noble-gas atoms, the atomic orbitals are initially occupied by the pairs of electrons with opposite spin.
Due to the weak influence of the magnetic field, the
zero spin polarization is conserved during interaction
with the laser pulse. The electron density is related to
TDKS orbitals by equality
N
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The electron-electron interaction potential consists of
the Hartree potential VH [ (r , t )] = d 3 r (r ) / r r ,
describing the electron repulsion in the framework of
the mean field and the exchange-correlation potential
for which the spin unpolarized form of LB94
approximation [12] is used.
Using TDKS orbitals and Ehrenfest's theorem we
find the time-dependent dipole acceleration of the
atomic system:
a(t ) = NE(t )

d 3r

Zr
r3

(r, t ).

(3)

The obtained dipole acceleration is proportional to the
time derivative of macroscopic electron current
density,
j(t )
(4)
= N m a (t )
t
where Nm is the gas density before the start of the
ionization process.
Based on the developed computer code for
solving the 3D TDKS, we calculate the current
density j(t) excited by two-color laser pulses
containing the main and second harmonics in a wide
range of intensities and durations of the laser-pulse
components. The found electron current density j(t)
has a very wide frequency spectrum. Besides the lowfrequency part, it contains a large component at the
frequency of the ionizing laser pulse and its low-order
harmonics. Also it contains a wide plateau ending
with a pronounced cutoff in the frequency region,
which corresponds to the extreme UV or soft-x-ray
radiation [13]. We extract the low-frequency
component from the full current density and study
differences in its excitation for different noble-gas
atoms. The results obtained on the basis of TDDFT
are compared with the calculations of the singleactive electron (SAE) approximation. In the
framework of SAE approximation all orbitals except
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the parent ion is described by a static potential well. It
is shown that taking into account the dynamics of all
the electrons can lead to a change in the optimal
relative phase between the components of the twocolor laser pulse and in the corresponding maximum
low-frequency current. Based on the results obtained,
the range of applicability of SAE approximation is
determined.
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