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Frustrated tunnel ionization of argon by intense few-cycle infrared
laser radiation
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Synopsis We report results for strong-field ionization and excitation of argon obtained by solving the time-

dependent Schrödinger equation in a single-active-electron model. We analyze the process of “frustrated tunnel

ionization” and its dependence on the potential and a variety of laser parameters, such as the intensity, carrier-

envelope phase, and ellipticity. Our calculations support current experimental work at Griffith University.

We have carried out calculations for strong-
field ionization and excitation of argon by solv-
ing the time-dependent Schrödinger equation in
a single-active-electron model for the initially
bound 3p electron. In particular, we are inter-
ested in the process of “frustrated tunnel ion-
ization” [1, 2], where the field-ionized electron is
driven back towards the nucleus by the chang-
ing laser field and ultimately recaptured into an
excited bound state without the possibility of es-
caping again, due to the fact that the few-cycle
pulse has already weakened too much. This pro-
cess is currently being investigated experimen-
tally at Griffith University [3]. We discuss the
effect of different potentials, the carrier-envelope
phase (CEP), the laser intensity, and the elliptic-
ity of the radiation on the theoretical predictions.

Figure 1 shows the probabilities for survival
of the Ar(3p6) ground state (Psurv) as well as for
excitation of any Rydberg state (Pexc) and ion-
ization (Pion). In order to increase the visibility
regarding the dependence on the CEP of the lin-
early polarized laser field, the bottom part of the
figure shows the probabilities normalized to their
respective maximum. The current results were
obtained with the static potential suggested by
Green et al. [4], which was supplemented by a
semi-empirical local potential to account for the
electric dipole polarizability of the residual core.

Our calculations suggest a particularly strong
CEP dependence of the probability for frus-
trated ionization, while the survival and ion-
ization probabilities remain relatively constant
when the CEP is varied. For the parameters
chosen here, about 10% of the initially freed elec-
trons are recaptured into bound states.
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Synopsis We report calculations for strong-field ionization and excitation of argon by directly solving the

time-dependent Schrödinger equation in a single-active electron model. Specifically, we analyze the process of

“frustrated tunnel ionization” and its dependence on a variety of laser parameters, including the carrier envelope

phase.

We report calculations for strong-field ioniza-
tion and excitation of argon by directly solving
the time-dependent Schrö dinger equation in a
single-active electron model. In particular, we
are interested in the process of “frustrated tun-
nel ionization”, where a field-ionized electron is
driven back towards the nucleus by the changing
laser field and ultimately gets recaptured into an
excited bound state without the possibility of es-
caping again due to the fact that the few-cycle
pulse has already weakened too much. This pro-
cess is currently being investigated experimen-
tally at Griffith University [1] and also theoret-
ically, using a semi-classical model, at Illinois
Wesleyan University [2]. We discuss the effect of
different potentials and carrier-envelope phases,
as well as the laser intensity and the ellipticity
of the radiation, on the theoretical predictions.
Where possible, we compare our results with ex-
perimental data and other theoretical results. [1]
R.T. Sang (2019), private communication. [2]
B.A. deHarak (2019), private communication.

As seen in Fig. 1, ...
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Figure 1. Absolute (top) and normalized to their

respective maximum (bottom) probabilities for sur-

vival of the ground state, excitation, and ionization

of the 3p valence electron in argon as a function of

the CEP for a 6 fs (FWHM) 800 nm laser pulse of

peak intensity 2.0 × 1014 W/cm2, as obtained with

the static GSZ potential supplemented by a phe-

nomenological local polarization potential.
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Figure 1. Absolute (top) and normalized (bottom)

probabilities for survival of the ground state, exci-

tation, and ionization of Ar(3p) as a function of the

CEP for a 6 fs (FWHM) 800 nm laser pulse of peak

intensity 4.0 × 1014 W/cm2. See text for details.
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