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Synopsis The interaction of intense few-cycle light pulses and matter has given rise to a number of high-field
physical processes that are of great interest. The high non-linearity of such interactions necessitates complex
numerical simulations in order to retrieve useful physical measurements from the experimental data. Here we
demonstrate quantitative agreement at the 10% level between experimentally obtained integrated photoelectron
spectra and numerical simulations for above-threshold ionization in the intense few-cycle regime. The use of
atomic hydrogen provides a key experimental innovation as it is the only electronic system for which ab initio
simulations in this regime are available.

Above-threshold ionization (ATI) is the pro-
cess whereby an atom can absorb more photons
than the minimum number required for ioniza-
tion to occur [1]. Since its discovery by Agostini
et al in 1979 [2], many studies on the process of
ATI have been done both in theory and exper-
iment. In the few-cycle regime, agreement be-
tween theory and experiment has been qualita-
tive at best. We demonstrate the first experiment
in ATI of atomic hydrogen using few-cycle pulses
that shows an unprecedented level of quantitative
agreement between experiment and theory.

The experimental apparatus consists of a lin-
early polarized few-cycle strong-field laser, an
atomic H beam and a detection system. Laser
pulses of energy 150 µJ, ∼6.0 fs duration and 1
kHz repetition rate intersect and ionize the or-
thogonally oriented H beam. The H beam is
created via collisional dissociation of H2 in to H
via a radio frequency discharge. Photoelectrons
ejected from the interaction region traverse a se-
ries of electrostatic lenses which act to repel low
energy electrons before being accelerated to∼250
eV for detection by a channeltron. Processing of
the channeltron signal produces the integrated
photoelectron yield as a function of the retard-
ing voltage applied to the electrostatic lenses.

Recently submitted work of the compari-
son between the experimental data and theo-
retical data simulated from direct integration of
the non-relativistic time-dependent Schrodinger
equation (TDSE) is shown in Figure 1. This re-

markable quantitative agreement is achieved over
a wide range of electron energies and laser inten-
sities and shows the critical dependence on the
implementation of the theoretical models. We
have also investigated the effect of laser chirp on
the ejected photoelectron yield.

Figure 1. Experimental data (dots) versus theo-
retical predictions (solid line). Experimental data
agrees quantitatively with TDSE calculations at the
10% level. The laser intensity ranges from 1.2 to 5.4
x 1014 W/cm−2.
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