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Synopsis We investigated the principal quantum number n distribution of excited states resulting from the inter-
action of Helium with strong, short laser pulses. We find excellent agreement with predictions of the semiclassical
frustrated tunneling ionization (FTI) model [1] as well as fully quantum mechanical calculations. Furthermore,
the excitation process directly populates triplet excited states due to the breakdown of the Russel-Saunders cou-
pling scheme for high orbital angular momentum [ states of Helium, which are predominantly populated in the

strong laser field.

Excitation of neutral atoms via frustrated
tunneling ionization [1] is a recently established,
important exit channel of atoms subjected to a
strong short-pulse laser field. While processes
such as the acceleration of the excited neutral
atoms in strong intensity gradients ([2],[3]) and
Coulomb explosion without double ionization in
strong laser field fragmentation of Hy [4] are con-
vincingly explained within the FTI model, the
experimental confirmation of the important pre-
diction on the excited state distribution has been
missing so far.

In our experiments we excite neutral Helium
atoms under conditions characterized by the tun-
neling regime of strong-field physics using fem-
tosecond pulses from a Ti:Sapphire laser and em-
ploy the method of pulsed field ionization in con-
junction with direct measurement of the excited
neutral atoms to analyze the distribution of ex-
cited states. This approach enables us to obtain a
measurement signal proportional to the amount
of initially excited atoms with a detection effi-
ciency of approximately 30 %.

Our measurements confirm the predictions [5]
of the FTI model as well as quantum mechanical
calculations [6] using the single-active electron
(SAE) approximation (see figure 1) showing that
one can model excitation in the tunneling regime
by an almost purely classical process.

Moreover, we find that the excitation process
also results in an efficient population of triplet
excited states of Helium [5], which results from
the fact, that states with high orbital angular
momentum [ > 3 are accessible under our ex-
perimental conditions. For these high [ states
the strict separation into singlets and triplets is
removed due to the breakdown of the Russel-
Saunders coupling scheme. The direct excitation

of triplet states is then possible via the admixture
of their singlet component.
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Figure 1. Comparison of measured (filled red
squares and blue circles) and calculated (open tri-
angles and circles) n-distributions of Helium.
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