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Synopsis We experimentally observed high-lying (n>238) Rydberg states which are formed through recapture of
electrons after strong field interaction in atoms and small molecules using electron and ion coincidence detection.
The high-lying Rydberg states are identified through weak DC field-induced ionization.

In general, high-lying Rydberg states of
atoms and molecules have quite low ionization
potentials which may lead to over-barrier ion-
ization in weak electric fields. Recent theoreti-
cal and experimental results indicate that such
states play an important role in the interac-
tion of atoms and molecules with strong laser
fields [1, 2].

In this submission, we report direct observa-
tion of post-pulse detachment of electrons from
high-lying Rydberg states which have previously
been recaptured by the ionic core after strong
field ionization in atoms and small molecules. In
the experiments, we measured electrons and ions
from the strong field ionization of atoms and
molecules in coincidence using the reaction mi-
croscope technique [3, 4].
performed with 795 nm, 25 fs laser pulses with
peak laser intensity on the order of 1 x 10
W/em? (peak electric field 3 x 10% V/em). Weak
DC fields (from 0.1 V/em up to 30 V/cm) are ap-
plied not only to accelerate charged particles to
the detectors but also to induce field ionization of
high-lying Rydberg states. Three types of atomic
gases (argon, helium, and neon) and four types
of molecular gases (hydrogen, ethylene, acetylene
and 1,3-butadiene) were measured in the experi-
ments.

Measurements were

After tunneling ionization of the gases in the
strong laser field, a small fraction of electrons
can be recaptured to form Rydberg states when
the laser pulse is past. Later, electrons from
very high-lying Rydberg states will be re-ionized
by the very weak DC field through over-barrier
or tunneling ionization. In the measurements,
we observed such DC field induced ionization
of high-lying Rydberg states for all measured
targets except for 1,3-butadiene. This refers
to an instability of highly excited 1,3-butadiene

resulting in molecular dissociation prior to re-
ionization.

Measured photoelectron-photoion-coincidence
(PEPICO) spectrum for argon is presented in
Figure 1, in which we can clearly distinguish the
signals originating from the strong field ioniza-
tion and the weak DC field ionization.
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Figure 1. Measured PEPICO spectrum for argon.

We estimate the minimum primary quan-
tum number n of the detected DC field-ionized
Rydberg states from the ionization threshold
(—2V/F) for static field over-barrier ionization.
For an electric field of 0.1 V/em, we find that
only Rydberg states with n>238 is depopulated
by the weak DC field.
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