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Synopsis We present the first experimental evidence which qualitatively shows that frustrated tunnel ionization

results in a larger number of excited neutrals per a tunnelling event for 6 fs pulses compared to 30 fs pulses. In

addition, we also observe a less severe dependence on elliptical polarization for the 6 fs pulses. Furthermore, by

varying the carrier envelope phase of the shorter pulse, we observe a modulation in the yield of excited neutrals

which indicates possible control of electron trajectories.

The fact that a strong laser field can perturb
the atomic potential of an atom allowing an elec-
tron to tunnel ionize lays the foundation for a
rich set of phenomena. One such phenomenon is
that of frustrated tunnel ionization (FTI) where
the tunnelled electron is not ionized completely
but is accelerated back towards the vicinity of the
parent ion and recaptured into an excited state
by the Coulomb field [1].

The detection of these excited neutrals re-
quires a specific experimental set up and there-
fore only a few experimental studies investigating
the creation of these states exist. Furthermore
all experimental studies have been exclusive to
multi-cycle laser pulses [1, 2, 3]. While FTI in
few-cycle pulses has been investigated through
the detection of radiation from the subsequent
decay to the ground state [4], the only investi-
gations dealing with the direct detection of the
excited states have been through simulations [5].
Semi-classical simulations show that the FTI pro-
cess depends significantly on the number of cycles
that the liberated electron experiences. It pre-
dicts that as the number of cycles in the pulse
increases, the ratio of excited neutrals to total
number of tunnelling events decreases due to the
higher probability of a high energy collision re-
sulting in ionization.

In this work, we present the first experi-
mental evidence that a larger number of tun-
nelled electrons are trapped in excited states

as the pulse duration is decreased. We exploit
the fact that a significant proportion of excited
atoms decay into the metastable state which
we then detect directly with a micro-channel
plate [1]. Ions are collected and temporally dis-
placed from metastable atoms using electric fields
in a typical time of flight set up collinear with
an atomic argon beam. Comparing the Ar* and
Ar+ yields from 6 and 30 fs pulses centred at
800 nm with intensities ranging between 0.7 and
3 ×1014 W/cm2, we find that the shorter pulse
results in a larger ratio of Ar*/Ar+. In addition,
we compare the dependence of ellipticity on the
production of Ar* and find a less severe depen-
dence in the shorter pulse compared to the longer
pulse. Furthermore, we explore the effect of vary-
ing the carrier-envelope phase of the 6 fs pulse to
control the dynamics of the electron after tun-
nelling. We observe a modulation in Ar* yields
in the order of 8% with varying CEP, indicating
subsequent control of electron trajectories in the
FTI process.
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