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" New effects in optical tunnelling”

Tunnelling is a ubiquitous quantum process playing fundamental role
in many areas of physics, chemistry, and biology. It can occur
naturally or be induced by an external field, whether static or a low-
frequency oscillating. In this talk I will discuss several effects
associated with tunnel ionization induced by an intense low-
frequency laser field, starting with atoms and moving on to chiral
molecules. First, I will discuss opportunities to use precisely
controlled, circularly polarized few-cycle laser pulses to measure the
so-called tunnelling delay times — the time an electron can spend
while moving in the classically forbidden region under the barrier. I
will show that delays during tunnel ionization of one-electron
systems are equal to zero (at least within non-relativistic quantum
mechanics), but that electron-electron correlation may be modifying
this picture [1]. Next, I will discuss unexpected consequences of
tunnelling from states with non-zero angular momentum in
circularly polarized laser fields. I will show that states co-rotating and
counter-rotating with the laser field tunnel differently, leading not
only to the different electronic spectra but also to the generation of
few-femtosecond long, spin-polarized electron bunches [2]. Finally, I
will show that tunnel ionization of molecules can create holes that
move, that the motion of these holes can be sensitive to the topology
of the molecule, and that it can be used to follow the dynamics of the
chiral response with both high sensitivity and sub-femtosecond time
resolution [3].
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