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Attosecond control of electrons inside of graphene and
in free-space beams

Abstract

Attosecond and strong-field physics represent an entirely new field that has not only allowed the generation of attosecond
extreme ultraviolet light pulses but also controlling electrons on these extremely fast atomic times scales. Spectacular insights
have so been gained in various kinds of atomic and molecular processes over the last 25 years. More recently, strong-field and
attosecond physics phenomena have been observed at the surface of and inside of solids [1, 2], where the various material
classes allow for a rich variety of phenomena to be observed. Because electrons driven at the apex of sharp needle tips are
sensitive to the optical carrier field, we could recently measure the phase of a focused broadband pulsed laser beam in full 3-d
[3]. Inside of graphene, an atomically thin sheet of carbon atoms, we could show the transition from the weak-field to the
strong-field regime. In the latter, interband propagation and intraband transitions are coupled, and electrons undergo
Landau-Zener-Stiickelberg interferometry, where the quantum phase determines whether or not an electron is excited to the
conduction band. This takes place on the 1-femtosecond time scale, representing the fastest current switching in a conductor [2].
With free-space electron beams, we have recently demonstrated a novel acceleration scheme called dielectric laser acceleration
[4]. Here, a photonic nanostructure is used to shape the optical field such that efficient electron acceleration can take place [5].
Interestingly, the electrons in the beam become bunched on sub-cycle time scales. We could recently show an electron pulse
train with pulse duration of less than 300 attoseconds [6], generated with the help of a traveling optical grating [7].
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