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Synopsis

We theoretically describe the outcome of an attosecond XUV pump-probe experiment in the smallest

amino acid, glycine. We accurately evaluate the ionization amplitudes for the pump and the probe pulses. The
molecular wave packet is then time-propagated using a trajectory-based Surface Hopping approach, accouting for
the momentum distributions of the nuclei. Experimentally measurable photoelectron spectra are retrieved.

We investigate the ultrafast electron dynam-
ics in ionized glycine using an attosecond XUV-
pump/XUV-probe scheme. The existence of ul-
trafast charge migration was originally discussed
by Weinkauf and collaborators after their pio-
neering studies on peptide chains [1]. Subsequent
theoretical investigations by Cederbaum and col-
laborators demonstrated that sub-femtosecond
charge fluctuations where observed in several
biomolecules after sudden ionization, as a result
of a superposition of cationic states [2]. The first
experimental evidence was obtained in 2014 in
the aminoacid phenylalanine, using an attosec-
ond UV-pump/IR-probe scheme [3]. In this ex-
periment, the large bandwidth of the attosecond
pulse generates a superposition of one-hole states
leading to a highly delocalized hole density that
also fluctuates in the attosecond time scale.

A theoretical description of ultrafast charge mi-
gration in molecules first requires an accurate
evaluation of the ionization amplitudes, which
has only be achieved by a few theoretical ap-
proaches [3, 4]. Despite the theoretical efforts
devoted to understand this phenomenon in large
molecules, most prevoius studies assume the nu-
clei to be frozen, which is a valid approach for the
first few femtoseconds [5], but unable to predict
the subsequent molecular fragmentation. More
importantly, existing methods to date have fo-
cused on describing the electron dynamics fol-
lowing the ionization induced by the pump pulse,
but ignored the role of the probe pulse, except in
arecent theoretical study in COg [6]. The present
work presents our progress to describe a complete
XUV-pump/XUV-probe experiment in glycine.
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Ionization amplitudes are accurately evaluated
using the static-exchange DFT approach within
the time-dependent perturbation theory formal-
ism [5], while the coupled electron-nuclear mo-
tion is then described using a Surface Hopping
approach [7]. The final photoelectrum spectrum
is retrieved for different probe pulses. Ongoing
progress to retrieve different fragmentation paths
will be presented.
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Figure 1. XUV-pump/XUV-probe time-resolved
photoelectron spectra for glycine.
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