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Abstract

With the arrival of 3rd generation synchrotron sources tunable intensive VUV/XUV
light pulses of only some ten picoseconds width are becoming available for time-resolved
experiments in order to study the dynamics of photon-induced processes.

The purpose of the present work is to develop the experimental basis to performing
dynamical studies in adsorbate/surface systems by using time-correlated laser and syn-
crotron pulses at BESSY. Focus will be on the technical aspects of synchronizing the
laser pulses and on our ..rst test experiments performed at BESSY |I.

Various pump-probe techniques in which the ..rst light pulse excites the ground-
state system and the second pulse, typically delayed intime with respect to the ..rst
one, interrogates the transiently excited intermediate state (or more generally any
temporal evolution of the system) are well established. Depending on the lifetime of the
initially excited state(s) and the relative time delay the subsequent relaxation channels
may be sampled by the probe pulse. Several methods are available for probing. The
most common ones are transient optical absorption and two-photon photoemission
(2PPE). However, until now this ..eld has almost exclusively been covered by short
pulsed lasers. Consequently, photon energies for pump and probe have essentially
been limited to photon energies below 10 eV. This ‘valence’ range of excitations has
in fact been studied intensively - particularly by two-color two-photon photoemission
(2C-2PPE) using femtosecond laser pulses. This includes excited-state dynamics in
atoms, molecules,clusters as well as in the condensed phase, the carrier dynamics of hot
electrons in metals an semiconductors and the dynamics of image states. Clearly there
are no principle limitations as to the photon energies used in a pump-probe experiment
to investigate the dynamical processes in a material. Thus, with the availability of short
and intense VUV and XUV pulses the dynamical investigations will open up the ..eld of
time-resolved core level spectroscopy. This will allow one to identify resonances due to
inner-core transitions, their absolute binding energies but also their lifetimes (provided
they are on the time scale of the synchrotron pulse width). Furthermore we will be able
to identify the various screening ecects seen by the valence electrons in the presence
of an inner-shell hole. This may be manifested in a shift of the inner-shell resonance
or the kinetic energy distribution of the photoelectrons (as a result of post-collisional
ecects). Also, there are many cases where the ionization cross section is su¢ciently
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large only for higher photon energies.

Another, probably most challenging aspect of experiments with time-correlated
VUV/XUV pulses would be the possibility of time-resolved chemical analysis. Ele-
mental inner core binding energies are known to sensitively depend on the chemical
environment of a given atom (e.g. Cls in hydrocarbons as compared to CO, graphi-
te, diamond, fullerene etc.). The corresponding energy shifts - accessible by ESCA
(,,Electron Spectroscopy for Chemical Analysis™) - may now become a tool to follow
a chemical reaction, photoplymerization processes, isomerization or molecular plana-
rization etc. in real time, provided the pump pulse inducing these transformations
(typically a UV laser pulse) is time-correlated with a tunable XUV undulator pulse.

In this work we describe our ..rst 2C-2PPE experiments using combined laser and
synchrotron/undulator pulses to study the photon-induced dynamics in adsorbate sy-
stems. The experiments were performed parallel to constructing the ‘MBI user facility
for combined laser and synchrotron experiments at BESSY II’ (funded in part by the
BMBF under contract no. 05 650BMA 6). The major technical challenge was to deve-
lop a precise and reliable synchronization of a high-repetition laser to the BESSY (I)
master oscillator for both single and multi bunch. This is complicated by the fact that
the two pulses originate from entirely independent sources, with the synchrotron light
pulses having some remarkable timing jitter. The various aspects of the synchroniza-
tion technique will be descibed. Furthermore, will we present the experimental and
technical details of the facility at BESSY Il including the surface apparatus design
and the undulator-beamline with the monochromator features. The surface systems
studied here cover (i) transient excited states in the C4s,/Ni monolayer system in the
context of charge transfer processes from the nickel substrate to the empty Cg, orbitals,
(i) the surface photovoltage dynamics as well as transiently excited surface states in
semiconductors and ..nally (iii) the electron transmission through organized organic
thin ..Ims. For cases (i) and (ii) excitation was by the fundamental of the Ti:sapphire
laser; i.e. near 1.6 eV photon energy. The laser pulse width was either 4 ps or 200 fs.
In the former case the experiments were performed in multibuch and in singlebunch in
the latter case. The organic thin ..Ims (iii) have only been investigated in the absence
of the laser pump pulse at this point. These experiments will however be outlined. It is
noted, that all these experiments were rather test experiments, performed at BESSY |,
since the present work was completed before we had the ..rst light in our beamline at
BESSY IlI.
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