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Ultrafast structural dynamics in solid matter studied by x-ray diffraction

In many modern materials the correlation among outer shell electrons leads to interesting properties such as
superconductivity, colossal magnetoresistance and multiferroicity. Often the interactions of the long range order of the
electronic degrees of freedom such as charge, orbital and magnetic order couples to the underlying lattice. The study of
these different types of orders using x-ray diffraction has become an essential tool for the characterization of strongly
correlated electron systems. Recent developments in ultrashort x-ray sources offer new possiblities to extend diffraction
techniques into the time domain to study the coupling between the lattice and different electronic subsystems as they
develop in time. Using our low flux femtosecond hard x-ray source at the Swiss Light Source [1] we had the opportunity to
make significant scientific and technical contributions in developing femtosecond x-ray diffraction to study laser induced
structural dynamics in solid matter. Nevertheless the future in this area of research lies in free electron laser facilities that
provide much higher x-ray flux and significantly better time resolution [2]. In my talk I will start with an overview over hard xray diffraction techniques mainly addressing the issues that arise when adding an intense laser pump to the experimental
configuration.
In the second part I will focus in more detail on one of our ongoing research topics. Perovskite-type manganites are
prototypical examples of strongly correlated electron systems which exhibit properties such as colossal magnetoresistance
and insulator-to-metal transitions that are intrinsically related to symmetry changes of the atomic lattice and to intriguing
ordering patterns of the spins, orbitals and charges [3]. Here the application of an intense optical pulse melts the electronic
order and induces an ultrafast insulator-metal transition [4]. Initial diffraction experiments performed at the SLS slicing
source demonstrated a concomitant change of structural symmetry occurring on a sub-picosecond time scale [5-7]. In a
recent experiments at the LCLS free electron laser we were not only able to study in more detail the lattice dynamics, but
also the changes in long-range order of the electronic subsystems by tuning the x-ray energy ‘to’ and ‘off’ an atomic
resonance [8]. Despite the complex nature of this phase transition that involves symmetry changes of valence charge,
orbital order and atomic structure, a fairly simple description relying on a single time-dependent order parameter is
sufficient to capture the most essential aspects of the change in symmetry in the time domain.
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