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Shooting molecular movies of gaseous molecules with a reaction 
microscope and a high-repetition-rate soft X-ray FEL 

Following chemical reactions and structural changes in molecules in real time has been a long-standing dream in physical 
chemistry. Accordingly, time-resolved single-molecule imaging has been one central aim triggering the development of 
x-ray free-electron lasers (XFELs). With the advent of XFELs, corresponding studies in the gas phase came into reach. 
The high repetition rate of the European XFEL finally opens the door to coincidence experiments and the talk will present 
the successful implementation of this technique using a COLTRIMS reaction microscope at the European XFEL. For 
example, our experiments demonstrate that photoelectron diffraction imaging of a molecular breakup is finally possible 
using high-repetition-rate XFELs [1]. Furthermore, molecular-frame photoelectron angular distributions upon double 
core-hole generation [2] as well as charge-up and fragmentation dynamics after interaction with strong XFEL pulses [3] 
will be presented. Two other experimental and theoretical studies cover the inner-shell-ionization-induced 
femtosecond structural dynamics of water molecules [4,5]. With the help of multi-ion coincidence spectroscopy as well 
as sophisticated theoretical modeling, complex single molecules can be imaged via x-ray multiphoton-induced Coulomb 
explosion [6]. Moreover, Coulomb explosion imaging of small polyatomic molecules with ultrashort x-ray pulses [7] and 
resonance-enhanced x-ray multiple ionization of polyatomic molecules [8] will be discussed. Finally, an outlook of x-ray 
pump / x-ray probe two-color experiments will be given. 
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All interested colleagues are welcome to this seminar lecture (45 min. presentation followed by discussion). 
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