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With the pioneering work of A. Zewail (Nobel Prize in 1999) exploring ultra-fast motion in molecules via the so-called pump and probe technique, where coherent wave-packet dynamics is initiated by a “pump” and visualized by the “probe” pulse, femto-chemistry was born as a new and prospering field. Advancing this method by using ultra-short, few-cycle and phase stabilized pulses, proceeding to the VUV and X-ray wave-length regimes at free electron lasers (FEL) and combining these new light sources with many-particle momentum imaging systems – reaction microscopes – exciting and novel opportunities are deeming at the horizon. 

After a brief motivation and introduction into these emerging techniques, new routes towards the complete characterization of molecular motion in strong visible laser fields will be outlined, possibilities for tracing electronic wave packet dynamics as well as realizing attosecond holographic imaging will be discussed and first steps towards VUV-VUV pump-probe experiments at FELs will be presented. Finally, the prospects at X-ray FELs are envisioned nurturing the dream to realize a “molecular movie”, i.e. following time-dependent structural changes during chemical reactions.
