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Pulsed laser techniques have made giant strides during the Viennese ADLIS SFB-programs (2000 – 2006), with regard to the  shape of  pulse - amplitudes, their widths and center-frequencies, timing and their phase-structure.  Exact correlation of impulsive excitations with a sequence of time-ordered laser pulses shorter than the nuclear motion periods has opened up new and quite useful approaches to conducting multiple-pulse coherent experiments for disentangling the complexity of electronic and nuclear motions in larger molecular systems. 

Probing electronic coherence and phase relaxation on early femtosesond scales is, currently, one of the great challenges in our efforts toward understanding  the spatio-temporal features of optical excitation dynamics in disordered molecular many-body systems and related organic soft matter field. With the help of high-resolution fluorescence wavepacket-interferometry and related homodyned three-pulse stimulated  photon echo-techniques, coherent quantum observables – in terms of optical Free Induction Decays (oFID)/polarization interferences - and their phase relaxation (decoherence) have been measured, for the first time,  that opened the door to the real-time interrogation  of the intra-site electron-phonon coupling process (polaron-formation) on a sub-100 fs time-scale.

Further, the emerging R&D of  phase-locked, 3-pulse stimulated photon-echo  heterodyning experiments will be addressed  which open an entirely new frontier in ultrafast non-linear spectroscopy & instrumentation. 2D optical photon echo-technique is a hot topic at the international scale*.The technique probes the molecular optical response in terms of its complete amplitude/phase representation of the electrical signal field by spreading the spectroscopic information in two time channels and thus has the potential  to disentangle high-frequency  molecular interactions, i.e. to look into excitonic coupling! The enormous impact of this innovation on femtosecond science (chemistry, physics, biophysics) will be addressed. 

* see, Thomas Brixner: Moleküle im besten Licht: Multidimensionale Spektroskopie und Quantenkontrolle, CPG, 22.11.05, 17:30, Gr. HS für Experimentalphysik
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