Nuclear dynamics of 1,3-trans Butadiene  after inner/outer-shell excitation probed by 3-D multiple ion-momentum imaging
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We report a study on rapid nuclear rearrangement in gas-phase 1,3 trans butadiene.  The combined experimental and theoretical study focuses on nuclear dynamics induced by population of dication states. A detailed study of the main hydrogen rearrangement and isomerization processes in butadiene after double ionization in the 25-40 eV range was carried out using synchrotron radiation and ion-coincidence imaging spectroscopy [1]. The photon-energy dependent results were interpreted with the aid of ab initio calculations to disentangle nuclear dynamics preceding dication dissociation [2].  The role of the initial localization of the hole state was investigated by site-selective core-hole excitation of C 1s electrons.  Dissociation channels identified in the inner-valence study are used to pinpoint the connection to symmetry breaking which is correlated to core-hole localization.  The fragment-pair angular distribution reflects the ultra-fast symmetry breaking when the axial fragment recoil approximation is valid, and this provides a timing mechanism for gauging the temporal scales of competing processes. 

The inner-valence study shows that hydrogen transfer that localizes two charges (at 1bg-2 and 1au-2 states) enhances metastable dissociation into the CH3+ fragments. For localized core-hole excitation at the terminal carbon site we observe that the relative ratio of dissociation into CH3+/C3H3+ pair increases while the relative ratio of the symmetric-bond break process (C2H3+/C2H3+ pair) increases for central carbon 1s-1(*1 excitation.
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