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While the dynamical aspects of atoms interacting with strong laser fields are considered to be relatively 
well understood nowadays, nonlinear phenomena associated with the multielectron response of 
diatomic and polyatomic molecules, to intense laser light have become an active research topic. The 
interest in molecules is closely related to the goal to understand the nature of inter- and intramolecular 
dynamics, visualize changing molecular structure and electron rearrangement, observe the creation and 
breaking of molecular bonds and control in real time the flow of energy and charge within molecular 
systems. In understanding and determining the progress of chemical reactions, electron dynamics plays 
a central role. Therefore ideally, it should be possible to probe the molecular frame electron wave 
function or electron probability density on the natural time scales of its evolution using ultrafast laser 
pulse technology. Currently, two approaches based on intense laser techniques are considered to be 
promising tools: high order harmonic generation (HHG) and strong field ionization.  

Using Time-Dependent Density Functional Theory (TDDFT) we have studied how the HHG spectra are 
modified when the system undergoes Rabi flopping and dynamic electron localization for open and 
closed shell molecules [1-3]. Results show coupling for closed shell molecules at their equilibrium 
distances as well as for valence orbitals of very different symmetries for di- and polyatomic molecules. 
The HHG spectrum is enriched by satellite peaks (Mollow-like sidebands) which are related to Rabi 
frequency for the analyzed excitation processes. Due to the high intensity of the driving field, Mollow 
sidebands strengths are comparable to odd harmonics intensities and often more than two additional 
peaks appear. Further consequences of the coupling are visible in the HHG ellipticity, since coupling 
enhances inner valence contributions, and as modification in a form of the suppression of the long 
trajectories in HHG. This path selection mechanism offers a possible route to control generated 
attosecond pulses. 

Furthermore, for a number of polyatomic molecules we studied the effect of the Rabi flopping on 
resonant ionization. A strong influence on the internal multielectron dynamics and consequently the 
resulting complex dynamics is exhibited in the time dependence of the electronic density, and affects 
partial orbital ionization as well as total ionization. Performed calculations show how the effect of the 
coupling can potentially help to control the production of inner valence hole states for a range of 
wavelengths and laser intensities. 
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