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Description of the work carried out during the STSM  

A special case of interest in attoscience is an ultrafast excitation that because of the wide range of 
frequencies in the short pulse can coherently access several electronic states. During my short-term 
scientific mission, I was working on an ultrafast laser pulse induced dynamics in N2 and LiH. The first 
step in my investigation was computing the wave functions as a double sum of a product of electronic 
basis functions in the adiabatic approximation for the dynamics of the electrons and grid-based functions 
for the nuclei. In the case of LiH, seven excited states of Σ symmetry were included in the calculation. 
The states are dissociative and are only weakly coupled by non-adiabatic term (NACT) while the optically 
UV accessible states of N2, which were considered in this study, are bound and strongly non-adiabatically 
coupled. Upon sudden photoexcitation with an ultrashort one-cycle pulse, a very early dynamics, within 
first 2 fs, shows purely electronic reorganization in the molecules. It was conformed by essentially 
absence of changes in the coherence and transition density when the computations were run for different 
mass of the atoms, e.g., LiH vs LiT. 

The next step was performing Singular Value Decomposition, SVD. Singular vectors, vectors that offer 
a most compact representation of the wave function when electrons and nuclei are entangled, were 
identified and illustrated for both N2 and LiH. The number of states needed for a good approximation is 
smaller or, for LiH, significantly smaller than the number of electronically adiabatic basis states that are 
included in an exact numerical computation. For both N2 and LiH, the ultrafast pulse creates the initial 
entanglement and about three eigenvectors are kept for a realistic approximation of the wave function. 
This can be stated as a Schmidt index equal 3. The time-dependence of the entanglement was computed 
directly and the strong non-adiabatic coupling of the valence and Rydberg excited states of N2 
demonstrates that an equally extensive entanglement evolves in time due to the coupling of adiabatic 
states. 
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the Grant.  



 

  2 

Description of the STSM main achievements and planned follow-up activities 

During this short-term scientific mission, a most compact representation of the molecular wave function 
obtained with SVD was applied to N2 and LiH. These molecules were chosen because they remarkably 
differ in their adiabatic electronic dynamics in the energy range accessible by a UV pulse. A paper 
describing the results on the early time electronic dynamics is under preparation.  

In a longer term, we are going to use the compact form based on SVD as a basis of far more efficient 
algorithm that compute only the few terms that are necessary for the desired accuracy. This may solve 
the curse of dimensionality in generating the dynamics of polyatomic systems.  

Our near-future plan is to extend this approach to polyatomic system which will enable a unified scientific 
modeling towards the understanding and then the control of how electronic disequilibrium induced by 
attolasers is relevant to chemical reactivity. 

 


