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ABSTRACT:
The non-relativistic quantum dynamics of nuclei and electrons is solved within the framework of
quantum Bohmian Dynamics (QBD) using the adiabatic representation of the electronic states. An on-the-fly
trajectory based nonadiabatic molecular dynamics algorithm is derived (NABDY), which is able to capture
also the nuclear quantum effects that are missing in the traditional trajectory surface hopping approach
based on the independent trajectory approximation. The use of correlated trajectories produces a
quantum dynamics, which is in principle exact and computationally very efficient.
The implementation of any on-the-fly trajectory based solutions of the quantum hydrodynamics (QHD)
equations (including the the proposed NABDY approach and the approximated Tully's trajectory
surface hopping (TSH)) was traditionally limited by the difficulty of computing non-adiabatic couplings
matrix elements using efficient electronic structure methods like DFT and its time-dependent extension,
TDDFT. Recently, we have presented a rigorous derivation of nonadiabatic coupling elements and external
radiation field coupling terms as functionals of the ground state electron density. These quantities were
successfully implemented in both TSH and NABDY approaches and applied to the study of different chemical
processes.
