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Development of first-principles simulation method for excited-state correlated
electron-nuclear dynamics in nano-structures
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We developed Bohmian mechanics in the exact factorization of
electron-nuclear wave functions and formulated the exact force acting on the nuclei in the
correlated electron-nuclear dynamics. We revealed that multiple classical trajectories propagated by

this exact force can reproduce the quantum nuclear motion in the strong field processes. We applied
time-dependent density functional theory to the study of electron scattering processes in
materials. We calculated the exact exchange-correlation (XC) potential in a model two-electron
scattering system and revealed that the kinetic term in the XC potential plays an important role to
describe the electron scattering processes. We developed time-dependent multicomponent density
functional theory to study the coupled electron-positron dynamics. We applied the theory to the
dynamics of a positronic lithium hydride molecule under a laser field and demonstrated the
significance of the coupling between electronic and positronic motion.
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