
Direct, Nonadiabatic, Molecular Reaction Dynamics

The basisand computationalimplementationof ElectronNuclearDynamics(END) theory
[1] will be discussed.This approachto the studyof molecularprocessesemploysapproximate
quantummechanicalLagrangiansand usesthe principle of least action to derive dynamical
equationsthat approximatethe time-dependentSchr̈odingerequation.The systemwavefunction
parameters,suchasmolecularorbital coefficients,averagenuclearpositionsandmomenta,carry
the time-dependenceandconstitutethe dynamicalvariables.This approachto the simultaneous
dynamcisof all electronsandatomicnucleiadmitsahierarchyof treatments.Minimal END treats
the nuclei as classicalparticlesand the electronsare describedby a complexspin unrestricted
single determinantalwavefunctionin termsof nonorthogonalspin orbitals.

This approachis well suitedfor molecularcollision energies from a few electronvolts to
severalkeV [2, 3, 4, 5]. Absolute differential and integral crosssectionsfor a great variety
of reactivecollisions involving atomic and molecularions [6, 7, 8, 9, 10], and neutralshave
beencalculatedwith standardsemi-classicalcorrectionsyielding goodagreementswith the best
experiments.Rovibrationalresolutioncan be obtainedvia a posteriori analysisusing coherent
states[11].
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