Time-dependent Quantum Dynamics: From three-atom to quasi-macroscopic systems
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Computational questions aside, time-dependent quantum dynamics has always held an intuitive appeal because of the opportunity it provides to the user to actually visualize the evolution of the process under study. Whether the process in question is a simple 3-atom reaction (the simplest one being H + H2 ( H2 + H), a photochemical process such as the complicated photodynamics of rhodopsins (the proteins in our retina that enable us to see) or the interactions of macromolecules with surfaces, the representation of the process in terms of a time-dependent wavepacket permits us to actually visualize the quantum events as well as determine experimental observables. In the case of a small number of degrees of freedom (typically less than 10) exact wavepacket methods have been traditionally used [1]. However, these are precluded when the number of DOFs increases because of the exponential scaling of computational time and memory needed. Other approaches have been devised which scale much better with the number of DOFs, while tending to the exact solution in appropriate limits. One of the most promising approaches is the multi-configuration time-dependent Hartree (MCTDH) approach [2], as well as its “multilayer” version (ML-MCTDH). In a similar vein, the wavefunction of the system can be represented as a linear combination of evolving Gaussian functions, giving the Gaussian-MCTDH approach, one version of which is the variational multi-configuration Gaussian (v-MCG) approach [3]. Our recent development of a multilayer Gaussian-MCTDH code will be presented and its potentialities discussed [4].
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