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The method of classical molecular dynamics (MD) is widely used to simulate equilibrium and nonequilibrium nonideal plasmas [1,2]. At the same time the applicability of MD is restricted to non-degenerate and fully ionized plasmas. Such a model is often too rough if applied to real experimental conditions. One of the possibilities to improve the method of MD without loosing its performance benefits is to consider electrons as wave packets [3]. In this case the problem of choosing effective electron-ion interaction potential does not arise, the accuracy of simulation of an individual particle collisions is increased and ionization-recombination processes are represented in a better way. Furthermore the exchange interaction between electrons in the Hartree-Fock limit can be taken into accounts using antisymmetrized wave packets [4]. This method was named Wave Packet Molecular Dynamics (WPMD).

Problems of the existing implementations of this approach are the poor accuracy for a bound state of electron an ion and spreading of wave packet for a weakly bound electron [5]. We propose to address both issues using a new technique based on expansion of the wave function for each electron in the bases of multiple Gaussians. Calculations of the ground state energies of H and He show that this method provides accuracy of less then 1% for even three Gaussians per electron. Another advantage of the new technique is the possibility to study quantum effects related to the wave function splitting such as penetration through a potential barrier. As a test case we consider tunnel ionization of a hydrogen atom in a short laser pulse. It is shown that the results of the new method are in a good agreement with quantum-mechanical calculations.

In future it is planned to apply the new method to model bound states of electrons and ions in nonideal plasmas and combine it with the classical Coulomb interaction model for free electrons.
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