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Semi-classical Quantum Mechanics: Classical dynamics can approximate quantum systems in the limit of large quantum numbers i.e. when the classical action is large compared to Planck’s constant / - leads to a continuum of energy levels and probability distributions becoming é—functions.
Often these methods are employed in theoretical chemistry to study atomic and molecular dynamics in many particle systems [1, 2] for their potential to significantly reduce computation time for complex quantum systems. Further these methods allow us to examine quantum phenomena such as
chaos, breakdown, revival, and tunnelling. Understanding the transition between these realms remains a fundamental challenge and motivates the development of semi-classical methods which connect probabilistic quantum dynamics to deterministic classical phase space evolution.

Coherent states: Minimum uncertainty states which originated from Schrédinger’s study of the quantum harmonic oscillator and have been generalised to arbitrary Lie groups [3]. They are considered the ‘most classical’ quantum states and by tracking how their centres evolve in phase space,
we may connect quantum behaviour to classical trajectories and provide a bridge between micro- and macroscopic regimes.

Abstract: We propose a semi-classical coherent state propagator and its extension to capture the highly quantum behaviour of a Bose-Hubbard (BH) dimer. Using a single coherent state time dependent variational principle (SCS-TDVP), we derive equations of motion for the centre and phase of
the time evolved state. With these we construct an integral propagator that accurately captures breakdown and revival. We extend this with a time-slicing method to capture tunnelling effects of the full BH dimer, near and far from the semi-classical limit.
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