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We give a brief review of trajectory-based methods to solve the time-dependent Schrédinger
equation for Bose-Hubbard (BH) models and related model systems of chemical physics. In order
of increasing accuracy these are the truncated Wigner approximation [1], the Herman-Kluk
propagator [2], the coupled coherent states approach [3] and a fully variational multi-configuration
Gaussian method [4]. We then discuss the results of calculations for BH model systems with small
well numbers and highlight the fact that some of the more advanced methods are very well suited
to uncover genuine quantum effects beyond initial state preparation [5].
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The Bose-Hubbard (BH) model is an ideal platform for distinguishing quantum effects from
classical behaviour, due to its clear classical counterpart. This work aims to develop a new
variational approach to capture quantum effects, such as quantum revivals that classical dynamics
is not able to describe [1]. To this end, we begin with a half-filling Glauber coherent state (CS),
which is far from equilibrium, and calculate the time-evolved autocorrelation function.

To solve this dynamical problem, we introduce a variational ansatz using generalized coherent
states (GCS) [2] which can be used to expand Glauber CS [3,4]. By increasing the multiplicity of
our ansatz, we prove that the numerical error in comparison to the exact dynamics decreases with
a favourable scaling in the 4-site BH model.
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