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Abstract

The density-density correlations of ultracold Bosons released from a two-dimensional square optical lattice are
investigated based on the quantum phase field U (1) rotor field. With the effects of the particle number fluctuations and
the phase degrees of freedom taken into consideration, the theory can be used to describe the cold atom system with
strong interaction. Using this theory, the characteristics of ultracold atom gas in the process in which the superfluid
state of optical lattice transits to insulating state, are well described. The results show that in the patterns of the
density-density correlations, the continuous diagonal lines gradually transit to scattered peaks. The results match the
experimental ones. In addition, the effects of the quantum depletion on the density-density correlation are also included

in the result, and the relevant conclusions are also consistent with the existing theoretical and experimental results.
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