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Quantum phase transitions of one-dimensional extended
Bose-Hubbard model in an optial cavity

Gao Xuyan, Zhang Wanzhou
(College of Physics and Optoelectronics, Taiyuan University of Technology, Taiyuan 030024, China)

Abstract ; The optical lattice provides a very clean and controllable experimental platform for the study of cold atoms. The
loading of cold atoms on the optical lattice in an optical cavity is able to introduce the coupling interaction between photons and
atoms, which helps us to study the superradiant transition and the quantum phases such as superfluid and supersolid. Besides
the supersolid drived by the nearest-neighbor interactions , the positive and negative signs of the atom-photon coupling alternate
with the position and they could also lead to the supersolid. In this paper, two kinds of interactions are considered in the Bose-
Hubbard model in an optical cavity, and the ground state phase-diagram is obtained by mean-field method through measuring
the atomic density, photon density, the superfluid order parameter, solid order parameter and supersolid order parameter.
Compared with the hard-core system, the supersolid of the soft-core system emerges in a larger range and is easier to be found.
The results of our study are helpful to guide the cold atom experiment in a cavity to search for new quantum phases.

Keywords: extended Bose-Hubbard model; mean-field method;optical cavity; super-solid
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