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plot(x,y) ;

hold on;
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plot(x,y) ;

hold on;
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plot(x,y) ;

hold on;
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plot(x,y) ;

hold on;

xlabel ( ZJ/U") ;

ylabel (Amu/U") ;
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A Simple Method to Solve the Bose-Hubbard Model

ZHANG Danwei '
(1. School of Physics and Telecommunication Engineering, South China Normal University , Guangzhou 510006 , China;

2. Guangdong Provincial Key Laboratory of Quantum Engineering and Quantum Materials , Guangzhou 510006 , China)

Abstract: For the Bose-Hubbard model that describes many-body interacting boson system in lattices, the ground states
of the system when the ratios between the interaction and hopping energies tend to infinity and zero limits are respectively cal-
culated. The Mott insulator and superfluid phases in these two cases are respectively obtained. Secondly,based on the mean-
field approximation and the second-order perturbation method with the order parameter for the superfluid states, the ground-
state energy of the system is calculated and then the boundary equation of the quantum phase transition from the superfluid
state to the insulating state is obtained. Finally,the phase diagram of the Bose-Hubbard model is obtained by solving the phase
boundary equation by using numerical software. This mean-field method for solving the Bose-Hubbard model is not only able to
obtain the complete phase diagram,but also able to provide the concise physical figure which is clear in the whole process and
easy to understand.

Key words ; Bose-Hubbard model ; superfluid state; Mott insulator state; mean-field approximation; phase diagram





