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Fig. 1. (a), (b) Under the mean field approximation, the J-g phase diagram of different lattice models with respect to the superfluid
order parameter A = (a): (a) JC lattice model; (b) Rabi lattice model. The abscissa is the photon transition intensity J between
the lattice, the ordinate is the two-level atom and photon interaction strength g, the unit of the abscissa and the ordinate is wo,
and the color bar represents the value of the superfluid order parameter A = (a). Dark blue indicates Mott insulating phase, and
light yellow indicates superfluid phase. Other parameters are taken as wp = wj = 1, and the number of the photon truncation
N = 20. (¢), (d) For different J, the superfluid order parameter A of different lattice models varies with g: (c¢) JC lattice model;
(d) Rabi lattice model.
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Fig. 2. Under the mean field approximation, the J-g phase diagram of different lattice models with respect to the second-order

correlation function g2(0): (a) JC lattice model; (b) Rabi lattice model. The abscissa is the photon transition intensity J between

the lattice, the ordinate is the two-level atom and photon interaction strength g, the unit of the abscissa and the ordinate is wo,

the color bar is represented by the value of the second-order correlation function g2(0). wo = w1 = 1, and the number of photon

truncation N = 20.
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Fig. 3. The k-g phase diagram of different lattice models under the Kerr effect with respect to the superfluid order parameter
A = (a): (a) JC lattice model; (b) Rabi lattice model. The abscissa is the Kerr nonlinear intensity &, the ordinate is the two-level
atom and photon interaction strength g, the unit of the abscissa and the ordinate is wp, and the color bar represents the value of

the superfluid order parameter A . Other parameters are taken as wg = w1 = 1, J = 0.05, and the number of photon truncation
N =20.
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Fig. 4. The k-g phase diagram of different lattice models under the Kerr effect with respect to the second-order correlation func-
tion g2(0): (a) JC lattice model; (b) Rabi lattice model. The abscissa is the Kerr nonlinear intensity #, the ordinate is the two-
level atom and photon interaction strength g, the unit of the abscissa and the ordinate is wgp, and the color bar represents the
value of second-order correlation function g2(0). Other parameters are taken as wo =wj =1, J =0.05, and the number of

photon truncation N = 20.
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Abstract

We use the mean field approximation method to study the quantum phase transitions of the Jaynes-
Cummings lattice model and the Rabi lattice model. The effective Hamiltonians are obtained for the JC and
Rabi model including the Kerr nonlinear term. Numerically we diagonalized the Hamiltonian matrix and
calculated the superfluidity order parameter and the two-photon correlation function by solving the iteration
equations.

We have explored the Mott insulating-superfluid quantum phase transition, the bunching-antibunching
behavior of light, and the effect of Kerr nonlinear term on the quantum phase transition and photon statistical
characteristics. Our results show that in the JC lattice model, by increasing J, a quantum phase transition takes
place and the system is driven to a superfluid phase. The phase boundaries of the Mott lobes are N-dependent.
However the photon will always be in a bunching statistical behavior irrelevant of the coupling strength
between the two-level atom and the phonton and the nonlinear Kerr effect.

In the Rabi lattice model, the anti-rotating wave term breaks Mott-lobe structure of the phase diagram and
the increase of the two-level atom and photon interaction strength g and the photon transition strength J
between the lattices drive the system from the Mott insulating phase to the superfluid phase. The photon
statistical behavior changes from the bunching to the antibunching one when considering the anti-rotating wave
term, which is important in the strongly coupled systems. Most interestingly, the increase of the Kerr nonlinear
coefficient will inhibit the Mott insulating phase-superfluid phase transition, but favor the superfluid phase and

the transition from the bunching to anti-bunching statistics.
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