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Fig. 1. Schematic illustration of the coupled optomechanic-

[20-22]

al cavities , cavity A and cavity C are coupled by a

two-mode optical field coupling strength J. An ensemble of
two-level atoms is placed into the cavity A which is coher-
ently driven by an external monochromatic laser field with
strength (2, and frequency wy , cavity C is a optomechan-

ical cavity.
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Table 2.  Distribution of physical quantities in the
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Fig. 2. Phase diagram of g/wp - J/wy .
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Fig. 3. Select points A and B, parameters J =

10wy , g/wp = 10,15, (/wp, =1.0: (al), (a2) The corresponding first partial deriv-

atives p; (b1), (b2) the corresponding average ground state energies e .
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J/wp =0 — 20 : The changing curves of average photon number distribution

npa (al) and nye (a3) in cavity A and cavity C, and the distribution of atomic population difference An, (a2) in cavity A, with

the coupling parameter J of the two-mode optical field, Ji/w, is a turning point.
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Abstract

In this paper, the quantum phase transitions caused by the interactions between light and atoms, as well as
between light and mechanical oscillators, are discussed theoretically in a coupled optomechanical cavity
containing two optical field modes (N atoms and mechanical oscillator). By using Holstein-Primak off
transformation method, new translational boson operators and four parameters are assumed. The ground state
energy functional of the system and a set of equations composed of four parameters are given. The correctness
of the assumed translation boson operators is proved by two special cases. In the case of resonance, the
characteristics of the obtained solutions are shown by solving the equations, graphical method and Hessian
matrix judgment. The stable zero solution is called the normal phase, the unstable zero solution is named the
unstable vacuum macroscopic phase, and the stable non-zero solution is referred to as the superradiation phase.
The phase can transition from normal phase to superradiation phase, and the point of phase transition can be
changed by adjusting the coupling intensity of the two cavity light fields. When the nonlinear photon-phonon
interaction caused by radiation pressure is considered, the phase diagram of the system is expanded from the
original two phase regions to three phase regions, including the coexistent normal phase and superradiation
phase, the bistable superradiation phase, and the unstable vacuum macroscopic phase region, where the bistable
superradiation phase is similar to the optical bistable phenomenon. At the same time, there is also a turning
point curve, which overlaps with the phase transition point curve, indicating the existence of multiple quantum
phase transitions in the system. These predictions can be detected by measuring the average number of
photons. The coupled optomechanical cavity that we studied, when considering the coupling of the two-mode
optical field and the atomic ensemble but no mechanical oscillator, reflects the interaction between the two-
mode optical field and the atom, thus concluding that the transformation point is small and the quantum phase
transition is easy to occur. When the coupling between the mechanical oscillator and the two-mode optical field
is not considered, the interaction between the single-mode optical field and the atom is reflected, returning to

the quantum phase transition of the Dicke model under rotating wave approximation.

Keywords: coupled optomechanical cavity, Holstein-Primak off transformation, coupling intensity of the light

fields, bistable superradiation phase
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