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Fig. 1. Schematic of the 1D optomechanical coupling la-
ttice system, an and bprepresent the modes of the cavity
field and the mechanical oscillator, respectively, and includ-
ing N 4 1 cavity modes and N mechanical modes.
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Fig. 2. The energy spectrum E of the system vs the parameter ¢: (a) M1 = M2 =0; (b) My =0, M2 = 0.1. The range of para-

meter ¢ is (0, 2n ), N =15.
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Fig. 3. The energy spectrum E of the system vs the parameter ¢: (a) ¥ =0; (b) ¥ = 0.1n; (¢) ¥ = 0.9n; (d) ¥ = n. The range

of parameter ¢ is (0, 2n), N = 15.
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Fig. 5. The average photon number N vs the lattice number: (a) The lattice size 10, Aq,n = 0.25¢, ¥ = 0.257; (b) the lattice size
4, Agn = —0.01t, ¢ =0.25n, black dotted line x=0.1, the red dotted line x = 0.15, the blue dotted line x =0.2;

(c) ¥ =0.2m,0.237,0.267 ; (d) lattice site driven at the far left (black circles), middle (red dashed squares) and rightmost (blue dot-
ted diamonds). Other parameters are §2,, = 0.1¢ and ¢=0.8x.
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Fig. 7. The effects of the disorder added into the nearest neighbor interaction on the energy spectra (a) v =0.1; (b) v=0.5;
(¢c) v=1;(d) v=1.5;(e) v=2;(f) v=3. Other parameters are ¢ = 1/2 and lattice size 10.
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Fig. 8. The effects of the disorder added into the on-site potential energy on the energy spectra: (a) p=0.1; (b) u=0.5,
(¢c) p=1;(d) p=1.5;(e) p=2,(f) p=3. Other parameters are ¢ = n/2 and lattice size 10.
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Fig. 9. The distribution of the left edge state is plotted with the defect intensity p, v, and lattice number, respectively, other para-

meters are ¢ = /2 and lattice size 10.
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Fig. 10. The winding number of the reflection coefficient phase varies with the disorder: (a) v =0,0.3,0.6; (b) v=1,1.2,1.4;
(¢) ©=0,0.04,0.08; (d) p#=0.1,0.2,0.3. Other parameters are ¢ = n/2, k = 0.1 and lattice size 10.
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Fig. 11. The average photon number N varies with the defect intensity p, v and lattice number, respectively: (a) v =
0,1,2,3; (b) u=0,1,2,3. Other parameters are 21, = 0.1t, ¢ = 0.8, Aq,n = —0.5¢, k = 0.1 and lattice size 10.
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Abstract

We propose a one-dimensional lattice theory scheme based on a coupled optomechanical system consisting
of multiple cavity field modes and mechanical modes, where their frequencies can be tuned. In this system, by
manipulating parameters to obtain collective dynamical evolution of the system, we study topological properties
and topological quantum channels in the system. Firstly, the topological insulator properties and topological
quantum channels of the system are studied by modulating the periodic coupling parameters of the system and
analyzing the characteristics of the energy spectrum and edge states of the system. It is found that edge state
distributions can exhibit flipping processes, which can be applied to quantum information processing. Secondly,
based on the scattering theory of topological insulators and the relationship between input and output, the
variation characteristics of the steady-state average photon number of the cavity field and the winding number
of the reflection coefficient phase are analyzed. It is found that the dissipation of the cavity field has a certain
influence on the locality of the distribution of the average photon number in the lattice, and it also indirectly
explains the locality of the edge states of the system, and the topological invariants are detected by the winding
number. In addition, considering the effect of disordered defects on topological properties, we further analyze
their effects on the energy spectrum of the system, the winding number of the reflection coefficient phase and
the average photon number of the cavity field. It is found that two defects in the system cause different physical
effects, and when their values are small, the edge states of the system are robust to it, which also shows that
the system has the characteristics of topological protection. However, when disorder and perturbation are larger
than the energy gap, the topological properties of the system will be annihilated, so that the edge states will be
indistinguishable, and the topological invariants will change at the same time. The research results of this
system can be generalized to other types of models and can be applied to quantum communication and
quantum information processing, which will have certain constructive suggestions for the development of future
quantum technology.
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