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Fig. 1. One-dimensional superconducting microwave cavity
lattice system model diagram: (a) The system consists of
two superconducting microwave cavities an and by, where
an and b, coupling coefficient is Ji, by and an41 coup-
ling coefficient is J2, an and an41 coupling coefficient is
T1, by and bp41 coupling coefficient is T ; (b) equivalent
circuit diagram, where L,, and C,, are the total induct-
ance and capacitance of the superconducting microwave
cavity, and the coupling coefficients can be regulated by the

magnetic flux superconducting qubit.
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Fig. 2. The energy spectrum FE of the system via the para-

AR INTT LIGET SE ¢ TR FEA 3(e)— meter ¢: (a) N = 17; (b) N = 18. The range of parameter
(h) BRI E N = 18, KB R G AEISH AL S is (0, 21).
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Fig. 3. The energy spectrum F of the system via the odd and even lattice numbers: (a)—(d) N =17, ¢ =0, n/3, 2rn/3 and w;
(e¢)-(h) N=18, ¢ =0, n/4, n/2 and =
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Fig. 4. The state distribution of the zero-mode energy and the odd-even lattice number: (a)-(d) N =17, ¢ =0, n/3, 2rn/3 and =;
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Fig. 5. The energy spectrum E of the system via the parameter ¢, N = 17: (a) T1 =04, To =0; (b) T1 =0, T> =0.4;

(c) Ty =04, To =0.3.
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Fig. 7. The state distribution via the lattice numbers and the parameter ¢, N = 17: (a) T1 =0, T> =0; (b) 71 = 0.6, T =0;
() TL =0, Ty =0.3; (d) Ty =0.6, Th =0.3.
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Fig. 9. The energy spectrum F of the system via the parameter ¢, N = 18: (a) Add defect potentials 8W = —0.1 and 8W = 0.1 to
the 9 and 10 lattices, respectively; (b) add defect potentials 8W = 0.1 and 8W = —0.1 to the 9 and 10 lattices, respectively; (c)
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(f) potential energy § W = —0.8-0.8 for the introduction of random site defects at lattice point.
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Modulation of topological phase transitions and topological
quantum states in one-dimensional superconducting
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Abstract

We propose a theoretical scheme for a one-dimensional lattice based on a superconducting quantum circuit
system consisting of two types of superconducting microwave cavities, the interaction between nearest-neighbor
and next-nearest-neighbor unit cells that can be adjusted by the magnetic flux, the system can obtain the
collective dynamic evolution and study the topological properties of the system.First, we investigate the energy
spectrum and edge states of the odd-even lattice size and find that the odd-even lattice number affects the
topological properties of the system. Furthermore, considering the next-nearest interactions, it is found that
there are constraints on the next-nearest interactions, which can be tuned to study the topological phase
transitions of the system and the transfer of topological quantum states.In addition, considering the influence of
defects on topological properties, it is found that the defect potential energy is small, the system energy band is
stable, the edge states remain unchanged, and the energy spectrum fluctuation is small and distinguishable.
Conversely, the energy band distribution is destroyed, it will become disordered and chaotic. The research

results can design some new quantum devices for quantum optics and quantum information processing.
Keywords: quantum optics, superconducting quantum circuits, topological insulators, quantum states
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