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Fig. 1. The schematic setup for generating genuine
x-type four-particle entangled state. Four A-type
three-level artificial atoms are fabricated inside a one-

dimensional transmission line resonator.
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Fig. 2. The level configuration of A-type three-level

artificial atom.
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The x-type four-particle entangled state generated by
using superconducting artificial atoms
with broken symmetry”
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Abstract

We propose a scheme for generating a genuine x-type four-particle entangled state of superconducting artificial
atoms with broken symmetry by using one-dimensional transmission line resonator as a data bus. With the help of the
Circuit quantum electrodynamics system composed of A-type three-level artificial atoms and transmission line resonator,
our scheme also has long coherence time and storage time. Meanwhile, the A-type three-level artificial atom used in
the scheme is different from natural atom and has cyclic transitions. Furthermore, our scheme is easy to control and
flexible. Through a suitable choice of the Rabi frequencies and detunings of the classical fields, we can use this system
to implement the selective coupling between two arbitrary qubits. After suitable interaction time and simple operations,
the desired entangled state can be obtained. Since artificial atomic excited states and photonic states are adiabatically
eliminated, our scheme is robust against the spontaneous emissions of artificial atoms and the decays of transmission line
resonator. We also analyze the performance and the experimental feasibility of the scheme, and show that our scheme

is feasible under existing experimental conditions.
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