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The Nonlocality of Ultracold Atoms within Double-well Potentials
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Abstract: The article proposes a scheme for achieving the entanglement of ultracold atoms in a double well by utilizing the interac-
tion between atoms and light. The correlation of atomic quantum states in the double well is measured, demonstrating that the CHSH
inequality is violated by these states, thereby indicating the nonlocality of ultracold atoms in the double well. A certain impact on the
entanglement results will be exerted by the spontaneous radiation dissipation of atoms in the system. As the dissipation increases, the
time for the 50/50 beam splitting effect gradually increases, but within a specific range of population, the dissipation does not affect
the violation of the CHSH inequality. Therefore, the nonlocality of ultracold atoms in the double well can still be achieved by this
scheme. This scheme can be extended to multi-body systems and is of great significance for the study of multipartite entanglement.
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Fig. 1 The diagram of the transition of a three-level atom
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Fig. 2 The relationship between the population of particles in two ground states as a function of time
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Fig. 3 Scheme of nonlocality with utracold atoms in double wells
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Fig. 4 Schematic diagram of a nonlocality apparatus with ultracold atoms in double wells
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