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Fig. 1. Single-particle energy dispersion curves for §;/E; = 0 (a) and —2 (b), respectively, where (2/E; = 2.
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SPECIAL TOPIC—Nonlinear system theory and its frontier applications

Dynamics of spin-tensor-momentum coupled
Bose-Einstein condensates”

Qiu Xu'  Wang Lin-Xue?  Chen Guang-Ping?  Hu Ai-Yuan!  Wen Lin V1
1) (College of Physics and Electronic Engineering, Chongging Normal University, Chongqing 401331, China)
2) (Department of Physics, Shaanzi University of Science and Technology, Xi’an 710021, China)
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( Received 1 July 2023; revised manuscript received 16 August 2023 )

Abstract

We investigate the dynamics of the plane wave state in one-dimensional spin-tensor-momentum coupled
Bose-Einstein condensate. By using the Gaussian variational approximation, we first derive the equations of
motion for the variational parameters, including the center-of-mass coordinate, momentum, amplitude, width,
chirp, and relative phase. These variational parameters are coupled together nonlinearly by the spin-tensor-
momentum coupling, Raman coupling, and the spin-dependent atomic interaction. By minimizing the energy
with respect to the variational parameters, we find that the ground state is a biaxial nematic state, the
momentum of the ground state decreases monotonically with the increase of the strength of the Raman
coupling, and the parity of real part of the ground-state wave function is opposite to that of the imaginary part.
The linear stability analysis shows that the ground state is dynamically stable under a perturbation, and
exhibits three different oscillation excitation modes, the frequencies of which are related to the strength of the
Raman coupling, the aspect ratio of the harmonic trap, and the strength of the atomic interaction. By solving
the equations of motion for the variational parameters, we find that the system displays periodical oscillation in
the dynamical evolution. These variational results are also confirmed by the direct numerical simulations of the
Gross-Pitaevskii equations, and these findings reveal the unique properties given by the spin-tensor-momentum

coupling.
Keywords: spin-tensor-momentum coupling, Bose-Einstein condensate, Gross-Pitaevskii equation
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