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Fig. 1. Variations of two single-particle lowest energy levels with m for Q2r/hw; =30 (a) and 2r/hwy = 70 (b), respectively.

Other parameters are [ =1, w; =27 x 10 Hz, w, = 2w x 200 Hz, and W = 25 pm.
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Fig. 2. Variation of the single-particle lowest energy level with m for different w and the variation of the angular momentum myg
of the single-particle ground state with w: (a), (b) 2r/hwi =30; (c), (d) 2r/hw; = 70. The insets in panels (b) and (d) are

the density and phase of the single-particle ground state for = 0.5 and w = 0.7, respectively. (e) Variation of the angular mo-

mentum of the single-particle ground state with w and §2r/hw,; . Other parameters are (=1,

w, =27 X 200 Hz, and W = 25 um .
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Fig. 3. (a) Densities of the mean-field ground states for (2r/hw,; = 100, 140, 160 when w =0 and [ =2. (b), (c) For =1,
the variation of the angular momentum <ﬁz) of the mean-field ground state with the rotating frequency w for §2r/hw, = 30

and (2r/hw, = 70, respectively. The insets in panels (b) and (c) are the density and phase of the mean-field ground state for

w = 0.5 and @ = 0.7, respectively. Other parameters are aqp = ay = 100ag, a4y = 50ap, wy = 27 x 10 Hz, w, = 2w x 200

Hz, N =1000, and W = 25 um, where ap is the Bohr radius.
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Ground state properties of rotating spin-orbital-angular-
momentum coupled Bose-Einstein condensates”

ZHAO Lei QIU Xu® LIANG Yi HU Aiyuan WEN Lin'

(College of Physics and Electronic Engineering, Chongging Normal University, Chongging 401331, China)

( Received 24 April 2025; revised manuscript received 1 August 2025 )

Abstract

By numerically solving the single-particle stationary Schrodinger equation and the Gross-Pitaevskii
equation with mean-field interactions at zero temperature, the ground state properties of the rotating spin-
orbital-angular-momentum coupled Bose-Einstein condensates in a harmonic trapping potential are investigated
in this work. The results show that the rotation lifts the double degeneracy of the single-particle energy
spectrum in the angular momentum space, and leads to the vortex state. The angular momentum of the vortex
depends on the rotating frequency, the intensity of the laser beam, and the spin-orbital-angular-momentum
coupling. In particular, if the rotating frequency is below a critical value, the angular momentum of the ground
state vortex remains unaffected by the rotating frequency. When the rotating frequency exceeds the critical
value, the angular momentum of the ground state vortex will increase with the rotating frequency increasing.
By assuming that the system is confined in a ring trap, the expression of the single-particle energy spectrum in
the angular momentum space can be obtained, which clarifies how the rotation frequency affects the angular
momentum of the ground state. In the presence of atomic interactions, similar phenomena can also be observed

in the mean-field ground state at zero temperature.
Keywords: spin-orbital-angular-momentum-coupling, Bose-Einstein condensate, Gross-Pitaevskii equation
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