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Fig. 1. Density |¢1]%, |w2|?, |91+ [¢2|?, |¢2]? — [¢1]? and phase argepy , argepo distributions of asynchronous quantum
Kérmén vortex street with PT symmetric potential. The width and velocity of the obstacle potential is (d,v) = (1.9,0.46) . The
dashed black arrow indicates the direction of the moving obstacle potential.
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Fig. 2. Density |91 |2 and phase arg ¥1 distributions of various wakes with PT symmetric potential. The dashed black arrow indicates
the direction of the moving obstacle potential: (a) d = 0.7,v =0.56; (b) d =1.1,v =0.51; (¢c) d =2.1,v = 0.53.
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Fig. 3. Time evolution of the drag force acting on the mov-
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nous quantum K&érmén vortex street. Solid blue lines and
dotted red lines represent fz and fy. Fi+F, denotes drag
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Fig. 4. Density |91 |2 and phase arg ¢1 distributions of combined modes with PT symmetric potential. The dashed black arrow in-
dicates the direction of the moving obstacle potential: (a) d = 0.7,v =0.57; (b) d =2.3,v =0.43; (c) d =1.3,v = 0.55.
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Fig. 5. Time evolution of the drag force acting on the moving obstacle potential. The parameters of (a)—(c) and (d)—(f) are consist-
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Fig. 7. Dynamics evolution process of the asynchronous quantum Karmén vortex street formation behind the obstacle potential.

d=19, v=048.
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Asynchronous quantum Karman vortex street in
two-component Bose-Einstein condensate
with PT symmetric potential®
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Abstract

The dynamics of a miscible two-component Bose-Einstein condensate (BEC) with PT (parity-time)
symmetric potential are investigated numerically. The dynamical behaviors of the system is described by Gross-
Pitaevskii (GP) equations under the mean-field theory. Firstly, the ground state of the system is obtained by
the imaginary-time propagation method. Then dynamical behaviors are numerically simulated by the time-
splitting Fourier pseudo-spectral approach under periodic boundary conditions. By adjusting the width and
velocity of the obstacle potential, various patterns such as no vortex, oblique drifting vortex dipole, V-shaped
vortex pairs, irregular quantum turbulence and combined modes are studied. It is noted that the shedding
vortex pairs in components 1 and 2 are staggered, which is called “the asynchronous quantum K&rm&an vortex
street”. Here, the ratio of the distance between two vortex pairs in one row to the distance between vortex rows
is approximately 0.18, which is less than the stability criterion 0.28 of classical fluid. We calculated the drag
force acting on the obstacle potential during generation of the asynchronous quantum Karm&n vortex street. It
is found that periodical oscillation of the drag force is generated via drifting up or down of the vortex pairs.
Meanwhile, we analyzed the influence of the imaginary part of the PT symmetric potential with gain-loss for
wake. The trajectory and frequency of the vortex are changed, due to the imaginary part breaks the local
symmetry of the system. In addition, the imaginary part affects the stability of the asynchronous quantum
Kérman vortex street. Lots of numerical simulations are carried out to determine the parameter regions of
various vortex shedding modes. We also proposed an experimental protocol to realize the asynchronous

quantum Kérman vortex street in the miscible two-component BEC with PT symmetric potential.

Keywords: Bose-Einstein condensate, Kdrmén vortex street, PT symmetric potential
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