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Fig. 1. Shape of external potential (The depth of ex-
ternal potential is Vp = 1000, and the position of a
potential wall is zg = 512, yo = 128).
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(d) v =0.55, d = 1.82
Fig. 2. Density distributions of a condensate past an obstacle potential: (a) v =0.25,d =1.2; (b) v =0.49, d = 1.2;
(c) v=048, d=1.8; (d) v =0.55, d = 1.82.
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Fig. 3. Dependence of the patterns of wakes on the
normalized width d and velocity v of the obstacle po-

tential.
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Fig. 4. Time evolution of the normalized drag force F: (a) v =0.49, d = 1.2; (b) v = 0.48, d = 1.8; (¢) v = 0.55, d = 1.8.
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Bénard-von Karman vortex street in dipolar
Bose-Einstein condensate trapped by
square-like potential®
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Abstract

Bénard-von Kdrmén vortex street in dipolar Bose-Einstein Condensate (BEC) trapped by a square-like potential is
investigated numerically. In the frame of mean-field theory, the nonlinear dynamic of the dipolar BEC can be described
by the so-called two-dimensional Gross-Pitaevskii (GP) equation with long-range interaction. In this paper, we only
consider the case that all the dipoles are polarized along the z-axis, which is perpendicular to the plane of disc-shaped
BEC. Firstly, the stationary state of the BEC is obtained by the imaginary-time propagation approach. Secondly, the
nonlinear dynamic of the BEC, when a moving Gaussian potential exists in such a system, is numerically investigated
by the time-splitting Fourier spectral method, in which the stationary state obtained before is set to be the initial state.
The results show that when the velocity of the cylindrical obstacle potential reaches a critical value, which depends on
interaction strength and the shape of the potential, the vortex-antivortex pairs will be generated alternately in the super-
flow behind the obstacle potential. However, in general, such a vortex-antivortex pair structure is dynamically unstable.
When the velocity of the obstacle potential increases to a certain value and for a suitable potential width, a stable vortex
structure called Bénard-von Karméan vortex street will be formed. While this phenomenon emerges, the vortices in pairs
created by the obstacle potential have the same circulation. The pairs with opposite circulations are alternately released
from the moving obstacle potential. For larger potential width and velocity, the shedding pattern becomes irregular.
We also numerically investigate the effects of the dipole interaction strength, the width and the velocity of the obstacle
potential on the vortex structures arising in the wake flow. As a result, the phase graph is presented by lots of numerical
calculations for a group of given physical parameters. Thirdly, the drag force on the obstacle potential is also calculated
and the mechanical mechanism of vortex pair is analyzed. Finally, we discuss how to find the phenomenon of Bénard-von

Kéarman vortex street in dipolar BEC experimentally.
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