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Fig. 1. Density distribution of dipolar BEC condensate which is circular stirred by Gaussian potential with different velovity v,

d=1.8ap: (a)v =0.6/Iwo/m; (b) v =0.84/hwo/m; (¢) v=0.9y/hwo/m ; (d) v=1.1/hwo/m .

15
(a) (b) 1.0

-1%5-10-5 0 5 10 15 -15-10-5 O 5 10 15 —-15-10-5 O 5 10 15 —-15-10-5 O &5 10 15

(®) 314

(h)

(e) ()

> - - - . -
N - 1B

—10 A i i

—3.14
—15 T T T T T T T T T T T T T T T
-1%5-10-5 0 5 10 15 -15-10-5 O 5 10 15 —-15-10-5 O 5 10 15 —15-10-5 O 5 10 15

x x x

B2 BBEMAR TR AR (a)—(d) NIE 1(b) ZEUF IR ¢ =30, 60, 250, 600 H 7R M7 #4R8 I B B A A, WA K IRk
15a0 x 15aq, fF 5+, —4 0 2R s W e B 55 A1 e %% s (e)— () Sy kT Rz B 200 4H ]

Fig. 2. Evolution of the vortex dipole emission: (a)—(d) Display density distributions of the wake after Gaussian potential at ¢ = 30,
60, 250, 600 for the parameters in Fig. 1(b), the field of view is 15ag X 15ag, the symbols + and — denote counterclockwise and
clockwise circulations of point vortices; (e)—(h) depict phase profiles corresponding to Figs. (a)—(d).

080501-3


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 % 3R Acta Phys. Sin. Vol. 72, No. 8 (2023) 080501

KR AT <7 (<) Rp i md 1 e e (0Tt £ Jig
) B SR AARTE . B — AR T B T g
J& , TR SR T BRI AL R — T
AR ARSI FE S 07 A A AR 1, (R A3t
Vi 14 J 0] 3 IR T g ST A B RN B AR A
HARR RS . WAL RS, SRR vE Y
TR 72 B 23 A LR AR ELAR T, A A A B
UL ERIFIE Sk AL (“+ 7, “+ 7. )Ry
WIS 3, AR AR RE R N IR E
1 BUAE R .

WA i Sz gl BE Pt — PR, T i v

1) JE S T2 T A . 24 v A B R B — e RO
HL RS INGE . — 2 ST, R R RS e
1 BvK #f, WE 1(c) P, K 3 TEdE/R T BvK
WG B FE. ¢ = 40wy AR 1 % “+ — IRl AL
A ] if AR H i 7% (K] 3(a)), AR, &
2 X I TE M I BT« WA TE ST T “+7 IR e M i i 5%
1Y% (K 3(b)), e 3 X HE & i« IR e e
T WEMN A REBLE (B 3(c), BT
() (s )y F) () B EXT I V5 HLAE, X
— R MER 2 X i 7 T s R IR B A b i
Frh . YA A F] t = 170wy I, 45 3 %R E

(a)

J®

1.0

—-15-10-5 0 5 10 15 —15—-10 =5

—15—-10 -5

—-15-10-5 0 5 10 15 —15—-10 =5

0

0

Phase

10 15 —-15-10-5 0 5 10 15

()

—3.14

—15-10 =5

—-15-10-5 0 5

10 15

K3 BvK i i b e

10 15

xT

(a)—(f) &l 1(c) ZHCT ] ¢ =40, 90, 130, 170, 300, 900 Hf 5 H7 %4 F& 3 45 B2 7 A, L4 IX 0k

15a0 X 15aq, (f) H A g 2k R BR 5350 30 P9 41 19 50 368 e o e 370 it BB 62 85 (g)— (1) Ay X Iz s 22 4 ]

Fig. 3. Evolution of the BvK vortex street: (a)—(f) Display density distributions of the wake after Gaussian potential at ¢ =40, 90,
130, 170, 300, 900 for the parameters in Fig. 1(c), the field of view is 15ag X 15aq, the white dotted ring in (f) represent the posi-
tion where the inner and outer vortex pair arrays appear stably; (g)—(1) depict phase profiles corresponding to Figs. (a)—(f).
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Fig. 4. Parameter regimes of different vortex emission in Dipole BEC under different dipole interactions: (a) g = 100, agg = 20;

(b) g = 100, aqq = 40. The black dotted arrows indicate the change of v used in Fig. 1.
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Abstract

The dynamical behaviors of a dipole Bose-Einstein condensate (BEC), which is stirred by a circular moving
Gaussian potential, are numerically investigated by using the mean-field theory. In this work, the atom is
assumed to polarize along the zaxis. Firstly, the stationary state of the system is obtained by solving the quasi-
two-dimensional Gross-Pitaevskki equation numerically under periodic boundary conditions. And then, taking
the obtained ground state as the initial condition, the dynamic evolution of the dipole BEC system is studied by
the time-splitting Fourier spectrum method. Four types of emissions, namely, the stable laminar flow, vortex
dipole, Bénard—von Karmédn (BvK) vortex street and irregular turbulence, are observed in the wake when the
velocity and size of the Gaussian potential change gradually. When the velocity of the Gaussian potential
reaches the critical velocity of vortex excitation, vortex pairs with opposite circulations alternately fall off from
the surface of the Gaussian potential. Owing to the interaction between the vortex dipoles, the dipoles rotate
around their own centers. Finally, a ring structure will be formed and exist in the wake stably for a long time.
With the increase of the velocity of Gaussian potential, the period of dipoles shedding is also shortened. For the
appropriate velocity and size of the Gaussian potential, the vortex pairs with the same circulations will
periodically fall off from the Gaussian potential and stably distributed on the inner and outer rings, forming
BvK vortex street. Our caculation reveals that the conditions for forming BvK vortex street when the dipole
BEC is stirred with a circular moving potential are very restricted. When the velocity or size of the Gaussian
potential continues to increase, the phenomenon of the periodic vortex pairs shedding in the wake of the
Gaussian potential will disappear, and the shedding pattern of the dipole BEC becomes irregular. Using
experimental parameters, the parameter ranges of different dipole interactions are obtained through numerical
calculation. The influences of dipole interactions, velocity and size of the Gaussian potential on different
emission are discussed. In the end, the physical mechanisms of different emissions are analyzed by calculating

the drag force acting on Gaussian potential.
Keywords: dipolar Bose-Einstein condensate, vortex dipole, Bénard—von Kdrmén vortex street
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