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A harmonically-trapped strongly dipolar quasi-
three-dimensional (quasi-3D) Bose-Einstein con- 0 s000 T 0 T 0 27000 -0 T
densate (BEC) of 64Dy atoms can have an eigen- T m m
state in the form of a hollow cylinder with ring
topology aligned along the polarization z direction
of the dipolar atoms [1]. We demonstrate that
if this hollow cylindrical BEC is rotated around ()
the polarization direction, it can host giant vor-
tices of angular momentum [ greater than unity

(I > 1) [2]. This theoretical investigation is based €
on the numerical solution of an improved mean- =
field model including a Lee-Huang-Yang-type in- A Ve, =041 ) »
. . 4 2 0 2-4-20 2 4 420 2-4-20 2 4
teraction, meant to stop a collapse at high atom (© X (um) X (um) (@ X (um) X (um)

density. These giant vortices are stationary, ob- Figure 1: Contour plot of quasi-2D density nop(x,y) (left
tainable by imaginary-time propagation using a Panel) and phase of the wave function v(z,y,0) (right

Gaussian initial state, on which the appropriate panel) of the giant—vortice.s of angular momentum and
phase of the giant vortex is imprinted. angular frequency of rotation (a) [ = 0,2 = 0, (b) [ =

. . : 3,Q/w, = 0.29 = 2w x 36 Hz, (¢) | = 4,Q/w, = 041 =
In this investigation we consider a BEC of o Hz, (d) | = 5,Q/w, = 0.53 = 21 x 66 Hz. The

N = 200000 '**Dy atoms in a quasi-3D axially- parameters of the model are N = 200000, a = 80aq, aqq =
symmetric harmonic trap of radial and axial fre- 130.8a¢, w, = 27 x 167 Hz, w, =2 x 125 Hz
quencies w, = 27 x 167 Hz and w, = 27 x 125 Hz
(wp &~ w). The stationary giant vortices were obtained by a numerical solution of the improved mean-field
model by imaginary-time propagation employing the Crank-Nicolson discretization rule. In Fig. 1(a) we
illustrate the contour plot of integrated quasi-2D density nop(x,y) = N [ dz|¢(z,y, 2)|? for the nonrotat-
ing [ = 0 hollow cylindrical state (left panel) and the corresponding uniform phase of the wave function
¥(x,y,0) (right panel). In Figs. 1(b)-(d) we present the same for the stable giant vortex states of angular
momenta [ = 3,4,5 obtained by rotating the hollow cylindrical state of plot (a) around the z axis with
angular frequencies of rotation Q = 27 x (36,51,66) Hz, respectively. The dynamical stability of these
giant vortices is established by real-time propagation during a long interval of time after a small change
of a parameter.

Quantum states of distinct topology are of general interest [3]. The hollow cylindrical state of Fig.
1(a) can be realized dynamically using real-time simulation starting from a Gaussian solid cylindrical
state [1].
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