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Fig. 1. Optical trapping of »Na condensates in all F =

1 hyperfine states: shown are absorption images after
(a) 250 ms and (b) 340 ms of optical confinement.
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Fig. 2. Absorptive image of Rb atomic cloud after 10 ms
free expansion in a Stern-Gerlach magnetic field gradient.
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Fig. 4. Approximate half-quantum vortex solution in the spin-1 BEC and the corresponding singular spin texture: (a) and (b) are
the densities of the |F = 1,mp = 0)fl |F =1,mp = —1) components, respectively; (c) and (d) are the corresponding phases; (e)
shows the profile of the half-quantum vortex; (f) spin density|S|; (g) the profile of the spin density|S]; (h) spin texture; (i) topologic-

al charge density ¢ (z,y).
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Fig. 7. Dynamics of the creation of knots in a spherical optical trap under a quadrupole magnetic field. Snapshots of the preimages

of d = (0,0, -1)" and d = (1, 0, 0)"(top), and the cross sections of the density for the m = —1 components on the z—y plane (bot-

tom).
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Fig. 8. Structure of the knot soliton and the method of its creation: Schematic magnetic field lines before (a) and during (b) the
knot formation, with respect to the condensate (green ellipse); (c), (d) as the knot is tied, the initially z-pointing nematic vector
(black arrows) precesses about the direction of the local magnetic field (cyan lines) to achieve the final configuration (coloured ar-
rows); the dashed grey line shows where d, = 0, the white line indicates the soliton core (d, = —1), and the dark grey line defines the

boundary of the volume V (d.= 1); (e) the knot soliton configuration in real space and its relation to the nematic vector d in &

(inset).
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Fig. 10. Particle number densities (the first and second columns) and phase distributions (the third and fourth columns) of ground
state of the two-component BEC of 'Rb for the different spin-orbit coupling strengths: the parameters of % in (a)-(d) are 0, 0.2,
0.8, 2, respectively!17,
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Fig. 11. Dynamical formation of vortices: vortices are formed in all components, more than 99% of total population is in ¥_; com-

ponent. In the 1, component, dynamical and topological vortices coexist!.
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Fig. 12. Experimental creation of Dirac monopoles. Each row (a)—(f) contains images of an individual condensate. The leftmost

column shows colour composite images of the column densities taken along the horizontal axis for the three spin states

{|1),]0),]—1)}; The rightmost three columns show images taken along the vertical axis®l.
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Fig. 13. The effect of rotation frequency for spinor BEC of *Na with p;0(j =0,+1) =3.6 hw, p=25hw, K, = Kk, = K, = 1,
aop =50 ap, and ay = 55 ag: (a) 2 =0; (b) 2 = 0.2 w; (¢) 2 = 0.5 w. The fourth column shows the corresponding spin textures

and the positions of the vortices!!!s.
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Fig. 14. The monopoles with the Mermin-Ho vortex: (a) Isosurface of particle densities; (b) segments of isosurface of particle densit-

ies (y < 0). the position of the nodal line (Dirac string) is highlighted by the red arrow; (c) phase distributions in the z = 0 planes.

the single vortex (my = 0) and double vortex (mp = —1) have the same circulations, as highlighted by the red circles!'?.
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Abstract

Most of the atoms that realize Bose-Einstein condensation have internal spin degree of freedom. In the
optical potential trap, the internal spin of the atom is thawed, and the atom can be condensed into each
hyperfine quantum state to form the spinor Bose-Einstein condensate. Flexible spin degrees of freedom become
dynamic variables related to the system, which can make the system appear novel topological quantum states,
such as spin domain wall, vortex, magnetic monopole, skymion, and so on. In this paper, the experimental and
theoretical study of spinor Bose-Einstein condensation, the types of topological defects in spinor Bose-Einstein
condensate, and the research progress of topological defects in spinor two-component and three-component

Bose-Einstein condensate are reviewed.
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