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Polarization/Magnetization and Rotation

Barnett effect Einstein-de Haas effect
spin-orbital coupling Angular momentum conservation
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Large OAM in noncentral HICs
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Global polarization: from prediction to measurements

Globally Polarized Quark-Gluon Plasma in noncentral A-A Collisions
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How it happens?

Spin-orbit coupling
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Spin-vorticity coupling
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Vortex, a topological realization of spin polarization

Spin €< =2 Vortex

guantized angular momentum
basic degree of freedom

How does the spin-orbit/vorticity coupling take place?
How does the orbit angular momentum transfer?
How does the energy of rotation and vorticity nucleate?

What is the dynamics in control?

Hydrodynamics HICs BECs

Transport models Gross-Pitaevskii eqaution

Shear induced Polarization
Nonlocal collisions




Gross-Pitaevskii Equation(GPE) |
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Property of GPE: Conservation laws and length scales
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More complicated than a compressible hydrodynamics
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Vortex, a basic degree of freedom in rotating BECs

1.0
0.8¢
~ 0.6f

= 0.4}

50 h? o 2
Zhaiﬂ(r,t) = _%v w(rat) ¥ )\|?7D(I',t)| w(rat) 0.2 /,"l i

Stationary rotating solution with GPE

0.4

W(r,0,t) =/ p(r)e*terih,
c\'E().3-

Winding number s = integer, =
S 0.2

Vortices are qunatum soliton excitations g
~ C01F S

»

v=(hs)/(mr)¢ lL=rxpv=p(r)shi o

=)

n
AE x s° AL xs

s > 1 unstable in energy,

: .. f(n~0) g 0 J(n~ oo). =L : s=1 basic dof in case of rotation
High precision solution to quantized vortices

H-H Peng, JD, S-Y Lou and Q Wang, Commun. Theory. Phys. 74 (2022) 9, 095002.

1 2
() + ;f’(n) + (1 — #)f(n) —f)? =0,




Decay to primary vortices, the basic DOF
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Prepare for the collision with BECs
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Larger size, closer distance, collision takes
place before a significant expansion of
the central region.

Isolated disk is not stable due to the repulsive quantum pressure
and self-interaction. The inner region is inertial confined, it can
maintain the density for a longer time with a larger size disk.



Vortex formation in collision of BECs

* With OAM & interaction.
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Wave function in collision of BECs
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interference fringes spiral =2 constructive fringes merge and destructive fringes breaks = quantized vortices created
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Winding number, Topological defect is conserved =» quantized vortices created around original defects
The smaller the initial OAM density = the longer distance for OAM transfer =» the longer formation time




Energy density and vorticity evolution
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Primary vortex is a quantum
soliton excitation, which is a
fundamental degree of
freedom in rotating BECs.
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Vortex-antivortex pair production

Colliding between the
internal flows, destructive
fringes break further.

Positive and negative
winding number created
simultaneously.

Followed by the formation
of vortex-antivertex pairs.

Pair production depends
on the collision energy, not
the initial OAM.

Pair production can take
place in central collision.



Summary and outlook

Stationary property and dynamical formation of vortices are investigated.

The primary vortices are demonstrated as the basic degrees of freedom
with sizable OAM. The energy and vorticity density will nucleate around
topological defects, leading to the formation of vortices .

A different approach to spin polarization through vortex formation.

Vortex is a topological excitation with local OAM. It is an analog of spin
polarization. Vortex formation process may shed light on the nature of
particle’s spin as well as spin-orbit and spin-vorticity coupling.

outlook
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Back up



Vortex and pair production

-15 =10 -5 0 5 10 15

=20

=30

40

=50

=20 =10 0 10 20 30



Time reversibility, any subtlety?




Periodic boundary condition VS. rotation
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