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Orbital Angular Momentum (OAM)

* Non-central heavy ion collision

b=7fm
|J | | | « RHIC: AutAu@200GeV:
= |r X
Y , P Jy ~ 7 x10°R

~ §A\/8NN .

LHC: Pb+Pb@2760GeV:

J, ~10"h

-
(5,

'y
o

KJ)| (10%A)

(3}

o

W.-T. Deng and X.-G. Huang, Phys. Rev. C 93, 064907.
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Spin-Orbital Coupling

« Spin-Orbital Coupling
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Hyperons
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Z.-T. Liang and X.-N. Wang, Phys. Rev. Lett. 94, 102301 (2005)
Z.-T. Liang and X.-N. Wang, Phys. Lett. B 629, 20 (2005)
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Global Polarization

 Global Spin Polarization of A Hyperons

Experiments
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Z.-T. Liang and X.-N. Wang, Phys. Rev. Lett. a94, 102301 (2005)
STAR, L. Adamczyk et al., Nature (London) 548, 62 (2017).
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l. Karpenko and F. Becattini, Eur. Phys. J. C 77, 213 (2017).
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Y. Xie, D. Wang, and L. P. Csernai, Phys. Rev. C 95, 031901(R) (2017).
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Local Polarization

« Local Vortical Structure

Transverse polarization Helicity polarization
(a) (b) (Out-plane direction) (particle’s momentum)
Beam-beam \
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Beam direction polarization

STAR, L. Adamczyk et al., Nature (London) 548, 62.
STAR, J. Adam et al., Phys. Rev. Lett. 123, 132301.
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“Sign’

Problem®& shear induced polarization
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STAR, J. Adam et al., Phys. Rev. Lett. 123, 132301

Beam direction Polarization

Opposite Sign!

Out of global equilibrium effects

Local Transverse Polarization

Opposite Trend!
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F. Becattini and I. Karpenko, Phys. Rev. Lett. 120, 012302
X.-L. Xia, H. Li, Z.-B. Tang, and Q Wang, Phys. Rev. C 98, 024905
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Hydrodynamic Effects

Recalling the original spin polarization distribution in phase space
S'(p) = Jd= - pgs [P X) = =~ > Axial current
QmAde-N(p,X)’

F. Becattini, V. Chandra, L. Del Zanna, and E. Grossi, Annals Phys. 338, 32 (2013).
R.-H. Fang, L.-G. Pang, Q. Wang, and X.-N. Wang, Phys. Rev. C94, 024904 (2016)

The axial currents at the local equilibrium can be decomposed as

1 U -
Jh o= aie”mﬁpy, Thermal vorticity
1 .
T pvaf ) ) Shear viscous tensor
shear “Ww-p)T" PattppO<qivy Shear Induced Polarization(SIP)
1 ( 1 . .

T = —aﬁe“mﬁpyua@uﬁ — $657}). Fluid acceleration New effects!
no o, 1 ey oo H Gradient of chemical potential
chemical (u-p) 7 Spin Hall Effect (SHE)

1
_ vaf -
Tip = @(u_p) P paugE, , Electromagnetic fields

Y. Hidaka, S. Pu, and D.-L. Yang, Phys. Rev. D97, 016004 (2018)

S.Y. F. Liu, Y. Yin, PRD 104, 054043 (2021)

F. Becattini, M. Buzzegoli, A. Palermo, Phys. Lett. B 820 (2021) 136519
S.Y. F Liy, Y. Yin, JHEP 07 (2021) 188.
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Hydrodynamic Effect

« Hydrodynamic contribution to the local spin polarization
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B. Fu, et al. Phys. Rev. Lett. 127, 142301 F. Becattini et al, Phys. Rev. Lett. 127, 272302

Also see: CY, S. Pu, and D.-L. Yang, Phys. Rev. C 104, 064901.
S. Ryu, V. Jupic, and C. Shen, Phys. Rev. C 104, 054908
X.-Y. Wuy, CY, G.-Y. Qin, and S. Pu, Phys. Rev .C 105 6, 064909
B. Fu, L. Pang, H. Song, and Y. Yin, (2022), 2201.12970.

Considering shear induced Polarization under some assumption, the theoretical
calculations agree qualitatively/quantitatively with the experimental data.

Has the "sign" problem been solved ?
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Setup of simulation

- (3+1) dimensional viscous hydrodynamic framework CLVisc

Solve the Energy-momentum conservation and net baryon current:

vV, T =0 T = eU'U" — PA" + 7
vV, Jh =0 J' = nU" + V*

Equation of motion of dissipative current:

A D = — i (Eﬂv — m,;w) — iﬁyvg - zﬁa(ggw + i 4 ﬁéﬂﬂv)a
ap T, 3 7 70 e+ P
| 3
A""DV# = —-— (V‘” — KBV‘“E) - V¥ — —V o
Ty T 10

« Setup
initial condition: AMPT, SMASH
freeze out condition : €<0.4GeV/fm”"3
Equation of State: NEOS BQS

L. Pang, Q. Wang, and X.-N. Wang, Phys. Rev. C 86, 024911
X.-Y. Wuy, G.-Y. Qin, L.-G. Pang, and X.-N. Wang, Phys. Rev. C 105, 034909
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Global Polarization
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X.-Y. Wu, CY, G.-Y. Qin, and S. Pu, Phys. Rev .C 105 6, 064909

» The influence of these new effects on the global polarization is small. The theoretical
calculations are consistent with the experimental results under both two cases.
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Local Polarization
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X.Y. Wy, CY, G.Y. Qin, S. Pu Phys. Rev. C 105, 064909

» The longitudinal polarization contributed by chemical gradient depends on
initial conditions strongly
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P,, and P, , across BES
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P,, and P, , across BES

Model: X. Wu et al., PRC 105 (2022) 064909
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Qiang Hu, Talks on SQM 2024

» The sign of the spin polarization will change at the lower collision energy

» P2,y of A increase with decreasing energy and current models cannot describe the results
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Local Helicity polarization

Helicity polarization is the projection of the spin polarization vector in the direction of momentum.

Helicity polarization
/ . - (particle’s momentum)

quark-gluon/ ’
plasma / /

A
forward-going

beam fragment

The original idea for helicity polarization is proposed to probe the initial chiral chemical potential.

Sh — ﬁS(p) Sh:Sﬁydro_'_S)}é

F. Becattini, M. Buzzegoli, A. Palermo, and G. Prokhorov, Phys. Lett. B 826, 136909
J.-H. Gao, Phys. Rev. D 104, 076016
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Hydrodynamic helicity polarization

Helicity polarization induced by thermal vorticity, shear viscous tensor, fluid acceleration and

spin hall effect CY, X.Y. Wu, D.-L. Yang, J.H. Gao, S. Pu, G.Y. Qin, 2304.08777.

- o U
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o p € pZ
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« Kinetic vorticity

Sbr(p) = [dSE 5B (wx VD),
T Kinetic vorticity

St(p) = /dE"FU%I’S w,| ———= > V xu
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Numerical results

 Helicity polarization across RHIC-BES energies
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» Helicity polarization induced by kinetic vorticity dominates at BES energies

» Helicity polarization induced by other contributions are almost vanishing
» A possible way to probe the fine vorticity structure of the QGP by measuring helicity polarization.

CY, X.Y. Wu, D.-L. Yang, J.H. Gao, S. Pu, G.Y. Qin, 2304.08777.
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CMS Results

 Polarization along the beam direction in p+Pb collisions
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Chenyan Li, Talks on SQM 2024

» The magnitude of polarization is the same order of magnitude as that in AA collisions
> Its dependence on multiplicity is inconsistent with that of v2

5y B4
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Initial condition

« |Initial condition

We implement the parameterized TRENTo-3D model as initial conditions and
consider the constituents

Na/B n _ L ui o 22 2
1 e, e (xL—x! —sg)7 /20
Ty/p(x1) = E - E Yq 92
i=1 € q=1

aa\ l/a
s(x1) x (%)

IP-Glasma like entropy deposition with a =0.
For the longitudinal direction,

dy
S(XJ_JnS)|T=T0 — KS(XJ_)g(XLvy)dn )

We construct the function from of g by parameterizing its cumulant generating
function.
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CLVisc hydrodynamics model

« CLVisc Framework

The subsequent evolution of the system is simulated by the 3+1D CLVisc
hydrodynamics model.
We just focus on the energy-momentum conservation equations

9, T =0,

DI+ I = —C0 — oqm 110 + An.7"" 0,
TWAZZ,DW‘I’Q + 7 = ot — GO + Tﬂ-ﬂ-’]TA(“O'K)
—|-(p17Tc<f7TV>a.

We use the temperature dependent shear and bulk viscosity given by Bayesian
parameter estimation in Phys. Rev. C 94, 024907 (2016) .

The equations of state are provided by the HotQCD collaboration and freeze-out
temperature T, = 154 MeV.
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Spin Polarization Vector

We follow the modified Cooper-Frye formula to compute the polarization pseudo-vector
including the contribution from thermal vorticity and thermal shear tensor and neglect
the spin hall effect:

Sﬂ(p) — S#hermal(p) +S€Lh—shear(p)7

1 17
Sfl/lermal(p) - h/dz ) Npieu aﬁpvwaﬁa
etvaBp ng
SH _shear\P) = h/dz N - ggoaa
th-sh ( ) P (np)
—_ _ 1 ug\ _ o (U«
thermal vorticity: Wag = 5 O ( T) Op ( T) ,
_ . 1 upg U_a
thermal shear tensor: Eap = 5 o ( T ) + 0g ( T )
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Different scenarios

We consider three different scenarios:

« A equilibrium:
It is assumed that A hyperons reach the local (thermal) equilibrium at the
freeze-out hyper-surface

« s quark equilibrium:
The spin of A hyperons is assumed to be carried by the constituent s quark.
We take the s quark’ s mass instead of A’ s mass in the simulation

 Iso-thermal equilibrium:

The temperature of the system at the freeze-out hyper-surface is assumed
to be constant. The time unit vector is taken as fluid velocity for simplicity.

Wap — (8au5 — 85ua)/(2T)
Eap = (Optn + Onuy)/(2T)

Hydrodynamic contributions to spin polarization
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Multiplicity and v2 of A
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» Current parameters can have a good description of the multiplicity of charged particles
and elliptic flow for A hyperons

%) 8% Hydrodynamic contributions to spin polarization 25/30



Multiplicity (centrality) dependence
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Multiplicity dependence pr dependence

» Shear induced polarization always gives a positive contribution

» Polarization induced by the thermal vorticity is negative

» The results in the three scenarios are inconsistent with the data from the LHC-CMS
experiments.
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Test for AMPT initial conditions
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Different initial conditions
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Smaller v2 gives a larger polarization along beam direction ?

Non-flow effects play a crucial role in the polarization at pPb collisions.
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Summary

« Spin Polarization in Au+Au collision

» The influence of these new effects on the global polarization is small.
» Shear induced polarization always give a positive contribution.

» The spin hall effect plays an important role in the low energy collisions
>
>

Helicity polarization is a possible way to probe the fine vortical structure of QGP.

 Spin Polarization in p+Pb collision

» Shear induced polarization always gives a positive contribution

» Polarization induced by the thermal vorticity is negative

» The results from hydrodynamics are inconsistent with the data from CMS.
» Non-flow effects play a crucial role in the polarization at pPb collisions

Helicity polarization is mainly contributed by the kinetic vorticity at low energy collisions.

Hydrodynamic contributions to spin polarization

29/30



Thanks for your time !
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