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Globally Polarized Quark-Gluon Plasma in Noncentral A + A
Collisions

Zuo-Tang Liang and Xin-Nian Wang
Phys. Rev. Lett. 94, 102301 — Published 14 March 2005; Erratum Phys. Rev. Lett. 96, 039901 (2006)
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Global polarization measurement in Aut+Au collisions

B. |. Abelev et al (STAR Collaboration)
Phys. Rev. C 76, 024915 — Published 29 August 2007; Erratum Phys. Rev. C 95, 039906 (2017)
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Global polarization of A-hyperons as a function of pseudo-rapidity 'r;/\.
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syn=200 GeV and open squares for
GeV. [Phys.Rev.C76,024915].
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Global polarization of A-hyperons as a function of centrality.
synv=200 GeV and open squares for
5yn=62.4 Gev [Phys.Rev.C76,024915]
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Angular momentum conservation in heavy ion collisions at very
high energy

F. Becattini, F. Piccinini, and J. Rizzo
Phys. Rev. C77, 024906 — Published 21 February 2008

Rotation in hydrodynamic motion was proposed to induce polarization"”
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A polarization in peripheral heavy ion collisions

F. Becattini, L. P. Csernai, and D. J. Wang
Phys. Rev. C 88, 034905 — Published 13 September 2013; Erratum Phys. Rev. C 93
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Global polarization of A [Eur.Phys.J.C(2017)77:213]

, 069901 (2016)
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Average A global polarization [STAR, L. Adamczyk et al.,
Nature 548, 62 (2017)]
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A sketch of vorticities along the beam direction (open
arrows) induced by anisotropic flow (solid arrows) in the
(x-y)-plane [Phys. Rev. Lett. 123, 132301]

Various complex vortical structures have been predicted to appear in heavy-ion collisions due to the collective
expansion of the system [203-206] and jet-medium interaction (32, s ]. Refs. [204, ] suggest that the
vorticity, consequently particle polarization, can be induced by anisotropic flow where the rotational axis is along the
beam direction as shown in Fig. 4. The STAR Collaboration observed A (A) polarization along the beam direction
P, as expected [14], and later the ALICE Collaboration confirmed it at the LHC energy [19].

[arXiv:2402.04540v1]
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Pz of A hyperons as a function of azimuthal angle ¢ in
Au+Au collisions at /sy = 200 GeV [Phys. Rev. Lett.
123, 132301]

Unlike for Ee;lubal po‘larizatiom local spin poiarization as a function of the azimuthal angle of emission in the
transverse plane turned out to be starkly different from the prediction of the combined hydrodynamic model and local
equilibrium assumption [20]. This discrepancy has provided a strong motivation for theoretical studies in different

[arXiv:2402.04540v1]
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Relativistic Spin hydrodynamics [Fiorkowski et. al]

Formulation

Stability

Causality
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What is a fluid with spin ? TR

A fluid with spin is a fluid having a macroscopic spin density and which
thus needs a spin tensor SMHY 1o be described, besides the
stress-energy tensor T+

T (x) = ulpT* (x)]  SM(2) = u[pSM ()]
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Symmetry Conserved Quantity

Space-time translation Conservation of total energy and momentum

Lorentz transformation Conservation of total angular momentum

Global U{1) symmetry Conservation of total baryon number
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Dissipative
Variable

Description
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Dissipative

Variable Description

Force per unit area due to internal friction between fluid layers with
different velocities.

Shear Stress (Ttpv)

Bulk Pressure (M) Pressure resisting the change in volume of the fluid

Rotationa
Viscosity (Qpv)
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What do we expect?

» TH — 16 D.O.F (T, u*, ##¥, I, g*, ¢**), with 16 evolution equations.

= S 5 24 D.OF (W, ®, 7 ()”, (“5 © ) with 24 evolution equations.
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De+ (e +p) =7 8,u, + 118 -V - g+ ¢""8,u, ,

(e +p)Du” —Vp = — AJd, 7" — APG,m + wDu” — g*8,u"
+AZDY 470 - MDY,

DI+ 10 = ¢ [ + Tail18 + TTDay) ,
1
T,,A::;UW“‘? + i =2 [(V(‘“u") - ;iBA“") + Tafnt” + Tﬁ""i)ag] s
T, AL Dg" + g = M [(BV*T + Du* — 4w*”u,) — Tasg"8 — Tq" Day|,

T Al Do g g = [(ﬂV““u"] + 20AR A wag) + ashd + wm;,] ,

DS 4 §%89 4 8,51°F = _3(¢*u® — Pu + 6°P),

T DO+ & = X1 [~2u" VP (Bwag) + @100 + ®Déy ],
T ARLDTIP £ 7l = x| —ut (ATAP  ATVAR %N"A“”Jvdﬁu(,p) +a,07" + 74V Da, |,

T A D708 4 7 — ey [uS (AW AP = AV AP, (Buo,) + gt + 4 D],

roASALASDOMNP 4 @ — _xy [A AP ATV, (Buwsy) + 8100 + O Day] ,
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Stabilitz and causalitz
Linear Eerturbations Nonlinear perturbations

Rest frame  Boosted frame Rest frame Boosted frame
|




Concept Description

faster than the
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Linear Perturbation

e(z) — gg + de(x), ut — ulf + dut(z) = (1,0) + (0, 6%),
w'(z) = 046w (z), S*(z) =0+ 05""(x),
X(z) >0+ 0X(x).
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Stability Analysis

To guarantee that perturbations of the equilibrium state do not grow exponentially with time, we demand that
they satisfy the condition

Imw(k.)] < 0.

4 -4
Wy 2 :icgk5*17(37I+C) 3, w1 77747‘(31”"'{)
Q(E(] + .'PO) Ao+ rn

1 1
+0(3) +0G2),
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Causality Analysis

Mathematical
Physics

Communications in Mathematical
Physics

Eckhard Krotscheck and Wolfgang Kundt (1978)
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_ ( Rew(k.)
vy = sup | Jim (== )
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0< <1,
L= 2
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Conclusion and Outlook
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Thank You!
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