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Motivations

The theoretical understanding of the A polarization has improved, and high energy

data can be reproduced with isothermal equilibration
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Results

The leading order of polarization is sensitive to the gradient of the fluid velocity

Polarization can be used together with standard bulk observable to study the QGP.
Here we study the dependence on:

* Initial conditions — Transverse polarization probes the initial momentum flow
 Viscosity — Longitudinal polarization is very sensitive to bulk viscosity

* Feed down — reduces polarization by 10% at most (not presented here)
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Numerical setup

An average initial state is generated with superMC and GLISSANDO, hydrodynamics
Is handled with vHLLE and afterburning with SMASH.

We use a constant /s and a temperature dependent (/s. Decoupling happens at
eair=0.4 GeV/fm3, that is T=160 MeV
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Initial longitudinal flow
The initial energy momentum tensor (superMC initial state):
77 = pCOSh(f yCM)a T = gsinh(f yC’M>

Transverse polarization depends strongly on the initial longitudinal momentum flow
(similar conclusions Z.Jiang, X.Wu, S.Cao, B.Zhang Phys.Rev.C 108 (2023) 6, 064904)
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Viscosity

We study for the first time the dependence of polarization on bulk viscosity

Bulk Viscosity Parametrizations
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We can study how fluid components vary by decomposing the kinematic vorticity and
shear:
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And we can identify the components of polarization coming from rotation,
acceleration, shear and expansion:
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Conclusions

Polarization is a paramount probe of the quark-gluon plasma.
* Transverse polarization is very sensitive to the initial longitudinal flow
* Bulk viscosity has a strong impact on longitudinal polarization at 5.02 TeV

Polarization can be used to constrain initial conditions and transport
coefficients.
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Feed-down corrections

Most A particles do not come from the QGP but from decays.
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The total polarization is the sum of the polarizations
from each channel, rescaled by the multiplicity.
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Feed-down corrections

Including decays reduces longitudinal polarization by about 10%.
Transverse polarization is reduced only by 3%.
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Bulk viscosity and transverse polarization
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Spin-shear coupling
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Theory: local-equilibrium density operator

ut 1

Ideal fluid at local equilibrium Bt = — PLE = exp [—/ dzuf””@/]
T ZLE XFoO

Hydrodynamic approximation: gradients are small.
Linear response theory
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Vector t* = (1,0) in lab frame.
Origin: the thermal-shear couples to a
non-conserved operator!
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Isothermal freeze-out

In high-energy heavy-ion collisions, the best approximation for the local density

operator at high energy involves an isothermal decoupling hypersurface.
F.Becattini, M.Buzzegoli, A.P. , I.Karpenko, G.Inghirami Phys.Rev.Lett. 127 (2021)
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The final formula now depends only on gradients of the four velocity
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Isothermal freeze-out

It's only a matter of choosing the best approximation. Suppose you have to
approximate:

= / dy e /G (o, y)
22 4 y2=r2

G(X,y) is peaked at some point on the circle.

1)Taking “T” out:  ~, o= f(") / dy G(x,y)
r

2)Expanding “B” I ~ e~ /() / dy eV lwowo) F=20) Gz y)
r

The first method is exact, the second one introduces unwanted corrections

since the gradients are non vanishing. H
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