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Motivation

Longitudinal polarization is strongly sensitive to bulk viscosity parameterization at LHC
energies and can therefore be used to constrain the transport coefficients
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Outline

Framework (initial conditions and workflow description) [2404.14295]

New results for heavy-ions (PbPb @ 5.36 TeV)

Preliminary results for OO (5.36 TeV)

Fluctuations

Question

Vorticity and shear induced polarization with average event hydro provide a good de-
scription of spin polarization for Λ hyperons in heavy-ion collisions. Does this extend to
light-ion collisions?
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Model overview

Averaged
initial conditions

3 + 1D hydro
(vHLLE)

Afterburner
(SMASH)

Fit free parameters
to the spectra

Integration over ΣFO

(hydro-foil)
Spin

polarization

Limitations (more severe for light-ions!)

Averaging removes event-by-event fluctuations

No pre-equilibrium dynamics is included
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Initial conditions (IC)

We consider an IC model developed in [C.Shen et al. 2106.08125]. The positions of the
participants in the transverse plane are sampled from a Woods-Saxon (PbPb) or from NLEFT
tables (OO). The stress tensor on the τ = τ0 slice is assumed to be

T ττ = e(x , y , η) cosh (fyCM) T τη =
1

τ0
e(x , y , η) sinh (fyCM)

Three free parameters (f = 0.15 fixed) are fitted to reproduce the spectra using SMASH
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Average event hydro

Average profile of 20k events for each centrality class. The (3 + 1)D viscous hydro is performed
using vHLLE [Karpenko et al.]

Parameter Value
τ0 [fm/c] 1
ecrit [GeV/fm

3] 0.4
η/s 0.08
ζ/s Param. III
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Spin polarization at freezeout

Spin polarization is obtained through an integration over the freezeout hypersurface Σ using
hydro-foil [A. Palermo]

Sµ(p) = −ϵµρστpτ

∫
Σ
dΣ · p nF (1− nF )

[
ωρσ + 2 t̂ρ

pλ

ε Ξλσ

]
8mTH

∫
Σ
dΣ · p nF

with kinematical vorticity and shear defined as

ωµν =
1

2
(∂νuµ − ∂µuν) Ξµν =

1

2
(∂νuµ + ∂µuν)

A key hypothesis is the isothermal approximation, that is the hadronization hypersurface is
at T = TH (∼ true at high energies)

New formula for spin polarization that does not rely on this hypothesis (numerical tests
ongoing) [Sheng, Roselli, Becattini 2509.14301]
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Pb-Pb at
√
sNN = 5.36 TeV

ALICE data from [2606.18070]
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O-O at
√
sNN = 5.36 TeV

Preliminary ALICE data suggest
that polarization is non-zero for
more central OO collisions,
unlike in Pb-Pb
[ALI-PREL-620896]

The model captures the
centrality trend but
underestimates the
magnitude of the Λ
polarization

8 / 10



Fluctuations

Including event-by-event
fluctuations substantially
improves the description of O–O
elliptic flow

Event-by-event sample

200 hydro events per
centrality class

100 SMASH oversamples
per hydro event

Polarization ongoing

ATLAS data from [2509.05171]
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Conclusions

Spin polarization is a powerful probe of QGP properties

Average event hydro with no pre-equilibrium evolution provides a good description of
global and local polarization in heavy-ion collisions

The same model applied to OO collisions reproduces the centrality dependence but
systematically underestimates polarization

Event-by-event fluctuations substantially improve the description of OO elliptic flow, while
their effect on longitudinal polarization is currently being quantified

Outlook

Inclusion of pre-equilibrium dynamics

Different IC models
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Backup



Initial conditions

The thickness function is given by

TA(B) =
∑

i∈A(B)

1

2πw2
exp

[
− (x − xi )

2 + (y − yi )
2

2w2

]

Local four-momentum per unit transverse area is

dE

d2xT
= [TA + TB ]mN cosh ybeam = M cosh yCM

dPz

d2xT
= [TA − TB ]mN sinh ybeam = M sinh yCM

where ybeam = arccosh
√
sNN

2mN
and yCM = arctanh

(
TA−TB

TA+TB
tanh ybeam

)



M is the invariant mass

M(x , y) = mN

√
T 2
A + T 2

B + 2TATB cosh 2ybeam

Requiring energy and momentum conservation when mapping to hydrodynamics, we get a set
of constraints on the stress tensor and therefore on e(x , y , η)

e(x , y , η) = Ne(x , y ,w) exp

[
− (|η − (yCM − yL)| − η0)

2

2ση
2

× θ(|η − (yCM − yL)| − η0)

]
A similar construction is performed for Jµ(x , y , η)



Fitting to the spectra

IC free parameters are fitted to reproduce the spectra using SMASH



Vorticity vs shear

The vorticity contribution is enough for global polarization but the shear one is needed for
local polarization [Becattini et al ’21]
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Second harmonic and bulk viscosity
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Pz and bulk viscosity
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