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Vincent van Gogh

Relativistic fluid dynamics forms  
the basis of HIC models

Figure: T.Niida
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Spin polarization in heavy-ion collisions: A new sensitive probe!

Non-central heavy-ion collisions create fireballs  
with large global orbital angular momenta

Part of the angular momentum can be 
transferred from the orbital to the spin part

Figure: M. Lisa, talk @ “Strangeness in Quark Matter 2016”

 Figure: R. Ryblewski

Emitted particles are 
expected to be globally 

polarized along the 
system’s angular 

momentum

F. Becattini, F. Piccinini, J. Rizzo, PRC 77 (2008) 024906
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Experimental measurement of ( ) spin polarization in heavy-ion 
collisions

Λ Λ̄

L. Adamczyk et al. (STAR) (2017), Nature 548 (2017) 62-65

QGP is the hottest, least viscous, and most 
vortical fluid ever produced

Self-analysing parity-violating 
hyperon weak decay allows to 

measure polarization of Λ

Figure: T.Niida

~2% - small but measurable effect

             first direct observation of spin PΛ ≈ PΛ̄3



Perfect-fluid spin hydrodynamics
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Relativistic kinetic theory 
formulation of ideal fluid

For dilute systems, the derivation of fluid 
dynamics can be done starting from the 

underlying kinetic theory

Quantum RKT

(γμKμ − m) 𝒲(x, k) = C[𝒲(x, k)]

Kμ = kμ +
i
2 (ℏ∂μ)

kμ∂μℱeq(x, k) = 0
kμ∂μ𝒜v

eq(x, k) = 0
semi-classical expansion

∂λSλ,μν = 0∂νTμν = 0∂μNμ = 0

moments method
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Classical spin treatment - perfect fluid
W. Florkowski, R. Ryblewski, A. Kumar, Prog. Part. Nucl. Phys. 108 (2019) 103709

J.-W. Chen, J.-y. Pang, S. Pu, Q. Wang, PRD 89 (9) (2014) 094003

Explicit constitutive relations

W. Florkowski, A. Kumar, R. Ryblewski, R. Singh, Phys.Rev.C 99 (2019) 4, 044910 
R. Singh, G. Sophys, R. Ryblewski, Phys.Rev.D 103 (2021) 7, 074024 
R. Singh, M. Shokri, R. Ryblewski, Phys.Rev.D 103 (2021) 9, 094034 
W. Florkowski, R. Ryblewski, R. Singh, G. Sophys, Phys.Rev.D 105 (2022) 5, 054007
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b2
0 = C0

ωY cosh(η)

⟨πμ⟩ =
∫ dP⟨πμ⟩

p
Ep

d𝒩(p)
d3p

∫ dPEp
d𝒩(p)

d3p

≡
∫ d3p

dΠ*
μ (p)

d3p

∫ d3p d𝒩(p)
d3p
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