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Global polarization of Λ-hyperons as a function of pseudo-rapidity ηΛ.
Filled circles for √sNN=200 GeV and open squares for √sNN=62.4

GeV. [Phys.Rev.C76,024915].

Global polarization of Λ-hyperons as a function of centrality.
Filled circles for √sNN=200 GeV and open squares for

√sNN=62.4 Gev [Phys.Rev.C76,024915]
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“”Rotation in hydrodynamic motion was proposed to induce polarization“”
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Global polarization of Λ [Eur.Phys.J.C(2017)77:213]
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Average Λ 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]

[arXiv:2402.04540v1]
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Pz of Λ hyperons as a function of azimuthal angle ϕ in
Au+Au collisions at √sNN = 200 GeV [Phys. Rev. Lett.

123, 132301]

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

Relativistic Quantum-Stat Spin hydrodynamics [F.Becattini, A.Daher et. al. (PhysLettB.2024.138533)]

Relativistic Kinetic theory [Risckle et. al]
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Relativistic Spin hydrodynamics [Florkowski et. al]

Formulation

Stability

Causality
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Relativistic fluids posses Minkowski spacetime cont. symmetries. By Noether’s theorem:

∂µT µν = 0
∣∣∣∣ ∂λJ λµν = 0

∣∣∣∣ J λµν = L λµν + S λµν =⇒ ∂ λS λµν = T νµ − T µν
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Tµν = (ϵ + p)uµuν − pgµν + Tµν
1 & Sλµν = Sµνuλ + Sλµν

1

ϵ + p = Ts + ωµνSµν

∣∣∣∣ Spin Equation of State: Sµν = S(T) ωµν
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What do we expect?
• T µν −→ 16 D.O.F (T, uµ, πµν , Π, qµ, ϕµν), with 16 evolution equations.

• S λµν −→ 24 D.O.F (ωµν , Φ, τµν
(s) , τµν

(a), Θλµν) with 24 evolution equations.
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Linear Perturbation
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Fourier Transformation: (P).Differntial Eqs. → Algebraic Eqs.

Goal: Solve, i.e., find the 40 ω(s)
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Stability Analysis

Low- and large-momentum limit
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Observation

S µν = S(T) ω µν −→ S γδ = S1
(
kγuδ − kδuγ

)
+ S2ϵγδρσuρωσ ; ω.u = 0 & k.u = 0

S1 = −C T3

π2 [4K2(x) + xK1(x)] & S2 = C T3

2π2
[
(8 + x2)K2(x) + 2xK1(x)

]
; x = m/T
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Causality Analysis

Eckhard Krotscheck and Wolfgang Kundt (1978)

Asaad Daher • | • 23/27



Asaad Daher • | • 24/27



Asaad Daher • | • 24/27



Conclusion and Outlook

Our theory is stable in both the low- and high-momentum limits and is also causal.

The very next step is to extend these studies into a boosted frame

Use kinetic theory to study the physics of all the new variables (transport coefficients)

Translate all of the above to physical obervables
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Thank You!
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