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Global spin polarization in Λ hyperons

• Global spin polarization 
•  Azimuthal dependence of the longitudinal 

spin polarization ?
• Need to build spin hydrodynamics: 

hydrodynamics with spin degrees of freedom
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Wigner functions – a quantum 
approach to spin hydrodynamics

Spin-1/2 Fluid

Classical spin Quantum spin

To formulate the quantum approach, we employ one
 such quasiprobability distribution function called the

 Wigner function. 
[De Groot, Relativistic Kinetic Theory. Principles and Applications (1980)]
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Quasiprobability distribution functions
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+𝜇𝜈

𝑓𝑟𝑠
+(𝑥, 𝑝) + 𝜎𝑠𝑟
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,

We construct the matrix of this ‘spin’ chemical potential in a manner similar to electrodynamics 

𝐞 = 𝑒1 𝑒2 𝑒3 𝐛 = 𝑏1 𝑏2 𝑏3

With electric-like and magnetic-like vectors given as follows
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The spin Lagrange multiplier enters as

𝑎𝜇(𝑥, 𝑝) = −
1

2𝑚
෥𝜔𝜇𝜈(𝑥)𝑝𝜈,

Where, ෥𝜔𝜇𝜈 =
1

2
𝜖𝜇𝜈𝛼𝛽𝜔𝛼𝛽
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Consequently, 

𝑆𝜇 = 𝑇𝜇𝛼𝛽𝛼 −
1

2
𝜔𝛼𝛽𝑆𝜇,𝛼𝛽 − 𝜉𝑁𝜇 + 𝒩𝜇,

[Florkowski, Hontarenko, PRL 134 (2025)]
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Hence, our theory is non linearly causal and symmetric hyperbolic. 
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• When do the integrals of the current converge?
• In the 𝜇 = 0 limit, the criterion looks like this 
       [Z. Drogosz, W. Florkowski, V. Mykhaylova, Phys. Rev. D 112, L051901]

  1

2
𝒃′2 + 𝒆′2 + 2|𝒆′ × 𝒃′| <

𝑚

𝑇

• More details will be given in the next talk.
• Does this quantum spin distribution reduce to the classical theory 

in certain limits?
• Refer the work done by my colleague : [Zbigniew Drogosz, arXiv:2509.06014 [hep-ph]]
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Thank you for your attention
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If the information current is 
spacelike, the information flows 
at a speed faster than light 
leading to acausality in the 
quadratic deviations in the field 
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