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Motivations

To assess higher order terms in the gradient expansion
of spin polarization at local thermodynamic equilibrium

and its convergence as an asymptotic expansion



  

Spin polarization vector for spin ½ particles:

Wigner function:

Introduction: a theory summary
F. B.,  Lecture Notes in Physics 987, 15 (2021) arXiv:2004.04050



  

With the Gauss theorem: calculate at Freeze-out

Local equilibrium, non-dissipative terms Dissipative term

Density operator

Density operator: local equilibrium
at the initial time



  

Hydrodynamic limit: Taylor expansion of LE

Expand the β and ζ fields from the point x where the Wigner operator is to be evaluated 



  

Thermal vorticity
Adimensional in natural units

Thermal shear
Adimensional in natural units

At global equilibrium the thermal shear vanishes because of the Killing equation 



  

Linear response theory
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Spin mean vector at leading order 
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The divergence of the integrand of Jm n vanishes, therefore it does not depend on
the integration hypersurface (it is a constant of motion) and   

Why do we have a dependence on Σ ?

The divergence of the integrand of Qm n does not vanish, therefore it does depend on
the integration hypersurface and   



  

Second order terms in LE expansion
X. L. Sheng, F. B., X. G. Huang, Z. H. Zhang, arXiv:2407.12130  

Quadratic in the gradients

Linear in the second-order derivatives



  

Linear terms

Calculation with canonical stress-energy tensor
and spin potential

Confirms previous findings, with an extension to the canonical spin potential (M. Buzzegoli PRC 105 (2022) 4, 044907)

NEW!



  

Quadratic terms

Amplitude distribution (one
entry per cell) at the freeze-out

Expectation: should be 
small



  

Exact formulae at global equilibrium

Resummation of the power series expansion in (constant) thermal vorticity
A. Palermo, F.B., Eur. Phys. J. Plus 138 (2023) 6, 547   

Global equilibrium density operator

1) Analytic continuation to imaginary thermal vorticity



  

3) Factorization of the density operator

4) TEV of creation/annihilation quadratic combination obtained by iterations

5) Calculate the Wigner function



  

Spin vector

The series can be resummed:

and analytically continued
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Extending the formula to local equilibrium with ϖ(x)



  

Summary and outlook

● Calculation of spin polarization corrections at local equilibrium
(non-dissipative contribution) at the second-order in the gradient
expansion

● Resummation of thermal vorticity series at all orders

● Next step: numerical implementation in hydrodynamic simulation to
check their magnitude with respect to 1st order terms
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