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● Measurements of Lambda spin polarization in heavy-ion collision has 
opened the possibility for new phenomenological investigations of spin 
physics in relativistic fluids. 

● Predictions of spin polarization are based on the Local Thermal Equilibrium 
(LTE) description of the QGP.

● Out-of-equilibrium phenomena are pseudo-gauge dependent 
(decomposition of angular momentum).

● As a result we have different predictions of the spin polarization vector in 
heavy-ion collision depending on the choice of  the pseudo-gauge.

Based on
[MB, PRC 105, 044907 (2022); 2109.12084]

https://doi.org/10.1103/PhysRevC.105.044907
https://arxiv.org/abs/2109.12084


  

Pseudo-gauge transformation 

Pseudo-gauge transformations

They leave the conservation equations and spacial integrals (=generators, or total
energy, momentum and angular momentum operators ) invariant

Energy momentum tensor (EMT) and spin tensor are not unique in special relativity

Belinfante EMT and spin tensor

F. W. Hehl, Rept. Math. Phys. 9 (1976) 55

From canonical choosing

Noether current, canonical form:

Experiments cannot actually measure densities in space!



  

Local equilibrium density operator

For Belinfante 
decomposition:

For a general 
decomposition:

We can highlight the difference:

F. Becattini, W. Florkowski, and E. Speranza, Phys. Lett. B 789, 419 (2019)
E. Speranza and N. Weickgenannt, Eur. Phys. J. A 57, 155 (2021)

Thermal vorticity

Thermal shear



  

What spin-tensor should we use?
● Belinfante

● Canonical spin tensor
F. W. Hehl and Y. N. Obukhov,Fundam. Theor. Phys. 199 (2020), 217-252

● de Groot-van Leeuwen-van Weert (GLW)
S. R. De Groot, Relativistic Kinetic Theory. Principles and Applications, 1980

W. Florkowski, A. Kumar, R. Ryblewski, Prog. Part. Nucl. Phys. 108 (2019) 103709

● Hilgevoord-Wouthuysen (HW)
J. Hilgevoord, S.A. Wouthuysen, Nuclear Physics 40, 1 (1963)

E. Speranza and N. Weickgenannt, Eur. Phys. J. A 57, 155 (2021)



  

Spin polarization in other pseudo-gauges

● Belinfante

● Canonical spin tensor

● GLW and HW

● ArbitraryNo shear induced polarization here!
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