Pseudo-gauge dependence

of spin polarization in heavy-
ion collisions
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Measurements of Lambda spin polarization in heavy-ion collision has
opened the possibility for new phenomenological investigations of spin == =\
ugus

physics in relativistic fluids. s
W

Predictions of spin polarization are based on the Local Thermal Equilibrium -
(LTE) description of the QGP. = 5
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Out-of-equilibrium phenomena are pseudo-gauge dependent
(decomposition of angular momentum).

* As aresult we have different predictions of the spin polarization vector in

heavy-ion collision depending on the choice of the pseudo-gauge.
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Pseudo-gauge transformation

Noether current, canonical form:

AN

Uy MUY AV UAPAR | QAU
8, TE" = O = ph g2 — VT H + S
Energy momentum tensor (EMT) and spin tensor are not unique in special relativity

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

Belinfante EMT and spin tensor

From canonical choosing & = S¢, Z = 0 ‘ THRY _TRR Sg"“/ — ()

Experiments cannot actually measure densities in space!



Local equilibrium density operator
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We can highlight the difference:
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What spin-tensor should we use?
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Canonical spin tensor

F. W. Hehl and Y. N. Obukhov,Fundam. Theor. Phys. 199 (2020), 217-252
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Spin polarization in other pseudo-gauges

. 1 S| ~ | ~ ~
Prre = z P {—/dEM{T]’; Pr—s (@aw — Q) PN + £, @M — §QMVPZ)‘ MO _ ]“C] }
i Belinfante gH (k) 1 HPOT L fE dY - kng (1_nF) @ o
w =5 ¢ T
Sg(k) s Sg(/{) + Sg(k) 8m [ d% - Eng A
2 . _i M)\O”Tk'rkp fZ dEk‘TLF (1 _nF) t)\gpa

« Canonical spin tensor

Sh(k) ~ Sh(k) + AgS* (k)
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* Arbitrary
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