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Spin polarization in fluids

Collective motion of flow Spin polarization
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Spin alignment puzzle S
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Local equilibrium density operator

A uniform rotation — a global equilibrium state
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A local Gibbs state for massive spin-1 bosons
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Spin state of vector meson
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Spin vector S" = —o e"'P? J, , Py
* Covariant spin operator for single particle ) )
Spin tensor T = SWSY) + 3 (77“'/ — Wﬁ“ﬁy)
* Spin state in the rest frame ef(k)(g’“)k eL(k)ei(k)(%“”)k 5
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Spin density matrix P(k) — gl + 2 Z S (k) s + Z T (k) 2 Symmetric traceless tensor
011 010 P1,—1 ‘ / Y Quadrupole-type observable
Po1 P00 Po,—1 y
pP-1,1 P-1,0 P-1,-1 Adjoint rep. of SO(3)

* Spin alignment is yy component of polarization tensor

dpoo(k) = poo(k) —1/3 = =T"(k)




Spin in (pseudo) phase space
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* Wigner function of free Proca field W""(x,k) = 6(k*)6(K”) /d4y€ " <A (a: a 5) A (a: T §>>LE

Projected Wigner function Aff; A’(/,f) Wap(z, k)

Wi (2, k) = (271) f (2, k) {—%A% + ok S, (k) — T (a, k)}
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Scalar distribution Polarization vector Polarization tensor

* Spin polarization in phase space
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Symmetric traceless part — quadrupole
* Average over the hypersurface
~ A% - k f(z, k) S*(z, k) ~ /dZ K f(x, k) TH (2, k)
sh(k) = () = T (k) = (T =

g /dE-kf(a:,k) g /dz-kf(x,k)



Evaluating Wigner function — Gradient expansion

* Decompose density operator by gradients
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B(x)

Gaussian distribution + Wick's theorem Connected correlations

Evaluate Wigner function upto any orders of gradient

* Results
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Spin alignment by gradient of vorticity Liquid flow
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Vorticity === Spin polarization Thermal vorticity 0,8, ~ w/T
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Grad of vorticity =ssss=) Spin alignment
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* A special case

In the rest frame of normal vector n At the low momentum limit sl 1 W**
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Spin alignment detects the anisotropy of grad acceleration bttt 1t 1 ] Mo
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Karpenko etal. Eur. Phys. J. C (2017) 77: 213



Spin alignment by freeze-out geometry

T (2, k) =~

Thermal shear

Bjorken flow

Curvature in the tangent space B""(z)
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Bjorken PRD 27, 140 (1983)

Gubser flow

Anisotropic freeze-out surface ™) Tensor polarization

Gubser PRD 82, 085027 (2010)
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Static particle inside fluid cell
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— Bjorken longitudinal expansion + conformal transversal expansion
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Conclusion

Vorticity === Spin polarization
Grad of vorticity =ssss) Spin alignment
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May provide a clean probe of this geometric effect
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