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Barnett Effect
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Figure: Mechanical rotation induces spin alignment. (Credit: Mike Lisa,
OSU)

Barnett Effect
Mechanical rotation −→ Spin alignment
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Einstein–de Haas Effect
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Figure: Magnetic field induces spin alignment. (Credit: Mike Lisa, OSU)

Einstein–de Haas Effect
Magnetic field −→ Spin alignment
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Angular Momentum Deposition
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Figure: Global angular momentum. STAR, 2019. Phys. Rev. C 98,
014910
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Local Polarization
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Thermal Vorticity

ϖµν = −
1

2

(
∂µβν − ∂νβµ

)
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Spin Hydrodynamics
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• ∂µT
µν = 0 (Energy-momentum conservation)

• ∂µj
µ = 0 (Number density conservation)

• Total angular momentum:

Jµ,λν = xλ Tµν − xν Tµλ + Sµ,λν,

∂µJ
µ,λν = Tνµ − Tµν + ∂µS

µ,λν = 0

• ∂µS
µ,νλ = 0 (Spin conservation)
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Pauli–Lubanski and the Polarization
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•

Ep
d∆Πτ(x, p)

d3p
= −

1

2
ϵτµνβ ∆Σλ Ep

dSλ,µν(ω)

d3p

pβ

m
.

•

⟨P(ϕp)⟩ =

∫
pT dpT Ep

dΠz(p)

d3p∫
dϕp pT dpT Ep

dN(p)

d3p

.

•
Ep

dN(p)

d3p
=

4 cosh ξ

(2π)3

∫
∆Σλ p

λ e−β·p, ξ = µ/T, βµ =
uµ

T
.

• ω → ϖ, and ϖ0i = 0.
•

Ep
dΠτ(p)

d3p
= −

1

2

1

(2π)3m

∫
e−p·β ∆Σ · p ϵτµνβ

×
[{

1 +
τs

(u · p) p
ρpσ (ξρσ)

}
ωµν −

τs

(u · p) p
ρ ∂ρ ω

µν
]
pβ.
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Thermal Model Setup
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• Single freeze-out model.
• τ2f = t2 − x2 − y2 − z2, with x2 + y2 ≤ r2max.
• Asymmetric fireball boundary:

x = rmax
√
1− ϵ cosϕ, y = rmax

√
1+ ϵ sinϕ.

• Asymmetric hydrodynamic flow:

uµ =
1

N

(
t, x

√
1+ δ, y

√
1− δ, z

)
, N =

√
τ2 − (x2 − y2)δ.

Ref: W. Broniowski, A. Baran, and W. Florkowski
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Spin Polarization Results
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Figure: (Left) Comparison with STAR data for Λ and Λ hyperons.
(Right) Predictions for different centralities.
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Summary and Outlook
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• Dissipative terms play a significant role in spin
polarization.

• We have extracted the spin relaxation time.
• Ongoing work: full (3+ 1)-dimensional hydrodynamic

evolution with spin.
• Study of polarization in spin-1 particles.
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Thank You
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