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Λ/Λ hyperon polarization in non-central heavy ion collision

(a) Global angular momentum deposition (b) Local polarization
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(c) Theoretical prediction with thermal vorticity

Angular momentum deposition

Deposition of angular momentum in non-central heavy ion collison.

Orbital angular momentum ←→ spin angular momentum through Barnett effect and
Einstein–de Haas effect.

(a) Barnett Effect[Credit :Mike Lisa, OSU]
(b) Einstein–de Haas effect [Credit :Mike Lisa,
OSU]

Global polarization explained by theoretic models but fails for the local polarization.
[F. Becattini et al. 2021]

The local polarization is dependant on thermal vorticity ϖµν = −1
2(∂µβν − ∂νβµ)

Recent theoretical developments on spin relaxation time.

Spin Hydrodynamics

From energy conservation: ∂µT
µν = 0

From number density conservation: ∂µN
µ = 0

Total angular momentum

Jµ,λν = xλT µν − xνT µλ + Sµ,λν

∂µJ
µ,λν = T µν − T νµ + ∂µS

µ,λν = 0;

From spin conservation: ∂µS
µ,νλ = 0

Promote spin tensor to an additional dynamical variable.

T µν(β, ξ, ω), jµ(β, ξ, ω), Sµ,νλ(β, ξ, ω)

Kinetic theory with spin

Boltzmann equation: pµ∂µf (x, p, s) = C[(x, p, s)]

RTA collision kernel: C[f (x, p, s)] =
u · p
τs

[feq(x, p, s)− f (x, p, s)]

Chapman–Enskog expansion: f (x, p, s) = feq(x, p, s) + δf (x, p, s)

The spin tensor

f±eq = e±ξ−p.β+
1
2ωµνs

µν

Sλ,µν
eq =

∫
dPdSpλsµν[fs,eq]

= 1
m2

∫
dPpλe−p.β(m2ωµν + 2pρp

[µων]ρ)

δf±s = − τs
u·pe

±ξ−β·p [−pλpµ (∂µ βλ) (1 + 1
2s

αβωαβ

)
+ 1

2p
µsαβ (∂µωαβ)

]
[Bhadury et al. 2020]

δSλ,µν =
∫
dPdSpλsµν (δf+

s + δf−s )

= τs cosh ξ
m2

∫
dP
(u·p)p

λe−β·p

×
[
pρpσ (∂σ βρ)

(
m2ωµν + 2pαp

[µων]α
)
−m2p ρ (∂ρω

µν)− 2p ρpαp
[µ
(
∂ρω

ν]α
)]

dP ≡ d3p

(2π)3p0

dS ≡ 4m
3π d4s δ

(
s · s + 3

4

)
δ (p · s)

Pauli-Lubanski vector

⟨P (ϕp)⟩ =
∫
pTdpTEp

dΠz(p)
d3p∫

dϕppTdpTEp
dN(p)
d3p

Ep
dN(p)

d3p
=

4 cosh ξ

(2π)3

∫
∆Σλp

λe−β.p, ξ = µ/T , βµ = uµ/T

Ep
d∆Πτ(x, p)

d3p
= −1

2
ϵτµνβ ∆ΣλEp

dSλ,µν(ω)

d3p

pβ

m

Ep
dΠα(p)
d3p = − cosh(ξ)

2m (2π)3

∫
∆Σ · p ϵαµνβpβ e−β·p ×

[
(1 + χ)ωµν − τs

(u·p) p
ρ (∂ρω

µν)
]

χ = τs
(u·p)p

ρpσ (∂σβρ) =
τs p

ρpσξσρ
(u·p)

ω −→ ϖ and ϖ0i = 0

Thermal Model

Single freeze-out model.

τ 2f = t2 − x2 − y2 − z2

with x2 + y2 ≤ r2max.

Asymmetry of the fireball boundary x = rmax

√
1− ϵ cosϕ

y = rmax

√
1 + ϵ sinϕ

Asymmetry of the hydrodynamic flow.

uµ =
1

N
( t, x

√
1 + δ , y

√
1− δ , z )

N =
√
τ 2 − (x2 − y2)δ

c% ϵ δ τf [fm] rmax [fm]

0-15 0.055 0.12 7.666 6.540
15-30 0.097 0.26 6.258 5.417
30-60 0.137 0.37 4.266 3.779

Freeze-out Temperature is Tf = 165 MeV. [Baran 2004], [Florkowski et al. 2019].

Results
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(a) The longitudinal polarization shown as a function
of the azimuthal angle ϕp for 30–60% Au-Au collisions
at
√
sNN = 200 GeV [Banerjee et al. 2024] compared

with the experimental data by STAR. [STAR 2019]
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(b) Our predictions for the Au-Au collisions at√
sNN = 200 GeV for centralities 0− 15% and

15− 30%
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