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L. Adamczyk et al. (STAR), Nature 548, 62 (2017)

S. Acharya et al. (ALICE), Phys. Rev. C 101, 044611 (2020)


J. Adam et al. (STAR), Phys.Rev.Lett. 123 (2019) 13, 132301
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Longitudinal Local Polarization

4

Hydrodynamic with Thermal Vorticity & Shear effect

Thermal vorticity 

 


Thermal shear  




ϖμν = −
1
2

(∂μβν − ∂νβμ)

(ξμν = 0 at global equilibrium)

ξμν =
1
2

(∂μβν + ∂νβμ)

Baochi Fu et al., Phys.Rev.Lett. 127 (2021) 14, 
142301 (s-quark equilibrium)




Opposite sign from vorticity 
contribution

Sμ = Sμ
ϖ + Sμ

ξ

J. Adam et al. (STAR), 
Phys.Rev.Lett. 123 (2019) 13, 132301

(iso-thermal)

F. Becattini, I. Karpenko, PRL 120, 
012302 (2018)

F. Becattini et al., PRL. 127,272302 
(2021)


* Au+Au collisions  GeVsNN = 200

J. Adam et al. (STAR), Phys.Rev.Lett. 
123 (2019) 13, 132301
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LSP with centrality and  pT
A. Hayrapetyan et al. (CMS), Phys.Rev.Lett. 135 (2025) 13, 132301

Cong Yi et al., Phys.Rev.C 111 (2025) 4, 044901

Thermal vorticity and thermal shear effect can not describe this 
experimental result with centrality and  dependencepT

p+Pb collisions at 8.16 TeV
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Initial stages of heavy ion collisions

tGlasma QGP Hadron Gastc
 fm/c5 − 10 fm/c0.1 − 1

High density gluon 
described by chromo-
electric and -magnetic 
fields with saturation 
scale (Qs)

Increasing Energy

 gluon

quarks

Glasma

-> Longitudinal chromo-
electric and chromo-
magnetic fields between 
the color source of two 
colliding nuclei


non-equilibrium

Color Glass Condensate (CGC) : 
x ≪ 1
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Corona effect

core

coronacorona

Glasma

core

Hadronization

QGP Hadron gas

Hadron gas

Hadronization

-> Glasma in corona is more important in small 
collision system


-> How the Glasma from corona can influence 
the initial local polarization of strange quarks

Phys.Rev.Lett. 135 (2025) 13, 132301

Glasma

Glasma

7
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Polarization from QKT

Assuming the perfect transition of the polarization 
from quarks to hadrons, (s-equilibrium scenario)

Pμ(p) =
trc[ ∫ dΣ ⋅ pAμ(p, x)]

2MΛtrc[ ∫ dΣ ⋅ V(p, x)]
∝ Asμ

V sμ(p, x) = ( pμ

2p0
f s
V(p, x))

p0=ϵp

Asμ(p, x) =
1

2ϵp
[ −

ℏg
4Nc

F̃aμν(x)∂pν f a
V(p, x)]p0=ϵp

+
ℏg
8Nc

F̃aμν(x)∂p⊥ν(f a
V(p, x)/ϵp)p0=ϵp

,

For weak coupling,  can be solved from the 
collisionless color-octet Vlasov equation perturbatively.


f a
V(p, x)

f a
V(p, x) = −

g
p0 ∫

x0

ti

dx′￼0pμFa
νμ(x′￼)∂ν

p f s
V(p, x′￼)

c
,

=> Asμ(p, x) ≈
ℏg2Δt
8ϵpNc

⟨F̃aμν(x)Faαβ(x)⟩uα(
u0pν pβ

ϵ2
p

∂2
p⋅u +

1
ϵp (

p(νn̄β)

ϵp
− 2

pν pβ

ϵ2
p ) ∂p⋅u)f s

V ( p ⋅ u
Λc )

p0=ϵp

Vμ(p, x) = Vsμ(p, x)I
Aμ(p, x) = Asμ(p, x)I




 and   are color-singlet and color-octet quark 
distributions

fV = f s
VI + f a

Vta

f s
V f a

V

m = ms

Λc → Qs (Glasma), Λc → T (QGP)
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Polarization from QKT

Pμ(p) =
ϵptrc[ ∫ dΣ ⋅ pAsμ(p, x)]

MΛtrc[ ∫ dΣ ⋅ pfs
V(p, x)

∝ Asμ

Only parity-even correlators: 
⟨Ei(x)Ej(x)⟩ = δij⟨Ei(x)Ei(x)⟩, ⟨Bi(x)Bj(x)⟩ = δij⟨Bi(x)Bi(x)⟩, ⟨Ei(x)Bj(x)⟩ = 0.

Asz(p, x) ≈
ℏg2Δt
8ϵ2

pNc
(⟨Ba

z (x)Ba
z (x)⟩ + ⟨Ea

T(x)Ea
T(x)⟩)ϵz jkp juk

× (u0∂p⋅u − ϵ−1
p )∂p⋅u f s

V ( p ⋅ u
Λc ) p0=ϵp

∼ (p × u)z

As ∝ ⟨(p ⋅ Fa)Pa⟩ ∼ (p × u)(⟨BaBa⟩ + ⟨EaEa⟩)

parity-even

Chromo-Lorentz force:





Color-octet polarization pseodu-vector:


Fa = g(Ea + u × Ba)

Pa = g(Ba − u × Ea)
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LSP in Glasma

corona

t

rm

Δt rm − Δt ≤ r ≤ rm
Glasma

(Non-eq)

Glasma

(Quasi-eq)

0
0.3
0

0.5 fm

0.01 0.2

ϵ
δ

uT

τ̃f
rm
Λc  GeVQs = 1.5 or 2

⟨ET ET⟩ ≃ ⟨BzBz⟩







x = r 1 − ϵ cos Φ, y = r 1 + ϵ sin Φ

pμ = (ϵT cosh yp, pT cos ϕ, pT sin ϕ, ϵT sinh yp)

uμ =
1
Nv

(1,uT(1 + δ)
xτ
r2

m
, uT(1 − δ)

yτ
r2

m
,0)

τ̃f = τ2 − x2 − y2

= t2 − r2

• anisotropy of transverse plane 

• anisotropy of flow 

• proper time 


• maximum radius 

(ϵ)
(δ)

(τ̃f )
(rm)polarization vanish for isotropic flow δ = 0

1 2
⟨ET ET⟩ ≪ ⟨BzBz⟩

GBW dipole distribution:  

 ⟨BzBz⟩ ≃
1
g2

(N2
c − 1)
2Nc

Q4
s

K. J. Golec-Biernat, M. Wusthof, 
Phys. Rev. D 59, 014017 (1998),

Pablo Guerrero-Rodr´ıguez et al.,

Phys. Rev. D 104, 014011 (2021)
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1. Non-equilibrium: Schwinger Pair 
production


 


2. Quasi-equilibrium:


 

f s
V(p ⋅ u/Qs) = e−π(p⋅u)2/|gEa|

f s
V(p ⋅ u/Qs) =

1
ep⋅u/Qs + c

Julian S, et al., Phys. Rev. 82, 664 (1951).
Γ ∼ e−πm2/|eE|

where |gEa | = (N2
c − 1)(2Nc)Q2

s
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LSP in Glasma
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LSP in Glasma

t⟨ET ET⟩ ≃ ⟨BzBz⟩
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LSP in QGP

t⟨ET ET⟩ ≪ ⟨BzBz⟩
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• anisotropy of transverse plane 

• anisotropy of flow 

• proper time 


• maximum radius 

(ϵ)
(δ)

(τ̃f )
(rm)

Au+Au at  GeVsNN = 130

3. QGP:


f s
V(p ⋅ u/T ) =

1
ep⋅u/T + 1

*Qs → T
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*Thermal model 
Avdhesh Kumar et al., 
Phys. Rev. D 109, 054038 (2024),

Wojciech F, et al., Phys. Rev. 
C100, 054907 (2019)

13



Haesom Sung Longitudinal Local Polarization
ResultMotivation Introduction Calculation

LSP in Glasma and QGP

t⟨ET ET⟩ ≪ ⟨BzBz⟩ ⟨ET ET⟩ ≃ ⟨BzBz⟩

1. Glasma(non-eq) 2. Glasma(quasi-eq)
3. QGP

In small system,  , so we can expect the 
Sinusoidal Polarization in azimuthal angle 

NGL ≫ NQGP
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Pz =
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GL + NQGPPz
QGP

NGL + NQGP

+Hydrodynamic contribution

(vorticity+shear)

F. Becattini et al., PRL. 127,272302 (2021)

Baochi Fu et al., Phys.Rev.Lett. 127 (2021) 
14, 142301 

Haesom Sung, Berndt Müller, Di-Lun Yang, r arXiv:2507.23210v2
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• In small collision systems, initial non-equilibrium glasma 
(corona) generates the observed longitudinal  polarization with 

 pattern and an increasing tendency with , which 
indicate that the coherent gluons may play a significant role 
for local polarization.


• To reproduce experimental data, it is essential to develop 
sophisticated simulations of the core and corona from the 
glasma to QGP.

Λ
sin 2ϕ pT

Summary

Y. Kanakubo, Y. Tachibana, and T. Hirano, Interplay between core and corona components in high-energy nuclear collisions, 
Phys. Rev. C 105, 024905 (2022), arXiv:2108.07943 [nucl-th].
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Vorticity and Shear
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• Spin polarization of Λ hyperons along beam direction in p+Pb collisions at 

=8.16 TeV using hydrodynamic approaches (Theoretical prediction) (a)  equilibrium, 
(b) s quark equilibrium, and (c) iso-thermal equilibrium:

sNN

Λ
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