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1 Spin polarization and critical end point (CEP)
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➢Properties of CEP of spin polarized QCD medium?
➢ Location of CEP of spin polarized QCD medium?
➢Would CEP affect spin polarization?
➢ Spin probe to the CEP? 
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(Liang and Wang 2004)

Proton
AM=1/2 fixed

Heavy ion collisions
AM varying

P =

Quark polarization:

1 Spin polarization phenomena

➢Angular momentum (AM) distribution in strong-interaction systems

➢Hyperon spin polarization --- original idea
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Proton
AM=1/2 fixed

Heavy ion collisions
AM varying

1 Spin polarization phenomena

➢Angular momentum (AM) distribution in strong-interaction systems

➢Hyperon spin polarization --- spin-rotation (vorticity) coupling

𝑑𝑁𝑠

𝑑𝒑
~𝑒−(𝐻0−𝝎∙𝑺)/𝑇

P =
𝑁↑ − 𝑁↓

𝑁↑ + 𝑁↓
~

𝜔

2𝑇

(at thermal equilibrium)
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1 Spin polarization phenomena

➢Global hyperon spin polarization

Experiment    =       Theory based on thermal vorticity

(Li-Pang-Wang-Xia 2017; Sun-Ko 2017; Wei-Deng-
Huang 2019; Xie-Wang-Csernai 2017; Karpenko-
Becattini 2016; and many others)

“The most vortical fluid”
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1 Spin polarization phenomena

➢Vector meson spin alignment

Strong (short-range) 
spin correlation

𝜌00 ≠
1

3
: Spin alignment

➢Experimental results

STAR BES I 2022

ALICE 2023

Spin-1 density matrix



1 CEP of chiral phase transition
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➢ CEP: the end of first-order line 

➢ Static universality class: 

3d Ising

➢ Dynamic universality class: 

Model H

➢ Expected to be accessible by 
heavy ion collisions 



1 CEP of chiral phase transition
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1 CEP of chiral phase transition
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➢Observables are usually fluctuations of conserved charges

Figure courtesy : W.J.Fu



1 Bridge chiral condensate and spin density
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Scalar sector Pseudo-vector sector



2 Static properties
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2 Effect of spin polarization by rotation
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Rotation Chemical potential

➢ Consider a scalar (or pseudoscalar) pair of fermions

J=0, L=1

J=0, L=0

J=2, L=1

J=1, L=0

➢ Thus one expects that rotation tends to suppress chiral condensate 𝜎



2 Effect of spin polarization by rotation
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(Chen-Fukushima-Huang-Mameda 2015)

(Yang-XGH 2023 for QCD; see also Braguta 2021 for Polyakov loop for pure gluon)

➢ Some model calculations shows that rotation suppresses chiral condensate

(Jiang-Liao 2015)

➢ Lattice simulations suggest that real rotation would enhance chiral condensate



2 Effect of spin polarization by rotation
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➢Though it is still unclear whether rotation shifts CEP upward or downward, in 
realistic HIC environment, Ω is about a few to tens of MeV, and the location of 
CEP shifts by ∝ Ω2 , which is small



2 Static critical behavior of spin correlation
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➢The Ginzburg–Landau free energy of fluctuation fields

➢ At leading-order in Ω，only 𝑠 ≡ ෡𝛀 ∙ 𝒔 couple to chiral fields; transverse spin decouples

➢ For a moment, we turn off baryon charge 

➢ Quadratic kernel

➢ CEP is determined by  

CEP is shifted from 𝑟 = 0 to                               



2 Static critical behavior of spin correlation
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➢Gaussian approximation

➢Near the new CEP, the singular parts

with

➢The spin correlation becomes long-ranged, anisotropic

Spin critical opalescence: Critical 
enhancement of spin correlation



2 Static critical behavior of spin correlation
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➢ Including baryon charge

➢Non-Gaussian theory

➢ Singular spin-spin correlation inherited from chiral fluctuation

A stronger spin-baryon correlation 
than spin-spin correlation 

Spin cumulants

with spin potential



2 Static critical behavior of spin correlation
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➢ Including baryon charge

➢Non-Gaussian theory

➢ Singular spin-spin correlation inherits from chiral fluctuation

A stronger spin-baryon correlation 
than spin-spin correlation 

Vs
Baryon number cumulants

(Stephanov 2011)



3 A NJL model study
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3 Rotating Nambu-Jona-Lasinio model
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➢ NJL is a four-fermion interacting model

➢ Mean-field approximation

: Eigen-energy and eigen-wavefunction with quantum numbersand



3 Rotating Nambu-Jona-Lasinio model
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➢ Introduce spin chemical potentials only couple to quark or antiquark spin

➢ Correlation of quark/antiquark spin and particle number

Spin polarization correlation 



3 Rotating Nambu-Jona-Lasinio model
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➢ Spin polarization correlation along constant T and along freeze out line



3 Rotating Nambu-Jona-Lasinio model
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➢ Phi meson spin alignment

(Chen-Fu-Huang-Ma 2025)

( ҧ𝜌00 is given in Sheng-Oliva-Liang-Wang-Wang 2023)



3 Rotating Nambu-Jona-Lasinio model
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➢ Higher order cumulants

Skewness of spin fluctuation: Kurtosis of spin fluctuation:



3 Whether it is relevant in experiments
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➢ Λ spin correlation has been measured in pp and will be in AuAu



3 Comparing to another source of spin correlation
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➢ Λ spin correlation may also been induced by strong force field

(Sheng-Wu-Rischke-Wang 2025)



5 Summary
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4 Summary

30

➢ Hyperon spin polarization and vector meson spin alignment probe vorticial  
  structure, as well as the correlations in the fire ball

 

Thank you

➢ In the vortical medium, critical spin fluctuation and correlation occur

 

➢ Spin-spin correlation length diverges, spin relaxation slows down

 

➢ Perhaps measurable through baryon spin correlation or vector meson spin 
alignment

 

➢ Spin-baryon correlation stronger than spin-spin correlation for weakly  
     vortical medium

 



5 Dynamics of critical spin correlation
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4 Dynamical critical spin correlations
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➢ Langevin equations (spin vorticity coupling omitted to focuse on relaxation dynamics)

➢Critical slowing down of spin relaxation
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