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L Global polarization in heavy ion collisions
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• Globally polarized quark gluon plasma (QGP) in non-central 
relativistic heavy ion collisions

Zuo-tang Liang & Xin-Nian Wang, PRL94, 102301(2005); PLB629, 20(2005).

-Measurements started soon after the prediction, 
first data available in 2007 from RHIC-STAR  



L Global polarization in heavy ion collisions

• L global polarization observed with STAR BES-I (Nature cover),
new direction – spin physics in heavy ion
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Measurement of global polarization at STAR
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• The 𝜦 polarization can be determined through the angular distribution of 
its weak decay products.

• At STAR, the global polarization has been extracted with 

Ψ1: azimuthal angle of 1st order reaction plane

-In this way, the detector acceptance is largely avoided, but rather a 
scale effect with A0

First adopted in PRC76, 024915 (2007)
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物理学报专题: 高能重离子碰撞中的自旋与手征效应
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Energy dependence of global polarization 

• HADES data at √s=2.4GeV Au+Au
and 2.7 GeV Ag+Ag

• STAR data down to √s= 3 GeV

• ALICE results at 2.76 and 5.02 TeV
Pb+Pb, consistent with zero within 
uncertainties

• Increasing trend toward lower 
energy described by various models

• Stronger shear flow in forward/ 
backward regions+ baryon stopping 
with limited acceptance (related to 
rapidity dependence)

• Polarization continue to increase at 
low energy ? - Y. Ivanov, Phys. Rev. C103, 031903(2021)
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Rapidity dependence of global polarization 
• Zuo-Tang Liang, Jun Song, Isaac Upsal, Qun Wang and Zhang-Bu 

Xu, Chin. Phys.C 45 (2021), 014102
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Ø Significant global polarization observed, 𝑃# and 𝑃$# increase with centrality.

Ø No significant difference between 𝑃# and 𝑃$# in Ru+Ru and Zr+Zr collisions.

Ø Global polarization of Λ + $Λ are consistent between Ru+Ru/Zr+Zr and Au+Au

Global polarization in Ru+Ru and Zr+Zr collisions

Shuzhe Shi, Kangle Li, Jinfeng Liao 
PLB 788(2019) 409413

• Global polarization difference from different magnetic field in Zr+Zr and Ru+Ru?

• System size dependence of global polarization?

STAR, arXiv:2505.05046, to appear in PLB
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Λ(#Λ) global polarization from STAR BES-II  

Ø No splitting between Λ(1Λ) polarization with 10 times more statistics than BES-I
Ø More data coming from STAR BES-II FXT with energy down to 3 GeV

• Splitting of Λ(#Λ) global polarization due to the magnetic field ?
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New Results from ALICE on Λ(#Λ) global polarization

- Prottay Das @ SPIN2025
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𝜩 and 𝜴 global polarization measurement

• Two possible ways of measurement:

1) Direct measurement via weak decay, 
but subject to small decay parameters.

2) Through the polarization transfer to 
daughter 𝜦 in the decay process 

-γΩ is not known, with estimation ~1, C~1

Ø AMPT and hydro calculations capture 
the trend:

D.-X. Wei, W.-T. Deng, and X.-G. Huang, 
PRC99.014905 (2019)
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𝜩, 𝜴 global polarization with STAR BES-II

1
2

l First measurement of Ξ, 𝜴 polarization with BES data, significant Ξ 
polarization observed, decrease trend with collision energy

l No significant difference between Λ  and Ξ global polarization within 
uncertainties

l A hint of larger 𝜴 polarization than Λ  and Ξ in low energies
Model: H. Li et al Phys. Lett. B827， 136971 (2022)



Polarization along the beam direction
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• Stronger flow in in-plane than in out-
of-plane, known as elliptic flow, makes 
local vorticity (thus polarization) along 
beam axis.

“Local polarization”
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Ø Polarization along the beam direction 
expected from the “elliptic flow”

Ø STAR data indeed show such a 
longitudinal polarization Pz depending on 
azimuthal angle (sine function)

Ø Blast Wave model captures the trend with 
correct sign, while many others do not.

Polarization along the beam direction
“Local polarization”
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• Recent considerations of a shear term may resolve the 
sign discrepancies

B. Fu et al., PRL 127 (2021) 14, 142301
F. Becattini et al., PRL 127, 272302 (2021)

-J. Adams, QM 2022
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Λ polarization along the beam direction

“Local polarization” in isobar collisions:

STAR, PRL131, 202301(2023)

l First measurement relative to the 3&'-order event plane Ψ(
Ø Similar pattern to the 2)'-order, indicating 𝑣(-driven polarization
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Local polarization in iso-bar collisions

l Comparable 2)' and 3&' order sine 
coefficients of 𝑃*,), especially in most 
central events

l Hydrodynamic models with shear term 
reasonably describes the data for 
central collisions, but not for 
peripheral, Additional constraint on 
shear viscosity

l 𝑃(𝑧,𝑛) from Isobar data comparable to 
Au+Au and Pb+Pb
ü A hint of system size dependence 

rather than energy dependence

STAR, PRL131, 202301(2023)
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New Results from ALICE on Λ(#Λ) local polarization

- Prottay Das @ SPIN2025
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New Results from ALICE on Λ(#Λ) local polarization

- Prottay Das @ SPIN2025



Longitudinal polarization in small system at CMS
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- Chenyan Li @ SPIN2025

Hydro calculation is not consistent with data
Not consistent with the trend of v2



Longitudinal polarization in small system at CMS
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• Is it from cold-QCD effect like polarizing fragmentation function ?

- Chenyan Li @ SPIN2025



Spin polarization of vector meson

r11:  the probability to be in h=1 state, similar for r-1-1 and r00 .

• Spin polarization information of vector meson can be extracted via it decay 

Ø For V®M1+M2 , M1 and M2 are two pseudo-scalar mesons,

“Spin alignment” , J.F. Donoghue, PRD19, 1979.
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Θ*: angle between decay daughter M and the quantization axis in rest frame of V

**
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Spin alignment of vector meson in e+e-

• Lot of spin alignment data at LEP (e+e- at 90GeV): 

W(cosθ ) = 3
4
[(1− ρ00 )+ (3ρ00 −1)cos

2θ ]• Spin alignment:

Ø Global spin alignment measurement in A+A collisions?

• K*0     

OPAL, 1997

spz /2≡
Q. Xu, Z. Liang, PRD63(2001)111301

Qinghua Xu (Shandong U.)

*
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Z. T. Liang, X.N. Wang, Phys.Lett.B629, (2005)
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Global spin alignment in heavy ion

• Spin alignment of ϕ, K* meson in Au+Au collision at STAR:

Yield of ϕ, K* is corrected for efficiency and acceptance using STAR embedding 
simulations, then fitted with decay angle distribution:
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1st STAR paper on spin alignment

w.r.t. reaction plane w.r.t. production plane

J.H. Chen, Z.B. Tang et. al. 



26

Z. T. Liang, X.N. Wang, Phys.Lett.B629, (2005)

Global spin alignment in heavy ion collision

• Vector mesons’ ρ00 from Au+Au at STAR BES-I:

STAR, Nature 614, 244 (2023)

• Polarization by a strong force field of vector meson
X. Sheng, L. Oliva, and Q. Wang, PRD101.096005(2020)
X. Sheng, Q.Wang, and X. Wang, PRD102.056013 (2020)

J.P. Lv, Z.H. Yu, Z.T. Liang, Q. Wang, X.N. 
Wang, PRD 109, 114003 (2024)
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Global spin alignment in heavy ion collision

Ø ρ00 are found to be <1/3 at low
pT<2 GeV for K*0 and ϕ in Pb-Pb
at 2.76 TeV

ALICE, PRL125, 012301 (2020)
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Spin alignment becomes a new hot topic in heavy ion physics!
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D* spin alignment at ALICE

- Mingze Li @ SPIN2025
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D* spin alignment at ALICE

- Mingze Li @ SPIN2025
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D* spin alignment in pp at ALICE

- Mingze Li @ SPIN2025
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D* spin alignment in Pb+Pb at ALICE

- Mingze Li @ SPIN2025
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D* spin alignment in Pb+Pb at ALICE

- Mingze Li @ SPIN2025



• ⁄𝐽 𝜓 spin alignment determination, along angular momentum direction

⁄𝐽 𝜓 介子

再产生效应—QGP中 —能量依赖性

硬散射产生—碰撞早期—强磁场

再产生效应—QGP中

𝜙介子

• J/𝛙 production mechanism：

λθ = 1: transverse polarization
λθ = -1: longitudinal polarization
λθ = 0: no polarization

𝜆%=(1-3𝜌00)/ (1+𝜌00)

Global spin alignment of J/𝛙

P. Faccioli et al., Eur. Phys. J. C (2010) 69: 657

ALICE, PRL131 (2023) 042303

𝑊 𝜃 ∝ [ 1 + 𝜌00 + 1−3𝜌00 𝑐𝑜𝑠2𝜃]

34
->Different as other vector meson!



J/𝛙 global spin alignment in iso-bar at STAR
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- Dandan Shen @ SPIN2023
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Spin observables probing quark spin quantities

Z. Zhang, J.P. Lv, Z.H. Yu, and Z.T. Liang, arXiv: 2406.03840

• Complete list of spin observables in A+A collisions, including spin correlations of 
hyperon pair production !

- Slides from Z. T. Liang
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Lambda-(anti)Lambda spin-spin correlation 

- D.Y. Shen, J.H. Chen, A.H. Tang, arXiv:2407.21291 
- H.C Zhang, S.Y. Wei, Phys.Lett.B 839 (2023) 137821

• Angular distribution of Lambda-(anti)Lambda pair production in pp/AA: 

𝛉i* : angle between decayed (anti)proton i and spin direction in each hyperon’s rest frame

P𝚲: hyperon global polarization along reaction plane
𝛥𝛷*: azimuthal angle of decay proton relative to the reaction plane

Ø In particular for global polarization in heavy ion collision: 
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• Lambda-(anti)Lambda spin correlation in pp at 200GeV at STAR: 

Ø A nonzero spin correlation is observed in Λ&Λ pairs
Ø How about heavy ion collisions? Data analysis at STAR is ongoing

• Spin correlation 𝐶$#$$
% (P&#&$) can be determined as: 

𝜃&,(∗ is the angle between the momentum of the protons,
each boosted to the rest frame of their parent particle

1
𝑁

𝑑𝑁
𝑑 cos 𝜃&,(∗

=
1
2
[1 + 𝛼&𝛼(𝐶#$#%

* cos 𝜃&,(∗ ]

Lambda-Lambda spin-spin correlation in pp

STAR, arXiv:2506.05499
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Hao-Lei Chen, et. al,  PRL 135. 032302 (2025)

l Hyperon spin correlation could be sensitive to the CEP in the QCD phase 

diagram

Lambda-Lambda spin-spin correlation & CEP 
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Lambda-Lambda spin-spin correlation in AA

l Different spin correlation behaviors of ΛΛ and Λ&Λ pairs are predicted by  
theoretical model

Xin-Li Sheng, et. al, arXiv: 2508.03496
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Global polarization of hyper-nuclei in AA collision

• Possible spin structure of hypertriton: - K.J. Sun et. al. PRL134 (2025), 022301

• Angular distribution via 
hypertriton decay:

• Polarization predictions: 
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Summary

• Exciting spin measurements in heavy ion collisions
Ø Polarization to study QCD medium property in heavy ion 

collisions 

ü hyperon global polarization

ü hyperon local polarization

ü Vector meson spin alignment

ü Di-hadron spin correlation

Ø Polarization measurements to study QCD effect in pp 

ü hyperon polarization relative to reaction plane

ü Vector meson spin alignment


