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L Global polarization in heavy ion collisions
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l Globally polarized quark gluon plasma (QGP) in non-central 
relativistic heavy ion collisions --> global polarization of hadrons

Zuo-tang Liang & Xin-Nian Wang, PRL94, 102301(2005); PLB629, 20(2005), 1000+ citation

- 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

STAR, Nature 548 (2017)62
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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

• Polarization continue to increase at low 
energy ?  

• Connection to transverse polarization 
w.r.t. production plane? -> STAR FXT
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Ø Significant global polarization observed, 𝑃! and 𝑃"! increase with centrality.

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, PLB 870 (2025) 139891
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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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Λ(#Λ) polarization from ALICE with high precision 

l Observation of Λ global polarization at LHC energies with 5σ
Consistent with the empirical prediction based on dv1/dy
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𝜩 and 𝜴 global polarization at STAR

• 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
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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 , PLB 827，136971 (2022)

γΩ=1 is preferred, instead of -1, following the 
same trend as other hyperons
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Polarization along the beam direction
“Local polarization”

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.

STAR, PRL123, 132301 (2019)
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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)

• Including a shear term may resolve the 
sign discrepancies

Polarization along the beam direction
“Local polarization”

STAR, PRL123, 132301 (2019)
ALICE, PRL128, 172005 (2022)
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Λ polarization along the beam direction

“Local polarization” in isobar collisions:

l First measurement relative to the 3!"-order event plane Ψ#
Ø Similar pattern to the 2$"-order, indicating 𝑣#-driven polarization

STAR, PRL131, 202301(2023)
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Local polarization in Au+Au and 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

ALICE, PRL128, 172005 (2022)
STAR, PRL131, 202301(2023)
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New Results from ALICE on Λ(%Λ) local polarization

l Good agreement for data & model with shear-induced term on centrality dependence

l The measured pT dependence is not fully described by the model
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New Results from ALICE on Λ(%Λ) local polarization

l Polarization induced by triangle flow

l Pz,s3 is compatible with Pz,s2, despite the v3 is smaller v2
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l 1st results of local polarization of Ξ in Pb+Pb

New Results from ALICE on local polarization

l First measurement of Λ longitudinal 
polarization in O+O collisions

l Significantly non-zero values for 
0–50% centrality 



Longitudinal polarization in p+Pb at CMS
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l First Λ polarization measurement in small collision systems

CMS, PRL 135 (2025) 132301

Ø Significant Λ local polarization observed in p+Pb collisions
Ø Challenge the current interpretation for polarization mechanism in 

heavy ion collisions



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



• Large polarization with unpolarized  beam p + p/A ® L­ + X , 
observed in different experiments.
-G.Bunce et al PRL36,1113,(1976)   -620 citations, followed by 50+ measurements

• pQCD calculation ~0 (µmq).
Kane, Pumplin & Repko, PRL41,1689(1978).

Induced transverse L polarization

( xF= 2pL/Ös)
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Ø Polarization has to come from non-perturbative processes
- polarizing fragmentation or parton distribution
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Λ polarization in jets in unpolarized p+p collision

• Λ polarization in jets in p+p -> polarizing fragmentation function at STAR:

• First measurement of 𝚲
polarization in jets in 𝒑𝒑 collisions

ü Clear jet 𝑝! dependence of Λ
polarization

ü First constraints on gluon PFF

STAR, JHEP 06 (2026)050



𝑝
𝐴𝑢

• Polarization studied for p and Au side， for possible nuclear effect
• No significant transverse polarization is observed in 𝑝-𝐴𝑢 collisions

• An indication of nuclear medium effects in 𝑝-𝐴𝑢 collisions

Λ polarization in jets in unpolarized p+Au collision



Spin alignment of vector meson

• Spin alignment data at LEP (e+e- at 90GeV): 

• Spin alignment:

Ø Global spin alignment measurement in A+A collisions?

• K*0     

OPAL, 1997

Q. Xu, Z. Liang, PRD63(2001)111301
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Z. T. Liang, X.N. Wang, Phys.Lett.B629, (2005)

“Spin alignment” , J.F. Donoghue, PRD19, 1979
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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. 
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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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D* spin alignment in Pb+Pb at ALICE

ALICE, JHEP 10 (2025) 094



J/𝛙 global spin alignment in heavy ion
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• ⁄𝐽 𝜓 production mechanism different as 𝜙 , its global spin alignment could 
provide new insights   

• Measurements at ALICE and STAR 𝜆!=(1-3𝜌00)/ (1+𝜌00)

𝑊 𝜃 ∝ [ 1 + 𝜌00 + 1−3𝜌00 𝑐𝑜𝑠2𝜃]

ALICE, PRL131 (2023) 042303
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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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Λ%Λ spin correlations in p+p collision at STAR

θ* - Angle between decay protons in rest 
frames of parent Λ’s

l Evidence of spin-spin correlation for short range Λ&Λ pairs 
l Correlation consistent with zero for long range pairs and other pairs

Ø Possible source: maximally entangled s-sbar spin correlation of pairs 
from QCD vacuum ? 

STAR, Nature 650, 65(2026)

𝑃#$#% = 𝐶$% = (Cxx + Cyy + Czz )/3



Lambda spin correlation in p+p & p+Pb at CMS
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Ø Different behavior observed than at RHIC energies ?
Ø Might indicate energy dependence of the underlying mechanism

HIN-26-002HIN-26-002

l Spin correlation measurement at LHC energies
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Hao-Lei Chen, et. al,  PRL 135. 032302 (2025)

l Spin correlation could be sensitive to 
the CEP in the QCD phase diagram

Lambda-Lambda spin-spin correlation in A+A

l Different spin correlation behaviors 
of ΛΛ and Λ1Λ pairs predicted

Xin-Li Sheng, et. al, 
PRL136 (2026) , 082301

Ø Data analyses at LHC and RHIC are underway 
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Summary

l Spin polarization:  a new avenue of high energy nuclear physics

Ø Global hyperon polarization observed, clear energy dependence, 
extended from Lambda, to Xi, Omega

Ø Local polarization, significant, sensitive to the fluctuation of vorticity 
and bulk properties

Ø Hyperon polarization in small system not fully understood, could 
have  connection with cold QCD effect like fragmentation

Ø Vector meson global spin alignment  observed with a significant 
pattern for φ, potentially related to quark field or quark spin correlation

Ø Spin-spin correlation observed in p+p, p+A,  analyses in A+A 
ongoing, rich and exciting physics to be explored



33

Summary

l Spin polarization:  a new avenue of high energy nuclear physics

Ø Global hyperon polarization observed, clear energy dependence, 
extended from Lambda, to Xi, Omega

Ø Local polarization, significant, sensitive to the fluctuation of vorticity 
and bulk properties

Ø Hyperon polarization in small system not fully understood, could 
have  connection with cold QCD effect like fragmentation

Ø Vector meson global spin alignment  observed with a significant 
pattern for φ, potentially related to quark field or quark spin correlation

Ø Spin-spin correlation observed in p+p, p+A,  analyses in A+A 
ongoing, rich and exciting physics to be explored

谢谢！


