
Spin alignment from anisotropic 

momentum distribution
Wen-Bo Dong(董文博)

USTC(中科大)

The 1st Conference on Strong-Interaction Spin Physics

July 27 2026, Qingdao

Based on: arXiv:2607.06138

Collaborators: Xin-Li Sheng, Yi-Liang Yin, Qun Wang, Dirk Rischke



Outline

01 Introduction

02 Spin alignment of 𝜙 and 𝐾∗,0 with anisotropy

03 Spin alignment of 𝐽/Ψ with anisotropic gluon field

04 Summary



Z.-T. Liang and X.-N. Wang, Phys. Rev. Lett. 94, 102301 (2005)

Z.-T. Liang and X.-N. Wang, Phys. Lett. B 629, 20 (2005)

J.-H. Gao et al., Phys. Rev. C 77, 044902 (2008)

Orbit angular 

momentum

Spin 

polarization

Introduction

Wen-Bo Dong                                                      Spin alignment from anisotropic momentum distribution   3/25



Global polarization

Spin polarization vector:

• Phys.Rev.Lett. 94 (2005) 102301

• Phys.Rev.C 95 (2017) 5, 054902

• STAR Nature 548 (2017) 62-65

• STAR Phys.Rev.C 104 (2021) 6, L061901

Wen-Bo Dong                                                      Spin alignment from anisotropic momentum distribution   4/25



Orbit→ Spin:  𝜌00 −
1

3
~ − 𝜔2~ −10−4

Other sources: spin correlation, color field, strong force field,

thermal shear, anisotropy……

Spin alignment

dN

d(cosq *)
= N0 ´ 1- r00( )+ (3r00 -1)cos

2q *éë ùû

STAR Nature 614 (2023) 7947, 244-248

X.-L. Sheng et al. PRL. 131 (2023) 4, 042304

𝜌00
𝜙
−
1

3
~ < 𝐵𝜙

2 > ~0.01

Z.-T. Liang, X.-N. Wang, Phys.Lett.B 629 (2005) 20-26
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Rapidity spectra

STAR:
PoS SPIN2023 (2024) 236

Y=0
< 𝛿𝜌00

𝑦
> ∝ 3𝑣2 − 1 < 0

Phys.Rev.C 108 (2023) 5, 054902, X.-L. Sheng et al.
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𝑱/𝚿 spin alignment

ALICE: STAR:

Experiments:                                    𝜌00
𝐽/Ψ

−
1

3
< 0

New sources are required

Phys.Rev.D 108 (2023) 1, 016020 A. Kumar et al.

Phys.Rev.D 109 (2024) 3, 034034 S. Fang et al.

Phys.Rev.D 111 (2025) 5, 056005 D.-L. Yang

Phys.Rev.D 111 (2025) 7, 074002 Z.-S. Chen, S. Lin

Phys.Rev.Lett. 131 (2023) 4, 042303

PoS SPIN2023 (2024) 236
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Anisotropy of QGP

Geometry difference Anisotropy in initial Anisotropy at freeze out

Anisotropy at freeze out state: determined by transport coefficients 𝜅, 𝜁, 𝜂 …

Acta Phys.Polon.B 45 (2014) 12, 2355-2394
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Anisotropy of QGP

Romatschke-Strickland Distribution

Navier-Stockes theory

High energy: 𝜏=10fm/c, 𝜂/𝑆=1/(4𝜋) → PL/PT=0.92

Low energy:  𝜏=8fm/c, 𝜂/𝑆=0.2 → PL/PT=0.77

𝑠𝑁𝑁 ↓ ⇒
𝑃𝐿
𝑃𝑇

↓ ⇒ 𝜉 ↑

Simplest case: 𝑙𝜇 = (0,0,0,1)

Phys.Rev.D 68 (2003) 036004

Phys.Rev.C 90 (2014) 5, 054910

Nucl.Phys.A 848 (2010) 183-197

Nucl.Phys.A 967 (2017) 784-787
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General analysis

2→1 coalescence process:

Weighted by RS distribution

General form:

𝑞𝑥
2 = 𝑞𝑦

2 > 𝑞𝑧
2

𝑐2 > 0, 𝛿𝜌00 > 0
𝑐2 < 0, 𝛿𝜌00 < 0
𝑐2 = 0, 𝛿𝜌00 = 0
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𝝓 and 𝑲∗𝟎 with hadronic interaction

Vertex from Chiral perturbation theory:

𝛿𝜌00 > 0

Vector meson production: quark level (QGP) + hadron interaction (hadron gas)

Long life-time meson(𝜙…): quark interaction dominant

Short life-time meson(𝐾∗0, 𝜌 …): hadron interaction dominant
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1.Decrease with rapidity (opposite to data).

2.Magnitude ~ several percents.
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𝝓 and 𝑲∗𝟎 with vector coupling

Vertex

Parameters: quark mass 𝑚𝑠, anisotropy parameter 𝜉

< 0

𝛿𝜌00 < 0

Phys. Rev. D 100, 114038 (2019) Y.-Z. Xu et al.

Eur. Phys. J. C 81, 895 (2021) Y.-Z. Xu et al.

Phys.Rev.D 109 (2024) 3, 036004, X.-L.Sheng et al.
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Spin alignment with varying 𝝃
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Spin alignment with varying 𝒎𝒔
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𝝓 and 𝑲∗𝟎 with tensor coupling vertex

General effective vertex:

𝛾𝜇:   vector coupling 

𝜎𝜇𝜈: tensor coupling

𝜁:   ratio between two vertexs

𝜁 = 0: pure vector coupling, 𝛿𝜌00 < 0

𝜁 = −
2𝑀

𝑚1+𝑚2
: P wave dominate (L->S)    

identical to hadronic case, 𝛿𝜌00 > 0

Phys.Rev.C 58 (1998) 2393-2413
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𝜁 = −
2𝑀

𝑚1+𝑚2
, 𝑚𝑠 = 0.42𝐺𝑒𝑉, 𝑝𝜇 ∥ 𝑢𝜇

Predictions

𝜙: long life-time -> anisotropy significant when produced

𝐾∗0: short life-time -> system closer to isotropy when produced
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pNRQCD Lagrangian

𝐽/Ψ production: 𝑐 + ҧ𝑐 → 𝑐 ҧ𝑐 8 → 𝐽/Ψ + 𝑔

Chromo-electric decay: 
3
𝑃𝐽
(8)

→
3
S1
(0)

(spin independent)

Chromo-magnetic decay: 
1
S0
(8)

→
3
S1
(0)

(spin related)

Phys.Rev.D 111 (2025) 5, 056005 D.-L. Yang

Phys.Rev.D 111 (2025) 7, 074002 Z.-S. Chen, S. Lin
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Production rate

Phys.Rev.D 111 (2025) 5, 056005 D.-L. Yang

Phys.Rev.D 111 (2025) 7, 074002 Z.-S. Chen, S. Lin

JHEP 01 (2021) 046 X.J. Yao et.al
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Anisotropic distributed



Spin alignment

Conclusion:

1. Anisotropy of gluon field can 

induce negative spin alignment

2. Magnitude is 10^-5 without 

quark distribution anisotropy 

due to the thermal mass.

3. Precise prediction relies on 

exact charm quark distribution

Imprecise assumption
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summary

1. Anisotropy in momentum space can induce a non-vanishing spin 

alignment and determines the magnitude. It may help us to explain 

the inconsistent between data and theoretical prediction at zero 

rapidity.

2. For light mesons, tensor coupling vertex is important in study the 

spin-related phenomena, the sign of spin alignment is determined 

by the ratio between tensor coupling and vector coupling vertex. It 

helps to study the hadronization process of light mesons.

3. For heavy quarks, it might be a potential source of J/Psi’s spin 

alignment.
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Thank you
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