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global polarization

Spin polarization vector:

• Spin carried by s quark

• Global spin polarization is induced 

by thermal vorticity

• 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

Conclusions:
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Local polarization

Thermal vorticity:

Thermal shear:

• Phys.Rev.Lett. 127 (2021)
14, 142301

• Phys.Rev.Lett. 127 (2021)
27, 272302

• Phys.Rev.C 104 (2021) 6,
064901

Non-equilibrium effect



Wen-Bo Dong New formalism for spin alignment                                                           5/27

STAR Nature 614 (2023) 7947, 244-248

Spin alignment for S=1 particle

Taken from  report of A.H. Tang, Spin2023
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Potential sources for Φ meson  

𝜌00 −
1

3
≈ 𝑐𝛬 + 𝑐𝜖 + 𝑐𝐸 + 𝑐𝜙 + ⋯

[1]. Liang et., al., Phys. Lett. B 629, (2005);

 Yang et., al., Phys. Rev. C 97, 034917 (2018);

 Xia et., al., Phys. Lett. B 817, 136325 (2021);

 Beccattini et., al., Phys. Rev. C 88, 034905 (2013)

[2]. Sheng et., al., Phys. Rev. D 101, 096005 (2020);

 Yang et., al., Phys. Rev. C 97, 034917 (2018)

[3]. Liang et., al., Phys. Lett. B 629, (2005)

[4]. Xia et., al., Phys. Lett. B 817, 136325 (2021);

 Guo, Phys. Rev. D 104, 076016 (2021)

[5]. Muller et., al., Phys. Rev. D 105, L011901 (2022)

[6]. Sheng et., al., Phys. Rev. D 101, 096005 (2020);

 Sheng et., al., Phys. Rev. D 102, 056013 (2020)

Taken from report of Subhash Singha, QM 2022
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Spin alignment for J/ψ

𝜌00
𝐽/Ψ

 <
1

3

D. Shen for STAR, SPIN 2023Phys.Rev.Lett. 131 (2023) 4, 042303
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Spin alignment for ρ

AuAu for run 2011 at 200 GeV, Centrality: 60-80%, 

pT: 1.8-2.4 GeV/c Taken from Baoshan Xi QM23

Experimental result: Prediction from spin Boltzmann 

equation with local collision term:

Taken from Phys.Rev.C 110 (2024) 2, 024905

𝛿𝜌00
𝜌

<
1

3
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mesons interact 

with media
Different spectra 

(T and L mode)

spin alignment in thermal media

Different coupling 

with shear, 

vorticity…

Global spin 

alignment

• Wen-Bo Dong et al.  Phys.Rev.D 109 (2024) 5, 056025

• Feng Li et al.  arXiv:2206.11890

• Zhong-Yuan Sun et al.  arXiv:2503.13408

• Xin-Nan Zhu et al.  arXiv: 2503.23919

Related paper:

Take 𝝆 meson as example
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𝝓 meson formed 𝝆 meson interacted
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Schwinger-Keldysh contour

𝑡1

𝑡2

𝐺++ 𝑥1, 𝑥2 = 𝐺𝐹 𝑥1, 𝑥2 =< 𝑇𝜙 𝑥1 𝜙 𝑥2 >
𝐺+− 𝑥1, 𝑥2 = 𝐺< 𝑥1, 𝑥2 =< 𝜙 𝑥1 𝜙 𝑥2 >
𝐺−+ 𝑥1, 𝑥2 = 𝐺> 𝑥1, 𝑥2 =< 𝜙 𝑥2 𝜙 𝑥1 >

𝐺−− 𝑥1, 𝑥2 = 𝐺 ത𝐹 𝑥1, 𝑥2 =< ത𝑇𝜙 𝑥1 𝜙(𝑥2) >

𝐺𝐴 𝑥1, 𝑥2 = 𝐺𝐹 𝑥1, 𝑥2 − 𝐺> 𝑥1, 𝑥2

𝐺𝑅 𝑥1, 𝑥2 = 𝐺𝐹 𝑥1, 𝑥2 − 𝐺< 𝑥1, 𝑥2

𝐺𝐶 𝑥1, 𝑥2 = 𝐺𝐹 𝑥1, 𝑥2 + 𝐺 ത𝐹 𝑥1, 𝑥2

3 components independentPhysical representation:

Choose 𝑮𝑨, 𝑮𝑹, 𝑮< as variables

Two-point function:

𝑍 𝐽 = 𝑇𝑟 𝑇𝑝 exp 𝑖 න
𝑝

𝐽 𝑥 𝜙 𝑥 𝑑𝑥 𝜌

𝐺(𝑥1, 𝑥2) =
−𝑖 2𝛿2 ln 𝑍

𝛿𝐽 𝑥1 𝛿𝐽(𝑥2)



Wen-Bo Dong New formalism for spin alignment                                                           12/27

Dyson equation vs. KB equation 

𝜕𝑥1
2 + 𝑚2 𝑔𝜇𝜌 − 𝜕𝑥1

𝜇
𝜕𝑥1

𝜌
𝐺𝜌

<,𝜈 𝑥1, 𝑥2

= 𝑖ℏ Σ𝐹 ⋆ 𝐺< 𝜇𝜈 𝑥1, 𝑥2 − 𝑖ℏ Σ< ⋆ 𝐺 ത𝐹 𝜇𝜈
𝑥1, 𝑥2

KB equation: 𝐴 ⋆ 𝐵 𝜇𝜈 𝑥1, 𝑥2 = ∫ 𝑑𝑦𝐴𝜌
𝜇

𝑥1, 𝑦 𝐵𝜌𝜈(𝑦, 𝑥2)

Dyson equation:

Under Wigner transformation, KB equation → Boltzmann equation (equation of motion)

Widely used in spin transport theory(1902.06513, 2103.10636, 2206.05868…) 

𝐺𝐴/𝑅
𝜇𝜈

𝑥1, 𝑥2 = 𝐺𝐴/𝑅
𝜇𝜈,0

𝑥1, 𝑥2 + 𝐺𝐴/𝑅
0 ⋆ Σ𝐴/𝑅 ⋆ 𝐺𝐴/𝑅

𝜇𝜈
𝑥1, 𝑥2

𝐺<
𝜇𝜈

𝑥1, 𝑥2 = 𝐺<
𝜇𝜈,0

𝑥1, 𝑥2 + 𝐺𝑅
0 ⋆ Σ𝑅 ⋆ 𝐺<

𝜇𝜈
𝑥1, 𝑥2

 + 𝐺𝑅
0 ⋆ Σ< ⋆ 𝐺𝐴

𝜇𝜈
𝑥1, 𝑥2 + 𝐺<

0 ⋆ Σ𝐴 ⋆ 𝐺𝐴
𝜇𝜈 𝑥1, 𝑥2

1.Equation of state, solvable

2.R/A-component equations are independent with “<“ component. 
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Wigner transformation

Wigner transformation:  

𝑂 𝑋, 𝑝 = ∫ 𝑑𝑦𝑒𝑖𝑝𝑦𝑂 𝑋, 𝑦 = ∫ 𝑑𝑦𝑒𝑖𝑝𝑦𝑂(
𝑥1 + 𝑥2

2
, 𝑥1 − 𝑥2)

𝐺𝑅/𝐴,0
𝜇𝜈

𝑋, 𝑝 = 𝑔𝜇𝜈 −
𝑝𝜇𝑝𝜈

𝑚2

−𝑖

𝑝2 − 𝑚2 ± 𝑖𝑝0𝜖

𝐺<,0
𝜇𝜈

𝑋, 𝑝 = 2𝜋𝛿 𝑝2 − 𝑚2 𝜃 −𝑝0 𝜖𝜇
∗ 𝜆1, −𝑝 𝜖𝜈 𝜆2, −𝑝

 +𝜃 𝑝0 𝜖𝜇 𝜆1, 𝑝 𝜖𝜈
∗ 𝜆2, 𝑝 𝑓𝜆1𝜆2

𝑉, 0
𝑋, 𝑝

 +𝜃(−𝑝0)𝜖𝜇
∗ 𝜆1, −𝑝 𝜖𝜈 𝜆2, −𝑝 𝑓𝜆2𝜆1

𝑉, 0
𝑋, −𝑝

𝐺𝑅/𝐴,0
𝜇𝜈

𝑋, 𝑝 ~𝑂 𝑔0𝜕0 ,  𝐺<,0
𝜇𝜈

𝑋, 𝑝 ~𝑂 𝑔0 = 𝑂 𝑔0𝜕0 + 𝑂 𝑔0𝜕1 + ⋯ 

Wigner function:

Matrix-valued spin dependent 

distribution(MVSD)
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𝐺𝑅,𝐿
𝜇𝜈

𝑋, 𝑝 = 𝐺𝑅,𝐿,0
𝜇𝜈

𝑋, 𝑝 + 𝐺𝑅,𝐿,0
𝜇𝜌

𝑋, 𝑝 Σ𝜌𝜎
𝑅,𝐿 𝑋, 𝑝 𝐺𝑅,𝐿

𝜎𝜈 𝑋, 𝑝

 = 𝐴𝑅,𝐿
𝜇𝜈

𝐺𝑅,𝐿,0
𝜇𝜈

+ 𝐵𝐿,𝜎
𝜇

(𝑋, 𝑝)𝐺𝑅,𝐿
𝜎𝜈 𝑋, 𝑝                                (1) 

𝐺<,𝐿
𝜇𝜈

𝑋, 𝑝 = 𝐺<,𝐿,0
𝜇𝜈

𝑋, 𝑝 + 𝐺𝑅,𝐿,0
𝜇𝜌

𝑋, 𝑝 Σ𝜌𝜎
<,𝐿 𝑋, 𝑝 𝐺𝐴,𝐿

𝜎𝜈 𝑋, 𝑝

 +𝐺<,𝐿,0
𝜇𝜌

𝑋, 𝑝 Σ𝜌𝜎
𝐴,𝐿 𝑋, 𝑝 𝐺𝐴,𝐿

𝜎𝜈 𝑋, 𝑝 + 𝐺𝑅,𝐿,0
𝜇𝜌

𝑋, 𝑝 Σ𝜌𝜎
𝑅,𝐿 𝑋, 𝑝 𝐺<,𝐿

𝜎𝜈 𝑋, 𝑝

 = 𝐴<,𝐿
𝜇𝜈

𝐺𝐿,0
𝜇𝜈

, Σ𝐿
𝜇𝜈

, 𝐺𝑅/𝐴,𝐿
𝜇𝜈

+ 𝐵𝐿,𝜎
𝜇

(𝑋, 𝑝)𝐺<,𝐿
𝜎𝜈 𝑋, 𝑝               (2)

𝑂(𝜕0):

Leading order DSE

𝐴𝜇𝜈: independent with variable. 

𝐵𝜇𝜈: same for two identities.
Solution:     𝐺~

𝐴

1−𝐵

Spatial gradient expansion = ℏ expansion
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Next-to-Leading order DSE

𝑂(𝜕1):

𝐴, 𝐵 𝑃.𝐵. = 𝜕𝑋𝐴𝜕𝑝𝐵 − 𝜕𝑝𝐴𝜕𝑋𝐵𝐴𝑅
𝑁𝐿: Poisson bracket + self energy correction

Self energy correction

Poisson bracket

Wigner transformation Non-trivial distribution
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Next-to-Leading order DSE

𝑂(𝜕1):

Self energy correction

Poisson bracket

Non-trivial 

distribution
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Self energy

𝜌 − 𝜋 interaction(example):
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Self energy

𝑂(𝜕0):

𝑂(𝜕1):

𝜕𝑥1

𝜇
→

1

2
𝜕𝑋

𝜇
− 𝑖𝑝𝜇

𝑆 𝑋, 𝑝 ~𝑓𝜋
𝐿 𝑋, 𝑝 + 𝑓𝜋

𝑁𝐿 𝑋, 𝑝

Σ(𝑥1, 𝑥2)~𝜕𝑥1
𝑆(𝑥1, 𝑥2)𝜕𝑥2

𝑆(𝑥2, 𝑥1)

𝑂(𝜕1):
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Solutions(I)

𝑂(𝜕0):

specific relation for 𝜌 − 𝜋 interaction:

Fluctuation-dissipative theorem

𝜌𝐿/𝑇: function of 𝑝2, 𝑢 ⋅ 𝑝, 𝛽2
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Solutions(II)

Self energy 

correctionPoisson 

bracket

Non-dissipative 

distribution

(no contribution 

to spin alignment!)

𝑂(𝜕1):
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MVSD

𝐺<,0
𝜇𝜈

𝑋, 𝑝 = 2𝜋𝛿 𝑝2 − 𝑚2 𝜃 −𝑝0 𝜖𝜇
∗ 𝜆1, −𝑝 𝜖𝜈 𝜆2, −𝑝

 +𝜃 𝑝0 𝜖𝜇 𝜆1, 𝑝 𝜖𝜈
∗ 𝜆2, 𝑝 𝑓𝜆1𝜆2

𝑉, 0
𝑋, 𝑝

 +𝜃(−𝑝0)𝜖𝜇
∗ 𝜆1, −𝑝 𝜖𝜈 𝜆2, −𝑝 𝑓𝜆2𝜆1

𝑉, 0
𝑋, −𝑝

No-interaction case:

Assuming this relation works for interaction case

Spin alignment:
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Spin alignment

Pure interaction effect

Rearrange 

 particle number correction

𝛿𝜌00
(0)

, 𝑋, 𝑌, 𝑍: relate with 𝑇 − 𝐿, 

when 𝑇 = 𝐿 or 𝑔 → 0, vanish
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Flow rest frame

Choice:

 𝑚𝜌 = 770𝑀𝑒𝑉, 𝑚𝜋 = 140𝑀𝑒𝑉, 𝑔𝜌𝜋 = 6.067, 𝑇𝑓 = 120𝑀𝑒𝑉, 

𝑢 = (1, 0) and 𝑍𝜌 = 0

parallel: (𝑝0, 0, 𝑝 , 0)
transverse: (𝑝0, 0,0, 𝑝 )
general: (𝑝0, 0,0.8 𝑝 , 0.6|𝑝|)

No global spin alignment at 𝑂(𝜕0)
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𝑋00
𝑝𝑎𝑟

= −2𝑋00
𝑡𝑟𝑎𝑛, 𝑋02

𝑝𝑎𝑟
= −2𝑋03

𝑡𝑟𝑎𝑛, 𝑋22
𝑝𝑎𝑟

= −2𝑋33
𝑡𝑟𝑎𝑛, 𝑋~0.1

Inhomogeneous 𝜉𝜇𝜈 induce 

global spin alignment

Coefficient to thermal shear



Wen-Bo Dong New formalism for spin alignment                                                           25/27

𝑌02
𝑝𝑎𝑟

= −2𝑌03
𝑡𝑟𝑎𝑛, 𝑌~0.01 Inhomogeneous 𝜔𝜇𝜈 induce 

global spin alignment

Coefficient to thermal vorticity

To induce a global spin alignment at 𝑂(𝜕1):

Interaction(deviation between T and L) + inhomogeneous 𝜉𝜇𝜈 or 𝜔𝜇𝜈
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Summary

1. We present a new formalism to calculate the spin polarization 

phenomena based on DSE on CTP contour. It can introduce the effect of 

interaction or the off-shell correction. 

2. We apply this formalism to the 𝜌 meson’s spin alignment in a pion gas. 

Coupling between the thermal shear/vorticity and spectral difference 

induce the global spin alignment.

3. We study the self energy correction at 𝑂(𝜕1) and it gives a non-trivial 

contribution to the spin alignment.
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Outlook

1. Spin-1/2 particle has a non-dissipative distribution at O(𝜕1), it will 

contribute to O(𝜕1) self energy. For other vector mesons (i.e. 𝐽/Ψ, D), 

this effect may be important.

2. We can solve the spin-1/2 DSE on CTP and study the relation 

between quark’s polarization and its spectral function.

3. Other O(𝜕1) effects(𝜕𝜇𝜇5, 𝜕𝜇𝜇𝑠)

4. Particle number correction contains 𝜉𝜇𝜈𝑝𝜇𝑝𝜈𝑛𝐵 1 + 𝑛𝐵 𝜌𝑎𝐼𝑚(𝜌𝑎), at 

fixed 𝑝2, increasing |𝒑|, ratio between NL with L larger than 1, spatial 

gradient fails (general question for spatial gradient!)



Thanks for your time
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