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We explain how spin alignment of vector mesons can be induced by 

background color fields. Our study is based on the quantum kinetic theory of 

spinning quarks and antiquarks and incorporates the relaxation of the 

dynamically generated spin polarization. The spin density matrix of vector 

mesons is obtained by quark coalescence via the Wigner function and kinetic 

equation. Our approach predicts a local spin correlation that is distinct from 

the non-local expressions previously obtained in phenomenological 

derivations. We estimate the magnitude of such local correlations in the 

glasma model of the preequilibrium phase of relativistic heavy ion collisions. 

It is found that the resulting spin alignment could be greatly enhanced and 

may be comparable to the experimental measurement in order of magnitude. 

We further propose new phenomenological scenarios to qualitatively explain 

the transverse-momentum and centrality dependence of spin alignment in a 

self-consistent framework.
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Spin alignment of vector mesons by glasma fields

Spin alignment of vector mesons

Dynamical spin polarization 

 Normalized spin density matrix :

 Quark coalescence :

 Experimental measurements :

 Quantum kinetic theory: 

 Incorporating color fields :

Glasma v.s. effective potential

K. Hattori, Y. Hidaka, D.-L.. Yang, PRD100, 096011 (2019), JHEP 20, 070 (2020)
Review : Y. Hidaka S. Pu, Q, Wang, D.-L. Yang, PPNP 127, 103989 (2022) 

Based on PRD 108, 016020, arXiv:2304.04181, PRD 107, 076025, arXiv:2212.13354

Di-hadron decay of vector mesons :

Z.-T. Liang, X.-N. Wang, PLB 629, 20 (2005)

(assuming spin polarization is along ො𝑛)

spin alignment

S. Acharya et al. (ALICE), PRL.125, 012301 (2020) M.S. Abdallah et al. (STAR), Nature 614 (2023) 7947, 244-248

 Spin-alignment puzzle : negligible deviation of 𝜌00 from 1/3 from vorticity

(from Λ polarization)

(Other corrections from hydrodynamic gradients such as the thermal-shear term should be 
of the same order.) 

Other sources for spin polarization (alignment) beyond hydrodynamic gradients (in QGP)? 

 Spin alignment is led by spin correlations :

Spin alignment for 𝝓 mesons from the glasma fields

From spin correlations to spin alignment

spin polarization of Λ could be unaffected (the sources for spin alignment may be fluctuating)

with                     is possible

 Generic spin density matrix from quark coalescence :

(anisotropic spin correlation is needed )

(spin polarization needs not be parallel to ො𝑛)

L.O. solution (from the Kadanoff-Baym eq.) :

Kinetic equations :

(weak-coupling limit)

(weak-coupling limit)

Color decomposition :

Power counting :

𝜏𝑅 → ∞

 Glasma fields : approximate sol. from solving linearized Yang-Mills eq. 

e.g. 
(at small rapidity)

P. Guerrero-Rodrguez, T. Lappi, PRD 104, 014011 (2021)

 Singlet & octet contributions :

Golec-Biernat Wusthoff (GBW) 
dipole distribution :

Primary contribution : 2-field correlations

glasma effect relaxation effect (hard to estimate)
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 Momentum dep. : boosting color fields

Order-of-magnitude estimation:

(validity : 𝑄𝑠𝑋0
𝑡ℎ ≤ 2 − 5)

initial field late-time field

Glasma :

Isotropic 
potential :

e.g. 𝑄𝑠 = 2 GeV, 𝑋0
𝑡ℎ = 0.2 fm :

More sophisticated 
estimate :

From the kinetic theory of 𝜙 mesons (rest frame, non-relativistic limit): (anisotropic
color fields)

(momentum
anisotropy)

Spin correlation from 
Wigner functions :

X.-L. Luo, J.-H. Gao, JHEP 11, 115 (2021)
B. Müller, D.-L. Yang, PRD 105, L011901 (2022)
D.-L. Yang, JHEP 06, 140 (2022)

Heavy-quark approx. : (caveat : 
very crude approx.)

M. Hongo et al., JHEP 08, 263 (2022)

4-field correlations 2-field correlations

D. Wagner, N. Weickgenannt, E. Speranza, PRR 5, 013187 
(2023)
F. Li, S. Liu, arXiv:2206.11890

X.-L. Sheng et al., arXiv:2206.05868, 
PRL 131, 042304 (2023)

B. Müller, D.-L. Yang, PRD 105, L011901 (2022)
D.-L. Yang, JHEP 06, 140 (2022)

A. Kumar, B. Müller, D.-L. Yang,  PRD 108, 016020, 
PRD 107, 076025

A. Kumar, B. Müller, D.-L. Yang,  PRD 108, 016020

A. Kumar, B. Müller, D.-L. Yang,  PRD 108, 016020, 
PRD 107, 076025

A. Kumar, B. Müller, D.-L. Yang,  PRD 108, 016020

S. Acharya et al. , PRL 131,042303 (2023)

λθ = (1 − 3ρ00)/(1 + ρ00)

Power counting:


