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Based on: 
XLS, Qun Wang, Xin-Nian Wang, Phys. Rev. D 102, 056013 (2020).
XLS, Lucia Oliva, Qun Wang, Phys. Rev. D 101, 096005 (2020).
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Polarization through spin-orbit 
coupling:
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Magnetic field induce quark polarization 
through spin-magnetic coupling 

Effective meson field can polarize quarks like electromagnetic field. 
This is in analogy with vector dominance model.

W.-T. Deng, X.-
G. Huang, PRC 
85, 044907 
(2012).

（                 ）

Effective      meson field can polarize s quarks Effective meson field is 
used to explain difference 
between polarizations of 

L. P. Csernai, J. I. Kapusta, 
and T. Welle, Phys. Rev. 
C99, 021901 (2019).Strangeness current is generated by 

fluctuations. 
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Spin polarizations of quarks/antiquarks

~~~~~~~~~~~~~~~
rotation and acceleration

~~~~~~~~~~~~~~~~~~~~~~
effective vector meson field

Rotation      and acceleration     are ij and 0i components of thermal 
vorticity tensor 

Polarized 
quarks

Polarized 
mesonshadronization

Motivation: derive spin alignments of vector 
mesons from polarizations of quarks
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Mesons decay to 
pseudo-scalar mesons

Spin alignment is measured through polar 
angle distribution of decay products
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Subhash Singha (STAR), NPA 1005 (2021) 121733.

Experimental results
       talk by Takafumi Niida (May 20, 13:25） 
    

Subhash Singha (STAR), NPA 1005 (2021) 121733.

Sourav Kundu (ALICE),
NPA 1005 (2021) 121912 

K. Schilling, P. Seyboth, G. E. Wolf, NPB 15, 397 (1970) 
[Erratum-ibid. B 18, 332 (1970)].
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Density matrix for particles with spin 

~~~~~~~~~~~~~~~~~~
spin-momentum states

~~~~~~~~
weight function 

(density matrix element)
sum over spin along 
quantization direction 

For quarks with spin-1/2, we parameterize matrix element as

quark distribution in phase space

~~~~

~~~~~~~ ~~~~~~~
average spin 
polarization 

Wigner distribution function:  
Heinz(1983);Vasak, Gyulassy, Elze (1987); Zhuang, Heinz (1996); etc...
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Density matrix for a quark-antiquark pair
direct product of density matrices for quarks and antiquarks

Assumed that density matrix of a meson is identical to 
density matrix for a quark-antiquark pair

Density matrix element for mesons 
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Density matrix element for mesons

meson wave function  

Clebsch-Gordan coefficients

Assuming that distributions of quarks/antiquarks are 
slowly-varying in phase space
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Spin alignments of vector mesons     and        , as functions 
of quark/antiquark polarizations 

Average is taken on meson wave functions (Gaussian 
distribution in our study) 

If neglecting       dependence of quark polarizations, recover results in  
Y.-G. Yang, R.-H. Fang, Q. Wang, X.-N. Wang, PRC 97, 034917 (2017).

If neglecting phase-space dependence of quark polarizations, recover 
results in Z.-T. Liang, X.-N. Wang, PLB 629, 20 (2005).

XLS, Q. Wang, X.-N. Wang, 
PRD 102, 056013 (2020). 
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Spin alignment of     mesons

Dependence 
on transverse 
(longitudinal) 
momentum 

Rotation and accelerations have negative contributions to spin alignment
of      mesons, while effective vector meson field have positive contributions.

Average over      meson wave function             can be calculated in quark 
models: 

        is average over generating space-time points of      mesons.

B. Silvestre-Brac, Few Body Syst. 20, 1 (1996). 
E. Hiyama, Y. Kino, M. Kamimura, Prog. Part. Nucl. Phys. 51, 223 (2003).

XLS, Q. Wang, X.-N. Wang, 
PRD 102, 056013 (2020). 
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Subhash Singha (STAR), 
NPA 1005 (2021) 121733.

Contribution of electric part of 
vector      field to spin alignment 

XLS, L. Oliva, Q. Wang, 
PRD 101, 096005 (2020).

because of lower 
temperatures at 
lower energies
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Spin alignment of        mesons

Contributions of      are same for      and        ,
while contributions of      are different.

Subhash Singha (STAR), NPA 
1005 (2021) 121733.

         is smaller than 1/3 when              ,
proportional to        in low       region, 
qualitatively agree with experiment results

Effective vector meson field does not 
contribute to 

XLS, Q. Wang, X.-N. Wang, 
PRD 102, 056013 (2020). 
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Correlations between vector meson fields acting on constituent quarks 
of      and 

Contributions of vector meson fields to meson spin alignment is important for     
mesons, but less important for         mesons 
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Proposed a quark coalescence model for spin alignments of vector 
mesons.

Effective vector meson fields contribute a large positive deviation 
from 1/3 for spin alignment of      mesons.

Spin alignment of         mesons is smaller than 1/3 for mesons with 
          , proportional to       in low       region. Vorticity fields are 
major contributions. 

This model can be used for spin polarization of baryons in a similar 
way. XLS, Q. Wang, X.-N. Wang, PRD 102, 056013 (2020). 
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