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  KK
  KK 0*

Mesons decay to 
pseudo-scalar mesons
(Parity-odd strong decay)

Spin alignment is measured through polar 
angle distribution of decay products
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K. Schilling, P. Seyboth, G. E. Wolf, NPB 15, 397 (1970) 
[Erratum-ibid. B 18, 332 (1970)].

�00=1/3 if spin does not have a preferred 
direction 

Spin alignment for a vector meson ( �� = 1− )
is 00-element  �00 of its
normalized spin density matrix

Spin 
quantization 
direction 

More decay products in 
transverse direction

More decay products in 
longitudinal direction

Spin parallel to 
quantization direction 

Spin perpendicular to
quantization direction 

3Xin-Li Sheng, 大连高能物理大会



STAR collaboration, 
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� meson’s �00 is significantly 
larger than 1/3 for collision 
energies of 62 GeV and below 
(8.4� !!) 
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Boltzmann equation for quark-
antiquark combination 

energy 
conservation 

~~~~~~~~~~~~~~~~~~~~~
gain term

~~~~~~~~~~~~~~~~~~~~~~~~~
loss term (decay process)

quark

antiquark

vector 
meson

              is distribution in phase space for a vector meson 
with spin � along spin quantization direction 

General form: 
Matrix valued spin 
dependent distribution 
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Spin vectors for 
vector meson 

Matrix valued spin dependent distribution 

3×3, Hermitian, related to Wigner function 

Dyson-Schwinger equation
           Kadanoff-Baym equation for Wigner function
           Matrix-form Boltzmann equation 

XLS, L.Oliva, Z.-T.Liang, Q.Wang, 
X.-N.Wang, arXiv: 2206.05868
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polarizations of 
quark/antiquark

Spin alignment only depend 
on coalescence process
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Polarizations of strange quark/antiquark in a thermal 
equilibrium system

thermal vorticity 
fields (rotation 
and acceleration)

vector � field 
coupled to �/�
(strong force field) 

classical 
electromagnetic 
fields

At low energies, strong interaction is mediated by 
mesons, which was proposed by Yukawa in 1935. 

Vector meson field has been used to explain the 
difference between polarizations of � and �
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Spin alignment of the � meson in its rest frame
measuring along the direction of  
 

STAR collaboration, 
arXiv:2204.02302

larger at 
lower 
energies 
~ 1/�2

Momentum dependence is recovered 
by taking a Lorentz boost

spin alignment in lab 
frame
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Set-up for our numerical calculation 
�� denotes the anistropy 
between longitudinal and 
transverse directions

Spectra of � meson

STAR collaboration, PRL 99,112301 (2007); 
PRC 79, 064903 (2009); PRC 88,014902 (2013);  
PRC 102, 034909(2020).

12Xin-Li Sheng, 大连高能物理大会



Solid line: �� = 0.79 
Upper bound �� = 0.59
Lower bound �� = 0.99

�2 = 0.45 ��
4   if  �� = 170 MeV

�2 = 5.02 ��
4   if  �� = 530 MeV

Spin alignment as a function of collision energy 

STAR data

Reproduce out-of-plane 
data and in-plane data at 
the same time!

Agree with STAR’s recent data, arXiv:2204.02302.

Difference between red line and blue line is attribute to �2
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Spin alignment as a functions of transverse momentum
(�� is integrated out by taking an average over rapidity range |y|<1) 
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Spin alignment as a functions of transverse momentum

Red dots and error bars are read from STAR’s paper arXiv:2204.02302  
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Spin alignment as a function of centrality

STAR collaboration, arXiv:2204.02302

>1/3 in most central 
collisions, may be 
contributions from 
local vorticity
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We derive a relativistic Boltzmann equation for quark-antiquark 
combination and form vector meson

Using two parameters (fluctuations for transverse and longitudinal 
components of meson field), we can reproduce most of recent 
STAR data for � meson spin alignment
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