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 Spin polarization in different physical systems

 Measurement of spin polarization in HIC

 Success in global polarization and puzzle in local 
polarization

 Collisional contributions to spin polarization

 Summary and Outlook

Outline



Spintronics in condensed matter physics

Bader+Parkin
ARCMP 2010



Spin in particle physics

Proton spin puzzle 
(1988-now)



Spin in high energy nuclear physics

 Spin not conserved, spin angular momentum exchange 
with orbital angular momentum

 Spin coupling to external field such as magnetic, vorticity 
etc

 Offer a unique probe to polarized QCD medium

Explorations of spin polarization in HIC just begin!



Spin polarization measurement of J=1/2 particles

Baryon



Spin polarization measurement of J=1 particles

Vecor meson

spin density 
matrix

tend to be parallel to 
quantization axis

tend to be perpendicular to 
quantization axis



Λ Global Polarization at RHIC

Liang, Wang, PRL 2005

STAR collaboration, Nature 
2017



Λ Local polarization: sign puzzle

Becattini, Karpenko, PRL 2018
Wei, Deng, Huang, PRC 2019
Wu, Pang, Huang, Wang, PRR 2019
Fu, Xu, Huang, Song, PRC 2021

STAR collaboration, PRL 
2019



Shear induced polarization

Liu, Yin JHEP 2021
Fu, Liu, Pang, Song, Yin, PRL 2021
Becattini, et al, PLB 2021, PRL 2021
Yi, Pu, Yang, PRC 2021

vorticity 

shear

Caveat: shear induced polarization might not be sufficient



A fundamental difference between vorticity & shear

spin-vorticity coupling only (Barnett effect) spin-shear coupling + particle redistribution

Equilbrium: collision vanishes 
by detailed balance

Nonequilibrium: 
Collision nonvanishing



Particle redistribution from spin-averaged kinetic theory

                :  distributions of quarks and transverse gluons
         
               :  elastic collisions

                  :  inelastic collisions Arnold, Moore and Yaffe, early 00s

shear induced particle redistribution shear viscosity



Quantum kinetic theory (QKT)

QKT in collisionless limit

Collisionful QKT

Hattori, Hidaka, Yang, PRD 2019
Weickgenannt, Sheng, Wang, Rishcke, PRD 2019
Gao, Liang, PRD 2019
Liu, Mameda, Huang, CPC 2020
Guo, CPC 2020

Yang, Hattori, Hidaka JHEP 2020
Hattori, Hidaka, Yamamoto, Yang JHEP 2021
Weickgnnant et al, PRL 2021
Sheng et al, PRD 2021
Wang, Guo, Zhuang, EPJC 2021 
Shi, Gale, Jeon, PRC 2021
SL, PRD 2022

sufficient for vorticity induced 
polarization

needed for shear induced 
polarization



Wigner function formalism

encodes spin polarization

distribution function



Composition of spin polarization

Spin polarization ~

dynamical non-dynamical

green term: universal collision independent

blue term: collision dependent

dynamical spin vector

parity violating distribution

Parametrically the same as derivative term!



Example: kinetic theory for QED

Classical: Arnold, Moore and Yaffe, early 00s
Quantum generalization: SL, PRD 2022



Probe fermion in QED plasma with shear

SL, Wang, 2206.12573

probe massive fermion
m >> eT, Coulomb dominates,      
enhanced    

shear induced medium 
fermion redistribution



Self-energy contribution to spin polarization

shear tensor

particle content 
dependent constant

functions of p, T

Parametrically the same as derivative term

SL, Wang, 2206.12573



Self-energy contribution gauge dependent!

Self-energy gauge dependent in general, 
but spin polarization not

Explicit results in 
Feynman and 
Coulomb gauges 
show difference

SL, Wang, 2206.12573



Gauge invariant propagator

gauge transformation of propagator

gauge invariant propagator generalized to Schwinger-Keldysh contour

SL, Wang, 2206.12573



Gauge fields fluctuation

shear induced medium 
fermion redistribution

fermion propagates from x to y

gauge fields fluctuation A(z) from interaction, A(w) from gauge link



Gauge link contribution to spin polarization

shear tensor

particle content 
dependent constant

functions of p, T

Parametrically the same as derivative term

SL, Wang, 2206.12573



Suppression of spin polarization

Self-energy and gauge link contributions lead to modest 
suppression of derivative contribution to spin polarization



Summary

 Derived QKT for QED allows study of spin polarization with 
collisional effect

 Self-energy contribution+Gauge link contribution parametrically 
the same, lead to suppression of derivative contribution

Outlook

 Dynamical contribution to spin polarization
 Generalization to QKT for QCD
 Vector meson spin polarization



Thank you!



Angular distribution of vector meson
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