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Why Kkinetic theory of spin necessary?

"With thermodynamics, one can calculate almost everything crudely:;
with Kinetic theory, one can calculate fewer things, but more accurately;
and with statistical mechanics, one can calculate almost nothing exactly.’

Accurate microscopic description of non-equilibrium =

N AMPT, primary A
: - . g AMPT, all A
evolution of spin 1/2 particles. o Nature, 2017
C + Phys. Rev. C, 2018
e This study, 27 GeV
This study, 54.4 GeV

Large OAM in non-central heavy ion collisions, spin
polarization, collective property of strong interaction

matter

Au+Au \'sy, = 200 GeV

Robust global polarization v.s. “spin sign problem” | | S o 0%

Shear tensor tends to solve the problem, indicating
that at least global equilibrium not enough. | 1 — ST L.




Dyson Schwinger equation

Theoretical methodology
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Wigner transformation

Eugene Wigner Leo Kadanoff Gordon Baym

“There are two kinds of people in the world:
Johnny Von Neumann and the rest of us.”

In 1962 he and Leo Kadanoff collaborated on Quantum Statistical

U Mechanics: Green's Function Methods in Equilibrium and Nonequilibrium

- Uu
S(X,p) = / d*ue /S (X + -, X — —) Problems. In 1969 he published Lectures on Quantum Mechanics, a

Kadanoff-Baym equation

2 2 widely used graduate textbook that, unconventionally, begins with photon

polarization.
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https://en.wikipedia.org/wiki/Leo_Kadanoff
https://en.wikipedia.org/wiki/Photon_polarization
https://en.wikipedia.org/wiki/Photon_polarization
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Spin Kinetic Equation — 1. General

s General formalism

Kadanoff-Baym equation (quasi-particle assumption)
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Spin Kinetic Equation — 2. Collision

. ™
Massive
— m —

~ 1 S N = 1 == = 1 _— m, .
P a'A“ - p“ZVVAV _I_pMEAVVV — mZS'A,u _ pI/ZA,LLVV T §€,UJV,0080(Z‘V/V’O) B EG,OJA,UJZ/\O/SUA - Eepcr)\,usz; VA
O )

¢ Specify system & interaction

e.g. 2 by 2 scattering of righthand chiral fermion
tunneling movement: side-jump

Center of mass frame Lab frame
(no jump frame) (jump frame)

{
y

No OAM, spin conserved relative OAM, spin not conserved

— angular momentum conserved — angular momentum conserved

Lorenze covariance & angular momentum conservation
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Spin Kinetic Equation — 2. Collision
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s Specify system & interaction

Contact

simple
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Spin Kinetic Equation — 2. Collision
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s Specify system & interaction

Contact

- B simple
. L=v0d—m)Y+ Gyy) does not allow for side-jump, notreal Detailed balance
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Yukawa Relaxation near global equilibrium
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QED

simple, no gauge issue
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QCD Collision term to leading logarithm order
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Spin Kinetic Equation — 3.Contact Interaction

ZyW and P.Zhuang, [arXiv:2105.00915 [hep-th]].

Contact interaction r %E (zh a B m) e ( 1@ ¢) ZyW, X.Guo and P.Zhuang, Eur.Phys.J.C 81 (2021) 9, 799.

Qualitative analysis
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Spin Kinetic Equation — 4.QED

ZyW [2205.09334 ]
Aim: the spin dynamics of s-quark in the quark gluon plasma

Toy model: hard massive fermion (m » eT) probing into a hot massless QED plasma at local equilibrium
Simplification: Compton scattering is suppressed in case m » eT, dominated by Coulomb scattering.

Competing processes: diffusion process — scattering with medium — drives the fluctuation of spin back to equilibrium,
polarization process— collective motion of the medium, hydrodynamic gradients
Diffusion process
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Spin Kinetic Equation — 4.QED

P. 871“( P) — Diffusion process + Polarization process

Both processes balance with each other in equilibrium — detailed balance

Global equilibrium : Killing condition, purely rotating fluid — detailed balance satisfied

. P-wu, P-uw,\ ,
nf(P) = (5 L /

Local equilibrium : Chiral fermion — satisfied

leq

St = 275(P?) (P“ |
There are more first order terms, self-energy and gauge.
what is the complete local equilibrium solution ?

Massive fermion — under question

Decomposition of A 0
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Decomposition and static solution

¢ Lorenze covariance and Decomposition

Chiral fermion Massive fermion
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Jing-Yuan Chen, Dam T. Son, Mikhail A. Stephanov, PRL 115, 021601 [1502.06966] Di-Lun Yang, Koichi Hattori, Yoshimasa Hidaka, JHEP 07, 070 [2002.02612]
Yoshimasa Hidaka, Shi Pu, Di-Lun Yang, PRD 95, 091901 [1612.04630]

Yoshimasa Hidaka, Shi Pu, Di-Lun Yang, PRD 97, 016004 [1710.00278]
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Shu Lin, ZyW, [2206.12573] Self-energy part is necessary for massive kinetic
The same structure T, .30 =X~ f — £5(1 — f) equation to return to chiral limit.

when projecting to Y, gives the collision terms of P - df Static solution a” f4 need to be solved from
collision term.

Shu Lin, ZyW, [2206.12573]

PO, f+E7f-2;(1—f)=0

consider only shear « ASH is frame independent, while each part are

B P frame dependent.

At =2m§(P?) (P! fa + — 5

Ouf+37f=35(1= 1)
Full static solution... under progressing
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. shear contribution enhanced
. Detalil balance still satisfied




Summary

2 Qualitative analysis using contact interaction

2 Global equilibrium — detailed balance

2 Different relaxation rate for different degrees of freedom
& Spin kinetic equation in QED plasma

2 Full expression to first order of gradient



