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Outline

* Spin polarizations in heavy ion collisions

* Success and limitation of quantum kinetic theory

* Form factors description of spin couplings

* Electromagnetic form factors in vacuum and in medium
* Gravitational form factors in vacuum and in medium

* Summary and outlook



global spin polarization in heavy ion collisions
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local spin polarization in heavy ion collisions
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Quantum kinetic theory (QKT): pro and cons

— - Hidaka, Pu, Wang, Yang,
QKT=Boltzmann+spin SPNP 2027

Pro: systemtic treatment of spin transport
Cons: assumes medium weakly coupled, not well-justified for QGP
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Spin polarization in heavy ion collisions

for s = % particle (consider high temperature limit, quark massless)

A
oi ~ B; Y
3 AN particle in external EM
S; ~ €% p; Ey 4 fields
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Spin polarization and correlation functions

Wigner function
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Spin couplings from EM form factors
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Spin couplings from gravitational form factors
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Spin polarization from QKT(CKT)
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Spin polarization from field theory

S = (8L, —85 )5 (F0)
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resummation to all order in A, and up to O(q) reproduces the CKT results

Two lessons:

» CKT equivalent to the tree-level vertex (Lorentz invariant)
» Electric field can’t do work to fermion (implicit in CKT)

n? frame vector EM — FhVp, Q-n=0 static Jiayuan Tian’s talk

no-work conditon E-P =0 P-Q =0 orthogonal SL, Tian, 2306.14811



EM form factors in vacuum
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What to expect for FF in medium?

What is in-medium FF?

» parameterize scattering of particle with external fields in medium
» both vertex and fermion states corrected by the medium interaction

Difference from vacuum FF
» breaking of Lorentz invariance, more structures possible
» dissipation effect introduces non-hermiticity, complex form factors

X Qo0



EM form factors in medium
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Transformation under time-reversal
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Example of medium correction to EMFF: vertex

2 _ 1 22y i 1 ik,
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simplificaitons

»medium contribution only (HTL)

»leading contributions as g — 0 SL, Tian, 2306.14811



IR limit and screening
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Example of medium correction to EMFF: self-energy
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Example of medium correction to EMFF: sum
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Gravitational FF in vacuum

FF for massless case Q — 0. Ignore D-term
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Gravitational FF in medium

Einstein equivalence principle B(Q° =0) = —-

spin-vorticity coupling non-renormalized?

medium breaks Lorentz invariance, Donoghue et al 1984, 1985
violating equivalence principle! Buzzegoli, Kharzeev, PRD 2021
SL, Tian, 2302.12450
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Gravitational FF in medium: example

vertex correction
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Application: spin-vorticity coupling receives multiplicative renormalization

e.g. p=500MeV T =150MeV  ag=0.3

7% suppression of spin-vorticity coupling

SL, Tian, 2302.12450



Summary

* Wigner function from CKT reproduced using field theory, allow for
more general description with form factors

* In-medium electromagnetic FF lift degeneracy of spin magnetic
coupling and spin Hall effect

* In-medium gravitational FF |leads to suppression of spin-vorticity
coupling

Outlook

* Non-perturbative examples
* Dissipation effect: complex FF
* Applications to spin polarization in heavy ion collisions



Thank you!



Spin Hall effect

x=p+ pXb;

p=E+xXB.
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