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Outline

* Spin physics in different areas

* Spin in heavy ion collisions: polarization of A

* Uncertaity in local polarization of A

* Holographic model for spin polarization

* Fermionic spectral function in strongly coupled QGP
* Steady state effect on local polarization

* Conclusion and outlook



Spintronics in condensed matter physics
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Spin in particle physics

Proton spin puzzle (1988-now)
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HIC: global polarization from vorticity
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HIC: local polarization from vorticity
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HIC: local polarization from vorticity + shear
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Uncertainty in spin response to shear
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Lesson from guantum kinetic theory
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> shear correction from collision (perturbative O(1)) SL, Wang, JHEP 2022, PRD 2025
Fang, Pu, Yang, PRD 2024

Fang, Pu, PRD 2025

» shear/vorticity correction to spectral function SL, Tian, 2410.22935
(perturbative O(g?), usually ignored) Fang, Pu, Yang, 2503.13320
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Complication for A polarization

» shear correction from collision (perturbative SL, Wang, JHEP 2022, PRD 2025
O(1)) Fang, Pu, Yang, PRD 2024

Fang, Pu, PRD 2025

» shear/vorticity correction to spectral function SL, Tian, 2410.22935
(perturbative O(g?)) Fang, Pu, Yang, 2503.13320
correction to A structure model ‘t\f

(non-perturbative)

Alternative approach? Holographic model



Holographic model for baryon

S =i / dP /=g (TMV yr —m) ¥, Igbal, Liu 2009
5D Dirac fermion 4D Weyl fermion
,. YR
Y= ( 1 ) “lump of quark/gluon”

treat all interaction effects uniformly
» Collisional correction (steady state effect)
» Spectral correction (structure effect) focus of the talk



Holographic model for QGP
ds® = —2u,(z)dz"dr — r* f(b(z)r)u,u,detdz” + r* P,,da*dz” local equilibrium
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Spectral function generalities

j’fg (w,p) = a/ re'P Tl ( ) <1PH. () 'I’j; (0) + LIrT,), (0) ¥, (3-"}>

pas (.7) = [ dae r) W, (0) + ), (0) o (1))
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Application: equilibrium spectral function

Gr(w,p) = A(w,p) + B(w,p)p- &
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Holography: equilibrium spectral function
Gr(w,p) = A(w,p) + B(w,p)p- 0

Im[A+B]

7l =1 . Vacuum

p=039 Im[A+ B] ~ (w — p)~ /2 Igbal, Liu 2009

2_ no spacelike spectral

| blue: equilibrium QGP
RN . soften the singularity
1o - : " develop spacelike spectral

focus on timelike spectral for baryon



Off-equilibrium: gradient correction
baryon as a probe to QGP

w,p > 0;T,0ju; Wigner transform

R (w.p) =i / d'ze™*0 (1) (Vo (x) W) (0) + T} (0) Ty ()

solve bulk Dirac equation in gradient expansion
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Gradient corrections
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strong vs weak coupling
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T-symmetry
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green: consistent with T-symmetry T-even part of 0D
purple: inconsistent with T-symmetry T-odd part of oD



Steady state effect: shear example

SGR :- 4 i Pyt PiPIoWO: steac!y state effect. of I_oaryon, not
contribute to polarization

acceleration balanced by collision

Dy —
[ contribute to polarization of
Weyl fermion, cancels in
> polarization of baryon (axial)
/ gradient, * baryon = R-Weyls + L-Weyl
— -*/ oy
’ do modify vector component

of spectral function!
Ap, — S, P



Expected contribution at 0(9%)

Expect mixed Si~ €9k, b- -

contributions to
polarization steady state effect
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Conclusion

* Uncertainty in local polarization related to A structure
* Holographic model for probe baryon in strongly coupled QGP

* Gardient corrections to baryon spectral function: local equilibrium +
steady state contribution

* Expect mixed contribution to polarization at second order

Outlook

* Schwinger-Keldysh extended holographic model for complete
gradient correction to polarization



Thank you!



Spin shear coupling & Spin Hall effect
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