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Outline

* Spin physics in different areas

* Spin in heavy ion collisions as response to hydrodynamic gradient
* Lessons from weakly coupled studies

* Holographic model for spin polarization

* Fermionic spectral function in strongly coupled fluid and spin
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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Spin polarization in heavy ion collisions (HIC)

Spin polarization observed in multiple
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global spin polarization from spin-vorticity coupling
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local spin polarization puzzle
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local spin polarization from spin-vorticity/shear coupling
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Theoretical frameworks for spin polarization

»Quantum kinetic theory: kinetic theory extended to include spin
»pro: applies to general off-equilibrium state
»con: relies on quasi-particle picture

» Spin hydrodynamics: hydrodynamics extended to include spin
assuming slow relaxation of spin

Yarom'’s talk
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Question:

spin polarization in strongly coupled fluid w/o quasi-particle?



Lessons from quantum Kkinetic theory
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vorticity shear T-grad
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Holographic model for fermions

S =i / | dPta/=gu (TMVy —m) ¥, Igbal, Liu 2009
bulk Dirac fermion boundary Weyl fermion
b spin 1/2 lump of quark-gluon
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source for m>0
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Fluid-gravity background
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Spectral function generalities
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Equilibrium spectral function

AL (P . A_(P .
su(P) = 21150y A0
particle plasmino

ImA 4 (w,p) = ImA_(—w, p).
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Equilibrium spectral function: weak coupling
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Equilibrium spectral function: strong coupling
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Structure of hydrodynamic gradient correction
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Splitting of corrections
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Correction in local equilbrium state
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Correction in local equilbrium state
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Correction in steady state
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Correction in steady state
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Conclusion

* Spin polarization of Weyl spinor studied using bulk fermion in fluid-
gravity background.

* Splitting of contributions in local equilibrium state and steady state.
Spin response to all hydro gradient found.

* Non-invariance under T-reversal seen in spin-T-grad coupling in steady
state.

Outlook

* Bulk fermion in Schwinger-Keldysh contour extended fluid-gravity
background.
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