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Outline

* Magnetic field induced phases and transports

* Uncertainty in magnetic field in heavy ion collisions

* Magnetized QGP in HIC: a spinless fluid or a magnet?
* Dense magnetized QED matter: paramagnet

* Dense & hot magnetized QCD matter: paramagnet

* Polarization dynamics in HIC

* Conclusion and outlook



Phases under magnetic field
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Transport under magnetic field: chiral magnetic effect
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Transport under magnetic field: chiral magnetic effect
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Magnetic field in Heavy ion Collisions
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Electric conductivity from Lattice & Experiment
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Faraday induction and
Coulomb effect
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What can QG
0™ approx: s

P be other than conducting medium?

ninless conducting fluid

1% approx: consisting of spinning particles,
magnetized by B-field, like magnet
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QGP as a paramagnet (weak B)
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QGP as a paramagnet (strong B)

E = \/ m? + p3 + 2neB

n =0 lowest Landau level dominated Sheng, Rischke, Vasak,

Wang, EPJA 2017
Gorbar, Miransky,
Sovkovy, Sukhachov,
JHEP 2017

SL, Yang, JHEP 2021

positive charge s, = 1/2

negative charge s, = —1/2

magnetization from spin of LLL states



What If B turned off (strong B)?

turned off adiabaticaly: LLL states demagnetized TB 2> Trel

turned off suddenly: free relaxation of LLL states T™B < Trel

. L 1
momentum isotropization T, ~ ——

g*T
It is likely QGP remains a LLL state after rapid decay of B
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Photon self-energy in massless QED under strong B

soft photon symmetric anti-symmetric
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ut = (1,0,0,0) fluid
b* = (0,0,0,1) B-field

¢" photon momentum



Photon dispersions in massless QED under strong B
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Photon polarization in massless QED under strong B

Hall dynamics requires
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One photon polarization favored due
to interaction with spin polarized
CMW in charged magnetized medium
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Self-energy of unpolz massless probe fermion
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Implication for polarization dynamics
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amplified modes:
right-handed p3 > 0

Positive spin polarization along B
left-handed p3 < 0.

charged magnetized QED medium behaves like paramagnet
In dynamical sense
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Gluon self-energy in massless QCD under strong B

soft gluon
CMW in LLL approx
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Two limits of QGP medium
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Density dominated limit
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Temperature dominated limit
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Implication for polarization dynamics in HIC
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* Low energy HIC produces medium with baryonic and electric charge
* Initial magnetic field decays quickly and magnetizes QGP

* Magnetized QGP continues to polarize quarks produced at later
stage like strange quark, effectively extend life time of B

L. Dong, SL, 2403.12615



Conclusion

* Splitting of damping rate of spin component of probe fermion in
charged magnetized QED matter

* Splitting of damping rate of spin component of probe quark in
charged magnetized QCD matter

* Paramagnet charged QGP can polarize probe quark

Outlook

* Beyond strong B field limit
* Beyond probe limit, backreaction to paramagnet



Thank you!
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