Gauge invariance
and thermodynamic stability
of rotating magnetized systems



QCD matter under rotation

heavy-ion collision

The Fastest Fluid
by Sylvia Morrow

Superhot material
spins at an incredible
rate.
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Early attempt : Thermodynamics
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Early attempt : Transport
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Puzzle on magnheto-vortical charge

Kubo formula
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p = - (divergence w.r.t. AM)



Answer (as of June)
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Finial answer

Kubo formula
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Choice of angular momenta
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Lyin = —i(xD,, — yD,)  gauge invariant AM



Classical interpretation




Classical interpretation

no longer circular

H — ()]  unstable



Classical interpretation
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gauge Invariance <«—— thermodynamic stability



Quantum mechanics
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Angular momenta
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cyclotron motion
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L owest Landau Level (LLL)
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Lowest Landau Level
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LLL Pressure
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Comparisons
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linear responce (LLL) P= 2 a mistake found
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chiral kinetic theory P = = no Landau level formed by weak B



Anatomy

only for strong B
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Only Is due to chiral anomaly



Summary

reformulate gauge-invariant and stable thermodynamics
discover cyclotron contribution to magneto-vortical charge

identity the anomaly-related part as the spin contribution

kinder to lattice than pure rotation : no boundary effect, homogeneity

applicabllity to various fields

HIC : spin polarization under strong B

neutron stars, electron systems, cold atoms, quantum optics



