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QCD Matter under Rotation

The Fastest Fluid

heavy-ion collision by Sylvia Morrow

Superhot material
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superfluid “He

source of angular momentum

simplest nontrivial fluid background

simplest nontrivial geometric effect
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For relativistic rotating matter, we need the refinement w.r.t.

Causality and Vacuum

Gauge Invariance



Causality and Vacuum



Thermodynamics of Rotating Systems

partition function

conserved gquantit
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Limitation of Nonrelativistic Theory
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“Vacuum affected by rotation™?

Answer Is No : checked with relativistic theory



Infrared Gap
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No Visible Effect on Vacuum

Bessel root property causality
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Vacuum cannot be rotated



Visible in Thermal Part
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How about Perturbation Theory?

Ad* theory under rotation
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We can prove this to all orders



QCD Vacuum Affected by Rotation

bag model analysis
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Gauge Invariance

(Magneto-Vortical Matter)



Visible under Magnetic Field?
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Two Angular Momenta
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conserved AM gauge Invariant AM

But why thermodynamically?



Classical Argument




Classical Argument

Q| B
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no longer circular

H— QL unstable



Classical Argument

Q| B
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H — QLcan — H — QLkin stable

gauge invariance — thermodynamic stabillity



Total Angular Momentum
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Not calculable analytically due to AM

except for the lowest Landau level (B — oo) limit
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Why Negative?




Why Negative?
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Why Negative?
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Why Negative?
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Charge Density

massless limit
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Why Negative?

rotation coupling E — EO — Q
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If Q> 0,then p =



Relation to Chiral Anomaly

angular momentum J =
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Relation to Chiral Anomaly
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Einstein-de Haas Effect

conventional EdH
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dependent on AM relaxation, but experimentally testable




Summary

Landau-Lifshitz treatment for rotating matter is not enough

causality, vacuum properties, and gauge invariance

Relativistic rotating matter/Magneto-Vortical matter
are more complicated but interesting



Comparisons

B eBS) eBf)
partition function (LLL) P = 42 2772
cpin™
e () ,
partition function (LLL) P= Ar2 (divergence w.r.t. AM)
due to FdI’lft — EBQ]_;
eBY)
Kubo formula (LLL) P = 42 sign-mistake
eBY)

chiral kinetic theory P = 12 "o Landau level formed by weak B




