Sigh-inversion of
maghetovortical charge from
gauge invariant thermodynamics



QCD matter under rotation

The Fastest Fluid

heavy-ion collision by Sylvia Morrow

Superhot material
spins at an incredible
rate.
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/' elementary particles affected by €2 (= source of angular momentum)
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Early attempt : Thermodynamics
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Early attempt : Transport
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Early attempt : Transport
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Puzzle on magnheto-vortical charge

Kubo formula
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Answer?

Kubo formula
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Finial answer

Kubo formula
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| will convince youl!



Choice of angular momenta

7 = tr|e BH-QT) J = / YL+ S)y
Lican = LPy — YPx conserved AM
Lkin — ZCHy — yHCB gauge invariant AM

Il; = pi —e4;



Classical interpretation




Classical interpretation

no longer circular

H— QL unstable
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Classical interpretation
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Fdrift — ¢BO7r for symmetric gauge
H — QLC&II — H — QLkiIl stable

gauge Invariance <«—— thermodynamic stability



Almost solved?

J = / W(LJrSW Lyin = xHy _ yHa:‘

gauge Invariant AM

free Dirac fermion under B

/ = tr _e_ﬁ(H_Qj)_

— det _—i”yiDi + M — ”‘yOQ(Lkin + .5

How to diagonalize this?




Quantum mechanics

Lkin:xHy—yHm:A—l—A
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3

()

cyclotron motion
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circular motion of guiding center
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L owest Landau Level (LLL)

(S)L = +1/2
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L owest Landau Level (LLL)

(Lyin + S 1= (A+A+S)p, = —1/2
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L owest Landau Level (LLL)

(Lyin + S 1= (A+A+S)p, = —1/2

This suggests P =



Thermodynamics

Z = det|—iv'D; + M —~4°Q(A + A + S)

elB3
P = j/
27T

massless limit
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Comparisons
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linear responce (LLL) P = 1.2 mistake found

eBS)

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




Relation to chiral anomaly

only for strong B

eB() eBY)
A=

orbital

p:

Only Is due to chiral anomaly?

This is T-independent

This i1s derived as a Chern-Simons current



Relation to chiral anomaly

o 6PLLL eBY) eB() €B,u
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BIe. Aw2 272 8m2

angular momentum J =

Jp _ 0J — aQPLLL same coefficients shared
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Relation to chiral anomaly

o 6PLLL eBY) eB() €B,u

charge P 2D 42 B 52 _’ | 52
orbital
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BIe. Aw2 272 8m2

angular momentum J =

0 0J O°P .
P _ — bk Since ]éSE IS anomaly-related, so Is p

o)  Ou O 0f)




Summary

reformulate gauge-invariant and stable thermodynamics

Magnetovortical charge sign-inverted by cyclotron motion

The charge is anomaly-related

applicability to

HIC : spin polarization under strong B
cold atoms : guantum simulator
(nonrelativistic Hamiltonian can be diagonalized)



