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QCD Matter under Rotation and Magnetic field

The Fastest Fluid

heavy-ion collision by Sylvia Morrow
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Early Attempt : Thermodynamics
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Early Attempt : Induced Charge
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Puzzle on Magnetovortical Charge

Kubo formula
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Puzzle on Magnetovortical Charge

Kubo formula
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Finial Answer

Both of are incorrect
small eB strong eB
e () e BS)
— p _— —
P 42 A2

| will convince youl



Choice of Angular Momenta

7 = tr|e PHEH=LI)| — det _—iy“DM +m — QL + S)_

Lcan — LPy — YPxr conserved AM
Lyin = 211, — yll, gauge invariant AM
II; = pi —eA,



Classical Argument




Classical Argument
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Classical Argument

QB
v = Qré
o=

F yir = eBQF

H - QL. =H—QL,.  stable

gauge Invariance — thermodynamic stability



Almost Solved?

jz/zﬁ(LJrS)w L = zll, —yll,

gauge Invariant AM

free Dirac fermion under B

/ = tr _e_ﬁ(H_Qj)_

= det _—iv“Du +m — QL + S)_

How to diagonalize this?



Landau Level Basis
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Angular Momentum

L =zll, —yll, = — (QCLTCL + 1) + |off-diagonal



Angular Momentum

L =zll, —yll, = — (QCLTCL + 1) + |off-diagonal

strong eb 5 £
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Partition Function under Strong B

7 = det|—iv" D, +m — °Q(L + S)

Not calculable analytically, except for the LLL limit



Partition Function under Strong B

7 = det|—iv" D, +m — QL + S)

Not calculable analytically, except for the LLL limit

e dp
Pir — Z ( —5(6—77V))
LLL = 5 / o [e 1 E In{l+e ]

BPLLL eBY)
OV A2

massless limit 0 = (1-Independent)



It Should Be Negative
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It Should Be Negative
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It Should Be Negative
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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




Relation to Chiral Anomaly
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Relation to Chiral Anomaly

angular momentum J =

0p

0f2
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Relation to Chiral Anomaly

o 6PLLL eBY) eB() €B,u

charge P 2D * 4772 »- 52 52
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Summary

reformulate gauge-invariant and stable thermodynamics

Magnetovortical charge sign-inverted by cyclotron motion

The charge i1s anomaly-related

applicability to

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

Sign-inversion should takes place at a certain B



Charge Density

PPy Po = {2
F1/2 e gresnsnsnsnsnnnssnnsnnnr -2
Kinetic theory
B — () ? eb = oo
numerically confirmable
----------------------------------- ~— —1/2

partition function



Total Angular Momentum

J/J() JO= H

T ) SR

Kinetic theory
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numerically confirmable
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partition function



