Bag model perspective
on favoring the hadronic phase
under rotation



QCD matter under rotation

present

BEST NEW IDEAS & INSIGHTS

Discover

heavy-ion collision

The Fastest Fluid
by Sylvia Morrow

Superhot material
spins at an incredible
rate.
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How to introduce rotation in thermodynamics
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Inverse catalysis by

wJ, ~ uN




Chiral symmetry

chiral restoration favored
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underlying physics

1. low-energy modes suppression by wJ, ~ ulN

H H - WJZ
2. spin-alignment oS 4 t



Confinement

deconfinement favored
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Rotational effect on QCD thermodynamics

T =150 MeV
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“QGP favored?”
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* NJL

* holography

HRG
* FRG ‘ 1-loop.
(QM model) perturbation



How about lattice QCD?

Euclidean rotation Minkowskian rotation

OBC
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due to analytical structure? seems not

"Hadronic phase favored!”



Where the difference comes from

- lattice QCD
Haoep Hqcep —wdqep

- model approaches
Hz' Hz — in

for free particles © = ¢, g, T, - -

with unchanged model parameter (~ nonperturbative interactions)

Justified? gq’cqé . directly affected by V)

cf.) iInverse magnetic catalysis



Bag model

+ asymptotic freedom

N /
R B = €pert — €QCD
o

o ™~




Static bag model

criterion

Pr(T) = Py(T) + Py(T) — B

P =47 Z In {1 T e_e/T}
C ) :
O . B : Dirac eq. in static cavity
® « 47
N E,=3-—+ —R}B
P R, 3 °
@® quark, gluon, pion
B g
D d Ry,



bag model

criterion

Pr(T,w) = Py(T,w) + Py(T,w) — B(w)

— P = ::TZln{l + e~ (™ jz)/T}
< 9 P
<: o B : Dirac eq. in cavity
= .> e / 1 4
~— By =3| -+ AB(0) | + 5 RLB(0)
| 4b |
@® quark, gluon, pion dE,
N =0 B=M

Ry,



Dirac eq. in bag coordinate

radial infinite potential well

/
(Ho + H')¢ = Ev) Hy =~"(—iv -V +U)
H = —wJ, +
perturbative correction bag constant

AE(w) ——  B(w) = By[1 + c(wR)?]



Numerical result
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“QGP favored” static bag «—» other model approaches

revolving bag <«— lattice QCD



Moment of inertias
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I,+1, > 1,

dof = 40 dof = 3




Moment of inertias
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Moment of inertias

1
AP; ~ —uw?l;, I~ (J?
va 9 <Z>
1
AB ~ —— 2] I, ~ | AV B
o/~ by b / P20

= moment of inertia of Bo ~ €EQCD "~ <(FZ,/)2>vac

neglected <+—)» other model approaches
static bag

taken into account «——  |attice QCD



Vacuum affected by rotation?

causality discrete momentum
whR <1 pL ~1/R 62\/pi+p§>wj
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robust property



When visible?

temperature

density magnetic field
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Landau quantization

NJL under B

magneto-vortical transport 0 eBw




When visible?

temperature density color magnetic field
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Landau quantization

QCD vacuum = color magnetic media

E — \/pz + 2|gB|(n+1/2 — 2s,) —» vacuum energy, p-function

invisible In perturbative vacuum visible in QCD vacuum

O(wj—e)=0 B(w) = By|1 + c(wR)?]

reason of negative Mol?



Summary

We developed the revolving bag model

This model fills a gap between other models and lattice

revolution of confinement potential ¥ moment of inertia of condensate

The rotational effect on QCD vacuum is much important
(unlike that on the perturbative vacuum)

We need a perturbative/nonperturbative analysis rotating matter



Perturbation theory of rotating scalar
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