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= Introduction
= fRG + QM + rotation
= Toward QCD under rotation

= Summary




WHY ROTATION?

= Spin polarization/alignment
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FIRST STUDIED BY NJL MODEL

= Analogy with chemical potential
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CURRENT STAGE

= Model studies
(P)NJL, QM, Bag model, Holographic...

= Rotation + other backgrounds (magnetic field, chemical potential, etc)

= Lattice

V. V. Braguta, A.Y. Kotov, D. D. Kuznedelev, and A. A. Roenko, Phys. Rev. D 103, 094515 (2021)
J.-C.Yang and X.-G. Huang, arXiv:2307.05755 [hep-lat].

= Rotational effect on quark has been widely studied

= We don’t know much about how rotation affects gluon sector

S. Chen, K. Fukushima, and Y. Shimada, Phys. Rev. Lett. 129, 242002 (2022)

M. N. Chernodub, Phys. Rev. D 103, 054027 (2021), Phys.Rev. D 107, 114502 (2023)
Y-Q Zhao, S He, D Hou, L Li, and Z Li, JHEP04(2023)115

Y. Jiang, 2312.06166




DISCREPANCY

= Lattice result with imaginary rotation
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IMAGINARY ROTATION

Real Rotation Imaginary Rotation
= Boundary condition to preserve causality = Boundary condition for space is not
necessary

= Inhomogeneity No < .
= No sign problem

= Well defined Euclidean field theory

= Sign problem

= Subtlety of a Euclidean field theory
= twisted boundary condition

(1,0, r,2)~(T+ 3,0 — Qr, 7, z),
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FUNCTIONAL RENORMALIZATION GROUP

Functional integral with an IR regulator

Z Ul = J Dye~S+f, x(J(0-Asilx]
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Y. Chen, et al., Phys. Rev. D 104, 054009 (2021),
arXiv:2101.08484 [hep-ph].
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= KG equation and Dirac equation can be easily solved
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= Local potential approximation(LPA):
the RG-scale dependence only enters the effective potential




BOUNDARY CONDITION IS IMPORTANT!

= To preserve causality QR < 1

= For meson: ¢(r =R) =0

1 Without BC,when ¢ — 020 <0 Th £ 1
B(e—02l) _ 1 Bose-Einstein condensate? © ame 10T gHon-
e — ' But does not hold if we add a
With BC, we are safe, since pi; = Q0 > 0 with QR < 1 magnetic field
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FLOW EQUATION

= Requlator R,, = (K> — p2)O(k* — p?),
g ke = P)ol P’) for meson
. . k .
Rfj.ﬁ: = —I}’!ai— (\/?\72 — ].)0(k“ + Vz) fOI' quark

= Then with straightforward calculation, flow equation reads
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= Numerical calculation: grid method, discretizing the effective potential in field

space and numerically evolve all these grid with flow equation
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NUMERICAL RESULTS

= Still contradict with lattice results
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FIG. 1. The quark mass m, as a function of Qand 7" at r = 0.9R

in the QM model.




NUMERICAL RESULTS SES—
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IMAGINARY ROTATION

= Analytical continuation seems OK

fRG at T=160MeV

FIG. 9. The quark mass as a function of the imaginary rotating
angular velocity at 7 = 160 MeV from {RG.
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FIG. 10. The quark mass as a function of the square of the
rotating angular velocity at 7 = 160 MeV and r = 0.9R from

fRG calculation. @



TOWARD QCD UNDER ROTATION

= With the help of vierbein

T
A, = €, A,

= Simple replacement in Lagrangian
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= At one loop level, the Lagrangian can be diagonalized

= One can further add some background fields
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R0 CONDENSATE

S. Chen, K. Fukushima, and Y. Shimada
Phys.Rev.Lett. 129 (2022) 24, 242002

= Weiss potential

V(¢; )li=0 =

a s=%+1

= Simple replacement
- —¢-at [
= Still true at higher loop?

Rotation contribution to 3-gluon interaction
and gluon-ghost vertex differently
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CHROMO-MAGNETIC CONDENSATE

= SU(2) Effective potential

(=0, T=0: Savvidy Vacuum
G.K. Savvidy, Phys. Lett. B, 71:133, 1977
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PERTURBATIVE CALCULATION

= Too many Bessel functions

/rcl'r..f,-,l (p1e7)Jr, (p2ir) Jiy (paer) Ji, (parr)o (L + 1o + 13 + 14)

= Small rotation expansion
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SUMMARY & OUTLOOK

= Our fRG study of QM model under rotation agree with previous model studies
= More careful study of gluon under rotation is needed

= QM model beyond LPA

= Chromo-magnetic induced by rotation?

= Some non-perturbative aspects? Rotating QCD vacuum?
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BACKUP
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