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OUTLINE

▪ Introduction

▪ 1-loop with background field:

A0-condensate

colormagnetic condensate

▪ 2-loop

Feynman rule

▪ Summary

2



CURRENT STAGE

▪ Model studies
(P)NJL, QM, Bag model, Holographic…

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

▪ Lattice 

▪ Rotational effect on quark has been widely studied 

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

▪ Lattice result with imaginary rotation
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Real rotation

?
analytical 

continuation

Tc decreases with 

increasing Ω𝐼

Tc increases with 

increasing real rotation



WHAT’S WRONG?

▪ Gauge sector contribution?

▪ Analytical continuation is not applicable?

▪ Something missed on lattice?

▪ Or something else?
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DIFFICULTIES OF REAL ROTATION

▪ Boundary condition to preserve causality

▪ Inhomogeneity

▪ Sign problem

▪ Subtlety of a Euclidean field theory
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𝞽

Winding number          Matsubara frequency

In Complex Spacetime?

𝞫

Dmitri V. Fursaev, hep-th/0107089

Chernodub PRD (2021), (2022)

But anyway it works

Ω



MAYBE RELATED COMMENT

▪ E. Witten, A Note On Complex Spacetime Metrics, 2111.06514 [hep-th]
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IMAGINARY ROTATION

▪ Boundary condition for space is not necessary

▪ No sign problem

▪ Well defined Euclidean field theory

▪ twisted boundary condition

▪ Analytical continuation back to real rotation

▪ First things first, directly comparation to lattice results
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POLYAKOV LOOP

▪ In flat spacetime

▪ Dependence on the boundary condition
of imaginary time direction?
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▪ In (imaginary) rotating frame, which one?

Killing vector

Killing vector

or
0



REMAINING DIFFICULTIES

▪ All fields feel rotation

▪ The interaction vertex is hard to deal with
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Jackson, SIAM J. MATH. ANAL.
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=?
Fine at 2-loop level 



FAILED ATTEMPTS

▪ Kaluza-Klein method
treat the curved background as an Abelian gauge vector field
But too hard for me…

▪ Heat kernel expansion (Schwinger-DeWitt technique)
Feynman Propagator in Curved Space-Time: A Momentum Space Representation, 

T.S. Bunch and L. Parker, Phys.Rev.D 20 (1979), 2499-2510

Riemann normal coordinates

We don’t have curvature…

▪ Stay in coordinate space?
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NJL gap Eq.
Is this really useful?

Dmitri V. Fursaev, hep-th/0107089



ONE STRATEGY

▪ Focus on local quantities at the center

▪ Assumption:

▪ Momentum space representation

▪ Account for contribution from spin

▪ No r-dependent part (orbit contribution)
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equivalent

A. Ayala et al., Phys. Rev. D 103, no.7, 076021 (2021), 

[erratum: Phys. Rev. D 104, no.3, 039901 (2021)],

M. Wei, et al, 

Chin.Phys.C 46 (2022) 2, 024102

r=0 ∫r’dr’

Maybe important when Ω is large 



WHAT ELSE?

▪ I’m not smart enough to solve this exactly, so
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WHAT ELSE?

▪ I’m not smart enough to solve this exactly, so
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Just do 

perturbation



PERTURBATIVE EXPANSION OF Ω

▪ Exercise 1: Fermion 1-loop effective action
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PERTURBATIVE EXPANSION OF Ω

▪ Exercise 2: massless Gauge boson
No S-L contribution, since Sz is off diagonal

▪ Despite tedious calculations, it seems no difficulties to go to higher loop 
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ADD SOME BACKGROUND FIELDS TO SU(2)

▪ Metric

▪ Background field formalism

in tangent space, we choose                              for SU(2)

▪ Lagrangian
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Feynman gauge

A0 condensate, 

related to Polyakov loop

chromo-magnetic condensate 

Some lattice results

Assumption: 

homogeneous condensate

Because its simple



GAUGE FIELD GO TO TANGENT SPACE

▪ With the help of vierbein

▪ Simple replacement in Lagrangian

▪ At one loop level, the Lagrangian can be diagonalized with

▪ 1-loop effective potential
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A0 CONDENSATE

▪ gH=0

▪ Weiss potential

▪ Simple replacement

▪ Still true at higher loop?
Rotation contribution to 3-gluon interaction 
and gluon-ghost vertex differently
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CHROMO-MAGNETIC CONDENSATE

▪ At r=0

▪ Ω=0, T=0: Savvidy Vacuum

▪ Nielsen-Olsen instability

▪ When Ω=0, A0 condensate can help
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Tachyonic mode 

when 

G.K. Savvidy, Phys. Lett. B, 71:133, 1977

N.K Nielsen and P. Olesen., Nucl. Phys. B, 144(2-3):376–396, 1978.



CHROMO-MAGNETIC CONDENSATE

▪ Effective potential

▪ No replacement

▪ Imaginary part can be cured at 2-loop
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M. Bordag,V. Skalozub, Eur.Phys.J.C 82 (2022) 5, 390

𝑈𝑅(𝛺𝐼= −𝜋)
𝜙 = 𝜋 𝜙 = 0



GO TO HIGHER LOOP

▪ 2-loop correction

▪ gH=0, again to check

▪ So we need Feynman rule under rotation
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FEYNMAN RULE FOR SU(2)

▪ Gluon propagator

▪ where

▪ Gauge dependence
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𝑎, 𝜇 𝑏, 𝜈



GLUON PROPAGATOR 

▪ Eigenvalue equation

▪ For Feynman gauge

▪ For arbitrary 𝜉, use

▪ Propagator end at the center can be expanded as plane wave
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with

Euclidean thermal Green functions of photons in generalized Euclidean 

Rindler spaces for any Feynman - like gauge

V. Moretti, Int.J.Mod.Phys.A 12 (1997), 3787-3798, hep-th/9607178



FEYNMAN RULE FOR SU(2)

▪ Ghost propagator

▪ Four-gluon interaction
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𝑎 𝑏

𝑎, 𝛼 𝑏, 𝛽

𝑑, 𝛿 𝑐, 𝛾



FEYNMAN RULE FOR SU(2)

▪ Three-gluon interaction

where

▪ Gluon-ghost interaction
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𝑎, 𝜈

𝑏, 𝜆

𝑐, 𝜎𝑝1

𝑝2
𝑝3

𝑎𝑏

𝑐, 𝜈

Orbit contribution only



2-LOOP CORRECTION AT THE CENTER

▪ Tedious but possible

27Too long to be shown

Rotation only result

Still ongoing…



SUMMARY

▪ As less assumption as possible

▪ At least we can do some calculation of QCD under (imaginary) rotation

▪ Some other quantities to compare with lattice

▪ zzz
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THANKS！
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