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▪ Introduction: rotation & acceleration

▪ Rotation: chromomagnetic condensate

▪ Acceleration: thermodynamic subtleties

▪ Acceleration: Polyakov-loop potential

▪ Discussion and outlook
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▪ Acceleration
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▪ Rotation

most vortical fluid produced in the laboratory .
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▪ Relativistic systems can remain in global equilibrium with acceleration and rotation

▪ Killing equation

▪ Local equilibrium density operator

▪ Global equilibrium
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▪ First studied by NJL model

▪ Rotation restores chiral symmetry

▪ However, lattice studies give
opposite results!

7

HLC, K. Fukushima, X-G. Huang, K. Mameda,

Phys. Rev. D 93, 104052 (2016)

Y. Jiang and J. Liao, Phys. Rev. Lett. 117, 

192302 (2016)

Real 

rotation

analytical 

continuation

Unsolved discrepancy 

?



▪ So far, we only focused on the quark sector

▪ Gluon has spin one: more sensitive to rotation in principle

▪ It is interesting to see how rotation affects deconfinement and gluon spin
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▪ Pure Yang-Mills theory under imaginary rotation

▪ High T: Weiss potential (one loop potential for Polyakov loop)

▪ Simple replacement

▪ Imaginary rotation prefer
confinement
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𝑉𝑒𝑓𝑓 =
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▪ Identity

▪ Periodicity

▪ Or

▪ For SU(3) with maginary chemical potential
is  a  Roberge-Weiss point

▪ Thus,                is exactly mapped to an RW point.
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▪ Another well known gluon condensate is chromomagnetic condensate

▪ Although the constant chromomagnetic configuration is not stable

▪ Asymptotic freedom can be understood in term of vacuum polarizability
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▪ It is interesting to see how rotation affects
polarized gluon field(chromomagnetic condensate)



▪ We include both Polyakov loop and chromomagnetic field by background field

▪ As an extension of Kenji’s work, we consider imaginary rotation and r=0

▪ The effective potential
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Tachyonic mode 

when 
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▪ Minimize the real part of effective potential at high temperature

▪ We focus on real part

▪ For small imaginary rotation, chromomagnetic condensate increases
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▪ We can extract effective coupling constant

▪ The coupling increase with imaginary rotation:  Tc increases with imaginary 
rotation

▪ Analytic continuation: Tc decreases with real rotation

▪ The chromomagnetic field contribute negatively to moment of inertia
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negative Barnett effect found in 
lattice simulation
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▪ Euclidean Rindler

▪ Unruh temperature 𝑇𝑈

▪ Euclidean Rindler at Unruh temperature is equivalent to Minkowskian vacuum!
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𝑑𝑡 → −𝑖𝑑𝜏, 𝜏 ∈ [0, 𝑇0
−1)

Hawking 

temperature

T0 ​: global temperature; 

T𝑙𝑜𝑐 = T0/𝑎𝑧 : 

local Tolman temperature.



▪ Two vacuum

▪ Bogoliubov transformation

▪ an observer who is uniformly accelerating through empty space (Minkowski
vacuum) will perceive a thermal bath 
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We then expect, 

for 𝑇 = 𝑎/2𝜋
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▪ NJL model & Non-linear sigma model

▪ Dependence on regularization
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Subtraction with respect to 
the Minkowski vacuum

Subtraction with respect to
the Rindler vacuum

Lattice result

Braguta et.al 2024
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▪ To obtain the thermodynamic potential

▪ Usually, we compute the Euclidean partition function

▪ Its thermodynamic interpretation is straightforward in ultrastatic spacetimes

▪ Rindler spacetime is static, but not ultrastatic

▪ Energy momentum tensor in Rindler spacetime 𝑇𝜇
𝜈 = 𝑑𝑖𝑎𝑔(𝜀, −𝑝,−𝑝,−𝑝)

▪ We have 𝜀 − 3𝑝 = 0. However, 𝜀 ≠ −𝜕𝛽0(𝛽0𝑝)

▪ The local effective potential 𝑉𝐸𝑅 obtained directly from the Rindler Euclidean path 
integral is simply −𝑝
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▪ Another useful method for computing one-loop quantities is the optical-metric 
approach.

▪ For Rindler spacetime, the conformal transformation leads to 𝑆1 × 𝐻3

▪ Light rays follow geodesics of the optical spatial geometry

▪ The optical geometry is ultrastatic, with a uniform temperature T0
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Conformal 
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▪ In Euclidean Rindler:                                                    In optical metric

▪ We find thermodynamic relation

▪ So we identify 𝑉𝑜𝑝𝑡 with the physical thermodynamic potential after the Weyl 

transformation.
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energy density If we define free energy as



▪ We prove that this relation also holds for scalar fields, massive spinors, and gauge 
fields.

▪ In even dimension D

▪ We should minimize 𝑉𝑜𝑝𝑡 when we consider Polyakov potential

▪ No periodicity as rotation case
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For comparison, in the rotating case,



▪ Acceleration prefers confinement

23

Phys.Rev.D 114 (2026) 5, 054012

▪ Analogy between imaginary 
acceleration & imaginary rotation

deconfined

confined



▪ Rotating metric is stationary

▪ We can write

▪ 𝐴𝑖 should be treated like gauge field

▪ Works well for 𝑆3, but does not yield expected result for rotating metric

▪ The radial coordinate r seems crucial

▪ For massless fermion
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Expected to be our 𝑉𝐸𝑅
which satisfies 𝑒 = 3𝑝

Expected to be our 𝑉𝑜𝑝𝑡
which satisfies thermodynamic relation 

？



▪ What can we learn about rotation from acceleration?

▪ Include fermionic effects in accelerated systems

▪ Higher-loop corrections

▪ Clarify the relations among 𝑉𝐸𝑅 , 𝑉𝑜𝑝𝑡 , 𝑇0
0, 𝑃 …
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