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• Obtaining a theoretical description of acceleration within the framework of the 
lattice approach.

• Data generation for theory with zero acceleration.
• Data generation for theory with non-zero acceleration.

• Data analysis and processing.
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SU(3) gauge field theory on the lattice

𝑈𝜇 𝑛 = exp(𝑖ɑ𝐴𝜇(𝑛))

Link: Plaquette:

𝑈𝜇ν 𝑛 = 𝑈𝜇 𝑛 𝑈ν 𝑛 + Ƹ𝜇 𝑈𝜇 𝑛 + ොν ϯ𝑈ν 𝑛 ϯ

Action:

𝑆 𝑈 =
2

𝑔2
෍

𝑛 ∈ λ

෍

𝜇<ν

𝑅𝑒 𝑡𝑟 𝟙 − 𝑈𝜇ν 𝑛

𝑆 𝐴 =
ɑ4

2𝑔2
෍

𝑛 ∈ λ

෍

𝜇,ν

𝑡𝑟 𝐹μν(𝑛)
2

Observables :

𝐿(𝒙) =
1

3
𝑅𝑒 𝑡𝑟 ෑ

𝑡=0

𝑁τ−1

𝑈τ 𝒙, 𝑡

Polyakov Loop: Susceptibility of the Polyakov loop:

χ 𝑧 = 𝐿(𝒙) 2
𝑥,𝑦 − 𝐿(𝒙) 2

𝑥,𝑦
𝐿 𝑧 = 𝐿(𝒙) 𝑥,𝑦
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The analogy with temperature.

𝑇(𝑧) =
𝑇0

1 + 𝑎(𝑧 − 𝑧0)
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≈ 𝑇1 𝑇2

𝑇1 > 𝑇2

Heat flowAcceleration
φ1 φ2

φ1 > φ2

[1] Tolman R. C. On the Weight of Heat and Thermal Equilibrium in General Relativity // Phys. Rev. — 1930. — Vol. 35. — P. 904–924

[2] Tolman C., Ehrenfest P. Temperature Equilibrium in a Static Gravitational Field // Phys. Rev. — 1930. — Vol. 36. — P. 1791–1798

[3] Luttinger J. M. Theory of Thermal Transport Coefficients// Phys. Rev. — 1964. — Vol. 135. — P. A1505–A1514  

The presence of a gravitational field => thermodynamic equilibrium with 
inhomogeneous temperature [1,2,3]:

𝑇(𝑧) 𝑔00 = 𝑇0= const

https://journals.aps.org/pr/abstract/10.1103/PhysRev.35.904
https://journals.aps.org/pr/abstract/10.1103/PhysRev.36.1791
https://journals.aps.org/pr/abstract/10.1103/PhysRev.135.A1505


Acceleration on the lattice

Action [4] :

Acceleration:

𝑆 𝑈 =෍

𝒙

෍

𝑖>𝑗

3

𝛽𝜎 𝑧 𝑅𝑒 𝑡𝑟 𝟙 − 𝑈𝑖𝑗 𝒙 +෍

𝒙

෍

𝑖=1

3

𝛽τ 𝑧 𝑅𝑒 𝑡𝑟 𝟙 − 𝑈4𝑖 𝒙 )

Anisotropy coefficient:

ξ 𝑧 =
ɑσ

ɑτ(𝑧)
=

1

1 + 𝑎(𝑧 − 𝑧0)
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𝑎 = ൗ
1

𝜉𝑚𝑖𝑛
−

1

𝜉𝑚𝑎𝑥
(𝑧2−𝑧1)

[4] Karsch F. SU(N) Gauge Theory Couplings on Asymmetric Lattices // Nucl. Phys. B. — 1982. — Vol. 205. — P. 285–300.

𝑇 =
1

𝑁𝜏 ∙ ɑ𝜏

Temperature:

We need to realize൞

ɑ𝜏 = ɑ𝜏 𝑧

ɑσ ≠ ɑσ 𝑧

ɑσ = ɑ𝜏 𝑧0 = ɑ0

https://www.sciencedirect.com/science/article/pii/055032138290390X?via%3Dihub


Temperature profile
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ξ 𝑧 =
𝑇(𝑧)

𝑇0



Polyakov loop 
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Fig. 1. The average value of the Polyakov loop for different 

accelerations along the z-direction for lattices with lattice 

sizes 8 ∙ 842 ∙ 𝑁𝑧. (𝑁𝑧 = 104 − 170)

Fig. 2. Average value of the susceptibility of the Polyakov 

loop for different accelerations along the z-direction for 

lattices with lattice sizes 8 ∙ 842 ∙ 𝑁𝑧. (𝑁𝑧 = 104 − 170)



Infinite volume limit
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Fit of susceptibility of the Polyakov loop:

χ 𝑧 = χ𝑚𝑎𝑥 ∙ 𝑒𝑥𝑝 −
ξ − ξ𝑐

2

2𝜎2

• ξ𝑐 , χ𝑚𝑎𝑥– Linear with volume−1, finite
• 𝜎 – const.



Phase structure
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Fig. 3. Phase diagram of the hot gluon matter under acceleration in 

the (a,T) plane for lattices with a temporal lattice size 𝑁𝑡 = 6, 8. The 

data are presented for the infinite volume limit 𝑁𝑥,𝑦 → ∞. 



Free energy
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Fig. 4. The difference between the free energy of an accelerated and a 

static heavy quark for different accelerations for lattices with 𝑁𝜏 = 6, 8. 

𝐿 𝑧 ~ 𝑒−
𝐹(𝑧)
𝑇

∆𝐹 𝑧 = −𝑇𝑏𝑢𝑙𝑘 ቤ𝑙𝑛
𝐿𝑎𝑐𝑐(𝑧, 𝑎)

𝐿𝑏𝑢𝑙𝑘(𝑇𝑏𝑢𝑙𝑘) 𝑇𝑏𝑢𝑙𝑘=𝑇(𝑧,𝑎)
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1. The presence of acceleration "smooths" the phase transition, turning it from a first-
order phase transition into a smooth crossover.

2. As the acceleration value increases, so the width of the phase transition does.
3. The critical temperature value does not depend on the acceleration value and 

remains constant.

Conclusions:

Chernodub M. N., Goy V. A., Molochkov A. V., Stepanov D. V., Pochinok A. S. Extreme Softening of QCD Phase Transition under Weak Acceleration: 
First-Principles Monte Carlo Results for Gluon Plasma// Phys. Rev. Lett. – 2025. – Vol. 134 – p. 111904 
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Russian Federation №FZNS-2024-0002.

Numerical calculations were performed using the resources of the FEFU cluster and the Far Eastern Computing 
Resource Center of the IAP Far Eastern Branch of the Russian Academy of Sciences.

An article was published based on the results of this work:
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Inverse temperature four-vector:
𝛽𝜇 𝑥 ≡ Τ𝑢𝜇(𝑥) 𝑇(𝑥)

Some notes:

Killing equation:
𝜕𝜇𝛽𝜈 + 𝜕𝜈𝛽𝜇 = 0

Local Temperature:

𝑇(𝑡, 𝑧) =
𝑇0

1 + 𝑎0𝑧
2 − 𝑎0𝑡

2

Local fluid velocity

Appropriate solution:
𝛽𝜇 𝑥 𝜕𝜇 = Τ(1 𝑇0)[ 1 + 𝑎0𝑧 𝜕𝑡 + 𝑎0𝑡𝜕𝑧]


	Слайд 1
	Слайд 2
	Слайд 3
	Слайд 4
	Слайд 5, SU(3) gauge field theory on the lattice
	Слайд 6, The analogy with temperature.
	Слайд 7, Acceleration on the lattice
	Слайд 8, Temperature profile
	Слайд 9, Polyakov loop 
	Слайд 10, Infinite volume limit
	Слайд 11, Phase structure
	Слайд 12, Free energy
	Слайд 13
	Слайд 14

