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Static QCD phase structure

2024/11/25 Light-Cone 2024: Hadron Physics in the EIC era @ Huizhou 3/23



Static QCD phase structure

ØHolographic QCD model

ØAction：

Ø  Potential and kinetic functions：                        background: 

��� corresponds to spacetime geometry

For pure SU(3) theory, there is no quark degree of freedom, so we close the gauge field �� by setting �(�)  =  �.

�� introduces a finite chemical potential and baryon density. 

� encodes the running of the gauge coupling

c1, c2, c3, c4, c5 will be fixed by fitting the state-of-the-art lattice QCD data to capture the thermodynamic behavior
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Static QCD phase structure

ØFitting the lattice QCD data:

Ø Pure gluon:

S. He, L. Li, Z. Li, and S.-J. Wang, Gravitational waves and primordial black hole productions from gluodynamics 
by holography, Sci. China Phys. Mech. Astron. 67, 240411 (2024).
Y.-Q. Zhao , Song He, Defu Hou, Li Li, Zhibin Li, Phase diagram of holographic thermal dense QCD matter 
with rotation, JHEP 04 (2023) 115 [arXiv:2212.14662] .

�� = ���. � MeV
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Static QCD phase structure

ØFitting the lattice QCD data:

Ø 2 flavor:

Y.-Q. Zhao, Song He, Defu Hou, Li Li, Zhibin Li, Phase structure and critical phenomena in two-flavor QCD by 
holography, Phys. Rev. D 109 (2024) 086015 [arXiv:2310.13432].
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Static QCD phase structure

ØComparing with the lattice QCD data:

Ø 2 flavor:

Y.-Q. Zhao, Song He, Defu Hou, Li Li, Zhibin Li, Phase structure and critical phenomena in two-flavor QCD by 
holography, Phys. Rev. D 109 (2024) 086015 [arXiv:2310.13432].
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Static QCD phase structure

ØPhase structure:

Ø 2 flavor:

Y.-Q. Zhao, Song He, Defu Hou, Li Li, Zhibin Li, Phase structure and critical phenomena in two-flavor QCD by 
holography, Phys. Rev. D 109 (2024) 086015 [arXiv:2310.13432].
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Static QCD phase structure

ØCritical exponents:

Ø 2 flavor:

Y.-Q. Zhao, Song He, Defu Hou, Li Li, Zhibin Li, Phase structure and critical phenomena in two-flavor QCD by 
holography, Phys. Rev. D 109 (2024) 086015 [arXiv:2310.13432].

Along first order axis Along first-order line

Along first order axis Along critical isotherm
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Static QCD phase structure

ØCritical exponents:

Ø 2 flavor:

O. DeWolfe, S.S. Gubser and C. Rosen, A holographic critical point, Phys. Rev. D 83 (2011) 086005 [1012.1864].

N. Goldenfeld, Lectures on phase transitions and the renormalization group (1992). 

Y.-Q. Zhao, Song He, Defu Hou, Li Li, Zhibin Li, Phase structure and critical phenomena in two-flavor QCD by 

holography, Phys. Rev. D 109 (2024) 086015 [arXiv:2310.13432].

Scaling relations:

2024/11/25 Light-Cone 2024: Hadron Physics in the EIC era @ Huizhou 10/23



Static QCD phase structure

ØFitting the lattice QCD data:

Ø 2+1 flavor:

R.-G. Cai, S. He, L. Li and Y.-X. Wang, Probing QCD critical point and induced gravitational wave by black hole 
physics, Phys. Rev. D 106 (2022) L121902 [arXiv:2201.02004].
Y.-Q. Zhao , Song He, Defu Hou, Li Li, Zhibin Li, Phase diagram of holographic thermal dense QCD matter 
with rotation, JHEP 04 (2023) 115 [arXiv:2212.14662] .
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Static QCD phase structure

ØComparing with the lattice QCD data:

Ø 2+1 flavor:

R.-G. Cai, S. He, L. Li and Y.-X. Wang, Probing QCD critical point and induced gravitational wave by black hole 
physics, Phys. Rev. D 106 (2022) L121902 [arXiv:2201.02004].
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Static QCD phase structure

ØPhase structure:

Ø 2+1 flavor:

R.-G. Cai, S. He, L. Li and Y.-X. Wang, Probing QCD critical point and induced gravitational wave by black hole 
physics, Phys. Rev. D 106 (2022) L121902 [arXiv:2201.02004].
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Rotating QCD phase structure
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Rotating QCD phase structure

ØHolographic QCD model

ØStatic background：

ØSplitting the 3-dimensional space into two parts as ��  = ℝ × ��.

Ø  local Lorentz boost:

ØRotating background:

Y.-Q. Zhao , Song He, Defu Hou, Li Li, Zhibin Li, Phase diagram 
of holographic thermal dense QCD matter with rotation, JHEP 04 
(2023) 115 [arXiv:2212.14662] .
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Rotating QCD phase structure

ØHolographic QCD model

ØHawking temperature and entropy density：

ØBaryon chemical potential and baryon charge density:

ØEnergy density and Pressure density:

ØAngular momentum  and trace anomaly:

ØThermodynamic relation：

Y.-Q. Zhao , Song He, Defu Hou, Li Li, Zhibin Li, Phase diagram 
of holographic thermal dense QCD matter with rotation, JHEP 04 
(2023) 115 [arXiv:2212.14662] .
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Rotating QCD phase structure

ØPhase structure:

Ø Pure gluon:

Y.-Q. Zhao , Song He, Defu Hou, Li Li, Zhibin Li, Phase diagram of holographic thermal dense QCD matter 
with rotation, JHEP 04 (2023) 115 [arXiv:2212.14662] .
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Rotating QCD phase structure

ØAngular momentum:

Ø Pure gluon:

Y.-Q. Zhao , Song He, Defu Hou, Li Li, Zhibin Li, Phase diagram of holographic thermal dense QCD matter 
with rotation, JHEP 04 (2023) 115 [arXiv:2212.14662] .

In the non-relativistic limit, classical formula
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Rotating QCD phase structure

ØPhase structure:

Ø 2+1 flavor:

Y.-Q. Zhao , Song He, Defu Hou, Li Li, Zhibin Li, Phase diagram of holographic thermal dense QCD matter 
with rotation, JHEP 04 (2023) 115 [arXiv:2212.14662] .

2024/11/25 Light-Cone 2024: Hadron Physics in the EIC era @ Huizhou 19/23



Rotating QCD phase structure

ØPhase structure:

Ø 2+1 flavor:

Ø �� ≠ �

Ø �� = �

Y.-Q. Zhao , Song He, Defu Hou, Li Li, Zhibin Li, Phase diagram of holographic thermal dense QCD matter 
with rotation, JHEP 04 (2023) 115 [arXiv:2212.14662] .
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Rotating QCD phase structure

ØAngular momentum:

Ø 2+1 flavor:

Y.-Q. Zhao , Song He, Defu Hou, Li Li, Zhibin Li, Phase diagram of holographic thermal dense QCD matter 
with rotation, JHEP 04 (2023) 115 [arXiv:2212.14662] .

In the non-relativistic limit, classical formula
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