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QCD  under  new  extreme conditions 

Khazeev, Liao  Nature 2021,   Becattini- Karpenko etal 2015, 2016; Jiang-Lin-Liao 2016; Deng-XGH-Ma-Zhang 2020; 

Deng-XGH 2016,  Xie-Csernai etal 2014; Pang-Petersen-Wang-Wang 2016; Xia-Li-Wang 2017,2018; Sun-Ko 2017;… … )

B, 
ω

Explore the new dimensions of 
the QCD phase diagram



(i) Deconfined quarks(                   )

(ii) Pauli principle(s=1/2)

(i) Effective models(                   )

(ii) One-gluon exchange(                  )

Cooper instability

Color superconductivity
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Ground state of dense quark matter is  CSC

B. Barrois, NPB 129, 390 (1977)

D. Bailin and A. Love, Phys. Rep. 107,325 (1984)

M. Alford et al., PLB 422, 247 (1998)

R. Rapp et al., PRL 81, 53 (1998) 4

Color Super-Conductivity (CSC)  
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2-loop approximation

Powers of T
Stationary points

Order of g²μ^4

CJT effective action  of QCD

D. Rischke  Prog. Part. Nucl. Phys. 52 197 (2004)
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Ginnakis, Hou, Ren, Rischke, PRL 93 (04) ; PRD73 (06)

Gauge field fluc. induce  1st order PT of CSC in dense QCD

Introduction of        term in free energy by flucts.  Inducing 1st 

order  PT in stead of 2nd order PT in MFA      



Spin 1 CSC in compact star
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Feng, Hou, Ren,Wu,   PRL 105(2010)



Feng, Hou, Ren,Wu,   PRL 105(2010) Wu, He, Hou, Ren,    PRD84 (2011)

Nonspherical states in dense QCD with B 
H0=5.44×10^14 G, 1.97×10^14 G
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T. Kojo， DF  Hou, Okafor, Togashi.    

PRD 104 (2021) 063036 



The ratio of critical  tc versus  magnetic field  b at  weak   and strong coupling

Magnetic ( Inverse )  BEC  catalysis at W/S coupling 

Feng, Hou, Ren  PRD 92(2015)
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Dimensional reduction  &  enhancement of fluctuation



• For continuum field theory

• Non-perturbative

• (known) microscopic laws → complex macroscopic phenomena

• Flow from classical action S[φ] to effective action Γ[φ]

• Scale dependent effective action Γk[φ]

Wetterich, PLB301, 90 (1993).

FRG flow equation

FRGE  and phase structute
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FRGE study of phase diagram: Flucts on CEP

Zhang, Hou , Kojo, Qin,      PRD96 (2017)

Qin, Hou,  Huang, Li,  Zhang,  PRB98,  (2018)

Nematic Isotropic (NI) Puzzle  with FRGE
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ℱ[𝒲,𝑇] = ℱ(0) −
1

2
𝐼𝜔2 + 𝑂 𝜔4 = ℱ(0) −

𝑣2

2𝑅2
𝐼 + 𝑂 𝜔4

Gibbs free energy reads

ℱ = −𝑇ln𝒬 𝒬 = Tr exp[−
1

T
(H − 𝜔Jz)]

For a slow rotation, we have

The transition temperature to the leading order correction by a small linear speed 𝑣 = 𝜔𝑅 at the boundary is given by

𝑇𝑑 = 𝑇𝑑
0
(1 + 𝐵𝑣2)

The symmetry breaking solution

𝒲 =𝒲0 + 𝑣2𝒲1

𝑩 = −
𝚫𝑰

𝟐𝑹𝟐𝑳

where 𝐿 is the latent heat and Δ𝐼 is the discontinuity in the moment of inertia at the transition.

our analysis revealed that determine the coefficient 𝐵 independent of the strong coupling approximation, i.e.

Strong Coupling Expansion of Gluodynamices on a Lattice under Rotation

Sheng Wang,Jun-Xia Chen, De-Fu Hou, Hai-Cang Ren.

arXiv:2505.15487
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Strong Coupling Expansion of Gluodynamices on a Lattice under Rotation

[1] A. Yamamoto , Y. Hirono. PRL . 

arXiv:1303.6292.

[2] M. Gross, J. Bartholomew, and D. Hochberg.

Report No. EFI- 83-35-CHICAGO, 1983.
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Strong Coupling Expansion of Gluodynamices on a Lattice under Rotation

S Chen, DF Hou, HC Ren， arXiv:2505.15487

K.  Fukushima, Y.  Shimada,   arXiv:  2506.03560
JC Yang,  XG Huang  arXiv:  2307.5755

Braguta et. al.  arXiv:2102.05084

We found that the deconfinement T decreases with the angular velocity, opposite to the  tendency 

revealed in lattice simulation but in line with most of holographic results. 

We also found the string tension enhances by rotation.

https://arxiv.org/abs/2506.03560


De Hass-van Alphen Effect  with  Rotation    

Zero T：

In rotation, the thermodyn Equl. is established under a  AM. The equal 

distrib. of  different  AM states within a LL is offset by the nonzero AV  

with higher AM more favored than lower ones, which amounts to lifting 

the degeneracy of  LL. The dHvA oscillation is thereby expected to be 

reduced by rotation

finite T



dHvA in NS  with rotation (R=1km)

Huge suppression of dHvA oscill.(17 order) 
due to large size 



Type II B Super String theory on AdS5-BH×S5

4dim. Large-Nc strongly coupled

SU(Nc) N=4 SYM ( finite T).

conjecture

↔

Witten ‘98

Maldacena ‘97

sQGP matter  via AdS/CFT 

Some complicated Field theory calculations become 
simple “geometric’ problems in higher dimensions



Phase diagram @2+1 flavor

 Holographic model:

 The action:

 The metric:

where the potential and kinetic functions read

[1] R.G. Cai, etc , Phys.Rev.D 106 (2022) 12, L121902 • e-Print: 2201.02004

Capturing the behavior of EOS at zero chemical potential.

Capturing the flavor dynamic.

 The Hawking temperature 
and entropy density: effective Newton constant



Phase diagram @2+1 flavor

 Thermodynamics with rotation:



 2+1 flavor:

 black solid line: denoting the location of CEP.

 At high ෠𝑇and small Ƹ𝜇𝐵: Being the smooth crossover.
 At low ෠𝑇and large Ƹ𝜇𝐵:   Being 1st-order transition.

 𝝎 ↑ ෡𝑻𝒄 ↓, ෝ𝝁𝒄 ↓, ෡𝑻𝒄𝒆𝒑 ↓, ෝ𝝁𝒄𝒆𝒑 ↓.

 Pure gluon( Ƹ𝜇𝐵 = 0):

 At finite Ƹ𝜇𝐵 and smaller 𝝎. 

The value of c depends on Ƹ𝜇𝐵 . 

Analytically：

Chen, Zhang, Li, Hou , M.Huang ,JHEP 07 (2021) 132



Zhou-Run Zhu, De-fu Hou,  Phys.Rev.D 110 (2024) 6, 066010
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Jet quenching around Tc  with B 

ෝ𝒒⊥ > ෝ𝒒∥

ෝ𝒒 𝐞𝐧𝐡𝐞𝐧𝐜𝐞𝐝 𝐚𝐫𝐨𝐮𝐧𝐝 Tc agrees with Laticce results(150-250MeV)；

；μ、B enhance  ෝ𝒒

Zhou-Run Zhu, De-fu Hou, Phys.Rev.D 110 (2024) 6, 066010 .
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Dragging force

Components of drag force
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S. S. Gubser, PRD74, 126005 (2006);    C. P. Herzog, etc.  JHEP 07, 013 (2006).
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Drag force of 𝜇 component

Longitudinal

Radial

Azimuthal

J.X.  Chen, DH,  H.C Ren , JHEP03  (2024) 171 ,   arXiv: 2308.08126



Phase structure and critical phenomena in 2-flavor QCD
Yan-Qing Zhao, Song He, Defu Hou, Li Li, Zhibin Li （ Phys.Rev.D 109 (2024) 8, 086015 ）

2025/11/12



Yan-Qing Zhao, Song He, Defu Hou, Li Li, Zhibin Li（ Phys.Rev.D 109 (2024) 8, 086015 ）

Critical behavior



Mamani  ,  Hou, Braga,  PRD 105, 126020 (2022)

The spectral function of heavy vector mesons
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Spectra functions of J/Ψ and Υ(1S) 

The spectral function of J/Ψ with different anisotropic parameters, 

Υ(1S) 

The solid line represents the case where the anisotropy 
is perpendicular to the polarization direction; the 
dashed line represents the parallel case

1) Anisotropy accelerates the dissociation of bound states.  
2) When the anisotropy is parallel to the polari.        
direction, this effect becomes even more pronounced.

W.B. Chang and De-Fu Hou, Phys. Rev. D 109, 086010 (2024). 



𝐒𝐩𝐢𝐧 𝐚𝐥𝐢𝐠𝐧𝐦𝐞𝐧𝐭𝐬 𝐨𝐟 𝑱/𝝍 and 𝝓 mesons in hot plasma

Spectral function

𝑱/𝝍
𝝓

𝑻 = 𝟏𝟓𝟎𝑴𝒆𝑽

At zero momentum, spectral functions for all spin states are degenerate because of the rotation symmetry.

2025/11/15 31
XL Sheng,YQ Zhao  SW  Li ,  F Becattini, DF Hou PRD 110 (2024) 056047



Spin alignment in the helicity frame

𝑱/𝝍 𝝓

A positive deviation from𝟏/𝟑, corresponding to a 
negative 𝝀𝜽 parameter.

A negative deviation from 𝟏/𝟑, absolute value becomes larger at larger |𝒑|. 

𝝆𝟎𝟎
𝒉 at 𝑻 = 𝟎. 𝟏 GeV has a nonmonotonic dependence to |𝒑|. 
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 Magnetic field parallel to momentum

Spectral Function:

A nonzero magnetic  field or a nonzero momentum will induce a separation between  longitud. transversely polarized modes.

𝑷 = 𝟎
𝑷 = 𝟓 𝑮𝒆𝑽

𝑷 = 𝟏𝟎 𝑮𝒆𝑽

2025/11/15 33

𝑱/𝝍 meson in magnetized plasma
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Summary

Properties of strongly interacting matter under  extreme conditions  are 

very interesting!

• QCD Phase diagram under rotation and Magnetic field

• Transport properties of rotating magnetized matter

• Spectral function and the spin alignment of vector meson

• How to understand the different results of rotation from lattice？

（Polarization induced by Magnetic field and rotation?)

Thank you very much for your attention!





Condensation temperature versus the dimensionless magnetic field
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Magnetic ( Inverse )  BEC  catalysis at W/S coupling 


