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OUTLINE



• Theoretical analysis (Lattice, nonperturbative QCD, effective theories), CP is predicted. 

• Experimental facilities: RHIC (BES), FAIR, NICA, HIAF

Ø Critical Point -- the landmark of the QCD phase diagram. 

Location of CP?  The 1st order phase transition? The signals?

QCD phase transition and phase diagram

A. Bzdak, S. Esumi, V. Koch, J. Liao, M. Stephanov, N. Xu, Phys. Rept. 853 (2020) 
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Signals for the CP

M. Stephanov, PRL 102, 032301(2009)

With this interaction, fluctuating �   fluctuating mass of �, particle number correlation 
becomes

Stronger signals:  high-order cumulants

���� coupling
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STAR BES data

 Indications from experimental data:

• Deviations from statistical baselines. 

• Nonmonotonic at ��� ~ 20 ���.
Could not be explained by UrQMD, HRG, and equi/non-equi critical models.
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See Yu Zhang’s talk
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Ø Dynamical effects, the finite-size effects. 

Ø System with temperature gradients:

• Phase transition occurs in a narrow 2D shell.
• The spatial temperature gradients on the PT,  

fluctuations and correlation in the PT region?

A slice of the fireball

HRG

(Hot)

(Cold)

Theoretical progress
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Jiang, Zheng, PRD 104, 016031(2021) (1D case)



Assumptions:

• Markov process
• Fast relaxation
• Local equilibrium
• Boost invariant (2D Disk)
• Constant chemical potential

Temperature profile from Gubser flow

with C = 2.8, q = 1/4.3 fm and �=1fm.  

S. Gubser,  PRD 82, 085027 (2010)

HRG

(Hot)

(Cold)

Assumptions and Temperature profile
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Partition function (local equilibrium)

Maximum probability gives the e.o.m for the order parameter field: 

Path integral form:

 in 2D-disk case:

Ising parameterization

Partition function and e.o.m
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The action



• σ�(x) changes its sign at higher T region.

• The discontinuity of first order phase transition is rounded.

Ising-like potential 

�1 = 0.5��−2  �  − �� ,  

�2  =   − 0.5 ��−1  � − �� 

�4  =  14.4

C�:  ��,  �� =  170,  240  MeV.

dashed lines are for minimum points of V(σ) 

The ground state ��
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Expanding the action around the ground state

Gaussian 

where the fluctuating part reads

we have 

Non-Gaussian 

The fluctuations around ��
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Gaussian part:

Two-point correlation:

Complete basis (of the Hermitian operator      ) expansion

Matsubare frequency: �� = 2��
ⅇⅈ��

2�

2-point correlation

Radial           angular: 
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� = 1

� = 2

� = 3

� = 4

� = 0                      � = 1                      � = 2                   � = 3                      � = 4

• Fluctuations excited in the phase transition region.

Probability density with �=0 
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� = 1

� = 2

� = 3

� = 4

� = 0                      � = 1                      � = 2                   � = 3                      � = 4                   
l=3                        l=4

• High frequency modes contribute to the peripheral fluctuations, depressed in the center.

Probability density with �=2 
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� = 0

� = 3

 �       n = 1                              n = 2                              n = 3                                n = 4                                  n = 5

Nonlocal 2-point correlation 

• Correlation between an reference point and the other point arbitrary in the disk.
• Strong correlations along the isothermal ring for different �-modes.

 �       n = 1                              n = 2                              n = 3                                n = 4                                   n = 5

reference 
point
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� and n components is summed over .

Nonlocal 2-point correlation 

• Decoherence of the correlation along the isothermal ring as the acummation of �-modes .
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Introducing 

Extraction of nonzero �-modes 

with

2-point correlation
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• Enhancements of zero and nonzero �-modes in the phase transition region for different �.



 �1�2, �3 

3-point correlation

Non-Gaussian fluctuations

17

    

• Nonzero �-modes exhibit typical structure and comparable fluctuations as the zero mode.



 �1�2, �3, �4 

Non-Gaussian fluctuations

4-point correlation
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— Lift of the PT temperature, and rounding of the discontinuities in FOPT.

— The fluctuations are enhanced in the PT region.

— Strong anisotropic correlations due to the spatial T distribution.

— Correlations of nonzero angular momentum modes comparable to the zero mode.

We studied the ground state, the fluctuations and nonlocal correlations in a 
system with spatial temperature gradients:

Thanks for your attention! 
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Summary


