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Heavy-ion collision



The Hot QCD White Paper (2015)

Experiments: Beam Energy Scan 
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Functional renormalization group



Quark-meson model

The effective action
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Flow equation under LPA

under LPA，𝜕𝑡𝑍𝜙/𝑞 = 0，𝜕𝑡ℎ = 0
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The flow equation of effective potential：

B.-J. Schaefer, J. Wambach. Nucl. Phys. A757.2005  



Flow equation under beyond LPA

Under beyond LPA，𝜕𝑡𝑍𝜙/𝑞 ≠ 0，𝜕𝑡ℎ = 0
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The flow equation of effective potential:
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Wei-jie Fu, Jan M.Pawlowski. Phys.Rev.D.92,116006,2015 



Replace variable ෤𝜌 by a discrete set of points ෤𝜌，𝒾 = 1,2,⋯n

𝓊𝑘 ෤𝜌 = ෍

𝑛=0

∞
1

𝑛!
𝓊𝑖

𝑛
( ෤𝜌 − ෤𝜌𝑖)

𝑛

Equating fourth order polynomial expansions of  𝓊𝑘
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J.Adams, et al. Mod. Phys. Lett. 1995,A(10) 



Initial condition

The tree-level parameterization of the symmetry potential：

VΛ 𝜙2 =
𝜆

4
𝜙2 −

𝜆

2
𝜙0
2𝜙2|Λ

Λ = 500MeV,𝜆 = 10(LPA) and 8.65(beyond LPA),𝜙0
2=0

The number of grid points is 80 for 𝜙 between 0~100. 

Yukawa coupling 𝒽 = 3.2
Vacuum pion decay constant 𝑓𝜋~87MeV



The potential becomes flat below the minimum and scale independent 

above.

The scale evolution barely effects the minimum.

The scale evolution of the potential



QCD diagram under LPA

μ = 0, critical temperature of 2nd order phase transition T𝑐~143MeV
critical endpoint: 𝑇𝑐,𝑡𝑟𝑖 = 51MeV, 𝜇𝑐,𝑡𝑟𝑖 = 250.6MeV

T < 17MeV,the single 1st order phase transition splits into two phase 

transitions



Order parameter versus chemical potential

T=20MeV,order parameter jump to zero after 1st phase transition

T=12MeV,two gaps in the order parameter corresponding to two 

phase transitions

T=7MeV,order parameter smoothly decreases to zero after the first 

transition



Phase structure of the effective potential

For a second order phase transition, the effective potential only 

have one (global) minimum.



Phase structure of the effective potential

A second minimum at the origin emerges and the global minimum 

jumps to zero for large chemical potential



Below the splitting point, the effective potential exhibits two 

finite minima and is not exactly convex.

Phase structure of the effective potential



Beyond LPA

μ = 0, critical temperature of 2nd order phase transition T𝑐~142MeV
critical endpoint: 𝑇𝑐,𝑡𝑟𝑖 = 47MeV, 𝜇𝑐,𝑡𝑟𝑖 = 263.6MeV
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LPA 0.01244±0.00004
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The curvature of the phase boundary

Curvature of phase diagram



1)The location of the tricritical point, QCD phase diagram, structure of 

effective potential is obtained under LPA and beyond LPA.

2)For 𝜇 < 𝜇𝑐,a first-order transition splits into two phase transition for 

temperature below 17MeV under LPA. 

3)The characteristics of order parameter under different phase transi-

tion is studied.

4)The curvature of phase diagram is calculated. 

Summary 
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