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Introduction

Adam Bzdak, Shinichi Esumi et.al. Phys.Rept. 853 (2020) 1-87

STAR Collaboration, CPOD2024

STAR Collaboration, XQCD2024
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Introduction

Szabolcs Borsanyi, et. al. 
Phys. Rev. Lett. 125, 052001 (2020)

Wei-jie’s talk



W-j Fu, J.M. Pawlowski, F. Rennecke, 
Phys.Rev.D 101 (2020) 5, 054032

Glue sector Matter sector

𝑞 = 𝑙, 𝑙, 𝑠 𝑇

𝜋, 𝜎

𝜋, 𝐾, 𝜂, 𝜂′
𝑎0, 𝜎, 𝜅, 𝑓0

The 2+1 flavor QCD Theory within FRG
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The flow equations
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propagators :

vertices:

The flow equations
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Four-quark vertex
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Ignore the mixed quark-
gluon-meson box 

The scalar and pseudoscalar 
channel

F. Ihssen, J. M. Pawlowski, F. R. Sattler, N. Wink, arXiv:2408.08413 

Z.-n. Wang, C. Huang, R. Wen, S. Yin, W.-j. Fu,  (2024) in preparation
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Dynamical hadronization

9

The scale dependent meson fields:

The Wetterich equation with dynamical hadronization:

With the fully hadronized condition:

We get the hadronization functions :

Gies, Wetterich , PRD 65 (2002) 065001; 69 (2004) 025001
Pawlowski, AP 322 (2007) 2831
Flörchinger, Wetterich, PLB 680 (2009) 371



The Gluon Propagator at T=0 and Finite T

W-j Fu, J.M. Pawlowski, F. Rennecke, Phys.Rev.D 101 (2020) 5, 054032 10



Quarks and Mesons Masses

Pre
lim
ina
ry

11

Λ = 20GeV 
𝑚𝑢 = 𝑚𝑑 = 𝑚𝑙

𝑚𝑠,𝑘=Λ/𝑚𝑙,𝑘=Λ = 27.4

𝑚𝑙,𝑘=𝐼𝑅 = 333 MeV

𝑚𝑠,𝑘=𝐼𝑅 = 438 MeV

𝑚𝜋 = 142 MeV
𝑚𝐾 = 481 MeV

𝑚𝜎 = 628 MeV
𝑚𝜂 = 527 MeV

𝑚𝜂′ = 946 MeV
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The mixing angles between light-strange 
(LS) basis and physical basis

Hessian matrix

Because the nonvanishing nondiagonal element

The mixing angles Pre
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The light and reduced chiral condensate

Wuppertal-Budapest Collaboration: JHEP 09 (2010) 073
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𝑇𝐶𝐸𝑃 = 102𝑀𝑒𝑉, 𝜇𝐵 = 649𝑀𝑒𝑉 , 𝜇𝑠 = 0

Phase diagram with 𝜇𝑠 = 0
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fRG: W-j Fu, Pawlowski, Rennecke, 
PRD 101 (2020), 054032

DSE (fRG): Gao, Pawlowski, PLB 820 
(2021) 136584

DSE: Gunkel, Fischer, PRD
104 (2021) 5, 054022

𝜅2 𝜇𝑠 = 0 = 0.0148(2)

H. T. Ding, et.al. arXiv:2403.09390

S. Borsanyi, et.al. Phys. Rev. Lett. 125, 
052001 (2020), 

𝑇𝑝𝑐 = 156.5 𝑀𝑒𝑉



𝜅2 𝜇𝑠 = 0 = 0.0148(2)
𝜅2 𝑛𝑠 = 0 = 0.0134(2)

𝜅2 𝑛𝑠 = 0 /𝜅2 𝜇𝑠 = 0 = 0.91(2)
𝑇𝐶𝐸𝑃 = 102𝑀𝑒𝑉, 𝜇𝐵 = 649𝑀𝑒𝑉 , 𝜇𝑠 = 0
𝑇𝐶𝐸𝑃 = 97𝑀𝑒𝑉, 𝜇𝐵 = 680𝑀𝑒𝑉 , 𝑛𝑠 = 0

Phase diagram with 𝜇𝑠 = 0 and 𝑛𝑠 = 0 
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H. T. Ding, et.al. arXiv:2403.09390
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The 2nd order susceptibilities
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B-S Correlation
W.-j. Fu, X.f.
Luo, J.M. 
Pawlowski F. 
Rennecke, R. 
Wen,Y. Shi 
Phys.Rev.D 10
4 (2021) 9, 094
047
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Summary

• We build the 2+1 flavor QCD theory within FRG approach. The 
light and reduced chiral condensate are in good agreement with 
the Lattice results.

• The curvature of the phase boundary 
𝜅2 𝑛𝑠 = 0 /𝜅2 𝜇𝑠 = 0 = 0.91(2)

and the 𝜇𝐵,𝐶𝐸𝑃(n𝑆 = 0) is slightly larger than 𝜇𝐵,𝐶𝐸𝑃(𝜇𝑆 = 0). 

• The 2nd order baryon-strangeness correlation functions are 
monotonic changed with the collision energy. 

Thanks for your attention 18


