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2+1 QCD with fRG 
Glue sector
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Matter sector

Symmetry point truncation

λ(n)(p1, p2, ⋯, pn) ≈ λ(n)(p) p = 1/n
n

∑
i

p2
i

s,t,u-channel truncation+ terms



Computation setting
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Parameters table
Parameters tuning

fRG: Fu, CH, Pawlowski, Tan, Zhou, Phys. Rev. D 112 
(2025), 054047

Λ = 35.7 GeV αs,Λ = 0.179



Gluon dressingGhost dressing
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Lattice: Boucaud et al., PRD 98 (2018) 114515

Glue sector in QCD

fRG: Fu, CH, Pawlowski, Tan, Zhou, Phys. Rev. D 112 
(2025), 054047

Couplings



Couplings
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Scale independence

Fu, CH, Pawlowski, Tan, Zhou, Phys. Rev. D 112 
(2025), 054047

Quark mass
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RG scale

Quark mass

∂tλ = (d − 2)λ − aλ2 − bλg2 − cg4,

 function of 4-quark couplingβ

Braun, Gies, JHEP 06 (2006) 024.
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Chiral symmetry breaking

Fu, CH, Pawlowski, 
Tan, SciPost Phys. 14 
(2023) 069
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Flow analyze

Fu, CH, Pawlowski, Tan, Zhou, Phys. Rev. D 112 (2025), 054047

Flow of the light quark mass 

Quark-gluon Four-quark

Flow of the λσ

Box Fish Triangle
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Flow analyze

Fu, CH, Pawlowski, Tan, Zhou, Phys. Rev. D 112 (2025), 054047

Flow of the λπ

Box Fish Triangle

Normalised Flow of the λπ
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Quark correlation functions

Quark-gluon vertex

Fu, CH, Pawlowski, Tan, Zhou, Phys. Rev. D 112 
(2025), 054047

Quark propagators
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Four-quark vertex in QCD 

Fu, CH, Pawlowski, Tan, Zhou, Phys. Rev. D 112 
(2025), 054047

s and t channel with u=0 s and u channel with t=0t and u channel with s=0

λα(p1, p2, p3, p4) ≈ λα(s, t, u)s, t, u-channel truncation
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Extraction of meson mass and BS amplitude

Fu, CH, Pawlowski, Tan, Zhou, Phys. Rev. D 112 
(2025), 054047

BS amplitude

λπ(P2, p, cosθ) ∼
h2

π(p, cosθ)
P2 + m2

π

Meson mass
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Bethe-Salpeter amplitude and Chiral relation

Fu, CH, Pawlowski, Tan, Zhou, Phys. Rev. D 112 (2025), 054047

Pion BS amplitude Chiral relation

⟨0 |Ja
5μ(x) |πb⟩ = iPμ fπδab
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Summary and Outlook 

★ Chiral symmetry breaking under the 
QCD four-quark scatterings 

★ Quantitative QCD correlation functions 
in first-principle functional QCD
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★ Apply the vacuum first-principle 
functional QCD calculations to the 
study of hadron structure 

★ Quantitative QCD phase diagram: 
Finite T&  + momentum 
dependence+ global potential.       
(with Franz Sattler,  Konrad Kockler 
and Gan Min…) 

μ

Thanks very much for your attentions!

Chang, Fu, CH, Pawlowski, Tan, in preparation 

preliminary


