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QCD phase diagram

• Lattice QCD (at vanishing chemical 
potential)


• Dyson-Schwinger Equations (DSE)


• Functional renormalization group 
(fRG)


• …

fQCD 2025



Negative meson wave function renormalization
<latexit sha1_base64="edGEvNhVDPhQaWbGAHp4N8bd54c="></latexit>
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Fu, Pawlowski, Pisarski, Rennecke, Wen, SY, arXiv:2412.15949
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Quark-Meson model within RPA
Lagrangian:
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εµϑµ → ε0µ̂
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Counter term
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V (ω) = Vvac(ω) + Vthermal(ω)
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Renormalization scale

Bare potential
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ω0 = 92MeV

m̄vac
ω = 136MeV

m̄vac
ε = 480MeV

mvac
f = 300MeV
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Quark-Meson model within RPA
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ω (p = 0;T, µ) =

ω

ωp2
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Pion two-point function:

Pion wave function renormalization:

 :MS
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M = 300MeV
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Renormalization
• Random phase approximation

• Renormalization
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Z→
ω (p = 0;T = 0, µ = 0) = 1
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m2,screening
ω = m2,pole

ω = m2,curvature
ω

Apply a renormalization condition 

for wave function renormalization:
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!ω(p0 = 0,p = →imscreening
ω ) = 0
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!ω(p0 = →impole
ω ,p = 0) = 0
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m2,curvature
ω = ωε V (ε)

Definitions of mass:
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m2,screening
ω =

m2,curvature
ω

Z→
ω (p = 0)
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m2,pole
ω =

m2,curvature
ω

Z→
ω(p = 0)Approximation:
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C̄ = ln(M/mvac
f )



CA contribution and PH fluctuations 
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High T limit:
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Partical creation and annihilation: Partical-Hole fluctuation:
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Yukawa coupling
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Mean-field QM:
<latexit sha1_base64="jqkioltWi4PsvgeRnT63saK3Sc4="></latexit>

h = 6.5

RPA QM:
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On the side of theories, lattice QCD simulation is a
nonperturbative first-principle approach, which has pro-
vided us with lots of remarkable insights and understand-
ing in recent years, such as the determination of freeze-
our parameters through the confrontation of lattice re-
sults with experiments [? ? ? ], the QCD equation
of state and fluctuations of conserved charges at finite
chemical potentials using Taylor expansions or analyti-
cal continuation [? ? ? ? ], etc. However, because of
the sign problem, lattice calculations are usually limited
to some specific region in the QCD phase diagram, say
µB/T  2, which corresponds to center-of-mass energies
& 12 GeV, and in this regime the existence of a CEP is
disfavored [? ]. Functional continuum field approaches,
e.g., the Dyson-Schwinger equation [? ? ? ? ], and the
functional renormalization group (FRG) [? ? ? ? ? ? ],
etc., which are complementary to the lattice QCD, have
also seen significant progresses on the studies of the non-
perturbative QCD and QCD thermodynamics in recent
years.

The FRG approach is a nonperturbative continuum

field theory [? ], which encodes successively quantum
fluctuations of di↵erent scales with the evolution of the
renormalization group (RG) scale. And thus a full quan-
tum e↵ective action is obtained from a classical one, af-
ter the RG scale evolves from the ultraviolet to infrared
region. For more discussions about the FRG, see, e.g.,
QCD related reviews in [? ? ? ? ? ] and recent devel-
opments in [? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ?
].

In the past several yeas a remarkable progress on the
studies of FRG is the first-principle calculations in the
Yang-Mills theory and QCD, e.g. the quenched [? ] and
unquenched [? ] QCD in the vacuum, the Yang-Mills
gauge theory in the vacuum [? ] and finite tempera-
ture [? ], the unquenched QCD in the vacuum with a
simplified truncation [? ? ]. In this work, we would
like to perform the first-principle QCD calculations at
finite temperature and baryon chemical potential within
the FRG approach. QCD phase transitions including the
chiral phase transition and the color deconfinement phase
transition will be investigated. We will also study the

fRG-QCD:

= →



Yukawa coupling
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h = 6.5Constant RPA Yukawa coupling
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Investigate the pion two-point function at 
complex spatial momentum plane


Influence of moat on the Friedel Oscillations


Influence of moat on pion spectral function


Inhomogeneous instability

Dissecting the moat regime at low energies II :


