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" Critical end point and new phases: where do we stand?

= Strong correlations above the chiral crossover

*The physics of soft modes

= Ripples of the critical and point and new phases

*QCD moat and inhomogeneous phases



Critical end point and new phases: where do we stand?
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Interaction rate [HZz]

Experimental & Theoretical Landscape

Experimental landscape Theoretical landscape
Onset of new phases on the chiral transition line (CEP)

New phases Transition regime
Functional & Lattice QCD
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Comprehensive QCD phase structure
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Modified from Fabian Rennecke’s

QCD PHASE DIAGRAM & THE CEP plenary talk @ QM 2025
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FRG & DSE results‘corroborated by subsequent "extrapolations” of lattice data

using Yang-Lee edge singularities:
O conformal Padé [Basar, 2312.06952]

N, = 6, 8 results + continuum estimate
[Schmidt, 2504.00629]

very recent lattice extrapolation (1623 x 8)
[Adam et al, 2507.13254]

using thermodynamics:
% constant entropy density [Shah et al. 2410.16206]

not computed

potentially large
systematic error
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CEP location well constrained
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¢ Those are my interpretations, ™

and if you don’t like them....

@ Direct computations and the minimal point of view

* Self-consistent truncations to functional relations define analytic functions in 15, eg:

% well, | have others  _/

on(a()a(y) ) (1) = Loop [{a(2)a(w) )(u), (a(x)4u(0)a(2) ) (i) -5 g

e o

/”Unique: QCD-based analytic continuations\
' that satisfy the lattice benchmarks ¢
at small chemical potential. )

N

By definition, LEFTs (including extrapolations) cannot assess

the existence or absence of emergent phenomenal!



Minimal point of view: CEP exclusion regime

No chiral critical end point for .z < 600 MeV

Lattice QCD

UB 5 450 MeV

Borsanyi, Fodor, Guenther, Parotto, Pasztor,
Ratti, Vovchenko, Wong, arxiv: 2502.10267

Functional QCD

Fu, JMP, Rennecke, PRD 101 (2020) 054032
Gao, JMP, PLB 820 (2021) 136584
Gunkel, Fischer, PRD 104 (2021) 054022

Lu, Gao, Liu, JMP, arXiv:2504.05099
Lu, Gao, Liu, arXiv:2509.02974
Wang, Zhou, Huang, Wen, Yin, Fu, in preparation
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Strong correlation above the chiral crossover
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Strongly correlated physics

Strongly correlated phase for temperatures 17, ST S 27T,
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Thermal susceptibility

20

Strongly correlated physics

‘Confinement’ related crossovers at 7, < Tions S 27,

Functional QCD
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Thermal susceptibility
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Strongly correlated physics

‘Confinement’ related crossovers at 7, <
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The physics of soft modes
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Chiral dynamics & quasi-massless modes in the chiral limit

Scaling coefficient as function of the pion mass
‘chiral scaling’
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Criticality & quasi-massless modes around the CEP
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Ripples of the critical and point and new phases
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Ripples of the critical point

net-baryon fluctuations in QCD vs net-proton fluctuations at STAR
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Position of the peak of RfQ

Ripples of the critical point
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Functional Freeze-out
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Functional Freeze-out

Extracted freeze out from:

w BES-l % BES-II

chiral crossover

Sagun et al.
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QCD moat and inhomogeneous phases

aka

Critical end point and new phases: where do we stand reloaded
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Pisarski, Rennecke, PRL 127 (2021) 152302

. Moat regime
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The QCD Moat
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The QCD Moat

Prediction
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The QCD Moat
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The QCD Moat

resolution of the moat reaime
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The QCD Moat
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Summary

= Critical end point: where do we stand?

" Predictions:
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Summary

= Ripples of the critical and point and new phases

Fluctuations of conserved charges
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