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Experimental & Theoretical Landscape
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Onset of new physics (CEP)
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Phase structure of QCD and the CEP
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Phase structure of QCD and the CEP
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Phase structure of QCD and the CEP
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Phase structure of QCD and the CEP
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Functional approaches are the only first principle approaches to date

that allow for direct computations at finite density with

_ Phase structure from functional QCD: how to
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Ripples of the CEP
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Experimental signatures of the critical end point
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Modified from Fabian Rennecke’s

QCD PHASE DIAGRAM & THE CEP plenary talk @ QM 2025
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QCD-assisted low energy effective theory

Direct functional QCD input
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chiral & ‘confinement’ phase structure
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Functional QCD
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Functional QCD

Observables
Thermodynamics
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Functional QCD

Observables
Thermodynamics Fluctuations of net-baryon charge
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Fluctuations of conserved charges

Validity regime of extrapolations
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Fluctuations of conserved charges

Validity regime of extrapolations
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Ripples of the critical point

Canonical corrections via subensemble acceptance
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Ripples of the critical point

Canonical corrections via subensemble acceptance
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Interaction rate [HZz]
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Ripples of the critical point
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Ripples of the critical point
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Unfolding the high density regime with new phases & physics

Great opportunity for a combined high precision analysis of high density QCD (Exp. data + lattice QCD + functional QCD)
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Ripples of the critical point: Sneak preview

isentropes with strangeness neutrality resolution of the moat regime in QCD
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Summary

* Functional QCD provides direct 15t principle results for the phase structure at finite density 180 .
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Supplementary material



Phase structure from functional QCD: how to



How to: systematic error estimates & the LEGO® principle
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How to: systematic error estimates & the LEGO® principle
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The unreasonable effectiveness of low energy effective theories
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How to: systematic error estimates & the LEGO® principle

>
Example: Disect quark-gluon box
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Three remarks on Functional Methods for QCD

= off-shell representation of thermodynamic observables
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Three remarks on Functional Methods for QCD

= off-shell representation of thermodynamic observables

eq. 1T <(](QZ‘)(](QZ‘)> on-shell
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» gauge fixing = parameterisation

(@) - q(zon) Ap(yr) - - Ap(ym) h(z1) - - - h(z1))

Consequences

I: simple correlations
II: Difficult access to some observables

‘No free lunch theorem’

" ‘Your mean field is not my mean field’
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¢ Those are my interpretations, %

How to: direct computations and the minimal point of view

and if you don’t like them....

~well, | have others  _/

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

on(a()a(y) ) (1) = Loop [{a(2)a(w) )(u), (a(x)4u(0)a(2) ) (i) -5 g
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How to: direct computations and the minimal point of view

and if you don’t like them....
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* Self-consistent truncations to functional relations define analytic functions in 15, eg:
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» Consequences for functional QCD predictions at finite density
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Great opportunity for a combined analysis of high density QCD (Exp. data + lattice QCD + functional QCD + LEFTSs)
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Four-quark scattering channels
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. Moat regime }
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Predictions & estimates
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Predictions, estimates & extrapolations and how to judge them
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Predictions, estimates & extrapolations and how to judge them

, Common folklore
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Location of CP : Theoretical Prediction
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Location of CP : Theoretical Prediction
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Remove CEP-predictions RHIC-BES Seminar Oct. 6th 2020, Xiaofeng Luo
(i) ‘old’ CEPs: lattice, Functional QCD approaches, LEFTS (updated computations available)

(iif) LEFTs & Functional Results (qualitative approximations) that miss lattice benchmarks at (/B =0

(iii) LEFTs with CEPs at large density (missing quark-gluon back reaction)
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Chiral dynamics & quasi-massless modes

Scaling coefficient as function of the pion mass
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Scaling coefficient as function of the pion mass
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Scaling coefficient as function of the pion mass
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Full order parameter potential

Measure: correlation length
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