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® QCD from functional methods

® QCD phase structure
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Functional Methods for QCD

FRG: JMP, NPA 931 (2014) 113
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4 DSE: talks of Philipp Isserstedt, Julian Bernhardt, Evening Session



vacuum fQCD: current set of correlation functions
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Analyticity considerations at finite density

* Self-consistent truncations to functional relations define ‘analytic’ functions in B, eg:

O (q(x)q(z))(pnp) = Loop| (q(x)q(x))(15), (a(x)Auq(x))(ns), - ;us]
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In any case: QCD-based analytic continuations
that satisfy the lattice benchmarks
at vanishing chemical potential.

Great opportunity for a combined analysis of high density QCD



Three remarks on Functional Methods for QCD

= off-shell representation of thermodynamic observables

e.q. 1T (q(x)q(x)) on-shell

off-shell = e e E

asympt. asympt.
states states

pressure, trace anomaly,

- e.g. hadron resonances
fluctuations, volume flucs., ...
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= off-shell representation of thermodynamic observables

e.q. 1T (q(x)q(x)) on-shell

off-shell = e e E

asympt. asympt.
states states

pressure, trace anomaly,

: e.g. hadron resonances
fluctuations, volume flucs., ...

*gauge fixing = parameterisation

(q(x1) - q(w2n) Ap(y1) - - Ap(Ym) h(21) - - h(21))
Consequences

I: simple correlations I1: Difficult access to some observables

‘No free lunch theorem'

='Your mean field is not my mean field'

5¢ bd=0 5¢ ¢:Q_5quant

full quantum equation of motion

=0
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fRG-DSE

QCD at finite density

Nf=2+1 Gluon and quark benchmark results in the vacuum and at finite T
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fRG-DSE

QCD at finite density

Nf=2+1 Gluon and quark benchmark results in the vacuum and at finite T
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fRG-DSE

QCD at finite density

Nf=2+1 Gluon and quark benchmark results in the vacuum and at finite T
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fRG-DSE

QCD at finite density

Chiral order parameter benchmark results at finite T

renormalised condensate
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QCD at finite density

Chiral order parameter benchmark results at finite T
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QCD phase structure
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QCD phase structure
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fRG-DSE

QCD phase structure
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fRG-DSE

QCD phase structure

Reliability considerations
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fRG-DSE

QCD phase structure

Reliability considerations Dominant channels | (fRG)
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fRG-DSE

QCD phase structure
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QCD phase structure
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QCD phase structure
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Location of CP : Theoretical Prediction

Preliminary collection from Lattice, DSE, FRG and PNJL (2004-2020)
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Location of CP : Theoretical Prediction
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Disclaimer

Most functional computations
(LEFT or QCD) have not been
set-up for CEP-predictions!

Lack of predictive power
for CEP-predictions
is no quality measure!

(i) 'old’ CEPs: lattice, Functional QCD approaches, LEFTS (updated computations available)

(ii) LEFTs & Functional Results (qualitative approximations) that miss lattice benchmarks at (1B =0
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Remove CEP-predictions:

(i) 'old’ CEPs: lattice, Functional QCD approaches, LEFTS (updated computations available)
(ii) LEFTs & Functional Results (qualitative approximations) that miss lattice benchmarks at (1B =0

(iii) LEFTs with CEPs at large density (missing quark-gluon back reaction)
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Remove CEP-predictions:

(i) 'old’ CEPs: lattice, Functional QCD approaches, LEFTS (updated computations available)
(ii) LEFTs & Functional Results (qualitative approximations) that miss lattice benchmarks at (1B =0

(iii) LEFTs with CEPs at large density (missing quark-gluon back reaction)
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On the unreasonable effectiveness of low energy effective theories
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Fluctuations of conserved charges

Benchmark at vanishing density
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Fluctuations of conserved

Benchmark at vanishing density
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Fluctuations of conserved charges

Benchmark at vanishing density
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Fluctuations of conserved charges

Benchmark at vanishing density
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Fluctuations of conserved charges

Fluctuation of conserved charges

QCD-assisted LEFT: Taylor expansion vs full results
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Fluctuation of conserved charges

QCD-assisted LEFT: Taylor expansion vs full results
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® QCD from functional methods

® QCD phase structure

Outline

QCD phase structure
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Summary & Outlook

*Towards apparent convergence in functional approaches to QCD

" Results & predictive power for the phase structure of QCD

*Observables: quark condensates, fluctuations of conserved charges

*Towards quantitative precision at high densities

sSystematic improvements under way for ,uB/T 2 4
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