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vacuum QCD: Quark-gluon vertex
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QCD at finite density fRG
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QCD at finite density
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QCD at finite density
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QCD at finite density
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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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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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fRG-DSE

QCD at finite density

Chiral order parameter benchmark results at finite T

renormalised condensate
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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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QCD phase structure

Reliability considerations
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QCD phase structure
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QCD phase structure
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QCD phase structure
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Some applications (fQCD)
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On the unreasonable effectiveness of low energy effective theories
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Fluctuations of conserved charges

Fluctuation of conserved charges

Benchmark at vanishing density
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Fluctuations of conserved charges

Fluctuation of conserved charges

Benchmark at vanishing density
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Fluctuations of conserved charges

Fluctuation of conserved charges

QCD-assisted LEFT vs lattice results (Taylor expansion) at small chemical potential
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Transport approach to QCD

Blum, Jiang, Mitter, Nahrgang, JMP, Rennecke, Wink

Time evolution of the critical (scalar) 0 -mode

oI’

Yol

quantum equation of motion noise field

Extension of mean-field version

Nahrgang, Leupold, Herold, Bleicher PRC84 (2011)

see also

Stephanov, Rajagopal, Shuryak PRL 81 (1998) 4816
Mukherjee, Venugopalan, Yin PRC 92 (2015) 034912
Herold, Nahrgang, Yan, Kobdaj PRC 93 93 (2016) 021902
Nahrgang, Bluhm, Schafer, Bass PRD 99 (2019) 116015
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Blum, Jiang, Mitter, Nahrgang, JMP, Rennecke, Wink

Time evolution of the critical (scalar) 0 -mode
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Phase structure of low energy QCD

strangeness neutrality & strangeness fluctuations

2+1 flavour quark-meson model
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Transport approach to QCD

Blum, Jiang, Mitter, Nahrgang, JMP, Rennecke, Wink

Time evolution of the critical (scalar) 0 -mode
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quantum equation of motion
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noise field

Input from equilibrium low energy effective action of QCD
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Phase structure of low energy QCD
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Pion & sigma spectral functions

Show case in linear sigma model
Sigma & Pion spectral functions
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Real-time FRG computations, e.g.

Florchinger JHEP 1205 (2012) 021
Kamikado, Strodthoff, von Smekal, Wambach, EPJC 74 (2014) 2806

JMP, Strodthoff, PRD 92 (2015) 094009
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Pion & sigma spectral functions

Show case in linear sigma model
Sigma & Pion spectral functions
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Pion & sigma spectral functions

2+1 flavour quark-meson model sigma spectral function
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Time evolution of cumulants

Blum, Jiang, Nahrgang, JMP, Rennecke, Wink, NPA 982 (2019) 871

Time evolution of sigma-kurtosis
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Equilibration time phase structure

Blum, Jiang, Nahrgang, JMP, Rennecke, Wink, NPA 982 (2019) 871
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Equilibration time phase structure

Blum, Jiang, Nahrgang, JMP, Rennecke, Wink, NPA 982 (2019) 871

Equilibration time of sigma-kurtosis
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Outline

® QCD from functional methods

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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