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'Never underestimate the joy people derive from hearing something they already know'
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QCD: Euclidean propagators
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QCD: Quark-gluon vertex
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YM-theory at finite T
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Euclidean gluon propagator at finite T
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Euclidean gluon propagator at finite T

Yang-Mills propagators, finite T
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QCD-assisted hydrodynamics

Dubla, Masciocchi, JMP, Schenke, Shen, Stachel, arXiv:1805.02985
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Single particle spectral functions




Single particle spectral functions

chromo-magnetic
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Single particle spectral functions

chromo-magnetic
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Single particle spectral functions

chromo-magnetic
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QCD: Ilgenfritz, JMP, Rothkopf, Trunin; arXiv:1701.08610
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Single particle spectral functions

gluon spectral function at vanishing temperature
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qualitatively refined reconstruction

Cyrol, JMP, Rothkopf, Wink, arXiv:1804.00945



Single particle spectral functions

gluon spectral function at vanishing temperature
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Transport coefficients

viscosity over entropy ratio in Yang-Mills theory

Kubo relation
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‘3-loop’ exact functional relation for O

1 & 2-loop terms
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Christiansen, Haas, JMP, Strodthoff, PRL 115 (2015) 112002



Transport coefficients

viscosity over entropy ratio in Yang-Mills theory
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Transport coefficients

viscosity over entropy ratio in Yang-Mills theory

Yang-Mills viscosity over entropy ratio
Kubo relation
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Transport coefficients

viscosity over entropy ratio in Yang-Mills theory

Yang-Mills viscosity over entropy ratio
Lippoldt, JMP, Schneider, Wink, work in progress Kubo relation
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viscosity over entropy ratio
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Transport coefficients

QCD - estimate for viscosity over entropy ratio

viscosity over entropy ratio
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QCD-assisted hydrodynamics

Dubla, Masciocchi, JIMP, Schenke, Shen, Stachel, arXiv:1805.02985
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QCD-assisted hydrodynamics
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IP-Glasma - MUSIC - UrQMD
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QCD-assisted hydrodynamics
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On the unreasonable effectiveness of low energy effective theories

Sequential decoupling of gluon, quark, sigma, pion fluctuations
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QCD at finite density

Phase diagram of the QCD-enhanced PQM

0 50 100 150 200 250 300 350
u [MeV]

Herbst, JMP, Schaefer, PLB 696 (2011) 58-67
PRD 88 (2013) 1, 014007

@ FRG QCD results at finite density
Haas, Braun, JMP ‘09, unpublished

Extension of FRG QCD results at imaginary chemical potential

Braun, Haas, Marhauser, JMP, PRL 106 (2011) 022002



Phase structure at finite density

Phase diagram of QCD-enhanced 2-flavor PQM-model
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Phase structure at finite density

Phase diagram of QCD-enhanced 2-flavor PQM-model
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Fluctuations as a measure of confinement
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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 PRL81 (1998)
Mukherjee, Venugopalan, Yin PRC92 (2015)
Herold, Nahrgang, Yan, Kobdaj PRC93 (2016)

Nahrgang, Bluhm, Schafer, Bass arXiv:1804.05728
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Time evolution of the critical (scalar) 0 mode
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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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So =&

quantum equation of motion noise field

Input from equilibrium low energy effective action of QCD
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Phase structure of low energy QCD

2+1 flavour quark-meson model strangeness neutrality & strangeness fluctuations
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Transport approach to QCD

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

Time evolution of the critical (scalar) 0 mode

ol
So =&

quantum equation of motion noise field

Input from equilibrium low energy effective action of QCD

ReT'?) (w, p) Im T3 (w, p) U(o)

kinetic term diffusion term 7] 00 effective potential

Phase structure of low energy QCD

2+1 flavour quark-meson model Comparison of truncations (2 flavours)
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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.q.

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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2+1 flavour quark-meson model sigma spectral function

Sigma spectral function
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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, arXiv:1808.01377

Time evolution of kurtosis
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Equilibration time phase structure

Blum, Jiang, Nahrgang, JMP, Rennecke, Wink, arXiv:1808.01377

Equilibration time of sigma-kurtosis
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Equilibration time phase structure

Blum, Jiang, Nahrgang, JMP, Rennecke, Wink, arXiv:1808.01377

Equilibration time of sigma-kurtosis kurtosis of barvon number fluctuations
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Summary & Outlook

*Phase structure of QCD
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"QCD phase structure at low density

*Transport in pure glue & low energy EFTs



Summary & Outlook

"QCD phase structure at low density

*Transport in pure glue & low energy EFTs

*Towards quantitative precision

* baryons, high density regime & CEP

*"Threefold way to transport
*imaginary time lattice simulations: Yang-Mills, QCD

* real-time: Yang-Mills, QCD, finite density



