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Glue sector
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fQCD

Chiral symmetry breaking
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Confinement & symmetry breaking
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Confinement & symmetry breaking
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FRG-quenched QCD vs lattice-quenced QCD

Chiral symmetry breaking

quenched gluon dressing quark propagator

 0

 0.2

 0.4

 0.6

 0.8

 1

 0.1  1  10
Γ

q-
q
(p

)
p [GeV]

Bowman et al., ’05
1/Zq

Mq

p2�A A⇥(p2)

 0

 0.2

 0.4

 0.6

 0.8

 1

 1.2

 1.4

 0.1  1  10

G
lu

o
n
 1

/Z
A

p [GeV]

Bowman et al., ’04
Sternbeck et al., ’06

FRG

Nf = 2

Mitter, JMP, Strodthoff, PRD 91 (2015) 054035

17



FRG-quenched QCD vs lattice-quenced QCD
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FRG-quenched QCD vs lattice-quenced QCD

Chiral symmetry breaking

quenched gluon dressing quark propagator

 0

 0.2

 0.4

 0.6

 0.8

 1

 0.1  1  10
Γ

q-
q
(p

)
p [GeV]

Bowman et al., ’05
1/Zq

Mq

p2�A A⇥(p2)

 0

 0.2

 0.4

 0.6

 0.8

 1

 1.2

 1.4

 0.1  1  10

G
lu

o
n
 1

/Z
A

p [GeV]

Bowman et al., ’04
Sternbeck et al., ’06

FRG

Nf = 2 systematic error estimate: ~10%

              JMP, Rennecke, PRD 90, 076002 

Braun, Fister, Haas, JMP, Rennecke, arXiv:1412.1045

Helmboldt, JMP, Strodthoff, PRD 91 (2015) 5, 054010

JMP

Mitter, JMP, Strodthoff, PRD 91 (2015) 054035

17



FRG-quenched QCD vs lattice-quenced QCD

Chiral symmetry breaking

unquenched gluon dressing quark propagator
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FRG-quenched QCD vs lattice-quenced QCD

Chiral symmetry breaking

unquenched gluon dressing quark propagator
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Herbst, Mitter et al, PLB 731 (2014) 248-256

Shaded area: 
systematic error estimate 
due to low initial UV scale 1 GeV 

2+1 flavor QCD - enhanced PQM-model 
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Phase structure at finite density

µB

T
= 3

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

Phase diagram of 2+1 flavor QCD 
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Phase structure at finite density
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• Functional Approaches to QCD & the FRG 

• Phase structure of QCD

• Hadron spectrum & QCD transport

• Outlook

Outline
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Mitter, JMP, Strodthoff, in preparation

A glimpse at the hadron spectrum

hq̄~��5q(p) q̄~��5q(�p)i ! �q̄⇡q�̄q̄⇡q

p2 �m2
⇡

+ finite terms

four-fermi scattering amplitude at pion pole 
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Real time correlation functions & transport

... and now for something completely different ... 
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Dynamics
spectral functions

T=100 MeV - 1 GeV

FRG+MEM

Haas, Fister, JMP, PRD 90 (2014) 9, 091501

transversal

Gluon spectral function at finite T

MEM

T=1.44  Tc
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Dynamics
spectral functions

T=100 MeV - 1 GeV

FRG+MEM

Haas, Fister, JMP, PRD 90 (2014) 9, 091501

transversal

Gluon spectral function at finite T

‘Those are my methods (principles), and if 
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Dynamics
transport coefficients

Dynamics

Haas, Fister, JMP, PRD 90 (2014) 9, 091501
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Dynamics
transport coefficients
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Dynamics
transport coefficientsQCD - estimate for viscosity over entropy ratio

pure glue

aqgp ⇡ 0.15
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A glimpse at the hadron spectrum

hq̄~��5q(p) q̄~��5q(�p)i ! �q̄⇡q�̄q̄⇡q

p2 �m2
⇡

+ finite terms

four-fermi scattering amplitude at pion pole 
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• Functional Approaches to QCD & the FRG 

• Vacuum QCD: confinement & chiral symmetry breaking

• Hadron spectrum & QCD transport

• Phase structure of QCD

• Outlook

Outline
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!Chiral Symmetry Breaking and Confinement

Summary & Outlook
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!Phase structure and Transport      

Summary & Outlook
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!Chiral Symmetry Breaking and Confinement

!Phase Structure and Transport

!Towards quantitative precision

!Baryons, high density regime & CEP, dynamics

!Hadronic properties

!hadron spectrum & in medium modifications

! low energy constants 

Summary & Outlook
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