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fQCD collaboration: J. Braun, A. Cyrol, L. Fister, W.-j. Fu, T.K. Herbst, M. Mitter, N. Mueller,  
                                         JMP, S. Rechenberger, F. Rennecke, N. Strodthoff
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Mitter, JMP, Strodthoff, Phys.Rev. D91 (2015) 054035

Functional RG for QCD
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Glue sector

Fischer, Maas, JMP, Annals Phys. 324 (2009) 2408

Yang-Mills propagators, T=0
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Chiral symmetry breaking

fQCD

-1

FRG Yang-Mills results
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FRG-quenched QCD vs lattice-quenced QCD

Chiral symmetry breaking

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

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

Chiral symmetry breaking

unquenched gluon dressing quark propagator
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quenched QCD

Mitter, JMP, Strodthoff, in preparation

A glimpse at the hadron spectrum
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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 

Interaction measure

 0

 1

 2

 3

 4

 5

 6

 7

 8

-0.6 -0.4 -0.2  0  0.2  0.4  0.6

(ε
 -

 3
P

)/
T

4

t

Wuppertal-Budapest, 2010

HotQCD Nt=8, 2012

HotQCD Nt=12, 2012

PQM FRG

PQM eMF+π

PQM MF+π

PQM eMF

 0

 0.2

 0.4

 0.6

 0.8

 1

-0.6 -0.4 -0.2  0  0.2  0.4  0.6

∆
l,
s

t

Wuppertal-Budapest, 2010

PQM FRG

PQM eMF

PQM MF

reduced chiral condensate

FRG
Borsanyi et al.

0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0
0.0

0.2

0.4

0.6

0.8

1.0

TêTc

p Y
M
êp SB

Yang-Mills pressure

Fister, JMP ’11

p
re

li
m

in
a
ry

Thermodynamics

19



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

0 50 100 150 200
µq [MeV]

0

50

100

150

200

T 
[M

eV
]

Lattice: curvature range κ=0.0066-0.0180
DSE: chiral crossover
DSE: critical end point
DSE: deconfinement crossover

µB/T=2
µB/T=3

 0

 50

 100

 150

 200

 0  50  100  150  200  250  300  350

T [
Me

V]

µ [MeV]

mπ=138 MeV

χ crossover
σ(T=0)/2
Φ crossover
—
Φ crossover
χ 1st order
CEP

0 50 100 150 200
µq [MeV]

0

50

100

150

200

T 
[M

eV
]

Lattice: curvature range κ=0.0066-0.0180
DSE: chiral crossover
DSE: critical end point
DSE: deconfinement crossover

µB/T=2
µB/T=3

 0

 50

 100

 150

 200

 0  50  100  150  200  250  300  350

T
 [

M
e

V
]

µ [MeV]

mπ=138 MeV

χ crossover
σ(T=0)/2
Φ crossover
—
Φ crossover
χ 1st order
CEP

Phase diagram of quantised 2-flavor PQM-model Phase diagram of 2+1 flavor QCD 

Comparison with 2 flavor vs 2+1 flavor scale matching of Tc

21



Polyakov loop at finite density
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Dynamics

U. Heinz, talk at RETUNE ’12
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Dynamics

Computing 

computing transport coefficients
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Dynamics
spectral functions

T=100 

T=100 MeV - 1 GeV

FRG+MEM

T=1.44  

Haas, Fister, JMP, PRD 90 (2014) 9, 091501
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Dynamics
gluon spectral function at finite T

MEM
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Dynamics
spectral functions

T=100 

T=100 MeV - 1 GeV

FRG+MEM

T=1.44  

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

Tc

transversal

Dynamics
gluon spectral function at finite T

‘Those are my methods (principles), and if 
you don’t like them...well, I have others’

Groucho Marxdirect computation
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Dynamics
transport coefficients

Dynamics

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

gluon spectral functions

Complex DSEs

Strauss, Fischer, Kellermann, PRL 109 (2012) 252001

pion and sigma spectral functions

JMP, Strodthoff, in preparation
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Dynamics
transport coefficients

Dynamics

Haas, Fister, JMP, PRD 90 (2014) 9, 091501
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!Chiral Symmetry Breaking and Confinement

Summary & Outlook
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Confinement & symmetry breaking
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Braun, Haas, Marhauser, JMP, PRL 106 (2011) 022002 
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