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RG-scale k: t = ln k

Functional Methods for QCD

free energy 
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RG-scale k: t = ln k

Functional Methods for QCD

Fermions are straightforward  though ‘physically’ complicated

 no sign problem  

 chiral fermions  

Gluons have cost us decades

Complementary to lattice!

free energy 

JMP, AIP Conf.Proc. 1343 (2011)
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bound states via dynamical hadronisation   



Naturally encorporates PQM/PNJL models as specific low order trunations  

pure glue flow   +     +     ...     

flow of gluon propagator

Functional Methods for QCD
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Electric screening mass for SU(2)

3d

4d

critical scaling in Landau gauge props on the lattice? 

ν ≈ 0.68

ν ≈ 1

DL(0)−1/2 ∝ |T−Tc|ν + · · ·

DL(0) = �AA�T(0)

Maas, JMP, Spielmann, von Smekal ’11

Confinement
chromo-electric propagator

critical scaling in Landau gauge props in FunMethods! 
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 Full dynamical QCD:     = 2 & chiral limit

Chiral condensate

 0

 0.2

 0.4

 0.6

 0.8

 1

 1  1.5  2  2.5  3

T/Tc

Lren(T)

HISQ: N =8
N =6

stout cont.
SU(3)

Phase structure

Nf

Polyakov loop

 0

 0.2

 0.4

 0.6

 0.8

 1

 150  160  170  180  190  200  210  220  230

T [MeV]

fπ(T)/fπ(0)

Dual density

Polyakov Loop

160 180 200

χ
L

,d
u

a
l

Budapest-Wuppertal ’10 hotQCD ’10

∆Tconf � ±20MeVWidth

Tχ � Tconf � 180MeV

Braun, Haas, Marhauser, JMP ‘09 



Transport in QCD
Shear viscosity & Kubo relations

Energy-momentum tensor

Shear viscosity
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Transport in QCD
Shear viscosity & Kubo relations

Energy-momentum tensor

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

Groucho Marx



 
Viscosity in YM

imaginary time correlations
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Viscosity in YM

tranversal Schwinger functions

T=0.2 GeV

M. Haas, JMP, in prep.
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Viscosity in YM

longitudinal Schwinger functions
M. Haas, JMP, in prep.
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Maas, Wambach, Grüter, Alkofer ’04

high temperature limit DSE



 
Viscosity in YM

transversal spectral functions
M. Haas, JMP, in prep.
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Viscosity in YM

T=0.2 GeV

M. Haas, JMP, in prep.

transversal spectral functions
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Viscosity in YM

T=0.2 GeV
M. Haas, JMP, in prep.

transversal spectral functions
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Viscosity in YM

longitudinal spectral functions
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M. Haas, JMP, in prep.

Viscosity in YM
spectral functions

E. Bratkovskaya, talk at RETUNE ’12

transversal spectral function

T=1.5 Tc



 
Viscosity in YM

shear viscosity
M. Haas, JMP, in prep.
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Real time correlation functions

spectral functions in YM

spectral functions in QCD

Transport coefficients in QCD

viscosity over entropy in YM 

viscosity over entropy in QCD

Towards quantitative reliability

Summary & outlook



Additional material



Transport in QCD

∂µT
µν = 0 ∂µ (nuµ) = 0 ∂µ (s u

µ) = 0

Conversation laws

Equation of state

P = P (�, n)

Dissipation

δTµν = −η σµν − ζ∆µν∂u

σµν = ∆µαδνβ
�
∂αuβ + ∂βuα − 2
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