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 Details of phase transitions
 Existence and location of critical point
 Properties of quarks and gluons in different phases
 Consequences for astrophysics

 QCD phase diagram
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Interesting open questions:
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Interesting open questions:

Quarks confined
and massive
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 QCD phase transitions I
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S−1(p) = [ip/ +M(p2)]/Zf (p
2)
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 QCD phase transitions II
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Static Quarks 
(Mweak ➝∞)

Chiral Limit Nf=3
 (Mweak ➝ 0)
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 QCD phase transitions II
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Is this happening ??
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 QCD in covariant gauge

6
Saturday, January 12, 2013



Christian Fischer (University of Gießen) QCD phase diagram / 28  

 Lattice QCD vs. DSE/FRG: Complementary!
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Models: PNJL, PQM

Technically 
easier
Exploratory

Weise, Schaefer,...

Fodor, Karsch, Phillipsen...
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DSE vs. Lattice (T=0)
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CF, Maas, Pawlowski, Annals Phys. 324 (2009) 2408.
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Gluon: positivity violation

10
Saturday, January 12, 2013



Christian Fischer (University of Gießen) QCD phase diagram / 28  

Ghost and Gluon DSE solved in the complex p2-plane
No non-analytic structure outside real axis
Cut for timelike real momenta p2 < 0
Spectral function: Oehme-Zimmermann relation satisfied

Gluon: analytic structure
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Gluon: real part Gluon: spectral function

Strauss, CF, Kellermann,  Phys. Rev. Lett. 109, (2012) 252001
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 Glue at finite temperature (T≠0)
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 Gluon screening mass: SU(2) vs. SU(3)

13

Bali,  Phys. Rept 343 (2001)
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 Properties of QCD: Dynamical mass generation
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S−1(p) = [ip/ +M(p2)]/Zf (p
2)
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 The ordinary chiral condensate
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 The dual condensate/dressed Polyakov loop
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 QCD phase transition: heavy quark limit/quenched
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 Transition temperatures, quenched
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 Transition temperatures, quenched
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Confinement
Deconfinement
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 Transition temperatures, quenched
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Confinement
Deconfinement

1st order
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 QCD phase transitions: Nf=2
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Tχ      ≈203 MeV
Tconf ≈205 MeV
similar results in FRG-approach      
Braun, Haas, Marhauser, Pawlowski, PRL 106 (2011) 022002

 Nf=2: Transition temperatures at μ=0
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Crossover!

CF, Luecker, Mueller, PLB 702 (2011) 438-441
CF, Luecker, PLB 718 (2013) 1036.
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chiral CEP
crucial: backreaction of quark onto gluon
qualitative agreement with RG-improved PQM model

   Herbst, Pawlowski, Schaefer, PLB 696 (2011)

 Nf=2: QCD phase diagram
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CF., Luecker, Mueller, PLB 702 (2011) 438-441
CF., Luecker, PLB 718 (2013) 1036
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 Physical up/down and strange quark masses
 Transition controlled by chiral dynamics
 at μ=0: compare to available lattice results

 QCD phase transitions: Nf=2+1
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solve coupled system of three equations

DSEs with Nf=2+1
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 semi-quantitative agreement

 Nf=2+1, zero chemical potential
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Lattice:  Borsanyi et al.  [Wuppertal-Budapest Collaboration],  JHEP 1009(2010) 073
DSE:      CF, Luecker, PLB 718 (2013) 1036
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 semi-quantitative agreement

 Nf=2+1, zero chemical potential

25

Lattice:  Borsanyi et al.  [Wuppertal-Budapest Collaboration],  JHEP 1009(2010) 073
DSE:      CF, Luecker, PLB 718 (2013) 1036
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Crossover

Scheme ?
Pseudo-Goldstones ?
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large temperatures: behavior as expected from HTL
first order transition at large chemical potential

Nf=2+1: thermal electric gluon mass
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CF, Luecker, PLB 718 (2013) 1036 
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 no quarkyonic region
 baryon effects missing...

 curvature too large... ?!

Nf=2+1: phase diagram
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CF, Luecker, PLB 718 (2013) 1036 

Tc agree 
with lattice

CEP at large μ

Nc=2, PQM: Strodthoff, Schaefer and Smekal,  PRD 85 (2012) 074007
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Gluon spectral functions at T=0: positivity violation

Temperature dependent gluon propagator

characteristic behavior of electric gluon

‘melting’ of magnetic gluon with temperature

Deconfinement Tc from dressed Polyakov-loop via DSEs

QCD with finite chemical potential (beyond mean field)

backreaction of quarks onto gluons important

Nf=2+1: CEP at μc/Tc > 1

 Summary
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