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Running CouplingRunning Coupling
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• Covariant Gauge Theory and Confinement 
(Introduction).

• Landau Gauge QCD Propagators
(DSEs, lattice LG,...).

• Lattice BRST (non-perturbative).

• Summary and Conclusions.
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Test ChargeTest Charge

Coulomb HiggsConfinement

mass gap

global gauge charges unbroken



Covariant Gauges for QCD, LvSCovariant Gauges for QCD, LvS 66

Covariant Gauge TheoryCovariant Gauge Theory
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The Ghosts of QCDThe Ghosts of QCD
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The “elementary quartet”:

massless, since

Slavnov-Taylor identity

Dyson-Schwinger equation
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Infrared Dominance of Infrared Dominance of GhostsGhosts
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• Stochastic Quantisation: 
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Ghost PropagatorGhost Propagator
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Finite Volume DSE SolutionsFinite Volume DSE Solutions

ghost

gluon

Fischer, Maas, Pawlowski & L.v.S., Ann Phys, tbp.
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Gluon PropagatorGluon Propagator
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Ghost PropagatorGhost Propagator
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SUSU(3)(3) vsvs SUSU(2)(2)
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SUSU(2) (2) Gluon PropagatorGluon Propagator
volume dependencevolume dependence
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SUSU(2) (2) Ghost PropagatorGhost Propagator
volume dependencevolume dependence
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Why Double BRST?Why Double BRST?
• Why not?  It's there. Baulieu, Thierry-Mieg
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All well, but NonAll well, but Non --PerturbativelyPerturbatively ? ? 
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• Gribov, Singer:
copies unavoidable.

• Hirschfeld, Fujikawa:
BRST generalises.

• Sharpe, Neuberger, Schaden:
produces 0!

• BRST not well-defined beyond PT?



Covariant Gauges for QCD, LvSCovariant Gauges for QCD, LvS 2121

Double BRST on the LatticeDouble BRST on the Lattice
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Neuberger ProblemNeuberger Problem
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Extended Double BRST Extended Double BRST 
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Extended Double BRST Extended Double BRST 
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Extended Double BRSTExtended Double BRST

"Those are my principles, 

well, I have others."

and if you don't like them... 

Julius Henry "Groucho" Marx
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Stereographic Projection Stereographic Projection 
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Stereographic ProjectionStereographic Projection

"A child of five would
understand this." 

"Send someone to 
fetch a child of five."

Julius Henry "Groucho" Marx
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Lattice Landau GaugeLattice Landau Gauge
D. Mehta
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Modified Lattice Landau GaugeModified Lattice Landau Gauge
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SUSU(2) (2) Gluon PropagatorGluon Propagator
modified lattice Landau gaugemodified lattice Landau gauge
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ConclusionsConclusions

• Landau gauge QCD Propagators:

• Lattice BRST (non-perturbative):
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