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[The general theme of the workshop concerned techniques for gauge-invariant calculations of
off-shell Green's functions in non-Abelian gauge theories such as Quantum Chromodynamics
(QCD), and their relationship to other approaches to QCD, including lattice simulations and
phenomenology. Of critical interest was the infrared behavior of such gauge theories, where all
non-perturbative phenomena (confinement, chiral symmetry breakdown, non-integral
topological charge) have their roots. We especially hoped that the lattice and the continuum
communities would find at the Workshop, and later explore, new ways of this most difficult
problem of non-perturbative QCD.]
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[Non-Abelian gauge theories have been at the centre stage of elementary particle physics for
the last four decades, since the establishment of electroweak gauge theory and, a few years
later, QCD, the theory describing strong interactions. Unlike quantum electrodynamics, which
yields with spectacular success to perturbation theory and Feynman-diagram techniques, only
the ultraviolet (high-energy) regime of QCD is amenable to a perturbative treatment, due to



the characteristic property of asymptotic freedom. The infrared sector of QCD, on the other
hand, is the host of several non-perturbative phenomena, which most famously encompass
quark confinement and dynamical mass generation, and powerful methods must be employed
for their quantitative treatment.

The basic building blocks of QCD are the Green’s (correlation) functions of the fundamental
physical degrees of freedom, gluons and quarks, and of the unphysical ghosts. Even though it
is well-known that these quantities are not physical, since they depend on the gauge-fixing
scheme and parameters used to quantize the theory, it is widely believed that reliable
information on their non-perturbative structure is essential for unravelling the infrared
dynamics of QC. In addition to their relevance for phenomenology, the QCD Green’s functions
encode information on confinement, albeit in a rather subtle way.

The two basic non-perturbative tools that permit the exploration of the infrared domain of QCD
are (i) the lattice, where space-time is discretized and the quantities of interest are evaluated
numerically, and (ii) the infinite set of integral equations governing the dynamics of the QCD
Green’s functions, known as Schwinger-Dyson equations (SDE). While the lattice calculations
are limited by the lattice size used, the problem of the Gribov copies, and the extrapolation of
the numerical results to the continuous limit, the fundamental conceptual difficulty in treating
the SDE resides in the need for a self-consistent truncation scheme, i.e., one that does not
compromise the gauge-invariance of the quantities studied.

These two methods are actively applied in all the areas which were covered by the workshop;
in fact about half the attendees of QCD-TNT worked in continuum theory and half in lattice
simulations. The multiple QCD competing themes addressed in the workshop can be
summarized as follows.

e Does the QCD gluon have a dynamical mass, coming from solving Schwinger-Dyson
equations (sometimes called the “decoupling” solution) for the gauge propagator and
ghost and yielding finite gauge and ghost dressing functions at zero momentum? Or do
the gauge and ghost propagators of the equations show a power-law behavior for small
momentum, including a ghost dressing function diverging at zero momentum (called
the “scaling” solution)?

e Is the Gribov-Zwanziger (GZ) picture, emphasizing the Landau gauge and gauge copies
of the gauge potential, consistent with either or neither of the above views? How is the
GZ picture realized non-perturbatively?

e What do lattice simulations say about the previous two topics?

In addition to these main themes there were a number of other subjects covered in the
Workshop, represented by one or a few speakers each, including:

e Continuum and lattice studies of the Coulomb gauge; three-dimensional QCD and the
functional Schrodinger equation; five-dimensional QCD simulations; calculations and
lattice simulations in  QCD at finite temperature and density; fermions and chiral
symmetry breaking in QCD; the role of calorons or other topological solitons; glueballs;
the AdS/CFT view of QCD; and QCD phenomenology.]

RESULT AND HIGHLIGHTS

Es.

[The Workshop was a very useful opportunity to balance the aforementioned competing views,
and this was in fact perceived by all the participants.

Notwithstanding the fact that consensus on the decoupling vs scaling issue (first three topics
above) has not been achieved, and that at the Workshop there were dissenters, it is fair to say
the participants were leaning toward the decoupling picture of a massive gluon and non-
singular ghost dressing function, and that lattice simulations probing the region of near-zero
propagator momentum are largely in support of this picture.

The GZ scenario is currently in a confused state, with different authors making different claims
at the Workshop. In view of the growing support from lattice simulations of the decoupling"
picture, some are trying to incorporate a massive gluon into the original GZ effective action,



with varying degrees of success. Others claim that a confinement criterion due to Kugo and
Ojima is wrong and needs to be revised; the revision would favour the “decoupling” scenario.
Yet others claim that this revision is incorrect. It appears now that lattice simulations support
the revision rather quantitatively; on the other hand claims were made that this agreement
may be coincidental.

The Coulomb gauge picture of QCD is in an interesting state of evolution. It is now apparent
both in the continuum and on the lattice that Coulomb gauge gluon propagators are very
different from those of either the Landau gauge or the Pinch Technique; these Landau or PT
propagators support the center vortex picture. Most Workshop practitioners of the Coulomb
gauge are strong supporters of the center vortex picture, so the question is how to reconcile
Coulomb gauge and center vortices. Some interesting proposals that might do this were made,
but they need more work.

A complete and detailed discussion of the results of the fourth topic above, would be too
lengthy; we will simply say that taken as a whole they seem to be consistent with the
emerging majority view of the work presented for the main three topics.]
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