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The Dyson-Schwinger equations [DSEs] provide a Poincare invariant, non-
perturbative, renormalisable, continuum approach to solving gauge field the
ories, which also yields perturbation theory in the weak coupling limit.1 The 
elementary quantities in this approach are the Schwinger functions, which are 
the moments of the measure of the field theory. Their analytic properties 
provide information about confinement and dynamical chiral symmetry break
ing [DCSB]. For example, the absence of a Lehmann representation for the 
two-point quark and gluon Schwinger functions is a sufficient condition for 
confinement because it ensures the absence of quark and gluon production 
thresholds in colour-singlet to singlet 5-matrix amplitudes. These features 
make the approach well suited to studying hadronic observables and elucidat
ing the observable effects of bound state substructure. 

An essential feature of QCD is that gluonic contributions to the gluon vac
uum polarisation provide a dramatic enhancement in the quark-quark interac
tion at q2 < 1 GeV 2 ; i.e., an integrable singularity in the form of a distribution.2 

This effect is transmitted to the two-point quark Schwinger function (propa
gator) and is responsible for confinement and DCSB. Such nonperturbative 
dressing of the Schwinger functions is fundamentally important in QCD. 

In the weak-coupling limit the DSE for the quark propagator can be used 
to perturbatively calculate B{p2), the Dirac-scalar piece of the, necessarily 
momentum dependent, quark self energy. In perturbation theory each con
tribution is proportional to the current-quark mass, mq. Hence, for mq = 0, 
mass generation is impossible in perturbation theory. The DSE for the quark 
propagator is a nonlinear integral equation. When the quark-quark interaction 
is sufficiently strong at small q2 then a direct solution yields B{p2) ^ 0, even 
if ra, = 0. This is the case in QCD where this purely nonperturbative effect is 
caused by the infrared enhancement of the gluon propagator, which is due to 
gluon self interactions. The DSEs show that the gluon and quark condensates 
are correlated; i.e, they should not be treated as independent quantities. 

A pion with total momentum P is described by a Bethe-Salpeter equation. 
In the chiral limit, rnq = 0, one finds that for P2 = 0 this Bethe-Salpeter 
equation and the quark DSE are equivalent, which means that DCSB in the 
chiral limit necessarily entails, without fine-tuning, the existence of a massless, 
pseudoscalar bound state of a quark and antiquark, whose effective masses are 
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~ 300 MeV. The apparent dichotomy of the pion as both a low-mass bound 
state of heavy constituents and a Goldstone boson is thus easily understood. 

Gluon DSE studies are quantitatively accurate for q2 > 1 GeV 2 . For 
q2 < 1 GeV 2 , however, they only provide qualitatively reliable information. 
Studies of hadron observables using DSEs therefore extrapolate the known UV 
behaviour into the infrared using a parametrisation of the quark-quark inter
action at small q 2 . This phenomenological application allows the calculation 
of observables at all momentum-scales, thereby providing an efficacious means 
of relating experiment to the behaviour of the quark-quark interaction in the 
infrared. It has been employed successfully in studies of a wide range of observ
ables including: the electromagnetic form factors F„, FK± and FKa f and the 
anomalous 7*7r ->• 7 and 771-* —• 7r7r transition form factors.4 The latter are of 
particular interest because their chiral-limit value is constrained by anomalous 
Ward identities, which are manifest without fine-tuning in this approach? 

The approach is particularly well suited to the study of exclusive processes 
such as these, which are the focus of experiments planned at CEBAF and Fer-
milab. In each case, irrespective of the q2 of the probe, soft momenta are 
important in the transition from initial to final state. In all of the calculated 
form factors one finds signatures of bound state structure and final state refor
mation effects. For example, the elastic 7r and K^'0 factors, FM, exhibit apeak 
in q2 F.viOl2), whose position is characteristic of bound state size, confinement 
and the importance of soft momenta at the quark-photon vertex. These studies 
indicate that nonperturbative effects dominate the form factors at presently 
accessible momentum transfer. They illustrate and emphasise the importance 
of the nonperturbative dressing of QCD Schwinger functions in the infrared. 

In this approach one has a single framework applicable to the calculation 
of observables at all momentum-scales. It involves a small, fixed number of 
parameters, which it is possible to relate to the fundamental parameters of 
QCD and which experiment can be used to probe and constrain. 
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