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Within our description of Goldstone-type pseudoscalaransss almost massless bound states of
quark and antiquark by a three-dimensional bound-statet&uof Bethe—Salpeter origin, taking
into account the pointwise behaviour of the full light-gkipropagators enables to characterize the
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1. Inversion Starting Point: an Instantaneous Bethe—Salger Bound-State Equation

In the spectrum of hadron states, the lightest pseudoso@sons, the pions and kaons, occupy
avery isolated position: On the one hand, they must be viesdxbund states of a quark—antiquark
pair. On the other hand, they represent (nearly massledd$@ne bosons related to the dynamical
chiral symmetry breakdown of quantum chromodynamics (Q®©@)ng their nonzero masses only
to some additional, explicit breaking of the chiral symnesir Needless to say, both of these aspects
should be incorporated in any reasonable description ¢f siesons within the framework of QCD.

The homogeneous Bethe—Salpeter equation constituteseaP@icovariant framework for the
description of bound states within quantum field theoryblnms due to the occurrence of timelike
excitations, inherent to fully relativistic formalismsambe evaded by relying on three-dimensional
reductions accomplished, for instance, by assuming abffieetive interactions experienced by the
bound-state constituents to be, in the center-of-momeftame of the bound states, instantaneous.
Information on these effective interactions, extractefdim of central potential¥ (r), r = |x|, may
be deduced by inversion of one’s bound-state equation [@¢eRtly, we did this for the presumably
simplest reduction of this kind [2], the Salpeter equati®nfnd a straightforward generalization of
the latter [4], designed to incorporate more of the Bethépedar formalism’s relativistic nature [5].

In the present context, inversion simply means the recocisdn of the effective interactions in
one’s bound-state equation from available knowledge admlutions to this very equation. For ease
of presentation, let us impose flavour symmetry, by assumim¢wo bound-state constituents to be
some quark and the corresponding antiquark. Informatiowihis required input to the envisaged
inversion process may be harvested by exploiting the fattlie gauge invariance of QCD implies,
in the chiral limit, an identity [6] relating the quark pragetor and the Bethe—Salpeter solution for a
massless pseudoscalar meson in its center-of-momentume fidone’s formalism strictly respects
Poincaré covariance, the full propaga®p) of a fermion of four-momenturp is totally defined by
two Lorentz-scalar functions, this fermion’s magsp?) and wave-function renormalizatici{ p?):

1Z(p?) _
S(p):ma B=p"yu, €l0.
The semirelativistic bound-state equation constructd®ein [5] as an instantaneous approximation
to the Bethe—Salpeter formalism poses an implicit eigem/ploblem, with the bound-state masses
M as eigenvalues. Its solutions, the Salpeter amplitgdp$, encode the distribution of the relative
three-momenta of the involved bound-state constituents. pseudoscalabound states of spié-
fermions, the Salpeter amplituggp) involves only two independent component functigns(p):
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Assuming for the effective interactions Fierz and sphésggmmetry, our bound-state equation gets
recast to a coupled set of one integral and one algebrattre[d@] for the radial functiong »(|p|):
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2. Inversion: Confining Interquark Potential Compatible with Goldstone’s Theorem

In the exact Goldstone limii = 0, immediately ensuring1(|p|) =0, the set (1.1) collapses to
a single integral equation for the sole surviving compomefip|) #Z 0. From the Fourier transform
of that latter relation, the sought configuration-spacepilV (r) is easily read off. We extract our
inversion input from a popular chiral-limit model solutif8] to the QCD equation of motion for the
full quark propagator. Figure 1 illustrates our finding §orin configuration and momentum spakce.
Using this in the Fourier transform of Eq. (1.1), the behaviaf V (r) given in Fig. 2 can be derived,
regrettably only in numerical form, but, at least within thege ofr depicted in Fig. 2, can be easily
represented in terms of elementary functiang, with the parameter values collected in Table 1, by

V(r) ~ag+agr+ar+bexpcr) . (2.1)

Table 1: Numerical values of the parameters in our approximatiah) {@.the potentiaV/ (r) shown in Fig. 2.

Parameter ap[GeV] a;[GeV?] a [GeV] b[GeV] c[GeV]

Value —3.229 10095 —0.083685 1411x10°° 0.8475
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Figure 1: Nonvanishing radial Salpeter component functidaghedglin configuration (a) and momentum (b)
space [4], perfectly matching tié = 0 solution (lotted to our three-dimensional bound-state equation (1.1)
with the inversion-rooted potentid|(r) depicted in Fig. 2 [5], solved by application of variatiotethniques

(a) or conversion to an equivalent matrix eigenvalue prok{le). Here p indicates the radial variabfe= |p|.

1The predicted meson size makes sense [4]: average intkmjstncer) = 0.483 fm and root-mean-square radius
/(r2) = 0.535 fm nicely match the measured electromagnetic char@ss@é(rizn) = (0.672+0.008) fm [9] of the pion.
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Figure 2: PotentiaV (r) [4] defining Fierz-symmetric effective interactions praivig a proper description of
Goldstone-type pseudoscalar mesons by the (three-dioreisbound-state equation formulated in Ref. [5]:
rising in a confining manner from a finite valig(0) = —1.92 GeV, after passing a zero at= 15.7 GeV ! to
infinity, it resembles, in contrast to earlier findings [2¢€sing on particular aspects, a smoothed square well.
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