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We investigate the dynamics of bound ¢ systems in a covariant quasi-
potential framework. In the spirit of the heavy baryon effective theory
we restrict heavy quarks as spectators on their mass shell and evaluate
multigluon exchange contributions up to a3. We suggest a systematic
extension of the spectator picture to massless particles (light quarks and
gluons) and discuss the connection between the instant and the front form
in the limit of heavy quarks.

PACS numbers: 03.65. Ge, 11.10. St, 12.38. Lg, 14.80 Dq

Though Quantum chromodynamics (QCD) is well accepted as the fun-
damental theory for strong interactions, attempts for its solution for bound
hadronic systems so far are — except for lattice calculations — restricted to
rather phenomenological quark-gluon models, which incorporate the gen-
eral features of QCD — asymptotic freedom and confinement — via the
one-gluon exchange (OGE), supplemented by a phenomenological confining
potential [1]. Restricting ourselves to ¢q states as the simplest hadrons,
there exists, in principle at least, a rigorous, covariant approach via a
selfconsistent solution of the corresponding ¢g -Bethe—Salpeter (BSE) and
Schwinger-Dyson equations, given the full interaction kernel as the sum of
all irreducible quark and gluon exchange contributions.

In practice, however, such a program is presently far from being achieved
for mesonic systems in general. The only promising exception — in the spirit
of recent progress in the Heavy Quark Effective Theory (HQETh) — are
the investigation of heavy mesons, i.e. ¢ systems, which involve at least
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one heavy quark. Heavy constituents not only quite naturally reduce in the
spectator limit the 4-dimensional BSE to a technically simpler 3-dimensional
Quasi-Potential equation (QPE), but also provide better convergence in
the expansion of the irreducible kernel in powers of the running coupling
constant as(g?).

In this note, starting from the BS amplitude

V(P p) = (P, p)XS,F,C (9,9,

(where x contains the spin, flavour and colour content of the meson) we
investigate for

#(P,p) = Gos(P,p) [ K(P,p,k)$(P, k)dk

the expansion of the kernel K up to a3(g%) for heavy-light ¢ systems
(Fig. 1) (an extention to mesons with two heavy constituents follows con-
ceptionally the same line).
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Fig. 1. Leading gluon-exchange contributions to the BS kernel

In detail we perform the following steps:
e We restrict in the spectator limit ‘the heavy (anti)quark to its mass
shell, to reduce for m/M — 0 the BS propagator {2]

Gas(P,p) = [((0P +p)* = m? +ie) (1 - P - p)* = MP+is)]
to the QP propagator

T 6(p0 - E)

Gar(Bor) =~ o3 Z - T )
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with € related to bound state energy e = F — M.
e We define the 3-dimentional QP amplitude

#(e,p) = [ $(P,p) dpo

and the QPE
(% - (* + m?) tle, p) = / V(p, k,€) ¢(e, k) dke

with a — due to its energy dependence — strictly nonlocal QP kernel V (p, k, €),
given according to the diagramatic expansion in Fig. 1 as

Vip, k,€) = ZO‘S (p, k,€) .

e We calculate the 1GE upon decoupling the spin of the heavy quark in
the heavy mass limit. With the running coupling constant parametrized as
(1]

as(g3) .
In(1+ q2/A%cp)’

we obtain in the Feynman gauge, upon transition to coordinate space

)("%"‘A?QCDT‘}'f(r))

as(q) =

2

2
Vias(r) = gas(@)in(1+ 72

with » = r, — r7, which exhibits the pure one-gluon exchange a linear
confinement term; smooth radial corrections are contained in f(r).

o Along the same line we derive the irreducible two-gluon exchange and,
corresponding to the first diagram in Fig. 1(c), the three-gluon exchange
contribution.

Without detailing the full structure of the multi-gluon exchanges explic-
itly, it is evident that the full potential involves nonlocalities

, e—m|T-7'|
e i e

from the propagation of the light quark. Only in the limit m? > kloop for
the dominant loop momenta kjoop we obtain the local limit

‘e
Vage(r) = cn—;ff_(l )



3374 A.A. BELKOV et al.

1.0
V(r) [GeV]
0.5

0.0

-05 +

—— 1GE (gluon exchange)

-1.0
——. 2GE
—-- 3GE
15
_2'0 il A, 1 ) — A
0.0 0.5 1.0 1.5 2.0 25 3.0

r [fm]

Fig. 2. Radial dependence of the localized heavy-light g7 potential up to a3 for the
parameters ag(gZ) = 0.20 and Aqcp = 250MeV [3].

with the coefficients ¢c; = 7/4 and c3 = 372?/8. The radial dependence of
the 1, 2 and 3-gluon exchange potential for a typical set of parameters is
shown for a constituent quark mass m = 300 MeV in Fig. 2.

We extend the approach above in two directions:

e Evidently, the second and third diagram in Fig. 1(c) involve loops
which contain only light quarks or the gluons, and thus still exhibit the
full nonstatic energy dependence. We explore the structure of these con-
tributions by pursuing the spectator picture to its limits in the spirit of
the Blankenbecler-Sugar [4]: we restrict each pair of the interacting light
particle symmetrically off their mass shell, i.e.for the n-particle propagator

1 o wney Hi=2 8(Dy — Dy)
(D1+26)(Dn+l€) = ('—iﬂ') 1 D1

Thus we not only restrict the relative energies but also the momenta of the
interacting particles.

e Though all derivations above are given in the instant form, they are
easily extended to the front (or light cone) form in the heavy quark limit.
The key relation is that for P = (E?%,1,0) and p = (p-,z,p,) the BS
propagator

Gn,=

Gas(P,p) = [((n+2)(nB? + p_) - (m? + p?) + ic)
x((1=n-2)((1-n)E +p_) - (M* +p2) +ic)]
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reduces in the spectator limit to the QP propagator

i7r5(p- + M? —m? - 1-=z- 277)E'2)
z(l1-z)E?— (1—z)(m?+p?) —c(M?+p?)’

GQP(M,S,III,I)_L) ==

As an example, we establish the connection with the instant form in the
heavy mass limit for the one-gluon exchange: with the LC projection above
we find

Gg]uon((p - k)2) = -—[Mz(l' - y)2 + (p.L - kJ.)2 + i&"]_l y

which reduces in the scaled variables p, = M(x - %), k, = M(y - %) to

Gahuon((p— k)?) = = [(p: — k2)* + (P — k1) +ie] ™!

with —% <p, < % Thus in the limit M — oo we recover the standard
gluon propagator. The full gluon-exchange contributions on the light cone as
well as corrections to the extreme heavy mass limit are then easily derived.
(A detailed presentation of the results above is in preparation [5].)
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