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Abstract

We calculated the strong form factor and coupling constant fo/theD* D* vertex in a QCD sum rule calculation. We
performed a double Borel sum rule for the three point correlation function of vertex considering hbtAnd D* mesons
off-shell. The form factors obtained are very different, but they give the same coupling constant.
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An important topic of RHIC physics is charmonium productidh. The first results have already been re-
ported[2], but they did not reach yet the quality of the previous lower energies measurements performed at
CERN-SPS, where an anomalous suppression was found in the most central cdligions

Understanding charmonium productiamdedestruction in these highly cotigated collisions is a challenge for
theorists, and in the last six years an intense effort was dedicated to understand charmonium interactions with light
hadrons. This subject can be divided into higls (> 10 GeV) and low(/s < 10 Ge\) energy interactions. The
latter have been treated mostly with the help of effective Lagrangians. In this approach one has a better control
of the relevant symmetries, which dictate the dynanes8]. However, very soon it was realized that working
with effective Lagrangians requires a very good knowledge of the form factors associated with vertices involving
charmed mesons as, for example, thieDrr vertex, to mention the most famous one. Choosing a softer or harder
form factor may change the final cross section up to osgers of magnitude. This dramatic change outshines
the detailed discussion concerning the role played by gauge invariance, anomalous parity couplings and other
dynamical features of the interaction.

Until four years ago nothing was known about such form factors. At that time we launched a program of cal-
culating these important quantities in the framework of QCD sum f@lesSince then we have been continuously
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attacking this problem and computing different vertifg3-16] In doing so, we have also improved the strategies
to determine the coupling constants. One of them is experimentaly med&uidulit the others have to be esti-
mated using a vector meson dominance analysis of soeasuned decays, or using SU(4) symmetry relations. In
some cases our results gave support to these more empyrical estimates and in some other they did not.

As it frequently happens, during the execution of the gebthe original motivation was extended to a wider
scope of questions concerning charmed mesons. A particularly interesting side product of our[¥&dld,
and also the present one, is the conclusion regarding the “resolving power” of a campagtor an extended
probe(p) hitting the D meson. It was reassuring to observe how Ihig¢ behaves more like a point-like parton
penetrating théd meson, whereas thebehaves more like a large hadron being able to measure the sizedf the
meson. All this information is encoded in the form factors. In what follows we will have a glimpse on holythe
“sees” aD* meson. From spin symmetry of the heavy quark effective theory (HQET) one would expect a similar
behaviour as observed in thigy D D vertex[14].

The present calculation is part of stproject. Although the method is the saas used before, because there are
three vector particles involved, the number of Lorentz structures is much bigger and the calculation is considerably
more involved. On the other hand, since the three gdasgtiare heavy, we feel more confident about neglecting
some higher dimension contributions to the operatodpct expansion (OPE). We will compare our results with
the ones from other mod€]$8,19]and we will also check if the use of HQET symmetry is appropriate.

Following the QCDSR formalism described in our previous wddks-12] we write the three-point function
associated with thé /v D* D* vertex, which is given by

reop, ph= f d*x d*y e PP YOI P (0P (1T 0}10), @)
for an off-shellD* meson, and
rim (p, p) = / d*xd*y e e PPV OIT (P ()T ()2 T ©0)}10), @)

for an off-shellJ /¢ meson. The general expression for the vert{d@snd(2) has fourteen independent Lorentz
structures. We can writ&,,, in terms of the invariant amplitudes associated with each one of these structures in
the following form:

Tve(p, P/)
=I1(p% P'% 4%) guv e + 12(P?. P'%. 4%)8uapv + T3(P%. 0. 4%)8va P + Ta(p?. P'%. 4°) 80 Py
+ I5(p%, 0%, 4%) 8ua Py + T6(P?. P'% 4°)8va ), + T7(P%. 2. %) Pupv Pa
+ I8(p?. 0%, 4%) P}, Py po + To(P2. P2 4%) PPy P + Th0(P?. P'%. 4% pupv
+ Ia(p? 0’2 4%) P, Py pa + T12(p?. P2 4%) P pypi, + T1a(p?. 0%, 4% Pu ), Pl
+ Ia(p®. p'%.4%) P, P ply- 3)

The correlator function, Eq€1) and (2) can be calculated in two different ways: using quark degrees of
freedom—the theoretical or QCD side—or using hadronic degrees of freedom—the phenomenological side. In
the QCD side the correlators is evaluated by using tliled/V operator product expansion (OPE). The OPE incor-
porates the effects of the QCD vacuum through an infinite serie of condensates of increasing dimension. On the
other hand, the representation in terms of hadronicetegyof freedom is responsible for the introduction of the
form factors, decay constants and masses. Both refegigers are matched using theark—hadron global duality.

In the QCD side, each meson interpolating field appearing in @ysand (2)can be written in terms of the
quark field operators in the following forrTij* (x) = c(x)ypq (x) andj,‘f (x) = c(x)yuc(x), whereg andc are the
up/down and charm quark field respectively. Each one of these currents have the same quantum numbers as the
associated meson.
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