Quenched charmonium spectrum
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Heavy quarkonium systems have been thoroughly studied within the heavy quark non-
relativistic approximation (NRQCD). This approach, however, generically fails for charmo-
nium. An exponent of this failure is the hyperfine splitting AM = M (J/¥ —n,) =117 MeV.
NRQCD predicts AM =55(5) MeV [1] far below the experimental value. The discrepancy
could be blamed on the non-relativistic approximation but all other relativistic lattice deter-
minations also underestimate AM by 30—50% [2, 3]. Almost all lattice calculations up to now
have been performed within the quenched and OZI approximations. Quenching effects have
been estimated from the form of AM in the heavy quark approximation, to be as large as
40% [4]. However, first numerical results with dynamical quarks indicate a much milder Ny
dependence [5]. The contribution of Zweig-rule forbidden diagrams is expected to be small
for charmonium. We stress, however, that they may amount to several MeV, perhaps not
negligible given the smallness of AM. They could be also enhanced by mixing with glueballs.

The difficulty in determining AM by means of purely non-perturbative relativistic cal-
culations is that charm is too heavy. Calculations are typically done at not so small values
of the lattice spacing, raising some worry on their reliability. One reason of concern is the
claim that continuum extrapolations of AM depend quite strongly on the choice of Dirac
operator [1, 3, 5]. Our methodology, in order to address this problem, is to compute AM on
very fine isotropic lattices (¢ =0.1 to 0.04 fm) within the quenched OZI relativistic formalism.
Preliminary results have been given in [6], the final ones will appear in [7].

We present in Fig. 1 (Top) our continuum extrapolations of AM, fixing the charm point
by setting the J/¥ mass equal to the experimental value. Extrapolations are linear in a for
Wilson, linear in a? for the tree-level and non-perturbatively improved clover Dirac operators.
The splitting extracted from the latter shows very little dependence on the lattice spacing
for a < 0.1fm. The dependence is much stronger for the other operators, but they still
yield consistent extrapolations if a < 0.07 fm (aM(n.) < 1). We consider our Fig. 1 as
a spectacular advertisement for non-perturbative improvement. It is possible to extract
comparable results from the other discretizations, but very fine lattices are needed in order
to remove the ambiguities inherent in the extrapolation procedure. Our final result is AM =
77(2)(6) MeV (rqg fixes the scale). This value is about 30% below experiment. Dynamical
quark effects might be particularly large for this quantity but the remaining discrepancy
might also be due to the OZI approximation. We have also computed the P-wave spectrum.
Deviations from experiment amount to 22% for the 3Py to J/¥ splitting, being considerably
reduced for the P, to J/¥ splittings which are consistent within errors with experiment.
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Figure 1: Top: Continuum extrapolation of AM from different Dirac operators. Bottom:
Scaling analysis of pseudoscalar (left) and vector (right) matter wave functions.

The 7. and J/1 wave functions, using the non-perturbatively improved clover Dirac op-
erator, are presented in Fig. 1 (Bottom). The observed pattern corroborates qualitatively
the predictions of the heavy-quark model.
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