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Fig. 1. The quenched charmonium spectrum (CP-PACS [20], Columbia [21,22]), glueballs [16,13] and spin-exotic cc̄-glue
hybrids [22], overlayed with the experimental spectrum

wave functions) confirms these findings. Note that in all
these simulations the effect of diagrams with disconnected
quark lines has been neglected. One might expect OZI vi-
olating contributions from these, in particular for states
that lie close to glueballs with the same quantum numbers.

The charm quark mass has been adjusted such that
the spin averaged 1S state reproduces experiment. This
means that in this case the quenching errors of up to
10 % apply to spin-averaged level splittings with respect
to this ground state, rather than with respect to zero en-
ergy. This systematic scale uncertainty caused by omitting
sea quarks renders it irrelevant whether we use a “con-
structed” scale like r0 or an experimental mass like the
1P − 1S gap as an input (which would increase the split-
tings by about 6 %). For the fine structure, potential mod-
els combined with lattice results [24] tell us that we should
expect to undershoot the real world number by up to 40
%. For states above threshold or where mixing effects and
strong decays play a big rôle radical changes might occur
while for the 2P excitations finite volume effects could be
an issue.

There are different ways of obtaining a given JPC : for
instance JPC = 1−− can be an S or a D wave. The corre-

lation function associated with the respective D wave op-
erator decays very fast in Euclidean time, into the same
ground state as the respective S wave: it appears that
the charm quark is too light to turn L into an (approxi-
mately) good quantum number. A similar behaviour has
been observed for the 2++ and 1++ states (either P or F
waves).

In addition to the standard charmonia and glueball
states the figure contains the lightest two spin exotic cc̄-
gluon hybrids [22]. At least two other studies of hybrid
charmonia with relativistic charm quarks exist to-date [25,
26]. Given the fact that not even L is a good quantum
number it is not clear how one would distinguish non spin-
exotic hybrids from conventional radial excitations. The
lightest exotic hybrid turns out to be a vector, 1−+. This
is followed by 0+− and 2+− hybrids.

Once sea quarks are switched on, most of the states
calculated on the lattice will decay strongly and mixing
will occur too. In this context it is interesting to see that
the spin-exotic 0+− glueball and cc̄g hybrid have simi-
lar masses. We have included two experimental thresholds
into the figure: 1−− charmonia can and will decay into a
DD meson pair. Nonetheless resonances that exceed this
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The Charmonium Spectrum
(Theory + Experiment)
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Looking for non-trivial in-medium 
effects:

Mass shifts

Broadening of  the widths

Expectation value of the
light quark condensate as 
a function of density and
temperature

           → |〈qq〉| < 1

?

a possible
scenario


