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8. C’harmonium .

These discoveries initialed an immediate hunt for the full spectroscopy of this new
“harmonium’, in complete anidogy with the spectroscopy of posi[ronium that 1
outlined before.,This hunl, using electron–positron storage rings, has proved eminently
successful.1shall no: describe here the work through which the various spect roscopic
states of charmonium were discovered sequentially. There iire still some gaps in that
spec[rum, itnd work is in progress to fill these. Some higher energy states belong to the
Siilne family as those of the 3.1 GeV state originally discovered, and they were found
simply by raising the collision energy of electrons and positrcms in the storage ring, and
observing further peaks. Charmonium states of different quantum numbers were
located by observing the products of transitions from the directly produced s(ates to the
new suites. Figure 18shows this total spectrum as we see it today, and this figure should
k compared with fig. 12 which gave the corresponding spectrum for positronium.

Nole that the ditTerencein energy scales between these two spectroscopes is a factor
of about one hundred million, yet the fundamental arrangement of the lines in the two
spectra is strikingly similar. This surely indicates strongly tha( the basic rules of
quantum mechanics which determine the existence of such discrete states and their
energy, are the same whether one deals with electron volts, millions of electron volts, or
thousands of millions ofelectron volts. Note that the proport ions in spacing among the
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Fig. 18. The energy level spectrum of charmonium.Three classesof spectroscopicterms[‘S.,
%., 3Pj) are shown using the usual spectroscopic notation for spin muhiplicit y, orbital
angular momentum, and spin angular momentum. The obwrved masses in MeV/cz are
shown on the right-hand side and the observed transitions by arrows. The spec[ra[ lines in
this classification are the same as tho~ shown for positronilum in fig. 12, bu~ the scale of
the principal transition is ditTerentby a factor ofabou[ KN)rnillion (589 MeV/c* relative to
5.1 eV/c2), Moreover, the separations among the lines of diNering angular momenla are
very much larger than those for positronium.
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