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lines are, however, greiitly ditletent. This is not unexpected, since the positronium
spectrum is solely governed by the laws of electricity and magnctisrn, while the
charmoniurn spectrum is gover~ed by the not-us-yet fully understood laws ofqutmtum
chromodymtmics; this is the name given to the rules which govern the Ibrces between
quarks iIs they exchange ghrons with one imothert. Naturally, many investigiitions
have been cirrried out by theorists attempting to fit the new spectra under various
assumptions drawing on the analogy with positronium. One exploits this antilogy by
comparing the simple inverse square law of the electromagnetic interaction that
governs the positroniurn spectrum with the appro~riale rddiai dependence of the force
that can irccount for the charrnonium spectrum. This quest has thus far been only
partially successful.

9. Beyond charmonium
The spectroscopy ofcharmonium, analogous to that ofpositronium, is not the only

result from electron-positron annihilation at high energies. History was again to repeat
itself M accelerators irnd electron-positron storage rings moved to higher energy. At
Fermihiti a fifth member of the quark hmily. the b quark (b for bottom) was discovered.
Subsequently, the combination of the b and anti-quarks–-’bottomoniuwaswas
observed in the form of peaking in the yield of viirious parl,icles as a function of
electron-positron annihilation energy at the storiige ring DORIS in Hamburg, similar
to earlier SPEAR observations for charmonium. Some of the more detailed spectro-
scopy of this object began to unfold itt the Cornell storage ring CESR in the United
States. Although these spectra are not as yet as complete as those from the charmed
quark states, it is clear that we are again seeing the same basic quarrt urn states as those
in positronium. Interestingly, the utility of the spectroscopy as a laboratory to explore
the forces acting between quarks increases as the masses of the quiirk pairs understudy
increase. The reason is, the heavier the quarks are, the slower they move in the
‘quurkonium’ combination, and therefore the simpler the theoretical description
becomes because the effects of relativity need not be included.

Electron--positron annihilation gives a very direct signature on the number of
quarks which contribute to hiidronic matter as we know it. By ‘hadronic matter’ we
mean the totality of those particles in Nature. including the neutron and proton and
many others, that interiict th ~ ~hthe strong force; that is, the force we believe to be

Mresponsible for binding the n furo and proton in the nucleus. If ’werecall the diagram
oftig. 13,we see that the initial interdiction at the first vertex, in whlichthe virtual photon
first forms a pair of quarks, is purely electromagnetic. In consequence, the theoret ical

/
calculation giving the probability of these reactions is simply proportional 10the sum
of the squares of the electric charges of each possible quark that could contribute to the
process being investigated. As the energy ofelectron-positron annihilation increases,
presumably more and more kinds of quark pilirs can be producxxl, depending on the
masses of the quarks and the energy of the annihilation.

Figure 19 describes the present picture of the probability of annihilation of
electrons and positrons as a function ofenergy. What we see arc essent ially two distinct
pluteaus separated by a transition region. The arit hmetic shows that the first plateau
corresponds, at least fairly closely, to three .tlavours’ of qliitrks, while the second
plateau corresponds to the addition ofa fourth, the charmed, quvdrkflavour. Thus this
—— ._ ——— -—.— ______ ___________

t The ideas of quantum chromodynamics and the quark- gluon model are also explained in
the article by F. E. close referred to in the previous footnote.
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