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Fig. 4. The radial dependence of some typical qua

shifted to agree at a radius of r=0.5fm. Average radii (V{r*)
Bhanot and Rudaz (ref. [35]), Buchmiiller, Grunberg and Tye (ref. [38]), Eichten et ai.

3.1. Theoretical introduction

(1184)

rk—antiquark potentials for heavy quarkonia systems (from ref. [38]). The potentials have been
) of the observed ¢t and bb states are indicated. The potential models used are by
{ref. [33]) and Martin (ref. 32]).

Radiative transitions offer the possibility to produce charmonium states with quantum numbers
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Fig. 3. The observed charmonium levels below charm threshold. The 'P, state has not yet been found. Measured radiative transitions are indicated as

solid lines (electric dipole), dashed fines {magnetic

dipole) and dashed-dotted lines (hindered magnetic dipole).
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inclusive radiative branching ratios. In the fall of 1978, a dedicated neutral particle detector covering a
large solid angle, the Crystal Ball, started operating.| Its e~x{ilent photon measurement capabilities
yielded precise brancping\;atios [55]. Figure 5 shows the inclusive photon spectrum ob}'ﬁinqi by the
Crystal Ball experiment. Prominent peaks {labeled 2, 3 and 4) coq\espond to the transitions 't the X
states\ The inclusive radiative Branching ratios obtained by all experiments are summariﬁed in table 3.

The'\third method to determinésthe x states consists of measuringsthe cascade process ' =yx.
x—>vJ /. Here the J/4 is identified I‘J\Wt{decay o’ p.j\ or e"e”. The magnetic detector experiments
Mark I, Mqu I1, and DASP as well as the :an-magnetic detectors DESY—H‘@%elberg an Crystal Bail
identified this process. Results are included in table 3. Both|detector types yield v n(:imilaizaiues for the
product branch?g ratios. The branching ratios BR(x— #J/4) have been calculat d_from the average
values of the inclusive aan exclusive measurements, and the results are shown in the last row of table 3. In
addition, the data ftem the Crystal Ball experiment yielded high confidence levels for the spins [58] of X, ,

as preferred in the charmonium model, i.e., /=1 and 2 for x, and X,, respectively. Note that the spin
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Fig. 5. Inclusive photon spectrum at the ' obtained by the Crystal Ball experiment. Note that the logarithmic energy scale yields bin sizes
approximately proportional to photon energy resolution. The numbers over the spectrum correspord to the expected radiative transitions shown in the
spectrum inset.
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