SEARCH FOR THE RADIAL EXCITED STATES OF CHARMONIUM IN EXPERIMENTS USING ANTIPROTON BEAMS WITH MOMENTUM RANGING  FROM 1 GeV/c TO 15 GeV/c.
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       The calculation of the spectrum of the radial excited states of charmonium in the relativistic spherical symmetric top model for decay products was carried out. Using the integral formalism for hadron resonance decay products the widths of these states have been calculated. The values of masses and widths of charmonium are in good agreement with experimental data. Seven new radial excited states of charmonium in mass region over 
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-threshold equals 3.73 GeV/c were predicted. Five of them (two scalar and two vector states) were experimentally revealed. The possibility of usage of antiproton beams with momentum ranging from 1 GeV/c to 15 GeV/c for studying of charmonium spectroscopy especially over 
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 - threshold was discussed. The advantage of antiproton beams consists that in antiproton-proton annihilation the intensive appearance of particle-antiparticle pares is observed. This fact allows carry out spectroscopic researches with good statistics and high accuracy. Hence, the possibility of measuring of masses and widths of scalar and vector charmonium states with high accuracy is emerging. One can find the results of our calculations for charmonium spectrum in Figure 1. 

       Figure 1 illustrates the possible spectrum of scalar and vector states of charmonium. Black boxes correspond to the established charmonium states, black-white boxes - recently experimentally revealed states. The possible existence of the states marked by black-white boxes was predicted in our calculations [1, 2]. One can find that X(3940) and X(4160) can be interpreted as radial excited scalar states of charmonium, Y(4260), Y(4350) and ψ(4660) - as radial excited vector states of charmonium. Finally, white boxes ψ(4540), ψ(5060) correspond to the states which are not found yet. But possibility of existence of these states is predicted in our approach. They can also be interpreted as radial excited states of charmonium. 
         It was known that potential models provide the connection between QCD and the more phenomenological treatments at distances comparable to the nucleon radius. The authors have shown the connection of the proposed approach with potential models using different types of the Cornell potential.
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Figure1. The possible spectrum of scalar and vector states of charmonium.
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