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The masses of J/ ¢ and ¥ mesons are calculated by using the the quasi-potential
Logunov-Tavkhelidze equation. The potential was chosen in the form V (#) = o7.
A good agreement with the experiment is obtained.

PACS numbers: 12.70. 4+ g, 12.40.Qq, 14.40.Pe

Lately, the mass spectrum of the J / ¢ and y particles has been investigated inten-
sively by using the nonrelativistic Schrodinger equation (see review article''’). The
mesons in this case are regarded as bound states of the quark and antiquark and the
potential is assumed to be increasing as r—co.

In this paper the mass spectrum of the .S states of the vector mesons is calculated
on the basis of the relativistic, three-dimensional, quasi-potential Logunov-Tavkhe-
lidze equation

2y
E - m? = p o) -~ = o woc-1 M
Vm? + p?
Here E is the total energy of a quark, m is the mass of a quark, and p = —iV.
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TABLE L

Mc;, GeV Mbg, GeV
n Experiment Theory Experiment Theory
1 3.095 3.095 9.46 9.46
2 3.686 3.686 10.61 10.01
3 4.04 4,082 10.38 10.43
4 4.41 4,391 - 10.78
5 - 4,647 - 11,09
6 - 4,868 - 11.37

We shall choose the potential in Eq. (1) in the form V(r) = or and substitute
D(r) = (v;(r)/nNY,, (0, $)). Thus, for I =0, we have

é;?-m2+ ¢ )x,,(r)-—-— on(r)_ )
dr? vm? — (d%/dr?)

In Eq. (2) we shall go over to the Fourier transform of the y,(r) function:

+oa
Xo () = [e*PTx(r )dr. ) 3)
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For fo( P) we obtain a first-order differential equation:

d —_—
-imzad——ln’)‘(;l(p) =ym? + p2(E? - m? - p?). “
P

fo( p) can be calculated by simple integration. To obtain the quantization condition,
we shall go from yu(p) to yq(r) using the inverse Fourier transformation and set
¥o(0) = 0. We obtain

md cos __1__ p\/p2+m2(E2""'Fl‘m2‘-fi
Jep o 4 7
[\]
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1 3 P
+ __m? (Ez— —_— m2> arc sinh =0. 5)
2 4 m
Integration in Eq. (5) can be performed by using the stationary-phase method,
which gives the following approximate quantization condition:

— 3 3
E”\/En2 + m? (Ei-—_z_ m2> + 2m? (an— —-rn2) arc cosh ..?.IL
4

m (6)
=4ﬂm20<n + 3/4); ﬂ<n+3/4> >> 1

where n is positive integer.

According to Ref. 2, we assume that the mass of the bound state gg is equal to
M, = 2E,. The parameters m and o are determined from the masses of the first two
levels with quantum numbers # = 1 and 2. Thus, for the J/ ¢ particles we obtain
o, = 0.60 GeV? and m, = 0.961 GeV and for the y particles we have g, = 0.45 GeV?
and m, = 4.34 GeV. The mass spectra in Table I, which were calculated with the help
of these parameters for different values of the principal quantum number 7, are in
good agreement with the experiment. [The quantization condition (5) gives a 10%
variation of the parameters o and m.] Moreover, Table I gives the theoretical predic-
tions obtained within the framework of the model examined above.

In conclusion, the authors thank A. E. Dorokhov, S. G. Kovalenko, and N. B.
Skachkov for their interest in this work.
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