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ON THE COULOMB + SEPARABLE MODEL OF QUARKONIUM

J. Adam, M. Znoj il
Institute of Nuclear Physics, 250 68 Rez, Czechoslovakia

R.F. Bishop
UNIST, Manchester M60 1QD, England

ABSTRACT

Linear confining potential has become a part of the
quarkonium physics folklore. In the last decade, a respectable
effort has been devoted to its parametriza.tion, modifications,
prediction of the q q decay rates and bound-state spectrum,
etc ~1J. Within the framework of the Schr~incer equation, tae
various relativistic corrections were also considered in
a perturbative way [2]. Our present intention is to contest
this tradition and to sUi&est an alternative model based OA
the separable forces.

Let us initiate our consideration in the infinitely heavi
quark l1mi t mq ~ 00 • Then, the central part -;. ~ of the
non-relativistic potential is acceptable [2] and refleete sim-
ply the one-&luon exchan&e mechanism of interaction. Unfortu-
nately, once we move towards the real masses of the b and c
quarks, the static potential picture ceases to be well founded
- the relativistic corrections become important and the mot1aa
of the &luonic background starts to represent the relevant
degrees of freedom [3]. We believe that these oorrections (de-
pending on the mOMents and reflectin& the influence of the
surrounding medium) Aave essentially a non-local character.

As a simple model testing such a hypothesis, we shall
contemplate here the Schr~din&er equation with the separably
~erturbed Coulomblc potential

k
V = -1 ;+ L: Ig~)azg.;I -I- /30

1:1
(1)
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In the simplest case with k = 0, the shifted.Coulomb po-
ten tial (1) cannot agree wi t.ltthe chaI'monium (bottonium).,
spectra. This is well known - the simplest proof:may be based
on the dimensionless observables an_1 • (En - En_,)/(En+1 -
- En) obtainable fram the quarkonium mass spectrum~(q q) =

2 (c) (c)= 2m + En' n = 1, " •• and equal to a, = 1.7124, a2 •
q . (b)

= 0.8935, ••• and a, = 1.4899, ••• 2 for the charmoniua
and bottonium 381 families and ,respectively. The Coulom-
bic values

(2)

where the formi'actors L r I Ci> should be short-r8ll£ed and
sufficiently simple, i.e., say

= (2n - l)(n + 1)2an_1 2 ,n=l,2., ••• (,3)
(2n + 1)(n - 1)

are listed in Table 1.

TABLE 1. Level spaci.Dg;!for the Coulomb potential
, t ...

n 1 2 J 4 5 6 7 8

an 5.4000 2.8571 2.1605 1.8409 1.6585 1.5407 1.4586 1.3980
- . j ~.-.••.~ .

Now, the at.andard.addi Uon of the confining force seems
to be ~~"1 tal>-le.It is not so - let us suggest the following
~ltt!!nw.t1ve ~9.1ution of this problem..

Its 1ll000tiva.tionhas been found in nuclear physics where
the "ugly" (cored) N-N potential may be replaced by the simple
Gauss;ian, provided that we "forbid" some of its eigenstates.
Technically, this was done by Kukulin et a1. [4] who proved
that the sep~:t.'ableforce composed of the eigenstates of
H (/g1) = (1f1» projects the corresponding energies Ei out
of the spectrum (by m.~g them upwards) in the limit .ai~oO.
i ••" 2, ••• k.

We employ tlle s~e t~.i~ in the pres.ent context. Indeed.
~
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since

we obtain a reasonable agreement with experiment (see Table
2 with I g1> = Coulomb eigenstate (linear combination .of
(2)), (l,i-'lc;.<>for i = 1, "', k , and E, and E2 fitted b;r d..
and (10 in (1). '

TABLE 2. Bottonium level spacing3 predicted by our model

k=4 k=5 Ref.6 be experimental

E2 - E1 561 561 585 561

E3 - E2 JJ8 364 343 329
E4 - E3 219 250 276 224

Of .course, a more precise fit may be obtained with
[i,5L.::p in (1). By the standard separable potential +echm que
(discussed in fair detail, e.g. in [5J) we may control the
energy shift by the choice of the coupling (!J 5' Numerically,
such a procedure is easily performed - a sample of the gra-
phical solution of the related eigenvalue problem is given in
Fig. 1.

In the conclusion, let us emphasize that the various so-
phi.stications of the present simple model ere quite straightfor-
ward within the separable-force context. Indeed, the coupled
channel calculations as well as an inclusion of the varioua
terms, may be simplified significantly by the projector cha-
racter of (1). We defer further details to the forthcoming
publication.
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Fig. 1. Example of graphical solution of Schr~dinger equation
with one term (k = 1) potential of the form (1) and a = 0,
b = 2.10-5 in (2). E1, E2 and E3 are the (inverted) Coulom-
bic levels and E~, E; and E; are the inverse shifted levels
for ~ = 3. All the quantities are given in units m=h=c=1 •
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