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SPIN EFFECTS IN QUARKONIA
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The spin-spin mass splitting and leptonic decays of heavy and mixed mesons are
described within a good accuracy in the potential model with screened potential,
We conclude that the long-distance part of the potential cannot be pure scalar
and that a vector-scalar mixture is favoured. With the same parameters which
give correct average mass spectrum excellent spin-spin splittings of heavy
quarkonia is oblained, The results are obtained by going beyond usually used
perturbation method, namely using “configuration interaction approach™ (CIA).
It iz known that the first term of ClA method is in fact just a perturbative
method result. CIA expansion better takes into account the interaction hetween
particles. The suggested method is of considerable interest, since the perturba-
tion method is still used as the practical method. We turned to use realistic po-

tential, namely, screened potential.

The problem of hyperfine splitting in
mesons  still attracts wide interest. [t is
widely acceptable that quark potential model
gives a rather good description of spin-
average mass spectrum of hadrons, consid-
ered as composite system of quarks [1].
However, the guestion of explaining the in-
fluence of spin, namely spin-orbit ("fine"),
spin-spin ("hyperfine"} interaction, is not
solved vet. The problem of mass splitting is
due to spin structure and it is closely con-
nected with the Lorentz ~ structure of the
guark potential. These effects are far from
being solved yet.

Following many authors we assume
admixture vector-scalar potential ("soft
model™). We consider vector and scalar
parts of static potential [1]

V(r) = I",,(r) + V_ﬁ.(f') (1)

where
Sty g o
v, = = +£5?1'ﬂ(1 e )
A
el ol o) ©

and & is the mixing constant.
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The Hamiltonian can be wriiten as

H=H,+H, (3)

for screened potential:
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where m is the reduced mass of gg—system
and A=c=1 units are used. In (3) only H

is taken into account, because we calculate
hyperfine sphitting in S-waves. Then all
terms which contain the orbital quantum
number # are absent. The concrete form of
such screened potential was previously
suggested in [2]. We choose screened po-
tential, because it gives excellent descrip-
tion of mass-spectrum in nonrelativistic
potential models for heavy mesons. As
Gerasimov pointed out [3] the QCD calcu-
lations on lattice indicates that the spin-
spin forces are rather short range. Exactly
the screened potential satisfies this condi-
tion. In this case even the basic solutions
for unperturbed Hamiltonian can not be
found in analitic form. We found these so-
lutions numerically and evaluated the ma-
trix elements numerically too. Final results
for hyperfine splitting for screened poten-
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tial are given in Tables 1,2. The following
parameters were used in screened potential
g6m = 0224 GeV®, n=0.054 GeV. All
parameters were taken from [4] and the ex-
perimental data were taken from [5].

The main problem of our work is to
clarify some aspects of hyperfine interac-

tion in the framework of configuration in- -

teraction approach (CI approximation, or
CIA[ 6]).

In the frame of Breit-Fermi approach
the spin-spin interaction term is

where S|, are the spins of the particles.
S, S, =-3/4 for pseudoscalar mesons and

S, -8, = 1/4 for vector mesons.
MNow we consider Shroedinger equation

(H, + Hs J¥(F)=E¥(F)  (6)

Here we suggest to use CI approach,
which was previously very successfully
applied in atomic physics [ 6] . The es-
sence of this approximaticn is that wave
function ‘¥ (r) is expanded in a set of ei-

genfunctions ¢, of the Hamiltonian Hy:

¥(F)=3a0,(F) O

Substituting (7) into ( 6) and using ei-
genvalues E', we obtain homogeneous
system of linear equations for a_

a,(E, - E)=-2a(p.Hgle,) . ®

which have to be truncated for reasonable
large n. In (8) E: is the eigenvalue of the
nonperturbative Hamiltonian:

Hp, =Ep. (9

The solution of the system (8) exists if
its determinant is equal to zero. The di-
agonalization of this detierminant gives the
values of energies we are looking for. This
is a good method to find the eigenvalues

E . This procedure goes far outside of

perturbative method.

In this work we obtained hyperfine
splitting for heavy and mixed mesons using
the configuration interaction approach. For
example. as a first step, we calculate the

hyperfine splitting in J/¥' and 77 mesons
with using screened potential.

Table 1. Hyperfine splitting in charmonia with the used CI approach.

| 1 2 3 i, Experimental

i approach | approach | approach | approach | approach value

'i Fsmg, MeV 2956.1 2091.537 | 2989.827 | 2988.831 | 2988.153 2980 I
liE‘r}upL_. MeV 3097.1 3096.577 | 3096.328 ' 3096.161 | 3096.041 3096 J
| AEss, MeV 101 105.04 | 106.501 | 107.33 | 107.888 7
| AEss(ntl) = | ====-- 4.04 1.46 0.829 0.55 i
| AEgs(n)

Our calculations shown that the next
terms of CIA method give contribution of
order of 10% for heavy mesons and 35%
for mixed mesons. Let us stress that the
first term of CIA method is in fact just a
perturbative method result. CIA expansion
better takes into account the interaction

90

between particles. A similar approach was
suggested in paper [7], where expansion
was carried into basic functions of the os-
cillator potential. The suggested method is
of considerable interest, since the pertur-
bation method is still used as a practical

method [8, 9, 10].
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Table 2. Hyperfine splitting for heavy quark systems,

B 7 | (10] [11] our results | AMEeye,
AMypyeor, MeV | AMyyzor, MeV | AMygzor, MeV | AMpyeqr, MeV J MeV
AR e 87 BT '*': 128 163 144 [

| AMpe—ps' | - | — 100

!l ll":“:r"‘lli:BSm—B§ el e s . R SU 4?

| AMps*'gs’ | =S o ——— ' 33 AR

| AMBc*_ge j b i TR |! 49 .

l AMpc*' g’ Sl | S remn ] 11 S
AMy. 5 31 ig 82 ] 46 e
AMy_ ' 9 i === : 26 IR
AMpyp_py 65 100 , 112 | 108 117

SR BRSNS
AMy 1 32 54 ' - 67 95

In Table 2 we present the results of
hyperfine splitting calculation in heavy-
quatk systems. Namely exactly for these
systems our Breit-Fermi approach must be
true with maximum extent. The obtained
results for the hyperfine splittings of the §-
wave states agree with the measured
splittings. As it is seen, most of our results
have mainly predictive character. In the
Table 2 it is shown that for 25-states we
obtain somewhat worse results in hyperfine
splitting than in 18-states. This can be a
result of mixing of § and D waves, In 25
state, as it is shown in work [12], the
mixing can give contribution of the order
of 10%, while in the case of 18-states the
correction for mixing is near 1%.

We compare our results with the results
obtained in the works [7,10,11]. In the pa-
per [7] good results are obtained, but the
authors introduced additional parameters ry.
In [10] hyperfine splitting is calculated in
the first order of perturbation theory. It is
shown that the first order perturbation the-
ory gives a good description of the experi-
mental data. The best results are obtained in
[11]. but only one-gluon exchange is taken
into account for spin-spin forces. In all
these works there is one common fault as
they are restricted to viewing limited num-
ber of mesons.

91

We suggest that the potential consists
of a sum of vector and scalar parts. This
idea of scalar-vector mixing was discussed
in [13,14-16]. The authors of these papers
also came to the conclusion that its mixing
parameter must be different from zero.
Franzinis et al. [13] shown, that V .,y must
be totally scalar, while Vg, must be totally
vector, but nevertheless they cannot give
an adequate description of the fine splitting
data, In a series of papers [14-16]
Deoghuria and Chakrabarty had chosen the
confining potential in the form

V = gV + (1 =& Wonur

LG

and found £=0.2, treating &£ as an
adjustable parameter. In this paper we have
used the same approach for CJIP-type
potential and found &£=0.5. With this
value of £ we described the hyperfine
aplitting of all mesens from heave to light
ones.
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¥ poforl onucaHo crid-cruiHoRE POSUISIIEHHA ¥ BAKKHY | 3MILIAHAYN MEI0HAX ¥
PaMELX noTeHiankHoeT Mogeni 3 EKpaHOBAMHM DoTeHuianoM. [Mokazano, wo
KoHpaHHMEHTHE YaCTHHA NOTeHUiany wmac saiwany flopenu-ctpykrypy. Jud
POIPAXYHEIE BHKOPHCTAHC Ti 3 [IApaMeTpM, 3 SxHMH Gyn0 pospaxoBaHo
VCEPETHENHH CREKTP MAC YACTHHOK. POIPAXYHKHE TRPOBEREH? I QOOOMOTOW

MOTOOY HAKIADAHHA KoH(IMY palid.
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