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Coherent study of ., — VV, PP and SS
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We investigate the decays of x,, into vector meson pairs (VV), pseudoscalar pairs (PP), and scalar
pairs (SS) in a general factorization scheme. The purpose is to clarify the role played by the OZI-rule
violations and SU(3) flavour breakings in the decay transitions, and their correlations with the final-state
meson wavefunctions. For x., — VV and PP, we obtain an overall self-contained description of the
experimental data. Applying this factorization to y. — f}f4, where i,j = 1,2,3 denotes f,(1710),
f0(1500) and f(1370), respectively, we find that specific patterns will arise from the model predictions
for the decay branching ratio magnitudes, and useful information about the structure of those three scalars

can be abstracted.
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Charmonium decays provide a great opportunity for
studying the gluon dynamics at relatively low energies.
In line with the lattice QCD predictions for the existence of
the lowest glueball state (07 1) at 1.45 ~ 1.75 GeV [1,2],
one of the most important motivations to study charmo-
nium decays is to search for glueball states and fill in the
missing link of QCD. During the past few years, enriched
information from experiments reveals a rather crowded
scalar-meson spectrum at 1 ~ 2 GeV. For example, three
fo states, £% (= fo(1710), £(1500), f,(1370)), are ob-
served in both pp scattering and pp annihilations with
different decay modes into pseudoscalar pairs [3—6]. They
are also confirmed by the BES datain J/¢ — @ f} and ¢ f}
[7-9]. Moreover, another scalar f;(1790), which is distin-
guished from f(1710), is also seen at BES [10]. In contrast
with the f(1710), f,(1790) does not obviously couple to
KK, while its coupling to 77 is quite strong. Since all
these states cannot be simply accommodated into a QQ
meson configuration, observation of such a rich scalar-
meson spectrum could be signals for exotic states beyond
simple QQ configurations [11,12]. The fast-growing data-
base also allows us to develop QCD phenomenologies
from which we can gain insights into the glueball produc-
tion mechanism [13-17].

So far, it is still a mystery that the glueball states have
remained hidden from experiments for such a long time
[12,18]. One possibility could be that a pure glueball state
cannot survive a long enough lifetime before it transits into
QQ pairs. Because of this, a glueball would be more likely
to mix with nearby Q0. As a result, it should be more
sensible to look for a glueball-QQ mixing state, instead of
a pure glueball. Such a mixing scheme, on the one hand,
indeed highlights some characters of the meson properties,
and fits in the experimental data quite well [5,14,16]. It
seems also promising in accounting for the crowded scalar-
meson spectrum at 1 ~ 2 GeV [16]. On the other hand, it
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raises questions about the role played by the OZI rule [19]
in the glueball production mechanism, which needs under-
standing in a much broader context. In Ref. [20], it is
shown that the idea of intermediate virtual meson ex-
changes [21-23] can provide a dynamic explanation for
the large OZI-rule violations in J/¢ — wfy(1710) and
¢ fo(1710). It implies that correlations of OZI-rule viola-
tions could be an important dynamic process in charmo-
nium decays. Such correlations should not be exclusively
restricted to the scalar-meson productions in J /¢ decays. It
could also contribute to other processes [24], such as .2
hadronic decays. Therefore, a systematic investigation of
Xco2 — VV, PP and SS is necessarily useful for clarifying
the role played by the OZI-rule violations.

The other relevant issue in the charmonium decays into
light hadrons is the SU(3) flavour symmetry breakings. In
many cases, the flavour-blind assumption turns out to be a
good approximation for the gluon-QQ couplings.
However, due to the presence of OZI-violations, an explicit
consideration of the SU(3) flavour symmetry breaking will
be useful for disentangling correlations from different
mechanisms.

In this work, we will present a factorization scheme for
Xc02 — VV, PP,and §S. Our purpose is to disentangle the
roles played the OZI-rule violations and SU(3) flavour
symmetry breakings, which will correlate with the final-
state meson wavefunctions in Yo, decays. By this study,
we hope to abstract additional information about the struc-
ture of the scalar mesons f}). It can be reflected by specific
patterns arising from the decay branching ratio magnitudes
due to such correlations.

To proceed, we first distinguish the singly OZI discon-
nected (SOZI) processes and doubly OZI disconnected
(DOZI) ones by considering transitions illustrated by
Fig. 1. The SOZI transition [Fig. 1(a)] hence can be ex-
pressed as

(913293341V0lg8) = 81382y, (1)
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FIG. 1. Schematic pictures for the decays of x.y, into meson
pairs via the production of different components.

where V, is the interaction potential, and |gg) denotes the
minimum two-gluon radiations in ¢¢ annihilation; g5 and
g»4 are the coupling strengths. For the nonstrange cou-
pling, we denote g3 = g = go- To include the SU(3)
flavour symmetry breaking effects, we introduce R =
(s5Volg)/(uilVolg) = (s5Volg)/(dd|Volg), for which
R =1 refers to the SU(3) flavour symmetry limit.

The DOZI process of Fig. 1(b) describes the transition
that the two gg pairs are created and recoil without quark
exchanges. The amplitude can be expressed as

(913293341V1188) = 812804 = 7812834, (2)

where V, denotes the interaction potential, and parameter r

is defined as the relative strength between the SOZI and
|
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DOZI transition amplitudes. It is introduced to take into
account the DOZI effects.

The two gluons from the cc¢ annihilation can also couple
to the glueball components via Fig. 1(c). The transition
amplitude can be expressed as

(GGIV,lgg) = g"g" = 1g}, 3)

where V, is the interaction potential and g’ is the gluon
coupling to the scalar glueball; Parameter # is introduced to
account for its coupling strength relative to the SOZI
process.

Another possible process in the decay of x., is via
Fig. 1(d), where the two gluons will couple to ¢ and
glueball, respectively. According to Egs. (2) and (3), its
relative coupling strength to the SOZI process can be
written as

(q13:GV3lgg) = Jrigk. “4)

With the above factorization scheme, we consider a
transition of y., — M'M/, where M' and M’ denote
two final-state quarkonia such as VV, PP, or féf{).
Firstly, in a general basis we assume a wavefunction for
I=0M"

M' = x;|G) + y;ls5) + z;|ni), (5)

where |G), |s5), and |nii) = |uit + dd)/~/2 are the pure
glueball, and flavor singlet gg components, respectively;
Coefficients x;, y; and z; denote the mixing angles of those
components, and satisfy the unitarity condition.

The transition amplitude for x.q, — M'M/ can be writ-
ten as

(MIMI|(V + Vi + Vy + V3)lgg) = ((x,G + y;s5 + zn)(x;G + y;s5 + z;ni)|(Vy + Vi + Vy + V3)lgg). (6)

Notice that the potential V; will only allow the transitions to / = 0 meson pairs, i.e. transitions of (niiss|V,|gg) =
(s5nii|V,|gg) = 0. We can then decompose the above transition into

(MIMI|(Vy + Vi + Vy + V3)lgg) = gilxi(ex; + R\/;Eyj + V2rtz;) + Ry,'(\/ﬁxj + (1 +r)Ry; + \/Erzj)
+ z(V2rtx; + \/ErRyj + (1 +2r)z;)] @)

For x.o, decays into other octet meson pairs with 1 # 0,
e.g. KK, 7, etc, we can see that only V, transition is
allowed, and all the others are forbidden. This selection
rule immediately requires that decay channels with 7 # 0
will not suffer from the OZI-rule violations. As a conse-
quence, the OZI violation effects and SU(3) flavour sym-
metry breaking can be separated out. The explicit reduction
of Eq. (7) for x.0» — VV and PP will be given later.

In the calculation of the partial decay widths, a com-
monly used form factor is applied:

F2(p) = p* exp(—p?/8B%), (8)

{
where p and / are the three momentum and relative angular
momentum of the final-state mesons, respectively, in the
Xc0,2 Test frame. We adopt 8 = 0.5 GeV, which is the same
as in Refs. [13,15,16]. Such a form factor will largely
account for the size effects from the spatial wavefunctions
of the initial and final-state mesons. After taking into
account this, we assume that parameter g, will be an
overall factor for a given initial charmonium.

(@) Xco2 = VV

For .02 — ¢ ¢, ww, and w ¢, the transition amplitude
reduces to simple forms due to their ideally mixed flavor
wavefunctions, i.e. ¢ = s5,and w = nii = (uii + dd)//2.
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This means that for ¢ meson, x; = z; = 0 and y; = 1, and
for o meson, x; = y; = 0 and z; = 1. Therefore, we have

(plVIgg) = g2R*(1 + 1)
(wwlV|gg) = g3(1 +2r) 9)
(wp|VIgg) = g3rRV2,

where we compactly write Vy, + V| + V, + V3 as 174
For x.0, — K*K* and pp, we have

(ptpIVIgg) = g3 (10)

It can be shown that the amplitudes for other charge
combinations are the same.

Interesting correlations arise from those decay ampli-
tudes. Equation (10) shows that the decay of y.o, — pp is
free of interferences from the DOZI processes.
Nevertheless, it does not suffer from the possible SU(3)
flavour symmetry breaking. Ideally, a measurement of this
branching ratio will be useful for us to determine g.
Unfortunately, experimental data for this channel are not
available. The decay of y., — K*K* also merits great
advantages. It is also free of DOZI interferences, and the
SU(3) breaking effects have simple correlation with the
basic amplitude g3. In contrast, Eq. (9) involves correla-
tions from both OZI-rule violations and SU(3) breakings.

So far, three channels have been measured for y,.q
decays by BES collaboration [25-27]: BR, .44 =
(1.0 £ 0.6) X 1073, BR, —wo = (229 £ 0.58 £ 0.41) X
1073, and BR, _gog0 = (1.78 = 0.34 = 0.34) X 1073.

This allows us to determine the parameters with very small

X

(K"K*"|VI|gg) = giR?

r=0.45 £ 0.48, R =0.90 = 0.22,

an
go = 0.25 = 0.06 GeV'/2,

We note that the central values can be obtained by directly
solving the equations for these three channels. Fitting the
data can provide an estimate of the parameter uncertainties
due to the experimental error bars. The results show that
large errors of the data can lead to large uncertainties for
the parameters, especially for r. To see more clearly their
correlations, we take the fraction between the branching
ratios for ww and ¢ ¢ to derive:

R*Cy — 1
-
2 — R*C,

where Co =[PyBRy — 0w F*Ps)/PwBR, —ps X
F2(p,)]/* = 1.6. It shows that for a range of 1/C, =<
R < 2/C,, the above relation leads to 0 < r < +o0. In
other words, the combined uncertainties from the SU(3)
breaking and experimental uncertainties can result in rather
significant changes to r. Therefore, improved measure-
ments are still needed for the determination of r.
Meanwhile, the value for R suggests that the SU(3) break-

: (12)
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ing is about 20%. This seems to be consistent with the
success of SU(3) flavour symmetry in many circumstances.

Adopting the central values for the parameters, we can
predict the branching ratios for y.) — w¢ and pp, and the
results are listed in Table I. We find a relatively smaller
branching ratio for y.) — w¢, ie. BR, _,,4 = 0.45X
1073, This channel should be forbidden if the OZI-rule is
respected. However, with the errors from Eq. (11), the
estimate of the root mean square error gives 1.5 X 1073,
which is the same order of magnitude as ¢ ¢ and ww
channels. This implies that the OZlI-rule violations could
be significant. A direct measurement of w¢ channel will
put a better constraint on the OZI-rule violation effects.

The decay of y., — pp does not suffer the OZI rule, and
its branching ratio is predicted to be sizeable. Notice that
Xco has large branching ratios for 2(7" 7~ ) and p’7* 7~
[28], the predicted value, BR, _.,, = 1.88 X 1073, ap-
pears to be reasonable. A precise measurement of this
channel is strongly desired for the determination of pa-
rameter g,. Note that g, appears in the branching ratio with
a power of 4. The error for g as in Eq. (11) can still lead to
large uncertainties of 92% for BR,, _.,,.

For y., — VV, so far, branching ratios for three chan-
nels have been available from BES [25-27]: BR, 44 =
(2.00 £ 0.55 = 0.61) X 1073, BR, ., = (177 %
0.47 £0.36) X 107, and BR, _ 4z = (4.86 = 0.56 =
0.88) X 1073. This will allow us to make a parallel analysis
as the y.o decays. By fitting the data, we obtain

r=0.24 £ 0.29, R =1.09 £0.21,

(13)
go = 0.26 = 0.06 GeV'/2,

Again, the central values can be obtained by solving the
corresponding equations, and large uncertainties for the
fitting results highlight the effects from the experimental
errors. It is interesting that the parameters for y .o and x.»
are not dramatically different from each other. Instead,
they are quite consistent. In particular, in contrast with
Xco decays, the calculation shows that the OZlI-rule is
better respected in y., decays. We also note that with a
factor 3 reduction of the data errors in both cases, the

TABLE I.  The branching ratios for x.,— VV. The first
three rows (¢, ww and K*K*) are experimental data from
BES [25-27], while the last two rows, highlighted by bold faces,
are the model predictions for w¢ and pp channels. The numbers
in the brackets are the root mean square errors estimated with
Egs. (11) and (13), respectively.

Decay channels BR, _.yy(X1073) BR, _yy(X1073)

b 1.0 = 0.6 2.00 + 0.82
0w 2.29 +0.71 1.77 = 0.59
K*'K* 1.78 = 0.48 4.86 + 1.04
wd 0.45 (1.07) 0.24 (0.65)
pp 1.88 (1.80) 241 (2.22)
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uncertainty of r can be improved to the second decimal
place.

With the central values of the fitted parameters, we
predict the branching ratios for w¢ and pp channels.
Similar to x.y, the channel w¢ is relatively suppressed
with BR, _.,4 = 0.24 X 1073. The branching ratio for
pp is found sizeable with a value of BR, _.,, = 2.41 X
1073. We also present the estimated errors for these two
channels in Table 1.

(1) xco2 — PP

The same analysis can be applied to the y.q, decays into
pseudoscalar meson pairs. We will adopt the same nota-
tions as Part (i) for the parameters. But one should keep in
mind that they do not necessarily have the same values. For
I = Ochannels, i.e. x.o» — n1, n'7n’, and nn’, the mixing
of n and 7’ are defined as

n' = sinann + cosass,
(14)

n = cosanii — sinass,

where @ = 54.7° + 0p and 6p is the octet-singlet mixing
angle in the SU(3) flavour basis. We do not consider
possible glueball components mixed within the 7 and 7’
wavefunctions at this moment though they can be included.
Quite directly, the transition amplitude of Eq. (7) can be
reduced by requiring x; = x; = 0 and 7 = O:

(mm|Vigg) = gilcos’a + R%sin’a
+ r(v2cosa — Rsina)?]
(n'n'IV|gg) = gi[sin’a + R%cos’a
+ r(v2sina + Rcosa)?]
(nn'IVIgg) = g3rl(1 — R?/2) sin2a + V2R cos2a]
(K"K~ |VIgg) = giR
(mr 7 |Vige) = & (15)

where the transition potential V is a compact form for V,, +

Experimental data for pn, K* K~ and 777 are available
[28—30], which will allow us to constrain the parameters
and examine the model. We first determine g% in x.2—
7r7r. Then, by taking the ratio between K* K~ and 77, we
determine the SU(3) breaking parameter R:

R= [3P7T2(P7)FK*K:|1/2
ZPKJ:Z(PK)FWW '

where factors 2 and 3 are the weighting factors for the
charged kaon and pion decay channels. Substituting
Fgig- =60%X1073T,, and T,,=74X1073T,,
[28,29] into the above equation, we have R = 1.06, which
is in good agreement with the range found for . — VV.

With the data for y., — mn, we, in principle, can de-
termine r via the first equation in Eq. (15). However, we
find that within the large uncertainties of the present data,

(16)
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BR, .y = (2.1 £1.1) X 1073, the determination of pa-
rameter r also possesses large uncertainties. To show this
problem, we plot the branching ratios for x.o — 17, 7'’
and n7' in terms of r in Fig. 2(a). The solid line is for
BR, ., which exhibits a slow change with r. The arrow
acrosses the central value of the experimental data, and
marks the error bars. Therefore, the slow variation of
BR,  _.,, makes it difficult to determine r. Interestingly,
it shows that BR, .., and BR, _.,, are both fast
changing functions of r. In other words, one can determine
parameter r by measuring these two branching ratios, and
matching the pattern of the curves in a narrow region of r.
Meanwhile, an improved measurement of i channel is
also strongly recommended.

For x. — PP, there are also experimental data avail-
able for three channels: BR, _x+x- = (9.4 =2.1) X
1074, BR, .yt = (177 £0.27) X 1073, and
BR, _.py, < 15X 1073, However, notice that the branch-
ing ratio for 7 is only an upper limit and quite large
uncertainties are with the data, the parameters cannot be
well-constrained. Similar to the case of y., — PP, we can
determine R and g, with the data for 77 and KK: R =
0.70, go = 0.30. In comparison with the previous cases, it
shows large SU(3) symmetry breakings. A possible reason
could be due to the poor status of the data.

Similar to . decays, we plot the change of branching
ratios of 7m, 7'y’ in terms of a range of r. The results are
presented in Fig. 2(b). Taking the upper limit of 77
branching ratio as a constraint, the OZI-rule violation
parameter r at least has a value of —0.16. Note that the
relative branching ratio magnitudes among these three
channels vary fast. Additional experimental information
about 7’ or 'n’ will provide better constraint on r.

(iii) Xe02 — SS

For x.0, — SS, where § denotes scalars, a direct gg —
GG coupling will also contribute to the / = 0 decay am-
plitudes, and an additional parameter ¢ has to be included
(see Eq. (7)). Therefore, new features may arise from the

BR(x10?)

o

FIG. 2. Branching ratios for the decays of y. (2) and y., (b)

into pn (solid curve), n'n’ (dashed curve), and nn’ (dotted

curve) in terms of the SU(3) parameter r. The two-direction

arrow in (a) denotes the central value of BRy ., = (2.1 +

1.1) X 1073, while the length marks the error bars. The
exp

thin straight line in (b) labels the upper limit BRy [ —,, < 1.5 X
1073 [30].
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I = 0 decay channels. In particular, it should be interesting
to investigate the sensitivity of the decay branching ratios
to the structure of the I =0 scalars, i.e. fj. Specific
patterns arising from these channels will be useful for
providing evidence for the presence of glueball compo-
nents in the scalar-meson wavefunctions.

In contrast, the decays of x.. — ao(1450)a(1450),
and K;(1430)K,*(1430) will be free of the interferences
from the gg — GG transitions due to the isospin
conservation.

To proceed, we will focus on the decays of x.o — f/f3-
In principle, all the decay channels into any two of these
scalars are allowed except for £} £}, of which the threshold
is slightly above the y., mass. We will adopt the wave-
functions based on the glueball-QQ mixings [13,15],
which are examined in the J/¢ hadronic decays [16]. As
shown in Ref. [16], the branching ratios for J/¢ — Vfi
exhibit specific patterns, which cannot be explained by
simple QQ mixings within the scalars. It is also found in
Ref. [16] that strong OZI-rule violation effects could con-
tribute to the transition amplitudes.

Because of lack of data, the parameters cannot be ex-
plicitly determined. However, based on our experiences
from the first two parts, we can assume that the SU(3)
flavour symmetry breaking is negligible. Thus, we fix R =
1 in the calculations as an approximation. Also, for gg —
GG coupling, we assume that it has the same strength as
the SOZI transitions, i.e. t = 1. We are then left with
parameters g, and r for which, in principle, experimental
constraints are needed. But we can still proceed one step
further to consider the branching ratio fractions, where
parameter g, cancels.

Taking x.o — fo/3 as reference, we plot in Fig. 3 the
branching ratio fractions of BR i /BR £ in terms of r in

a range of 0 <r < 3. Interestingly, it shows that the
branching ratio fractions are separated into two distin-
guished regions. In the limit of r — 0, the branching ratio
of xe.o — f5f5 becomes the smallest one, and x.o — f3/3
is the largest. However, at the region of r > 1, the branch-
ing ratio of y. — f}f3 becomes the largest.

In Refs. [16,20], large OZI-rule violations are found in
association with the scalar-meson production in J/¢ de-
cays. Therefore, we conjecture that large contributions
from the DOZI processes will be present in x. — fifs.
Based on this, the branching ratio fractions at r>1
strongly suggest that y.o — f{f3 will be the largest decay
channel. Notice that f} couples strongly to KK, while f3
strongly to 77, one might be able to see rather clear
evidence for these two states in e.g. x.o— f§ fg —
K*K~ 7" 7 at BES [31].

Because of lack of data for ., — SS, we do not discuss
this channel in this work.

To summarize, by distinguishing the SOZI and DOZI
processes and including a direct glueball production
mechanism in the transition amplitudes, the overall avail-
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BR fraction

FIG. 3. Branching ratio fractions for y,.y decays into f, pairs in
terms of the OZI-rule violation parameter r. The thin straight
line denotes ratio unity and separates the two regions for the
ratios greater/smaller than 1.

able data can be accounted for. Since these basic transition
processes have been factorized out, we can study their
correlations among all the decay channels. We find that
the OZlI-rule violations play quite different roles in the
production of VV, PP, and SS in the y,y, decays. This
may explain that pQCD approaches systematically under-
estimate the data [32—34]'. On the other hand, a recent
study based on the *P, quark pair creation model shows
that the nonperturbative mechanism still plays important
roles in y. — ¢¢ [35]. In this approach, a coherent
description of both pQCD favored and unfavored mecha-
nisms allows us not only to isolate their contributions, but
also to investigate their correlated interferences. Such cor-
relations produce specific patterns for the branching ratio
magnitudes of different channels, and can be highlighted
by experimental data.

For x.,— VV, we find that the branching ratio of
Xco — w@ is crucial for determine the role of the OZI-
rule violations, and for y.o, — PP, an improved measure-
ment of BR, _.,, will clarify the correlations from the
OZI violations. For y. — fifJ, we find that large OZI-
rule violations will lead to suppressions on most of the
branching ratios except f}f3 = fo(1710)f((1370). With
an analogue to the large OZI-rule violations in the f, scalar
productions in J/¢ — Vf,, we would expect that large

'We notice that in hep-ph/0506293, an improved result is
obtained by Luchinsky at leading twist
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OZI-rule violations would occur in .o — f} 3. Therefore,
an observation of sizeable branching ratio for flfs =
fo(1710)f,(1370) will be a strong signal for the
glueball-QQ mixings within the scalars. In contrast, small
OZI violations will lead to relatively smaller branching
ratios for f} f3. If this occurs, we will then have difficulty to
understand the large OZI violations in J /¢ — Vi [16,20].
Experimental data from BES Collaboration can provide an
important test of this approach, and also put a more strin-
gent constraint on the model parameters. We expect that a

PHYSICAL REVIEW D 72, 074001 (2005)

confirmation of this will also provide an additional evi-
dence for the glueball-QQ mixings within those scalars.

The author thanks F.E Close and B. S. Zou for useful
comments on this work, and Z.J. Guo and C.Z. Yuan for
useful communications about the BES experiment. This
work is supported, in part, by grants from the U.K.
Engineering and Physical Sciences Research Council
(Grant No. GR/S99433/01), and the Institute of High
Energy, Chinese Academy of Sciences.

[11 G.Bali et al., (UKQCD Collaboration), Phys. Lett. B 309,
378 (1993).

[2] C. Morningstar and M. Peardon, Phys. Rev. D 56, 4043
(1997).

[3] D. Barberis et al., Phys. Lett. B 479, 59 (2000).

[4] V.V. Anisovich et al., Phys. Lett. B 323, 233 (1994).

[5S]1 C. Amsler et al., Phys. Lett. B 291, 347 (1992); 340, 259
(1994);342, 433 (1995).

[6] D.V.Bugg, M. Peardon, and B. S. Zou, Phys. Lett. B 486,
49 (2000).

[71 M. Ablikim et al. (BES Collaboration),Phys. Lett. B 607,
243 (2005).

[8] M. Ablikim et al. (BES Collaboration), Phys. Lett. B 603,
138 (2004).

[9] M. Ablikim et al. (BES Collaboration), Phys. Lett. B 598,
149 (2004).

[10] S.Jin, in Plenary talk at 32nd International Conference on
High-Energy Physics (ICHEP2004), Beijing, 2004 (un-
published).

[11] F.E. Close and N.A. Tornqvist, J. Phys. G 28, R249
(2002).

[12] F.E. Close, Plenary talk at 32nd International Conference
on High-Energy Physics (ICHEP2004), Beijing, 2004
(unpublished).

[13] C. Amsler and F.E. Close, Phys. Lett. B 353, 385 (1995);
Phys. Rev. D 53, 295 (1996).

[14] F.E. Close, G.R. Farrar, and Z. Li, Phys. Rev. D 55, 5749

(1997).

[15] F.E. Close and A. Kirk, Phys. Lett. B 483, 345
(2000).

[16] F.E. Close and Q. Zhao, Phys. Rev. D 71, 094022
(2005).

[17] E.E. Close and Q. Zhao, Phys. Lett. B 586, 332 (2004).
[18] F.E. Close, Rep. Prog. Phys. 51, 833 (1988).

[19] S. Okubo, Phys. Lett. 5, 1975 (1963); G. Zweig, in
Development in the Quark Theory of Hadrons, edited by
D.B. Lichtenberg and S.P. Rosen (Hadronic Press, MA,
1980); J. lizuka, Prog. Theor. Phys. Suppl. 37, 38 (1966).

[20] Q. Zhao, B.S. Zou, and Z. B. Ma, hep-ph/0508088.

[21] H.J. Lipkin, Phys. Rev. Lett. 13, 590 (1964); 14, 513
(1965); Phys. Rep. 8, 173 (1973); Nucl. Phys. B244, 147
(1984); B291, 720 (1987); Phys. Lett. B 179, 278 (1986).

[22] P. Geiger and N. Isgur, Phys. Rev. D 47, 5050 (1993).

[23] H.J. Lipkin and B.S. Zou, Phys. Rev. D 53, 6693
(1996).

[24] A. Seiden, H. F.-W. Sadrozinski, and H.E. Haber, Phys.
Rev. D 38, 824 (1988).

[25] J.Z. Bai et al. (BES Collaboration), Phys. Rev. D 60,
072001 (1999).

[26] M. Ablikim et al. (BES Collaboration), Phys. Rev. D 70,
092003 (2004).

[27] M. Ablikim et al. (BES Collaboration), hep-ex/0506045.

[28] S. Eidelman et al. (Particle Data Group), Phys. Lett. B
592, 1 (2004).

[29] J.Z. Bai et al. (BES Collaboration), Phys. Rev. Lett. 81,
3091 (1998).

[30] J.Z. Bai et al. (BES Collaboration), Phys. Rev. D 67,
032004 (2003).

[31] M. Ablikim et al. (BES Collaboration), contributed to
LP’2005, paper-122.

[32] M. Anselmino and F. Murgia, Phys. Rev. D 47, 3977
(1993); 50, 2321 (1994).

[33] V.L. Chernyak and A.R. Zhitnitsky, Phys. Rep. 112, 173
(1984).

[34] J. Cao, T. Huang, and H.-F. Wu, Phys. Rev. D 57, 4154
(1998).

[35] H.Q. Zhou, R. G. Ping, and B. S. Zou, Phys. Lett. B 611,
123 (2005).

074001-6



