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Abstract We report the progress on understanding some of those existing puzzles in charmonium decays.

We show that the intermediate meson loops (IML) as a long-distance transition mechanism will provide novel

insights into these issues. In particular, we show that the IML mechanism would be essentially important for

understanding the 1 (3770) non-DD decays. We also comment that such a mechanism is correlated with the

Okubo-Zweig-lizuka (OZI) rule evasions in charmonium hadronic decays.
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1 Introduction

The energy region of charmonium masses contains
rich information about both perturbative and non-
perturbative QCD dynamics.
serve an ideal probe for studying their interferences
from which insights into the strong QCD properties
can be gained. In this proceeding, we report a re-

Charmonium decays

cent progress on understanding several long-standing
puzzles in the vector charmonium sector [1, 2] which
include the P (3770) non-DD decay, p7t puzzle and the
M1 transition puzzle in J/{p — y1, and P’ —yn.(m.).
We will show that the intermediate meson loops will
play an important role in understanding all these
problems in a self-consistent way.

First, we briefly review the problems. The vec-
tor charmonium states can be directly produced in
ete™ annihilation, and then detected in their exclu-
sive decays into final state particles. As shown by the
charmonium spectrum, the charmonia below the open
charm threshold DD generally have narrow widths
such as J /1 and {’, while states above the DD thresh-
old are broad. This is an indication of the so-called
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OZI rule [3] as a recognition of the pQCD feature (i.e.
as < 1). In contrast, the broad {(3770) decay is dom-
inated by the DD decay while its non-DD branching
ratios were expected to be negligible. However, the
empirical OZI rule must be violated as manifested by
the hadronic decays of J/1{ and 1V’ into light hadrons.

An interesting and nontrivial question here is
whether the {(3770) decay is totally saturated by
DD, or whether there exist significant non-DD decay
channels [1, 2, 4-8]. Unfortunately, a definite an-
swer from either experiment or theory is unavailable.
CLEO collaboration measured the exclusive cross sec-
tions for P (3770) — DD [9, 10] and inclusive cross sec-
tions for P (3770) — hadrons [11]. These results lead
to BRys770)~pp = (103.04 1.4753)%, of which the
lower bound suggests the maximum non-DD branch-
ing ratio is about 6.8%.

The DD production cross sections measured by
BES [12] are consistent with CLEO [10].
the analyses lead to much larger non-DD branching
ratios of ~ 15%. Such a significant discrepancy makes
the experimental status quite puzzling, and also re-
vives the theoretical interests in this problem [13-15].

However,
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As follows, we first briefly introduce the effective
Lagrangian model and then report the theoretical re-
sults with discussions. A summary will be given in
the last section.

2 Intermediate meson loop transitions
in ¢ (3770) non-DD decays

In Fig. 1, the intermediate meson loops recognized
as t- and s-channel transitions are illustrated. The
following effective Lagrangians are adopted to evalu-

$(3770)

Fig. 1.

The charmed meson couplings to light meson are
obtained in the chiral and heavy quark limits [16],

2 g *Dm
= f_ngDmD*u gp*D*m = ;/ID )

D

9p*Dr

gp*Dp = \/5)\9;37 gDDp:gD*DpMDu (2)

where f, = 132 MeV is the pion decay constant, and
MD = ,/mpmp- sets a mass scale. The parameters
g, respects the relation g, = m,/f. [17]. We take
A=0.56 GeV~' and g=0.59 [18, 19].

Note that the t-channel loops suffer from diver-
gence [20]. A dipole form factor is thus introduced to
kill the divergence and also compensate the off-shell
effects arising from virtual particle exchanges:

2 2\ 2
)= (T )
where A=me+adqep, with Agep =0.22 GeV; mey
is the mass of the exchanged meson and « is a pa-
rameter to be determined by experimental data for
Y(3770) — J /Y.

The detailed formulae, which we will skip here,
can be found in Ref. [14]. As follows, we will clarify
those points which are essential for constraining the
model and quantifying the contributions from differ-
ent mechanisms.

1) We use the measured P (3770) — J/1n to con-
strain the form factor parameter ««. Note that the
momentum carried by the final state mesons is rather
small. This is an indication that the gluon exchanges
are very soft. We hence assume that the short-
distance pQCD processes are strongly suppressed,
and the transition is dominated by the long-distance

ate the transition amplitudes,
Lypp = ngD{DauD_auDD}\b”a
Lypps = —igypp+€apuy 0" VPO D*"D+H.ec.,
Epr*f)* = —ing*f)*emmwatxD*BaHDW'P—FH.C.,
Lppps = goepp{D,P—0, DP}D™* +He., (1)

where €yp, is the Levi-Civita tensor; P and VP
are the pseudoscalar and vector meson fields, respec-
tively.
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The t [(a) and (b)] and s-channel (c¢) meson loops in {(3770) — VP.

| transition mechanism via intermediate meson loops.

With BRYY,, = (9.0£4) x 107 [21], &« =1.73 can be
determined and the exclusive t-channel contributes
8.44x 1074,

2) For light meson final states, we expect that the
short-distance transitions will still contribute since
much larger momentum transfers are involved. We
then argue that this amplitude will approximately
respect the SU(3) flavor symmetry, and introduce a
coupling strength gg to describe the production of
two pairs of qq in the final VP via OZI singly discon-
nected (SOZI) transitions. One can easily obtain the
following relation:

0.0 x4 e — ’ ’

prr , K*TKT , wn, _wn, _¢n, on’ _
9s  -9s “9s G9s  G9s G9s =
1:1:cosap:sinap : (—sinap):cosap , (4)

with the other isospin channels implicated. The angle
ap == 0p +arctan(v/2) is 1 and 1’ mixing angle.

3) Between the short- and long-distance transition
amplitudes, one relative phase is possible. We then
introduce a phase angle § as follows:

Mg = i(g +e°gsFs(py)) x
Eaprv Pel PUey /My srro) (5)

where g, denotes the loop amplitude, and the prop-
erty of antisymmetric tensor is applied to factorize
out the effective couplings in the second line. A con-
ventional form factor, F2(Py) = exp(—P2/842) with
08=0.5 GeV, is applied for the SOZI transition with
P, the final three momentum in the P(3770) rest
frame [22, 23]

4) By applying the experimental data, BRg, =



No. 9 ZHANG Yuan-Jiang et al: Manifestation of intermediate meson loop effects in charmonium decays 1183

(3.140.7) x 10 [21] and BR,» < 0.24% with C.L. of
90% [24], we can constrain the coupling gs and phase
angle 0. Other channels can then be predicted [14].

In Table 1, the results for all VP channels are
listed. The exclusive branching ratios given by the
t- and s-channels, and SOZI transitions are also
presented. Remember that the input channels are
P(3770) — J/Yn, ¢dn and p7mr, where the experimen-
tal upper limit for p7t suggests a correlation between
the SOZI transition coupling gs and the phase angle
0. By varying §, but keeping the ¢n rate unchanged
(i.e. gs will be changed), we obtain a bound for the
sum of branching ratios, ~ (0.41 —0.64)%.

Table 1. Branching ratios for )(3770) — VP
calculated for different mechanisms. The val-
ues for J/YPn and ¢n are fixed at the central
values of the experimental data [21], and the
experimental upper limit is taken for p7 [24].

BR(x10™4)  t-channel s-channel ~ SOZI total
J/dm 8.44 0.13 - 9.0
J /P 0.1 2.58 x 1072 —  4.4x1072
pTT 34.45 7.69x107°  8.53 24.0
K*tK~ 4c.c 10.97 6.83x1076  5.72 8.91
K*OKO 4 c.c 11.80 4.38x1075%  5.72 9.90
¢on 1.25 1.13x107% 1.16 3.1
o’ 0.87 2.53x1075 1.86 3.78
wn 6.83 9.64x10~6 1.88 4.69
wn/ 0.58 2.87x1075  0.97 0.39
on 1.88x1072 1.77x10°5 - 1.8x10~2
on’ 1.08x1072 1.54x10°5 - 1.0x10~2
wmn® 2.57x1072 1.82x107° —  25x1072
Sum 75.34 0.16 25.84 63.87

Several interesting points can be learned from
Table 1:

(i) Tt shows that the t-channel transitions are
much more important in P(3770) — VP, while the
s-channel contributions are generally small and even
negligible in light VP channels. This is mainly due to
the small partial widths for 1’ decays into light VP.
The only non-negligible s-channel is in ) (3770) —
J/1n, which adds to the t-channel constructively. In
contrast, the isospin violating channel J/\h7° expe-
riences a destructive interference between the t and
s-channel.

(ii) The s-channel manifests the P (2S5)-(1D)
mixing via a meson loop. With an on-shell approxi-
mation, the mixing angle ¢ ~4.57° in the convention
of Ref. [6] can be extracted.

(iil) Tt shows that the meson loop and SOZI ampli-
tudes have constructive interferences in ¢n and ¢n’,
but have destructive interferences in prmt, K*K+c.c.,
and wn(n’), which are automatically given by the

SU(3) flavor symmetry. These interference features
will be a strong constraint for our model parameters.

(iv) It is interesting to see that the intermediate D
meson loop transitions indeed account for some deficit
for the non-DD decay. In order to clarify this puzzling
problem, it is essential to have precise data for p7mt and
K*K +c.c. A search for these decays at BES-III [25]
is thus strongly recommended. Theoretical investiga-
tion of other channels such as {(3770) — VS, VT, etc
is also needed as a prediction and test of the proposed
mechanism.

3 The intermediate meson loops in
J/¢ and P’ — VP and yn¥

Further evidence for the intermediate meson loops
can be investigated in other charmonium decays. In
particular, it is natural to expect that the 1V’ will
experience relatively significant influences since it is
close to the DD open channel. Our studies suggests
that the intermediate meson loop transitions would
be a key for understanding the long-standing “p7t puz-
zle” as well as the M1 transition puzzle in J/1{ and
1’ radiative decays. Since the detailed results will be
reported independently, we only summarize the main
points here:

1) In the VVP transition, all mechanisms con-
tribute to this transition will appear as corrections to
a single anti-symmetric tensor coupling. This allows
a simple factorization for different transition ampli-
tudes as illustrated by Eq. (5). This can be applied
to J/P (1) decays into VP by which the contribut-
ing mechanisms can be isolated and constrained. For
instance, in J/{P (') — VP, we find that the isospin-
violating channels are dominated by the EM transi-
tions via VMD. By fixing the EM transition param-
eters in the isospin-violating channels, we can then
determine the EM amplitudes in those isospin con-
served channels [23, 26].

2) The strong transitions can be decomposed
into two parts. One is the short-distance ampli-
tude and the other is the long-distance amplitude.
We argue that the short-distance amplitude is at-
tributed to the charmonium wavefunction at the ori-
gin, while the long-distance amplitude is given by
the non-perturbative intermediate meson loop tran-
sitions. This scenario explains that the strong am-
plitude in the {" — VP suffers from an overall sup-
pression due to the destructive interferences between
the short-distance and long-distance amplitudes. In
comparison, the decay of J/1p — VP will have much
less contributions from the intermediate meson loops
since J/1 is located rather far away from the open
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DD threshold [26].

3) The same mechanism also explains the discrep-
ancies between the NRQCD and experimental results
for J/Ap (') — yn.. Although the recent CLEO-c re-
sults reduce the discrepancies significantly, it shows
that the nearly one order-of-magnitude difference be-
tween theory and experiment in 1\’ — ym, is still un-
compensated. As shown in Ref. [27], the interferences
between the short-distance amplitudes from NRQCD
and long-distance amplitudes from the intermediate
meson loops converge to reduce the discrepancies co-
herently.

4) The intermediate meson loops play a role as
“unquenching” the simple cc picture in the quark
model. It can be easily understood since we know
that the charm quark is somehow not heavy enough.
The failure of the heavy quark limit approximation
will then exhibit itself in some exclusive transitions,
such as the problems tackled in this work. We
point out that the recent Lattice QCD calculations
of J/P(’) — yn. [28] still suffer from large uncer-
tainties. In order to investigate the intermediate me-
son loop contributions, an “unquenched” calculation
is strongly required.

4 Summary

In this proceeding, we illustrate the dynamic role
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