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Abstract We propose one possible mechanism, i.e., the vector meson (VV) rescattering effects, to interpret

the near threshold narrow enhancement observed in J/{ — ypp. The estimate indicates that these effects

can give sizeable contributions to this channel, and a destructive interference between different rescattering

amplitudes is required to reproduce the line shape of the data.

Key words threshold enhancement, rescattering effect, final state interaction

PACS 13.20.Gd, 13.30.Eg

1 Introduction

In 2003, BESII collaboration observed a very nar-
row near-threshold enhancement in the pp invariant
mass distribution in J/{ — ypp [1]. By fitting this
enhancement with a Breit-Wigner function
q(21+1) k3
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the S-wave gives the best result, which means the
quantum number of the pp enhancement, if originated
from a resonance, should be J7¢ =0~*. The invari-
ant mass is about 1859 MeV, which is slightly lower
than 2m,, and the width I" <30 MeV at 90% C.L.
This result has stimulated many studies on un-
derstanding its underlying structure. For instance,
since it is observed in J/1 radiative decays, which
are gluon rich processes, it is proposed to be a glue-
ball candidate [2-4]. However, the glueball solution
will encounter some difficulties. For example, the
pseudoscalar glueball can couple to a pair of vector
mesons, and the decay should be flavor-independent.
Since the experiments have accumulated a sizeable
data sample of J/{ — yVV, the absence of such a
narrow resonance in VV final state will strongly dis-
favor such a picture. This enhancement is also in-
terpreted as a bound state of proton-antiproton, or
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baryonium [5-8], for which the exotic structure and
relevant dynamics should be carefully studied. There
are also much less exotic interpretations proposed in
the literature. In Refs. [9-15], the enhancement is at-
tributed to the pp final-state interaction effect. This
mechanism fit the data very well in the near thresh-
old region. But it encounters a difficulty in under-
standing the absences of a similar enhancement in
V" — ypp or T — vypp etc. In this sense, further
studies of the final state interactions are still needed.

2 VV-rescattering mechanism

In this proceeding, we report another possible
mechanism for understanding the pp near-threshold
enhancement. Our VV-rescattering mechanism is
based on the following points: Firstly, in J/{ —yVV,
the VV invariant mass distribution is dominated by
0~ components [16], this is consistent with that the
quantum number of the pp-system may be J¥¢ =
0", and most of these channels have relatively larger
branching ratios. We list some of them in Table 1, of
which the branching ratios are at the order of 1073.
Secondly, these vector mesons generally have strong
couplings with the nucleons or hyperons.

Therefore, considering these reasons, the VV-
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rescattering effect may play an important role in
J/b — ypp.

We illustrate the model in Fig. 1, the VV-
rescattering mechanism is represented by these trian-
gle diagrams. Apart from VV-rescattering, there may
be some other processes that can contribute to this
channel, such as VP-rescattering effect (Fig. 1(d)).
But this process happens via exchanging at least
three gluons. Therefore, we suppose that it would
be suppressed compared with the VV-rescattering.
The pp-system can also directly couple to n or 1/’

Fig. 1.

(Fig. 1(e)). But notice that these exchanged parti-
cles are far off-shell, and the nNN coupling is rela-
tively weaker. As a result, their contributions would
become insignificant.

Table 1. Branching ratios of J/{p — yVV via
pseudoscalar components.

Channel BR (x1073)
YN (1405/1475) — yp°p° 1.7+04
YM(1760) — yww 1.98+0.33
¥0~ —yK*K* 2.34+0.9

P

Diagrams for J/1{ — ypp. Diagrams (a)-(c) are via VV rescattering, where N and Y represent the

exchanged nucleon or hyperon, respectively. Diagram (d) is via VP rescattering, where V and P repre-

sent vector and pseudoscalar meson, respectively. Diagram (e) is pp production via direct couplings to

pseudoscalar resonances, such as 1 or 1’.

The momenta of the intermediate meson rescat-
terings in Fig. 1(a)-(c) are denoted as J/Pp(P) —
v(km(k) = YV(@1)V(gz) — vp(p1)b(p2). With an
effective Lagrangian method, the rescattering ampli-
tude reads

i oK [ di
T e s—m2 tim T (27’[)4X
P n ntn
AM—VV—pp
=WV BB (ge), @)
(i —mi) (g5 —m3)
where
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q+mp 5 ik 5,
—mz \7 + o’ 12 v(p). (3)

As the exchanged particles may be off-shell, and the
interacting fields are not point particles, We phenom-
enally introduce a form factor F(¢?) which is com-
monly used in the rescattering processes as follows

Ft)= (e ) ()

| where n =2 is adopted in this work. The form factor

is also used to kill the ultra-violet divergence that ap-
pears in the loop integrals. We should mention that
this kind of form factor is model-dependent, and the
reasonable cut-off energy is usually taken as hundreds
of MeV higher than the mass of the exchanged parti-
cles. The total scattering amplitude is

_ di pp,res i0 ww,res i pp,res
M—Mnr+Mn(1405)+e Mn(1760)+e Mn(weow (5)

where the relatively phases between different rescat-
tering amplitudes are introduced as free parameters,
and will be determined by fitting the experimental
data. More details about the calculation can be found
in Ref. [17].

The fitting result is displayed in Fig. 2. We note
that within a reasonable range of the cut-off energy,
each single rescattering amplitude gives a much larger
contribution compared to the experimental data. It
seems that to reproduce the line shape of the experi-
mental data, a destructive interference between differ-
ent rescattering amplitudes is required. The solid line
is the fitting result, and we can see that it reproduces
the data well. We mention again that the values of
some parameters are model dependent, and they also
depend on the accuracy of the data for J/1{ —yVV.
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Fig. 2. The pp invariant mass spectrum of
J/b — +vypp. The dashed, dotted, and
dot-dashed lines correspond to contributions
from PPn(1405), WWy(1760); and PPy (1760)-
rescattering, respectively. The solid line is
the overall interference with A ~ 1.17 GeV
and 0 ~ m, ¢ ~ —m/2.
per bound of the shadowed area correspond
to A =1.15 and 1.20 GeV, respectively. The
triangle with error bar represents the experi-

The lower and up-

mental data from Ref. [1].

Since the model indicates that the VV-resca-
ttering effects are very important in J/{ — ypp, es-
pecially in the near threshold region, we need to check
whether we have overestimated the amplitude of VV
scattering to pp or not. Therefore, we use the same
effective Lagrangian, form factors, and couplings to
investigate the process pp — VV, and then compare
it with the experimental data, such as the data of
proton antiproton annihilation at rest. Considering
the uncertainty of the data, we found that the am-
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We also checked this rescattering mechanism in
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