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Abstract 

‘I We evaluate the contributions of final state interactions (FSI) to J/8 + 

plr and 8’ + p a  with various intermediate physical channels. We find 
that the rescattering of a2p and olp into p r  can change the p~ produc- 
tion rate substantially, and therefore could be an explanation for the 
longstanding “px puzzle”. The FSI effects may also play a significant 
role for other channels, such as K’l? and faw. 
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I. Introduction 

The mysterious \E‘ + p~ suppression puzzle has lingered for a long while, but 
remains unanswered [l, 21. According to perturbative QCD, for any specific final 
hadronic state h, one expects 

While this is true for many hadronic states[3], it fails for p~ and K*K final states 
[l, 21; the present experimental limits[2] for p~ and K*I? final states are one to two 
orders of magnitude smaller: 

Qplr < 0.0028 and Q ~ R  < 0.011. 

Brodsky, Lepage and Tuan [4] proposed that there might be a gluonium inter- 
mediate state with a mass very close to M ( J / ~ ) ,  so that the resonance effect greatly 
enhances the rate of J/\E + p~ compared to \E‘ -+ p7r. However, the recent data of 
BEPC seem not to support the existence of glueballs within this mass range[2], so 

one has to search for other explanations of the \E’ + p r  suppression. 
Generally, before claiming probable new physics applying to a process which 

seems exotic, one should try all well-known mechanisms and see if the mystery can 
be interpreted in the existing theoretical framework. Motivated by this idea, we try * 

to analyze the contributions of the final state interactions (FSI) to the !P‘ + p.lr 

suppression. 
The FSI plays a very important, sometimes crucial role in many exclusive pro- 

cesses. Isgur et al.[5] considered the m FSI to explain the AI = + rule in K + m 
decays. Lipkin et al.[6] suggested that hadronic loops may result in OZI-rule viola- 
tion for (u.ii+d&?ii mixing and some 4 production rates. Anisovich et al.[7] studied 
FSI effects in many three-body decay channels. Locher et al.[8] established a practi-. 
cal way to evaluate the contribution of hadronic loops to 4 and f” productions from 
pp annihilation. It turns out that the FSI gives rise to substantial contributions. The 
method for evaluation of hadronic loops is proved to be reliable and appropriate to 
.practical calculations. Such calculations depend on and are well constrained by the 
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input experimental data. There may be a factor of 2 ~ 3  uncertainty for the results. 
However the physical picture is usually determined by the order of magnitude. 

With this understanding in mind, it is natural to apply this method to calculate 
the hadronic loop contributions to the interesting final states from J/Q and Q’ de- 
cays. Here we calculate the contributions from loop diagrams shown in Fig.1. Fig.la 
is unique to Q’ + pn. Here U stands for the low energy x x  S-wave amplitude[9]. 
If this contribution is large, it could give a natural explanation for the difference 
of px production rates from J/Q and Q’. Unfortunately, we find its contribution 
to be negligible compared to the experimental value, due to the exchanged pion 
being too far off-shell for the on-shell J/Q and U intermediate state. The reason for 
considering Fig.lb is the following. The largest hadronic decay channel observed for 
J/Q decays is 2(7r+7r-)xo, where its largest contributions come from intermediate 
a2p states [3] and possibly also from alp states which may not have been identified 
due to the large width of the al.  Both ~ ~ ( 1 3 2 0 )  and q(1230)  have px as their dom- 
inant decay mode, and can rescatter into px by exchanging the lightest meson, the 
pion; they may therefore make substantial contributions to the px final states. Our 
results confirm this expectation. Their contributions to p7r have the same order of 
magnitude as the experimentally observed px rate. The relative phases between loop 
diagrams and the tree diagram cannot be determined at the present stage. Thus we 

are only able to conclude that it is a possibility that the interference effect between 
these diagrams may cause the difference of the px rates from J/Q and Q’. 

In the next section, we describe the method and the formulation for evaluating 
the dominant hadronic loops for J/Q -, p7r as shown in Fig.lb. In Sec.111, we give 
the numerical results and discussions. 

11. The method and the formulation 

Following the formalism of [8], the amplitude T corresponding to the diagram in 
Fig.lb is 

Here the amplitudes Tgap, Tap and Tpn are for the Qap, apx and pxx three-body 
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vertices, respectively, with \E taken to be J/Q or Q’ and a to be ~ ( 1 3 2 0 )  or al(1230). 
Also ka, k, and k, are Pmomenta of the a, p and lr, respectively, on the loop. 

By the Cutkosky rule, the amplitude (3) for the on-shell up intermediate state 
can be easily reduced to the solid angle integration as 

(4) 
Ton-#hell - - TqapTapr Tpr, 

Ka J dR mX + m2 - m: - 2Ea E,, + 2 Ka P,,cosO ’ 32lr2Mq P 

where K, and Pp are the magnitudes of the 3-momenta of the on-shell a and the p in 
the final state, respectively; E, and E,, are corresponding energies. The amplitude 
(4) is usually called the unitarity approximation. 

We define the effective vertices in the relativistic notation [8, 101 as follows: 

0 The amplitude for Q + azp with the smallest number of derivatives is 

where is the polarization tensor of a2; e’(Q,ml) and eY(p,m2) are the 
polarization vectors of \Ir and p, respectively. The coupling constant gealp  is 
related to the J / Q  + a2p rate by 

which gives gqalp = 4.4 x 10-3GeV. 

0 The amplitude for J/Q + alp with the smallest number of derivatives is 

The coupling constant g,palp is related to the J / Q  + alp rate by 

which gives gqalp = 2.2 x 10-3 i f  we make the guess that rJ/@‘--ro,p = rj/e+a2p. 
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0 The amplitude for \E + p~ is 

Tqpn = gqpEpucupp;e’(Q, ml)p;eP(p, m2). 

The coupling constant g q p  is related to the J/9 + p~ rate by 

which gives gqPn = 3.74 x 10-3/GeV. 

0 The amplitude for a2 -+ p~ is 

The coupling constant gaZm is related to the a2 + p~ rate by 

which gives gaZv = 1.69GeV-2. 

0 The amplitude for a1 + p?r with the smallest number of derivatives is 

with galp = 6.54GeV. 

0 The amplitude for p -+ xr is 

(9)  

where p, and k, are 4-momenta for the two pions of the p decay, gpnx = 6.05. 

In principle, some more complicated Lorentz forms including more derivatives 
are also allowed for \E -+ a2,lp and al + px, and could be considered. However, 
to serve the purpose of this work, only the order of magnitude is required, so the 
lowest order Lagrangian is sufficient. In this paper we also limit ourselves to the 
unitarity approximation of amplitude’ (4). The full amplitude can be calculated 
using a dispersive relation with some additional cut-off parameters; its magnitude 
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will necessarily be larger than that of the unitarity approximation but will not 
change the order of magnitude[8]. 

In the unitarity approximation, only the exchanged pion is off-shell. To account 
correctly for the off-shell effects of the pion, we have to include in the integration of 
Eq.(4) an additional off-shell form factor 

where A is a scale parameter with a-reasonable range of 1.2 - 2.0 GeV[8]. The 
resulting decay width of X# + p.lr is 

From the above equations and following the helicity-coupling amplitude method 
which is described in every detail by Chung[lO], the entire calculations are straight- 
forward but very tedious. The numerical results are given in the following section. 

111. Numerical results and discussions 

Assuming the unitarity approximation with A = 1.6GeV, we obtain 

= 0.69 keV, Shel l  
rO;jY+a2p+pn 

Changing A in the range of 1.2 - 2.0 GeV, the above results will change by a factor 
of less than 2. The on-shell approximation only includes the imaginary part of 
the amplitudes; by including the real part of the amplitudes, we can get even larger 
values. We see that the a2 loop diagram, Eq.( 17), can give a contribution of the same 
order of magnitude as the experimental data, rJf*+p = (1.1 f 0.1) keV, and may 
play a dominant role. The rate for J/\E + alp is not known experimentally, hence 
we cannot evaluate the magnitude of the a1 loop diagram. However, if rJ/*+,,p is of 
the same order of magnitude as l?J/++a2p, Eq.(18) shows that the alp loop diagram 
would be smaller than that for azp. 
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Secondly, using the same formulae for J / 9  and 9' we find 

The difference in the numerical factors in these relations arises from the different 
vertices and loop kinematics for the a2p loop and the alp loop. Relative to the direct 
tree-production of a2p and alp, Eq.(19) shows that the contribution from the a2p 

loop to pw is much smaller for 9' than for J/9 ;  in contrast, Eq.(20) says that the 
contribution from the alp loop to pw is slightly stronger for 9' than for J/9. 

Thirdly, preliminary results[ll] from the BES collaboration at BEPC give 

This is smaller than the prediction of Eq.(l). If we assume that the direct tree- 
production rates for a2p and alp have approximately the same value, then from 
Eq. (19) we have 

on-shell 
Bg'+azP+m z 0.0097. non-ehell 

DJl++az~m 
This rate'is much smaller than the value of Eq.(l), but not so small as the ratio Qm 
given by Eq.( 2). 

pw. 
We envisage the possibility of a cancellation between the a2p loop diagram, the alp 

loop diagram and the tree diagram. The same cancellation is unlikely to occur for 
J/9 + pw: if we use Eq.(22) for the a2p loop and Eqs.(2O) and (1) for the alp loop, 
the ratio of a2p loop to the alp loop is likely to be a factor of 10 or more larger 
for J/9  than for 9'. It suggests that the a2p loop diagram may be large enough to 
dominate J/Q + pw. 

Of course the real physics situation may be more complicated. The coupling 
constants given in Sect.11 are only true for the tree level where the FSI  is neglected. 
The true values will deviate from these values because of FSI  effects. In principle, 

Some special mechanism is required to explain the very low rate of 9' 
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we should fit them from equations 

T(Q+pn) = '&ree(*-+pr) + T ( * + u ~ ~ + P )  +T(@-+Q~-+P) 

T ( ~ - + ~ I P )  = Z r e e ( Q  -+ alp) + T(Q -+ pn -+ alp) + T( -+ a2p+ alp) (23) 

T ( q  + a2p) = Z r e e ( q - + ~ ~ )  + T ( Q + p + a 2 ~ )  + T(Q-+alp+a2~),  

where we have only taken into account the channels which possess the larger branch- 
ing ratios. We should also consider higher loop contributions since they are large 
compared to the Born term. But this is almost impossible at the present stage due 
to technical difficulties. 

The main object of this paper is to point out that the FSI in J/Q and W decays 
gives rise to effects which are of the same order as the tree level amplitudes, and may 
be a possible explanation for the long-standing pn puzzle. Our explanation is that 
J/9 + pw is strongly enhanced by the a2p loop diagram. The direct tree-production 
for p r  may be suppressed by the hadronic helicity conservation mechanism[l2]. The 
contribution of the alp loop diagram is much smaller than that of the a2p loop for 
the J/9 + pn; but they have similar strength for the W + pn and may cancel each 
other. 

The contribution of a triangle diagram will be large whenever three vertex- 
couplings involved are large and the exchanged meson is light as well as not too 
far off-shell. The similar apparent suppression for W-t K*k and W+ f2w [13] may 
also be explained by the K*k:,l and b l w  loops, respectively. Both K*(892)&(1430) 
and bl(1235)w decay modes are observed to be very large for J/Q. They can rescat- 
ter into K*k  and fiw, respectively, by exchanging a pion. Therefore the FSI may 
provide a coherent explanation for all observed suppressed modes of W decays. It 
will be very interesting for BES to check whether the alp and K,*I?* production 
rates are large for W. If so, it may give further support to our mechanism. 
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Figure 1: a) Triangle diagram for \E' --+ *U  + pn with U standing for the mr S-wave 
system; b) Triangle diagram for pn production from .T/* and Ik' through az(1320)p 
and al(1230)p intermediate states. 

9 


