The wpr coupling in the VMD model revisited
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We determine the value of the w — p — 7T mesons coupling (gwpr), in the context of the vector
meson dominance model, from radiative decays, the w — 37 decay width and the e*e™ — 37
cross section. For the last two observables we consider the presence of a contact term as mimic
by a heavier resonance and find its magnitude to be close to other approaches. Our global
average is gwpr = 13.8 £ 0.1 (gwpr = 11.3 £ 1) without (with) contact term. Although the
value obtained is sensitive to the inclusion of the contact term, the current precision allows to

accommodate its effects within the error bars.

1 Introduction

The coupling between the w, p and 7T mesons (gwpr) encodes the strength of the strong
interaction between them. It is required in processes where the vertex appear as a subdia-
gram; some of these processes have an increasing experimental accuracy because of their
implications in observables like the muon magnetic moment [1]. The direct determination
of its magnitude would require the observation of the w decaying into the others, but since
there is not enough phase space to allow for the three particles to be on the mass shell, it
must be extracted by indirect means. In the vector meson dominance (VMD) model it can
be obtained from a set of different vectorial radiative decays, or in processes containing this
vertex, for example the decay of the w meson into three pions, which is well known to be
dominated by the p7r — 37 channel [2]. In this process the presence of a possible contact
term contributing to the decay may strongly influence the determination of g.,,~ coupling.
In this work we determine the value of g,y in the context of the VMD model from radiative
processes, from the w — 37 decay and from the e*e™ — 37 cross section. These last two
processes allow the presence of a contact term. A contact term and a pinched diagram due
to the presence of a heavier meson in the intermediate state have the same Lorentz structure;
in fact, it has been suggested this last one as the origin of the contact term itself. Here we
explore at which extent the vector meson p’(1450) can mimic a truly contact term under the
VMD idea in the low energy regime. We also examine the effects of this term in the g.or
determination.
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2 The g,,~ coupling from different processes.

* In the VMD scheme g, can be obtained from several radiative processes such as
p~ =y, p° > 1y, w - 7’ and 7° — 9y from which we can directly
obtain the gy, or gwry coupling and then relate them to the gwp~ through the VMD
relations

(1) Swor = gpn'ygw/e Swpr = gwn'ygp/ef

where gy is the VMD coupling, accounting for the probability of the photon trans-
mutation into V, and can be determined from the V' — e*e™ decay. The results from
these processes have been averaged and the final result is shown in the Table 1 as the
VMD, 44iative prediction.

* Consider the w(q) — 7t* (p1)7~ (p2)7°(p3) decay, whose amplitude is given by:

() Mbp = 1€uapy 1" PiPapT | 683 +28wpn8on Y. D7 [p" pi+ pj]
a={+,—,0}

where, D[p, Q] = Q% — m% +im,yl, and g3 is the cont;ct ;erm; the heavier mass
of the p’ allows us to make the approximation |g3-| ~ %(: 49 + 24 GeV73).

It is remarkable that this simple approach can mimic the contact term in the same
magnitude as predicted in other approaches [3]. To obtain the g, from this decay
we require to reproduce the experimental value of the total width by adjusting the
coupling in both cases: with and without a contact term. Our results for these
adjustments are presented in Table 1.

e Finally, we consider the ete™ — w — 37 process, which has an expression closely
related to Eqn. 2. To obtain the g.,~ coupling, we have computed the cross section
for this process ensuring the reproduction of the experimental data [4] by adjusting
the coupling constant in both cases with and without the contact term. Our results
are presented in Table 1.

Without contact With Contact (o’)

VMDD, pgiative 11.6 +0.2 ——
I'w — 3m) 15.7+0.1 12.6 +1.3
o(ete” — 3m) 13.1+0.1 98+ 14
Weighted Average 13.8+0.1 11.3+1

Table 1: Final values for the wp7 coupling (GeV~1).
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3 Discussion

Table 1 shows the different values for the g~ coupling obtained from the processes
discussed above. The VMDD, 4i.tive prediction do not posses information about a contact
term and for this reason it is only considered without this contribution. As it can be seen,
the value obtained for g, is sensitive to the inclusion of the contact term. Our final results
are the weighted average. A more detailed version of this work can be found in [5].
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