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Searching for dileptons in Z decay
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The lepton family number violation Z boson decay, Z —» e~e~/i+^+ or

e+ e+fi~ fi~, mediated by a dilepton, e.g. from an SU(15) theory, is calculated. The

branching ratio of such exotic decay for allowed dilepton masses is found to be smaller

than 10-'°.

Dilepton gauge bosons with lepton number L = ±2 occur naturally in certain
unified theories as well as in certain non-unified chiral extensions of the standard
model. For example in SU(15) grand unified theory[l] the dileptons (genetically
named Y) have been shown to be heavier than My > 230 GeV by a study of
polarized union decay[2]. In the recent proposal[3] of a three-family anomaly-free
chiral dilepton model based on the group SU(3) x SU(3) x U(l) the dilepton mass
satisfied a similar lower bound on Y. In the present article we shall consider the
entire mass range al>ove 100 GeV although it should be borne in mind that the
mass region 100 GeV < MY < 230 GeV is allowed only if the dilepton couplings
are smaller than prcflicted by any of the simplest theoretical models[l-3].

The question addressed in the present article is whether the decay Z —»
e~e~n+/i+ + e+e+/i~/i~ and related decays can put a useful bound on the dilep-
ton mass with normal dilepton couplings. Our conclusion will be that the number
of Z decays required is at least 10'°, a couple of order of magnitude beyond the
accumulation of events likely at, for example, the LEP collider at CERN. Thus, this
result is a negative one which we report so that others need not repeat the lengthy
calculation.

The interaction Lagrangian[4,5] involving dilepton Y is given by

and

(2)

where X^ = d^X^ — d*X,,, for X = Z and Y.
The five Feynman diagrams contributing to the Z decay Z —* e"e~/i+/i+, which

violates the lepton family numbers, are depicted in Fig. 1.
The amplitudes of the Feynman diagrams in Fig. 1 will not be given explicitly.

The branching ratio of the decay Z —» e~e~/i+/i+ + e*e*fi~ft~ is calculated and
depicted in Fig. 2 as a function of dilepton mass. For the dilepton mass My > 230
GeV[2], the branching ratio is smaller than 10~'° when all different lepton families
are included. Therefore, one still needs greater than 1010 samples of Z boson in
order to seek this decay mode. This is, however, 3 orders of magnitude greater than
the accumulated Z boson at LEP.

Fiuidly, if there exists a Z' which is normally heavier than Y in the extended
standard model, such as SU(15), the Z' decay into two dileptons will provide a
spectacular signature in hadron colliders[6].
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FIGURE CAPTIONS

Fig. 1. Feynman diagrams contributing to the decay Z"
Fig. 2. Branching ratio for Z -» e~e~/i"t>+ + e+e+u-u as a
mass.
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