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The interpretation of the recently observed “Z”-»e*e 7y events has posed a challenge to the standard model. We propose
a simple test which might shed light on the underlying dynamics.

1. The recently observed “Z” »e%*e "y events [1]
raise questions of their origin. If not simply a statis-
tical fluctuation, they at least imply a deviation from
the perturbative standard model. In an attempt to sal-
vage as much of the model as possible one is led to
consider such things as excited electrons [2] or
bound states of vector bosons [3]. In this note we
shall discuss a simple test that may help in under-
standing the limits of validity of the model.

Our basic assumption is that fermions couple to
the rest of the world solely through the currents of
the standard model. This idea is similar to the views
advocated by Gell-Mann [4] in the early sixties,
which led to the current commutation hypothesis.
Here we shall consider this assumption on a much
more elementary level.

If the above assumption is true then the leptons
couple through two distinct currents, the SU(2) and
U(1) currents. Knowing the ratio of “Z” ~>e*e vy to
“Z”> = vpy ought to be enough to determine the mix-
ing of the currents. It should then be possible to com-
pute the rate for “2” - qqy.

2. The decay process is depicted in fig. 1. We sup-
pose the coupling to the final state fermions is through
a neutral current J#, which is some combination of
the familiar hypercharge U(1) and isospin SU(2) neu-
tral currents

JH = g% +bj4 . ey

The constants a, b are assumed to be real. With the
usual isospin and hypercharge assignments these cur-
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Fig. 1.

rents are
it=- %gl (pytvL +—QL7QL + 2§R7"QR)

+ %gl(ﬁL'y”uL +C_1L')’ydL + 4ﬁR'Y”UR—2aR’Y“'dR),
74 =38,y vy — R yHep +Tp yPup —dp Ry ), (2)
for each generation, colour sums on the quarks being
implicit.

By the above (1), (2) we can extract the vector
and axial couplings of each fermion to J#

gW =W =4gb(1-x),

g0 = —1gp(1+3x), gP=4gp(1-x), )

g =igp(1+5%), g =—agb(1-x),

d
8P =—1gp+ix), ¢P=1g00-2),

where the parameter x = g;a/g,b = tan 8, a/b.
The partial widths for the decay of the initial state
. . 2 2
will be proportional to gi; + g4 , and to the number
of colours and/or generations in the final state. Of
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course, this is provided there are no strong interac-
tions between the quarks and the blob, which should
be the case for the proposals of refs. [2,3]. If these
interactions were present there should have been a
preponderance of hadronic events. As both fermions
interact via the current the decay width may depend
on the ff invariant mass m. We deduce that the partial
widths should have the form

re)=(1-x)2G0m),

Q) =(1+2x +5x2)G(m),

['u)=3(1+3x +¥x)G(m),

2 5 2 — (4)
I(d)=3(1-3x+5x)G(m),

for each generation, where the function G isunknown
and may depend on the dynamics of the blob.

3. Let R, be the electron—neutrino branching
ratio for three generations

Re, = [T'(e) +T(v,) + T(»)]/T(e),

By (4) this can be expressed in terms of the parameter

X as
Ry, =3(1 —2x +x2)/(1+ 2x + 5x2) )

from which we can solve for x. As (5) will give a qua-
dratic equation for x we find two roots

x={3+R,, £ 2[R, (6 — R, )VZ}/(3-5R,,), (6)

with the special condition x = *0or 1/3 when R, =
3/5. Whatever the value of x we can then estimate the
quark electron branching ratio. For three generations
excluding the top quark this is

Req = [3T(d) + 2I'(w)]/T'(e)
=3(5—3x+¥x2)/)(1+2x +5x2), (7)

and if we include the top quark

Roq = (18+22x2)/(1+2x +5x2) . ®

A plot of R, against R,,, is shown in fig. 2. The solid
(dotted) lines correspond to the two roots of (6),
with the top quark exluded (included). If J# is pro-
portional to the electromagnetic current then x = 1
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Fig. 2. Quark branching ratios.
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