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The possibility of counting the number of neutrino types in e *e -

account effects of the Z pole.

In a recent Letter,® Ma and Okada suggest study-
ing the reaction e*e”—~yv¥ as a way of counting the
number of neutrino types. From their discussion
of the various backgrounds to this reaction, it ap-
pears that yv7 detection has a reasonable signal-
to-noise ratio.

Spurred by the prospect of a future LEP ma-
chine,? we reexamined this process at these high
energies, taking into account the presence of the

. Z particle, which couples directly to the v pair
and which could lead to an important enhancement,
In the limit of infinitely large Z mass, we obtain
the four-fermion result, but disagreement with
the formula of Ma and Okada emerges. Their ex-
pression contains a term which becomes very sing-
ular near the forward and backward direction for
the detected photon (cos6, =y =+1). We have re-

—yv¥ is reexamined by taking into

done their calculation® and do not obtain this term.

In our calculation, we consider the Feynman
diagrams of Fig. 1. In the {-channel diagrams
[(¢c)-(e)], one cannot reach the W pole, and for
energies of the order of the W mass, we expect
a depression of not more than a factor of 2 for
these diagrams with respect to the point coupling
limit. For diagrams (a) and (b), the situation is
very different: With sufficiently high energies one
may actually reach the Z pole. For these reasons,
we take the W mass to be infinite, but keep the Z
mass at the current Weinberg-Salam value of 90
GeV.

Using the same notation as Ma and Okada, we
find for the cross section, neglecting the electron
mass m
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where x=E,/E, s=4E? and N, is the total number
of neutrino types. In terms of the Weinberg angle
we have

gy =2 +28in°0y , g4=-3 (2
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and the total Z width is
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where we have assumed that the Z can decay into

fz (21 +N, -~ 48 sin®g, +64 sin*q,), (3)
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FIG. 1. The Feynman diagrams contributing to the
process ete” —yrv,

six quarks, three charged leptons, and N, neu-
trinos. We take sin?, =0.22.

The photon spectrum shows strong peaking near
x=0 and also for |y| close to 1, but the validity of
formula (1) is limited to 1 |y | >m?2/E2,

To get an idea about the counting rate one may
expect, we integrate this differential cross section
over the range —3<y<%, 0.2<x<1, which corre-
sponds to standard photon detection setups, and
which excludes the peaking regions. We present
the resulting cross section as a function of the en-
ergy for N,=3, 10, 100, and 1000 in Fig. 2.

Increasing the number of neutrinos essentially
increases the cross-section both below and above
the Z peak. It also broadens this peak. For
PETRA and PEP energies, it seems very unlikely
that the process can be measured, even for N,
=1000. However, for LEP energies, events of
this type may well be observed.

In principle, the direct measurement of I'(Z —all)
and I'(Z -visible) also determines the number of
neutrinos, but a very accurate determination of
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FIG. 2. The cross section for e*e”™ —yvv as a func-
tion of energy for different values of N,, the total num-
ber of neutrino types.

both quantities is required.
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