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Observation of New-Particle Production by High-Energy Neutrinos and Antineutrinos
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We have observed fourteen events in which two muons are produced by high-energy
neutrino and antineutrino interactions. The absence of trimuon events and the observed
characteristics of the dimuon events require the existence of one or more new massive
particles that decay through the weak interaction. The new particle mass is estimated
to lie between 2 and 4 GeV.
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FIG. 1. Sketch of a muon-pair event which starts in
module 5 of the ionization calorimeter and deposits
21.8 GeV ionization energy. The muon momenta are
P p+ = 14.7 GeV and p &

- ——8.4 GeV.

We have previously reported two candidates for
dimuon production by neutrinos. ' Subsequently,
twelve additional events have been observed and
are reported here. The characteristics of produc-
tion, which will be discussed in greater detail
later, ' are consistent with a new particle of mass
less than or near 4 GeV. Evidence against the
decays of charged pions and kaons as the source
of the second muon is provided by (i) the rate of
dimuon events, (ii) the opposite signs of their
electric charges, (iii) the different densities of
the target materials in which they were produced,
and (iv) the distributions in muon momentum and
transverse momentum.

The experimental method makes use of several
features of the liquid-scintillator calorimeter,
magnetic-spectrometer detector previously re-
ported. " Events produced either in the liquid or
in a block of iron, with two particles in time coin-
cidence which penetrate at least 1.2 m of iron,
are selected. One such event is shown in Fig. 1.
The momentum and angle of each muon is mea-
sured and extrapolated back into the target. The
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FIG. 2. (a) The distribution in the distance between
the extrapolated muon tracks at the z position where
an interaction occurred. (b) The distance between the
extrapolated muon tracks after the muons were re-
quired (i) to have the correct timing, (ii) to have a
track configuration with vertex inside the target, and
(iii) to traverse the correct counter hodoscope units.
The accepted events are cross hatched.

longitudinal position at which an interaction in
the calorimeter occurs can also be determined
by the pulse-height distribution in the calorime-
ter. The distance of approach ~ of the two rays
at the approximate longitudinal position of the in-
teraction that triggered the event was obtained
for every dimuon candidate. The distribution is
shown in Fig. 2(a). Two further requirements
were made on the sample: (i) The vertex of the
event defined as the (x, y, z) position at the dis-
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