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The MEGA experiment is designed to search for the lepton-flavor number non-conserving rare decay i — e v. Data-taking is
complete, with 450 million events on tape taken over approximately 107 seconds. A small portion of the data sample has
been processed through the complete event reconstruction codes to search for the |1 — ey process. No evidence for the
It = ey decay is observed at a sensitivity of ~7 x 10'11 (90% confidence).

1 Introduction

The MEGA (Muon decays into an Electron and a
GAmma ray) experiment is a search for the rare
muon decay g —>ey at the Los Alamos Meson
Physics Facility. The decay u— ey violates the
conservation of separate muon- and electron-type
lepton flavor number. This decay mode is the subject
of much recent theoretical interest,! mostly because
the decay u—evy provides information on

supersymmetric extensions to the standard model.

Among the possible muon-number-nonconserving
rare decays, the branching ratio for u - ey is also
relatively large in models employing right-handed
neutrinos, extra Higgs doublets, and composite
particles.

2 The Experimental Apparatus and Technique

The signature for the decay ) — e v at rest is purely
kinematic: the positron and photon are emitted back-




to-back, are emitted at the same time, and each have
an energy of 52.8 MeV, which is one-half of the
muon rest mass. Photons are detected in one of three,
coaxial, independent pair spectrometers. . Helical
tracks produced by positrons are measured in eight
cylindrical MWPCs and two annuli of scintillators.
These positron MWPCs are sutject to extremely hLigh
instantaneous rates (2.5x108 muon decays per second
instantaneous). The chambers are very thin (3x10™4
radiation lengths) to minimize multiple scattering and
the production of background photons. Further
descriptions of the detector have been previously
published.23

A surface muon beam is brought to rest in a thin
target located at the center of the detector. The
detector is triggered on high-energy (above 35 MeV)
photons in hardware. Data are read into an online
workstation farm in which a software filter correlates
data in the positron and photon detectors and passes
candidate p — e yevents to tape.

The analysis of these data requires pattern-
recognition codes that work within the high-rate
environment. These codes must preserve good
resolution, have good efficiency, and not introduce
false background tracks. The offline data analysis
starts in the relatively low-rate environment of the
photon detectors. If a high-energy photon is
reconstructed, then hits in the appropriate sections of
the positron chambers that are consistent with a
B —ey event are searched for a reconstructable
track. All reconstructed helices are then subjected to
final kinematic cuts to search foru — e .

3 Results

The resolution functions in energy (positron and
photon), time, position, and direction are important
components of the U — ey analysis. The timing
resolution function of the MEGA detector is
measured using the decay p — e yvV (muon inner-
bremsstralung decay). The observation of this decay
mode with good timing resolution (1.5 ns FWHM)
proves that the detector is capable of measuring a
process that has a single muon decaying promptly
into a positron and a gamma, as for p > ey. The
photon energy resolution (~2 MeV) is measured using
gammas from 7% produced by a stopping T~ beam
and the positron energy resolution (~1 MeV) is
measured by the steepness of the edge for high-
energy positrons produced by the decay p —>e v .

All the resolutions are expected to improve as
analysis techniques are refined.
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Figure 1: Photon energy versus positron energy for events passing
kinematic parameter cuts.

Figure 1 contains a plot of photon energy versus
positron energy. Events in this spectrum pass all
trigger requirements, are fully reconstructed, and pass
the following kinematic parameter cuts: the angle
between the direction of the outgoing photon and the
outgoing positron is larger than 178.5 degrees and the
absolute decay time difference between the positron
and photon is less than 1.75 ns. 1 — ey signal events
would be seen near 52.8 MeV in the photon energy
and near 52 MeV in the positron energy (due to
energy losses) and would appear within the signal box
shown in the figure. No events appear in this box,
which represents approximately two FWHM of the
energy resolutions.

To measure the branching ratio limit this places
on the p —» ey decay, the number of muons that
decayed within the apparatus and the probability that
a | — ey would be detected are needed. The number
of muon decays is scaled from scintillators and the
acceptance of the detector is determined with Monte
Carlo. The present data sample corresponds to a
branching ratio limit of ~7x10'!1 with 90%

confidence. At the time of this writing there are still
large uncertainties in the detector acceptance and
efficiency. This analysis represents ~5% of the total
data sample.
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