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Abstract

The MEGA cxperiment at LAMPEF is the only current scarch for pt — e*y underway. The
limit on this rare muon-decay process tests the standard model of clectroweak interactions. This
report covers the status of the analysis of data taken in 1992 and the prospects for future
improvements.

1 Physics and History

The scarch for processcs that violate the apparent conservation of family number in the lepton sector
remiins one of the premicr problems in electroweak physics. Theory gives no reason for such a conservation
law, but no transition has been observed that mixes the lepton families. Theoretical constructs beyond the
standard model predict such processes from the experimental bounds downward. Most cxtensions (o the
standard model predict inter-family transitions, with the most probable channel being model dependent. The
preferred transition may usually be identified by the one with the lowest order diagram used to describe the
process.  The preferred channel is ofien one involving muon transitions, though it is apparent that many
channicls must be investigated to cover the spectrum of model:  Experiments scarching {or rare muon processes
continue to play an important role in testing the parameters of ine theorctical predictions.

Historically, great progress has been made in improving the bounds on rarc muon processes. Lot
example, in 1948 the bound *n the branching ratio for = — ¢*y was 0.02; today itas S x 10 1], with a lactor
ol 100 improvement at hand. For rare processes to proceed, theory predicts new particles. The branching
ratios generally get smaller as the mass of the new particles (o the fourth power.  In spite of this rapid power
iw, the experiments have improved at an interesting rate compared to that of accelerators cable of producing
these particles.

2. MEGA: Search for p+ — ¢ty

The MEGA collaborition nas built a detector to be tised at LAMPTE 1o search tor the process jt! -» ¢ toa
sensitivity (90% confidence) of 4 x 10-13. The kinematic signature for jt' — ety from a stopped muon s
hack-10-hack positron and photon, cach of 2.8 McV, that are in time coincidence and emitied from the same
vertex. As there are two different particles to detect, a two armed apparatus has been constructed. The s e
concentric and are isolated by a magnetic field. The apparatus is contaized ina larpe solenoidal magner and
vansists of aset of eight eylindrical wire chambers and 120 semtillators tor the posttrons and thiee pa
spectrometers for the photons: see Fig, Vo This hiph rate, Targe solid angle device should have response
fimctions that are sufficiently good so that the measurement will be background tree. A crude tormula 1o
evidnating the full-rute sensitivity (90% conndence) of the detector is 7 x 10 THiumber of live days), The tull
detector will be assembled for 1993 running.

The positron spectrometer is built with thin (X, = 3 x 10, cylindrical multiwire proporional cliambers
NTWPEY. The eylindrical chambers are arranged with the seven simaller ones surrounding the central Lpe one
s shownon Fig. 2.a contigeration that optitizes the rate capability of the army. Spiral cathode stripes e used
o et lonitudinal position information. Each of the three pair spectrometer has two converters, an MWPC 1o
determine which converter induced the photon imteriction, a set ot drift chambers for measuring the encrey ol
the eepairgand semnllators o measure theirtime. Langatudinal positon information comes trom delay hoes,



on the cathades of the innermost drift chamber of cach layer that sense the image charge of the avalanche. The
lavers, as pictured in Fig. 3, contain precision carbon-fiber, foam, and lead laminates.

To search for it — e*y, itis necessary to seek candidate events, 10 know the number of muon deciys
that were studied. and to tind the resolutions of the detector elements o determine the level of the background.
1992 produ  § a short datia run with the entire detector save one pair spectrometer. The nine days were divided
into three days tor studying calibration reactions and six days for searching for ' — ¢y, The performance of
ol the detecror elements is determined from the calibration measurements. 165 million triggers were recorded.
Ihe data analysis is still in progress, and the few results that are available will improve as the detector alignment
ix relined. Currently, reconstruction of a hole in the target shows a position resolution in the positron
spectrometer of S mm. The positron energy spectrum shows a resolution near 1.5% and is given in Fig. -1 with
about 1% of the available statistics. [t is expected that cach ot these responses will improve by a factor ot two
as relinements are made. Upgrades are underway 1o eliminate noise problems in the clectronics. The delay-line
betuvior is found from the differences between cosmic-ray tracks projected from the positron arm o the
measured position. ‘Their resolution is around a centimeter and was limited by the clcclrnnics. which is being
improved. ‘The pair spectrometers are calibrated with coincident gamma rays from a' decay.  Analysis ol those
spectra s m progress. When complete, the data analysis should yield a s msitivity near the current workd limit
of 5% 10°11, The detector is triggered by a custom-built clectronics module that finds in 30 ns any highenergy
photon. Hl]_.h cnergy photons are very rare, less than one in one thousand muon decays have at least 37 MeV,
Lurther filtering of events is pertormed in a workstation farm. The farm was the bottleneck for data taking in
1992 and is being replaced by eight Deestation S0007240 computers to eliminate this problem.

The concept of the detector is illustrated in Fig. S. The eveni selected is most likely due 1o a random
coincidence of a positron (rom one muon decay and a high energy photon from a second muon decay, The
positron energy is 49.4 McV, the photon energy is 41.6 McV, and the angle between the particles projected into
the plane of the paper is < 207 no other requirements hive been placed on the event. A carelul examination ol
the picture will show that the found positron track had an inctticient wire, that there was another accidental
positzon present, and that the photon converteld in the second-lead skeet of the first-positron laver, The pictare
s consistent with the mukhly S MHz stopping rate. “The probability for a muon decay 10 Lok at least this much
like it = e'yis 8 x 105 As we examined 2.5 x 1012 myons, there should be 200,000 such events on the
tipes. With 165 million events on tape, one in every 850 should be at least as promising an accidental, As this
eventis number 378 on a typical tape, there is rough agreement. When the resolution reguirements are tightened
1o be as close as possible to - ey, these evenis are casily eliminated becanse anotlicr factor of roughly 10%
i avatlable for background suppression,

3. Prospects

The potential for magor improvements in the sensitivity to the it - ¢ty process is gereat it (the appropriate
beams are available, This year, MEGA should reach a confidence limit of 2-5 < 1015 Future years of duta
collection could take the result to the design goal of 4 x 10 1 with an additional halt year of rumingg. 11 bean i
not available at AMPE and the MEGA apparatus is moved to the PSTL a funther improvement noghit be niade
Phat result, o 101 would require solving some data acquisition problems,  Such a larpge space Lo
unprovement opens the hope that adiscovery could be in the ofting,
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taken with the MEGA positron spectrometer.
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Fig. 5. A candidate event.




