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The lepton flavor violating muon decay" — e*y is forbidden in the standard model. On the
other hand, new theories, such as supersymmetry, grandatiafi theories and so on, predict
the branching fraction in the range of 7% — 102, which is just below the current experimental
upper bound. MEG experiment aims to search for the decayMith® sensitivity. In 2009, we
collected physics data from>610™ muon decays. A likelihood analysis was performed on the
data, with a preliminary sensitivity of. 6 x 10712, A preliminary upper limit on the branching
fraction was set to be.d x 10! at 90 % confidence level.
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1. Introduction

MEG searchs for the lepton flavor violating muon degay— e*y. The decay is forbidden in
the standard model, while several new theories, such as supersymmeti/unification theories
and so on, predict branching ratio close to the current experimental ##nit,1.2 x 10‘11[E|].

MEG is running at the Paul Scherrer Institut (PSI) in Switzerland, whieeemost intense
direct current muon beam is available. Surface-muons producedraphiig target are transported
and focused on a thin stopping target located at the center of a sugecatiog solenoid. The MEG
detector consists of a positron spectrometer and a photon detector. 8dteoageter consists of
a superconducting solenoid with a gradient field to sweep out positracidyjurift chambers to
measure tracks and plastic scintillation counters to measure time of hits. A liqud xatorimeter
is used to measure energy, position and time of photons. The first phgsiosas taken in 2008[2]
with lower detection efficiency due to a discharge problem. The problensulasd during the
shutdown time after 2008 run. In 2009, physics data was taken for two maevith a stable
detector condition. A more detailed description on the MEG detector and @8\&28s shown in
another presentatidp[3].

2. Analysis of 2009 run

An unbinned maximum likelihood analysis was performed on the physics d&ta it@a2009.
We present a preliminary result from the analysis. The analysis wasvdtindifferent statistical
approaches, probability density function (PDF) parametrizations angiseavindow sizes for
cross check. Observables used in the analysis are photon efgjgpdsitron energyie), time
difference Tey) and anglese, and@,). 6, and @y, are polar and zenith angle between photon
and inverted positron momentum, respectively. Events around the signanh iselected wittg,
andTe, were hidden until analysis algorithms and selections are finalized.

The normalization factor to convert the number of signals to the branchaestidn was eval-
uated from the number of Michel-positrons, counted simultaneously with thalsighe Michel
data was taken with a prescaled trigger, where the trigger condition ongrasitrthe same as the
physics trigger. Corrections are made for the difference of the posittoeptance between Michel
and the signal due to the difference of energy. With taking the photoneeitiz and the trigger
efficiency into account, the normalization factor was evaluated toQie+10.08 x 10712,

An extended likelihood function was constructed as,

Nobs )
—InZ (Nsig, NRMDa NBg) = Nexp_ Nobsln (Nexp) — Zblm |:SS|9 W) + NI\TMD R(W) i NBG B(W)
i= exp lexp
whereNgps is the number of events used in the analyiSlig;, Nrvp, Neg are the number of signals,
radiative muon decays and accidental backgrounds, respectiglys the total of themS Rand
B are respective PDF¥; is the vector of observables. The fitting is done to find a combination of
Nsig, Nrmp @andNgg, which maximizes the likelihood function.
The signal PDF is defined by the measured response of the detectadeitad background
PDF is a product of single background spectrum of each variablésphgeneasured in sidebands.
Radiative muon decay PDF is made from theoretical distribution and meadetextor response.



Analysis of the MEG experiment to search for — ey decays Ryu Sawada

The sensitivity is estimated as an average upper limit at 90 % confidence@ekelffom an
ensemble of a large number of simulation experiments to.be 8012, The upper limits i,
sidebands is 4 6 x 1012, and is consistent with the sensitivity.

Events around the analysis region were unmasked after the calibrati@ptimézation of the
analysis algorithms and the background study in the sidebands are comgtegace[ll shows a
distribution of events after unmasking.

A physics analysis was performed on events ir4B, < 58 MeV, 50< E. <56 MeV, [Tgy| <
0.7 nsec|@y| <50 mrad andBe,| < 50 mrad.
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Figure 1: Event distribution in the analysis region. The contoursashpl.64 and 2 regions of the signal
PDF, which cover 39, 74 and 87 % of probability, respectivel) Photon and positron energy. Cuts to
select about 90 % of time and angle signal PDF are appliechéoplot. (b) Cosine of opening angle and
time difference. Cuts to select about 90 % of photon and mrsdénergy signal PDF are applied for the plot.
Highly ranked events in terms of the relative signal likebtld are numbered correspondingly.

Figure[2 shows projections of the fitting result to each variable. The fittirgdeae on 370
observed events, and the best estimates in the analysis winddgre3.0 andNrvp = 35f§‘2‘.
The best estimate dfrvp is consistent with the expectation estimated from Eyesideband to
be 32:2. The confidence interval was evaluated using the unified classigaieintist methodl[4].
Systematic uncertainties are included by fluctuating parameters of PDFs irsfitfipnte Carlo
simulations to calculate confidence levels. The upper limit of the number oflsigad4.5,
andNsjg = 0 is included in the interval. Using the norminalization factor, the upper limit of the
branching ratio is set as

BT —ey)

1.5x 10 at 90 % CL.
Bl = ervy) <15x 0

1The best estimate and the upper limithgy range from 3 to 4.5 and from 12 to 14.5, respectively, depending on
the analysis methods.
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Figure 2: Projections of the result of likelihood fitting to each vélie Solid lines are signal, radiative
muon decay, accidental background and total of them fronbétem to the top. Dashed lines correspond
to the upper limit of number of signals at 90 % C.L.

3. Conclusion

Data taken in MEG 2009 run were analyzed using a maximum likelihood analjséspre-
liminary sensitivity on the branching fraction pf* — ey is 6.1 x 1012, which is twice better
than the current experimental upper limit. The preliminary upper limit of thedhiag fraction
from the MEG 2009 data is.% x 107! at 90 % C.L. MEG will run in the next years to collect
much more statistics, and the result will be clarified with more than one ordergiitunde better
sensitivity.
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