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Objective

To measure the branching ratios for two body muon
decays (a forbidden process under the standard model)
within the �	��
��
� ( � riumf � eak 
 nteraction
� ymmetry � est) muon decay spectrum and to define
confidence intervals for all accessible candidate
processes.� The �	��
��
� experiment has gathered a data set of

unrivaled quality and size for the purpose of testing
the standard model weak nuclear interaction to an
unprecedented precision.� �	��
��
� spectrum produces an excellent background
in which to search for decays that are so far unknown
to the standard model, ie. lepton flavour violating two
body decays.� While the standard model forbids such processes there
is no inherent theoretical justification for excluding
them.� The previous upper limit on the branching ratio of a
decay of this type is ����������� (Bryman 1986).

The ��� �	��� Experiment

� Tests the weak nuclear interaction through the process

�! #" $% '&)(+*&-,
by measuring the momentum and angle of $  .� �	��
��
� has produced a detailed measurement of the

muon decay spectrum (see Ref. [1] and [2]).� Goal of �.�/
��0� is to measure the parameters
describing the muon decay spectrum (Michel
Parameters) to parts in �1�2� .
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Muon Decay Spectrum

Two Body Decay Search

Target decay is �! #" $% 4365
where 3 5 is an unknown boson mediating lepton flavor

violation� Two primary assumptions are made:
1. The decay signature is isotropic
2. The unknown boson is long lived

The width of the decay signal is dominated by the
detector resolution
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0.2 7 The resolution of
our detector as
generated from
our Monte Carlo
simulations.

7 The black box de-
scribes the edges
of the fiducial re-
gion chosen for
this study.

7 This demon-
strates that the
data are well
behaved. within
the selected
fiducial.
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8 Here we show a peak
added to a typical back-
ground data set (inte-
grated over 9;:=<-> ).8 The red circle indicates
the peak location.8 The B.R. here is ?A@CBEDGFHJI �LK and is easily mea-
sured by this analysis.

Analysis Algorithm
To generate the required exclusion plot we need to
sample the muon decay spectrum and separate any
possible decays from the background (Michel) spectrum.
This is a three step process:

� Step 1
The momentum range is divided into 70 subranges
whose width is on the same order of size as the
momentum resolution.
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Michel Spectrum Broken into Subranges

� Step 2
Fit a Michel spectrum plus a peak, where the peak is
constrained to be within a given subrange (this is
repeated for each subrange).
– Fitting Function is given by

MONQPSRETVU-WYX�Z0[]\ , N_^`NQPSR=TVU)W'XbadceR=fgRihYRVjkZlnmYoqpsr NQPSa *PSREtuN *PSRETEU)W'X�ZvZvwSNQPSRETEU)WYX�ZvZ

– This is used in a standard xqy fitting procedure (with
some modifications) to generate a fit to the data.

– z|{~}L��9;:=<->2�_�����k��������� is the Michel spectrum.
– ��{~}����}L���'{��}L��9;:=<->���� represents the instrument response function

where �} is the mean peak momentum.
– ��{~}���9;:�<->�� represents the acceptance of the detector.
– The following parameters are varied freely during the fitting

procedure:� Michel parameters � , � , � , � .� the Michel spectrum normalization � , .� the branching ratio for the unknown particle, � o�p .
– �} is constrained by the subrange.
– Note that �'{��}L��9;:=<->�� is taken from the momentum resolution

data perviously described.

Step 3� Define a confidence interval for each of the branching
ratios defined.
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Lower limit for 90% central confidence interval

Limits become unphysical here

x+1.63

Classical confidence limits often generate 

90% upper limit assuming a true value of zero

Standard Confidence belts for 90% confidence level

Central  confidence intervals not consistant

with upper limits for small central values

non-physical answers for small signals.

Upper limit for 90% central confidence interval

8 An unbiased, realistic,
measure of the interval is
required.8 Classical method of
defining a confidence
limit has a number of
inherent weaknesses
(see the top plot on the
right).8 For the purposes of this
study the confidence in-
tervals were generated
using the method de-
scribed by Feldman and
Cousins [3].8 The chosen method re-
quires no a priori decision
whether the confidence
interval is one sided or
central.8 Uses a predefined crite-
rion to force the sum-
mation of the probabil-
ity distribution function
necessary for the defini-
tion of the interval away
from non-physical val-
ues of the measured pa-
rameters.8 Bottom figure was taken
from ref.[3].

Results and Discussion
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� This plot shows the results using the process described
here for a subset of the total available data from
�	��
��
� .� Upper limit of the interval indicates that we can set the
95% Upper limit to the branching ratio for this decay
at m�o�p�� ���k�L� .� This upper limit can be improved with the inclusion of
the full statistics available.� Lower limit may suggest the presence of unknown
particles at a given mass value where the mean
branching ratio is significantly greater than zero
(would be the subject of further evaluation).� A possible candidate decay occurs here (at 60 MeV/ � y Z ,
however similar analyses of other subsets indicate that
this can be attributed to statistical fluctuations.
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