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3.2. Detector 35

3.2.2 The Gamma-ray Detector

The gamma-ray detector is undoubtedly the most innovative and challenging part of the
experiment. Its performance is crucial for a successful search for the µ+ ! e+! decay. We
use a gamma-ray detector of a 900 liter homogeneous volume of liquid xenon (LXe). It
is placed just outside of the COBRA magnet. Gamma rays that penetrated the positron
spectrometer enter the detector. They interact with LXe and generate scintillation light.
The scintillation light is collected by a number of photomultipliers (PMT) surrounding
the active volume of LXe to measure the total energy released by the incident gamma ray
as well as the position and time of its first interaction. A conceptual figure of the gamma-
ray detector is shown in Figure 3.21. Sometimes multiple gamma rays enter the detector
and are measured at the same time in a high rate of low-energy gamma-ray background
since the detector consists of a large volume without any segmentation. Nevertheless,
we can handle those pileup events correctly because the image of the light distribution
from a large number of PMTs enables us to identify and unfold those multiple events. In
addition, the time distribution and waveform can also be used to identify pileup events.

The R&D works, performance of prototype detector, design and construction of final
detectors are described in detail in [46],[47].

Figure 3.21: Conceptual figure of LXe gamma-ray detector.

• Scintillation light from 900 liter 
liquid xenon is detected by 846 
PMTs mounted on all surfaces and 
submerged in the xenon 

• fast response & high light yield 
provide good resolutions of E, 
time, position

• kept at 165K by 200W pulse-tube 
refrigerator

• gas/liquid circulation system to 
purify xenon to remove 
contaminants

2.7t Liquid Xenon Photon Detector



Drift Chambers

• 16 radially aligned 
modules, each consists 
of two staggered layers 
of wire planes

• 12.5um thick cathode 
foils with a Vernier 
pattern structure

• He:ethane = 50:50
differential pressure 
control to COBRA He 
environment

• ~2.0×10-3 X0 along the 
positron trajectory 

filled with He inside COBRA



Timing Counters

fine-mesh PMTs for scintillating bars
APD

scintillating fibers

• Scintillator arrays 
placed at each end of the 
spectrometer

• Measures the impact 
point of the positron to 
obtain precise timing

installing inside COBRA



BG Eγ spectrum

Teγ resolution

Blind & Likelihood Analysis

Blin
d r

eg
ion

(Eγ, Ee, Teγ, θeγ, φeγ)

PDFs mostly from data
accidental BG: side bands
signal: measured resolution
radiative BG: theory + resolution

→ signal, acc BG, RD BG



• fully frequentist approach (Feldman & 
Cousins) with profile likelihood ratio 
ordering

Likelihood Fit

4

intervals on Nsig:

LRp(Nsig) =

maxNBG,NRMD L(Nsig, NBG, NRMD)

maxNsig,NBG,NRMD L(Nsig, NBG, NRMD)
.

Other, di!erent analysis schemes were also used and
found to be fully compatible with the analysis presented
here.
In order to convert Nsig to a branching ratio value

the normalization relative to the Michel decay is com-
puted [6] by counting the number of Michel positrons
passing the same analysis cuts. This is accomplished
by means of a pre-scaled Michel positron trigger enabled
during the physics data-taking. A correction to the pre-
scaling factor due to positron pile-up in the TC is taken
into account. Another method for computing the nor-
malization uses RMD events in the E! side-band and the
theoretical branching ratio of the RMD. The normaliza-
tions calculated by these two independent methods are
in good agreement and are combined to give the normal-
ization factor with a 7% error.
The sensitivity of the experiment with a null signal hy-

pothesis is evaluated by taking the median of the distri-
bution of the upper limit on the branching ratio obtained
over an ensemble of toy MC experiments. The rates of
RMD and BG events, as measured in the side-bands, are
assumed in the simulated experiments. The branching
ratio sensitivity at 90% confidence level (C.L.) is found
to be 3.3! 10!12 (2.2! 10!12) for the 2009 (2010) data
sample and 1.6 ! 10!12 when 2009 and 2010 are com-
bined. These sensitivities are consistent with the upper
limits obtained by the likelihood analyses in several com-
parable analysis regions of the te! side-bands.
After calibrations, optimization of the analysis algo-

rithms and background studies in the side-bands are com-
pleted, the likelihood analysis in the analysis region is
performed. In Figures 1 we present the distributions,
for the 2009 and 2010 data samples respectively, showing
the events seen in the analysis region projected in the E!

vs Ee and te! vs cos"e! planes, "e! being the opening
angle between the !-ray and the positron. In plots (a)
and (c) a selection that is 90% e#cient on the signal is
applied to te! and cos"e! respectively (|te! | < 0.28 ns
and cos"e! < "0.9996) ; in plots (b) and (d) a selection
in Ee which is 90% e#cient on the signal and a selec-
tion in E! which is 73% e#cient on the signal inside the
analysis window are applied (52.3 < Ee < 55MeV and
51 < E! < 55MeV). The contours of the signal PDF
are also drawn and events with high signal likelihood are
numbered in a decreasing order of relative signal likeli-
hood, S/(fRR + fBB), fR = 0.1 and fB = 0.9 being the
fractions of the RMD and the BG measured in the side-
bands, respectively. High signal likelihood events were
thoroughly checked and found to be randomly distributed
in time and detector acceptance.
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FIG. 1: Event distribution in the analysis region of (a) E! vs
Ee and (b) te! vs cos!e! for 2009 data and in (c) E! vs Ee and
(d) te! vs cos!e! for 2010 data. The contours of the PDFs
(1-, 1.64- and 2-!) are shown and the same events in the two
plots are numbered correspondingly, by decreasing ranking in
terms of the relative signal likelihood, S/(fRR+ fBB).

The observed likelihood as a function of the branch-
ing ratio for 2009, 2010 and the combined data sample
is shown in Fig. 2 3. The analysis of the full data sam-
ple gives a 90% C.L. upper limit of 2.4 ! 10!12, which
constitutes the most stringent limit on the existence of
the µ+ # e+! decay, superseding the previous limit by
a factor of 5. The 90% C.L. intervals as well as the best
estimate of the branching ratio for 2009 and 2010 data
separately are also given in Table I. The 2009 data set,
which gives a positive best estimate for the branching ra-
tio, is consistent with the hypothesis B = 0 with an 8%
probability.

The systematic uncertainties for the parameters of the
PDFs and the normalization factor are taken into account
in the calculation of the confidence intervals by fluctuat-
ing the PDFs according to the uncertainties. The largest
contributions to the systematic error, which amount to
a shift of about 2% in total in the branching ratio upper
limit, come from the uncertainties of the o!sets of the rel-

3 These curves are not directly used to derive the upper limits
which are obtained in a full frequentist approach as described
above.

3

detector is based on the sum of the number of scintillation
photons detected by the PMTs; correction factors take
into account the di!erent PMT geometrical acceptances.
Due to its geometry the detector response is not totally
uniform over its entrance window; this is corrected for
by using !-lines from CW and CEX reactions. The ab-
solute energy scale and resolution at the signal energy
E! = 52.8MeV are determined by the CEX measure-
ment; the resolution "R, extracted from a Gaussian fit
to the right-hand side of the spectrum, depends also on
the depth (w) of the !!ray conversion point from the en-
trance surface of the LXe detector: "R = 1.9%(w > 2 cm)
and 2.4%(w < 2 cm). The 3D-map of the measured res-
olutions is incorporated into the PDFs for the likelihood
analysis.
The photon energy scale and the resolutions are cross-

checked by fitting the background spectra measured in
the side-bands with the theoretical RMD spectrum folded
with the detector resolutions; the resolutions during the
run are well represented by the CEX evaluations and the
systematic uncertainty of the E!-scale is estimated to be
" 0.3%. Since MEG operates at a high beam intensity,
it is important to recognize and unfold pile-up photons.
For each event the spatial and temporal distributions of
the PMT charge are studied to identify photon pile-up
in the LXe detector; in case of positive identification,
corrections to the PMT charges are applied. Cosmic ray
events are rejected by applying topological cuts.
The position of the first interaction of the !-ray in

the LXe detector is derived from the light distribution
measured by the PMTs close to the region of the energy
deposition by fitting the distribution with the expecta-
tion. The position resolution in the plane of the entrance
window is measured to be 5mm in a dedicated CEX run
with a lead slit-collimator placed in front of the LXe de-
tector, while the resolution along the depth w and the
position dependence of the resolutions are evaluated by
a Monte Carlo simulation.
The resolutions on the relative directions (#e! , $e!)

are derived by combining the relevant resolutions of
positrons and photons discussed above; the results are
14.5 (17.1)mrad for #e! and 13.1 (14.0)mrad for $e! .
The relative time te! is derived from the two time mea-
surements by the LXe detector and the TC, after cor-
recting for the length of the particle flight-path. The
associated resolutions at the signal energy 146(122)ps
are evaluated from the RMD peak observed in the E!

side-band; a small correction takes into account the E!-
dependence measured in the CEX calibration runs. The
position of the RMD-peak corresponding to te! = 0 was
monitored constantly during the physics data-taking pe-
riod and found to be stable to within 15 ps.
A likelihood analysis is carried out for events in a

portion of the blind region (analysis region) defined by
48 < E! < 58MeV, 50 < Ee < 56MeV, |te! | < 0.7 ns,
|#e! | < 50mrad and |$e! | < 50mrad. These intervals in

the analysis variables are between five and twenty sig-
mas wide to fully contain the signal events and also re-
tain some background events. The best estimates of the
numbers of signal, RMD and accidental background (BG)
events in the analysis region are obtained by maximizing
the following likelihood function:

L (Nsig, NRMD, NBG) =

e!N

Nobs!
e
! 1

2
(NBG!"NBG#)2

!2
BG e

! 1
2

(NRMD!"NRMD#)2

!2
RMD #

Nobs!

i=1

(NsigS(%xi) +NRMDR(%xi) +NBGB(%xi)) ,

where %xi = {E! , Ee, te! , #e! ,$e!} is the vector of ob-
servables for the i-th event, Nsig, NRMD and NBG are
the expected numbers of signal, RMD and BG events,
while S, R and B are their corresponding PDFs. N =
Nsig + NRMD + NBG and Nobs(= 311(645)) is the ob-
served total number of events in the analysis window.
$NRMD%(= 27.2(52.2)) and $NBG%(= 270.9(610.8)) are
the numbers of RMD and BG events extrapolated from
the side-bands together with their uncertainties "RMD(=
2.8(6.0)) and "BG(= 8.3(12.6)), respectively.
The signal PDF S(%xi) is the product of the PDFs for

Ee, #e! , $e! and te! , which are correlated variables, as
explained above, and the E! PDF. The PDFs properly
incorporate the measured resolutions and correlations
among Ee, #e! , $e! and te! on an event-by-event basis.
The RMD PDF R(%xi) is the product of the same te!-PDF
as that of the signal and the PDF of the other four cor-
related observables, which is formed by folding the the-
oretical spectrum with the detector response functions.
The BG PDF B(%xi) is the product of the five PDFs, each
of which is defined by the single background spectrum,
precisely measured in the side-bands. The dependence
of the resolutions on the position of the !-ray interaction
point and on the positron tracking quality is taken into
account in the PDFs.
A full frequentist approach with a profile likelihood-

ratio ordering [20, 21] is used to compute the confidence
intervals on Nsig:

LRp(Nsig) =

maxNBG,NRMD L(Nsig, NBG, NRMD)

maxNsig,NBG,NRMD L(Nsig, NBG, NRMD)
.

Other, independent analysis schemes were also used and
found to be fully compatible with the analysis presented
here.
In order to convert Nsig into a branching ratio value

the normalization relative to the Michel decay is com-
puted [6] by counting the number of Michel positrons
passing the same analysis cuts. This is accomplished
by means of a pre-scaled Michel positron trigger enabled



Side band data

expected sensitivity for 2010 data = 2.2×10-12 @90% C.L.
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2009 data update

Selec%on:	  |Teγ|<0.278ns;	  	  Θeγ>	  	  178.34	  deg 51<Eγ<55	  MeV;	  	  52.34<Ee<55	  MeV

... presented at last year’s BVR



Likelihood Analysis

1.7×10-13 < BR < 9.6×10-12

90% C.L.

updated 2009 data

Best Fit BR = 3.2×10-12
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2010 data unblinded on July 5th, 2011

|Teγ|<0.28ns;	  	  cosΘeγ<	  -‐0.9996 51<Eγ<55	  MeV;	  	  52.3<Ee<55	  MeV



Total
Accidental
Radiative
Signal

Teγ

Ee Eγ

θeγ φeγ

Likelihood Fit - 2010 Data

2010 data



Likelihood Analysis

BR < 1.7×10-12

90% C.L.

2010 data
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BR(fit) LL 90% UL 90%

2009

2010

2009+2010

3.2×10-12 1.7×10-13 9.6×10-12

-9.9×10-13 -- 1.7×10-12

-1.5×10-13 -- 2.4×10-12

Likelihood Analysis Results

combined result
(2009+2010expected UL = 1.6×10-12)

Published in Phys. Rev. Lett. 107, 171801 (2011)
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Other physics results



Radiative Muon Decays

• Important check of 
μ→eγ analysis

• BG, calibration, 
normalization

• Close to kinematical 
edge w/ polarization 
~89%

• sensitive to BSM

• determine Michel 
parameters: η, κ

to be published soon

 2009+2010 

Projected Distributions 

2/20/2012 MEG review meeting 7 

P=0.89 
P=0 

Normalized to Michel positrons 
Gray bands show systematic (diagonal elements) 

 Event selection 
 Tracking quality (uncert, chi2) of 

track fitting (Kalman filter) 
 Matching with TC hits in space & 

time 
 Originating at target 
 Cosmic-ray cut in LXe 
 They are identical to those for 
𝜇 → 𝑒𝛾 search 

 Measure number of RMD with fit to 
time distribution 
 no assumption on energy and 

angle distribution 
 high timing resolution of MEG 

enables it 

Counting RMD events 

2/20/2012 MEG review meeting 6 



Comparisons 

2/20/2012 MEG review meeting 9 

PDG 

Preliminary 

Preliminary 

PDG 

BRexp/BRtheo  
 = 0.98 ± 0.09 

likelihood fit 
in →e search 
(spectrum assumed) 

 Ratio to theory (SM) 
 

No  definition  of  ʻ‘totalʼ’  BR 
(infrared divergent) 
BR in limited phase space 



Exotics
• μ→eφ, φ→γγ

• light, long-lived 
pseudo scalar

• first search

• expected 90% UL 
10-11ｰ10-10 for 
2009+2010 data

• μ→eJ (Majoron)

• TWIST result (not 
published)
< 6.7×10-5

μ→eφ, φ→γγ search

11/ Oct./2011 Hiroaki Natori

Event example(MC, Mφ=20MeV)

Search for μ+→e+J

✤ Majoron
✤ Massless Goldstone boson appeared in models with spontaneous 

breaking of lepton number
✤ Possibility to search using MEG data for two-body muon decay with 

Majoron, !→eJ, in SUSY model with spontaneous R-parity violation 
using is being investigated.
✤ Potentially complementary to accelerator search

✤ Previous search by TWIST
✤ BR(!→eJ) < 6.7×10-5 @90% C.L. (for A=-1)

(no publication, only conference presentation)

Possible signature in positron spectrum

Status  and Prospects of Physics Analysis

34

μ→eφ, φ→γγ



2011 Run 
& Data Analysis



 MEG 2011 Overview
VERY Successful Physics Run : Doubled 2009+2010 Statistics!!!

• BTS major repair & 
    safety modifications 
(end 2010 + Spring 2011) 
– proved to be successful
Ran contiuously for 212 D

• Beam-rate Optimization
   low, Normal, High &
   Intermediate intensities
   for 2011 detector intensity
   tests

• New DC HV-system successfully 
     introduced to reduce noise – 
     though effect on resolutions was 
     counter-balanced by gain-
     degradation suspected to be due 
     to aging effects

• New DC alignment system laser-
    tracker + prismatic corner-cube
    reflectors

• Gas + beam intensity studies 
undertaken 

   Shows may be also possible to
   work at ‘’Intermediate intensity’’
 

• BGO array replaces NaI array
     in CEX
     - finer granularity,
     - 30% improved σE/E at 55 MeV,
     - improved position resolution,
     - 30% increase in LT to 97%
     - factor 2.1 > in efficiency 
     REDUCES π0 calibration time by 2
   

Beam DCs
BGO



 MEG 2011 Overview Cont.

• Stable operation of calorimeter
    - slow 4% LY-loss (well 
      monitored & compensated)
    - PMT gain-loss at 2010 level 
      0.1%/D
    - improved energy resolution
    - beam intensity studies show
      pile-up rejection works well 
     even at Rμ ~ 1⋅108 Hz
       Shows could work at 
       increased beam rate 2012! 

• Mott scattering  e+ Beam
   - study of cloud muon 
     contamination 50 & 53 MeV/c
   - RF introduced 1st time
   - Mott & MEG target data taken
   RF-selection gives good 
   monochromatic line
   σE ~ 450 keV (8‰  σE /E)

• Neutron generator with
     9 MeV Ni gamma-line used as
     standard calibration tool

• Dedicated Cosmic Alignment
     data runs taken throughout run 
     period

Calorimeter

Calibrations
TCs

• TC bar performance
   - stable operation
   - performance comparable 2010

• TC Fibre performance
   -  US-side 10% noisy channels
      excluded (influence on DC)
   - performance not sufficient for
     online trigger inclusion
   - used for ‘’offline’’ analysis
    



MEG 2011 Overview Cont.

Trigger+DAQ

• Trigger/DAQ Performance
    - Multi-buffering used  as standard
    - LT increases to > 99% 
    - MEG trigger rate  511 Hz
    - direction-match LUT relaxed
      without loss of efficiency
    - UCN spill compensation for
       LXe PMT-gain change 
       (<1% effect)
       in trigger BUT! available 
      UCN-signal needs optimizing

Organization

• Remote Shift Scheme introduced
    - during Physics Run Part-II
    - full set of ‘’remote tools’’ to run
      experiment over Internet
    - added monitoring & surveillance tools
    - added electronic control room aids 
      

 Power 
Outage

• Power Outage
   - kills Cryo-plant 4 down
      till next year
   - setup for BTS dewar operation
    once another source LHe ready
   - 10D beam loss to MEG
   - successful dewar operations 
      all tests could be finished



2011 in Numbers Statistical – MEG’s most

 Significant Physics Run

• 2011 Double the Statistics of 2009 + 2010 
                               (based on Normalization)

                    2011 1.9⋅1014 µ-stops compared with 
                    2009+2010 1.75⋅1014 µ-stops

• 113 Physics Days/81.3 DAQ Days
• 62.4 M Triggers (MEG) – 30998 Runs @ 2k events
• Total of 1213 shifts & remote shifts

2011
µ-stops on Target

CEX

Acc
SD

Cryo-
Plant
Down

Dewar

10 Day Beam-loss
due to unexpected 
power-outage & loss
of cryo-plant 4



Performance Summary for Run 
2011 (Preliminary)

2009 2010 2011(preliminary)
Gamma energy (%)

Gamma position (mm)

Positron momentum (%)

Positron angle (mrad)

Vertex position (mm)

Gamma-positron timing (ps)

Gamma efficiency (%)

Trigger efficiency (%)

Data statistics (k-factor)

1.9% (w>2cm) 1.9% (w>2cm) 1.7% (w>2cm)

5 (u,v) / 6 (w) 5 (u,v) / 6 (w) ←
0.59 (core 80%) 0.61 (core 79%) 0.61 (core 86%)

6.7 (Φ,core), 9.4 (θ) 7.2 (Φ,core), 11.0 (θ) 6.5 (Φ,core), 10.8 (θ)

1.5 (Z), 1.1(Y) 2.0 (Z), 1.1(Y) 1.9 (Z), 1.0(Y)

146 (core) 126 (core) 133

58 59 ←
91 92 95

1.1×1012 2.1×1012 3.4×1012

✤ Data reprocess of data 2011 with new calibrations (Jan2012-reprocess) 
is in progress.

✤ Preliminary studies on new reprocessed data show performance 
comparable to previous years.

Status  and Prospects of Physics Analysis

23



Energy Resolution

✤ Obtained slightly better energy resolutions for 2011
✤ 1.9% (2010) →1.7% (2011)  @w(depth) > 2cm

2010 2011
$R FWHM $R FWHM

u [cm] u [cm]

v 
[c

m
]

v 
[c

m
]

Status of Subdetector Analysis Xe

17



Next Steps for Data 2011 Analysis

✤ Studies with full statistics from new reprocessing
✤ BG study
✤ Construction of PDFs
✤ Sensitivity estimate

✤ Further refinement of calibrations and reconstructions.
✤ We will need at least one more reprocessing with final calibrations.
✤ Check fulfillment in task list before unblinding
✤ We will hopefully be ready for unblinding in few months.

Status  and Prospects of Physics Analysis

24



Task List before Unblinding

✤ Check list for reconstruction and calibration
✤ Nominal DC alignment scheme definition and evaluation of sys. error
✤ B-field type
✤ Selection algorithm
✤ Evaluation of photon energy and scale
✤ Evaluation of relative timing resolution
✤ Evaluation of positron momentum resolution and scale
✤ Evaluation of angular resolutions
✤ Evaluation of normalization factor
✤ Evaluation of correlations in positron variables
✤ Sensitivity evaluation (toy MC)
✤ Sensitivity evaluation (side-band fit)
✤ Systematics uncertainties 

Status  and Prospects of Physics Analysis

All should be straightforward once we finish final data reprocess.
25



Prospects

• With 2011+2012 
data we will go 
below 10-12

• Improvement gets 
slower after 2012

• statistics, BG

• Time to consider 
upgrading the 
experiment!

• “MEG phase-II”

MEG



upgrade ideas



Imaging calorimeter

29

PMT

PPD

PPD

Performance of LXe detector with PPDs is being studied in MC

Preliminary results are shown in the following slides.
The results are already better than PMT MC using the same 
reconstruction algorithm.
We are going try to develop new reconstruction algorithms to 
take the advantage of the smaller size.

Small photo-sensors for LXe

• PPD (SiPM) for the 
front wall

• lower material 
→ better efficiency

• higher granularity & 
uniformity 
→ better resolutions
→ pile-up rejection

• operation in B field, 
low power, etc

Sensor size
• Current largest sensor (~3×3mm2) is still too small for 

MEG LXe detector.

• We need at least ~10×10mm2 to be a replacement of 
PMT.

• Hamamatsu says that there’s no technical problem in 
fabrication of large sensor of this size.

• In fact, large area sensors is already available, but in 
form of array.

• Possible issues for large size sensor

• Dark count rate (irrelevant for LXe temperature)

• Gain uniformity (→ energy resolution)

• Large capacitance (→ pulse shape, timing performance)

• We are testing properties of larger sensor using 
monolithic array MPPC.
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normal MPPC
3×3 mm2

monolithic array
16 × 3×3 mm2

monolithic array
16 × 3×3 mm2

SiPM (MPPC)



• VUV sensitive?

• already achieved PDE~10%
no protection layer, thinner 
p++ layer, anti-reflection

• dark counts

• no problem at LXe temp.

• cross-talk, after-pulsing

• simulation studies 
underway

• foresee Prototype w/ ~500 
PPDs to test in 2012-2013 
if successful developments

Position resolution (MC)
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* This analysis is done using true #of p.e.
  The same study using waveform yet to be done.

Testing UV-sensitive 
PPD in LXe

• We are testing special PPD samples from 
Hamamatsu in LXe

• Test setup

• 2L-LXe in small cryostat

• alpha source

• LED

• PMT to trigger on alpha

• Mounted inside cylinder with special 
inner coating for anti-reflection
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PPD

Cylinders 
with AR 
coating

PMT

Am-241

LED

position resolution
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Event in longitudinal case 

PSI - BVR 43 

Blue dots: hit cell  

3 full crossing 
before hitting the 
chamber walls 

New Drift Chamber
• Single volume DC with 

small cells & stereo 
angles

• fast GHz readout

• cluster timing, high 
band width
→ better resolutions

• He/iC2H4 = 90/10

• keep <1.7×10-3X0 for 
e+ full turn

• stable operation at 108

• transparent to TC



• Various studies 
ongoing

• Prototype under 
construction

• tests this year

• Ageing tests

• TDR by end 2012
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φ  plane 

TC  hit 

Limited eff. Loss 
in the high Z 

region of the TC 

We could gain 
more eff. if we 
read TC with 

thinner 
photosensors 

PSI - BVR 43 
Prototype under construction  
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•  Aluminum frame 50x20x20 cm3 

•  Square 0.7x0.7cm2 and 1x1cm2 cells 
•  25 µm sense gold plated tungsten 

wires  
•  50 µm CuBe field wires 
•  Standard wire suspension with 

isolated feedthroughs 
Advanced design phase 

Joint INFN-PSI European 
Research Council Advanced grant 
request (submitted Feb. 16 2012)



other ideas...
• tracker + timing using 

thin (100-200μm) 
scintillator foils read by 
SiPM

• thin (50μm) Si vertex 
detector to aid angle/
vertex measurement

• active target (250μm) 
using scintillating fibers 
read by SiPM

• and others...

R1,Z1,t1R2,Z2,t2
R3,Z3,t3R4,Z4,



Conclusion



• We published the result of 2009+2010 data & 
constrained new physics by 5× tighter UL: 
BR < 2.4×10-12 @90% C.L.

• Successful 2011 run doubled the data sample

• We look forward to running the full 2012 beam 
time to go below 10-12 sensitivity

• We have started R&D to upgrade detectors

• R&D and construction budget (next 3 years) 
already approved in Japan

• Scientific approval in Italy

• We will present our proposal for the following 
years at next BVR in 2013



back up sllides



Resources shared between COMET and Mu2eCOMET Timeline and World Competitiveness

COMET Phase-I and Phase-II

year 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

comet

mu2e CD1
CD2/

3a
CD3b

               Phase-I

solenoid/
detector

fabrication

solenoid/
detector

installation

engi
neer
ing 
run

physics running

          Phase-II
physics

run
physics

run
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μ → e conversion
at 5×10-17 ~1/390 ×                        (Al)µ+ ! e+�

COMET @J-PARC ~similar schedule


