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• Why µ→eγ ?

• strictly forbidden in SM

• Contribution from neutrino oscillation is negligibly small

• Many BSM predict the reachable BR(µ→eγ) : 10-14-10-12

• Previous best limit : 2.4×10-12 @ 90% C.L. by MEG

• Already in new physics region !

• simple final state

• Back-to-back

• 52.8 MeV monochromatic e and γ

• Time coincident

• → Good probe to search for the new physics !

• Background

• Prompt : Radiative Muon Decay (RMD)

• Accidental : Michel e+ + overlapped γ (RMD or AIF)

μ+
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γ
180°

RMD Accidental
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The MEG experiment

900 l LXe

PSI

3×107 μ+/s stopped on target

COnstant Bending RAdius

Drift Chamber

Timing Counter

z
φ

COBRA magnet

1.3 MW Proton Cyclotron
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Run 2011

• NaI detector for calorimeter calibration was replaced by BGO

• Better extraction of gamma energy response with more efficient calibration runs

• New laser tracker system for target and drift chamber alignment

• Better measurement of initial alignment

• Total number of muons stopped on target reached 1.85×1014 @ 3x107 µ+/s

• More than 2009+2010 statistics

3×3 NaI

4×4 BGO
Better energy & 
position resolutions

Corner cube reflector

Laser Tracker

2009 : 0.61×1014

2009-2010 : 1.75×1014

2009-2011 : 3.60×1014

20 cm

20 cm

20 cm

20 cm
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Analysis Improvements
• New pileup elimination algorithm for γ reconstruction

• 7% more efficiency, smaller tail of Eγ spectrum

• FFT Noise filtering for drift chamber waveform

• Improve resolutions

• Recover the efficiency as well

• New Kalman filter based on GEANE

• GEANT3 detector description

• Better hit modeling

• 7% more efficiency, enable to use per-errors for PDF

• Reduced momentum tail on Michel spectrum

- Michel spectrum w/ old Kalman
- Michel spectrum w/ new Kalman

found by light yield distribution
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DCH waveform in noisy period
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PDFs
• PDFs for likelihood function

• Blind analysis for 2011 dataset : PDFs extracted from calibration & sideband data

• Gamma

• Energy scale, response : 55 MeV gamma from π0 decay

• BG spectrum : sideband data

• Timing : RMD from Eγ sideband

• Positron → per-event PDF is newly implemented to get better sensitivity

• 10% sensitivity improvement !
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• Event-by-event PDF for positron side (σ’x : event-by-event fit-error of “x”) 
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PDFs
• Event-by-event PDF @ positive time sideband (+2 nsec)
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PDFs
• Event-by-event PDF @ positive time sideband (+2 nsec)
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PDFs
• Event-by-event PDF @ positive time sideband (+2 nsec)
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Sensitivity & Sidebands

Branching ratio
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• Normalization

• Counting Michel positron

• Counting radiative muon decay

• Expected median upper limit (sensitivity) from BG-only MC

• 2009-2010 combined : 1.6×10-12 (in 2011 published) → 1.3×10-12 (~20% improvement !)

• 2009-2011 combined : 7.7×10-13

• Upper limits from time sidebands are calculated → consistent w/ sensitivity

Combined k = (7.77 ± 0.31)×1012 (all combined)

all combined

Unblind the analysis region ! (24th/Jan)

BR(µ+ � e+�) =
Nsignal

k

BR UL distribution of BG-only MC C.L. curve from Time sideband

all combined

8.1×10-13 1.6×10-12
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Result
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Data is in good agreement 
with BG+RMD PDF
→ 2009-2011 combined
  • data
  - RMD
  - BG
  - Signal
  - Total 

Event distributions
→ 2009-2011 combined
 ○ data
 -  signal PDF

Expected Fit
NBG 2415.0±25.0 2413.6+37.1-37.0

NRMD 169.3±17.0 167.5+24.2-24.0

Nsignal - -0.4+4.8-1.9

51 < Eγ < 55.5 MeV, 52.385 < Ee < 55 MeV| Teγ | < 244.3 psec,  π - Θeγ < 27.3 mrad

Projection of fitted PDF
fit region : |Teγ| < 0.7 nsec & 50 < Ee < 56 MeV & 48 < Eγ < 58 MeV, |θeγ| < 50 mrad, |φeγ| < 50 mrad

Teγ Ee Eγ

θeγ φeγ

Consistent with BG-only hypothesis
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Result
• Full frequentist approach with Feldmann & Cousins method

Best fit in B.R. 90% Upper Limit

2009-2010 combined 8.9×10-14 1.3×10-12

2011 -3.5×10-13 6.7×10-13

2009-2011 combined -5.8×10-14 5.7×10-13

Accumulated DAQ days
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New Result !

http://arxiv.org/pdf/1303.0754v1.pdf ← published in March 2013 !

← 2.4×10-12 in the previous analysis

4 times more stringent

Previous Result

New Result

MEGA
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Summary & Prospects
• Summary

• By many analysis improvements, we succeeded to improve the sensitivity

• The per-event PDF gives 10% higher sensitivity

• Remains are come from improvements on the reconstruction algorithms

• → 20% sensitivity improvement is confirmed by comparing 2009-2010 combined dataset

• Total statistics is doubled by adding 2011 data

• Sensitivity reaches 7.7×10-13 with 2009-2011 combined dataset

• We obtain the most stringent U.L. of Br(µ+→e+γ) : 5.7×10-13 @ 90% C.L.

• No excess is observed in the signal region

• 4 times more stringent than the previous result, 20 times than MEGA

• MEG-I prospect

• DAQ will continued until summer 2013

• The final statistics will be twice higher than the 2009-2011 combined dataset

• → final sensitivity will be 5×10-13, O(-13) search !

• MEG upgrade (arXiv:1301.7225)

• MEG upgrade proposal is approved at PSI and many R&Ds are ongoing

• Goal sensitivity of upgraded MEG is an order of magnitude higher than the present MEG 
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Backup
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Likelihood Analysis
L(Nsig, NRMD, NBG) =

e�N
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Physics Analysis

• Sideband data

• analyzed before unblind the analysis region

• Eγ sideband

• used to estimate kRMD & NRMD in signal region (a)

• time sidebands (off-time)

• negative : -2.7 < Teγ < -1.3 nsec (b)

• positive  :  1.3 < Teγ <  2.7 nsec (c)

• angle sidebands (off-axis)

• φ negative : -150 < φeγ <  -50 mrad (d)

• φ positive  :    50 < φeγ < 150 mrad (e)

• θ negative :  -150 < θeγ  <  -50 mrad (f)

• θ positive  :     50 < θeγ  < 150 mrad (g)

(b) (c)
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Dataset comparison
kMichel =

NObs
Michel

fMichel
� strig. � pDM �

�signal

�Michel
� �� � �analysis

kRMD =
NObs

RMD

BRMD
� �signal

�RMD
� �analysis

k-factor Sensitivity 90% upper limit

2009-2010 combined (3.52±0.14)×1012 1.3×10-12 1.3×10-12

2011 (4.05±0.16)×1012 1.1×10-12 6.7×10-13

2009-2011 combined (7.77±0.31)×1012  7.7×10-13 5.7×10-13

Nsig upper limit at 90% C.L.
0 5 10 15 200
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90% Nsig upper limit of 2011 dataset from toy MC 

Black arrow : observed upper limit
Red arrow : median upper limit
→ The observed can happen in 24% probability
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2009-2010 combined
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2011 only
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Systematics

  

�

1% effect on the BR upper limit

RMS of  ΔNLL
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Compatibility Test
• Compatibility check between previous/new results is done by using toy MC
• Observed difference of Nsig upper limit in can happen in 31% probability in 2009-2010 dataset

• Event-by-event difference is checked for 5 highest ranked events in Rsig* ordering
• Observed difference is smaller than the level of resolutions

• 1 event is appeared/disappeared because of the difference of reconstructions

• New analysis should be more precisely because of less tail components in the resolutions
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* Rsig = L(signal)/(0.9L(BG)+0.1L(RMD))
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R.Sawada                                MEG experiment

two turn method
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• SUSY-Seesaw
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Run 2012
• Successfully finished

• 15% higher beam rate

1.99×1014
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Result
• Full frequentist approach with Feldmann & Cousins method

Best fit in B.R. 90% Upper Limit

2009-2010 combined 8.9×10-14 1.3×10-12

2011 -3.5×10-13 6.7×10-13

2009-2011 combined -5.8×10-14 5.7×10-13
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New Result !

http://arxiv.org/pdf/1303.0754v1.pdf ← published in March 2013 !

← 2.4×10-12 in the previous analysis

4 times more stringent
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