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Mu-E-Gamma Collaboration

EMEG u—ey o RERT

® Why uy—ey?
® strictly forbidden in SM

® Contribution from neutrino oscillation is negligibly small

® Many BSM predict the reachable BR(p—ey) : 10-14-10-12
® Previous best limit : 2.4x10-2 @ 90% C.L. by MEG

® Already in new physics region !
® simple final state

® Back-to-back

® 52.8 MeV monochromatic e and y

® Time coincident

® — Good probe to search for the new physics !
Ve
® Background Y.
® Prompt : Radiative Muon Decay (RMD)

® Accidental : Michel e* + overlapped y (RMD or AIF)

© ..
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Mu-E-GQamma Collaboration

BMMEG The MEG experiment O HEX.Z

Liquid xenon y-ray detector

3x107 ut/s stopped on target

Beam transport solenoid

Stopping target

Drift chamber

Timing counter

COBRA magnet

COnstant Bending RAdius

e’ | N\Sgw
(2) -

(b)
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4x4 BGO
Better energy &
position resolutions

® Nal 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%x10'* @ 3x107 u*/s
® More than 2009+2010 statistics

13F3H29HEEH



BMEG Analysis Improvements e H584.%

® New pileup elimination algorithm for y reconstruction

5 333331 ' ® 7% more efficiency, smaller tail of Ey spectrum
i T ® FFT Noise filtering for drift chamber waveform
G + | ® Improve resolutions

. ® Recover the efficiency as well
DUlltt Dy T2ht yield CISUTIDHE ® New Kalman filter based on GEANE

;'é.m:;“”. LI ® GEANTS3 detector description

s V1 el e Better hit modeling
o W/ ® 7% more efficiency, enable to use per-errors for PDF
B, ———— o ®¢ Reduced momentum tail on Michel spectrum

pileup found and removed by waveform analysis

'.é 500 £ 700
0 . . E’ g 600F
DCH waveform in noisy period g g - :
E 2 soof = B
300! 400F z -
- g
0.02F- 200 . - Ty
L 200F — N
. 100 : o, . [
0.0I5: 1000 = 10 '
C =01 0.05 0 0.05 0.1 05 p A
0.01f- 9" - 92 (rad) _{: ]
0.005F z
E E sooi—
0E gsooi— lﬂ-z
0005 2 qoof . s
0.0k 300f- - Michel spectrum w/ old Kalman -
: 200- - Michel spectrum w/ new Kalman
ey A 100p- 10'-‘ | S 1 1 ! 2 : : ] : 1 T
p 50 52 54 56

E.(MeV)

13F3H29HEEH 6



EMEG

Mu-E-GQamma Collaboration

® PDFs for likelihood function

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

® Gamma

® Energy scale, response : 55 MeV gamma from m° decay

PDFs

® BG spectrum : sideband data

® Timing : RMD from Ey sideband

® Positron — per-event PDF is newly implemented to get better sensitivity

® 10% sensitivity improvement !
» Next slide for more details
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PDFs
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® Event-by-event PDF for positron side (¢’, : event-bv-event fit-error of “x”

Resolutions : RE

O ‘sxxa

Scaling factors extracted from
1) Michel spectrum : Momentum
2) 2-turn method : Angular & Vertex

Correlations :

Correlation parameters extracted from
data and MC

(ey (mrad)
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PDFs
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® Event-by-event PDF @ positive time sideband (+2 nsec)
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PDFs

e Event-by-event PDF @ positive time sideband (+2 nsec)
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e Event-by-event PDF @ positive time sideband (+2 nsec)
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BMMEG Sensitivity & Sidebands®e £24.2

Slgnal

® Normalization BR(u" —ety) = .

® Counting Michel positron
Combined
® Counting radiative muon decay
® Expected median upper limit (sensitivity) from BG-only MC
® 2009-2010 combined : 1.6%x10-2 (in 2011 published) — 1.3%x10-12 (~20% improvement !)

® 2009-2011 combined : 7.7x10-13
® Upper limits from time sidebands are calculated — consistent w/ sensitivity

= (7.77 £ 0.31)x1012 (all combined)

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

500F T I
- > -
: . 30’9; ./_, -
400- all combined - 0.8 all combined -
- — 55) o -
i ] %0.7 ]
30(): — S50.6 -
- 0.5 : =
K 0 4; —— 13 <Tey<2.7nsec I
2007 B il i 277 <Tey<-13nsec -
: : 0.3} - =
100 . 0.27} =
: 0.17 : : =
0 1 L l 1 L 1 l | il -‘XIO.'z 0: | | | : | | | : | | | | | | | | | | | :X10-12
0 2 4 6 0 1 2 3 4
Branching ratio 8.1x10-13  1.6x10-12 Branching ratio

=== Unblind the analysis region ! (24th/Jan)
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EMEG Result
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| Tey | <244.3 psec, = - (")e'y <27.3 mrad 51 <E, <555 MeV, 52.385 < E. < 55 MeV
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Event distributions
— 2009-2011 combined

o data
- signal PDF

Data is in good agreement
with BG+RMD PDF
— 2009-2011 combined
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Result o

® Full frequentist approach with Feldmann & Cousins method
New Result !
N
T) 1 - T 1 T | | L T T ................. I-----r----;r---_-J___l___'|__.]---l--+--: .2 — 1e@r 1t | T T 1 T [ T T T T [ 1 T 1
> F [t - = ® Obtained 90% UL |-
3 0'9 — — . ; . 90% UL sensitivity
<> - o | - = +lo i
208 : ERE . 5
;E 0.7 ? : ' —; g 3o discovery E
S 0.6%— 0 ED T 1 Previous Result
0.521.— : ........... 2011 —;
045 ' =
= L 2009-2010 A S A New Result
0.3 - | —:
-/ | ]
0.2 : — 2009-2011 -
0.1 : -
0: Ivf’ Lo II A A N R R S T A A A TR A A A S N :X10-12 10‘13 Coeoe e e by
0 0.5 1 1.5 2 2.5 0 100 200 300
Branching ratio Accumulated DAQ days
Best fit in B.R. 90% Upper Limit
2009-2010 combined 8.9%x10-14 1.3x10-12 < 2.4x10-12 in the previous analysis
2011 -3.5x10-13 6.7x10-13 . .
4 times more stringent
2009-2011 combined -5.8x10-14 | 5.7x10-13 I

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

13F3H29HEEH
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Result

D U N
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® Full frequentist approach with Feldmann & Cousins method

New Result !
1
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2009-2010 combined 8.9x10-14 1.3x10-12
2011 -3.5%10-13 6.7x10-13
2009-2011 combined -5.8x10-14 | 5.7x10-13 I

G.Isidori et al., PRD 75 (2007) 115019

b-physics
constraint

30 35 40 45 50

g2 deviation (PDG2012) Aa, x 10"

< 2.4%10-12 in the previous analysis

l 4 times more stringent

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

13F3H29HEEH

15


http://arxiv.org/pdf/1303.0754v1.pdf
http://arxiv.org/pdf/1303.0754v1.pdf

BMEG Summary & Prospects T B5XE

® 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 7.7x10-13 with 2009-2011 combined dataset
® We obtain the most stringent U.L. of Br(u*—e*y) : 5.7x10-3 @ 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
e DAAQ will continued until summer 2013
® The final statistics will be twice higher than the 2009-2011 combined dataset
® s 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

13F3H29HEEH
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BMEG Summary & Prospects s 342

® Summary Where We Stand Now

®¢ Bymanya g months"! 2 sensitivity

® The per- in 2013

® Remains prithms

® —20%s . 2010 combined dataset
® Total statis « _—]: :actor

e Sensitiv * B
e We obtain t P 0% C.L.

® No exces \

2010
® 4times GA

DAQ efficiency 87%—=96% in 2011 2012+2013

e DAQ will continued until summer 2013
® The final statistics will be twice higher than the 2009-2011 combined dataset

® s 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

13F3H29HEEH
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BMEG Summary & Prospects s 342

® Summary Where We Will Be 14 500
®¢ Bymanya | 2 sensitivity

° The per- x10 Sen51t1v1ty

® Remains : | prithms
e 20%s ,_ 2010 combined dataset
® Total statis | ’ :
® Sensitiv

® We obtain
® No exce: 1 S

® 4 times 2012+2013 GA

e DAAQ will continued until summer 2013
® The final statistics will be twice higher than thel Can be realized in short time

e s final sensitivity will be 5%10-13, O(-13) searc

® 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

13F3H29HEEH
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Likelihood Analysis s
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® Sideband data
® analyzed before unblind the analysis region
® Eysideband
® used to estimate krmp & Nrmp in signal region (a)
® time sidebands (off-time)
® negative : -2.7 < Tey < -1.3 nsec (b)
® positive : 1.3 <Tey < 2.7 nsec (c)
® angle sidebands (off-axis)
® @ negative : -150 < @Qey < -50 mrad (d)
® (@ positive : 50 < ey <150 mrad (e)
® 0 negative: -150 < 0y < -50 mrad (f)
® 0O positive : 50<0.y <150 mrad (g)

SBMEG  Physics Analysis

i LTK °F

THE UNIVERSITY OF TOKYO

E, (MeV)

-100 258

-150 g%

-100

100
8., (mrad)
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BEMEG Dataset
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comparison
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Nh(/)l})czsllel €signal
kMichel = 7 X Strig. X PDM X X €~ X €analysis
fMiChel €Michel
L o N 1(%)11\3181) €signal
RMD — B €analysis
RMD €ERMD
k-factor Sensitivity 90 % upper limit
2009-2010 combined (3.520.14)x1012 1.3x10-12 1.3x10-12
2011 (4.050.16)x1012 1.1x10-12 6.7x10-13
2009-2011 combined (7.77+0.31)x1012 7.7%10-13 5.7x10-13

90% Niiz upper limit of 2011 dataset from toy MC
-7ttt

2501 ~
200 —

Black arrow : observed upper limit

Nsig upper limit at 90% C.L.

150 - . .
- Red arrow : median upper limit
100; ) 7 — The observed can happen in 24% probability
sof— -
L N .

13F3H29HEEH
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SMEG 2009-2010 combined ¢ %5AZ
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Ix10°
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Table 16: Relative contributions of uncertainties to upper limit of .

Center of 6.y and ¢,y
Positron correlations
E, scale

E. bias

foy signal shape

fey center
Normalization

E, signal shape

E, BG shape

0.18
0.11
0.07
0.06
0.06
0.05
0.04
0.03
0.03

Positron angle resolutions (6., @e, Z¢, ve) | 0.03

y angle resolution (uy, vy, wy) 0.03

E. BG shape 0.01

E. signal shape 0.01

Angle BG shape 0.00

Total 0.25
RMS of ANLL
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Mu-E-GQamma Collaboration

BMEG  Compatibility Test O HEXZ

® Compatibility check between previous/new results is done by using toy MC
® Observed difference of N;i; 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 eventis 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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Mu-E-Gamma Collaboration
® SUSY-Seesaw
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Mu-E-GQamma Collaboration

® Successfully finished
® 15% higher beam rate
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P

® Full frequentist approach with Feldmann & Cousins method
New Result !
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2009-2010 combined 8.9%x10-14 1.3x10-12 < 2.4x10-12 in the previous analysis
2011 -3.5x10-13 6.7x10-13 . .
4 times more stringent
2009-2011 combined -5.8x10-14 | 5.7x10-13 I

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