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- Mixed by CKM mechanism(CKM
matrix)

- Experimentally Verified= B factories

Charged Lepton Sector
- extremely rare in SM
* never observed yet

Neutral Lepton Sector
- Mixed by neutrino oscillation
(MNS matrix)

s * Experimentally Verified

— SK, SNO, KamLand, etc




Charged Lepton Flavor Violation

£¥ n 1s good tool in Charged LFV search
= Since we can produce a lot.(t;108/year, u;10%~10%/year)

SM /. SUSY SUSY violation
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= 10-16~10°11
—> <105 Extremely rare! | Observable level !
\ New Physics !!! Jk J
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U—EYy search
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Radiative muon decay
2% Point (RMD) ~1.4 %

+ 2-body decay (E.=E =52.8 GeV. €,,=180°. Time Coincidence)
- Sensitivity depends on Accldental BG! e (muon rate)?

2= DC muon beam

¢ Good resolution under Very High Rate







|_ocation on MEG experiment

PSI - Paul Scherrer Institut, Switzerland
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Solution on Accidental BG in MEG

£ DC muon beam
¥ Good resolution detector under high rate

World Most Intence
DC muon beam @PSI Liquid Xenon COBRA Spectrometer

108 muon/sec Scintillation Detector [positron]

J [gamma] J Y




DC muon beam

#¥ We want a lot of p, but
Accidental BG o< (muon rate)2 ===a» DC
¢ u™ 1s useful to avoid capturing by nuclear.
¥ 590MeV proton ring cyclotron _.
¢ Stopped r at the target surface (within a few mm)
= Surface muon ( p =29MeV/c, 2.947/s)

@ Stopped «t

Target (~60mm carbon)

SC L
S——

remove other particles ]




MEG detector

£¥ u stopping target
- Polyethylene,
- 205um thickness
- Ass - 20cm radius
oy - slightly slanted
Stopping target » 0.05 g/cm3, X,=820cm
* 6 hole (used for measuring

Liquid xenon y-ray detector

Beam transport solenoid

Drift chamber . .
vertex position resolution)

fiming counter £ e* : COBRA spectrometer
\ ¥ v —Liquid Xe detector

COBRA magnet




Vertical axis on arget (em)

MEG detector
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Target projection Z (cm)

£¥ u stopping target
Polyethylene,

205um thickness

20cm radius

slightly slanted

0.05 g/cm3, X,=820cm

* 6 hole (used for measuring

vertex position resolution)
%€ e™ 1 COBRA spectrometer
¢ y —Liquid Xe detector




MEG detector

£¥ u stopping target
- Polyethylene,
- 205um thickness
- Ass - 20cm radius
oy - slightly slanted
Stopping target » 0.05 g/cm3, X,=820cm
* 6 hole (used for measuring

Liquid xenon y-ray detector

Beam transport solenoid

Drift chamber . .
vertex position resolution)

fiming counter £ e* : COBRA spectrometer
\ ¥ v :Liquid Xe detector

COBRA magnet




MEG detector

im
COBRA Magnet
\ Drift chamber
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Muon Beam o SN\
ST et
Stopping Target | Timing counter
==
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Liquid Xenon ) /!l'/" ------
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COBRA Spectrometer
' COBRA Spectrometer : positron detection |

(energy, position, timing)

Requirement
-+ 3x107D p rate CREEE
- low material
- high position resolution

k - high timing resolution(to remove Acidental BG) /

< _=

#¢ COBRA magnet : Superconducting magnet (Al)
#¢ Drift chamber
#& Timing counter
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COBRA magnet l Cenia =
i

SEEEC OHE
£ COnstant Bending RAdius L g,
= Gradient B-field *
Uniform B-field End Coill
- o N
Drift chamber UL
\ (a) (b)
/— L.ow momentum e* Signal e* | Constant bending radius
=___= - =___= independent of emission

Low energy e*
quickly swept out

Gradient B-field angles




Drift Chamber

¢ Light material and high resolution
¥ He-Ethane=50 : 50 gas

£¥ 16 module
1 module : wire 9X2 layer

b'o RLLTTRITTEN ) 2 ] b LD [ ] X
~
4.5mm / _rx : sense wire

l k o : potential wire)




Timing counterginnerz

& Trigger for Z direction
#x 256 Scintillation Fiber

# APD at the both side
RIS B (Avalanche Photo Diode)

COBRA solenoid

APDs _

Scintillation Fibres



Timing counter gouterz

#¢ Trigger for @ direction
COBRA solenoid 3

£« 30 Plastic Scintillator Bars
£= Fine mesh PMT at both side

Stopping Target .
\ TP

¥ Plastic Scintillators




Liquid Xe v detector

¢ Liquid Xe Scintilator
- guick response
- small dependence on position
Covered with 846 PMT
¢ Liquid X, : 900 litre
(sensitive volume 800 litre)

Eiza
T

¢ First large detector with liquid X, in the world
LXe LAr Nal(Tl) CsI(T) BGO LSO(Ce) PbWO,
2 (¢/cm®) 2.98 | 1.40  3.67 451 713 7.40 8.3
HEtHE (em) 2.77 | 14 2.59 1.86 112 1.14 0.89
T TV HE (em) 4.2 | 1.2 4.13 3.57  2.23 2.07 2.00
ERIZERE (ns) 45 1620 230 1300 300 40 30/10%!
YyFl—va VYRR (nm) | 178 | 127 410 560 480 420 425/420
HEN R 75 90 100 165 21 83 0.083/0.29
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Calibration and sensitivitz

[Calibration]

£ LXe PMT : check by LED and a-source everyday

#¢ Lxe : Cockcroft-Walton(CW) accelerator
- check by y from nuclear reaction (in Li,B,O- target) of proton
from CW . 3 /week.

#¥ RMD data taking run : under low beam intensity. 1/week.
[Sensitivity ]
£ Two Charged exchanged reaction(CEX) run : Results by using

LX, and Nal crystal are compared on the start and end of data-
taking run.

- v energy and homogeneity on the LXe by n-p—>n’n—>yyn
- The coincidence and sensitivity are checked by n®—vye*e- reaction




Performance Summarz

| 2009 2010
Gamma Energy (%) 1.9 19 ‘ CEX
Gamma Timing (psec) 96 67
Gamma Position (mm) 5 (uV), 6 (w) 5 (uv), 6 (W) MC with PMT data
Gamma Efficiency (%) 58 59
e+ Timing (psec) 107 107
e+ Momentum (keV) 310 (80% core) 330 (79% core) =
o 6 (mrad) o4 o ' Track with 2 turn
et ¢ (mrad) 6.7 7.2
e+ vertex Z/Y (mm) 1.5/ 1.1 (core) 2.0 /1.1 (core)
e* Efficiency (%) 40 Target hole
et-gamma timing (psec) m
Trigger efficiency (%) Q
RMD
Stopping Muon Rate (sec™!) 2.9x107 2.9x107
DAQ time/ Real time (days) 35/43 56/67
Expected 90% C.L. Upper Limit 3.3x1012 2.2x1012

7]
Pl o8

£¢ Timing improvement by waveform digitizer upgrade

e

#¥ The e* tracking slightly worse due to DC noise problem



Analysis

First, | explain about the analysis 2008 run data (published on Mar. 2010) ,
then about 2009 and 2010 run data.
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Data Analzsis

i¢ Observables: E , E, t,,, 6., ¢
z¢ Blind Analysis
* No bias
- Sideband data are used
for calibration study:.
¥ Analysis window:

E, [MeV]

46<E <60MeV, _ o et
SUSE oo  BSideband
teg|<1ns, - o '
d,,/<100mrad,

fo,J<100mrad  (another window in 2009 & 2010)



Likelihood Analysis
(/ Extended likelihood analysis \

— M\{Vobs
N Nobs exp , Niig NrMD Npa
L(Ngiog, N , N S R+ —8B
(Nsig, NRMD> NBG) Naw! A [ Ny St R }

Considered with the fluctuation of N

obs

N,,s - Number of observed event in analysis window (=1189)
N = Ngjg+NryptNpe
QN, B : Probability Density Function(PDF) on Signal, RMD, BG/

it PDF
» Accidental BG : Side bands
-signal . Measured

-Radiative BG : Theory + Detector Resolution




Probability Density function(PDF
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Upper limit on BR(uf—et

£¥ Normalization to the number of Michel positron
—Independent on beam rate & insensitive to the detector efficiencies.

trig TC DCH
Neo fE. €78 4lC X 1 1
+ + _ »18 gV vy ATAY, EATMY,
BR(;,L — e y)_N_:xi p X g ATCXEDCHXA‘% ><E
£y €oy ey ey ey ey

: Number of Micheal positron (=11414)
: Prescale factor in the trigger used to select Michel positron (=107)

en . Fraction of the Michel positron spectrum above 50MeV
g™ Trigger efficiency
APCH - DCH — TC matching efficiency

enn

m TV =2

€ : DCH reconstruction efficiency and acceptance
v A : Geometrical acceptance for signal y given an accepted signal positron
€ : Efficiency of y reconstruction and selection criteria

BR(u" —ety)<28<1071 (90% C.L.)
Sensitivity : toyMCTNSsig=0. accidental BGENRIEZT—42ERILERE

=1.3x10-11
Z MsensitivityD EEBRAY2.8 X 10-11 L EIZH DD [F5%FEE



2009 data result (not published

Event distribution after unblinding
BR < 1.5x1011 @90Q9%CI, 6110 expected

Blue lines are 1{39.3 % included inside the reqgi

w.rt analysis window), 1.64(74.2%) and 2(86_5%) sigma regions.

For each plot, cut on other vanables for roughly 90% window is applied.

MNumbers in figures are ranking by Leg/(Lamo+Les). Same numbered dots in the right and the left figure are an identical event.
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2010 data result

¢ Data :
-+ 2009 & 2010(twice statistics of 2009) data
—> 1.8x 104" decay
- The 2008 data are not used.

¢ Alignments inside/among detectors
¢ Treatment of B-field

2= Profile likelihood



Result

58— —
L (Ngig, Nrmp, Npa) = g @ ' 1)
—-N 1 (Ngg— (Nga))? 1 (NrMD — (Nrup )2 iSG; ] ’ .
€ 2 > 2 =) o = . :
€ BC € RMD 541 ] . -
Nobs I . 9
520 ] . .
NObb L -: . . . ]
— — 50 * =
H (NsigS(Z;) + Nremp R(T) + Npa B(T:)) <okl ] S
1=1 8051 52 53 54 55 56 21 20.9995 0.999 -0.9985 -0.998
cos@w
Data set Bt LL UL . :
2009 3.3x107"2 40x107"* 1.0x 107" o
2010 —9.9 x 10~ 1* — 1.7 x 10712 ]
2009 + 2010 —1.5 x 10713 - 2.4 x 10712 RS, , Cro T, T
W51 5 53 54 55 56 21 20,9995 20.999 -0.9985 -0.998
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Summarx

it 2009+2010 data consistent with no signal
& New physics Is now constrained by 5 Xtighter
upper limit :
BR<2.4X10'*@ 90% C.L.

#x MEG 1s accumulating more data this and next year
to reach O(10-13) sensitivity



