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Physics motivations

The Standard Model (SM) is believed to be a low-energy
approximation a of a more fundamental theory
DM, number of parameters, unexplained symmetries, flavor structure,

All models beyond the SM contains new particles that could
either be directly discovered
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Physics motivation

1) The cLFV decay is undetectably small in the extended SM, which
takes into account the neutrino masses and mixings
Example u - e ydecay

G%m? « , _ 1.27Am?
I(p—ey) =~ 192W§" (%) sin? 26 sin? ( 72 )
~—— ——r’ W

v

@ — decay v — vertex V—OSCill&tiﬁ’l BP [ 10-54
GZmS s an ., Am2\? -
~ Toars () 51 e (Ma,) ’
2) New Physics scenarios usually enhance the rate of cLFV decay by
many orders of magnitude, through loops of new particles

3) cLFV decays are clean, no SM contaminated, evidence of new
physics

4)The expected rates are close to the experimental upper bound and
within the capabilities of present and near future experiments



Sighal and Background
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The accidental background is
dominant and it is determined by the
experimental resolutions



The MEG experiment

Compensation coil

COBRA magnet

LXe photon
detector

Drift chamber
Timing counter

~60 physicists, 12 Institutions, 5
Countries
Italy, Japan, Russia, Switzerland, USA



MEG Experiment M/r:/y

The most intense DC muon beam, 3x107 y/s @ PSI, Switzerland
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im Special gradient magnetic field
Sweeps out high rate e+ quickly
Constant bending radius of e+

COBRA Magnet Uttra thin material
\ Dl’ift chamber Precise e+ tracking
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Frecise e+ timing

Muon Beam = )\ \‘.__/_./ Plastic scintillator + PMTs
e+ -
Stopping Target | Timing counter
[ ] ii = i 1
Drift chamber
Liquid Xenon |
Scintillation Detector | | 1

2.7 ton of liquid xenon Waveform digitizer for all detectors
Hoemogeneous detector
Good time, position, energy resclution
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Time Line

Callbratlon

Other experiment(Lamb shift)

2009 Detector installation | —p
& preparation e
PP Physics run

_. Calibration
2011 A
Physics run Physics run
PSI accelerat_or Results USing data up to 2010 were pUbIIShed
Shutdown period Data 2011 is not unblinded yet
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Data Statistics and sensitivity H/Z/y

# of muons stopped on the target

2009 2010
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Analysis principle

Likelihood function is built in terms of Signal, radiative Michel decay RMD and
accidental background BG number of events and their probability density

function PDFs
—lnﬁ(NsigaNRMD:NBG)
= Nexp . Nobs In (Nexp)

Nobs
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-Un-binned likelihood fit of
over the entire blind box
‘Three different analysis for cross check
' PDF
o Approach (freq. or Bayes)




Analysis S

Likelihood fitting with 5 observables

Ey : Gamma energy - Analysis box is hidden until calibration
Ee : Positron energy and optimization are finalized
._.-’ -
T =| ber : Time difference BG shape and number of muons are known

from sidebands
Doy : 9 angle difference

Py : ¢ angle difference

Ey vs T distribution without any selection.

Number of events / (0.5MeV)
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RMD BG PDF
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- Signal : CEX data —| - Signal : Michel et Bdge fitting .

E_ BG : Sideband data o - BG : Sideband data =

E RMD : SM + detector response E - RMD : SM + dédtector response E
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Events / (56 psec)

Events / (4 mrad)
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arXiv:1187.5547 [hep-ex]
Phys. Rev. Lett. 167, 171881 (2@811) e
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Confidence level (2009+2010)
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Bt — €y <24 x10" @ 90% C.L.

SR, Ba S i Systematic uncertainties (in total 2% in UL)
2009 829107 L7210 06l @ relative angle offsets

2010 —9.9 x 107+ — 1.7 x 1071 @ correlations in e+ observables

2009 + 2010 —1.5 x 107*° — 2.4 x 107

® normalization
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New physics models

G.dsidori, et al., PRD?’S(ZOO?)HSOIQ

5. Antusch efa ]HEPIIQOOS)OQO

SUSY—Seesaw
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. . e
Data statistics : present and future %f

2009 2010 2011 2012 =l

Published Almost same as 2011

"
e

# of muons stopped on the target
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Prospect Wiy

Sensitivity Prospect

2008 2009 2010 2011 2012 20137
o (eI e e "
g_ I ; - ~— 5o discovery
2011 data E
1.1x (2009 + 2010 data) statistics 2
AnaIySiS on going rg mEGﬁf ‘ "N w _______ 90% UL sensitivity
-l . g
2012 data taking will start soon i

Almost the same statistics with 2011 data
is expected

A major upgrade (design, R&D, simulation)
understudy
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0 50 100 150 200 250 300 350 400
Accumulated DAQ days
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Several studies are ongoing for the
upgrade of MEG to improve the sensitivity
by one order of magnitude.

Proposal in the next year.

- 3 times higher beam intensity
- LXe v detector upgrade with MPPC

- Unique volume gas chamber

- Active target / SVT / Thin e* timing counter...

rCyIindricaI drift chamber
Stereo wires

GEANT3 event display_}

Ff~4000 MPPCs (15 x 15 mm) on the v ray entrance face
New development of large MPPC for LXe

Computer graphics
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Upgrade Pavia

Pavia started an R&D to upgrade the TC for
MEG2 (2015-2017)

Use of SIPM reading scintillator bars
with simpler mechanics and better timing
(to be proved)

Just started more in request for funding 2013






Number of events / (0.64 MeV)
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Average upper tail for

deep conversions
‘oR=(2.1 [J0.15) %

Systematic uncertainty
on energy scale <0.6%

Resolutions

Ee

Double gau's"sian momentum
resolution

‘o(p) = 390 KeV (0.74%)
(core)

Positron angle resolution
measures using multi-loop
tracks

‘o(p) =7.1 mrad (core)
0(0)=11.2 mrad
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Overall angular resolution
combining XEC+DCH+target
‘o(p) = 12.7 mrad (core)
‘0(0) = 14.7 mrad

Number of events /(0,080 nsec)
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40 MeV < Eg < 48 MeV
Resolution corrected for a
small energy-dependence
-o(t) =(142 [0 15) ps

Stability along the run
< 15 ps
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Normalization

The normalization factor is obtained from the number of observed p
decay positrons taken simultaneously (prescaled) with the m - eg
trigger
Cancel at first order

' Absolute e+ efficiency and DCH instability

" Instantaneous beam rate variations 0O(1)
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Blind box content

E, (MeV)

T T T i T T — 58_' L T 1 1 T T 1 1 L L i T T 7 1 T I o SS_I T T T T 1 1 T T 1 7T T 1T 171 i T T 171
| 3 ot : 5 ]
1 g ST¢ ERL 3 ]
- I 56 i = ' = 56 i = : i =
N inarysg N tinasss b )
FfFleioh S B = e 3 s PR =
il 1 s E 3 T - E
L | ] I A ;' : ] & ]
E e - 52 ' s "-“ S : - 52 . —
gt \ ;"l ] C. o T ;.I‘ ; 7 - .. 5
HEN = L | S (o e~ s - 51 :
. : o :__ ".:‘I 7: 50;. L] .. :. ‘..:‘I E 7: 50; - II : -
:' _: . . . i . _i 493. . . < .o.-.ll . .... —i 49 i—‘- - -. - : ‘ . L _:
W I S A S ] d re Pl ] i LY i ]

T vl ERY N e I B | R I TS SRS L
51 52 53 54 55 56 o 51 52 53 54 355 56 o s1 52 53 54 55 56
E. (MeV) E. (MeYV) E. (MeV)

tey (nsec)

T T T S 25 : o S o e B ) S S EE
:... - ‘. W S — m |- . G __ | . . i __
T ] . g 1sf SEME e Br
: e 1 F r . Joafb. g
. L] i lj .. . ° = E . .
. ‘ ¢ E _ 2-5_"' d - .

W . . - 0'5—_ . . . . N . .
- . B ; w. E * 2__:—'-~ ’ * . = -

S 0_',_ >: . l'l - = ) ; [ T
‘-. i E . ‘. . L] . b o 1.5_ - i
s ] 0.5 D - - . .

s . B - " | i
o "1'“ . " . . e Ll .

(=]
i
II|I

- et : O — ' E

I 111 |
—
Ill’. T

I | | I | L | L L I | I | L L | I | L L L pe= | | i | L | L L I |
-0.9995 -0.999 -0.99 -1 -0.9995 -0.999 -09 -1 -0.9995 -0.999 -0.9985
CﬂS@w cus@w ?QGW



E, (MeV)

tey (nsec)

Blind box content
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