


e Violates lepton
flavor

e Lepton flavor is
violated in
neutrino mixings







TeV scale physics
help them mix !
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Perhaps we can observe!



TeV scale physics strongly
constrained by LHC

are NOT strongly
constrained

may
come from TeV
scale physics!

not necessarily SUSY

Complementary to LHC + sources of LE'V
GUT , seesaw
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—P larger BR(u—ey)

y P YYY v YT Y Y
' I I I

SPS 1a
Myq = 10" GeV, My = 10'" GeV
m,, =107 eV
0<104l <n/d

0 <10,l < n/4

Jedged/ored

-

My3. = 10" GeV ]

013=:1°
013=:3°

: . mys=10"°GeV | 043= 5°
wime=roev? T et
1050 10 102 107 107 10‘9”\r 16° 107
BR ( T—U “{) recently measured!

S. Antusch et al. JHEP11 (2006) 090




Implication of Larsge 013
—P larger BR(u—ey)

v T L4 L4 L4 LA T T rTYYY”Y T L ' g L rr
' I I ]

SPS 1a
My = 10" GeV, My = 10" GeV
m,, =107 eV

0<104l <n/d

0 <10,l < n/4

05=0

-

TegRd/oTod

mya = 10'* GeV.

013=:1° 1§
013= :3°

: 9 mys=10"°GeV | 043= 5°
wimg=10eev®” o B
19507 10 102 107 107 10‘91 16° 107
BR ( T—U “{) recently measured!

S. Antusch et al. JHEP11 (2006) 090



Implication of Larsge 013
—P larger BR(u—ey)

SPS 1a

My = 10"Y GeV, Mpo = 10'" GeV
m,, =107 eV

0 <104l <nw/4

Jeged/ered

"4 0 3
Og= ;1. 3
613:;

: 7 mys=10"°GeV [ 0y3= 5°

o 'mN3A=1pl‘2GeAvf.fl/k e <\E‘3 =DLOV [

1050™ 107 102 107 1070 109 ‘ 10° 10~
BR ( T— U ‘{) recently measured!

S. Antusch et al. JHEP11 (2006) 090



muon (g-&) anomaly
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muon (g-&) anomaly
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Evidence of TeV scale physics y
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muon (g-&) anomaly

Evidence of TeV scale physics y

170 180 190 200 210
a> x 10" - 11659000

muon’s anomalous magnetic moment



muon (g-&) anomaly

G.Isidori et al. PRD75, 115019

muon’s anomalous magnetic moment



muon (g-&) anomaly

G.Isidori et al. PRD75, 115019

muon’s anomalous magnetic moment



The MEG Experiment
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s most powerful DC muon beam > 108/sec

Provides world’



Dominant Background
Is Accidental

Michel decays . Radiative Muon decays
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good vy resolution is

must manage high rate e most important !
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The MEG Experiment

Tm

COBRA Magnet
Drift chamber

Muon Beam

Stopping Target Timing counter
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" Drift chamber

Liquid Xenon Mt
Scintillation Detector |




COBRA Positron Spectrometer

Gradient B field helps to manage high rate e*

e thin-walled SC solenoid with
a gradient magnetic field:
1.27 - 0.49 Tesla




uniform
B-field

= " " |

emitted e*

Low energy positrons Constant bending radius
quickly swept out independent of emission angles
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filled with He inside COBRA

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

~2.0x 1023 Xp along
the positron trajectory



; ‘.':-Iiﬁomt of the positron to
:f‘_'«_obta,ln precise timing

scintillating fibers < 5 O pSeC :

installing inside COBRA



provide good

time, position
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Pile-up Photon Removal
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e (Good position/timing
resolutions enable to
remove pile-up
photons
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e FHvents are not
thrown away

better algorithms
implemented for this

-6;)0 -sgo -5;)0 -4§0 -4;)0 4000 -660 -55 ' ' ' a,ﬂa,lySiS

Time (nsec) Time (nsec)




Absolute y Energy Calibration

=

LHy target

P
BGO crystal array on'a movable stand
to tag the ether photon

0

T p— T N —YYN
“CEX”

negative pions stopped in
liquid hydrogen target

Tagging the other photon
at 180° provides
monochromatic photons

Dalitz decays were used to
study positron-photon
synchronization and time
resolution

new BGO crystal to tag the
other photons w/ better
resolution



e Gamma ray energy

op =1.56=0.03 %
FWHM,, =4.54=0.11 %

e Signal PDF from the CEX
calibration data
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e Accidental PDF from the side
bands
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g W | verified by radiative
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Cosmic ray \ e Systematic uncertainty

on energy scale: 0.5%

60
Energy (MeV)




Monitor E, during Run

e sub-MeV proton beam from a
dedicated Cockcroft-Walton
accelerator are bombarded
on LigsB.Ov target.

e 17.67MeV from “Li

e 2 coincident photons (4.4,
11.6) MeV from !!B:
synchronization of LXe and
TC

Entries 5036
Mean 6472

IOEECAl ¢ Short runs two-three times a
week

remotely extendable
beam pipe of
CW proton beam
(downstream of
muon beam line)

17.67MeV Li peak “*"2000 4000 ' 6000 8000 10000 12000



Stability of E, Scale
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Positron PDFs

e Positron energy scale
and resolution are
evaluated by fitting the
kinematic edge of the
Michel positron
spectrum at 52.8MeV
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e new Kalman filter for
track fits w/ better
modeling of hits &
materials
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o0 e improved technique for
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< cosmic ray
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2 e fast Fourier transform
= filtering to reduce DC

=7 noise

— petter resolutions




Positron Angle & u Decay Point

reconstructed by *
(1st turn)

reconstructed by
(2nd turn)

drift chamber

Angular resolutions
were evaluated by the
double turn tracks
inside the DC

holes of the muon
stopping target
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Radiative Muon Decays

Ny = 16430 = 374

o, =130+ 4ps

9

Positron time
measured by TC and
corrected by ToF (DC
trajectory)

LXe time corrected
by ToF to the
conversion point

RMD peak in a
normal physics run
corrected by small
energy dependence;
stable < 20ps




& =0

VVittlE%iﬁgdé; B 60

— 40

k factor
= SES-1
(x10'Y)

g a2 ()

\O
2012+:20



- T
~ NN
- d

with , 3

e 20

k factor
= SES-!
(x101D)

g 30

2010 ¥ ’
2012+20

DAQ efficiency 87%—>96% in 2011



Blind & Likelihood Analysis

(EY7 Eea T9Y7 eeY, q)eY)

it T
B == S
signal, acc BG, RD BG EF"TL :if'"j‘:a‘?;g“-"? :
= ShEe s =
= ™ - -
T

Number of events / (0L5MeV)

PDF's mostly from data
accidental BG: side bands
signal: measured resolution
radiative BG: theory + resolution



Likelihood F'it

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

L (Nsig, NrMmp, NBa) =

1 (NBG_2<NBG>)2 1 (NRMD_2<NRMD>)2
2

LRp(Nsig) —

RMD X
MaX Npg, Naap L (NVsig, VBG s NRMD)

MAaX Ngie,Ngc, NrMD ﬁ(Nsiga NBGa NRMD)

New: per-event PDFs introduced also for positrons
— sensitivity improvement



Normalization

Conversion factor from Nsig to B.R.

N (p—ey)=IN,tBr(p—ey) (Q/47) - € { €c| €trig * Esel

N (Michel) =[N, {(Q/47) (e, | €y - P (Michel)

Efficiency for Michel Trigger preselection

e Use Michel decay as normalization channel
e Michel samples mixed in normal data taking
e (Count reconstructed high momentum Michel positrons

¢ |n the branching ratio calculation, the positron efficiency is cancelled out in
the first order. Rather precise evaluation should be possible in spite of the
varying positron efficiency during the run.

also checked by radiative muon events




2011 Side band da,ta,

I |T |<O 244ns cosG) < 09996 : off angle
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side band BG rates are consistent with the expected

sensitivity for 2011 data=1.1x101* @90% C.L.




2009-2011 Side band data

off angle

2009-2010
reprocessed
~20% better

sensitivity

1, 1.64, 20

ntour 2L .99 :
contours 21 0.9995 -0.999 -0.9985

cos@ilY"fted (A¢,_=-0.10 rad)

side band BG rates are consistent with the expected
sensitivity for 2009-11 data = 7.7x101° @90% C.L.
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2011 data
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Likelihood Fit - 2011 Data

Total
Accidental 1215
Radiative 88

Signal 1.4

2011 data




E., (MeV)

2009-2011 data
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Likelihood Fit - 2009-2011 Data

Total
Accu.iex}tal 2414
Radiative jgg

Signal -0.4

2009-11 data




Likelihood Analysis

2009-2010
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4x improved upper 11m1ﬁ}tha,n previous 2.4x101?
the preprint to be submltted to arXiv today



Profile Likelihood Curves
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Note these curves are not directly used to derive the U.L.
which are obtained in a frequentist approach.




Compatibility Test for 2009+2010 Data,
before/after re-process
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muon (g-&) anomaly

G.Isidori et al. PRD75, 115019

muon’s anomalous magnetic moment



muon (g-&) anomaly

G.Isidori et al. PRD75, 115019

muon’s anomalous magnetic moment
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MEG upgrade

e MEG upgrade proposal was submitted
to PSI, December 2012

e Approved by PSI committee, January
2013

Gantt chart 1: Overall MEG Upgrade Schedule

.
2012 2013 2014 2015 2017 2018

upgraded MEG




upgrade design based on
our long time experience

-higher beam rate
DD EEE S EE D -larger acceptance
Upgraded -better resolutions
MEG 6.

-moderate cost

4. |




Drift Chamber - sustain higher muon rate & ageing

- finer granularity & better resolution
- lager combined DC+TC acceptance

- Z=490.0 [em] **

single volume

He-based gas
small cell size

stereo wires
~ 130pm hit resolution

most challenging
element of upgrade




Tite

3

1ng 3 shnology using SiPM

Resolution (psec) f.z.:

t resolutions expected

multiple counters

tested at piE5 beam line
in December

Mean 4.797

2 3 4 5 6 7 8 9 10 11 12 13
Number of hit pixels

4 5 6 7 8 9 10 11 12 13
Number of hit pixels




LXe Detector - finer photon sensors at entrance face

- better uniformity - better resolution
- better handles for pile ups

LXe detector proved to

work at 10% muons/s
w/o pileup issues




Resolutions, Efficiencies, & Sensitivity

S e
TABLE XI: Resolution (Gaussian o) and efficiencies for MEG upgrade E -MEG2011 —— 506 Discovery -
PDF parameters Present MEG Upgrade scenario %ﬂ _ .......................... — 30 Discovery -
e* energy (keV) 306 (core) 130 é —90% CL Exclusion
e* 6 (mrad) 9.4 53 N 1012 :— =
o 6 (aatad) . i /m T MEG2013 i
e’ vertex (mm) Z/ Y (core) 24/1.2 1.6/0.7
v energy (%) (w <2cm)/(w >2cm) 2.4/1.7 1.1/1.0
v position (mm) u/v/w 5/5/6 26/22/5
y-e* timing (ps) 122 84
Efficiency (%)
trigger ~ 99 ~ 99
y 63 69
e* 40 88

muon rate 3.3x107/sec 7x107/sec UpgradedMEG 111 3 yeaérs
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weeks



2012+2013
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BR(u—ey) <! ”c C ks,
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getting hlghex* ' nsio: muon g-2

MEG plan to dou vle th ,%f%fdata, again by
summer 2013; So s%‘éﬁr tuned!

MEG upgrade a,pproved & underway:
10x higher sensitivity expected in future



