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Lepton Flavour Violation 1) mu;

» Lepton Flavour Violation (LFV) not allowed

,
in the minimal SM and predicted in the w

extended SM (including neutrino mixing) at

a negligible level, not experimentally o v ’

detectable (BR ~ 10-39)

* On the contrary, LFV predicted in many
SM extensions (i.e. SUSY models) at

measurable levels (BR(p—ey) ~ 10-(12:14) AM?, Fﬂfﬁ;
e
,u// \€
. . o \
= in case of discovery, unambiguous SN W

evidence for Physics Beyond SM.
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Lepton Flavour Violation 2)

Several LFV processes, sensitive to New Physics (NP) through

“new" lepton-lepton coupling yi i b FPV L O

u— ey i:s’;}’ [ — eee ,U,N—wN (g 2),
\ ' ] \ ' J \_YTI
n,t anomalous decays go;)veersion ag:;nrrz%i? )
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Goal and signal mu;

+ Search for p — ey LFV decay.
+ Target sensitivity BR ~ 10-13 wrt normal muon decay.
+ Previous Upper Bound: BR <1.2 x 10-1! (MEGA, 2001)

+ Signature: < ®o————- .
e-c- +
- back-to-back topology: . !
- energy equally shared 6 .
between e* and y; E‘”_- El 8? 52 8 MeV
- simultaneous emission. R
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Background

physical
L —>eyvyv

(radiative decay)

/v
< Qo-—-—-——-== >
et/ Y

Rxp = R* BR(n — evvy)
~ 0.1 Racc

Blois, 30 May 2012

accidental
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(U —>eyvy

ee > yy

eZ > ely
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Roce  (R)? * (A®) * (AE,)?
* AT * AE,

J

O Muon rate to be used is
a trade off between
expected number of
signal events and
background level;

O Used 3 x 107 p*/s;

O Sensitivity is limited by
accidental background;

O High resolution
detectors and a
continuous muon beam
are mandatory. 7
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The Detector

¥ v World's most intense continuous muon beam
nED line @PSI (up to 10° stopped p*/s):

v Photon detection by a Liquid Xenon calorimeter;

v Positron detection by a Drift Chamber
spectrometer for momentum and by

scintillation bars for timing measurements.
T MEG Detectors ]

Ui Xenon e , . Ji s
Scintillation Detector - 1 R
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Overview of calibration system LE"

T e ) |
1 LiF target at Alpha on wires \
1 COBRA center ‘ -~ n
1 17.6MeV y e '
! 1 ~daily calib. Needed to ensure:
i i ] also for initial
por 1 R 1 setup . . .
A el | - r F Required precision;
— I Long term detector stability;
E Continuous checks for a ‘
x+pIaten e detector based on
20 > yy (55MeV, 83MeV) Calipbration . tive technol LX
b >y e (129M6V) innovative technology , __

LH, target

64
<
o) o Cosmic Nickel y Generator
= _ray
/1 radiative decay alignmentj] _—e—
B v. \ LE off O
Lower beam intensity < 107
@‘ ‘@ Is necessary to reduce pile- - Xe fr
s uminate Xe from
- e e the back
- X I Source (Cf)
ettt s A few days % 1_week to get . transferred b
( el enough statistics ) L. / ‘ omp air > o¥|loff
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Summary of MEG performances

Gammat
[og, w>2cm — 63%)

Relative timing T,, (RMD)
Positron E [Michel edge]
Positron 8

Positron ¢ [at zero]
Positron Z/Y

Gamma position

Trigger efficiency
Gamma efficiency
Positron efficiency
Muon stopping rate
DAQtime/real time

SES [analysis region)
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1.9%

150ps

330 keV(82% core)
9.4 mrad

6.7 mrad
1.5/1.1(core) mm
5{u,v)6(w) mm
91%

58%

40%

25107s-1

35/43 days

0.92 103
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1.9%

130ps

330 keV (79% core)
11.0 mrad

7.2 mrad
2.0/1.1{corejmm
5{u,v)6{w) mm
92%

59%

34%

25107s-1

56/67 days

0.44 102
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Results from
2009-2010 Data
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Blind + likelihood analysis

Signal and bkg optimization
done in sidebands

E, [MeV]

Number of events / (0.5MeV)

U e -s;-»[‘l;“,;o asE
‘ ‘ Timing sidebands

§ M
i e
' leen f
LT \
i 100 p

Tey resolution

| | €, sideband

. oy .
it har R gy rie. agl

»
£ lim - ’

T e

Events in the blind box (~ 0.2%) are hidden {E
up to the end of optimization procedure -

RMD events
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MEG likelihood analysis

* Maximum likelihood analysis to extract Nsignal
e Observables: Ey, Ee, Tey, Bey, Pey
* PDFs are formed mostly from data. The most dcmgerous
» Signal: Measured resolutions / bck is measured !
l-_Accidental BG : Measured spectrum in sidebands I

* RMD: Theoretical spectrum smeared by detector resolutions

¢ Different likelihood analyses performed to check systematics
* PDF: Event-by-event PDF, different PDFs according to tracking quality,

2erRged R ikelihood function

[ PDFs |
. - . A o
L(Z1,...,EN,Re,As|S,R,LA) =" > °4 e * °Rr (Ss(Z:) + Rr(z:) + Aa(T:))

Background rate $a=1

PDF= Probabi|ty constraints Slgnal

L ey , Radiative Bkg
Distribution Function Accidental Bkg
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55 MaV r° paak

PDF's

i
e n i - '
P /X . |Gamma Positron| 4 A
-‘E _ili: ,r'f I". : 0.6 f II|
E 7 z . [
T A 5 i Signal PDF from Signal PDF from ~ ** .
f .. - 55MeV calibration . [ \
2w : measured resolution f. \
00 '\ - gamma (1@ decay) -
S D S :::ﬁ Michel positrons su—“‘?f"'q‘:“"s'-""sf"”m
. , Mott scattering device | z™* ! ) ]
i f e
g 1200 P W i
g Eancel i k
R BG measured BG measured ™} Ay 5
A Y ~ insideband in sideband fawol | j
! i . g ] - | 1
E " = | 109 ] 51 1
200 R . [ ; \,_‘\-:
| S . | | T R
48 50 52 54 56 58 E, (MeV)
Ey (MaV) | |
- RMD peak ik i
mostly in low energy part = F‘f \N .
o N Relative angle
Relative time g
. From measured
Signal PDF from measured double turn tracks
RMD peak i -
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Normalization

N,, =BR(u" —>e€"y)-k

sIRG=0]e 7) A(y | track)- (7/) Psc(22)
g(TRG =22 |trackNe, mTC

where:

ack, p, >50MeV | DC) - £(TC | p, > 50MeV)) \

107 pre-scaling

iE | factor
uo;- ,
120
theory .,.1 1‘ v
' " '
resolution ..'YJ‘ ‘; |
acceptance =l Wiyl \M
%0 % 10 130 200 2% 300 3w 400 430

LXo energy faw]

TRG = 22: Michel events trigger (only DCH track required)
TRG = 0: MEG events trigger
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Muons on target 2009

wiji"? T
| I I T ] -

3 0.65 104 E

M oan targel

N pimdber of
¥ T 8 2 i @
Mumber ol ° on tprzes
2 &t 8 §
[r'1'[r"'rr']1
-
L1 ]I

_ll-.lll.

-

Last L peoatond won Muonm et BB bic 2650 214

Statistics for 2010 about twice that for 2009

Stable detector conditions Optimized degrader
(LXe, DC, TC) Improved electronics timing

Slightly lower DC efficiency
because of higher noise.
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Preliminary results @ICHEP 2010 (Data 2009)

H

s Osy<178.4° [Toy|<0.278ns v 61<E,<66MeV 52.34<E.<66MeV, _
[T T T | LI LI T 171 LI | T T T] — N T T T T ._I T T T - T T T T ]
- Events seledted in | Contours show 1, ; N . ]
5'?5 analysis reégions 1.64| 2o regions - £ 1.5f A —
56; - of signal PD ; 7 15 . ]
= . 0.5 ]
S4r TN : -~ 7, ]
S 2: . I'. % .'r 3 '::.:.':'..'..'. ‘ sﬂi _9, _. . .
- . : \2 :}/ o ] -0.5¢ O i
] | : - . .
NS NS A : I S ‘ :
495: ) - ) '- ; - -1_53— Numbers classify events according —E
s . cia b L e ] - to highest signal likelihood ]
C11 11 PVl R TI el |=-| [ 1% 1 L1117 . 1 I 1 | I 1 I 1 | 1 1 I L
4%0 51 52 53 54 55 56 -2-1 -0.9995 -0.999 -0.9985
E. (MeV) | h v f c0sO,,
R, =Log, ( sig J . . N.B. Plots shown on y for .
A0.1L,, +091,,) Ranking variable reference; not used in analysis
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Updates after ICHEP 2010 mu‘

Q Used also 2010 data (statistics twice that of 2009):

A Improved detector alignment (cosmic rays, MILLEPEDE
algorithm);

d Implementation of correlations between positron
variables (energy, angles ...);

A Improved knowledge of magnetic field map;

Q Improved likelihood analysis procedure;

Q Combination of 2009 and 2010 data = published paper
PRL 107,171801,(2011) with new upper bound on p— ey BR
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Sensitivity evaluation

< Upper limit averaged over a sample of 1000 toy MCs, generated with O signal
events and using the background rate measured in the sidebands.

,,,,,,

T
16—

i B

B= 3.3x10 12 (median) B = 2.2x10712 (median) (B = 1.6x10'12{median})

< Confirmed by applying the analysis procedure to events falling in timing and
angular sidebands.
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enis /(56 paec)

Ev

ents /(4 mrad)

Ev

Unbinned maximum likelihood fit 2009
“ 1|Jr |

s/ (0.4 MeV)
& &

(24 MeV)
g & £

= 1 T ] /4—*— i
> :
20 9% :
= o =
; 2 085 017 x101*&K BR <9.6x 101 =
Time (nsec) o - )
= O0.7F o
= 90% C.L. ;
: S 0.6F She -
a3 + < : Sensitivity = 3.3 x 10-12 :
ot 0.5F =
jl + " 45 BR =0 probability =8% -
mg- TTI T]_‘_‘ '1T*14- . E_ —E
1 035 -
W ‘Tz}r;(n;[:ad;'ﬁ B 0.2;_ _;
0.15 upda.ted 2009 data -
0: i 1 1 1 1 1 1 | 1 1 i 1 1 ]

0 5 10 15 20
Number of signals

consistent results.
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Events /|56 psec)

Events / {4 mrad)

Unbinned maximum likelihood fit 2010

[
= N
T

Blois, 30 May 2012

Events (.24 MeV)

s

Events § {4 mrad)

g =

Confidence Level

L
=

¥ o=

e

BR < 1.7x10°1%

90% C.L.
Sensitivity = 2.2 x 10-12

2010 data

Fabrizio Cei

(] lllll.l|I|IIllll:IlIl]JllIl]JL]lJiJIllillIJlJl LLLl

)

1 A T -
10 15
Number of signals

22



Combination of 2009 and 2010 ﬁu;

Confldence Intervals Proflle likelihood ratio
- I e o o — = 10 — _
S 7 - < F
2 u_yF — - £ 9 e 2009 =
3 v 0035 C.L g Ly =
s s f =] 18 --= 20140 3
= - 7t — 200942010 -
S ol '
2009 5
-------- 2010 3 44t =
2009 + 2010 - 30
- ZE
— 'I._'l —
I l.. P I S T SR TR NN S S T N S T T T xl“-u ] l" . ....'I'-.J-.--."'.-..JI I SR T I TR TR TR 1 _><1"-u
5 10 15 20 0 5 10 15
Branching ratio Branching ratio

» In 2009 a fluctuation of 3 events above the background was observed,
consistent with zero signal events at 8% probability.
» Such a fluctuation disappeared in 2010. 2009-2010 compatibility at 15%.
» Because of higher statistics of 2010 sample, the combined limit is
dominated by 2010 results. Then, no lower bound at 90% C.L.
Blois, 30 May 2012 Fabrizio Cei 23




Combined result and BR Upper Bound W

E, (MeV)

S Ou<178.4° [Tol<0.278ns §  IG1EatMey E?_Mgﬂmv?:
56 d FOE Y s T les ¥y 2009
55 | e RS aamg’ < &
S8 o | | k 0-5,}. B L7 B . 2010
53;; . cHERy 3 0—_ j' . = .
8 e 0.5 - ..
IS : ¢ ’
S|)E'-. " a . ’ E -1 3 :
3 :".’. . ~ :. ¥ s
49_.»%-.- .;'. < I.S_ 0 <
i T T T T g R YTy Y T .-6.;)98
E. (MeV) cos®,.,
90% C.L. Feldman-Cousins upper limit Factor five
improvement
+ _, ot \
T'(p € 7_) < 2.4 x 1071% wrt previous
L(pt — etvp) limit !

Sensitivity 1.6 x 10-12; difference due to 2009 fluctuation.
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MEG Constraints on New Physics

MSSM with large tan B SUSY -Seesaw

- i 3 : 10 »
© : ' - SPS 1a :
— 09 | ' ' 02}  Mni =10""GeV, my, = 10" Gev
x - - | m, =107 eV
: L] ' vl
;08 b : : 50 SERERES L
o | ; ' M
; : P
1t o1 f : : Wl
o : 3 t ' | MEG (2011)
~ 06 | . = 2 K
% | ; X 1078}
: '
05 | - 103}
' ' 4 0y5=:1°
il E 10“‘; s 013 = i
: : P mas0taey o= s
03 T E :MEG (2011) 10.15[“'0”0“263\,/4. ol ) y 13 3 S
62 | 5 I — 1074 0% 0™ 0T 0™ 10 40® 107
| E o R | BR(t = uy)
' "N 197 5 D F Recent results from v-oscillation exps
" g-2discrepancy | (Daya Bay, Reno, T2K, Minos, Double Chooz)

s /40 20 25 30 33 4 4 50 favour “large” 0,3 (~ (7 + 10) degrees).
B-physics constraint Aa, x 10"

G. Isidori et al., PRD 75 (2007) 115019  S.Antusch et al., JHEP 11 (2006) 090
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Future perspectives
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Data 2011 ah

zou;f.- . r v T I — — — -

m,; Rupl(09+Rem20t0 . . .’_.
150F

uo;_‘—

P | [ SO SOSHEES PGSR BTN AR BT TR I ..

1o = Data statistics more
IO? Rum2O0 £ ’ P PRl Bl Rori [

oF- / than doubled:

W

- 2011 > (2009 + 2010)

—

LR

Number of stopping

.illl.l &

muons in 2011,

Number of |17 en target
.;ll.A

.‘lllllli..

ALl

C | = | . I |
NSM‘IIOI'(W/II 2UOTAIOSES A 2TASTT IO T2 1120008 rnm ey
Last Updated on Thu Feb 9 87:05:12 2012

Smooth running conditions (except for a cryo-plant damage in November):
Improved LXe calibration (NaI replaced by BGO);

Higher DAQ Efficiency and live time (> 95 %);

Preliminary measurements of resolutions/efficiencies gave results
comparable with that of previous years:;

Analysis under way.
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Projected sensitivity

2011 2012 *
108 "’i"‘ Evaluated by toy . Stoppfd K- per year
SF i | somuLoy ea MC and likelihood =
gL o ncovery analysis :
8 | Expected final -
EONL B seoeaentsensiny S
== sensitivity: .
i‘ﬂiiaUtliﬁﬁﬂi-?ﬁ?Cﬁ | " ~] 5 x 10‘13
Q i —~
102 ' 2
Sensitivity increases slowly with DAQ
i time because of background/detector
] performances = to hope to gain a
108 '
- s further order of magnitude, we need

0 100 200 300 400 500 600 to upgrade our detector !
Accumulated DAQ days
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Studies for a MEG upgrade mu;

Several studies under way to improve detector performances:

Y MppC

<+ Calorimeter readout by
fine grain MPPC instead

. of PMTs %
< Unique volume
| gas chamber

< Active target

< Timing Counter improvements

Final goal: reach a sensitivity ~ 5 x 10-14
Blois, 30 May 2012 Fabrizio Cei 29



Other searches

m Study of RMD events and
measurement of RMD branching
ratio and Michel parameters
(included measurement of muon
beam polarization).

Paper in preparation.
B Search for exotic muon decays

(mediated by pseudo-scalar particles ¢
or with massless Majorons).

Blois, 30 May 2012 Fabrizio Cei
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Conclusions =N

> The MEG Experiment is running since 2008 in the
search for p—ey decay.
» Analysis of data collected in 2009 & 2010 established an
Upper Bound on p—ey branching ratio of 2.4 x 10-'12 @ 90% CL.,
a factor 5 improvement with respect to the previous limit.
» The result is already significant.
» At the end of data taking, MEG will reach a sensitivity ~ 5 x 10-13
» A null result with this final sensitivity will be a strong constraint for
SUSY/BSM parameter space.
» Studies are under way for possible upgrades of the experiment in
order to improve sensitivity by better detector resolutions.
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Backup slides
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i

Strong impact of LFV searches in particle physics development:

Lepton Flavour Violation 3)

+ beginning of lepton physics (Pontecorvo & Hincks, 1947);
+ universality of Fermi interaction = standard model (1955);
+ flavour physics (> 1960):
+ possibility to explore high mass SUSY scale (> 1000 TeV) and give insights
about large mass range, parity violation, number of generations ... (now)
:'6 "I (L. Calibbi et al., =z . | Examples of recent predictions
0 | Phys..Rev. D74, 011701, 2006 - ' ' ' '
N s ) 1400 (L. Calibbi et al.,
) '?Z o 2 1200/ S hep-ph 0909.2501 |
1 1 : 1000F 1 MEG
@ oo MEG Goal |
0.001 4DD; Super‘ B
o : 1 1 1 L EDD; abar+Belle
0 200 400 600 800 1000 1200 1400 1600 ]
NEW MEG LIMIT 2011 i 172 (GeV) 0 500 mntrrn n15nu 2000~ MEGA
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90%~CL bound

70 years of physics history linked
with improving technologies

Cosmic Ly \ BR < O 1
10° / T 1

. 1 Hinks & Pont
m A Only null observation to date W ontecorvo
107} ]
B el
‘o-‘ "
"o r*
ﬁu
10 /y qi &
1o+ Stopped = ot 1
o y—ey 1 e Super B-Factories
A UN—=eN / .A 6 , um
G - Sl A ... Mec]
A t— 3p % beams
' : : ' DecHle -
o Ve 1980 2000 77, 2020
Year Mu2e, COMET

BR < 1.2 x 1011
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The Paul Scherrer Institute (PSI)
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The most powerful continuous
machine in the world;

Proton energy 590 MeV;
Power 1.2 MW;

Nominal operational current 2.2 mA

(to be further increased).
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The Sub-Detectors

LXe detector

The world's largest Liquid
Xenon calorimeter:

-900 |

- 846 PMT's

- Thin entrance window
- AE(FWHM)/E ~ 5%
- or ~ 70 ps

- 0y ¥ 8 mrad

All resolutions @52.8 MeV

2 x 15 scintillator
bars for positron timing
(and position) and
trigger purposes.

‘O'Tz70ps

Blois, 30 May 2012

Sixteen
modules, each :'
one formed
by two -
staggered
layers of
plane wires
plus cathode
foils for
longitudinal
information.

- W
°8
Iz
oM
o<

Thin wall
superconducting
magnet (COBRA)
generating a graded b
magnetic field to sweep |
out high P+ positrons.
Boox # 1.26 T

= N»j;.;.,“
COBRA magnet .
? "«'.g,. ,-. ~ - <
| ia O, R
I.\ e ¥ 'y . o

~
ok T
- F  ; *a
7 & Ry -
P e ol
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CEX calibration

T p— 7T 1N — YYN

83 MeV .. : S

& .
EY n i Fo
45 i ]

ks T \ Signal
energy

Photons detected at opposite region

boundaries of energy spectrum.
Back-to-back condition ensured
by an auxiliary NaI (or B6Q) detector.

Dedicated run periods with the normal MEG
target replaced by a Liquid Hydrogen target.
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y-energy scale monitoring

Energy in LXe | caric | PP : : :
i Entries 5038 t)
_| oy | | Lithium, AmBe and Ni peak monitoring |
i i e
| 300 3 - s i 5 : : : : :
ok 35000:—- l -l'- Fe v -' Wy I. o
2'”5_ 3mo:_.. .................................................................................................. . Li'hlum
E : : ® AmBe
e i 25000f— ¥ Nickel
r - A Nickel Beam ON
100 - : :
E +I+ 2mo'.-_. ........................................................................................................................................
*F i B
- w‘lﬁfﬂ mﬁ'ﬂ | | 1 -
q]_m znnd L d:“]nnu 1 Iﬁnnli L .an["..: .1["].“..[.'_ .._1.20““ 15m0 :._ ................................................................................
SH D S D N A
. 10089 /59 10 /09 17 /09 23 /09 30/09 06/10 13/10 19/10 26/10 02/11 08 /11
17.6 MeV y-line from Date
p-induced reactions on Li All systems working during 2010 run.

Energy scale known with 0.3% precision.
Full set of calibrations every three days:
~ 3 hours/set.
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Energy scale linearity

S | | straight line fit

| factor 09992: 0000268 | N |
ctor . . /s from CEX

reactions

v's from CW
reactions

~ @ 000000 Fi:r coinpai‘ible with

y from AmBe

|-i|||i||I;lllilllillltlllil
% 20 40 60 80 100 120 140

Energy [MeV]
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Spectrometer resolution measurement

reconstructed by *

(1 tuom) Angular resolution evaluated by tracks
reconstructed by * with two turns in the DC system,
treated as independent.

Momentum resolution measured by fitting the edge
of Michel spectrum and using the Mott calibration.

E V)

Muon decay vertex resolution : °
measured by identifying the 5
target holes in the positron

position distribution on target.
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N

Positron-photon relative timing gan

¥

Evenis / (0.0233333 n

NB = 84414 = 409
NRD = 6705 + 299

meanTeg = 0.0001= 0.0048 ns
sigTeg = 0.1261=+ 0.0056 ns

I|I|II|||I[|1IIII[I|III|1III i]llIIIIIIIII

1 | I 1 I ] 1 1 [l |. 1 1 1 I ] 1

Radiative Muon Decays

- 88888888 8

-0.6 -0.4 -0.2 0

IDiz i i
Photon-Positron time Time Fit (ns)

1 1 1 1 | 1
0.4 0.6

Peak position stable within 20 ps

Blois, 30 May 2012
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Relative bar-bar and bar-LXe
sinchronization perfomed

py using p-induced reactions on
Boron (two photons emitted).
Monitored 1+2/month.

Positron time measured by TC
and corrected for ToF using
DC track information.

Photon time measured in
LXe and corrected for ToF
from target to calorimeter

RMD peak seen in normal
runs and corrected by small
energy dependence.
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Measurement of muon polarization A

Surface muons are fully polarized — energy/angle distributions of Michel e* and
y's from RD decay are modified. Depolarizing effects estimated < 10%.
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By fitting positron energy distributions in angular slices we obtained:

<P> = 0.89 + 0.04
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Event distribution 2009 & 2010
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2009: small differences
with respect to
ICHEP 2010 presentations.

2010: no evidence for
excesses in both plots.
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Trigger/DAQ upgrades 2008-2011 A

Live time - online efficiency plane
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