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MEG Lepton Flavor VlOla.tIOIl o 4

MEGmm Collaboration
—m —

Quafks

'i Flavors are mixed through CKM matrix in |

X X g the Standard Model, |

Le 0 tonS

0~ G
Charged Lepton Plavor V101at1on (CL V)
>< >< t | Forbidden in the Standard Model, %
& y M y B(ueey)~0(10'5°) for SM+v oscillation, |
Not observed yet ;

2014/5/21 26th Rencontres de Blois in Blois




B MEG Lepton Flavor VlOla.tIOIl .

Quafks

:'" are mixed matrix in
|| the Standard Model, |

N 1 Charged Lepton Flavor Violation (CL V)
'| Forbidden in the Standard Model, |
|| B(u—eY)~0(10%%) for SM+v oscillation,
~__}|Not observed yet ;

2014/5/21 26th Rencontres de Blois in Blois 4
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Mu-E- Gnmmn Collaboration

u—ey in BSM

=] __ <

- Many BSMs predict the detectable B(u%ey) in Example diagram of the u—ey decay in SUSY

between 101! and 1015
SUSY-GUT, SUSY-Seesaw, Extra dimension, etc.

. - R €R
- Previous MEG result: *2.4x10-'?2 @ 90% C.L. Af, - @ - _
Already in the “BSM region” ! R
/ \
- Discovery of the u—evy decay should be the clear /] \
1 \
evidence of the BSM 0 - O
[ ] [ [ ¥ 6
- CLFV searches can indirectly access the higher X
mass scale than that of LHC |
*PRL 107 (2011) 171801 “““-"'\fl’-”-'-' > 0 1 (g2)y-anomaly
an(3 (u—er s e - R i 2
g REN=Y) My =10" GeV = 2
0 7 T g MSSM W1tl'i ],,arge tanﬁ 2
b = 0.8 J'Leavy squarks 3 1 S
”/ | 3 ©  inotheavy sleptons 3 0
4 § L‘” B- physms co;nstramtl' BN g
10 — X B B
; @ : o B
4 S 137 S SN S — - S
! B Se-de-s-ma------2 MEG 2011
10 ' 1016 S
" 10 0 18 01 |
S 1 |
L\ L - L L ([ |
1 L Lol 1'“1! 1 e S | 5 10 15 20 25 30 35 40 45 50
' mSUGRA e . Aa, x10"
iy ACV
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Mu-E-Gamma Collaboration
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| Back to-back |
E. = E,=52.8 MeV
Te Ty |

Slgnall Background

Dommant Background ;
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Normalized Positron Energy (x)
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Back-to-béck |
E. = E,=52.8 MeV
Te =T, |

Signal / Background <

|

'

' Radiative Muon Decay (RM
Nrvp = 0.1XNace.

_

?f

Continuous n*
beam is better

g o o L £ -
£ | Bagkg{lynd E. /l g E
'%5, 0.8 ~ ’ 4 £ i
= i D 3
E et :
E ector Yesolutions — .
£ 0 to suppyres € Important f
5 04" ‘ S the baec ground E

0.2:— l 10-6 o ' _;I

LR X RV R ¥ I ¥ W02 04 06 08 1

Normalized Positron Energy (x)
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EMEG MEG Experiment

Mu E-Gamma Collaboration
e G —

direct-current muons
3x107 ut/s stopped on target

Beam transport solenoid

1.3 MW Proton Cyclotron

Stopping target the world most powerful beam

/ Drift Chamber o

) made of ultra low mass materials
n- -

Drift chamber

Timing counter

COBRA magnet

LXe gamma-ray detector
good efficiency&resolutions

COBRA magnet
special graded field to detect signal e* e’

COnstant Bending RAdius

Timing Counter

%%WWW . MQ/ Determine impact‘ time of positrons

@ (b)

|
|

Z?g‘ - = =
\ I —_—
(c) (d)

2014.2.12 Interview @ IHEP, Beijing




EMEG ~ Latest Result (1/2) o 4

,on target (x 10'%)

'

N

F Gnmmn Collaboration

~ -3.6x10' u*s are collected until 2011

302009 1 2010 | Statistics = sum of 2009-2010
el _ . . .
~3.6x10 total y1* ngc.onsft.;:lc.tlonfand+analy51s arg improved

250 | o4 opped at the target | 01§e lltering o; g reconstruction
200 : , Revise the track fitting
150 : / """"""""" ~ Enable to use per-event PDF
100 New pileup unfolding for vy rays

50/ / / : = ~20% sensitivity improvement

; l - . | - -13
o—4 L s T T Obtained sen51t1v1ty 1.7x10"

First u*—e*y search below 10-12 !

00 \ BR UL distribution of BG-only MC ‘ 1 ‘ C.L. curve from Time sideband
-~ [«P] ~ ]
> - -
209] ;
400 all combined - 0.8 aII combined -
- - [<5) n ]
; =0.7F E
i i — . . g .
300 : - 0.6 E
= -13 ) 0.5} =
S — ,7,7)(10 ! ] 045; 1.3<Tey<2.7nsec 7
200 B i 27 <Tey<-13nsec 7
. 0.3H =
100 . 0.2 E
} 0.1F =

0 el X202 )= C | L Ix10712

0 2 4 6 0 1 2 3 4
Branching ratio Branching ratio

2014.2.12 Interview @ IHEP, Beijing 10
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Mu-E-Gamma Collaboration
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50

4

90% C.L. upper limit is calculated based on
Feldman-Cousins’ full-frequentist approach
for 2009- 201 1 combmed dataset

54/

52/

0 51 52 53 54 55 356
E . (MeV)

Latet Result (Z/ 2) [0 4

2D event distribution w/ cuts
e data with 90% cut
- signal PDF

No signal excess is observed
= consistent w/ BG only
hypothesis

Deta1ls m] Adam et al., Phys Rev Lett 110 201801 (2013) 0.2

2014/5/21

21 -0.9995 -0.999 -0.9985
c0s0,, confidence level curve
?) 1: LI B B II I e LA T orres I p"r--—r _____ _|__J--J--1--+--:
d>) = e T -
- 0.9';" - mwwo M == -E
S0.8- E
% - -
2o :
005;*': ........... 2011 —;
03 i """" 2009-2010 _i
: — 20092011 -
0.1 . =
0 F A R N N T T A N NN SR R T NN NN A R N - X10-12
0 1 1.5 2 2.5
Branching ratio
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EEMEG Conclusion & Prospects

Mu - E Gamma Collaboration
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- =

® The u*—e*y decay search usmg2009 2011 data perfred | (g-2)s-anomaly
e First u*—e*y search with a sensitivity below 10-13 !
® No signal excess is observed
e B(u*—e*y) <5.7x10'3(90% C.L.)
e Start exploring wide “new physics region” !

e Data taking was finished in 2013

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

EG 2011
e Final expected sensitivity: 5x10-13

o Total statistics are doubled (2012+2013)

e New analysis to reduce BG-gamma from AIF will improve the
sensitivity up to 15%

5 10 15 20 25 30 35 40 45 50
Aa,x10"
sensitivity curve w/ observed limit

P .2 T I‘ T T | T T T T | T T T T | T T T
o e . & 15 = ® Obtained 90% UL .
° AnaIYSIS 15 Ong01ng .s ‘ ;J RN Ty 90% UL sensitivity .
° ° ° a ::E 10 n - +1o E
Tag the Annihilation B 2 220 ]
in Flight (AIF) event 3 £ S0 discovery :
~“OulV- UK g 10 ]
O @ OX \ ‘0
" & y L*, = -
; < 3\ Ox a
O .\’\/ \/ \ E 10—12 —
D e in material P 5 x
; ‘:,  Latest Observe
) H i
:)) ‘ 2 Final Expected Sensitivity ~5x10-13
“’ O - | | | | | | | | | | | | | | |
O o 2009 2010 2011 2012+2013 107 100 500 300
M S ® Year Accumulated DAQ days
2014/5/21 26th Rencontres de Blois in Blois 12
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4MEG Plan fortheUpgrade | (e 4

-E- Gnmmn (‘ollnbo ation

e We achieved the sensitivity of 10-!2 which is inside the region Goal Sensitivity of MEG II
predicted by many BSMs arXiv:1301.7225
e The p—ey search is very important to investigate the BSMs
o In MEG phase_I, the SenS]_tIVIt'y' evolutlon was gettlng- worse :% II ...... I ...... | I ...... II _____ L | - | ]
because of BG :n '9'(')77”C"i;”"M‘EG"Z()'ii" — 56 Discovery _
. . . . o k= B S S — 36 Discover
e BG reduction is essential to achieve better sensitivity = 5 l o iscovery
§ 1 —90% C.L. Exclusion
e — MEG upgrade ! (called “MEG II”) £10

e Aiming the 10 times better sensitivity than that of MEG
® Important keys for the upgrade
e More powerful u* beam (available in PSI up to 108 Hz)
® Need to improve the rate tolerance of each detector

® Improve the performance of all detectors to suppress BG

e Further background reduction

. Upgraded MEG in 3 years
® Reduce materials | | | |
10-14 [ [ [ L [
e Active BG tagging 0 20 40 60 80 100
weeks
2013 2014 2015 20716 2017 2018 2019

M o [ oo B oo |

26th Rencontres de Blois in Blois 14
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Mu-E-Gamma Collaboration

LXe detector Upgrade
Inner face PMT — UV-sensitive SiPM
Better energy & position resolutions

%\
—

Radiative Decay Counter (RDC)
Tagging gamma BG from RMD
— BG suppression

MEG
- Finished data taking in August 2013
- Final Expected Sensitivity ~ 5x10-13

Bcarv‘\ transport solenoid

ed Timing Counter
Better Timing Resolution
Less pileup

Flexible design

" Stopping target

Stereo Wire Drift Chamber
Higher efficiency

Less MS, BG y generation
High granularity

T Drift chamber

Timing counter

Upgrade proposal was already approved by . " COBRA imaguiet
Paul Scherrer Institut (arXiv:1301.7225) '

2014/5/21 26th Rencontres de Blois in Blois



SMMEG Calor

u-E-Gamma Collaboration
B

High granularity 7 : | 2 « i‘)’v““‘"\‘:"‘}x‘;‘}x‘\\\“
| L\ » 7 ' : M\‘. ‘ v ,/

\

Inner face PMTs
= VUV-sensitive MPPCs \
- Resolutions will be
improved especially for
shallow events

- ~4k channels of SiPMs 1
(12x12mm?) will be W
| ‘/ 7/ 7/ ///f
used as photo sensors . W =
Inner face of calorimeter Upgrade (CG)
Detection efficiency will be increased by
optimizing the PMT alignment by 10% S 2
- . N — Gamma position resolutions as a
04F 7 function of conversion depth (MEG /
0.35F = MEGII)
- Upgrade .
03} 3 —
0.25F Present _ g 8 L I =
02 E 67 +‘
0.15F B £ 6 —+— 3
C 3 c F .
0.1F g ot .
I]US: ‘g g:
05F = S5 0 —— E
48 50 52 54 56 58 - E
Energy [MeV] o 35 + Red : Present .
c 2:,_.:._' B ]
O “r Blue : Upgraded .
Gamma energy distributions of = F E
signal for shallow events in case of § - ] E
0

MEG and MEG II Y S T R TS T
Depth from inner face [cm]

2014/5/21 26th Rencontres de Blois in Blois 16



Z=MEG Calontrpgrae (2/ 2) (e 4

Mu-E-Gamma Collaboration
e _

Large area VUV-sensitive MPPC(12x12 mm?) is bemg
developed in collaborating with HPK, (17% of PDE has been
achieved in the study by using the prototype)

- Final parameter optimization is ongoing

- ) :113)2<1)3(1m2m nf;z(iz)z A) ( BB : Simple ( Hybrid | (45>E1) ) ( Hybrid Il (24321 W
c i . o
ml | R =R ) ——)
0. | Rl
S . - %;—-: 1
VVVVVVVVV :8 . ’ JAN bias
o u 8 * 3
§ 5% JaN i : %
2 %
. o 0 0.5 ’II 1.5 2 A
' Over Voltage V] N / \ < \ /
o s0p10" « ey
e [ — Recent activities:
5 50 = Hybrid2 - Decay time optimization
g0 e ‘ \l ']' {' 'l- = MPPC connection is changed: parallel — series
F Decay time: 200ns — 50ns
o } { T - Design of the final detector (almost done)
- f
i I S T
20_—
of- Nextstep —
- » . Test with a prototype detector |
0 11 1 1 l L1 1 1 I L1 1 1 l L1 1 | l L1 1 | l 11 1 1 l L1 1 1 I | - l L1 1 1 h
005 T TSz 25 3 a8 4 4 b[ | USII'I.g' 600 MS | |
2014/5/21 26th Rencontres de Blois in Blois 17



BEMEG  Tracker Upgrade (1/2)

Mu-E-Gamma Collaboration
—m‘

e Rate issue should be solved Ha.lf of e* are scattered before TC

* Present DC cannot be operated x Y/ \)
e Poor efficiency (40%) should be N /WA
recovered \ 4%
e Upgrade concepts
e Single gas volume
* Reduce materials of walls

» Wider coverage Less materials in between CDC & TC
e Twice higher efficiency Recon;trqctipn can be done just before TC
e Larger #of hits (25 = ~60) \ /NANX
e Improve the resolutions | '& T b
e Zposition is determined by using WA !
stereo wire angle —] Wﬂ 1
Large nurnber of h1ts —
—————
- SR Expected Performance
400
O — - Momentum ~130 keV (350 keV)
300 Py Angular  ~b mrad ; ~dmrad
200 <N=> =04 (Smrad ; 11mrad)
- (Black: current one) Vertex ~1.2 mm : ~0.7 mm
- (1.8 mm; 1.1 mm)
b s T e s 2 DC-TC matching eff. ~ 90 % (419%)

2014/5/21 26th Rencontres de Blois in Blois



EMEG Trckr ade 2/72) o

Mu - E Gamma Collaboration
e —

1. check the single hit resolution
2. check the mechanical stability
3. aging test

—*.‘
WS F A -

— —————

s F He/iC H,, 90:10 He/iC H,, 85:15
3 - W X-ray tube Cr X-ray tube
> 1 Flow 40 cc/min Flow 5 cc/min
[ 3 H
B % HV 1295 V HV 1720 V HV 1720 V
97-“ ' ss | g 09 ......................... . Z‘X".l,
| Constant 1706+ 45 § 2
Mean 0.03418 + 0.00333 .. . | B e e T PSR SE———— | F—— -_

- heavie| mixture
hlgh r.gain....;
|1|9|1e| -ray rate

..lower jgas flow;

| Sigma 0.1238 + 0.0029 }

‘A
y

Lo {Prelimin ary

previous plot

IllllllllII]IIIIIIIIIIIIII]II

. \ +0.169 CIem‘

1111111

11
0.2 ¥ ’
Collected Charge [C/cm]

Aging test is being done by using ‘
high power X-ray source |

R e S M - o v e e e mwwm-“--—m'q!’-

—— 26th Rencontres de Blois in Blois




Mu-E-Gamma Collaboration
BEREEENEES e

l2l 109 mScintillator

EMEG Timi

219 cm

unter Upgrade (1/2)

Present Upgrade
—— SiPMs connected : ~10c1::n
in series '=~--.0__ [1
\~*= ......."">= 4-5cm
Plastic scintillator __g ——@ i
(~0.5cm thick) i i

Average # of hit

6.6

2014/5/21

1 1 I
8 10 12

26th Rencontres de Blois in Blois

Pixelated ~600 scintillation counters will be used
1. Less pileup events in one counter

2. Improve time resolution by combining multi-
counters’ time measurements

3. High flexibility for the detector arrangement

4. Scintillation photons are detected by using
silicon photomultipliers (SiPM)

20



Resolution (ps)

oL
=

IIIIIIIIIIIII

Mu-E-Gamma Collaboration
e _

‘gMEG T1m1ng CounterUpgrade (2/ 2)

||||||||||||||||||||||||

—— 3-Series
—ll— 6-Series

2

---{3--- 3-Series of 2-Parallel

—&— 5-Series

1 I4.5I L1 1 5 11 1 I5.5l 11

2014/5/21

Over voltage/SiPM (V

6
)

Optimization of photo-sensors E

- pacitance is larger %

m% ; \ ->waveform wider 5

e Connection of 6 Advan SiD SiPMs .- {f | parallel connection |
. . 50: \/m\_”\ -

is found to be optimum 3 | B e

0

* Series connection helps toreduce ~— 0 60
the number of channel while oo T
keeping enough photo-statistics  **°

Check the multi-counter scheme 100

|
B e }

A%

—

LLLI IllIllllIlllllllllllllllllllll

[mV]

1 1 1 1. 1 1
-120 -60 [ns] 0

counters

Beam test was done in 2013 @ Frascati
- Multiple hit scheme was validated !
- <40ps resolution was obtained by combining 6-7 hits

é é —— single sum | g Next Step
= 70¢ —e— even-odd analysis
: g C \ —=— ref. analysis ] »
' 2 60 .
= N _
S T . 1 = = e e
R 50 1|
: 1 | Construct the larger
ot \;\;\ | | prototype and test in _
i T i . L. .y
30 =3 LA
: \w : mgre rea11st1c :
) 2 4 6 g
Nhit
26th Rencontres de Blois in Blois 21



=EMEG Rachatwe Dca ounte

Mu-E- Gnmmn (‘ollnborntnon -

10-15% expected sensitivity
improvement in MC !

Tagging the RMD background which is the main gamma ray
background by detecting the low momentum positrons coinciding with

gamma rays oD EEEEm COBRA magnet 0.2 | . |
0.18 Background
16 Background with a selection
LXe detector 0-16 e Signal
Upstream : scintillation Downstream : plastic 0.14
fiber or scintillation film scintillator + GSO crystal 0.12

0.08|
0.06
0.04

RDC y from RMD RDC 0.02 )

1 1 1 1 1 1 -I-- 1 & I L I 1
. 2 50 52 54 56 58
| p* beam ! e* from RMD ~20cm Energy [MeV]

( Accidental e* from Michel )

Counts per muon decay / (100keV)

(=
[y
TT[TT T[T T [TT T[T P T [TI T[T I [T T[T 1T ][]

| Drift chamber . .~ |

Timing counter

7 TRDC-TLXe in MC 7 Data obtained in beam test
0.001F ’ 1 4000 ﬁ :
0.0008 L\ z=142 cm 2(5)22 | ;i Zz=142 cm
: ﬂﬁ z=120cm § _: |/I. z=120cm
0.0006 u
: %Z'QOcm 1 b LAk Z2=90cm
0.00041 Zz=60cm 1 1500 | J m z=60cm :
ool m | 1000 ] Mﬁ[ﬁ { Beam test using small prototype was done in
T J ﬁ 1 so00 ﬁ g ﬁfl | 2013 and validated that BG tagging is available
ol ] & , ] Oi;:-J . % e mpeen .
0 10 N 0 10 20 B asan expectation from the MC study

2014/5/21 26th Rencontres de Blois in Blois 22



EMEG

Mu - E Gamma Collaboration
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Active target using scintillation f1bers 1S proposed to measure the lD pos1t10n of the

emitted positrons

- Decay vertex can be determine more precisely
= better angular and momentum resolutions

- Scintillation light will be read by SiPMs

- Efficiency is important key

" run0318- Sr80

h
Entries 584713

#2400
32200~

2014/5/21

Mear 5081
RMS 3254

<Npe>=5.1

8 10 12 14 16
Nphe

b

e
-l

— -
. ot

- -

Sl i Yy ~ s M‘

Not polished and Not Al and with 30nm
polished Al deposit

80% efficiency was obtained

- Aluminum coating, 1-sided readout

- 90% with 2-sided readout (to be discussed)
26th Rencontres de Blois in Blois 23



Mu- E Gamma Collaboration
e G —

=EMEG NewEraof CLFVSearches

90% -CL bound

10° T T T
m A
T ) TS
A &
10_4 B ‘ _
- Mﬂ
10¢F ﬁ. & i
7 2 ¢ b
W op—ey i .; =
-10 —
A UN—eN ® A A T" e
1072 @ 1—py O A B
A T— 3 SINDRUM  SINDRUM I N
MEG Il []
1071 --c-“‘A -
1075 Mude
| | . Comet/Mu2e AN
T P R
1940 1960 1980 2000 2020

Belle
2014/5/21

MEG upgrade

Mu3e phase | Mu3e phase I [ —
Deel\? Muze S ProjectX stagel
COMET phasel COMET phasell

Belle |l

26th Rencontres de Blois in Blois
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Mu-E-Gamma Collaboration
—m‘

® The nu*—e™y decay is one of the powerful probes to investigate the BSM

® Most stringent upper limit on LFV processes is set by MEG
e B(n—ey) <5.7x10* @ 90% C.L.

® Final result of MEG (phase-I) will be published soon

e Expected sensitivity: 5%x10-13

Sensitivity will be further improved by adding AIF PDF

e MEG II proposal was approved by PSI and preparations are ongoing

e Aiming to get 10 times higher sensitivity than that of MEG

e All detectors will be improved

LXe detector: Inner face PMTs = VUV-sensitive MPPCs

Drift chamber: 16 drift chamber modules = Stereo wire drift chamber with a single gas
volume

Timing counter: Bar counter = Pixelated counter

Optional detectors (RDC, Active target) are also being developed to further improve the
sensitivity

® Each detector is being developed on schedule up to now
® Data taking will be started in 2016 !

2014/5/21
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EMEG - MEG Experiment o

Mu E Gnmmn Collaboration i e

) X — A Sl |V { 32 A AL A Y
R e e @
i Bas ' | ?4 ‘/9\ rN\J\\ r\qf“\/
' ' P o—IV3 3
20 Bl pLE f;—l)-yt Winterharz #} o F V3 EILL/ o

Dornbnn

: Be Zunch d il
S e / 2 DEF : E60 |
ol S .
o LD T AR NS Y
R R i
; 20 Bern z 4 z 0 g;li y /\'\\A
; L J
71 o
w1 A
CER |
= 1 VET CA b1
Gene \(erobier T
P AL/ =& ,
Annecy BGSB'DE,BKG (@2@9), GOOUG
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®MEG = MEG Apparatus | .

Mu E- qumn (‘ollnborntlon‘ e

Tm
COBRA Magnet
\ Drift chamber ¥
| / | .
| - ||
@
Muon Beam / 0 et
g Z
Stopping Target Timing counter
[P—
=" \—
" ——— —— - = ||
II_;%\-.------II |
A,;' o r Drift chamber
|
|
Liquid Xenon e e
Scintillation Detector | ]
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BEMEG B Beam& Target e

Sa—AYE—LEER
- BEEDRI D TEREI 21 —A VDA ZEER
o - Bt (OC) = a—7Y (K108 Hz)

= Schematic TES Channel & MEG Beam Transport System

Secale~1m

nES Channel

Proton Beam

Steering  COBRA
Magng Expaud able

Degrader

Collimator System in
System beam vacuum

Z s e 'Mthllnl .‘]ll W |n-| '|

HRSABEDRT VT OD ~kOYV @ PSI
- 1.3 MW (2.2 mA) with a 590 MeV energy
- 50.6 MHz frequency

205 umiisE Y —o v
S a1 —AVEERENZERS T, E— L [BFEFANRI ROX—YPR[CKENT
(EXF UR20°DBEZRILE THET D =a— WJ:#JJ:’S’ —T I\@ﬁ?
— qvm

Steering
Magnet

"Z"-Channel

26th Rencontres de Blois in Blois
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MMEG  Liquid Xenon Detector o

Mu-E-Gamma Collaboration
IS

=== Y

y REFE/ VO—EFEHOUX—-5H

[ o » 9004 OAESRIAF T/ Vidites
gidxenon | L » BRYYFOKSBBRERL
Level meter 0 | W Lateral (Upstream) face > EL\H?FE!?FE%T = INAILT w7 (238U
/’ 4 S — y BLEEHR = SLVMRBINE
(™ o l l — ~ ~ NN
. — Outer face | | y» RLWIYFL—I3VHER (VUV)
o y N lu b GERDPMTTIRBEAYEL
L f , Muontarget VUV TEWEFHEDPMTZEER ~
uon targe 1 -1 \
[l 1 : O g — £ $ERISE (T4 6%, ISEMEAH)
_ Il “’. et " Inner face : I f %%ﬁj\ﬁ hHhs jj Y ;’ﬁ;?d)
° nner face . "
?fr face o :. R ] 1 ' | * IXRILF— - U& - H%FEﬁ
Q - Par i LI
A \Bottom face Lateral (Downstream) face % = IS ,;QIEEJ Re
[ OF
S

NaI(Tl1) CsI(TI) BGO i@%

i 2.08 |L. 367 451 740 | ' AL "0. o v 440 A
Radiation length (cm)| 2.77 | 2.59 1.86  1.12 . T \ vao®
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B®MEG = Drift Chamber e 4
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Mu-E-Gamma Collaboration
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e Signal Region
e Use datasets of 2009-2010 combined, 2011 only and 2009-2011 combined
e 48 < E <58 MeV,

e 50 < E, <56 MeV, e,
+ Select only a pair of e-y
¢ |pey| <50 mrad and |fe,| < 50 mrad, =~ ter--ereeeeserseesdiessiioeseeenoenool
o |t.,| <0.7 ns, = 200 -A.ngL.“?_r.Sfdek.)a.nd?. N
| E sl Dositiveqs B
e = 86% of analysis efficiency E ok S by 1 20
. . 3 ‘negative. G'ey g p051t1ve Oey§ 1100
® Time sidebands Sl RSt e TRt e L]
oF i o 80
® Check the reliability of accidental BG PDFs before unblinding & i il A
e Analyze the regions of |tey £ 2 ns| < 0.7 ns 1005 '-I‘“’
S0 i 5 120
e Angular sidebands b “f*?‘f“,"? o r ] |
200 100 0 100 200
e Check the reliability of RMD PDFs before unblinding 9, (mrad)

e Use 100 mrad off-axis regions for ¢., or 0.,
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( Observables in Physics Analysis ) Table 5.7: Performance summary.

2014/5/21

Variable 2009 2010 2011
Gamma Resolutions
E, (%) 19 (w>2cm), 1.9 (w>2cm), 1.7 (w>2cm),
24(w<2cm) 24 (w<2cm) 24 (w<2cm)
U,V (IMm) 5 5 5
w~, (mm) 6 6 6
t. (ps) 96 67 67
Positron Resolutions
(E. (MeV) 0.31 0.32 031 )
. (mrad) 6.6 7.2 75
0. (mrad) 9.4 11.0 10.6
Yo (mm) 1.1 (core) 1.1 (core) 1.2 (core)
Ze (mm) | 1.9
t (ps) 107 107 107
Combined Resolutions
(b, (mrad) 8.9 9.0 8.9 )
fe, (mrad) 15.0 16.1 16.2
te, (ps) 156 123 127
oy
e, (%) 63 63 63
€. () 28 35 31
erg (%) 91 92 97
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‘gMEG leellhoodﬂnalysm f (e

e Maximum Likelihood Fitting is used to determine the values of Nsig, Nrvp and Nac

e Parameters of PDFs are mostly determined by looking the sideband data
Background constraint

e Nrvp and Nzg are constrained from the data !
A """z,;';‘"":'zf\:"i"';"""_"z;;';;'_‘@'\;;;';"{ """""" :
: [:(Ns,g, NrMD, NBG) N fE 7RMD € g:Te 4 :
: Nobs """"""""""""""""""""""""" ’ :
: NObb ------------------------ :
5 [](NigS (@) + NeuniR(Z1) + Noc B (6.1)}

\

— 60— fTootttteeeee
E 53 Blind Box
~ 56 s e , . .
Blind analysis: ot AT Analysis Region
Signal region is masked 5@ - Left/Right time sideband
until every PDF SO for Analysis
48F :'—..-..u_rug'j...l-,, _______________________________________

parameters are fixed c
46 ’-E-‘jg”? Jﬁ"
445
e s
42
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Fit for 2009-2011 data f e
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S 400
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150F r
- 200
100f i
505 100;
Oms-—.' - ) 0: e s
50 56 48 50
P051tr0n Energy (MeV) Gamma Energy (MeV)
1405— -
120F Expected Fit
100
i Nec | 2415.0%25.0 | 2413.6*3713,
60F 1 | Nrmo 169.3+17.0 167.5%24-2 5,
40| -
205_ ¢e}, _ Nsignal - '0-4+4'8-1.9
0-__|_'_|_LJ._I_______I_J..I.J__'__LL.
240 220 0 20 40 P-ssmsememseeseseeeee e
¢ (mrad) No signal excess .
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e E,PDF:{5%5 = CEX7 — % ,RMD = Himz\+Fi 47055, accidental = sideband 7 — %

e T.,PDF:{5%5 or RMD = RMDHE XD ' — 7 &, accidental = flat7) i % I &
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Per-Event PDF (1/2) e
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Table 7.2: Time sideband results without including systematic uncertainties.

>

» Angle sideband® 7« v ~MER, RMDEHIFIIHARFHEE X

EMEG

Mu E-Gamma Collaboration
e

Sldeband Results

e DHIJIZ

e sideband?® 75—

— Sl

YoeF vy

Dataset ~ Bbest fit B upper limit
2009-2010 negative | 7.7 x 10~%3 3.1 x 10~*
2009-2010 positive | —2.8 x 1013 1.1 x 10-12
2011 negative 3.7 % 10718 1.7 x 10712
2011 positive 2.1x 1071 1.4 x10-12
2009-2011 negative 3.5x10°8 1.6 x 1012
2009-2011 positive 7.8 x 10~14 8.1 x10°13

Signal, RMD#E L Mtime sideband (3EBRRE & EFBIIER

» BG PDFIXREIBEL

KD aw TEFPB
» RMD PDFHBIRE#E L

| L\ck L\J:1m75n§iji75:ﬁ

2014/5/21
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=
I~
20
S0
=
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g
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Pk
550 B e

L

S —es 2009-2010 negative
----- 2009-2010 positive
------ 2011 negative
------ 2011 positive
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IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIIIFII}-I

x10712

2009-2011 2009-2011
negative

1
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2 3

=
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Table 7.4: Angle sideband results without constraints on the number of backgrounds

(Uncertainties are in 1o). Nsig = OICEE

Dataset (NBg)  (Nrmp) Nobs  Npg Nrump

2009-2010 negative ¢ | 112017 343 1120 1077x35 40x15
2009-2010 positive ¢ | 116917 363 1247 1212+39 46+ 18
2009-2010 negative 6 | 1123 =17 39x4 1120 108336 35+ 16
2009-2010 positive @ 877+ 15 24+2 962 963+34 1412
2011 negative ¢ 1130+18 35+4 1163 11324%+37 27115
2011 positive ¢ 11890+ 18 37+4 1241 1195+38 47+ 16
2011 negative 6 1131 +18 41+4 1233 1208 +38 27+15
2011 positive 6 976 =17 25+3 1016 979+34 37+14
2009-2011 negative ¢ | 2228 =24 [ 69 =7 12283 2210=51( 66 £+ 21
2009-2011 positive ¢ | 2365 + 25 73T |2488 2404 =54 93+ 24
2009-2011 negative 6 | 2251 24 | 80 =8 |2353 2292 52| 61 £ 22
2009-2011 positive 8 | 1855 +22 (49+5 )1978 1939 =48 41 + 18
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Mu - F Gamma Collaboration
e —

0.05F oE Dark Green: signal PDF
o0df 007t Green: signal PDF w/ fluctuation
ot Blue: BG PDF
0? S S % BRTF &Y VRIBNAEDARTE M
fo5"onsToass bess BSTORE Ose  obab B0 hasd o, s = BRERUBORTEN, BigDaE
09T T : INSX—IEEDAREMN (YA X &Y —FER)
: ’ ] Relative| contributions (RMS of AANLL)/of uncertainties
Centexwvof 6., and @,
Positron correlations 0.11
N g B U E., scale 0.07
EC o ") Qo000 oy E. bias 0.06
tey signal shape 0.06
ey center 0.05
o Ny I3 v FNIEEVWHEETaYytu—LEZNT  Normalization 0.04
B, AEMEDINZ 0 E., signal shape 0.03
E. BG shape 0.03
e Signal PDFDOAEME L YR Z 23, il S 17 Positron angle resolutions (e, @, Ze, ¥e) | 0.03
NsighV/INS o 7o 728, BB I D 90% LBRfEIC KT v angle resolution (u, vy, w,) 0.03
F 2 B 3 7 E. BG shape 0.01
E, signal shape 0.01
e 2009-20117— # 1T L CTHE U FLE a2 Angle BG shape 0.00
Total 0.25
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SMEG  Rsig Distribution .

e Relative signal likelihoodZ LA T D & 9 IZEE Reig3RKEZF =556 L \» E??%)

L g
Rsi =1 5 .
8= S0 Tos + 09 Ing

Number of events

140:— = % E
120 3 % :
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100 1 E 10& =
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60— - i 1 ]
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0 = T T T ﬂ F3 | | . B | . | X | | | I
-10 -5 0 5 10 -10 -5 0 5 10
log (L, / (0.9L ,cc+0.1Lgyp) log (L, / (0.9L ,cc+0.1Lgyp)

e Data
Magenta: toy-IMC of BG PDF

- normalized to the expected Ngg
Red: toy-MC of RMD PDF

- normalized to the expected Nrmp
Green: toy-MC of signal

- normalized to N;i;=100
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Al F identiﬁcation Matching distributions

for AIF candidate events

® Sideband data
® Random e*—y pair
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