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ut—ety search experiment, MEG started
physics data taking in 2008.

We analyzed the first 3 months data.
The analysis and the result are presented.

« Introduction

« MEG experiment and apparatus

« RUN2008

« Analysis
« Detector analysis & performance
« ut—ety search analysis

» Discussion

» Status & prospect

« Conclusion
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Subject of research

. Lepton-flavor violating muon decay

p—ey

- charged LFV : Forbidden in SM
- Out of experimental reach with finite v

mass (BR<10->%)

- Clear probe to new physics beyond SM
« Large BR is predicted in many new

. U—ey

e

physics models

- SUSY-seesaw, SUSY-GUT:--

decay
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U — ey search EMEG

E Gamma Collaboration

« Existing experimental upper limit

_ g}(lueey)<1.2x 10-11 (90%CL)

(1999, MEGA@LAMPF)
History of y—>ey search
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Signal & Background EMEG
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Signal & Background EMEG
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Requirements EMEG

. High intensity DC p* beam

- >107/sec

. High rate tolerable detectors

- All of >107/sec u* generate et
- Pileup of ys become a source of high energy BG

. High resolution detectors

- Y energy measurement is the most important
- Angle and time measurements are also effective
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The MEG Experiment bl

« World’s most intense DC muon beam @ PSI
. High-rate tolerable et spectrometer with gradient B-field
» High performance y-ray detector with Liquid Xenon

nES5 beamline @PSI
~60 collaborator

COBRA SC magnet

Drift chambers

LXe y-ray detector +

Timing counters




MEG History

First result (2008 data
(Nucl.Phys.B834 1)
Sensitivity : 1.3%10-11

1999 Proposa| 90% UL : 2.8%x10-11

" R&D -~ This talk

Engineering run

Preliminary result of 2009

; ( ted i f )
2009 Analysis of 2008 data greensggv‘fty'?g‘f; %1012
Hardware upgrade 90% UL : 1.5x10711
2010 Analysis of 2009 data
2011 Analysis of 2009&2010 data
now July = Nov 4th physics data acquisition

Final result of 2009 & 2010
(arXiv:11075547, accepted PRL)

Sensitivity : 1.6x10-12
90% UL : 2.4x10-12
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MEGA used pulsed beam
6% duty cycle
Instant intensity 2.6x108

*"12 Yide
% ' \BDuty. cycle 100%

instant=ave 3 X 107 Ht/s

Prowdes world’s most mtense DC muon beam
(surface muon)
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Liquid xenon y-ray detector BEMEG

Mu-E-Gamma Collaboration

Active volume ~800/
« 900 liter liquid xenon Q/4n = 11%
_ Scintillation medium 846 PMTs
« High light yield (75% of NaI(Tl))
« Fast response (tgecay=45ns)
« High stopping power (X,=2.8cm)
« No self-absorption
. Uniform, no-aging
- Challenges
« Vacuum ultra-violet (178nm)
« Low temperature (165K)
« Need high purity
- No segmentation
. Measure energy, position, time at once

- 0/E ~ 2% (@52.8MeV)
- 0. = 80 psec
- 0, = 5-6 mm
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E Gamma Collaboration

2 layers of vacuum—tlght cryostat
Thin window for y entrance face

Cryostat ’ , EMEG

5.9 . _
Entrance window W|th honeycomb structure

JPS 2011 Autumn, 16/Sep/2011 Yusuke UCHIYAMA, the University of Tokyo @




PMT installation EMEG

2"PMT developed for MEG |

- Quartz window for VUV i
« K-Cs-Sb photocathode “
« Al strip on photocathode
« Metal-channel dynodes

« Zener diode at last step of Bleeder
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EMEG

’ Mu E-Gamma Ceollaboration

The first ton-scale LXe detector &
JPS 2011 Autumn, 1 in the world in . use §




Xenon system EMEG

Gas|phase purifier Hi(%h pressure
oo i j[ Ist rage tank
Heat exchanger jE jC
N '_-_ GXe storage tank
\22| Getter+Oxysorb
LN2 Cryocooler
— (100W)

. T T — » LNZ
200W pulse-tube D—PN ——
refrigerator ™ "J M LL

IOk =
A Liguid pump
(100L/h)
OO0 00O — \ —
Detector . = L 1000L liguid dewar
Purifier
L Xe Calorimeter Licluiﬁ!:‘rllﬁrhtase purifier 1000L storage dewar
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Gas|phase purifier
GXe pump
(10-50L/min) ' N\ ]
Gas phase s
purification Tl wervepr |G
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A . gum -
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860 006 \| [ H0
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et spectrometer EMEG

nlform B-field

g "N/
.

Mt beam

T~

U (b)

—
_-Gradient B-field

~— ﬂAAA RRI
AN

et quickdlyl swept out

Constant bending radius independent
of emission angles
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Drift chamber EMEG

E Gamma Collaboration

§ « 16 modules

- Aligned concentrically (10.5°)
s _ 2 layers per module

« 12.5 pm thick cathode foll
with vernier pattern

' 4 . He:ethane = 50:50
' I/Helium

latmosphere "™ [} KNQB N B \\ | | « Ultra low mass chamber
1 44N 1.1 (v AN - Multiple scatter limits the
performance

- Suppress y BG source
- In total, along e* trajectory

~2.0%1073 X,

Tracking with Kalman filter

-~ Reconstruct e momentum
vector on target

« 0O/E=0.7%
« Oy ~ 18 mrad
« 0, ~ 10 mrad

JPS 2011 Autumn, 16/Sep/2011 Yusuke UCHIYAMA, the University of Tokyo




Timing counter EMEG

Mu-E-Gamma Collaboration

et time measured by a set of timing counter

: - Two layers of plastic scintillator
2
6x6mm? fiber - (z-measuring fiber counter is not used in 2008)

+ APDs (-
beam-dir § +§ - O7c ~ 65 psec

« Reconstruct muon decay time
- TC hit time - e* flight length from DC
- LXe hit time - vy flight length (line)

tev =tey — ty

» Total resolution : Oey = 148 psec

e W

4x4x80cm3 bar(BC404)
+ fine-mesh PMTs

JPS 2011 Autumn, 16/Sep/2011 Yusuke UCHIYAMA, the University of Tokyo N4




MEG Cali bratlons
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COBRA positron spectrometer

Egﬁabﬂﬂ@%ed

S N () Michel

g | W8 Deca

z?‘ooo \?\1 n — evv
50 52 54 E, (Mc\S)Gp

e’ Mott-scatter
Monochro, tunable momentum

C-W accel.
Li(p,y)Be
18MeV y
B(p,v)C

- 4,11MeV 2y
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Calibrationl: CW EMEG

E Gamma Collaboration

« 17.6 MeV y from Li(p,y)Be reaction

- Prepared dedicated Cockcroft-Walton accelerator

- Shoot p beam from opposite side /T 7 )
- Easy to switch (20min)
- 3 times per week

« Non-uniformity calibration
« Light yield monitor

JPS 2011 Autumn, 16/Sep/2011



Calibration2: r°

« 55MeV high-energy vy from =0 decay

- Evaluate resolutions
. (energy, position, time)

- Calibrate energy scale
« m from same beamline as py*

- LH, target

- Take several days for setup
- Conducted at beg. & end of physics run

« Tag back-to-back ys with Nal detector

[ —
\I angle vy (de m
o ; O

B

g
|

opening angle (deqg)

‘Gamma energ;

gamma energy (MeV)
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EMEG

E Gamma Collaboration

RUN 2008
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2008 EMEG

E Gamma Collaboration

2008 Apr. May June July Aug. Sep. Oct. Nov. Dec.

v

Maintenance

[
»

installation o_" —
mrun 7 ruh
Conditioning Trigger setup
& BG study

Mlchel run —

Physids run
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2008 Data EMEG

. The first 3 mor_1ths data o_f MEG Stopping rate 3.0 % 107y sec
- Normal physics data-taking _
. MEG run w/ 11 mixed trigger Trigger rate 6.5 Hz, 9 MB/sec
. Daily LED calibration w/ beam Live time 3.3 X 10° sec (85%)
« 3/week Full calibration sets Total p* on target 9.5 X 1013
« 24h/week RD (low-intensity) run
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DCH discharge problem EMEG

Mu-E-Gamma Collaboration

« DCH frequently discharged

- After a few months,
« Gradually some chambers started to discharge

- Inside magnet is filled with pure-Helium
« DCH-outside is exposed in He atmosphere (HV line)

« Finally, out of 32 planes,
Degradation of et

- 18 planes were operational
: measurement
- Only 12 planes worked at nominal voltage (efficiency / resolution)

..................... 1850(V
T °F
= F 1800
= — L e ——————_
. / \ % : : : 1700
& 3 fj \\ R e — [099SY e veveures v bovss ioveevesy, Fovn
: A e e e ; : ; ; 1650
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Helium permeated into HV line slowly... ' ‘ Date
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Variation of LXe light yield EMEG

E Gamma Collaboration

« Lower than expected

« Recover by purification Confirmed light yield monitoring
. Decrease by (possible) leak using several kinds of daily calibration

¥

We decided to continue purification in parallel with DAQ
(gas phase: continuously, liquid phase: intermittently(beam shutdown))
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EMEG

E Gamma Collaboration

Analysis
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Analysis EMEG

E Gamma Collaboration

« Blind analysis

- Hidden parameters: (E,, te,) S - . - | 5
- Any study (calibration, BG é 621 and bﬂ"‘d E
estimation, performance evaluation) 60— itsid"’b wdboﬁ ot S =
can be done with events N T LA ‘.‘f SO -
| outside the box 565 ey E
. Sideband 54:_ shouldbiehere E
- Accidental BG can be studied £ @ : ]
with off-time sideband 2 E
- Radiative muon decay(RMD) S0 i 3 -
Can be StUdIed Wlth |OW_ 48:_ E‘.‘::::::::::::::::fi..E:'.:'.::::::::::'.::::E..E:'.:'.'.'.:'.'.'.:'.'.'.'.'.'.J.E _:
energy E, sideband 46 SR

« Normalization 44

- Count unbiased Michel
sample mixed in physics
data

. Wide analysis region for
likelihood fitting RMD peak

- Estimate Sig & BG
simultaneously.
- PDFs mostly from data

JPS 2011 Autumn, 16/Sep/2011 Yusuke UCHIYAMA, the University of Tokyo
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Likelihood fit EMEG

E Gamma Collaboration

ﬁ(Nsiga NrwmbD, NBG) u—ey signal Accidental BG
NNobs exp= Jote Nyig NrwmD Npg
— B
Nope) 1:11 NN TN ]

Radiative muon decay

. Extended unbinned maximum likelihood fit on number of events
3 fit parameters : ( sigr NRMD/ NBG)’ N=Ng;g+Ngyp+Ngg

5 observables : x = ( 4 Ee, tey/ eey/ (Pey)

I
relative angle (inverse e* direction —Yy direction )

Probability density functions (PDFs) for each event type (S, R, B)

. Extract PDF from data
Fit in wide region (100) to extract signal & background simultaneously

JPS 2011 Autumn, 16/Sep/2011 Yusuke UCHIYAMA, the University of Tokyo




Gamma energy

« Calibrate position-dependent response
using CW-Li 17/MeV vy
« Measure response using n®-55MeV vy
- extract position dependently
« Cross check with BG shape fit

1600_— ..... T 1 ........... T "' __________ | .......... LU '__
1400:_ ........................................... ............................. )ﬁ .......... ............................... ]

1200 :_ ...................... sigm&i"—“”l:ﬂ'i'ﬂ:ﬂﬁ'%"é""""' ................... o ............................... ]

- FWHM = 4.55 + 0.20 % 7
1“00 __ ........................................... ............................ o ............................... —

800 T R R o ............................... .

Number of events /(0.64 MeV)

Number of events / (.5MeV)

600 ;_ ............ TCO ...... 55Mev .......................... T ............................... _;
400 :_ ........................................... ........................ - ............................... _:
200 __ ............................... _:

: o :

0

EY(MEV) :EIIU| L1 |45| L1 1
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et momentum EMEG

E Gamma Collaboration

£ f tracking by Kalman filter —
s I By |« Evaluate momentum
I g response by fitting
10+ T kinematical edge
: - (52.8MeV) of Michel
20( - spectrum
-30=) ' I~
i 30
;—L‘_{{:DT“} T | | | | T | | T i
2 F E
L

F() = (Fineol@) X eare(2)) © i), “Fgrmsompmg ==

Eo (MeV
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et emission angle EMEG

E Gamma Collaboration

reconstructed by * « Evaluate angular
(1 turn) resolution using
2-turn events

reconstructed by * :
(214 turn) « See difference of

reconstructed
angles by
DC individual turns
R
[ Angular Resolution 6 | [ Angular Resolution ¢ |

450

*3 3

400
350
300

ese C
01202 600
7 :
02
02

500f

400}
250

TTT T TT T [T T T [ TT T [T T T T T[T 7rT
T T T T T T T T T

300[
= 18 mrad " '
0, = 10 mrad -
-qPO k ’ im0t Gl;(d;alg;;;‘)o o D 2 . stp (deagree)
* 0g=1.45deg. /V2 * 0p=0.81 deg. /v2
~ 18 mrad. ~ 10 mrad.
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on target (cm)

Muon decay vertex

u stoppi?g target

E

:

E &8 8 § £ £ & £ ¢

L
o B
o L L [IATETIT N RTANAT: A i
-4 1 2 3 4
ical axis on target (cm)

. Reconstruct p-decay vertex as a point crossing e* track
and target plane

. Evaluate resolution with

~ Using holes on target O, = 4.5 mm

- Using 2-turn events o, = 3.2 mm

JPS 2011 Autumn, 16/Sep/2011 Yusuke UCHIYAMA, the University of Tokyo




Gamma position EMEG

« Evaluate resolution with n° run with =

Pb bricks

- Shadow of brick gives resolution
and bias
- Results
e OXy = 4.5~5mm,
bias(RMS)=0.7mm
« Compared with MC

5

o

~ 1.8mm worse (in quadrature) |
than MC (< QE error) \V

v(cm)

. Detailed study with MC  me—r- i
- Take in the difference o [\ | gy 1 o i | V”ﬂ“%

- Resolution dependence LA AR AR B o E
on relative position to PM¥- | /1 [ 1 ﬂ}ul ‘\f “W ‘w] x\ 5

o) VIV g Y T

m;f’ Data \\« “z MC :

Oy, ~ 5 mm I I B e S B

g, ~ 6 mm
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Opening angle EMEG

Mu-E-Gamma Collaboration

e’ : 0g, Oy
18 / 10 mrad

« Not able to measure gamma direction
- Direction of the line b/w p-vertex and vy interaction point

. Combined resolution: gg,, = 20.6mrad, o,., = 13.9mrad

JPS 2011 Autumn, 16/Sep/2011 Yusuke UCHIYAMA, the University of Tokyo




Time resolution EMEG

E Gamma Collaboration

. Reconstruct muon decay time

- TC hit time - e* flight length from DC
- LXe hit time - vy flight length (line)

- Ly =ty — & peak of radiative muon decay
J'a‘\ I I | I I I I | I I I I | I I
_ 2 5001 ' | '
« Observe RMD peak in 5
normal intensity data Z 400
. Total resolution f.j
- small correction for E, 5300'

= Otey = 148+27 PS Acc;dental

2001-background.... T
i : mean = 6116 ]15 i

mgma 152+ 16 ps

1“"]_ PhySICS data ................... __
RMD peak is a powerful time calibration tool, [ |ow- Ey region ; ]
measure all detector contribution atonce, L. . . . 7 L L
in situ monitoring -1 0 1
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Background I EMEG

E Gamma Collaboration

« Background rate

- Measure with self-trigger data

- Compare with MC
« Reproduce well the rate and shape

MC

3.7x107 p*tdecay/sec
Convolve response
T Uncertainty ~7%

]
=
[B]

[y
=

Rate (Hz /10.50 MeV )
=
o
i

Not a fit

70
E, (MeV)
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Background II EMEG

Mu-E-Gamma Collaboration

« Background level

- Difficult to get feeling of g | L L
BG with likelihood analysis g _ t

. . 58"

— Define signal box by 5L _ 1
resolution (1.640) selooo NN b

_ Accidental BG 54;‘__.._;_.: ___________________________ 1 R 1
« Estimate using sideband g ’ el |

. Wlder tlme & angle 52:_ ..... . ...'.;..;* ..... - ‘ ...................... : :
window IS T

. 0.95i0. 1 5 events 50:..; ......... : -..Q.“"...... “:‘.:,:":‘q:.-*l..‘.::

48 :,:-'_':‘,.'”.-': BRI :w';‘;.*-‘:':f;'::‘;..‘::::

. RMD events :Ir . -: ;h;‘,' .; -‘:. - ;‘:.f ':.- :' ,,::% . .f.,-ii;
™= .';" -‘.' .“:‘ 'h""" :- . :ﬂ ": ' l'i‘ %

® 0-02i0-004 eventS 46 ecleod 0 3%, aes B, 1 % 1* ol et .1—

4 2 0 2 4

* wider window for angle
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Background III EMEG

. Obtain BG PDF from time-sideband data

o - T 1 - -
:: 10000 I S :;
5 [ -
5 P05|tron | &
~— Ry 3
2 8000 13 10
< 1 E
2 1 5
“E 6000 E
T 2

2 1 = 10
= Jo00] 1 2
Z 4000_ .................................. ................................... ..................................... ............ __ E

i 1 10L

2000 -
% 60 1 | | | | | | | | | | | | | | i-‘n_L N 1
D ® “ > * E Mev]

- Smooth function of fitted MC spectrum®response as PDF
« Reduce systematic error from low statistics at high energy

_ Position dependent (y)
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Number of muons EMEG

E Gamma Collaboration

« Normalize signal events by # of muon decays counted in control samples

- Normalization channel 1: Count Michel e*
. Unbiased Michel trigger data mixed in physics run

N FE trig TIC DCH
Be'}’ L N s1g evy Corv 46:/;) Cerm > 1 > 1
— N tri TIC DCH v 17
Bem? i\’ MD P ey Ee'yg ALeqf Eeqf Eery ALQ’Y
e ——

« Insensitive to beam-rate or detector-condition variations

Normalization factor

B(ur—ety) = Ng, / (5.2 £ 0.5)x 10"

« Cross check with other methods  Table 8.2: Summary of normalization.

- channel 2: Count RMD events
o INn Ey-sideband Michel RD BG

- channel 3: Accidental BG rate L (1011) 524+05144+11152+08
« In time-sideband : : : : : :

- Those three methods are complementary
« Most of the systematics are independent.

« Consistency check — good agreement

JPS 2011 Autumn, 16/Sep/2011 Yusuke UCHIYAMA, the University of Tokyo




EMEG

E Gamma Collaboration

Gamma efficiency

« Detection efficiency
- n92y: Nal single trigger
- MC
- M data single spectrum

- In analysis region
(46<E, <60 MeV)

~

| Consistent
within 5%

62-67% (=48 MeV)

° Edet — 660/0

[ 5 &
II|IIII|IIII|II

Interact with material
before active volume

Number of events

« Analysis efficiency

e s
- Inefficiency by cuts ) S I S S—— E
. (pileup cut, CR cut) @ Tte,  MC

. 5.5%  %ei
2 — — R ¥ S—

_ I 0 0_32_ ...... ................ ................ . .......... _

&y (63%+4) % o b g
10— — S S

0'.i...i...i...i...:
46 48 50 52 54
JPS 2011 Autumn, 16/Sep/2011 Yusuke UCHIY; Energy cut threshold (MeV)




Sensitivity EMEG

E Gamma Collaboration

« Expected upper limit (90%CL) on ensemble of toy-experiments

— Null signal assumption

- Toy-experiment: generate events with obtained PDFs

- Repeat toy-experiments and calculate UL in the same way
as real data

6‘]_

Sﬂ}' ...................................

40—

33} .................................

20—

10}

[' -_I-I i i i E i i i i | i i
0 5 10 15
Nsign:ll upper limit

Sensitivity of RUN2008 : 1.3 X 1011
c.f. Existing best upper limit: 1.2x10-11

JPS 2011 Autumn, 16/Sep/2011 Yusuke UCHIYAMA, the University of Tokyo




Sideband analysis EMEG

E Gamma Collaboration

« Analyzed real data but off-timing

62

« No signal in sidebands 60
« Our dominant BG is accidental one 58

56
54
52
50 ¥ :
RIS P S R—— A7 S—

465 i :
Results of likelihood analysis 44

Bu—ey)< 0.9x10°11, 2.0x10-11

E, (MeV)

p—ey |
— Good test of our sensitivity

|III|III|III|III|III|III|III|IJ_

wn

=y

(@)

=

(@
P == |

I-II-III-II-IITD-I--I-

-y ]

@

(D
III|III|III|III|III|III|III|III|II

consistent with the sensitivity Fit to here

JPS 2011 Autumn, 16/Sep/2011 Yusuke UCHIYAMA, the University of Tokyo



EMEG

E Gamma Collaboration

Result

Opened the blind box ---

JPS 2011 Autumn, 16/Sep/2011 Yusuke UCHIYAMA, the University of Tokyo




T
"

Fit to data (projected distributions)

B : " 2L ¢ e B
100 e

10 B e

Events/ (0.2000 MeV)
Events/ (0.4667 MeV)

Total - T
Accidental
S R R Radiative
: Signal

1 7(0.0067 rad)

r—riT—l—F 11

Events / (0.0067 rad)

50}_ .............

Events / (0.0667 nsec)

T A

B T

T o e el AN AN O AN RNANINY
ryrrrrprrrT

40 ﬁ'
il

"*lea
30

6, 20; ________
102— ----------- t ey. .

IPS 2011 Autumn, 16/Sep/2011 ! 03 0 "> ¢, msee) y Of Tokyo




Events / (0.0067 rad)

Fit to data (Ilkellhood functlon)

1.4667 MeV)

Events/ (0.2000 MeV)

1,1.645,2 o contours

1N

: g

. 55 60
+ E, (MeV)
1 —r—

. [ T 1

20

10

15
Number of signal events

20

L
l
10 E Q

; ey i) 312
_0.1“*.(;55"l Dbest = (4'3_

2r+1? 1109+

Nnr

JPS 2011 Autumn, 16/Sep/2011
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Upper limit on Nsig EMEG

E Gamma Collaboration

« Set confidence region with Frequentist approach
- Feldman-Cousins method in (N, Ngyp) 2D plane

Scan on N, best-fit value

0 3 ) N S, ................................. ......................................... _:
B S E R S B .
. : ¢ | :

0 ? _ ﬂ',ﬁ__ ...................... é ................................ .......................................................................... —]
] - o 5 ;

04 - ﬂ-ﬁl-"'"'" ..................................................................................................................................... ,.,_._

" + : 02f o f -

G-\ll\i\\\\ilww\i\l\li\- ul i 1 I i 1 1 E L i Il I\I Il L II
R TR R 10 12 14 16

» 90% confidence interval contains N, =

- The upper limit is given as N, < 14.5

JPS 2011 Autumn, 16/Sep/2011 Yusuke UCHIYAMA, the University of Tokyo




Systematic uncertainties

. Estimate the impact of 2 1
systematics by performing =
fit with alternative 1
parameters .

- See the variation of the 6
best-fit Ny, value ’

_UL:145—>14.7 ;

Precision of 55MeV peak :0.08%
Trace of light yield :0.3%
Uncert of gain shift corr. : 0.2%
Total : 0.4%

MEG

E Gamma Collaboration

_ex);

v scale

.............

o ¢

0.5 1 1.5 2
Deviation of energy scale (%)

Table 8.4: Summary of systematic uncertainties.

factor estimated value | impact on N,
— Gamma-ray energy scale 0.4% 0.4
Gamma-ray energy resolution 10-15% negligible
Positron spectrum 1 1.14
Angular resolution 1 mrad 0.35
Time resolution 17 ps negligible
Time center 16 ps negligible
«— Normalization factor 10% —

Gamma: 6%
Positron: 7%

JPS 2011 Autumn, 16/Se.

lgiven as alternative parameter sets.



Discussion

Why the obtained UL is much larger than the sensitivity?

JPS 2011 Autumn, 16/Sep/2011 Yusuke UCHIYAMA, the University of Tokyo




Number of events

Candidate events

Table 8.6: List of events with large likelihood ratio S/B.

EMEG

Mu-E-Gamma Collaboration

Run/Event | £, (MeV) | E, (MeV) | t., (ps) | 0., (mrad) | ¢, (mrad) |\ S/B
35909/1908 h2.7 541 -2062_ 9.5 6.3 1206.6
34221 /2058 52.6 50.8 60.2 3.3 1.8 303.2
30109/1371 H2.5 51.6 -50.8 -11.9 11.3 271.9
40330/ 853 53.2 50.7 82.0 -28.6 -2.3 250.4
40077 /1210 Hh3.8 50.1 143.6 3.0 14.4 128.6

« Rank events by event-type likelihood ratio S/B

« Found the most signal-like event is double-pileup event

- Pileup elimination only worked on the 1st pileup vy
- If we eliminate the 2"d one as well, then E, was 47.7 MeV

10° ;
w0 :
Signal
Data
> ;
LI\ E

500 1000 1500

JPS 2011 Autumn, 16/5€ep/ZU11

Most likely, this event is an accidental BG
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Impact of the candidate event MEG

-Gamma Collaboration

« Investigate impact of

the even t ‘E ——F— g [ Fr 1 ---------------------------- —Ei

- Set lower threshold for 2 70 B

pileup search ol ) HNRSSES S H S S —— -

~ to eliminate the 2nd §. b e E

pileup g -

- Repeat the analysis I S N e E

Oest = (43553, 2510, 115015 v I I VI N E

’ I =) __,_.‘.’Jﬁi,,_* ............. . { .......... _ ............................. _%

Opest = (2.0738 24317 111955]). A
15

Number of signal events

- Ng;; UL becomes 11.4 (<-14.5)

« Probability of Ny, UL > 11.4is 5%

JPS 2011 Autumn, 16/Sep/2011 Yusuke UCHIYAMA, the University of Tokyo @




Cut analysis

. For cross-check and better
understanding BG, performed cut

analysis

- Two signal boxes

e A

1.640 box

« B ; Optimized box

Table 8.5: Summary of cut analyses.

1.640 box (A) optimized box (B)
range (€rel) range (€rel)

E. (MeV)

E., (MeV)

tey| (PS)

¢ — O, (mrad)

[52.2.53.8] (0.85
[51.0,54.6] (0.64

<33 (0.80

52.0. 56.0]
[51.0. 56.0]

< 42

0.92
0.70

0.94

SES (10-12)

5.0 (0.39

) (0.92)
) (0.70)
<242 (0.90) <273 (0.94)
) (0.94)
) (0.56)

3.5

0.56

Np& + Npp 0.9540.02 2.08+0.03
Nobs 1 2
Upper lmit (10_11) 1.68 1.32

BG are well consistent with the expectations

B._ i < ErsEmT
Bi-u < Iasing™

JPS 2011 Autumn, 1u/oep/zutLL

rusuke UCHIYAMA, the L

E, (MeV)

E, (MeV)

58

561
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Discussion EMEG

E Gamma Collaboration

« Thelarge UL is considered to be statistical fluctuatlon

- A very rare event is observed accidentally

- If we set different pileup threshold, then the result is well
consistent with
« Null result

. Sensitivity
« Cut analysis

« Nevertheless, the obtained UL is statistically valid
without any bias

Table 8.7: Summary of the upper limit and sensitivity.

B upper limit' (10=)
Analysis window 2.8
Analysis window (tighter pileup cut) 2.2
Cut analysis (optimized box) 1.3
Sideband (t., > 0) 2.0
Sideband (t., < 0) 0.89
Sensitivity 1.3

JPS 2011 Autumn, 16/S: Ihefore incorporating systematic uncertainties. 54




MEG RUN200S8 result EMEG

Mu-E-Gamma Collaboration

But —ety) <28 x 107"
(90 %C.L.)

. MEGA UL : 1.2x10°1
. MEG2008 sensitivity : 1.3x101!

JPS 2011 Autumn, 16/Sep/2011 Yusuke UCHIYAMA, the University of Tokyo @




[a—y

<
—
=

£ FMEG 90% limit
Status & prOSPECt Eﬁ - MEG sen5|t|IV|t|y(expected)
E 008
. Before 2009 run, g -
- solved DCH discharge problem 101} 0SIS\G\KA\I{\QQI\R
- reached full LXe light yield — stable : :
- improved trigger efficiency (66—91%) | 9+2010
« Many improvement in analysis 10 19 7
L ; <2.4X101%]
- For the latest result, see talks in this _ £<24X10 -
meeting S N RN
« 17pSE2-3: LXe detector ’ > Acc?:,ulated}fiq days

« 1/7/pSH1: et spectrometer :

. 19aSD1: Detector performance ~ >t+12 ~ Effective # of muo

« 19aSD2: Physics analysis & result 4.E+12

3.E+12

« MEG Is running 5 E+12

- Run at least until the end of 2012 .
e .E+12
- to reach our goal of sensitivity
a feW X10-13 0.E+00

2008 2009 2010 2011 20
JPS 2011 Autumn, 16/Sep/2011 Yusuke UCHIYAMA, the University of Tokyo @




Conclusion EMEG

. We started MEG data taking in Sep. 2008.

. Searched for lepton-flavor violating decay y+t—e*y with
sensitivity 1.3x10-11
- Observed some excess, but still consistent with null signal
. Set an upper limit:

Bu—ety) < 2.8X 1011 @ 90% C.L.

- The first result of MEG experiment
- Could not give a record limit, but set an independent limit with a
comparable sensitivity search

« MEG is putting more & more stringent limit on new
physics, with possibility of the discovery.

JPS 2011 Autumn, 16/Sep/2011 Yusuke UCHIYAMA, the University of Tokyo @




E Gamma Collaboration
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Calibrationl: PMT

« LED, a source inside LXe volume

- frequent & precise calibration
« daily

*,

g

Typical PMT gain evolution

5 E ] -
1.8e6 =
1.5e6 e s E

mué : E
1200 = 1 h =
10— i e e s et peteratr—. —=

T8 808 ) 07/ iz e

JPS 2011 Autumn, 16/Sep/2011 Yusuke UCHIYAMA, the University of Tokyo (59




JPS 2011 Autumn, 16/Sep/2011

LXe PMT rate dependent gain shift

upen beam blocker

625

‘:<
E 65ﬂ:
T T LED peak
E 6asf
£ T
& L
‘E 640 A
-E E < - I, ! ' -
= 635 :Té:.'1‘:-' Zuilh . ‘ 1t
E - 1.6% | 10min £ 680
= N ; g sm0
= 63“5*%«@%% i

10h26  10h28  10h30  10M3Z 3

= alo
600

I'I]Hl'”ll|IIIIlllllllﬂf[”[llllll|IIII]HH|[

S
R
i "\-‘.-v.{',
E -
:_._? 1_4_.
] [ S A T A A A

Aftercorrectlon |
LED peak S

bl

2- m-onths .

v

Observed shift of PMT gain =

= ]JJlllllIIlIIIIlIIIJ]JI

W10 1311 2711 11712

=

_ Time scale of some dozens of minutes

- Rate dependent

- However, the amount of the shift is stable over long period
Measure LED during beam on, correct with beam info

- Correct with precision of 0.1 %
- However, shift in = run was unknown

— Uncertainty of energy scale

» December =° run

Yusuke UCHIYAMA, the University of Tokyo



180
160F

Time measurement

. Monitor & correct t, with RMD peak g w ﬁ/ \%
in low intensity run R

- 24 h/week, x25 lower y* intensity jgﬁ f \, |

- Much better S/N W TENTEY A . W% L

S =S
T R AT
1 1 1 1 |

Events /(0.080 nsec)

=+

0 | | 1 1 1 1 1 1 | 2
t,, (nsec)

2

1
"

0.3 __i ............... ]

0.25 S R N purlﬂcatlon ..... + ________ _§ Observe drift of t
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Confidence Region

* Calculate 2D confidence region in * Best fit of data in likelihood fit
(Nsig,Nro) with Feldman-Cousins * Sample point |
* Best fit of simulated experiment
method s Taking the sample point as true point
- At each point (Nsig,Nrp), conduct many ZE

toyMC experiments

- Calcul_ate likelihood ratio for each
experiment
* Rdata = Ldata,max / Ldata(Nsig.NRD) :
* Rmc = Lmc,max / Lmc(Nsig, Nrp) C.L. contour Fig.8.12
- If the number of experiments with U >

Rdata < Rmc 1s less than 90%, then the point
(Nsig,Nrp) 1s In the 90% confidence region

UFID

Lro

* Found there is no correlation between
(Nsig,Nrp) from the shape of likelihood \
function i

* Upper limit (or confidence interval) R R
on Nsig IS on the best fit Ngrp ‘

\J

JPS 2011 Autumn, 16/Sep/2011 Yusuke UCHIYAMA, the University of Tokyo




MEG Detector EMEG

Mu-E-Gamma Collaboration

lﬁl
||

1m

COBRA Magnet
\ Drift Chamber

|'E‘.-;:/Lﬁ-.E"l

+
1" Beam . I e S_ _______ Timing Counter
Stopping Target e

I | i . I

il

Liquid Xenon A" — X|

v-ray Detector || | Z

3

JPS 2011 Autumn, 16/Sep/2011 Yusuke UCHIYAMA, the University of Tokyo
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Xenon Scintillation

* De-excitation process (fast)
- Xe + Xe* = Xe,* =» 2Xe + hv

* Recombination process (slow)
- Xet* + Xe —» Xe,*
- Xe," + e = Xe** + Xe
- Xe** - Xe* + heat
- Xe + Xe* = Xey* » 2Xe + hv

Absorption

Quench
. XEQ* + Nz - 2Xe + Nz

Absorption Coefficient [m']

O, O, e e e e e
{two-body collision) -“_"- - 1 :a .-.-u‘.:t.-..-..-.-.-.-. R :".- N
a ; v
[I.D'II(. ) | | R A T \. [ |
130 140 150 160 170 180 190 200

Wave Length [nm]

JPS 2011 Autumn, 16/Sep/2011 Yusuke UCHIYAMA, the University of Tokyo @



Gamma Energy |

Fig.6.10(b)
Energy response map (before corr.)

e Reconstruction i

- Sum of PMT outputs 60
- Correction of non-uniformity (collection efficieng

ve s%ale

* Use 17.6MeV y from Li(p,y)Be reaction 40 1022
- Uniformly illuminates the detector. K
-
- Treatment of shallow events 20
* Low resolution at shallow part
- Shower escape 0.98
- Large variation of photon collection, Photon leakage ()
- Saturation of signal (dyn.range of elec.)
« But want to use for statistics. 0.96
* Recovered saturation using waveform -20
» Correct photon collection efficiency by calculaty
solid angle 0.94
-40
0.92
@
0.9

0 o000
.:.!§2

OIS ... Jnfontofa BMT  ntermiedifte | | . vy v ey R




Gamma Energy li

 Recover of pileup events

- Not discard pileup events, but use with unfolding.
- Improve efficiency e ~8% gain

Fig.5.20(a)

the e
‘e
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o ]

trsrrrses

LR R R

R

R
@

reee
tree
P0000O0GOOSS
®

0000 NO0O0OPOOOOOSOGS
]

@.‘

- |D pileup = reconstruct energy using region without pileup — replace
PMT outputs for pileup region with estimated charge —» then normal
reconstruction

JPS 2011 Autumn, 16/Sep/2011 Yusuke UCHIYAMA, the University of Tokyo @



Gamma Energy Il

« Recover of pileup events

- Not discard pileup events, but use with unfolding.
- Improve efficiency e ~8% gain

Fig.5.20(b)
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- |ID pileup = reconstruct energy using region without pileup — replace
PMT outputs for pileup region with estimated charge —» then normal
reconstruction
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Fig.7.11(a) Resolution map

Gamma Energy lil
« n’55MeV

v (cm)

Fig.7.9 | g g
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« Evaluate responses for all over the entrance face
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Average resolution (averaged over the event distri. in MEG run)
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Gamma Timing |

 Reconstruction
- Subtract scinti.-photon propagation time from PMT hit time.

T'h.'r'f,-.r'- — T‘Pﬂf’r.-ﬁ - trh*luy,-ﬁ — tr;ff:-wf.._fr
ttf{'!uy - f‘-p'.r'u,u(d: ""{'j'j') + t'&bﬂtiif'(”) - twﬂfk(ﬁrpc)-
- Combine a lot of measurement by different PMTs (~150PMTs) (y? fit).

Fig.6.12

I T

a

Liwer = bt (NSEC)
=
W - Lot (ERFA

tl::hczlazn,..r

iy [ far " LTNF) Pl

1/sqrt(Npe)

Iieegrt i ™)

JPS 2011 Autumn, 16/Sep/2011 Yusuke UCHIYAMA, the University of Tokyo



Gamma Timing |

* Reconstruction
- Subtract scinti.-photon propagation time from PMT hit time.

T-h.ir.f. — ?C'P.ﬂrf’r.f. - tdf*luy,f. - tfiffh‘f*f.._f?

_ ?L'tfc*!ﬁy — T'-p'mp (_d: ""‘('j'f) + IL--Lmi-i-.r'(T}) + Lerdilkc Y, f_')'

- Combine a lot of measurement by different PMTs (~150PMTs) (¥~ fit).
Disentangle those three terms by looking at energy dependence

o . : _.': = | I~
¢ '~ Fig.6.14 H gz H
g | 3 - 7
T veff=10cm/ns I I veff=8cm/ns i
= 13 : . j'_ j 13 : ‘;:
0 r " [ _
0= ._ P B

s - H acs !

1 -_' ‘E' g = ._:.

15 T 'i_ I - "—:
’ I.I.I.I-H T .Il.l.lllJ_"-” o IJ.'Ii.bb o IJ.IH.I:'.' i D.I]ID'S LG g_.;:n:;r

IR L TR B 17 SN peaum)
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“COBRA” Magnet

Superconducting solenoid form highly gradlent magnet|c field
- Center1.27T—-edge 049 T

=
= jF‘g\?’“ Field on beam-axis

" SN
08 \\

0.7 N
0.6 \
0.5[ , L | ;\
0 02 04 06 08 1 1.2
center [m] Other features
: , Thin coil
: : <0.2Xo. to transmit y-ray(85%)
S Rapid switch on/off
; stabilize ~30min (cooling with GM ref.
Step structure solenoid ( 3 )

Two compensation coils suppress fringe field
(no return yoke)
Low B around LXe detector

- ' ! for PMT <50Gauss

JPS 2011 Autumn, 16/Sep/2011 Yusuke UCHIYAMA, the University of Tokyo @



DCH Design

> SHis 46 Fig.3.15(b)
: . . - > k3
r-dir Beam-dir (z-axis) - .
426.65
\/
202.04
Fig.3.16 ol 2 layers staggered by half cell
/ L 9 drift-cells in 1 layer
\ Ere— Open-frame structure
/“~’ i Form cell only with cathode foils
12.5um cathode foil
: > Vernier pattern — z reconstruction
Hg2-17 Z-d & 3\§3"Che sense wire anode readout

V - —< o > -y

D F\‘
/ \ cathode readout
vernier pad induced positive charge
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'‘Surface muon' Beam Transport System

Fig.3.4
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of prod. target

- Extract at 175° from the primary p beam
- Low momentum(29MeV/C) with small variance p* beam

* Through the beam transport system
- Separate e” - degrade - tune beam profile
 3x10’p*/sec stop on target

-  10mm spot size
- 200pm polyethylene film target , placed at 20.5°slant angle from beam-axis

* Suppression of scatter & BG VS stopping power
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Readout Electronics

- DRS chip (Domino Ring Sampler)
* Up to 5GSPS, 1024cell, 8ch/chip
- Sampling speed : 1.6GHz for LXe&TIC, 500MHz for DCH

Fig.3.35
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Record waveform from all sub-detectors (no ADC,TDC)

Data size
Typ. 1.5MB/event

-80

~100

L : : : H :
H - § : : :

é’1.IIT[IIIIIIIIIIIIIIT[III
T -

=120

;\ L s e T T T T i ™7
E o .T"WM - g e ~»_g:;‘;‘_;;_;__. S S
3 H 3 N ek
= - i
P
Y R R
B

 PMT : 132
.. Rawdata . . .
Mov-Ave (pnts
' ate Fit,......

PRI P V| POV ORI TN S (P

Yusuke UCHIYAMA, the University of Tokyo

-200 -100
[nsecs



* FPGA-FADC architecture

- 100MHz FADC on VME
Type-1 _ Type-2 _ boards

- « MEG trigger
LXe Front Toch T I 1 =§ [ ]
(216 PMTs) ] 4 boards :IT':"IJL‘ 1 T4x48 Type-2 - ? EHEI"QY

1 . . .
 Xe Lateral - e'-y coincidence
"L"f"*'-?'“f‘""T-*' 16ch | L] s - e*-y direction match
o sax2 pyirs 12 boards | vpe (back-to-back)
o « Max output PMT in LXe

fiming Counters — 5~ [, . TC hit position
outr: 30:2 PMTs) | 39 bourds - In addition, 10 trigger

types are mixed in normal
data taking

Auxiliary Triggers

{ Drift Chambers toch = Lf) | . - Calibration, normalization
: 1K '|1r': Broups %2 h{_lu':ll‘dﬁ- |"§.'|’fll'.'-| : i

: louter: 16 groupt) — : - .

; | ————— Type-2

| Auxiliary Devices| — ] L] : = Beam rate 3x107s™

' (Cosmic Countert - I to DRS )

I osmic Coupten) el | Fast LXe Q sum 2x103%s?

5 . ; (>40MeV)

B

Time coincidence 100s*

Direction match 10st
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Summary of performance @ EMEG

E Gamma Collaboration

2009 2010
Y energy 1.9%(w>2cm) 2.4%((n<2cm) | 1.9%(nw>2¢cm) 2.4%(n<2cm)
Y timing 96ps 67ps <:|
Y position 5mm(w,v), 6mm(w) 5mm(w,v), 6mm(w)
v efficiency T 58% 59%
e timing 107ps 107ps
e energy 0.31MeV (core 80%) 0.32MeV (core 79%) )
c enete (9 e Lo et tracking slightly worse in
e angle (¢) 0-Jmrad 7-2mrad ~ 2010 due to noise problem
e vertex (Z/Y) 1.5mm/1.1mm(core) 2.0mm/1.1mm(core)
e efficiency 40% 34% .
&'~ 7 timing 146ps 122ps <:|
Trigger efficiency 91% 92%
e'—7 angle (8) 14.5mrad 17.1mrad
e'—7 angle (@) 13.1mrad 14.0mrad
Stopping  rate 29x107s™! 29%x107s™
DAQ time/ Real time 3bdays/43days 56days/67days

Total i stops on target 6.5x 1013 1.1x10™%
JPS te detection X € analysis for E’Jf >48MeV : UanerSlty Of TOkyo @




(p,Y) reaction

e Makesus of a Cockcroft-Walton accelerator to deliver tunable-
energy protons to a Li,B,O; target

- Li: high rate, higher energy photon

EMEG

Mu-E-Gamma Collaboration

- B: two (lower energy) time-coincident photons | >16.1 MeV >11.7 MeV
Reaction B O s y-lines
Li(p.y)Be 440keV | 5mb (17.6, 14.6) MeV | f 4.4 MeV
B(p.y)C 163 keV | 2101mb | (44, 11.7,16.1) MeV |
| o Entries e 15580 I
= - AE/E = 8.5%
250 p0 229.6= 6.1
- (FWHM)
mf- ¥ ol

JPS 2011 Autumn, 16/Sep/2011
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Positron Efficiency

* e" detection efficiency

— €e = €pcH X AbcH-Tic

* epcn: tracking efficiency. Measure with TIC-self trigger data.

* Apcuric: DCH-TIC matching probability. Make inefficiency if e* interacts with
material and annihilates or changes its direction largely.

Measure with DCH-self trigger data.

* ¢ge decreased gradually during the run
- DCH discharge problem

* Expectation (full DCH) : ~40% (= soxs0)

ce = (37 x38) = 14%
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