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Important Remark

® All results presented in this presentation
are preliminary
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®  Strong physics motivation 10-5 W
® Neutrino oscillation 1 y. 3 i
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Signal and Background

.

4 1800 /
(e
ut

J

® Signal

e
\
vV

ut
7
V

® Gamma and positron with 52.8MeV
® Back to back

® Time coincidence
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Signal and Background
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® Prompt background - Radiative muon
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® Gamma and positron < 52.8M°. \
® Any angle < 180° \7 Q
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® Time coincidence ..
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Signal and Background
180° A L + ’
(:+ 2 7{ N

® Accidental background

® Gamma and positron < 52.81\
® Any angle °

® Random
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MEG Detector

® Beam Transport System
® Liquid Xenon Gamma-ray Detector

®  Positron Spectrometer e
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[Laquid Xenon Gamma-
ray Detector
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® 900 It F oo
® 846 photomultipliers submersed in
byt
® Hamamatsu R9869
®  Uses only scintillation light information
®  High light output
®  Short decay time
®  High density
°

Purification system implemented to

remove impurity like HoO, O2 and N
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Positron Spectrometer

® COBRA magnet
® Drift chamber system

® Timing counter

- Lateral View - - Cross-sectional View -

Target
COBRA Solenoid /
+
U Target ,//
-0
L ] L3 Al - 13 ) el 1
\X.//, - //
~_— T
Drift Chamber liming Counter
Solenoid Drift Chamber Timing Counter
superconducting solenoid segmented radially (16 sectors) 2-layers of scintillators
gradient B-field (0.5-1.7 T) helium:ethane (50:50) - scintillator bars (outer)
very thin conductor and opened-frame - scintillator fibres (inner)

cryostat wall (0.2Xo)

N

very thin cathode foil with pads

\
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MEG History

1999 Proposal

2007 Dec. Engineering run

2008 Sep.-Dec. Ist physics data acquisition

2009 Analysis of 2008 data
Hardware upgrade

Nov.-Dec. 2nd physics data acquisition
Analysis of 2009 data

Dec.-

2010 Jul.- 3rd physics data acquisition
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2008 Result Summary

NP B834(2010)
12

Events / (0.4667 MeV)

Sensitivity:
1.3x10-!1

90% C.L. upper
limit: 2.8x10-!1

Toy MC study —
5%

Events / (0.0067 rad)
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2009 Run




Review 2009 Run

® Successfully finished 1st MEG
physics run in 2008

® However - Major 1ssues to be

investigated before starting

2009 run

® DC HV stability (He
diffusion problem)

17.6 MeV peak as a function the date * 2008

photoelectrons

MERERRERER
;
!

s e,

® [Xe light yield (unexpected

impurity contamination)

MEG data taking

— L L 1 - L
1806 0€.08 25009 1
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Situation Spring 2009

®  Back to “Square One”

® Total detector DISMANTLED for

Maintenance/Repair/Improvement during

shutdown 2008/2009
@ DE
®  Dismantled all modules
®  New anode-prints+wires+extensive test in
the lab
e

®  Exchange the suspicious LN cooling pipe
® New NEG pump installation

® New purifier tower installation
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Further Implementation

Sprig 2009

®  Update from DRS2 to DRS4

®  Differential I/P ? -
® Internal clock & i
synchronization -
®  On-board timing calibration DRS?2
® 39GSPS possible : N
signal
® XEC1.6GHz s N A AA A AA PLL -@
CI oc k |\| _‘*’. kr_",! |||| ", '.\ | / 'l', ”,' |'|| f ”u E i
o DC 0.7GHz L o Channel 0 :
1] O— Channel 1
g — f O— Channel 2
®  Fix the “ghost pulse” trigger }C’ o Channel 3
' O— Channel 4
l E O Channel 5
PrOb S DRS4 E O— Channel 6
O— Channel 7
i) AN — O Channel 8 :
signal 4_‘,‘ _ ¥ e '
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Run 2009 Summary

® 8% weeks physics DAQ |
®  95th/Oct - 22nd/Dec /

wed
1 i P
93 TB data on disk i |
s "V"H'H"v"l"yvvn'u'-"-‘vnv»-n'-'V--v’--"yvy;::--<-v=y;vl:..u:)-...«.,.::.....-. = reepeen
. Charge to amplitude ratio
» function the & p -
ﬂ; | ol
3 RUN2008

SIS o[ Xe

3: - ® Light yield as expected
- ® Good 0/ separation
nENINE ® Precise calibrations

l
fec
fécC

°DC = S | i=
® HV instability solved /fi[ T C\\\SS @
®Ran with “full efficiency” g\ \ \) ] B iﬂ ” @J%




2009 Data Analysis




[.Xe Calibration

PMT Gain by LED & QE by a
Light yield by CW, CR, Am-Be

Cockcroft-Walton proton accelerator at the | Camgicrants “Seanon
rear end of the experimental area

® 17.6 MeV v through Li(p, Y)Be reaction
Energy calibration by CEX i

62 5x62 5x305mm

R

The Liquid Hydrogen target

O P> n'n, J'EO%W
® 55-MeV - 83-Me Gamma ray

®  Close to our 52.8 MeV signal
® Check by the RMD edge

(L- 75Smm, ¢ - SOmm)

The Liquid Xenon Detector
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Positron Calibration

® (Calibration using Cosmic ray
events triggered by scintillation
counters located outside

COBRA

® Resolutions evaluated using
residuals of two turn tracks

® Momentum
® Angle
® HandO

24



Performance Summary

Resolutions in

sigma

2009

performance 1s
preliminary

Further
improvement
foreseen after

detailed

calibration

Preliminary
Gamma Energy (%) 2.1 (w>2cm)
Gamma Timing (psec) 25 (vg(>)2cm) > 67
Gamma Position (mm) ey S
Gamma Efficiency (%) & 63 58
e* Timing (psec) 195 S
e Momentum (%) 1.6 0.74 (core)
e* Efficiency (%) 1'4 ~40%
e Angle: (I'nrad) 10($)/18(0) 7.1(¢ core)/11.2
e*-gamma Timing (psec) 148 (0)
Muon Decay Point (mm) 142 (core)
Trigger Efficiency (%) S.Q(R)6/64'5(Z) 3.3(R)/3.4(Z)
83.5
Stopping Muon Rate (Hz) 3x107 2.9x107
DAQ Time / Real Time (days) 48/78 35/43
Sensitivity 1.3x10°11 6.1x10712
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MEG Data Analysis
Principle

® Blind analysis
‘ Ey = Te‘y

® [.kelihood analysis

® Probability Density Function (PDF)

from data

26



E, [MeV]

Data Sample

-2 y 0 - 2
T, (nsec)
Analysis box (~100 width) 3 =<Ey= 58 MeV
50 < Ee < 56 MeV
| Tey |<0.7ns

| Pey I, 1 Beyl = 50 mrad

—

Analysis box (containing 0.2%
data ) was blinded during
calibration and optimization of

physics analysis

Side band data (16%) to study
background

Michel positrons for positron
detector response study

RMD with low gamma energy

to evaluate timing resolutions



Lakelihood Analysis

N = CXp N I% N SIG(’ )I N RMD(’ )I N BG( )
L(NSIG N o ’NBG) 2 N ! l_[[ N tg N R N E
obs"* i=1

®  Nobs= Nsic + Nrmp + Nac
® N Nrwmp and Nig are evaluated based on the maximum likelihood analysis
method
®  Input: Ey, E, Tey, Relative angles (¢,0)
o

Three independent likelihood analysis tools are employed to check possible
systematic effects

®  PDF evaluated (mostly) from data
®  Except RMD
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Normalization

® The normalization factor is evaluated from
the number of observed Michel positrons

kAl sclasl g eldnE a0l x A(y | track) - e(y) - Psc(22)
s e(TRG =22|trackNe, NTC)

® L-(1.0:0.1)x10"2
® BR - Nsic/k
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Gamma PDF

[ a ~

710,64 MeV)

® Signal PDF i

® CEX n data, +

556 MeV
® Background PDF
® Sideband data
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Positron PDF

® Signal PDF
® Neasured resolution s

® Background PDF AP

> 40005

® Sideband data W
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Relative Time/Angle
PDFs

® Relative Time

® Signal PDF from

2400

g A
£ 2200 N\
RMD 5 2000
< 1800
o : s 16005 S
Relative Angle o SERECS
f 1200
® Signal PDF from R
measured resolutions w0

200
0

® Flat distributions as
background PDFs
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Sensitivity

® Average 90% C.L. estimated with toy MC with null signal is 6.1x10-1?

Consistent with evaluati_gn with siband data ﬁttipg: 4-6x10-12
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Unblinding



Likelihood Fit Result
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Summary of

Lakelihood Analysis

® Ngig limit = 14.5 @ 90% C.L.

® varies between 12 to 14.5 depending on the analysis

® Nsig=0 in the 90% C.L. region

® Jaries between 20% to 60% depending on the
analysis

® Ngsig best fit = 3.0

® Jaries between 3.0 to 4.5 depending on the analysis
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E, (MeV)

Event Distribution

after unblindin
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E, = 52.25 MeV
Ee+ = 52.84 MeV

i s are Kvent Display

Voltage [V]
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Further Check

® High quality e

* track category events (59%)
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Consideration

.
\Waw
\

® Improved upper limit on Br(u— € )

® 1.5x10"" at 90% C.L. (previous result 2.8x10"'")
® Toy MC/Sideband C.L. evaluation, 4-6x10!2
® £ MEGA limit 1.2x10-!!

® Events around the signal region do not disappear by
selecting high quality tracks
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Prospects

Expected Detector/Analysis

improvement

Improve of synchronization

of DRS4 provides better Ocy

Noise reduction and
electronics modification of

DC

Better calibration with
monochromatic positron
Mott scattering

®  Refinement of LXe analysis

41

2010

Preliminary

Gamma Energy (%)

Gamma Timing (psec) < (vg;Qcm)
Gamma Position (mm) o)
Gamma Efficiency (%) : 58
e* Timing (psec) 90
e Momentum (%) 0.7
e* Efficiency (%) i do "
e* Angle (mrad) 8()/3(0)
e*-gamma Timing (psec) 120
Muon Decay Point (mm) 14(RY/2.5(Z)
Trigger Efficiency (%) : 9 4'
Stopping Muon Rate (Hz) 3x107
DAQ Time / Real Time (days) 95/117
Sensitivity 1.8x10-12




DAQ Prospects

® 2010 DAQ restarted at the end of July
® 3 years DAQ until the end of 2012

® Final goal sensitivity ~ a fewx1013
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S ummary You! MEG

® MEG is not at the edge of a cliff yet!
® 9 months DAQ in 2009 with stable

detector operation

Preliminary result from 2009 data
® Sensitivity : 6.1x10-12
® 90% C.L. upper limit:1.5x10-!!
® Nsig=0is in the 90% C.L. region
® 3 years DAQ until the end of 2012
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E, (MeV)

Event Distribution

after unbhndmg
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