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l Inter-generational mixing have not been 
observed only for charged lepton sector.

l Too small branching ratio is predicted in 
the framework of the standard model + 
neutrino mass.

Charged Lepton Flavour Violation

νe νμ ντ

e μ τ
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MEG
？ ？

The discovery of cLFV is clear evidence for new physics 

l Beyond the standard model (SUSY GUT etc) predicts that charged lepton 
should also mix at experimentally observable rate: O(10-11)〜O(10-15)
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Quark
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MEG II Experiment
l Signal (e+, γ)
Ø Simultaneously emitted
Ø back-to-back
Ø same energy

µ+

e+

γ

l Search for cLFV (μ+→e+γ) with 
unprecedented sensitivity: 4 x 10-14

Ø x10 improvement 
from MEG (4.2 x 10-13, 2016)

l Improve every resolution by factor 2

l All detectors will be ready
in 2018

At Paul Scherrer Institut
in Switzerland
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Positron Timing Counter (1): Concept

Intrinsic resolution:
70〜80 ps

Stochastic term

Multiple scattering:
~4 ps at 9 hits

Key Concept
l Improve time resolution by averaging the signal time of multiple hits.

l The total time resolution is expected to improve with         and ~ 35 ps can 
be achieved at 9 hits.
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Target
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Positron Timing Counter (2): Pixel
l Upstream (256 pixels) + Downstream (256 pixels)= 512 pixels

l Fast plastic scintillator (BC422, 40 (50) x 120 x 5 mm3)

l Readout by 6 SiPMs* with series connection (in total 6144 SiPMs) at each of 
both sides.

l Time calibration accuracy among pixels: < 30 ps

120 mm

Reflector (ESR2)

120 mm

50 mm6 SiPMs

…

6SiPMs…

40 mm

Optical fiber for 
laser calibration

*AdvanSiD, ASD-NUV3S-P High-Gain, 3x3 mm2, 50x50 μm2, Vbreackdown ~ 24 V
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To construct MEG II timing counter (pTC) 
and evaluate its performance under the MEG II environment

towards coming physics run.

Purpose of This Study
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Positron Timing Reconstruction

l Waveform time (t1, t2) is calculated by 
using constant fraction method.

l Hit time (thit) is calculated by averaging 
both ends.

l Pixels are clustered by using hit time 
and pixel position.

Positron Timing 
by pTC

Waveform 
Analysis

Hit 
Reconstruction

Clustering

Positron 
Reconstruction

30% 
in Pilot Run ●

Time of the 
waveform

thit =
t1 + t2

2

* Hits

cluster

Time Calibration
v Laser-based
v Track-based
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Time Calibration: Laser-based

Light 
switch

×8ch

・
・
・

Laser 
Controller

〜 〜

Long Fiber
10m

×8ch
×8ch

Photodiode
for power monitor

Waveform 
DigitizerLASER Mode

Scrambler
Light 

Splitter

Light 
Splitter

1×8

Light 
Splitter

1×8

l PLP-10 (Hamamatsu) is used as a light
source.

Fiber 2.5m

l Pulse laser is divided into each pixel 
simultaneously.

l Time offset of each pixel is measured 
relative to laser-synchronized pulse.

l Calibration uncertainty is estimated as 
24 ps by testing all parts of laser 
calibration system.(cited from Hamamatsu HP)

-Wavelength 405 nm
-Wavelength FWHM < 10 nm

-Pulse duration typ. (max) 60 (100) ps

Synchronized pulse

Pixel
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Time Calibration: Track-based
l Positron tracks from Michel decay (μ+→e+νν ) are used for calibration.

1. Assume every pixel has 3 different TOF b/w pixels (pattern A, B and C).
2. Calculate these TOF values for every pixel by Monte Carlo*.
3. Define χ2 as the difference b/w measured time and expected time.
4. Minimize χ2 using Millepede II.
5. Find ΔTj.

l Calibration uncertainty is estimated as 11 ps by MC study.

�2 =
NevX

i

NhitX

j

((Tij � (T0i + TOFij +�Tj) /�))
2

Measured time
Expected time

Time offset of each pixel
:What we want to know

Millepede II  www.desy.de/~kleinwrt/MP2
A software provided by DESY to solve the linear 
squares problems, such as detector alignment 
and calibration based on track fits.

* This setup is for Pilot Run w/o DCH. TOF 
will be calculated by DCH in physics run.
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Pilot Run 2016
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Accelerator Delivered

Used for Plot Run 2016

Integrated Proton

Shutdown due to 
accelerator problem�

l 128 pixel (=1/4 of pTC) was installed.

l Laser calibration was partially
installed (40 pixels).

l Beam time for 3 weeks.

l μ+ beam with the same intensity as 
MEG II. 
(Stopping Rate: 7.0x107 Hz)

3 weeks
Viewed from beam downstream

¼ pTC
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DAQ: WaveDREAM2
l Multi-functional board developed 

at PSI.
Ø SiPM biasing (~ 240 V)
Ø Amplifier (no pre amplifier)
Ø Pole-zero cancellation
Ø Waveform digitization at giga-

sampling (DRS*4 chip)
Ø First level trigger

DAQ & Trigger

Trigger
l Several trigger schemes were 

implemented in Pilot Run 2016. 
Ø Track-like
Ø Multiplicity
Ø OR
Ø Laser
Ø Pedestal *DRS = Domino Ring Sampler

WaveDAQ crate (= 16 WaveDREAM2 boards = 256 channels)

WaveDREAM2	board	=	16	channelsTrigger	Concentrator	Board

Integrated trigger and DAQ system is 
designed for MEG II.
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l Time-offset difference b/w laser-based method and track-based method 
(left) and its stability (right).

l The variation of time-offset difference is σ = 39 ps.
Ø Including systematic uncertainty of laser-based and track-based methods.

l Time-offset difference is stable in time (~ 6 ps).

Consistency b/w Time Calibration Methods

Laser Counter ID
0 5 10 15 20 25 30 35 40

[p
s]

200−

150−

100−

50−

0

50

100

150

200

Toffset(MC-LC)

[hours]0 50 100 150 200 250 300 350 400 450

[p
s]

100−
80−
60−
40−
20−
0
20
40
60
80
100

ch1_ID:0 ch2_ID:1
ch3_ID:2 ch4_ID:3
ch5_ID:4 ch6_ID:5
ch7_ID:6 ch8_ID:7

Splitter1

[hours]0 50 100 150 200 250 300 350 400 450

[p
s]

100−
80−
60−
40−
20−
0
20
40
60
80
100

ch1_ID:16 ch2_ID:17
ch3_ID:18 ch4_ID:19
ch5_ID:20 ch6_ID:21
ch7_ID:22 ch8_ID:23

Splitter3

[hours]0 50 100 150 200 250 300 350 400 450

[p
s]

100−
80−
60−
40−
20−
0
20
40
60
80
100

ch1_ID:32 ch2_ID:33
ch3_ID:34 ch4_ID:35
ch5_ID:36 ch6_ID:37
ch7_ID:38 ch8_ID:39

Splitter5

[hours]0 50 100 150 200 250 300 350 400 450

[p
s]

100−
80−
60−
40−
20−
0
20
40
60
80
100

ch1_ID:8 ch2_ID:9
ch3_ID:10 ch4_ID:11
ch5_ID:12 ch6_ID:13
ch7_ID:14 ch8_ID:15

Splitter2

[hours]0 50 100 150 200 250 300 350 400 450

[p
s]

100−
80−
60−
40−
20−
0
20
40
60
80
100

ch1_ID:24 ch2_ID:25
ch3_ID:26 ch4_ID:27
ch5_ID:28 ch6_ID:29
ch7_ID:30 ch8_ID:31

Splitter4

MC-LC_History(relative timeoffset)

other chs have the same level of errorbar as ch2

σ = 39 ps 100 200 300 400
[hours]

2 weeks

Stability of first 8 pixels

Laser pixel ID

Stable (~ 6 ps)

Results
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Time Resolution (1): Odd-Even Analysis
l Multi-counter resolutions are evaluated by the odd-even analysis.

l For a given consecutive pixels (right fig.), pixels are divided into 2 groups 
according to the order of positron tracks: “odd” and “even”.

l Time difference (Tnhits) is defined as 
(average of “odd” pixels – average of “even” pixels)/2

l Calculated for Nhit = 2, 4, 6, 8, 10.

T6hits =
�
T1+T3+T5

3 � T2+T4+T6
3

�
/2

e.g. Nhit = 6 Selected 22 combinations in pilot run 2016
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Time Resolution (2):  Results
Total time resolution vs. number of hits

Number of hit pixels
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Mean: 9 

l The points are the weighted average 
of 22 pixel combinations.

l The red curve is the best fit function:

l σtotal(9) = 31 ps was achieved.

l Overall resolution weighted with the 
probability of the number of hit 
pixels was 38 ps.

Ø A factor of 2 improvement
compared to TC at MEG.

pTC for MEG II was successfully constructed.
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MEG II Status & Prospects

2017

2018

l Preparation for Pilot Run 2017

l Pilot Run 2017
Ø Positron Timing Counter, Liquid Xenon Gamma-ray 

Detector, Radiative Decay Counter will be installed.
Ø ~7 weeks of combined detector DAQ is planned under 

the MEG II environment.

l Installation of all detectors
Ø Including Drift Chamber.

l Engineering Run
Ø 6 months of performance data-taking.
Ø This run may evolve into physics run if things get ready.

l Physics Run
Ø Start searching for μ+→e+γ with unprecedented 

sensitivity.

Now

Oct.

Jul.
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l The MEG II experiment will search for cLFV (μ+→e+γ) with a 
sensitivity of 4 x 10-14

l pTC can achieve improved time resolution (~ 35 ps) by averaging 
the signal time of multiple hits (~ 9).

l To construct pTC and evaluate its performance under the MEG II 
environment.

l 2 complementary time calibration methods have been developed.
l Full pTC was constructed and ¼ were installed.

→ Pilot Run 2016 was performed.

l 2 time calibration methods were consistent and stable.

l For Michel positrons, time resolution was improved by a factor of 
2 (38 ps) compared to MEG.

Summary

Background

Purpose

Method

Results

l pTC for MEG II was successfully constructed.
l Engineering run is planned in 2018, and physics run follows.
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Backup Slides
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Comparison
MEG I TC (31Oct2006) MEG II TC (21Nov2016)

CAD Reality!!
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MEG and Beyond the Standard Model
SUSY-Seesaw JHEP11(2006)090

SUSY-GUT Phys. Rev. D 88, 075005(2013)

Extra Dimension Nucl. Phys. B 906 (2016) 561
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MEG II Expected Performance
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l Upstream (256 pixels) + Downstream (256 pixels)= 512 pixels

l Fast plastic scintillator (BC422, 40 (50) x 120 x 5 mm3)

l Readout by 6 SiPMs (AdvanSiD, ASD-NUV3S-P High-Gain) with series connection (in 
total 6144 SiPMs) at each of both sides.

l Time calibration accuracy among pixels: < 30 ps

Positron Timing Counter (2): Pixel

Upstream 256 pixels Downstream 256 pixels
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Slide from Y. Uchiyama in VCI2016
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Slide from Y. Uchiyama in VCI2016
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Specifications of AdvanSiD SiPM ASD-NUM3S-P-50-High-Gain 
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Slide from Y. Uchiyama in VCI2016
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Slide from Y. Uchiyama in VCI2016
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Slide from Y. Uchiyama in VCI2016
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Slide from Y. Uchiyama in VCI2016
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Slide from Y. Uchiyama in VCI2016
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PDE Comparison

arXiv:1402.1404 
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Increasing the number of SiPMs

PoS(PhotoDet 2015)011, Moscow, Russia, (2016) 
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Construction

Wrap pixel
with reflector

Pixel
Test Shielding Finish!!

SiPMs on PCB
& Scintillators

Couple scintillators and arrays 
w/ optical cement

Hole 
making

l SiPMs, SiPM-Arrays, scintillators 
are tested at each step.

32 μm-thick ESR2 25 μm-thick Tedlar®

BC600
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Time Calibration: Laser-based

Light 
switch

×8ch

・
・
・

Laser 
Controller

〜 〜

Long Fiber
10m

×8ch
×8ch

Photodiode
for power monitor

Waveform 
DigitizerLASER Mode

Scrambler
Light 

Splitter

Light 
Splitter

1×8

Light 
Splitter

1×8

l PLP-10 (Hamamatsu) is used as a light
source.

Fiber 2.5m

l Pulse laser is divided into each pixel 
simultaneously.

l Time offset of each pixel is measured 
relative to laser-synchronized pulse.

l Calibration uncertainty is estimated as 
24 ps by testing all parts of laser 
calibration system.(cited from Hamamatsu HP)

-Wavelength 405 nm
-Wavelength FWHM < 10 nm

-Pulse duration typ. (max) 60 (100) ps

Synchronized pulse

Pixel

2.5 mm 

7 mm 

1.5 mm 

1.9 mm 

1.0 mm 

The tip of the fiber 
(Ceramic,1.8 mm) 

Fiber 
(0.9mm) 

Screw�

Fiber�

Scintillator�
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Laser Calibration Setup in Pilot Run 2016
l Laser system was successfully

installed into 40 counters out of
128 counters.

l Signal is divided by means of 
optical splitters.

l Relative time-offset = difference
from first counter

40 counters(5 splitters)

Laser

x

x
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Time Calibration w/ Other Detrctors
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