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MEG II signal and background

l MEG II will search for μàeγ decay
• Identified by energy, timing and direction of e and γ

l Dominant source of background is 
accidental coincidence of BG-e and BG-γ mimicking the signal
• One of the dominant source of BG-γ is radiative muon decay

ü Opposite direction
ü ~ 52.8 MeV
ü same timing 4

γ

accidental background
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radiative muon decay is
one of the source of γ
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4.1 ่ࣹյಉఆ༻ݕग़ثͷશମ૾

่ࣹյࣄ༝དྷͷΨϯϚઢ͕৴߸ΤωϧΪʔྖҬʹೖΔ߹ʹɺͦΕʹ͏ཅిࢠͷΤωϧΪʔେ͕

1 MeV∼5 MeVͱ͍ͱͳΔɻ3ষͰड़ͨΑ͏ʹɺݕग़ثपΓʹ࣓͕͔͔ΔͨΊɺ͜ͷΑ͏ͳ͍Τωϧ
Ϊʔͷཅిࢠਤ 4.1 ͷઢͰࣔ͢Α͏ʹඈ͢ߦΔɻͦͷͨΊɺݕग़ثਤͷΑ͏ʹϏʔϜ࣠ΛऔΓғΉΑ͏ͳҐ
ஔʹઃஔ͞ΕΔɻ

Chapter 3

Radiative Decay Counter

The Radiative Decay Counter (RDC) is the new detector in the MEG II experiment which
is able to improve the sensitivity by identifying significant part of the background photons from
RMD. In this chapter, the detail of the RDC is described.

3.1 Principle of background identification

The concept of the RDC is illustrated in Figure 3.1. As previously mentioned, a positron
emitted from the target follows a trajectory along the gradient magnetic field, which is produced
by the COBRA magnet. When a high energy photon is emitted from RMD, a low momen-
tum positron of typically 2-5 MeV is also emitted. This positron does not enter the positron
spectrometer but it is swept away along the beam axis. The bending radius of these positrons
are smaller than 6 cm when the energy of the gamma-ray is greater than 48 MeV. Therefore,
the background photons from RMD can be identified by detecting the time-coincident low mo-
mentum positrons on the beam axis. The detectors can be installed at both upstream and
downstream of the muon stopping target. Figure 3.2 shows the expected hit timing di↵erence
of the RDC and the photon detector. The timing peak in the red line is corresponding to the
RMD events. The spread of the 6 ns (FWHM) mainly comes from the fluctuation of the time-
of-flight of positrons. According to the simulation result, 41% of total background photons can
be identified by installing two RDC detectors and thus the sensitivity is improved by 22%.

Figure 3.1: Schematic view of MEG II detectors
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͍ͯଌఆ͢Δ (ਤ 4.3)ɻ͜ͷݕग़ثͷಋೖʹΑΓMEG II࣮ݧͰͷ୳ײࡧ 15%վળ͢Δɻ

Background identification detector

l New detectors to tag BG-γ 
from radiative muon decay
• Detect low energy positron (1-5MeV)

accompanying BG γ(~53MeV)

l Planned to be installed to 2 points
• Upstream and downstream of the target
• MEG II sensitivity

Ø 10% improvement with upstream
Ø 15% improvement with downstream

• Upstream one is under development
à Todayʼs talk

Tag

Detect

5

Under development

already developed



Requirements to the upstream detector

1. Material budget: < 0.1% !" (beam must pass through the detector)
2. 90% efficiency for 1-5MeV  positron
3. 1 ns timing resolution 

(RMD identification with the timing difference b/w positron & γ)
4. Rate capability and radiation hardness

(108 μ/s with 21 MeV/c , >60 weeks run)
5. Detector size: 20 cm in diameter (45% acceptance…total 90% incl. DS)

à Candidate: Ultra low-material RPC detector using Diamond Like 
Carbon (DLC)

6



RPC based on DLC technology

l RPC: Gaseous detector with high 
resistive electrodes placed face to face

• Gas: R134a (Freon) based

• Gap thickness: 200μmー2 mm

l Diamond Like Carbon is used for resistive electrodes
• DLC: high resistive material w/ mixed structure of

sp2 bond and  sp3 bond
• Advantages of DLC

1. low material à Sputter DLC on 50μm Kapton
2. Adjustable resistivity 

à Resistivity must be optimized for high rate environment
(Resistivity must be low to achieve high rate capability)

• Development initiated by a group of Kobe Univ 7

DLC: chemical structure

RPC performance in general
• time resolution < ns
• material: 1% X0 à must be improved
• Efficiency ~90% à still requires study
• rate ~kHz/cm2 à must be improved



Proposed design of RPC for MEG II

l Readout: Al
à aluminized Kapton will

be used on the top & bottom

l High efficiency can be achieved by
multilayer design
• n-layer efficiency: 
• From requirement on material budget,

4 layer at maximum
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Kapton (50 μm)

DLC sputtered on 
Kapton(~100 nm)

spacers (200-500 μm)

Al readout (~100 nm)

z

Material budget
l Kapton 50μm à 0.018 % X0
l Al 100 nm × 2枚à 0.0023 % X0

à < 0.1 % X0 is satisfied

-HV & +HV
à common value

ઌڀݚߦʹ͓͚Δ ͷੑ

ઌڀݚߦʹ͓͚Δ ͷੑ

͜ͷઅͰଞ࣮ݧͰͷ ͷ࣮͔Βɺయܕతͳੑ͓ΑͼɺੑΛܾΊΔཁૉʹ͍ͭͯड़Δɻ

ग़ޮݕ

ͰɺυϦϑτڑ͕͘ͳΔʹैͬͯΞόϥϯγΣͷΫϥελʔ͕૿෯͢ΔɻͦͷͨΊɺిߴѹӄۃۙ

ͷݶΒΕͨྖҬͰ૿෯͕։ͨ࢝͠߹ʹͷΈेͳ૿෯Λୡ͠ɺ৴߸͕؍ଌ͞ΕΔ͜ͱʹͳΔɻΑͬͯɺݕग़

ޮ͜ͷྖҬͷେ͖͞ʹΑܾͬͯ·ΓɺΪϟοϓִ͕͍ؒ΄Ͳޮ͕ྑ͘ͳΔɻ

ɺ୯ͷΪϟοϓͷτϦΨʔࡍ࣮ ͰΪϟοϓͷްΈΛ ͱେ͖͘औΔ͜ͱʹΑͬͯɺ࣮ࡍʹ

ఔͷݕग़ޮ͕ใ͞ࠂΕ͍ͯΔɻҰํͰɺޙड़ͷΑ͏ʹΪϟοϓΛബ͘͢Δͱؒ࣌ղ͕ྑ͘ͳΔͷ

Ͱɺؒ࣌ղΛྑ͍ͨ͘͠߹ʹখ͍͞ΪϟοϓͰ ΛΈཱͯΔ͖Ͱ͋ΔɻλΠϛϯά ͜ͷΑ

͏ͳྫࣄʹͯ·Δ͕ɺ୯Ͱͷޮ͕ѱ͍ͱ͍͏ܽΛΧόʔ͢ΔͨΊʹੵ͠ɺશମͷݕग़ޮΛߴΊΔɻ

ੵͨ͠߹ͷݕग़ޮվળͷৼΔ͍ɺҎԼͷࣜͷΑ͏ʹͳΔ͜ͱ͕ΒΕ͍ͯΔ ɻ

εn = 1− (1− ε1)
n

͜͜Ͱɺ Ϊϟοϓ͕ ͷ߹ͷݕग़ޮͰ͋ΔɻλΠϛϯά ͷ߹ʹɺ͜ͷΑ͏ͳੵԽʹΑͬͯ

ʹࡍग़ޮΛୡͰ͖ɺ࣮ݕ͍ߴ ఔ͔Β΄΅ ͷݕग़ޮ͕ใ͞ࠂΕ͍ͯΔɻ

ग़ޮʹ͍ͭͯɺΨεʹର͢ΔґଘੑΒΕ͍ͯΔɻΞϧΰϯΨεΛ༻͍ͨετϦʔϚʔϞʔυͷݕ Ͱ

 ͷ୯ΪϟοϓͷͷͰ ͷݕग़ޮͱɺઌ΄Ͳड़ͨτϦΨʔ ͱൺͯྼΔɻ͜ΕɺΠΦϯ

Խͨ͠ࡍʹੜ͡ΔిࢠΠΦϯରͷ͕ΨεʹΑͬͯҟͳΔ͔ΒͰ͋ΔɻΞϧΰϯϑϩϯΑΓ͜ͷ͕গͳ͍ͨ

Ίɺ์ࣹઢͱͷԠ͕͖ͮىΒ͘ݕग़ޮʹྼΔɻ

ղؒ࣌

ͷؒ࣌ղɺి͕ࢠΨεͷதΛυϦϑτ͢Δؒ࣌ʹΑܾͬͯ·ΔɻҰൠతʹɺബ͍Ϊϟοϓͷ

ͰυϦϑτ͢Δڑ͕͘ͳΔؒ࣌ղ͕ྑ͘ͳΔɻ·ͨɺੵԽ͢Δ͜ͱʹΑͬͯؒ࣌ղ͕վળ͢Δ

͜ͱΒΕ͍ͯΔ ɻଞ࣮ݧͰɺ୯Ͱ͍ΪϟοϓߏͱͳΔτϦΨʔ Ͱ ఔɺෳͰ͍ڱ

ΪϟοϓߏͱͳΔλΠϛϯά ʹ͍ͭͯे ఔͷؒ࣌ղ͕ͦΕͧΕใ͞ࠂΕ͍ͯΔɻετϦʔ

ϚʔϞʔυͷ ʹ͍ͭͯɺΞϧΰϯΨεதͰυϦϑτ͕খ͍͞ଞɺετϦʔϚʔ͕ੜ͡Δؒ࣌ͷΒͭ

͖͕ଘ͢ࡏΔͨΊɺؒ࣌ղ͞Βʹѱ͘ ఔͱͳΔɻ

Ϩʔτੑ

Ͱ૿෯ͨ͠ిࢠɺ࠷ऴతʹߴ߅ͷϓϨʔτΛྲྀΕΔɻͦͷͨΊɺ૿෯͕ൃੜͨ͠෦ʹҹՃ͞ΕΔి

ѹ͕ہॴతʹখ͘͞ͳΔΑ͏ʹಇ͘ɻ͜ΕʹΑΓ์ిΛ੍ͨ͠ΦϖϨʔγϣϯΛՄͱ͍ͯ͠Δ͕ɺ͜Εಉ࣌

ΛྲྀΕͬͯΪϟοϓ෦ͷి͕ճ෮͢ۃి͕ࢠҼͱͳΔɻͳͥͳΒɺిݪͰͷଌఆΛۤखͱ͢Δܭߴʹ

Δ·Ͱͷؒෆؒ࣌ײͱͳΔͨΊͰ͋ΔɻΞόϥϯγΣϞʔυͷ Ͱɺయܕతʹ ɺྑ͍ͷͰ

·ͰͷϨʔτੑ͕ใ͞ࠂΕ͍ͯΔ ɻ͜͜Ͱɺ͍ߴϨʔτੑΛୡ͢ΔͨΊʹɺ߅ମͷମ

ੵ߅Λ ͱ͍ͯ͘͠Δɻ

ͨͩ͠ɺݕग़ؒ࣌େ͖ͳ૿෯Λୡͨ͠Ϊϟοϓ͔Βͷد༩Λେ͖͘ड͚ΔͨΊɺੵԽͨ͠߹ͷؒ࣌ղͷվળ୯७ͳ
ͰͷεέʔϧͷΑ͏ʹվળ͠ͳ͍



Contents

l Introduction

l Development of ultra-low material RPC
• Prototype design
• Performance measurement

l Summary and prospect

9



Prototype detector for performance study

l Size: 3 cm× 3cm
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Gas package
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gas :R134a/SF6 = 93/7

1×10cm
Aluminized Kapton
(100nm thick)

connected to 38 dB amplifier

Successfully assembled low material
prototype detector

seen from bottom(Al readout)

detector
(3 cm × 3cm)

Gas package

resistive plate

Lubber (for packing)

Screw (fixing the package)



Performance measurement

l Measurement setup
• Irradiated from 90Sr
• Plastic scintillator is used

for trigger

l Signal is readout by 700 MHz
waveform digitizer (DRS4)

l Measurement purposes
• Check whether the 90% efficiency &

< 1 ns timing resolution can be achieved
• Check optimal gap thickness of RPC

RPC 

Sr90

plastic 
scintillator

waveform 
digitizer

(700 MHz)

2 mm 
collimation

trigger

38 dB
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Result: Detection efficiency for single layer 

l Single layer efficiency is measured changing the gap thickness
• 40% single layer efficiency is required to achieve 90% w/ 4-layer
•
• For each thickness, measured

changing the operating voltage

l Efficiency
• Determined from the fraction of 

RPC hits in the triggered events
• RPC threshold = 10 mV

12

6.8 7 7.2 7.4 7.6 7.8 8 8.2 8.4 8.6
electric field [kV/mm]

0

10

20

30

40

50

60

e
ff
ic

ie
n
c
y
 [
%

]

Gap thickenss

520 micron

435 micron

384 micron

370 micron

285 micron

efficiency vs electric field

sufficient efficiency for
≽370μm thickness
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Result: Timing resolution for single layer 

l Single layer timing resolution is measured changing the gap 
thickness
• (Normally, 4-layer resolution is better)

l Timing resolution
• Determined from the timing difference

b/w RPC and reference counter
• RPC timing: 50% constant fraction  

13

Timing resolution is good
enough at least up to 520μm
(< 1ns required)

7 7.2 7.4 7.6 7.8 8 8.2 8.4 8.6
electric field [kV/mm]

220

240

260

280

300

320

340

tim
in

g
 r

e
so

lu
tio

n
 [

p
s] Gap thickenss

520 micron

435 micron

384 micron

370 micron

285 micron

timing resolution vs electric field

At least, gap thickness can be b/w 370 μm and 520 μm



Result: multilayer efficiency and timing resolution

l 384μm gap 4-layer RPC

l Efficiency
• Measurement result is compared to

behavior predicted from that of single layer 
• Good agreement is seen

l Timing resolution
• 250 ps
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Predicted behavior
(from 1-layer result)

4-layer measured

5- 4- 3- 2- 1- 0 1 2 3 4 5
time [ns]

0

200

400

600

800

1000

1200

co
u
n
t 
[a

.u
]

constant fraction timeconstant fraction time

timing difference b/w 
RPC & reference counter

Timing resolution and efficiency
are good enough

Efficiency vs RPC operating voltage

discharged (probably
problem of cleaning)



Contents

l Introduction

l Development of ultra-low material RPC
• Prototype design
• Performance measurement

l Summary and prospect

15



Summary 

l Ultra-low material RPC is being developed to improve
the sensitivity of MEG II experiment

l Prototype studies show that most of the requirements can be 
satisfied
ü Material budget: <0.1% X0 
ü Timing resolution: < 1ns à 250 ps achieved
ü Detection efficiency: >90% à shown to be reachable
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RPC detector is a promising candidate 
with which the MEG II sensitivity will be 

improved by 10%



Prospect 

l The remaining works are
• Rate capability measurement
• Measurement using mu beam
• Pileup study

Ø Next talk is related

• Possibility for further detector design optimization
Ø Widening gap thickness to 500μm is a possible option
Ø Changing the gas mixture (Currently R134a/SF6 = 93/7 mixture)
àCareful study is necessary because these parameters affect 

rate capability and the stability of RPC

• Construction of full-scale detector (φ=20 cm)
Ø RPC itself is scalable in principle
Ø Difficulty for mechanical engineering is expected
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