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MEG II signal and background
• MEG II searches for µ→eγ decay, one of charged lepton flavour

violation (cLFV) channels
• Dominant background is accidental coincidence of BG-e+ and BG-γ
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• The same energy of 52.8 MeV
• Opposite direction
• The same timing

Signal

+

Accidental
Background

Signal-like accidental coincidence 
of e+ and γ with ~52.8 MeV energy

Radiative muon 
decay (RMD)

Annihilation 
In Flight (AIF)



Radiative decay counter
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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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Tagged
(~52.8 MeV)

Detected
(1-5 MeV)

• Radiative decay counter (RDC) detects 
RMD e+ with 1-5 MeV energy to tag BG-γ

• RDCs will be installed at both upstream 
and downstream of the target

• Upstream RDC is under development

DS RDC
Already 
developed 
and installed

US RDC
Under 
development



Requirements for upstream RDC

1. <0.1% X0 material budget
ß µ beam with 28 MeV/c must pass through the detector

2. 90% efficiency for 1-5 MeV e+

3. 1 ns time resolution
4. Rate capability and radiation hardness for 108 µ/s
5. 20-cm diameter detector size

à Candidate: Ultra-low material Resistive Plate Chamber (RPC) using 
Diamond-Like Carbon (DLC)
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RPC with DLC technology
• Diamond-Like Carbon (DLC) 

is used as resistive electrodes
• DLC is sputtered on Kapton 

foil
à Small material budget can 

be achieved
• DLC resistivity is adjustable
à Small resistivity can be 

achieved, which is important 
for rate capability
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• MEG II RPC design
• 4 layers ß Higher efficiency

• 𝜖! = 1 − (1 − 𝜖")!

• <0.1% X0 material budget
• 50 µm Kapton foil à 0.018% X0

• 100 nm aluminum à 0.0012% X0

Al readout strip (100 nm)

Kapton foil 
(50 µm)

DLC 
(~50 nm)

Spacer (384 µm)

+HV

+HV

+HV

+HV

-HV

-HV

-HV

-HV

20 cm



RPC prototype detector
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• Prototype detector 
performance for β from 
Sr90
• Operated with ultra-low 

material design
• Efficiency is dependent 

on applied HV
• 55% efficiency is 

achieved with single 
layer

• 90% efficiency is 
achieved with 4 layers

• ~250 ps time resolution
• Remaining question is 

rate capability

Chamber
Kapton foil 
(50 µm)

Rubber for 
gas-tight

Aluminised Kapton 
(1 cm x ~10 cm / 
Al 100 nm)

Detector
(3 cm x 3 cm)



Rate capability
• Current originated from signal 

flows in resistive electrodes 
from anode to cathode

• Voltage drop of 𝑖𝑟 occurs
• Effective HV = nominal HV –

voltage drop
à Less detector performance
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Anode
+HV Cathode

-HV𝑖

DLC resistance = 𝑟

• Current 𝑖 is dependent on signal 
charge

• The signal charge of MEG II µ 
beam is not measured yet

à Beam test at PSI
• Obtain µ signal size (pulse 

height)
• Obtain MIP e signal size (pulse 

height)
• Test detector performance 

under the high-intensity MEG II 
µ beam



Expectation of µ signal size

• MEG II µ beam
• High intensity (<1 x 108 /s)
à Next talk
• Low momentum (28 MeV/c)
à 10 times larger energy 

deposit than MIP e
• Signal charge is not 

proportional to energy 
deposit due to space charge 
effect
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RPC

RMD e+

µ+ beam

• Rate capability
• Expect small µ signal charge

• Particle identification (PID)
• Expect large difference b/w µ and e 

signal size

histElossGas01
Entries  2520

Mean   0.2545

Std Dev    0.3887

0 2 4 6 8 10
 Eloss [keV]

1

10

210

310

 E
nt

ri
es histElossGas01

Entries  2520

Mean   0.2545

Std Dev    0.3887

Eloss in RPC
histElossGas000
Entries  4922

Mean    2.817

Std Dev     1.494

histElossGas000
Entries  4922

Mean    2.817

Std Dev     1.494

µ
e

Energy deposit in RPC gas volume (MC)



Setup of µ signal size test

RPC basic information
• Gas: R134a/SF6/iC4H10 = 94/1/5
• Single layer
• Readout from both edges of strip
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Delayed 
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(700 MHz)
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µ pulse height

• RPC detects low-momentum µ for the 
first time

• Signal size of µ is 2-3 times larger than 
that of e due to more clusters and space 
charge effect
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Accidental trigger in µ signal size test

• Monte Carlo (MC) simulation was done 
• γ interacts in lead and generates BG e-

à Accidental trigger source
• MC reproduced the accidentally 

triggered events
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• We are developing ultra-low material RPC with DLC electrodes as 
MEG II upstream RDC

• Prototype detector has enough performance except for rate 
capability

• Beam test using MEG II beam took place at PSI
• We measured RPC response to low-momentum µ for the first time

• µ signal is 2-3 times larger than e signal although µ energy deposit is 
10 times larger than e due to space charge effect

• Most of entries at pedestal would be generated by accidental trigger 
from BG e

• Discuss rate capability based on obtained µ signal size

Summary

13 Mar. 2021 Study on the rate capability of ultra-low material RPC, focusing on the 
operation under the high-intensity μ beam of MEG II experiment (1) 13



Backup
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Voltage dependence
• β: Efficiency is dependent on HV
• µ: Peak height moves by HV due to more clusters than e
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Space charge effect
• Ionized e is amplified by 

avalanche
• Positive ions move to cathode 

slowly
• Electric field deformation is 

caused by the charged carriers
• E0 is applied electric field
• The value of the gas parameters 

like drift velocity and Townsend 
coefficient may vary with the 
position in the gas gap
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http://home.iitb.ac.in/~pradeepsarin/students/tether/Nila
driSaurabh_20123/RPC/frankfurt_thesis_RPC_physics.pdf

Schematic view of avalanche 
and electric field deformation



Particle identification
• RDC signals will be analyzed in LXe γ detected timing
à RMD is basically identified by timing in “US” RDC
• Pulse height of µ and e helps RMD tagging
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Setup of MIP e signal size test

RPC basic information
• Gas: R134a/SF6/iC4H10 = 94/1/5
• Single layer
• Readout from both edges of strip
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Pulse height spectrum of MIP e

• Pulse height spectrum of MIP e is 
similar to that of β
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