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MEG II and RDC
• MEG II searches for  decay 

• RDCs are detectors to tag BG-  
from Radiative Muon Decay (RMD)

μ → eγ

γ
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RDC

µ+ beam

μ+

e+

γ

νe

ν̄μ

Tagged 
(~52.8 MeV)

Detected 
(1-5 MeV)

Upstream RDC candidate: 
Resistive Plate Chamber (RPC) with 
Diamond-Like Carbon (DLC) electrodes



Outline
• Introduction 

• Pileup suppression 
• Strategies for pileup suppression 
• Pileup probability calculation 
• Optimise strip configuration 
• Ringing suppression 

• Summary
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Detect  in high-intensity e+ μ+

• The RPC detects  in MEG II  beam 
at  

• The RPC faces problems 
• Performance degradation ← referred in 

previous talk 

• Pileup of  and beam  ← this talk 

• Goal of pileup suppression: 
• 1% level of RMD  inefficiency 
• Required efficiency of  = 90% 

• Inefficiency by inactive region = 4.1% 
• Expected detection efficiency ~ 94%

e+ μ
1 × 108 /s

e+ μ+

e+

e+
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RPC



Strategies for pileup suppression
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1 - Segment readout region 2 - Short signal duration

The configuration must be optimised 
• Virtual cells by X, Y strips 
• X strips at the top side 
• Y strips at the bottom side

φ20 cm Main pulse

Ringing

Ringing observed with prototype 
detector must be suppressed 
• Possible cause 
• Reflection 
• Resonance 

• Time: ~50 ns 
• Height: ~25% of main pulse height

20 ns



Calculation of pileup inefficiency
•  and  can be separated 
• The responses at single layer were 

measured 
• Pileup pattern 
•  and  in the same cell (■ & ●) 

• , , and  in the same strip (■ & ▲) 

• Pileup definition

μ e

μ e

μ μ e
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6.0% total pileup inefficiency 
with basic design 

→ Pileup must be suppressed

Calculation of pileup inefficiency

6.2. E↵ect of pileup muon 71

6.2.2 E↵ect of size and position of the fiber bundle

The hit rate of the beam muons and the positrons from RMD at each fiber bundle were
obtained in a simulation study. Figure 6.13 shows the hit distributions in the upstream RDC.
By using the hit rate and the value of �T , the probability of pileup can be calculated as :

Probability =
Number of pileup events

Number of detected RMD events
. (6.1)

As previously mentioned, the probability depends on the width and position of the bundle.
The probability will be larger if the bundle is placed near the beam axis (Figure 6.14). We
assumed that the width of each bundle is square number of fibers (from 4 to 100) in order to
e�ciently fix at the end. The probabilities for all possible configurations were calculated as
shown in Figure 6.15.
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Figure 6.13: Hit distribution in the upstream RDC.

Figure 6.14: Example of the probability of the pileup in two di↵erent positions (9 fibers bundle,
y = 2, 4 cm). The orange area represents the high muon hit rate region.
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Parameters 
• 16 strips configuration 
• Ringing time: 40 ns 
• Ringing height: 25%



Optimise strip configuration
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Narrower as closer to the centre 
to reduce the inefficiency around the centre

~7%
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Suppressed pileup inefficiency
• 0.83% inefficiency will be achieved under the 
conditions as follows: 
• Ringing time < 20 ns 
• Ringing height < 10% of pulse height 
• 20 strips configuration
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Ringing suppression test
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Prototype detector

Waveform 
digitiser 

(700 MHz)
38 dB

• Purpose: 
• Identify ringing cause 
• Suppress ringing 

• Time < 20 ns 
• Height < 10% of pulse height 

• RPC basic information 
• Freon based gas 
• Single-layer or 4-layer config.

Aluminised Kapton foil 
Al thickness = 100 nm

Detection area

90Sr

β

Trigger 
counter

Voltage amplifier 
for fast signal
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Readout strip setups
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Copper tapes were on 
the both ends of Al strip so far

Al strip

Copper tape soldered to 
signal line of LEMO cable

Al strip and board are connected 
with conductive glue

Al strip

Board
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Average waveform at ch0 Average waveform at ch1

Waveform stability 
is improved
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Ringing cause
• Loop back b/w readout strip 
and amplified RPC signal 
occurs 

• Ringing was suppressed by 
getting amplifiers out
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Average waveform 
amps outside box
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Amplifiers
Loop back

Time ~ 30 ns 
Height ~ 15% 

In the measurement box
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Amplifiers

Out of the meas. box



Other factors
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Average waveform• Reflection at amplifier 
• Shape pulse at ~10 ns are 

caused by reflection at amplifier 

• Characteristic impedance of 
readout strip 
• The impedance is determined by 
• Width of a strip 
• Distance b/w both sides of strips 

• Preferable for the impedance to 
be 50 Ω



Comparison with layers
• The MEG II RPC will have 4 layers 
• Longer ringing occurred with 4-layer configuration 
• Noise from other causes? 
• Complex wiring must be controlled 

• Further suppression is needed
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Average waveform 
with 4-layer config.

Time ~ 80 ns 
Height ~ 15% 
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• Pileup suppression 
• Strategies for pileup suppression 
• Pileup probability calculation 
• Optimise strip configuration 
• Ringing suppression 

• Summary
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Summary & prospects
• High-rate capable RPC with DLC electrodes is 
under development for MEG II upstream RDC 

• Pileup of beam  and RMD  will be suppressed at 
1% level of  inefficiency 
• Segment readout region by placing strips vertically with 

optimised strip configuration 
• Shorten signal duration by ringing suppression 

• Further ringing suppression will be studied with 
• 4-layer configuration 
• Multi strip configuration

μ+ e+

e
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Backup
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MEG II signal and background
• MEG II searches for  decay, one of charged lepton 

flavour violation (cLFV) channels 

• Dominant background is accidental coincidence of BG-  
and BG-

μ → eγ

e+

γ
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Signal

μ+

e+

γ

180̊

μ+

e+
γ

νe

ν̄μ μ+

e+
γ

νe

ν̄μ

Accidental BG

• The same energy of 52.8 MeV 
• Opposite direction 
• The same timing

Signal-like accidental coincidence 
of  and  with ~52.8 MeVe+ γ

Radiative Muon Decay 
(RMD)

e+
e−

Anni.

γγ

Annihilation In Flight (AIF)



RDC

µ+ beam

Radiative Decay Counter
• Radiative Decay Counter (RDC) detects 

RMD  with 1-5 MeV to tag BG-  

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

• Upstream RDC is under development

e+ γ
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μ+

e+

γ

νe

ν̄μ

Tagged 
(~52.8 MeV)

Detected 
(1-5 MeV)

US RDC 
Under development

DS RDC 
Already developed 

and installed



Requirements for upstream RDC
1. <0.1%  material budget 

•  beam with 28 MeV/c must pass through the detector 

2. 90% efficiency for RMD  with 1-5 MeV 
3. 1 ns timing resolution 
4. Rate capability and radiation hardness for  
5. 20-cm diameter detector size 

Candidate: Ultra-low mass Resistive Plate Chamber 
(RPC) with Diamond-Like Carbon (DLC) electrodes

X0

μ

e+

108 μ/s
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Al readout strip (100 nm)

DLC 
(100 nm)

Polyimide foil 
(50 µm)

Spacer (384 µm)

+HV

+HV

+HV

+HV

-HV

-HV

-HV

-HV

φ20 cm

RPC with DLC technology
• Diamond-Like Carbon (DLC) is 

used as resistive electrodes 
• DLC is sputtered on polyimide 

foil 
➡ Small material budget can be 

achieved 
• DLC resistivity is adjustable 
➡ Small resistivity can be 

achieved, which is important for 
rate capability
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図 3.6 ダイアモンド構造 sp3 の模式図 [23]

図 3.7 DLCの構造の模式図 [23]

グラファイト構造は炭素同士の結合に π電子が含まれるため、これがキャリアとなり抵抗
値が低くなるのに対し、ダイアモンド構造は自由電子が存在ないため、高抵抗になる。これ
らの構造が混在する DLCは、それらの割合や全体の物質量を調整することで任意の抵抗値
を持つ薄膜抵抗体を得ることができる。
　

26

• MEG II RPC design 
• 4 layers ← Higher efficiency 

•  

• <0.1%  material budget 

• 50 µm Polyimide foil → 0.018%  

• 100 nm aluminium → 0.0012% 

ϵn = 1 − (1 − ϵ1)n

X0

X0

X0



RPC prototype detector
• Prototype detector 

performance for MIP 
• Operated with ultra-low mass 

design 
• Efficiency is dependent on 

applied HV 
• 60% efficiency is achieved 

with single-layer 
configuration 

• 90% efficiency is achievable 
with 4-layer configuration 

• 190 ps timing resolution
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Chamber

Polyimide foil 
(50 µm)

Rubber for 
gas tight

Detector 
(3 cm x 3 cm)

Aluminised polyimide 
(1 cm x 4 cm)



Pulse height spectra of  and μ e
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