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MEG II & RPC
• MEG II searches for charged 

lepton flavour violating 
decay: 𝜇" → 𝑒"𝛾
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• Resistive Plate Chamber 
(RPC) is one of gaseous 
detectors, uses high 
resistive electrodes 
placed face to face
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ਤ 3.1 µ → eγ ่յࣄ৅ͷಛ௃

ΑΔΠϕϯτಉఆޮ཰Λද͢ɻ

3.1.2 എࣄܠ৅

MEG II࣮ݧͰͷഎࣄܠ৅ʹ͸ൃۮతഎࣄܠ৅͓Αͼɺ෺ཧతഎࣄܠ৅ͷೋछྨ͕͋Δɻຊम࢜࿦จͷओ୊͸ɺۮ
ൃతഎࣄܠ৅ͷ཈੍Λ໨తͱͨ͠ڀݚͰ͋ΔͨΊ*3ɺલऀʹ͍ͭͯৄ͘͠঺հ͢Δɻ

৅ࣄܠతഎൃۮ˙ ओཁͳόοΫάϥ΢ϯυΠϕϯτ͸ਤ 3.2(a)ͷΑ͏ͳഎܠཅిࢠͱഎܠΨϯϚઢʹΑΔൃۮత
ͳίΠϯγσϯεʹΑΔ΋ͷͰ͋Δɻഎܠཅిࢠ͸ µཻࢠͷMichel่յ (µ → eνeν̄µ)ʹ༝དྷ͢ΔɻഎܠΨϯϚઢ
ʹ͍ͭͯ͸ɺҎԼͷ 2ͭͷൃੜ͕͋ݯΔɻ

• ཅిݕ͕ࢠग़ث಺෦Λඈߦதʹݕग़ثΛߏ੒͢Δ෺࣭தͷిࢠͱରফ໓Λ͜͢͜ىͱʹΑͬͯΨϯϚઢ͕ൃ
ੜ͢Δࣄ৅ (AIF: Annihilation In Flight)

• ਤ 3.2(b) ʹࣔ͢Α͏ͳϛϡʔཻࢠͷ᫔่ࣹյ (µ → eνeν̄µγ) ʹΑͬͯΨϯϚઢ͕ൃੜ͢Δࣄ৅ (RMD:
Radiative Muon Decay)
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4.1 ᫔่ࣹյಉఆ༻ݕग़ثͷશମ૾

᫔่ࣹյࣄ৅༝དྷͷΨϯϚઢ͕৴߸ΤωϧΪʔྖҬʹೖΔ৔߹ʹ͸ɺͦΕʹ൐͏ཅిࢠͷΤωϧΪʔ͸େ൒͕

1 MeV∼5 MeVͱ௿͍஋ͱͳΔɻ3ষͰड़΂ͨΑ͏ʹɺݕग़ثपΓʹ͸࣓৔͕͔͔ΔͨΊɺ͜ͷΑ͏ͳ௿͍Τωϧ
Ϊʔͷཅిࢠ͸ਤ 4.1 ͷ੺ઢͰࣔ͢Α͏ʹඈ͢ߦΔɻͦͷͨΊɺݕग़ث΋ਤͷΑ͏ʹϏʔϜ࣠ΛऔΓғΉΑ͏ͳҐ
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

19
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Outline

• Introduction of RPC readout
• Pileup probability
• Prototype RPC readout
• Impedance matching

• Lab test
• Summary & prospects
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Pileup study
Requirements for RPC

• 90% efficiency for 1-5 MeV 𝑒"
• Rate capability                      

(10-𝜇/s with 21 MeV/c)
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Anode readout strips Cathode readout strips

• Pileup of high-rate 𝜇" beam & RMD 𝑒"

à Inefficiency of RMD 𝑒"

à Readout strips should be segmented 

●: RMD 𝑒"

■: 𝜇" at the same 
position as RMD 𝑒"

▲: 𝜇" in the same 
strip as RMD 𝑒"



Pileup
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𝜇" beam divergence
𝜎 = 2.0 cm

RMD 𝑒" divergence
𝜎 = 2.8 cm

• Calculate pileup 
probability per 
readout 
segmented region

Pileup probability

Inefficiency is < 2.0% 
when deadtime is 
within 10 ns

Deadtime = 10 ns
Pileup prob at the 
centre = 5.0%



RPC readout
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+HV

GND

Copper pad

Aluminium strip

520 um
single gap 
thickness

Readout from the both 
edges of the strip in lab test

Readout from 
a single edge 
w/o resistors

1 cm

12 cm

Aluminium
strip

Resistors

Reflection were observed 
due to impedance 
mismatching
à It results in deadtime 
and bad effect on pileup 
inefficiency



Impedance
• Characteristic impedance of Al strip: 𝑍6
• Characteristic impedance of LEMO cable: 𝑍7 = 50 Ω

• Reflection coefficient 𝑟 = ;<=;>
;<";>

• à 𝑍7 = 𝑍6 for no reflection (𝑟 = 0)
• Insert a resistor b/w Al strip & LEMO à 𝑍7? = 𝑅 + 𝑍7

• Then 𝑟 = ;<B=;>
;<B";>

à Find 𝑅 which gives 𝑟 = 0 in lab test
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à In lab test, find resistance which suppresses reflection to 
reduce deadtime

𝑍6 𝑅 𝑍7 = 50 Ω

𝑍7? = 𝑅 + 𝑍7

• RPC threshold in our lab test is 10 mV



Outline

• Introduction of RPC readout
• Lab test

• Setups
• Waveform
• Effect of resistors on RPC

• Summary & prospects
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Setups
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38 dB amplifier

Gas: 
R134a:SF6
= 93:7

Gas
Sr90: 𝛽-ray 
source
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ア・ダイオード�
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可変容量ダイオード�
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ツェナー・ダイオード�
（定電圧ダイオード）�
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RPC
(HV = 3.64 kV)

Trigger 
scintillator

38 dB amp

38 dB amp

Waveform 
digitiser

(700 MHz)

𝛽-ray

Resistors: 
68 Ω, 82 Ω, 150 Ω



Waveform
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𝑅 = 68 Ω

𝑅 = 82 Ω 𝑅 = 150 Ω

No resistors
Damping 
oscillation 
is observed

# of peaks by 
reflection is 
the smallest Deadtime 

is small

Waveform changed.
But signals still reflected.



Waveform
• Reflected height is 

dependent on 
signal height
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𝑅 = 82 Ω

• Reflection can be 
suppressed by 
inserting resistors
• Need to optimise

resistance



Height distribution
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Height from 
each readout 
(𝑅 = 82 Ω)Height sum of both readouts

The larger resistance is, 
the smaller height is



Efficiency
• When R = 0 Ω, HV = 3.74 kV due 

to uncertainty of gap thickness
• Threshold = 10 mV
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• When inserting 
resistors, height from 
single readout is ~1/2

• à Efficiency is larger 
by summing the 
height up

Resistance [Ω]

Ef
fic

ie
nc

y ●: Sum of height
●: Height from single readout



Outline

• Introduction of RPC readout
• Lab test

• Setups
• Waveform
• Effect of resistors on RPC

• Summary & prospects
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Summary & prospects

• Summary
• Readout w/o resistors generated reflection
• Resistors inserted b/w Al readout strip & LEMO 

cable can improve impedance matching

• Prospects
• Compare w/ to w/o resistors in case of both 

readouts
• Investigate reflected height quantitatively
• Optimise readout and resistance

16 Feb, 2020 Study on the readout of the ultra-low material RPC for background 
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Backups
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Physics of 𝜇" → 𝑒"𝛾
• Charged lepton flavour

violation (cLFV) is forbidden in 
the standard model (SM)
• In the SM, ℬ 𝜇 → 𝑒𝛾 < 10=H7

• Some physics models beyond 
the SM (SUSY-GUT, SUSY-
seesaw) say ℬ 𝜇 → 𝑒𝛾 is 
10=II − 10=IK

• MEG experiment gave the 
upper limit of 𝜇 → 𝑒𝛾 5.3×10=IM
for the branching ratio

• 𝜇 → 𝑒𝛾 observation strengthen 
makes models beyond SM
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MEG II signal
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Detects signal 𝛾

Detects signal 𝑒"

Bends signal 𝑒"
w/ constant radius

Detects 
background 𝑒"

Use the most 
intense 𝜇 beam:
DC and beam 
rate ~ 7×10* /s

Signal

Both 52.8 MeV
The same timing

Opposite 
direction

• MEG II signal is 
identified by the 
kinematics 

• MEG II searches for charged lepton flavour
violating decay: 𝜇" → 𝑒"𝛾



γ
���
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e-
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μ+
γ

e+
180�

ਤ 3.1 µ → eγ ่յࣄ৅ͷಛ௃

ΑΔΠϕϯτಉఆޮ཰Λද͢ɻ

3.1.2 എࣄܠ৅

MEG II࣮ݧͰͷഎࣄܠ৅ʹ͸ൃۮతഎࣄܠ৅͓Αͼɺ෺ཧతഎࣄܠ৅ͷೋछྨ͕͋Δɻຊम࢜࿦จͷओ୊͸ɺۮ
ൃతഎࣄܠ৅ͷ཈੍Λ໨తͱͨ͠ڀݚͰ͋ΔͨΊ*3ɺલऀʹ͍ͭͯৄ͘͠঺հ͢Δɻ

৅ࣄܠతഎൃۮ˙ ओཁͳόοΫάϥ΢ϯυΠϕϯτ͸ਤ 3.2(a)ͷΑ͏ͳഎܠཅిࢠͱഎܠΨϯϚઢʹΑΔൃۮత
ͳίΠϯγσϯεʹΑΔ΋ͷͰ͋Δɻഎܠཅిࢠ͸ µཻࢠͷMichel่յ (µ → eνeν̄µ)ʹ༝དྷ͢ΔɻഎܠΨϯϚઢ
ʹ͍ͭͯ͸ɺҎԼͷ 2ͭͷൃੜ͕͋ݯΔɻ

• ཅిݕ͕ࢠग़ث಺෦Λඈߦதʹݕग़ثΛߏ੒͢Δ෺࣭தͷిࢠͱରফ໓Λ͜͢͜ىͱʹΑͬͯΨϯϚઢ͕ൃ
ੜ͢Δࣄ৅ (AIF: Annihilation In Flight)

• ਤ 3.2(b) ʹࣔ͢Α͏ͳϛϡʔཻࢠͷ᫔่ࣹյ (µ → eνeν̄µγ) ʹΑͬͯΨϯϚઢ͕ൃੜ͢Δࣄ৅ (RMD:
Radiative Muon Decay)

μ+
e+�

�

γ

(a) ৅ͷಛ௃ࣄܠతഎൃۮ

μ+

γ

e+�

�
(b) RMDΠϕϯτͷਤ

ਤ 3.2 MEG II࣮ݧͷഎࣄܠ৅ʹؔ࿈͢ΔΠϕϯτͷਤ

*3 ͜ΕʹΑΓɺMEG II࣮ݧͷ୳ײࡧ౓্͕޲ୡ੒͞ΕΔɻ

+

MEG II background
• Sources of 𝑒", 𝛾 of around 52.8 

MeV are these 3 reactions:
• Michel decay
• Radiative muon decay (RMD)
• Annihilation in flight (AIF)
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• Detect 𝑒" with low energy (1-5 MeV) 
from RMD to identify 𝛾 from RMD

Accidental BG

γ+
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+

𝛾 from RMD 
and AIFMichel 

decay

Michel decay

RMD

AIF

𝑒" in flight

𝑒= in 
material in 
detectors

Detect it!



BG properties
• RMD 𝛾 is identified from

• RMD 𝑒" energy
• Time correlation b/w 𝑒" & 𝛾

16 Feb, 2020
Energy (MeV)
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+
Michel decay

RMD

𝑒" energy

Time difference b/w 
𝑒" detection at RDC 
& 𝛾 detection at LXe



BG identification detectors

• Install radiative decay counters (RDCs) in both 
upstream and downstream

16 Feb, 2020 Study on the readout of the ultra-low material RPC for background 
suppression in the MEG II experiment 21

27

ୈ 4ষ

্ྲྀଆഎࣄܠ৅ಉఆ༻ݕग़ثͷ։ൃ՝୊

͜ͷষͰ͸ɺ্ྲྀଆഎࣄܠ৅ಉఆ༻ݕग़ثʹ͍ͭͯड़΂Δɻ͸͡Ίʹɺ͢Ͱʹ։ൃࡁΈͷԼྲྀଆͷݕग़ثʹ͍ͭ

ͯಛ௃Λड़΂Δɻ࣍ʹ্ྲྀଆʹ͍ͭͯɺԼྲྀଆͱͷ৚݅ͷҧ͍Λ঺հ͠ɺ্ྲྀଆ΁ͷཁੑٻೳΛ·ͱΊɺ։ൃ՝୊

Λࣔ͢ɻ

4.1 ᫔่ࣹյಉఆ༻ݕग़ثͷશମ૾

᫔่ࣹյࣄ৅༝དྷͷΨϯϚઢ͕৴߸ΤωϧΪʔྖҬʹೖΔ৔߹ʹ͸ɺͦΕʹ൐͏ཅిࢠͷΤωϧΪʔ͸େ൒͕

1 MeV∼5 MeVͱ௿͍஋ͱͳΔɻ3ষͰड़΂ͨΑ͏ʹɺݕग़ثपΓʹ͸࣓৔͕͔͔ΔͨΊɺ͜ͷΑ͏ͳ௿͍Τωϧ
Ϊʔͷཅిࢠ͸ਤ 4.1 ͷ੺ઢͰࣔ͢Α͏ʹඈ͢ߦΔɻͦͷͨΊɺݕग़ث΋ਤͷΑ͏ʹϏʔϜ࣠ΛऔΓғΉΑ͏ͳҐ
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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ਤ 4.1 ᫔่ࣹյಉఆ༻ݕग़ث [15]ɻࠨӈʹࣔͨ͠ 2ՕॴͰ᫔่ࣹյʹ൐ͬͯൃੜ͢Δ௿ΤωϧΪʔཅిࢠΛݕग़͢Δɻ

4.2 Լྲྀଆͷݕग़ث
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• High-intensity 𝜇" beam passes through the upstream RDC
ß Difficulty in developing it

(LXe) 

7×10* 𝜇"/s

𝑒" from RMD 
flights around the 
beam axis 
because its 
energy is low



Upstream RDC requirements
1. Material budget: < 0.1% 𝑋7

(ß 𝜇" beam passes through the detector)
2. 90% efficiency for 𝑒" with 1-5 MeV 
3. 1 ns time resolution

(ß RMD ID with time difference b/w 𝑒" & 𝛾)
4. Rate capability & radiation hardness

(ß 7×10*𝜇"/s with 21 MeV/c & > 60 weeks run)
5. Detector size: 20-cm diameter

(ß 45% acceptance in the one RDC, 90% in total w/ DS)

à Ultra-low material resistive plate chamber (RPC) 
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RPC: Resistive Plate Chamber
• RPC is one of gaseous 

detectors, uses high resistive 
electrodes placed face to 
face

• Gas is ionised when charged 
particles pass through RPC

• Ionised electron is 
accelerated by high 
voltage (HV)

• Avalanche occurs by 
accelerated electrons

• Avalanche signals are 
induced in readout
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Readout

Readout

Insulator

Insulator

High resistive 
electrodes

Spacer

+HV

GND

Charged 
particle

Avalanche

Ionisation



Pileup
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Deadtime = 50 ns
Pileup prob = 15%

Deadtime = 10 ns
Pileup prob = 2.0%

Entries  46884
 / ndf 2χ  1.255e+06 / 591

Constant  5.961e+01± 4.715e+05 
Mean      0.000209± 0.005876 
Sigma     0.000± 2.039 

y (cm)
15− 10− 5− 0 5 10 150

100

200

300

400

500

310×
Entries  46884

 / ndf 2χ  1.255e+06 / 591

Constant  5.961e+01± 4.715e+05 
Mean      0.000209± 0.005876 
Sigma     0.000± 2.039 

Entries  59976

 / ndf 2χ  406.4 / 77

Constant  11.0±  2106 

Mean      0.01157±0.07088 − 

Sigma     0.009± 2.813 

y (cm)
15− 10− 5− 0 5 10 150

200
400
600
800

1000
1200
1400
1600
1800
2000
2200

Entries  59976

 / ndf 2χ  406.4 / 77

Constant  11.0±  2106 

Mean      0.01157±0.07088 − 

Sigma     0.009± 2.813 

title

𝜇" beam divergence
𝜎 = 2.0 cm

RMD 𝑒" divergence
𝜎 = 2.8 cm

• Calculate pileup 
probability per 
readout region in 
which Al strips 
overlap



Pileup calculation
• 𝑃R: pileup probability per readout segmented 

region
• 𝜌R: probability to detect RMD 𝑒" in the segmented 

region (= 2.8 cm)
• Total pileup probability is given by
• ∑UVWRXUYZH[ 𝑃R 𝜌R
• Probability of time difference 𝑡 b/w continuous 𝜇":
• 𝑝 𝑡 = I

^
exp − V

^
, where I

^
is 𝜇" rate in region 𝑖

• Probability of pileup of 𝜇" beam & RMD 𝑒" in 
region 𝑖:

• 𝑃R = 1 − exp − Vcdec
^

, where 𝑡fghf is deadtime when 
we cannot distinguish 𝜇" & RMD 𝑒"
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Prototype RPC
• Fish line (#10) gives 

520-um gas thickness
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Fish line 
as spacer

DLC as resistive 
electrode grounded

DLC 
provides HV

Copper 
tape for HV

Copper pad 
grounded



Transmission line

• Assume Al strip is a transmission line with 
loss
• Conductance G is zero
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Resistance per length

• Surface resistivity 𝑅6 = 1.1 Ω/sq
•à 𝑅 = j>

k
= 110 Ω/m

• where 𝑊 is width of Al strip, that is 1 cm 
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Capacitance per length
• Think of geometry like this figure
• Ignore DLC plate because DLCs are 

sputtered on kaptons
• Kapton’s relative permittivity 𝜀W = 3.3
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Al strip W = 1.0 cm

Kapton 1 d = 25 um
Kapton 2 d = 50 um
Kapton 3 d = 50 um

Kapton 4 d = 50 um
Gas d = 520 um

Cu pad

DLC



Capacitance per length
• Give strip charge per length 𝑞
• From Gauss’s raw, electric field is
• 𝑞 = 𝜀7𝜀W𝐸𝑊 → 𝐸 = p

q<qrk

• From the field, potential diff b/w Al strip 
and Cu pad is
• 𝑉 = ∫7

f p
q<qrk

𝑑𝑥 = pf
q<qrk

• From 𝑉 = p
w
,

• 𝐶R =
q<qrk
f
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Al strip

Kapton 1 d = 25 um
Kapton 2 d = 50 um

Kapton 3 d = 50 um

Kapton 4 d = 50 um
Gas d = 520 um

Cu pad

DLC



Capacitance per length

• From 𝐶R =
q<qrk
f

, where 𝐶R is capacitance 
per length in layer 𝑖
• Total capacitance 𝐶 = 155 pF/m

16 Feb, 2020 Study on the readout of the ultra-low material RPC for background 
suppression in the MEG II experiment 31

Al strip W = 1.0 cm

Kapton 1 d = 25 um
Kapton 2 d = 50 um
Kapton 3 d = 50 um

Kapton 4 d = 50 um
Gas d = 520 um

Cu pad

DLC



Al strip

Kapton 1 d = 25 um
Kapton 2 d = 50 um

Kapton 3 d = 50 um

Kapton 4 d = 50 um
Gas d = 520 um

Cu pad

DLC

Inductance per length

• Think of geometry like this figure
• Assume current 𝐽 flows only in Al strip (No 

current in Cu pad)
• From Ampere’s raw, magnetic field is
• 2𝑊𝜇𝐵 = 𝐽 → 𝐵 = |}

Zk
• Permeability 𝜇 = 𝜇7
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total d = 695 um



Al strip

Kapton 1 d = 25 um
Kapton 2 d = 50 um

Kapton 3 d = 50 um

Kapton 4 d = 50 um
Gas d = 520 um

Cu pad

DLC

Inductance per length

• Magnetic flux Φ is
• Φ = ∫|<}Zk

𝑑𝑆 = |<}
Zk

𝑑
• From Φ, calculate 𝑉, 𝐿
• 𝑉 = −f�

fV
= −|<f

Zk
f}
fV
= −𝐿 f}

fV
→ 𝐿 = |<f

Zk
H/m

• 𝐿 = 44 nH/m
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total d = 695 um



Characteristic impedance
• Need to consider resistance 𝑅 because we cannot 

ignore loss
• Characteristic impedance is

• 𝑍7 = j�" �� �

�w �

• where 𝜔 is angular frequency
• Assume signals are triangle waves whose width is 5 ns
• In this case, assume 𝜔 = 628 rad/µs

• à 𝑍7 = j�" �� �

�w � = 17 Ω

• But I estimate 𝑍7 > 50 Ω from observation of reflection
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Setups
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MPPC

HV
< 4 kV

RPC 
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可変容量ダイオード�
�
ツェナー・ダイオード�
（定電圧ダイオード）�

定電流ダイオード�

フォト・ダイオード�
�

トンネル・ダイオード�
�

PINダイオード�
�

ガン・ダイオード�
�

ダイオード�AKAK

AA1
A2

K1
K2

複合カソード・コモン�複合アノード・コモン�

K

単素子�

エサキ・ダイオード�バックワード�

アバランシェ�

対向�

AK

K

AK

AK

AKAK

A

AK

AK

AK

AK

AK

AK

AK

AK

PIN

�
�

名　称�トランジスタ技術の図記号�

Pチャネル・�
デュアル・ゲート・ディ�
プリーション・モード�

Pチャネル・�
デュアル・ゲート・エン�
ハンスメント・モード�

Nチャネル・�
デュアル・ゲート・エン�
ハンスメント・モード�

Nチャネル・�
デュアル・ゲート・ディ�
プリーション・モード�

Pチャネル・�
ディプリーション・モード�

Pチャネル・�
エンハンスメント・モード�

Nチャネル・�
エンハンスメント・モード�

Nチャネル・�
ディプリーション・モード�

●トランジスタ（その2）�

簡略表示�

P型ベース�N型ベース�

S

D

SS

D

G

D

G

G

E

GA

K

S

D

S

D
MOSFET�
（IGFET）�
�

IGBT�
�

UJT（ユニ・ジャン�
クション・トラン�
ジスタ）�
�
PUT

Tr1

B1

B2

B1

B2

Tr1

Tr1Tr1Tr1Tr1

SS

D

G

D

S

D

G

Tr1Tr1

※1

簡略表示�

※2

C

E

C

E
G

E

�����

60

3－6回路図記号一覧（その5）

●ダイオード，サイリスタ（その1）�

LED�
�

ショットキー・バリ�
ア・ダイオード�
�
可変容量ダイオード�
�
ツェナー・ダイオード�
（定電圧ダイオード）�

定電流ダイオード�

フォト・ダイオード�
�

トンネル・ダイオード�
�

PINダイオード�
�

ガン・ダイオード�
�

ダイオード�AKAK

AA1
A2

K1
K2

複合カソード・コモン�複合アノード・コモン�

K

単素子�

エサキ・ダイオード�バックワード�

アバランシェ�

対向�

AK

K

AK

AK

AKAK

A

AK

AK

AK

AK

AK

AK

AK

AK

PIN

�
�

名　称�トランジスタ技術の図記号�

Pチャネル・�
デュアル・ゲート・ディ�
プリーション・モード�

Pチャネル・�
デュアル・ゲート・エン�
ハンスメント・モード�

Nチャネル・�
デュアル・ゲート・エン�
ハンスメント・モード�

Nチャネル・�
デュアル・ゲート・ディ�
プリーション・モード�

Pチャネル・�
ディプリーション・モード�

Pチャネル・�
エンハンスメント・モード�

Nチャネル・�
エンハンスメント・モード�

Nチャネル・�
ディプリーション・モード�

●トランジスタ（その2）�

簡略表示�

P型ベース�N型ベース�

S

D

SS

D

G

D

G

G

E

GA

K

S

D

S

D
MOSFET�
（IGFET）�
�

IGBT�
�

UJT（ユニ・ジャン�
クション・トラン�
ジスタ）�
�
PUT

Tr1

B1

B2

B1

B2

Tr1

Tr1Tr1Tr1Tr1

SS

D

G

D

S

D

G

Tr1Tr1

※1

簡略表示�

※2

C

E

C

E
G

E

��� ���
��

38 dB amplifier Gas: 
R134a:SF6
= 93:7

Gas
Sr90: 𝛽-ray 
source

Resistors

To Ch1

To Ch3



RPC performance w/ resistors
• Each histogram expresses 

voltage height induced in each 
side

• Height is dependent on 
resistance because voltage 
drop occurs at resistors

16 Feb, 2020 Study on the readout of the ultra-low material RPC for background 
suppression in the MEG II experiment 36

R = 82 ohm R = 68 ohm

R = 150 ohm



RPC performance w/ resistors

16 Feb, 2020 Study on the readout of the ultra-low material RPC for background 
suppression in the MEG II experiment 37

R = 68 ohmR = 82 ohm

R = 150 ohm

• These histograms express the 
sum of voltage at both sides of 
Al strip

• Height sum is dependent on 
resistance because voltage 
drop occurs at resistors as well 
as height from each side


