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Outline
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• Beam test results  

• Summary and to do
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Requirement of MARQ RPC

2024/09/10 Development of Carbonless MRPC for MARQ Experiment @ RPC2024

Tracker RPC (Muon-ID wall)

 >99% Eff

 100ps time resolution

 1mm position resolution

TOF-RPC

 >99% Eff.

 60ps time resolution

• MARQ (Multi-purpose Analyzer for Resonance and Quark dynamics Spectrometer)

• Study charmed-baryon spectroscopy and proton GPD.

• Experimental site is located at J-PARC in Tokai, Japan.

• RPC will be used as TOF wall and Muon wall.
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Development and Issues

2024/09/10 Development of Carbonless MRPC for MARQ Experiment @ RPC2024

• Design of Carbonless RPC prototype for MARQ :

 Carbonless electrode : The supply of carbon tape used for BGO-egg RPC and LEPS2 RPC is no longer 
available. We tested different material for electrode and also develop carbonless RPC (this talk).

 Solid silicon gasket : The glue seal was used for BGO-egg RPC and LEPS2 RPC. However, we suffered 
from the gas leak due to the damage of transportation of MRPC. New design adopts mechanical seal 
with solid silicon gasket which allows us to have more reliable gas seal. Furthermore, a thinner 
chamber with thickness less than 10mm is possible with silicon gasket.

 Multilayer PCB : Multilayer PCB serve as part/cover of gas chamber, so-called self-seal MRPC.  It 
consists of both HV copper array and readout strip.

 Mylar spacer : The aging effect of MRPC is caused by the chemical deposition of the gas along the fishing 
line. Mylar spacer is employed and tested.

NOW

BGO-egg TOF

2.5cm* 1m long strip

>99% eff.

50ps time resolution

LEPS2 TOF

2.5cm* 1.8m long strip

>99% eff.

70ps time resolution

MARQ TOF 

2.5cm* 1.8m long strip

>99% eff.

60ps time resolution

MARQ Tracker 

1mm*3.5m strip

>99% eff.

1mm position resolution
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Carbonless MRPC Prototype (1)

2024/09/10 Development of Carbonless MRPC for MARQ Experiment @ RPC2024

• RPC specification

- Size of chamber 25cm * 25cm * 7.8mm

- 1 stack * 5gaps * 260um gap * 400um glass

- Active area 20cm*20cm

- Gas : R134a/iso-Butane/SF6 = 90/5/5 

- 16ch thin readout strip with 4mm*20cm 

screwscrew

1.5mm

25cm

7.8mm

• Features :

- Carbonless electrode

- Solid silicon gasket

- Multilayer PCB 

- Mylar spacer 

- Self-seal MRPC

- Simple production procedure

- Read both positive and 

negative signals.

Multilayer PCB (2mm)

+  Silicon gasket (0.5mm)

+  Frame (2.8mm)

+  Silicon gasket (0.5mm)

+  Multilayer PCB (2mm)

Structure
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Carbonless MRPC Prototype (2) 

2024/09/10 Development of Carbonless MRPC for MARQ Experiment @ RPC2024

Multilayer PCB (~2 mm)

Layer Name Material Thickness 

Resistor solder copper 0.018 mm

Dielectric FR4 0.203 mm

GND copper 0.018 mm

Dielectric FR-4 1.500 mm

Readout strip copper 0.018 mm

Dielectric FR-4 0.203 mm

HV pad copper 0.018 mm

• Through hold from top layer to bottom layer.

• Conductive tape required to have proper 

connection between glass and PCB.

screwscrew

1.5mm

• 2mm thickness multilayer PCB includes 

(1) Carbonless = HV copper pad array with 100kOhm resistor connected to reduce current draw.

(2) Though holes connect the top later and bottom layer to apply HV from outside to inside.

(3) 3M conductive tape is required between PCB and glass to have HV properly applied.

(4) Readout strips is 1.5mm away from GND to have larger induced signal.

(5) GND is designed to have better transmission line calculation for impedance match. 

(6) Thick PCB to avoid HV breakdown inside PCB.
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Carbonless MRPC Prototype (3)

2024/09/10 Development of Carbonless MRPC for MARQ Experiment @ RPC2024

Silicon gasket

(same hardness 

as O-ring)

PCB

+ Glass

+ Mylar sticker

+ Glass

+ Mylar sticker

…

Frame by 

3D printer

HV pad100 kOhm

quenching

resistor

Readout 

strip

Readout

connector

Top layer Bottom layer
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GND Layer to Reduce Signal Reflection

MARQ Tracker prototype
4mm 

strip 

width

No 

ground

Separated 

ground

Full

ground

Smaller reflection w/ full ground.
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Mylar Spacer/Sticker

Development of Carbonless MRPC for MARQ Experiment @ RPC2024

• Mylar spacer/sticker is factory produced from Panel Group, Taiwan.

• Size of one mylar spacer is 2mm-diameter dot with 0.26mm thickness.

• It can be customized to different thickness, shape, and material. 

- thickness : min = 0.07mm, max = 1.5mm

- diameter : min = 1mm

- distance : min = 1mm

- Teflon, Mylar, Kapton are all possible.
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Electronics

2024/09/10 Development of Carbonless MRPC for MARQ Experiment @ RPC2024

Amp : BAG2866/ 2 stages / BW up to 2G / TW

Dis : ADCMP572 / TOT / 10ps jitter / TW

HRTDC / 25ps jitter / JP

Commercial chips are used for Amp and discriminator. HRTDC is newly

developed and testing.
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Cosmic Ray Signals

2024/09/10 Development of Carbonless MRPC for MARQ Experiment @ RPC2024

Readout @+HV 

Readout @ -HV 

CR trigger

• Reasonable cosmic ray signals observed.

• Both positive and negative signals are sharp and fast.

Carbonless 

prototype
TriggerAmp
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Beam Test @ SPring-8

2024/09/10 Development of Carbonless MRPC for MARQ Experiment @ RPC2024

Carbonless RPC

• Beam test was performed with electron beam 

with low rate < 3𝑘𝐻𝑧/𝑐𝑚2.

• Time resolution includes jitter of T0 ~ 15ps.

𝑬𝒇𝒇𝒊𝒄𝒊𝒆𝒏𝒄𝒚 =
𝑹𝑷𝑪 && 𝒕𝒓𝒊𝒈𝒈𝒆𝒓

𝒕𝒓𝒊𝒈𝒈𝒆𝒓

𝑻𝑶𝑭 = 𝑹𝑷𝑪 − 𝑻𝟎 =
𝑹 + 𝑳

𝟐
− 𝑻𝟎

𝝈𝒂𝒍𝒍
𝟐 = 𝝈𝑹𝑷𝑪

𝟐 + 𝝈𝑻𝟎
𝟐
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Best Test Results : HV Scan

2024/09/10 Development of Carbonless MRPC for MARQ Experiment @ RPC2024

Working HV 

15-16kV

Efficiency

Thres.=40mV

Resolution

Thres.=40mV

• Positive ang negative signals have the same performance.

• 95% efficiency and 95 ps time resolution.

(Goal : >99% efficiency and 70 ps time resolution)

>13kV, Poor slewing correction
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Best Test Results : HV Scan

2024/09/10 Development of Carbonless MRPC for MARQ Experiment @ RPC2024

12kV

14kV
16kV

TOT distribution

TOT VS TOF (after correction)

12kV 16kV

• Time-over-threshold (TOT) is used 

to perform the slewing correction.

• Why only 95% efficiency? 

Due to TDC limitation, the narrow 

signals from the Resistive Plate 

Chamber (RPC) can't be detected 

effectively. The plan is to upgrade the 

discriminator to ensure that the logic 

signals it produces are always longer 

than 1 ns, which would allow the TDC to 

detect these signals properly.

• Why only 95ps time resolution?

The presence of multiple peak TOT  

signals suggests that noise, possibly 

from a ground loop, is affecting the 

measurements. To improve the time 

resolution, we will address this noise 

issue.
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Beam Test Results : 

Intrinsic Resolution of Electronics

2024/09/10 Development of Carbonless MRPC for MARQ Experiment @ RPC2024

• 𝝈[𝑷𝒐𝒔−𝑵𝒆𝒈]
𝟐 = 𝟐 ∗ [ 𝝈𝑬𝒍𝒆𝒕𝒓𝒐

𝟐 + (𝟏 − 𝑪)𝝈𝑹𝑷𝑪
𝟐 ]

𝐶 is the correlation between positive and negative signals.

If 𝑪 = 1, 𝜎𝐸𝑙𝑒𝑐𝑡𝑟𝑜 = Τ𝜎[𝑃𝑜𝑠−𝑁𝑒𝑔] 2 (if positive signal and negative signal are identical.)

• One could possibly access the intrinsic jitter of FEE from this method.

Increase of ρ

Positive signal and negative signal 

are more similar/correlated

Possibly flat?

Only electronics jitter?

25ps TDC jitter in our case.

Time resolution of “Positive-Negative”

Thres.=40mV
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Best Test Results : Position Scan

2024/09/10 Development of Carbonless MRPC for MARQ Experiment @ RPC2024

Along Strip.

• #1 pad : 92%, 102.78 ± 2.16 ps

• #4 pad : 96%, 112.36 ± 2.15 ps

• #9 pad : 94%, 100.68 ± 2.10 ps

• #9 & #10 : 94%, 97.18 ± 1.85 ps

➔ No trend observed.

➔ 1mm gap between HV pad is fine. 

Between Strips

• 12th strip : 94%,   93.82  ± 1.87 ps

• Between : 80%,  135.33 ± 3.52 ps

• 13th strip : 92%,  105.23 ± 2.27 ps

➔ Eff. Drops between strips.

➔ Gap size of HV pads between strips is 4mm.  

➔ 4mm gas is too large. We will reduce the 

gap between HV pad.

#1  #2  #3 #4 #5 #6 #7  #8  #9 #10 #11 #12 #13 #14 #15 #16 #17 #18  

12th strip

13th strip

Along Strip 

Between strips4mm
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Best Test Results : Stability

2024/09/10 Development of Carbonless MRPC for MARQ Experiment @ RPC2024

• Efficiency drops after two days operation in hall. 

• We suspect there might be current leakage in the multilayer PCB. To 

address this, we plan to increase the PCB thickness to 5mm (PCB 

production limitation is 7mm).

Efficiency

17/18



Summary and To Do

2024/09/10 Development of Carbonless MRPC for MARQ Experiment @ RPC2024

• We have developed a carbonless RPC (Resistive Plate Chamber) prototype 
for the future MARQ project at J-PARC since the carbon tape supply is no-
longer available. Our efforts have focused on addressing several issues: 
finding alternative electrode materials, preventing gas leaks from glue seals, 
and mitigating the aging effects of fishing line. To tackle these challenges, 
we experimented with various innovations, including multilayer PCBs, solid 
silicon gaskets, and mylar spacers.

• The prototype has demonstrated around 95% efficiency and a time 
resolution of approximately 95 ps. However, some challenges remain that 
need further investigation. 

- Concerning the stability issue, there is a suspicion of current leakage in the 
multilayer PCB. To address this, we plan to increase the PCB thickness and 
conduct a beam test in November.

- To enhance efficiency, we will upgrade the discriminator design to ensure 
that the Time-Over-Threshold (TOT) exceeds 1 ns. Additionally, to improve 
time resolution, we will work on better noise control to enhance the quality of 
slewing correction.
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Backup
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Options of Electrode Material
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GND Layer To Have Better Transmission Line Calaultion
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3M Conductive Tape

2024/09/10 Development of Carbonless MRPC for MARQ Experiment @ RPC2024

Factory produced
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Specification of Amplifier Chip

https://www.nxp.com/docs/en/data-

sheet/BGA2866.pdf

https://www.mouser.com/datasheet/2/412/f33

76_data_sheet-973800.pdf

停產
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Design of Amp w/ LP Filter

Two stage amplification

1st stage : BGA2866, 23dB (BW = 10 - 2150MHz)

2nd stage : BGA2869, 31dB (BW = 10 - 2150GHz)

Filter for noise reduction

RPC signal < 1GeV

Radio/Phone/Wifi signals > 1GeV

Input output

power

Development of Carbonless MRPC for MARQ Experiment @ RPC20242024/09/10 24/18



Chip of Discriminator

https://www.analog.com/media/en/technical-documentation/data-sheets/ADCMP572_573.pdf
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Design of Discriminator

2ps time jittering in 

room temperature
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HRTDC

2024/09/10 Development of Carbonless MRPC for MARQ Experiment @ RPC2024

https://openit.kek.jp/workshop/2023/dsys/presentation/honda.pdf
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𝝈[𝑷𝒐𝒔−𝑵𝒆𝒈]
𝟐 = 𝟐 ∗ [ 𝝈𝑬𝒍𝒆𝒕𝒓𝒐

𝟐 + (𝟏 − ρ)𝝈𝑹𝑷𝑪
𝟐 ]

2024/09/10 Development of Carbonless MRPC for MARQ Experiment @ RPC2024

• 𝝈𝒑𝒐𝒔𝒊𝒕𝒊𝒗𝒆
𝟐 = 𝝈𝑹𝑷𝑪𝑷

𝟐 + 𝝈𝑬𝒍𝒆𝒕𝒓𝒐𝑷
𝟐 + 𝝈𝑺𝒄𝒊𝒏P

𝟐

• 𝝈𝒏𝒆𝒈𝒂𝒕𝒊𝒗𝒆
𝟐 = 𝝈𝑹𝑷𝑪𝑵

𝟐 + 𝝈𝑬𝒍𝒆𝒕𝒓𝒐𝑵
𝟐 + 𝝈𝑺𝒄𝒊𝒏N

𝟐

• 𝝈𝑷𝒐𝒔𝑺𝒖𝒃𝑵𝒆𝒈
𝟐 = ?

 𝜎𝑠𝑐𝑖𝑛𝑃 and 𝜎𝑠𝑐𝑖𝑛𝑁 are fully correlated (same source).

 electronics of positive and negative are independent, but the same size.

 signal of positive and negative are partially correlated/uncorrelated, not sure.

𝝈𝑷𝒐𝒔𝑺𝒖𝒃𝑵𝒆𝒈
𝟐 = 𝟐 ∗ 𝝈𝑬𝒍𝒆𝒕𝒓𝒐

𝟐 + [ 𝝈𝑹𝑷𝑪𝑷
𝟐 + 𝝈𝑹𝑷𝑪𝑵

𝟐 − 𝟐𝝆 ∗ 𝝈𝑹𝑷𝑪𝑵 ∗ 𝝈𝑹𝑷𝑪𝑷]

where 𝜌 gives the correlation between 𝜎𝑅𝑃𝐶𝑁 and 𝜎𝑅𝑃𝐶𝑃

If 𝜎𝑅𝑃𝐶𝑁 and 𝜎𝑅𝑃𝐶𝑃 are fully correlated 

➔ 𝝈𝑷𝒐𝒔𝑺𝒖𝒃𝑵𝒆𝒈
𝟐 = 𝟐 ∗ 𝝈𝑬𝒍𝒆𝒕𝒓𝒐

𝟐

We can potential know the jitter of electronics if 𝜎𝑅𝑃𝐶𝑁 and 𝜎𝑅𝑃𝐶𝑃 are fully correlated.

If 𝜎𝑅𝑃𝐶𝑁 and 𝜎𝑅𝑃𝐶𝑃 are partially correlated with the same size. 

➔ 𝝈𝑷𝒐𝒔𝑺𝒖𝒃𝑵𝒆𝒈
𝟐 = 𝟐 ∗ [ 𝝈𝑬𝒍𝒆𝒕𝒓𝒐

𝟐 + (𝟏 − ρ)𝝈𝑹𝑷𝑪
𝟐 ]
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