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1) iRPC project in CMS
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CMS is under Run III data taking and in the process of 
preparation to extend its sensitivity to new physics searches for 
the High-Luminosity LHC period starting in 2029, anticipated to 
feature a higher Instantaneous Luminosity to around 3000 fb-1. 

The Compact Muon Solenoid for HL-LHC

iRPC



CMS muon LHC phase 2 upgrade

    Muon system upgrade for HL-LHC (|η| < 1.8)
❏ Existing DTs, CSCs and RPCs

      ↪ upgrade the electronics!
❏ Upgrade Link System of existing RPC system

      ↪ improve timing resolution
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CERN-LHCC-2015-010
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(72 iRPC chambers)

https://cds.cern.ch/record/2020886/files/LHCC-P-008.pdf


CMS muon LHC phase 2 upgrade

max bkg. rate
～700 Hz/cm2

CERN-LHCC-2015-010

    Muon system upgrade for HL-LHC (|η| < 1.8)
❏ Existing DTs, CSCs and RPCs

      ↪ upgrade the electronics!
❏ Upgrade Link System of existing RPC system

      ↪ improve timing resolution

 
    Installation of new detectors in the forward region

❏ Gas Electron Multipliers: ME0 and GE21
❏ Improved Resistive Plate-Chambers (iRPC): RE3/1 and 

RE4/1

    Motivation for iRPC installation of phase 2 upgrade
❏ high particle rate and high pileup environment due to 

increased luminosity in HL-LHC

❏ Extension of the RPC coverage in the high η region

→ improved L1 trigger efficiency and rate
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(72 iRPC chambers)

https://cds.cern.ch/record/2020886/files/LHCC-P-008.pdf


iRPC: improved resistive plate chamber
RPC iRPC

HPL thickness (mm) 2 1.4

Number of gas gaps 2 2

Gas gap thickness (mm) 2 1.4

Resistivity (Ωcm) 1 - 6 x 1010 0.9 - 3 x 1010

Charge threshold (fC) 150 30 - 40

Space resolution in η (cm) 20 - 28 1.5

Space resolution in φ (cm) 0.8 - 1.9 0.3 - 0.6

Intrinsic timing resolution (ns) 1.5 0.5
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iRPC: improved resistive plate chamber
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iRPC FEB is equipped with low noise 
front-end electronics that can detect 
signals with a charge as low as 30 fC

2d readout for iRPC. 
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iRPC read out principle

LR Return signal

HR Direct signal

The 2D position information is obtained by reading
out the TDC channels of the low and high radius of a 
strip and then measuring ΔT = THR - TLR.

If amplitude of the signal > channel threshold → PETIROC
sends an output signal to the associated TDC channel 
and the signal is time tagged.

a muon crossing the iRPC chamber induces a signal in strips 
outside the gaps and the signal is transported to the FEB.
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2) FRONT END 
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iRPC front-end electronics (FEB)

iRPCROCiRPCROC iRPCROC

TOP/BOT TOP/BOT TOP/BOT

CYCLONE V CYCLONE V CYCLONE V

Fiber readout

Gas supply

HV connector

Cooling plate with 
thermal pads

Gas return

FEB

2V for left FEB 2V for right FEB 4V for both FEBs

Feb v2.3 PETIROC 2C
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History of the FEB at IP2I

iRPCROCiRPCROC iRPCROC

TOP/BOT TOP/BOT TOP/BOT
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FEB design

iRPCROCiRPCROC iRPCROC

TOP/BOT TOP/BOT TOP/BOT
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FEB design

TOP/BOT TOP/BOT TOP/BOT
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ASIC Petiroc

TOP/BOT TOP/BOT TOP/BOT
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Radiation tolerance

TOP/BOT TOP/BOT TOP/BOT

19



Radiation tolerance

TOP/BOT TOP/BOT TOP/BOT
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Radiation tolerance

TOP/BOT TOP/BOT TOP/BOT
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Cooling

TOP/BOT TOP/BOT TOP/BOT
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Cooling

TOP/BOT TOP/BOT TOP/BOT
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Time resolution and linearity

TOP/BOT TOP/BOT TOP/BOT
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3) PERFORMANCE
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iRPC performance under gamma background

Gamma irradiation facility (GIF++)
❏ 12 TBq 137Cs gamma source 662 KeV
❏ Muon beam ～ 150 GeV/c

→ Test iRPC performance in HL-LHC background conditions

GIF++ source off bkg. rate ～ 2.3 kHz/cm²

2 iRPC in Gif++
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Polergeist
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iRPC performance under gamma background

Gamma irradiation facility (GIF++)
❏ 12 TBq 137Cs gamma source 662 KeV
❏ Muon beam ～ 150 GeV/c

→ Test iRPC performance in HL-LHC background conditions

@ expected 
background rate for 
HL-LHC
→ efficiency: 96.70%
→ working point: 7076V

@ safety factor 3 of 
HL-LHC background
→ efficiency: 93.60%
→ working point: 7261V 28

Studies ongoing with fine-tuned threshold and further 
optimised FEB configuration

HVgas = HVeff - RI



IP2I team debugging during COVID at CERN
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iRPC time resolution
time resolution measurement at GIF++
❏ time resolution performed with 2 identical chambers 

and a muon beam
❏ absolute timing resolution after alignment by back-end:
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iRPC space resolution
Cosmic muon telescope in Lyon University IP2I
❏ 4 control RPC-chambers
❏ space resolution measurement of iRPC:

σ𝑥 = 0.4cm (depends on strip pitch in the telescope region)
σy = 1.6cm (depends on time                    resolution)

𝑥

y
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4) MASS PRODUCTION
and QC
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iRPC production and quality control

QC1 - Chamber Components

HPL (Firm under INFN PV supervision), Strip PCB (Lyon), 
FEB (Lyon), Cooling system (Georgia)

QC3 - Chamber Assembly @ assembly sites

● QC3.1 Chamber Assembly Tests: Visual test, Gas 
Leak test

● QC3.2 Chamber Cosmic Tests with 1 portable FEB 
(noise, eff, cluster size, HV), Connectivity Test, 
Dark Current Test (DC1)

QC2 - Gap validation

Gap in Kodel laboratory in KOREA (gas leak, spacer 
bonding, dark current test (DC1), dark current stability 
(DC2))
At assembly sites: (gas leak, spacer bonding, dark 
current test)

QC4 - Final Chamber Validation @ CERN 904 

● QC4.1 - Final Chamber Tests: Cooling leak test, 
Gas leak test

● QC4.2 - Long Term HV Stability (DC2) 
● QC4.3 - FEB-on-Chamber Test, Chamber 

Cosmic Tests (with final FEBs), Connectivity 
Test, Dark Current Test (DC1)

Production steps
Procure and test components. → Send components to assembly sites → Assemble chambers at assembly sites (CERN 
904, Ghent) → Ship chambers to CERN → Final QC of chambers at CERN 904
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Bakelite production (INFN) and gaps (KOREA)

HPL @ Firm under INFN Pavia supervision
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Gap production in Korea



Gap validation @ production & assembly sites

avalanche 
region

ohmic 
region

Leak test (drop < 0.4 mbar/10 
min)

Spacer 
bonding test

Gap pressure and spacer bonding test
❏ 15 mbar for 20 min monitor pressure loss 
❏ spacer bonding test by applying pressure 

dark current test
❏ monitor gap current over high voltage range 

→ current acceptance criteria to validate gaps
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Strip PCB production
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QC at IP2I
Production at ELVIA



FEB production and quality control
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iRPC construction overview

Construction sites:
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QC3: chamber quality control
QC3.1 Chamber Assembly tests
Visual test. Connectivity test, Gas leak test, dark current test

QC3.2 Cosmic efficiency test
❏ Tests with portable FEBv2.3 
❏ 3-fold coincidence (30 x 40 cm2 scintillator area)

❏  Moving now to 20 x 100 cm2 scintillator area
❏ 1 double gap scan, 2 single-gap scans, noise  & current scans
❏ 11 HV points with 2K events/HV-point for eff and 15K for noise
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QC4: final chamber validation

QC4.1 Cooling & Gas leak test
❏ cooling test follows QC1 procedure
❏ gas leak test follow QC2.1 with 5 mbar

QC4.2 HV current stability
❏ current monitoring at WP for 1 month
❏ acceptance: current < 2.5 μA

QC4.3 Final cosmic test in CMS like conditions

quality control after final chamber 
assembly with final FEBs (v2.3)

QC4:cosmic stand
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5) INSTALLATION
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Installation of full project
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iRPC 
production

Installation

iRPC 
design



Installation of 1 station: RE41-

43

Requires opening of CMS 
detector → Complex operation
2 days of installation
2 weeks of QC in situ



Installation
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- First 2 stations (36 chambers) over 4 installed in Winter 2024/2025
- Comissionned and tested with real data during 2025 run.

- Remaining to be installed in Winter 2025/2026 and/or start of LS3

https://cds.cern.ch/record/2922015?ln=en https://cds.cern.ch/record/2925269?ln=en
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- The iRPC was a 10 years long adventure reaching its end
- ½ of the system is installed
- ½ is produced ready to install
- The performance of the big size gas detectors is well within specifications:

- 0.5 ns time resolution
- ~1 cm space resolution
- 2 kHz rate capability with efficiency above 95%
- Uniformity of the response over the surface

- It is a beautiful international collaboration uniting the expertise from many 
countries and in particular Italy and France

 
Excellent detector to be used in other experiments. Below the example 
of application to COMET experiment in J-Parc

CONCLUSION for CMS



6) APPLICATION TO 
COMET EXPERIMENT
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COMET experiment
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COMET experiment
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COMET experiment
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5 layers

CMSCOMET
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- The iRPC project for COMET represents ~ ½ of the CMS RPC project.
- The idea is to modify as little as possible the initial project
- We are looking for fundings to produce Bakelite in Italy; Reproduce 

gaps in Italy or Korea; Replicate the electronics in France or Asia.
- The main funding and support of the project is still open and 

collaborations ate welcome.
- First test with a stack of 4 iRPC chambers (maximal that can be readout by 

the available BEB) is foreseen end of 2026 during the low Intensity run.

Outlook for COMET



GIF++ Test Beam April 2024

First REsults for
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Thanks for your attention
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iRPC back-end electronics

iRPCROC

TOP/BOT

CYCLONE V

Back-end functions
❏ fast/slow control and monitor
❏ cluster finding and trigger primitive 

generation
❏ timing reference adjustment
❏ data acquisition

FEB TDC data recorded in few BX,
well inside the 20 BX trigger latency 

Data transmission delay properly adjusted by Back-end

Serenity

Currently we are using uTCA based BE setup uTCA crate with BEB
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iRPC back-end electronics

iRPCROC

TOP/BOT

CYCLONE V

Back-end functions
❏ fast/slow control and monitor
❏ cluster finding and trigger primitive 

generation
❏ timing reference adjustment
❏ data acquisition

FEB TDC data recorded in few BX,
well inside the 20 BX trigger latency 

Data transmission delay properly adjusted by Back-end

Serenity

Currently we are using uTCA based BE setup uTCA crate with BEB

CMS iRPC cluster finding algorithm in Backend electronics
Poster by Qingfeng Hou

A novel solution for managing latency in the CMS iRPC backend: Check-Sort-Push
Poster by Weizhuo diao
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