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iRPC upgrade project
for CMS

during HL-LHC
program



1.1) HL-LHC program

We have collected ~ 1% of the 
expected luminosity.
By the upgrade time (LS3) we would 
collect 10% of the expected luminosity.
The main challenge for Run 4/5 Muon 
system would be the background rate.
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1.2) Upgrades CMS Muon spectrometer

The first ring was left free from 
RPC due to budget constraints 
and limited rate capabilities.

Plan to occupy it: 
- RE1/2: with GEMs 


p
0.1 mm, 0.1 < 

t ~ 
 ~ 5 ns.

- RE3/4: with RPC  


p
~1 cm and 0.1 < 

t 
< 1 ns.

Upgrade of the electronic for the 
present system: aging and 
improved technology.

Existing systems

New systems
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1.3) iRPC schedule

Choice of 
technologies

FKPPL 
CMSRPC

Engineering 
design Mass production

2019 2020-2021

Installation

2021-2023

Services installation2017-
2018
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1.4) Requirements for the iRPC chambers

Present 
system

iRPC

|| coverage 0 – 1.9 1.8 – 2.4

Max expected 
rate 
(Safety factor 
SF = 3 included)

600 Hz/cm2 2 kHz/cm2

Max integrated 
charge at 3 ab-1

(SF = 3 included)

~ 0.8 C/cm2 ~ 1.0 C / cm2

 granularity
~ 0.3 ˚ ~ 0.2̊ 

 resolution ~ 20 cm  ~ 2 cm

T resolution 1.5 ns  < 1 ns

5.5. Extension of theRPC system 175

5.5.6 Installation and integration

The RE3/ 1 chambers will be mounted on the YE3 iron disk, as shown in Fig. 5.14. They will
partially cover the circular neutron shielding attached to the inner part of YE3 and reach the
cylindrical neutronshielding surrounding thecollar that separates theyokesYE2and YE3. The
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Figure 5.28: Left: Measured time difference of the signal arrival time of each of the two fired
strip ends T2 − T1 as a function of the Y position of the scintillator-PM system center with
respect to the RPC. Arbitrary origin of the Y axis is used. Right: Time difference of the time
arrival between thefirst strip end and that of thetrigger T1 − T0 .

Figure5.29: A detailed schemeof thenew high h RPC DAQ system.
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1.5) iRPC chambers design
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2.1) CMS MU FKPPL project in 2018: teams

Visit of M. Gouzevitch to Hanyang in July 2018 and visit of B. Francois to IPNL in Nov. 2018.
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2.2) Hardware : GIF++ Aug. 2018

Located at the end of CERN SPS H4 line that 
provide 150 GeV Muon beam.

 Irradiation with a 13 Tbq 137Cs source.
 We use 4 scintillators for tracking. 
 Proceeding for ICHEP 2018 in Seoul: 

“Fast timing measurement for CMS RPC Phase II upgrade”. 
Submitted for review to PoS (Proceeding of science).
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2.2) Analysis

Analysis code written by PhD student K. Shchablo member of FKPPL

T = T2-T1
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2.3) Time and space resolution

             T(LR)

            T(HR)

Connectors



resolution Intrinsic time resolution

     T(COAX) at HR    T(RETURN) at HR



σ = V * σΔT/2 
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2.4) Absolute efficiency

95 % declared to TDR
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2.5) Uniformity

A prototype with ¼ size of the 2-sided readout 
was tested in Muon beam in SPS at CERN.

Installed on moving table with a position 
precision < 1 mm.
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3.1) Analysis from 2018: 
Heavy Stable Charged Particles

2017 simple cone 
matching

Successive cone matching using 
optimized radius

CMS RPC FKPPL Project 13

HL-LHC yellow report. “Beyond the Standard Model 
Physics at the HL-LHC and HE-LHC”, CERN-LPCC-2018-
05. http://cds.cern.ch/record/2650173
+ J. Calderon summer student report

http://cds.cern.ch/record/2650173


3.2) Analysis from 2018

 Much improved beta resolution with better matching algo. 
 Improves by a lot the filtering of hits from 200 PU using excellent time and space resolution.

HSCP Trigger efficiency
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4.1) Request for 2019

It is our 3rd year of request. We would like to ask for a small increase of funding to pay 
a visit 2 people to Korea (till now 1 person was traveling) : M. Gouzevitch and PhD 
student K. Shchablo
Project : 
 Hardware : finalisation of iRPC prototype ready for mass production. 
 Software : we finished the HSCP trigger feasability study. Move to inclusion of iRPC 

to Phase II Muon trigger.
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4.2) Project in 2019: CMS Muon trigger
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4.3) First results for iRPC trigger

08/05/2019 CMS RPC FKPPL Project 17

Poster in KPS by J.E . Choi



CONCLUSION
The project enters into the 3rd year phase.
In 2 years we:

– Finalized the HSCP triggering feasibility study.
– Significantly contributed to the iRPC prototype validation.

Visits:
– 5 Korean colleagues visited IPNL.
– 1 IPNL colleague visited 2 times Hanyang University, in addition visit of 

KODEL Laboratory and Seoul University.
We plan for next year:

– Include the iRPC into the HL-LHC Muon trigger.
– Contribute to the final detector prototype.
– We would like to have 2 people coming this year to Hanyang: M. Gouzevitch 

and PhD student K. Shchablo. 
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