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2. RPC upgrades: RE3/1 and RE4/1

1. Introduction

Figure 1: A quadrant of the
CMS experiment. The iRPCs
will be installed in the region
indicated by the red box.

Several upgrades of the CMS Resistive Plate
Chamber (RPC) system are currently being
implemented to ensure a highly performing
muon system during the upcoming High Luminosity phase of the Large Hadron Collider
(HL-LHC) which will have an increased integrated luminosity of 3000 fb−1 . The expected experimental conditions in that period
in terms of background rates, event pileup
and the probable ageing of the present detectors present a challenge for the entire CMS
detection system. To extend the RPC coverage from |η|=1.9 up to 2.4, an improved
version of the already existing RPCs (iRPCs)
will be installed in the forward region of the
3rd and 4th endcap disks (Figure 1)[1].

The major motivations for complementing the RPC forward system
by the iRPC chambers (RE3/1 and
RE4/1) are:
• enhanced local muon measurement by
adding track hits and increasing the
lever arm
• improved intrinsic time resolution by
about a factor just over two
• better spatial resolution of the order of
a few cm along the strip direction
• elimination of reduction in trigger efficiency by including RPC hits into the
trigger primitive stub finding algorithm
(Figure 2)[1].

Figure 2: Simulated comparison between the L1 single
muon trigger efficiencies with
and without the RPC information, as a function of |η|.

3. iRPC technical specifications
4. New FEB for iRPCs

The higher rate capability with respect to the
current RPC detectors will be achieved by:

The new FEB,

⇒ shortening the recovery time of the electrodes
⇒ reducing the total charge produced in a discharge
Specifications and details:
⇒ thinner electrodes and a narrower gas gap (1.4
mm).
⇒ double gap design
⇒ reduced working point from 9.5 kV to 7.1 kV
⇒ baseline choice of material: HPL (Bakelite)
⇒ electrode resistivity: 0.9 to 3.0×1010 Ω cm

Figure 3: Schematic
layout of the iRPC
chamber.

• aims at keeping the iRPC efficiency as high as the current
CMS RPC
• uses a sensitive, low-noise electronics
• increases the RPC spatial resolution
• will sustain a much higher rate
−2
(up to 2000 Hz . cm )

Figure 5: Study of the iRPC efficiency loss due to the FEB’s dead
time in presence of different gamma
irradiation fluxes.

⇒ higher signal amplification offered by the improved front-end electronics
⇒ decrease in aging effect due to the reduction in
the integrated charge deposited [2]
Figure 3 shows the schematic layout of the iRPC
chamber. Two prototypes of iRPC chambers were
assembled at Ghent University in January 2020 (Figure 4). Using these prototypes all chamber mechanics
were validated and studies with new FEBs are being
conducted.

Figure 4: iRPC prototype chamber assembled at Ghent University.

5. iRPC Demonstrator project
Six iRPC demonstrator chambers (three RE3/1 and three RE4/1) will
be built in Ghent University and shipped to CERN by June 2021.
Goals: (1)To study the detector behaviour under real LHC conditions:
background, noise, B field. (2)Validation of iRPC FEB and backend electronics. (3)To acquire installation expertise on CMS-RE3/1 and RE4/1
regions. (4)To integrate the new RPC stations into the CMS DCS and
DAQ system.
The quality control (QC) of all the gaps for demonstrator assembly has been
completed and the assembly of the first demonstrator chamber is finished. Figure
6 shows the plots of the gap level QC tests performed for a demonstrator gap. The
first and second plot shows the pressure monitored for the gas leak test and spacer
test respectively. The observed gas drop is 0.04 mbar/10 min (acceptance limit:
0.4 mbar/10 min) and the transitions of the spacer plot show that all spacers are
in good condition. The third plot shows the result of the dark current scan.

The new readout panel
is made of a thin (0.6
mm) Printed Circuit Board
(PCB) where each strip is
read out on both ends.
This 2D readout scheme allows one to use the arrival time difference of the
two strip ends to determine the position along the
strip with good resolution
(about 200 ps or 1.7 cm).

According to the study conducted on
the drop in efficiency (around 28% at
−2
18 kHz. cm ) due to dead time (Figure 5), a new version of PETIROC
with individual channel reset is being developed to resolve the dead time
effect on iRPCs and a new material
(EM888) will be used to build the
dielectrics of the strip panels which
should minimize the loss of efficiency
arising from the signal attenuation
when propagating along the strip [3].

6. Conclusions
• To cope with the HL-LHC conditions, RPC coverage will be extended to
|η|= 2.4 by installing iRPCs
• The inclusion of RPC hits into the single muon trigger will lead to a clear
improvement at the level of 15% (between |η|= 2.1 and 2.2)
• Prototype chambers of iRPCs were developed and different studies were
conducted for validating the chamber mechanics and electronics
• Six iRPC demonstrator chambers are under development and will be used
to conduct studies on all aspects of the detector
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Figure 6: Results of gap level QC performed at Gent: (1)Leak test,
(2)Spacer test, (3)Dark current test.
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