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Introduction

The high luminosity expected from the HL-LHC will provide a unique opportunity for precise physics measurements and searches for new physics. Nevertheless, the increased rate of particles
coming from the collisions will pose a challenge for the CMS detectors. To prepare the muon system for the challenging conditions during the high luminosity phase, several upgrades have
been planned and are being developed. Thanks to their fast time and space resolution, the Resistive Plate Chambers form part of the trigger system and are installed both in the barrel and
endcap regions as a subsystem of the muon detector. As part of the upgrades, the muon forward region will be enhanced with two stations, called RE3/1 and RE4/1, equipped with improved
Resistive Plate Chambers (iRPCs). These detectors use thinner electrodes, a narrower gas gap (1.4 mm compared to 2 mm in the current design) and improved front-end electronics. These
features allow them to withstand particle rates up to a few kHz/cmZ. Furthermore, they will extend the geometrical acceptance of the RPCs from a pseudorapidity of 1.9 to 2.4. In this work
we present different studies related to the iRPC prototypes in preparation for the high luminosity phase of the LHC.

The RPCs in the CMS Muon System

To deal with the harsh conditions encountered during the HL-LHC the CMS RPC system is preparing for a planned upgrade
(by 2023) with the installation of 72 iRPCs (with improved back-end electronics) at the endcap stations known as RE3/1 and
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(a) The RPCs are mainly used as trigger devices, but also contribute to the reconstruction of particles in both barrel and least one of the RPC g

endcap regions up to [n| = 1.9, (b) The implementation of new RPCs with improved technology (iRPC) at the endcap region gas paps. Sensitivity N RN A

will increase the eta coverage up to |n| = 2.4 |1], (c) The RE3/1 chambers will be mounted directly on the endcap yoke 3 of the iRPC simula-
(YE3) iron disk, (d) RE4/1 chambers will be installed in a high n region, close to the RPC’s super modules |2].
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Figure 1: (a) CMS event display with four muons, likely stemming from a Higgs boson decay with activated RPCs shown as red boxes. (b) 3D oo 7_0
drawing of the RE3/1 chambers fixed on the YE3. (c) Top: Detailed scheme of installation of the RE3/1 chambers on YE3. Bottom: The FEBs Ll Y) [ - ]

mounted behind RE3/1 chambers. (d) RE4/1 chambers mounted on the mounting plate. MC iRPC hit rates, expected at base HL-LHC scenario, with
instantaneous luminosity of 1.5 x 103%em 2571 (integrated

luminosity of 3000fb~ 1) as a function of the radial distance
from the interaction point are shown below. All values are
averaged over the azimuthal angle ¢ [10].
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For the ultimate HL-LHC scenario an instantaneous lumi-
nosity of 7.5 — 10 x 10%*em ™25~ 1 (integrated luminosity of

4000fb~ 1) could be attained.

The high 1 region, with low magnetic field and highest back- chance of ageing.

ground, is the most challenging region for muon triggering

and identification in CMS. The iRPCs will increase the num-
ber of hits per muon track up to |n| = 2.4.
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Front-End Board (FEB)

Conclusions

The iIRPCs’ new FEB readout should be able to withstand
high rates (~2kHz/cm?). An iRPC efficiency drop (2.8% at
1.8kHz/cm?) due to the FEB’s dead time (10 ns) in pres-

ence of high ~ irradiation fluxes prompted developing a new : 1 . . : : L : : : :
PETIROC ASIC with individual channel reset and the trigger will increase the efficiency. Simulation background studies indicate that, during the high luminosity phase, the

average background rate expected in the RE3 and RE4 stations is ~600H z/cm? (or ~2kHz/cm? with a safety factor of 3).
To cope with this we have pursued a higher detector sensitivity compared to the RPCs presently installed in CMS. Studies
performed with the iRPC prototypes indicate that the rate capability of the RPCs can be improved by reducing the recovery
time of the electrodes and the total charge produced in a discharge. The new iRPCs, Front-End Boards (FEBs) and new
link system (to improve timing of muon hit information and speed of data transmission) will satisfy the required conditions.
Taking into account the results of the present studies, six iIRPC demonstrators are under development.

To ensure that the muon system performs highly during what are expected to be harsh HL-LHC conditions, the installation of
72 improved RPCs in the endcap, which will extend the |n| coverage from 1.9 to 2.4, will play an important role. The level-1
muon trigger is crucial for the CMS physics program and significantly relies on the RPC system; including the iRPC hits in

building the dielectrics of the strip panels with a new ma-
terial (EMS888) to improve the signal attenuation along the
strip [4]. The thin PCB (0.6mm) where each strip is read
out on both ends allows good resolution (~200ps or 1.7cm)
along the strip.
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