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Fsr Do ‘ S DETECTOR STEEL RETURN YOKE
V' Total weight : 14,000 tonnes 12,500 tonnes SILICON TRACKERS
Overall diameter :15.0m Pixel (100x150 ym) ~1m?* ~66M channels
Overall length :28.7m Microstrips (80x180 ym) ~200m? ~9.6M channels
Magnetic field  :3.8T
SUPERCONDUCTING SOLENOID
—— - Niobium titanium coil carrying ~18,000A

MUON CHAMBERS

. Barrel: 250 Drift Tube, 480 Resistive Plate Chambers
' 4 Endcaps: 540 Cathode Strip, 576 Resistive Plate Chambers

PRESHOWER
— Silicon strips ~16m? ~137,000 channels

* FORWARD CALORIMETER
¥ Steel + Quartz fibres ~2,000 Channels

CRYSTAL
ELECTROMAGNETIC
CALORIMETER (ECAL)
~76,000 scintillating PbWO, crystals

HADRON CALORIMETER (HCAL)
Brass + Plastic scintillator ~7,000 channels

The CMS experiment
is a general-purpose
detector designed to
explore a wide range
of physics
phenomena at the
highest energies
provided by the LHC.



+2.: The CMS Experiment and Muon System
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{5 Resistive Plate Chambers at CMS
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RPC is the only Muon subsystem
'~ that covers the entire CMS:
: Barrel and Endcap
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RPC System:
e Covers|n|<1.9

[ Insulator layer 300um ‘

~10kV

Graphite HPL bulk resistivity

HV . Plastic spacer 8mm
round
h Strips readout (40um)

ground

HV

1-6*10°Qcm

Gas gap TOP (2mm)

——] ] Front-end
V Electronics Boards

Gas gap BOTTOM (2mm) |

~10kV
CMS Standard gas mixture:
95,2% C,H,F, (Freon)
4,5% iC,H,, (Isobutane)
0,3% SF¢ (Sulphur Hexafluoride
Gas relative humidity 40%

=% Resistive Plate Chambers at CMS

e Double gaps gas chamber: 2 mm

e 1056 chambers (480 in barrel and 576 in endcap) gas width
® More than 110000 electronic channels
e Bakelite bulk resistivity: p=1-6 x 10° Qcm

e Strip width: 1 -4 cm.
® Operated in avalanche mode

RPC requirements :

High rate capability

High detection efficiency > 95%
Intrinsic time resolution < 1.6 ns (BX
identification)

Intrinsic Noise < 5 Hz/cm?2
Average cluster size ~2 strips
Spatial resolution = 10 mm
Long term operation and high
background radiation



Performance at Run 3

% of RPC active channels per year

More than 200 fb! recorded by CMS in Run 3 2018 | 2022 | 2023 | 2024 | 2025
250 1 f 1/ ‘ 1 f
CMS BN LHC delivered: 220.20 b 96.5 89.6 | 87.7 82.6 | 79.6

—~ [71 CMS recorded: 203.21 fb™
o 200t /
=
S
g 150 |
5
2 100l Since 2017, all channels with leaky
g chambers (located only in the Barrel
5 . / region) have been disconnected to
g ol
'_

reduce Greenhouse Gas (GHG)

/_/l , | | a emissions and to ensure the use of the
0 i

o) ¥ ¥ 202 02 00 new RPC recuperation system efficiently.

Date
Cumulative delivered and recorded luminosity

versus time for 2022-2025 (pp data only)




RPC efficiency vs local impact point

CMS Preliminary 2018 (13 TeV)
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Gas system - Leak repairs

Y position [cm]
Efficiency [%]

40

A new gas leak reparation procedure, tested at the
CERN 904 Laboratory, was successfully validated

during YETS 2023/2024. As part of this effort, two “ 50
DT/RPC stations were fully extracted, and all four 4 20
associated RPC detectors were equipped with new DRI v B A i T ;0
gas pipes and robust connectors. o 0 ° 0 posten onl

W-2_RB1in_S09_Backward

CMS Pre/lm/nary - 2024 (13.6 TeV)
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On the right, an example of a chamber's performance

before and after gas line reconnection is shown

e Operated continuously throughout Run 2 2

® Disconnected from the gas supply due to a gas leak 0

® Reconnected to the gas supply to gas in 2023

e This plot shows that the chamber has stable
performance once it receives an appropriate gas flow

Efficiency [%]

40

Y position [cm]

0
X position [cm]



i Performance at Run 3 - Barrel

CMS Preliminary
L I . .. . . .
S [ RPCBarel A The RPC hit efficiency is determined using the
w— 250 — . . .
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<5 ¢ Performance at Run 3 - Barrel
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The RPC performance is stable
and high efficient!

L T )
95 100
Efficiency [%]

RPC Efficiency (%)

Performance at Run 3 - Endcap

The RPC hit efficiency is determined using the
Segment Extrapolation Method, in which the
efficiency is calculated as the ratio of detected
to expected hits. The expected hits are
obtained by extrapolating DT and CSC segments
to the plane of a given RPC.

CMS pPreliminary Run3 (1 3.6TeV)
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5 : Performance at Run 3 - Endcap
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.t Working point calibration

High Voltage (HV) scans are periodically performed using dedicated collision
runs, with the main goals of optimizing the Working Point (WP) of each RPC
detector and monitoring their performance over time.

e e e e e S

T = \
S — e R
5 L T1x e_}‘(HVeff—H\IISO%) : 5 / Working Point Definition
O s
G T ’ N 100 V (Barrel)
el WE 5=V kmee 120 V (Endcap)
4 de A Emax
Slope= S5 & HV (P, T) =HV - & T
9
P Ty
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HVs, HV,s Working

point 13
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® In June a new HV scan was performed

® Special Machine Learning approach was developed for HV scan data
analysis -> ML paper

e Working point, efficiency and cluster size in agreement with expected
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Qm%‘}
s‘c‘@

70 pg y»

ERJ

Working point calibration
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® In June a new HV scan was performed

® Special Machine Learning approach was developed for HV scan data
analysis -> ML paper
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e RPC Barrel Working Point and
Efficiency at Working Point

In 2025
Efficiency: 96.45%
Working point: 9.46 kV

e Efficiency and Working Point
very stable!

Barrel Efficiency at Working Point (%)

%+ Working point calibration - Barrel
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~ ¢ Working point calibration - Endcap
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he Phase-2 Upgrade

RPC system upgrade for HL-LHC
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Link system , LB

upgrade

for the
existing
RPC system
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iRPC: extend
the RPC
coverage to
In|<2.4
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he Phase-2 Upgrade

RPC system upgrade for HL-LHC
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Conclusmn

e After 13 year of operation the RPC is showing:

o Very high and stable efficiency (>95%)
o Stable cluster size (~2 strips)
o Working points with stable evolution

® Preparation for Phase-2 upgrade ongoing
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