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Abstract

During Run2 the high instantaneous luminosity, up to 2.2 · 1034 cm−2 s−1, lead to a substantial hit
rate in the Compact Muon Solenoid experiment’s muon chambers due to multiple background sources
to physics processes sought for at LHC. In this article we will describe the analysis method devised to
measure and identify the contributions to such background in the Resistive Plate Chambers.

Presented at RPC2022 XVI Workshop of Resistive Plate Chamber and Related Detector at Cern in
Sept. 2022



RPC background studies at CMS experiment

F. Carnevaliv, A. Samalana, M. Tytgata, M. El Sawyb, G.A. Alvesc, F.
Marujoc, E.A. Coelhoc, E.M. Da Costad, H. Nogimad, A. Santorod, S.

Fonseca De Souzad, D. De Jesus Damiaod, M. Thield, K. Mota Amarilod,
M. Barroso Ferreira Filhod, A. Aleksandrove, R. Hadjiiskae, P. Iaydjieve, M.
Rodozove, M. Shopovae, G. Soultanove, A. Dimitrovf, L. Litovf, B. Pavlovf,
P. Petkovf, A. Petrovf, E. Shumkaf, S.J. Qiang, H. Kouh,i, Z.-A. Liuh,i, J.
Zhaoh,i, J. Songh,i, Q. Houh,i, W. Diaoh,i, P. Caoh,i, C. Avilaj, D. Barbosaj,
A. Cabreraj, A. Florezj, J. Fragaj, J. Reyesj, Y. Assrank,l, M.A. Mahmoudm,
Y. Mohammedm, I. Crottym, I. Laktinehp, G. Grenierp, M. Gouzevitchp, L.
Mirabitop, K. Shchablop, I. Bagaturiaq, I. Lomidzeq, Z. Tsamalaidzeq, V.
Amoozegarr, B. Boghratir,s, M. Ebraimir, M. Mohammadi Najafabadir, E.
Zareianr, M. Abbresciat, G. Iasellit, G. Puglieset, P. Verwilligent, F. Loddot,

N. De Filippist, R. Alyt,o, D. Ramost, W. Elmetenaweet, S. Leszkit, I.
Margjekat, D. Paesanit, L. Benussiu, S. Biancou, D. Piccolou, S. Meolau, S.
Buontempov, L. Listav, P. Paolucciv, F. Fiengaw, A. Braghierix, P. Salvinix,
P. Montagnay, C. Riccardiy, P. Vituloy, E. Asilarz, J. Choiz, T.J. Kimz,

S.Y. Choiaa, B. Hongaa, K.S. Leeaa, H.Y. Ohaa, J. Gohab, I. Yuac, C. Uribe
Estradaad, I. Pedrazaad, H. Castilla-Valdezae, A. Sanchez-Hernandezae, R.
L. Fernandezae, M. Ramirez-Garciaaf, E. Vazquezaf, M. A. Shahaf, N.

Zaganidisaf, A. Radiag,n, H. Hooraniah, S. Muhammadah, A. Ahmadah, I.
Asgharah, W.A. Khanah, J. Eysermansai, F. Torres Da Silva De Araujo1, F.

R. Cavalloak, H. Meial,
on behalf of the CMS Muon Group

aGhent University Dept. of Physics and Astronomy Proeftuinstraat 86 B-9000 Ghent
Belgium.

bUniversit Libre de Bruxelles Avenue Franklin Roosevelt 50-1050 Bruxelles Belgium.
cCentro Brasileiro Pesquisas Fisicas R. Dr. Xavier Sigaud 150 - Urca Rio de Janeiro -

RJ 22290-180 Brazil.
dDep. de Fisica Nuclear e Altas Energias Instituto de Fisica Universidade do Estado do
Rio de Janeiro Rua Sao Francisco Xavier 524 BR - Rio de Janeiro 20559-900 RJ Brazil.

eBulgarian Academy of Sciences Inst. for Nucl. Res. and Nucl. Energy Tzarigradsko
shaussee Boulevard 72 BG-1784 Sofia Bulgaria.

fFaculty of Physics University of Sofia 5 James Bourchier Boulevard BG-1164 Sofia
Bulgaria.

Email address: francesco.carnevali@cern.ch (F. Carnevali)

Preprint submitted to Nuclear Physics A November 21, 2022



gSchool of Physics Peking University Beijing 100871 China.
hState Key Laboratory of Particle Detection and Electronics Institute of High Energy

Physics Chinese Academy of Sciences Beijing 100049 China.
iUniversity of Chinese Academy of Sciences No.19(A) Yuquan Road Shijingshan District

Beijing 100049 China.
jUniversidad de Los Andes Carrera 1 no. 18A - 12 Bogot Colombia

kEgyptian Network for High Energy Physics Academy of Scientific Research and
Technology 101 Kasr El-Einy St. Cairo Egypt.

lSuez University Elsalam City Suez - Cairo Road Suez 43522 Egypt.
mCenter for High Energy Physics(CHEP-FU) Faculty of Science Fayoum University

63514 El-Fayoum Egypt.
nDepartment of Physics Faculty of Science Ain Shams University Cairo Egypt.

oPhysics Department Faculty of Science Helwan University Ain Helwan 11795 Cairo
Egypt.

pUniv Lyon Univ Claude Bernard Lyon 1 CNRS IN2P3 IP2I Lyon UMR 5822 F-69622
Villeurbanne France.

qGeorgian Technical University 77 Kostava Str. Tbilisi 0175 Georgia.
rSchool of Particles and Accelerators Institute for Research in Fundamental Sciences

(IPM) P.O. Box 19395-5531 Tehran Iran.
sSchool of Engineering Damghan University Damghan 3671641167 Iran.

tINFN Sezione di Bari Via Orabona 4 IT-70126 Bari Italy.
uINFN Laboratori Nazionali di Frascati (LNF) Via Enrico Fermi 40 IT-00044 Frascati

Italy.
vINFN Sezione di Napoli Complesso Univ. Monte S. Angelo Via Cintia IT-80126 Napoli

Italy.
wDipartimento di Ingegneria Elettrica e delle Tecnologie dell’Informazione - Universit

Degli Studi di Napoli Federico II IT-80126 Napoli Italy.
xINFN Sezione di Pavia Via Bassi 6 IT-Pavia Italy.

yINFN Sezione di Pavia and University of Pavia Via Bassi 6 IT-Pavia Italy.
zHanyang University 222 Wangsimni-ro Sageun-dong Seongdong-gu Seoul Republic of

Korea.
aaKorea University Department of Physics 145 Anam-ro Seongbuk-gu Seoul 02841

Republic of Korea.
abKyung Hee University 26 Kyungheedae-ro Dongdaemun-gu Seoul 02447 Republic of

Korea.
acSungkyunkwan University 2066 Seobu-ro Jangan-gu Suwon Gyeonggi-do 16419

Republic of Korea.
adBenemerita Universidad Autonoma de Puebla Puebla Mexico.

aeCinvestav Av. Instituto Politcnico Nacional No. 2508 Colonia San Pedro Zacatenco
CP 07360 Ciudad de Mexico D.F. Mexico.

afUniversidad Iberoamericana Mexico City Mexico.
agSultan Qaboos University Al Khoudh Muscat 123 Oman.

ahNational Centre for Physics Quaid-i-Azam University Islamabad Pakistan.
aiMassachusetts Institute of Technology 77 Massachusetts Ave Cambridge MA 02139

United States.

2



ajIII. Physikalisches Institut (A) RWTH Aachen University Sommerfeldstrasse D-52056
Aachen Germany.

akINFN Sezione di Bologna Via B. Pichat 6 IT-Bologna Italy.
alDepartment of Physics University of Florida Gainesville FL 32611 United States.

Abstract

During Run2 the high instantaneous luminosity, up to 2.2 ·1034 cm−2 s−1, lead
to a substantial hit rate in the Compact Muon Solenoid experiment’s muon cham-
bers due to multiple background sources to physics processes sought for at LHC.
In this article we will describe the analysis method devised to measure and identify
the contributions to such background in the Resistive Plate Chambers.Thorough
understanding of the background rates provides the base for the upgrade of the
muon detectors for the High-Luminosity LHC.
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1. The Compact Muon Solenoid Experiment

The Compact Muon Solenoid (CMS) is a general purpose experiment to

explore the physics of the TeV scale in proton-proton collisions provided by

the CERN Large Hadron Collider (LHC). The centre-of-mass energy
√
s is

equal to 13 TeV during the Run2 data taking, i.e. 2016-2018, and to 13.6

TeV during the Run3, started in 2022. It is made up of different subde-

tectors in order to detect particles and to reconstruct objects, featuring a

superconducting solenoid that generates an approximately uniform magnetic

field of 3.8 T, and an field of approximately 1.8 T in the CMS detection

volume outside the solenoid. Muons constitute an important signature of

new physics and their detection, triggering, reconstruction and identification
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at CMS experiment is guaranteed by various sub-detectors. Fig. 1 shows a

schematic view of the muon system: Drift Tubes and Resistive Plate Cham-

bers (RPC) in the central region (barrel) and Cathode Strip Chambers, Gas

Electron Multiplier (GEM), and RPC in the forward region (endcap). GEM

detectors have been installed after Run2.
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Figure 1: CMS Muon System schematic view. (1) (2)

1.1. Resistive Plate Chambers at CMS

RPCs are double-gap chambers with Bakelite plates operating in avalanche

mode with an intrinsic time resolution of ≈ 2 ns. The latter is much less than

the front-end electronic time window of 25 ns, allowing to assign the correct

time slot of the detected particles and they are mostly used as trigger detec-

tors both at the barrel and endcap (3). Chambers in the barrel are labelled

as RB followed by number of station from 1, innermost station, i.e. closer to

the beam, up to 4, outermost station. Chamber in the endcap are labelled

as RE followed by the number of the disk and the number of the ring. RPCs

are installed up to |η| < 1.9, where η is the pseudorapidity. Particles are

detected as “cluster” of adjacent hit strips, referred as reconstructed hit in

the detector.
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2. Background Studies

The quality triggering, identification, and reconstruction of muons could

be degraded by background particles in the muon system. Understanding

and analysing the background is a key point for maintaining robust opera-

tion and future upgrade choices. The background is made up of long-lived

background (neutron background in the CMS cavern) and of the promptly

induced background in the collisions. The background rate is expected to

increase with the instantaneous luminosity, since the number of simultane-

ous collisions increases. The analysis of data taken on 2018 (Run2) shows in

Fig. 2 a linear trend of the background hit rate as a function of the instan-

taneous luminosity for two different regions as example.
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Figure 2: Background hit rate as a function of instantaneous luminosity for two different

regions, the first layer of the innermost station of wheel -2 (W-2/RB1in) with full markers,

and the second ring of the fourth positive endcap disk (RE+4/2). The rates show linear

trends.
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The data analyzed are enriched in background, which is dominated by the

one measured during collisions, since the number of triggered events is much

larger than the one with no collisions, and as such is influenced by the LHC

filling scheme. One LHC orbit consists of 3564 units, said buckets, spaced

25 ns, and assigned an identification number each, called BX Id. The way

those buckets are filled with a proton bunch or left vacant defines the filling

scheme. The one adopted here has 48 consecutive colliding bunches, spaced

by small or large gaps where there are not collisions (7 or 31-35 consecutive

non-colliding bunches). The ensemble of all colliding BXs are referred to as

Colliding region, to the Non Colliding region the whole of all gaps between

two trains. The region before the first colliding bunch is labelled as Pre-Beam

region, and the one after the last colliding bunch as AbortGap region. Fig. 3

shows the rate as function of BX Id for the W-2/RB1in region at fixed valued

of 1.0 · 1034 cm−2 s−1 of instantaneous luminosity, the shaded area indicates

positions along the LHC orbit without collisions and it shows lower rates as

expected.

The rate trend as function of instantaneous luminosity is studied separately

for the four region of the filling scheme, i.e. Colliding (C), Non Colliding

(NC), Pre-Beam (PB), and AbortGap (AG) region. It is possible to define

the inclusive (or total) background as:

BTot =
NCBC +NNCBNC +NPBBPB +NAGBAG

NC +NNC +NPB +NAG

(1)

where B is the background measured and averaged in each region and N is the

number of bunches of the region. The delayed (or secondary) background can

be estimated as weighted average of the background measured in the three
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Figure 3: Background hit rate as function of BX Id for the W-2/RB1in region at fixed

value of 1.0·1034 cm−2 s−1 of instantaneous luminosity, the shaded area indicates positions

along the LHC orbit without collisions.

regions with no collisions:

BSec =
NNCBNC +NPBBPB +NAGBAG

NNC +NPB +NAG

. (2)

The prompt (or primary) background can be estimated as the difference of

the rate measured during collisions and the delayed background.

All rates are fitted as a linear function of the instantaneous luminosity, with

the intercept representing the intrinsic RPC noise, and the results are shown

in Fig. 4.

2.1. Background Rate vs η

In order to have a clear overview of the rate in different detector regions,

the background rate is evaluated as a function of η at fixed value of 1.0 ·

1034 cm−2 s−1 of instantaneous luminosity, extracted from a linear fit, as

shown above.

Fig. 5 shows the total, prompt, and delayed in the barrel region. The three

rates increase with |η|. The prompt rate decrease with the increasing of R, i.e.
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Figure 4: Background hit rate as function of instantaneous luminosity for the W-2/RB1in

region in the four different filling scheme regions (left). Inclusive, delayed, and prompt

background hit rate (right).

the distance of the chambers to the beam axis, in the outermost region the

delayed background dominates, associated to the slow neutron background

of the cavern, thus the delayed and total rate distributions are overlayed.

Fig. 6 shows the total, prompt, and delayed background rate in the endcap

region, averaged between the positive and negative region. The prompt rate

increases with the increasing of |η|, while the delayed background rate shows

an initial decreasing and a consecutive increasing.

2.2. Run3 Results

The background studies have been performed on Run3 data, taken on

August 2022, at
√
s = 13.6 TeV . The first results have been compared to

the previous ones on Run2. Fig. 7 shows the background rate as a function

of instantaneous luminosity for the Wheel+1 outermost region (W+1/RB4).

As for this study the filling scheme is not taken into account and the colliding
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Figure 5: Total, prompt, and delayed background hit rate as function η at fixed value of

1.0 · 1034 cm−2 s−1 instantaneous luminosity for the barrel. In the RB4 region the total

background rate is dominated by the delayed component and the two distributions are

overlayed.

rate dominates, the two filling scheme are slightly different, 2400 colliding

bunches in 2022 w.r.t. 2544 colliding bunches in 2018. Multiple mitigation

actions, the most prominent being the installation of a set of shields during

the Long Shutdown 2 (2019-2022), show a significant reduction of background

in the outermost barrel region, improving the longevity and stability of the

chambers.

3. Conclusions

Understanding the background is a key point for maintaining robust op-

eration and for future upgrade choices. This study allowed to quantify the
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Figure 6: Total, prompt, and delayed background hit rate as function of |η| at fixed value

of 1.0 · 1034 cm−2 s−1 instantaneous luminosity averaged for the positive and negative

endcap regions.
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Figure 7: Background hit rate as a function of instantaneous luminosity for W+1/RB4

region. Run2 measured rate (red) is higher than Run3 measured one (blue).

increase of background rate as function of instantaneous luminosity, as well

as the effect of the LHC filling scheme, and allowed to separate different com-

ponents of the background: prompt, delayed, and total. Prompt background
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rate increases with the decreasing of the distance to the beam in the barrel

region and with the absolute value of η, while the delayed background rate

dominates in the barrel outermost region. The effectiveness of background

mitigation actions was tested, the most prominent being the installation of

set of shields during the LS2, showing a significant reduction of background

in the outermost barrel region, improving the longevity and stability of the

chambers.
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