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Abstract

The Resistive Plate Chambers are used in the CMS experiment as a dedicated muon trigger both in
barrel and endcap system. About 4000 square meter of double gap RPCs have been produced and
have been installed in the experiment since more than one year and half. The full barrel system and a
fraction of the endcaps have been monitored to study dark current behaviour and system stability, and
have been extensively commissioned with Cosmic Rays collected by the full CMS experiment.

Presented at11th Pisa meeting on advanced detectors: FRONTIER DETECTORS FOR FRONTIER PHYSICS
,25/05/2009,La Biodola ELBA,Italy,30/05/2009



Resistive Plate Chambers performance with Cosmic Rays in the CMS experiment

D. Piccolo∗,i,1, N. Darmenova, V. Gencheva, P. Iaydjieva, S. Stoykovaa, G. Sultanova, R. Trayanova, A. Dimitrovb, L. Litovb, B.
Pavlovb, P. Petkovb, A. Marinovc, F. Thyssenc, M. Tytgatc, P. Verwilligenc, N. Zaganidisc, S. Akimenkod, A. Balld, I. Crottyd, R.

Guidad, A. Sharmad, W. Van Doninckd, M. Abbresciae, G. Iasellie, B. Marangellie, S. Nuzzoe, G. Pugliesee, F. Romanoe, G.
Rosellie, R. Trentaduee, S. Tupputie, A. Colaleof, F. Loddof, A. Ranierif, A.Cimminog, C.Sciaccag, S.Buontempoh, N.Cavalloh,3,

F.Fabozzih,3, D.Lomidtzeh, P.Paoluccih, L.Benussii, M.Bertanii, S.Biancoi, S.Colafranceschii,2, F.L.Fabbrii, P. Baessoj, D. Paganoj,
S.P. Rattij, P. Vituloj, C. Vivianij, C. Avilak, C. Carrillok, B. Gomezk, A. Ocampok, A. Osoriok, J.C.Sanabriak, G.Polesel,g, T.
Tuuval, K. Bunkowskim, M. Cwiokm, K. Dorobam, A. Kalinowskim, M. Koneckim, J. Krolikowskim, K. Kierzkowskim, I.M.

Kudlam, W. Oklinsm, M. Pietrusinskim, M. Blujn, T. Fruboesn, M. Gorskin, M. Kazanan, M. Szlepern, G. Wrochnan, P. Zalewskin,
K.T. Pozniko, W. Zabolotnyo, Y. Banp, S.J. Qianp, Y.L. Yep, M. Ahmadq, I. Ahmedq, W. Ahmedq, M.I. Asgharq, J.B. Buttq, H.R.
Hooraniq, I. Hussainq, W.A. Khanq, T. Khurshidq, I.A. Malikq, S. Muhammadq, S.F. Qaziq, H. Shahzadq, S.W. Chor, M. Jor, B.
Hongr, C. Kimr, H.C. kimr, J.H. Kimr, H.S. Leer, K.S. Leer, D.H. Moonr, S. Parkr, H.B. Rheer, E.S. Seor, S.S. Shinr, K.S. Simr,

J.S. Lees, S.E. Lees

aINRNE, Bulgarian Academy of Sciences, Bulgaria
bFaculty of Physics Sofia University, Bulgaria

cUniversiteit Gent, Belgium
dCERN, Geneva, Switzerland

eDipartimento Interateneo di Fisca and Sezione INFN, Bari, Italy
fINFN Sezione di Bari, Italy

gDipartimento di Fisica e sezione INFN, Napoli, Italy
hINFN Sezione di Napoli, Italy

iLaboratori Nazonali di Frascati dell’INFN, Italy
jDipartimento di Fisica Nucleare e Teorica and Sezione INFN, Pavia, Italy

kUniversidad de los Andes, Bogotá, Colombia
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Abstract
The Resistive Plate Chambers are used in the CMS experiment as a dedicated muon trigger both in barrel and endcap system. About
4000 square meter of double gap RPCs have been produced and have been installed in the experiment since more than one year and
half. The full barrel system and a fraction of the endcaps have been monitored to study dark current behaviour and system stability,
and have been extensively commissioned with Cosmic Rays collected by the full CMS experiment.
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1. Introduction

In October 2008 the CMS experiment[1] performed a dedi-
cated period of data taking for about one month called CRaFT
(Cosmic Run At Four Tesla). During this run all sub-detectors
have been operated as a whole system in order to learn as much
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as possible about operations and performance before the LHC
start-up. RPC[2] system participated to the data taking with
the full barrel and half endcaps in operation. The focus of this
report is the analysis of the performance of the RPC detector
during CRaFT and represent an extension to the full system of
the analysis already performed on part of the apparatus during
summer 2006[3].

Preprint submitted to Elsevier July 21, 2009



2. Detector layout and system stability

Resistive Plate Chambers (RPC) are used in both Barrel end
Endcaps as dedicate trigger detectors. They complement the
muon tracking devices defined by Drift Tubes (DT) in the barrel
and Cathode Strip Chambers (CSC) in the endcaps.

A total of 480 chambers in the Barrel (about 2400 m2 of dou-
ble gaps working in avalanche mode) and 432 in the EndCaps
(about 1500 m2 of double gaps) are installed inside the iron
slabs used to close the magnetic flux of the solenoid.

The system volume is 18 m3 flushed at a rate of 5 m3/h and
operated in closed loop with a fresh mixture addition of 10 %
per cycle. This is the first time that a so large number of RPCs
has been performed with a closed loop system, so special care
is dedicated to the study of the detector stability.

To monitor the system stability the Dark Current behaviour
is taken under control. During the Data taking period every
RPC chamber (about 5 m2 of double gap) have been worked
with a dark current below 9 µA. The trend versus time of the
dark current averaged over all the barrel chambers is reported
in Fig.1 showing that the system works with an average dark
current well below 1.5 µA.
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Figure 1: RPC Dark Current averaged over all the barrel chambers as a function
of the time during the CRaFT period

3. RPC detector performance

The CRaFT data have been fundamental to study the syn-
chronization of the RPC system. Signals coming from different
regions of the detector arrive to the readout electronics at dif-
ferent times due to time of flight, time of propagation along
the strip and different cable lengths. In order to get the maxi-
mum efficiency all the signals should be collected in the same
bunch crossing interval. Additional difficulties arise because of
the asynchronous arrival time of the Cosmic Rays respect to the
bunch crossing reference. Data collected have been used to syn-
chronize in the best way all the chamber signals and the trigger
response of the RPC system with respect to the other triggers.

After the synchronization the performance othe detector have
been studied making use of the interplay between DT/CSC

muon system and RPCs. Barrel RPCs can be studied by making
use of the local reconstruction of the DT hits at chamber level.

The extrapolation of DT segment on the RPC plane gives the
possibility to study the RPC performance at local level. For
every extrapolation on the RPC surface, RPC fired strips are
checked in a small region around the impact point (± 2 strips).

Although with a rough precision the RPCs are a position
detector. Contiguous fired strips on the same RPC plane are
merged together to define a cluster. The cluster size is the num-
ber of fired strips of the cluster generated by a crossing particle.
This number is a function of the strip pitch that range between
2.3 cm and 4.1 cm according to the layer position and of the
incident angle. The mean value of the cluster size integrated
overall the barrel system is 1.5 and about 90 % of the clusters
have less than 3 strips fired.

The centre of the cluster is a good estimator of the particle
crossing position. The residual distribution of the difference
between the extrapolated point and the centre of the cluster is
still a function of the strip pitch and of the cluster size. The
residual distribution integrated overall the barrel system shows
a sigma of about 1.12 cm.

RPC detection efficiency has been studied during the CRaFT
period taking data at different applied High Voltage and esti-
mating the maximum efficiency for every double gap RPC of
the system. The RPC is considered efficient if at least a fired
strip has been found at a distance of (± 2 strips) respect to the
impact point extrapolated from the DT segment. The results
obtained in terms of efficiency are still preliminary due to the
random arrival time of the cosmic rays that could arrive off time
on some RPC layer, and to the still-not-optimized signal thresh-
old and working voltage. The data have been used anyway to
study the tools for efficiency measurement and to get first indi-
cations about the performance. Hardware problems like dead
gaps, noisy or dead strips and swapped cables have been iden-
tified and fixed during the shut down activities. Preliminary
results show an efficiency distribution around 93 %.

4. Conclusions

For the first time during the end of 2008 the CMS experiment
has been operated as whole system. The complete barrel RPC
system has been studied and preliminary results show good per-
formance in terms of dark current, position measurements and
stability of the operations. All the tools for system synchroniza-
tion and efficiency measurement have been developed and pre-
liminary results show an average maximum efficiency greater
than 91 % for the barrel RPCs.
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