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ABSTRACT. During 2013 and 2014 (Long Shutdown LS1) the CMS experinenpgrading the
forward region installing a fourth layer of RPC detectorsondler to complete and improve the
muon system performances in the view of the foreseen higimhsity run of LHC. The new two
endcap disks consists of 144 double-gap RPC chambers dsseatlihree different production
sites: CERN, Ghent (Belgium) and BARC (India). The chamhmnjgonents as well as the final
detectors are subjected to full series of tests establishpdrallel at all the production sites.

All assembly and test operations have been engineered @r twdstandardize and improve
detector production. In this work the complete chamber woogon, quality control procedures
and preliminary results will be detailed.
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1 Introduction

During the LHC (Large Hadron Collider) Long Shutdown (LSthe Compact Muon Solenoid]
(CMS) experiment is undergoing a series of upgrades in dodeope with future increased beam
luminosity. In particular the muon system is being upgradéith the implementation of a new
layer of Resistive Plate Chambe® [RPC) detectors in the endcap regions. Before this upgrade
only three RPC layers were installed in the relative thrastiey endcap disks. The presence of
a forth disk equipped with an RPC detector station (figl)recalled RE4 (RPC Endcap disk 4),
is going to increase the overall robustness of the CMS muentgpmeter while improving the
trigger efficiency adopting a three-out-of-four stationajonity trigger logic. The RE4 project is
carried out by several institutions and countries. The RBREgaps are produced in Korea while
Pakistan, Italy and Finland are working on the front-endtetmics, DAQ and power system. India
is producing and testing 200 cooling sets. Bulgaria, Geokigxico and Pakistan are responsible
for detector assembly and testing. India, Italy and Pakistee building the chamber services
(gas, cooling and cabling). China provides the readoupsst@ind mechanical frame boxes, and

RPC DISKS
Disk1 Disk2 Disk3
New Disk4

Figure 1. Layout of the existing and the new endcap disks.
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Figure2. Schematic layout of one of the two new endcap disks.
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Figure 3. Layout of the readout strips of the RE4 chambers.

participates in the chamber construction and testing at KLERhe RE4 project consists of 72
super-modules, each made of two RPCs, for a total of 144 deydgp RPCs. The RE4 detectors
are going to instrument two disks, called RE+ and RE-, latatedetector extremities, each disks
is made of two rings: the inner ring is called RE4/2 while tlueo ring is called RE4/3. In each of

the two rings there are 36 trapezoidal shaped detectorbpassn figure 2, built in three different

assembly sites: India (BARC), Belgium (Ghent Universitpda&CERN. BARC and Ghent are in

charge of 25% of the production respectively RE4/2 and RE4ilte the remaining 50% of the

production is carried by CERN who work on both chamber typEd/R and RE4/3.

2 Chamber design, production and quality controls

The RE4 project is inheriting the chamber design from thstaxg RPC Endcap chambe@.[

The detector is made of 2 mm double-gap RPC, built wit’ Tcm HPL electrodes. The
top layer of the double gap is segmented in two parts whilebtittom layer is made of one gap
only, so a chamber is composed of three different gap typdsetiveen the two gap layers a set of
readout strips read thg coordinate while each strip is segmented in three, along tbeordinate
(figure 3).
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Figure4. a) Leak rate distributions. b) Dark current and of gaps atkpfor the RE4 detector construction.

The HPL panels#£3500 nt) were produced, cut and validated in Italy and shipped teKor
to be assembled to form RPC gaps. The Korean gap manufacsitenp] is performing several
quality control measurements, called Quality Control 1 {@®@n the HPL panels to ensure the
correct resistivity, thickness and roughness and on RP€ tamonitor the detector performance.

In Korea, the HPL surface quality control is performed after linseed oil treatment process,

to asses the complete and correct polymerization of thél'bik thickness of the insulating plastic
spacers was measured to ensure a uniform distance betveeBRP@ gap electrodes. HPL resistiv-
ity was evaluated on six RPC gaps irradiated Wit@s source measuring the dark current drawn
flushing the gaps with pure argon. Still at the korean gap faetuiring site, preliminary checks are
performed to the RPC gaps. To ensure the correct glueingaotsp and HPL panels a gas leak and
spacer test is performed. Also gaps are subjected to an blgige (HV) scan, to measure the dark
current using a freon based gas mixture: 959%b16F4, 4.5% iGH10. After initial purging of the
gap with 20I/h gas flux an high voltage (1 kV) is applied to d¢hfar any electrical misconnection.
If the measured dark current is lower thap 2 everty 30 minutes the HV increases by 1 kV, while
in the region 8 - 10 kV the increase step is 200 V. Subsequeatly currents are monitored over
96 hours at the operating voltage of 9.7 kV. After these figdidation tests, a box containing a
number of gaps between 30 and 40 is dispatched from Koreaatolofr assembly sites.

The second quality control (QC2) pursues the objective tflaing the RPC gaps perfor-
mance repeating some of the test performed in Korea in oolspadt any issue that may have
occurred during the gap transportation. In this secondegtibe three assembly sites perform gap
visual inspection, gas tightness, spacer test, and aakttark current measurement. During the
visual inspection each gap is characterized with a detaledklist which ensures that no any vis-
ible damage is present and the gap is eligible to be used. dhgap spacer and leak tests check
that no any gap spacer is detached and leak is within speimfic®.4 mbar/10minutes) as shown
in figure 4a.

Once the leak and spacer test are successful, the gaps pretsdio an high voltage scan to
measure the dark current response. Figure 4b shows the waektdistribution at 10 kV. The last
test of QC2 concerns the HV scan that aims at measuring thecdarent and its stability over a
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Figure5. Sample trend of the gap current stability within QC2.

period of 3 days to monitor an eventual drift of the dark cari@gure 5).

During the scan the HV is ramped from 1 kV to 10 kV with steps dd\Vlup to 8 kV and
step of 100 V between 8 kV and 10 kV, while during the stabifigriod the HV is kept at an
effective working point of 9.7 kV, correcting for pressumedatemperature variations. The HV
scan and stability test are performed using the same gasnaiatiopted by CMS: 95%,El,F4,
4.5% iG4H10, 0,3% Sk with 8000 ppm of water vapor added. Dark current rejectionitlivas set
to 5 uA. At QC2 an overall rejection factor, due to irreparable dges occured during chamber
construction and gap transportation,~af0% has been found.

After a set of three gaps is fully validated by assembly sites chamber construction and
commissioning shall begin. The quality control at the lexfahe chambers (QC3) foresees: cham-
ber visual inspection, gas tightness, electrical and darkeat measurement, cosmic muon com-
missioning by means of a dedicated cosmic ray telescopéandtire visual inspection each cham-
ber undergoes a detailed checklist to validate the manufagt process of the chamber. Then the
leak test measures the chamber gas leak in order to checkevhetring chamber manufacturing,
the gap gas inlet are correctly connected to chamber sqpaivel. In the electric test the front-end
boards are powered and checked to test the connectivity diahnels while the gaps are subjected
to an high voltage scan to ensure that the RPC gaps operdieuvfiroblems.

Finally a chamber by chamber high voltage scan in a cosmitetagcope concludes the QC3
protocol. This scan aims at characterizing the detectgrorese while measuring main detector
performance parameters such as efficiency, cluster sizea@isd. Since the RE4 chambers are
based on double-gap RPCs, each detector is subjected ¢oitldiependent efficiency scans using
three different configuration: double-gap, top single;daytom single-gap. During one efficiency
scan, 7 runs at different effective HV are taken, from 8.5@dkV; in each run, 10k events are
collected in approximately 2 hours. The scan is performéaguke effective high voltage to cor-
rect the applied voltage on each RPC chamber maintainirgitsconstant against environmental
changes. The applied HV is corrected according to the emviemtal pressure and temperature



Figure 6. One of the two CMS endcap disks fully instrumented with RRR@&dtors.

according to eq.4.1) [5]:

PoT
HVet = HV T (2.1)
where p =990 mbar and §=293 K.

Each cosmic telescope is equipped with two scintillatoetaytop and bottom) that form the
trigger by means of a two fold coincidence. Each scintild&yer is segmented in five readout
active area with a total surface larger than the detectoderutest. In addition to the scintillator
coincidence three RPC detectors are added to the triggefffime selection of muons. The adop-
tion of three RPC detectors allows to remove any fake trigien by the larger scintillator area,
to reject cosmic showers and to reconstruct muon tracks. flineanalysis routine performs a
tracking algorithm fitting the position of the fired stripstbE three detectors in the 3D space.

The chamber front-end boards are connected via flat cablEB@s to record the timestamp
of cosmic muons firing the detectors under test.

After a successful cosmic test, every chamber is kept palveneand monitored for about
three weeks in order to check its stability over time (QC4)fteAthree weeks period, the dark
current maximum fluctuation should be less than 50% for tlzendier to be accepted.

To reduce the amount of time needed to install all RE4 detee@bCMS, a pair of chambers,
one RE4/2 and one RE4/3 type, is assembled into a super-en¢fiiglire 6). Since the RE4/2
and RE4/3 chambers share the same cooling circuit and ges, @pd are mechanically attached
to the same structure, additional commissioning protoacdsperformed before the real detector
installation at CMS. A super-module is subjected to a gastiest to ensure that the interconnection
bewteen the two chambers was properly implemented. Théesdpplerpressure is 5 mbar and the
tollerated leak is 0.4 mbar over a period of 10 minutes. A lsinleak test is performed on the
interconnected water cooling circuits.

3 Detector performance

During QC3, assembly sites have the mandate to fully coniomssach detector. Using the track-
ing telescope, the performance of RPC detectors understestaiuated and each chamber fully
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Figure 8. Sample noise rate measured during an HV scan of one deteuder test.

characterized. Figure 7a shows the average cluster sizédbdion evaluated in the three differ-
ent segments at the expected working point which distipuis shown in figure 7b. The adopted
threshold on the chamber front-end board was set to 210 mefaence value used at CMS.

The expected working point is defined adding 150 V to the efficy at 95%. The eq3(1) [6]
describes the efficiency along the high voltage scan andigasd to fit the data-points.

o €max
n= 1+ e A (HVeir—HVso%) (3.1)

The noise rate was automatically measured in all the rungyusn additional gate, delayed
from the cosmic muon trigger, to the TDCs. Figure 8 shows gogamoise rate measured during
an HV scan.

The overall average maximum efficiency in double gap meggJis shown in figure 9a while
the high voltage at 50% efficiency (H¥b,) is reported in figure 9b.
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High voltage distribution at 50% efficiency (as defined in(@qgl).

4 Conclusions

RPC collaboration built and commissioned 165 RPC chamiiectjding spares, in about two
years. Today both new disks have been instrumented, commissand preliminarly validated
during summer 2014 CMS data-taking. The RE4 project sutlgafpgraded the CMS muon sys-
tem re-establishing the full production chain of HPL pangks gaps, front-end board electronics
and RPC detectors. At the level of gap manifacturing1®% rejection factor has been found, in
agreement with previous production. Compared to the pa&t éRftector productions, new suppli-
ers produced the detector components using same speoificdtpast productions. Preliminary
results from RE4 performance indicate an overall agreeineiteen the new RE4 detectors and
the existing CMS RPC disks.

References

[1] CMS collaborationThe CMS experiment at the CERN LHID08JINST3 S08004

[2] R. Santonico and R. Cardarelbevelopment of Resistive Plate Counjers
Nucl. Instrum. Meth187 (1981) 377

[3] M. Tytgat et al.,The Upgrade of the CMS RPC System during the First LHC LongdStun
2013JINST8 T02002[arXiv:1209.1979).

[4] S.K. Park et al.CMS endcap RPC gas gap production for upgra2# 2JINST7 P11013

[5] M. Abbrescia et al.Resistive plate chambers performances at cosmic rays fluxes
Nucl. Instrum. MethA 359 (1995) 603

[6] M. Abbrescia et al.Cosmic ray tests of double-gap resistive plate chambehtoCMS experiment
Nucl. Instrum. MethA 550 (2005) 116


http://dx.doi.org/10.1088/1748-0221/3/08/S08004
http://dx.doi.org/10.1016/0029-554X(81)90363-3
http://dx.doi.org/10.1088/1748-0221/8/02/T02002
http://arxiv.org/abs/1209.1979
http://dx.doi.org/10.1088/1748-0221/7/11/P11013
http://dx.doi.org/10.1016/0168-9002(94)01698-4
http://dx.doi.org/10.1016/j.nima.2005.06.074

	Introduction
	Chamber design, production and quality controls
	Detector performance
	Conclusions

