-

View metadata, citation and similar papers at core.ac.uk brought to you byﬁ CORE

provided by Ghent University Academic Bibliography

Home Search Collections Journals About Contactus My IOPscience

The upgrade of the CMS RPC system during the first LHC long shutdown

This article has been downloaded from IOPscience. Please scroll down to see the full text article.
2013 JINST 8 T02002
(http://iopscience.iop.org/1748-0221/8/02/T02002)

View the table of contents for this issue, or go to the journal homepage for more

Download details:
IP Address: 157.193.98.16
The article was downloaded on 20/06/2013 at 09:04

Please note that terms and conditions apply.



https://core.ac.uk/display/55757496?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://iopscience.iop.org/page/terms
http://iopscience.iop.org/1748-0221/8/02
http://iopscience.iop.org/1748-0221
http://iopscience.iop.org/
http://iopscience.iop.org/search
http://iopscience.iop.org/collections
http://iopscience.iop.org/journals
http://iopscience.iop.org/page/aboutioppublishing
http://iopscience.iop.org/contact
http://iopscience.iop.org/myiopscience

’ inst PuUBLISHED BY |OP PUBLISHING FOR SISSA MEDIALAB

RECEIVED: September 7, 2012
AccePTED December 23, 2012
PuBLISHED: February 6, 2013

SPECIAL ISSUE ON RESISTIVE PLATE CHAMBERS AND RELATED DETECTORS RPC2012

The upgrade of the CMS RPC system during the first
LHC long shutdown

M. Tytgat, #1 A. Marinov, 2 P. Verwilligen, 22 N. Zaganidis, 2 A. Aleksandrov, °

V. Genchey, ° P. laydjiev, ® M. Rodozov, ® M. Shopova, ® G. Sultanov, P Y. Assran, ¢

M. Abbrescia, @ C. Calabria, ¢ A. Colaleo, ¢ G. laselli, ¢ F. Loddo, ¢ M. Maggi, ¢

G. Pugliese, 9 L. Benussi, € S. Bianco, € M. Caponero, ¢ S. Colafranceschi, & F. Felli, ©
D. Piccolo, ¢ G. Saviano, € C. Carrillo, T U. Berzano, 9 M. Gabusi, 9 P. Vitulo, ¢ M. Kang, "
K.S. Lee," SK. Park," S. Shin," A. Sharma'

aGhent University, Department of Physics and Astronomy,
Proeftuinstraat 86, 9000 Gent, Belgium
bBulgarian Academy of Sciences, Inst. for Nucl. Res. and.Nirzrgy,
Tzarigradsko shaussee Boulevard 72, BG-1784 Sofia, Balgari
€Academy of Scientific Research and Technology of the ArabldRepf Egypt,
101 Sharia Kasr El-Ain, Cairo, Egypt
dUniversita e INFN, Sezione di Bari,
Via Orabona 4, IT-70126 Bari, Italy
®INFN, Laboratori Nazionali di Frascati (LNF),
PO Box 13, Via Enrico Fermi 40, IT-00044 Frascati, Italy
fUniversita e INFN, Sezione di Napoli,
Complesso Univ. Monte S. Angelo, Via Cintia, IT-80126 Najtaly
9Universita e INFN, Sezione di Pavia,
Via Bassi 6, IT-Pavia, Italy
hKorea University, Department of Physics,
Seoul Cheongryangri 143-701, Republic of Korea
'CERN,
CH-1211 Geneva 23, Switzerland

E-mail: michael.tytgat@cern.ch

1Corresponding author.
2Now at Universita e INFN, Sezione di Bari.

© CERN 2013, published under the terms of tBeeative Commons Attribution 3.0 .
sy licenceby IOP Publishing Ltd and Sissa Medialab srl. Any furthetritisition of this d0i:10.1088/1748-0221/8/02/T02002

work must maintain attribution to the author(s) and the fshigld article’s title, journal citation and DOI.


mailto:michael.tytgat@cern.ch
http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
http://dx.doi.org/10.1088/1748-0221/8/02/T02002

ABSTRACT. The CMS muon system includes in both the barrel and endagiprréResistive
Plate Chambers (RPC). They mainly serve as trigger deteatut also improve the reconstruction
of muon parameters. Over the years, the instantaneous dsityirof the Large Hadron Collider
gradually increases. During the LHC Phase ffifst 10 years of operation) an ultimate luminosity
is expected above its design value of18m~2s~! at 14 TeV. To prepare the machine and also
the experiments for this, two long shutdown periods aredulee for 2013-2014 and 2018-2019.
The CMS Collaboration is planning several detector upgatiging these long shutdowns. In
particular, the muon detection system should be able totaiaia low{y threshold for an efficient
Level-1 Muon Trigger at high particle rates. One of the meastio ensure this, is to extend the
present RPC system with the addition of a 4th layer in botltapdegions. During the first long
shutdown, these two new stations will be equipped in theoregj| < 1.6 with 144 High Pressure
Laminate (HPL) double-layer RPCs operating in avalancheleanaith a similar design as the
existing CMS endcap chambers. Here, we present the upglade for the CMS RPC system for
the fist long shutdown, including trigger simulation stigdier the extended system, and details on
the new HPL production, the chamber assembly and the qualitirol procedures.
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1 Introduction

Since the start of the first Large Hadron Collider (LHC) phgsiun in 2009, the Compact Muon
Solenoid (CMS) experimeng] has been collecting data successfully. During Phase leof HC
which will continue until about 2022, the instantaneous ihusity delivered to the experiments
is foreseen to increase gradually up to more than twice itsimal value of 18* cms?s1. At
present, two shutdown periods are scheduled to give theinmeaahd the experiments the necessary
time to anticipate these luminosity increases: Long Shwitdb (LS1) in 2013/2014 should prepare
the accelerator to run at its nominal luminosity and Longt8btwn 2 (LS2) in 2018/2019 should
take it to 2.2 times this value.

During these long shutdown periods the CMS Collaboratidends to upgrade several sub-
systems of its detectoB]. In particular, the instrumentation of the muon system egiated in
figure 1, will be extended in both endcaps to ensure efficient mug@géring and reconstruction
in that region at high luminosities. In the endcaps, CMS isqi€athode Strip Chambers (CSCs)
as muon tracking and trigger detectors, while ResistiveeRIdambers (RPCs) serve as dedicated
trigger detectors and improve the muon reconstruction. rAsgnt, the 4th endcap disks remain
largely uninstrumented: CSCs are only installed in the ¥eryard region (18 < |n| < 2.4), and
RPCs are missing completely and cover only the first threeagmdisks up ton| = 1.6.

During LS1 these 4th endcap stations will be instrumentethén with new CSCs below
|n| = 1.8 and new RPCs up t@| = 1.6. In the following, we describe the CMS plans for this first
step in the upgrade of the RPC endcap system.

For the latter subsystem, the very forward region beypnd= 1.6 will still remain empty
after LS1 and could in principle in a second step be instruetenp to|n| = 2.4 matching the
CSC system. However, the present design of the endcap RR{g of a double High Pressure
Laminate (HPL) gas gap and operating in avalanche mode tiexpected to be suitable for the
particle rates amounting to several tens of kHZémthe scenario of an LHC luminosity going up
to 10°4-3% cm2s~1. Dedicated R&D activities to identify suitable technolegito instrument that
particular endcap region during LS2 are ongoing, see féamnte {4, 5].
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Figure 1. (left) One quarter of the CMS muon system. The colored dete@re the RPCs in the endcap
system. RPCs enclosed in boxes have yet to be installetit)Rfpotograph of endcap RPC detectors taken
during installation of the CMS detector.

2 Motivation for the RPC upgrade

Muons with high transverse momenta are one of the key objedte detection of possible new
physics phenomena. By 2015, the LHC luminosity should rd@fcm2s1. The in-time pileup
will be right at the edge of the CMS design envelope and wiispnt special challenges for the
muon system to trigger on highr muons. The RPC upgrade is essentially driven by the impact of
the instantaneous peak luminosity on the trigger systerthdrendcaps, the RPC system provides
excellent timing with a somewhat worse momentum resolutmmpared to the CSC system. To be
effective, the muon trigger must achieve good enough résalto identify highpr tracks. With
the RPC trigger requiring segments in at least three stgtitve endcap system does not have the
necessary redundancy to control the trigger rate at theased luminosity while preserving high
trigger efficiency. The problem stems from mis-measuremefiow-pr muons, that are promoted
to highpt muons and contribute to the trigger rate. With the much hidla& of low-momentum
muons at increased luminosity, such poorly measured mudhsaminate the trigger rate and
make it unacceptably high, leading in turn to unacceptalgi muonyr trigger thresholds.

In figure2 the RPC Level-1 Trigger performance is simulated for the@nésystem with three
stations and the four station situation after the upgradhe. present RPC trigger logic requires hits
in at least three layers, which causes the observed drofigreaty for the endcaps with only three
stations. Adding the 4th layer in the endcaps, enabling at33b4 trigger logic in those regions,
will bring the RPC endcap performance to a similar level asttérrel system.

3 Design of thenew CM S endcap RPCs

The layout of the CMS RPC endcap stations and chambers istddpn figure3. Each station
consists of three concentric rings, called REx/1-3 (staki9l,2,3), with chambers mounted in a
staggered way. For the instrumentation of the 4th statiotoyg| = 1.6, 144 new RPCs are re-
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Figure 2. Simulated RPC Level-1 trigger efficiency for the preserstey with three endcap layers com-
pared to the upgraded situation with four endcap layers.

Figure 3. (left) The second RPC endcap station during assembly o€EM8& detector. (right) Schematic
layout of an endcap chamber.

quired to be mounted in two such concentric rings (RE4/2 a@ad/B) per station, with 36 chambers
per ring. As the design of the new chambers is quite similénemne of the existing RPCs, a total
of 200 new chambers will be built with 56 spare chambers ferRE2-4 stations.

As shown in figured, the endcap RPCs contain trapezoidal shaped HPL gas gapsréh
organized in a double-layer configuration with a coppepseadout panel placed in between. To
simplify the signal cable routing, the design uses one lgagegap at the bottom and two smaller
gaps on top. The chamber is embedded in a honeycomb box eitthéimber services (readout
electronics, gas in and outlets and water cooling circugunted on the outside.

The readout strip panel is divided inrg-partitions, with 32 strips each, yielding a total of
96 strips per chamber. Strips are connected through coeadidés to Adapter Boards linked to 3
Front End Boards (FEBs) per chamber. Every Chamber has fitidigbn Board for the electronics
control. The off-detector electronics consist mainly ohkiBoards (LBs) that receive signals
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Figure4. (left) Schematic of the double-layer layout of the endda@nabers. (right) Gas gap configuration
of the endcap chambers.

in LVDS (Low-Voltage Differential Signaling) standard frothe FEBs. The LBs perform the
synchronization with the LHC clock and the transmissiorhi Trigger Electronics in the control
room. Each LB crate contains a Control Board (CB) that driescrate, provides inter-crate
communication, and takes care of the connection to the t¢aaa trigger systems. The new
LBs and CBs include minor design improvements related tovoltage regulation and protection
circuits, to cure problems observed in the past with theguesystem.

The working point of the present system depends stronghyereihvironmental temperature,
and the latter should therefore be kept inside 21€23®ue to space limitations for cabling, con-
ventional sensors cannot be used to monitor the temperathezefore, each endcap chamber will
be equipped with one Fibre Bragg Grating sensor mountedarssheat conducting housing. These
sensors are radiation hard, insensitive to magnetic fibllg a high precision, produce no electri-
cal noise, are easy to install, require a minimal amount bfilcg and finally cost about the same
as conventional sensors. As the new RE4 RPCs will be mounsidei the CMS detector facing
the CSC electronics, there is some danger of additionatreadteeating to the RPC gas gaps. The
water cooling circuit on the chambers consists of Cu pip&esed onto three copper plates where
the FEBs are mounted. An aluminum screen box is coveringdbkng circuit and the FEBs. To
better stabilize the operating temperature, the layoutsarelof the copper plates were optimized
using FIoOEFD/prd, and the final configuration was successfully tested in therkbry with a de-
tector inside a heated box. In addition, every §Bctor of the endcap disk will get a connection to
the cooling water manifolds in the cavern, i.e. only 2 charalper connection.

As shown in figureb, the new RE4 RPCs will be attached on CSC mounting posts on the
back of the 3rd endcap yoke of the CMS detector. Before iasiath, the corresponding RE4/2
and RE4/3 chambers will be pre-mounted together on SupeuMsdhat cover a FOsector of an
endcap. This will not only reduce the amount of cabling warlé done in the CMS cavern, but
will also speed up the installation of the chambers.

4 RPC production and quality control

The fabrication of the RPC gas gaps starts with the productidiPL sheets. The raw material is
coming from the Puricelli firm (Milano), where about 600 siseef 1620x 3200 mnt are being

1FIoEFD™ software package by Mentor Graphics.



Figure5. (left) Drawing of the new RPC modules installed on the CSQintimg posts on the backside of
the 3rd endcap yoke. (right) Photograph of an RE4 Super Mogst installation at CERN.
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Figure 6. Measured resistivity for recent production batches of HReets. The error bars indicate the
spread in resistivity values measured at different poiluisgathe surface of the sheet.

produced. The quality control (QC) of the HPL sheets is heahdly INFN Pavia. Next, the sheets
are cut by Riva (Milano) and finally surface cleaned by GeriBzanica (Frosinone).

CMS has put forward detailed specifications for the HPL sheetain requirements are a
high uniformity in resistivity across the surface of the eliseand also between the sheets, with
a resistivity value between-16- 10 Qcm (measured at 2Q). Figure6 displays the resistivity
values measured for two recent production batches. Thaelatasent the average resistivity value
and spread measured at nine different positions acrosbdlet surface; 50 panels are produced per
batch and the obtained resistivity values are clearly umfand well inside the CMS specifications.

The HPL sheets that pass the QC are sent to the KOrea DEteabmratory (KODEL) at
Korea University, where about 700 gas gaps will be produékd The HPLs receive a graphite
coating, protected with a polyethylene terephthalate (Fl#. Assembled gaps are treated with
linseed oil mixed with heptane. Again very detailed techhigpecifications and QC protocols
were prepared by CMS to ensure high quality gaps. Figugleows an example of a HPL gas gap
assembled at KODEL.



Figure 7. Photograph of a completed HPL gas gap at Kodel.

The chamber mechanics (honeycomb boxes, screen boxespueattip panels, etc.) were
produced by two Chinese companies: Beijing Axicomb TeabgwlCo., Ltd and Beijing Gao-
nengkedi SGT Co., Ltd. In the past, those companies havedsiigroduced the same components
for the existing system.

The detector electronics are procured in Pakistan. Forpituect a total of 1350 Adapter
Boards, 650 Front End Boards and 250 Distribution Boardbsiproduced. The new off-detector
electronics will be produced by the INFN, while the CMS Warg&oland) group will take on the
responsibility to integrate the new electronics in thegeigsystem.

The final detector assembly is shared by three differenttutisins: Barc (Mumbai, India),
Ghent University (Ghent, Belgium) and CERN. Each of thesembly sites has built up a new
RPC lab, including setups for detailed quality control & HIPL gas gaps and completed chambers.

A common quality control protocol for the chamber producti@as been carefully prepared for
each level of the construction. Individual components neestisfy detailed mechanical specifica-
tions. The HPL gas gaps will undergo visual inspectionk tests and dark current measurements.
Assembled chambers will be thoroughly tested (efficienlktister size, long term current monitor-
ing, noise) in cosmic test benches at each of the assembby shihe tests at chamber level will
be repeated once the chambers have been transported to GERMtaagain when the chambers
have been mounted in the Super Modules. The final checkoubealir after the installation of the
Super Modules in the CMS detector.

The full history of each chamber and every component is dtatean Oracle based Con-
struction Database. The database includes all measuremeribrmed before, during and after
the detector assembly. This should enable CMS to follow tleéudon of each chamber in time,
especially in case problems should appear during operktienon.

5 Summary

As the instantaneous luminosity of the LHC continues to@ase over time during Phase 1, the
CMS experiment has to ensure its detector can operate ibla stad efficient manner for increas-
ingly high particle rates. In particular, the muon systerouth be able to keep its trigger rate and
efficiency under control at a low enough mupy-threshold for physics studies. To this end, CMS
will among other things extend its RPC system with a 4th laydroth endcaps. The construction
of 200 new RPCs of the standard CMS type recently started.p@oents for the new chambers are



being produced at various places in the world. The assemmalygaality control of the chambers
will be handled at three different locations in India, Belgiand CERN. The new chambers are to
be installed inside the CMS detector during the first LHC L&mgitdown in 2013-2014.
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