
DPF2013-208
September 30, 2013

Potential Impact of a New GEM-Based Muon Detector on
CMS Triggering

A. Castaneda Hernandez1

(on behalf of the GEM-CMS collaboration)

Texas A&M University at Qatar

Following the increases in the LHC instantaneous luminosity, main-
taining effective triggering and avoiding dead time will become especially
challenging. As the sensitivity of many physics studies, including higgs
measurements, depends critically on the ability to maintain relatively low
muon momentum thresholds, the identification of potential improvements
in triggering is particularly important. The addition of a new muon detec-
tor to the existing CMS muon system in the very forward region, where the
background rates are especially high, allows for a substantial improvement
in the performance of muon triggering. Integration of the new detector
and the existing Cathode Strip Chamber system allows for a substantial
improvement in muon trigger momentum resolution due to an increase in
the lever arm for the measurement of the muon bending angle.
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1 Introduction

The CMS muon system [1] is designed to provide a robust, redundant and fast iden-
tification of the muons traversing the system. For the initial phase of the CMS
experiment, three types of gaseous detection technologies have been chosen according
to the different background rates and magnetic field the detectors have to withstand.
In the central region Drif Tube Chambers (DTs) are used, for the endcap region
where the background rate is higher (100-200 Hz/cm−2) and the magnetic field is
more intense cathode strip chambers (CSCs) are selected, in addition to assure an
unambiguous bunch crossing identification and to build up a robust and redundant
system Resistive Plate Chambers (RPCs) both in the barrel and endcap are used,
providing a fast and accurate time measurement.

As the the LHC approaches to the the expected maximum instantaneous lumi-
nosity scenario (∼10E34 cm−2s−1) keeping the rates under control and the muon
momentum thresholds within an acceptable value demanded by some of the physics
searches (including some exotic Higgs signatures) represent a big challenge.

While in the barrel region DTs and RPCs work together and in part of the endcap
region the muon system has redundancy with the CSCs and RPCs. In the very
forward region |η| > 1.6 the CMS muon identification relies entirely on the CSC
system, which has been proved to be a very efficient system but, in the very high LHC
luminosity scenario, with about 20-40 interactions superimposed and with only being
able to gather some of the event information the trigger performance will degrade. We
will show that the presence of a second muon detector in such region could improve
the muon reconstruction and triggering, reduce the trigger rate, improve the muon
momentum resolution, maintain lower pT thresholds and at the same time with a very
high reconstruction efficiency.

2 The CMS-GEM project

The CMS-GEM collaboration [2] has proposed the installation of two new stations
of Gas Electron Multiplier (GEM) detectors in the pseudo-rapidity range between
1.6 and 2.4 near-by the existing CSC stations to act together as a combined system
for muon identification and triggering. The initial proposed location for the two new
GEM stations along with the existing CMS muon gaseous detectors is illustrated in
Figure 1.

The GEM detector is a thin metal-coated polymer foil perforated with a high
density of holes (50-100/mm2), each hole acting as the multiplication region, single
GEMs can operate up to gains of several thousands and can be used in tandem,
the collaboration has decided to use Triple-GEM layer detector which ensure a safe
operation at lower voltage. The gas volume is filled with Ar/CO2/CF4, such mixture
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was found to be the ideal and the one that allows to reach a time resolution of 5ns
in addition to the excellent spatial resolution of 100µm. [3]

GEM detectors are rather insensitive to ageing under sustained irradiation which
implies that the detector could be operated without degradation at even higher in-
tegrated charges. Every Triple-GEM chamber will have a trapezoidal shape as the
existing CSC chambers and they will be mounted face-to-face to form a double layer
called ”Super-Chamber”.
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Figure 1: Schematic view of the different CMS muon gaseous detectors, in the barrel
region: Drift Tubes (yellow) and Resistive Plate chambers (blue), in the endcap
region: Cathode Strip Chambers (green), RPCs and in the very forward region (1.6<
|η| <2.4) the proposed location for the new two stations of GEM chambers (red).

3 Muon triggering with GEMs

One of the main purposes of the proposed GEM detector system is to provide an
additional muon trigger source redundant with the CSC trigger to ensure robust
triggering on forward muons at the high luminosity LHC scenario and beyond.

GEM simulation assumes that the trigger is to be derived by the same or similar
trigger hardware system based on PAC chips as the current RPC system, alternatively
CMS could consider designing a new L1 GEM trigger system fully tailored to GEM
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capabilities, however the RPC trigger emulation was considered as a starting point
for the GEM trigger studies.

The goal of every sub-detector system is to identify high-pT muons produced near-
by the interaction point, determine the bunch crossing they originate from, estimate
their transverse momentum, and provide information on how good this momentum
determination is by calculating a ”muon candidate quality” figure-of-merit, then muon
candidates are sent to the Global Muon Trigger (GMT) system which matches the
information from the different muon detectors.

3.1 Muon identification with the CSC system

CSC chambers consist of arrays of positively charged ”anode” wires crossed with
negatively-charged cooper ”cathode” strips within a gas volume, when muons pass
through, they knock electrons off the gass atom, which flock the anode wires creating
an avalanche of electrons. Because the strips and the wires are perpendicular, we
get the two position coordinates for each passing particle. In addition to provide
precise space and time information. their closely spaced wires make the CSCs fast
detectors suitable for triggering. Each CSC module contain six layers making it able
to accurately identify muons and match their tracks to those in the tracker, this
multilayer design provide low sensitive to the background contribution from neutrons
and low energy photons, which is enhanced in the very forward region of the detector.

The CSC muon system consist of 540 endcap chambers of trapezoidal shape ar-
ranged to form four disks, called stations (ME1,ME2,ME3,ME4), the station ME1
has three rings of chambers (ME1/1,ME1/2,ME1/3), the innermost station is ME1/1
and covers the pseudo-rapidity range between 1.6 and 2.4 as shown in Figure 1. The
muon candidate quality is determined by the number of signal coincidences measured
between the four CSC stations.

Every signal formed in the CSC chamber receive the technical name of ”stub”,
in every CSC station we can have a ”stub” and the quality of a muon candidate is
determined by the number of ”stubs” for a specific bunch crossing, the more ”stubs”
required the better the quality of the muon candidate. The best candidates are sent
to the GMT together with the information form the rest of the muon sub-detectors.

In the absence of a second muon detector in the very forward region (1.6< η| <2.4)
and in a high luminosity scenario one alternative option to reduce the rate is requiring
muon candidates with a large number of ”stubs” (for example 3 or 4), such require-
ment will reduce the statistic to non-acceptable values.
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3.2 GEM-CSC combined system and the measure of the bend-
ing angle

The innermost CSC station (ME1/1) has a special relevance due to the fact that the
magnetic field is more intense in this region, therefore the muon momentum resolution
is highly driven by this station. This was one of the main motivations for the GEM
collaboration to start the project with the installation of a GEM station (GE1/1)
just in front of the existing CSC ME1/1 station as shown in Figure 1.

One of the advantage of having two muon detectors within a close distance and
not affected by any shielding (which can scatter the muon track) is the possibility
to measure with good accuracy the bending angle (see Figure 2). GEM signals are
matched with the muon candidates from the CSC system for a specific bunch crossing
and from the position information we are able to calculate this bending. The ”bending
angle” has been measured using a Monte Carlo simulation of ”low” (5 GeV) and a
”high” (20 GeV) pT muons and from the results it is evident that this variable provide
a powerful tool to discriminate between low and high-pT muons, this has a direct
impact on the reduction of ”mis-measured” muons (if using only CSC information)
and it is reflected in a reduction on the trigger rate and the lowering of the momentum
thresholds.

In the Figure 3 it is shown the improvement in the rate by using the combined
GEM-CSC trigger system compare with different scenarios with the only CSC sys-
tem, the results presented were obtained assuming a luminosity scenario of ∼10E34
cm−2s−1.
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Figure 2: Left: Visualization of the GEM and CSC chambers and the muon bending
angle for a low and high-pT muon track, right: The bending angle distribution mea-
sured between GE1/1 and ME1/1 stations, the plot was produced using two Monte
Carlo samples for low and high-pT muons, the discrimination power between a 5 GeV
and a 20 GeV muon is evident.
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Figure 3: Comparison of the trigger rates for the Global Muon Trigger in the 2012
configuration with at least 3 stubs (loose), at least 3 stubs with at least one 1 stub
from ME1/b (medium), and at least one 3 stubs with at least one 1 stub from ME1/b
and a GEM pad signal (tight). The bottom plot shows the ratio of tight/GMT and
tight/medium

4 Summary and Outlook

The CMS-GEM collaboration has proposed the installation of two stations of Gaseous
Electron Multiplier (GEM) detectors in the very forward region of the CMS detector
(|η| > 1.6), this new detector technology is designed to work together with the existing
CSC chambers to provide a redundant and robust identification of muons. From
Monte Carlo simulation studies it has been shown that in the high LHC luminosity
scenario having two muon detectors near-by will help to reduce the trigger rate and
lowering the pT thresholds if we are able to measure the muon ”bending angle”
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