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INTRODUCTION
• Large Hadron Collider (LHC) will be upgraded in various phases to allow more luminosity at
the designed energy.
• The whole accelerator complex and its detectors will be reinforced and upgraded for the
subsequent LHC run(s).
• Compact Muon Solenoid (CMS) Experiment is undergoing a series of upgrades of its
components in order to maintain its excellent performance.
• Among them is the Muon Spectrometer which needs to be upgraded to cope with increase in the
trigger rates & to provide additional position resolution in high background environment [1].
• Installation of additional sets of muon detectors has been approved, namely GE1/1, GE2/1 and
ME0, which relies on Gas Electron Multiplication (GEM) technology.
• These GEM detectors are built using GEM foils which consists of a thin layer of insulating
polymer coated on both sides with copper and chemically perforated with a high density of
microscopic holes.
Future upgrades at CMS Experiment using GEM technology

GE1/1 UPGRADE
• During Long Shutdown 2 (LS2), CMS experiment upgraded its muon endcap system by installing GEM detectors in high
eta region (1.55 < η < 2.2), also known as GE1/1 upgrade [2].
• A typical GE1/1 chamber is a trapezoidal chamber with 22.5 cm base and radial length of 128.5 cm for Long & 113.5 cm
for Short chamber; each covering 10o sector, requiring 36 chambers (18 Long and 18 Short) for each endcap .
• It relies on the triple-GEM structure with gas gap of 3/1/2/1 mm for drift, two transfer & induction gap respectively.
• A super-chamber (SC) is a combination of two GE1/1 chambers, thus total of 144 GE1/1 chambers were required.
• A well-defined Quality Control (QC) path has been established by the CMS GEM group, both on the single chamber
components and on the assembled SCs.
• The chambers will be operated with Ar:CO2::70:30 gas mixture at atmospheric pressure, with gas gain of about 1.5×104.

QUALITY CONTROL & COMMISSIONING
• The flowchart summarizes the Quality Control steps being followed at CERN and various production sites.
• Results obtained from QC5 (Effective Gain and Uniformity) are shown and results from QC7 and QC8 (Equivalent Noise Charge
per VFAT & per readout channel) are compared with the measurements at CMS experimental cavern (Point 5) after the installation.

GE1/1 Eﬀec)ve Gain

Response Uniformity

Comparison of ENC at QC7, QC8 and Point5

Event display showing hits in GE1/1

GE2/1 UPGRADE

Design for GE2/1 chambers

• Two additional layers, named GE2/1, will be installed during the Extended Year
End Technical Stop (EYETS) planned in the winter 2023/2024.
• Each GE2/1 detector will cover an angle of 20o of the CMS endcap and the
pseudo-rapidity range 1.62 < η < 2.43 with a total length of 183.3 cm.
• Two layers of the GE2/1 system consist of back chambers (with modules M1-M4),
far from the interaction point and front chambers (with modules M5-M8) closer to
the interaction point, each being a single CMS triple-GEM detector.
• It consists of 72 GE2/1 chambers; corresponds to 288 basic GE2/1 modules.
• Non-active gap between two adjacent modules in one GE2/1 chamber is 35.5 mm
wide which is avoided by choosing slightly different sizes of modules in 2nd layer.
• The design of the GE2/1 has been completed, validated and approved through an
official CMS Engineering Design Review (EDR).
Eﬀec)ve Gain of GE2/1
• A complete GE2/1 chamber has been built and tested for the basic quality controls
prototype modules
as well as on chamber electronics prototyping and testing have been performed.

ME0 UPGRADE
• Additional six layers, named ME0, are expected to be installed during the Third Long Shutdown (LS3) which is
expected to take place in 2025-2027 .
• The ME0 system will cover 2.03 < η < 2.8, with an internal layout similar to the GE1/1 and GE2/1 chambers
(i.e. 3/1/2/1 mm). The active volume will have a length of 78.8 cm and width varying from 23.6 cm to 51.4 cm.
• The ME0 detector station comprises 36 module stacks (18 per endcap), each composed of six ME0 modules.
• Each stack is mounted on a 15 mm thick aluminum plate which mechanically supports the system as shown in
figure on the right, creating a complete independent working unit.
• The ME0 chamber and stack prototype mechanical design is completed, two prototype modules have been
produced and qualified.

Design of ME0 stack
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