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Project Motivation 
ÅIntegration of new detector technology in 

order to enhance muon reconstruction 
capabilities in the forward region of the 
CMS experiment (GE1/1 project)

ÅMain goals:
ÅMaintain an excellent muon 

reconstruction performance during the 
high-luminosity LHC scenario (most 
intense particle flux)
ÅBy combining information with other 

CMS muon subsystem (CSCs) reduce 
trigger rate to allow for low muon 
transverse momentum thresholds in 
order to increase sensitivity for several 
SM and beyond-SM processes

5/8/2017

CMS Technical Design Report for the Muon Endcap 
GEM Upgrade https://cds.cern.ch/record/2021453?ln=en
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Gas Electron Multiplier (GEM) Operation Principles

Nuclear Instruments and 
Methods in Physics Research A 
832(2016) 1ς7

ÅA GEM is a  thin metal-clad polymer foil perforated with high 
density of microscopic holes (chemical etching) 

ÅA stack of gas gap layers and three gem foils (triple-GEM) was 
selected as the optimal design (signal amplification) 

ÅMuons interact with the medium and release electrons from the 
atoms (primary ionization)

Å Free electrons are transported and further multiplied (second ionization) 
by the action of an electric field (more intense in the GEM holes)

Å Total number of electrons are collected (charge) in the readout strips 
from where muon information can be inferred
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Large scale trapezoidal triple-GEM detectors

ÅTrapezoidal shape is needed in order to cover a whole ring in 
the CMS forward region (each chamber will cover 10 degrees)
ÅTwo triple-D9a ŎƘŀƳōŜǊ ƳƻŘǳƭŜǎ όάD9aLbLǎέύ ǘƻ ōŜ 

integrated in CMS
Å5 GEMINIs used for GEM Slice Demonstrator
ÅA big challenge was to build large scale GEM foils and 

preserve their properties (efficiency, uniformity, etc..) 
ÅFew production sites all around the world 

Prototype used for GEM 
Slice Demonstrator
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GEM DAQ system
Main hardware and software components for 
signal readout, data transmission and system 
configuration

ÅOn-Detector:
ÅVFAT chips (front-end ASIC)
ÅGEM Electronic Board (GEB)
ÅOpto-Hybrid 
ÅGBT chipset, FPGA
ÅOptical links

ÅOff-Detector:
ÅMicro-TCA
ÅAMC cards
ÅAMC13 (Custom AMC card)
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ÅGEM chamber divided into 24 sectors
ÅEach sector with 128 readout strips that are 

connected to a VFAT chip
ÅVFAT readout and control signals are 

transmitted via E-links running through a flat 
PCB known as GEM Electronic Board (GEB)

ÅSignals from the 24 VFATs are sent to an 
opto-hybrid device for further processing

ÅThe opto-hybrid consist of a GBT chipset, a 
FPGA and optical receivers and transmitters 
for communication with the Off-detector 
region (including the CSC muon system)

Front-End (On-detector) Electronics
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Back-End 
Electronics

Åmicro-TCA
ÅSupport 12 AMC cards and 2 MCH
ÅData throughput of 2Tbit/s
ÅStandard for all CMS upgrades

ÅAMC13
ÅStandard module to  interface to 

CMS DAQ and provide the Trigger 
Timing and Control (TTC) 

ÅAMCs 
ÅUW CTP7 (University of Wisconsin 

Calorimeter Trigger Processor)
ÅBased on Xilinx Virtex-7 FPGA
Å1 board sufficient for GEM Slice 

Demonstrator
Å12 boards needed for full GE1/1 

upgrade



VFAT basic requirements

Å128 channels 
ÅContinuously sampling the GEM readout strips 
ÅProvide tracking and triggering information 

ÅTime resolution of less than 7.5 ns 
ÅIn order to cope with the duration of the 

signal produced during the ionization (few ns 
depending on the gas mixture)

ÅTracking information
ÅFull granularity after L1A (L1 Accepted event)

ÅIntegrated calibration and monitoring functions
ÅRadiation resistant (up to 100 Mrads) 
ÅVFAT2 prototype is used for the GEM Slice 

Demonstrator while for the future upgrade VFAT3 
is foreseen
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GEM Online Software (xDAQ)

ÅDesigned according to general CMS scheme 
ÅCustom applications derived from standard xDAQ

function
ÅSoftware is abstracted into several layers 
ÅThe software provide access to the AMC boards 

where the tracking and trigger data from GEM 
detector is received
ÅA Finite State Machine is implemented ensuring 
ǎƳƻƻǘƘ ǘǊŀƴǎƛǘƛƻƴǎ ōŜǘǿŜŜƴ άIŀƭǘέΣ άLƴƛǘƛŀƭƛȊŜŘέΣ 
Ψ/ƻƴŦƛƎǳǊŜŘέ ŀƴŘ άwǳƴƴƛƴƎέ ǎǘŀǘŜǎ
ÅConfigurable to perform various scan routines
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Official xDAQwebpage
https://svnweb.cern.ch/trac/cmsos



GEM Slice Demonstrator in CMS
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ÅInstallation of 5 twin triple-GEM trapezoidal 
ŎƘŀƳōŜǊǎ όάD9aLbLǎέύ ƛƴ /a{ ŘǳǊƛƴƎ ǘƘŜ 
end-of-year technical stop (2016-2017)

ÅMain goal is to gain experience in: 
ÅMechanical installation (mounting, 

services, cabling, etc..)
ÅGEM DAQ setup
ÅTesting communication with central 

CMS DAQ and CSC muon system
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