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Gas Electron Multiplier (GEM) Operation Principles
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A A GEM is a thin metalad polymer foil perforated with high
density of microscopic holes (chemical etching)

A A stack of gas gap layers and three gem foils (tGH#dV) was

ey #

selected as the optimal design (signal amplification)
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atoms (primary ionization)

A Muons interact with the medium and release electrons from th

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

A Total number of electrons are collected (charge) in the readout strips
from where muon information can be inferred




Large scale trapezoidal tripleEM detectors

A Trapezoidal shape is needed in order to cover a whole ring in

the CMS forward region (each chamber will cover 10 degreeg

ATwotripleD9a OKF YO SN Y2Rdz Sa 6 a Prototype used for GEM
integrated in CMS Slice Demonstrator

A 5 GEMINIs used for GEM Slice Demonstrator

A A big challenge was to build large scale GEM foils and
preserve their properties (efficiency, uniformity, etc..)

A Few production sites all around the world
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GEM DAQ system
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Main hardware and software components for
signal readout, data transmission and systen
configuration

A On-Detector:
A VFAT chips (fror¢nd ASIC)
A GEM Electronic Board (GEB)
A Opto-Hybrid
A GBT chipset, FPGA
A Optical links

A Off-Detector:
A Micro-TCA
A AMC cards
A AMC13 (Custom AMC card)



Front-End (Ondetector) Electronics

A GEM chamber divided into 24 sectors

A Each sector with 128 readout strips that are
connected to a VFAT chip

A VFAT readout and control signals are
transmitted via Hinks running through a flat
PCB known as GEM Electronic Board (GEB)

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

A The optcehybrid consist of a GBT chipset, a
FPGA and optical receivers and transmitters
for communication with the Oftletector
region (including the CSC muon system)
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BackEnd
Electronics

A micro-TCA
A Support 12 AMC cards and 2 MCH
A Data throughput of 2Tbit/s
A Standard for all CMS upgrades

A AMC13
A Standard module to interface to
CMS DAQ and provide the Trigger
Timing and Control (TTC)

A AMCs

A UW CTP7 (University of Wisconsin
Calorimeter Trigger Processor)

A Based on Xilinx Virtex FPGA

A 1 board sufficient for GEM Slice
Demonstrator

A 12 boards needed for full GE1/1
upgrade

TTC (Clock, L1A, Fast controls)

Versatile Link

CMS DAQ Link (optical)
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VFAT basic requirements

A 128 channels

VFATS A Continuously sampling the GEM readout strips
A Provide tracking and triggering information
= A Time resolution of less than 7.5 ns
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depending on the gas mixture)
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A Full granularity after L1A (L1 Accepted event)
A Integrated calibration and monitoring functions

A Radiation resistant (up to 10d@rads)

A VFAT2 prototype is used for the GEM Slice
Demonstrator while for the future upgrade VFAT3
IS foreseen
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GEM Online SoftwargDAQ

ADesigned according to general CMS scheme

A Custom applications derived from standa@AQ
function

A Software is abstracted into several layers

AThe software provide access to the AMC boards
where the tracking and trigger data from GEM
detector is received

AA Finite State Machine is implemented ensuring
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A Configurable to perform various scan routines

Data processing
and
visualization
(Light DQR)
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GEM Slice Demonstrator in CMS

A Installation of 5 twin tripleGEM trapezoidal
OKIF YO SNBR o6aD9alLblacé
end-of-year technical stop (2018017)

A Main goal is to gain experience in:

A Mechanical installation (mounting,
services, cabling, etc..)

A GEM DAQ setup

A Testing communication with centra
CMS DAQ and CSC muon system




