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Cross-section of the CMS muon end-cap showing the position of the GE1/1 station

The CMS GEM collaboration proposed to instrument 
thethe CMS muon endcaps with the GEM technology in 
order to maintain the physics performance and the de-
tection efficiency in the future HL-LHC environment. 
This ambitious program, named GE1/1, started in 
2009 with the develoment of the first world’s largest 
triple-GEM chambers [1].

Several years of R&D were necessary to ensure that 
the detector operating characteristics and perfor-
mance would suit the CMS requirements. One of the 
main R&D project consisted of studying the long-term 
operation of the GE1/1 detectors and the possible deg-
radation of their performances after a long exposure in 
the CMS environment.

Schematic view of a GEM hole & triple-GEM detector in the 3/1/2/1 mm configuration

As for all gaseous detectors, the triple-GEM chambers might be subject to 
aging effects, in particular due to the production of polymers. Also referred 
as “Classical aging”, it relates to the chemical reactions that takes place in 
the avalanche plasma surrounding the amplification region. The polymers 
can then migrate in the detector, form deposits and modify the structure of 
the detector and its electrical properties.The polymerization usually lead to 
the significative and permanent degradation of the performance of the de-
tector.tector.

Even though the GEM technology is particularly resistant to classical aging, mainly because of the 
sharing of the amplification over several layers, it could be subject to polymerization in case of inap-
ropriate operating conditions or in the presence of chemically active contaminants.
The goal of the CMS GEM longevity study is to reproduce 10 years of real CMS operation with a 
full-size GE1/1 chamber. In order to ensure realistic aging conditions, the study took place at the 
dedicated Gamma Irradiation Facilities (GIF & GIF++) at CERN.

Example of polymer deposits on a microscopic gold wire

A. Openned GE1/1 chamber after irradiation showing the coloration of copper          B. SEM view of holes after a non-destructive discharge           C.   SEM view of the irradiated GEM foils    

Initial study at GIF to understand the feasibility of the accelerated aging 
with GE1/1 detectors and to determine the most appropriate test setup.
Configuration:
- 137Cs @ 566 GBq
- Acceleration factor : 10x CMS
- Ar/CO2/CF4 : 45/15/40 (2.5 L/hr)
- Initial effective gain : 2 x 104

- Duration of the test : 7 months = 10 HL-LHC years with safety factor 2- Duration of the test : 7 months = 10 HL-LHC years with safety factor 2Schematic view of the initial gas system

Classical aging at GIF test with GE1/1 detector in the CMS configuration, 
with the first candidate gas mixture for improved timing performance.
Configuration:
- 137Cs @ 566 GBq
- Acceleration factor : 10x CMS
- Ar/CO2/CF4 : 45/15/40 (5 L/hr)
- Initial effective gain : 2 x 104

- Duration of the test : 12 months = 10 HL-LHC years with safety factor 8.8- Duration of the test : 12 months = 10 HL-LHC years with safety factor 8.8Schematic view of the GIF gas system

Classical aging test at GIF ++with GE1/1 detector in the CMS configura-
tion, with the second candidate gas mixture without CF4.
Configuration:
- 137Cs @ 14 TBq
- Acceleration factor : 30x CMS
- Ar/CO2 : 70/30 (5 L/hr)
- Initial effective gain : 2 x 104

- Duration of the test : 6 months = 10 HL-LHC years with safety factor 9.1
- Additional measurement of the energy resolution

Schematic of the GIF++ gas system

Overview of the outgassing test steup

Pictures of the two outgqssing test stands

In parallel to the classical aging test, a set of ougassing test 
has been performed on each GE1/1 materials to make 
sure that non of them could release pollutants in the gas 
volume and trigger premature aging during the CMS op-
eration.
The outgassing test stand consists of a stainless steel cyl-
inder, called Outgassing Box, containing the material 
under test. The OB is wrapped with resistive tape in order 
to increase the temperature of the sample and enhance its 
outgassing. Then, the gas with the possible contaminants 
is sent to a wire chamber under constant irradiation. In 
case of ougassing, the contaminants will polymerize on the 
wire and provoke the classical aging of the chamber. wire and provoke the classical aging of the chamber. 

The results of the entire campaign are 
summarized in the following table. The 
latest version of GE1/1 detectors only 
contains materials that were approved 
by this procedure.

Pictures of the GIF (left) and GIF++ (right) setups showing the GE1/1 chambers under irradiation

Schematic view of the DAQ setup and readout electronics2. Pre-amp.+ amplifier readout 
chain to monitor the pulse-height 
distribution, which reflects the 
energy resolution of the detector.
3. Complete meteo-station to 
monitor the external environment 
and the gas properties.
TheThe detectors under test were op-
erating at the nominal CMS gain 
and with the two candidate gas 
mixtures.

- Correction (removing environ-
mental fluctuations) and nor-
malization.
The final data set is shown as a 
function of the accumulated 
charge per unit area, which rep-
resents the time of irradiation.

Flow chart describing the analysis procedure

Typical energy spectrum from the Cs source (left) and GE1/1 gain 
distribution before and after the environmental correctionSchematics overview of the GIF and GIF++ facilities at CERN used for GE1/1 classical aging test


