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The CMS GEM collaboration is working on the possible instrumentation of the high-η region of 
the CMS Endcap with Gas Electron Multiplier (GEM) detectors. The Forward Muon RPC trigger 
system is equipped with detectors at |η|<1.6, but the high-η RPC region of CMS is currently 
vacant and presents an opportunity to instrument this region with a detector technology that 
could sustain the environment that will be encountered at the high-luminosity LHC. 

q  Improve Muon Trigger Efficiency at the High-Luminosity LHC. 
q  CMS is designed to have a highly redundant muon system, but CMS is missing redundancy in 

the more difficult forward muon region. The CMS Cathode Strip Chambers (CSC) in this 
region (ME1/1, ME2/1 in particular) require redundancy for improved tracking and triggering 
in very high pile-up environments. 

q  Add two high-resolution points to forward muon tracks to improve muon momentum 
resolution for highest-pT muons at ≥ 1 TeV. 

q  Improve muon rate capability by enhancing the η-φ readout granularity   
q  CMS large-area GEM performance: 

Rate Capability :  > 104/mm2 

Spatial / Time Resolution: ~100µm (w/ pulse height meas.) to ~270µm (binary r/o) / ~6 ns 
Efficiency:  > 98% 

Gas Mixture: Ar/CO2/CF4 45:15:40  (fast drift, non flammable mixture - big plus) 
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Electrons are collected on patterned readout board.  
A fast signal is detected on the lower GEM electrode for triggering or energy discrimination.  
All readout electrodes are at ground potential. 
Positive ions partially collected on the GEM electrodes. 

Thin, metal coated polyimide foil perforated  
with high density holes. 
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GEM	  –	  Gas	  Electron	  MulFplier	  

 

GIF Specifications: 
 

Ø Gamma Irradiation Facility: 
also called GIF, this confined area based 
at CERN is fully dedicated to long term 
operation studies and high radiations 
tests. 
Ø  The gammas field: 
a strong radioactive source of 137Cs can 
provide 662KeV photons up to 566 GBq in 
all the directions  

Gamma	  IrradiaFon	  Facility	  (GIF)	  

Muon beam (150 GeV) 

Esperimental Setup in the muon test beam 

Two GE1/1 prototype-III chambers were tested at the 
H4 muon beam line at the SPS CERN in July 2012 using 
a 0.6T magnetic field provided by the GOLIATH 
magnet. 

CMS GE 1/1 CANDIDATE PROTOTYPE 
The GE1/1-III prototype is the current state-of-the-art for large-area GEM chambers. 
The geometry was designed to fit two such chambers back-to-back into the ~10cm wide 
space available in the CMS Endcap. GEM foil production from 50µm thick kapton sheets 
clad with 5µm copper on both sides relies on single-mask photolithographic processes 
developed at CERN. An innovation implemented in this third full-size prototype are 
GEM foils mechanically stretched against the FR4 frames of the chambers allowing 
faster construction without internal spacers that adversely affect local efficiencies. 

The RD51 beam telescope used in the RD51-CMS beam tests.  
This telescope consists of three standard triple-GEM detectors with a 10×10 cm2 active area, running with an Ar/CO2 (70:30) gas mixture. 
They have 256 strips with 0.4 mm pitch in both horizontal and vertical directions transverse to the beam. The telescope detectors were 
always operated at a gain larger than 104. This setup served as a reference tracking device for the detectors under test. 

The VFAT2 (TOTEM) is a 128-ch. synchronous (40 MHz) binary 
output chip (0.25µm CMOS) for tracking and triggering with an 
adjustable threshold; its trigger function provides programmable 
“fast OR” information based on the region of the sensor hit.  
The VFAT2 has been adopted by CMS for prototype testing and 
data-taking at test beams together with the TURBO data 
acquisition electronics developed by INFN (Siena and Pisa). 
The CMS GEM collaboration is currently working on a new revised 
version of the chip, the VFAT3. 

Test of GEM timing performance with 
an LHC-like beam at the SPS H4 beam 
line:  
Beam bunch spacing Δt = 25 ns 
Longitudinal profile = Gaussian 
RMS bunch length σz= 7.5 cm  
95.2% of VFAT triggers are found to 
occur within the correct bunch. 
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GE1/1 July 2012 (run444)
Threshold = 20 vfat units
Comparator Current = 80
MSPL = 1
MAGNETIC FIELD = 0.6 T
Gas Mix = Ar / CO2 / CF4 (45:15:40)
Current = 800 uA

CMS GE 1/1 – NS2  PROTOTYPE TIMING PERFORMANCE (2012 TEST BEAMS) 
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Res.	  width:	  
σ	  =	  271	  µm	  

The GE1/1 features good performance in terms 
of spatial resolution and a stable efficiency 
plateau when operated in a 0.6T magnetic field 
(perpendicular to the electrical field within the 
GEM). GE1/1 prototype detectors were tested 
using a bunched beam (40 MHz clock) with the 
VFAT monostable pulse length set to one clock. 
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CMS GE 1/1 PROTOTYPE TRACKING PERFORMANCE (2012 TEST BEAMS) 

  

Quality	  Control	  of	  Full	  Scale	  GE1/1	  CMS	  Chambers	  

Gain Uniformity Test 
 

q  Uniform Measurement with no 
effect from external parameter 
fluctuactions 

q  Precise map of large dector 
(gain, energy resolution) 

q  Gain variation vs time and 
external parameters 
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Efficiency (η) = 95.2 % 
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GE1/1 July 2012
Threshold = 10 vfat units
Threshold = 20 vfat units
Comparator Current = 40
MSPL = 2
MAGNETIC FIELD = 0.6 T
Gas Mix = Ar / CO2 / CF4 (45:15:40)


