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The CMS Collaboration will install trapezoidal Triple-GEM detectors, with dimensions
(990x440-220) mm2 in the forward region, |η| > 1.6, of the CMS muon spectrometer.
Triple-GEM detectors can provide precision tracking and fast trigger information,
contributing on one hand to provide missing redundancy in the high-η region and on
the other hand to the improvement of the CMS muon trigger.

Introduction

The	Slice	Test

FBG	&	RADMON	

REFERENCES
[1] Low-noise and low-power binary front-end in 130nm CMOS for triple-GEM detec-
tors supporting wide range of detector capacitances with gain and peaking time 
programmability, P. Aspell et al., IEEE-NSS 2017 Proc. [2] Characterizing  the VFAT3 
chip for the DAQ electronics of the CMS detector, J. Rosa, master thesis ULB, June 
2017 [3] SCADA System SIMATIC WinCC Open Architecture, https://w3.siemens.com
[4] FEAST: ASIC DCDC converters, http://project-
dcdc.web.cern.ch/projectdcdc/public/ASICDatasheet.html [5] F. Ravotti et al., 
Conception of an Integrated Sensor for the Radiation Monitoring of the CMS 
Experiment at the Large Hadron Collider, CERN-PH-EP-2004-004 (2004) [IEEE Trans. 
Nucl. Sci. 51 (2004) 3642]. 

During winter 2016-17 5 Triple-GEM Super-Chambers (SC), each made of two Triple-
GEM detectors, have been installed inside the CMS experiment. A Triple-GEM detector
is composed of a stack of 3 GEM foils. Each foil is made of a 50 µm thick Kapton layer,
copper cladded on both sides and perforated by microscopic holes (O~70 µm). The
potential difference between the copper layers of a GEM is typically of a few hundreds
Volts. The gas volume is enclosed by an electrode called drift plane and by anode
strips on the other side for the readout. Consequently 7 different HV are needed to
power a Triple-GEM detector. The gas used is Ar-CO2 70-30%.
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Design	and	performance	of	CMS	Muon	
Triple-GEM	Detector	Control	System

One of the objectives of the Slice Test is to study the stability of the Triple-GEM
detectors in real LHC running condition. One way to do this is by monitoring the
currents and the voltages supplied to the 7 detector electrodes.

The GEM DCS also monitors the temperature and humidity as well as the radiation
level along the detectors. A network of Fiber Bragg Grating (FGB) optical sensors are
installed on the detectors. A FBG is a type of distributed Bragg reflector constructed
in a short segment of optical fiber that reflects particular wavelengths of light and
transmits all others. The sensor is made by creating a periodic variation in the
refractive index of the fiber core, which generates a wavelength-specific dielectric
mirror. The temperature sensitivity of FBG (relative elongation with respect to the
initial position) is 0.1 degree.

The applications are developed using the commercial SIEMENS SCADA (Supervisory
Control and Data Acquisition software [3], SIMATIC WinCC Open Architecture and the
Joint Control Project framework components.
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The	GEM	DCS

Integration	into	CMS
The GEM DCS was integrated in CMS at the end of 2017, to allow the operation of the 
new detectors together with the rest of CMS. A new node was introduced into the CMS 
FSM called GEM, which contains two partitions: GEM E( Endcap) and GEM Dm
(Dummy). GEM E is the physical node, while Dm is node used to filter the states from 
the GEM E partition, while the actions coming from CMS are propagated to GEM. Since 
the integration, GEMs are following the automation matrix and using the protection 
system together with the rest of CMS. 
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4 SC (slot 1) are powered by a single channel HV system, with the voltages distributed
through a ceramic divider. The 5th SC (slot 2) is powered by a new multichannel HV
system, with 7 HV channels for each detector. This system has been chosen for the full
GE1/1 station. The readout system is based on the VFAT2 FE chip [1]; there is also a
FPGA mezzanine, called opto-hybrid, on the detector to handle the optical links to the
BE electronics. 3 LV channels per detector power the FE electronics. In February 2018
one SC (slot 2) has been replaced by a final GE1/1 equipped with the VFAT3 chip [2].

The Detector Control System (DCS) provides continuous control and monitoring of the
subdetector and takes appropriate automatic and corrective actions when needed to
ensure operational stability and high data quality. Safety related functions are
provided by the DCS and the Detector Safety System (DSS). The GEM DCS is
hierarchically organized in a tree-like structure and divided in subcomponents:
Cooling, LV, HV, Temperature, Radiation, etc.

HV stability study is being done with both powering scheme (single and multi-
channel). Both show a stability within 10-3 during several hours of operation and in
general an overall stability of ~1% or better has been observed with/without beams.
Similar results are observed for the LV system. Note that the 24 VFAT2 of one detector
draw ~2A when they are in Idle state and up to 6.5-7A when they are in run mode.For
GE1/1 the VFAT3 [3] will replace the VAFT2 and all the FE electronnics will be
powered by FEAST DCDC converters [4] .

A universal dosimetry device called Radiation Monitoring (RADMON) has been
developed and produced at CERN for similar investigations [5]. RADMON is based on p-
channel MOS transistors that are used to measure the ionizing energy deposition and
thereby causing the creation of electron-hole pairs in the material. The dosimeters
operate by positive charge build-up on the gate oxide (SiO2) layer of the transistor.
The positive charge trapped for long time at room temperature leads to a shift of the
transistor gate voltage that is proportional to the radiation dose and is measured by
the RADMON sensor. In GE 1/1, RADMON is installed on the GEM cooling plate.
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