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Brave guys
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GE1/1 Super Chambers are transported from the 904 lab in Prevessin to the Underground eXperimental Cavern
(UXC) of CMS in Cessy by means of a dedicated trolley (figure 7.2).
In July 2019, 2 Super Chambers were successfully installed in the negative endcap. These were then followed by
other 34 GE1/1 detectors during the autumn installation window (September/October 2019).

Once the electronics are installed on the single GEM chamber, they undergo a thorough test to
assess the quality of the components and the perfect fitting and installation.

The steps to completely validate the functioning of the on-chamber electronics are the
following:

Following a procedure very similar to QC6 performed on single
chambers in 904 (see Felipe Ramirez’s poster for further details),
GEM foils of all the chambers installed were trained.
Chambers were flushed with pure CO2 (18 l/h), and an initial check
@ 50 V across the foils was performed to spot potential short-
circuits.
After that, GEM foils were trained one by one, ramping at 3 V/s up
to 600 V across while all other electrodes were kept OFF. The
maximum voltage reached was kept for at least 8 hours.
The following step was stabilization of Drift, Transfer & Induction
gaps. Voltages described in figure 8.1.
Finally, all fields were turned ON, with Drift @ 3760 V for at least
12h for each of the detectors.
During these operations, an
essential role was played by
the GEM Detector Control
System (DCS – figure 8.2),
which was used to set and
monitor the High Voltage of
the chambers.

Next installation window is foreseen for May 2020, when all the GE1/1 Super
Chambers will be integrated in the positive endcap of CMS. In the meanwhile, all
the services are being prepared for them.

Status now (detailed in figure 7.1):
- All GE11 Super Chambers have been installed in negative endcap
- All services are installed on the endcap disk
- Gas & cooling systems are running for all chambers
- LV & HV systems are fully operative
- Readout Back-End Hardware is installed
- High Voltage training has been performed
- 33/36 detectors frontend electronics tested

- Check proper connectivity with every
component

- Verify integrity of GEM and CSC
trigger optical links

- Calibration of front end electronics
parameters

- Identification of hot and dead
channels (at most 3 dead channels
per iη)

- Equivalent Noise Charge
measurement with s-curves

- Threshold scans with VFAT granularity
to check s-bit trigger lines

- Identification of disconnected
channels via per-channel threshold
scan

All these steps are performed before
and after the installation of the copper
cooling plate for the electronics and the
aluminum “chimney”, which acts as
faraday cage of the detector.

Figure 3.1. Example of s-curve result for GE11-X-S-BARI-0018. Fixing
the thresholds of the VFATs, scan the response of the 128 channels
increasing the test charge pulsed. x axis is the VFAT channel number,
the y axis is the value of the pulsed charge in fC and the color-scale is
the number of signals over threshold.

Figure 3.2. Example of s-bit threshold scan result for GE11-X-S-BARI-
0018. Scan of the thresholds per VFAT (x-axis – in DAC units), recording
the noise rate from the logic-OR of the 128 channels (y-axis).

Figure 4.1. Exploded schematic view of a single GE1/1 chamber (left); Schematic drawing of a GE1/1 Super Chamber – 2 single
detectors coupled together (right).

Figure 4.2. Picture of a complete Super Chamber assembled on the jig.

The GE1/1 detector is composed of 2 single chambers paired together into a so-called Super Chamber.
This allows particles detection in 2 layers, leading to the reconstruction of the GEM track segment with
position and angle associated information.
The selection of the chambers to be coupled has been conducted by evaluating the average effective gas
gain of the detectors and matching the most similar ones.
The chambers fully equipped with frontend electronics, after a successful QC7 test, are connected to form a
Super Chamber on a dedicated assembly jig.

… more details about this procedures in Felipe Ramirez’s poster!

Figure 8.2. GEM Detector Control System interface. In blue and green the
chambers installed and powered in the negative endcap.

Figure 8.1. GEM detector
electrodes schema. Voltages
applied during training: in black
across the gaps and in red
across the foils

The last major test that a GE1/1 detector undergoes before it is declared validated for the
installation in CMS is the QC8 cosmic ray stand test.
Characteristics:
- 15 Super Chamber slots with two layers of scintillators on top and bottom, giving a trigger 

rate of ~90Hz in the stand volume
- Same Low Voltage, High Voltage, Data Acquisition system, firmware and software as in CMS
- Standard gas mixture utilized: Ar/CO2 (70/30%)
Operations and goals:
- Configuration of DAQ parameters (Threshold & channels configuration of VFATs)
- Thresholds derived allowing 100 Hz of noise per VFAT
- HV scan varying gas gain from 9k to 21k ⇒ collection of cosmic muons data
- Muon track reconstruction software analysis
- Efficiency vs gain curves for chambers
- Efficiency per VFAT partition per gain point

Figure 5.1. Technical drawing of the GEM QC8
cosmic stand with nomenclature assigned.

Figure 5.2. Picture of the GEM QC8 stand… a
bit more “real” than the polished drawings.

Figure 6.1. Efficiency plot per VFAT
for a long type GE1/1 detector

Some relevant plots are presented here from the results obtained analyzing the data acquired during
the QC8 test of the negative-endcap GE1/1 detectors. The main parameters taken into account are
detection efficiency for minimum ionizing particles, average effective gas gain across the detector area
and cluster size, which represents the number of firing strips for a single particle detection.

Figure 6.2. Efficiency plot per VFAT
for a short type GE1/1 detector

Figure 6.3. Efficiency vs avg
effective gas gain curves for short
type GE1/1 detectors

Figure 6.4. Cluster size distribution for
hits associated to the reconstructed track

Figure 6.5. Cluster size distribution for hits
not associated to the muon track (noise)

Figure 7.2. GE1/1 transportation
trolley form B904 lab to CMS

Figure 7.3. Installation of GE1/1
detectors in CMS negative endcapFigure 7.1. Status of GE1/1 negative endcap commissioning

Figure 2.1. GE1/1 patch panel with
feedthroughs for services (HV, gas, LV,
readout and trigger fibers). It acts as GND
star point for the entire chamber.

Figure 2.2. GE1/1 Opto-Hybrid board. It is the heart of the on-
chamber electronics hosting a Xilinx Virtex-6 FPGA and multiple
optical links for the readout (GBTx) and the trigger links.

Figure 2.3. A VFAT HV3b_v3 hybrid. This chip is
devoted to the digitization of the signals coming
from the strips. It connects the readout board
with the GEM Electronics Board (GEB).

Figure 2.4. A GE1/1 single
detector fully equipped with the
on-chamber electronics.

Figure 1.1. A quadrant of the R − z cross-section of the CMS detector. In red
the location of the GE1/1 detector within the CMS muon system.

Figure 1.2. Technical drawing of the
CMS endcap. GE1/1 detectors in
orange and azure.

GE1/1 project:

The integration of the GE1/1 detectors is
currently taking place during LS2 in the first
muon endcap station.
144 GE1/1 chambers have been assembled in
production sites spread over 7 countries around
the world, where they also underwent several
quality control tests, ensuring compliance with
high requirements on the uniformity across the
entire detector area (around 1 m2).
Due to mechanical constraints, the GE1/1
detectors are designed in two types: long and
short chambers, each one covering a 10.15°
angle.
In figure 1.2, orange colored trapezoids
represent the long and the azure ones the short
chambers. The chambers are inserted,
alternating between long and short,
overlapping by a 3 strip width. These form a full
ring centered on the beam pipe between
pseudo-rapidity 1.6 and 2.2.

To manipulate, discriminate and elaborate the signals coming from the strips in the GE1/1 chamber, a complex and efficient readout system has been designed
within the very strict thickness limitations.
Starting from a single bare chamber, the GE1/1 on-detector electronics components are installed. Namely:
- The VFAT HV3b_v3 hybrid chips, that are devoted to the main stage of signal processing. They convert the analog signal from the electron avalanche

induced on the strips to a digital signal ready to be packed and sent to the backend electronics;
- The GEM Electronics Board (GEB), which consists of a fully passive multi-layer PCB that routes the Low Voltage lines and the signals from the 24 VFATs to the

Opto-Hybrid board (OH);
- The Opto-Hybrid board, which is the beating heart of the on-chamber electronics, with a Xilinx Virtex-6 FPGA and multiple transceivers granting the

communications with the GEM backend electronics as well as the trigger link with the CSC;
- The FEASTs, DC-DC converters that allow a single LV power supply line for each of the chambers to be converted to the different voltages required by each

of the other components.
All the inputs and outputs are then routed to the patch panel, which also has the role of ground star point of the chamber.

GEM in CMS:

The instantaneous luminosity delivered to experiments during Phase-2 of the LHC, starting after Long Shutdown 3, will require detector upgrades to
improve performance and sustain the increased particle flux. Triple-layer Gas Electron Multipliers (GEM) will be installed in the forward region,
corresponding to the endcaps, to complement the existing Cathode Strip Chambers (CSC) by extending the CMS Muon endcap coverage as well as being
able to process the increased event rates and cope with a larger dose of radiation.

The first steps in the commissioning of the GE1/1 chambers installed in the negative endcap of CMS are aimed at verifying the correct and full functionality
of the frontend electronics after the transportation and installation.
The tests performed follow the ones required to validate a chamber in the QC7 test during the procedure of Super Chamber assembly.
The tracking and trigger data paths are checked to be appropriately responding to test pulses and noise, taking s-curves and s-bithreshold scans.
The 33 out of 36 Super Chambers tested so far have demonstrated a perfect condition for the tracking data and only 0.04% trigger lines to be masked.

In the figures 9.1 and 9.2, a comparison is performed between the Equivalent Noise Charge (ENC) of the GE11-X-L-GHENT-0027 chamber when tested in
QC7 and in CMS, where it has been positioned in slot 34 layer 2 (GE11-M-34L2). The ENC is extracted from s-curves as the width of the sigmoidal fit. The
comparison shows a similar behavior, with the bulk of the channels having an ENC below 1.2 fC, which confirms the good conditions of the detector.
N.B.: in QC7 there is no High Voltage cable plugged, while it is present in CMS. This is well known to be introducing a marginal, yet not negligible, amount
of noise, which is then expected to be slightly higher in the latter of the two setups.

Figure 9.1. Distributions of the Equivalent Noise Charge for
the 24 VFATs of GE11-X-L-GHENT-0027 during the QC7 test
and the commissioning of the chambers in CMS.

Figure 9.2. Distributions of the Equivalent Noise Charge for
the 3072 channels of GE11-X-L-GHENT-0027 during the
QC7 test and the commissioning of the chambers in CMS.

Conclusions:

- The GE1/1 project is in a very advanced and intense phase of assembly, installation and commissioning

- All the Super Chambers have been installed in the CMS negative endcap

- The first steps of commissioning are taking place and the chambers are being prepared for future runs

- 36 / 36 SC’s underwent HV training of GEM foils with showing good results

- 36 / 36 SC’s tested for proper connectivity with FE electronics

- 33 / 36 SC’s FE electronics was fully tested

- Tracking data paths are pristine for all chambers, and 99.96% of trigger lines are behaving correctly

- Services of positive endcap being routed to prepare for the installation of the chambers

- 36 Super Chambers for the positive endcap are being assembled and validated in B904 lab

Future steps:

- Test and configure all the GE1/1 detectors of the CMS negative endcap

- Finalize integration of DCS and DAQ with the entire CMS

- Local and global commissioning of GE1/1 negative endcap with cosmic rays in CMS

- Assembly and Quality Control tests of the chambers to be installed in the positive endcap


