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The LHC is currently under the long shutdown LS2 upgrade after which the luminosity will be increased up to 2-3 x 1034

cm-2s-1. In consequence, CMS experiment is also being upgraded with new detectors that provide stable operation under
the new radiation conditions.

Particularly, the new GE1/1 muon station, covering the pseudo-rapidity interval 1.6 < < 2.2, is being instrumented
with a new technology of radiation detectors called Gas Electron Multiplier (GEM).

For the GE1/1 end-cap station, 72 trapezoidal-shaped super-chambers based on the triple-GEM technology are
distributed in the two end-cap rings.

Introduction

Prior to the assembly of every super-chamber, a series of
quality controls are implemented to validate the triple-
GEM detector. Those quality control (QC) tests involve all
the principal GE1/1 detector components and focus in the
main aspects:

This poster will focus on the high voltage stability test.

GE1/1 super-chamber
A super-chamber is pair of two trapezoidal-shaped
triple-GEM based chambers.
Each triple-GEM based chamber (single chamber) consist of:

Detector validation

Following the mentioned quality control procedure, the
single chamber is assembled and tested for proper
operation of the readout electronics. After this last
validation, two single chambers are paired together to
form a super-chamber, which is also tested for leaks in
the cooling circuit and is delivered to the cosmic stand,
where a series of experiments validate the super-
chamber using cosmic muons.
In the following sequence, it is summarized the assembly
process of a single chamber and a super-chamber.

Super-chamber assembly

This poster summarizes the validation process performed
for the certification of the CMS GE1/1 detectors. It makes
emphasis in the high voltage test. Additionally, it is
presented an outline of the GE1/1 super chamber
assembly procedure.

Conclusion

The aim of the high voltage stability test is to ensure the proper high voltage (HV) operation of the GEM foils and the HV
filter box installed in each detector. The detector is flushed with pure CO2 during 5 hours before starting the test. This
validation is subdivided in the following sub-tests:

High voltage stability test (QC6)

One of the CMS
muon end-caps
with 36 GE1/1
super-chambers in
the inner ring [2].

R-z cross section of
a quadrant of the
CMS detector,
showing the
position of the
GE1/1
muon station [1].
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Impedance measurement

The impedance of each GEM
foil is measured with a Megger
MIT485 insulation tester.
This tester also allows the user
to count the number of spark-
induced fluctuations of the
impedance. These sparks are
typically produced by the
impurities near the holes of the
GEM foils.
For the test to be passed, all
the final impedances should be
greater than 10 GΩ during one
minute.

I-V characteristic response

This sub-test, aims to determine the
characteristic Voltage (V) vs Current
(I) curve of each GEM foil,
induction and transfer regions of
GE1/1 detectors as well as to
identify possible malfunctions and
defects in the HV filter box. The
scan sweeps the total voltage from
200 V to 4600 V. All tests are carried
out automatically using a custom-
made LabView application that
controls and monitors a
multichannel power supply CAEN
A1515TG.

Stability test

This test evaluates the stability of
each GEM foil when it is turned ON
at 580 V with a protection current I0
of 2 mA. The stability is evaluated in
terms of the number of trips per
hour of the power supply. Each trip
occurs when the protection current
is overpassed.
The test is passed if the number of
trips per hour reduces to 0±1.
This test is also executed using a
LabView application.

Typical ResultsConnections diagram

Typical current-voltage characteristic plot
for each detector gap. Each foil is ramped,
for a total sum voltage sweep ranging
from 200 V to 4600 V with 200 V steps.

Typical time evolution of the number of
trips in the power supply that powers on
each GEM foil. In this case,  the impurities
that induce overcurrent in any of the GEM
foils are removed after 14 hours.

Simplified connections diagram
between the triple GEM detectors
and the High voltage power supply
for the QC6, high voltage test. Blocks
are not to scale and HV filter circuit is
omitted.

Preparation of triple-GEM detector

Assembly of GEM electronics board (GEB)

Installation of VFATs and OH boards

Installation of the cooling circuit

Installation of metal enclosure and SC assembly

The detector is placed on a grounded worktable, where
all the readout connectors are cleaned.

A previously prepared GEB is placed over the detector
and screwed to the metal frame. Connectors are also
cleaned.

The assembly of the electronics on a GE1/1 single
chamber, starts with the preparation of the
components, plugging the VFAT, the FEAST (voltage
regulators) and the Opto-hybrid (OH) board. The optical
fibers and the gas pipes are carefully routed.
Corresponding connectors are installed in the patch
panel.

Before installing the cooling circuit, thermal pads are
stuck to the VFAT, FEAST and OH board.

After the cooling circuit is installed, the metal enclosure
cover is attached (picture to the left). The GE1/1 single
chamber is paired with a previously prepared one, to
create a GE1/1 super-chamber. Both cooling circuits are
coupled in series and tested for leaks.
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