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2. Aging Processes of Gaseous Detectors
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Figure 1. An R — z cross section of a quadrant of the CMS detector,
upgrades (RE3/1,RE4/1,GE1/1,GE2/1, MEO).

For this reason, aging tests on full size triple-GEM detector were performed [1]. Nevertheless new type of

including the Phase-2

aging studies have to be invented and performed in order to assure the radiation hardness of GEM detectors

In particle environments rich of densely ionizing particles since new, ever studied, longevity issues can

emerge Iin this particular surroundings.

Understanding these issues is a priority for the future GEM-based upgrade and in general for all the future
experiments which will employ gaseous detectors in high rate and high ionizing environments.

3. Aging Study State of the art and new ideas

An aging study Is usually performed in the framework of a certain
experiment for assuring the long term stability of its gaseous
detectors during the data acquisition period.

A standard aging study commonly requires a detector in its final
version, ready to be mounted into the experiment, to integrate a
certain amount of charge similar to the one expected in the lifetime
of the experiment; all of that in a clean gas environment.

Usually the detectors are irradiated with photons (X-rays or y-rays)
because of the simplicity to produce and contain them.

In order to perform this test in a reasonable time, the hit rate and/or
the detector gain is increased with respect to the one foreseen in
the experiment.

These methodologies may not reproduce the
exact particle environment in the experiment
preventing certain aging processes to happen.

The understanding of the Ilimits of the
standard aging tests, If any, will  be
Important for the future experiments and for
this reason new ideas which involve new °
irradiating particles and new accelerating
method are needed.

Figure 3. A typical setup for an
aging study: final detector
version irradiated with a
photon source (137Cs) [1]

5. Characterization of the GEM detector

A typical GEM detector characterization was performed aimed at
verifing the correct operation of the prototype and finding the
correct working point.

The detector resulted to be fully operational and the working point
was chosen to be 700 YA equivalent to 3623 V applied on the drift
plane.
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Figure 8. The plot shows the Hit Rate of the Triple-
GEM prototype irradiated with a 5°Fe source as function
of the Divider Current. Rate in the alpha sector is lower
because of a hole in the drift plane, resulting in less
photon converted into the drift gap.

Figure 7. The plot shows the measured values of the
Effective Gas Gain of the Triple-GEM prototype under
test as a function of the Divider Current. Gain
differences in the two sectors are due to a hole in the
drift plane which distort the electric field.
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predict the long-term behavior of gaseous detectors. Most of the contaminants usually comes from the
outgassing of some materials which tend to release some of their molecules in the gas volume, triggering
the polymerization processes and further inducing the performance degradation of the detector.

When an high rate of highly ionizing particles is involved, aging processes could be dramatically worse

for the life of the detector. Higher density of deposited energy can lead the formation of different

kinematics.

4. Experimental Setup

polymers at different speeds thus they can trigger different chemical reactions and change their

The main aim of this test is to understand the limits of the standard aging tests and, on the other hand, to learn how particles with different
lonization powers can affect the long term stability operation of a Triple-GEMs in the CMS framework. For this reason, the test is performed on a

10x10 cm? GEM prototype with CMS gaps configuration: 3/1/2/1 mm.

Two are the breaking points with respect to the standard aging tests: the use of highly ionizing particles as a irradiation mean and a new method to
accelerate the test. The latter is done contaminating the gas mixture in order to simulate years of minor contamination in a clean gas system.

In order to understand the differences between
irradiating with photons or with highly ionizing
particles, the detector under test was exposed
| to an #*'Am source (5.6 MeV alpha particles)
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on one corner and to a *°Fe source (5.9 keV inside the gas volume.

photons) on the other corner.
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Figure 9. The plots show examples of charge spectra. Left: 5°Fe charge spectrum obtained with the Single Wire Proportional Chamber. Middle: >°Fe charge
spectrum obtained with the GEM detector. Right: a >*1Am charge spectrum obtained with the GEM detector.

These molecules are hydrocarbons and

In the context of creating new methods to investigate the aging
problem, this test exploit a particular accelerating method; two
glues were inserted into a stainless steel cylinder placed in series
to the gas flow, these glues release some of their molecules

Methyl Methacrylate

Figure 10. Scheme of the DAQ chain used
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8. Energy Dispersive X-rays Analysis
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Figure 13. Single Wire Proportional Chamber
gain evolution during the test. The chamber
lost about 20% of its initial gain.
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Figure 14. Gain evolution as function of the integrated charge of the Alpha Sector(left) and the
X-ray Sector (left). No deviation from the nominal value is observed in both the sectors.
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