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Abstract
The systematic studies of the GEM foil material are made which may possibly proceed later to see the effects at the performance and behaviors
of the detector, as a result of interaction with the fluid and of the radiations. These studies are focused on the foil contact with ambient air and
moisture, therefore we want to determine the value of the diffusion coefficient of water in the detector polyimide. Because the presence of this
compound inside the detector’s foil can determine the changes in its mechanical and electrical properties. A model is developed with COMSOL
Multhiphysics v. 4.3 [1], which described the adsorption on a sample. So the following poster will illuminate the model and its experimental
verification results and diffusion within the entire sheet geometry of GEM, gaining concentration profiles and the time required to saturate the
system. In addition Moiré interferometry which we are using for the flatness study of the GEM foils is reported.

Introduction
For upgrade of the forward muon system of Compact Muons Solenoid (CMS) at Large Hadron Collider (LHC), the Gaseous Electron
Multiplier (GEM) is being considered a most suitable detector, due to its good timing and position resolution, it can meet the particle
detection requirements of the eta region 1.6 < |ɳ| <2.2 where high particle flux 5kHz/cm2 is expected [2]. GEM foil is a major part of the
detector which is responsible for signal amplification, this phenomena is happened due to the especial shape of very dense micro holes
with in a thickness of 60µm (50µm Kapton cladded with 5µm copper on each side).

Figure 1:GE1/1 proposed installation position at CMS [2]
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Figure 2. (A) Geometry of a GEM and
detail analysis part is in black and white
[4], (B) Concentration profile after
44400 s with RH = 4% (C) Time vs.
concentration for different points of the
geometry, with RH = 4% , (D) Time vs.
concentration for different points of the
geometry, with RH = 40% and (E) with
RH =100%.
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Development of a diffusion model using COMSOL 
Multiphysics

It is considered the diffusion of H2O from only the hole
surface, the water cannot penetrates inside the
polymer from the copper which behaves as a
waterproof barrier. It is also overlooked the presence
of any stagnant film around the surface of the hole
because the gas is continuously flushed inside the
chamber, allowing to always have a constant and
uniform concentration on the surface of the hole, this
value represents the maximum concentration of water
that can get inside the structure. In general the
moister comes from the surrounding environment and
spreads within the polymer, has condensation on the
surface of solid and gas exchange (i.e. on the inner
surface of the holes in the sheet). The relation, that
allows to obtain the value of this concentration on the
surface of a polyimide (Kapton) as a function of the
external humidity, it is derived from the literature
[3], 𝑐1 = 4.520 ∗ 10−4 ∗ 𝑅𝐻 − 8.319 ∗ 10−4 (1), c1

expressed in grams of water to grams of polymer. The
formula used is empirical and it is compatible with the
official data released by the manufacturer [5]

Experimental setup for verification of the diffusion model
An experiment is arranged at the lab of INFN (Laboratori Nazionali
di Frascati dell’INFN). The experimental setup is shown in Figure
3, it consists of a weighing balance ”Analytic balance Gibertini
E42S”, the measurements are recorded by using a camera in front
of the analytical balance display and connected to a computer,
which has a data acquisition program to obtain regular interval
weight measurements. The sample used for this test have
dimensions are 105 mm X 50 mm X (50 + 5 +5) µm and previously
it is conditioned in an oven at (105 ± 5) ° C for 36 hours.

Figure 3. Data acquisition (in red) and instrumentation for monitoring
environmental conditions parameters within the glass container (green)

Figure 5: Temperature and relative humidity with respect to 
time within the glass container during the test

Figure 4. Saturation trend of the GEM foil

Results discussion

After the conditioning in oven, the sample is weighed and found a value of (0.6575 ± 0.0002) g, while the bolt placed on the
scale plate had a weight of 5,725 mg. The Humidity and temperature range during this test is selected as RH = 37-38% and T =
19-20° C, the images are taken from every 5 minute interval. The trends of saturation along with temperature and humidity
during test are shown in Figure.4 and Figure 5 respectively , in 8-9 hours it is possible to saturate completely the GEM foil.
These results are exactly matching with the model as described above. Furthermore, the measurements showed the presence
of 0.004 g water at saturation, perfectly comparable with what is obtained from the official datasheet by the manufacturer [5]
or from the formula (1) for a value of RH = 37.5%. By using the experimental data calculated the diffusion

coefficient of water in the foil which is 𝐷𝐺𝐸𝑀 = 3.3 ± 0.1 𝑠𝑡𝑎𝑡 10−10𝑐𝑚2/𝑠 . [6].In addition work on Moiré setup resolution
improvement is in progress and aim is 20-30µm in Z plane.

Summary and Conclusion

A model for describing the diffusion phenomenon within
GEM foil is developed. It is assumed that all the water,
coming from the humidity, condenses on the surface of
solid, gas exchange internal surface of the holes where the
electronic avalanche will produce; this surface is the only
available for the penetration of the water inside the
sample, because the copper coating (on the top and
bottom) behaves as a waterproof barrier. It is also
assumed that near the surface of exchange there is not a
stagnant film, hypothesis certainly validated by the
presence of a gas flow in continuous circulation. To
experimentally verify the model a test is performed at the
GEM foil sample, doing some continuous measurements
of the weight in a well-conditioned system, built for the
occasion: using a mixture of potassium carbonate and
saturated water to get a stable value of RH in the range of
37-38% inside the container, the sample is hung to a wire,
connected to the analytic balance. After 9 hours the
equilibrium is achieved and the amount of water absorbed
is 4 mg, this value is perfectly comparable with the official
datasheet released by DuPont and used the experimental
data to calculate the diffusion coefficient of water in GEM
foil. Contacts:

saleh.muhammad@cern.ch
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Moiré Interferometry for GEM flatness study:
In INFN Frascati we have built a optical setup to measure the flatness of
the top GEM foil in GE1/1 detector. Some preliminary results about
improvement in the resolution of the measurement are shown below
by using the algorithm of the phase shift. Basically the number of
fringes is proportional to the displacement in the Z plane.

I1write GFigure 6.(left) with out and(right) with phase shift Algorithm 
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