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Abstract
A single-mask Gas Electron Multiplier (GEM) technique overcomes the cumbersome practice of alignment of two masks and allows the production of foils with very large area as needed for the CMS muon
forward upgrade. However, the holes obtained with refinements in the single-mask technique are conical in shape and hence asymmetric compared to the symmetric holes of double-mask Technology where
the holes are bi-conical. The hole geometry and their uniformity define the performance of the detectors which are constructed with such GEM foils. To evaluate the effect of this asymmetry on triple-GEM
detectors, such foils have been characterized experimentally. A series of tests have been conducted on a special prototype with three single-mask GEM foils, studying effective gain and its uniformity, rate
capability, charging-up behaviour, energy resolution and their variations with time when continuously irradiated with a particle source. The results have also been compared for two different hole orientations.
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— Micropattern gas detectors such as GEM's GE2/1

® Pseudo-rapidity region 1.6 <|n| <2.4
® Tripple-GEM chambers arranged in two layers per endcap
and spaning 20° [4]

Fig. 1: A quadrant of the R-z cross-section of the CMS detector, highlighting
(in red) the location of the GE1/1 station in the pseudo-rapidity region
1.6 <n| <2.4[2]

: : : ® |8 chambers per layer, 36 chambers per endcap Fig 7: Tripezoda’ shaped GE1/1 detector
Question: Is there any effect on the properties of the detector due to this hole Asymmetry? Formulation of the Problem? PN Tetle e o e ind otfarge area

® CMS upgrade requires large area GEM foils
/ To Answer: Test Detector \ ® Foils produced due to Doule-mask technique are limited to only 40 cm x 40 cm
® Constructed a detector with a symmetric gap confugration (2/2/2/2) mm ® Single-mask technique [5] 1s used to produce large area GEM foils
, ® Single-mask technique gives rise foils with asymmetric Holes as shown in Fig. 6 and Fig. 8.
—— ® These holes can be irraidaited with two different ways named as “Orientation A” and
| ol —— “orientation B” as shown in Fig. 8.
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Fig 8: Single-mask Single Asymmetric Holes: “Orientation A” (left) and “Orientation B” (right) facing the incident radiation.
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attenuators of Imm thick, transparency increases till 5 x 10* and after
that a typical “bump” is observed (CMS region of interest < 10%).
Similar result was reported to MPGD-2017 by CMS Muon Group and
e confirm the result once again.
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Fig 16: The best values of the energy resolution ~23.71%+0.02 and ~18.06%=0.01 measured in “Orientation A” and

in “Orientation B” with Fe-55 source. The resolution has been measured at a gain of 2.2 x10* Fig 19: The relative resolution measured as a function of relative gain when detector was contineously

irradiated with Fe-55 source. The effect on energy resolution is clearly seen due to change in gain in
“Orientation A” while as “Orientation B” doesn't appear to be much affected due to more stable gain.
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