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Abstract - Gas avalanche microdetectors, such as micro-strip gas chamber (MSGC),
micro-gap chamber (MGC), micro-dot chamber (MDOT), etc., are operated under high
voltage to induce large electron avalanche signal around micro-size anodes. Therefore, the
anodes are highly exposed to electrical damage, for example, sparking because of the
interaction between high electric field strength and charge muitiplication around the anodes.
Gas electron multiplier (GEM) is a charge preamplifying device in which charge
multiplication can be confined, so that it makes that the charge multiplication region can be
separate from the readout micro-anodes in gas avalanche microdetectors possible. Primary
electron collection efficiency is an important measure for the GEM performance. We have
defined that the primary electron collection efficiency is the fractional number of electron
trajectories reaching to the collection plane from the drift plane through the GEM holes. The
electron trajectories were estimated based on 3-dimensional (3D) finite element method
(FEM). In this paper, we present the primary electron collection efficiency with respect to
various GEM operation parameters. This simulation work will be very useful for the better
design of the GEM.
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Fig. 1. Principle of GEM operaton as a charge
preamplifying device in a gaseous detector.
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Fig. 2. Modeling of the GEM for the FEM simulation.

Drift electrode

Bottom electrode

Collection region

’- : h i Collection electrode

Fig. 3. Definition of the simulation parameters.

Table 1. Description of the GEM simulation parameters.
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Fig. 4. Maxwel™ GUI for the FEM simulation showing
the 3D GEM model with finite element meshes.
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Fig. 5. Electric field intensity in the GEM hole.
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Fig. 6. {a) Electron trajectories along AA" and {b) BB'
as shown in Fig. 2.
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Fig. 7. Primary electron collection efficiencies with
respect 1o a varely of drift and coflection field intensities
calculated by (a) 3D and (b} 2D finite element methods.
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