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Abstract

Abstract Detector Simulation

In view of the High-Luminosity LHC (HL-LHC) and the new European regulations on 
greenhouse gas emissions, the development of the iRPC (improved Resistive Plate 
Chamber)[2] addresses both extreme collision rates and critical environmental constraints.

The RPC operates by ionizing a specialized gas mixture between two parallel high-resistivity 
plates subjected to an intense electric field (∼50 kV/cm), where a passing charged particle 
liberates electrons that rapidly accelerate into an exponential Townsend avalanche; this 
charge cloud induces a fast electrical pulse on external readout strips, while the high bulk 
resistivity of the plates immediately drops the local electric field at the discharge point.

The standard gas mixture used in the detector has some functions and operating in 
avalanche mode: R-134a acts as the primary ionizing medium with high dielectric strength 
to generate the primary electron-ion pairs; isobutane serves as a photon quencher to 
prevent secondary avalanches and SF6 provide strong electron capture due to its high 
electronegativity prevents destructive transitions into sparks or streamers; and a controlled 
fraction of water vapor (∼40–50% relative humidity) stabilizes the internal resistivity of the 
bakelite plates, protecting them from drying out and generating spurious dark currents.

Preliminary Results Next Steps

Adding CO2 reduces the mixtures Global Warming Potential (GWP) and operating voltage, 
though excessive amounts lower dielectric strength and increase streamer probability. To 
systematically optimize these alternative mixtures we will use Garfield++ (coupled with 
Magboltz)[3,4] to simulate electron transport parameters, such as drift velocity, Townsend 
ionization, and attachment coefficients predicting detector efficiency. 

As a next step, finite element simulations using Elmer FEM will be implemented to compute the 
realistic electric field configuration. This approach will account for edge effects, field distortions 
around the spacers and frame boundaries, and the impact of the finite resistivity of the coating, 
allowing for a more accurate modeling of avalanche dynamics and signal induction in Garfield++.
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where εmax denotes the maximum efficiency plateau, λ governs the slope of the transition region, 
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