Predictive Modeling of Pulsed
Capillary Discharges Using
COMSOL

A self-consistent 2D model of a pulsed argon capillary
discharge is developed using the COMSOL Plasma
Module, coupled to a realistic external RLC circuit to
characterize and optimize plasma sources for laser

wakefield acceleration.
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Introduction & Goals

Pulsed capillary discharges are fundamental to generating high- the argon-filled capillary configuration at the I-LUCE (INFN-Laser
density plasma waveguides for laser wakefield acceleration (LWFA) indUCEd Radiation Production) facility at INFN-LNS in Catania, Italy
[1] and very high energy electron (VHEE) applications [2,3]. Their [4], incorporating the driving resistor-inductor-capacitor (RLC) circuit,
transient, non-equilibrium nature—spanning rapid electrical capillary geometry, at 10 mbar gas pressure. The model is
breakdown, quasi-steady current flow, and recombination decay— benchmarked against a reference current waveform from literature
requires predictive modeling beyond simplified analytical [5]. It aims to study and optimize plasma density profiles for stable
approaches. electron beams, support VHEE radiotherapy (RT) research [6], and
enable future studies on non-uniform density profiles and gas
This work aims to develop and validate a numerical framework for dynamics.
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