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Abstract

 Lifetime, stability, and coupling characteristics of hollow cathodes are critical for qualifying stationary
plasma thrusters (SPTs) and Hall-effect thrusters in high-∆v missions. Cathode erosion, plume-induced
contamination, and mode transitions directly impact system reliability and allowable throttling.

This work presents a combined numerical-experimental and data-driven engineering framework to
study erosion mechanisms and operating modes of a laboratory hollow cathode coupled to an SPT, under
systematic variations of keeper/orifice geometry and thermionic emitter placement relative to the thruster
centerline.

The numerical core is HallDe, a 2D axisymmetric (r-z) multi-fluid/hybrid-PIC Hall thruster code that
treats ions and electrons as quasi-neutral hydrodynamic species, includes azimuthal momentum transport,
and resolves plasma properties on a magnetic-field-aligned mesh encompassing the channel, poles, cath-
ode, and near-plume regions. It is extended with a hollow-cathode submodel incorporating thermionic
emission conditions, sheath closure relations at the emitter and keeper, and a localized hybrid-PIC module
tracking ion macroparticles through the strongly non-Maxwellian, non-quasi-neutral sheath adjacent to
the keeper-orifice. This enables self-consistent evaluation of ion energy-angle distributions, current densi-
ties, and sputtering source terms impinging on metallic surfaces. Erosion is modeled via energy-dependent
sputter yields, re-deposition kernels, and impact source terms, providing spatially resolved predictions of
keeper/orifice recession under different mass flow rates, discharge currents, and magnetic field topologies.

An experimental campaign is conducted in a thermo-vacuum facility operating in the high-vacuum
regime, testing a dedicated hollow cathode-SPT assembly across multiple operating points and hardware
configurations, spanning variations in keeper aperture diameter, keeper recess length, emitter setback,
and lateral displacement. Time-resolved plume diagnostics, including single- and triple-Langmuir probes,
emissive probes, fast imaging, and optical emission spectroscopy, are combined with ex-situ profilometry
of keeper/orifice surfaces, noise spectra, and erosion patterns.

HallDe simulations are validated against measurements of plasma coupling voltage, electron tempera-
ture, erosion rates, and ion velocity distributions along the channel and in the cathode plume, leveraging
the code’s field-aligned mesh to capture anisotropic electron transport and magnetically shielded regions
with high fidelity.
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