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We present a novel framework to estimate the sensitivity and discovery potential of IceCube to axion-like
particles (ALPs) produced in core-collapse supernovae (CCSNe), covering ALP masses from 1 MeV to several
hundred MeV. A key feature of this work is the explicit handling of the final-state leptons produced in ALP
interactions with 160 nuclei and protons, which can generate Cherenkov light detectable in IceCube. These
processes are being fully integrated into a detector-level simulation chain, enabling realistic detector signal
modeling beyond existing estimates. The framework enables projections for both direct detection sensitivities
and constraints based on time delays relative to the neutrino burst, across a range of ALP emission models.
This approach may also extend to other MeV-scale dark sector particles. Preliminary sensitivity estimates are
in progress and will be presented.
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