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AR Abstract

Red supergiants represent the final evolutionary stage of massive stars, which are known to end
their lives as supernovae. However, their evolution in the final centuries remains mysterious and
poorly constrained. Many supernovae show signatures of intense mass loss shortly before
explosion, yet the underlying mechanism remains elusive. Red supergiants are understood to be
embedded in dusty cocoons, and post-explosion supernovae often show evidence of dust formed
prior to the explosion in stellar winds. In this study, we focus on: (a) how pulsation-driven mass
loss and wind acceleration create phases of high-density circumstellar matter (CSM) surrounding
red supergiant stars; (b) the mechanisms, timescales, and composition of dust formed in these
stellar winds; and (c) how dusty winds from red supergiants impact the stellar spectrum. We
develop a general theoretical framework connecting stellar evolution and dust formation, and apply
our model to well-known supernovae such as SN 2023ixf, as well as Type IIn supernovae including
SN 2005ip, SN 1998S, and SN 2020ywx.
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