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We Iinvestigate the level-crossing phenomenon in two-axion systems, where the mass eigenvalues
Intersect as the mass of one axion increases with the cooling of the universe. This phenomenon can
significantly alter the abundance of axions in the early universe. Our study focuses on its impact on
the QCD axion and an axion-like particle, identifying viable regions of axion mass and decay constant
that explain the observed dark matter. Furthermore, we derive an improved expression for the
adiabatic condition that overcomes limitations in earlier formulations and we numerically validate its
effectiveness. Our analysis reveals specific relations between axion masses and axion-photon

couplings within the viable region. These relations could potentially serve as a smoking gun signal for
this scenario if confirmed experimentally.
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