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We derive and review cosmological constraints on axion-like particles (ALPs), produced thermally via freeze-
in through their interaction with gluons, photons and Standard Model (SM) fermions and non-thermally
through the misalignment mechanism and decay of topological defects. In particular, we discuss the QCD, the
photophilic and the photophobic ALP scenarios where the ALPs couple respectively to gluons and a hidden
gauge sector generating a mass ma,0 for the particle [1], couple primarily to photons and primarily to SM
fermions [2].
We develop our calculations with a Liouville-VonNeumann equation, as in Ref. [3], and an approach through a
Boltzmann transport equation, calculated through the 2PI effective action, as in Ref. [4]. We apply our results
to evaluate the decay of condensates of the ALP field to free ALPs, gravitational waves, gluons, photons and
SM fermions. Furthermore, we evaluate the production of thermal ALPs in the presence of ALP condensates.
Finally, we study the resulting cosmological constraints in the parameter space (ma, gaγγ), coming from
the observative bounds on the birefringence of the CMB, the ALP contribution to the effective number of
ultrarelativistic species∆Neff and from other known bounds on ALPs.
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