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Dark matter production in non-standard cosmologies
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The existence of DM in the universe has been one of the open and more relevant questions in physics and
astronomy in the last decades. There is a large number of gravitational evidence about its existence, but no
conclusive evidence about its nature as a particle. A worldwide program focused on discovering this particle
has been carried out through the previous decades following three major strategies: direct detection, indirect
detection, and production at colliders.

Despite the great effort, the DM particle nature remains one of the central mysteries in physics. The important
thing is that no particle belongs to the Standard Model (SM) of particle physics with the required properties
to explain the observed astrophysical phenomena related to DM.

Until relatively recently the DM models proposed hinged on a standard cosmology basis, however, due to the
enormous difficulty present in detecting this particle, newmodels in different scenarios have been introduced.

According to standard cosmology, the universe in its evolution has gone through a series of stages character-
ized by definite processes and the domination of one of its components over the rest. As an example, in the
standard scenario, the period between the end of inflation and the beginning of BBN is hypothesized to be
radiation dominated. However, in this particular case, because of the lack of enough observational informa-
tion regarding this time, there are no reasons to believe that this assumption is true, and is, therefore, possible
that the cosmological history featured, for example, an additional early matter-dominated epoch due to slow
post-inflationary reheating or massive metastable particles that dominated the total energy density.

Even more exotic scenarios that change the expansion history of the universe compared to the standard
radiation-dominated case can also be realized. All of them are called non-standard cosmologies, and they
can have important consequences for the physics of the early universe. One of particular relevance to this
work is the fact that early periods in these scenarios can alter the cosmological abundances of particle species.
Specifically, they can have a significant impact on our expectations for the DM relic abundance, since non-
standard eras can change the expansion rate of the universe, lead to entropy injections that may dilute the
DM relic abundance, or provide a non-thermal production mechanism for DM [1].

This research project aims to develop the phenomenology of a simplified WIMP DM model in a non-standard
cosmology, with a long-lived heavy particle (ϕ) sourcing a matter-dominated era in the period ranging from
the end of inflation and the onset of BBN, through the introduction of a generic time-dependent rate for the
dissipation of matter into radiation [2]. The main goal of this study is to find the parameter space for a WIMP
particle in the proposed frame able to account for 85% of DM in the universe and evade the constraints imposed
by experiments.
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