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Dark Radiation

Radiation in cosmological context = relativistic particles (p = ρ/3)
Expansion redshift radiation can become (non-relativistic)
matter (p = 0) eventually equivalent to hot dark matter
BBN, CMB: T ∼ 0.1 MeV..0.1 eV radiation in SM: γ, ν
Dark: not in SM
 Dark Radiation (DR): relativistic particles 6= γ, SM ν

Examples
(Light) sterile neutrino (fermion)
Dark photon (vector)
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3. Model Building Aspects

Motivations for Dark Radiation
Tensions in ΛCDM (H0, S8, small scale structure, . . . )
Neutrino oscillation anomalies light sterile neutrinos?
Dark sectors for physics BSM, lack of evidence for new EW-scale
particles light new states?



Decaying Dark Matter

DM→WDM + DR velocity-kick for massive daughter σ8 ↓
Abellán et al., 2008.09615

CMB, LSS strong constraints H0 tension cannot be resolved
Anchordoqui et al., 2203.04818

S8 tension can be resolved
Simon et al., 2203.07440

H0 and S8 tensions cannot be resolved
Davari & Khosravi, 2203.09439



Conclusions

Dark Radiation (= BSM relativistic species) influences expansion
history of the Universe
Energy density parametrized by ∆Neff

Big Bang Nucleosynthesis ∆Neff < 0.124 @ 95% C.L.
Cosmic Microwave Background ∆Neff < 0.29 @ 95% C.L.
Constraints on specific scenarios

BBN constraints on MeV-scale particles decaying into DR
Hufnagel et al., 1712.03972
BBN, CMB lower bound on DM mass in thermal dark sector
Sabti et al., 1910.01649, 2107.11232


