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Light Relics

� Relics :  A species of particles that is produced in the 
early universe and remains at late times

� Light :  Relativistic at least at epochs probed by the 
CMB and BBN

� Photons and neutrinos are obvious examples

� Many BSM models predict novel light relics



𝑁!"" Parameter

� Most important physical quantity of light relics is 
energy density

� Total radiation energy density is parameterized 
with 𝑁!""

� Larger 𝑁!"" changes CMB power spectrum
◦ Amplitude suppression
◦ Phase shift

𝜌!"# = 𝜌$ + 𝜌% + 𝜌& = 𝜌$ 1 + 𝑁'((
7
8
𝑇%
𝑇$

)



Beyond 𝑁!""

Even for the same 𝑁!"", 
interacting and non-interacting radiations 
leave different imprints on observables
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� 𝜏′ is the interaction rate

� The interaction suppresses 𝜋!

� 𝜋" evolves freely
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� If 𝜋 = 0, we have Ψ = −Φ

� In Standard Model, Ψ = − 1 + 0
1R%Φ ≈ −1.16Φ

where 𝑅% =
2!
2 ≈ 0.41 due to neutrinos

Gorbunov and Rubakov, 2011
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If Neutrinos have Self-Interaction

For neutrino For photon

− 𝛼𝜏!"𝜋!

� 𝜋% suppressed at early time
� The effect of free-streaming decreases
� Can compensate the effect of additional radiation
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Self-interacting Neutrinos

� Self-interacting neutrino was proposed as a 
solution to the Hubble tension

Kreisch, Cyr-Racine, Doré, 1902.00534
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Self-interacting Neutrinos

Brinckmann, JHC, and LoVerde, ArXiv:2012.11830

� Unfortunately, this is not true with the most recent data
� CMB polarization data constrain 𝑁$%% tightly
� Instead, we put constraints on self-interacting neutrinos



Self-interacting Dark Radiation

� We put constraints on self-interacting radiation for different types
◦ Through a heavy mediator Γ ∼ %!

&"
: Decoupling

◦ 𝜙' theory Γ ∼ 𝑔(𝑇 : Recoupling
◦ Dark recombination : Instantaneous decoupling

� Constraints depends on model parameters
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Conclusions

� Interacting and non-interacting radiations have 
different effects on observables

� We study constraints on self-interacting
neutrinos and self-interacting dark radiations 
from cosmological data
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