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Neutrinos in cosmology
● Early universe: neutrinos represent 40% of the energy density

● In the Standard Model, neutrinos decouple from the plasma at
  
➔ After this point they freestream

● Late universe: neutrinos become non-relativistic at

● Leave impacts on the CMB and matter clustering via the background 
evolution as well as on the perturbation level via Einstein’s equations

● Hence, cosmological observations can be used as a laboratory to test 
neutrino properties!
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Damping neutrino freestreaming
Effect on angular power spectrum: interaction driving 
neutrino anisotropic stress to zero
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Damping neutrino freestreaming
Effect on angular power spectrum: interaction driving 
neutrino anisotropic stress to zero

at low redshift

Image: M. Escudero

● Neutrino freestreaming leaves unique 
imprints in the CMB 1,2

Freestreaming neutrinos Interacting neutrinos

➔      suppression and phase shift



Interaction models

recom
bination

Neutrino decays Neutrino scatterings
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● Our goal is to take a global perspective:  

What is the window of redshifts in which Planck CMB measurements are 
sensitive to neutrino interactions?

Method

● In addition: Transient interactions (neutrinophilic boson-like) 

● Approximations:
➔ Treat neutrinos as an ultrarelativistic species with the energy density of ΛCDM
➔ Relaxation approximation: k- and q-independent collision term in Boltzmann 

hierarchy

● We consider sets of interaction rates that are power laws in temp./redshift:



Low-z interactions

● No model exhibit significant 
preference for interaction

● Approximate 
model-independent upper 
limit:

● MCMC with MontePython
● Interaction rate:

Data set: Planck18+BAO
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● No significant preference for 
interaction

● Approximate lower limit:

High-z interactions

● Particular case 

➔ Degeneracy with
➔ Does not correspond to a 

known model 

Data set: Planck18+BAO
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Transient interaction rate

● Next: constrain depth 
of redshift window

● “Bump”-like interaction 
which enters/exits

● Neutrinophilic boson 
scenario

● 2 sigma bounds

Data set: Planck18+BAO



● CMB-S4 forecast 
assuming fiducial  
ΛCDM

● Improved high-l 
constraints

➔ Factor 2 improvement 
of upper bound

● Overall increase in 
redshift window depth

Transient interaction rate
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Matter clustering

● Neutrino interactions affect metric 
potentials and hence in turn the 
matter power spectrum

● Given CMB constraints, what can 
galaxy clustering further tell us 
about non-standard neutrino 
interactions?

● Consider transient interactions:
➔

➔ Amplitude = CMB       bound

Relative matter power spectrum vs ΛCDM at        



● Neutrino freestreaming leaves unique imprints in the CMB
➔ Non-standard neutrino properties can be tested by the CMB

● We take a model-independent approach and find a freestreaming window

in which neutrinos cannot have significant interactions
● The exception is                  which represents no known particle physics model   
● CMB-S4 extends the window to

● Galaxy clustering can further constrain models with high 

Summary
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