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Plan

• Lecture 1: Cosmological effects of neutrinos
in linear perturbation theory 

• Lecture 2: Non-linear regime

• Lecture 3: Neutrinos in Intergalactic space

• Lecture 4: New ways of probing neutrino masses
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Some historical background (a successful story!)
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New probes/new issues

• Baryons?

• Cosmic Voids

• 21cm cosmology

• Environmental effects

• Higher order?
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Weak lensing
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Baryon feedback - I
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Baryon feedback - II
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Baryon feedback - III
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Baryon feedback - IV

Maximum shift in the total neutrino mass is  0.5s

No obvious degeneracies

Apart from one: between neutrino mass and 
intrinsic alignment (important term in 

weak lensing modelling)

In general: neutrino free streaming is more 
gentle, and with different z-dependence

compared to baryon feedback
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Voids: the void size function

Voids in massive neutrino cosmologies are less evolved (i.e. younger) than those in the
corresponding massless neutrinos case: there is a larger number of small voids and a smaller
number of large ones, their profiles are less evacuated, and they present a lower wall at the edge.

VOIDS evolve by evacuating particles (very different from haloes)!

Comprehensive numerical effort
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Voids – II: ellipticities and correlation function

Ellipticity Voids Correlation Functions

Exclusion effects

Non-linear ”wall”
effects
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Voids – III: density profiles and degeneracies
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Voids – IV: populating with galaxies

So far: used the matter or halo distributions … but….real universe is different
We need galaxies --> HOD simple model

You can build simple HOD models 
By asking to reproduce observed
Correlation functions or luminosity
properties of galaxies

Once you build such a model you can then run your voidfinder on top of the galaxy distribution



Matteo Viel
Voids – V: populating with galaxies
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Voids – VI: combining with other probes
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Voids – VI: combining with other probes

Without CMB priors to “fix” the large
Scales

Volume 1 (Gpc/h)3, kmax=0.5 h/Mpc
From sims

But real surveys will have 100 more volume

Bayer+22 arXiv: 2102.05049
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21cm – atomic processes & hydro sims
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21cm – A simple model
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21cm – Cross correlations?
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21cm and neutrinos
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21cm and forecasts

Obuljen+18
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21cm and forecasts

Berti, Viel, Spinelli 23 [to appear]
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Environmental effects

Clustering of haloes in a massive Mn=0.1eV which 
are below and above the median CDM density

Clustering of haloes in a massive Mn=0.1eV which 
are below and above the median neutrino density

Banerjee, Castorina, Villaesusa-Navarro, Court, MV, 2019

Strong scale dependence found à need a way to probe environment

From galaxies to halo to cdm….. 
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Bispectrum

Hahn+19
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Minimum Spanning Tree 

Statistics which is extra-sensitive to 
topology of clustering

Naidoo+19
Naidoo+22
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Tensions

Can a low s8 be explained by neutrino free streaming?

Can the different Hubble parameter inferred from local and early Universe 
probes be reconciled with neutrinos?

At present there are 2 tensions in cosmology

1) H0 tension: 5sigma level reached
2) S8 tension: ~3 sigma
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Tensions - II
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s8 tension – I

This is from the forest only
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Summary

• Neutrino background detected from CMB through Neff

• In the structure formation epoch, neutrino perturbations not detected yet

• Effect is small but not incredibly small: whitin reach of planned and ongoing
experiments (like Euclid) 

• Neutrino free streaming is scale and z depdendent à should be tested/seen by
different experiments subjected to different systematics/statistical errors

• Neutrino non-linearities are very interesting. Neutrino fluid reacts differently
When considering different environments (galaxies, voids, etc.)

• Neutrino constraints from cosmology – so far a success story! [Could have been
wrong.. But so far.. All predictions were correct]

• Suprises still possible: modification/new physics beyons standard models


