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Neutrino mass bounds from cosmology

Impact of Σmν on the matter power spectrum:

Image credit: Allison et al. (2015), arXiv:1509.07471

Good reviews on neutrino cosmology: Lesgourgues and Pastor (2006); Lesgourgues et al. (2013); Lattanzi and Gerbino (2017).
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Neutrino mass bounds from cosmology

Less known: Impact of Σmν on the CMB

Image credit: Hou et al. (2014), arXiv:1212.6267

Good reviews on neutrino cosmology: Lesgourgues and Pastor (2006); Lesgourgues et al. (2013); Lattanzi and Gerbino (2017).
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Neutrino mass bounds from cosmology

Less known: Impact of Σmν on the CMB

Image credit: Review of Particle Physics, 2021
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Neutrino mass parameter space

Image credit: Abazajian et al. (CMB Stage 4 Collaboration) (2019).
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Σmν for different cosmological models

Σmν is constrained to be ...

Σmν < 120 meV ΛCDM (Planck 2018 CMB + BAO) [1]

Σmν < 120 meV ΛCDM+Neff (Planck 2018 CMB + BAO) [1]

Σmν < 290 meV ΛCDM with w(a) = w0 + wa(1− a)
(Planck 2018 CMB + BAO + SN)

[2]

Σmν < 0.9 eV ΛCDM + ν decays
(Planck 2015 CMB + BAO + SN)

[3]

Σmν < 4.8 eV ΛCDM+mν(z) from supercooled phase
transition in relic neutrino sector
(Planck 2015 CMB + BAO + SN)

[4]

[1] Aghanim et al. (Planck Collaboration) (2018). [2] Choudhury and Hannestad (2020).

[3] Chacko et al. (2019). [4] CSL et al. (2018).
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Hints for high neutrino masses at low redshifts

Image credit: Tröster et al. (2021), arXiv:2010.16416
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https://arxiv.org/pdf/2010.16416.pdf


Reconstructing cosmological parameters

Several examples in the literature: H(z), wde(z), primordial power
spectrum...

Image credit: Bernal et al. (2016), arXiv:1607.05617
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Reconstructing
∑

mν(z)
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First attempt: Binned reconstruction
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CSL et al. (2021), arXiv:2102.13618
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Improving the reconstruction method

Questions
I Why is the constraint in the last redshift bin so tight?

I At which redshift does the sensitivity of
∑

mν(z) decrease?

I Can we use our results to constrain extended neutrino models?
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Why is the constraint in the last redshift bin so tight?

Image credit: Hou et al. (2014), arXiv:1212.6267
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At which redshift does the sensitivity of
∑

mν(z) decrease?

First step: Wider redshift bins
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At which redshift does the sensitivity of
∑

mν(z) decrease?

Second step: Reconstruction with linear splines and variable knots

−→ Two new parameters: The knots (change points) z1 and z2
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Can we constrain extended neutrino models?

Reconstruction results can be converted into limit for neutrino decay
models:

∑
mν < 0.21 eV
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Consistency test 1: Neutrino decay prior

Prior requirement with
∑

mν,zi ≤
∑

mν,zj for zi ≤ zj

−→ Limit for neutrino decay models:
∑

mν < 0.25 eV
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Consistency test 2: Dark energy and neutrino masses
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Reconstructing the neutrino mass as a function of redshift

Summary

I Current cosmological data constrain
∑

mν tightly at high redshifts

I Higher neutrino masses are still allowed at low redshifts (z ≤ 3)∑
mν(z = 0) < 1.46 eV∑

mν(z = 1100) < 0.53 eV

I Neutrino decay models can no longer explain a potential detection
of absolute neutrino masses by KATRIN
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Thank you for your attention!

Open questions

I Why are high neutrino masses allowed at low redshifts?

I Why is the neutrino mass limit measured by Planck so low?

I Which models could explain discrepancies between cosmological
and terrestrial neutrino mass measurements?

Image credit: Aghanim et al. (Planck Collaboration) (2018); M. Aker et al. (KATRIN Collaboration) (2021).
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