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Weighing neutrinos with DESI
A frequentist approach to cosmological inference of neutrino 
mass
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• Cosmological data sensitive to            through gravitation

• The Big Bang produced neutrinos, very hot and relativistic

• Expansion of the Universe: cool down, transition to non-relativistic behavior

ℹ Non-relativistic transition happened between the CMB and now

ℹ Minima available from oscillations experiments:


• 60meV (normal ordering) or 100meV (inverted ordering)Σ mν ≥ Σ mν ≥
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• Matter / radiation contribute to expansion of the Universe differently


• Neutrino mass changes distance measurements!

• CMB and DESI both provide a “ruler”, a distance we expect to match (BAO)


• CMB BAO: before transition


• DESI BAO: after transition

• Indirect, inherently model-dependent measurement
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• Non-relativistic neutrinos are affected by gravitational pull


• Contribute to formation of large structures in Universe


• Too warm/light to cluster on small scales (large free-streaming length)
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• Can also get from DESI / CMB / 
DESI+CMB


• Indirect, less model-dependent, weaker mν = 0 mν = 500 eV

Massive neutrinos suppress the 
clustering of matter at “small” scales
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• Latest constraints from DESI DR2 + Planck: 
 (95% C.L.)Σmν ≤ 64 meV

• Very uncomfortably low! (min = 60/100 meV)

• (Bayesian) posterior (=probability distribution) 
looks like it wants to peak under 0 but not 
allowed by model???

• Concerned by prior projection/volume effects

• Let’s try something else: profile likelihoods
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Current measurements in cosmology
A quick profile-likelihood how-to

• Profile is cut off: still fit a parabola

• Feldman+Cousins 98: proper 
confidence limit

• Isolate constraining power from 
upper limit despite cut-of

• Intuitive visual comparison

Planck 2013 XVI, Naredo-Tuedo+ 2024, Herold+ 
2025

∑m0

Δχ²
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Some pretty cool* results
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(*) The opinions expressed in this presentation are solely those of the author and do 
not reflect the views of any sane individual, organization, or sentient being. Side 
effects may include uncontrollable laughter, mild confusion, or an sudden urge to 
question life choices. Not responsible for lost productivity, existential crises, or 
spontaneous dance breaks. By reading this, you agree to release the author from all 
liability, including but not limited to boredom, enlightenment, or the sudden 
realization that this disclaimer is longer than the actual content.
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Lower limits are not always more constraining

• Add free-streaming measurement from 
DESI to geometrical effect one

• At first sight, constraint “improves” 
(upper limit goes down)

• But almost entirely due to a shift

• DESI free-streaming not competitive yet!
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🎉 

Congratulations 

on making it to 

the coffee break!!! 

🎉
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