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Neutrino mass measurements, present & future

Parameter degeneracies

• Ability of one parameter to imitate the effect of another 

• Example: H0 − Mν degeneracy
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• Cosmological inference: given data + model ➞ posterior dist. of parameters 
• Constraints are often quoted for a best-case scenario 
• But constraints are always model dependent! 
• And change when considering extended models
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Parameter constraints in cosmology
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Overview

Introduction 
• Parameter degeneracies 
• Parameter constraints in cosmology 

Neutrino mass constraints from data 
• Constraints given extended models 

Sensitivity forecasts 
• Effect on sensitivity from combining 

surveys 
• Joint sensitivity forecast
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Experimental setup (data)

• Method: MCMC 
• Codes: MontePython and CLASS 

(1210.7183, 1104.2933) 

CMB (1507.02704) 
• Planck highℓ TT, TE, EE 
• Planck lensing 
• Prior on 𝜏reio (Planck simlow 1605.02985) 

Large-scale structure 
• P(k): SDSS DR7 LRG 

(Reid et al. 0907.1659) 
• BAO: 6dFGS, MGS, BOSS DR12 

(0907.1659, 1409.3242,1607.03155)
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∑mν constraints for ext. models

• 𝛬CDM + ∑mν 

• Adding extra free parameters 
changes the posterior dist. 

• In some cases not much 

• But some parameters are 
degenerate with ∑mν 

• Especially: 𝛺k, 𝑤0, 𝑤0 + 𝑤a
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• 𝛬CDM + ∑mν + Neff 

• Adding extra free parameters 
changes the posterior dist. 

• In some cases not much 

• But some parameters are 
degenerate with ∑mν 

• Especially: 𝛺k, 𝑤0, 𝑤0 + 𝑤a

∑mν constraints for ext. models

(95% CL)
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• 𝛬CDM + ∑mν + dns/dlnk 

• Adding extra free parameters 
changes the posterior dist. 

• In some cases not much 

• But some parameters are 
degenerate with ∑mν 

• Especially: 𝛺k, 𝑤0, 𝑤0 + 𝑤a

∑mν constraints for ext. models

(95% CL)
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• 𝛬CDM + ∑mν + 𝛺k 

• Adding extra free parameters 
changes the posterior dist. 

• In some cases not much 

• But some parameters are 
degenerate with ∑mν 

• Especially: 𝛺k, 𝑤0, 𝑤0 + 𝑤a

∑mν constraints for ext. models

(95% CL)
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• CDM + ∑mν + 𝑤0 

• Adding extra free parameters 
changes the posterior dist. 

• In some cases not much 

• But some parameters are 
degenerate with ∑mν 

• Especially: 𝛺k, 𝑤0, 𝑤0 + 𝑤a

∑mν constraints for ext. models

(95% CL)
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• CDM + ∑mν + 𝑤0 + 𝑤a 

• Adding extra free parameters 
changes the posterior dist. 

• In some cases not much 

• But some parameters are 
degenerate with ∑mν 

• Especially: 𝛺k, 𝑤0, 𝑤0 + 𝑤a

(95% CL)

∑mν constraints for ext. models
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Putting it all together (95% CL) 
• 𝛬CDM + ∑mν: ∑mν < 0.223 eV 

• 𝛬CDM + ∑mν + Neff: ∑mν < 0.221 eV 

• 𝛬CDM + ∑mν + dns/dlnk: ∑mν < 0.225eV 

• 𝛬CDM + ∑mν + 𝛺k: ∑mν < 0.259 eV 

• CDM + ∑mν + 𝑤0: ∑mν < 0.394 eV 

• CDM + ∑mν + 𝑤0 + 𝑤a: ∑mν < 0.532 eV

∑mν constraints for ext. models

(95% CL)
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Experimental setup (forecasts)

CMB − CORE-like mission  
(Di Valentino, TB, Poulin, Gerbino et al. 1612.00021) 
• TT, TE, EE, 𝜙𝜙  
ℓmax = 3000 

LSS − Euclid satellite  
(Audren et al. 1210.2194) 
• Cosmic shear 
ℓmax = 2000 + theoretical error 

• Galaxy clustering P(k) 
kmax = 0.6 h/Mpc + theoretical 
error 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• Already discussed H0 − Mν degeneracy 

• Mν ↑ changes dA(zdec), H0 ↓ to compensate
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Parameter degeneracies: CMB-only
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Parameter degeneracies: CMB-only

• Mν ↑ decreases amplitude 
of lensing spectrum 

• Option 1: As ↑, 𝜏reio ↑ 
Lensing: Cℓ ∝ As  

TT, EE: Cℓ ∝ As exp(−2𝜏reio) 

• Option 2: 𝜔cdm ↑
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Parameter degeneracies: CMB-only

• Mν ↑ will decrease amplitude of lensing spectrum 
• Option 1: As ↑, also requires 𝜏reio ↑ 
• Option 2: 𝜔cdm ↑ 
• CMB-only prefers option 2: 𝜔cdm − Mν degeneracy

Reio bump
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Parameter degeneracies: adding LSS

• Experiments are sensitive to different effects at different epochs 

• E.g. massive neutrinos behave rel. at early times, but non-rel. at late times 

• Combining experiments allow us to break degeneracies 

• Great prospects for improving constraints by exploiting complementarity
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Sensitivity of future surveys

Combing possible future surveys: 
• CORE-like CMB satellite 
• Euclid weak lensing & galaxy clustering 
• 21cm: a 𝜏reio prior inspired by radio surveys like HERA or SKA 

(Liu et al. 1509.08463) 

By exploiting complementarity between future surveys: 
• We expect to be able to measure the sum of neutrino masses to 5-sigma 
• Even if the true mass is 60meV (≈ minimum mass in normal hierarchy) 
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Summary

Cosmology and parameter degeneracies 

• Parameter degeneracies complicate measurements 

• Cosmological constraints are model dependent 

• Relevant to consider constraints given an array of extended models 

• Complementarity between surveys at different epochs, probing different 
effects can break degeneracies and improve constraints 

The future is bright! 
• Cosmology should measure the neutrino mass sum in the next decade


