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Precision Neutrino Physics 
and Cosmology

• Sub-percent Neutrino Physics and Cosmology  
(the latter made possible by Planck, ACT, DESI, and many other surveys)



Total Neutrino Mass and Ordering

Neutrino oscillations measured by terrestrial experiments indicate that at least two 
neutrinos are massive:


- Atmospheric splitting: 


- Solar splitting: 


Since the sign of is unknown, two mass orderings are possible:


1) Normal Ordering (  )


2) Inverted Ordering (  )

|Δm2
3,1 | = |m2

3 − m2
1 | ∼ 2.55 × 10−3 eV2

Δm2
2,1 = m2

2 − m2
1 ∼ 7.5 × 10−5 eV2

|Δm2
3,1 |

m1 < m2 < m3

m3 < m1 < m2

Credit: Figure taken from S. Vagnozzi — Weight them all!

Neutrino Cosmology

https://inspirehep.net/files/3230e2f65d0ef24c1803a07014a74283
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If we set the mass of the lightest neutrino to , within the two orderings, 
we get a lower limit on the total mass from neutrino oscillations


1) Normal Ordering:   

2) Inverted Ordering:  

mlight = 0

∑ mν > 0.06 eV

∑ mν > 0.1 eV

Credit: Figure taken from S. Vagnozzi — Weight them all!

Neutrino Cosmology

https://inspirehep.net/files/3230e2f65d0ef24c1803a07014a74283


• CMB+DESI-DR2:   

• Oscillation Experiments NO:  

• Oscillation Experiments IO:

∑ mν < 0.064 eV

∑ mν > 0.06 eV

∑ mν > 0.1 eV

Neutrino Tension
DESI 2025 — [arXiv:2503.14738]

https://arxiv.org/abs/2404.14738


Neutrino Tension



Ωm h2 = Ωb h2 + Ωc h2 + Ων h2

Ωνh2 ∼
∑ mν

93.14 h2 eV

DESI 2025 — [arXiv:2503.14738]

Although all the datasets are well described by a flat ΛCDM model: 

• DESI-2025 BAOs show a mild tension (2.3σ) with Planck. 

• DESI-2025 BAO+Planck leads to a moderate shift (~1.5σ – 2σ) in Planck’s 
preferred parameter space, notably favouring a larger  and a lower . 

• DESy5-SN+Planck favours larger  and lower  .


=> Planck+DESI-2025 BAO and Planck+DESy5 SN pull the parameter space in 
opposite directions.

H0 Ωm

Ωm H0

Note that the DESI-2025 BAO preference for lower values of is largely 
responsible for the neutrino tension:

Ωm

What’s the Matter (Density)?

https://arxiv.org/abs/2404.14738


Chevallier-Polarski-Linder DE EoS:  

w(z) = w0 + wa(1 − a)

Evolving Dark Energy    Favored at  level over  ∼ 3 − 4σ Λ



   Reconcile neutrino tension:  ∑ mν < 0.16 eV

DESI 2025 — [arXiv:2503.14738]

Evolving Dark Energy

https://arxiv.org/abs/2404.14738


Hubble Tension

5σ tension in the value of the Hubble parameter H0

SH0ES: H0 = 73 ± 1 km/s/Mpc

Planck: H0 = 67.4 ± 0.5 km/s/Mpc
Model-dependent, inferred from CMB measurement (in ΛCDM)

Model-independent, based on Type-Ia Supernovae 

Direct Measurement

Indirect Measurement

Tension confirmed by many other independent probes

Cosmoverse WP — [arXiv:2504.01669]

https://arxiv.org/abs/2504.01669


SH0ES

w0wa

SH0E
S

w 0w
a

• Fails to reconcile the Hubble Tension

WG & E. Di Valentino [arXiv: 25xx.xxxx]

Evolving Dark Energy

https://arxiv.org/abs/


IDE introduces energy-momentum transfer from DM to DE

∇μ(TDM)μ
ν = +

Q(vDM)ν

a
∇μ(TDE)μ

ν = −
Q(vDM)ν

a

We focus on the interacting rate Q = ξ ℋ ρDE

Interacting Dark Energy



EDE introduces a DE phase in the Early Universe, quantified by 

i.e., the maximal fractional contribution to the total energy density

fEDE = max
z ( ρEDE(z)

ρc(z) )
Early Dark Energy



Hubble Tension and Neutrinos

Strong anti-correlation between and H0 ∑ mν Models that can increase  typically drag  towards smaller valuesH0 ∑ mν

WG [arXiv: 250x.xxxx]

• Fail to reconcile the Neutrino Tension

DESI 2025 — [arXiv:2503.14738] Reeves, et al.— [arXiv:2207.01501]

https://arxiv.org/abs/
https://arxiv.org/abs/2404.14738
https://arxiv.org/abs/2207.01501


So, We Found Models That 
Can…

Thank You for your attention!
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