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1. Neutrino Cosmology: A Brief Introduction
2. Neutrinos in DESI: Key Results
3. Neutrino Physics: New Frontiers
• Synergies, Contributions, Outlook

• DESI DR2 Results II (2025): arXiv:2503.14738
• DESI 2024 VI (2025), JCAP Vol. 2025, Issue 02



1. Neutrino Cosmology: A Brief Intro
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Starting Point & Key History
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Neutrinos: Peculiar Leptons, Everywhere
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Courtesy A. Bravar



Absolute Neutrino Mass
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Neutrino Mass Hierarchy
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Neutrinos: Linear Evolution
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G. Rossi (2017, 2020)
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Baryon Acoustic Oscillations (BAO)
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Image Credit: Jiamin Hou

∆𝜃 = rd/DM(z)

∆z = rd/DH(z)

rd=rs(zd) sound horizon at 
baryon drag epoch zd≈1060

BAO measurements determine characteristic angular 
scale ∆𝜃 and redshift separation ∆z in galaxy clustering 
à probe dimensionless ratio of characteristic length 
scale rd at effective redshift z of galaxy/QSO sample 

rs(z) = ∫!
" #$ (!&)
((!&) 𝑑𝑧′

Late-time comoving 
angular diameter distance
(across LoS) 

Expansion time = c/H(z)
(along LoS)

H(z) = H0 E(z)

LATE-TIME BAO QUANTITIES

E(z) = f(Ωcb, Ωr, ΩK, Ων, ΩΛ) 

DM(z) = #() ∫*
! +!&
,(!&) flat FLRW

At z ≪ znr à Ωm=Ωcb+Ων

E(z) ≈ Ωm(1 + 𝑧)-+ΩΛ

Can only 
constrain Ωm !BAO requires 

calibration of the ruler!



Additional Information: CMB, SNe, WL
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DATA:    LSS (Galaxy, QSOs)  + CMB ( + SNe, WL )

Late UniverseEarly UniverseCosmic Web

[Image Credit: NASA/ESA]

Planck

• BBN à prior on Ωbh2
• CMB à Planck, ACT, SPT
• SNe à Pantheon+, Union3, DESY5
• WL à DESY3 (3 x 2pt)

EXTERNAL DATA

DES

Type Ia supernovae as “standard candles  [Image Credit: Berkeley Lab]

Gravitational lensing in the Abell 2218 galaxy cluster, imaged 
by Hubble Space Telescope [Image Credit: NASA/ESA]

@Planck



Towards Neutrino Mass Hierarchy
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DESI DR1/DR2 à
A game changer?



2. Neutrinos in DESI: Key Results
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DESI DR1/DR2: Dark Energy  
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• DESI DR2 BAO results à consistent with DESI DR1 and SDSS 
• DESI DR2 BAO à well described by  ΛCDM model!
• DESI ΛCDM parameters in 2.3σ tension with CMB  
• DESI ΛCDM parameters in ~2σ tension with SNe
• Results point to incompatibility between datasets within ΛCDM

• DESI DR2 BAO à no strong preference for evolving DE (1.7σ)
• DESI DR2 + CMB à ΛCDM model disfavored at 3.1σ to w0waCDM
• DESI DR2 + CMB + SNe à ΛCDM model disfavored up to 4.2σ to w0waCDM

DESI DR2 Results II:
arXiv:2503.14738

• DESI DR1 + CMB à ΛCDM model disfavored at 2.6σ to w0waCDM
• DESI DR1 + CMB + DESY5 à ΛCDM model disfavored at 3.9σ to w0waCDM

DESI DR1

DESI DR2

• ΛCDM challenged by DESI BAO + additional probes
• Dynamical DE possible solution ?       

New!



DESI DR2: Dark Energy  
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Flat 𝝠CDM

DESI DR2 Results II:
arXiv:2503.14738

Flat w0-waCDM



DESI DR1: Neutrino Mass Constraints  
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With Mν > 0 eV prior & 3 degenerate neutrino mass states

• DESI DR1 (FS+BAO) + BBN + ns,10 à Mν < 0.409 eV (95%)
• DESI DR1 (FS+BAO) + CMB (plik) à Mν < 0.072 eV (95%)

With Mν > 0 eV prior & 3 degenerate neutrino mass states

• DESI DR1 (FS+BAO) + CMB + DESY5  à Mν < 0.196 eV (95%)
(consistent with neutrino oscillations for NH or IH)

Flat 𝝠CDM + Mν

Flat w0-waCDM + Mν

Puzzling aspects of DESI analysis (both BAO and FS)
• Strongest constraints in tension (~2σ) with neutrino oscillations
• Marginalized posterior distribution of Mν peaks at lower edge of prior 

Mν > 0 eV à tail of distribution with central value in negative mass range
& posterior away from its maximum likelihood value à `prior weight effects’

DESI 2024 VI:
JCAP Vol. 2025, Issue 02



DESI DR1: Neutrinos  
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DESI 2024 VI:
JCAP Vol. 2025, Issue 02

• Mν < 0.072 (0.113) eV at 95% confidence for a Mν > 0 (Mν > 0.059) eV prior



DESI DR2: Neutrino Mass Constraints  
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DESI DR2 BAO + CMB (baseline) à Mν < 0.0642 eV (95%)

Flat 𝝠CDM + Mν

Flat w0-waCDM + Mν

Flat wCDM + Mν

With Mν > 0 eV prior & 3 degenerate neutrino mass states

DESI DR2 BAO + CMB (baseline) à Mν < 0.0851 eV (95%)

DESI DR2 BAO + CMB (baseline) à Mν < 0.163 eV (95%)

20% reduction from DR1

Significant relaxation 
of neutrino constraints 



DESI DR2: Neutrino Mass Constraints
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DESI DR2 Results II:
arXiv:2503.14738

In a model with effective Mν à peak 
of DESI+CMB likelihood <0 with 3σ
tension with terrestrial bounds

Mν and Ωm positively correlated à
DESI preference for lower Ωm than 
CMB drives small Mν constraints!

Flat 𝝠CDM 



DESI DR2: Neutrino Mass Constraints
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DESI DR2 Results II:
arXiv:2503.14738



DESI DR2: Neutrinos  
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Flat w0-waCDM + Mν DESI DR2 Results II:
arXiv:2503.14738



3. Neutrino Physics: New Frontiers
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Primary Reference:   J. Moon, G. Rossi, H. Yu (2023), ApJS, 264, 1



Negative Neutrino Mass ?
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DESI results puzzling à i.e., `prior weight effects’ 

Necessity of alternative techniques beyond traditional methods à
geometry & shape of density PS besides expansion rate

• Craig et al. (2024) à model form CMB GL neutrino effect captured 
by ∑/𝑚ν that could be negative à negative values for that from DESI 
DR1+CMB à more lensing than accommodated by ΛCDM

• Elbers et al. (2024) à introduce ∑mν,eff allowing for negative energy 
densities, reducing to Mν =∑mν for positive values. Assuming ΛCDM 
and wide uniform prior on ∑mν,eff marginalized posterior peaks in 
negative sector + 2.8𝜎 tension with NH oscillations & 3.3𝜎 with IH but 
no tension if w0-waCDM



Matter Conversion to DE

23@Graziano Rossi 2025

arXiv:2504.20338

First DESI PRL!
See talk on Thursday 
by K. Croker



Suppressed Growth Rate
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arXiv:2507.01848

`Perturbation-level flexibility, especially in structure growth, can mitigate 
tensions that appear under stricter assumptions’ ?



Neutrinos:  `Traditional’ Methods
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Matter Power Spectrum

Flux Power Spectrum

Constraints



The Sejong Suite: Visualizations 
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G. Rossi (2020), ApJS, 249, 19



Critical Points: Definition
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Special points where spatial gradient of density field vanishes. 
Faithful tracers of cosmological structures.

Moon, Rossi, Yu (2023), ApJS



Auto-CFs of Critical Points: BAO
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Moon, Rossi, Yu (2023), ApJS



Auto-CFs of Critical Points: Inflection
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Moon, Rossi, Yu (2023), ApJS



Cross-CFs of Critical Points: BAO
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Moon, Rossi, Yu (2023), ApJS



Synergies, Contributions, Outlook
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Key Results & Main Messages: Neutrinos
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DESI DR2 Results II:
arXiv:2503.14738

Flat 𝝠CDM Flat w0-waCDM

• Give up ΛCDM? Negative neutrino mass?
• Moderate tension with lower limits  

from neutrino oscillations (Ωm-driven)
• Beyond traditional methods 

Moon, Rossi, Yu (2023), ApJS
?
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