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• Neutrinos oscillate 
between masses

• Direct detection 
experiments (KATRIN) : 
m!  < 0.8 eV (Acker 2021, 90%)

or



• Neutrino free-streaming 
→ suppression of 
structure growth on 
small-scales 
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• Neutrino free-streaming 
→ suppression of 
structure growth on 
small-scales 

• Σmν < 0.12 eV (Planck18, 95%),  
< 0.072 eV (DESI, 95%)
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• Neutrino free-streaming 
→ suppression of 
structure growth on 
small-scales 

• Σmν < 0.12 eV (Planck18, 95%),  
< 0.072 eV (DESI, 95%)

• Question: are Σmν bounds 
robust to cosmologies 
beyond LCDM?
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Galaxies CMB Lensing
CMB lensing: late 
universe
Primary CMB: early 
universe
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Galaxies CMB Lensing
CMB lensing: late 
universe
Primary CMB: early 
universe
CℓΦΦ = lensing power
•Matter clustering
•Σm" suppresses 
clustering



• 5x Planck resolution 
• 2007-2022: 46% of sky
• DR6 lensing: No ALen 

(Planck) anomaly 

Atacama Cosmology 
Telescope (ACT)
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CMB  
anisotropies

High-ℓ: CamSpec 
TT, TE, EE 
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2018), EE sroll2 
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2020)
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Vertical lines indicate 
2𝜎 bounds
Consistent with 
(Madhavacheril et al., 2023)
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DESI 2024

0.6 < z < 0.8 LRG
∼ 3σ discrepancy 
between DESI and 
SDSS results

[DESI, 2024]



BAO-2 Dataset
(1) SDSS: z=0.15, 0.38, 
0.51 (larger effective 
volume), 0.6<z<0.8 (3σ 
deviation)

(2) DESI: LRGs & ELGs 
in 0.8 < z < 1.1, ELGs 
and QSOs at higher z

(3) Combined 
DESI+SDSS for Lyα BAO

[DESI, 2024]
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“CMB” – CMB temperature and polarization anisotropies
“Planck” – Planck PR4 lensing

“ACT + Planck” –  Planck PR4 + ACT DR6 lensing
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“CMB” – CMB temperature and polarization anisotropies
“BAO-1” – SDSS only

“BAO-2” –  SDSS + DESI
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𝑤CDM + Ω! + Σ𝑚𝜈

Adding curvature to 
previous model 
marginally weakens 
Σm𝜈 bounds
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𝑤"𝑤#CDM + Ω!	+ Σm𝜈

< 0.23 eV → < 0.19 eV
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Conclusions
•Σm𝜈 bound remains robust to:

• Dark energy (w)
• Phantom DE
• Time-dependent DE w(z; w0, wa)
• Curvature
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Conclusions
•Σm𝜈 bound remains robust to:

• Dark energy (w)
• Phantom DE
• Time-dependent DE w(z; w0, wa)
• Curvature

•Degeneracies reduced with ACT & Pantheon+ (SNe)
•DESI+SDSS: Inverted hierarchy still viable in ΛCDM
• Future: DESI full-shape, Euclid, SO, LiteBIRD, …
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