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Main cosmological probes

Supernovae type Ia = standard candles

Gravitational lensing

Galaxy clustering

CMB fluctuations
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Mayall telescope @ Kitt Peak
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Missing observation: 
inverse-probability weights

Monopole Quadrupole Hexadecapole

DESI DR1 mocks

Bianchi D. et al. 2025
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Redshift distribution
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δzBAO = rd / DH(z)

θBAO = rd / DM(z)
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DM(z) and DH(z) encode the expansion history of the Universe
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DESI DR2 blinding

BAO measurements were 
kept blinded during 
validation process 
Galaxies: catalog-level blinding that 
modifies redshifts and weights


Lyα forest: data-vector blinding that shifts 
BAO peak
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DR2 BAO robustness

Data vector choices

BAO modelling

Imaging systematics

Data splits
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DR2 Lyα BAO robustness

Method to estimate the fluctuations

Variations in dataset

Method to compute correlations and covariances

Modelling choices
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DESI DR2 BAO results vs Planck

Overall size Anisotropy
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Cosmological parameters (ΛCDM)

Discrepancy between BAO and CMB:

1.9σ in DR1 → 2.3σ in DR2

Ωm =  0.2975 ± 0.0086

H0 rd = 101.54 ± 0.73 Mpc
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Time-dependent dark energy 
(DESI + CMB)

Levels of tension with ΛCDM 
DESI BAO + CMB:

2.5σ in DR1 → 3.1σ in DR2

Dark energy eq. of state
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CPL parametrisation

w(a) = w0 + wa (1 - a)
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Time-dependent dark energy 
(DESI + CMB + SNe)

Levels of tension with ΛCDM 
DESI BAO + CMB +

• Pantheon+:      2.8σ  

• Union3:            3.8σ 

• DES-SN5YR:   4.2σ 

Dark energy eq. of state

 w = p / (ρc2)  

CPL parametrisation

w(a) = w0 + wa (1 - a)



Time-dependent dark energy 
(phantom crossing)

Max dark energy density at z ≈ 0.45 (phantom crossing)


Phantom crossing could indicate more complex dark sector 
than traditionally assumed
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Time-dependent dark energy 
(what drives it?)

Each individual dataset (BAO, CMB, SNe) is still compatible with 
ΛCDM, but the corresponding Ωm values are inconsistent


ΛCDM does not provide a good fit to all data simultaneously

wCDM model: constant eq. of state but not necessarily equal to -1


wCDM does not have enough freedom in the expansion history to fit 
BAO, CMB, and SNe simultaneously

w0waCDM has sufficient flexibility to simultaneously achieve good fits 
to all 3 datasets


Resolves the mismatch in Ωm between DESI and CMB
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Time-dependent dark energy 
(early- vs late-time probes)

Just early universe info + DESI Removing SN lowest z-bin Just low-z info



Time-dependent dark energy 
(CPL param. vs binned eq. of state)

Binned reconstruction of w(z) without 
assuming a functional form for the 
eq. of state


Consistent with our w0waCDM results

CPL parametrisation

w(a) = w0 + wa (1 - a)
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Neutrino mass (w0waCDM)

Assuming ΛCDM:


Σmν = 0.0642 eV

Assuming w0waCDM:


Σmν = 0.163 eV



Summary

• Discrepant results between DESI+BBN and CMB in the Ωm-H0 plane within 
ΛCDM. In addition, DESI is in tension with the Ωm values measured with SNe, 
which are larger than that preferred by CMB.


• Assuming ΛCDM, DESI + CMB yield the tightest constraints on the sum of 
neutrino masses, in increasing tension with lower bounds from terrestrial 
oscillation experiments


• These points hint at growing incompatibility between different datasets when 
interpreted using the ΛCDM model


• With DR2 BAO the evidence for evolving dark energy has increased to 3.1σ from 
DESI+CMB alone, and to between 2.8σ and 4.2σ when including SNe. This 
additional freedom reconciles the discrepancies between dataset  mentioned 
above 
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1. ~ 4 more years of DESI/Euclid data (+ PFS, Roman, … )
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Stage 5

DESI
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Ωm comparison under ΛCDM

Mild to moderate 
discrepancy between 
DESI and SNe


Might indicate that DESI 
and SNe can be fitted 
together only with 
models with greater 
freedom in background 
evolution 
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DR2 parameter table (neutrinos)



DR2 evidence table



DR2 BAO z-bins



DESI targets

DESI collaboration arXiv:1611.00036



DESI spectrograph



Parent (imaging) surveys



BAO evolution for different 
cosmo params
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Spectroscopic zoo

4MOST

WEAVE

PFS

FOBOS

Roman

DESI
Euclid

DESI-II

Purely focused on cosmology
+ taking data



Euclid

Launched on 1st July 2023, from Cape Canaveral 
(Credits: ESA, NASA & Space-X)

14 000 deg2 survey over 6 year mission 

High resolution optical imaging 
and Near IR imaging and spectroscopy
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Spectroscopic galaxy 
surveys: 

State of the art
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