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Thanks to our sponsors and 72 Participating Institutions!



The DESI survey
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The DESI survey
starts with images (see https://www.legacysurvey.org/)
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The DESI survey
on which we select targets
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The DESI survey
and measure their spectra
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The DESI redshift survey : a 3D map of the Universe  
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Lambda Cold Dark Matter cosmological model

Cosmic Microwave Background

Planck 2018

CMB Lensing
ACT DR6 2024

The Cosmic Microwave Background observations (primary temperature anisotropies, polarization, secondary 
lensing power spectrum) beautifully explained with a 6 parameter model (1 angular scale, 1 amplitude, 1 
power-law index, an optical depth, and 2 densities)

Confirmed to a large extend with several other probes (Big Bang Nucleosynthesis, SNIa, Baryon Acoustic Oscillation, 
Galaxy Clustering, Cosmic Shear, H0, other secondary CMB probes, and cross-correlations) (see later slides)
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DESI Science goals:
Cosmological 

constant ?

Modified gravity ?

Acceleration!
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Baryon Acoustic Oscillations 

Planck 2018
DESI 2024 ELG z~1.3

DESI 2024 Lyman-alpha z~2.3

Imprint of a stalled 
sound wave
in the baryon density
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Cosmology at work in DESI

- Baryon Acoustic Oscillation in galaxies and Lyman-alpha forest
- Redshift Space Distortion and “full fit” or “direct fit” of 2pt statistics with EFT
- Constraints on fNL as a test of inflation 
- Small scale P(k) of Lyman-alpha forest
- DESI and CMB: cross-correlation with CMB-lensing maps in redshift slices, kSZ 

to measure baryon distributions in clusters), also with Lyman-alpha forest
- DESI and cosmic shear: calibration of intrinsic alignment, revised n(z) from 

Photo-Z of several lensing imaging surveys.
- Gravitational magnification from several redshift slices. 
- Strong lenses detected with spectroscopy
- Host galaxy redshifts for SNe (and detection of live SNe)

…
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DESI Timeline

- Oct 2019: first light
- May 2021: main survey begins
- April 2024: first year cosmology results “DESI 2024”, BAO
- Dec 2024: first year cosmology results “DESI 2024”, full shape
- March 2025: 3rd year BAO cosmology results “DESI DR2”
- March 2025: Public Data Release of first year data “DESI DR1” (catalogs, spectra)

Today:
- originally planned survey nearly completed 
- started running extension until 2028
- planning for a second phase, called DESI-2, not yet funded, aiming at higher-z
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DESI DATA RELEASE 2
(first 3 years of operations)

67% of the dark time survey
May 2021 - April 2024



DESI 5-year: more than 40 million redshifts 
over 14,000 square degree

21credit: Claire Lamman

Expected for Y5: > 40 million redshifts

DESI DR2

1.2 million
Bright Galaxies

6.5 million 
Emission Line

Galaxies

2 million 
Quasars
z>1.5

4.5 million
Luminous

Red Galaxies

0.8 million 
Lyman-alpha forests 
from QSOs at z>2.1
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Two point correlation function and BAO

With a fiducial cosmology,
we convert angles and redshifts 
into comoving separations

DC(z) : comoving distance
DM(z) : comoving angular distance
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DESI will create a 3D Map of the UniverseFor galaxies and quasar only:

Density-field reconstruction  (Eisenstein et al. 2008) 

Refurbishes the ruler!

Estimates the displacement field applying the continuity equation on 
the observed field.
And reverse the displacement. 

Reconstruction

23Improves both precision and accuracy. 
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BAO Fit Method

● The correlation function model is decomposed into a smooth and a peak component. 
● Only the peak component is stretched with the BAO parameters.
● There are additional nuisance parameters in the model.
● All of them are fitted simultaneously.

α = 1+0.05

24
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The Lyman-α Forest

Background
quasar

Earth Intervening gas  

credit: Andrew Pontzen

- Absorption in QSO spectra by neutral hydrogen in the intergalactic medium 

- The transmitted flux fraction F is a cosmological probe of the fluctuation in 
the neutral hydrogen density 25



Lyman-alpha (Lya) Auto-Correlation function

Transmitted flux fraction

Transmitted flux fraction contrast

Auto-correlation function

With a fiducial cosmology,
we convert angles and redshifts 
into comoving separations

DC(z) : comoving distance
DM(z) : comoving angular distance

de Sainte-Agathe (2019)

QSOi

QSOj
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Lya-Lya 
auto-correlation

QSO at zj 

Lya-QSO 
cross-correlation
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DESI DR2 BAO: blinded analyses
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DESI DR2 BAO: Lyman-alpha analysis
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DESI DR2 BAO: galaxy clustering analysis
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DESI DR2 BAO: systematic uncertainties



DESI DR2 BAO measurements
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DESI DR2 BAO measurements
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DESI DR2 BAO only: consistent with LCDM
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DESI DR2 BAO only: consistent with LCDM
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DESI DR2 BAO in flat LCDM: tension with CMB
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DESI DR2 BAO in flat LCDM: tension with SNeIa
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Dynamical Dark Energy
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w = P / ρ
w(a) = w0 + (1-a) wa



DESI DR2 BAO+CMB+SNe favors 
Dynamical Dark Energy
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DESI DR2 BAO+CMB+SNe favors 
Dynamical Dark Energy
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Cosmological constant (LCDM) 
not a good fit to BAO+CMB+Supernovae

Dynamical dark energy (w0waCDM) is a better fit 
(at 2.8 to 4.2 sigma depending on the SN sample)
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DESI 2024 (DR1) full-shape results
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DESI 2024 (DR1) full-shape results
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DESI 2024 (DR1) full-shape results
Modified gravity
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DESI 2024 (DR1) full-shape 
+ CMB lensing x galaxy (spec-z and photo-z)

Maus et al. (2025) BGS,LRG,ELG,QSO Full-shape+BAO
+ BGS+LRG x CMB Lensing (Planck+ACT)

sigma_8 = 0.803 +- 0.017

(2.1% precision, 
gain of ~50% compared to DESI only) 

consistent with primary CMB only, 
Planck + ACT, which gives 
sigma_8 = 0.813 +- 0.005
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Conclusion

● DESI DR2 BAO from 14 million galaxies and QSO + 0.8 million Lya forests
● Aggregate precision of 0.3% on isotropic BAO scale at z<2 with galaxies+QSO,

and 0.7% at z>2 with Lyman-alpha forest auto-correlation + QSO cross-corr.
● DESI BAO internally consistent with LCDM
● DESI BAO + BBN: H0= 68.51 +- 0.58 km/s/Mpc (in tension with SHOES)
● DESI BAO in tension with CMB and/or SNIa in LCDM

(see next talk for constraints on neutrinos)
● DESI BAO + CMB + SNe favor dynamical dark energy at 2.8 to 4.2 sigma 

depending on SNIa sample
● DESI DR1 full shape analysis measures sigma8 = 0.842 +- 0.034 

consistent with prediction from CMB in LCDM


