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DESI: a stage IV redshift survey
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• Stage IV spectroscopic survey

• First light 2019, survey started in 

2021

• Over 40 million galaxy redshifts 

over initially planned 5 years 

• 3 data releases:

• DR1 = Y1, 2024

• DR2 = Y3, 2025

• DR3 = Y5, in prep Schlegel et al, 2022, 2209.03585
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Redshift surveys 101
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Photometry survey (DESI Legacy)

Redshift catalog

Spectrography

https://www.legacysurvey.org/viewer

https://www.legacysurvey.org/viewer?ra=217.6059&dec=11.9277&layer=ls-dr8&zoom=12


GdR CoPhy 4, Domitille Chebat 5

DESI and Mayall



GdR CoPhy 4, Domitille Chebat 5

• Mounted on 4m Mayall telescope 
(Kitt Peak, AZ, USA)

DESI and Mayall



GdR CoPhy 4, Domitille Chebat 5

• Mounted on 4m Mayall telescope 
(Kitt Peak, AZ, USA)

© The Regents of the University of California, Lawrence Berkeley National Laboratory

DESI and Mayall



GdR CoPhy 4, Domitille Chebat 5

• Mounted on 4m Mayall telescope 
(Kitt Peak, AZ, USA)
• 5000 optical fibers on focal plane

© The Regents of the University of California, Lawrence Berkeley National Laboratory

DESI and Mayall



GdR CoPhy 4, Domitille Chebat 5

• Mounted on 4m Mayall telescope 
(Kitt Peak, AZ, USA)
• 5000 optical fibers on focal plane
• Ten 3-channel spectrographs

© The Regents of the University of California, Lawrence Berkeley National Laboratory

DESI and Mayall

DESI Collaboration/DOE/KPNO/NOIRLab/NSF/AURA/M. Sargent
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• 5000, 107μm fibers

• Position accuracy 

better than 5μm

• During CCD 

readout: plane 
configuration + go 
to next pointing in 
< 140s

Credit: Claire Popett
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• 5000, 107μm fibers

• Position accuracy 

better than 5μm

• During CCD 

readout: plane 
configuration + go 
to next pointing in 
< 140s

Credit: Claire Popett
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5 years of observations in 30s
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Credit: DESI data: Anand 
Raichoor/DESI collaboration; 
Sky map: Axel Mellinger, A 
Color All-Sky Panorama 
Image of the Milky Way, Publ. 
Astron. Soc. Pacific 121, 
1180-1187 (2009) 

Complete Y5 
footprint 
finished in 
April this year!
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Credit: DESI data: Anand 
Raichoor/DESI collaboration; 
Sky map: Axel Mellinger, A 
Color All-Sky Panorama 
Image of the Milky Way, Publ. 
Astron. Soc. Pacific 121, 
1180-1187 (2009) 

Complete Y5 
footprint 
finished in 
April this year!
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DESI Data Release 2
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• About 70% of final 
14 000 square 
degrees footprint

• 14 million galaxies

• 800 0000 Lyman-

alpha forests
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• Sound waves in primordial plasma
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• Sound waves in primordial plasma
• At recombination (z ~ 1100):

• Pressure-providing photons decouple 

from baryons

• Wave stalls at 

<latexit sha1_base64="3tvrXEKmaZzqd7f0ctnQx+hTOAM="></latexit>

rd = ∫∞
zd

cs(z)
H(z) ∼ 150Mpc
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• Sound waves in primordial plasma
• At recombination (z ~ 1100):

• Pressure-providing photons decouple 

from baryons

• Wave stalls at 
• Dark matter overdensities seed galaxy 

formation with preferred separation rd

Zosia Rostomian, Lawrence Berkeley National Laboratory

Simplified effect  of BAO on galaxy distribution
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Baryonic Acoustic Oscillations
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• Sound waves in primordial plasma
• At recombination (z ~ 1100):

• Pressure-providing photons decouple 

from baryons

• Wave stalls at 
• Dark matter overdensities seed galaxy 

formation with preferred separation rd
• Standard 150 Mpc “ruler” at all times

• Depends on 

Zosia Rostomian, Lawrence Berkeley National Laboratory

Simplified effect  of BAO on galaxy distribution

<latexit sha1_base64="3tvrXEKmaZzqd7f0ctnQx+hTOAM="></latexit>

rd = ∫∞
zd

cs(z)
H(z) ∼ 150Mpc

<latexit sha1_base64="5sueVYGJy+kOVhLGMg6T65rl1FU="></latexit>

cs(z) = c
[
3
(
1 + 3ρB(z)

4ργ(z)

)]−1/2
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• At multiple redshifts: 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• At multiple redshifts: 
 
 
 
 

Zosia Rostomian, Lawrence Berkeley National Laboratory

<latexit sha1_base64="dE+iPo3AkdBpGqyknBMfXIi9XVk="></latexit>

◊ = rd/DM(z)
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BAO with DESI
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• At multiple redshifts: 
 
 
 
 

Zosia Rostomian, Lawrence Berkeley National Laboratory

<latexit sha1_base64="UGDzLruQGYmZ6Oxv56Y1ibWYWOs="></latexit>

�z = rd/DH(z) = H(z)rd/c

<latexit sha1_base64="dE+iPo3AkdBpGqyknBMfXIi9XVk="></latexit>

◊ = rd/DM(z)
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• At multiple redshifts: 
 
 
 
 

• Probes expansion 
history → dark energy

Zosia Rostomian, Lawrence Berkeley National Laboratory

<latexit sha1_base64="UGDzLruQGYmZ6Oxv56Y1ibWYWOs="></latexit>

�z = rd/DH(z) = H(z)rd/c

<latexit sha1_base64="dE+iPo3AkdBpGqyknBMfXIi9XVk="></latexit>

◊ = rd/DM(z)
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• BAO feature = bump in the 2-point correlation function
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14.7σ detection
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Ωm = 0.2975 ± 0.0086
H0rd = (101.54 ± 0.73)[100 km/s] Mpc

Final combined result:
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98 100 102 104 106

H0rd [100 km s°1]

0.26

0.28

0.30

0.32

0.34

≠
m

DESI DR1 BAO

DESI DR2 BAO

CMB

(As of march 2025; CMB = Planck PR4, CMB lensing = ACT DR6)

40% 
improvement
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• Calibrated BAO measurement 
with BBN : 
 
 

Ωbh2
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H0 [km s°1 Mpc°1]

0.28
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• Perhaps the strongest cosmology tension right now

H0 = (68.51 ± 0.58)km s−1 Mpc−1
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Tensions: Hubble constant
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• Calibrated BAO measurement 
with BBN : 
 
 

Ωbh2

• 4.5σ tension with SHOES, 
independent of CMB
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• DESI consistent with ΛCDM by itself
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Tensions: CMB
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• DESI consistent with ΛCDM by itself
• At release: small 2.3σ discrepancy 

with CMB (Planck) in ΛCDM
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Tensions: CMB
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• DESI consistent with ΛCDM by itself
• At release: small 2.3σ discrepancy 

with CMB (Planck) in ΛCDM
• Now worse, Planck+SPT+ACT: 2.8σ
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Camphuis et al, 2026, doi:10.1103/7wt3-9v2y
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• Dark energy equation of state CPL parametrization: 
      p/ρ = w = w0 + (1 − a)wa

• Tension with ,  (ΛCDM)?w0 = 1 wa = 0
• DESI alone: no hint (1.7σ)
• DESI+CMB: 3.1σ
• At release: up to 4.2σ with SNIa
• Depends on choice of likelihood
• Does not depend on parametrization



GdR CoPhy 4, Domitille Chebat

SNIa updates

17

• All supernovae likelihoods have since been updated:

https://arxiv.org/abs/2511.07517
https://arxiv.org/abs/2601.19424
https://arxiv.org/abs/2601.19424


GdR CoPhy 4, Domitille Chebat

SNIa updates

17

• All supernovae likelihoods have since been updated:
• DES Y5 bug fix + Dovekie :  

4.2σ → 3.4σ (Popovic+ 2025)
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• All supernovae likelihoods have since been updated:
• DES Y5 bug fix + Dovekie :  

4.2σ → 3.4σ (Popovic+ 2025)
• Pantheon+ recalibration:  

2.8σ → 3.2σ (Hoyt+ 2026)
• Union3.1 recalibration:  

3.8σ → 3.4σ (Hoyt+ 2026)
• Tension has “stabilized” at  

about 3.2-3.4σ
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• CMB alone: -  degeneracyΩm Σmν

• DESI preference for low  drives 
preference for (very) low : 
     (Planck) 
     (CMB-SPA)
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Σmν ≤ 48 meV
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• “Full-shape” analysis of the power spectrum: 

• , , modified gravity

• primordial non-gaussianity 

σ8 S8

• Cross-correlation to CMB lensing
• Peculiar velocity analyses
• Lyman-⍺ forest science
• Milky Way survey…

Chat with me 
about this! 😁

📝DR2 PNG / local fNL, Chaussidon 
et al, in prep
📝Window matrix forward modeling, 
Chebat et al, in prep
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The future of DESI

20

• Finalization of non-BAO DR2 analyses
• DR3 with five years of observations (from 2027 onwards)
• Extended survey operations: 
• 5 8 years survey 
• 40 60 million redshifts 
• 14k 17k square degrees
• 7 9 passes per tile
• Stay tuned for DESI DR5!


