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Thanks to our sponsors and 
72 Participating Institutions!



And more in progress!



DESI measures the expansion history with BAO

Arnaud de Mattia, DESI Collab



…and constrains the DE equation of state



A Standard Ruler : Baryon Acoustic Oscillations

Figures from lbl.gov, 
Elisa Ferreira et al
BOSS CMASS measurements



A Naturally Robust Standard Ruler

A Large Scale Feature

• ~150 Mpc
• Nonlinear/galaxy formation scales are 

much smaller
• Nonlinear effects/galaxy evolution 

effects are suppressed on these scales
• Hard to produce a feature

• 3D feature
• Hard to mimic with observational 

systematics 









Ly⍺-Ly⍺ 
auto-correlation
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Ly⍺-QSO 
cross-correlation

QSO at zj 



2 spectral regions , 4 correlation functions
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Ly⍺(A) x Ly⍺(A)
Ly⍺(A) x Ly⍺(B)

Ly⍺(A) x QSO
Ly⍺(B) x QSO

QSO x QSO
Ly⍺(B) x Ly⍺(B)

Difficult &
Low S/N



DESI DR1 Quasar and Ly⍺ sample
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More than 420,000 Ly⍺ QSOs at z>2.1      (twice as many as in 20 years of SDSS)

zeff = 2.33
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2 spectral regions , 4 correlation functions

Ly⍺ auto-correlation 
measured in 50 x 50 
bins of 4 Mpc/h

”𝜇 wedges” used in 
plots only

Very strong RSD

Spurious correlations 
caused by Silicon

Impact on very small 
angular separations 
(included in fits)
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2 spectral regions , 4 correlation functions



Variations in the analysis

● Tests with same data set (purple, green, orange, blue): 
  BAO shifts < ⅓ stat (gray band)

● Tests with varying data sets (red):
  BAO shifts consistent with statistical fluctuations
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Mapping LSS @ z<2.1

Four different tracers (bright, 
luminous red, emission line, 
quasars)

Six redshift bins, including 
one overlapping bin

5.7M unique redshifts

18 Gpc3  volume

3x SDSS



Features of our Y1 analysis

• The biggest data set both in terms of numbers and volume
• Use of a catalog-level blinding scheme to avoid confirmation bias
• Pipelines/systematics (largely) determined before unblinding

• Unified pipeline across all tracers/redshift slices, consistent models 
in Fourier and configuration space

• Physically motivated enhancements to the BAO pipeline
• Improvements to reconstruction
• A combined LRG+ELG analysis between 0.8 < z < 1.1
• Comprehensive, revisited systematics error budget



Examples of the observed clustering



… and the BAO feature



BAOs are significantly detected for all samples



Tracking Theoretical Systematics

Chen, Howlett et al



Testing with varying galaxy prescriptions

Mena-Fernandez et al
Garcia Quintero et al

Used control variates to reduce mock sample variance (B. Hadzhiyska et al, 
2023)

Note that reconstruction removes shifts in distance measurements



Assumed cosmology makes no difference

Fiducial cosmology + 
4 different cosmologies 

Perez-Fernandez et al

c003 includes 
a non-
standard Neff



Use of analytic covariances, calibrated with mocks

Wadekar et al
Philcox et al
Rashkovetskyi et al

Alves et al, in prep
Forero-Sanchez et al, in prep



Observational Systematics are subdominant

Yu et al, in prep
Rosado-Marin et al, in prep
Krolewski et al, in prep



Systematics are subdominant to statistical errors





The z<2.1 BAO Hubble Diagram

Solid line is not a fit, Planck 2018 LCDM model 



Re-analysing SDSS yields consistent results



Comparing SDSS with DESI

r<0.2 cross-correlation between 
the samples based on effective 
volume

2.7-3 sigma discrepancy at z~0.7; 
slightly lower with the DESI 
reanalysis.

Blind analysis, we were not trying to 
match results (or a cosmology)

We conclude this was a 
statistical fluctuation; revisit with 
Y3 data



DESI VI. Cosmological constraints FAQ 

Is the DE result all because of the 𝑧 =
0.51 point?
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No! Fig. 12 of the paper already addressed this.

These results all swap the 
DESI 𝑧 < 0.6 data points 
for SDSS/BOSS ones



Stay tuned for Y>=3 data and beyond

Arnaud de Mattia, DESI Collab


