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DR1: Dynamical Dark Energy -  (w0, wa)

3.9σ tantalizing suggestion of  
deviations from the standard 
cosmological model
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DR2: Dynamical Dark Energy -  (w0, wa)

• 4.2σ in favor of  Dynamical Dark Energy 

• Unless there is an unknown systematic 
error associated with one or more 
datasets, it is clear that ΛCDM is being 
challenged by the combination of  DESI 
BAO with other measurements and that 
dynamical dark energy offers a possible 
solution
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Transitioning from Stage-III to Stage-IV surveys
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REPORT OF THE  DARK 
ENERGY TASK FORCE

2006



7



7

Quasars (0.9 < z < 2.1) 
+ Ly-a forest (2.1 < z)

Emission Line Galaxies 
(0.6 < z < 1.6)

Luminous Red Galaxies 
(0.4 < z < 1)

Bright Galaxies 
(0.0 < z < 0.4)
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DESI Survey: Making the Largest 3D Map of  the Universe

From 2021-end of  2028 DESI will measure 
precise redshifts to ~50 million galaxies 

over 17,000 deg2
8

Emission Line Galaxies 
(0.6 < z < 1.6)

Quasars (0.9 < z < 2.1) 
+ Ly-a forest (2.1 < z) [Ming-Feng’s talk]

Luminous Red Galaxies 
(0.4 < z < 1)

Bright Galaxies 
(0.0 < z < 0.4)

Credit: DESI Collaboration/KPNO/NOIRLab/NSF/AURA/P. Horálek/R. Proctor
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Main Science Goals of  DESI
• Measure the expansion history and constrain dark energy 
• Measure the growth of  cosmic structure 
• Test the standard cosmological model 
• Constrain neutrino physics (Hernan’s Talk) 
• Probe inflation and the primordial Universe
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•Baryon Acoustic Oscillations (BAO) 
•Redshift Space Distortions (RSD)
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BAO Technical requirement
• large-volume spectroscopic survey 

• with sufficient sampling density
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Fiber assignment before DESI

• Process of  plugging optical fibers into plates for observations 
for the Sloan Digital Sky Survey (SDSS) 

• Each plate can take anything from 30 mins to several hours to 
be plugged by the expert SDSS Plate Pluggers
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Automated dance of  5000 robotic positioners

University of  Michigan undergraduate Clara 
Mateju doing a stage 1 assembly 

Image credit: Curtis Weaverdyck
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From DESI DR1 to DR2 sample
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Final survey 
- dark time (LRG, ELG, QSO): 7 visits 
- bright time (BGS): 5 visits 
- 17,000 deg2

Observations from May 14th 2021 to April 12th 2022
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From DESI DR1 to DR2 sample

13

Final survey 
- dark time (LRG, ELG, QSO): 7 visits 
- bright time (BGS): 5 visits 
- 17,000 deg2

Observations from May 14th 2021 to April 12th 2022

approved

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026

end of  t
he s

urv
ey.

..

... D
ESI-

2
constru

ctio
n  

star
ted surve

y st
arte

d

firs
t lit

ght

DR1 data 
sam

ple

DR2 sam
ple s

ecu
red

DR1 res
ults

DR2 res
ults

April 9, 2024



X



Uendert Andrade (UMichigan) DESI DR2: BAO Measurements from Galaxies & QuasarsLeinweber Institutes Postdoctoral Fellows Meeting @ MIT · OCTOBER 21–23, 2026

Baryon Acoustic Oscillations (BAO)
• Gravity and pressure generated sound waves in the primordial plasma 

• When baryons and photons decoupled, the sound waves stopped 

15

Wayne Hu and Martin White 2004
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Baryon Acoustic Oscillations (BAO)
• Gravity and pressure generated sound waves in the primordial plasma 

• When baryons and photons decoupled, the sound waves stopped 

15

Credit: Daniel EisenteinWayne Hu and Martin White 2004
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rd ∼ 150 Mpc



DESI DR2: BAO Measurements from Galaxies & QuasarsUendert Andrade (UMichigan) Leinweber Institutes Postdoctoral Fellows Meeting @ MIT · OCTOBER 21–23, 2026

Baryon Acoustic Oscillations (BAO)

18

rd ∼ 150 Mpc



DESI DR2: BAO Measurements from Galaxies & QuasarsUendert Andrade (UMichigan) Leinweber Institutes Postdoctoral Fellows Meeting @ MIT · OCTOBER 21–23, 2026

Baryon Acoustic Oscillations (BAO)
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rd ∼ 150 Mpc
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Growth of  
Structure
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BAO in the matter power spectrum
• BAO is left as an imprint both in the distribution of  photons (CMB), but also in the matter 

distribution 

• What complicates extracting this signal from the matter power spectrum? 

1. Galaxies are biased tracers 

2. Peculiar velocities 

3. Have to assume a fiducial cosmology 

4. Nonlinear gravitational growth

21
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Putting all together

BAO in the matter power spectrum

22

Pℓ(k) = 2ℓ + 1
2 ∫

1

−1
[b + fμ2]2

Bias & Kaiser RSD

× [ FFoG(k, μ) × Pnw(k)
Small-scale damping on

broadband (FoG)

+ e−k2Σ2
nl(μ) × Pw(k)

Nonlinear BAO damping
(bulk flows, nonlinear growth)

] × ℒℓ(μ) dμ
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Putting all together

Pg(k, μ) = ℬ(k, μ)Pnw(k) + 𝒞(k, μ)Pw(k) + 𝒟(k)

Chen, Howlett et al. 2024

Broadband modeling: 

• D(k) splines: local flexibility, 
robust to systematics, 
preserves BAO. 
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Pℓ(k) = 2ℓ + 1
2 ∫
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Takeaway: 
• BAO is robust and theoretically well understood 
• A robust distance probe with well-controlled systematics
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What�DESI�BAO�measures

24

line of  sight BAO peak

monopole

correlation function
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αiso ∝ (D2
M(z)DH(z))1/3/rd

comoving transverse distance
Hubble distance c/H(z)

sound horizon (standard ruler)

What�DESI�BAO�measures
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What�DESI�BAO�measures

24

line of  sight BAO peak

monopole

correlation function

isotropic

line of  sight

quadrupole

αAP ∝ DM(z)/DH(z)

αiso ∝ (D2
M(z)DH(z))1/3/rd
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Density field reconstruction 

25

1. Reconstruction dramatically increases the BAO detection significance: from ~18σ to ~27σ

analysis on 
AbacusSummit 
mocks

Reconstruction helps to sharpen the BAO peak by partially restoring the linearity of  the density field

Paillas++ JCAP (2025)1,452
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Density field reconstruction 

26

2. Reconstruction reduces bias in the BAO scale and improves precision

analysis on 
AbacusSummit 
mocks

Reconstruction not only sharpens the BAO feature, but can also help removing systematic shifts in 
the location of  the peak due to non-linear evolution and galaxy biasing.

Paillas++ JCAP (2025)1,452
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Density field reconstruction 

27

For QSO, reconstruction reduces the uncertainties by 3.7% for  and 8.5% forαiso αAP

This level of  improvement from the data finds good agreement with the distribution of  mocks

For LRG3+ELG1, reconstruction reduces the uncertainties by 42% for  and 47% for αiso αAP

Andrade++ PRD 112, 083512 (2025)
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Tests of  systematic errors

28

Considered many possible sources of  systematic errors using simulations and data: 
• observational effects (imaging systematics, fiber collisions) 
• BAO reconstruction (2 algorithms compared) 
• covariance matrix construction 
• incomplete theory modeling 
• choice of  fiducial cosmology 
• galaxy-halo (HOD) model uncertainties 

No systematics 
dected

systematics 
<< statistics

Maximum effect:  σstat.+syst. < 1.06 σstat.
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Data splits

Imaging 
systematics

BAO 
modeling

Data vector 
choices

Differences in the isotropic BAO dilation

DR2 BAO is robust against different choices

29

Andrade++ PRD 112, 083512 (2025)
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Validation of  the DESI DR2 BAO measurement

30
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Final BAO Measurements in DESI DR2: The Most Precise to Date

31

✅ The most precise BAO measurements ever (40% more precise 
than DR1)

✅ Clear BAO peak detected in all tracers around ~100 Mpc/h.

✅ Detection significance ranges from 5.6σ (QSO) to 14.7σ (LRG+ELG)

• DESI Collaboration et al. (2025), DESI DR2 Results II:  Measurements of  Baryon Acoustic Oscillations and Cosmological 
Constraints 

• DESI Collaboration et al. (2025), DESI DR2 Results I: Baryon Acoustic Oscillations from the Lyman Alpha Forest

• Andrade et al. (2025), Validation of  the DESI DR2 GQC BAO measurements 

• Casas et al. (2025), Validation of  the DESI DR2 Lyα BAO

https://journals.aps.org/prd/abstract/10.1103/tr6y-kpc6
https://journals.aps.org/prd/abstract/10.1103/2wwn-xjm5
https://data.desi.lbl.gov/public/papers/y3/Andrade.Validation.BAO.pdf
https://data.desi.lbl.gov/public/papers/y3/Casas.validationBAOLya.pdf
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DR2: Dynamical Dark Energy -  (w0, wa)

• 4.2σ in favor of  Dynamical Dark Energy 

• Unless there is an unknown systematic 
error associated with one or more 
datasets, it is clear that ΛCDM is being 
challenged by the combination of  DESI 
BAO with other measurements and that 
dynamical dark energy offers a possible 
solution
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Blinding of  the galaxy catalogs
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Blinding of  the galaxy catalogs

X

Blinding happens in three steps:  

1. Blinding for BAO; 

2. Blinding for RSD; 

3. Blinding for primordial non-Gaussianity .fNL
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Looking ahead to DR3 BAO

34

Nothing is carved in stone yet, since we still have some time to decide 

But two things I am mostly excited about: 
• New reconstruction methodology 
• More tracers in the “combined tracer” probe



Thanks to our sponsors and  
72 Participating Institutions!


