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• DESI DR2 BAO. Latest Results from DESI

• DES SNe+BAO. Final SNe+BAO DES result

• Coming Projects in Cosmology

• Conclusions
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DESI (Dark Energy Spectroscopic Instrument)
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Large collaboration: More than 900 scientists, 17 countries, 72 institutions
Australia, Canada, China, Colombia, France, Germany, Korea, Mexico, Spain, Switzerland, U.K., 

and U.S.
Lead by LBNL

Located at 4-m Mayall Telescope in Arizona
Upgraded telescope for wide-field
spectroscopy
Now dedicated to multi-object
spectroscopy

First Stage-IV Dark Energy Experiment
Optimized for BAO measurement
10X improvement to w0wa FoM compared
to Stage-II SNe

Comprehensive Cosmology Program
Redshift Space Distortions
Cross-correlations with other surveys
Other wider topics DESI Collaboration
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DESI survey covers ~14,000 deg2 in 5 years!

3 million quasars + 

Ly-α forest 
(1 < z < 3.5)

16 million Emission 
Line Galaxies

(0.6 < z < 1.6)

8 million Luminous 

Red Galaxies 

(0.4 < z < 1.1)

13 million Bright 
Galaxies

(0.0 < z < 0.4)
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+ 10 million Milky Way stars

Over 30M galaxy and quasar redshifts in 3 
years of operation, ∼14M of which are used in 
DR2 analysis. 
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DESI DR2 BAO 
DESI DR2 gives a 40% improvement in 
precisión with respect to DR1
Ωm = 0.2975 ± 0.0086

H0rd = 101.54 ± 0.73 [100 km s-1]

Use BBN to calibrate BAO and measure H0

DESI+BBN: H0=(68.51±0.58) km s-1 Mpc-1

DESI+BBN+θ*: H0=(68.45±0.47) km s-1 Mpc-1

4.5σ tensión with SH0ES



DESI (Dark Energy Spectroscopic Instrument)

E. Sánchez, CIEMAT RENATA 2025 7

DESI+CMB by
itself is now

showing a 3.1σ

tensión with
ΛCDM

Phantom crossing at z~0.5

𝒘𝟎 = −𝟎. 𝟕𝟓𝟐 ± 𝟎. 𝟎𝟓𝟕
𝒘𝒂 = −𝟎. 𝟖𝟔−𝟎.𝟐𝟎

+𝟎.𝟐𝟑

DESI+CMB:

ΛCDM:
Σmν < 0.0642 eV (95%)

w0waCDM:
Σmν < 0.163 eV (95%)

𝑤 𝑎 = 𝑤0 + 𝑤𝑎 1 − 𝑎

𝑤 𝑎 = 𝑤0 + 𝑤𝑎 1 − 𝑎
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COSMOLOGY FROM DES 

BAO AND SUPERNOVAE



DES (Dark Energy Survey)
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Optical/IR imaging survey with the
Blanco 4m telescope (CTIO, Chile) 

5000 sq-deg (1/8 of the sky) in 
grizY bands

+ 30 sq-deg time-domain griz (SNe)

Up to iAB ~ 24th magnitude at 10 σ
(z~1.5)

570 Mpx camera with 3 sq-deg
FoV, DECam

Not public yet Finishing
analysis

Already published!!
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Combining both probes…

When combining DES 
BAO with DES SNe and 
the CMB, we find a 
parameter shift of 3.2σ 
away from ΛCDM

Similar but lower 
significance than DESI 
results

𝒘𝟎 = −𝟎. 𝟔𝟕𝟑−𝟎.𝟎𝟗𝟕
+𝟎.𝟎𝟗𝟖

𝒘𝒂 = −𝟏. 𝟑𝟕−𝟎.𝟓𝟎
+𝟎.𝟓𝟏
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ONGOING AND FUTURE 

PROJECTS
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• DESI (primarily z<1.5)
o 8 year survey (now in 5th year) aimed at Dark Energy with BAO and RSD
o Many more DR2 results on the horizon, including full shape analysis, then DR3, …

• DESI-II (primarily z>2)
o Focused on z>2. Aim for a six year survey with some instrument upgrades
o Early dark energy and growth of structure in the matter-dominated regime
o Synergies with other Cosmic Frontier experiments (Rubin, SO)

• Spec-S5 (Spectroscopic Stage 5, where DESI is ‘Stage 4”)
o New facility or facilities and new instrumentation
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DESI-II:
• R&D: up to 50% improvement in survey speed

• Early deployment of Spec-S5 technologies
• Single electron counting CCDs (Skipper CCDs)

• Developed by Berkeley Lab & Fermilab for dark
matter detectors

• read noise <1 electron
• Upgraded gratings
• Facility improvements

• Improved mirror cooling

Spec-S5:
• Two upgraded DESI equipped with ~13,000 

robotic positioners
• Operating in parallel on two sites, Mayall and 

Blanco 4m Telescopes
• Possibility to extend the primary mirror with 

the same mount
• Low-risk option (same spectrographs, new 

positioner with a mature technology, …) at 
$320M
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8.4m dedicated telescope on Cerro Pachón Chile at 2647m
Charles Simonyi Telescope

LSST Camera
3 lenses, 3.5 deg diameter field of view
ugrizy filters, 189 CCDs, 3.2 Gpx, ~2 seconds readout

Legacy Survey of Space and Time (LSST) – Dark Energy Science
Collaboration (DESC)

10 years southern sky survey
Deep ~26.8 mag
Wide ~20000 sq-deg (1/2 of the sky)
Fast ~800 visits per field

Use experience from DES
1st images June 2025
First Light september 2025
Scientific survey starts on 2026



Future Imaging Surveys: LSST-DESC
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CMB: Simons Observatory
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Facilities:
The Simons Observatory (SO) is a ground-bsed experiment on Atacama (Chile)
Covers 6 bands between 27 and 280 GHz
Consists of:

• 3 Small Aperture Telescopes (SATs) of 0.4m and resolution between 91’ and 9’
• 1 Large Aperture Telescope (LAT) of 6m and resolution between 7’ and 1’

SAT nominal operations started on May 1st, 2024
LAT first light in mid February 2025
Target Sensitivity few µKarcmin (more tan 10 times better than Planck)

Scientific Targets:
Physics of Primordial Perturbations (B-modes from recombination peak)
Effective number of relativistic species
Sum of neutrino masses
Deviations from cosmological constant
Galaxy evolution
Redshift and duration of reionization epoch
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SATs

LAT

CLASS

Formerly
Simons Array

Formerly
ACT

Simons Observatory

High Altitude (5200m) Plateau in the Atacama Desert in northern Chile. Above most of the 
atmosphere and dry--ideal for radio astronomy.

Small aperture 
telescopes (SATs)
Small “deep” sky 
patch, 10% of sky

Primordial B-modes

Large aperture 
telescope (LAT)

Large sky patch –
overlap with 

optical/infrared 
surveys, 40% of sky
Lensing - Neff , Σmv , 

w(z), cluster 
science2 SATs in 2026, 1 SAT in 2027

1 MW Photovoltaic Power Plant in late 2025



Future Cosmological Surveys
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2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035

LiteBIRD ????

CMB-S4 – CANCELLED!!

SPT

ACT

DESI

EUCLID

LSST-DESC @ Rubin

SIMONS OBS

DESI-II

CSST (Chinese Space Station Telescope)

DES

KIDS

CMB 

Imaging

Spectroscopic

Spec-S5

NANCY GRACE ROMAN
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• BAO from DESI-DR2  with precision well below 1% at all redshifts
• DESI BAO+CMB+SNe prefer dynamical dark energy at 2.8σ–4.2σ
• Σmν< 0.064 eV in ΛCDM  , Σmν< 0.16 eV in w0waCDM
• Final DES results about expansión history are compatible with DESI. 

Final DES results on growth of structure coming this year.
• These could be the first indications of a TIME VARYING DARK 

ENERGY

• New and ambitious projects are coming and will provide
more sensitive data: 
• DESI, LSST-DESC, Euclid, SO (already running)
• DESI-II, Spec-S5 (near future)


