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Cosmic acceleration

RubinObs/NOIRLab/SLAC/NSF/DOE/AURA

Riess et al, 1998

Discovery in 1998 by two teams measuring distances 

and velocities of type Ia supernovae

Only matter

Matter + dark energy
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DES collaboration

Cosmic acceleration keeps being confirmed by more and more precise data
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What does cause cosmic acceleration? 

Dark Energy is not a constant ɤ 

but is weakening with time?

ɤCDM

DE equation of state value today (w0)
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DESI Collaboration, 2026

ɤ

Dzingeleski, Sanchez-Cid, AF, et al, in prep

GR

Is GR valid on cosmic scales? 
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Testing cosmology in the early Universe

RubinObs/NOIRLab/SLAC/NSF/DOE/AURA

Density fluctuations are imprinted in 

the Cosmic Microwave Background, the light from the Big Bang

Planck satellite
ACT

Simons Observatory

SPT

BICEP/Keck

5Agnès Ferté ð UC Berkeley, 4/28/2026 Cosmic acceleration probes ð Dark Energy Survey results ð Rubin Observatory



Testing cosmology in the late Universe

Density fluctuations grow into 

the Large-Scale Structures of matter (dark matter + galaxies)

DESI

Rubin Observatory

Roman telescope

Euclid satellite

6Agnès Ferté ð UC Berkeley, 4/28/2026 Cosmic acceleration probes ð Dark Energy Survey results ð Rubin Observatory



Variety of cosmological probes to test dark energy and gravity by imaging galaxies

Dark Energy Survey/DOE/FNAL/DECam/CTIO/ NOIRLab/NSF/AURA

By measuring distances

No Dark Energy With Dark Energy

By measuring the growth 

of structures
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6-year survey by DECam at CTIO Blanco-4m in 5 

optical bands over 10% of the sky from 2013 to 2019

Cosmology from 4 data releases: Science Verification, 

Year 1, Year 3, Year 6 (completed survey)

DES collaboration

The Dark Energy Survey

DES + 2026
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Dark Energy Survey Year 6 results

Baryonic Acoustic Oscillation

Supernovae

Distance probes Growth probes

Galaxy clusters

Weak lensing 

and clustering
Combining all four probes and constraining dark energy is 

the core mission of DES

DES et al, 2005

9Agnès Ferté ð UC Berkeley, 4/28/2026 Cosmic acceleration probes ð Dark Energy Survey results ð Rubin Observatory



Dark Energy Survey Year 6 results

Baryonic Acoustic Oscillation

Supernovae

Distance probes

DES Collaboration, arxiv:2503.06712

Cosmological analysis of the complete DES Y6 BAO 

and DES Y5 supernova

DES collaboration, arxiv:2503.06712, 2025 

Å DES Y6 BAO: 

most powerful photometric BAO measurements. 

Å w0wa model: 

Å 3.2  discrepancy with ɤCDM,

Å ɱm tension between BAO+CMB and SN, 

alleviated in w0wa model, similarly to DESI.

DES BAO+SN team

M. Vincenzi T. DavisJ. Mena-
Fernandez

N. Deiosso

P. Shah

G. Campailla M. Raveri

S. Avila A. Porredon R. Camilleri

A. FertéJ. Muir
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Dark Energy Survey Year 6 results

Baryonic Acoustic Oscillation

Supernovae

Distance probes Growth probes

Galaxy clusters

Weak lensing 

and clustering

DES collaboration, arxiv:2601;14559 
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Correlations to probe the underlying structure growth

Cosmic shear: correlation of 

shape of galaxies to probe the 

underlying matter
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Correlations to probe the underlying structure growth

Galaxy-galaxy lensing: correlation of 

the tangential shear of background 

galaxies around lens galaxies
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Correlation to probe the underlying structure growth

Clustering: correlation of the 

position of galaxies
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3x2pt is a powerful probe combination 

Cosmic shear Clustering
Galaxy-galaxy 

lensing

3x2pt is sensitive to S8, and is a powerful probe 

of dark energy, gravity:
By Jessie Muir

Tighter constraints from 

the combination 3x2pt

redshift

ʎ8
2 b2ʎ8

2 bʎ8
2
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Dark energy

Weak lensing of galaxies to probe large scale structures

ɤ
Gravity

ɮ

Modifies geodesics

×0 = 0 in GR
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The 3x2pt cosmology challenge

IMAGE DATA VECTOR PARAMETER CONSTRAINTS
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DES Y6 Papers

The analysis took us ~4 years, and we wrote 16+3 papers 
describing all of the inputs+results! 



DES Year 6 3x2pt 

Based on DES Year 6 Gold: 5,000 deg2 of grizY images.

Key Project effort, 4-year long effort led by Matt Becker 

and Martin Crocce, with multiple teams leading blocks of 

the pipeline.

Based on DES Year 3 analysis with major advances: 

Å Color-dependent PSF modeling,

Å Updated modeling choices,

Å Photometric redshift uncertainty modeling,

and many improvements.

Shape catalog for 150 millions galaxies with the Metadetection 

algorithm and shape noise ~ 0.3.

Lens catalog Maglim++ with 11 million galaxies
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DES Year 6 3x2pt cosmological inference 

Analytic covariance matrix

Model: Theoretical prediction of 3x2pt

Gif by Carles Sánchez

3x2pt data vector 
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DES Y6 3x2pt modeling

Goal: 

Å Setup efficient and robust pipeline to do the parameter inference

Å Limit systematical biases in the cosmological results.

Å Blinded analysis using mock data and simulations

Co-led modeling team with David Sanchez-Cid and Jonathan Blazek 

since 2024

Sanchez-Cid, Ferté et al, arxiv:2601.14859 

The model: 

Cosmology (6/7)

ÅΏCDM/wCDM with massive neutrinos.

Astrophysics (23)

Å galaxy bias, intrinsic alignment and baryonic feedback.

Data calibration (29)

Å redshift distribution, lens magnification and shear calibration.

Priors based on image simulations and other experiments.
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Linear regime

Non-linear 

regime

Troxel and Ishak, 2014

Non-linear evolution of the 

matter power spectrum P(k,z)

Suppression of P(k,z) by baryonic feedback

Intrinsic alignment of galaxies

Galaxy bias 
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Ingredients modeling
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Linear regime

Non-linear 

regime

Troxel and Ishak, 2014

Non-linear evolution of the 

matter power spectrum P(k,z)

Suppression of P(k,z) by baryonic feedback

Intrinsic alignment of galaxies

Galaxy bias 
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Ingredients modeling

HMCode2020

TATT model

Linear and non-

linear galaxy bias
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Small scales removal through scale cuts procedure

Data removed because of 

modeling uncertainties
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34% of data points removed in 

3x2pt ɤCDM

6 sets of scale cuts to optimize each 

probes constraining power and push to 

smaller scales



Scale cuts through iterative procedure

Mock data vector 

with mismodeling
MCMC with fiducial pipeline

If fails requirements on S8,ɱm: 

remove more data points

If requirements on on S8,ɱm  pass: 

Scale cuts are validated 

23Agnès Ferté ð UC Berkeley, 4/28/2026 Cosmic acceleration probes ð Dark Energy Survey results ð Rubin Observatory



Scale cuts through iterative procedure

Mock data vector 

with mismodeling
MCMC with fiducial pipeline

If fails requirements on S8,ɱm: 

remove more data points

If requirements on on S8,ɱm  pass: 

Scale cuts are validated 
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All probes: 

high baryonic feedback + Euclid emu 

No baryonic feedback + Euclid emu

2x2pt and 3x2pt: 

Non-linear galaxy bias alternative model 



Validation with mock data
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DES Y6 small-scales systematics controlled 

to < 0.5ʎ bias on cosmology

Controlled modeling systematics in the DES Y6 2pt analysis
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Pros:

Å Controlled systematics in cosmological parameters of interest

Å The iterative process is well defined and can be easily re-

produced.

Å Cuts are determined with the analysis setup closest to what we 

use on real data.

Limitations:

Å The procedure is computationally expensive.

Å 1M CPU-hours for one campaign of scale cuts, spread 

over several computing machines.

Å Path forward: Combination of high precision P(k) or DV 

emulators and powerful samplers.

Å Any changes to the analysis requires to re-do the scale cuts 

campaign.

Å End-to-end 3x2pt analysis is lively, with many moving 

pieces that can be updated several times.

Conclusions on the scale cuts procedure
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If we could model reliably at all scales

Using all scales would double 

the constraining power

Pushing to smaller scales requires more 

complex model so can dilute the 

constraining power but:
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Challenges of a large parameter space

Polychord

PocoMC

Time intensive sampling: ~2M CPU-hours for the DES Y6 

modeling campaign

3x2pt analyses stress-test current samplers

Dilution of constraining power
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Projection effects: applying cuts does not mean less bias on S8

Not centered on real value
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Real data analysis robust to modeling choices 
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DES Year 6 3x2pt test of ɤCDM

(Matter density) 
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Y6 3x2pt yields comparable 
constraining power as the CMB in S8

Parameter difference on S8 between 
3×2pt and CMB is 2.6Ϧȭ
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DES on dynamical dark energy

Combination of DES Y6 3x2pt, BAO 
and SN to test dark energy!

First time that 3x2pt brings non -
negligible constraining power in 
dynamical dark energy. 

Removing one single probe at a time 
does not significantly change the 
results!
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DES on tests of gravity

DES Y3 3x2pt ×,Õ analysis: 

Co-led extensions team with Jessie Muir 2018-2022

DES Collaboration, PRD, 2023

Å Strongest constraints from a WL survey,

Å Limited by modeling of 3x2pt on small angular scales and 

disjoint analysis,

ÅComputing challenge! 

150 millions cpu-hours for ×0 measurements.

DES Y6 ×,Õ will push to smaller scales 

Analysis co-led by Sujeong Lee, Otavio Alves, Marco Raveri

DES collaboration paper to come. 
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Closing the DES chapter and opening the new era of stage-IV surveys

Results in 2023
Expected in 2036

Adapted from AF et al, 2019
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LSST DESC collaboration, SRD, 2018



New 8-meter Simonyi telescope on Cerro Pachón in Chile

It will produce the Legacy Survey of Space and Time (LSST): 

o a fast, wide, deep 10-year long survey of the Southern 

night sky in optical,

o It will revisit the same area hundred of times around the 

course of LSST to access the transient sky,

o Expect billions of galaxies imaged for weak lensing.

The Vera C. Rubin Observatory
Credits: RubinObs/NOIRLab/SLAC/NSF/DOE/AURA/T. Matsopoulos
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The transient sky The static sky

2 modes of the Rubin Observatory
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The Rubin Observatoryõs instrument LSSTCam

189 4k x4k CCDs (ITL and e2v) of 16 amplifiers. 

All assembled with lenses and filters @ SLAC.

Correction of detector effects and calibration in Rubin 

Data Management: Instrument Signature Removal for 

LSSTCam: 

Å Pipeline development,

ÅNew instrumental effects and cleaning of images,

ÅHandle data calibration during commissioning.

Member of Rubin Data Management, in the 

calibration team

37Agnès Ferté ð UC Berkeley, 4/28/2026 Cosmic acceleration probes ð Dark Energy Survey results ð Rubin Observatory


