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Dark Energy Survey (DES)

• Imaging galaxy survey on the 4-m Blanco 
telescope (Chile) to study Dark Energy 

• 400 scientists in 28 institutions in USA, Spain, 
UK, Brazil, Switzerland, Germany, Australia 

• Operated 2013-2019. 577 nights in 6 seasons 

• Mapped 1/8 of sky (5000 deg2) to z ~ 1.3 in 5 
optical bands: 200+ million galaxies 

• Four dark energy probes: 

• Galaxy cluster counting 

• Galaxy distribution (including BAO) 

• Type-Ia supernovae 

• Weak gravitational lensing



Weak gravitational lensing

Effect depends on the lens mass and the distances between observer, 
lens and source:

Window to the mass (mostly dark matter) distribution in the universe

Window to dark energy properties:

Dark energy changes the expansion rate: distances Dd, Ds, Dds

Dark energy changes the growth rate of mass structures in the 
universe
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Reduction of single-epoch images
Astrometric solution
Photometric calibration
Co-addition into deep images
Object detection 
Flux measurement
Star / galaxy separation
PSF extraction from stars
Shear measurement on galaxies

A huge effort!

Each bubble can represent 
months of development and 
millions of CPU hours.

Credit: Michael Troxel (DES-Y1)



DES Year-3 weak lensing sample

100 million galaxies  
with measured shear

Gatti, Sheldon et al., MNRAS 504 (2021) 4312, arXiv:2011.03408

gal/arcmin2

~5000 deg2
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DES Year-3 mass map

150 Mpc

Jeffrey, Gatti et al., MNRAS 505 (2021) 4626, arXiv:2105.13539
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DES Year-3 cosmological analysis

(2022)

Credit: Judit Prat



galaxy-galaxy correlations
(lens-lens)

galaxy-shear correlations
(lens-source)

Scales not used

DES Collaboration, PRD 105 (2022) 023520, arXiv:2105.13549



shear-shear correlations
(source-source)

DES Collaboration, PRD 105 (2022) 023520, arXiv:2105.13549



Modeling 

DES Collaboration, PRD 105 (2022) 023520, arXiv:2105.13549



• Ωm : fraction of matter in the 
total matter-energy of the 
universe now.

• S8  = σ8 (Ωm / 0.3)0.5 describes 
the inhomogeneity of the 
matter distribution now:      
σ8 is the standard deviation of 
the matter-density distribution 
in spheres of radius 8 Mpc/h. 

• About 2σ (dis)agreement in the 
measurement of S8.

DES-Y3 cosmological results

DES Collaboration, PRD 105 (2022) 023520, arXiv:2105.13549

ΛCDM



An S8 (or σ8) tension?

DES and KiDS Collaborations, arXiv:2305.17173

Only cosmic shear



DES+KiDS: comparison & combination

DES and KiDS Collaborations, arXiv:2305.17173
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Significant differences in modeling
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Significant differences in modeling



Significant differences in results

Different IA model
Different non-linear power-spectrum 
model

Addition of scale cuts
Different MCMC sampler



Significant differences in results

• On the same data, DES and KiDS modeling choices change the S8 result by ~1-2 σ                    
and its uncertainty by almost a factor 2.

• With the same modeling choices, DES, KiDS, and HSC results agree within 1σ.

• Hybrid analysis shifts DES fiducial result by ~1σ, KiDS and HSC results by less.

(Thanks to Xiangchong Li)



Is there a σ8 tension?

• DES + KiDS combination after reanalysis results in S8 1.7σ lower than Planck.

• Combining also HSC would bring the discrepancy up to ~2σ.

• Large sensitivity to modeling choices points to the need for further understanding:
• Large hydrodynamical simulations can help (Chaves-Montero et al. 2022).

• Better measurements of intrinsic alignments (Johnston et al. 2020, Samuroff et al. 2022).

Hybrid modeling in all cases



Summary
• Analyzing its first three years of data, DES has measured the 

anisotropies in the matter distribution using weak lensing, with 
precision comparable to that of Planck and in ~2σ (dis)agreement.

• A similar pattern is found in KiDS and HSC (“σ8 tension”).

• When attempting to combine DES and KiDS results, significant 
differences in modeling have been found, which lead to significant 
differences in results (1-2σ).

• When using the same modeling, all data sets agree within 1σ.

• Before the possible “σ8 tension” can be made more quantitative, more 
effort is needed in understanding the systematic errors coming from 
the necessary approximations in modeling, even more so in view of 
the upcoming, more precise, Euclid, Rubin/LSST and Roman surveys.



Thank you

Credit: SpaceX/ESA


