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Cosmological Standard Model: ΛCDM Model

Flat Universe with (recent) 
accelerated expansion

General Relativity

Dark Energy (cosmological 
constant Λ)
Cold Dark Matter

Image Credit: NASA / LAMBDA Archive / WMAP Science Team

https://lambda.gsfc.nasa.gov/about_lambda.cfm#captioncredit
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Universe composed of:

● Λ/Dark Energy ~68%
● Dark Matter ~ 26%
● Baryonic Matter <5%
● Radiation, neutrinos + 

Successfully explains distinct observations!

ΛCDM Cosmology 
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Universe composed of:
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● No detection of DM particle
● Tension between early and late universe

ΛCDM Cosmology 
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Universe composed of:

● Λ/Dark Energy
● Dark Matter
● Baryonic Matter
● Radiation, neutrinos + 

Successfully explains distinct observations!

...but

● No detection of DM particle
● Tension between early and late universe
● BTW, what is Λ ?! 

Why do we have a huge mismatch (120mag ) 
between theory and observation?!

ΛCDM Cosmology 

We still need to address a lot 
of exciting questions!



The Dark Energy 
Survey  
DES

Victor M. Blanco Telescope, CTIO - Chile 
Credits:  R. Hahn and the DES.

Photometric survey

● Fermilab Led
● DECam: 570 Mpix
● 3 sq. deg FoV
● Vitor M. Blanco Telescope, CTIO (Chile)
● 5 filter bands (grizY) 

DES operation:

● 5.5 years (2013-2019)
● 5000 sq.deg 
● +400 Members

● 25 institutions
● 7 countries

● Year 3: +30 papers!

The largest map of the Universe to date*!
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Three Big Questions

Are the late Universe 
and early Universe 

data explained by the 
same model?

Do the growth of 
structure and expansion 

measurements agree?

Does the Dark Energy density change 
with cosmic expansion
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Probing Dark Energy within DES 
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The light from distant 
source galaxies crosses the 
invisible dark matter field in 
their way to us.

Weak gravitational lens 
causes a subtle distortion in 
the shapes of these galaxies, 
the cosmic shear.

Dark matter field is not  
visible, but we can trace it 
using lens galaxies. 

The distortion of source 
galaxies field has an angular 
correlation with the lens 
field. 
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Blanco 
Telescope credit: adapted from DES-Y3 webinar

Weak Gravitational Lensing and Clustering
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Cosmic shear: 2-pt 
correlation of shapes

2pt Correlation

Galaxy clustering: 2-pt 
correlation of positions

Galaxy-Galaxy lensing: 
2-pt correlation between 
position and shape

redshift / 
distance

Image plane

We summarize the cosmological information from galaxy samples through 2-point Angular Correlation 
Functions
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3x2pt Cosmology

2x2pt

A joint analysis maximises the cosmological 
information and robustly constrains astrophysical 
& observational systematic priors in the analysis!  

 Cosmic Shear : shape-shape

 Galaxy Clustering : position-position

 Galaxy-Galaxy Lensing : position-shape

credit: DES-Y3

The main DES analysis:
Combination of the three 2pt angular 
correlation functions 

3x2pt



From Light to 
Knowledgement

credit: Jessie Muir



LCDM  ——   WL+LSS   ——    Redshifts —— Shapes  ——  Clustering    —    Simulations    ——    Theory   ——    Results
credit: DES Y3
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DES Y3 Catalogs

Lenses catalog:
● 2 independent catalogs + BAO 

optimized
● 10.7M galaxies (MagLim sample)

16

DES Collaboration 2105.13549

Footprint: 4143 sq. deg.

Sources catalog:
●  326,049,983 galaxies
● Final cut: 100,204,026 galaxy shapes
● neff=5.59 gal/arcmin2
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slide credit: DESY3

3x2pt Data Measurement

galaxy clustering Rodriguez-Monroy+

galaxy-galaxy lensing Prat+

cosmic shear Amon+,Secco,Samuroff+
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Covariances

3x2pt probes are highly correlated

● Tests in covariance validation
○ Gaussian Likelihood 
○ Trispectrum 
○ Wrong Model 
○ Masking and Survey Geometry
○ Non-poissonian Shot Noise
○ Finite angular bin width
○ Galaxy Weighting schemes 
○ RSD, Curved-Sky, random point SN + others…

● Strategies:
○ Linearized likelihood for min χ2 tests
○ “Simple χ2 ”approach
○ Parameter estimation

60 Tb of simulations for 3x2pt 
and 5x2pt !
1Tb of simulations for B-mode and ggl 
systematics 

Friedrich, F A-O, Camacho+ 2020
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Cosmological Constraints from 3x2pt

Infer parameter posterior distribution                            within 
model M using Bayes’ theorem:

Ingredients

● Data likelihood with data covariance C
○ Gaussian data likelihood 
○ halo model covariance 

● Criteria which measurements to combine
● Blinding scheme to minimize observer bias 
● Model M with parameters p, and prior 
● Free parameters: 7 cosmological, 23 nuisance (for syst. control)
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Current Results From DES

https://www.darkenergysurvey.org/des-year-3-cosmology-results-papers/

https://www.darkenergysurvey.org/des-year-3-cosmology-results-papers/


Year 3 Analysis:

Planck CMB

DES 3x2pt

Combination 

The DES Y3 Results
𝛬CDM
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● ~2.1 improvement from Y1
● No large tensions 



The DES Y3 
Combined Results



The DES Y3 wCDM
Combined Results
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Cosmological 
constant: ω = -1 



Year 3 Analysis:

DES Y3 + SN + BAO + Planck

DES (3x2pt + SN)

Planck 

The DES Y3 Results
+ Baryon Acoustic 

Oscillations

Clumpiness 

Cosmic Expansion Rate

Cl
um

pi
n

es
s 

M
at

te
r 

de
n

si
ty



Felipe Andrade-Oliveira      The Dark Energy Survey Fermilab 2022

Final Remarks

DES team produced best cosmological constraints from imaging survey to date

 Combination of probes:

● We have been developing multiple techniques to model systematics
● Signals of unknown systematics from the clustering and lensing amplitudes, though they 

do not significantly impact ΛCDM cosmology

LCDM model is still alive:

● No evidence of exotic dark energy model so far
● No significant tension between CMB (early) and LSS (late) data in S8
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For the DES Year 6

● Better statistics: more data , more depth
● From ~300M to 700M galaxies!
● Improved modelling
● Systematics modelling

DES Beyond Cosmology:

● Milky way 
● Solar System 
● MW Satellites 

Final Remarks

Much more DES cosmology beyond this talk:

● The best BAO detection in 0.6<z<1.1

● Supernovae Ia Cosmology

● GW Cosmology

● Extensions of DE 
○ EoS, Modified Gravity, Alternative Dark 

Energy Models, and Dark Matter Models

● Harmonic Space Analysis

● Cluster Cosmology & 3x2pt +1pt

● CMB + LSS  & 5x2pt 

● Higher order statistics, PNG

● Strong Lensing, +…
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 Thanks For Listening!
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