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Dark Energy Survey (DES)

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

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

• Is mapping 1/8 of sky (5000 deg2) to z ~ 1.3 
in 5 optical bands: 300 million galaxies 

• Started in 2013. 577 nights in 6 seasons 

• Four dark energy probes: 

• Galaxy cluster counting 

• Galaxy distribution (including BAO) 

• Type-Ia supernovae 

• Weak gravitational lensing
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Fig. 21.— The DECam Focal Plane showing the 62 2k ⇥ 4k and 12 2k ⇥ 2k CCDs. The

four button-like temperature sensors are also shown. Three photodiodes (see Section 4.4)

are mounted on the inside of the camera vessel and stick out over the edges of the focal plane

support plate. From this angle and with this lighting, the focal plane support plate doesn’t

appear as black as the Aeroglaze R� Z306 paint actually makes it.

The Dark Energy Camera: 500 million pixels
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Fig. 28.— DECam Dewar interior with the back cover removed. Some of the 74 Kapton

flex cables with preamplifiers are seen plugged into the VIB. The “pretzel-shaped” tube with

the ten copper cooling-braids connected to it is for the LN2. These cooling braids are also

coupled to the focal plane support plate.

more fans at each end of the power supply plenum force some of the cooled air through the

power supplies; the rest blows through the transition cards. Separate DC supplies are used

to power the fans, which must be powerful enough to overcome the pressure drops in the heat

exchangers. The DC supplies also power an independent internal crate monitor board that

communicates real-time (slow) controls and monitoring information to an interface computer

and a telemetry database.

There are three kinds of cards on the front side of the readout crate: one Master Control

Board, Clock and Bias Boards, and Acquisition Cards. All DECam main (front side) modules

have the format of a 6U 160mm cPCI card. All transition, or rear, modules have a 6U 120mm

format. Just as with the original Monsoon modules, a proprietary cPCI backplane is used;

however most of the pin functions have been reassigned for the DECam design. Figure 31

shows a block diagram of a crate with a 6-slot backplane that allows for the readout of up to

18 CCDs. This implementation makes use of a Master Control Board, two Clock Boards and

The Dark Energy Survey (DES)
Blanco 4-meter telescope
Cerro Tololo, Chile
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Fig. 21.— The DECam Focal Plane showing the 62 2k ⇥ 4k and 12 2k ⇥ 2k CCDs. The

four button-like temperature sensors are also shown. Three photodiodes (see Section 4.4)

are mounted on the inside of the camera vessel and stick out over the edges of the focal plane

support plate. From this angle and with this lighting, the focal plane support plate doesn’t

appear as black as the Aeroglaze R� Z306 paint actually makes it.

The Dark Energy Camera: 500 million pixels
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150 000 galaxies 
in a single image



DES coverage 

5000 deg2: 1/8 of the sky
300 million galaxies



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 lenses

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.



DES Year-1 sample

35 million galaxies  
with measured shapes
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DES Year-1 mass map (I)

Chang et al., arXiv:1708.01535 [astro-ph.CO]

150 Mpc
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DES Year-1 mass map (II)

Chang et al., arXiv:1708.01535 [astro-ph.CO]



2PCF Measurements Modeling

Galaxy-
Galaxy 
Lensing

Galaxy 
Clustering

Cosmic 
Shear

Elvin-Poole et al. Prat et al. Troxel et al.

redMaGiC 
galaxies

Gold 
Catalog

Drlica-Wagner et al.

Shape 
Catalogs

DES Collaboration

Theory & 
Covariance

Krause et al. Hoyle et al. 

Gatti et al. 

Cawthon et al. 

Zuntz et al.

Samuroff et al. 

Cross-
correlations

Redshift 
distributions

Shear-Ratio 
Test

MacCrann et al. 
Validation on 
simulations

Prat et al.Davis et al. 

DES Y1 
Cosmological 

Results

Mass 
Maps

Chang et al. 

Rozo et al.

Credit: Judit Prat



galaxy-galaxy correlations
(lens-lens)

galaxy-shear correlations
(lens-source)



shear-shear correlations
(source-source)



Correlations 
between shapes 
in redshift bins i, j

Modeling 

Amplitude of clustering: inhomogeneity

Geometry      
(distances: expansion)

Dynamics  
(rate of growth of structure)

Mass density 
of the Universe

Hubble constant 
(rate of expansion)
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• 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. 

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

• First measurement in late 
universe with precision 
comparable to CMB.

DES-Y1 cosmological results (I)

DES Collaboration, arXiv:1708.01530 [astro-ph.CO]



• Measurement of the BAO 
feature in the angular 
separation of a sample of 
red galaxies.

• This is the highest-redshift 
photometric BAO 
measurement.

• Very competitive in the 
region 0.6 < z < 1.0.

DES-Y1 cosmological results (II)

DES Collaboration, arXiv:1712.06209 [astro-ph.CO]



• DES can combine cluster 
abundance as a function of 
mass and redshift with WL 
mass estimates.

• 6500 clusters in the redshift 
range 0.2 < z < 0.65, with 
mass calibration at 5% level.

• Cosmological constraints are 
competitive with those 
from WL + LSS.

DES-Y1 cosmological results (III)

DES Collaboration 2018, in preparation

BLINDED!!
Preliminary



• 206 new spectroscopic type-Ia 
SNe from DES Y1-Y3 in the range 
0.02 < z < 0.85, together with 128 
external low-z SNe.

• We are able to measure distances 
with 4% precision and determine 
the dark-energy equation of state w 
with a ± 0.057 precision (cf. ± 0.054 
in JLA (2014) with 740 SNe.

DES-Y3 SNe cosmological results

DES Collaboration 2018, in preparation

Preliminary



Summary
• Analyzing its first-year data, DES has achieved:

• Measurement of the anisotropies in the matter distribution now using WL 
and LSS, with precision better than CMB and in ~2σ agreement. 

• Competitive BAO results at z ≲ 1 compatible with ΛCDM.

• Clusters results that will be competitive with WL + LSS results.

• DES Y1-Y3 SNe results are competitive with previous surveys, again 
in agreement with ΛCDM. 

• Y1-Y3 results will combine the four probes to provide a most 
stringent test of ΛCDM, using both kinematical (BAO, SNe) and 
dynamical (WL, clusters) observables.

• DES Data Release 1, including Y1-Y3 catalogs, is available at:     
https://des.ncsa.illinois.edu/releases/dr1

https://des.ncsa.illinois.edu/releases/dr1

