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The Dark Energy Survey
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● 4 meters telescope, 520 Mpx camera

● 5 year survey, ⅛ of the sky, Telescope in Chile, data @ NCSA, about to 

start 6th season

● Main Goal: To constrain the models of the Universe regarding Dark 

Energy and Dark Matter. 

● Many other Science Cases! (New dwarf planet, New galaxy satellites, 

Supernovae, etc)

● 1 - 3 TB of data per night, 1 PB of data

● Processing done at FermiGrid, Campus Cluster and Blue Waters

● Thousands of images and billions of rows, ~500 millions objects

● 1st Public Data Release in January 2018

● NCSA provide means to access and interact with data → Containers
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The DES Data Access
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Challenges:

● Data access wasn't very clear in original proposal

● People

● Time

● Collaborations Needs

● All the rest of technical challenges

● DES Survey: Gold (Data) Mine

● DESDM: Excellent job at mining the data

● Consumers outside the mine

● Need to bring/expose gold (data) outside

● Tools and interfaces

● DES DR1 is out!
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The DES Science
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DES is designed to improve our understanding of cosmic acceleration 

and the nature of dark energy using four complementary probes of the 

expansion history and growth of cosmic structure

… and like other cosmic surveys, the DES 

data enable a wide range of additional 

science ranging from the Solar System to 

the high-redshift Universe 

See also The Dark Energy Survey: more than dark energy - an overview

DES Collaboration, arXiv:1601.00329

https://arxiv.org/abs/1601.00329
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The DES Survey 
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Dark Energy Survey (DES)

Wide-field Survey: 5000 deg

2

, 10 visits in each of grizY

Target S/N = 10 coadd depth ~24 mag

Supernova Survey: 27 deg

2

, observed at weekly cadence

Dark Energy Camera (DECam)

(Flaugher, B. et al. 2015)

 570 Mpix camera on 

Blanco 4-m telescope at CTIO

3 deg

2

 field of view, 62 science CCDs
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The DES Collaboration
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Credit: Judit Prat (IFAE)
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DES in the last decade
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arXiv:astro-ph/0510346

DES vision circa 2005

https://arxiv.org/abs/astro-ph/0510346
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DES DR1 Summary Statistics
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Parameter Value

Observations (3 years of operations) 345 distinct nights from Aug 2013 to Feb 2016

Number of DECam Exposures ~39,000

Sky Coverage in grizY 5186 deg

2

Delivered Seeing (FWHM) g = 1.21, r = 0.96, i = 0.88, z = 0.84, Y = 0.90 arcsec

Coadd Astrometric Precision (vs Gaia) 151 mas

Coadd Photometric Precision < 1 % in grizY

Coadd depth (S/N = 10 in 1.95” Aperture) g = 24.3, r = 24.1, i = 23.4, z = 22.7, Y = 21.4 mag

Distinct Coadd Objects in 10,338 tiles ~400M: ~310M galaxies and ~80M stars after basic quality cuts

~ 35,000 clusters @ z~1

Largest photometric dataset to date at the achieved depth and photometric precision
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DES Data Releases

9
9

2012 2013 2014 2015 2016 2017 2018 2019 2020

   

D
R

2

Y
3 

G
ol

d

Y
1 

G
ol

d

D
R

1

S
V

 G
ol

d

Y
3 

G
ol

d 
1.

0

Y
3 

G
ol

d 
2.

0

Y
1 

G
ol

d 
1.

0.
3

Y
1 

G
ol

d 
1.

0.
1

S
V

 G
ol

d 
1.

0.
4

S
V

 G
ol

d 
1.

0.
2

S
V

 G
ol

d 
1.

0

Y
6A

1

Y
5A

1

Y
3A

2

Y
3A

1

Y
2Q

1

Y
1A

1

S
V

A
1

SV Y1 Y2 Y3 Y4 Y5 Y6

O
bs

er
va

tio
ns

D
E

S
D

M
 

R
el

ea
se

s 
S

ci
en

ce
 

R
el

ea
se

s
P

ub
lic

 
R

el
ea

se
s

Y
3 

G
ol

d 
2.

2



Matias Carrasco Kind, AstroData2020s, Caltech, Dec 4th, 2018

The DES Science
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The DES Science
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The DES Science: Y1 Results
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This is where we are with Y1* and no 

clusters.

We are already a factor of three better than 

the next best experiment (Planck) at 

constraining w.
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The DES Science: The DES Science: Y1 Results
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This is the time we can really achieve 

precision cosmology, maybe even break 

LCDM
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Study case
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The photo-z paradigm: SV
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The photo-z paradigm: SV 
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The photo-z paradigm: Y1
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The photo-z paradigm: Y3
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● Photo-z is complex

● Heterogeneous sample of spec-z are 

terrible for ML methods

● Emission lines are terrible for 

template methods

● New techniques being developed 

● Hybrid methods
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Compression: Photo-z PDF
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Compression: Galaxy selection and similarity search
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Bowen, Carrasco-Kind, et al. in prep.

Compress images 
from 200x200 to 
50 or less, for 
fast search
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Galaxy selection and similarity search
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Bowen, Carrasco-Kind, et al. in prep.
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Learn from one survey to another
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SDSS (GalaxyZoo) transfer learning 
to DES images for morphological 
classification
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Create realistic samplings of galaxy images with prior (DES)
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angle

eccentricity

brightness

angle

eccentricity

brightness
Bowen, Carrasco-Kind, et al. in prep.
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Create realistic samplings of galaxy images with no prior (DES)
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Bowen, Carrasco-Kind, et al. in prep.
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Create realistic samplings of galaxy images with no prior
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Bowen, Carrasco-Kind, et al. in prep.
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If I were to write a WP today
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● Make our big data problem bigger

○ Unified all galaxy photometry/spectroscopy, this 

time for real in centralized place.

○ Leverage Big Data solutions to analyze the huge 

amount of data and exhaust all possible 

information. → ML and SED consumers

○ And yes, dont forget  images as well !

○ Photo-z, LSS, Clusters, Galaxy formation and 

evolution.

○ Peter’s ‘Standard Model’  for galaxies
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Thank you!

Questions?

Matias Carrasco Kind -- NCSA
mcarras2@illinois.edu
github.com/mgkind
matias-ck.com
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mailto:mcarras2@illinois.edu
http://www.github.com/mgckind
http://www.matias-ck.com

