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We know that we don’t know what the 
universe is made of: 
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Rests	  upon	  three	  mysterious	  pillars	  
All	  implicate	  new	  physics!	  

  CMB   LHC 

   Astronomy 
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Josh Frieman – Project Director 
John Peoples was 1st director 



January 12, 2016  HEP-Chile 10 

Laboratório Interinstitucional de e-Astronomia (LIneA )  

DES-Brazil is a LIneA Project 

http://www.linea.gov.br 
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DES Project 
•  Survey of 5000 deg2 (~ 1/8 of the sky) 

•   300 millions of galaxies up to z~1.4 
      (+ 100,000 clusters + 4,000 SN Ia) 

•   Photometric redshift with 5 filters 

•   Blanco telescope (4m, CTIO) 

•   DECam – 62 (+12) CCDs (LBNL) - 570 Megapixels 
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Rough LSS-HEP dictionary 
Red shift   energy 

Area of the survey   luminosity 

Red shift error   energy resolution  

Structure formation   hadronization 

Catalogue  data 
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NOAO Blanco Announcement of Opportunity 2003 

DECam R&D 2004-8 

Camera construction 2008-11 

First light DECam on telescope September 2012 

Science Verification (SV) run: Sept. 2012 - Feb. 2013 
First Season (Year 1): Aug. 31, 2013 - Feb. 9, 2014 
Second Season (Year 2): Aug. 2014 - Feb. 2015 
Third Season (Year 3): Aug. 2015 - Feb. 2016 

Planning on 5 years of 105-nights each (maybe 6 years) 

DES Project Timeline 
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DES site: 4m Blanco telescope at the Cerro Tololo Inter-        
                American Observatory (CTIO) in Chile 

HEP-Chile 

January 12, 2016  
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DECam 
Able to see light from more than 100,000 galaxies up to 8 
billion light-years away in each snapshot. Weighs ~4 tons! 
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DECam 

arXiv:1504.02900 
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Fornax cluster of galaxies 

 Barred spiral galaxy NGC 1365 in the Fornax cluster of galaxies 



DECam 

Rogerio Rosenfeld 

       First supernova found by the Dark Energy Survey  

Nov. 7                                               Dec. 15 
SN Ia at z=0.2 confirmed at AAO 
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3 deg2 field of view 
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Dark Energy Camera 
catches breathtaking 
glimpse of comet 
Lovejoy 

December 27 2014 

82 million km away 
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DES Data Management 

Each exposure (in a given filter) generates 500Mb 

300 exposures/night – 150 Gb/night 

Transferred and processed at NCSA in Urbana  
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Single-epoch images are calibrated, background-subtracted, coadded, and processed in 
`tiles’ (0.75 x 0.75 deg2) needed to cover the entire DES footprint. A catalogue of objects 
was extracted from the coadded images using Source Extractor (Sextractor). 

Several algorithms to estimate photo-z: machine learning and template based. Must use a 
probability distribution function to characterize a measurement of the photo-z. 

Photometric redshift 
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Brazilian infrastructure contribution 

•  QuickReduce: software for fast assessment of image  
quality at CTIO 

•  The Science Portal: Data Server, Value Added  
Catalogs and scientific pipelines 

Creating a science-ready catalog is the crux: 
selection of objects, photo-z, systematic effects, … 
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Angelo Fausti 
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https://des-portal.fnal.gov/ 
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Some recent results 

DES is not only 
about Dark Energy! 

The Dark Energy Survey: more than dark energy - an overview 
1601.00329 



50+ papers submitted (mostly from SV data) 
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•  Produced the largest contiguous mass map of the Universe; 
•  Discovered nearly a score of Milky Way dwarf satellites and other Milky 
Way structures;  
•  Measured weak lensing cosmic shear, galaxy clustering, and cross-
correlations with CMB lensing and with X-ray and SZ-detected clusters;  
•  Continued to measure light curves for large numbers of type Ia 
supernovae and discovered a number of super-luminous supernovae 
including the highest-redshift SLSN so far;  
•  Discovered a number of redshift z>6 QSOs;  
•  Discovered a number of strongly lensed galaxies and QSOs; 
•  Discovered a number of interesting objects in the outer Solar System.  
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17 new dwarf galaxies discovered by DES! 
27 known before DES. 
Contribution from B. Santiago’s team 

1508.03622 
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1503.02584 

1503.02632 (joint DES-Fermi) 

Closest and best characterized one is Reticulum II (32 kpc). Mass-to-light ratio is 

Strongly dark matter dominated system! 
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1512.03062 
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Wide-Field Lensing Mass Maps from DES Science Verification Data: 
Methodology and Detailed Analysis - arXiv:1504.03002 
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Some highlights: measuring bias 

Baryons are only ~ 15% of the total matter in the Universe! 

Galaxies are a biased tracer of the total matter distribution.  
DES measures the distribution properties of galaxies.  

galaxy overdensity  matter overdensity (cosmological model)  
bias 
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Two-point correlation functions are measured using 2.3×106 galaxies 
over a contiguous 116 deg2 region in five bins of photometric redshift 
width Δz=0.2 in the range 0.2<z<1.2. 

Galaxy clustering, photometric redshifts and diagnosis of systematics in the DES SV data - 1507.05360 
                                     MNRAS 455,4301–4324 (2016) 
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Some highlights: first cosmological constraints 
Cosmology from Cosmic Shear with DES Science Verification Data - 1507.05552 

DES SV and CFHTLenS are marginalised over the same astrophysical systematics parameters and DES 
SV is additionally marginalised over uncertainties in photometric redshifts and shear calibration. 

Uses 139 square degrees of SV data, which is less than 3% of the full DES survey area 

DES SV alone places 
 weak constraints on the  
darkenergy equation of state: 
 w < -0.68 (95%) 

January 12, 2016  
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Conclusions 
•  Dark Energy Survey third season (Y3) is ongoing 

•  DECam is working to specification 

•  Pipelines for data analysis are in place (still work to do) 

•  Y1 science-ready catalogue finished last December 

•  Science Verification public data release scheduled for Jan. 15 

•  Some results from the Science Verification data (less than 5 % of total 
area already interesting) – catalogues for LSS and shear are fine! 

•  DES is a precursor to the LSST (8.4 m telescope in Chile – CTIO) 


