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1.   Accelerated expansion of the Universe, measured from supernovae type Ia 
(SN Cosmology Project, High-z SN project). 

2.   Universe is ~= flat (CMB) but matter content is ~27% (LSS). 

Credit :NASA / WMAP Credit : Perlmutter 2003 
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1.   Additional unknown stress-energy component with negative pressure. 

2.   Break-down of general relativity at large distances.  

3.   Assumptions not valid (homogeneity) 

Early 2000’s INVESTIGATE NATURE (w=const? w≠-1) 
Dark Energy Task Force: four preferred observation types  
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Dark Energy Survey  
… is an international project to 
measure the dark energy equation 
of state (nature). This effort is led 
by Joshua Frieman (Fermilab). 

Fermilab, UIUC/NCSA, University of Chicago, 
LBNL, NOAO, University of Michigan, University 
of Pennsylvania, Argonne National Laboratory, 
Ohio State University, Santa-Cruz/SLAC/
Stanford Consortium, Texas A&M University 

120+ scientists 
20+ institutions 

Observatorio Nacional, 
CBPF,Universidade Federal do Rio de 
Janeiro, Universidade Federal do Rio 
Grande do Sul 

Brazil Consortium: 

UK Consortium: 
UCL, Cambridge, Edinburgh, 
Portsmouth, Sussex, Nottingham 

Spain Consortium: 
CIEMAT, ICE (IEEC/CSIC), IFAE 

CTIO 

Universitäts-Sternwarte 
 München  
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•  Survey project using 4 complementary 
techniques: 

         I. Cluster Counts 
      II. Weak Lensing 
      III. Large-scale Structure 
      IV. Supernovae 

•  Two multiband (photometric) surveys: 
       5000 deg2 grizY to 24th mag AB griz 
       10 deg2 repeat (Sne) 

•  Build new 3 deg2 FOV multi-CCD 
camera, Data management system, 
improve Blanco facilities 

Blanco 4-meter at CTIO 
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Survey Area Overlap with  
South Pole 
Telescope  
Survey  
(4000 sq deg) 

Overlap with SDSS equatorial  
Stripe 82 for calibration (200 sq deg)  

Connector  
region 
(800 sq deg) 
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Photo-z precision = 0.05(1+z) (<0.08 up to z~1.4 w/VHS) 
2 complete tilings/filter/year (105 nights/yr) 
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Hexapod 

Corrector  
Lenses 

CCD 
Readout 

Filters  
Shutter 

Mechanical Interface of 
DECam Project to the Blanco 

Focal plane (detector, 62+ CCDs) 

Led by Fermilab 
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DECam with science-grade CCDs installed DECam CCD’s quantum efficiency (in blue) 
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Credit : M.Soares-Santos 



6/2011 
From FNAL 

From FNAL,TAMU,UCL 

11/2011 Installation on Telescope @ 

1/2012:  First Light 

7/2011: Cage, NW platform parts, installation fixtures 
From FNAL 

1/2012 – 3/2012: DECam commissioning, F/8 observing, engineering @ 

8-9/2011 

Mini-survey/science acceptance: 4/2012 – Survey : 9/2012  
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Transfer 

Processing  

Archival 

Led by U.Illinois/NCSA 
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Produce cosmological simulations 

Process through atmosphere,  
detectors, include ‘nasty’ stuff 
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Galaxies 

Stars 
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(new simulations with more DES-like systematics coming up by Stanford team) 

Carnero et al. 2010 



22/07/2011 EPS-HEP2011 DES I.Sevilla 

Supernovae Ia Cluster density 

Baryon Acoustic Oscillations Weak lensing 
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Much more!: galaxy evolution, strong lensing, QSOs… 
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Strategy: geometry probe 
•  Obtain light curves + calibrate: shape in 
different bands relates to luminosity. 
•  Luminosity + app. magnitude + redshift, 

•  Measure reapetedly same area, photometry 
for id and redshift 

DES: 
•  Measure ~1200 SN photometrically, up to 
z=~1 (assuming deep survey) 
•  10+% of the survey time will be devoted to 
SN search revisiting an area of 10 sq.deg. 
(assuming deep survey) 
•  Photometric errors will be addressed w/ on-
site measurements of photometry, 
spectroscopic follow-ups. 

Systematics: dust, evolution, calibration… 
‘ 

€ 

χ 2 =
(µ − 5log(dL (z;θ,w)) /10pc)

2

σ 2
objects
∑

‘Mature’, photometric id and redshifts 
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Strategy: structure and geometry probe 

•  Obtain number count of galaxy clusters 
per unit volume. 
•  Combine counts with cluster mass 
predictions (theory) + selection function + 
observable-mass relationship. 

DES: 
•  Measure ~1.7e5 rich clusters w/ 
M>5e13M_sun up to z~1.5 
•  Mass using partnership with South Polar 
Telescope (using Sunyaev-Zeldovich 
effect) 

Systematics: observable-mass relation, 
completeness and purity of cluster sample 

Very sensitive, mass uncertainty, untested for cosmology 
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Strategy: structure and geometry probe 
•  Statistical measurement of distortions of 
background objects created by intervening 
matter (shear-shear) in redshift shells. 
•  Foreground galaxy cross-correlations 
with shear (galaxy-shear). 
•  It means measuring shapes and 
redshifts. 

DES: 
•  Shapes of ~3e8 galaxies. 
•  PSF < 0.9” FWHM 

Systematics: photo-z’s, PSF anisotropy,   
  shear calibration 

Theoretically well-founded, instrumental 
systematics 
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Strategy: distance probe 

•  CMB provides scale of acoustic peak. 
•  Search for this peak in angular two-point 
correlation function of galaxies in redshift 
shells. 
•  This gives an estimation of the expansion 
history. 
•  Measure a huge amount of galaxies in a 
large area and volume. 

DES: 
•  Correlation function of ~3e8 galaxies up 
to z~1.5. 
•  Probe larger volume and redshift range 
than current state-of-the-art 

Systematics: photo-z’s, projection effects, 
non-linear evolution, galaxy-mass 
relationship (bias). 

Carnero et al. 2010 

Robust, weakest constraints 
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Assumptions: 

•  statistical+photo-z systematic errors 
only 

•  spatial curvature, galaxy bias 
marginalized 

•  Planck CMB prior 

•  Factor 4.6 improvement over Stage II 

•  Deep systematics study 

w(z) =w0+wa(1–a)           68% CL 

DETF Figure of  
Merit: inverse 
area of ellipse 

Stage II not 
included here 
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•  The Dark Energy Survey is an international project to characterize the 
dark energy equation state (σ(w0)=6%  and σ(wa)=21%). 

•  This is will be done building a wide field imaging camera at the Blanco 
telescope to simultaneously use the four probes recommended by the 
DETF: supernovae; cluster density; weak lensing tomography; baryon 
acoustic oscillations.  

•  A big effort is going into understanding the systematics from 
astrophysical effects. 

•  Huge legacy value, valuable facility instrument for the community.


•  Survey to start scientific operations in September 2012, for five years, but 
camera will be installed and first scientific data will be produced in the 
next few months. 

         www.darkenegysurvey.org 
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+ VHS JHKs on 
ESO VISTA 4-m 
enhances science reach: 
photo-z, galaxy id 

Photometric redshift 
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 1 tiling  +2 tilings  +3 tilings 

105 nights/year in Sep-Apr; rest of the time is a facility instrument 
Filters -> photo-z = 0.05(1+z) precision 
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Assuming CDM, negligible neutrino masses, adiabatic Gaussian primordial  
perturbations w/ power law spectrum, flat Universe. 
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Chandra Deep Field – South  
Sloan Stripe 82  
SN Legacy Survey (SNLS) D1  
XMM-Newton LSS  
ELAIS S1  Celestial 

Equator 

South 
Celestial 

Pole 

α=7hr 
α=20hr 

From a study by Peter Nugent  

Total DES survey area 
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Perform full-depth observations in 100 sq.deg. 

Area is off main survey 

Overlap existing datasets when possible 

Run acceptance tests on data 


