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DISCOVERY OF COSMIC ACCELERATION 

Type Ia supernovae  
that exploded when  
the Universe was  
2/3 its present size  
are ~25% fainter  
than expected 
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2011 Nobel Prize in Physics 



3	



va
cu

um
 e

ne
rg

y 
de

ns
ity

 

matter density 



4 

33 SNe 

D
is

ta
nc

e 
m

od
ul

us
   

   
   

  (
lo

g 
di

st
an

ce
) 

figures by A. Conley 

SUPERNOVA IA HUBBLE DIAGRAM 
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SUPERNOVA IA HUBBLE DIAGRAM 
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Supernovae 

Cosmic Microwave 
Background  
(Planck, WMAP) 

CMB+BAO 

Here assuming  
w = −1 

Betoule et al. 2014 

PROGRESS OVER THE PAST 15 YEARS 
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Friedmann Equation 
from GR  

COSMOLOGICAL DYNAMICS 

Friedmann Equation 
from GR  
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CURRENT DARK ENERGY CONSTRAINTS 

Betoule et. al (2014) 

Assuming constant w             Assuming w=w0+wa(1-a) 

Consistent with vacuum energy (Λ): w0=−1, wa=0  

 Supernovae, CMB, and Large-Scale Structure 
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•  Late 2003: NOAO Announcement of Opportunity for new 
facility instrument on the Blanco 4-meter telescope  

•  Cerro Tololo Inter-American Observatory 
•  Good seeing:  ~0.75” median for site 
•  High percentage of clear, photometric nights 

•  DES collaboration formed to build Dark Energy Camera 
and carry out Dark Energy Survey  

Blanco Telescope 

ORIGINS OF THE DARK ENERGY SURVEY 
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•  Probe Dark Energy and the origin of Cosmic Acceleration 
 Distance vs. redshift 
 Growth of Structure 

•  Two multicolor surveys: 
  300 M galaxies over 1/8 sky 
  3500 supernovae (30 deg2) 

•  Built new camera for  
CTIO Blanco telescope 
  Facility instrument 

•  Five-year Survey 
  525 nights (Aug - Feb)  

THE DARK ENERGY SURVEY 
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Fermilab, UIUC/NCSA, University of Chicago, 
LBNL, NOAO, University of Michigan, University of 
Pennsylvania, Argonne National Lab, Ohio State 
University, Santa-Cruz/SLAC/Stanford, Texas A&M 

Brazil Consortium 

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

Spain Consortium: 
CIEMAT, IEEC, IFAE 

CTIO 

Ludwig-Maximilians Universität LMU 
ETH Zurich 

~300 scientists  

DARK ENERGY SURVEY  
COLLABORATION 
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THE DARK ENERGY CAMERA 

570 Million Pixels 
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•  62 2kx4k fully depleted CCDs: 520 Megapixels, 250 
micron thick, 15 micron (0.264”) pixel size 

•  12 2kx2k guide and focus chips 
•  Excellent red sensitivity 
•  Developed by LBNL, packaged and tested at FNAL 
•  Total 570 Megapixels 

DECAM CCDS 
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•  62 2kx4k fully depleted CCDs: 520 Megapixels, 250 
micron thick, 15 micron (0.264”) pixel size 

•  12 2kx2k guide and focus chips 
•  Excellent red sensitivity 
•  Developed by LBNL, packaged and tested at FNAL 
•  Total 570 Megapixels 

2.2 deg 

g          r            i           z         Y 

DES filters 

DECAM CCDS 
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C4 

Filters & 
Shutter 

•  Field of view: 2.2 deg diameter  
•  Good image quality across FOV 
•  Optical elements aligned at UCL 

Focal plane 

OPTICAL CORRECTOR LENSES 
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Four Probes of Dark Energy: 

•  Galaxy Clusters 
•  Tens of thousands of clusters to z~1 
•  Synergy with SPT, VHS 

•  Weak Lensing 
•  Shape and magnification measurements 

of 200 million galaxies  

•  Baryon Acoustic Oscillations 
•  300 million galaxies to z = 1 and beyond 

•  Supernovae 
•  30 sq deg time-domain survey 
•  3500 well-sampled SNe Ia to z ~1 

Forecast Constraints on DE  
Equation of State  

DES SCIENCE PERFORMANCE 

DES forecast 

Focus here on supernovae (expansion history) 
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current constraints 

DES SCIENCE PERFORMANCE 

Forecast Constraints on DE  
Equation of State  

DES forecast 

Four Probes of Dark Energy: 

•  Galaxy Clusters 
•  Tens of thousands of clusters to z~1 
•  Synergy with SPT, VHS 

•  Weak Lensing 
•  Shape and magnification measurements 

of 200 million galaxies  

•  Baryon Acoustic Oscillations 
•  300 million galaxies to z = 1 and beyond 

•  Supernovae 
•  30 sq deg time-domain survey 
•  3500 well-sampled SNe Ia to z ~1 

Focus here on supernovae (expansion history) 
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DES OBSERVING STRATEGY 

•  Wide Survey:  5000 sq deg 
10x90s in griz; 10x45 s in Y 

•  Redder (bluer) bands in bright (dark) time 
•  Multiple overlapping exposures for photometric  

calibration (“ubercal”) 
•  Supernova Survey:  10 fields  

~5 day cadence  
(8) shallow: 175/150/200/400s 
(2) deep: 600/1200/1800/3600s 

•  Wide/SN trigger based on seeing and SN gaps 

•  Overlap with SPT, OzDES, VHS, SDSS, eBOSS, ACT, …  
•  Footprint overhead Aug – Feb 
•  DES members do all observing 
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•  Science Verification (SV): ~250 sq. deg. to ~full depth; 45 M objects 
•  Year 1 (Y1): ~2000 sq. deg; overlap SPT, SDSS: 4/10 tilings; 140 M objects 

SPT 
region 

5000 sq. deg. 

DES SURVEY FOOTPRINT 



DES Science Requirement 
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DES Y1 

~6 day average cadence 
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All DES results in 
this talk are (mostly)  

PRELIMINARY 









SPT-SZ Image"
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Nov. 7, 2012                           Dec. 15, 2012 

SN Ia at z=0.2 confirmed at AAO 

SUPERNOVAE 



C3 

C1 

C2 

CDF-S

(1.5 Gpix!) 



Deep field search for SNe Ia 



Deep field search for SNe Ia 



Deep field search for SNe Ia 
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Deep field search for SNe Ia 



Deep field search for SNe Ia 



Deep field search for SNe Ia 
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“Supernova Simulations and 
Strategies For the Dark Energy 

Survey”

Bernstein et al., 2012, ApJ, 753, 152


Filter	



Shallow Field 
Exposure 
Time (s)	



Limiting	


Mag	



Deep Field 
Exposure 
Time (s)	



Limiting 
Mag	



g	

 175	

 24.9	

 600	

 25.6	



r	

 150	

 24.3	

 1200	

 25.4	



i	

 200	

 23.9	

 1800	

 25.1	



z	

 400	

 23.8	

 3630	

 24.8	



DES Supernova Survey 

Pathway to Cosmology 

  SN-like transients 
  Classification 
  Photometry (not today) 
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Goldstein et al.  
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“Supernova Simulations and 
Strategies For the Dark Energy 

Survey”

Bernstein et al., 2012, ApJ, 753, 152


Filter	



Shallow Field 
Exposure 
Time (s)	



Limiting	


Mag	



Deep Field 
Exposure 
Time (s)	



Limiting 
Mag	



g	

 175	

 24.9	

 600	

 25.6	



r	

 150	

 24.3	

 1200	

 25.4	



i	

 200	

 23.9	

 1800	

 25.1	



z	

 400	

 23.8	

 3630	

 24.8	



Finding SN-like transients 

Pathway to Cosmology* 

  SN-like transients 
  Classification 
  Photometry 
  Light Curves 

Goldstein et al.  
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Goldstein et al.  
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Campbell et al. (2013) 

Photometric Classification 
Too many, too faint for spectroscopic followup 

Problems:  Purity; loss of spectral information 
Benefits:  Numbers; selection biases 

Sloan Digital Sky Survey - Supernova II!

Photometric Classification 
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•  AAOmega/2dF on AAT:  perfect 
overlap with DECam FoV 

•  SN Host Galaxies targeted 
repeatedly to build depth 

•  Fibers placed on live SNe (r < 21)  
•  100 nights over 5 years 

DES SV + Y1: fitprob_ia > 0.0001, p_bayes_ia > 0.9
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•  AAOmega/2dF on AAT:  perfect 
overlap with DECam FoV 

•  SN Host Galaxies targeted 
repeatedly to build depth 

•  Fibers placed on live SNe (r < 21)  
•  100 nights over 5 years 

•  23 nights so far with 15814 
targets with 10212 redshifts 

R=23.7 z=0.732 
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Other telescopes for live transients (2014)  
Telescope	
   Time	
  (2014-­‐15)	
  

VLT	
  (Sullivan)	
   7	
  nights	
  

GTC	
  (Castander)	
   13hrs	
  (ToO)	
  

MMT/Magellan	
  (Kirshner)	
   9.5	
  nights	
  

Keck	
  (Nugent)	
   5.5	
  nights	
  +	
  8hrs	
  ToO	
  

Magellan	
  (Kessler)	
   0.5	
  nights	
  

SALT	
  (Smith)	
   10.5	
  hrs	
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LOW-Z SALT FITS (SHALLOW) 
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LOW-Z SALT (DEEP) 
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HIGH-Z SALT FITS (DEEP) 





Inverse	
  Hubble	
  Diagram	
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Aubourg et al. 2015 
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Understanding	
  SLSNe	
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Increasing DES 
observing window 
helps significantly 

24 deg2 at ~14 day cadence for  ~7 months to twice depth 
of DES shallow fields  

SURVEY USING DECAM FOR 
SUPERLUMINOUS SUPERNOVAE  
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DES + SUDSS will 
find ~100, improving 
the DES cosmology 
by at least 25%. 
LSST will find 20,000 
of these events! 
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•  DES has started and is maturing 
•  First results are coming  
•  DES SN has found thousands of SNe; hundreds suitable 

for cosmology 
•  Control of systematics is vital but in-hand 
•  Serendipity!  

•  DES+VIDEO 
•  Superluminous SNe!  
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•  2003 
•  2004 – 2008  
•  2008 – 2011  
•  2012 
•  Sept 2012 
•  Sept – Oct 2012 
•  Nov 2012 – Feb 2013 
•  31 Aug 2013 –  

9 Feb 2014 
•  15 Aug 2014 
•  Feb 2018 

Project begins 
R&D 
DECam construction 
Installation 
First light 
Commissioning 
Science verification (SV) 
First season (Year 1) 

Year 2 begins 
Nominal end of  
survey operations 

DES TIMELINE 


