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DES Science Summary

4 Probes of Dark Energy: 
!
Galaxy Clusters (distance & structure growth) 
Tens of thousands of clusters to z~1 
Synergy with SPT, VHS 
!
Weak Lensing (distance and structure growth) 
Shape and magnification measurements of 200 
million galaxies 
!
Baryon Acoustic Oscillations (distance) 
300 million galaxies to z~1.4 and i<24 
!
Supernovae (distance) 
3500 well-sampled SNe Ia to z~1

Now:

DES:

Betoule et al. 2014



DES Collaboration: 
~300 scientists from 28 institutions



The Dark Energy Survey
• Cerro Tololo Inter-American Observatory 

Blanco 4-meter telescope


• First light Sept. 12, 2012


• Survey 2013-2018, 525 nights


• DECam: 570 Mpix, 3 deg2 FOV, griZY filters


• 5000 deg2 survey footprint, to mag 24 
(redshift ~1.5) + 30 deg2 deep SN fields



DES Field of View & Focal Plane



DES Early Data

...moment of zen...



DES Survey Footprint

Science Verification: ~250 sq. deg. to ~full depth; 45 M objects 
Year 1: ~1500 sq. deg. overlap SPT, SDSS: 4/10 tilings; 140 M objects
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Testing Weak Lensing: Masses of 4 galaxy clusters 
(Melchior et al. arXiv:1405.4285)

DES can measure galaxy shapes, even in the SV preliminary data set

Multi-color image of the 
inner 5 arcmin

Map of WL aperture mass 
significance overlaid with gals 
inner 30 arcmin

• Measure the masses and redshifts of four known    
   massive galaxy clusters 
• Background galaxies identified using photo-z 
• Cluster member galaxies identified using photo-z and    
   RedMaPPer 
• Weak lensing analysis using im3shape code 
!
Results in very good agreement with previously known 
measurements 
!
!



Preliminary Results from Science Verification   
Data: Photometric Redshifts

Carles Sanchez et al., MNRAS 445 1482 (2014)

Many codes already meet requirements

Voronoi cluster & group photo-zs

Redshifts from 
SDSS, OzDES, 
VVDS, SPT follow-up 

Redmapper photo-zs



Dark Energy Survey Synergy  
with the South Pole Telescope

DES survey area encompasses SPT Sunyaev-
Zel’dovich Cluster Survey (2500 deg2)



Gal-Gal 

Gal-SPT 

Gal-Planck 

About 5 sigma detection of 	

positive cross-correlation	

currently with SV data

           Preliminary          DES x CMB	


Giannantonio et al. 2015 (in prep)
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Results from Science Verification  
Data: SuperLuminous SuperNova

• SLSN are 50 times brighter than typical SN.!
• SLSN are rare objects. Only 14 are observed as well as this one. !
• Spectroscopically confirmed SLSN with z = 0.663 ± 0.001!
• Located in a faint, low metallicity, low stellar-mass host galaxy.!

DES13S2cmm



Preliminary DES Results:  
Eight Milky Way dwarf galaxy satellite candidates
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•  From 1,800 deg2 of optical imaging data (DES 1st year)!
•  Identified as statistically significant overdensity of stars 
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✤ Testing your pipelines	

✤ Understanding Errors	

✤ Computing covariances

You know what has been included in the mocks, so one can work out 
what are the best estimators, and test systematics.	

As pipelines become complex they are more difficult to capture by 
theoretical modelling, and mocks are needed.	

Covariance matrix require a large number of realisations, the 
production of fast mock galaxy catalogues may provide them	

Large number of mocks allows for exploration of the parameter space. 

Mock Catalogues 



ROUTE A

✤ 2-3 orders of magnitude faster than N-body runs 	

✤ decide how to define halos and populate galaxies  

N-Body simulations	

+ high resolution	

+ baryons 	

+ galaxy formation semi-
analytical models 

ROUTE B

Move dark matter 
particles analytically

Run PM simulations 
with fewer time steps

all scales

L-PICOLA

some scales

COLA QPM

Mock Catalogues 
slow fast

Few very accurate mocks, 
but computationally very 

expensive.

PINOCCHIO

PTHALOSALPT/PATCHY

HALOGEN
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L-PICOLA fast mocks:  Cullan, MM & Percival 2015
Fast Images on n-body:   UFIS, Chang et al. 2015



Mock Catalogues: cosmic web 

The importance of cosmic web on the power spectrum 

The cosmic web contributes significantly to the convergence power spectrum. !
Obtaining Pκ only from halos misses power. 

 Pace, MΜ, Bacon, Crittenden & Percival  et al. 2015,  arXiv:1503.04324



 Pace, MΜ, Bacon, Crittenden & Percival  et al. 2015,  arXiv:1503.04324

Mock Catalogues: substructures 



Summary
• Initial Science Verification data already yielding high-quality results; photoz           

codes already comply with science requirements, and images are good for lensing. 


• First results include: lensing of four massive clusters, discovery of eight candidates 
for Milky Way dwarf galaxy satellites and a superluminous supernova. 


• MUCH work ongoing within DES. Second year of observations just ended!  First 
dark energy results and cosmology expected from Year 1 & 2 data.  


• Mock galaxy catalogues are essential for the analysis of galaxy clustering. Fast 
mocks can be done using L-PICOLA. 


