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Consensus Cosmology
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Rests upon three mysterious pillars
All implicate new physics!
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Background

(1982)

Z-machine

ON-CfA  Collaboration
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LSS (1979-1994)

Ωh=0.5

Ωh=0.2

CfA2 + SSRS2 + COBE

SSRS2

CfA2

Best-fit ΛCDM with  b ~ 1; Ωm= 0.3



Great Attractor
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Ω = 1
Inconsistent with LSS

7 Samurai
(1988)
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Peculiar velocity field 

(1988-2003)

Spirals
Early-types

Dn-σ relationTully-Fisher relation

b ~ 1; Ωm= 0.3
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First Evidences LCDM/DE

After long debate concordance among different 
estimates such as:

1) LSS
2) Peculiar motions on small and large scales
3) Other measurements (e.g. cluster abundances)

bO ∼∼∼∼ 1=> ΩΩΩΩ m∼∼∼∼ 0.3
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Direct confirmation (1998)
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WMAP

Evidence for Dark Energy

CMB

LSS
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Dark Energy

Dark Matter

Baryons

Contents of the Universe
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September 2006
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Dark Energy Task Force

Recommended techniques for probing dark 

energy

1. Supernovae 

2. Baryon Acoustic Oscillations

3. Galaxy Cluster Counting

4. Weak Gravitational Lensing

geometry

growth of structures
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Dark Energy Survey (DES)
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Dark Energy Survey 
Collaboration

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 UniversitätLMU

ETH Zurich

~300 scientists 
US support from DOE+NSF
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The Dark Energy Survey
• 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 sq deg)

• Built new camera for 
CTIO Blanco telescope

Facility instrument

•  Five-year Survey started 
Aug. 31, 2013

525 nights (Sept.-Feb.) 

www.darkenergysurvey.org
www.darkenergydetectives.org

DECam on the Blanco 4m
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DES Science Summary

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 

w(a) = w0 + wa(1− a(t))

DES forecast

current constraints



The Dark Energy Survey Camera

DECam:
Replace this PF cage with a new 2.2 
FOV, 570Mega pixel red sensitive 
CCD camera and optics

Time scale:
• R&D and Reviews 2003-2008

• Instrument Construction 2008-
2011

• Delivery to CTIO 2011-2012

• Installation Jan.’11-Aug.’12

First Light: Sept. 2012

Beginning of Survey: Aug 2013

19

Use the Blanco

4M Telescope 

at the Cerro-Tololo

Inter-American 

Observatory (CTIO)

OCA September 30, 2014
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570-Million pixel DECamTelescope Simulator



Installation at CTIO
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New cage – May 2012 Imager – August 2012



First Light Sept 2012 

First light: Sep 2012

SV: Oct 2012/Feb 2013

Hand over to CTIO

Survey: Aug 2013



DES Survey Footprint

• Science Verification: ~250 sq. deg. to ~full depth; 45 M objects
• Year 1: ~2000 sq. deg. overlap SPT, SDSS: 4/10 tilings; 140 M objects

SPT
region

5000 sq. deg.



Survey 
Progress

Goal for Year 1: cover 
northern (SDSS stripe 82) 
and southern (SPT) regions 4 
times in each filter (grizY): 
~2000 sq deg. 

Completed 82% of survey-
quality Y1 exposures 
(11,215/13,691) and 17% of 
Y2 exposures

From Nov. onward, >92% of 
exposures were survey-
quality (not returned to queue 
for re-observing). For season, 
~16% of time lost to 
weather+HW failures

Feb. 9



First Results
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Photo-z
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Sanches et al 
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Galaxy Clusters in SV







SPT-SZ Image



z=0.66

Papadoupolos et al.



LMC Geometry
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Balbinot et al 



Star Cluster Catalog
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A “modest” data challenge

• Each image 1GB; 300–700 GB of raw data/night

– Data must be moved from Chile to NCSA before next night 
begins (<18 hours), preferably in real time

– YEAR 1: Each image transferred in <120 sec!

– Data must be processed within <24 hours to inform next 
night’s observing: using NCSA resources

• TOTAL Dataset will be ~5 PB

• Considered by DOE a precursor of LSST

OCA September 30, 2014 35
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DES Science  Portal 

Start 2006
480 FTE-months

People ....

– get tired 

– get sick

– change jobs

– make mistakes

– get bored

– .......

Need to have an integrated system with streamlined procedures

running unsupervised

(1996-2005)
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IT Team

37

Cost: US$ 800k/year



http://www.linea.gov.br/
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DOU Novembro de 2010

Convidado

Fapesp, Julho 2014



Cientistas
Programadores
Banco de dados
Computação de Alto Desempenho
Rede
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Portal Instances & operation model 

• CTIO Portal
– Quick reduce

• DES Science Portal (LIneA, restricted access)
– Data installation

– Data preparation

– Value-added catalogs

– Science workflows

– Other ancillary pipelines (e.g. training set maker, random catalogs)

– Administration

• DES Data server (Fermilab)
– Reductions (QR server, Final cut)

– Monitoring survey progress

– Coadds  (product log, footprint, tile viewer, object viewer)

– User queries

– Catalog server (value-added catalogs, favorites, targets)

– Science Workflow products

41
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CTIO Portal: all DECam users
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Quick Reduce

43
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Quick Reduce

44



OCA September 30, 2014 4545

Seeing monitor

45



Quick Reduce (QR)Quick Reduce (QR)

• Monitora qualidade das imagens da DECam (500 Megapixels em 62 

CCDs) em “tempo real”

• Um ano de operação (redução extração avaliação)

• Mais de 50 mil exposições avaliadas

• 50 Terabytes de dados processados

• Resultados transferidos para o LIneA

• Disponível para a comunidade usuária do Blanco

• Monitora qualidade das imagens da DECam (500 Megapixels em 62 

CCDs) em “tempo real”

• Um ano de operação (redução extração avaliação)

• Mais de 50 mil exposições avaliadas

• 50 Terabytes de dados processados

• Resultados transferidos para o LIneA

• Disponível para a comunidade usuária do Blanco

Fapesp, Julho 2014 46 46Sala de controle do Blanco
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Science Portal: restricted Access

47
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Workflows for SWG
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Discovery
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Data Server: open access to the collaboration

50



Portal Reviews
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2010 - “The system is actually much more than a Science Portal, it is a
comprehensive, web-based eScience Analysis Center for the Dark Energy Survey
Collaboration. It is designed to be very general, and allow the sharing of code, data,
and results of analysis world-wide, in a virtual environment. We don't know that
anything quite like it exists yet - it is forward-looking and ambitious.”

2011 - “The Brazil Portal concept includes a place where large-collaboration
astrophysics analysis can be directed: a central place for checking in codes;
compiling, linking, and running those codes; making plots and sharing them, all in a
repeatable, archived fashion; and the ability to run things in parallel in larger volume.
The vision of the Brazil portal is commendable and should go forward. The portfolio
of tasks is large, yet the resources to undertake the work are limited.”

2012 – QR

2013 – July and November

2014- Scheduled

NCSA

NOAO

NERSC

LSST

LSST@Home



LSST
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1.65 m

(5’-5”)

• 3.2 Gigapixel  science array – 10 square degree FOV!

• Wavefront and guide sensors

• 2 second readout

• 5 filters in camera



The LSST Science Book
• Contents:

– Introduction
– LSST System Design
– System Performance
– Education and Public Outreach
– The Solar System
– Stellar Populations
– Milky Way and Local Volume Structure
– The Transient and Variable Universe
– Galaxies
– Active Galactic Nuclei
– Supernovae
– Strong Lenses
– Large-Scale Structure
– Weak Lensing
– Cosmological Physics

D
ark E

nergy

Project  & Science Collaboration
53



Summary of High Level Requirements
Survey Property Performance

Main Survey Area 18000 sq. deg.

Total visits per sky patch 825

Filter set 6 filters (ugrizy) from 320 to 1050nm

Single visit 2 x 15 second exposures

Single Visit Limiting Magnitude
u = 23.5; g = 24.8; r = 24.4; I = 23.9; z = 23.3;          

y = 22.1

Photometric calibration 2% absolute,  0.5% repeatability & colors

Median delivered image quality ~ 0.7 arcsec. FWHM

Transient processing latency 60 sec after last visit exposure

Data release Full reprocessing of survey data annually

54Fapesp, Julho 2014



Petascale Data Management

• Each image roughly 6.5GB

• Cadence: ~1 image every 15s

• 15 to 18 TB per night, 30TB “reduced”!
– ALL must be transferred to NCSA archive center

• within image timescale (17s), >>10 Gbps

• REAL TIME reduction, analysis, & alerts
– Send out alerts of transient sources within 60s

• ~2 million events per night every night for 10 years

– Provide automatic data quality evaluation, alert to 
problems

– Change survey observing strategy on the fly based on 
conditions, last field visited, etc.

55



LSST:

“Data Science” in real time
TRANSIENT SCIENCE (Data Stream)
� >3 Terabytes per hour (reduced) that must be mined in 

real time for alerts.
� 20 billion objects will be monitored for important 

variations in real time.
� ~2 million events per night every night for 10 years
New approaches must be developed for knowledge 

extraction in real time

NON-TRANSIENT SCIENCE
� >1010 objects in a 20 PB final database catalog, backed by 

a 100 PB final image archive
New approaches to data mining needed to sift through data 

to identify samples, or individual objects, of interest

56Fapesp, Julho 2014



Summary

• DES has just started Y2

• Data meeting requirements 

• Science already being produced with SV data

• Portal useful tool to explore the large volume 

of data in a reproducible way  and  capture 

and retain the know-how for the lifetime of 

the project

• Agreement with LSST being worked out 

• DES path finder to LSST
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