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Achievements until the 80s

Theories

GR

Big-bang theory
Inflation

CDM paradigm

Cosmological numerical
simulations

ABC 2012

Observations
e Hubble expansion
¢ Nucleosynthesis

e CMB temperature



Evolution of the Universe

expands forever
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Question: what is the value of Q,,?
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How to measure Q,,

e Growth of structures

o Large-scale structures

sin(kr
E(r) = dk k* P (k) e
kr
o Peculiar veIocity of galaxies
0.6 ' .
oir) ~ 2 H“ ‘ & ——
Tl -l

* Geometry

o Measuring distances to SN la (standard candle)

H’(a)= (_ ] =H; Q0" +Q,a7 + 0,07 + Qa7 |,
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Mapping the Galaxy Distribution

(1978-1994)

A [h™" Mpe]
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da Costa, Vogeley et al (1994)

da Costa, Geller et al (1994)

Best-fit ACDM with b~ 1; Q_= 0.3
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Mapping the Peculiar Velocity field
(1988-2001)

Spirals: Tully-Fisher relation | Early types: Dn-o relation \

T TmT e e e T = g —_—

da Costa, Nusser et al (1998) b~1;0,=0.3 Nusser, da Costa et al (2001)
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First Evidences ACDM/DE

After long debate concordance among:

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

=> Flat Universe with low values of Q
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SN la

[ Am,(B) 2] The Mobel Prize in Physics 2011

1L b Saul Perlmutter, Brian P. Schmidt, Adam G. Riess
— [ - The Hobel Prize in Physics 2011
[l 40
g i Sl Perlmutter
T 18 [ . Brian P. Schmict
EE. i — ©,=0.20, 2,=0.80] adam G Risss

Ly —= £2,=0.20, 2, =0.0(7]

uf -~ £=1.00, 2,=0.00]

A{m-M) (mag)

Best-fit: Q_=0.2 Q,=0.8

0.0 010 1.00

Riess et al (1998)
Direct evidence of accelerated expansion => Dark energy




Evidence for Dark Energy

Eisenstein et al (2005) SDSS gl
BAO
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Components

Heavy Elements:
0Q=0.0003

Neutrinos (v):
=0.0047

Stars:
(2=0.005

Free H
& He:
0Q=0.04

2=0.25

Dark Energy (A):
Q=0.70
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Cold Dark Matter:
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Implications

The tuture of the Universe?

Until ~ "98

expands forever

accelerated expansion
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H(z) = +/Qu(1+2)3+Qx
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What is the Nature of the Dark Energy ?

Acceleration

Modify GR Stress-Energy T,
| | }

l l

. Effective Scalar
Other (e.g., gas’) Field

Defect Network Vacuum Energy

w=—1/3 —2/3 w=-1
TMV = (A/8nG) 9,

w(z)=-1

Non-interacting Interacting

13
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Dark Energy Task Force

Recommended techniques for probing dark energy

N

Supernovae

Baryon Acoustic Oscillations
Galaxy Cluster Counting
Weak Gravitational Lensing

ABC 2012

geometry

growth of structures
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Ongoing Projects

ABC 2012
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SDSS-IIl: BOSS

ABC 2012
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SDSS-III Participating

Institutes
1. University of Arizona, 13. New Mexico State University
2. Brazilian Participation Group 14. New York University,
3. Brookhaven National Laboratory 15. Ohio State University
4. University of Cambridge 16. University of Portsmouth
5. University of Florida 17. Princeton University
6. French Participation Group 18. University of Tokyo
/. German Participation Group 19. University of Utah
8. Instituto de Astrofisica de Canarias 20. Vanderbilt University
9. Michigan State/Notre Dame/JINA 21. University of Virginia
Participation Group 22. University of Washington
10.Johns Hopkins University 23.  Yale University.

11.Lawrence Berkeley National

Laboratory,

12.Max Planck Institute for Astrophysics,

ABC

2012
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The Dark Energy Survey

Stage Il DE project using 4
complementary* techniques:

|. Cluster Counts

Il. Weak Lensing

lll. Large-scale Structure
V. Supernovae

Blanco 4-meter at CTIO

. Two multiband surveys:
5000 deg2 grizY to 24th mag
30 deg2 repeat (SNe)

. Build new 3 deg2 FOV camera
and Data management system
Survey 2012-2017 (525 nights)



@ DES Science Summary

DARK ENERGY

SURVEY Forecast Constraints
on DE Equation of
Four Probes of Dark Energy state im
Galaxy Clusters ' BAO
~100,000 clusters to z>1, overlap with SPT. I it

Sensitive to growth of structure and
geometry

Weak Lensing 3

Shape measurements of 300 million galaxies .g

Sensitive to growth of structure and ; -
geometry 1

Baryon Acoustic Oscillations

Detection of ~40 million LRGs
Sensitive to geometry

Supernovae ' HNfEEAO

30 sq deg time-domain survey
~4000 well-sampled SNe Ia to z ~1
Sensitive to geometry

Combined

=
T

Factor 3-5 improvement over
Stage Il DETF Figure of Merit



DECam
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DECam First Light (9/12)

22
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570 million pixels



DES Participating Institutions

NounsWwNE

0o

10.
11.
12.
13.
14.
15.
16.

Fermilab

University of lllinois at Urbana-Champaign
University of Chicago

Lawrence Berkeley National Laboratory
University of Michigan

NOAO/CTIO

Spain-DES Collaboration: Institut d'Estudis Espacials de Catalunya (IEEC/ICE),
Institut de Fisica d'Altes Energies (IFAE), CIEMAT-Madrid:

United Kingdom-DES Collaboration: University College London, University of
Cambridge, University of Edinburgh, University of Portsmouth, University of
Sussex

The University of Pennsylvania

DES-Brazil (January 2007) ON, CBPF, LNCC, UFRGS, UNESP, USP, UFF + others
The Ohio State University

Argonne National Laboratory

Santa Cruz-SLAC-Stanford DES Consortium

LMU 15 grupos, 25+ instituigdes e 150+
Texas A&M

ETH-Zuerich ABC 2012 23



Future Projects

ABC 2012
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Timeline: Large Surveys

Project 2012 2013 2014 2015 2016 2017 2018 2019 2020

SDSS-
DES

A33
DESpec
BIGBOSS
LSST
Euclid

25
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AS3/SDSS-IV (2014-2020)
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Overlap with DES footprint => WL x RSD
Test for DESpec
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Large Synoptic Survey Telescope
(2020-2030)

LSST is designed to image
the whole sky every few
nights for 10 years

« Cerro-Pachon

* 8.4 meter

e 3.2 Billion pixel camera (6 X DECam)
e Cadence 40 s

ABC 2012 21



LSST data products

Image metadata consisting of 700 million rows

A source catalog of with 3 trillion rows

An object catalog with 20 billion rows each with 200+ attributes
A moving object catalog with 10 million rows

A variable object catalog with 100 million rows

Ten years of operations of 60 PB for the raw data, and 30 PB for the
catalog database.

The total data volume after processing will be over one hundred PB,
processed using 250 TFlops of computing power.

ABC 2012
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http://www.linea.gov.br/

Nov 2010

M I I Ministério da Ciéncia,
Tecnologia e Inovagao

f

Canbro Brasilsiro de
Pesguisan Fisicas

._ Observatorio
Macional

Rede Hacional de Ensino e Pesquiza
Pramauenda o usainouador
de redes avancadas no Braszil

RNP

% L NA LABORATORIO

NACIONAL DE ASTROFISICA

gerendiar e explorar os dados
de grandes levantamentos como o DES &
o SDSSIII. Levantamentos deste porte
requerem grande capacdade para a
transheréngi: armazenamento e
processamento de dados. A
do sstema  Astrosoft
apenas a particp
levantamento DES e
SDSSIL, mas alavancars a participacio
de toda 3 comunidade brasileira em cutros
levantamentos, seja de forma direta ou
indireta, explorando  dentificamente  os
dados acumulados por estes
levantamentos na medida em que estes

Mais informagbes

"

e 12 Technical Staff
« 30 scientists:
AlIP

Noticias

LIneA participa da Feira FAPER] de Ciéncia,
Tecnologia & Inovacdo 2011

OAC
Padova

APOGEE inicia opera

S DES-Brozil

ark ENergly £

O levantamento Dark Energy Survey
tem o objetive de estudar 3 natwera da
energia  ESOE,  UMa  COmMpOnente
descoberta recentemente, que representa
da ordem de 70% do conteddo do
sendo  esta  enagia a3
el pela aceleracio de =ua
O projeto proowra determinar a
abundinda da encrgia esowa & 3 sua
varis a0 longo da histiria do Cosmeos,
2 de quatro observaveis obtidos
atraves dos estudos: 1- do ndmeno de
aglomerados de galias em funcdo do
desvio para o vermelho
distorgies nas imagens das  galidas
causadas  peb efeito de  lentes
gravitadionais fracas; 3- da distribuicio de
galdias em gande eslh e 4 da

Mais informagbes

Fraquman Flakas

fleveg  eamens  ElFINEP

Camten Bramtnirs e @; €

NtIMENtDs EspertTosiopioos
regides do céu, que oiar:

amostras  estatisticas sem  precedentes
para estudos em diferentes dreas, Quatro
grandes temas serdo  estudados:
através da distribui de galidas
grande  escala examinadas  as
condighes fisias nos  primdedios  do
Universo; b) sera
Cnematica &  Composic
partes mak externas da Via Laot
exames das partes centrais da Via Lictea
serdn feitos no infravermelho, de forma a
se evitar o obsowedmento pelas muvens
de  posira d)
monitoramento de 11 mil estrelas para

Mais informagbes

UFRJ
UFRGS
UNESP
USP
UFF

Elrner

@CNPq

Campalfio Meciomd de Deremvoisienie
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http://www.linea.gov.br/�

Data Reduction

Observing room 4-m telescope CTIO

Quick Reduce pipeline

Backto Home 2]

QR Monitor
Control Panel

Canfiguration
Select CCDs

Current Observer

eduction Mode

SIAUTOMATIC OMANUAL

Disk Usage

I”

62 CCDs will be processed
2012-10-10 08:38: CCD: election changed. All cho:
2012-10-10 38: Selecting CCDs...
Reset

Clean Disk 2012-10-08 H Waiting for reduction request.

Raw Exposures 2012-10 H Finished process 10011605 with Failure, duration 19.25s
2012-10 5
2012

Reduced Exposures

LastReduced Exposure

Qbserving History

Save Log

57684, qr_testing 57684.fits, object

57683, qr_testing 57683.fits, object

57682, qr_testing 57682.fits, cbject
2012-10-10 08:34: 57681, gr_testing 57681.fits, cbject
2012-10-10 08:: 57680, qr_testing 57680.fits, object
2012-10-10 08:31: 57679, qr_testing 57679.fits, object
2012-10-10 2 57678, qr_testing 57678.fits, object
2012-10-10 08 x 57677, gr_testing 57677.fits, dome flat
012-10-10 08: x 57676, gr_testing 57676.fits, zero
012-10-10 08:24:28 EX 57675, gr_testing 57675.fits, object

Environmental Conditions
RASICAM

D
[ sTaRT
[onreasssmpone ]
Lo . R
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DES Analysis Portal

The Dark éﬁergy Survey

EETE— = Science Portal

Welcome to the Testing portal.

':_, Home '; Release Notes f:, My Workspace | Pipelines | Tools | Data Server | Documentation | Help | Credits | Other Portals Logout
>3 Data Reduction 4 =l
. . Advanced Products 4
Introduction to the Science Po
Science By LSS 4
This portal is a web-based service that gives tl quality Assessment v Cluster »  Cluster Finder i, monitor the progress of the survey, and to
manage products. Links and documentation ar with in-line help available in various parts of the
sy . . Examples b SH b Cluster Finders ; s . .
ystem as well as short explanatory demonstra and system administrators to oversee the entire
system. WL ¥ Cluster Comparison 4
The services currently available under the menu folder indude: Phota-z 4
Simulation 4

1d uploaded data. Besides that, the user can require a developer status,
and push code;

* My Workspace: provides access to the profile, processes, configurati
allowing the access to: 1) the portal machines through ssh; Z) the co¢ Galaxy Archeolagy

-

» Pipelines: Galaxy Evolution 4

o Data Reduction: provides access to Quick Reduce, a tool to ret
turn into the PRECam reduction pipeline.

o Advanced Products: here the user can produce and export cat; Combined Prabes added, and validate them using the tools available in the portal.

o Science: provides access to the available scientific pipelines, grouped in sub-categories (sub-folders) representing different working and study groups. The available
pipelines (processes) in each group varies in the degree of sophistication and scope but all consist of concatenated full configurable modules chosen according to the
user-specified workflow and algorithms, that query for data, process one or more jobs, depending on the number of input data sets, and generate scientific products that
are stored in a temporary directory, which can later be saved or exported by the user. The processes can be run offline with the users being notified by e-mail upon
completion.

Strong|lensing y Itain. Also an adapted version to CTIO 1m runs is currently available and will

]

* Tools : provides alarge variety of tools, like processes running in the cluster, code manager, duster environmental information, enabling the access to the administrative layer
of the portal for those with permission. Here is also available the means to monitor the Survey Coverage

* Data Server : provides the infrastructure and the tools to upload data to the portal and to export the data from within the portal framework to a user specified target directory
(in different formats depending on the product type) or to publish a result to the collaboration at large (such as exemplified by the value-added catalog) orin the public domain.
A data release must be authorized by the management of the project and requires the preparation of readme files, the announcement on predefined web pages and the
triggering of e-mails to a predefined mailing list.

+ Documentation : you guide to the Portal. How to become a developer, wrap a code and include as a pipeline as well as links to other sources of DES documentation.
# Help : provides access to a Glossary, FAQ, Site Map, Help Desk and Comments.

® Credits : the terms of the copyright, alist of people directly involved in the development and operation of the portal, and the names of external collaborators.

» Other portals : links to NVO and DES DM portal.




Data distribution

TR Sloan Digital Sky Survey / SkyServer

DRS database is under maintenance.

Data Schema Education Astronomy SD5S Contact Us Download Site Search Help

SDE5-II1is
Welcome to the DRE Brazilian mirror site supported by LIneA. supported by

This website presents data from the Sloan Digital Sky Survey, a project Data

to make a map of a large part of the universe. We would like to show Release 8 (DR8). What's new in
you the beauty of the universe, and share with you our excitement as DREB what's new on this site
we build the largest map in the history of the world.

Data Access Education Links Help

Mavigate For Educators sdss3.0rg 1% Start Here | FAQ 2

Quick Look | Explore Les=zon Plans Data Release 8 [& Glossary 15

Finding Chart Middle School SDSs5-111 Science Tool User Guides

Image List High School Science Archive Server [ Cooking with Sloan Powered by

Search College Lab Activities About Astronomy SQL Tutorial Microsoft
I0s | 505 Instructor Guides About the SDSS About the Database

SQL Search Student/Public Research About SkyServer Schema Browser ﬁ::;:::ﬁpﬁ;licy

Cross-1D Galaxy Foo VAD Sample SQL Queries [l Al SR NC Y o

CasJobs Zooniverse Credits Data Release Papers
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Conclusions

1. International collaboration with reliable partners key to
remain competitive

2. Well-defined long-term strategy
o LSST => DES extension - improve FoM by factor of > 5

o DESpec =>e-Boss extension
o WLXRSD test for DE x modified Gravity
o DETF FoM DES + DESpec = 8 x DES

3. LIneA: key for providing infrastructure for these projects

ABC 2012
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