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Episodio lI- O lado escuro do Universo




Curva de Rotacao de Galaxias
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https://arxiv.org/ct?url=https%3A%2F%2Fdx.doi.org%2F10.1046%2Fj.1365-8711.2000.03075.x&v=b046405f

Lentes Gravitacionais

“Telescopios para enxergar a matéria escura



Breve Historia...

Teoria
1783: Cavendish calcula o desvio “newtoniano” da luz
1905: Einstein propde a relatividade restrita
1911: Obtém o desvio da luz
(igual ao newtoniano) :—(_;_“:_;;'l_'“:

1915: Teoria da relatividade geral




Deflexao da Luz
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Gravitational Lensing
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Gravitational Lensing
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Deflexao da Luz

1912: Einstein sugere que astrbnomos megam o
desvio da luz

Roeed. 10.4. 73,




Deflexao da Luz

1912: Expedicéo Brasileira e Argentina para observar
eclipse no Brasil em Passa quatro, Alfenas e Cristina (mg)
e em Cruzeiro (SP)




Deflexao da Luz

Deteccao
o 1912: Expedicdo Argentina para observar eclipse no Brasil
0 Choveu
o 1914: Expedicao de Erwin Freundlich para observar eclipse
na Criméia
Acabarem presos por causa da primeira guerra mundial
o Sobral 1919: Desvio da luz

“A pergunta que a minha mente formulou foi _
respondida pelo céu ensolarado do Brasil” ZJM
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E. S. Cypriano, et al., astro-ph/0504036



A DIRECT EMPIRICAL PROOF OF THE EXISTENCE OF DARK MATTER *
DoucLAs CLOWE', MARUSA BRADAC?. ANTHONY H. GoNzALEZ?. MaxiM MARKEVITCHY?, ScorT W. RANDALL®,
CHRISTINE JONES*. AND DENNIS ZARITSKY'
ApJ Letters in press

56

57
astro-ph/0608407

6"58M42° 36° 307 24° 18° 1z



Lentes Gravitacionais: Efeito Forte

3 miky
WAY

Gravitational Lens

o Galaxy Cluster 0024+1654
“Deformagao” da trajetdria da luz pelo espago- Hubble Space Telescope - WFPC2

tempo curvo.

Imagens Multiplas e Arcos



Anéis de Einstein

EINSTEIN RING
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Anéis de Einstein
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J073728.45+321618.5 J095629.77+510006.6 J120540.43+491029.3 J125028.25+052349.0

- ) - .

J140228.21+632133.5 J162746.44-005357.5 J163028.15+452036.2 J232120.93-093910.2

Einstein Ring Gravitational Lenses
Hubble Space Telescope « Advanced Camera for Surveys

NASA, ESA, A. Bolton (Harvard-Smithsonian CfA), and the SLACS Team STScl-PRC05-32




SN Refsdal







SN Refsdal

December 11,2045



DINERTHES
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DINERTHES
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DINERTHES
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DINERTHES
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Einstein Radius Cosmology
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Accelerating expansion
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LINEAR SCALE OF THE UNIVERSE RELATIVE TO TODAY

Scientific Background on the Nobel Prize in Physics 2011

https://physicstoday.scitation.org/
THE ACCELERATING UNIVERSE dOl/lO 1063/1 1580050



Accelerating expansion
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Accelerating expansion
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Ingredientes do Modelo de Universo

2dF Galaxy Redshift Survey 2

704

XN
Mais de 220.000 <o
galaxias e

Dark Matter

Dark Energy

Universo é aproximadamente homogéneo e isotrépico em grandes
escalas e esta em expansao

Credito: Planck Collaboration e and
ESO



Concordance Model

©, ® 0,
Dark Energy
Accelerated Expansion
Development of
Afterglow Light Pattern ~ Dark Ages Galaxies, Planets, etc.
375,000 yrs.

, na m\ununnn Sa

@ Inflation

Present

Fluctuations

1st Stars
about 400 million yrs.

Big Bang Expansion
13.77 billion years

o Big-Bang e a inflacao
a era da radiacao
a era da matéria

a era da energia escura

Modelo Fiducial
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The Universe is not completely homogeneous
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https://space.mit.edu/home/tegmark/sdss/
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We need a huge number os zs ...

Slit Velocity —

Spectra

20 Fibers coupled with
microlenses at the

Distance —

Optical Grating

Credit: ESO

Two dimensional original on-sky image

Optical slicing of the on-sky image
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Spectral dipersion of the sliced image
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Computer reconstruction of the 3D data cube
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Spectrum of each 20 pixel



Photometric redshifts
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ML: Workflow Supervised

Classified data

Nice Simultations
Real Data

Preprocessing

Validation

Training
Architecture definition
Data augmentation
Batch size
Epochs

Trained Model

Evaluate the Model Test

Does it

o Run trained Unclassified Real TN
sense? model Data -

need to go
home and
rethink my life




Photometric redshifts
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