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* Estudo do universo em larga escala através das ci€ncias naturais
* E possivel o ser humano, limitado, entender a totalidade?

* Qual a no¢do de modelo cosmoldgico ?

Interacoes Fundamentais da Natureza

Eletromagnetismo Gravitacdo Forca Fraca Forca Forte

longo alcance curto alcance

elétrons  Observacdo X Experimentacao

( Observamos apenas fotons

 Extrapolagao das leis Fisicas



Historia da C osmolbgia Relativistica

* Formulacao da Teoria da Relatividade Geral (1915)

* Einstein formula o 1° modelo cosmologico (1917)

* Friedmann propde um universo dinamico (1921)

* Hubble mede o afastamento das galaxias proximas (1927)

* Penzias e Wilson medem a radiacdo cosmica de fundo (1965)
» Satelite COBE mede as propriedades da RCF (1989)

* Telescopio Hubble mede a expansao H, (1990)

* Experimentos em SNIa medem a aceleragao do Universo (1998)

» Sat¢lite WMAP mede as anisotropias da RCF (2003)

» Satélite Planck confirma o cenario do MPC (2015)



QOuadro Geral

Before the Big Bang

mmmmm
inflaton

Homogéneo e isotropico > 200 Mpc

Existe a pelo menos 13,7 bilhdes de anos

Em expansao; passado quente e denso o R~

3 fases: radiacdo / poeira / energia escura
Elementos leves:

75% hidrogénio e 25% hélio
Composicao:

74% energia escura

and Heluam
4%

22% matéria escura £ - T—

4% matéria barionica,

Dark Energy
70%




Historia da C osmolbgia Relativistica

Modelo de Einstein

» Universo € estatico

» Universo € homogéneo e isotropico

* Espago com geometria de uma esfera

* Espaco finito mas sem borda

 Constante cosmologica - ° 2

Albert Einstein



Histéria da Cosmofogia Relativistica

Modelo de Friedmann — Lemaitre

* O Universo ¢ homogéneo e isotropico
» Tempo global (superficie de simultaneidade)

 Universo esta se expandindo
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Fstruturas Cosmoldgicas
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Fstruturas Cosmoldgicas
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Fstruturas Cosmoldgicas
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Modelo de Friedmann — Lemaitre

* O Universo ¢ homogéneo e isotropico
» Tempo global (superficie de simultaneidade)

» Universo estd se expandindo

Afastamento das galaxias

Velocity [km/sec]

0
0 100 200 300 400 500
Distance [Mpc]

In retrospect, Hubble’s law is not that difficult to understand once we have adopted the



Modelo de Friedmann — Lemaitre

* O Universo ¢ homogéneo e isotropico

» Tempo global (superficie de simultaneidade)

» Universo estad se expandindo

Desvio para o vermelho



Radiacdo Cosmica de Fundo (1965)

* O Universo ¢ permeado por radiacdo eletromagneética

Espectro de corpo negro

_ Cosmic MICROWAVE BACKGROUND SPECTRUM FROM COBE

» Temperatura atual de 2.73 °K e —
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Penzias & Wilson (1965)



Radiacdao Cosmica de Fundo
(Relikt-1 — 1983 / COBE - 1989)

* Pequenas anisotropias na radiagdo eletromagnética

* Temperatura atual de 2.73 °K

~

Variagao de

M I W\) emperature de

+ 100
microkelvin

“Dr Mather, Professor Smoot. Cosmology has become a precision science and your
ground-breaking research laid the foundation for that. With your carefully calibrated
instruments you have shown the cosmic microwave background radiation to follow very
precisely a blackbody form. The in-depth analysis of the radiometer data has shown the
presence of the long sought small temperature anisotropies, the seed of the structures in the
Universe that we observe today.”

(Per Carlson — discurso de entrega Nobel de fisica 2006)
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Satélite Hubble (1990)
* Medidas de H,;

» Reforcou o termo Cosmologia de Precisao
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Historia da Cosmohgia Relativistica

satetite ubble (1950) g
* Medidas de H,, o R

» Reforcou o termo Cosmologia de Precisao

A_Horseshoe
Einstein_Ring

, Gas and dust surround a neutron star,
Two Spiral after a supernova explosion. Decades
Galaxies before, this star gave off a tremendous

gamma ray burst measured by numerous
satellites.

Calabash Nebula
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Medidas de SNIa (1998)
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Medidas de SNIa (1998)

 Aceleracao do Universo

e Tipo I- ndo tem linhas de hidrogénio
Tipo Ic - ndo tem silicio nem hélio

Tipo Ib - ndo tem silicio,
tem helio nao ionizado

Tipo la - tem silicio ionizado

S .\.-;:'

.

© Anglo-Australian Observa

e Tipo II - tem linhas de hidrogénio



Histéria da Cosmofogia Relativistica

Medidas de SNIa (1998)

Progenitores das

Supernovas

Supernova Tipo Il

Implosion

Supernova Explosion

Remnant

Supernova Tipo 1

The progemtor of a Type Ia supernova

...which spills gas onto the

Two normal stars The more massive secondary star, causing it to
are in a binary pair. star becomes a giant... expand and become engulfed.

-

The remaining core of

The common er

The secondary, lighter star
ejected, while the separatlon

and the core of the giant

star spiral inward within between the core and the the giant collapses and
a common envelope. ‘ secondary star decreases. becomes a white dwarf.
| —

The aging companion
star starts swelling, spilling increases until it reaches\a
gas onto the white dwarf.  critical mass and explodes...

...causing the companion
star to be ejected away.



Satélite WMAP (2003)
* Medidas de H,,

* Colocou o precisao no termo Cosmologia de Precisdo

Pagina oficial do WMAP:

“The WMAP science team has [...] put the ‘precision’ in
‘precision cosmology’ by reducing the allowed volume of
cosmological parameters by a factor in excess of 68.000.”

9-Year WMAP Observations: Cosmological Parameter Results
“Measurements of temperature and polarization anisotropy in the cosmic microwave
background (CMB) have played a major role in establishing and sharpening the standard
“ACDM” model of cosmology: a six-parameter model based on a flat universe, dominated by a
cosmological constant, A, and cold dark matter (CDM), with initial Gaussian, adiabatic
fluctuations seeded by inflation.” (WMAP COLLABORATION, 2013)
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Satélite WMAP (2003)
* Medidas de H,,

* Colocou o precisao no termo Cosmologia de Precisao

Penzias and
Wilson




Satelite Planck (201)5)

« comprovagdao do Modelo Padrao da Cosmologia

* anisotropias na CMB

Angular scale

0.2°

500 1000 1500
Multipole moment, £



Historia do Universo

HOW DID OUR UNIVERSE BEGIN? 3 HOW WILL IT END? i
‘Some 138 billion years ago Inflation Early building blocks First nuclei First atoms, firstlight The “dark ages” y igravity Today § il wini i igravity?
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not, par
for hundreds of bilions of years, long after al stars have died.

 Infiite expansion

‘Galaxies ripped apart >
by rapid expansion

Q

In the 20th century the universe became a story—a sclentific one. It had >
always been seen as static and eternal. Then astronomers observed other
‘galaxies flying away from ours, and Einstein’s general relativity theory
implied space itself was expanding—which meant the universe had once
been denser. What had seemed eternal now had a beginning and an

end. But What end? The stions are still open.

Observable Universe
The uriverse began 138 bi-
lion years ago. Because it has
been expanding eversince.the
rvable edge is now
47 bilion ght years away. D

DO WE LIVE IN
A MULTIVERSE?

What came before the big bang? Maybe
other big bangs. The uncertainty principle
holds that even the vacuum of space has
‘quantum energy fluctuations. Inflation
theory says our universe exploded from

o

WHAT IS OUR UNIVERSE MADE OF? -

B e

WHAT IS THE SHAPE OF OUR UNIVERSE?

Stars, dust, i The Universe =X such a fluctuation—a random event that,
. & percentofthe universe. Their gravity can't acoount for how galaxies i i ‘odds are, had happened many times
Z‘ X 2% i xddl ‘before. Our cosmos may be one in a sea
inflation. The rest is dark energy: an unknown energy field or property - LR A Gas 2 that
Ba ~ \Darkeneray /Lo 53 planets and stars

with just enough gravity to be almost perfectly flat at least the.

part we can see. Whatlies beyond we can't know. {14

vations that the expansion of space is accelerating.
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Energia Escura

Evidéncias:

v Evolug¢do cosmica recente

* Problema da
coincidéncia cosmica
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Enercia Escura

Evidéncias:
v Evolug¢do cosmica recente

v" Distancia luminosidade

Q,, =0.3,Q,:=0.7
Q,, =0.3,92,.=0.0
Q,=1.0,Q,=0.0

* Distancia luminosidade
Dados de SNIa
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Energia Escura

Evidéncias:
v Evolug¢do cosmica recente
v" Distancia luminosidade

v' Picos da CMB Angular scale
: ' 0.2°

* posigdo 1° pico:
fixa Q

e altura 1° ¢ 2° picos:

degenerescéncia
Qe

500 1000 1500 2000 2500
Multipole moment, £




Importancia dados complementares

Arxiv:0804.4142
Kowalski et. al
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Materia Escura

Evidéncias:



Materia Escura

Evidéncias:

v" Picos da CMB

Angular scale
0.2°

* posigdo 1° pico:
fixa Q

e altura 1° ¢ 2° picos:

degenerescéncia
Qe

500 1000 1500 2000 2500
Multipole moment, £




regido com matéria (M a 13 )

Materia Escura

Evidéncias:
v" Picos da CMB

v" Curvas de rotacio




Materia Escura

Evidéncias:

v" Picos da CMB

v" Curvas de rotac¢io
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Materia Escura

Evidéncias:
v" Picos da CMB

v’ Curvas de rotacdo

v Nucleossinteses + Formacdo estruturas
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Materia Escura

Evidéncias:
v" Picos da CMB

v’ Curvas de rotacdo

v Nucleossinteses + Formacdo estruturas

Periodic Table of the Elements
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“STARLIGHT BENT BY THE SUN'S / ACTION": THE EINSTEIN THEORY.

Materia Escura

Disl e
the Earth

Evidéncias: B
v" Picos da CMB

v’ Curvas de rotacdo

v Nucleossinteses + Formacdo estruturas

v’ Lentes gravitacionais
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Gravitational Lens G2237+0305




Historia da C osmolbgia Relativistica

. 3 3
- % . v-.
' 4 > ‘ 2
/ . 5 »
.
- » R "
. -
- ‘ o
9 -
I.
.
3
- . 1 .
. %
.
4
# ’ v
: - o : -~ v . . .
5 35 -“ = N 3 - 3 - ) et -z ; y e by
. : : YhL R ',' e & T 1 4 . )
R o : A » : < . R e ‘~-. o i MR -." .Q .
- ¥ = : ‘ o Sy e . Wenye Bue e V0 e % Q.. 4
. - » - - i ‘. ..’ N - - . ./ % . .
- - . é 4 : .o . . e . . Ll P oo .
3 , . M "'L . '. 3 7' d - 4 A . Py

' ' : D e Aglomeraélo'da bala
NGC1052-DF2
Galaxia sem matéria escura o S RN

Dark Matter in Galaxy Cluster MACS J00254.4—1222
Hubble Space Telescope ACS/WFC + Chandra X-Ray Observatory

NASA, ESA, CXC, M. 3 ands. Allen




Historia da Cosmolbgia Relativistica

Ouadro Geral

* Homogéneo e isotropico > 200 Mpc

* Existe a pelo menos 13,7 bilhdes de anos
* Em expansio; passado quente e denso
» 3 fases: radiacdo / poeira / energia escura
* Elementos leves:

75% hidrogénio e 25% hélio
e Composi¢ao:

74% energia escura

22% matéria escura

4% matéria barionica, 102 10 100
second second secon

Cosmic  Protons  Deuterium,

inflation  form  heliumand

ends lithium are

synthesized

500 million 4 billion
years years
Current Star
record holder formation
for earliest peaks

known galaxy



"Modelo Padrdo da Cosmofogia
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Before the Big Bang

o think that one would create the world we see. Instead the authors postu-
late that the universe began when a star in a four-dimensional universe col-
lapsed to form a black hole. Our universe would be protected from the
singularity at the heart of this black hole by a three-dimensional event
horizon. Here we depict the process in 3-D because no one knows what
a4-D cosmos would look like.
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