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Zooming Out



The Galaxy



HDF



Large Scale Structures : LSS

Credit : Horizon Project
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LSS



LSS

Voids...
Filaments...
Clusters...



Cosmological distances
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Universe Expansion

the 
reddening of 

light or 
«redshift» is 

related to the 
motion of 
emitters



Cosmological Principle

The standard cosmological model assumes :

•the Universe is isotropic and homogeneous (on cosmological scales)
•Gravitation is described by General Relativity (GR)

Extension of the Copernician principle. It leads to:

ΛCDM



Expansion

time
as we will discuss later:

- space expands with time
- the Universe temperature decreases with time



History of the Universe

Nasa /WMAP team



The standard model

Amount of Baryonic matter Amount of Dark matter

Amount of Dark Energy«Geometrical» distribution of 
initial seeds

Instant of Reionisation



Energetic content of the Universe, today

4 %
23 %

73 %

Atoms Dark Matter Vacuum Energy

ΩΛ = 0.73

Ωm = 0.27

Ωb = 0.04

Ωr ∼ 0.00001

Ωm + Ωr + ΩΛ = 1



Baryons (or the story of the first 3 minutes)



Light Elements in the Universe

On Earth...

H He Oth

75 % H -- 25% He -- 0% Others (Metals)



BBN

as the Universe cools down Deuterium than Helium can be created



Stability of Nuclei

3 min after the BB,light elements have 
been produced

up to Helium (mostly)



Big Bang Nucleosynthesis

The total amount of 
Baryons is 

constrained by BBN

Ned Wright



Light (or the first 400 000 years)



Last Scattering
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The CMB : the perfect Black Body

xkcd

3 K BBody



Looking for the CMB

NASA/WMap

ESA
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The CMB

Stephen Hawking ?

Bright spots = 
dense patch

Weak spots = 
underdense patch



Waiting for Planck ...



The CMB power spectrum

Describes the relative intensity of «spots» in CMB maps



Flatness of the Universe

Spergel et al. 2007 (WMAP 3)



Stars & Reioniation



The Dark ages

After recombination 
(t= 380 000 years), light 

& baryons are 
decoupled

Neutral Gas cools down 
and collapses because 

of gravity

Roughly 200 Myrs after the BB, the density is large enough to 
convert hydrogen into stars

In between, no light is produced, the so-called Dark Ages



Lyman Alpha Forest

Ned Wright

when looking at distant 
objects (e.g. quasars)

neutral intergalactic gas
produce aborption 

features along the line of 
sight



Gunn-Peterson Through

@ z>6 (1Gyr), spectras 
can be fully absorbed

no neutral windows with 
transmission

the Universe should be 
fully neutral at these 

times



Reionisation

t=380 000 years: ionised -> 
neutral

t=1Gyr : neutral ->ionised

The Universe becomes 
ionised again:

The Reionisation

What happened ?
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First Stars

First Stars are expected to 
be metal-free, massive, and 

strong UV emitters

They appear in a gaseous 
environment

ESA/PACS/SPIRE/HOBYS Consortia



HII Regions

The new stars ionise 
their surroundings with 

their UV emission

This process operates in 
the whole Universe



The last phase transition of the Universe



Reionisation & CMB
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The electrons released by 
reionisation will scatter CMB 

photons

it reduces the amplitude of 
fluctuations

Nasa/WMap



Matter (or the story of the first 8 Gyrs)



Mass & Rotation

velocity of     < velocity of
velocity depends on :

- the radius of the orbit
- the mass enclosed in the orbit



Rotation Curve of Galaxies

Fin 
du disque

@ large distance, velocities are larger than expected



Dark Matter Haloes

Distant gas goes faster than expected.
The amount of central mass is larger than observed

Galaxy

Dark Matter 
Halo

Dark Matter:
gravitation only

~90% of the mass





Collisionless Dark matter

A dark matter particle is weakly influenced by its neighbors



Collisional Matter

Gas is collisional
it shocks



Collisionless Dark Matter

Dark Matter is 
collisionless
Almost no 
collisions



Dark Matter Gas





Invisible Matter



DM in CMB

Dark 
Matter



Number of relativistic species



Nature of DM

Some candidates

-Neutrinos ? Sterile Neutrinos ?

- Cold Gas

- Supersymmetric particle

- Modified Gravity Beyond Einstein? 

“Velocity”

“Gravity”

Hot Dark Matter
Cold Dark Matter



Warm Dark Matter Vs Cold Dark Matter

Small scales are suppressed in WDM

Ith Zurich



LSS and Dark Matter

Max Tegmark



Vacuum (or the story of the last 5 Gyrs)



SN IA



SN Light Curves



SN

Ned Wright



Energetic content of the Universe, today

4 %
23 %

73 %

Atoms Dark Matter Vacuum Energy

ΩΛ = 0.73

Ωm = 0.27

Ωb = 0.04

Ωr ∼ 0.00001

Ωm + Ωr + ΩΛ = 1



From energy to expansion



Big Rip



To Conclude



Cosmological Principle ?

The standard cosmological model assumes :

•the Universe is isotropic and homogeneous (on cosmological scales)
•Gravitation is described by General Relativity (GR)

In order to get rid of DM and DE one may (see B. Famaey talk):
• relax the assumption of isotropy or homogeneity
• assume that GR is only an effective theory

Otherwise:

ΛCDM


