Le Big Bang et la naissance du temps
en Relativité Générale




Evidence Observationnelle
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Expansion

La constante cosmologique et la « plus grande bétise de ma vie»
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Einstein (1916)
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Lemaitre (1927)
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L'effet Doppler
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L'effet Doppler
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H, = 71 km/s/Mpc

Hubble (1929)
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d, the distance to a galaxy in Mpc
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Univers en expansion

Lemaitre (1927)

Temps
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Le Big-Bang se serait accompagnée de
I’émission d’un intense rayonnement
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Peut on observer
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Le fond diffus cosmologique
Penzias et Wilson (1965)
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COBE (1992)
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WMAP (2003)
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History of the Universe
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History of the Universe
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Le big-bang et
la naissance du
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L’effondrement symétrique est singulier
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Théoremes de singularités

Saturday 13 December 14



‘W
© |
2
2 &
2 7
5 &
©

20 3
: 2
-

O &
-
&




photon
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Distance Terre-Andromeda

2.5 x 10°1y

Saturday 13 December 14



2.5 x 106@@.

Saturday 13 December 14



2.5 x 106@@.

Saturday 13 December 14



Taille Univers Observable
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Gravitation Quantique: nouvelle
physique a 1'échelle de Planck
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Le futur de
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The SO galaxy NGC 4526 in the Virgo Cluster hosted the well
observed type Ia supernova 1994D.
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Photo: U. Montan
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Univers en expansion

I’expansion ralentie
avec matiere normale

Temps
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Univers en expansion

Temps
I’expansion s'accélere

avec constante
cosmologique
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Atoms
4.6%

Dark
Matter
24%
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Atoms vk

4.6% Enerqy

71.4%

Dark
Matter
24%

The acceleration is thought to be driven by dark energy, but what that dark
energy is remains an enigma - perhaps the greatest in physics today. What is
known is that dark energy constitutes about three quarters of the Universe,
Therefore the findings of the 2011 Nobel Laureates in Physics have helped to
unveil a Universe that to a large extent is unknown to science. And everything

is possible again.
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Histoire de I’Univers

——

BIG BANG
-13,7
milliard
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Univers en expansion

Temps
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Le fond diffus cosmologique

Des 1948, le facétieux physicien d’origine russe George Gamow note une
conséquence in€luctable de ce scénario du big bang. La naissance du cosmos
se serait accompagnée de I’émission d’un intense rayonnement. Certes,
aujourd’hui, ce brouhaha primordial se serait singulierement atténué,
essoufflé, affaibli. Mais, le "rayonnement fossile" du cosmos, "fond diffus du
ciel" ou "premier cri de I’Univers" devrait encore persister.

La prévision reste, hélas, lettre morte. En 1965, deux jeunes radioastronomes
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Timeline of the discovery of the CMB
Important dates and persons

1946_George Gamow estimates a temperature of SOK

1946 Robert Dicke predicts a microwave background radiation temperature of
"less than 20K" (ref: Helge Kragh), but later revised to 45K (ref: Stephen G.
Brush)

1948 Ralph Alpher and Robert Herman re-estimate Gamow's estimate at SK.
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Evidence Observationnelle:

Production de phénomenes trés énergétiques dans les
jeunes galaxies (ici Cygnus A).

Saturday 13 December 14



Trou noir binaire dans 3C 75

.
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" Keck/UCLA
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Galactic Center Group 1995-2008

Evidence Observationnelle:

Observation directe des ses manifestations
gravitationnelles.

® S0-1
S0-2
® S0-4
S0-5
@ S0-16
® S0-19
® S0-20







<
-
P
o)
!
£
o)
O
/o)
()]
™
h
>
©
O
S
>
2
©
w




