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Accélération de
I'expansion de l'univers

A Formation de
Fond diffus Ages sombres 45 5xjes, planétes...

cosmologique

Inflation
cosmique

Fluctuations
quantiques

Premieres étoiles
(population Ill)

Expansion de l'univers

13,7 milliards d'années

NASA/WMAP Science Team




Today t, t = 15 billion years

Life on earth T=3K {1 meV)

Solar system

Quasars

Galaxy formation
Epoch of gravita fonal collapse

Recombination
Relic radiation decouples (CBR)

Matter domination
Onset of gravitational instability

t=3 minutes

Nucleosynthesis

Lightelements created - D, He, Li \ t=1 second K

T=1MeV

-8
Quark-hadron transition t=10 s
Hadrons form - protons & neutrons T

Electroweak phase transition t=10""s
Electomagnetic & weak nuclear
g T=10GeV

forces become differentiated:
SU(3)xSU(2)xU(1) -> SU(3)xU(1)

The Particle Desert
Axions, supersymmetry?

Grand unification transition
G -> H -> SU(3)xSU(2)xU(1)
Inflation, baryogenesis,
monopoles, cosmic strings, etc.?

The Planck epoch
The gquantum gravity barrier




recoltapsing critical coasting

universe universe UNverseo
+ ?

future

present

past




L'univers selon nos observations

Etoiles, planétes, etc.

Gaz
0.4%

3.6%




Fermions: spin = 1/2 particles

Quarks

§tor Bosons: spin = 1 particles

trin

ino muon neu (0} au neutrino




Matter
particles
All ordinary
particles
belong to
this group

Electron

Proton

Neutron

These
particles
existed just
after the

Big Bang.
Now they are
found only

in cosmic
rays and
accelerators

Force
particles
These
particles
transmit the
four
fundamental
forces

of nature
although
gravitons
have so far
not been
discovered

electron; it lives for two-
milionths of a second

SECOND FAMILY

A heavier relative of the up;
found in 1974

Tau

Heavier stll; it is extremely
unstable. It was discovered
in 1975

THIRD FAMILY

Gluons
Carriers of the
strong force
between quarks

qQuarks

The explosive release of nuclear
energy is the result of the strong force

Tau neutrino
not yet discovered but
behbeved to cost

Photons
Particles that
make up light;

they carry the

electromagnetic

force n
0 Felt by

quarks and charged leptons

Electricity, magnetism and chemistry
are all the results of electro-magnetic
force

| Top

Heaver st

Intermediate
vector bosons
Carrners of the

weak force g
” Felt by

Quarks and leptons

Some forms of radio-activity are the
result of the weak force

Bottom

Heavier still; measurnng
bottom quarks is an important
test of electroweak theory

Gravitons
Carriers of
gravity

(©
e =

Folt by:
all particies with mass

All the weight we experience is the
result of the gravitational force

PETER CROWTHER

WRAFNICS
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LODEVE 1854 NICE 1825
ASTRONOME ET GEOGRAPHE

A CONGU ET REALISE EN 1890
L'OBSERVATOIRE QU! PORTE SON NOM

AU MONT BLANC




ANTIMATTER'S WHEN DID THIS
GONE MISSING... HAPPEN, SIR?
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AMS 02

Zenith Radiator
Star Tracker \ TRD

Wake Side

Vacuum Case

Electronics -
Crates

TOF(s1,52)
e

Grapple Fixture

Ram Side

=Y Radiators
/ Debris Shields




ceCube Lab

| | — DeepCore

jEiffeI tower
324m

South pole
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galaxy

galaxy cluster

lensed galaxy images

distorted light-rays







