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In the Universe
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observation de ~13 millions de galaxies

collaboration DESI
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(Hot) Big Bang theory
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Penzias et Wilson

primordial

George Gamow nucleosynthesis

proposed the
hypothesis that most
of the helium in the
universe today was
produced in the early
Big Bang in ‘less time
than it takes to cook a
goose



The Hot Big Bang

The Universe started in a hot and dense state:

soup of elementary particles

As the Universe expands, it cools.
Many interesting things happened.

earlier later ,
————————————————————————————————> {1 1] €

temperature



t=10""g

The Universe is filled with almost equal
amounts of matter and antimatter

10 000 000 001 10 000 000 000

As the universe cools, matter
and antimatter annihilate.

For some mysterious reason, there was initially a fraction more matter

than antimatter. This matter survived the annihilation.

Without this asymmetry we wouldn’t exist.



107° s Quarks and gluons condense into nuclei:

proton
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Neutrinos decouple and neutrons freeze out:

1ls

Free-streaming neutrinos

e 40% of the energy density

e Significant effect on the expansion
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{ = 3min Light elements (H, He, and Li) form:

e Big Bang nucleosynthesis (BBN) predicts the
correct abundances of the light elements.

e Heavier nuclel were fused inside stars.

+-— — temperature



{ = 3min Light elements (H, He, and Li) form:
Temperature [MeV]
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!/: Big Bang nucleosynthesis (BBN) predicts the
correct abundances of the light elements.

3 min

e Heavier nuclei were fused inside stars.
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{ = 3min Light elements (H, He, and Li) form:
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e Big Bany nycleosynthesis (BBN) predicts the
correct abingances of the light elements.

e Heavier nuclei were fused inside stars.
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t = 370000 yTs

Atoms form and the first light is released:

370 000 yrs

Free-streaming
photons

ANSD

time

temperature



This afterglow of the Big Bang is still seen today:
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e 410 photons per cubic centimeter
e cooled by the expansion: 2.7 K

e faint microwave radiation: CMB

osmic Microwave Background
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Measurement of the CMB blackbody spectrum by the COBE satellite. The
error bars are too small to be seen in the top panel. In the bottom panel, we
therefore also show the residuals relative to a blackbody spectrum with
temperature To = 2.725 K. Notice the change in scale between the two panels.



t > 1 billion yrs

Matter collapses into stars and galaxies:

1 billion yrs

_—  ————— time

temperature



Matter collapses into stars and galaxies

t > 1 billion yrs

1 billion years

temperature



Composition of the Universe

Dark matter Dark
27% matter Ordinary

27% matter ‘
5% Ordinary matter
4% H and He
<1% Stars
<1% Other
/

This history of the Universe is an observational fact:

Dark
/ energy
68%

10 s 1s 3 min 370 000 yrs 1 billion yrs
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QCD phase Neutrino Photon reionization  Structure
. . BBN . .
transition decoupling decoupling formation
Inflation dark sector

e The basic picture has been confirmed by many independent observations.

e Many precise details are probed by measurements of the CMB.






Positionnement du groupe cosmologie dans
les grandes questions du laboratoire

Expliquer I’origine, la composition
et I'evolution de I’Univers

Tester le modele standard de la
cosmologie (ACDM) jusqu’a une
précision <1%

Trouver des signes de nouvelles
physiques

bang
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ObjeCtifs SCientifiq ues d u g rou pe cosmic microwave background

farthest visible galaxies
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+ corrélations croisées entre sondes !

Large Scale
Structure

(LSS)
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[data taken from the APPEC — Astroparticle

ti m el i n e COS m O I Ogy Physics European Consortium, appec.org]
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Large Scale
Structures

(LSS)

8 staff
2 PD
5 PhD

VERA C.RUBIN
OBSERVATORY

2 staff

21 cm/
models
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Cosmic
Microwave
Background
(CMB)
mmlab
8 staff 5 staff
S PD 1 PhD
8 PhD
CMB-54
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(exemples de) synergies au sein du laboratoire

QUBIC, SO:France/KAIROS

chaines de detection s ™ 4 ) e I
(Athena, LiteBIRD, QUBIC)
\ mecanique L .
~ tech. / service informatique
électronique/instk TP N / X Y,
g 4 E Y \ analyse et simulation de données
cryomat J _ (e.g. AstroDeep, DESC, SciPol)
g cosmologie - |
vulgarisation, interventions
/
ard )

interprétation des observations\c’ 1 Cosm9s,’ Sclences et

(inflation, secteur sombre, e ! Societe (ex PCCP)

violation de parité, etc.) // ,' \_ J

/ I
e 1 time-domain astrophysics
/ I (e.g. FINK, Simons Observatory, etc.)
theorie = ,' + methodology, implementations, etc.
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é

Gravitational Waves +

AHE
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