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. .| = Light curve of Cepheid variable star V1.in galaxy M31
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M=-2.78 [log(P)-1]-4.00
(Storm et al. 2011 , A&A 534)
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- Premiere nouvelle: « nébuleuses » vs « galaxies »
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_ Premiere nouvelle: « nébuleuses » vs « galaxies » (The Hubble extremely deep field) s
. . - & . 4 . - ’ 4 ,.4_ . .



Deuxieme nouvelle: Les galaxies s’'éloignent
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Deuxieme nouvelle: Les galaxies s’'éloignent
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FIGURE 1 — Representations schématiques de I’élastique en expansion &t =0et at >0
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‘Average distance between galaxies
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FIGURE 2 — Evolution de I'univers, représentée par son facteur d’échelle a en fonction du temps par rapport a
’époque actuelle. A gauche : Univers de matiére ({2, = Qp = 0), pour ,, = 0,1,2,4. A droite : Univers de De
Sitter (2, = Q,,, = 0) pour Q24 =0,0.5,1, 2,4.
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B Dark Energy

@ Dark Matter

B Free Hydrogen & Helium
O Stars

O Neutrinos

B Heavy Elements
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Today 14 billion years —
Life on earth S -
Acceleration > 11 hillion years —
Dark energy dominate S T Seaend ',
Solar system form e G P

B &y

Star formation peak ,, —— 3hi years
Galaxy formationera\ y =
Earliest visible galaxie o

Recombination Atoms form
Relic radiation decouples (CMB)

Matter domination
Onset of gravitational collapse

Nucleosynthesis
Light elements created - D, He, Li

Nuclear fusion begins

Quark-hadron transition
Protons and neutrons formed

Electroweak transition

Electromagnetic and weak nuclear
forces first differentiate

Supersymmetry breaking

Axions etc.?

Grand unification transition
Electroweak and strong nuclear
forces differentiate

Inflation

Quantum gravity wall
Spacetime description breaks down
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" flat ACDM

Planck (Planck Collaboration 2018)
DES+BAO+BBN (Abbott et al. 2018)
SHOES (Riess et al. 2019)

HOLICOW 2019 (this work)

Late Universe (SHOES + HOLICOW)

68 70
Hy [kms ' Mpc ']
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