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Type 1a Cosmology

Scolnic et al. 2018
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Type 1a Cosmology | Measuring Hy

Scolnic et al. 2018
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Planck Results
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Indirect determination of Hy
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The Hyp Tension
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CMB & SNela in disagreement ? No!

Scolnic et al. 2018
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Relic radiation
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SNela Luminosity
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Astrophysical SN bias & the Hy tension

Type Ia Supernovae — redshift(z) Rigault et al. 2015, 2018, in prep
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Astrophysical SN bias & the Hy tension

= Rigault et al. 2015, 2018, in prep
Type Ia Supernovae — redshift(z)

................ Riess et al. 2016
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Hyirom Strong Lensing

Bonvin et al. 2016
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Hy Controversy | So “crisis”
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The Hy Crisis

ﬂat == ACD M Adapted from Verde et al. 2019

- (.5
Early | V72 0>
Planck
67.4 1]
—2
DES+BAO+BBN
+1.9
69.8 "7,
——elo . Late
CCHP s
735 | 4
SHOES
—~cy o +1.7
‘?).f) l ~
_..'_
HOLICOW

66 68 10 72 134 6 /8 89
Hy [kms™! Mpc™!]

Mickael RIGAULT



Tensions In Cosmology | Late vs. Early Universe
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Exotic Dark Energy + Neutrinos

Poulin et al. 2018
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Adapted from Verde et al. 2019

A NEW PROBE
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Gravitational Waves & ElectroMagnetism | Measuring Hy
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Gravitational Waves & ElectroMagnetism | Measuring Hy
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Gravitational Waves &W| Measuring Hy
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Grayvitational Waves & Elec
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DES galaxy distri

ctism | Measuring Hy
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Direct measurement of Ho | without counterpart

DES galaxy distribution
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Direct measurement of Ho | without counterpart
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Error Budget on Hy

Riess et al. 2019
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More SNela in the Hubble flow is
(almost) useless

More nearby is key ! But it takes time...
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SHOE S Parallaxes (Milky Way)
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