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The Hubble Constant
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The Hubble Constant H0: How fast the Universe is currently expanding
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Modern Cosmology | H0 Direct vs. Indirect Measurements
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H(z) = H0 × Ωr(1 + z)4 + Ωm(1 + z)3 + ΩΛ(1 + z)3(1+w)H0 = dl /vh

Careful with peculiar velocities Model dependent
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Type Ia Cosmology
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Scolnic et al. 2018
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Type Ia Cosmology | Measuring H0
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Scolnic et al. 2018
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To get H0: Independent distance 
measurements for some SNeIa
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SH0ES
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SH0ES
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SH0ES
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SH0ES
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SH0ES
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H0 = 73.5 ± 1.4 km s-1 Mpc-1

(Ried et al. 2019, Riess et al. 2019)
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Planck Results
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Indirect determination of H0
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Test the concordance 
model ΛCDM

Planck 2018

H0 = 67.4 ± 0.5 km s-1 Mpc-1
 — based on ΛCDM —

THE MODEL
CONTRAINS H0

z~1000

z~0

Change the model, change H0

Illustrative plots from Planck 2015
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The H0 Tension
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Planck 2018 (updated)

SH0ES (2019)
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Planck 2018

CMB & SNeIa in disagreement ? No!
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Planck 18 PredictionScolnic et al. 2018
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Using H(z) from Planck best fit ΛCDM
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Baryonic Acoustic Oscillation | In perfect agreement with CMB
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Standard Ruler

ΛCDM anchored by Planck
Planck 2018

Bautista et al. 2017
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Inversed Distance Ladder
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SH0ES
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Riess et al. 2016 | SH0ES collaboration



Mickael RIGAULT

Host Issue in SH0ES
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Older Younger

Fraction of young star at the SN location
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non-zero at ~6σ level | ΔY =  0.16 ± 0.03
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local Star formation rate / local stellar mass

Rigault et al. 2018
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Astrophysical SN bias & the H0 tension
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local Star formation rate / local stellar mass

Older Younger

non-zero at ~6σ level | Young SNeIa are 0.16 fainter

ΔY =  0.16 ± 0.03
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SNeIa with Cepheids 
strongly favour Young SNeIa

SNeIa in the Hubble flow 
No age selection (~50% young)

Up to 3% bias on H0 
would reduce H0 down to ~71.5 km/s/Mpc

Rigault et al. 2015, 2018, in prep

Riess et al. 2016

See also SNLS+SDSS 7 σ step in Roman2018
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Astrophysical SN bias & the H0 tension
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SNeIa with Cepheids 
strongly favour Young SNeIa

SNeIa in the Hubble flow 
No age selection (~50% young)

Rigault et al. 2015, 2018, in prep

Riess et al. 2016

Riess et al. 2016
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H0 from Strong Lensing
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Bonvin et al. 2016 Wong et al. 2019

Δt =
1
c

DΔtϕlens

∝ H−1
0

Obtained from 
lensing mass model
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H0 Controversy | 5σ “crisis”
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Adapted from Verde et al. 2019

73.5
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Tip of the Red Giant Branch

23

Geometrical 
Distances

Cepheids

SNe Ia

10 Mpc

100 Mpc

1 Gpc

T.R.G.B.

Beaton et al. 2018
Friedman et al. 2019
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The H0 Crisis
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73.5

Adapted from Verde et al. 2019
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Tensions In Cosmology | Late vs. Early Universe
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Exotic Dark Energy + Neutrinos
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Poulin et al. 2018

SH0ES

BAO

SNe Ia

redshift
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The H0 Crisis
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73.5

Adapted from Verde et al. 2019

A NEW PROBE
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GW170817
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Ligo& Virgo ApJ 848, 12L
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Gravitational Waves &  ElectroMagnetism | Measuring H0
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Gravitational Waves &  ElectroMagnetism | Measuring H0
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Gravitational Waves &  ElectroMagnetism | Measuring H0
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Gravitational Waves &  ElectroMagnetism | Measuring H0
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Abbott et al. 2019 | 1901.01540
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Direct measurement of H0 | without counterpart
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Abbott et al. 2019 | 1901.01540
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Direct measurement of H0 | without counterpart
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Abbott et al. 2019 | 1908.06060
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The Hubble Constant 

73.5

Adapted from Verde et al. 2019

Abbott et al. 2017
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Error Budget on H0
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More SNeIa in the Hubble flow is 
(almost) useless 

 
More nearby is key ! But it takes time…

Riess et al. 2019
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Planck Results | 6 ΛCDM Parameters
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Credit: S. Galli | Planck Collaboration
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SH0ES
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SH0ES

40

Geometrical Distances

Cepheids

Type Ia Supernovae

10 Mpc

100 Mpc

1 Gpc

Parallaxes (Milky Way)

Detached Eclipsing Binaries 
(LMC & M31)

Mega Maser (NGC4258)


