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The standard model of cosmology – ΛCDM model
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Nearly isotropic blackbody spectrum at T = 2.725 K
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CMB temperature as measured by 
the Planck satellite
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How to measure H0 from the CMB ?

CMB standard ruler :  size of the sound horizon at decoupling imprinted in the CMB radiation

z ~ 1100
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Measurement from Planck data …



… and here comes the tension

~ 4.9σ

Cosmic distance ladder using 
Cepheid calibrated SNIA
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Systematics affecting the CMB

● Finite angular resolution (beams)
● Calibration
● Polarization efficiency
● Transfer functions (map-making)

These instrumental effects are 
multiplicative in harmonic space
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Planck correlation coefficient

H0 = 67.5 +/- 1.3 [km/s/Mpc]

3.3σ away from the latest 
SH0ES measurement

Planck standard analysis (Cℓ)

Planck correlation coefficient (Rℓ
TE)

La Posta+ 2021 [Phys. Rev. D 104, 023527]



Back to the Hubble tension …



… with additional constraints from the CMB

Independent 
measurements Astrophysical biases affecting 

the local measurement of H0

Option 1

Instrumental systematic effect 
biasing the value of  H0 inferred 

from the CMB

Physics beyond ΛCDM

Option 2

Option 3
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Proposed solution : Early Dark Energy

Motivation : higher H0 value   ⇒   lower DA

Decrease

Background evolution : axion-like potential

Poulin+19, Smith+19



Proposed solution : Early Dark Energy

The field is initially frozen due to 
Hubble friction (H >> m) acts as dark energy (w= - 1)

https://docs.google.com/file/d/1mXpH08Lhq-zgz7biJ2NUREfgO-k2C4aN/preview


Proposed solution : Early Dark Energy

Field parameters Phenomenological 
parametrization

fEDE

zc



Summary

SH0ES 21

Planck
ACT + Planck TT [ℓ<650]
SPT-3G + Planck TT [ℓ<650]

Hill+20, Hill+21, La Posta+22

● Planck data alone do not favor high 
fEDE values

● ACT DR4 data favors EDE over ΛCDM 
(with fEDE~ 10%)

● SPT-3G is not as constraining as ACT 
and Planck on the EDE scenario



We are currently analyzing high-precision 
CMB data from ACT  that will help to constrain 

extensions to LCDM



Planck correlation coefficient

La Posta+ 2021 [Phys. Rev. D 104, 023527]

Bestfit from Planck TT,TE,EE

Planck correlation coefficient



Constraints on EDE from Planck

SH0ES 19

Hill+ 2020

Planck
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Planck



Constraints on EDE from ACT DR4

2.1σ preference in 
favor of EDE

Planck
ACT

Hill+...La Posta+... 2021

SH0ES 19



Constraints on EDE from ACT DR4

3.2σ preference in 
favor of EDE

SH0ES 19

Planck
ACT
ACT + Planck TT [ℓ<650]

Hill+...La Posta+... 2021



Constraints on EDE from SPT-3G

La Posta+ 2021 [arXiv:2112.10754]

SH0ES 21

Planck
ACT
SPT-3G


