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Option 1 : 
    Systematics affecting the local 
    measurements of H0 ?

Option 2 : 
    Physics beyond ΛCDM that shift
    the constraints on H0 derived
    from the CMB
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Early Dark Energy 6

Goal : obtain a higher expansion rate H0 

Fixed by 
observations

Decrease

● Field initially frozen : act as dark 
energy at early times

● Starts to oscillate when H~m
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arXiV:2109.04451

● ACT DR4 data shows a 
preference for EDE 
(improvement of the ᵡ2) 
with a ~2.5 σ evidence

● However, there is no 
evidence for EDE in 
Planck data alone

We need additional 
constraints on EDE
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● Option 1 : Put constraints on all available model with different 
experiments to have a strong evidence for some of them …

● Option 2 : Study methods that allow to put constraints on deviation 
from ΛCDM in a model independent way

Many models have already been proposed to solve the Hubble tension
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Modelling deviations with transfer functions 9

We fix the cosmology with the TT power spectrum 

Idea : Sample the joint posterior distribution of cosmological parameters and 
           extra-parameters modelling the inconsistency between temperature and 
           polarization measurements.

PS model ΛCDM theory PS

We have to define a model for              and  
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SPT3G [https://github.com/xgarrido/spt_likelihoods]
ACT DR4 [https://github.com/ACTCollaboration/pyactlike]
Planck Plik_lite [https://github.com/CobayaSampler/cobaya]

ᵡ2 / dof (PTE)

ACT TT/TE/EE 6.00/9 (0.74)

ACT TE/EE + 
Planck TT 8.64/9 (0.47)

SPT3G TE/EE 12.82/11 (0.31)

SPT3G TE/EE 
+ Planck TT 18.39/11 (0.07)

La Posta et al. (in prep)

https://github.com/xgarrido/spt_likelihoods
https://github.com/ACTCollaboration/pyactlike
https://github.com/CobayaSampler/cobaya
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SPT3G [https://github.com/xgarrido/spt_likelihoods]
ACT DR4 [https://github.com/ACTCollaboration/pyactlike]
Planck Plik_lite [https://github.com/CobayaSampler/cobaya]

ᵡ2 / dof (PTE)

ACT TT/TE/EE 4.63/9 (0.87)

ACT TE/EE + 
Planck TT 15.11/9 (0.09)

SPT3G TE/EE 11.06/11 (0.44)

SPT3G TE/EE 
+ Planck TT 9.14/11 (0.61)

La Posta et al. (in prep)

https://github.com/xgarrido/spt_likelihoods
https://github.com/ACTCollaboration/pyactlike
https://github.com/CobayaSampler/cobaya
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SPT3G [https://github.com/xgarrido/spt_likelihoods]
ACT DR4 [https://github.com/ACTCollaboration/pyactlike]
Planck Plik_lite [https://github.com/CobayaSampler/cobaya]

ᵡ2 / dof (PTE)

ACT TT/TE/EE 4.41/9 (0.88)

ACT TE/EE + 
Planck TT 5.81/9 (0.76)

SPT3G TE/EE 13.78/11 (0.25)

SPT3G TE/EE 
+ Planck TT 16.82/11 (0.11)

La Posta et al. (in prep)

https://github.com/xgarrido/spt_likelihoods
https://github.com/ACTCollaboration/pyactlike
https://github.com/CobayaSampler/cobaya
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SPT3G [https://github.com/xgarrido/spt_likelihoods]
ACT DR4 [https://github.com/ACTCollaboration/pyactlike]
Planck Plik_lite [https://github.com/CobayaSampler/cobaya]

TE amplitude 
difference with 

respect to Planck 
have already been 
noticed in Aiola et 

al. (2020)

La Posta et al. (in prep)

https://github.com/xgarrido/spt_likelihoods
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SPT3G [https://github.com/xgarrido/spt_likelihoods]
ACT DR4 [https://github.com/ACTCollaboration/pyactlike]
Planck Plik_lite [https://github.com/CobayaSampler/cobaya]

ᵡ2 / dof (PTE)

ACT TT/TE/EE 6.54/9 (0.68)

ACT TE/EE + 
Planck TT 17.43/9 (0.04)

SPT3G TE/EE 11.93/11 (0.37)

SPT3G TE/EE 
+ Planck TT 10.68/11 (0.47)

La Posta et al. (in prep)

https://github.com/xgarrido/spt_likelihoods
https://github.com/ACTCollaboration/pyactlike
https://github.com/CobayaSampler/cobaya


Conclusion 15

● We found no significant deviations from ΛCDM in this 
analysis of Planck, SPT3G, ACTPol data

● These methods also catch deviations due to 
instrumental systematic effects

● With these methods, we are able to spot scale 
dependent T-E inconsistencies in a model independent 
way [with respect to ΛCDM]
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SPT3G Likelihood



Computing the conditional power spectra

This method have already been applied to Planck data 
(Planck 2015 results XI. [arXiV:1507.02704])



Computing the conditional power spectra

This method have already been applied to Planck data 
(Planck 2015 results XI. [arXiV:1507.02704])

The polarization power spectrum        conditioned on the temperature power 
spectrum follows a normal distribution with : 



Planck 2018 conditional residuals

Residual plots : [red line]



ACT DR4 conditional residuals 

Residual plots : [red line]



ACTPol DR4 cosmology



SPT3G cosmology



Temperature transfer function

Cosmology is fixed with the EE power spectrum 

Ꭓ2 / dof = 10.3 / 10 (PTE = 0.42) [ACT]

Ꭓ2 / dof = 16.2 / 20 (PTE = 0.7) [PLANCK]


