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• 3 dichroic detector arrays for DR6: PA4, PA5 and PA6

• 3750 working detectors (70% yield) at 100 mK

• 3 broad bands: f090 (77 – 112 GHz), 

f150 (124 – 172 GHz) and f220 (182 – 277 GHz)

• Combined sensitivity of 6.2 µK√s, 

and 1.4’ FWHM @ f150
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ACT survey: approx. 40% of the sky 
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ACT Final Data Release: Three main papers 
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Alongside the papers, we release all the data products needed to 
reproduce our analysis. For the first time in CMB data analysis, we 
also provide the complete power spectrum and likelihood pipeline, 
enabling users to go from public products to cosmological

parameters and to reproduce all the figures from the power spectrum 
paper.

Planck ACT SPT3G BICEP/Keck

Likelihood Yes Yes Yes Yes

Maps Yes Yes No No

Analysis Codes Partial 

release

Full 

Release No No

Data and code release  

Other ground based experiments 
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As we approach percent-level constraints on parameters, signs 
of tension (or hints of new physics) have emerged

Planck anomalies 

DESI  equation state of dark energy

Data and code release  

H0 tension



7

Given this state of the art, within ACT, we have 
agreed that the only way to make progress as a 
community is to strive for maximum transparency and 
reproducibility

Data and code release  
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MAPS 
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PLANCK E modes



13

Planck + ACT E modes



First high S/N E-modes map ever made over 

a large portion of the sky


ACT+Planck E
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Power spectra



Noise

 power spectra

The ACT DR6 polarization data are signal-dominated up to a multipole 
ℓ=1500, corresponding to an angular scale of ~ 0.1 degrees. The 
different array-bands have comparable constraining power, providing 
useful redundancies.
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Planck temperature power spectrum
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Planck + ACT temperature power spectra

ACT data  1)  extend Planck measurement to small angular scales.
 	 	        2)  are very consistent with Planck data on overlapping angular scales. 


    3)  + Planck data are fitted by a common model
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Planck E modes power spectra
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Planck + ACT E modes power spectra

ACT DR6 EE is more sensitive than Planck for multipoles  ℓ > 600 
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Planck TE power spectrum
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Planck + ACT TE power spectrum

Very clean, foreground free cosmology, 

1.1 % constraint on H0 from TE alone 



23(Credit: Sigurd Naess)

LCDM



Excellent agreement with Planck (PR3) in LCDM

ACT
Planck PR3

ACT and Planck 

are consistent at the

1.6 sigma level





LCDM provides an 

excellent fit to 

both Planck and 

ACT DR6
χ²(ACT) = 1598/1617 (63%)
χ²(P-ACT) = 1842/1897 (81%) 

P-ACT = Planck + ACT

This motivated the creation

 of a combined data set:


This data set leads to 

state of the art constraints

On cosmological model



ΛCDM remains a robust model that can be extrapolated 

over 10 billion years and accurately predict observable at 
low redshift

P-ACT-LB = Planck + ACT + Lensing (ACT + Planck) 

     + BAO from DESI Y1



28(Credit: Sigurd Naess)

Beyond LCDM



Unlike in Planck legacy result, we don’t see evidence for 
curvature or higher than predicted lensing amplitude from 
CMB power spectra



The three possible solutions to the H0 
measurement problem

1) SH0ES constraint is affected  by un-modelled systematics 
(leading to artificial high H0)


2) Planck measurement is affected by un-modelled systematics 
(leading to artificial low H0)


3) Need new physics beyond LCDM ?



An Hubble constant measurement 

nowhere near the SH0ES value

None of ACT probes

 exceed H0=68 km/s/Mpc

SH0ES: Breuval et al. 2024, Riess et al. 2022 (Cepheids)

CCHP : Chicago-Carnegie Hubble Program : Freedman et al. 2024 (Tip of the Red 

Giant Branch and J-Region Asymptotic Giant Branch)



The three possible solutions to the H0 
problem

1) SH0ES constraint is affected  by un-modelled systematics 
(leading to artificial high H0)


2) Planck measurement is affected by un-modelled systematics 
(leading to artificial low H0)


3) Need new physics beyond LCDM ?



We tested a large

class of extensions, 

None of them 

are preferred 

over ΛCDM.


Solid (dashed) bars are constraints at 68% 

confidence derived from P-ACT-LB (P-ACT-LBS).



We can reconstruct the

recombination history 

using a non-parametric

reconstruction. This restricts 

the ability of such scenarios 

to increase the 

CMB-inferred 

Hubble constant.
  The shaded region shows the mean and 95% two-tailed CL.


 The circles indicate the mean ionization fraction

 at the control points used in the reconstruction



The three possible solutions to the H0 
problem

1) SH0ES constraint is affected  by un-modelled systematics 
(leading to artificial high H0)


2) Planck measurement is affected by un-modelled systematics 
(leading to artificial low H0)


3) Need new physics beyond LCDM ?

Hard to cross definitely, but P-ACT poses a challenge to the 
proposed models
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What about B modes ?
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A cloudless sky in CMB 

anisotropies measurement  ?
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If we compare ACT EE measurement with the expectation from

Planck cosmological model, we find a hint of a slope. This slope in 
ACT is not significative once we propagate Planck uncertainties (our 
EE cosmology agree with Planck at the 2.3 sigma level).


An interesting shape in EE ?
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Very interestingly, SPT was finding a very similar slope in their

initial unblinding data. If we were to combine both data set,

the slope surely would  become significative !
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However, SPT, after unblinding their data, and motivated by the 

mismatch with Planck preferred cosmology, attributed this slope to a mismatch 
between their beam in temperature and polarisation and included extra 
parameters to correct for it. 


SPT3G: arXiv:2411.06000
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To my current knowledge and based on public material, 
SPT do not have strong model-independent evidence supporting 

The claim that their polarisation and temperature beam disagree. 


The mismatch between temperature and polarisation beam is attributed to 
depolarization of their beam side-lobes, as far as I know no physical model

for this phenomenon has been demonstrated by the collaboration.

SPT3G: arXiv:2411.06000
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What are the options here ?:

1) SPT results were indeed affected by systematic.

2) SPT was seeing a small departure from

    Planck preferred cosmology in their high ell EE 

    power spectra (that Planck couldn’t measure !).
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What are the options here ?:

1) SPT results were indeed affected by systematic.

2) SPT was seeing a small departure from

    Planck preferred cosmology in their high ell EE 

    power spectra (that Planck couldn’t measure !).




What are the options here ?:

1) SPT results were indeed affected by systematic.

2) SPT was seeing a small departure from

    Planck preferred cosmology in their high ell EE 

    power spectra (that Planck couldn’t measure !).


The prediction from Option 2 was that ACT would see it and this was 

the outcome. Option 1 is still possible but now requires a systematic 
present in the two independent experiments. 
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A bright future for CMB observation 
from the Atacama desert
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Each tube in the cryostat of the LAT is roughly 

equivalent to ACT



Large Aperture Telescope – First Light February 2025!

24,000 + Detectors on the Sky.


• Mirrors not yet aligned/focused.

• Signal to Noise of 4000+ per detector.

• 640 detectors used the Mars map.

• CMB maps are already being made.
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-   ACT has released an unprecedented data set measuring the   
polarisation of the CMB over 40 % of the sky.

- We have released data and code, making our results entirely 
reproducible (and falsifiable).

-  We are consistent with Planck in LCDM, but we do not find 
anomalous lensing amplitude or curvature. We don’t have an hint 
for a model solving the H0 tension.

- Plank + ACT: P-ACT, a constraining data set exploiting the strengths                
of each survey

- Simons observatory: a bright an exciting future in CMB cosmology 
ahead of us !
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BACK UP



Data Combinations
We make use of several external datasets and combinations.


● Sroll2 uses low-E data from Planck

● P-ACT uses Planck cut at 1000/600/600, with full ACT and Sroll2

● CMB Lensing is from ACT DR6 and Planck PR4 

● BAO measurements from DESI Y1 as baseline, BOSS/eBOSS BAO 

data are used as cross-check in some cases

● Type Ia Supernovae from Pantheon+

52



53

BEYOND LCDM 

    models 
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Exploration of extended cosmological 
models
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Exploration of extended cosmological 
models



Information on 
inflation models 

from scalar 
spectral index

Primordial perturbations and 
inflation
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A_lens



Varying me + 
curvature



Particle cosmology

No evidence for new light, relativistic species


Free-streaming:


Neff = 2.86 ± 0.13 (68%, P-ACT-LB) 
Neff = 2.89 ± 0.11 (68%, P-ACT-LB-BBN)
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Particle cosmology



Pre- and modified 
recombination physics
No evidence for an early dark energy (EDE) 
component:

A mild hint (2-3σ) of EDE was seen in ACT DR4 (Hill+2022); 
the new ACT DR6 spectra show that this was a statistical 
fluctuation.




Neutrinos
We find no evidence for non-zero neutrino 
masses:


Σm𝜈 < 0.082 eV   (95%, P-ACT-LB)

Σm𝜈 < 0.083 eV   (95%, W-ACT-LB)


with significant contribution from DESI BAO


Σm𝜈 < 0.13 eV   (95%, P-ACT-LBBOSS)
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Particle astrophysics
We also find the abundances of primordial elements to 
be consistent with standard BBN.


We find dark matter to follow the standard CDM 
paradigm, with no evidence for scattering with 
baryons, self-annihilation, contribution from axion-like 
particles, or scattering off a dark radiation component.
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Late-time physics: dark 
energy From primary CMB data, we find no evidence for 

non-standard dark energy; hints of non-standard 
evolution are driven by low-redshift data and 
consistent with previous analyses of DESI and SNIa 
data.
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P-ACT-LBS consistent with Λ at 2.2σ

[P-LBS (in)consistent with Λ at 2.5σ 
(DESI+2024)]



Late-time physics: modified 
growth
We also see no evidence of modified growth, e.g., 
due to beyond-GR gravity (modulo two slightly 
outlying fσ8 measurements at very low redshifts). 

fσ8
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anomalo
us points



Modified recombination control point 
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DR6 data set test 
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     We have done around 2000 null tests on the data, we 
checked that the results do not depends on 


• array bands

• weather conditions

• scan elevation

• sky location

• time of observation

• detectors positions
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Breakdown of goodness-of-fit 
for P-ACT

TT:

● ACT: 566.05/601

● Planck: 89.05/114

TE:

● ACT: 651.77/644

● Planck: 67.82/69

EE:

● ACT: 392.19/406

● Planck: 68.93/69
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Measuring H0

 from the CMB



The angular size of the sound horizon is given as the ratio of the 
physical size of the sound horizon and the diameter angular distance  
of the last scattering surface

Measuring the Hubble constant using the CMB

z=0 z=1060 z=

CMB emissionToday Hot BigBang



The angular size of the sound horizon is given as the ratio of the 
physical size of the sound horizon and the diameter angular distance  
of the last scattering surface

Once         known, we get  

      is fully determined by the  
cosmological parameters  
we have measured

Which gives us           

Measuring the Hubble constant using the CMB

We know       and        this gives us 
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PR3 and PR4
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Comparison with Planck PR4 
(NPIPE)



80

HiLLiPoP/NPIPE, curvature
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ACT and Planck on the same patch of the sky
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ACT and Planck on the same patch of the sky
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ACT and Planck on the same patch of the sky
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Comparison with Planck PR4 
(NPIPE)



85

Birefringence
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Post unblinding



Cosmo 



Astrophysical foregrounds and instrument 
parameters
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DR6 vs DR4



DR6 vs DR4 cosmology 
● very good agreement between DR6 and DR4 

baseline result obtained from ACT+WMAP 


● some differences with DR4 ACT-alone cosmology


● mainly driven by TE data at multipoles <2000 
(where residuals are mostly negative, disfavoring 
the DR6 LCDM cosmology) 


● we speculate beam leakage modelling might be 
playing a role
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Pre- and modified recombination physics: 

DR4 vs. DR6 EDE constraints
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Dust in the DR6 patch



ACT

Planck PR3

W-ACT (ACT + 
WMAP)

Independent 
constraints from 
ACT & WMAP
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● Cosmological constraints 
from ACT DR6 and Planck 
are consistent (1.6σ)


● ACT + WMAP provides an 
independent and 
competitive dataset with 
e.g. 

Ωbh2 = 0.02263 ± 0.00012

H0 = 66.78 ± 0.68 km/s/
Mpc
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SPT post unblinding



https://arxiv.org/pdf/2411.06000 / SPT3G

https://arxiv.org/pdf/2411.06000


https://arxiv.org/pdf/2411.06000 / SPT3G

https://arxiv.org/pdf/2411.06000


https://arxiv.org/pdf/2411.06000 / SPT3G

https://arxiv.org/pdf/2411.06000
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Polar efficiencies 
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Telescopes
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-> Both ACT and SPT sees it

-> They see it in their different frequency channel (colorless systematic).

-> They don’t detect it in any of their null test, including wafer null tests.


Puzzles for the systematic interpretation 



How does model change H0 
Early dark energy : new field that accelerates the expansion prior to recombination,

reduces sound horizon.

The dynamics of recombination depends critically on the values of fundamental constants during the decoupling epoch, including the fine-structure constant and the electron mass,
we assume that the value of these parameters undergoes an instantaneous, step-function transition well after recombination is completed, but well before the reionization epoch
 (specifically, we choose z = 50 for the redshift of this transition).

Fondamental constant



How does model change H0 



How does model change H0 

CMB temperature



How does model change H0 

Neutrino number



How does model change H0 

Neutrino self-interactions: heavy mediator



How does model change H0 

Neutrino self-interactions: light mediator



How does model change H0 

Interacting DR-DM



How does model change H0 

Self-interacting dark radiation


