
Design: Ève Barlier & Josquin Errard,  
funded by ERC Scipol No.~101044073, 
CNRS, 2025. All rights reserved.

Benjamin BERINGUE 
Oct 13th - CMB-France

ACT-DR6 Power Spectrum 
Foreground Model
… and validation on non-Gaussian simulations

SciPo

Science from the large scale cosmic 
microwave background polarization structure

Based on Beringue, Surao et al. (JCAP, 2025)



Design: Ève Barlier & Josquin Errard,  
funded by ERC Scipol No.~101044073, 
CNRS, 2025. All rights reserved.

Outline

Benjamin BERINGUE, APC 
October 13th 2025

1. Modeling of the small scale angular power spectra 

2. Testing DR6 model on Non-Gaussian simulations 

3.Astrophysical constraints
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ACT-DR6 data: 

-Extend Planck 
measurement down to 
very small scales.
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on overlapping scales.


- ACT-DR6 EE is more 
sensitive than Planck for 
scales 


-% precision cosmology 
with TE only.

ℓ > 600
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Modeling of small scale power spectra
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Modeling of small scale power spectra
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Modeling of small scale power spectra
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𝒟ℓ
fgs.,TT = 𝒟ℓ

tSZ + 𝒟ℓ
kSZ + 𝒟ℓ

CIB−c + 𝒟ℓ
CIB−p + 𝒟ℓ

tSZ×CIB + 𝒟ℓ
radio,TT + 𝒟ℓ

dust,TT
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Modeling of small scale power spectra
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𝒟ℓ
fgs.,TT = 𝒟ℓ

tSZ + 𝒟ℓ
kSZ + 𝒟ℓ

CIB−c + 𝒟ℓ
CIB−p + 𝒟ℓ

tSZ×CIB + 𝒟ℓ
radio,TT + 𝒟ℓ

dust,TT

𝒟TiTj
ℓ,tSZ = atSZ𝒟tSZ

ℓ,ℓ0 [ ℓ
ℓ0 ]

αtSZ ftSZ(νi)ftSZ(νj)
f 2
tSZ(ν0)

Thermal Sunyaev-Zel’dovich effect 
• Inverse Compton Scattering of CMB photons by hot 
electrons in clusters
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Modeling of small scale power spectra
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𝒟ℓ
fgs.,TT = 𝒟ℓ

tSZ + 𝒟ℓ
kSZ + 𝒟ℓ

CIB−c + 𝒟ℓ
CIB−p + 𝒟ℓ

tSZ×CIB + 𝒟ℓ
radio,TT + 𝒟ℓ

dust,TT

𝒟TiTj
ℓ,CIB−c = ac𝒟CIB−c

ℓ,ℓ0

μ(νi; βc, Td)μ(νj; βc, Td)
μ2(ν0; βc, Td)

Clustered Cosmic Infrared Background 
•Redshifted thermal dust emission from distant galaxies.
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Modeling of small scale power spectra
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Modeling of small scale power spectra
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𝒟ℓ
fgs.,TT = 𝒟ℓ

tSZ + 𝒟ℓ
kSZ + 𝒟ℓ

CIB−c + 𝒟ℓ
CIB−p + 𝒟ℓ

tSZ×CIB + 𝒟ℓ
radio,TT + 𝒟ℓ

dust,TT

𝒟TiTj
ℓ,tSZ×CIB = − ξyc acatSZ𝒟tSZ×CIB

ℓ,ℓ0

CIBxtSZ correlation 
• tSZ and clustered CIB are sourced by the same clusters
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𝒟XiYj
ℓ,radio = aXY

s [ ℓ(ℓ + 1)
ℓ0(ℓ0 + 1) ] [

g(νi)g(νj)
g2(ν0) ] [

νiνj

ν2
0 ]

βs+2

Poisson distributed Radio Galaxies 
•Synchrotron emission from distant radio galaxies
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CIB−c + 𝒟ℓ
CIB−p + 𝒟ℓ

tSZ×CIB + 𝒟ℓ
radio,TT + 𝒟ℓ

dust,TT

𝒟TiTj
ℓ,g = aTT

g [ ℓ
ℓ0 ]
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g μ(νi; βd, Teff
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μ2(ν0; βd, Teff
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Residual galactic dust emission  
•Thermal emission from galactic dust in the ACT 
footprint
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Modeling of small scale power spectra
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Modeling of tSZ signal
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𝒟TiTj
ℓ,tSZ = atSZ𝒟tSZ

ℓ,ℓ0 [ ℓ
ℓ0 ]

αtSZ ftSZ(νi)ftSZ(νj)
f 2
tSZ(ν0)

• Introduced new parameter :  that 
empirically captures the scale dependence 
of the tSZ signal. 


•Proxy for AGN temperature (in AGORA 
simulations). [Omori 2023].

αtSZ

Benjamin BERINGUE, APC 
October 13th 2025
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Modeling of tSZ signal
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•  shift in cosmological parameters 
when . 
> 0.5σ

αtSZ = 0
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Foreground model extensions
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•Tested ~20 fg model 
extensions and assessed 
the impact on 
cosmological parameters.


•All changes below .


•No preference for any 
other model with ACT-DR6 
data.

0.1σ

[BB et al. 2506.06274]Benjamin BERINGUE, APC 
October 13th 2025
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Testing DR6 model on Non-Gaussian sims
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•We used the AGORA simulations to produce 10 fully correlated non-
gaussian simulations (CMB + foregrounds (galactic + extragal.) +noise).


•Processed through the DR6 pipeline.

[BB et al. 2506.06274]
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October 13th 2025



Testing DR6 model on Non-Gaussian sims

24

•Recovered cosmo parameters are 
scattered as expected (  ).


•Extremely challenging test of DR6 
foreground model and pipeline.

< 2σ
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•  detected at  in P-ACT: 
.


•Higher AGN temperature than 
expected from AGORA/BAHAMAS 
simulations.


•Show sensitivity of multi-
frequencies CMB data to tSZ 
modelling. 

αtSZ 3σ
αtSZ = − 0.6 ± 0.2
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Constraints on reionisation 

akSZ = 1.48+0.71
−1.10 μK2

akSZ = 2.03 [ 1 + zmid

11
− 0.12] ( Δzrei

1.05 )
0.51

[BB et al. 2506.06274]

[Battaglia et al. 2013]
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Constraints on reionisation 

[BB et al. 2506.06274]

•Constraints on duration of reionisation for 
two different scaling relations. 
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Thanks a lot for your attention ! 

beringue@apc.in2p3.fr 
      beringueb 

SciPo

Science from the large scale cosmic 
microwave background polarization structure
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