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BeyondPlanck dataset

● BeyondPlanck main processing:

High resolution resampling à 900 CMB samples at full 
resolution, with spatial prior ≠ 0

Low resolution resampling à 4 ⋅ 10! CMB samples at NSIDE=32

Provided a set of samples drawn from the full data posterior 
distribution à complete end-to-end uncertainty propagation of the 
sampled parameters
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● Overall coverage of the multipoles from ℓ = 2 up to ℓ = 600 in 
TT spectrum.

● Information from polarization E modes, and cross-correlation 
TE, from multipoles in the range 2 − 8 .
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● Overall coverage of the multipoles from ℓ = 2 up to ℓ = 600 in 
TT spectrum.

● Information from polarization E modes, and cross-correlation 
TE, from multipoles in the range 2 − 8 .
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● Overall coverage of the multipoles from ℓ = 2 up to ℓ = 600 in 
TT spectrum.

● Information from polarization E modes, and cross-correlation 
TE, from multipoles in the range 2 − 8 .

Low-ℓ pixel-based 
Likelihood

TT-TE-EE in 2 ≤ ℓ ≤ 8

High-ℓ likelihood based 
upon Gaussianized
Blackwell-Rao 
estimator

TT only in 9 ≤ ℓ ≤ 600
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BP low-ℓ likelihood
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• Direct CMB map and NCVM 
estimation from ~4 ⋅ 10- low 
resolution samples.

• Karhunen-Loève compression to 
isolate only significant modes.

Colombo et al. 2020

Filter out S/N eigenmodes under a 
threshold 10%. and multipoles below 
ℓ/ = 8. 
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BP low-ℓ likelihood
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BP high-ℓ likelihood

● Gaussianized Blackwell-Rao 
(Rudjord et al. 2009) estimator 
from 900 high resolution 
resampled CMB maps.

● Low S/N ratio in polarization at 
ℓ > 10à Only temperature

Chu et al. 2005
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BP high-ℓ likelihood

● Gaussianized Blackwell-Rao 
(Rudjord et al. 2009) estimator 
from 900 high resolution 
resampled CMB maps.
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BP high-ℓ likelihood

● Gaussianized Blackwell-Rao 
(Rudjord et al. 2009) estimator 
from 900 high resolution 
resampled CMB maps.
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BP high-ℓ likelihood

Stable parameter estimates up to ℓ = 600
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BP high-ℓ likelihood

Colombo et al. 2020
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Full BeyondPlanck likelihood results
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Full BeyondPlanck likelihood results
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Full BeyondPlanck likelihood results
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Full BeyondPlanck likelihood results

Only LFI and WMAP à major 
contribution to larger uncertainties
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BeyondPlanck + Planck 2018 + Lensing + BAO
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End-to-end error propagation

Propagating uncertainties 
through the whole processing 
up to cosmological parameter 
estimation
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End-to-end error propagation

Propagating uncertainties 
through the whole processing 
up to cosmological parameter 
estimation

Marginalisation over noise 
parameters, along with 
foreground and TOD ones!

𝜎"0~0.003 − 0.004

FG+WN coupling 
leads to error 
under-estimation!
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Summary

The point was to show how methodology can provide 
cosmological parameter estimates, along with correctly 
propagating model parameters uncertainties throughout 
the analysis pipeline.

• We estimated cosmological parameter within a global Bayesian 
analysis framework.

• Showed the impact of marginalizing over model parameters, in 
terms of 𝜏 posterior uncertainty.

• Implemented two likelihoods, a low-ℓ pixel-based for both 
temperature and polarization, and a GBR based one, for higher 
TT multipoles. 
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Questions?
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Backups
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Low-ℓ likelihood – why KL compression?
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