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B-modes detection
- energy scale of inflation
- strong constraint on e.g. total neutrinos mass, 
and dark energy equation of state

CMB polarization
window onto the physics of the very early 
Universe ➔ unique insights on the physical 
laws governing at the highest energies

INTRODUCTION

noise goes down with new experiments (more detectors, longer integration time, new technology, 
etc.) 

but foregrounds are still a fundamental limit. 

Component separation is a critical step in data analysis

from ESA website

Polarized foregrounds

Polarbear-1 science forecast
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INTRODUCTION

what is the impact of 
astrophysical foregrounds 

on the ability of CMB polarization experiments 
to contrain r ?

parametric maximum likelihood 
component separation technique

- optimistic case where we know the scaling laws for polarized foregrounds
- we are only looking at statistical errors (no sky systematics)
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METHOD

data sky signal

noise

mixing matrix parametrized by some βicalibration matrix parametrized by ω

data modeling

estimation of the parameters by maximizing the parametrized Likelihood function

e.g. R. Stompor, S. Leach, F. Stivoli, and C. Baccigalupi, MNRAS 392, 216 (2009), 0804.2645.

second derivative of the Likelihood averaged over noise realizations give us estimation of the statistical error of the parameter estimation

number of detectors, time of observation, noise per detector, fraction of the sky, etc.
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F. Stivoli, J. Grain, S. Leach, M. Tristram, 
C. Baccigalupi, R. Stompor
2010, [1004.4756], MNRAS

METHOD

≡ estimated sky signal - true sky signal = 

residuals computation

fraction of lensing
0≤η≤1

significance of the residuals

Fisher error on an overall amplitude of a 
residuals template
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ILLUSTRATION & RESULTS

residuals level, reff

A. Amblard, A. Cooray, and M. Kaplinghat, Phys. Rev. D 75, 083508 (2007), arXiv:astro-ph/0610829
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JE., F. Stivoli & R. Stompor, Phys. Rev. D 84, 063005 (2011), arXiv:1105.3859v2
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ILLUSTRATION & RESULTS JE. & R. Stompor, submitted (2012)
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low noise regime:
σα-1 α σcmb2

impact of
calibration errors

no limit for 
σCMB → 0
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ILLUSTRATION & RESULTS

delensing

effect of reconstructing the lensing?
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ILLUSTRATION & RESULTS

ϕ xIndependance of σα-1 on the foregrounds constrast

Beyond the simple scaling law model for the foregrounds

considering # patches ≠ 0 across the sky
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ILLUSTRATION & RESULTS

What noise level a nearly full-sky experiment
 should have in order to detect a given r 

and be safe wrt residuals?

( = 1 in our work)
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➔  we introduced a semi-analytical formalism for performance forecasting 
and optimization of future CMB experiments. [JE., F. Stivoli & R. Stompor, 
Framework for performance forecasting and optimization of CMB B-mode observations in the 
presence of astrophysical foregrounds, Phys. Rev. D 84, 063005 (2011)]

➔  we implemented the formalism in the context of nearly full sky, multi-
frequency, B-mode polarization observations 

CONCLUSIONS

Thank you

➔  we introduced a measure of the residuals significance and probe its behavior for very low 
noise levels. 

➔  foreground residuals are likely to be a major driver in defining the sensitivity requirements for 
future experiments, they do not  on their own lead to any fundamental lower limits on 
detectable r, at least as long as sufficiently precise frequency scaling models are available. 
[JE. & R. Stompor, Astrophysical foregrounds and primordial tensor-to-scalar ratio constraints from cosmic 
microwave background B-mode polarization observations, submitted (2012)]


