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Impact on  r  of foreground B-modes :
LiteBIRD forecasts with COMMANDER



  

CMB B-mode polarization satellite concepts



  r = 0.05

No foreground : overall sensitivity

most sensitive experiments 
in the absence of foregrounds:

COrE+ extended
EPIC-IM 
PRISM 

r = 0

Increasing sensitivity

Remazeilles, Dickinson, Eriksen, Wehus, arXiv:1509.04714
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Spectral information on polarized foregrounds is non-trivial
    

  - synchrotron curvature ? 
  - how many greybodies for thermal dust ?

How many polarized foregrounds in the sky ?
  

  - thermal dust
  - synchrotron
  - spinning dust ?
  - magnetic dust ?
  - polarized CO ?   
  - … ?                     

Highly polarized Galactic foregrounds  

    @ any frequency
    @ any direction on the sky
    @ any angular scale

    many orders of magnitude larger
    than primordial CMB B-modes

the answer not only depends on physics 
but also on instrument sensitivity

CMB versus Foreground B-modes

Errard et al, 2015



  

COMMANDER  - Eriksen et al (2008)

Bayesian parametric fitting & Gibbs sampling

Parametric fitting model

MCMC Gibbs sampling

● amplitudes (CMB, dust, synchrotron)

● CMB power spectra

● Foreground spectral indices
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After foreground removal :

r

P(r)

Likelihood distribution of the tensor-to-scalar



  

possible mismatch between the foreground model and the data 

Model Data

synchrotron curvature

extra thermal dust

spinning dust

Impact of incorrect foreground modelling ?

Remazeilles, Dickinson, Eriksen, Wehus, arXiv:1509.04714
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r = 0.05

r = 0

Correct foreground modelling 

LiteBIRD



  r = 0.05

r = 0

Correct foreground modelling 

LiteBIRD extended

Extra low-frequency channels
help in reducing the uncertainty on r  

Remazeilles, Dickinson, Eriksen, Wehus, arXiv:1509.04714
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r = 0.05

r = 0.05

errors on r dominated
by cosmic variance
for all satellite concepts

No foreground: overall sensitivity

ℓmax ~ 12

χ2 r

9σ detection
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r = 0.05

r = 0.05

ℓmax ~ 12

χ2 r

6.5σ detection

Correct foreground modelling 

Galactic foregrounds
inflate the error on r
but there is no bias
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r = 0.05

r = 0.05

χ2 r

Incorrect dust modelling : 
omitting one greybody component

Incorrect spectral modelling 
of thermal dust strongly bias 
the most sensititive experiments

ℓmax ~ 12

4σ bias
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r = 0.05

r = 0.05

χ2 r

ℓmax ~ 12

Incorrect synchrotron modelling : 
neglecting curvature

Incorrect spectral modelling
of synchrotron bias the 
tensor-to-scalar ratio by > 1σ

LiteBIRD

low χ2  but large bias on r
→ lack of channels to fit non-trivial synchrotron



  

Curvature flattens the synchrotron spectrum 

LiteBIRD

LiteBIRD extended  

Curvature makes synchrotron and CMB components less “orthogonal”

Over the frequency range of LiteBIRD, curvature prevents any component separation 
method (COMMANDER, NILC) from distinguishing between the CMB spectrum 
and the synchrotron spectrum flattened by curvature
 

● → the fit of the total sky will be correct (χ2~1) but the synchrotron and the CMB
 will not be correctly separated

LiteBIRD extended can distinguish between synchrotron curvature and CMB 
through extra low-frequency channels (< 60 GHz)
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r = 0.05

r = 0.05

ℓmax ~ 12

Incorrect synchrotron modelling : 
neglecting curvature

Incorrect spectral modelling
of synchrotron bias the 
tensor-to-scalar ratio by > 1σ

LiteBIRD
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r = 0.05

r = 0.05

ℓmax ~ 12

Incorrect synchrotron modelling : 
neglecting curvature

Incorrect spectral modelling
of synchrotron bias the 
tensor-to-scalar ratio by > 1σ

LiteBIRD extended



  

Summary 

r = 0.05

 Full Bayesian framework: sky component fitting & likelihood estimation of r 
   
 End-to-end propagation of foreground uncertainties to cosmological parameters
→ next step: systematics and lensing uncertainties

 Feedback on foreground modelling through the χ2 output map 
 

 2 criteria :  χ2  statistics of the fit  &  tensor-to-scalar ratio r 

 Taken together, they indicate wether a false detection of r is due to
  incorrect foreground modelling or lack of low frequency channels

 Because of unprecedented sensitivity, next-generation CMB satellites are
 much more sensitive to incorrect assumptions about Galactic foregrounds

  

 Omitting one extra greybody dust component → r biased by more than 3σ

 Neglecting synchrotron curvature (C=0.3) → r biased by more than 1σ 

 Neglecting 1% spinning dust polarization → r non-negligible bias 
 
 

 “LiteBIRD extended” better controls foreground uncertainties than “LiteBIRD original”

 LiteBIRD extended can distinguish between CMB and synchrotron curvature 
 through extra-low frequency channels



  

Backup
slides



  

Frequencies (GHz)

40
50 
60 
68.4 
78.0 
88.5 
100.0 
118.9 
140.0 
166.0 
195 
234.9 
280 
337.4 
402.1 

LiteBIRD extended



  
Remazeilles, Dickinson, Eriksen, Wehus, in prep. (2015)

Missing polarized foreground : 
spinning dust

r = 0.05

r = 0

Omitting the 1% polarized
spinning dust makes a
non-negligible bias on
the tensor-to-scalar ratio
for some experiments

ℓmax ~ 12
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r = 0.05

r = 0

ℓmax ~ 12

χ2 r

Correct foreground modelling 

Galactic foregrounds
inflate the error on r
but there is no bias
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r = 0.05

r = 0

χ2 r

Incorrect spectral modelling 
of thermal dust strongly bias 
the most sensitive experiments

ℓmax ~ 12

Incorrect dust modelling : 
omitting one greybody component

High-frequency channels very useful
to highlight failure in dust model



  

Incorrect foreground modelling : 
minor impact on Planck

Armitage-Caplan et al., MNRAS 2012

Because of lower sensitivity, Planck is less impacted by incorrect spectral assumptions
   on the Galactic foregrounds

ℓmax ~ 12
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Incorrect dust modelling : 
impact of high frequency channels

r = 0.05

r = 0

High-frequency channels
useful to highlight any 
failure in the model of 
polarized dust

Instability of P(r) 
distribution with respect 
to frequencies highlights
spurious detection 
of dust B-modes

8 channels:   45 GHz → 255 GHz 
10 channels: 45 GHz → 345 GHz  

COrE
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Incorrect dust modelling : 
impact of Galactic masking

r = 0.05

r = 0

Instability of P(r) 
distribution with respect 
to the size of the mask
highlights spurious
detection of dust B-modes

COrE

WMAP mask ( f
sky

 = 75 % )
Planck mask ( f

sky
 = 65 % )  



  

MCMC Gibbs sampling



  

Cℓ sampling



  

Amplitude sampling
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