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COMPONENT SEPARATION PROBLEM

A. Carones Component separation methods

• All over the sky, B-mode foregrounds at their minimum are 

at a level 𝑟~ 0.05 − 1.5  (Krachmalnicoff et al., 2016)

• Future CMB experiments need effective component 

separation methods to achieve the targeted sensitivity
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POWER SPECTRUM BASED – SMALL PATCHES

A. Carones Component separation methods

(Chiang et al., 2010)

(BICEP/Keck Collab., 2021)
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MAP-BASED COMPONENT SEPARATION

A. Carones Component separation methods
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MAP-BASED COMPONENT SEPARATION

A. Carones Component separation methods

Minimum variance

Global variance minimum

𝒅 =

𝑨𝑪𝑴𝑩

𝑨𝒅

𝑨𝒔

 

𝒔𝑪𝑴𝑩

𝒔𝒅𝒖𝒔𝒕

𝒔𝒔𝒚𝒏𝒄𝒉

 +  𝒏

Sky signals NoiseMixing matrix 

(SEDs)



6

MAP-BASED COMPONENT SEPARATION

A. Carones Component separation methods

Minimum variance

Global variance minimum

Parametric
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1. FIELD OF APPLICATION 

A. Carones Component separation methods

Minimum variance Parametric
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2. AVAILABLE ALGORITHMS

A. Carones Component separation methods

Minimum variance Parametric

• Internal Linear Combination (ILC) (Bennett et al., 2003)

• Harmonic ILC (Tegmark et al., 2003)

• SMICA (Delabrouille et al., 2003)

• Needlet ILC (NILC) (Delabrouille et al., 2009)

• Polarization ILC (Fernández-Cobos et al., 2016)

• constrained Moments ILC (cMILC) (Remazeilles et al., 

2021)

• Multi-Clustering NILC (MC-NILC) (Carones et al., 

2023a)

• Optimised cMILC (Carones et al., in prep.)

• Commander (Eriksen et al., 2008)

• FGBuster (Stompor et al., 2009)

• Commander3 (Galloway et al., 2022)

• FGBuster (Errard & Poletti, in prep)

• FGCluster (Puglisi et al., 2022)

• B-SeCRET (de la Hoz, 2020)

• Moments fitting (Mangilli et al., 2021;

                               Vacher et al, 2022)

golden year (2015)Component separation
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3. IMPLEMENTATION

A. Carones Component separation methods

Minimum variance Parametric

(Credit: J.Errard)

• Needlet ILC (NILC): • Commander:

• FGBuster:

with
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3.1 IMPLEMENTATION

A. Carones Component separation methods

Minimum variance Parametric

• Needlet ILC (NILC): • FGBuster:

𝜷𝒅

𝑻𝒅

𝜷𝒔
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4. INTERFACE WITH DATA-DRIVEN DOMAINS

A. Carones Component separation methods

Minimum variance Parametric

(Carones et al., 2023a)

(Puglisi et al., 2022)
• Multi-Clustering NILC (MC-NILC): • FGCluster:
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5. INTERFACE WITH MOMENTS EXPANSION

A. Carones Component separation methods

Parametric

(Credit: M.Remazeilles)

(Chluba et al., 2017)

(Remazeilles et al., 2021)

(Azzoni et al., 2020;

Mangilli et al., 2021;                               

Vacher et al, 2022)

Minimum variance
• cMILC: • Moments fitting:
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6. IMPACT OF SYSTEMATICS

A. Carones Component separation methods

ParametricMinimum variance

• Gain calibration

• Beams (Near and Far sidelobes)

• Bandpasses mismatch

• Polarization angle calibration

• Pointing

• HWP systematics

• …..

In general, minimum variance 

methods well ‘absorb’ instrumental 

systematic effects, especially for low 

signal-to-noise analyses (Dick et 

al.,2010)

• Systematics couple with 

foreground modeling

• Need to be incorporated within the 

fitting procedure
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APPLICATION TO LITEBIRD (𝜹𝒓 ∽ 𝟎. 𝟎𝟎𝟏)

A. Carones Component separation methods

Minimum variance

(LiteBIRD Collab., 2023)(Carones et al., 2023a)

Parametric

FGBuster, 𝒇𝒔𝒌𝒚 = 𝟓𝟎%NILC, 𝒇𝒔𝒌𝒚 = 𝟓𝟎%



15A. Carones Component separation methods

Minimum variance Parametric

(Puglisi et al., 2022)

FGCluster, 𝒇𝒔𝒌𝒚 = 𝟔𝟎%𝒇𝒔𝒌𝒚 = 𝟓𝟎%

(Carones et al., 2023a)

APPLICATION TO LITEBIRD (𝜹𝒓 ∽ 𝟎. 𝟎𝟎𝟏)
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APPLICATION TO SO-SATs (𝜹𝒓 ∽ 𝟎. 𝟎𝟎𝟑)

A. Carones Component separation methods

(Wolz et al., 2023)
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APPLICATION TO SO-SATs (𝜹𝒓 ∽ 𝟎. 𝟎𝟎𝟑)

A. Carones Component separation methods

(Wolz et al., 2023)
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observed multi-
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power spectrum

NILC



18

APPLICATION TO SO-SATs (𝜹𝒓 ∽ 𝟎. 𝟎𝟎𝟑)

A. Carones Component separation methods

(Wolz et al., 2023)
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APPLICATION TO SO-SATs (𝜹𝒓 ∽ 𝟎. 𝟎𝟎𝟑)

A. Carones Component separation methods

(Wolz et al., 2023)

Minimum variance

Q and U 

observed multi-

frequency maps

B-mode 

multi-frequency 

maps

NILC B-mode 

CMB map

B-mode 

power spectrum

E-B leakage NILC

(Wolz et al., 2023, 

SO Collab., 2019)
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APPLICATION TO SO-SATs (𝜹𝒓 ∽ 𝟎. 𝟎𝟎𝟑)

A. Carones Component separation methods

(Wolz et al., 2023)

Minimum variance

Q and U 

observed multi-

frequency maps

B-mode 

multi-frequency 

maps

NILC B-mode 

CMB map

B-mode 

power spectrum

E-B leakage NILC

(Wolz et al., 2023, 

SO Collab., 2019)(Carones et al., 2023b)
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CONCLUSIONS

A. Carones Component separation methods

• All over the sky, B-mode foregrounds at their minimum are 

at a level 𝑟~ 0.05 − 1.5  (Krachmalnicoff et al., A&A 588, 

A65, 2016)

• Future CMB experiments need effective component 

separation methods to achieve the targeted sensitivity

• Complementarity between minimum variance 

and parametric is fundamental

• Component separation can benefit from 

optimisation of domains, inclusion of moments’ 

fitting/deprojection,…
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• Future CMB experiments need effective component 

separation methods to achieve the targeted sensitivity

• Complementarity between minimum variance 

and parametric is fundamental

• Component separation can benefit from 

optimisation of domains, inclusion of moments’ 

fitting/deprojection,…

• Forecasts for future experiments are promising, 

but developments expected in the future will 

have to make methods robust to foregrounds 

unknowns and systematics
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CONCLUSIONS

A. Carones Component separation methods

• All over the sky, B-mode foregrounds at their minimum are 

at a level 𝑟~ 0.05 − 1.5  (Krachmalnicoff et al., A&A 588, 

A65, 2016)

• Future CMB experiments need effective component 

separation methods to achieve the targeted sensitivity

THANK YOU FOR THE ATTENTION

• Complementarity between minimum variance 

and parametric is fundamental

• Component separation can benefit from 

optimisation of domains, inclusion of moments’ 

fitting/deprojection,…

• Forecasts for future experiments are promising, 

but developments expected in the future will 

have to make methods robust to foregrounds 

unknowns and systematics
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