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Component separation with deep learning

Encoder Decoder

Webster et al, 2023

Anything you want (fitted mixing 
matrix, non linear model…)

Any loss you want



Component separation with deep learning

Single channel mixture:

(+ regularization term on (non) correlation)

Webster et al, 2023
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Not statistically independent

Non linear
{ } = Bi o (1*(CMB+kSZ) + fi*SZ + CIBi) + NiCi



{ } = Bi o (1*CMB + fi*SZ + CIBi) + NiCi

=ℒrec ∑
i

MSE(Ci, C̄i)
σ(Ci)

{ } = Bi o (1*  + fi*  + gi( )* )C̄i
¯CMB S̄Z z̄ ¯CIB

(gi -> Greybody)

An application to CMB data - CIB removal - SZ extraction



Healpix maps from WebSky numerical simulations (Stein et al., 2020):

90, 100, 143, 145, 217, 225, 280, 353, 545 GHz (Planck and SO)
Healpix nside=4096
CMB, CIB (all dust IR emission including 
point sources), SZ
No noise, no beams

100,000 patches of 64x64 pixels 
(0.8°x0.8°)
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Training area

Test area (10% of sky)

An application to CMB data - CIB removal - SZ extraction



Means: Variances:

Results here
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CMB: CIB:

SZ:

Comparison with MILCA 
applied on very same maps

Power-spectra:

Excess of signal in 
SZxMILCA



An application to CMB data - CIB removal - SZ extraction

Cross-spectra:

CIBxSZ:

CMBxCIB:CMBxSZ:

SZ map less contaminated 
by other components



Focus on SZ fluxes around clusters:

An application to CMB data - CIB removal - SZ extraction



Future applications

• CIB removal for CO/CII studies (Sia’s talk) 

• Single Channel Mixture for CO/CII separation? 

• Foreground removal in radio (SKA) for HI and/or EoR?


