
 15th Marcel Grossmann Meeting 
Rome, 1-7 July 2018

Extracting foreground-obscured 
µ-type distortion anisotropies 

with future CMB satellites

Mathieu Remazeilles

Remazeilles & Chluba 
 MNRAS 478, 807 (2018)

https://arxiv.org/abs/1802.10101


µ-type CMB spectral distortions
 

 

 

Sunyaev & 
Zeldovich 1970



Spectral signature of distortions

Distinct spectral signatures! 
→ Multi-frequency observations allow to disentangle those signals



Anisotropic µ-type distortions
 



µ-type distortion anisotropies

foreground polarization @100 GHz

foreground intensity @100GHz

 

 



µ-T cross-power spectrum:
Enhanced µ-type distortion signal through correlation  

with CMB temperature anisotropies! 

→ Accessible signal for future CMB satellites!

foreground polarization @100 GHz

foreground intensity @100GHz

µ-type distortion anisotropies
 



 

Questions



The problem of foregrounds

SZ clusters 
(foregrounds)

 

Chluba 2014

 

µ-type spectral distortions open a new window to probe physics  
occurring behind the last-scattering surface, where the universe is invisible!
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Component separation : the problem

?
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Angular power spectrum
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    CMB temperature 
anisotropies      

The problem of the CMB temp. foreground



Component separation: standard ILC

 

signal  

Benett et al, 2003 
Tegmark et al, 2003
Eriksen et al, 2004 
Delabrouille et al, 2009



Component separation: Constrained-ILC

 

Remazeilles et al, 2011
Remazeilles & Chluba, 2018 

 

 



Standard ILC vs Constrained ILC

Remazeilles & Chluba (2018)

Standard ILC methods suffer 
from spurious TT correlations 
due to CMB residuals in the µ-map

The Constrained-ILC fully recovers 
the correlated µ-T signal without bias

 



The Constrained-ILC idea 
can also be used to kill residual y-distortions 

in CMB temperature map



Standard ILC
input thermal SZ input CMBinput kinetic SZ

Bennett et al (2003), Tegmark et al (2003) 
Eriksen et al (2004), Delabrouille et al (2009)

ILC

 



error: ILC - CMB

Thermal SZ / y-distortion residuals! 
(clusters in the CMB)

Standard ILC
input thermal SZ input CMBinput kinetic SZ

Bennett et al (2003), Tegmark et al (2003) 
Eriksen et al (2004), Delabrouille et al (2009)

 



Constrained-ILC

error: Constrained ILC - CMB

Remazeilles, Delabrouille, Cardoso, MNRAS (2011)

input thermal SZ input CMBinput kinetic SZ

 



 



Simulation of correlated µ and T fields

Remazeilles & Chluba (2018)

 



Simulation of correlated µ and T fields

Remazeilles & Chluba (2018)

Ravenni et al (2017)

 

 

 

 



Our full sky simulations

Remazeilles & Chluba (2018)

 



EPIC PRISM

CMB satellite concepts

Kogut et al., 2011

30 – 6000 GHz ;
6.6 µK.arcmin 
(Δν=30 GHz)

PIXIE (NASA)  CORE (ESA) 
CMB-Bharat (ISRO)

Delabrouille et al, 2018 

60 – 600 GHz ; 1.7 µK.arcmin

PICO (NASA)  
Probe Mission Concept Study 2018

Shaul Hanany, priv. comm. 

21 – 800 GHz ; 1.1 µK.arcmin

LiteBIRD (JAXA) – Phase A
Suzuki et al, 2018 

40 – 402 GHz ; 2.5 µK.arcmin



Constrained-ILC µ-map reconstruction 
(LiteBIRD)

Remazeilles & 
Chluba (2018)

significant 
foreground 

contamination
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Constrained-ILC µ-map reconstruction 
(LiteBIRD)
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contamination

This actually is !!.

What about !×# ?



 

Remazeilles & Chluba (2018)
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Forecasts on small-scale non-Gaussianity

Remazeilles & Chluba (2018)
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Minimum detection limit

Remazeilles & Chluba (2018)

 



More detectors or more frequencies?

Remazeilles & Chluba (2018)

   

 



What part of the frequency range matters?

 

 



 

Remazeilles & Chluba (2018)

Calibration errors can screw up an ILC in the high signal-to-noise regimes, 
   through partial cancellation of the variance of the CMB temperature anisotropies 

Dick, Remazeilles, Delabrouille, MNRAS (2010)

The allowed inter-channel calibration uncertainty for PICO is 0.01 % 
(The promise of CORE was to achieve such calibration accuracy)



Conclusions Remazeilles & Chluba (2018)

 

Thank  you for your attention!



Backup slides



Averaging effects

• Because of averaging different line-of-sight SEDs within a pixel/beam, 
    the actual SED of foregrounds in the maps differs from the physical SED in the sky 
    – Chluba et al 2017

• Spurious SED curvatures created by pixel averaging effects, if ignored in the parametric fit,
     may bias primordial B-modes at the level of Δr ~ 10-3

     – Remazeilles et al 2017, for the CORE collaboration

• The Constrained-ILC method is blind (no parametrization / assumption on foregrounds),
     therefore fairly insensitive to averaging effects
     – Remazeilles & Chluba 2018 
     

dust spectral indices in the sky

 

mapping / pixelization

→ effective SED: ∑i ν βi  ≠ ν β

 



Remazeilles & Chluba (2018)

 

Importance of spatial resolution


