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Cosmology with Rayleigh 
scattering of the CMB
Looking beyond the primary CMB

SciPo

Science from the large scale cosmic 
microwave background polarization structure1



Rayleigh scattering of the CMB
Outline

- What is Rayleigh scattering of the CMB ? 


- How can this effect be modelled ? 


- Can we detect it with upcoming surveys ? 


- Does it help constraining cosmology ?
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What is Rayleigh scattering ? 

Rayleigh scattering is the scattering of electromagnetic radiation by particles 
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frequency dependent !!

8



What is Rayleigh scattering ? 
Around recombination

9



What is Rayleigh scattering ? 
Around recombination

Recombinaison

z ∼ 1100

10



What is Rayleigh scattering ? 
Around recombination

Recombinaison

z ∼ 1100

11



What is Rayleigh scattering ? 
Around recombination

Recombinaison

z ∼ 1100

12



What is Rayleigh scattering ? 
Around recombination

Recombinaison

z ∼ 1100

Recombinaison

z ∼ 1100

13



What is Rayleigh scattering ? 
Around recombination

Recombinaison

z ∼ 1100

Recombinaison

z ∼ 1100

Cosmic 
expansion

14



What is Rayleigh scattering ? 
Around recombination

Recombinaison

z ∼ 1100

Recombinaison

z ∼ 1100

Cosmic 
expansion

σR(ν) ≈ σT ( ν
νeff )

4

+ α ( ν
νeff )

6

+ β ( ν
νeff )

8

+ . . .

[Lewis 16, Yu et al. 01]
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What is Rayleigh scattering ? 
Around recombination

·τ = aneσT → ·τ (ν) = aneσT + a [nH + 0.1nHe] σR (ν)
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What is Rayleigh scattering ? 
Around recombination

·τ = aneσT → ·τ (ν) = aneσT + a [nH + 0.1nHe] σR (ν)

This leads to:


- An increase of Silk damping on small scales.


- A boost on large scales in polarisation, due to the visibility function being 
shifted towards low redshift where the local quadrupole is larger. 


- A shift in the location of the acoustic peaks

[BB et al 21, Lewis 16, Yu et al 01] 18



How can this be modelled ?
At the power-spectrum level

For small frequencies, Rayleigh scattering can be modelled perturbatively: 
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How can this be modelled ?
At the power-spectrum level
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Can we detect it with upcoming surveys ?
Planck, SO, CCAT

[BB, Meerburg, Meyers and Battaglia 21]



Can we detect it with upcoming surveys ?
Planck, SO, CCAT

[BB, Meerburg, Meyers and Battaglia 21]



Can we detect it with upcoming surveys ?
Planck, SO, CCAT

 ∼ 5.2σ
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Can we detect it with upcoming surveys ?
Upcoming surveys

[Zhu, BB et al 23]

Forecasts after component 
separation (cILC) including 
extragalactic foregrounds 
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Does it help constraining cosmology?
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Helium fraction .YHe
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Does it help constraining cosmology?

- Rayleigh scattering directly probes the 
Helium fraction .


- Rayleigh scattering produces different last 
scattering  surface and fluctuation 
spectrum at every frequencies.


- Fixed length scales appear at different 
angular scales  for primary and Rayeligh 
scatters components.


- Ratio of these angular scales helps 
constraining parameters. 

YHe
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Does it helps constraining cosmology ? 
PICO forecasts

TTTEEE       

TTTEEE + 
lensing       

TTTEEE + 
lensing + 

BBN      
TTTEEE + 
lensing + 

BBN + BAO    

[BB, Meerburg, Meyers and Battaglia 21]
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What next ?

- M1 Student Andrea Landais (now M2 NPAC) has worked (a lot) to 
include Raleigh scattering in latest CAMB version.


- Allow for eg. EDE forecasts, easier integration with 
multifrequencies likelihoods, non-parametric recombination history.


- Trying different component separation methods: parametric, 
SMICA on future SO and CCAT data.
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Thank you !
PyRayTE (Soon)

• Yu et al 2001

• Alipour et al 2015

• Lewis 2016

• Beringue et al 2021

• Coulton et al 2021 
• Zhu et al 2023 
• Dibert et al 2023
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