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Rayleigh scattering of the CMB

Outline

- What is Rayleigh scattering of the CMB 7
- 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 ?

Around recombination

T = an,cr — T (I/) = an,or + d [nH + O.lnHe] Op (V)
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What is Rayleigh scattering ?

Around recombination

T = an,cr — T (I/) = an,or + d [nH + O.lnHe] Op (1/)

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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t with upcoming surveys

Can we detect i
Planck, SO, CCAT

Primary T x RS E spectrum

Primary T x RS T spectrum
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Cross spectra

Cross spectra

Can we detect it with upcoming surveys ?

Planck, SO, CCAT

Primary T x RS T spectrum
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Can we detect it with upcoming surveys ?
Planck, SO, CCAT

Cumulative S/N
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Can we detect it with upcoming surveys ?

Upcoming surveys

Planck |SO LAT |CCAT-prime|CCAT-prime : fypnee/2|CCAT-prime : 2 X Nget | CMB-S4|LiteBIRD |PICO
TevmB X ITrs | 4.7 0.7 0.3 1.2 0.3 2.0 25 715
Ecus X Ers| 0.1 0.6 0.6 0.7 0.9 1.8 1.4 45
Tevs X Ers| 0.1 0.4 0.2 0.4 0.3 1.0 0.9 30
EcvB X Irs| 1.2 0.1 0.1 0.2 0.1 0.4 10 195

31 [BB, Meerburg, Meyers and Battaglia 21]
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Upcoming surveys

Planck|SO LAT|CCAT-prime|CCAT-prime : fxpee/2|CCAT-prime : 2 X Nget | CMB-S4|LiteBIRD | PICO

Tovm X Trs | 4.7 0.7 0.3 1.2 0.3 2.0 25 715

Ecvs X Ers| 0.1 0.6 0.6 0.7 0.9 1.8 1.4 45

Tovs X EFrs| 0.1 0.4 0.2 0.4 0.3 1.0 0.9 30

FEcvs X Trs| 1.2 0.1 0.1 0.2 0.1 0.4 10 195

SNR

= f £ " Configuration TT|\TE|ET|EE
orecasis diter componen CCATp+SO+ Planck 1.110.3]0.3]0.6
separation (clLC) including T eBIRD Tolo1l0902
extragalactic foregrounds LiteBIRD+CCATp+ Planck 2.210.2]0.9/0.4
¥/ PICO 85 | 17 | 43 | 26

52 Zhu, BB et al 23]




Does it help constraining cosmology?
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Does it help constraining cosmology?

N - Rayleigh scattering directly probes the
NN Helium fraction Y.
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Does it help constraining cosmology?

- Rayleigh scattering directly probes the
Y Helium fraction Y.

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

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

- Ratio of these angular scales helps
constraining parameters.
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Does it helps constraining cosmology ?

[BB, Meerburg, Meyers and Battaglia 21]

PICO forecasts
Qph? Qch? Holkm/s/Mpc]| 10° A, Ns T
PICO no Rayleigh [|2.39 x 107°|2.83 x 10™%| 1.08 x 107! [6.62 x 1073|1.40 x 1073|1.77 x 1073
TTTEEE PICO with Rayleigh|[1.93 x 107°|2.48 x 10™*| 9.09 x 1072 |6.34 x 107°|1.31 x 107°{1.68 x 107°
Improvement 19.29% 12.28% 16.11% 4.24% 6.69% 5.28%
Primary-only CVL {/1.02 x 107°[1.75 x 10~*| 6.57 x 107 [5.35 x 107°|9.88 x 107*|1.45 x 103
PICO no Rayleigh {|2.30 x 107°(2.30 x 10~ *| 8.78 x 107 [6.48 x 107°|1.27 x 107%|1.77 x 10™°
TTTEEE + PICO with Rayleigh||1.91 x 1075|2.14 x 10™*| 7.85 x 1072 [6.07 x 1073|1.17 x 1072|1.67 x 1073
Iensing Improvement 16.98% 6.92% 10.52% 6.36% 7.61% 5.51%
Primary-only CVL |[7.94 x 107°[1.61 x 10™*| 6.06 x 1072 |5.21 x 1073|7.02 x 10™*|1.43 x 10~°
TTTEEE + PICO no Rayleigh {|2.31 x 107°(2.30 x 10~*| 8.79 x 10 [6.49 x 107°{1.26 x 1072 |1.77 x 103
| . PICO with Rayleigh([1.92 x 107°(2.14 x 10~*| 7.85 x 107% [6.07 x 1072|1.17 x 1072|1.67 x 103
ensing + Improvement 16.84% 7.07% 10.71% 6.45% 7.54% 5.62%
BEN Primary-only CVL |[8.00 x 107 °(1.61 x 10™*| 6.07 x 107? [5.22 x 107°|7.01 x 10™*|1.44 x 103
TTTEEE + PICO no Rayleigh [[2.30 x 107°|1.91 x 10~*| 7.29 x 107? [5.87 x 1072|1.21 x 1072|1.56 x 10~°
| . PICO with Rayleigh|[1.90 x 107°|1.82 x 10~*| 6.66 x 10~% |5.60 x 1072|1.10 x 107°|1.50 x 10~°
ensing + Improvement 17.51% 4.73% 8.62% 4.64% 8.80% 3.52%
BBN + BAO Primary-only CVL ||7.89 x 107°[1.45 x 10~*| 5.45 x 1072 |4.81 x 1072|6.67 x 107*[1.31 x 10~?




Does it helps constraining cosmology ?

PICO fo reCaStS [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.

40



Thank you !

_ * Yu et al 2001 - Coulton et al 2021
» Alipour et al 2015 - Zhu et al 2023
O PyRayTE (Soon) .I- . Lewis 2016 - Dibert et al 2023

- Beringue et al 2021
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