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CMB PHOTONS VS. ELECTRONS

Kinetic Sunyaev-Zel’dovich Thomson scattering
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CMB SCATTERING: HOMOGENEOUS REIONISATION

Neutrinos

TEMPERATURE POLARISATION
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See, e.g., Gorce+2022, Qin+2020, Stéphane’s talk




CMB SCATTERING: PATCHY REIONISATION

Neutrinos

Reionisation is a patchy process which imprints the CMB.
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POLARISATION TEMPERATURE
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+ y-distortions... (lliev+2024)

see, e.g., Aghanim+1996, Dvorkin & Smith 2009, Roy+2018, 2020, Gorce+2020




CMB VvS. REIONISATION: MODELLING

Thomson scattering kSZ effect

B-modes Optical depth kS7 signal
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CMB VvS. REIONISATION: MODELLING
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CMB VvS. REIONISATION: MODELLING

Thomson scattering kSZ effect

B-modes Optical depth kS7 signal
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CMB VvS. REIONISATION: MODELLING

Thomson scattering kSZ effect

B-modes Optical depth kS7 signal
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IMODELLING REIONISATION HISTORY

Need a model to describe the cosmological time-evolution of sky-averaged ionised fraction

1.0

o o o
IN o ©

Global IGM ionisation level xy,

©
N

0.0 2.5 5.0 75 10.0 125 150 17.5 20.0

Redshift z

see, e.g., Douspis+2015, Planck XLVII 2016




MODELLING COSMIC ELECTRON DENSITY

Neutrinos

Need a model to describe the cosmological time- and scale-evolution of electron density

Power spectrum of electron density fluctuations throughout EoR
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MODELLING COSMIC ELECTRON DENSITY

Neutrinos

Need a model to describe the cosmological time- and scale-evolution of electron density

do Xe(2) V7
1+ [K k]®xe(2)

z=10.1, xy; =0.0117/

Early times: power-law Pg(K, 2) =
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* q,:constant amplitude on large scales «— variance of the field
e k:drop-off frequency <= minimal size of ionised regions

Gorce+2020




MODELLING COSMIC ELECTRON DENSITY

Neutrinos

Need a model to describe the cosmological time- and scale-evolution of electron density

Depends on cosmology and four reionisation parameters (z,, z.,4, 0, K)

Pk, 2) = 1 <, 0@ bee(k, 2)2Pas(k
’Z — - Z) = ' ’
ee(K, 2) \ H = Xe(2) 1+[k//<]3xe(z)} Xe(2) 05e(K, 2)“Pas( z)}
|
High-redshift Low-redshift
(power-law) (biased matter PS)
Gorce+2020 Shaw+2012
ONGOING
But... model parameters have no clear link with astrophysics )

* Recalibrate parameterisation on LoReLi simulations: 10 000 simulations of
reionisation varying astrophysics, e.g., minimum halo mass to form stars, X-ray
.‘ luminosity, ionising escape fraction... (Meriot+2023, 2024)
* Include a dependence on source properties

/

See next talk
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MODELLING COSMIC ELECTRON DENSITY

The power spectrum of free electrons can be used to derive the reionisation observables

Depends on cosmology and four reionisation parameters (z,, z.,4, 0, K)
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 (Can also be used to derive the 21cm power spectrum (Georgiev, Gorce, & Mellema 2024)
* Allows joint and cross-analyses between datasets... (Béguin, Liu, & Gorce 2022)
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REIONISATION INFORMATION

There is information about reionisation in these imprints...

1. About global reionisation history
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Gorce+2020, see, e.g., McQuinn+2005; lliev+2007; Battaglia+2013; Park+2013...

ADELIE GORCE — CMB FRANCE — DECEMBER 2024



REIONISATION INFORMATION

Reionisation
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1. About global reionisation history

Electron

There is information about reionisation in these imprints...
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2. About reionisation morphology (and effectively galaxy properties)
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REIONISATION INFORMATION

There is information about reionisation in these imprints...

1. About global reionisation history
2. About reionisation morphology (and effectively galaxy properties)

What is the constraining power of each observable?

Assume 10% errors on each observable and compute Cramer-Rao errors...




REIONISATION INFORMATION: FORECAST

Neutrinos

There is information about reionisation in these imprints...

Assume SNR=10 for each observable and compute minimal errors...
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Assume cosmic variance limited and 1’ resolution telescope and compute minimal errors...

1.0+ ' — 1 ' i
/ Optical
e . depth
& 0 kSZ
— B-modes
— All
(0.0 /2 A
() 10 20 0 5 10 0 5 10 0.0 0.2
Zre dz logay, K

Gorce+ in prep




REIONISATION INFORMATION: FORECAST

There is information about reionisation in these imprints...
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Combining observables breaks degeneracies and gives tighter constraints




REIONISATION INFORMATION: FORECAST

There is information about reionisation in these imprints...
Global history Morphology
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Combining observables breaks degeneracies and gives tighter constraints
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For these models, kSZ only detectable observable in the near future....
Gorce+ in prep
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CONCLUSIONS oo,

* Simple, physically-motivated analytical model to derive EoR observables in CMB data
— Code will be made publicly available

* |llustrates the potential of CMB to constrain history and morphology of reionisation.

* Signal might be too weak

— Can also derive the 21cm x CMB spectra from the model! (ongoing...)

102 KSZ signal Optical depth B-modes
& ! ' ! & 1071 ]
5 ¥ SPT-3G
S E 103 N AdVACT
N o / SO
% Qe s e
2 S| CMB-S4
i - e CMB-HD
=S | | o L0 | LiteBIRD

102 103 104 0 1000 2000 102 104 PICO
Multipole / Multipole / Multipole /
Thank you!

Gorce+ in prep
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Better Accuracy and
robusTness for
Mass Assessment of
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The power spectrum of free electrons P,
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Toy model: nionised bubbles of radius R filling f % of a box

P,.(k) = %m@ %Wz(kR)
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(Bharadwaj & Pandey 2005)




The power spectrum of free electrons P,

Pee(k,2) = bee(k, 2?Pen(k,2) for byu(k, 2% = = &% +
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Late times: biased matter power spectrum
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Normalised derivatives:
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