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The Epoch of Reionisation

The Epoch of Reionisation ; ‘
(EoR) spans astrophysical & .. @
cosmological scales. T

The 21-cm signal contains } ______
ionisation and density
information. \ p
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The Sunyaev-Zel’dovich effect

The Sunyaev-Zel'dovich effect During EoR CMB photons scatter off The patchy kSZ will be sensitive to

results from the scattering of ionised bubbles along the LOS. the morphology of reionisation.
CMB photons by free McQuinn et al. 2005
electrons.

CMB
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Decomposing the 21-cm and Electron Density Power Spectra

The 21-cm Power spectrum can be decomposed as:

P21 (k, Z)

Ty (2)2To(2)?

= P(spép (k’ z) + P511115.r111(k’ z) + 2P6p$6.r111 (k’ z) + 2P6p5.t111\5p(k’ Z) + P5111195p5:111(k’ Z) + P5p5:111,‘5p51111(ks Z)

Lidz et al. 2007, Georgiev et al .2022

The above equations can be reconfigured as follows:

Pgl (k, Z)

To(z) 251111,(,2)

5 = Po'p.ép(ka Z) + 5HIIm(Zf')2Pee(ka Z)

= 2T 11110(2) [Ps,.5,(ky 2) + Ps, 5,0, (ks 2) + Ps 6,06, (K5 2)]
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Pgl(k, Z)

To() T () - Po‘,,.ép(k, z) H EHUm(Z):ZPee(ka z)l— 2z yrrv(2) [Pgwap(k, z) + Pg—d—ék—s)—l—Pa—d—g-ék—s;}m — —

_ _ xe(Z)—l/ . Sample Parameters:
P.(k,2) = [fu — x.(2)] X P

+ Xo(2) X bse(k, 2)* Pss(k, 2)

® 7. EoR mid-point,

Gorce et al. 2020 e z_,:enfofEoR
en ’

1.0 ® a, : constantlarge-scale amplitude P__ at
= high-z =
£0.5- '

e «:minimal size of ionised regions during

0.0 | T

I T T . . .
6 8 10 12 14 reionisation.

redshift, z

Ivelin Georgiev ~ OKC 2023 Twitter: reivonization Email: ivelin.georgiev@astro.su.se



https://twitter.com/reivonization
mailto:ivelin.georgiev@astro.su.se

. Is constructed based on the true (z Z, 1» 0

of r

Input data & uncertalntles

Randomly sample parameter space "\_/: 2

P, isre-constructed, presently
without the higher-order terms

Pee fit from Gorce et al. 2022
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An Intuitive test of the forecast

Two P, data points atz = 6.5, 7.8 for k= 0.5 Mpc™
with a noise estimate from Mellema et al. 2013, assuming a
1000 h integration time with SKA.

One KSZ data point at 1I~3000 with 10% uncertainty.
e KSZ sensitive to the midpoint (can provide a lower
limiton z ).

e 21cm give us upper limits on z_ and lower limits
end
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Zre Zend logio( o) K T dz
Data True 7.37 6.15 3.12 0.16 0.0649 1.22
2=65,65,7.8 1000h  7.37+0.07 6.15+003 3.12+0.01 0.16+0.00 0.0649 +0.0010 122 +0.10
k=0.1,0.501cMpc™!  R-1  2.37e-02 2.44e-02 5.30e-03 4.24e-03 N/A N/A
Increasing the number of 21-cm data
points allows us to recover the EoR
| parameters.
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Summary & Caveats

The natural connection between P, and P,
allows us to relate the patchy kSZ to the 21-cm
signal from the EoR.

We build a forecast methodology to extract
information on the nature of reionisation, given
measurements of each data set.

Caveats:

The larger the P, error bars the more degenerate
(Zre ’ Zend ! a() k)

Method works better for lower redshift or in later
periods of EoR as early on P, ~ P,
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A curious side note

Py (k, 2) 2Py 5,(k, 2) b
) — ¢ — _— — 5
T()(Z)ZCCHIU(Z)Z T()(Z)CL'H[U(Z)

é (ka Z) + EHIIm(z)‘zPe.e(ka Z)

pYp

We can re-express the higher-order terms as the cross correlation between the 21-cm
field and the density field

~bd,

® (O canbeused asaproxyd,, 0

e Interesting connection to the 21-cm bias!
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Douspis+2015
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Gorce+2020
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