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Cosmology with Radio Interferometric Experiments

Years after the Big Bang

| -
400 thousand 0.1 billion 1 billion 4 billion 8 billion 13.8 billion
' T DY 0 i E | . 1 ¥ 5 2l @ |
The Big Bang 5 gt " [ - - .
53 Py D .. 1) Emission of first UV and X-ray
=85 i / 5 c
=, 2 B N, 2) cold & neutral - hot & ionised
35 ” . . c .
g ‘Be- e 3) 21-cm signal direct observation
r.g _8' g 3 |7 ™ - V4 __S
3 2 = Nk .
w » ’
i Reionisation . ) & 5
Fully ionised Neutral < E | g Fully ionised

b

| 2 Al \ bt




Latitude [deg]

-26.007

-26.851 * *

—26.80 A

—26.75 A

Square Kilometre Array (SKA-Low)

—26.70 A
X
T T

—10 4

15 4

|
%)
=]

|
)
w

116.6

116.8 117

Longitude [deq]

117.2

Latitude [deg]

—35 -

|
w
(=]

L

; T ; ; T T ; T T
115 120 125 130 135 140 145 150 155
Longitude [deg]

Final layout of the SKA-Low stations and start of the
construction in the early months of 2023.

512 stations, each with 128 antennas

« Maximum baseline ~65 km, station diameter 35 m
- FoV of 10 deg with 16 arcsec resolution

* Frequency range between 50 to 350 MHz



Global Evolution of the 21-cm Signal
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Constrains on the 21-cm Power Spectrum

Power Spectrum 95% Confidence Upper Limits [0.03 < k < 0.4 Mpc™!]
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Tomographic Imaging of the 21-cm signal

SKA1-Low tomographic images of redshifted 21-cm signal challenges:
* Instrumental noise
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Tomographic imaging of the 21-cm signal
Probe reionization process by observing the redshifted 21-cm signal

0Ty o< (1 +9) zm

Square Kilometre Array (SKA1-Low):
Images sequence of redshifted 21-cm signal
at different observed frequencies.

3D tomographic dataset or
a.k.a. 21-cm lightcones
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Tomographic imaging of the 21-cm signal
Probe reionization process by observing the redshifted 21-cm signal

0Ty o< (1 +9) zm

Square Kilometre Array (SKA1-Low): e
Images sequence of redshifted 21-cm signal e e I
at different observed frequencies. et o

3D tomographic dataset or
a.k.a. 21-cm lightcones

z=13.2
V.= 100 MHz



Goal of the SDC3

Currently we can create EOR mock observation with a combination of
numerical models for 21-cm, systematic noise and foregrounds.

6T9(z=18.240) Point Sources contamination

Recover 21-cm differential brightness and the distribition of neutral
hydrogen from SKA-Low mock observations.



SERENEt
SEgmentation and REgression NEtwork

Combine the predicted binary maps of SegU-Net as additional input of
Rec-Unet training step in order to include prior in the network training.
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Galactic & Extra-galactic Foregrounds

Galactic and extra-galactic foregrounds have frequency smooth flux compared to
the 21-cm signal.
From 2D power spectra, remove k-modes contaminated by foreground as:
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Pre-process:
Foreground Mitigation & Avoidance

Residual image and 2D P, tomographic sub-volume centered at redshift
z=238.25 (xHI O 5) and Av 20 MHz
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SERENEt
SEgmentation and REgression NEtwork

SegU-Net
| H L
H -~ Interception Convolutional Block
H | In RecU-Net network architecture
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SegU-Net: Visual Comparison
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SegU-Net:
Tomographic Data & Reionization History
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SegU-Net: HI size distribution

The Island Size Distribution (ISD) statlstlcal dlstrlbutlon of HI
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RecU-Net: Recover 21-cm with U-Net
(Bianco+ In prep.)
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SERENEt: Recover of 21-cm Signal

Recovered 21-cm signal for EoR for lightcone subvolume centered at
redshift z = 8.25 (x,,~0.5) and Av = 20 MHz on PCA pre-process images
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SERENEt: Recover of 21-cm Signal
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SERENEt: Recover of 21-cm Signal

Coefficient of determination (R2score) redshift evolution to quantify the

foreground mitigation: oo
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SERENEt: Comparison with Current Data

Power Spectrum 95% Confidence Upper Limits [0.03 < k < 0.4 Mpc™!]
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Conclusion & Discussion

U-Net have the potential to recover 21-cm signal with prior information
- Need more realistic mock observation

At SKACH, working on simulation pipeline for realistic mock
observation

- Interferometer systematic

- DD & DI gain error

- Update extra-galactic point sources foreground model
— Machine learning implementation of SERENEt pipeline

Participation at the SKA Data Challenge (SDC3) with SERENEt
pipeline (deadline September 30th)
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