Upper limits on the 21-cm signal from
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. . * Cosmic Dawn - First stars are formed
Motivation

* Detect fluctuations of the 21-cm signal
- Constrain underlying physics
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The Instrument

* NenuFAR - Low frequency radio
interferometer (37 - 85 MHz)
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Introduction

Single night (11.4 h)
observation of the North
Celestial Pole

76 core MA and 3 remote
MA

61-72 MHz (z=20.3)

Aim: Pilot Project to
optimize the analysis
pipeline

< Correlator >

LO
64 ch/SB, 1 sec

Pre-processing

RFI Flagging (AOFlagger)
Data Averaging
Data Compression (Dysco)

|

L1
12 ch/SB, 4 sec

|

Bandpass Calibration with
Calibrator Field (DDECal)
RFI Flagging (AOFlagger)
Data averaging

12
3 ch/SB, 4 sec

Conversion to Visibility Cubes

Imaging (WSClean) and Tapering
Conversion to V(u,v,v) in Kelvin
Outlier Flagging

NCP Subtraction

Calibration in 7 directions (DDECal)
Subtraction of all clusters

3c Subtraction

Calibration in direction of 3¢ sources + NCP
(DDECal)
Subtraction of 3¢ sources

| A-team Subtraction and

1 N

1 DI Correction

1
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H Calibration in direction of NCP + A-teams
(DDECal)

Subtraction of A-teams
DI Correction of NCP

Hyper-parameter estimation
with MCMC

’
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1
. Auto-Encoder training
\

I Filtered Data Cube

____________ b

Power Spectra

Cylindrical and Spherical power
spectra with uncertainties

NCP Sky Model
(Clustered)

Imaging
(WSClean)

NCP Sky Model
(Updated 2)

NCP Sky Model
(Updated 1)
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Calibration and Sky Model Subtraction
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Calibration and Sky Model Subtraction
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Calibration and Sky Model Subtraction
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(Direction Dependent)

Direction Independent
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Calibration and Sky Model Subtraction
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Cylindrical Power Spectra

* Image the central region, apply
spatial taper, FT to gridded uv
plane

e Strong features in UV plane due
to sidelobes of sources away
from phase center

* Power Spectra computed at
each stage of sky model
subtraction
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Signal Injection Test

Cylindrical PS

(Recovered / Input)
* Inject a mock 21-cm signal to the
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Post Calibration RFI Flagging

* We find lot of power at high
delay

* Near Field Imaging reveals source
at building

Y (m)

* Flag baselines with strong feature
in Delay power Spectra

Near Field Image
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Residual Foreground Removal

e Subtract Residual
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Summary

* Many strong sources far away from phase centre - Subtracted
* NCP Subtraction confusion limited
* Near Field RFI Sources impact the power spectrum

* Excess power
* Up to 2 orders of magnitude beyond the thermal noise
* Causes: Near field RFI sources, wide field sources?

* Future Work
* Model and filter RFI sources
* Longer integrations






* Power Spectra computed
at each stage of sky
model subtraction
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UV Coverage and Bandpass
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Signal Injection (ML-GPR)
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Near Field Image

Post Calibration RFI Flagging
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A?[mK?] (Power-Spectra)

Upper limits
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