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Cosmic Dawn / Epoch of Relonization

Year after Big Bang
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Global 21-cm signal experiments: EDGES, SARAS 2, LEDA...
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Global experlment a flrst Detectlon (?)
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Profile is largely consistent with expectations, however
e oliv absorption about 2.5 x deeper than most extreme models!
t | Detection passed through numerous hardware and
- processing tests, also still controversial.
: B S Need “exotic” model to be explained:
5 :: e Additional cooling mechanism (e.g. baryons dark-matter
St — e scattering) (e.g. Barkana et al .2018 and many more)
P8 * Excess radio background (e.g. SMBH, Sne) (e.g. Fialkov et

Absorption profile 2 22220
observed by EDGES Redshift, z
(Bowman et al., Nature, 2018)
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Need to be confirmed by other experiments !



Interferometric experiments:
Current 21-cm upper limits and sensitivity
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New: SARAS3 (global) experiments presented recently new results discarding the presence of the k~0.1h.Mpc*

features observed by EDGES. Still needs to be confirmed.



A challenging experiment
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Phase 1

Phase 2

Status of the NenuFAR-CD project

Semester

2019 S2

2020 S1

2020 S2

2021 S1

2021 S2

2022
S1+S2

Target
NCP

3C196

NCP

NCP

3C196/
ELAIS-N1

NCP

NCP

Time
18h (324h)

1.7h (30h)

144h

357h

8h

268h

TBD

Purpose Official start of
: P <4 theearly
Check systematics, check RFI science phase

Initial sky model of the NCP

Polarized emission analysis

Availability of
- <4— the new
Commissioning of the new correlator correlator
Start of the deep integration phase (09/20) Eirst remote
: : : ¢ station
Deep integration on the NCP field
Polarized emission analysis
Comparison with NCP field 2" and 3
_ _ _ remote station
Deep integration on the NCP field 1 many more
core stations
Deep integration on the NCP field <— 4" remote

station



NenuFAR processing pipeline

Pre-processing pipeline
® Being automatized

RFI flagging RFI and Quality
64C1S — 12C4S L1 statistics ® ~ 30h for 8h obs on 4
Dysco compression databf2 copper nodes
Pre-processing

Transfert Nancay Data Center

Dawn cluster
Ateam subtraction 11— L2 @HPC Groningen
DDECal 12C4S — 3C4S
subtraction L2 Bandpass cal.

Y VY

Calibration pipeline

® (Calibration tools public:
https://gitlab.com/flomertens/
nenucal-cd

® Catalog sky model is being
replaced now that we have 3
remote stations.

p
DI calibration Imaging 1

+ update sky modeIJ ) ) )
. . 21-cm signal Foregounds ® DD-calibration possible when
i A simulations simulations we have 4 remote stations
pmnaoee- Y. Y. D ERRGREETEEEREPCR \ oo Y ® ML-GPR is being developed
. DDcalibralion | ' | imaging )/ \/ for LOFAR-EOR
+ sky-model L__f- > Lo A e . Power-spectra - :
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Phase 1 results: diffuse emission

North Celestial Pole — NenuFAR
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+ results on the impact of RFIs and ionospheric
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Phase 2: data quality check
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Phase 2: data quality check
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® Total “good” NCP data: 630 hours
= 24h in 56 core MAs config
2 451hin 56 core + 1 remote
2 51hin 56 core + 1 remote
=2 54h in >56 core + 2 remotes
= 51h in >56 core + 3 remotes

® Still to observe in S4: 45 hours
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Phase 2: new remote stations - After
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Longer baselines: -
> higher angular resolution o
> lower confusion noise. 17
> more detectable sources. p‘
> deeper sky-model.
> more constraint in calibration both =
because of the deeper sky model & the d o
extra (long) baselines. < —— with remote
. . . . 10-5 A —— with remote + deeper sky model
> Can calibrate in more directions. i : -

Rendered sky-model: catalog vs build using core-only vs core+3 remotes images
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No major improvement in
baseline length

Better uv-coverage
especially for shorter
observation (or lower dec).



Done, current and next steps

Phase 1:
®  Done: = Total intensity and polarized dffuse emission analysis of the NCP field.
= |lonospheric analysis.
= RFI analysis (near-field imaging).
Phase 2:
B  Done: = Pre-processing & calibration pipeline.
= First images with 1-3 remote stations.
B Ongoing: = Deeper NCP sky model (with Satyapan).
= Check systematics in power-spectra and data selection criteria.
= Polarized emission analysis of NCP, 3C196 and ELAIS-N1 fields (with V.Jelic).
®  Next: DD-calibration (with Satyapan).

Have the the primary beam in DPPP !
Adapt ML-GPR for NenuFAR data.
Investigate other calibration technique.
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