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Far A-team sources (from 1 to 10 kJy) may
leave strong residuals through their

sidelobes if not accurately subtracted
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Possible signal loss during ML-GPR,
bias correction applied
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Possible signal loss during ML-GPR,
bias correction applied

RESULTS FROM 3C196 FIELD

Residuals are cleaner than in the NCP field

First upper limits from 1 night = 6h
(Ceccotti et al. 2025b)

Comparison with NCP, 12
nights = 144h

(Mertens et al. 2025)



PIPELINE DEVELOPMENTS



Improve spectral accuracy
with forced-spectrum
method (Ceccotti et al. 2023;
Cygnus A, Ceccotti et al.
2025a)
Include other A-team
sources (Chege, Ceccotti et
al. in prep)

PIPELINE DEVELOPMENTS

IMPROVED SKY MODEL



Improve spectral accuracy
with forced-spectrum
method (Ceccotti et al. 2023;
Cygnus A, Ceccotti et al.
2025a)
Include other A-team
sources (Chege, Ceccotti et
al. in prep)

PIPELINE DEVELOPMENTS

IMPROVED SKY MODEL

Reduce gain errors occurring in primary beam nulls
(Brackenhoff et al. 2025, see André Offringa’s talk)

ROBUST GAIN REGULARISATION



Improve spectral accuracy
with forced-spectrum
method (Ceccotti et al. 2023;
Cygnus A, Ceccotti et al.
2025a)
Include other A-team
sources (Chege, Ceccotti et
al. in prep)

PIPELINE DEVELOPMENTS

IMPROVED SKY MODEL

uv-cut based on diffraction scale, time segments
selection based on dTEC (Mevius et al. in prep.)

IONOSPHERIC METRIC

Reduce gain errors occurring in primary beam nulls
(Brackenhoff et al. 2025, see André Offringa’s talk)

ROBUST GAIN REGULARISATION

d
TE

C

Time



PRELIMINARY RESULTS ON 1 NIGHT (3C196)

Ceccotti et al. 2025b



Ceccotti et al. 2025b

Cut out last 1.5h (high dTEC)
Add Taurus A in DD sky model
Robust DD-gain regularisation

PRELIMINARY RESULTS ON 1 NIGHT (3C196)



Ceccotti et al. 2025b

Cut out last 1.5h (high dTEC)
Add Taurus A in DD sky model
Robust DD-gain regularisation

Chege, Ceccotti et al. in prep.

PRELIMINARY RESULTS ON 1 NIGHT (3C196)



Improve spectral accuracy
with forced-spectrum
method (Ceccotti et al. 2023;
Cygnus A, Ceccotti et al.
2025a)
Include other A-team
sources (Chege, Ceccotti et
al. in prep)

PIPELINE DEVELOPMENTS

IMPROVED SKY MODEL

uv-cut based on diffraction scale, time segments
selection based on TEC (Mevius et al. in prep.)

IONOSPHERIC METRIC

Reduce gain errors occurring in primary beam nulls
(Brackenhoff et al. 2025, see André Offringa’s talk)

ROBUST GAIN REGULARISATION



Improve spectral accuracy
with forced-spectrum
method (Ceccotti et al. 2023;
Cygnus A, Ceccotti et al.
2025a)
Include other A-team
sources (Chege, Ceccotti et
al. in prep)

PIPELINE DEVELOPMENTS

IMPROVED SKY MODEL

uv-cut based on diffraction scale, time segments
selection based on TEC (Mevius et al. in prep.)

IONOSPHERIC METRIC

Extend standard GPR to account for temporal
night-to-night coherence (Munshi et al. 2025)

CROSS-GPR

Reduce gain errors occurring in primary beam nulls
(Brackenhoff et al. 2025, see André Offringa’s talk)

ROBUST GAIN REGULARISATION



PRELIMINARY RESULTS WITH CROSS-GPR (3C196)

The cross-GPR model captures the
cross-covariance between pairs of
datasets: it captures the (in)coherence
of specific components across multiple
datasets
Break degeneracy when excess and 21-
cm signal have similar spectral behavior
The incoherent excess can be
subtracted from residual data,
resulting in lower upper limits

HOW DOES CROSS-GPR WORKS?

Munshi et al. 2025
2 nights



PRELIMINARY RESULTS WITH CROSS-GPR (3C196)

The cross-GPR model captures the
cross-covariance between pairs of
datasets: it captures the (in)coherence
of specific components across multiple
datasets
Break degeneracy when excess and 21-
cm signal have similar spectral behavior
The incoherent excess can be
subtracted from residual data,
resulting in lower upper limits

HOW DOES CROSS-GPR WORKS?

Munshi et al. 2025

Patil et al. 2017
(1 night)

Mertens et al. 2025
(12 nights)

Results are promising, but signal loss analysis is underway to confirm these (Munshi, Chege, Ceccotti)

2 nights



Improve spectral accuracy
with forced-spectrum
method (Ceccotti et al. 2023;
Cygnus A, Ceccotti et al.
2025a)
Include other A-team
sources (Chege, Ceccotti et
al. in prep)

PIPELINE DEVELOPMENTS

IMPROVED SKY MODEL

uv-cut based on diffraction scale, time segments
selection based on TEC (Mevius et al. in prep.)

IONOSPHERIC METRIC

Extend standard GPR to account for temporal
night-to-night coherence (Munshi et al. 2025)

CROSS-GPR

Reduce gain errors occurring in primary beam nulls
(Brackenhoff et al. 2025, see André Offringa’s talk)

ROBUST GAIN REGULARISATION



Improve spectral accuracy
with forced-spectrum
method (Ceccotti et al. 2023;
Cygnus A, Ceccotti et al.
2025a)
Include other A-team
sources (Chege, Ceccotti et
al. in prep)

PIPELINE DEVELOPMENTS

IMPROVED SKY MODEL

uv-cut based on diffraction scale, time segments
selection based on TEC (Mevius et al. in prep.)

IONOSPHERIC METRIC

Process the full 120–170 MHz band to
identify the RFI-cleanest redshift bins
Dysco compression (see André Offringa’s
talk)

FULL BAND PROCESSING

Extend standard GPR to account for temporal
night-to-night coherence (Munshi et al. 2025)

CROSS-GPR

Reduce gain errors occurring in primary beam nulls
(Brackenhoff et al. 2025, see André Offringa’s talk)

ROBUST GAIN REGULARISATION



Improve spectral accuracy
with forced-spectrum
method (Ceccotti et al. 2023;
Cygnus A, Ceccotti et al.
2025a)
Include other A-team
sources (Chege, Ceccotti et
al. in prep)

CONCLUSIONS

IMPROVED SKY MODEL

uv-cut based on diffraction scale, time segments
selection based on TEC (Mevius et al. in prep.)

IONOSPHERIC METRIC

Reduce gain errors occurring in primary beam nulls
(Brackenhoff et al. 2025, see André Offringa’s talk)

ROBUST GAIN REGULARISATION

Extend standard GPR to account for temporal
night-to-night coherence (Munshi et al. 2025)

CROSS-GPR

Piggyback on LUDO (survey proposal of the Euclid
Deep Field North) to process it as a deep EoR field

LOFAR2.0 PLANS?

Process the full 120–170 MHz band to
identify the RFI-cleanest redshift bins
Dysco compression (see André Offringa’s
talk)

FULL BAND PROCESSING
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