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ELAIS-NT with 32 hours HBA e

% 4 observations 14 pJy/beam
o 26-11-2018 ’ |
o 24-05-2020
o 14-11-2020
o 13-5-2021

% 2 times deeper than 1 observation

% ~13,000 sources

(See de Jong et al. 2024)
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Deeper with LOFAR longest baselines?

% International stations -> more collecting
area

%  Confusion noise negligible at sub-arcsecond
resolution

Computational challenges:
- 25 observations -> 400 TB (100 TB compressed)
- 8 billion pixels
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Table 1: Metadata from the four ELAIS-N1 observations used in this paper.

Observ. ID  Project Calibrator ID  Observ. date Stations (int) Frequencies

1L.686892 LT10_012 686888 06-12-2018 70 (12) 120-165 MHz
L.686906 LT10_012 L686902 08-12-2018 75:(13) 120-165 MHz
1L.686920 LT10_012 L686916 03-12-2018 74 (12) 120-165 MHz
L686934 LT10_012 L686940 02-12-2018 74 (12) 120-165 MHz
L686948 LT10_012 L686944 30-11-2018 73 (11) 120-167 MHz
1686962 LT10_012 L686958 26-11-2018 73 (11) 120-165 MHz
L.686976 LT10_012 L686972 25-11-2018 73 (11) 128-167 MHz
L.687004 LT10_012 L687000 22-11-2018 70 (9) 128-167 MHz
L.686990 LT10_012 L686986 24-11-2018 73%11) 126-167 MHz
L760853 LT10_012 L769403 02-12-2019 67 (12) 120-166 MHz
L769393 LT10_012 L769389 24-05-2020 75 (13) 120-165 MHz
L769407 LT10_012 L769403 08-05-2020 71(12) 120-165 MHz
L.769421 LT10_012 L769417 11-05-2020 73 (13) 120-167 MHz
L.769435 LT10_012 L769431 14-03-2020 72 (11) 120-166 MHz
1L.798022 LT14_003 L798030 12-11-2020 72 (11) 117-166 MHz
L798074 LT14_003 L798082 14-11-2020 74 (11) 115-164 MHz
L.798092 LT14_003 L798100 20-11-2020 68 (11) 115-164 MHz
L798128 LT14_003 L798136 26-11-2020 69 (9) 115-166 MHz
L811718 LT14_003 L811726 18-03-2021 72 (11) 117-165 MHz
L811736 LT14_003 L811744 19-03-2021 75 (13) 115-164 MHz
L.816272 LT14_003 L816280 13-05-2021 75 (14) 115-164 MHz
L.816308 LT14_003 L816316 22-05-2021 75 (13) 116-162 MHz
L816344 LT14_003 L816352 26-05-2021 73 (14) 115-166 MHz
L818954 LT14_003 L818962 21-06-2021 72 (10) 115-156 MHz
L.833466 LT14_003 1833474 09-10-2021 73 (13) 119-165 MHz




LOFAR VLBI pipeline

Preparation https://github.com/LOFAR-VLBI

Module 0: Pipeline p
Run plot_field.py to collect information on field J

Direction Independent (DI) calibration

Module 1: LINC Module 2: VLBI-CWL Module 3: VLBI-CWL Module 4: VLBI-CWL
LINC-calibrator: all stations subworkflow: setup.cwl subworkflow: concatenate-flag.cwl t.cwl
LINC-target: Dutch stations DI corrections Apply LINC solutions, A-team clipping create bands of 2MHz, aoflagging split out and self-cal on delay calibrator
v : v
Module 1A: ddf-pipeline Module 3A: Subtract 6" model :
WIDE-FIELD MODE =~ [----- . WIDE-FIELD MODE =~ [----- .
and DD removes sources outside FoV/

Direction Dependent (DD) calibration

Module 5: VLBI-CWL Module 6: Select and merge directions M
workflow: split-directions.cwl -— WIDE-FIELD MODE - WIDE-FIELD MODE
split out and self-cal on directions in field select solutions using ML and merge make 1-2° resolution image of field
Mod

high
WIDE-FIELD MODE
make sub-arcsecond resolution image of field
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https://github.com/LOFAR-VLBI

Remaining challenges (e jong et al. 2024)

[ 1 Calibration and pre-processing
400000 [ 1.2”7 subtract + Imaging
% Calibration artefacts (high S/N calibrators) .,
é 84%
o =)
% Human ‘labour’ (-> automation!) 5 200000
85%
. 0 100000
% Imaging cost (85% total compute)
16% °
. 15%
oS N
o
o ot
o &

LEM 2025 - Jurjen de Jong



Calibration improvements (challenging ionosphere)

3x10"! 6x 1071

Surface brightness (mly/beam)
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Validation with Al

% Neural network
% DinoV2 model
%  Pre-trained
% 3,000 images
— ot
POGIIRE e

Feature Extraction Classification
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Computational cost (1 observation)
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Sidereal visibility averaging (see de Jong et al. 2025a)
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Back to ELAIS-N1

%  Processing 200 hrs of HBA data
- 400 TB
- 8 billion pixels

% Applying and testing automation
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Table 1: Metadata from the four ELAIS-N1 observations used in this paper.

Observ. ID  Project Calibrator ID  Observ. date  Stations (int) Frequencies

1686892 LT10_012 686888 06-12-2018 70 (12) 120-165 MHz
L686906 LT10_012 L686902 08-12-2018 75(13) 120-165 MHz
L686920 LT10_012 L686916 03-12-2018 74 (12) 120-165 MHz
1686934 LT10_012 L686940 02-12-2018 74 (12) 120-165 MHz
L686948 LT10_012 L686944 30-11-2018 73 (11) 120-167 MHz
1686962 LT10_012 L686958 26-11-2018 73 (11) 120-165 MHz
L686976 LT10_012 L686972 25-11-2018 73 (11) 128-167 MHz
L687004 LT10_012 L687000 22-11-2018 70 (9) 128-167 MHz
L686990 LT10_012 L686986 24-11-2018 73 (11) 126-167 MHz
L760853 LT10_012 L769403 02-12-2019 67 (12) 120-166 MHz
L769393 LT10_012 L769389 24-05-2020 75 (13) 120-165 MHz
L769407 LT10_012 L769403 08-05-2020 71(12) 120-165 MHz
L769421 LT10_012 L769417 11-05-2020 73 (13) 120-167 MHz
L769435 LT10_012 L769431 14-03-2020 72 (11) 120-166 MHz
L798022 LT14_003 L798030 12-11-2020 72 (11) 117-166 MHz
L798074 LT14_003 L798082 14-11-2020 74 (11) 115-164 MHz
1L.798092 LT14_003 L798100 20-11-2020 68 (11) 115-164 MHz
L798128 LT14_003 L798136 26-11-2020 69 (9) 115-166 MHz
L811718 LT14_003 L811726 18-03-2021 72 (11) 117-165 MHz
L811736 LT14_003 L811744 19-03-2021 75 (13) 115-164 MHz
L.816272 LT14_003 L816280 13-05-2021 75 (14) 115-164 MHz
L816308 LT14_003 L816316 22-05-2021 75 (13) 116-162 MHz
L.816344 LT14_003 L816352 26-05-2021 73 (14) 115-166 MHz
L.818954 LT14_003 L818962 21-06-2021 72 (10) 115-156 MHz
L.833466 LT14_003 1833474 09-10-2021 73 (13) 119-165 MHz




ELAIS-N1: 32hrs vs. 200hrs

% 2.5x times deeper
(up to 6 pJy/beam !)

%  Processing 6 times faster
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Best et al. (2023)
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ELAIS-N1: 32hrs vs. 200hrs

% 2.5x times deeper
(up to 6 pJy/beam !)

%  Processing 6 times faster
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Best et al. (2023)
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Comparison with deep ELAIS-N1 6”
(Shimwell et al. 2025)

% 1.8x times deeper
(6 pJy/beam !)

% 20 times better resolution

LFM 2025 - Jurjen de Jong




Comparison with deep ELAIS-N1 6”
(Shimwell et al. 2025)

% 1.8x times deeper
(6 pJy/beam !)

% 20 times better resolution
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The deepest image!
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%  Finishing imaging

% Cataloguing

o Radio 2 | . _14PJY/Beam
o Multiwavelength(?) '
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Conclusion

Data processing improvements

Long-baseline calibration improved

Computational costs reduced (~10x in 3 years)

Almost fully automated pipeline

* % % %

Deepest ever radio image upcoming!

(Reach out if you want to get early access to the data)
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Facet-calibration
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iving into the “black box”

PCA components, preds = 0.941,
avg_components: 0.66

PCA components, preds = 0.077, PCA components, preds = 0.934,
avg_components: 0.2 avg_compenents: 0.66

PCA components, preds = 0.113,
avg_components: 0.16

continue continue



Baseline tracks
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V (km)

Nutation, precession, aberration
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