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LOFAR Dutch (~6”)

LFM 2024



LOFAR International (~0.3”)
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Lockman Hole 0.3” with 8 hours data

Sweijen et al 2022

★ 2.5 x 2.5 degrees

★ ~8 billion pixels

★ ~2500 sources

★ ~30 µJy/beam 
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ELAIS-N1 with 32 hours

★ 4 observations
○ 26-11-2018
○ 24-05-2020
○ 14-11-2020
○ 13-5-2021

★ 2 times deeper

★ Large data volume: ~12 TB
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Strategy
https://github.com/LOFAR-VLBI 
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Facets and direction-dependent calibration
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Automatic selection

Need enough signal-to-noise 
at long baselines
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Automatic selection

Need enough signal-to-noise 
at long baselines

Solution:
Phase noise measure with 
RR-LL polarisation
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0.015°

0.14°

2.5°14 µJy/beam

de Jong et al. submitted to A&A!



Blob

FRII
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FRII?

FRII
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3 Gaussians

6”
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point source

FRI

FRII

0.3”
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Let’s go deeper?



500-hrs ELAIS-N1
★ 6” → 13 µJy/beam (Shimwell et al. in prep)

★ 0.3” → 4 µJy/beam

★ ~150,000 sources within 2.5x2.5 deg
(compared to 2,500 with 8hr data)

★ Star-forming galaxies early universe
Low-surface brightness emission
Lenses? And more… Best et al. (2023)
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Computing costs VLBI wide-field imaging
★ Very expensive: 

~250,000 CPU hours for 8h data  (Sweijen et al. 2022)
~680,000 CPU hours for 32h data (de Jong et al. subm.)

★ Most expensive: imaging
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Stacking UV plane
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Stacking UV plane

Pros:
★ Reduce data volume (storage)
★ Faster imaging (# obs faster)
★ Allowing for imaging different 

resolutions/weightings

Cons:
★ Losing time axis information
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Stacked 32h Non-stacked 32h
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HPC data processing
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Pipeline Workflow

Runner

Scheduler



Current status ELAIS-N1: 128-hrs vs. 32-hrs

0.06 deg

8 µJy/beam 16 µJy/beam
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Summary
★ Deepest 0.3” wide-field image with LOFAR at 14 µJy/beam
★ First steps to automation
★ Paper submitted to A&A (de Jong et al. subm.)

Future prospects

★ Processing improvements (software, strategy)
★ Fully automated wide-field VLBI pipeline
★ Stacking → Going to 4 µJy/beam!
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EXTRA SLIDES



ELAIS 128h vs. 32h

Old New

Total estimated speedup of a factor 4



Polarisation

Linear



Astrometry



0.6” 0.3”

1.2”6”



Final inspection
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In progress: ML-based parameter tuning



FRI/FRII evolution (de Jong et al. 2024)

See: https://github.com/jurjen93/redshifting

★ 6” and 144 MHz

★ Space density 
enhancements

★ Remaining 
selection biases 
below 40”
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