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LOFAR and the ILT

❏ Currently 52 operational stations
❏ 24 core stations
❏ 14 remote stations
❏ 13 international stations

❏ Stations across Europe
❏ Germany (6)
❏ Poland (3)
❏ France
❏ Ireland
❏ Sweden
❏ UK

❏ Two more planned in Latvia and Italy
Image credit: ASTRON



LOFAR and the ILT

❏ With the Dutch array
❏ 48 CS + 14 RS = 1891 baselines
❏ Longest baseline ~120 km
❏ ~3.4’’ theoretical angular resolution

❏ LOFAR Two-Metre Sky Survey
❏ The whole northern sky at 6’’
❏ 4-5 deg FoV (FWHM)

Image credit: ASTRON



LOFAR and the ILT

❏ With the international array
❏ 48 CS + 14 RS + 13 IS = 2775 baselines
❏ Longest baseline ~1980 km (IE-PL)
❏ ~0.2’’ theoretical angular resolution

❏ Smaller 2-2.5 deg FoV

❏ The ILT offers an order of magnitude 
increase in angular resolution!

Image credit: ASTRON



LOFAR and the ILT
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LOFAR and the ILT
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LOFAR and the ILT



Calibrating the ILT What to consider:

❏ Both long and short baselines

❏ Stations in different countries
❏ Independent clocks
❏ Different ionospheres, large TEC values
❏ Beneficial for RFI

❏ Bigger stations: 96 m vs 24 m
❏ Significantly different FoV
❏ Problematic for wide-field imaging

❏ ``Extreme’’ resolution
❏ Many sources are resolved, including the flux 

density calibrators
❏ Low resolution skymodels insufficient



Calibrating the ILT



Calibrating the ILT

Flux density calibrators are (significantly) resolved!

Choose 3C 48 or 3C 147 (for now)



Calibrating the ILT

Long baseline 
pipeline

Morabito et al. (in prep.)

Long baseline pipeline

https://github.com/lmorabit/long_baseline_pipeline

1. Apply results of the prefactor pipeline

2. Find suitable in-field calibrators

3. Generate calibration solutions for the 
international stations

4. (Eventually) provide postage stamps of sources

https://github.com/lmorabit/long_baseline_pipeline


Calibrating the ILT

In-field calibrators

International stations require additional calibration on 
top of prefactor

❏ Bright and compact sources required
❏ >100 mJy compact flux density

Long Baseline Calibrator Survey (Jackson et al. 2016)

❏ Short 3 min. 3 MHz scans on source

❏ About 0.5 - 1 such calibrator per deg-2



Calibrating the ILT - infield calibrators



Calibrating the ILT - infield calibrators

❏ Phaseshift to calibrators
❏ All CS are phased into ST001

❏ Use LoTSS for initial model

❏ Solve for TEC with this model

❏ Self calibrate on source



Calibrating the ILT - target object

❏ Transfer solutions from the best or nearest 
LBCS source

4C 43.15 - Sweijen (in prep.)

❏ Self calibrate on the target



Calibrating the ILT - target object

Target object

XMM-LSS - 0.37’’ x 0.58’’ Leah Morabito



Calibrating the ILT

Long baseline 
pipeline

Morabito et al. (in prep.)

Long baseline pipeline

https://github.com/lmorabit/long_baseline_pipeline

1. Apply results of the prefactor pipeline

2. Find suitable in-field calibrators

3. Generate calibration solutions for the 
international stations

Currently: targeted observations

Next step: widefield mapping

https://github.com/lmorabit/long_baseline_pipeline


Widefield 
high-resolution 
imaging

Main problems

❏ International stations have roughly half the FoV 
of the Dutch stations

❏ Time and bandwidth smearing

❏ Ionospheric effects

❏ Ridiculous image sizes



Widefield 
high-resolution 
imaging

FoV mismatch

❏ Dutch stations have a ~5 deg FWHM

❏ International stations have a ~2.5 deg FWHM

❏ Many sources suppressed on international 
stations, but not for Dutch stations

❏ Sources need to be subtracted using the LoTSS 
skymodel



Widefield 
high-resolution 
imaging

Smearing

❏ International baselines are quickly affected by 
time smearing
❏ Mainly time smearing



Widefield 
high-resolution 
imaging

Ionospheric effects
&

Image size

Ionospheric effects

❏ Ionosphere only corrected in the direction of an 
infield calibrator

❏ How to deal with DDE corrections

Image size

❏ 100 000 x 100 000 pixel images to cover the 
FoV

❏ Facet based approach required

❏ Extremely I/O intensive



Lockman Hole at subarcsecond 
resolution



Lockman Hole





Lockman Hole

















Conclusions

❏ LOFAR’s long baselines provide a unique view 
on the radio sky, reaching ~0.3’’ angular 
resolution

❏ A long baseline pipeline is taking shape, 
allowing proper calibration

❏ Widefield is challenging and expensive, but 
not impossible!



Thank you!
Questions?


