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The Low Frequency Array (LOFAR) 

● Low Band Antenna (LBA; ~50 MHz)

● High Band Antenna (HBA; ~144 Mhz)

● Core stations (24, baseline 0.15-3 km)

● Remote stations (14, baseline 5-100 km)

● HBA: 6” resolution, rms ~80 μJy (8 hrs)
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Botteon+2022, SciAdv Brienza+2021, NatAst



  

International LOFAR Telescope (ILT)

HBA: 144 MHz
38 Dutch stations
14 (+2) International stations: baselines up to ~ 2000 km

Resolution from 6” to 0.3”
At z~1, from ~50 kpc to 2.5 Kpc

Delvecchio+2017



  

ILT Data Analysis: bottleneck

● Premises:
– All LOFAR obs include the 

International Stations (IS) 

– Typically IS are NOT used

LOFAR papers 2013-2022 ILT papers 2013-2022



  

ILT Data Analysis: bottleneck

● Premises:
– All LOFAR obs include the 

International Stations (IS) 

– Typically IS are NOT used

● Issues:
– Time and computer resources 

demanding

– A robust and reliable pipeline not 
available (until recently)

LOFAR papers 2013-2022 ILT papers 2013-2022

● Solution:
– Long baseline pipeline 

(Morabito+2022) 

https://github.com/lmorabit/lofar-vlbi/ 

https://github.com/lmorabit/lofar-vlbi/


  

ILT images: Radio Galaxies at z≥1 in 
the NEP Deep Field                 (Bondi+ in prep.) 
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WAT ?



  

Exploiting Deep Fields observations 
with the ILT: bright sub-mm galaxies in 
the NEP field

● Selected all SMGs with S850-μm ≥ 9 mJy, r<1.2 deg from field center, and robust SED 
fit from Shin+ 2022 catalog:

– 12 objects: 1.7 < z < 3.5,  SFR > 1000 M☼/yr 

– 11/12 detected in LOFAR 6” image (72hrs) with SNR>5 (1/7 with 4<SNR<5):
●  0.16 mJy/b < S6”  < 1.6 mJy/b

● ~8 x 1024 W/Hz < L144MHz < 5 x 1025 W/Hz 

                                           



  

Bright SMGs in the NEP field: 
Multiplicity
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Bright SMGs in the NEP field: 
Multiplicity

 

– Multiple components: 3 (arcsec scale) + 4 (sub-arcsec scale)    
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Bright SMGs in the EDFN:         
radio AGN 

● Brightness Temperature exceeding the limit for star-formation (e.g. Condon 
1991): 7 SMGs with log(Tb)>5.6                                             
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Tb as AGN proxy

● Maximum brightness temperature for a normal galaxy with thermal and non thermal 
 emission (Condon 1991):

● Normal galaxies have Tb ≤ 10⁵ for ν ≥ 1 GHz 



  

Tb as AGN proxy

● Maximum brightness temperature for a normal galaxy with thermal and non thermal 
 emission (Condon 1991):

● Normal galaxies have Tb ≤ 10⁵ for ν ≥ 1 Ghz

● Sample of ~150 HLIRGs in the Lockman Hole  

(Sweijen+2023, in press), 33% detected with ILT



  

Bright SMGs in the EDFN:         
radio AGN 

● Brightness Temperature exceeding the limit for star-formation (e.g. Condon 
1991): 7 SMGs with log(Tb)>5.6                                             
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Radio vs SED SFRs & main 
sequence
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SFR from radio obtained from 
radio flux at 6” resolution after 
subraction of multiple comp and/or 
AGN comp: ~5 times lower than 
that from SED fitting
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SFR from radio obtained from 
radio flux at 6” resolution after 
subraction of multiple comp and/or 
AGN comp: ~5 times lower than 
that from SED fitting

Distance of a galaxy from the star-forming 
galaxy main sequence (MS) in the SFR-
stellar mass plane, removing effects of 
different stellar mass and z evolution



  

Summary

● ILT allows imaging the radio sky at 144 Mhz with resolution down 
to ~0.3” with average 1σ sensitivity of ~50 μJy/beam for 8 hrs 
(~10-15 μJy/beam for Deep Fields).
– Necessary for proper multi-λ identification
– <10% of radio sources have sizes > 10”, ILT allows to study the details of 

the remaining 90% (widefield imaging necessary)
● To process a single target with the long-baseline pipeline: 

– e.g. 32-48 cores, Ram ~384 G, disk space >15 T
– 4-8 days of processing, including selfcal and imaging

● A significant fraction of the sky (e.g. LoTSS) has already been 
observed with the ISs but not processed. Your favoutite source 
might be there !
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