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LOFAR AND THE GIGANTIC LEAP FORWARD 

IN LOW-FREQUENCY RADIOASTRONOMY
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THE RADIO WINDOW

Multimessanger astronomy : photons + CR + neutrino + GW
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INTERFEROMETRY

Due to the (long) wavelengths of  radio waves, the 

largest traditional radio telescopes we can build

have an angular resolution comparable to that of  

the human eye… this clashes with the enormous

signal collection capacity that radio telescopes

have (Confusion Noise)
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M. Ryle ..Nobel prize 1974
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THE BLACK HOLE AT THE 
CENTER 

OF OUR GALAXY

Genzel, Ghez

EHT reaches an angular resolution
of 20 micro-arcsec

0.5 a.u.



ITALIAN RADIOTELESCOPES

Croce del Nord

Long tradition.. 
Italian radio astronomy
participates in all the 
major international
projects, from EVN 
(long-baseline 
interferometry), ALMA, 

EHT, … LOFAR, 
MeerKAT, SKA



GOLDEN AGE FOR RADIOASTRONOMY
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WHY LOW FREQUENCIES ??

ELECTRONS LIFETIME

𝜈 ∝ 𝐵𝛾2

 Long living particles

(longer look-back times)

 Lower energy electrons

(new mechanisms)

 Lower B

(magnetogenesis)

Synchrotron frequency

∝ 𝛾−1
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CHALLENGES AT LOW FREQUENCIES

 BIG TO REACH HIGH RESOLUTION

MANY BASELINES

 LARGE FoV

 DISTORSION OF PHASES

BIG DATA

NEW TECH

LIMITED BY CALIBRATION, COMPUTING, DATA TRANSPORT
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Giant digital aperture array radio telescope opening up a new 
window in the electromagnetic spectum at low radio frequencies
(van Haarlem + 2013)
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THE LOW FREQUENCY ARraY
Giant digital aperture array radio telescope opening up a new 
window in the electromagnetic spectum at low radio frequencies
- The largest (area & dataflow) pathfinder toward the SKA(low) -

ILT Archive ≈60+ PB (2021)

 250 Gb/s across the 

entire network

 Large FoV, n baselines, n 

channels, produce typical

TB-size datasets

 Archiving problem and 

managing Big Data

(van Haarlem + 2013)

10 Countries

24+14+14(16) stations

Compressed 

data
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Total Electron Content

To correct ionospheric effects it

is necessary to implement new 

strategies for data calibration

that in recent years have given

very important results

LOFAR & THE IONOSPHERE



THE LOW FREQUENCY ARraY
Giant digital aperture array radio telescope opening up a new 
window in the electromagnetic spectum at low radio frequencies
- The largest (area & dataflow) pathfinder toward the SKA(low) -

LBA : 40-70 MHz

(de Gasperin+21)

DI calib

DD calib



SCIENCE WITH LOFAR

IT joins ILT

Top 10 among astro-
infrastructures

Credits: ASTRON

LOFAR-ERIC
IT funding member

development to 

make it work



THE LOFAR SURVEYS

LOFAR Surveys of the entire northern sky are opening a new 
observational window of the Universe

• 10-100x better sensitivity

• 10x better spatial resolution (100x using international baselines)



Several ksources











LONG-EU Baselines

de Jong+ 

Bondi+    

Computationally expensive !!

300,000 core hours necessary to 
image ~5 deg2 field observed with 
8 hrs at 0.3 arcsec resolution 
(eg Sweijen+ 2022, Nat Astr)

Imaging large regions with deep 
observations at sub-arcsec 
resolution is a major 
computational challenge

LOFAR : x20 baseline of SKA-Low

North Ecliptic Pole (synergy with EUCLID+JWST)



BH activity & their impact 1.5 arcsec resolution

0.3 arcsec resolution

de Rubeis+ 25ab

generation & growth of instabilities,  

extraction and advection of magnetic 

filaments, mixing in the turbulent ICM....



1.5 arcsec resolution

0.3 arcsec resolution

generation & growth of instabilities,  

extraction and advection of magnetic 

filaments, mixing in the turbulent ICM....

Magnetogenesis & particle acceleration 

by turbulence & shocks

R200

X-rays

RADIO

EXPLORING LSS



LOFAR 2.0 upgrade
(2026+…)

Upgrade :
- Electronics

- Correlator

- Dual beam (es Medicina)

will bring LOFAR into a new regime 

entering an uncharted territory at the 

very low frequencies (10-60 MHz) 

NEW ELECTRONICS 
(ASTRON+INAF)
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THE SKA OBSERVATORY
 Unprecedented Scale : 10x largest radio telescope

 A global effort : 100 organisations across about 20 countries

 Gigantic leap : Technology & Big Data



TWO GIGANTIC INTERFEROMETERS



SKA output Data rates are vast – about 100x the output of other major astronomical facilities.

In line with ‘High Luminosity’ LHC at CERN





The Moon?

Lunar Crater Telescope Astronomical Lunar Observatory



TAKE HOME

 Radioastronomy is living in a golden age

 Advances in computer science & calibration have allowed a 

leap forward in low frequency radio astronomy

 LOFAR is opening a new windows in the observation of the 

universe with important discoveries

 In the next few years LOFAR 2.0 will enter a new discovery

space

 Next step (2030-35) is the SKA

 Next(?) step… is a radio interferometer on the Moon to 

observe at ultra-low frequencies (< MHz) 


