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Largest Ever Radio Sky Survey Maps the Universe in Unprecedented Detail 

 

An international collaboration using the Low Frequency Array (LOFAR) has 

unveiled an exceptionally detailed radio sky map, revealing 13.7 million cosmic 

sources and delivering the most complete census yet of actively growing 

supermassive black holes. It showcases an extraordinary variety of systems powered 

by these black holes, whose radio emission can extend for millions of light-years. 

The newly released LOFAR Two-metre Sky Survey (LoTSS-DR3) marks a major 

milestone in radio astronomy and international scientific collaboration. The result is 

published in Astronomy & Astrophysics. 

 

By observing the sky at low radio frequencies, the survey reveals a dramatically different 

view of the universe than that seen at optical wavelengths. Much of the detected emission 

arises from relativistic particles moving through magnetic fields, allowing astronomers to 

trace energetic phenomena such as powerful jets from supermassive black holes and 

galaxies undergoing extreme star formation across cosmic time. 

 

Thanks to its remarkable detail, the survey has also exposed rare and elusive objects, 

including merging clusters of galaxies, faint supernova remnants, and flaring or 

interacting stars. The survey is already enabling hundreds of new studies across 

astronomy, offering fresh insights into the formation and evolution of cosmic structures, 

how particles are accelerated to extreme energies, and cosmic magnetic fields, while also 

making publicly available the most sensitive wide-area radio maps of the universe ever 

produced. 

 

A decade of international collaboration 

"This data release brings together more than a decade of observations, large-scale data 

processing and scientific analysis by an international research team,” says Dr. Timothy 

Shimwell, lead author and astronomer at ASTRON and Leiden University, Netherlands. 

 

The achievement showcases the LOFAR European Research Infrastructure Consortium 

(LOFAR ERIC) model, bringing together expertise from the Netherlands, Germany, 

France, the United Kingdom, Poland, Italy, Sweden, Ireland, Latvia, and Bulgaria. 

LOFAR's unique design incorporates 38 stations in the Netherlands, and 14 international 

stations across Europe, with the most distant stations separated by nearly 2,000 

kilometres, forming one of the world’s largest, highest-resolution and most sensitive 

radio telescopes.  

 

Transformative discoveries 



While the scientific exploitation is only just beginning, the scale, sensitivity and 

resolution of the survey are already transforming radio astronomy, enabling new 

discoveries across a wide range of cosmic environments.  

 

“We can study a diverse population of supermassive black holes and their radio jets at 

different stages of their evolution, showing how their properties depend not only on the 

black hole itself, but also on the galaxy and environment in which it resides,” notes Prof. 

Martin Hardcastle of the University of Hertfordshire, UK. At the same time, the survey 

has delivered robust measurements of star formation rates in millions of galaxies, 

showing how these rates vary with galaxy properties and across cosmic time.  

 

“By studying many galaxy clusters, we can show that giant shocks and turbulence drive 

particle acceleration and strengthen magnetic fields across millions of light-years, 

something we now see to be happening far more than previously anticipated,” adds Dr. 

Andrea Botteon of INAF in Bologna, Italy. 

 

The data are being carefully searched for rare astrophysical phenomena, and the team 

have already uncovered several, including transient and variable radio sources, previously 

unknown supernova remnants, some of the largest and oldest known radio galaxies, and 

radio emission consistent with interactions between exoplanets and their host stars. 

 

Technical innovation  

Processing the data required the development of new techniques that accurately correct 

for severe distortions caused by the Earth’s ionosphere, the electrically charged layer of 

the upper atmosphere. To make the processing of 13,000 hours of observations feasible, 

these advances had to be combined with robust automation and optimisation.  

 

“The software challenge was enormous,” says Dr. Cyril Tasse of the Paris Observatory, 

France, who led algorithm development. “It took years to design, refine and optimise the 

algorithms, but they now allow us to routinely produce extremely sharp and detailed 

images of the low-frequency radio sky, and hunt for time-variable signals from stars and 

exoplanets.”  

 

Extracting the data from the telescope archives and distributing the computational 

workload across multiple high-performance computing systems posed an additional 

challenge. “The volume of data we handled - 18.6 petabytes in total - was immense and 

required continuous processing and monitoring over many years, using more than 20 

million core hours of computing time,” says Dr. Alexander Drabent of Thuringian State 

Observatory, Germany. 

 

Looking forward 

With LOFAR currently undergoing an upgrade to LOFAR2.0, the collaboration plans to 

build upon LoTSS-DR3 and utilise the two-fold increase in survey speed offered by the 

upgraded instrument. Recent advances in data processing are also making it increasingly 

feasible to image the survey data at much higher resolution, opening the door to even 

more detailed studies.  



 

“LoTSS-DR3 is not an endpoint, but a major milestone”, notes Square Kilometer Array 

Observatory scientist Dr. Wendy Williams. “New facilities such as LOFAR2.0 will allow 

us to map the radio universe with even greater sensitivity and resolution, extending the 

legacy of this survey well into the future.” 
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Media Resources 

 

• High-resolution image (caption: A selection of radio lobes powered by 

supermassive black holes. Credit Maya Horton and the LOFAR surveys 

collaboration) 

https://www.dropbox.com/scl/fi/s32kinkajegm0vfhewg89/LoTSS_DR3_AGN.jpg

?rlkey=azoeuvgjww60k3jo8uhmghc4i&dl=0 

• Lower-resolution image: (caption: A selection of radio lobes powered by 

supermassive black holes. Credit Maya Horton and the LOFAR surveys 

collaboration) 

https://www.dropbox.com/scl/fi/pvq55wgfgs93vi6461sa2/LoTSS_DR3_AGN_Lo

wRes.jpg?rlkey=li79ezope7wbgek9xklnws4zz&dl=0 

• Interactive all-sky map: https://lofar-

surveys.org/public_hips/LoTSS_DR3_high_hips/ 

• Project website: https://lofar-surveys.org/ 

• Data release page: https://lofar-surveys.org/dr3.html 

• Publication: Accepted in Astronomy and Astrophysics 

https://doi.org/10.1051/0004-6361/202557749. To appear on ArXiv on Thursday 

19th Feb 2026. Also available at: 

https://www.dropbox.com/scl/fi/lrlw3u4qs8zuo9126dlp5/LoTSS_DR3_AAaccept

ed.pdf?rlkey=mykdahcaqrpqbt8diqspaefji&dl=0 

 

Supplementary Media Resources 
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• All image and movie material: 

https://www.dropbox.com/scl/fi/hh71ai2thrwrmdtx6ntwu/LoTSS-DR3-all-PR-

material.zip?rlkey=tke8g0zem0qzbz1s3jces7vz2&dl=0 

• Supplementary Movie 1: A 6.5 min overview of the LOFAR telescope and the 

LOFAR surveys project, highlighting several key science areas. Credits: Berend 

Nieuwhof, Jessica Helmerhorst, María Euginia Redondo González, Paul Baecke, 

Valentin Reichel and the LOFAR surveys collaboration.  

https://www.dropbox.com/scl/fi/uktk7wlk36tczbes72g58/LoTTS_DR3_YT.mp4?

rlkey=oix3ja3kk7o6dyzysex6qf037&dl=0 

• Supplementary Movie 1: A short (30 sec) description of the LOFAR surveys. 

Credits: Berend Nieuwhof, Jessica Helmerhorst, María Euginia Redondo 

González, Paul Baecke, Valentin Reichel and the LOFAR surveys collaboration. 

https://www.dropbox.com/scl/fi/bov7qeklv6xkl6jsule5a/Reel1.mp4?rlkey=qixftx9

v6voew6q16bzc1y4fm&dl=0 

• Supplementary Movie 3: A short (50 sec) description of the LOFAR telescope. 

Credits: Berend Nieuwhof, Jessica Helmerhorst, María Euginia Redondo 

González, Paul Baecke, Valentin Reichel and the LOFAR surveys collaboration. 

https://www.dropbox.com/scl/fi/z92bgxjikk5g24jzv3v5t/Reel2.mp4?rlkey=kqach

yar6u3by8pt0k8t2kdap&dl=0 

• Supplementary Image 1: The radio galaxies NGC 315 and NGC 383 dominate 

this image with spectacular, twisted jets powered by central supermassive black 

holes. Located about 223 and 209 million light-years away, they stand out against 

a background of hundreds of far more distant radio galaxies, seen mostly as faint 

points. Credit: LOFAR surveys collaboration. 

https://www.dropbox.com/scl/fi/wi0ibig1iufmj2sw45vn2/LoTSS_DR3_NGC315

_3C31_300dpi.jpg?rlkey=0u3m8zfdo04mvpd21719iwgkt&st=tij9aewm&dl=0 

• Supplementary Image 2: The LOFAR sky from the Andromeda Galaxy (M31) to 

NGC 315 and NGC 383. This image spans part of the constellations of 

Andromeda and Pisces, covering about 15 degrees square – roughly the span of an 

outstretched hand at arm's length. Credit: LOFAR surveys collaboration. 

https://www.dropbox.com/scl/fi/6s8965llqpievuvw006cp/LoTSS_DR3_M31_NG

C315_3C31_300dpi.jpg?rlkey=yhmgvg5sm2i3qf03oz80rgush&dl=0 

• Supplementary Image 3: Here, LOFAR looks into our Galaxy toward the 

constellation Aquila, where many massive stars have exploded. The large 

Manatee Nebula (lower right) and many other bubble-like supernova remnants are 

visible in the image. Beyond these is a background of distant radio galaxies seen 

as faint points.  Credit: LOFAR surveys collaboration. 

https://www.dropbox.com/scl/fi/v8qmo82gcr2i22q85xb5s/LoTSS_DR3_galactic1

_300dpi.jpg?rlkey=2ki1yvtc2e0iox2aloboyn9ow&dl=0 

• Supplementary Image 4: The Andromeda Galaxy (M31) is the Milky Way’s 

largest neighbour. This LOFAR image reveals a very different view from visible 

light, with most of the radio emission linked to a supermassive black hole at the 

galaxy’s centre. A diffuse ring traces regions where stars are still forming. 

Beyond Andromeda, the hundreds of faint points are distant galaxies powered by 

their own supermassive black holes. Credit: LOFAR surveys collaboration. 
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https://www.dropbox.com/scl/fi/46b63jf1ojgdlzfhkxuye/LoTSS_DR3_M31_300d

pi.jpg?rlkey=rcng2q79vdrxaiboznvqp6g3b&dl=0 

 

About LOFAR-ERIC 

The LOw Frequency ARray (LOFAR) is a revolutionary radio telescope designed and 

constructed by ASTRON, the Netherlands Institute for Radio Astronomy. Unlike 

traditional dish antennas, LOFAR consists of thousands of simple antenna elements 

distributed across Europe, connected by fiber optic networks. Data from all antennas are 

combined using powerful computers to create images of the radio sky. 

 

LOFAR is operated by the LOFAR European Research Infrastructure Consortium 

(LOFAR ERIC), which brings together institutions from eight countries. LOFAR ERIC 

exemplifies international scientific cooperation, combining facilities, computing, and 

expertise across national boundaries. 

 

Technical Details 

Sky Coverage: 19,035 square degrees (including 88% of the northern sky) 

Sources Catalogued: 13,667,877 

Frequency Range: 120-168 MHz (wavelength ~2 metres) 

Angular Resolution: 6 arcseconds (9" below declination 10°) 

Median Sensitivity: 92 µJy/beam 

Data Volume: 18.6 petabytes processed; 590 TB final products 

Observation Time: 12,950 hours over 10.5 years 

Processing Power: ~20 million core hours 

 

Data Access 

All LoTSS-DR3 data products are publicly available, including images and catalogues 

covering 19,035 square degrees (46% of the entire sky including 88% of the northern 

sky), polarization information, calibrated visibility data, and 590 terabytes of final 

products. These are available through: 

https://lofar-surveys.org/dr3.html 

https://doi.org/10.25606/SURF.lotss-dr3 

 

About NOVA 

The Netherlands Research School for Astronomy (NOVA) is the alliance of the 

astronomical institutes of the universities of Amsterdam, Groningen, Leiden, and 

Nijmegen. The mission of Top Research School NOVA is to carry out frontline 

astronomical research in the Netherlands, to train young astronomers at the highest 

international level, and to share its new discoveries with society. The NOVA laboratories 

are specialised in building state-of-the-art optical/infrared and submillimetre 

instrumentation for the largest telescopes on earth. 

 

www.astronomie.nl/ 
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