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Hare et al. 2019
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Pleunis et al. 2021
(see also Pastor-Marazuela et al.)
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LoTSS image of the W3 star forming region



Particle acceleration in the intracluster medium in 
unprecedented detail: Botteon et al. 2020

Galaxy clusters



Probing the intergalactic magnetic field with Faraday rotation measurements of a giant radio galaxy - O’ Sullivan et al. 2019.
A direct detection of cosmic filaments: Govoni et al. 2019, Botteon et al. 2018, 2020

Cosmic web



van Weeren et al.
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Image credit: Daniëlle FutselaarVedantham et al. 2020



Ultra-wide field of view: probe 10s of millions of radio sources & study galaxy formation throughout cosmic time

Ultra-deep
surveys





• LOFAR2.0 is a staged programme of upgrades to keep LOFAR cutting 
edge well into the 2030s… soon hopefully as an “ERIC”!

• Stage 1 of the LOFAR2.0 programme includes, e.g., the DUPLLO and 
COBALT2.0 upgrades as well as the LOFAR4SW design project.

• Further community consultation to define possible future stages.

What is LOFAR2.0?



Reaches to 2x higher frequencies
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COBALT2.0
• Order of magnitude increase in online 
computing.

• Enables massively parallel observing modes.



Receivers & processing



Test stations
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5. Transients

5.1 Pulsars
Jason Hessels & Ben Stappers

Pulsars are highly magnetised neutron stars that produce beams of radio waves that sweep across the

sky like a cosmic lighthouse. These radio pulsations allow us to study the properties and evolution

of neutron stars, which are some of the most extreme objects in the Universe. Using the technique

of pulsar ‘timing’, we can detect gravitational waves, constrain the neutron star equation of state and

test Einstein’s theory of gravity. Pulsars are exceptionally steep-spectrum radio sources. LOFAR is

a unique pulsar telescope because of its high sensitivity across the lowest 4 octaves of the radio band,

and its ability to provide voltage tied-array data for multiple sources at once. LOFAR has discovered

close to 100 radio pulsars to date[sanidas2019]. LOFAR pulsar discoveries include a record-

breaking slow 23.5-sec pulsar, which may be a magnetar descendent[tan2018], and a 1.41-ms pulsar

that is the fastest-spinner in the Galactic field[bassa2017]. We have also used LOFAR in tandem

with the X-ray telescope XMM-Newton to demonstrate broadband moding, in which a pulsar rapidly

changes between two distinct and characteristic emission modes[hermsen2013].

Highlight 12 LOFAR has discovered both the fastest- and slowest-spinning radio pulsars in the

Galactic field.

With LOFAR2.0 we will perform an ultra-deep pulsar survey by targeting compact, highly

polarised sources found in LOFAR imaging surveys like LoTSS. We aim to find the most exotic

radio pulsars, and to use them as probes of gravity and dense matter physics. The NL single clock

will provide higher-quality and higher-sensitivity tied-array observations. COBALT2.0 allows the

parallel observing modes that are needed to conduct such observations commensally during deep

imaging surveys. The LOFAR stations, especially the large International stations, are sensitive

telescopes in their own right. By using sub-arrays, we can also monitor dozens of pulsars in parallel

and use these pulsar timing data to measure neutron star orbits, probe the interstellar medium, and

measure the density and magnetization of the solar wind (see also §3.2).
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