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Abstract

The object FRB 20180916B is a well-studied repeating fast radio burst source. Its proximity (∼150Mpc), along
with detailed studies of the bursts, has revealed many clues about its nature, including a 16.3 day periodicity in its
activity. Here we report on the detection of 18 bursts using LOFAR at 110–188MHz, by far the lowest-frequency
detections of any FRB to date. Some bursts are seen down to the lowest observed frequency of 110MHz,
suggesting that their spectra extend even lower. These observations provide an order-of-magnitude stronger
constraint on the optical depth due to free–free absorption in the source’s local environment. The absence of
circular polarization and nearly flat polarization angle curves are consistent with burst properties seen at
300–1700 MHz. Compared with higher frequencies, the larger burst widths (∼40–160 ms at 150MHz) and lower
linear polarization fractions are likely due to scattering. We find ∼2–3 rad m−2 variations in the Faraday rotation
measure that may be correlated with the activity cycle of the source. We compare the LOFAR burst arrival times to
those of 38 previously published and 22 newly detected bursts from the uGMRT (200–450MHz) and CHIME/
FRB (400–800MHz). Simultaneous observations show five CHIME/FRB bursts when no emission is detected by
LOFAR. We find that the burst activity is systematically delayed toward lower frequencies by about 3 days from
600 to 150MHz. We discuss these results in the context of a model in which FRB 20180916B is an interacting
binary system featuring a neutron star and high-mass stellar companion.

Unified Astronomy Thesaurus concepts: Radio transient sources (2008); High energy astrophysics (739); Neutron
stars (1108)

1. Introduction

The discovery of radio pulsars (Hewish et al. 1968) using a low-
frequency dipole array (81.5MHz) established the existence of
neutron stars and demonstrated that short-duration, coherent radio
pulses can be the sirens of extreme astrophysical environments and
events. The prediction of coherent radio bursts from other extreme
astrophysical settings and events (e.g., Colgate & Noerdlinger
1971) inspired early searches for fast radio transients using archival
pulsar survey data (e.g., Phinney & Taylor 1979). The discovery of
the “Lorimer Burst” (Lorimer et al. 2007), and other bursts with
dispersion time delays that place them outside of our Galaxy

(Thornton et al. 2013), in archival Parkes pulsar survey data led to
the establishment of a population of fast radio bursts (FRBs).
The FRBs are subsecond radio flashes that can be detected

over extragalactic distances (see Cordes & Chatterjee 2019 and
Petroff et al. 2019 for recent reviews). Their physical origin is
as yet unclear, but dozens of models have been proposed (see
Platts et al. 2019, for a catalog23 of theories). Both repeating
(Spitler et al. 2016) and apparently nonrepeating (Petroff et al.
2015; Shannon et al. 2018) FRBs have been detected and could

The Astrophysical Journal Letters, 911:L3 (18pp), 2021 April 10 https://doi.org/10.3847/2041-8213/abec72
© 2021. The American Astronomical Society. All rights reserved.

23 https://frbtheorycat.org/
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• 15 full proposals
o From dozens of PIs and hundreds of co-Is, 

spanning the LOFAR partner countries

• Diverse topics
o Lightning, star-formation, SNRs, transients, 

cosmic rays, deep surveys, cosmology, galaxy 
clusters, Sun & heliosphere, exoplanets, pulsars & 
FRBs, magnetism

• All together a (very) ambitious programme
oCan only come to fruition by working together





Firehose rodeo with LOFAR2.0

Inspired by Daniela Huppenkothen



• Community consultations in NL 
and with LOFAR partners

• Where can we have a large and 
unique impact in the coming 
decade?

• 2024: NWO-RI for upgraded 
network (10→100Gb/s) and full-
FoV, full-res imaging

• 2026: NWO-Roadmap focusing on 
ultra-low frequencies?



LOFAR2.0 Large Programmes

• Scientific impact
oPublications, citations, theses, prizes, grants

• Technical impact
oTechniques, software

• Community impact
oPartner countries & institutes, support ECRs, 

develop SKA leadership roles
• Accessibility & legacy

oData reuse, distilled data products
• Visibility

oMake LOFAR better known to other astronomers, 
policy makers, the public

Success Criteria
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Impact of LOFAR2.0

Major new suite of science at a fraction 
of the original investment in LOFAR


