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ES05 : Fast Radio Bursts



Lorimer  et al. 2007

1st  Fast Radio Burst (FRB)
• Parkes archival data 1.4 GHz, DM=375, ~5 msec, 30 Jy, 3° from SMC

• Today a few hundred single pulses, a dozen repeaters (Parkes, Arecibo, CHIME…)
• GHz, down to 400 MHz
• 0.1 - 30 Jy + MJy Galactic magnetar
• Very numerous theories, vibrant activity
• https://www.frbcat.org,     https://www.wis-tns.org



Early tentative detection at LF



LOFAR : first attempts

[Karastegiou et al., MNRAS, 2015]

Unsuccessful attemps of blind FRB detection

ARTEMIS, UK & Fr LOFAR stations
coherent dedispersion

[ter Veen et al., A&A, 2019]

incoherent beam + TBB, 119-185 MHz



[Pleunis et al., ApJL, 2021]

→ FRB repeaters (FRB 20180916)
start being detected down to 110 MHz

LOFAR : first detection



LOFAR + Westerbork/Apertif

[Pastor-Marazuela et al., arxiv, 2021]

Interests : Physical constraints (« sad trombone effect », blobs, multiple, phase 
shift…), emission mechanism



NenuFAR

10-85 MHz, beamformed observations, steerable, FoV 8° - 60°  FWHM



Very long dispersive delays 
ex: DM=500 : 4863 s (81 min.) in 20-80 MHz, 972 s (16 min.) in 40-80 MHz 

Very bright sky background, A-team sources

Low frequencies

→ Observations, in 40-80 MHz, at 21 msec x 3 kHz resolutions
→ start with repeaters, moderate DM



Simulations
100 Jy FRB at DM = 500 pc.cm-3



Simulations
30 Jy FRB at DM = 350 pc.cm-3



• IDL (& Python) pipeline(s) : RFI flagging, bandpass correction, gain(t) correction, 
intra-channel de-dispersion, integration / t,f, computation of Stokes parameters


• Flexible, parameterized, documented


• L0 → L1, volume reduction ~ x60 ; SNR preserved or improved

Observations & pre-processing
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• L0 : 

o df=3.05 kHz dt=21.0 msec, 1 or 2 beams (On only), 12-49 MHz & 49-86 MHz

o Undysputed-pulsar mode for repeater FRB180916


• L1 : 

o 195 kHz x 21 msec, Stokes IVL, RFI mitigation, gain correction (6-min.) in 2 

passes, in-band dedispersion at expected DM (repeaters), spectral whitening

o Volume reduced by ~x64



• Targets :  9 repeating FRB,  Galactic magnetar, Zenith pointings (blind search)


• Calibration / test : PSRB0329+54 & PSRB2217+47  observed before/after 
observations



• Spectral whitening, + RFI mitigation, time smoothing, filtering of sources in side lobes

• Search in Stokes I (no Off beam)

• Repeaters : Parametric de-dispersion around expected DM + search for spikes

• 20121102 repeater : simultaneous NRT observations 31/9-6/9/2019    (DM ~ 560)

• Non-repeaters : Parametric de-dispersion in broad DM range + search for spikes

• Use of simulations

→  Study of occurrence (periodicities ?), polarization …

Post-processing



Benchmarking on PSR0329+54

L1 data

L1 data dedispersed



Benchmarking on PSR0329+54 : FFT filtering

2D FFT

+ filtering



Phase

Filtered data dedispersed

Benchmarking on PSR0329+54 : FFT filtering



Application to FRB : simulations



Application to FRB : simulations



Application to FRB : observations + simulated FRB



Application to FRB : observations + simulated FRB



Application to FRB : observations + simulated FRB



NenuFAR observations : ongoing

(Early Science phase)

→ we are sensitive to a few 10s Jy

and there should be plenty

SGR 1935+2154 GF (=FRB 20200428), 
542 Jy, Galactic magnetar
[Bochenek et al., Nature, 2020]



False alert: 20210322



False alert: 20210322



False alert: 20210322



To be continued… 

Systematic analysis to be done.
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