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FRB research: engagement & impact
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comment

an example, I note that two years ago a 
decaying radio source was linked to an FRB. 
This claim was investigated ferociously and 
persuasive arguments against were published 
within a month! This occasion made me 
wonder where the equivalent of the spectral 
lines of the GRB era are lurking in the  
FRB field.

Based on the history of GRB light curves 
and radio pulsars, meaningful insights 
into the nature of FRB sources (let alone 
the emission mechanisms) are unlikely to 
come from details of the light curves. On 
the other hand, clues that arise from simpler 
phenomena — free–free absorption, rotation 
measures and multi-path propagation 
(scattering, scintillation) — will likely be 
powerful. CHIME, with its large collecting 
area, is superbly suited for this purpose.

With no doubt most of the FRBs are not 
in our Galaxy. There are now two classes: 
(the so far sole) Arecibo repeater and  

‘classic’ FRBs (see the Comment by Manisha 
Caleb et al. in this issue). The repeater has 
been localized to a z =  0.19 galaxy (Fig. 2). 
The nature of host galaxies identified in the 
first phase of localization — star-forming 
galaxy, elliptical galaxy and intergalactic 
medium — will provide robust clues to the 
origin of FRBs. It will, however, require 
arcsecond localization (Fig. 2c). The offset 
of the events with respect to the galaxy 
components — nucleus, disk and halo — 
constitute the next phase but will need  
sub-arcsecond localization. Fortunately,  
an armada of radio localization facilities  
will be coming online soon (Fig. 3).  
Leaders in the field of FRBs, informed by 
the history of GRBs and gravitational wave 
astronomy, should take note of the vital 
importance of prompt dissemination of 
localization. Separately, inspired by SGRs, 
it would be worthwhile to look for Galactic 
versions of FRBs.

In preparing this Comment I experienced 
déjà vu. The modus operandi was 
astonishingly familiar: suggest all possible 
collisions between comets, asteroids, brown 
dwarfs, white dwarfs, neutron stars and 
black holes, invoke improbable scenarios 
(white dwarf and intermediate-mass black 
hole in an eccentric orbit) and failing all 
these possibilities invoke string theory. 
The expected diversity of FRB classes (see 
the Comment by Ue-Li Pen, in this issue) 
should not be used as a license to speculate 
recklessly. A worthwhile model does not 
violate basic physical principles, identifies 
a mechanism that produces the observed 
signal strength and has an observationally 
meaningful rate. FRBs opened our eyes to 
extragalactic millisecond bursts. In this 
spirit, searches for fast optical bursts should 
be undertaken. Searches commensal with 
FRB surveys enjoy natural immunity against 
local errors (similar to the ‘plate defects’ in 
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Fig. 3 | The annual flux of refereed papers (P) and citations (C, divided by 10) of FRB papers, compared to those of GRB papers. As in Fig. 1, C and P for 2018 
were increased by 3/2. I followed a similar routine to that described in Fig. 1: ADS was queried for papers with FRB or “fast radio burst” in the title or abstract. 
I then reviewed each entry and culled unrelated papers. Conference papers were ruthlessly excluded. Given the youth of the FRB field, papers that were 
submitted but not yet published were included. Over the period 2007 to September 2018 the FRB field produced 358 papers and racked up 8,224 citations. 
Over a similar interval the GRB field had 396 papers but only 1,630 citations. Clearly the FRB field has a higher tempo than that of GRBs. It took more than 
two decades for the GRB field to reach the number of citations that the FRB field achieved in its first decade. The contraction of timescales can be reasonably 
attributed to a larger pool of astronomers. For instance, membership of the American Astronomical Society increased from 4,000 in 1984 to 7,000 by 1999. 
The vertical lines in the figure mark key developments. ‘Perytons’ shared some features with FRBs and cast grave doubts about the extraterrestrial nature of 
FRBs. Perytons were eventually localized to the Visitors Centre of the Parkes Observatory. In retrospect, perytons are the equivalent of (photographic) ‘plate 
defects’ (or, if we are lucky, the equivalent of spectral lines) of the GRB era. The FRB field really took off after the publication of a sample of four FRBs (labelled 
'sample' on the plot). The localization of the Arecibo repeater (labelled repeater) and the subsequent identification of its host galaxy at z ≈  0.19 (labelled 
host-z) further increased the tempo of the field. Future progress will be primarily governed by the rate of localizations. Over this and coming years several 
localization facilities are expected to come online, including ASKAP, TRAPUM/MeerKAT, UTMOST-2D and Deep Synoptic Array with 110 elements.
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FRB publications (P) and citations (C) 
wildly outperforming GRBs

Kulkarni 2018 Combines the interest of five 
disparate communities: 
i) Radio Pulsar and scintillation 

community 
ii) Optical community for host IDs 
iii) Stellar evolution: what are the 

progenitors of FRBs? 
iv) Cosmology:  

1. “missing” baryons,  
2. baryonic feedback,  
3. gravitational microlensing 

by dark matter (due to 
extremely short timescale) 

v) Theory — how is their 
outrageously luminous emission 
generated? 
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Instrumentation — ASKAP
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36x 12m dishes each equipped with a 30 sq.deg. field of view phased 
array feed (PAF) 

Baselines up to 6km 

Can operate in an  
— ultra widefield fly’s-eye non-localisation mode 
— 30 sq.deg. interferometric mode + 3.2 second voltage buffer 

— localisations good to 0.1-0.2” 
— search mode is incoherent with ~1ms, 1 MHz resolution 
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Instrumentation — Parkes
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z=0.50055

The workhorse of Australian pulsar and fast 
transients astronomy 

>6x the sensitivity of incoherent ASKAP 
64 microsecond searches 

CryoPAF upgrade planned will enable filled focal 
plane searches
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Instrumentation — UTMOST-2D
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z=0.50055 z=0.384

z=0.321

VLT/FORS2 g’-band

Upgrade of the existing Molonglo telescope @ 843 MHz 

Addition of N-S baselines to the existing E-W arm will give a 
60”x45” synthesised beam 

Estimated median position errors 1.5” (RA), 3” (dec) 
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Recent FRB results
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Fast Radio Bursts

The FRB landscape
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the difference in the distributions is smaller than would be expected 
for a non-evolving Euclidean population. For any individual burst, the 
average fluence decreases with the inverse square of distance. Because 
the Parkes sample is a factor of approximately 50 more sensitive than 
the ASKAP sample, it would be sensitive to the same source that is a 
factor of roughly 7 more distant. As we are comparing the median of 
the populations detected with Parkes and ASKAP, and not individual  
sources or standard candles, the ratio of dispersion measures is  
smaller—a consequence of a broad luminosity function for the 
population24.

Figure 2 shows both the distribution of fluence plotted against extra-
galactic dispersion measures for all published FRBs, and the fluence/
distance relationship—the latter assuming the model for host dispersion- 
measure contribution and extragalactic dispersion described above. The 
solid black curves are contours of constant energy density, calculated  
assuming pulses are isotropically beamed, and using the global spectral 
index to correct to the rest frame of the emitter. The dashed blue lines 

show the extrapolation of ASKAP FRB fluences to higher distances. 
Notably, the highest dispersion-measure event from Parkes25—FRB 
160102—has an inferred energy comparable to those observed in 
ASKAP. On the basis of this extrapolation, the energies of the Parkes 
bursts overlap those of our sample, and are therefore more distant ver-
sions of the ASKAP events. The absence of sources above a spectral 
energy density of approximately 1034 erg Hz−1 for both the Parkes and 
the ASKAP samples is unlikely to be solely due to the frequency and 
temporal resolution of the data-recording systems, so could represent 
either a dwindling population or an energy cut-off (see Supplementary 
Information, section 5).

There are also marked differences between the ASKAP and Parkes 
burst populations, and the repeating FRB 121102. First, the ASKAP and 
Parkes samples show no evidence of repetition, despite large amounts 
of follow-up time and dense searches around the times of FRB detec-
tions. The repetition rate of FRB 121102 is intermittent, with frequent 
detections on month-long time scales, followed by similar length peri-
ods of apparent quiescence3,26. The absence of repetition enables us to 
reject, at the 99% confidence level, the hypothesis that all ASKAP FRBs 
repeat with the same properties26 as FRB 121102 (see Supplementary 
Information, section 6). Second, the population of ASKAP bursts has 
a steep spectrum. While pulses from the repeating FRB show strong 
spectral modulation, equally energetic pulses are detected over a fre-
quency range extending from 1.4 GHz to 8 GHz (ref. 27). Furthermore, 
FRB 121102 is underluminous relative to the remaining bursts, as dis-
played in Fig. 2.

The results presented here build on previously noted differences 
between the repeating and the remaining non-repeating sources. For 
example, measurements of Faraday rotation suggest that luminous 
bursts propagate through dispersing plasma that is nonmagnetized17, 
weakly magnetized20,28, or has highly disordered magnetic fields. Such 
large Faraday rotations could still be hidden in the unpolarized FRBs, 
but it would be impossible to hide in the case of those with substantial 
polarization. By contrast, the repeating FRB source is found to have 
Faraday rotation (and hence magnetic-field strengths) more than four 
orders of magnitude larger27. We do not at present have the capability 
to measure Faraday rotation with ASKAP in FRB-search mode, but 
expect to upgrade these systems to make the necessary polarimetric 
observations shortly. We are also commissioning interferometric modes 
and expect to soon be able to localize detections to arcsecond accuracy. 
Unique identification of host galaxies will further distinguish between 
repeating and nonrepeating burst sources.

Code availability
The code used to conduct the FRB searches, FREDDA, will be pub-
licly released shortly, but a pre-release version is available from K.W.B. 
(keith.bannister@csiro.au). Detections were processed using the dspsr 
(http://dspsr.sourceforge.net) and psrchive (http://psrchive.source-
forge.net) software packages for analysing pulsar and FRB data.

Data availability
Raw data files (totalling 1 PB) are archived on tape at the Pawsey Superconducting 
Centre. Cut-outs of the raw data, in pulsar filterbank format (http://sigproc.
sourceforge.net), and posterior localization regions, are available on the CSIRO 
data access portal through https://doi.org/10.25919/5b6ae6b515850. Other data 
products are available on request from R.M.S.
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Fig. 2 | Distribution of FRB fluences and extragalactic dispersion 
measures. The extragalactic dispersion measures, DMEG, are corrected for 
the inferred contribution of the Milky Way. The coloured circles denote 
FRBs detected with the ASKAP (blue), Parkes (black), UTMOST (red), 
Green Bank Telescope (magenta) and Arecibo (orange) radio telescopes. 
We also highlight the Parkes FRB candidate 010621 (cyan), which may 
be a Galactic source. Beam-corrected fluences have been estimated for 
two Parkes FRBs18 (150807 and 010724) and are plotted in grey. Repeated 
pulses29 from FRB 121102 are displayed in green. Uncertainties in beam 
fluence differ by telescope. For ASKAP and bursts from the repeating 
FRB 121102, we show 1σ (67% confidence) upper and lower limits. For 
other nonrepeating FRBs, lower limits are 1σ, but upper limits are twice 
the detected fluence, to reflect uncertainty in burst position within 
antenna pattern. The upper horizontal axis shows redshifts, assuming a 
homogenously distributed intergalactic plasma10 and a host contribution 
of 50(1 + z)−1 pc cm−3, as discussed in the main text. The blue dashed 
curves show the fluences expected for the ASKAP-detected bursts if 
they were detected at larger distances (see Supplementary Information, 
section 4). The black curves show contours of constant spectral-energy 
density, in units of erg Hz−1. The dash-dotted curves are lines of constant 
fluence, after accounting for redshift-dependent time dilation, denoting 
10σ sensitivities of the Parkes radio telescope and the mid-frequency 
first-phase component of the future Square Kilometre Array30 to 1-ms 
bursts. Further details of the data used can be found in Supplementary 
Information, section 4.
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ASKAP

Parkes

UTMOST

FRB121102 
the repeater

spectral energy density (erg Hz -1)

GBT

ASKAP population statistics 
confirm both that there is both 
a correlation between DM and 
fluence, and that DM can be 
used as a proxy for distance.  

Shannon et al., Nature 2018
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Location, Location, Location
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z=0.50055 z=0.384

z=0.321

VLT/FORS2 g’-band

Bannister et al. 2019
FRB 180924 z=0.3214
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Halo!  What halo? 
Using FRBs as astrophysical tools
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FRB 181112 at 3 ns time resolution
•ASKAP’s phased array feeds and 

localisation capabilities are a game-
changer 

•Opportunity to clean up a number 
of front-line cosmology problems 

•Solve baryonic feedback 

•Probe He EoR (maybe H EoR) 

•Solve the riddle of FRB 
emission using ultra-high time 
resolution data 

•Coherent upgrade to ASKAP would 
increase detection rate by a factor >20 

•Parkes PAF — explore the fainter FRB 
population

The next 3-5 years



Telescope & Mode FoV (deg
2
) 1ms 10-� sensitivity (mJy) Relative Detection rate

⇠ 1GHz with ⇠ 1
00
localisation

ASKAP-8 ICS 30 8626 1.1

ASKAP-36 ICS 30 4066 5.4

ASKAP-30 Coherent 30 813 58.7

DSA-110 Coherent 9 853 16.8

MeerKAT Coherent 0.32 46 11.1

VLA 0.283 224 2.0

⇠ 1GHz with > 40
00
localisation

ASKAP-8 Flyseye 240 24398 1.0

ASKAP-36 Flyseye 1080 24398 4.5

CHIME 134 405 526.8

MeerKAT Flyseye 40.96 2936 14.6

PARKES 0.559 436 2.0

Table 1: A comparison of the relative detection rates of the various facilities. The detection rate,

referenced to the ASKAP-8 fly’s eye mode, is based on the measured integral source counts slope of

N(> F⌫) / F�2.1
⌫ down to a fluence of 2 Jyms (see C. W. James et al. MNRAS, submitted) and

a slope N(> F⌫) / F�1
⌫ for F⌫ < 2 Jyms. This shallow slope is implied by the observed Arecibo

detection rate.

A coherent ASKAP would dominate FRB science


