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Abstract

Here, we present a catalogue of known Fast Radio Burst sources in the form of an online catalogue, FRBCAT. The
catalogue includes information about the instrumentation used for the observations for each detected burst, the measured
quantities from each observation, and model-dependent quantities derived from observed quantities. To aid in consistent
comparisons of burst properties such as width and signal-to-noise ratios, we have re-processed all the bursts for which we
have access to the raw data, with software which we make available. The originally derived properties are also listed for
comparison. The catalogue is hosted online as a MySQL database which can also be downloaded in tabular or plain text
format for off-line use. This database will be maintained for use by the community for studies of the Fast Radio Burst

population as it grows.
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1 INTRODUCTION

Fast radio bursts (FRBs)—bright millisecond radio pulses—
have generated considerable excitement within the astron-
omy community, with potential uses in cosmology, the in-
tergalactic and interstellar media, coherent emission pro-
cesses, compact objects, and more (Macquart et al. 2015).
To date, the majority of FRB discoveries have been made
at the Parkes radio telescope (Lorimer et al. 2007; Keane
et al. 2012; Thornton et al. 2013; Burke-Spolaor & Bannister
2014; Petroff et al. 2015; Ravi, Shannon, & Jameson 2015;
Champion et al. 2016; Keane et al. 2016; Spitler et al. 2016),
with additional discoveries made at the Arecibo and Green
Bank telescopes (GBTs) (Spitler et al. 2014; Masui et al.
2015). With mounting evidence for their astrophysical origin
ever more projects dedicated to FRB searches are arising at
new and existing telescopes (Law et al. 2015; Karastergiou
etal. 2015; Tingay et al. 2015; Chennamangalam et al. 2015).
At present, the rate of discovery is still rather slow, but new
facilities are under construction which promise an explosion
in FRB discovery rates (Macquart et al. 2015). It is therefore
timely to catalogue what we know so far and to re-measure
quantities for the published FRBs in a uniform and systematic
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fashion. Furthermore, it is important to identify commonly
used derived parameters which are model-dependent and ex-
amine the various degrees to which these are uncertain.

Our catalogue is partially presented here for the currently
published FRBs in tabular form but is also fully available
in the form of an online catalogue and database at http://
www.astronomy.swin.edu.au/pulsar/frbcat/ for community
use. Where data were publicly available, we have performed
a systematic re-analysis with software using the methods
outlined in this work.

In the following sections, we describe the online interface
and how to use the catalogue. In Section 2, we present the
entries in the catalogue used to describe each burst. Sec-
tion 3 provides information on how to use the catalogue; we
conclude in Section 4.

2 PARAMETERS

Alistis presented in the following subsections of all the quan-
tities and parameters displayed in the catalogue. These have
been divided into three categories: observation parameters,
measured parameters, and derived parameters. Observation
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parameters are related to the telescope and instrument used
for observation. Measured parameters relate to the detected
burst and quantities obtained through direct processing of the
data. Derived parameters related to cosmology and distance
are based upon combining the measured parameters with
model-dependent numbers for cosmological values (€2, 2,
H,) and the ionised component of the Galaxy (DM, )-

The separation of these three categories is for several rea-
sons. First, they have been separated to draw clear distinc-
tions between quantities that are directly measured, specula-
tive based on FRB position in the telescope beam, and specu-
lative due to a combination of the positional uncertainty and
the uncertainty of a model or a models. Errors are provided
for measured quantities. Second, this catalogue is intended
for use as the FRB population continues to grow. Each ob-
servation will also have its own set of measured and derived
parameters which will be attached to it. Additional sets of
derived parameters can be added when data are re-analysed
in new ways.

Measured parameters are included with a reference to the
measurements leading to the numbers presented. In the cases
where the data are publicly available, two (or more) sets of
measured parameters for the original detection observation
are included: those published in the discovery paper and those
obtained through our systematic re-analysis described here.
A reference is included to make note of the measurement
method.

The signal to noise ratio (S/N), width, and dispersion mea-
sure (DM) for each burst are re-derived using the DESTROY!
single pulse search code, the PSRCHIVE” package and scripts
made publicly available through the FRBCAT github page?.
These numbers have in turn been independently verified us-
ing a python-based fitting routine. For the python-based ap-
proach, a filterbank data block of a few seconds around the
event was extracted. To remove the effects of narrowband in-
terference, frequency channels with abnormally high or low
variance over the data segment were masked. We used the
outlier detection method known as Tukey’s rule for outliers
(see e.g. Chandola, Banerjee, & Kumar 2009). The resultant
data block was then de-dispersed at different trial DM values
using the smallest DM trial step allowed by the original time
resolution of the raw data. In the case of Parkes search-mode
data since 2008, ADM = (0.0488.

Every de-dispersed time series was then separately
searched for pulses. A running median of length 0.5 s was
subtracted to mitigate the effects of low-frequency noise,
then the time series was normalised to zero mean and unit
variance by carefully excluding outlier values (i.e. time sam-
ples containing the FRB signal). Finally, a standard pulse
search algorithm was used, which consists in convolving the
time series with a set of top-hat pulse templates (Lorimer &
Kramer 2004), here with widths covering all values from 1

Thttps://github.com/evanocathain/destroy _gutted
Zhttp://psrchive.sourceforge.net/
3https://github.com/emilypetroff/FRBCAT _analysis
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to 400 time samples, trying to maximise the response:
i+W

1
S/N = ﬁ jgt.,

1

where W is the width in number of bins of the top-hat pulse
template, i the trial starting sample index of the pulse, and
t; the j-th bin of the time series. The maximum S/N value
points to the optimal FRB parameters: DM, pulse width, and
arrival time.

Both the published and re-derived parameters are included
on the page for an individual burst. If available, the re-derived
values are the ones presented on the catalogue homepage to
maintain consistency across the sample where possible, as
some search codes used for the initial discoveries have been
found to under-report S/N (Keane & Petroff 2015).

Values for some of the following parameters for the pub-
lished FRBs are presented in Table 1. Values for cosmologi-
cal parameters, as derived by cosmocaLc (Wright 2006), are
also included in the catalogue.

2.1. Observation parameters
TELESCOPE—Telescope used to take the observation.

RECEIVER—Receiver system on the telescope used to take
observations. At Parkes, the primary instrument is the 13-
beam multibeam receiver (MB20; Staveley-Smith et al.
1996), at Arecibo the 7-beam ALFA receiver (Spitler et al.
2014), and at the GBT the 800 MHz receiver (Masui
et al. 2015).

BAcCKEND—The data recording system used for the ob-
servation. At Parkes, two primary data recording systems
have been used: the analogue filterbank (AFB) and Berke-
ley Parkes Swinburne Recorder (BPSR; Keith et al. 2010).
The Mock spectrometers and the GUPPI backends have been
used at Arecibo and the GBT, respectively.

BEAM—The telescope beam number in which the FRB was
detected. For FRBs detected with single-pixel feeds, this
value is set to 1. For detections with an interferometer, this
may be the number designation of the tied-array beam or fan
beam.

SAMPLING TIME—The length of a time sample for the obser-
vation, in milliseconds. Sampling times between 1 ms and
64 s are common for observations in which FRBs were
detected.

BANDWIDTH—The observing bandwidth in MHz. In the
case of observations using BPSR, the system bandwidth is
400 MHz but the usable bandwidth (after excision of chan-
nels rendered unusable by interference) is 338.281 MHz; the
latter is quoted in this catalogue as it is the relevant number
for calculations of S/N and flux density.

CENTRE FREQUENCY—The centre frequency of the obser-
vation in MHz.
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Table 1. Table of select observation parameters (left) and measured parameters (right) from the catalogue. Discovery observations for
each burst are listed first. Where a re-analysis of the data has been performed for this work, it is presented as a second entry for the burst.
The references are [1] Burke-Spolaor & Bannister (2014), [2] This work, [3] Keane et al. (2011), [4] Lorimer et al. (2007), [S] Champion
et al. (2016), [6] Thornton et al. (2013), [7] (GBT Burst), [8] Spitler et al. (2014), [9] Ravi et al. (2015), [10] Petroff et al. (2015), [11]
Keane et al. (2016). The FWHM for the telescopes include in this table are 15’ (Parkes), 7' (Arecibo), and 16" (GBT). Question marks
denote values that were not specified in the original publication or were not available publicly.

gla gba DM S/N Wobs Speak,obs Fobs
FRB name Telescope (@) ©) (pc cm™3) (ms) Jy) (Jy ms) Ref.
FRB 010125 Parkes 356.641 —20.021 790(3) 17 9.4(2) 0.3 2.82 (1]
790(2) 25 10.6128 0.541041 57729 [2]
FRB 010621 Parkes 25.434(3) —4.004(3) 745(10) - 7 0410 2.870 3]
748(3) 18 8739 0.5310-:26 42152 [2]
FRB 010724 Parkes 300.653(3) —41.805(3) 375 >23 5.0 30(10) 150 [4]
375(2) >100 >20 >1.57 >31.4 2]
300.913(3) —42.427(3) - - - - [4]
375(2) 16 13.0530, 0.2910:18 3747 2]
301.310(3) —41.831(3) - - - - - 4]
375(2) 26 1613 0.5410:2 8.6738 2]
300.367(3) —41.368(3) 375(2) 6 33H)2 0.097503 29724 [2]
FRB 090625 Parkes 226.444(3) —60.030(3) 899.6(1) 28 - - 22 (5]
899.6(1) 30 1.9+08 1.14%42 22121 2]
FRB 110220 Parkes 50.829(3) —54.766(3) 944.38(5) 49 5.6(1) 1.3 7.3(1) 6]
944.38(5) 54 6.6113 11792 7.3136 2]
FRB 110523 GBT 56.12(7) —37.82(7) 623.30(6) 42 1.73(17) 0.6 - (7]
FRB 110626 Parkes 355.862(3) —41.752(3) 723.03) 11 1.4 0.4 0.56 6]
723.03) 12 1412 0.6733 0.9739 (2]
FRB 110703 Parkes 80.998(3) ~59.019(3) 1103.6(7) 16 43 0.5 2.15 (6]
1103.6(7) 17 3.9122 0.451028 17437 2]
FRB 120127 Parkes 49.287(3) —66.204(3) 553.3(3) 11 1.1 0.5 055 (61
553.33) 13 1.279¢ 0.6704 07139 2]
FRB 121002 Parkes 308.220(3) —26.265(3) 1629.18(2) 16 - - 23 (5]
1629.18(2) 16 54133 0431033 23758 [2]
FRB 121102 Arecibo 174.950(2) -0.225(2) 557(2) 14 3.005) 047104 1.2%,¢ (8]
FRB 130626 Parkes 7.450(3) 27.420(3) 952.4(1) 20 - - 1.5 (5]
952.4(1) 21 1.98%32, 0.741049 1.5%23 2]
FRB 130628 Parkes 225.955(3) 30.656(3) 469.88(1) 29 12 5]
469.88(1) 29 0.64(13) 1.9703 1.2%02 [2]
FRB 130729 Parkes 324.788(3) 54.745(3) 861(2) 14 - - 35 (51
861(2) 14 156199 0.221017 34762 2]
FRB 131104 Parkes 260.466(3) —21.839(3) 779(1) 30 2.08 L12 233 91
779(2) 34 24102 1167033 2.8722 [2]
FRB 140514 Parkes 50.841(3) —54.612(3) 562.7(6) 16 2843 047008 1.3433 [10]
562.7(6) 16 2.8270:64 0471019 1.319¢ 2]
FRB 150418 Parkes 232.665(3) —3.235(3) 776.2(5) 39 0.80793 22788 176132 [11]

“Errors in gl and gb refer to the pointing accuracy of the given telescope.
YQriginally incorrectly published as FRB 011025.
¢Originally incorrectly published as FRB 110627.

NUMBER OF POLARISATIONS—The number of polarisations
used to record the total signal.

CHANNEL BANDWIDTH—The bandwidth of the individual
frequency channels in MHz.

BiTs PER SAMPLE—The number of bits recorded for an
individual time sample in the final data product.

GAIN—The telescope gain in units of K Jy~!.

SYSTEM TEMPERATURE—The receiver system temperature
in Kelvin. Throughout this analysis, the Parkes MB20 system
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temperature is taken to be 28 K, as given in the Parkes Tele-
scope Users Guide*. We note that this is up to 5 K higher than
the system temperature used in many publications and that
true system temperature also depends on observing elevation.

REFERENCE—The journal reference for the burst discovery
paper where the event was first reported.

4www.parkes.atnf.csiro.au/observing/documentation/user_guide/
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2.2. Measured parameters

RAJ—The right ascension in J2000 coordinates of the best
estimate of the FRB position. This may correspond to the
pointing centre of the detection beam or the location deter-
mined from an interferometric detection. Error on pointing
accuracy of the telescope is also listed.

DECJ—The declination in J2000 coordinates of the best
estimate of the FRB position. As with RAJ, this is the pointing
centre of the detection beam or location determined from an
interferometric detection. Error on pointing accuracy of the
telescope is also listed.

gl—The Galactic longitude, in degrees, of the best estimate
of the FRB position.

gb—The Galactic latitude, in degrees, of the best estimate of
the FRB position.

POSITIONAL UNCERTAINTY—This parameter serves as the
best estimate of the positional uncertainty of the burst as a
detection is most likely to lie within this area.

DM—The DM of the FRB in units of cm™ pc. The inte-
grated electron column density along the line-of-sight to the
burst obtained either with a pulse fitting algorithm or by the
search code. For bursts with a published DM produced with
a detailed fitting code such as the one described in Thornton
et al. (2013), this DM is used throughout the re-analysis.

S/N—The S/N of the burst.

Wops—The observed width of the FRB in ms obtained either
with a pulse fitting algorithm or by the search code. The width
reported here is not the intrinsic width.

Speak,ops—1he observed peak flux density of the burst
in Jy calculated using quantities above via the single pulse
radiometre equation (Cordes & McLaughlin 2003). Note that
this flux density is derived from observed values and is not
necessarily the true peak flux density that would be measured
if the burst occurred at beam centre or was perfectly localised,;
this value should be taken as a lower limit on the true flux
density.

Fops—The observed fluence of the FRB in units of Jy ms
calculated as F, = S,cq obs X Wops- Again, the observed flu-
ence should be taken as a lower limit on the true fluence due
to the likely off-axis detection or imperfect localisation of

the burst.

DM INpDEX—The DM index of the burst « such that DM
v~ obtained with a pulse fitting algorithm. The DM index
for the propagation of waves through a cold plasma is o« = 2
(Lorimer & Kramer 2004).

SCATTERING INDEX—The evolution of pulse width as a
function of frequency due to scattering such that W oc v
obtained with a pulse fitting algorithm. The index for the
propagation of radio waves through an inhomogeneous tur-
bulent medium is 8 = 4 (Lorimer & Kramer 2004).
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SCATTERING TIME—A measure of the fluctuations in elec-
tron density along the line-of-sight contributing to scattering
of the pulse obtained with a pulse fitting algorithm. The num-
ber presented in the catalogue is the scattering time for aradio
pulse at 1 GHz in ms. Scattering time scales with frequency
as T(v) = 1, (v/v,)~#, where 7, and v, are at the reference
frequency and B is the scattering index.

LINEAR POLARISATION FRACTION—If polarised data were
recoreded for the FRB, the fractional linear polarisation is re-
ported with errors. The total linear polarisation is the quadra-
ture sum of Stokes Q and U such that /Q? + U2?/I.

CIRCULAR POLARISATION FRACTION—If polarised data
were recorded for the FRB, the fractional circular polari-
sation is reported with errors. The total absolute value of
circular polarisation is given by |V|/I.

Zpho—Photometric redshift of host galaxy, if available.

Zpec—pectroscopic redshift of host galaxy, if available.

spec

2.3. Derived parameters

DM 41 axy—The modelled contribution to the FRB DM by
the electrons in the Galaxy. The Galactic DM contribution is
derived using the NE2001 Galactic electron density model
(Cordes & Lazio 2002) and should be taken as an estimate
as the free electron content of the Galactic halo is not well
constrained (Dolag et al. 2015).

DM crss—The DM excess of the FRB over the estimated
Galactic DM. This is calculated as DM = DMpgzp —
DMGalaxy'

z—The estimated redshift of the FRB based on DM, ...
The redshift is calculated as z = DM,,,/1200 pc cm™3
from estimates of the intergalactic medium (IGM) electron
density from Ioka (2003). This relation approximates the full
expression to better than 2% for z < 2. This uncertainty is
much less than the line-of-sight variation expected (McQuinn
2014). This value for redshift assumes that any host galaxy
or surrounding material contributes nothing to the DM and
should be taken as an approximate upper limit on the true
redshift.

EXCESS

Domov—Comoving distance in units of Gpc derived using
the cosmology calculator CosmoCalc (Wright 2006). One
should note that this parameter is highly uncertain as, unless
an independent redshift measurement is made for an FRB,
the comoving distance depends on models of electron density
in the Galaxy and IGM as well as the chosen cosmological
parameters.

D; yminosity—Luminosity distance in units of Gpc calcu-
lated as D = Doy % (1 4+ z). Again, this value is an up-
per limit based on the upper limit on redshift and comoving
distance.
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> Swinbume Puisar Group > FRBCAT

FRB Parameters Cosmological Parameters
Name FRBO01012§ Omegapm 0.286
uTc 2001-01-25 00:29:14
Ho 69.6
Notes: Omegayac 0.714

= Incorrectly published as FRB 011025. [E. Petroff 2015-10-19)

Calculation Method: Wright (2006, PASP, 118, 1711)

Radio Observation at Parkes
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ab® -20.021(3) [deg)

Figure 1. Example of the beginning of an FRB entry on the catalogue webpage. Telescope-specific observation
parameters have been separated from the measured parameters measured from the available data. Where the
data have been re-analysed for the catalogue multiple measurement methods are available.
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ENERGY—The estimated FRB energy in units of 10°? joules
calculated as

Epg =F,

obs

BW D; x 107 (1+72) 7, ()

where fluence is in units of Jy ms, bandwidth is in units of
Hz, D, is in units of metres, and 1072’ is a conversion factor
between Jy ms and joules. The equivalent conversion factor
from Jy ms to ergs is 10722,

3 HOW TO USE THE CATALOGUE

The catalogue can be viewed on the web or downloaded as a
plain text file for use offline. The homepage of the catalogue’
presents all the FRBs with a few key parameters: telescope
name, g/, gb, FWHM, DM, S/N, W ., Spcu obs» Fobs» and
reference. For each burst, there is a detailed page containing
all the parameters described in Section 2. Individual pages
for the bursts contain relevant images and figures such as
the dispersion sweep for the burst, polarisation (if available).
Images are also available for download from the catalogue
page and links to the publicly available data are given on
individual burst pages.

Cosmological parameters such as D ,yoys Dyyminositys 20d
Energy are derived on-the-fly using the Cosmology Calcu-
lator module from Wright (2006) with the input parameters
displayed on the individual burst sub-pages. Inputs for €2,
2 ,, and H, can be modified on the catalogue webpage; de-
fault values are Q); = 0.286, Q. = 0.714, and H, = 69.6,
Figure 1. Updating these numbers will automatically update
the calculated values of comoving distance, luminosity dis-
tance, and energy.

Alternatively, the catalogue can be downloaded either in
CSV, tabular plain-text, or VOTable format from the cata-
logue homepage. The file generated will have all information
contained in the most recent version of the online catalogue.
If derived and measured parameters for a burst have been
derived using multiple methods (i.e. values from publication
and re-analysis), all methods will be included in the down-
loaded table with the appropriate reference. The value used
in any studies of the bursts is the choice of the user.

3.1. Future plans

Currently the total number of FRBs is small, however, a large
population boom is expected as FRB-finding initiatives such
as the ALERT project at the Westerbork Synthesis Radio
Telscopeﬁ, UTMOST’, and CHIMES?, as well as many oth-
ers, come on-line. The catalogue is well-equipped to deal
with this influx and can accommodate a large number of
bursts. At present, the catalogue is maintained and updated
by the authors. In the event of a new burst, there is currently

Shttp://www.astronomy.swin.edu.au/pulsar/frbcat/
Shttp://www.alert.eu.org/
"http://astronomy.swin.edu.au/research/utmost/
8http:/chime.phas.ubc.ca/
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no method for external users to upload new events. In the
near future, the catalogue will also have the functionality
to automatically ingest new bursts in the form of VOEvents
from trusted users and be fully VO compatible, i.e. capable
of accepting and issuing VOEvents for new FRBs. The cata-
logue will continue to be curated and managed by the authors
for the lifetime of the catalogue, or as long as it continues to
be of use to the community.

4 CLOSING REMARKS

In this paper, we present the FRBCAT, an online catalogue of
FRBs. This catalogue includes all bursts currently available
in the literature and will be updated as new bursts are pub-
lished in the future. The catalogue presents an overview of
all bursts on the main page but also includes a page for each
individual burst with a number of parameters that describe
the observational setup, the observed burst properties, and
model-dependent cosmological parameters. Additionally, all
bursts for which the data are public have been re-analysed
using a standardised method in an effort to make detections
more consistent and directly comparable. The tools for our
re-analysis have been made available through github and the
data can be processed with freely available software pack-
ages and processing tools. It is our hope that data for all
future bursts will be made public upon publication and this
catalogue will encourage communication and collaboration.
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