4'h URSI AT-RASC, Gran Canaria, 19 — 24 May 2024

Searching for Fast Radio Transients with FAST

D.J. Zhou", J. L. Han*()(?) Bing Zhang®®), and W. W. Zhu() ()

(1) National Astronomical Observatories, Chinese Academy of Sciences, Beijing 100101, China, hjl@nao.cas.cn
(2) Key Laboratory of Radio Astronomy and Technology, Chinese Academy of Sciences, Beijing 100101, China
(3) Nevada Center for Astrophysics, University of Nevada, Las Vegas, NV 89154-4002, USA
(4) Department of Physics and Astronomy, University of Nevada, Las Vegas, NV §9154-4002, USA
(5) Institute for Frontiers in Astronomy and Astrophysics, Beijing Normal University, Beijing 102206, China

Abstract

This paper summarizes our efforts on the fast radio tran-
sient searches by the Five-hundred-meter Aperture Spheri-
cal radio Telescope (FAST), which was realized by an ef-
ficient GPU-based single-pulse searching pipeline and the
artificial intelligence detection technology. We discovered
more than 100 Galactic rotating radio transients (RRATS)
and 5 extragalactic fast radio bursts (FRBs) in the survey
data from FAST. We have also observed known RRATSs
with the FAST, obtained many high signal-to-noise ratio
pulses, and confirmed that RRATSs are typically weak or
nulling pulsars. In addition, thousands of bursts of some
repeating FRBs have been detected with our newly devel-
oped pipeline, and we did statistics on the parameters of
these sources. Our supersensitive observations contribute
to a deeper understanding of RRATs and FRBs.

1 Introduction

Rotating radio transients (RRATSs) are a type of neutron
star within the Milky Way discovered through single-pulse
search techniques [1]. Their rotational periods, obtained by
solving for the arrival times of detected sporadic pulses, are
comparable to those of typical pulsars, classifying them as
a subtype of pulsars. Before our observations by the FAST,
only a limited number, around 160, of RRATs had been
found. The sporadic nature of their radiated pulses has re-
stricted our in-depth understanding of these objects.

Fast radio bursts (FRBs) represent another significant class
of radio transient sources discovered through single-pulse
search techniques [2]. Their large dispersion measures
(DM), much excessing than the possible contributions from
the Milky Way, indicate their extragalactic origin. The ex-
act emission sources of FRBs and radiation mechanisms re-
main unknown. They are categorized into one-off sources
and repeaters based on the presence of already-detected re-
peated bursts. Furthermore, FRB bursts exhibit the com-
plexity of pulse characteristics, including narrow-band ra-
diation, frequency drifting of radio emission, and large pe-
riodic radiation windows in some FRBs.

The search for millisecond-duration fast radio transients
and the subsequent monitoring using high-sensitivity tele-
scopes are crucial steps to understand the occurrences and
possible physical laws governing the emission of RRATSs
and FRBs. The supersensitive Five-hundred-meter Aper-
ture Spherical radio Telescope (FAST)[3], with a 19-beam
L-band receiver, is a great tool to study the transient uni-
verse in radio waves, including the discovery and monitor-
ing of weak pulsars1 [4, 5], RRATs [6], FRBs [7-9]. In
the following sections, we briefly introduce the pipeline for
searching fast radio transients (Section 2), the discovered
new transients by the pipeline (Section 3), the observation
results of known transients by FAST (Section 4). Conclu-
sions are given in the Section 5.

2 Singlepulse Search Pipline

To promptly and efficiently process the extensive data from
the FAST sky survey observations, we developed a code
to do de-dispersion and generate DM-time images in GPU.
The main de-dispersion range is from 3 pccm™ to 1000
pcem 3 with a step of 1.0 pccm ™3, and plotting DM-time
images for every 4 s, that processes one image in only about
0.25 s in one node of the FAST computing cluster. This fast
search strategy is suitable for searching Galactic fast radio
transients, like RRATS, but for a source with a larger DM,
we expend the de-dispersion range of 900 — 10000 pccm .
To enhance the detection of narrowband bursts, or bursts
with a steep-spectrum or scintillation, we apply frequency-
dependent de-dispersion strategies. Down-sampling data
and median filtering have been applied to create the im-
ages, which accelerate the computation and also improve
the signal detection.

For searching the distinctive features of real transients in the
DM-time images, we use the YOLO object detection tech-
nology, which is developed in the Darknet? neural network
framework. The features of all detected bursts are outstand-
ing in the waterfall plots, and it is relatively easy to iden-
tify a real transient. Comparisons with known pulsars or

"Pulsar lists of GPPS survey: http://zmtt.bao.ac.cn/GPPS/
and CRAFTS: http://groups.bao.ac.cn/ism/CRAFTS/202203/
£20220310_683697 .html.
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Figure 1. The flowchart for our single pulse search pipeline [6].

RRATS helped on the classification of all kinds of sources.
For the newly detected sources, we always attempt to deter-
mine the possible periods of bursts.

Figure 1 shows the flowchart for our single pulse search
pipeline. Compared to other methods, our approach excels
in speed and also accuracy. It efficiently filters false sig-
nals, produces minimal intermediate files, and is versatile
for both targeted observations and large surveys.

3 New Discoveries

3.1 New RRATSs

We utilized our search pipeline to the FAST data of the
Galactic Plane Pulsar Snapshot (GPPS) survey and discov-
ered over 100 RRATS. [5, 6]. They have been classified into
three groups: standard RRATSs exhibiting discrete single-
pulse radiation, extreme nulling pulsars, and weak pulsars
with sporadic bright pulses. Due to limited observation
time and a relatively low burst rate, over one-third of the
sources have not yet found the periods.

3.2 New FRBs

Five new FRBs were also discovered from the GPPS survey
data via our search pipeline[9], no repeating bursts from
these FRB sources have been detected in the many follow-
up monitoring observations, leading to their classification
as potential one-off events. All FAST one-off FRBs, in-
cluding those reported by other FAST projects such as the
CRAFTS project [7, 8], have remarkably low peak flux den-
sities and fluences. However, they have substantial excess-
ing DMs (DMg) (see Figure 2).
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Figure 2. Basic parameters for FRBs discovered by FAST
in the GPPS survey (solid star) and the CRAFTS (hollow
star) [7-9] and for other known one-off events (cross),
those mostly searched by CHIME [10].



4 FAST Observation of Known Sources

4.1 Known RRATSs
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Figure 3. The distribution for the period and mean flux
density of the newly discovered transients in GPPS survey
(red), compared with the known RRATS (blue) and the other
pulsars in the GPPS survey (gray)[5]. The right panel is
the probability density function (PDF) for the mean flux
density.

Sensitive observations of known RRATSs can help to un-
derstand the enigma of RRATs. We observed 59 known
RRATsS using the FAST [6], detecting signals from 48 of
them, improved the parameters of 28 RRATs. Importantly,
a comprehensive analysis of folded single pulse shapes, en-
ergy distributions, and polarization reveals that these known
RRATs either exhibit characteristics typical of weak pulsars
or are nulling pulsars.

Comparing the periods and mean flux densities of newly
discovered RRATs with those of known RRATs (Figure 3),
the mean flux densities of these new sources are much lower
than those of the known RRATSs and even the GPPS pulsars,
and there is no significant difference in period distribution
between the new RRATSs and the known RRATS.

4.2 Known FRBs

Our search pipeline has also been applied to process
FAST’s FRB data, resulting in the detection of thousands
of bursts of repeating FRBs. Our program identifies numer-
ous weak bursts that were overlooked by other search algo-
rithms. Utilizing this sample of bursts observed by FAST,
we conducted in-depth studies on repeating FRBs, mea-
sured the parameters of all bursts and explored morphology
classifications [11]. Our colleagues have also analyzed the
periodicity, polarization, and energy distribution, as well as
investigating the correlation between FRB-like bursts and
radio pulse from SGR J1935+2154 [12-19].

5 Discussions

Through systematic searches for radio transients from ob-
servational data by the super-sensitive FAST telescope,
many known RRATS are confirmed as being typical weak

or nulling pulsars [6]. We also discovered a large num-
ber of faint RRATs. Simply looking at the fraction of
such RRATS, that is about 5% of previously known pulsars,
we have found many more RRATSs than expected, roughly
about 15% in the GPPS survey products. This large in-
crease in the fraction indicates that many radio transient
radio sources in our Galaxy have been missed in previous
surveys. The new approach and the telescope sensitivity are
key to reveal this hide population of neutron stars.

About the unknown origin and radiation mechanisms of
FRBs, the sensitive polarization of repeated FRBs and the
discovery of faint FRBs by the FAST will improve our un-
derstanding of the burst features and FRB population.

We will continue our work by using our pipeline to process
data of FAST observations and will have more discovery of
radio transients.
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