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Abstract

The SPOTLIGHT project is a commensal survey for Fast
Radio Bursts (FRBs) and pulsars at the GMRT. It aims to
leverage the high sensitivity and large frequency coverage
of the GMRT to detect and localise hundreds of FRBs. In
order to facilitate this, we are developing a multi-beam
FRB detection pipeline, which will efficiently utilise
SPOTLIGHT’s PetaFlops of compute capacity to
automatically search through GigaBytes of data per
second to search for FRBs in real-time. We are also
working on a real-time injection system that can inject
simulated FRBs directly into data flowing in from the
telescopes. This allows us to test the robustness and
completeness of our pipeline, with respect to the FRB
parameter space.

1. Introduction

Fast radio bursts (FRBs) are transient sources in the radio
sky, radiating on timescales of the order of a few
milliseconds. Their emission is bright (Tz = 10*® K for
typical parameters), wideband (110 MHz [1] to 8 GHz
[2]) and coherent. Their dispersion measures (DMs;
defined as the column density of electrons along the line
of sight) indicate that these are extragalactic sources, and
this has been confirmed via localisation of these sources
to their respective host galaxies [3, 4, 5]. Following the
serendipitous discovery of FRBs in 2007 [6], we have
detected more than 700 of them (787; as per the Transient
Name Server). While most of them have been one-off
events, a minor fraction (~6%; from the TINS) repeats.
The first such repeating FRB was detected in 2012, at 1.4
GHz at Arecibo [7]. Now, more than 50 such FRBs are
known.

Due to their short timescales, it is well established that an
FRB’s emission region(s) must be compact. This has led
to the suggestion of neutron stars, more specifically
magnetars, as their progenitors. The discovery of the first

Galactic FRB was associated with a magnetar [8], further
bolstering this claim. In order to study the emission
environment and progenitors of these sources, it is
important to localise them to their host galaxies, which
requires an accuracy of a few arcseconds or better.
However, telescopes leading the discovery of these
sources have low localisation accuracy and wide FoVs;
for instance, the CHIME telescope has an FoV of 120° x
2°, but its localisation accuracy is only a few arcminutes.
On the other hand, interferometers are good at localising
sources up to a few arcseconds, but have very narrow
FoVs. Thus, the idea of commensal surveys has gained
traction in recent years, wherein one can search for FRBs
and other sources any time the telescope is operational.
This is done by constructing a dedicated parallel backend
that can be used to search for such sources in real time.
Examples of such surveys are CRAFT at the ASKAP [9],
MeerTRAP at the MeerKAT [10, 11], and realfast at the
VLA [12]. In order to further increase their survey speeds,
many of these telescopes have come up with ways to
increase their FoV, either via hardware (for example, by
using phased array feeds at the ASKAP [13]), or via
software (for example, by using tiled beams at the
MeerKAT [14]).

2. The SPOTLIGHT project

Motivated by the above, we started working on the
SPOTLIGHT project (Survey for sPoradic radiO bursTs
via a commensaL,, multIbeam, GPU-powered HPC at the
GMRT). This is a commensal survey for FRBs, pulsars,
and other sources using the Giant Metrewave Radio
Telescope (GMRT). In order to increase our FoV, we will
be forming 2000 beams on the sky, giving us an FoV of
~1 deg® at 400 MHz. Each of these beams will be a
post-correlation phased array beam [15], which boosts our
sensitivity, and makes us more resistant to RFI and
systematics. We will cover a frequency range of 300 MHz
to 1460 MHz, which covers 96.5% of time allotted at the
GMRT, based on data collected since January 2020. A
backend consisting of 60 Rudra servers, and 90
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Figure 1: Flowchart demonstrating the entire SPOTLIGHT system. It consists of 3 clusters. The second cluster houses the
transient detection system discussed in this paper. Upon detection, triggers are generated, which result in the dumping of

beamformed data, baseband data,and visibilities, to the 2 PB storage.

NVIDIA A100 GPUs, capable of computing at a rate of
~1 PetaFlops, will be used to search for FRBs in real time.
A flowchart of the entire system can be seen in Figure 1.

3. SPOTLIGHT’s FRB detection pipeline

The multibeam FRB detection pipeline being built for
SPOTLIGHT consists of the following stages:

1. Dedispersion: As the FRB signal travels through
ionised gas (or plasma) present along the line of
sight, different frequencies travel at different
speeds, which disperses the signal. The
dispersion measure (DM) is a measure of this
effect, defined as the column density of electrons
along the line-of-sight. The effect this has on the
data is undone via a process known as
dedispersion. However, since the amount the
signal is dispersed is not known a priori,
dedispersion is done at many different trial DM
values.  This  involves  collapsing  the
frequency-time intensity data, also known as the
dynamic spectrum, into a time series, taking
into account the frequency-dependent delays for
each DM value. For dedispersion, we leverage a
GPU-optimised algorithm [16] from the
AstroAccelerate software package.

Single pulse search: We then search each time
series for single pulses by match filtering the
signal with boxcars of varying widths. This
generates a list of candidates. The
AstroAccelerate software package also
provides a GPU-optimised, single pulse search
algorithm [17], which is integrated into our
pipeline.

Clustering: The number of candidates generated
can be anything from a few hundreds to a few
millions, with many of them being spurious.
Thus, we cluster candidates in the DM-time
plane as well as in the RA-Dec plane for multiple
beams, reducing the number of candidates by a
few orders of magnitude.

Feature extraction + classification: The
dedispersed dynamic spectrum and the DM
transform (DMT) are characteristic features of
FRBs which can be used to distinguish them
from RFIL. candies, a GPU-optimised feature
extraction program for FRBs, extracts these
features from the beam data around the times of
arrival of each of the candidates and their
estimated DMs. The extracted features are
analysed by FETCH - a CNN-based binary
classifier - to classify each candidate as an FRB
or an RFL. candies has been proven to



improve the results of FETCH because of certain
feature enhancements it does compared to a
previously used feature extraction software,

your (see Figure 2).

Several of the programs used in the SPOTLIGHT pipeline
have already contributed to science results from the
GMRT; for instance, candies has helped in the
detection of 135 bursts from FRB 240114A, the analysis
of which has been recently submitted to ApJ, and is
available as a preprint on the arXiv [19].
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Figure 2: A plot generated by candies for a
simulated FRB injected into GMRT data using
arachne. The inset shows the plot of the DMT
generated by your, the software used previously for
the same task. candies optimises the way the DMT
is formed, helping EETCH classify FRBs correctly.

4. Real-time injection of FRBs at the GMRT

In order to test our pipeline, we have developed a code for
injecting simulated FRBs into GMRT data in real time,
known as arachne. arachne reads in data from a ring
buffer, injects one or multiple simulated FRBs into it, and
writes it out to another identical ring buffer. This is the
ring buffer from which the pipeline then reads the data
from. This allows us to inject FRBs while precisely
varying their parameters, such as their DM, width,
emission bandwidth, scattering timescales, number of
components, etc. arachne also allows injecting an FRB
at any point in time, and injecting multiple FRBs at once.
An example of an injected FRB can be seen in Figure 2.
Injecting a variety of FRBs in such a manner helps in
testing both the robustness of the pipeline, as well as its

completeness with respect to the FRB parameter space.
Completeness is defined as the fraction of the entire FRB
parameter space that can be successfully detected by a
survey, and is often estimated via injecting a high number
of simulated FRBs, and analysing them using the survey’s
pipeline [20, 21, 22]. We aim to use arachne for
carrying out a similar study for SPOTLIGHT’s
multi-beam pipeline.
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