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Rapid response radio follow-up Anderson et al.

Rapid-response triggering is when a telescope is able to automatically respond to
an external or internal astronomical transient alert, causing it to rapidly repoint at
that position in the sky to catch its earliest radio emission. Both SKA-Low and
SKA-Mid will have the ability to perform rapid-response triggering observations
on externally detected transients as well as those detected within the data streams.
We first give a brief overview of those radio instruments with active rapid-response
observing modes. We then describe the different science cases motivating the
need for this observing capability on SKAO and how the additional sensitivity
afforded by the SKAO will enable us to answer fundamental questions relating
to particle acceleration, transient central engines, coherent emission models and
outflow physics in astrophysical systems spanning the range from the Sun to the
high redshift Universe. Several suggestions relating to existing technologies and
necessary SKAO system requirements are described. Through this chapter, we
aim to ensure this is an existing, common and useful capability for the SKA
Observatory.
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1 Introduction

Rapid-response triggering is an operational mode that enable telescopes to automatically and rapidly
repoint and begin observing an astronomical event upon receiving a alert. Such an alert could be
broadcast by dedicated instruments that search for astronomical transient signals or be internally
generated when a transient is detected within a telescope’s own datastream, providing an internal
trigger for a different observing mode. Some of the first automated transient alerts were of gamma-
ray bursts (GRBs) detected by the Burst And Transient Source Experiment (BATSE; Fishman
et al., 1994) transmitted via BACODINE, the Real-Time BATSE Gamma-Ray Burst Coordinates
Distribution Network system (Barthelmy et al., 1995). This set the scene for GRBs to be the
main target for rapid follow-up experiments, which were crucial for localising multi-wavelength
counterparts (e.g. van Paradijs et al., 1997), enabling the confirmation of their extragalactic origin
and likely progenitors. As more high-energy missions were launched and multi-messenger facilities
built, transient alert networks have expanded to ensure rapid and global dissemination. BACODINE
evolved into NASA’s General Coordinates Network (GCN),! which transmits transient alerts over
a Kafka? client from a plethora of missions, including (but not limited to) the Neils Gehrels Swift
Observatory (hereafter Swift; Gehrels et al., 2004; Barthelmy et al., 2005), the Fermi Gamma-
ray Space Telescope (hereafter Fermi; Atwood et al., 2009; Meegan et al., 2009), Einstein Probe
(Yuan et al., 2022), the Space-based multi-band astronomical Variable Objects Monitor (SVOM:
Gonzalez and Yu, 2018), LIGO/Virgo/KAGRA (Abbott et al., 2020, LVK;), and the IceCube
Neutrino Observatory (Aartsen et al., 2017a).

Meanwhile, all-sky optical transient surveys including, Sloan Digital Sky Survey-1I Supernova
Survey (Sako et al., 2008), Pan-STARRS (Kaiser et al., 2010), the (intermediate) Palomar Transient
Factory (PTF; Rau et al., 2009; Law et al., 2009; cao; Masci et al., 2017), Zwicky Transient Facility
(ZTF; Bellm et al., 2019), SkyMapper (Scalzo et al., 2017), the All-Sky Automated Survey for
Supernovae (Kochanek et al., 2017), and the Gaia Science Alerts project (Hodgkin et al., 2021)
have revolutionized optical transient discovery and alert dissemination. These techniques have
paved the way for transient alert Brokers, which are now managing the overwhelming number of
transients detected nightly by the Rubin Observatory® Legacy Survey of Space and Time (LSST;
Ivezié et al., 2019, see Section 5.1 for further details on the Brokers).* All of these missions provide
amazing and diverse opportunities for studying the very earliest physics of astronomical transients
via rapid-response follow-up with SKAO.

While optical and X-ray rapid-response follow-up of transients is common (e.g. Swift performs
automatic follow-up of GRBs using the onboard X-ray Telescope (XRT) and Ultra-violet Optical
Telescope (UVOT), Burrows et al., 2005; Roming et al., 2004), few radio facilities have participated
in similar observing campaigns, likely due to their paucity and historical lack of sensitivity. The
first rapid-response experiment was conducted with the Cambridge Low Frequency Synthesis
Telescope (CLFST) in the 1990s, which triggered on BATSE-detected GRBs at 151 MHz to search

Thttps://gcn.nasa.gov/

Zhttps://kafka.apache.org/

3https://rubinobservatory.org/
“https://rubinobservatory.org/for-scientists/data-products/alerts-and-brokers
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for associated prompt radio emission (Green et al., 1995; Dessenne et al., 1996). However, it was
the discovery of fast radio bursts (FRBs; Lorimer et al., 2007) that re-inspired rapid-response radio
experiments after those conducted with CLEST (e.g. Bannister et al., 2012; Palaniswamy et al.,
2014; Kaplan et al., 2015) as many models suggest these mysterious transients could be associated
with GRBs (Rowlinson and Anderson, 2019). In 2012, higher frequency (15 GHz) rapid-response
triggering began with the Arcminute Microkelvin Imager Large Array (AMI-LA; Zwart et al.,
2008) based in Cambridge in the UK. This program used AMI-LA to trigger automatic follow-up
of Swift GRBs (Staley et al., 2013). The AMI-LA Rapid-Response Mode (ALARRM; Staley et al.,
2013; Anderson et al., 2018a) program could be on target within minutes, only constrained by its
slew speed, resulting in the detection of GRB reverse shock evolution (Anderson et al., 2014), the
first unbiased radio catalogue of GRBs from minutes to weeks post-burst (Anderson et al., 2018a),
the detection of a radio flare that was simultaneous with a Swift-detected high-energy (X-ray and
v-ray) superflare from a local M dwarf star (Fender et al., 2015), and radio flares associated with
X-ray binary outbursts (Bright et al., 2020; Fender et al., 2023). These historical programs have
inspired SKAO precursors to be equipped with rapid-response capabilities. As a result, this mode

of operation also forms part of the SKAO design baseline.’

In this chapter, we describe the
radio telescopes that are currently operating a rapid-response observing mode and the lessons we
have learned for the SKAO. We also provide science cases for rapid-response triggering with the
SKAO for different source and multi-messenger event types, recommending SKAQO rapid-response
observing strategies and synergies. Finally, we describe the current triggering technology and

landscape.

2 Current radio telescopes with rapid-response capabilities

For the purposes of this chapter, we classify a radio telescope (operating within the SKA-Low
and SKA-Mid frequency range) as having a rapid-response capability if its response to an alert
causes all or part of the instrument to repoint (change its sky position) and/or activates a different
or additional observing mode. We note that while other instruments and programs have searched
for prompt emission associated with GRBs through all-sky monitoring and serendipitous searches,
they are not rapid-response observations so we have not detailed them here. However, please see the
following references for details on some of these programs (Obenberger et al., 2014, 2015; Kuiack
et al., 2021; Shulevski et al., 2022; Curtin et al., 2023, 2024).

21 MWA

The Murchison Widefield Array (MWA; Tingay et al., 2013; Wayth et al., 2018; Tingay et al., 2026)
began rapid-response triggering in 2015 (Kaplan et al., 2015). The MWA’s wide field of view
makes it useful for targeting transients with poor positional localisations (e.g. Abbott et al., 2016;
Kaplan et al., 2016). The theoretical hardware minimum for MWA to repoint with the new MWAX
correlator (Morrison et al., 2023) once a transient trigger has been received is 8-16 seconds, making
it the fastest repointing rapid-response telescope in the world.®. The MWA back-end trigger web

Shttps://www.dropbox.com/scl/fi/4aiatav4gqxh3hwom7901/SKA-TEL-SKO-0001075-
02_DesignBaselineDescription.pdf?rlkey=8qme7b9spoo21s0hlda28liOt&e=1&st=vjyloa2k&dl=0
Shttps://mwatelescope.atlassian.net/wiki/spaces/MP/pages/552435733/MWA+Rapid-Response+Triggering
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services’ are described in Hancock et al. (2019), which accept parameters such as the transient’s
position and the setup of the observation. These include the observing frequencies and whether you
want the full array, sub-arrays or apodising (using a subset of dipoles within each tile). If the target
is in the sky, the MWA scheduler will be automatically updated and begin observations. It will
also select a suitable calibrator source to observe following the triggered observation. There is also
a Sun suppression algorithm that places the Sun within a primary beam null while optimising for
the transient’s position within the primary beam for daytime observing. The triggers can either be
sent directly to the telescope or via the transient alert parsing tool TRACE-T?® (see future details in
Section 5.3). Rapid-response observations can be conducted in the standard imaging mode, which
has a minimum intregration time of 250 ms, and in a voltage capture mode (Tremblay et al., 2015)
with a temporal resolution of 781.25 ns (Morrison et al., 2023). It also has a voltage capture ring
buffer capable of storing 240 s of data for 128 MWA tiles. The best triggering latencies are < 20's
between receiving an alert and beginning the observation, which are demonstrated by the GRB
triggering programs (e.g. Kaplan et al., 2015; Anderson et al., 2021b; Tian et al., 2022a,b; Xu et al.,
2025), with preparation for gravitational wave (GW) events (Kaplan et al., 2016; Hancock et al.,
2019; Tian et al., 2023a). With the added benefit of dispersion delay at low frequencies, MWA can
be on target in time to detect radio signals emitted at cosmological distances (see Section 3.1 for
the GRB and GW science cases).

More recently, MWA can now trigger observations to capture transients associated with solar and
heliospheric phenomena (Patra et al., 2026). For such observations, MWA is pointed at the Sun,
which ensures that the voltage buffer is always filled with solar data, though the data is not recorded.
Only when a solar trigger is received are the buffered voltages dumped to disk. The latter provides
data prior to the arrival of the trigger and partially compensates for the latency of the trigger.

2.2 LOFAR

The Low Frequency Array (LOFAR) has also been performing rapid-response triggering since
the new mode was implemented in 2017. The early triggering strategies enable rapid response
observations using the high band (110-240 MHz) or the low band (30-80 MHz). The triggered
observations can use the full Dutch array, corresponding to 24 core stations and 14 remote stations
(Rowlinson et al., 2019), and could either perform imaging or beamformed observations. With
imaging observations, it is possible to use multiple beam pointing directions to tile out larger sky
areas. The triggering software identifies the optimal calibrator source to be observed following the
triggered observation and conducts various checks such as that the source remains above the horizon
during the observation. Due to software and hardware limitations, the LOFAR rapid response mode
has a response time of 4 — 6 minutes. Thus far LOFAR rapid-response triggering has targeted GRBs
(Rowlinson et al., 2019, 2021, 2024; Hennessy et al., 2023, 2025, see Section 3.1 for the science
case), with preparation for GW events (Gourdji et al., 2023).

In addition to the rapid response mode, LOFAR has Transient Buffer Boards (TBBs) that can be
triggered almost instantly giving up to 5 seconds of the full raw LOFAR data. These data give full
sky coverage, individual antenna data, full time and frequency resolution, giving roughly 200 GB

7https://mwatelescope.atlassian.net/wiki/spaces/MP/pages/24972656/Triggering+web+services
8https://github.com/ADACS-Australia/Trace T2
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per LOFAR station triggered. This mode is typically used for triggering on cosmic rays (e.g.
Schellart et al., 2013) and lightning (e.g. Hare et al., 2020).

LOFAR has undergone a significant upgrade to LOFAR2.0°, which has provided significant im-
provements for the rapid response mode. Firstly, the new system aims to respond to triggers within
1 minute. Secondly LOFAR?2.0 enables simultaneous use of the high and low band antennas or the
use of more antennas to increase sensitivity. Thirdly, LOFAR?2.0 enables simultaneous imaging and
beamformed observations, giving the opportunity to simultaneously search for transient emission
from millisecond duration to hours.

2.3 ATCA

ATCA began performing rapid-response triggering programs in 2017, with the operational mode
outlined in Anderson etal. (2021a). If the targetis in the ATCA observable sky, its repointing latency
is slew-limited, allowing it to repoint within 10 minutes. On receiving a trigger, an appropriate
gain and flux calibrator is selected, with the gain calibrator observed before the GRB position. The
resulting schedule file swaps between the gain calibrator and GRB position, with the appropriate
time span automatically selected based on the current atmospheric conditions. This mode can be
operated using the ATCA 16 cm, 4 cm, 15 mm and 7 mm receivers, which covers a frequency range
of 1 — 20 GHz. With the upgraded correlator BIGCAT,'" each receiver has an 8 GHz bandwidth
(except for the 16 cm receiver, which continues to have a2 GHz bandwidth). The triggers can be sent
to ATCA via the TRACE-T alert parsing tool (see Section 5.3), which are processed by the backend.
Given the arcminute field of view, ATCA rapid-response observations are best triggered on well
localised transients. ATCA rapid-response observations have primarily targeted GRBs detected by
Swift (Anderson et al., 2021a; Chastain et al., 2024), resulting in the earliest radio detections of
GRBs to date (Anderson et al., 2024, 2025; Chastain et al., 2026, see Section 3.2 for the science
case).

2.4 MeerKAT

MeerKAT has a commensal system called MeerTRAP that searches for dispersed coherent tran-
sients, such as FRBs and pulsars. Since 2020, MeerTRAP has been piggybacking on the majority
of observing programs, searching for dispersed coherent transient signals such as FRBs and pulsars.
MeerTRAP operates on observations taken with any of the three receivers (S-band, L-band and
the UHF), summing the incoming data from all MeerKAT dishes to form an incoherent beam that
covers the whole field of view. Coherent beams from a subset of antennas that cover a smaller
field of view, providing a factor of ~ 5 increase in sensitivity to dispersed signals. MeerTRAP
performs a real-time search for single pulses over a range of DMs, which are frequency- and
buffer-size-dependent. Transients are identified in near-real-time via a machine learning classifier,
which generates a VOEvent (see Section 5.4.1) that is sent to the South African Radio Astronomy
Observatory (SARAO) broker. The broker then triggers the transient buffer within 45 seconds of the
transient detection, which dumps its 50 seconds of data capacity (see Caleb et al., 2020; Rajwade

https://www.lofar.eu/wpcontent/uploads/2023/04/LOFAR2_0_White_Paper_v2023.1.pdf
1Ohttps://www.atnf.csiro.au/projects/instrumentation/bigcat/
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et al., 2020, 2022a, 2024; Jankowski et al., 2022, for details on the instrumentation and software'!).
As a result, MeerTRAP has successfully detected and localised new pulsars (Caleb et al., 2022;
Smirnov et al., 2024; Turner et al., 2025; Tian et al., 2025b), Galactic transients (Bezuidenhout
et al., 2022) and FRBs (Rajwade et al., 2020, 2024; Caleb et al., 2023; Jankowski et al., 2023;
Driessen et al., 2024; Tian et al., 2024, 2025a).

Although the intention is for MeerTRAP VOEvents to be disseminated to the larger astronomical
community in the future (Rajwade et al., 2024), the current false positive rate is too high. One issue
that contributes to the high false positive rate is the inaccuracy of DMs in existing pulsar catalogues.
This is particularly a problem with the MeerKAT S-band receiver, where the measured DMs are
often outside the tolerance range and so not recognised as known sources. Another issue is that the
removal of RFI at zero DM can distort the DM sweeps, causing them to be measured at a smaller
value than they truly are. Such issues need to be considered for the SKAO and could be mitigated
by creating an accurate DM pulsar catalogue and then using clustering algorithms on commensally
measured DMs to prevent known sources from being misclassified.

2.5 OVRO-LWA

The most recent addition to radio rapid-response triggering facilities is the Owens Valley Radio
Observatory Long Wavelength Array (OVRO-LWA; Taylor et al., 2012), which is an all-sky (~
20,000 field of view), low-frequency (27-84 MHz) radio interferometer. On receiving transient
alerts via the GCN, OVRO-LWA performs a buffer dump, which lead to searches for prompt radio
emission. The original mode had a 13-second resolution, allowing for image dedispersion searches
for coherent signals from a GRB (Anderson et al., 2018b) and a GW event (Callister et al., 2019).
Their observational set-up now has a new integrated system called Time Machine that triggers
voltage buffer and voltage capture observations on receiving transient alerts with < 10s latency
(Kosogorov et al., 2025). It involves a two-stage buffering system, with the first stage buffer
providing a three-minute look-back time that is optimised for high-speed, low-latency storage,
which is then transferred to the second stage that continues to record and store up to 30 minutes of
data. Once the data is transferred to a long-term storage system, off-line beamforming is performed
in the 55-85 MHz band with a temporal and spectral resolution of 1.3 ms and 0.7 kHz, respectively.
The transient pipeline then searches for dispersed signals up to a DM of 400 pc cm ™3 with a fluence
sensitivity of ~ 100Jy ms. The first GW trigger with Time Machine is presented by Kosogorov
et al. (2026).

3 Gamma-ray bursts and gravitational wave events: a rapid-response case study

GRBs have historically been the main motivation for rapid-response triggering, likely due to the
prompt nature of their gamma-ray emission. GRB progenitors are thought to result from either
massive stellar collapse or from the merger of a binary neutron star (BNS) or neutron star and black
hole (NSBH). They are usually referred to as long or short GRBs, respectively, which is based on
the duration of the gamma-ray emission (Kouveliotou et al., 1993). Further confirmation of short
GRBs originating from BNS mergers was obtained with the near-simultaneous detection of the

https://github.com/fjankowsk/meertrig/
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GW-detected BNS merger GW170817 and the short GRB 170817A (Abbott et al., 2017c,a). The
collapse or merger and subsequent accretion of material onto its central engine drives relativistic
jets that interact with the surrounding medium and give rise to a synchrotron afterglow that is
detected from radio up to TeV gamma-rays. See Chapter Colombo et al. (2026) for further details
on GRB and GW event classification and radio properties and Chapter Castignani et al. (2026) for
the links between radio and high-energy (TeV) gamma-rays. In this section, we motivate rapid-
response triggering on GRBs to search for coherent, prompt radio signals associated with the initial
event and central engine (Section 3.1) and the early synchrotron emission generated by the outflows
(Section 3.2).

3.1 Coherent, prompt radio emission

There are several emission models that predict BNS mergers could emit coherent and prompt radio
signals either just prior, during or following the merger. These signals would be analogous to
FRBs (see Chapter Curtin et al., 2026) and indeed could represent a subset of the FRB population.
For example, the interaction of magnetic fields between the binary neutron stars (Lipunov and
Panchenko, 1996; Piro, 2012; Wang et al., 2016; Metzger and Zivancev, 2016; Cooper et al., 2023)
or the excitation of the surrounding plasma by GWs (Moortgat and Kuijpers, 2003) could give
rise to a prompt pulse. Similarly, radio pulses could be produced by interactions between the
surrounding interstellar medium and accelerated winds (Sridhar et al., 2021) or the relativistic jet
if it is strongly magnetised (jet-ISM interaction; Usov and Katz, 2000). Following the merger a
(quasi)stable, rapidly rotating, highly magnetised neutron star (magnetar) remnant could be formed
that emits dipole radiation, which could be observed as pulses or persistent emission (Metzger et al.,
2011, 2017; Totani, 2013). If unstable, this magnetar would eventually collapse into a black hole,
causing another prompt radio pulse due to magnetic reconnection (Zhang, 2014). Several of these
potential coherent emission vectors are illustrated in Figure 1, taken from Rowlinson and Anderson
(2019), which also provides a good overview of these prompt emission mechanisms. A subset
may also apply to NSBH mergers that launch a jet (see Clarke et al., 2025, for an overview) and
long GRBs. Relativistic outflows from long GRBs can also produce X-ray flares, which may also
generate coherent radio emission if we again assume they are magnetically dominated (Starling
et al., 2020).

Catching prompt, coherent signals emitted by GRBs are best targeted at low frequencies (<
350 MHz) as many of the emission mechanisms are brighter at lower frequencies. There is also
the additional benefit that coherent signals experience dispersion delay, causing tens to hundreds of
seconds delay in their arrival time at low frequencies if they are emitted at cosmological distances.
While this provides additional time for the telescope to repoint at the target, we still require the rapid
dissemination of transient alerts from dedicated facilities (see Section 5). The wide fields of view
of low frequency instruments can also target GRBs with poor localisations like those from Fermi
(e.g. MWA, Tian et al., 2022a). MWA and LOFAR have demonstrated the power of rapid-response
observing modes by placing deep constraints on coherent emission mechanisms from GRBs (An-
derson et al., 2021b; Rowlinson et al., 2019, 2021; Tian et al., 2022a,b; Hennessy et al., 2023,
2025; Xu et al., 2025). In particular, Figure 2 shows the predicted radio emission from two models
assuming an average magnetar remnant was produced (see Rowlinson and Anderson, 2019), taken



Rapid response radio follow-up Anderson et al.

@ biackhole

neutron star

radio flux
"

-10s 0s 10s 100s 1000 s

Figure 1: Figure from Rowlinson and Anderson (2019) that depicts several different scenarios and their
corresponding timescales of coherent emission emitted during a BNS merger.

from Tian et al. (2022a). They show the limits placed by rapid-response observations of GRBs
triggered with both MWA and LOFAR for both the jet-ISM interaction (left) and persistent radio
emission produced by spin-down radiation from a magnetar remnant (right). Indeed, recent results
from LOFAR detected a potential prompt, coherent signal from a short GRB (Rowlinson et al.,
2024) that may have resulted from the collapse of a magnetar remnant into a black hole.

For SKA-Low to target coherent emission mechanism from GRBs at cosmological distances (z >
0.1), the telescope must repoint within 20s (see figure 1 from Hancock et al., 2019) to catch any
signals emitted just prior or during the GRB. Currently the target SKA-Low repointing speed is not
defined in the SKAO baseline documents. However, if SKA-Low can repoint on this timeframe,
Cooper et al. (2023) predict it will be sensitive to pre-merger, coherent radio pulses for 20 to 30
short GRBs per year. Given that a 5 minute observation with SKA-Low will provide a 3¢ limit
< 1x107*]Jy, it will be able to probe all coherent emission for a wide range of possible magnetar
remnants up to z = 2, and either finally detect these signals or influence the refinement of these
models.

Targeting this same prompt emission from GW-detected BNS mergers does afford significant
challenges. Given GW-detected BNS are closer (within 325 Mpc during O5,'? note that GW 170817
was at 40 Mpc) we are unable to rely on dispersion delay to be on target. Even the MWA rapid-
response theoretical lower limit of < 20 s is too slow for an GW alert transmitted within 10 seconds
(Jamesetal., 2019). GW alerts are also notoriously poorly localised (typically tens of square degrees
for 3 detectors), and the mergers themselves may not have their jets beamed along our line-of-sight,
which is the direction we expect most emission to be beamed. Targeting this predicted prompt radio
emission has been explored for multiple SKA-Low precursors (Chu et al., 2016; Kaplan et al., 2016;
James et al., 2019; Tian et al., 2023a). For SKA-Low to detect coherent radio signals emitted at
the moment of merger, it would need to depend on early-warning alerts generated by LVK through
the detection of GWs for the BNS inspiral. With up to 30 seconds warning from the inspiral, James

PZhttps://www.ligo.caltech.edu/page/observing-plans
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Figure 2: Constraints on coherent radio emission models from rapid-response observations of GRBs with
MWA and LOFAR. Left: Fluence prediction of a pulsed radio signal produced by the jet interacting with the
ISM assuming a magnetar remanant with average parameters is produce (grey region). Right: Flux density
prediction of persistent radio emission produced by the spin down of a magnetar remnant (grey region).
These Figures were adapted from Tian et al. (2022a).

et al. (2019) demonstrated that observations up to 300 MHz with the MWA rapid-response mode
could be on target to detect prompt signals emitted at the time of merger. Other options include
whole sky transient monitoring (e.g. AARTFAAC and OVRO-LWA; Kuiack et al., 2021; Shulevski
etal., 2022; Callister et al., 2019; Kosogorov et al., 2025, 2026) or shadowing of the LVK network’s
highest probability sensitivity region (e.g. MWA; Tian et al., 2023a), all of which may trigger a
buffer dump on receiving a GW alert, obtaining up to several minutes of look-back time. SKA-Low
would also need to use subarraying and potentially apodising to create multiple beams to cover
large sky area of the highest sensitivity regions provided by LVK, which has been explored for both
MWA (see Figure 3; Tian et al., 2023a) and LOFAR (Gourdji et al., 2023).

While lower frequencies offer the benefit of dispersion delay, higher frequency (> 350 MHz) rapid-
response triggering has the advantage of probing radio emission at points when the environment
may have been opaque to low frequency emission due to e.g., free-free absorption, synchrotron
self-absorption, or induced Compton scattering (Zhang, 2014; Rowlinson and Anderson, 2019).
Additionally, there are models that predict ~ 10-20 GHz radio emission prior to compact object
mergers due to electromagnetic flares interacting with the orbital current sheets (Most and Philip-
pov, 2020, 2022, 2023). Our current best limits on prompt emission at higher frequencies come
from serendipitous simultaneous radio coverage of GRBs, GWs and FRBs. For example, the Cana-
dian Hydrogen Intensity Mapping Experiment (CHIME) has placed constraints on radio emission
between 400 to 800 MHz associated with GRBs (Curtin et al., 2023, 2024), resulting in one of
the best current constraints of less than ~kJy on a coherent radio pulse from a short GRB (Curtin
et al., 2024). Several investigations have also looked for high-energy (Cunningham et al., 2019;
Gourdji et al., 2020) and gravitational wave (Abbott et al., 2023) associations with known FRBs,
placing limits on both types of counterparts. The only tentative association between a BNS merger
and FRB was reported for GW190425 and CHIME FRB 20190425A by Moroianu et al. (2023),
however, further modelling suggests this is a chance coincidence (Bhardwaj et al., 2024).
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Figure 3: Figure adapted from Tian et al. (2023a) showing the proposed MWA primary beam coverage
(magneta contours) if the array were split into 4 subarrays positioned to best cover the high sensitivity region
of the LVK network as projected on Earth (colour scale). The position of the MWA is shown by a red star,
with the position of the highest LVK sensitivity over the Indian Ocean marked by a red cross.

SKA-Mid will probe orders of magnitude fainter radio emission, though with the key challenge
of requiring a fast trigger time. At frequencies such as 10 GHz, sub-second triggering would be
required to catch simultaneous radio emission, an unrealistic trigger time for SKA-Mid given the
~minutes required to re-point the Australian SKA Pathfinder (ASKAP; Hotan et al., 2021) and
MeerKAT. At more modest frequencies such as 1 GHz, re-pointing would need to occur on the
timescale of second(s), which will likely only be possible for a small subset of sources. Dobie et al.
(2019) and Wang et al. (2020) investigated the feasibility of using rapid-response triggering with
ASKAP to catch coherent radio signals emitted at the moment of a BNS mergers at 888 MHz. They
suggested using a fly’s eye mode capable of covering ~ 1000 deg? of the LVK BNS localisations,
and relying on early-warning alerts from the inspiral, however, the detection rates would still be
extremely low. Instead, SKA-Mid’s strength will likely lie in detecting coherent emission associated
with the merger remnant within a few hours post-burst (e.g. Totani, 2013; Falcke and Rezzolla, 2014;
Zhang, 2014; Rowlinson et al., 2019).

3.2 Synchrotron radio emission

When the relativistic jet is launched by a GRB, it produces a multi-wavelength afterglow as
predicted by the Fireball model (Piran, 1999), which describes the generation of multiple synchrotron
components caused by the outflow expanding into the circumburst medium. This includes a
forward shock component, which takes weeks to peak in the GHz radio band. A reverse shock is
also generated, which propagates back into the post-shocked ejecta, giving rise to a much faster
evolving synchrotron component. The reverse shock emission usually fades below detectability
within seconds to minutes at X-ray and optical wavelengths but takes hours to a few days to peak
at radio GHz frequencies (e.g. Anderson et al., 2014; van der Horst et al., 2014). This makes the
radio band the most viable way of detecting the GRB reverse shock emission, which can provide
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direct insight into the outflow composition and magnetisation. Rapid-response observations with
AMI-LA (Anderson et al., 2014, 2018a) and ATCA (Anderson et al., 2024, 2025; Chastain et al.,
2026) have enabled the earliest detections of GRBs, catching the reverse shock emission and early
(< 0.1days) evolution of the radio afterglow that would be missed if dependent on manually
scheduled observations (e.g. left panel of Figure 4). The richness of science that can be extracted
from early time and broadband radio observations of the reverse shock is exemplified by the rapid
AMI-LA follow-up of GRB 221009A (often referred to as the Brightest Of All Time or the BOAT;
Burns et al., 2023). In this case the radio afterglow was so bright that the 12-18 GHz AMI-LA
bandwidth (Hickish et al., 2018) could be split into 8 spectral windows on 15 minute timescales
between 3 — 7 hr post-burst. This enabled (Bright et al., 2023) to track the evolution of the outflow
size, the bulk Lorentz factor, and the minimum total energy. This rapid radio follow-up and
continued radio monitoring revealed multiple synchrotron components, including the reverse shock
and two forward shocks from a structured jet (Rhodes et al., 2024), which can also help to reveal
the origin of any associated TeV emission (see Chapter Castignani et al., 2026, for more details).
Implementing a rapid-response mode on SKA-Mid would enable the spectral and temporal details
of the reverse shock to be tracked for much fainter GRB radio afterglows, and reveal previously
hidden emission components.

Unexpected early-time radio emission can also be probed with rapid-response observations as
demonstrated by the detection of a radio flare that began 9 hours post-burst, and was likely caused
by interstellar scintillation magnifying the GRB afterglow emission to above the ATCA minute
timescale sensitivity (Anderson et al., 2023). Rapid-response observations of GRB 231117A
beginning 1 hour post-burst detected a radio plateau and flare likely caused by a violent collision
between ejecta shells, probing central engine and outflow behavior (Anderson et al., 2025). SKA-
Mid rapid-response observations of GRBs will be able to detect polarised radio emission in the
reverse shock, which probes the magnetic field structure and strength within the outflow as has
been done at mm wavelengths using rapid, mannually scheduled follow-up with the Atacama Large
Millimeter Array (Laskar et al., 2018, 2019a,b).

The power of the rapid-response mode for probing GRB astrophysics is demonstrated in the right
panel of Figure 4, which shows the 9 GHz light curve of GRB 240205B (Chastain et al., 2026).
The ATCA rapid-response mode triggered on the Swift detection of this event, and began observing
13 minutes post-burst for 12 hours, detecting the radio counterpart. By splitting this rapid-response
observation into 45 minute time blocks and fitting in the uv-plane, the reverse shock was revealed.
This demonstrates that without the rapid-response mode, an entire synchrotron emission component
would have been missed. However, deeper sensitivity that will be afforded by SKA-Mid is necessary
to properly constrain and model the evolution on minute timescales in order to derive the physical
properties of the outflow. The right panel of Figure 4 also shows the sensitivity that SKA-Mid
AA4 will achieve on 1 minute timescales using Band 5b (8.3—15.4 GHz, assuming a Briggs Robust
weighting of 0), which will ensure a better characterisation of this early and fast evolving emission.

While similar synchrotron afterglow physics motivates the rapid follow-up of GW events at GHz
frequencies, the large positional uncertainties and likely off-axis orientation of the associated jets
make them difficult to locate, observe and detect at such early times. Even though GW170817
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Figure 4: Left: Adapted from Anderson et al. (2025) showing the 5-8 GHz light curves of radio detected
short GRBs illustrating how the rapid-response observations are probing the previously under-sampled
parameter space of < 0.1 days post-burst in the radio band. Right: Adapted from Chastain et al. (2026)
showing the 9 GHz light curve of GRB 240205B. The duration of the ATCA rapid-response observation and
all follow-up observations are indicated by the vertical gray shadowing. The fit approximates a reverse plus
forward shock model, demonstrating that an entire synchrotron component would have been missed without
the rapid-response observation. The SKA Band 5b 1 minute 30 sensitivity is indicated by the dotted line.

was located through an optical detection of its kilonova 11 hr post-burst (Abbott et al., 2017b),
the radio afterglow was not detected until 16 days (Hallinan et al., 2017) due to the event being
viewed ~ 20deg off-axis (Mooley et al., 2018). In addition, multi-year searches for the radio
counterparts associated with poorly localised GW events still have not yielded a detection (e.g.
Alexander et al., 2021; Dobie et al., 2022; Gulati et al., 2025). However, the detection of the rapidly
evolving reverse shock from an on-axis GW-detected BNS or NSBH merger could provide one of
the earliest electromagnetic localizations. We therefore require wide-field follow-up that can cover
large portions of the GW error regions (e.g. Abbott et al., 2016) as has been suggested for ASKAP,
which can be operated in a fly’s-eye mode to cover a significant portion of the LVK localisations
(Dobie et al., 2019; Wang et al., 2020). Alas, even if SKA-Mid performed rapid-response follow-up
that used multiple sub-arrays to instantaneously cover the highest probability positional region of
a GW event, the ~1 deg field-of-view at 1 GHz would not cover a significant portion of the GW
uncertainty regions. However, alternative rapid-response triggering scenarios could be utilised for
SKA-Mid, preferencing Bands 5a and 5b given synchrotron afterglows peak more brightly at higher
frequencies at earlier times. This could include triggering subarray pointings that target galaxies
within the LVK positional uncertainty that fall within the GW-derived luminosity distance range
(e.g. Dobie et al., 2019) or rapid-response follow-up of kilonova candidates identified within 1 day
post-merger when we still expect the reverse shock to be bright and rapidly evolving.

4 Transient science cases for rapid-response triggering

4.1 Flare stars

Cool dwarf stars are capable of producing powerful flares that emit across the electromagnetic
spectrum due to their strong magnetic activity. Radio observations probe the accelerated electron
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populations that produce these flares, which allow for the measurement of associated properties such
as the brightness temperature, magnetic field strength and kinetic energy (see Chapters Driessen
et al., 2026; Cavallaro et al., 2026). The sudden release of energy that accelerates the electrons
in magnetic loops give rise to gyrosynchrotron radio emission, which often dominate higher radio
frequencies (> 5 GHz) with brightness temperatures < 109K (Benz and Giidel, 2010). Giant radio
flares vary in brightness, polarisation and spectral index on the timescale of seconds to hours (e.g.
Osten et al., 2005).

The low frequency radio flares detected from cool dwarf stars in precursor observations and surveys
(5 1GHz) are highly circularly polarised (Lenc et al., 2018; Pritchard et al., 2021; Driessen et al.,
2024) and show similar variability on seconds to hours timescales (e.g. Lynch et al., 2017; Zic et al.,
2020; Rose et al., 2023, see also the Variability of Radio Stars Chapter Driessen et al. (2026)).
The emission is often elliptically polarised and generally has brightness temperatures in excess of
10'2 K (Pritchard et al., 2024); as such these coherent bursts are thought to be generated by electron
cyclotron maser emission (ECME; Dulk, 1985; Hallinan et al., 2008). These same SKA-Low
precursor results illustrate the usefulness of Stokes V for detecting coherent radio emission, as low
frequency circular polarisation observations have found sources at lower noise thresholds when
compared to total intensity observations (e.g. Lynch et al., 2017; Pritchard et al., 2021). In addition,
rapidly rotating massive main sequence stars (spectral type OBA) that have strong magnetic fields
are also known to produce variable radio emission at lower frequencies (< 5 GHz; Das et al.,
2025a,b) due to plasma break outs from their magnetospheres (Shultz et al., 2022; Owocki et al.,
2022).

ASKAP Stokes | Dynamic Spectrum

1000
AMI (blue) ASKAP Fulltokes Lightcurve

L e g
S 4

"oy o o] s

Sisarz (MJy) and Spa_sgkev(ctisec)

EW A :

011 Swift WT (green)/PC (orange)

Relative optical flux

-
=g AP SN ST PP
=]

0.01

0.01 0.1 1 10
Time in days post burst (MJD-56770.880)

2 4

Figure 5: Right: Simultaneous radio and X-ray detection of a gyrosynchrotron flare from an M-dwarf
binary, resulting from an AMI-LA rapid-response observation on the Swift detection of a high-energy X-
ray/y-ray superflare from DG CVn (Fender et al., 2015). Left: Dynamic radio spectrum and radio and optical
light curves from simultaneous monitoring of dM5.5e star Proxima Centauri with ASKAP, the Transiting
Exoplanet Survey Satellite (TESS; Ricker et al., 2015) and the Zadko Telescope (Coward et al., 2017).
During 11 nights of monitoring, a bright, long-duration optical flare was accompanied by coherent radio
bursts demonstrating both phenomena were caused by the same magnetic event (Zic et al., 2020).

While there some instances of rotationally-modulated emission (e.g. Lynch et al., 2017; Kao et al.,
2018; Rose et al., 2023), stochastic radio flares, whether gyrosynchrotron or ECME are impossible
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to predict, which means that radio monitoring campaigns may not yield a detection. However,
some extreme flaring events can result in high-energy X-ray/y-ray superflares, which can trigger
the detectors on instruments like Swift Burst Alert Telescope (BAT; Barthelmy et al., 2005), the
Monitor of All-sky X-ray Image (MAXI; Matsuoka et al., 2009) and the Einstein Probe Wide-field
X-ray Telescope (EP-WXT; Yuan et al., 2022). These instruments transmit GCN allowing for rapid-
response triggering and radio follow-up (e.g. Rose et al., 2025). For example, AMI-LA triggered on
the Swift-BAT detection of a X-ray/y-ray superflare from the M dwarf system DG CVn, detecting a
> 100 mJy gyrosynchrotron radio flare just 6 minutes post-burst (see left panel of Figure 5 adapted
from Fender et al., 2015). This observation was used to derive the kinetic energy of the flare, which
ruled out a non-thermal emission mechanism for the associated X-ray flare (Osten et al., 2016).
What is still unclear is whether such extreme magnetic events could also trigger the coherent ECME
radio flares that dominate a lower frequencies (< 5 GHz).

The SKAO rapid-response mode is in an excellent position to provide the broadest radio frequency
coverage of superflares detected by high-energy satellites, as it can allow for simultaneous triggering
of both SKA-Low and SKA-Mid. A commensal transient observing mode could also provide
internal triggers of stellar radio flares for rapid follow-up with another observing mode or SKA
subarray, which could help constrain the emission mechanism. The close proximity of many of these
cool dwarf systems means that associated radio flares reach tens to hundreds of mJy at frequencies
> 5GHz (e.g. Osten et al., 2005; Fender et al., 2015). SKA-Mid will achieve unprecedented high
time resolution monitoring of these flares on 1 minute timescale (30 sensitivity of 20uJy per beam),
which can be used to create dynamic spectra of the flare as has been done with the Karl G. Jansky
Very Large (VLA; Perley et al., 2011) and ASKAP (Villadsen and Hallinan, 2019; Zic et al., 2020,
see also right panel of Figure 5).

Simultaneous observations with SKA-Low will enable a search for coherent flares to determine
whether the magnetic events that trigger the high-energy and gyrosynchrotron radio flares could
trigger the coherent emission mechanism. In fact, simultaneous monitoring with ASKAP and
optical facilities have detected a causal link between optical flares and coherent radio bursts,
providing further insight into Solar-like bursts (see right panel of Figure 5 adapted from Zic et al.,
2020). This demonstrates the value that could be gained by triggering SKA-Low observations on
optically detected stellar flares. SKA-Low has a 30~ sensitivity of 150uJy per beam on one minute
timescales, which will be sensitive to the sub-mlJy radio detections of cool dwarfs with LOFAR
(Vedantham et al., 2020; Callingham et al., 2021) and the tens of mJy detections with MWA (Lynch
etal., 2017; Lenc et al., 2018).

4.2 Cosmic rays/neutrinos

The SKAO will be able to detect high-energy cosmic particles both directly and indirectly. The direct
detection of extensive air showers (EAS) from PeV—EeV cosmic ray interactions in the atmosphere
above SKA-Low is outlined in Chapters Watanabe et al. (2026); Nelles et al. (2026); Buitink et al.
(2026) and Corstanje et al. (2026). Here, we highlight primarily that the trigger must be extremely
quick: less than ~ 4 seconds, which is the expected size of the antenna-level voltage buffer. For
cosmic ray triggering and read-out, it is intended to operate fully commensally with conventional
observing so will not require any reconfiguration of observing parameters.
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The SKAO will also be well-positioned to study high-energy astrophysical neutrinos, albeit in-
directly (see Chapter Rosch et al., 2026). Since their first identification by the IceCube detector
(IceCube Collaboration, 2013), the flux has been studied in the ~1 TeV-10 PeV range (Abbasi et al.,
2026a). In the ~1-100 TeV range, this flux can only be statistically distinguished from the back-
ground of neutrinos generated by cosmic ray interactions in the Earth’s atmosphere; however, at
higher energies, the majority of neutrinos are expected to be astrophysical.

Since neutrinos only weakly interact, they propagate directly from their sources to Earth, making
them excellent probes of high-energy environments in which they are expected to be created. Yet,
while the arrival directions of a small number of neutrinos point back to active blazars (IceCube
Collaboration et al., 2018a,b, see also Figure 6), the population as a whole does not have a significant
association with blazars (Abbasi et al., 2026b), and searches for other potential point-sources have
not found a highly significant candidate (Abbasi et al., 2025). While a potential source of cosmic
rays and neutrinos could be GRBs due to hadronic loading in their jets (Waxman, 1995), no neutrino
associations have been found (Albert et al., 2017; Abbasi et al., 2022; Murase et al., 2022), although
chocked bursts may be an alternative scenario (Fasano et al., 2021). Thus, while neutrinos were
long thought to hold the key to identifying sites of cosmic ray acceleration (Katz and Spiering,
2012), current observations have raised more questions than answers.
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Figure 6: The gamma-ray, X-ray, optical and radio light curves before and after the high-energy neutrino
IceCube-170922A event (vertical dashed red line) associated with blazar TXS 0506+056 (adapted from
IceCube Collaboration et al., 2018a).

SKAO is well timed to take full advantage of multi-messenger science with upcoming neutrino
instruments, such as the Baikal-GVD (Allakhverdyan et al., 2023) and KM3NeT detector (Adridn-
Martinez et al., 2016), the latter having already detected the first ultra-high-energy neutrino (but
with no obvious astrophysical counterpart; KM3NeT Collaboration et al., 2025). IceCube is also
planning a large expansion (Aartsen et al., 2021), while new detectors are planned in the Pacific
Ocean (Agostini et al., 2020) and South China Sea (Zhang et al., 2025). Neutrino detectors
can detect neutrinos from all 47 sr (albeit with complex energy and morphology dependence),
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and have a near-real-time alert system capable of sending alerts within seconds (Aartsen et al.,
2017b; Mastrodicasa et al., 2025)'3. For example, IceCube transmits alerts relating to track-like
neutrino candidates via the GCN, which have < 1deg localisations.'* These localisations are
also combined with correlated multi-messenger searches by the Astrophysical Multimessenger
Observatory Network (AMON; Smith et al., 2013), which searches photon, neutrino, cosmic ray,
and gravitational wave data streams for associated sub-threshold events (e.g. Ayala Solares et al.,
2023), which are also transmitted via the GCN. AMON transmitted a GCN on the high-energy
neutrino detected by IceCube'” (Kopper and Blaufuss, 2017), where the source was later identified
as the blazar TXS 0506+056 (IceCube Collaboration et al., 2018a,b), which resulted in follow-up
from radio to TeV energies (see Figure 6). Many instruments were already monitor this blazar,
including the OVRO 40 m telescope at 15 GHz, however, the VLA did not begin observations
until 2 weeks later (Tetarenko et al., 2017). By enabling SKAO to trigger on neutrino events,
we can be on target for events like TXS 0506+056 immediately, making it possible to search for
rapidly brightening synchrotron transients that are expected to accelerate high-energy cosmic rays,
and produce neutrinos through their interactions. Given that neutrinos can arrive from the distant
Universe, the extra sensitivity provided by the SKAO will allow a much deeper probe of such
scenarios.

4.3 Long Period Transients

Long-period radio transients (LPTs) are a phenomenological class of objects that produce periodic
radio bursts at periodicities longer than expected for neutron star pulsars, i.e. P 2 1min, up to
several hours (see Chapter Qiu et al., 2026). Their nature is not currently known, with magnetars
and white dwarf pulsars in binaries being the two leading theories, but there may be more than one
progenitor type; their mysterious nature means that more observations are desirable.

At the time of writing, O (10) are known, with diverse characteristics, including the window over
which they are active. Some LPTs have persisted for at least 10 years (Hurley-Walker et al., 2023a,
2024) while others only switch on for weeks to months (Hyman et al., 2005; Hurley-Walker et al.,
2022; Dobie et al., 2024, see also the top panel of Figure 7). In these latter cases, rapid response
is critical. For instance, a P ~ 54-minute LPT discovered with ASKAP (Caleb et al., 2024) was
followed up within days by MeerKAT, detecting dramatic changes in its pulse morphologies and
polarisation, before the source faded from view over about three weeks. In the case of ASKAP
J162759.5-523504.3, only a single 2 minute burst was initially detected over 60 hours of ASKAP
observations, which showed properties similar to both LPTs and pulsars (Dobie et al., 2024, see also
the bottom panel of Figure 7), demonstrating how quickly these events can disappear. Its eventual
re-detection confirmed its LTP classification (McSweeney et al., 2025). Several other LPTs remain
unpublished due to activity windows that were considerably less than a week, and a lack of rapid-
response follow-up. Rapid-response follow-up will ensure observations of more pulses per target
by catching the earliest pulse profiles to aid in understanding the mechanisms responsible for the
sudden change in LPT radio states.

Bhttps://icecube.wisc.edu/science/real-time-alerts/
4https://gcn.nasa.gov/missions/icecube
Dhttps://gen.gsfe.nasa.gov/notices_amon/50579430_130033.amon
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Figure 7: Top: Radio light curve adapted from (Hurley-Walker et al., 2022) showing the LPT GLEAM-X
J162759.5-523504.3 was only active for 2 months over 8 years of MWA operation. Bottom: Dynamic
spectrum of LPT candidate ASKAP J175534.9-252749.1 adapted from (Dobie et al., 2024) that was first
detected as a single 2 minutes pulse in 60 hours of observation with ASKAP.

Simultaneous observations over multiple frequencies (often performed by different radio observa-
tories) can determine a wideband radio spectrum, including potential cut-offs, which is expected
for some emission mechanisms (Hurley-Walker et al., 2023a). Coordinated observations can reveal
modulation of the pulse brightnesses that indicates binary activity (Horvith et al., 2026). Currently,
such follow-up is handled by either target-of-opportunity programmes or director discretionary time
requests, and due to strict timing requirements to catch pulsations, can be challenging to schedule.

The SKAO therefore presents a tremendous opportunity for discovering new or newly active LPTs
(via fast imaging or monitoring programs). Some LPTs have relatively steep spectra and are brighter
at low frequencies; objects like this will be most easily discovered by SKA-Low, with its large field-
of-view (likely widened further with substations). On the other hand, other LPTs have a steep
turnover and are invisible at low frequencies — it is not currently known whether this is intrinsic or
extrinsic to the sources (Wang et al., 2025; Lee et al., 2025). The luminosity function is currently
unknown, and there may be a population of faint LPTs; due to high scattering (cc v=#) in the Milky
Way, these are more likely to be detected by SKA-Mid.

Taking these factors together, the detection of a newly active LPTs by either SKA-Mid or SKA-Low
should generate an automatic internal alert (see Chapter Andersson et al., 2026, on commensal image
plane searches for transients) that triggers immediate automated follow-up with both instruments
at the highest possible temporal resolution. The aim is to capture as many pulses as possible
over the ensuing days to weeks, with as much simultaneity as possible. A triggered rapid-response
observation with SKA-Mid band 5 would also provide the earliest highest-precision source position,
which will enable optical cross-identification. Sub-arrays could be used if the source is of sufficient
brightness. Given that most LPTs have pulses that are only ~ seconds to minutes long, once the
rotational period is established, sufficiently clever scheduling software could capture a single pulse
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without being too detrimental to other projects. An automated alert system that could trigger
coordinated follow-up in the Western sky (e.g. ATCA and VLA or their successors) would ensure
continuous monitoring within the first 24 hours of discovery to accumulate as many pulses as
possible before a potential disappearance. Once an ephemeris is established, the spacing could be
decreased to e.g. logarithmic, or in the case of a persistent LPT, added to a timing program.

4.4 Fast Radio Bursts

Fast radio bursts are enigmatic extragalactic radio transients lasting of order milliseconds (Lorimer
et al., 2007). FRBs can be either repeating or (apparently) non-repeating events (Spitler et al.,
2016; Pleunis et al., 2021a; Chime/Frb Collaboration et al., 2023, see also Chapter Curtin et al.
(2026)). Both SKA-Low and SKA-Mid will detect FRBs by running real-time detection algorithms
on tied-array beams produced by the pulsar beamformer, and generate triggers to read out antenna-
level/station-level buffers of coarse channelised data for offline analysis. The science cases to use
FRBs as probes of the ionised matter distribution of the Universe, and the extreme astrophysics
of their progenitors, are described in accompanying Chapters Curtin et al. (2026); Caleb et al.
(2026a,b). Here, we discuss FRB science cases for rapid-response triggering.

The high dispersion measures of FRBs means that the time delay between a signal arriving at
SKA-Mid and at SKA-Low frequencies will be significant (at least 10 seconds for a 100 pc cm™>
FRB between 1 GHz and 200 MHz). This may be sufficient to allow an FRB detected by SKA-Mid
to trigger observations with SKA-Low, providing broad-band coverage of the FRB spectrum. Such
observations are necessary as the properties of FRBs emission over a broad bandwidth are not well
understood, with a wide variety of potential spectral properties (Pleunis et al., 2021a). Only one
FRB is known to emit down to 110 MHz (Pleunis et al., 2021b; Pastor-Marazuela et al., 2021), and
another up to 8 GHz (Gajjar et al., 2018), both of which are repeaters. In the case of repeater FRB
20180916B, simultaneous monitoring with multiple radio telescopes, including the LOFAR high-
band antenna (110-188 MHz), the upgraded Giant Metre Wavelength Radio Telescope (uGMRT;
200—450 MHz), and CHIME/FRB (400-800 MHz) showed that while bursts are emitted across this
frequency window, their individual bandwidths are narrow, with no simultaneous detections between
CHIME/FRB and LOFAR (see Figure 8 adapted from Pleunis et al., 2021b). Triggering SKA-Low
observations of SKA-Mid-detected FRBs would investigate if this phenomenon is common among
all repeaters and also non-repeating events.

Meanwhile, non-detections of low-frequency (< 350 MHz) emission from FRBs detected at higher
frequencies have been attributed to plasma lensing, free-free absorption, or the intrinsic emission
mechanism (Sokolowski et al., 2018), or in the case of repeaters, to the low duty cycles of their
activity windows (Tian et al., 2023b). The wide burst-to-burst variation between FRBs makes
studying such effects with ensemble samples very difficult, which is a problem that can be overcome
by studying exactly the same bursts with SKA-Mid and SKA-Low.

Recently both CHIME/FRB'® and the Deep Synoptic Survey - 110 (DSA-110; Kocz et al., 2019)"”
have started broadcasting FRB alerts over GCN Kafka, providing the opportunity for fast responding

1%https://gcn.nasa.gov/missions/chime
https://gen.nasa.gov/missions/dsal 10
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Figure 8: Figure adapted from Pleunis et al. (2021b) showing bursts detected by LOFAR, uGMRT and
CHIME/FRB folded on the 16.33 day activity period of repeater FRB 20180916B. The error bars indicate
the spectral width of each individual burst.

low frequency instruments like MWA to be on target before the signal arrives at <200 MHz.
During the SKA era, other instruments will also be detecting FRBs and transmitting FRB transient
alerts. In particular, the Canadian Hydrogen Observatory and Radio-transient Detector (CHORD;
Vanderlinde et al., 2019) will share a small (albeit, not simultaneous) sky overlap with the SKA,
while the Bustling Universe Radio Survey Telescope in Taiwan (BURSTT; Lin et al., 2022) will
view down to low latitudes, with simultaneous sky overlap with SKA-Low. These wide field-of-
view instruments will detect the nearest and brightest coherent transients, such as FRB-like events
from galactic magnetars (Bochenek et al., 2020; CHIME/FRB Collaboration et al., 2020) or FRBs
from nearby globular clusters (Kirsten et al., 2022). They will search for extremely active repeating
FRBs undergoing ‘burst storms’ (e.g. Hewitt et al., 2022; Nimmo et al., 2023) and periodic windows
of burst activity (e.g. Pleunis et al., 2021b). Given the rarity of such events and the non-Poissonion
nature of burst emission from repeating sources, simultaneous rapid response follow-up with SKA-
Low and SKA-Mid will provide the most comprehensive simultaneous frequency coverage (from
50MHz to 15 GHz) of FRBs to date. Such observations would allow for comprehensive sampling
of the spectral and energy distributions of bursts across repeater activity windows. It would also
provide instantaneous spectral coverage of non-repeating bursts to determine what components of
their complex spectra are intrinsic or influenced by extrinsic effects.

A small subset of FRBs have been localized to < 100 milliarcsecond precision. When matched with
high resolution optical imaging, these sources can be studied in the context of their position within
the host galaxy (Marcote et al., 2017) providing advances toward understanding their progenitors.
Very long baseline interferometry (VLBI) is required to achieve such angular scales. Given the
above-mentioned non-Poissonion nature of repeaters, it can be challenging to detect bursts by the
time a VLBI network is on target. Extension of a rapid response capability to the SKA-Mid VLBI
mode (and SKA-Low for FRBs that emit at lower frequencies) and similarly enabled at other capable
antennas would increase the feasibility of SKA VLBI localization of repeating FRBs.
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4.5 Novae

Galactic binary systems comprising white dwarf stars in compact orbits are known to produce
recurrent thermonuclear explosions (Chomiuk et al., 2021b). Two different classes of systems are
usually considered: cataclysmic variables (those systems where a white dwarf accretes from a
Roche-lobe—filling main-sequence or slightly evolved stellar companion) and symbiotic stars (there
is a Roche-lobe overflow or wind accretion from an evolved stellar companion instead). In both
cases, the white dwarf undergoes explosive ejections due to thermonuclear reactions produced by
the material accreted onto its surface, which are known as classical novae (see e.g. Starrfield et al.,
2016, and Chapter Lico et al. (2026)).

Radio emission is produced by free-free processes from the ionized gas and non-thermal synchrotron
processes from the accelerated particles via shocks (Chomiuk et al., 2021a). The emission evolves on
timescales from minutes to weeks, with the first hours to days being particularly sensitive for mapping
the transition from optically thick to thin ejecta, revealing how the expanding material interacts with
the environment and accelerates particles detecting shock signatures, early jet formation, and initial
mass ejection structures (Munari et al., 2022; de Ruiter et al., 2023; Nyamai et al., 2023; Lico et al.,
2024). The fast (= 1000 km s_l) outflows launched in these events allow us to trace such emission
on timescales ranging from hours to tens of days (see e.g. Giroletti et al., 2020; Lico et al., 2024).
For much closer systems like T CrB (expected to explode in the coming years, Schaefer et al. 2023),
the evolution would be much faster and hence the first hours will be critical to trace the outflow.

Rapid-response multi-frequency radio interferometric monitoring can thus probe the evolving emis-
sion from both thermal material and accelerated non-thermal particles in the expanding ejecta,
providing critical insight into the nature and location of energetic processes. For example, Figure 9
shows that radio observations began within 2 — 3 days of the outburst starting for both RS Ophiuchi
(left panel; de Ruiter et al., 2023) and V3890 Sagitarii (right panel; Nyamai et al., 2023). Rapid-
response observations may have detected the radio counterpart within 1 day to track the optically
thick to optically transition from very early times. Rapid triggering of SKAO observations follow-
ing a nova eruption is therefore essential for capturing the rapid evolution of physical conditions
that occur in the immediate aftermath of the explosion to differentiate both components (de Ruiter
etal., 2023; Nyamai et al., 2023, see also Figure 9), establishing constraints on the efficient particle
acceleration (Giroletti et al., 2020) resulting in the production of gamma-ray emission (Acciari
etal., 2022).

The hourly timescale variability of the radio emission and its intricate extended components forces
the requirement of high-sensitivity snapshot observations to obtain precise images that trace the
evolution of the outflow. SKAO will stand out in this regard, offering high instantaneous sensitivity
and exceptional image fidelity. At lower frequencies, there are limited observations of novae (e.g.
de Ruiter et al., 2023; Nyamai et al., 2023; Nayana et al., 2024), primarily due to triggering and
sensitivity constraints. SKA-Low would provide a novel opportunity to obtain accurate light curves
that when correlated with SKA-Mid observations, would enable us to trace the optically-thick to
optically-thin transition along the outflow.
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Figure 9: Radio light curves of the RS Ophiuchi 2021 eruption (left; de Ruiter et al., 2023) and the V3890
Sagitarii 2019 August eruption (right; Nyamai et al., 2023), which detected radio emission within 2 — 3 days
of the outburst beginning.

4.6 Galactic X-ray Binaries

X-ray binaries (XRBs) are binary star systems in which a compact object (either a black hole or
neutron star) accretes matter from a companion star, emitting from radio to X-rays or even gamma
rays. These systems exhibit complex and dynamic behavior, including state transitions and rapid
flaring activity associated with accretion phenomena and transient ejections via relativistic jets
(Fender et al., 2004). Notable examples, including Cygnus X-1, V404 Cygni or GRS 1915+105,
show intermittent radio flares coinciding with hard-to-soft X-ray state transitions. These flares last
from minutes to hours and flux density variations of tens to hundreds of mJy at GHz frequencies
(see e.g. Fender et al., 2006; Trushkin et al., 2017; Miller-Jones et al., 2019; Gandhi et al., 2025,
and Chapter Beri et al. (2026)).

XRB outbursts are occasionally detected by all-sky X-ray and gamma-ray monitors such as Swift,
which have resulted in triggering rapid-response observations with the AMI-LA as part of the
ALARRM program. For example, ALARRM triggered on the Swift detection of the V404 Cygni
2015 outburst, beginning observations within 3 hours when the target had risen to an elevation of
30° (Fender et al., 2023). The left panel of Figure 10 shows AMI-LA detected V404 Cyngi decaying
from a flare that was > 1000 times more luminous than its quiescent level. Ongoing radio and X-ray
monitoring showed the flaring behaviour to be correlated on all timescales, and required extended
periods of particle acceleration from the central engine rather than discrete, impulsive injection.
Similarly, AMI-LA also triggered on the Swift detection of the MAXI J1820+070 2018 outburst,
resulting in the earliest radio detection of a new black hole XRB just 90 minutes later (Bright et al.,
2020). Continued AMI-LA monitoring during the hard to soft state transition, detected a radio flare
directly following a switch between two types of quasi-periodic oscillations (QPOs) in the X-ray
band (see right panel of Figure 10 adapted from Homan et al., 2020). This demonstrated a link
between QPO transitions and discrete jet ejections, providing a temporal signature that could be
used to trigger SKA-VLBI observations to track the associated radio emission.

The unprecedented temporal and spectral sensitivity of SKAO will revolutionize rapid radio follow-
up of XRBs flaring activity, allowing for the detection and monitoring of faint ejecta or short-duration
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Figure 10: Left: AMI-LA rapid-response observations of the V404 Cygni 2015 outburst from Fender et al.
(2023). Right: Figure adapted from Homan et al. (2020) showing the state transition in MAXI J1820+070,
including the X-ray light curve (a), X-ray hardness ratio (b), and radio light curve (c). The start (red line)
and peak (blue line) of the radio flare directly follows the QPO transition (grey region).

flares. While quasi-simultaneous multi-frequency radio observations have been obtained through
the coordination of multiple radio facilities (e.g. Chauhan et al., 2021), simultaneous SKA-Low
and SKA-Mid observations would enable real time broadband imaging of the jet dynamics on
(sub)hour-to-day timescales, constraining the jet evolution, acceleration and collimation at a new
level. Rapid and sensitive radio follow-up, would enable the tracking of propagation velocities,
jet geometry changes, and correlations with X-ray states, ultimately constraining the coupling
between accretion/ejection processes and jet formation (Fender and Motta, 2025). In addition,
several systems show jet features moving significantly in intra-hour observations (Miller-Jones
et al., 2019). The compelling high instantaneous sensitivity of SKA-Mid, in combination with
VLBI would enable the creation of snapshots on minute exposure times while capturing the moving
emission, which is limited to hour timescales with current instruments (Miller-Jones et al., 2019;
Wood et al., 2021, 2023, 2024, 2025). On the detection of bright radio flaring from an XRB,
SKA-Mid could triggering rapid-response follow-up with SKA-VLBI to capture these geometric
changes, shedding light on the launching timescales and mechanism (also see Chapter An et al.,
2026).

4.7 Neutron Stars
4.7.1 Pulsars

Time-integrated pulse profiles of millisecond pulsar (MSPs) exhibit exceptional long-term stability,
surpassing that observed in the canonical pulsar population (Verbiest et al., 2009). It is this stability
that is exploited for precision timing experiments (Kramer et al., 2021; Reardon et al., 2024), such
as the usage of MSPs in pulsar timing arrays (Agazie et al., 2023; EPTA Collaboration et al., 2023;
Reardon et al., 2023; Miles et al., 2025, see also Chapter Shannon et al. (2026)). However, a
small subset of the MSP population have exhibited temporal profile variability, including long-term
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discrete profile changes, which are rare and not yet well understood. Long-term discrete profile
changes are characterised as infrequent events and exhibit a sudden emergence of alteration to
profile components, followed by a slow recovery towards the pre-event morphology. To date, only
three MSPs have been observed to exhibit such behaviour: PSR J0437-4715 (Goncharov et al.,
2021); PSR J1643—-1224 (Shannon et al., 2016); and PSR J1713+0747 (Mandow et al., 2025). For
example, Figure 11 adapted from Mandow et al. (2025) show pulse profiles of PSR J1713+0747
following the event compared to its template as observed by the Ultra-Wideband Low-frequency
receiver (UWL; Hobbs et al., 2020) on Murriyang, CSIRO’s Parkes Radio Telescope. In some of
these cases, these events have also exhibited accompanying changes to the polarisation profiles,
offering unique insights into the evolving, dynamic and complex magnetospheric environment,
which remains poorly understood. Currently, the International Pulsar Timing Array (Agazie et al.,
2024) regularly monitors a large number of MSPs on cadences ranging between days to a month for
discrete profile change events, which initiate internal alerts for multi-telescope, broad-frequency
follow-up campaigns.
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Figure 11: Figure adapted from Mandow et al. (2025) showing the stokes I profiles of PSR J1713+0747 at
47 days (middle panel) and 2 years (right panel) following the event compared to the template profile from
before the event.

Due to the abrupt onset and transient nature of discrete profile changes in MSPs, it is important
to conduct follow up observations as soon as detections are announced. The profile change is
most significant when the transient event is first discovered, motivating the need for rapid follow-
up within the first 12 to 24 hours, which can be best accommodated by a rapid-response mode.
Currently, the Parkes Pulsar Timing Array (Manchester et al., 2013) collaboration operates a rapid
follow-up observing programme with Murriyang, CSIRO’s Parkes Radio Telescope. Given the
similar sky coverage, the same approach is well-suited for implementation for any SKAO follow-up
observations using both SKA-Low and SKA-Mid. SKAO monitoring of MSP could also provide
internal alerts, enabling the fastest follow-up of sources showing discrete profile changes. This
would be followed by daily monitoring for at least seven days, enabling the tracking of temporal
evolution and the recovery of profile morphology across a broad range of frequencies.
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4.7.2 Magnetars

Magnetars are a sub-class of the neutron star population (see Chapter Levin et al., 2026) character-
ized by bright emission typically seen at high energies (X-rays/gamma-rays, for a review see Kaspi
and Beloborodov, 2017). They exhibit episodic outbursts that are seen across the electromagnetic
spectrum. A small fraction of them are observed as radio pulsars with the onset of radio emission
correlated with the outburst (Halpern et al., 2005; Camilo et al., 2006, 2007; Levin et al., 2010;
Anderson et al., 2012; Torne et al., 2015; Dai et al., 2019). It is still unclear when the radio emission
mechanism in magnetars turns on at the start of the outburst phase (Rea et al., 2012; Rajwade et al.,
2022b). Finding the exact epoch can provide clues to the elusive radio emission physics of neutron
stars.

Interest in magnetars grew further when a bright, MJy burst was observed from the magnetar SGR
1935+2148 (Bochenek et al., 2020; CHIME/FRB Collaboration et al., 2020) showing a connection
with FRBs; which still have an unknown origin. Several FRB-like bursts have been observed
from SGR 1935+2154 that seem to be correlated with the onset of high bursting activity at X-ray
wavelengths (e.g. Bochenek et al., 2020; Kirsten et al., 2021). Indeed, Hu et al. (2024) reported the
X-ray detection of two glitches bracketing an FRB that occurred on 2022 October 14 (Maan et al.,
2022; Giri et al., 2023), which they attribute to the strong magnetospheric wind providing a torque
that rapidly slows the star’s rotation (see Figure 12 adapted from Hu et al., 2024). Additionally,
magnetars are also a proposed progenitor for LPTs (Hurley-Walker et al., 2022, 2023b, see also
Section 4.3), which rotate too slowly for the associated radio emission to be attributed to dipole
spin down radiation (Rea et al., 2022, 2024; Cooper and Wadiasingh, 2024).
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Figure 12: Figure adapted from Hu et al. (2024) showing the change in SGR 1935+2154’s spin frequency
(top) and spin down rate (bottom) before, during and after the first and second X-ray detected glitches (vertical
dashed-dotted and dotted lines), which bracket the CHIME/FRB-detected burst (vertical red dashed line).

Although the FRB-like bursts from SGRB 1935+2154 were associated with high-energy outbursts
reported via the GCN, their detection was not due to rapid-response radio follow-up. Rather, they
resulted either serendipitously through regular monitoring with, for example, CHIME-FRB or from
radio observations scheduled days to weeks following the outbursts (e.g. Kirsten et al., 2021; Zhang
et al., 2020). In addition, associations between FRB-bursts and high-energy outbursts are quite rare
(e.g. Younes et al., 2017; Lin et al., 2020), demonstrating that rapid-response follow-up is crucial for
catching these unusual events. Understanding this association and exploring the potential link with
LTPs requires simultaneous SKA-Mid and SKA-Low rapid-response observations of magnetars
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experiencing high-energy activity for 1) detecting the emergence of coherent pulsed radio emission
and 2) detecting FRB-like bursts during a high bursting activity phase. SKA-Mid observations
will provide valuable insight into the radio emission mechanism in the immediate aftermath of
the outburst when one can investigate how the radio pulse profile, polarisation and single burst
properties depend on time and the temporal and spectral properties of the X-ray emission. SKA-Low
observations will constrain the low frequency flux density spectrum of radio-loud magnetars, which
have been difficult to obtain due to the high degree of scattering and dispersion smearing. Since
the radio spectral energy distribution for magnetars differs from canonical pulsars, constraining
the spectral behaviour across a wide bandwidth would enable a deeper understanding of the radio
emission mechanism. Furthermore, identifying the epoch of FRB-like bursts and coherent radio
emission will be critical to establish a physical link between FRBs and magnetars.

4.8 Solar and heliospheric observations

4.8.1 Solar triggering

Solar emission is highly variable along all observable axes — brightness temperature, time, fre-
quency, variability, morphology and polarization, providing valuable insights into solar physics and
space weather. Capturing all aspects of this variation simultaneously requires snapshot spectro-
polarimetric imaging with high dynamic range and fidelity while maintaining high temporal and
spectral resolution. However, solar activity is inherently unpredictable, especially from the per-
spective of scheduling observations. As a result, the need to capture solar activity has resulted
in the construction of dedicated solar instruments (both single elements and interferometers), but
their capabilities fall short of what is needed to capture the highly varied, structured and variable
solar emission. Fortunately, these needs can be met by state-of-the-art versatile interferometers,
such as the SKAO and its precursors (see Chapter Pietro et al., 2026, for an overview of Solar
and Heliospheric physics that can be explored with SKAO). The scientific merits of using these
instruments for solar and heliospheric observations are already well established (e.g. Oberoi et al.,
2023; Zhang et al., 2024; Normo et al., 2025; Mondal et al., 2025; Dey et al., 2025; Kansabanik
et al., 2025).

SKAO observing time will be highly oversubscribed, with limited time for solar observations. Solar
radio transients are also infrequent and unpredictable, making blind scheduling efforts inefficient.
This approach would risk missing major episodes of solar activity and delay the collection of a
statistically significant sample. Implementing a robust, automated near-real-time triggering system
will capture these events with an efficient use of telescope time. The first radio telescope to perform
rapid-response observations based on external solar triggers is MWA, which has demonstrated its
efficacy by capturing ~110 bursts over 6 months (see Figure 13 adapted from Patra et al., 2026).
This system uses unallocated observing time during the day in conjunction with the MWA voltage
buffer system (Morrison et al., 2023), to record data up to 160s before the trigger arrival. This
partially mitigates the ~ 4 minutes of latency between the trigger notice and the associated radio
emission arriving at Earth. The bulk of this latency is due to relying on external triggers, which
could be substantially reduced by using an internal trigger.

Multiple approaches for catching solar events can be implemented with the SKAO telescopes,
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Figure 13: Figure adapted from Patra et al. (2026) showing MWA rapid-response images of solar bursts,
where the observations were triggered by alerts from the Yamagawa heliospectograph in Japan. The dotted
white circle shows the optical disc of the Sun. Left: MWA observation at 126 MHz on 2024 August 1. Red
contours are 1, 10, 30, 50, 90% of the peak. Right: MWA observation at 103 MHz on 2024 November 4.
The cyan contours are 5, 10, 20, 40, 80% of the peak.

including responding to external triggers from co-located (e.g. solar spectrometer) or remote
instruments (e.g. satellite solar observatories), as well as internal SKAO triggers. Using SKAO
subarraying and substation capabilities, the smallest substation (a footprint of 6 m for ~60 SKA-
Low stations within a 10km diameter adding up to <0.5% of the collecting area; Trott et al.,
2024) could be used for solar monitoring when the Sun is above the elevation limit, with minimal
sensitivity impact on other observations. SKA-Low’s flexible spectral sampling (Sridhar et al.,
2025a) would enable observations with just 100 channels spread across 50-350 MHz, each with a
bandwidth of 5.4 kHz (total 0.5 MHz), leaving a large fraction of the telescope resources available
for the commensal observation (Patra et al., 2026). This solar monitoring station could directly
trigger the SKA-Low buffer, which has a substantial 900 s capacity (Sridhar et al., 2025a), directly
compensating for any latency in the trigger and therefore collecting data of the full solar event.

An SKA-Mid subarray of 4 telescopes could also be used for solar monitoring using a configuration
optimised to match the size of the radio solar disk (Sridhar et al., 2025b). If monitoring with three
subarrays to simultaneously cover SKA Bands 1, 2 and 5a, near-real-time analysis of the dynamic
spectra could identify solar activity, which then generates a trigger to initiate solar observations with
a larger array. Automated alerts could also be generated for triggering other solar observatories.

4.8.2 Heliospheric triggering

Coronal mass ejections (CMESs) are potent drivers of space weather, which can impact power grids
and satellite based assets, astronaut safety, outages in radio communications, and Global Navigation
Satellite Systems (GNSS) based services. The largest factor driving the geo-effectiveness of CMEs
is the strength and orientation of their vector magnetic field. Our best information of CME entrained
magnetic fields comes from in-situ measurements from the spacecraft located at the L1 Lagrange
point, about 1.5 million km (~1% of an AU) towards the Sun on the Earth-Sun line. These
measurements provide only 30 min warning for the fastest CMEs traveling at speeds in excess of a
1000 km s~! and only a factor of two more for the more usual CMEs. This is grossly insufficient for
implementing geo-magnetic storm mitigation steps. The only method to estimate the CME magnetic
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field while it is close to the Sun is by measuring Faraday rotation changes in the background linearly
polarized sources as their emission passes through the magnetized CME plasma (e.g. Oberoi and
Kasper, 2004). This promising approach has been successfully demonstrated (Kooi et al., 2022).
However, due to limitations in sensitivity and image quality, has been limited to a handful of suitable
sources located in the ecliptic (Kooi et al., 2021) or radio beacon experiments (Bird, 2007). The
sensitivity of SKAO telescopes will enable more robust experiments through observations of a larger
number of discreet Galactic and extra-galactic sources and the polarised Galactic background.

While CME:s are unpredictable, space based Extreme-UV observations and low latency coronagraph
observations can identify them lifting off from the Sun and estimate their direction of propagation,
speed and angular width. Using community standard CME propagation models, it is possible
to estimate its trajectory in the plane of the sky, identify suitable background polarized sources
and schedule observations. The vast distances needed to be traversed by the CME imply that the
observations need to be scheduled on a time scale of a few hours. The first such observing programs
have already been implemented at MWA, ASKAP and most recently MeerKAT, and have yielded
multiple successful observations (Kansabanik and Vourlidas, 2024).

5 Triggering Technology and Landscape

Rapid response to transient phenomena requires seamless integration into a complex global ecosys-
tem of observatories, surveys, and communication platforms. The landscape of these tools has
significantly evolved over the last years to handle the increasing volume and rapidity of alerts from
multi-wavelength and multimessenger facilities, moving towards a highly automated, machine (and
increasingly Al) driven paradigm, while also allowing for human-in-the-loop decision making.

5.1 The Modern Alert Ecosystem

The coordination of follow-up observations is managed by a variety of specialized services, each
providing rapid access to different types of astronomical events.

General Coordinates Network (GCN): For decades, the GCN has been the cornerstone for dis-
seminating alerts on high-energy phenomena like GRBs and, more recently, multimessenger
events such as GWs and high-energy neutrinos. It provides low-latency alerts (‘notices’) that
are essential for capturing the earliest electromagnetic counterparts as well as human-written
reports (‘circulars’) that provide results on follow-up observations. Both can be accessed via
alert streams sent via the Apache Kafka'® streaming platform.

Radio Alert Systems: In the radio domain, dedicated systems have been established to announce
extremely rapid phenomena. A key example is the CHIME/FRB frb-voe!” (Abbott et al.,
2025), which is a VOEvent broker that provides real-time announcements of FRB detections
(see Section 5.4.1 for a description of VOEvents). These alerts use a specific VOEvent schema
for FRBs (Petroff et al., 2017), a standardized, machine-readable format for communicating
essential event parameters, such as the burst time, position, and dispersion measure, to
automatically trigger follow-up at other wavelengths.

8https://kafka.apache.org/
https://www.chime-frb.ca/voevents
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Transient Name Server’’ (TNS): As the official International Astronomical Union (IAU) mech-
anism, the TNS is the central service for reporting and naming new extragalactic transients,
primarily supernovae and Tidal Disruption Events. While not designed for the same sub-
minute latency as GCN, it is a crucial tool for access to transient classification information.
Data can be accessed via an API.

Vera C. Rubin Observatory’' (LSST) Alert Brokers: The upcoming Legacy Survey of Space
and Time (LSST) will generate an unprecedented flood of alerts, up to 10 million per night.
This data volume makes manual inspection impossible. Consequently, there is a network of
alert brokers, including ALeRCE, AMPEL, ANTARES, Babamul, Fink, Lasair, Pitt-Google,
SNAPS, POI Broker (Forster et al., 2021; Nordin et al., 2019; Matheson et al., 2021; Jegou du
Laz et al., 2026; Moller et al., 2021; Williams et al., 2024; Wood-Vasey, 2024; Trilling et al.,
2023). These brokers depend on in-house and community-driven algorithms to filter, classify,
and prioritize the LSST alert stream in real-time. Several of these systems also ingest other
transient alert notices (e.g. the GCN) and/or cross-matches with multi-wavelength catalogues
or transient surveys (e.g. the ZTF) for transient aggregation and classification (for example,
the Bursts and Outbursts Observation Monitor or BOOM on which Babamul is built).”> The
resulting Kafka streams are made available to the scientific community (e.g. Fink; Moller
et al., 2021).

5.2 Aggregation and Accessibility: Astro-COLIBRI

While services like the GCN and LSST brokers are built primarily for high-speed, machine-to-
machine communication, they create a significant challenge of information overload for the indi-
vidual researcher. The Astro-COLIBRI platform (Reichherzer et al., 2021) is designed specifically
to address this by keeping the expert human-in-the-loop. It provides a crucial synthesis layer on top
of the raw alert streams, aggregating data from the GCN, TNS, LSST brokers, and other sources
into a single, intuitive interface. By offering powerful filtering capabilities via modern interfaces,
including a web portal, smartphone applications, and a programmable API, Astro-COLIBRI trans-
forms the flood of machine-readable data into actionable information. This enables scientists to
quickly assess the relevance of an event and make informed decisions about triggering follow-up
observations, bridging the gap between automated detection and human-driven discovery.

5.3 Telescope triggering services

Software is being developed that take alert notices from the services and brokers to trigger automated
observations with target telescopes.

TRACE-T The Transient Rapid-response using Coordinated Event Triggering (TRACE-T)*? is a
web application that automatically monitors and filters VOEvents broadcast via Kafka alert
streams (e.g. the GCN or Fink) to trigger observations with radio telescopes based on user
defined parameters. Developed by the Australian Astronomy Data and Computing Services,
TRACE-T currently provides the modules for triggering rapid-response observations with

2https://gen.nasa.gov/missions/boom
Zhttps://github.com/ADACS-Australia/TraceT2
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both ATCA (Anderson et al., 2021a) and MWA (Hancock et al., 2019), allowing the user to
specify the observing set up. The TRACE-T software package has been modularised so that
it can be expanded for use with other telescope facilities.

TOM Toolkit: Target and Observation Manager software for powerful, programmable control of

astronomical observing programs (TOM Toolkit)** allows users to build Target and Obser-
vation Managers (TOMs) to manage large astronomical programs and data volumes (Street
et al., 2018). It enables users to submit requests directly to networked optical telescopes
with highly flexible queue-scheduling for rapid transient follow-up. TOM Toolkit is used to
combine large telescope networks including AEON+>> (Street et al., 2020) and the Siding

Spring Observatory Alert System.?

5.4 A Suggested Framework for SKAO Triggering

For the SKAO to operate effectively, its triggering framework must support two complementary
modes: rapid, fully automated, machine-to-machine communication and manual, expert-driven
observations. The system must be capable of both automatically responding to external alerts and
disseminating its own discoveries, relying on standardized machine-readable formats and modern
distribution protocols. Simultaneously, it must be flexible enough to allow astronomers to initiate
follow-up observations on compelling targets identified via interactive platforms.

5.4.1 Automated Triggering

Alerts are increasingly distributed via high-throughput, low-latency messaging systems like Apache
Kafka. This ensures observatories receive information with minimal delay. The format of these
notices is currently evolving. The traditional format is the VOEvent, an XML-based schema
established by the International Virtual Observatory Alliance (IVOA). While robust, XML is
verbose. To improve efficiency, the community is increasingly moving towards JSON (JavaScript
Object Notation) schemas. GCN has already introduced a novel JSON-based schema for its notices,
and the IVOA is actively developing a JSON serialization for the VOEvent standard. The SKAO
trigger system should be built upon Kafka streams and be able to parse both the legacy XML and the
modern JSON formats to ensure comprehensive coverage and future-proofing. This infrastructure
will allow the SKAO to automatically ingest an alert, verify its visibility and scientific priority, and
command the observatory to repoint/reconfigure, all within seconds of the initial discovery.

5.4.2 Manual and Expert-in-the-Loop Triggering

While automated systems are essential for handling the sheer volume of alerts, the expertise of
astronomers remains invaluable for identifying unique or unexpected phenomena. Modern plat-
forms like Astro-COLIBRI are not just for monitoring; they are designed to be interactive, allowing
for direct triggering of follow-up observations. Once an interesting multi-wavelength or multi-
messenger transient is identified, an authenticated researcher can request SKAO observations with
a simple action, such as pressing a button in a smartphone app. This direct-triggering paradigm

2https://lco.global/tomtoolkit/
Zhttps://aeonplus.github.io/
Shttps://indico.in2p3.fr/event/37156/contributions/164880/attachments/97729/150477/ozfink_sssoalertsystem.pdf
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is already well-established and has been successfully implemented with current observatories like
H.E.S.S. (Aharonian et al., 2006; Hoischen et al., 2022), MAGIC (Aleksi¢ et al., 2016), VERI-
TAS (Holder et al., 2006), and the Cherenkov Telescope Array Observatory (CTAO; Cherenkov
Telescope Array Consortium et al., 2019) operating in the high-energy gamma-ray domain, as well
as in the optical domain through the Las Cumbres Observatory (LCO) Telescope Observation Man-
ager (TOM) framework. We note that this framework is already been prototyped for radio facilities
like the European VLBI Network (EVN). Providing human interfaces for triggering or exploiting
existing platforms like Astro-COLIBRI will empower the community to react quickly and flexibly
to the most scientifically compelling transients.
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