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1 Introduction

Astrophysical transient sources provide unique ways that we can probe the Universe as they typically
involve the strongest gravitational forces, strongest magnetic fields, highest densities and largest
relativistic effects. They enable us to probe fundamental physics in ways that are impossible to
recreate on Earth. However, many of these events are also typically rare, requiring specialized
techniques to find them. There are typically two ways we can study these events with radio
telescopes, firstly follow-up of transients detected by other multi-messenger facilities and secondly
by conducting large unbiased transient surveys. Unbiased transient surveys refers to surveys that
are not targeting specific known transient populations. As large volumes of data are required to
capture the rare transient events, these surveys are not from dedicated observations and instead
typically use commensal datasets that are being observed for different science cases. We note
that these commensal datasets may also have their own intrinsic biases, for example observations
of the Galactic plane are naturally biased towards Galactic sources whereas observations of the
most massive galaxy clusters will be biased towards extragalactic sources. Here, we focus on large
unbiased transient surveys using commensally observed datasets.

When a new facility with unique capabilities starts up operations, this often leads to serendipitous
and unexpected detections of transient sources. For instance, Gamma-Ray Bursts (GRBs) were
discovered due to the launch of whole sky gamma-ray monitors (Klebesadel et al., 1973) and in
optical the detection of ‘The Cow’ in wide-field optical surveys led to the new class of transients
known as Fast Blue Optical Transients (FBOTs; Prentice et al., 2018). Alternatively, the development
of new survey techniques and increased computational resources can also lead to new discoveries,
such as the detection of the first Fast Radio Bursts in archival Parkes data (Lorimer et al., 2007).

In the radio image plane, synchrotron transient detection has been challenging. Many of the known
standard synchrotron transients (such as GRBs, X-ray binaries and supernovae) are expected to be
long duration and faint at radio frequencies, leading to the expectation that deep, wide-field surveys
are needed with observation separations of days to years to find them in unbiased surveys (e.g.
Metzger et al., 2015). SKAO will have the sensitivity to search for these sources, however dedicated
unbiased surveys will cost significant observing time (see Anderson et al. (2026) and Colombo et al.
(2026) for details regarding targeted follow-up of these events).

On shorter durations, seconds to ≲hours, teams using the SKA pathfinder facilities have conducted
large surveys using their large fields of view and excellent snapshot imaging capabilities. They
unexpectedly discovered a new population of Long Period Transients (LPTs; e.g. Hurley-Walker
et al., 2022). See Qiu et al. (2026) for more details regarding the LPTs in the era of SKAO and
Andersson et al. (2026) for prospects of detecting unknown transients in SKAO commensal surveys.
However, to find more of these sources, very large volumes of data must be efficiently processed.
SKAO will be an outstanding facility for finding these sources, but the volume of data required is
likely prohibitive for dedicated surveys.

In Figure 1, we show the known transient population at radio frequencies. The unbiased transient
surveys in the image plane can target sources with transient durations >1 second. This search data
does not need to be of particular dedicated fields, rather any data is sufficient. The teams using the
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Figure 1: Transient phase space showing radio luminosity versus the product of timescale and observing
frequency for different transient source classes, following Cordes et al. (2004). Note that the luminosity
assumes sources are beamed into only 1 sr and no relativistic beaming, which may or may not be appropriate
for individual objects, while the timescales are just the observed variability timescales and ignore more
constraining limits such as the finite sizes of e.g. stellar sources. For sources with relativistic beaming, the
intrinsic luminosity of the source can be significantly lower than that observed leading to the true brightness
temperature being significantly lower. Alternatively, for some stellar sources the intrinsic luminosity is
significantly higher and the true brightness temperature could be significantly higher. The diagonal lines
show contours of brightness temperature, with coherent emitters having 𝑇𝐵 > 1012 K. Adapted from Pietka
et al. (2015) and Nimmo et al. (2022). Figure from Murphy and Kaplan (2025), see their Figure 1 caption
for full reference list.

SKA pathfinder facilities have demonstrated the significant value of commensal surveys (e.g. de
Ruiter et al., 2024; Wang et al., 2021; Rowlinson et al., 2016).

This chapter will consider how we can implement transient surveys with commensal survey data from
the SKAO. There have been significant advances in optimising transient and variability searches
with the SKA pathfinders on a range of timescales, that can be directly applied to our strategies
for processing SKAO data. We will outline these advances, explain why they are implemented
and describe outstanding issues with processing these data. These advances can be applied to
observations from all deployments of SKA-Mid and SKA-Low starting from AA∗.

3



Commensal transient search methods The Transients Science Working Group

2 Imaging strategies

As outlined in the previous section, the radio transient phase space covers a wide range of timescales,
from milliseconds to decades. Recent advances in processing techniques and detection pipelines
have blurred the traditional division between short-duration transients that were best identified
and studied with beamformed techniques, and long duration transients that were best detected and
characterized with imaging techniques. Specifically, the use of model-subtracted snapshot images
has allowed the detection of transients with durations of∼seconds to minutes in the imaging domain.
This technique enables us to detect interacting compact object binaries, long-period transients, radio
stars (Beri et al., 2026; Qiu et al., 2026; Driessen et al., 2026), and rapidly scintillating sources
(Wang et al., 2021). Additionally, long-period pulsars, Rotating Radio Transients, and even FRBs
(e.g. Curtin et al., 2026; Caleb et al., 2026) have been detected using short integration snapshots in
the imaging domain (see e.g. Caleb et al., 2022; Mcsweeney et al., 2025; Andrianjafy et al., 2023).

Alternatively, a more traditional approach takes two or more images, separated by some interval of
time, and compares the sources detected in each of those images to identify differences between
them. These observations are usually days, months or years apart, making them sensitive to the
radio signatures of gamma-ray bursts, tidal disruption events, active galactic nuclei, supernovae,
and novae. Below we will discuss the two approaches in detail.

2.1 Short snapshot surveys

In some optical transient surveys, such as the Legacy Survey of Space and Time (LSST), difference
imaging— subtracting consecutive snapshots or subtraction of a deep reference image — removes
constant emission and reveals transients (see e.g. Liu et al., 2024). This approach is less effective
in radio, where sparse 𝑢, 𝑣-coverage in short integrations produces irregular point spread functions
and structured noise, generating many artefacts upon subtraction - unless the images are very close
together in time (typically of order minutes due to the rotation of the point spread function due to
the Earth’s rotation). An alternative is to create model-subtracted snapshot images: subtract a deep
integration sky model from the 𝑢, 𝑣-data before imaging. Images at various cadences then show
only deviations from the sky model.

Model-subtracted methods have three main advantages over standard cleaned continuum imaging
methods: (1) Imaging is faster, as primary beam correction and cleaning are unnecessary when the
field is source-free. This is essential when imaging long observations at second-scale cadences. (2)
Images contain only sources absent from, or variable relative to, the model, simplifying transient
searches. (3) Subtracting the deep model can reduce confusion noise for some facilities, enabling
deeper searches (see e.g. Fijma et al., 2024). Sky model subtracted snapshots are therefore the
ideal data product to feed into transient pipelines (see e.g. Wang et al., 2023; de Ruiter et al., 2024;
Horváth et al., 2025; Smirnov et al., 2025). Once a transient source has been detected, additional
images without model-subtraction can be made to show the source environment and obtain accurate
flux density measurements and astrometry.

A commensal snapshot imaging pipeline for the SKAO would enable the exploration of large sky
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areas necessary to uncover the most exotic and rare types of transient sources. To make this search
effective, the model-subtracted snapshot images should be created during the processing stage, as
both a deep sky model and visibility data are required. Much progress has been made in recent years
in the transient pipelines that process such images (see Section 3.1). In the SKAO-era a snaphshot
fast imaging pipeline will run on the SKAO Central Processing Facilities, in near-real-time. The
SKAO fast imaging pipeline will enter science verification in Cycle 1, with shared risk observations
from Cycle 2.

2.2 Long surveys (multiple observations)

For longer durations, days or longer, commensal transient searches can use the standard continuum
output images of individual observations. Some science cases will require multiple observations
of the same field to reach the required sensitivity. These observations could be separated by days,
months or even years, providing an opportunity to comensally search for long duration transients
and variability. Additionally, there may be overlap between fields observed by different science
cases giving additional epochs to search for transients and variables.

The different observations of each field will typically not be optimally separated in time, leading
to sparse and unevenly sampled transient surveys. Using commensal observations from SKA
Pathfinders, techniques have been optimised to enable analysis and interpretation of transient rates
from these complex datasets (Chastain et al., 2022).

The output required for these surveys is a deep, cleaned image of the field containing all the
detectable sources per observation. In the SKAO era, this image will be a standard output for
observations produced by the SKAO Central Processing Facilities. A transient pipeline, running
automatically on the Central Processing Facility or offline using the SKAO Regional Centre Network
(SRCNet), can search for transient and variable sources in these output images.

3 Transient detection pipelines

Due to the large volume of images that require processing for commensal transient searches, it
is essential to use fully automated transient detection pipelines. In this section, we highlight the
current state-of-the-art pipelines and strategies for extracting interesting sources.

3.1 From images to light curves

The key steps behind the majority of radio transient detection pipelines are the same, with key
differences being in the implementation. Here we consider these underlying steps and then state
key differences between the existing pipelines.

The typical inputs for any unbiased transient survey pipeline are the images, which are typically
created by the observatory specific imaging pipelines. Sometimes calibration and imaging fails
or the output image is of poor quality, thus the key first step to any transient detection pipeline is
ensuring that the image quality is sufficient. Often a simple rms cut based on the standard image
quality in the dataset is sufficient, e.g. by rejecting all images whose rms values are more than 3𝜎
deviant from the average rms in the dataset.
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Following image quality control, the next standard step is to search for sources in the images.
Typically, any radio image plane source finder can be used but often these unbiased surveys want
good point source flux density recovery and for the source finder to be optimized for processing
speed. The transient pipeline then conducts source association, across time and frequency, with
the previously detected source list to build source light curves and add new sources to the detected
source list. These light curves are then typically stored in a database that can be queried to search
for new sources or sources with significantly variable light curves.

“Fast” and “standard” pipelines can differ substantially in their approach, science applications and
required infrastructure. Several “fast” pipelines ingest visibilities and carry out their own custom
imaging which, while not as computationally expensive as creating science-quality deep continuum
images, requires substantially more compute than “standard” pipelines which ingest existing images
(and sometimes catalogues). The deployment of these pipelines will therefore differ substantially in
the SKAO era – “fast” pipelines will need to be integrated into the main SKAO science workflows
with final data products supplied to users, while in most cases it will remain feasible for users to
run “standard” pipelines (provided by themselves or the SKAO) on SRCNet. “Fast” pipelines are
also generally deployed to find highly intermittent or time-sensitive sources, which in the SKAO
era may necessitate the inclusion of some alert infrastructure into the pipelines, while “standard”
pipelines search for slower evolving sources which do not require immediate user intervention.

• TraP - The LOFAR Transients Pipeline (TraP; Swinbank et al., 2015)1 is a publicly available
pipeline that follows all of the fundamental steps outlined above and can handle any standard
fits format image. TraP uses the Python Source Extractor (PySE; Carbone et al., 2018)
which is significantly optimized for processing speed and for point source flux density recov-
ery. The TraP is currently undergoing a significant upgrade to increase processing speed and
to enable it to be fully incorporated in the automated data processing pipeline for LOFAR2.02.
These improvements allow all LOFAR2.0 imaging observations to be automatically processed
by TraP, producing a legacy, publicly queryable, database of source light curves.

• VAST - The Variables And Slow Transients Pipeline (Stewart et al., 2024, VAST;) is an
open-source transient detection pipeline optimised for observations conducted with ASKAP.
It ingests the standard ASKAP data products (images and auxiliary maps produced with
ASKAPsoft (Cornwell et al., 2011), source catalogues produced by Selavy (Whiting and
Humphreys, 2012)) and carries out source association, forced photometry and calculation of
statistics. Data are queryable via a dedicated web interface, or programmatically using the
vast-tools Python package (Stewart et al., 2025).

• VASTER - The VAST fast detection pipeline (VASTER; Wang et al., 2021) is optimised for
searching for minute-timescale variability in ASKAP observations on a per-beam basis. The
pipeline generates a deep model that is then subtracted from the visibilities, and then forms
images on arbitrary timescales (down to the 10 s telescope integration time). These images
are then formed into cubes and basic source statistics are calculated to enable a search for

1https://github.com/transientskp/tkp
2https://git.astron.nl/RD/trap
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transients. This pipeline has historically been used on archival data, but has recently been
deployed as part of the real-time telescope operations (Wang et al. in prep.).

• TRON - Transient Radio Observations for Newbies is a fast imaging pipeline developed in the
context of mining the MeerKAT archive for transients and variable sources (Smirnov et al.,
2025). TRON creates a model-subtracted snapshot cube at raw time resolution, using either
WSClean (Offringa et al., 2014) or the new pfb-imaging package (Bester et al., 2025), stored
in chunked format using XArray/Zarr3 for efficient access. The data can be imaged over a
number of subbands (which optimizes sensitivity to chromatic sources such as scintillators);
this version of the pipeline is called SpecTRON. It then applies a peak-finding heuristic called
Breifast to search for candidate transients at the raw timescale, and/or in forward-difference
snapshots and/or at longer timescales (by applying a convolutional filter in time) and/or in
variance maps, with a number of heuristics to filter out false-positives. A catalogue of
lightcurves for all detections (and all deep continuum sources) is automatically produced, as
well as an optional set of dynamic spectra generated using the RIMS package4.

• MWA fast imaging transient detection pipeline - Described by Horváth et al. (2025), this
pipeline is optimised for finding transients on timescales of a few seconds to a few minutes
with the MWA. It produces a model-subtracted snapshot cube and applies three filters through
the time axis, optimising for detection of delta-function like transients, high-variance pixels,
and signatures resembling a pulse. These are uploaded to a classifier for human inspection.

3.2 Filtering light curves and transient candidates

Once light curves have been created and stored in the associated database, they are filtered using a
range of strategies. New sources are considered transient candidates while persistent sources are
checked for variability.

There are a number of artifacts that can lead to false positive transient detection or false positive
variability in sources. Key sources of false positives include:

• Sidelobes in radio images can appear as compact point sources in radio images, and can
therefore unjustly be interpreted as transient candidates. These sidelobe sources are most
prominent around bright sources, where a bright main central part of the point spread function
(to model the bright source) also implies a relatively bright sidelobe of the point spread
function. Figure 2 shows an example of a sidelobe highlighted by the red circle in the TGSS
survey (Intema et al., 2017) around the 4.3 Jy AGN 4C66.09. Upon further investigation and
comparison to the LoTSS DR2 survey (Shimwell et al., 2022), this source is determined to
be spurious. The LoTSS image also shows residual structure around the central AGN. This
structure encapsulates the shape of the PSF, determined by the UV-coverage of the radio
interferometer. The amount of structure around bright sources is furthermore determined by
the skymodel that is used for calibration. For example, if a point source model is adopted for
a slightly resolved source, this can result in features around the slightly resolved source. This
can be remedied by consecutive rounds of self-calibration (see e.g. Stewart et al., 2016). One

3https://xarray.dev
4https://github.com/saopicc/RIMS
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Figure 2: TGSS ADR1 (left) and LoTSS DR2 (right) images of the AGN 4C66.09 shown in the centre of
the images. The red circle shows the location of the sidelobe source (TGSSADR J094940.0+661228) that
was initially interpreted as a transient candidate. Figure from de Ruiter et al. (2021).

strategy to reduce the impact of sidelobes on a transient search is to exclude a region around
bright sources from the transient search. This can for example, be done by studying the noise
distributions around bright sources and defining a radial filter (see eg. Figure 8 in de Ruiter
et al., 2021).

• Planes and satelites both emit and reflect radio emission that can cause false positive new
source detections across the field as the source moves, particularly in fast imaging strategies.
These false positives are likely to increase with the advent of constellation satellites. Simple
strategies can be used to filter these out, such as searching for new source detections that are
close together in both space and time (Kuiack et al., 2021).

• Extended sources can also lead to false positive new source detections. This is due to source
finders identifying different components of the extended emission from image to image,
depending on e.g. correlated noise in the region. However, extended sources are unlikely
to vary on the timescales that key transient surveys are conducted. Therefore, excluding
known extended sources from transient analysis can prevent these false positives. The key
caveat is that a transient source occurring on an extended galaxy could be rejected by this
method. Alternatively, shorter baselines could be excluded when making images, giving
lower resolution and thus reduce the amount of extended sources in the images.

Often, the transient pipelines calculate key variability parameters such as the reduced weighted 𝜒2

fit of the light curve to a straight line (𝜂) and the coefficient of variation giving the magnitude of
the variability (𝑉 , see e.g. equations 35 and 36 in Swinbank et al., 2015). Making the assumption
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Figure 3: This figure shows the two variability parameters, 𝜂 and 𝑉 , determined from the light curves of
all sources observed in a given dataset. The variability parameters each show an approximately Gaussian
distribution (shown above and to the left of the plot). Sources that are deviant from both distributions by
more than 2𝜎 (shown by the solid black lines and orange shaded region) are candidate transient sources. The
red data points are confirmed transient sources. Figure from Murphy et al. (2021)

that the majority of the sources are not variable, variable sources can be identified as being outliers
to the distribution. In Figure 3, we show an example dataset where variable sources are defined
as being > 2𝜎 outliers from the full population. We note that there are caveats with this method
as some variables are being missed due to various systematic effects in calculating the variability
parameters (e.g. see discussion in Rowlinson et al., 2019). These systematic effects can be modeled
and accounted for by adapting this analysis technique (see Valdata et al. in prep). Additionally,
Gaussian processes can be used to analyse light curves that have challenges such as sparse and
irregular sampling (Fu et al., 2025).

Storing light curves, instead of classifying as part of the transient pipeline, enables astronomers to
develop and apply new advanced analysis techniques on these catalogues when the images may no
longer be available. For instance, in Section 3.4, we consider the application of citizen science and
machine learning techniques to identify interesting source that are missed by the simple statistical
techniques using the variability parameters.
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3.3 Special considerations for subtraction images

Filtering applies to both short snapshot (section 2.1) and long surveys (section 2.2), but extra care
is needed for sidelobes around bright sources in short snapshots. This is because (1) sky-models,
derived from long observations with better uv-coverage, do not remove sidelobes effectively in short
integrations, leaving artifacts around bright sources; and (2) short snapshots are usually not cleaned,
so unsubtracted sources appear as dirty beams with full sidelobes. The excellent instantaneous 𝑢, 𝑣-
coverage of the SKAO telescope will mitigate some of these difficulties. Additionally, the use of
dishes also leads to cleaner subtractions (see e.g. Fijma et al., 2024).

3.4 Role of citizen science and machine learning

The scale of data expected from the SKAO necessitates fast, flexible methods to address the
challenge of finding and characterising transients. The advent and maturity of machine learning and
other big data techniques therefore provide a useful toolkit to aid in removing artifacts, classifying
transients and optimising our pipelines, as is now standard practice for analogous optical sky surveys
(e.g. Killestein et al., 2021; Weston et al., 2024). For example, Rowlinson et al. (2019) applied
machine learning methods to simulated and observed LOFAR data in order to explore parameter
tuning for particular survey strategies, which will be invaluable when balancing false positive rates
against completeness with the sensitive observations of the SKAO. More recently Andersson et al.
(2025) made use of anomaly detection algorithms - a kind of unsupervised machine learning - to
preferentially select verified transients and reduce the required search volume by over an order of
magnitude.

Citizen science is another strategy employable when faced with such large data volumes, with the
additional benefits associated with engagement, outreach and learning opportunities. Andersson
et al. (2023) demonstrate how volunteers find transients and variables from the ThunderKAT survey
without the need for any choice in variability parameters or thresholding. Furthermore, this labelled
dataset has proved useful as a testbed against which to compare other strategies. For example, Fu
et al. (2025) use the same citizen science data to explore the application of Gaussian processes to
radio transients, whilst Andersson et al. (2025) use the volunteer votes to construct a ground truth
against which to compare anomaly detection algorithms. However, at the SKAO AA* sensitivity
predictions, the rate of variable and transient sources will likely be too great for such citizen science
efforts to be employed on the entire SKAO datastream. Nevertheless, having a small, labeled dataset
allows for a way to test novel techniques.

Armed with these techniques that have now been benchmarked with and applied to data from SKA
precursors and pathfinders, we are now moving into a regime where finding transients of interest
will become overwhelming. The final piece of this puzzle is to integrate these techniques into a
real-time, low-latency system so that characterisation can be performed whilst transients are still
active.

4 Triggering

The SKAO telescopes will produce a range of transient candidate type science data products
through the real-time pulsar sub-systems and also from the fast imaging pipeline. These science
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data products can be used to generate alerts to trigger the SKAO telescopes for advanced analysis,
new ToO observations or observations by external facilities. SKA-Mid and SKA-Low will have
limited ToO availability from Cycle 0.

The SKAO telescopes are also able to save voltage data from the transient buffer upon triggering
as part of the transient search pipelines that would provide high-time resolution visibilities for
localisation and dynamic spectrum analysis of the transient candidate.

4.1 Advanced Analysis

Following the detection of new candidate transient and variable sources, a number of advanced
analysis steps are used to confirm that a detection is real and to determine its properties. In the
SKAO era, where the data rates prohibit long term storage of visibilities, these analysis steps will
need to be conducted before the visibilities are deleted.

By self triggering, ideally in real time, transient buffer data around key transient detections could
be saved to disk enabling the advanced analysis techniques. Additionally, by identifying transients
in real-time, self-triggered SKAO observations could be started to follow-up these events. Here we
outline a range of typical advanced analysis steps that are used to analyse transient candidates.

4.1.1 Re-imaging

Following the detection of a new transient source, particularly from fast snapshot subtraction
imaging surveys, it is essential to conduct re-imaging to confirm the transient detection.

The key purpose is to confirm that transient detections are reliable and is ideally conducted before
a transient alert is distributed. For subtraction images, re-imaging is required to confirm the source
is real and to accurately determine its flux density. Often, transient candidates are re-imaged with
different imaging strategies to confirm the source is not an artefact of given imaging settings. Addi-
tionally, re-imaging with different array configurations (e.g. baseline length constraints, frequency
bands or polarisation) can be used to reject artefacts from sidelobes.

The second purpose is to measure useful properties of the source that can be used to constrain
emission mechanisms and source type. Often sources are re-imaged with higher time resolution to
search for shorter duration variability, higher spectral resolution to determine the spectrum and full
Stokes imaging to identify any polarised emission.

4.1.2 Dynamic Spectra

At the time of writing, image-plane transient detection is typically performed on as coarse a timescale
as is still sensitive to the transients of interest, in order to maximise signal-to-noise, and minimise
computational cost. It is also often performed while averaging over all frequency channels without
dedispersion, since many sources detected in the image plane to date have pulses long enough that
dispersion does not appreciably reduce the signal-to-noise of the frequency-averaged light curve,
and again, this minimises computational cost (although, see section 4.1.3). We note that this
method can be biased against highly dispersed, short duration transients. Stokes I and Stokes V are
common search dimensions, since Q and U are Faraday-rotated by intervening 𝐵∥ fields and would
necessitate costly per-channel images.
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After a detection has been made, however, the richest information comes from exploring the data at
full resolution across time, frequency, and polarisation. An increasingly popular method involves
phase-rotating the visibilities to the detected source, and then averaging over all baselines. This is
essentially the same beamforming operation as performed by traditional time domain astronomers,
effectively placing a dirty, naturally-weighted synthesised beam at the location of the source. If
the transient was never cleaned in the detection step, or if its model components are restored, then
this method returns a dynamic spectrum of the source in full spectro-temporal-polarimetric detail
(if the source has been cleaned, some level of mean subtraction will occur). A primary beam
correction can also be applied at this stage, in order to convert from instrumental to celestial Stokes
parameters. This method is becoming increasingly popular and there are at least two extant software
implementations: DSTools5 and RIMS6

In the SKAO era, where the visibilities will not be archived long-term, it will be vitally important
to detect transients in real-time, then form and store these dynamic spectra for future inspection and
classification. However, these are large data products compared to light curves and will need to be
classified promptly to avoid an overwhelming data management problem (see section 3.4). This is
similar to the near-real time classification problem needed to keep pace with pulsar surveys with
SKAO precursors (see e.g. Padmanabh et al., 2023).

4.1.3 Image-plane dedispersion

At low frequencies (150 MHz), dispersion is a dominant effect especially for transient sources.
Even for moderate values of the dispersion measure (that measures the amount of smear of an
impulse across the band) can lead to a reduction in the sensitivity of image plane searches, even for
long-period transients. At LOFAR frequencies of 150 MHz (SKA-LOW regime), dispersion smear
can be as large as 10 seconds for DMs larger than 50 pc cm−3. This renders an image-plane search
insensitive to sources such as Long-Period Transients in the Galactic Plane as the pulse widths
are can be shorter than the dispersion smearing at these frequencies. Hence, it is important to
devise a dedispersion search for transients for SKA-low stations. The images are first corrected for
dispersive effects across frequency channels before adding them and running a search thus, allowing
us to look any highly dispersed transients. This image-plane dedispersion technique can be run on
detected transients to determine if they are dispersed and what their dispersion measure is. This
methodology has already been put to good use in searches for long period transients using LOFAR
(e.g. de Ruiter et al., 2025).

In the SKAO era, it would be important to consider two things: 1) the time resolution and the
frequency resolution of the output images as the frequency resolution will dictate the upper limit
on the dispersion measure the search would be sensitive to and 2) time requirement for the search.
Currently, a heterogeneous pipeline has been deployed for the image plane searches with LOFAR
that uses GPUs and CPUs to dedisperse the images giving a significant boost to the performance.
Similar techniques can be implemented for the searches using the SKAO telescopes as a triggered
analysis on detected transients and as a standard search strategy given sufficient compute.

5https://github.com/askap-vast/dstools
6https://github.com/saopicc/RIMS
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4.2 Alerts to the community

Upon the detection (and possibly vetting) of a transient candidate, an alert will be rapidly dissem-
inated to the global astronomical community to facilitate follow-up observations and studies. To
ensure interoperability and seamless integration with existing systems, these alerts will be issued in
the VOEvent format (Seaman et al., 2011), an established standard from the International Virtual
Observatory Alliance (IVOA). The distribution of these alerts will likely be handled by the SKAO
operating its own distribution broker to ensure reliable and low-latency delivery.

This infrastructure will allow the SKAO transient alert stream to be readily incorporated into the
burgeoning global ecosystem of time-domain and multi-messenger (TDAMM) astronomy platforms.
This includes major alert brokers developed for facilities like the Vera C. Rubin Observatory,
enabling immediate cross-correlation of SKAO radio detections with optical alerts from the Legacy
Survey of Space and Time (LSST; Vera C. Rubin Observatory) and data from other multi-wavelength
and multi-messenger observatories. Such near-real-time data fusion significantly enhances the
scientific value of SKAO alerts, providing crucial context for classifying events and triggering rapid
follow-up observations. Furthermore, the SKAO alert stream will be integrated into platforms like
Astro-COLIBRI (Reichherzer et al., 2021), which provides a comprehensive, high-level overview
of all ongoing transient activity across the electromagnetic spectrum and beyond.

Finally, while the initial VOEvents will contain essential information about the detection (e.g.,
position, flux density, time), dedicated SKAO-based information and data platforms will need to be
made available via the SRCNet. These will provide the community with access to more detailed
information for each event. This should include the source-subtracted snapshot image, the dynamic
spectrum of the event, the visibility data around the time of the transient or the snapshot images
around the transient event including all the sources and associated metadata.

5 Conclusions

Working with the SKA pathfinder facilities and collaborating with teams from other science cases
over the past decade, the radio transient community has demonstrated the high quality results
obtainable from commensal transient searches in the image plane. As shown by the detection of
Long Period Transients (Qiu et al., 2026) in commensal data, these searches are vital for detecting
rare transients and the unknown (Andersson et al., 2026).

This chapter draws together the state of the art techniques for conducting transient and variability
searches from durations of seconds to years. Imaging strategies, especially for short duration
snapshots, have been optimised for speed and data quality. Transient detection pipelines have
been developed that can build light curves of sources detected in the fields. These light curves
can be processed in a range of different ways, including machine learning techniques, to pull
out the interesting sources. Finally, we have identified key follow-up strategies to reprocess the
observational radio data to pull out key source features and determined how to share the detection
of these exciting sources with the multi-messenger transient community to enable timely follow-up
observations.
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