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The recent detections of the afterglow phase of long gamma-ray bursts (IGRBs) at very high
energies (VHE, >100 GeV) mark a significant advance in astrophysics of transient phenomena,
offering deeper insights into the acceleration mechanisms, jet structure, and physical processes
driving GRB emission. In the multi-messenger landscape, both high-energy neutrino and gravita-
tional wave detections are providing new insights into the physics of extreme cosmic accelerators
and highlighting the need for rapid and broadband follow-up observations. The Large-Sized
Telescope (LST-1), the first telescope of the LST array, part of the Cherenkov Telescope Ar-
ray Observatory (CTAO) North site, is particularly well-suited for real-time, rapid follow-up of
transients. In this contribution, we present the latest achievements of the transient observational
program with LST-1, which is now in advanced commissioning on La Palma, Canary Islands. We
outline the observational strategies in place and describe the dynamic handling of events by the
transient handler of LST-1 (e.g., its ability to handle poorly localised events, including gravitational
waves, GRBs and neutrinos). We present the key results from transient observation campaigns
conducted so far, discuss the lessons learned, and outline the promising prospects for the future

LST-1+MAGIC combined transient program with fast response, via a Transient Handler.
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1. Introduction

Transient phenomena in the Universe—brief, energetic events that evolve on timescales ranging
from milliseconds to days—offer unique insights into the most extreme physical processes. Sources
exhibiting this behaviour in the gamma-ray regime include gamma-ray bursts (GRBs), as probed
by the recent GRB detections at VHEs—GRB 180720B [1], GRB 190114C [2], GRB 190829A
[3], and GRB 201216C [4]. This progress reached a new peak with the detection of GRB 221009A
[5], the brightest GRB ever observed. While GRBs remain a flagship target, the landscape of
transient astrophysics has expanded in recent years. The advent of multi-messenger astronomy has
revealed a broader population of energetic transients that are prime candidates to emit at gamma-ray
energies (GeV-TeV). The discovery of gravitational waves (GWs) from compact binary mergers
by LIGO and Virgo—beginning with GW150914 [6] and highlighted by the GW170817-GRB
170817A association [7]—has linked short GRBs to neutron star mergers. In parallel, high-energy
neutrino alerts from observatories like IceCube have become increasingly important triggers for
rapid follow-up in the gamma-ray domain. Events such as IceCube-170922A, potentially associated
with the blazar TXS0506+056 [8], or the tidal disruption event (TDE) created by a black hole
tearing a star apart, AT2019dsg as identified by the Zwicky Transient Facility, associated with the
neutrino IC 191001A [9], underscore the importance and potential of chasing transient neutrino
events. Moreover, fast radio bursts (FRBs), and Galactic transients such as core-collapse supernovae
(CCSNe), are other targets of interest in transient observation campaigns in gammarays. Concerning
fast-evolving galactic transients, novae have been established as gamma-rays emitters, both from
Fermi-LAT GeV detection of tens of binary systems, including classical and symbiotic novae, but
specially at VHEs after the symbiotic nova RS Oph detection in 2021 by MAGIC [10], H.E.S.S.[11]
and LST-1 [12].

These diverse classes of transients pose both opportunities and challenges for ground-based
gamma-ray observatories. Dedicated frameworks and software—such as tiling algorithms, real-time
data analysis pipelines, and alert-driven scheduling—have become essential components of modern
VHE observational systems. In this evolving landscape, the first telescope of the four Large-Sized
Telescopes (LSTs) of the Cherenkov Telescope Array Observatory in the North (CTAO-North),
LST-1, is producing scientific results and aims to enhance its capabilities to respond to a wide
array of transient multi-messenger triggers. These efforts are crucial for probing the most extreme
physical processes in the universe, from black hole and neutron star mergers to relativistic jets and
shock acceleration in dense environments.

2. The first Large-Sized Telescope (LST-1)

The CTAO, the leading gamma-ray Cherenkov telescope observatory of the next decades, will
consist of two multi-telescope arrays placed in two distinct sites—one in the North (La Palma, Spain)
and another in the South (Atacama, Chile)—covering a very large portion of the sky and allowing
almost continuous operations. Its unprecedented performance comes from its multi-telescope
design, based on a combination of LSTs, Medium-Sized Telescopes (MSTs) and Small-Sized
Telescopes (SSTs). These cover the energy range in ascending order. The LST design makes it
particularly well suited to cover transient, extragalactic sources thanks to their improved sensitivities
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at short time scales compared to space-based instruments, to its large reflective surface, enabling
the detection of faint Cherenkov flashes from electromagnetic cascades of gamma rays down to 20
GeV, its 4.5 deg field-of-view camera, allowing coverage of broad sky regions, and the light design
of the telescope structure, allowing for fast slewing between coordinates, up to 180 deg in about 20
.

2.1 The transient program of LST-1.

The current LST-1 transient program searches for gamma-ray emission from various distinct
sources, in order of decreasing reaction time. After the confirmation of the long-standing hypothesis
that some GRBs are VHE emitters, we aim to broaden this knowledge by leveraging the capabil-
ities of LST-1. We target alerts from various instruments, in decreasing energy range coverage:
LHAASO, HAWC, Fermi-LAT, SVOM-Eclair, Fermi-GBM, SVOM-GRM, Swift-BAT, Swift-XRT,
MAX]I, and Einstein Probe, as well as optical telescopes information, for magnitude and redshift
estimation. For GW, our follow-up program covers all the alert types provided by the LIGO-Virgo-
KAGRA (LVK) Collaboration, including compact object in binaries, as binary neutron stars (BNS),
neutron start black hole mergers (NSBH) and binary black hole mergers (BBH), including those
in the sub-solar mass range, and bursts. Regarding the neutrino program, both the publicly dis-
tributed neutrino, via General Coordinates Network (GCN)/AMON (neutrino tracks and neutrino
cascades)[14], as well as neutrinos privately shared via Memorandum of Understanding (MoU),
including pre-selected sources and all-sky neutrino flares, are considered. In addition, we follow
up significant AMON alerts, with a special focus on Icecube+HAWC alerts. Building on recent
TDE-neutrino associations, we aim to investigate the scenarios where TDEs might produce gamma
rays, which requires particle acceleration. Accordingly, we focus on jetted TDEs, TDEs associ-
ated with neutrino counterparts, and also opportunistic nearby TDEs within ~100 Mpc. Regarding
FRBs, we target FRB repeaters during active periods to ensure the widest possible multi-wavelength
coverage. Lastly, the core-collapse supernova (CCSN) program covers the most promising CCSN
types that could potentially power gamma-ray emission, particularly at times when the yy attenu-
ation decreases and the gamma-ray emission is expected to reach its maximum value. The most
promising CCSNe are those similar to SN 1987A. The Transient Name Server (TNS) [18] is used
to identify them, using a newly developed filtering pipeline. In the case of novae, the Central
Bureau Astronomical Telegrams® Transient Objects Confirmation Page, VSNET [15], and AAVSO
[16] notices together with reports of transients through The Astronomer’s Telegram (ATel) [17] and
TNS are monitored to identify detection opportunities indicated by a flux increase, with particular
attention to Fermi-LAT.

The LST-1 transient program is supported by the LST-1 Transient Handler (TH), which serves
as the core system for follow-ups—coordinating the various subsystems involved in the transient
response and enabling automatic, real-time observation scheduling. This is complemented by the
offline human-in-the-loop response—assured by a team of experts—, whenever the alert arrives
during the day or in scientific cases where mid-cadences are the most adapted strategy. Regarding
source localisations, well-localised transients, such as Fermi-LAT or Swift-BAT GRBs or IceCube
neutrino tracks, the response strategy is straightforward: the telescope repoints to the target, and the
observation is conducted using standard wobble mode (e.g., 20-minute runs with an offset pointing to
allow simultaneous background estimation). In contrast, poorly localised events—typical of Fermi-
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GBM GRBs, neutrino cascades, or most GW alerts—require more advanced pointing strategies. In
such cases, sky tiling becomes essential, for which the Python package tilepy [19] is used. The
offline scheduling is streamlined and automated through the use of Astro-COLIBRI [20], which
acts as a bridge, automatically populating the observation request to be sent to schedulers with all
relevant information extracted from the alert.

2.2 The LST-1 Transient Handler.

LST-1 TH has the primary role of receiving, processing and initiating an automatic reaction
of the telescope that enables the observations of transient sources. The system has been handling
transient alerts since ~2020 [21]. It is continually evolving in terms of new protocols and alert
types. Currently, alerts are provided by GCN via the event streaming platform Kafka, supporting
both VOEvents (XML) and JSON formats. Source-adapted selection cuts are applied on different
parameters. These are provided by a team of experts leading the observation proposal. These consist
of timing, visibility of the source, and parameters of the detected source included in the alert, as
the false alarm rate (FAR) or the probability that the source originates from a given astrophysical
population. The TH workflow has been designed to react fully automatically to the various types of
alert and their updates. A colour coding in the schematic diagram in Figure 1 is used to differentiate
the main components and data flow within the transient observation framework:
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Figure 1: Workflow of the LST-1 TH. The different colours correspond to the various connected systems
that give an effective, dynamic transient response (see text).

¢ LST-1 Transient Handler (red): The core functionalities include the alert reception, the
prioritisation, and the scheduling management, forming the central decision-making engine
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of the system. The science case identification and filtering are based on the criteria in
the scientific proposals submitted for each observing cycle. Visibility calculations are also
handled so moonlight and darktime observations are identified.

* Config files (yellow): These include the parameters required to define the reaction behavior
for each science case enabling tailored observation strategies based on the alert content.

e tilepy ([19], green): The open-source Python package is used as the sky-tiling engine to
compute optimised pointing patterns, used for sources with large localisation uncertainties.

¢ Telescope Control Unit (TCU, [22], purple): This interface is responsible for commanding
the various telescope systems and launching observations. Hence, it allocates the scheduled
pointings accordingly. The TH sends the required information to the system managing
telescope observations, known as AutoOperator (AO). The AO creates a corresponding
source configuration and observation block, and executes it at the requested time.

* Transient Handler Database (blue): This component allows the system to retrieve and track
previously scheduled observations by the TCU. It supports the handling of alert updates, based
on the ongoing or past observations associated with the same event.

* Real-Time Analysis (RTA, [23], pink): The system is in charge of the real-time data analysis,
which processes incoming data on short timescales to evaluate the presence of gamma-ray
emission detection during ongoing observations, providing rapid feedback to the system.
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Figure 2: Left: TH reaction times per step. Right: Reaction time to the scheduled observations/to change
by TH reaction times).

3. LST-1 observations

Since the end of 2023, a total of 22 alerts have been followed by LST-1. GRBs are the largest
of these, with 20 observed alerts (~ 48 h) and two GW sources (~ 3.3 h). These observations were
only marginally affected by telescope-related issues, as the commissioning phase had significantly
progressed. The sky localisation distribution of these events is shown in Figure 4. Out of these, we
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highlight the observations on the exceptionally bright, long GRB 2210009A, detected by Fermi-
GBM, Swift-BAT and at VHE gamma rays by LHAASO. It was observed by LST-1 for 3.17h
under bright moonlight conditions at To+1.33 days, and monitored until the end of November 2022,
due to the exceptional nature and brightness of the GRB. The analysis results can be found in [5].
Secondly, we highlight the LST-1 observations, coordinated with the MAGIC telescopes, of two
BBH candidates detected by LVK during the O4 run S240615dg [24] and S241125n [25], ~ 14
hours and ~ 19 hours after the initial trigger, respectively. S240615dg is the best localised event of
04 (50% C.R. of ~1 deg?), while S241125n (50% C.R. of >1 deg?) is the only event in O4 with a
candidate counterpart identified, in X-rays, by the Swift-BAT [26]. An upcoming publication will
report the results of these observations.
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Figure 3: Left: Distribution according to the VoEvent ID of the 173 alerts tagged as OBSERVABLE since
December 2023. Right: Sky location of the GRBs and GW in Galactic coordinates (in the case of poorly
localised events, only the largest probability pixel is represented).

4. Joint LST-1 follow-up campaigns with MAGIC

The MAGIC and LST Collaborations worked towards a joint observing cycle starting in
April 2025. Joint transient observations required developments at all levels: from the target of
opportunity infrastructure and shared communication platforms, to the definition of common tools,
to facilitate rapid response and reduce duplication of effort. The automatic response has been
designed to have the LST-1 TH as the orchestrator. The automatic reaction in well-localised targets
is performed following the usual method, where the directions of the wobbled observations are
selected beforehand for consistency. Regarding poorly localised transient events, these are covered
by tilepy. The package is employed to compute efficient tiling patterns and coordinate multi-
telescope scheduling when needed. An standout example of this collaborative approach is the
wobble-mode GW tiling campaign on S240615dg with an offline-coordinated tiling pattern and
synchronised scheduling, to cover over 95% of the GW localisation region. The capabilities of
this coordinated, complementary LST-1 with MAGIC tiling are depicted using the case of GRB
240612A, for which we could achieve a coverage of 83% of the source location uncertainty region,
paving the way of GRB detection despite challenging localisation. These are shown in Figure 4.
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Figure 4: Left: Joint wobble LST-1 and MAGIC observations of the GW S240615dg. Right: Example of a
joint LST-1 and MAGIC follow-up campaign on GRB 240612A (bn240612503).

5. Outlook

Aimed at shedding light on the underlying astrophysical mechanisms in transient sources, the
LST-1 Transient program has reached a mature state with 9 scientific programs in conjunction with
the MAGIC Collaboration. The remaining three LST telescopes designed for the CTAO-North site
are under construction, with the first stereo LST data confidently expected by the end of 2026.
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