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Optimising the Time Delay Advantage: Machine Learning-Driven Adaptive
Cadence for Lensed Supernova Spectroscopy
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Abstract

Gravitationally lensed supernovae offer a unique opportunity in time-domain astronomy:
the time delay between multiple images provides advance knowledge of a supernova's
evolution before it unfolds in trailing images.

In this talk, we present a methodology to exploit this "time machine" effect for adaptive
spectroscopic scheduling, using observations of earlier-arriving images to optimise cadence
for later images during scientifically critical epochs. Our approach involves testing a
combination of machine-learning frameworks to interpolate/extrapolate sparse spectral
time series. We then test different cadence strategies that utilise these predictions to inform
an operator when to observe and which image to target based on all the observations taken
so far. The results of each model/strategy combination will be presented and evaluated
based on how well it recovers a ground-truth regarding the evolution of the spectral
features of the supernova.

With the two orders of magnitude greater discovery rate of gravitationally lensed
supernovae expected from the Vera C. Rubin Observatory, and the limited spectroscopic
instruments available, it is crucial that we optimise follow-up beyond current capabilities.
This work establishes the foundation for maximising the scientific yield of lensed supernova
discoveries in the coming decade.



Discovering strongly lensed supernovae: from ZTF to LSST
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Abstract

Strongly lensed transients, particularly type Ia supernovae, are emerging as powerful
cosmological tools. Their standardisable luminosities enable precise measurements of
lensing magnification and time delays, providing direct constraints on the Hubble constant.
[ will present results from our work on identifying these rare events in the Zwicky
Transient Facility (ZTF), highlighting the detection methods we developed, the lensed
supernovae we discovered, and the practical lessons learned about searching for strongly
lensed transients in ground-based time-domain surveys. I will then show how these insights
inform our strategy for the Rubin Observatory's Legacy Survey of Space and Time (LSST),
where the greater depth is expected to yield a significantly larger sample. These tools are
now being adapted for LSST broker alert streams, with an emphasis on real-time candidate
prioritisation for follow-up. By refining our detection pipelines, we aim to maximise LSST’s
discovery potential for strongly lensed transients.



Discovering the First Gravitationally Lensed Gamma-Ray Burst
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Abstract

Strongly lensed Gamma-Ray Bursts (GRBs) hold the potential to be excellent cosmological
probes. The ultra-precise time-delay measurements that can be made with the multiple
lensed images will allow some of the best constraints yet of the Hubble constant and probe
dark matter sub-haloes down to masses of ~1075 Msun. Due to the different viewing angles
that multiple images provide, lensed GRBs will also provide the first opportunity to
investigate GRB jet structure and whether it is uniform or patchy. However, detecting this
phenomena has proven to be very difficult and the first unambiguous discovery is yet to be
made. This difficulty is in part due to the rarity of this event, but also the ~200 deg2
localisations that are obtained from prompt emission detections, which hinder the ability to
find image pairs and a lens. This issue is overcome by detecting the GRB afterglow with
Target of Opportunity (ToO) observations which can allow sub-arcsecond localisations. In
this talk I will present the prospects of lensed GRB discovery with various different
observational facilities including the Gravitational Wave Optical Transient Observer
(GOTO), the Vera C. Rubin Observatory, and the Dark Energy Survey Camera (DECam). This
was done by performing Monte Carlo simulations of lensed GRB populations and modelling
the detection of the prompt emissions and the afterglows. These simulations account for the
instrument response of the observing equipment, lensing optical depth, and the intrinsic
parameter distributions. Of the ~250 GRBs that Fermi/GBM discovers per year, we find that
approximately 0.46 of them are lensed. Of these, almost 90% of the subsequent afterglows
can be discovered in ideal conditions. Though very uncommon, these encouraging detection
rates highlight the effectiveness of ToO follow-up strategies and their integral role in
discovering these rare events.



Modelling lensed systems with additional information from Integral Field Units
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Abstract

Strong gravitational lensing is one of the most promising methods for determining galaxy
mass distributions and identifying dark matter subhalos. Examining these small-scale halos
and their density distributions is key to understanding the nature of dark matter.

The principal challenge in extracting this information is contamination of the source images
by the lens light. Constraining model parameters can also be difficult.

Integral-field unit (IFU) observations can help address both challenges; IFU data produces
net emission line images, allowing for near-perfect lens subtraction. In addition, these maps
are inherently clumpier and more constraining than broad-band images. Different emission
lines or velocity channels provide independent image planes which may be modelled in
parallel to reduce degeneracies further. IFU observations are currently limited by spatial
resolution, but the HARMONI IFU for the ELT has an expected recoverable resolution of ~15
mas for a field of view well-matched to the typical sizes of galaxy-scale lenses. This is
comparable to the expected deflections from low-mass subhalos.

In this contribution, we analyse synthetic datasets designed to test this approach. Our mock
data features lensing systems with both smooth and clumpy rotating sources, created with
PyAutolens and HSIM, to investigate how IFU observations of lensing systems could
improve the determination of model parameters. We present two contrasting mock cases,
to illustrate the conditions necessary for multiple velocity channel maps to carry more
information about the system than the collapsed line image.



COBALT-BLUE: a fast and accurate model for gravitational self-lensing binary
systems
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Abstract

We present COBALT-BLUE, a fast and physically accurate public model for the optical light
curve of a luminous star in a non-accreting binary system with a compact object. We include
Doppler modulation, ellipsoidal variations, eccentric orbits and gravitational self-lensing of
the light from the luminous star by the compact object, which causes sharp periodic flares
for binaries that are viewed sufficiently edge-on. We improve upon earlier models by
including non-linear limb darkening laws based on stellar atmosphere simulations to
calculate the self-lensing flare profile. This enables light curves to be self-consistently
calculated in multiple wavebands from one set of physical parameters. We also include the
option to utilise simpler limb darkening prescriptions to save computational expense. As a
proof of principle, we fit our model to ZTF data of 6 candidate self-lensing sources. The
model describes the flare morphology well for all candidates, but we find that the best
fitting parameters are not plausible. We conclude that the observed flares are most likely
stellar flares and not self-lensing events. In future, we plan to use the model to
systematically search optical survey data for signatures of binary motion.
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Abstract

The properties of stars in the early universe remain poorly understood. At high redshift,
lower metallicities and potentially altered binary fractions are expected to significantly
affect stellar evolution and end-of-life outcomes, but direct observations of individual stars
are largely inaccessible due to their extreme luminosity distances. Hydrogen-poor
superluminous supernovae (SLSNe-I), which preferentially occur in high-redshift galaxies
and are over 100 times brighter than classical core-collapse supernovae (CCSNe), provide a
powerful means of overcoming this limitation. Yet, SLSNe comprise less than 1% of all SN
discoveries and current studies are strongly biased toward local (z < 1) events, leaving their
physics and possible cosmic evolution poorly constrained. Here, we present SN2025wny, a
SLSN-I at z = 2.011 and the most distant spectroscopically confirmed CCSN to date.
SN2025wny is strongly lensed by two foreground galaxies, producing five resolved images
and potentially significantly boosting its brightness. This unique lensing configuration
provides a once-in-a-lifetime opportunity to obtain detailed observations of a high redshift
SLSN-I, from the photospheric to nebular phases. We present spectroscopy and photometry
covering the rest-frame UV and optical during the photospheric phase, comparing
SN2025wny to local SLSNe-I and providing initial constraints on the ejecta composition and
explosion physics. These observations, alongside continued monitoring into the nebular
phase, will establish the first robust spectral templates of a high-redshift SLSN-I, providing
an essential reference for identifying and analyzing high-redshift SLSNe in the upcoming
LSST and Roman era.



