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Exoplanet Transit Candidate Identification in TESS Full-Frame Images
via a Transformer-Based Algorithm

Helem Salinas!-2*, Rafael Brahm*>:6, Greg Olmschenk>7+, Richard K. Barry3 t, Karim Picharal!»
Stela Ishitani Silva>#§, Vladimir Araujo’

ABSTRACT

The Transiting Exoplanet Survey Satellite (TESS) is surveying a large fraction of the sky, generating a vast database of
photometric time series data that requires thorough analysis to identify exoplanetary transit signals. Automated learning ap-
proaches have been successfully applied to identify transit signals. However, most existing methods focus on the classification
and validation of candidates, while few efforts have explored new techniques for the search of candidates. To search for new
exoplanet transit candidates, we propose an approach to identify exoplanet transit signals without the need for phase folding or
assuming periodicity in the transit signals, such as those observed in multi-transit light curves. To achieve this, we implement
a new neural network inspired by Transformers to directly process Full Frame Image (FFI) light curves to detect exoplanet
transits. Transformers, originally developed for natural language processing, have recently demonstrated significant success
in capturing long-range dependencies compared to previous approaches focused on sequential data. This ability allows us to
employ multi-head self-attention to identify exoplanet transit signals directly from the complete light curves, combined with
background and centroid time series, without requiring prior transit parameters. The network is trained to learn characteristics
of the transit signal, like the dip shape, which helps distinguish planetary transits from other variability sources. Our model
successfully identified 214 new planetary system candidates, including 122 multi-transit light curves, 88 single-transit and 4
multi-planet systems from TESS sectors 1-26 with a radius > 0.27 Rjupiter, demonstrating its ability to detect transits regardless
of their periodicity.
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Transformer Neural Processes:
Uncertainty-Aware Meta Learning Via Sequence Modeling

Tung Nguyen! Aditya Grover'

Abstract Shahriari et al., 2015; Hakhamaneshi et al., 2021) and multi-

Neural Processes (NPs) are a popular class of ap- armed bandits (Cesa-Bianchi & Lugosi, 2006; Riquelme
proaches for meta-learning. Similar to Gaussian et al,, 2018), where the quantified uncertainty can guide
Processes (GPs), NPs define distributions over data acquisition. We call this paradigm uncertainty-aware
functions and can estimate uncertainty in their meta leaming, which is the main focus of our paper.
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$3B+ in near-term value creation based on IBM roadmap, IBM Quantum

with inflection points starting in 2023 BCG &

2019 2020 2021 2022 2023 2024 2025 2026+
Value creation
$™M
M) 3,000 ~
2,500 - R L e e
£ eg,multi-period portfolio optimizationwith e
2,000 - non-convex constraints Other use cases
28 Drugdiscovery s
1,500 o%>  eg, candidate screening for molecular compounds
of >26 atoms (approximate simulation)
1,000 - @] Materialsdesign = e
; e.g. Simulation of active sites of simple catalysts, unit
500 cells of electronic materials
0
Quantum
systems Falcon Hummingbird Eagle Osprey Condor Beyond
27 qubits 65 qubits 127 qubits 433 qubits 1121 qubits 1K - 1M+ qubits
IBM Cloud

Circuits Programs Applications
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