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SEPNET: a multi-task deep learning framework for SEP forecasting
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Solar phenomena such as flares, coronal mass ejections (CMEs), and solar energetic particles

(SEPs) are actively monitored and assessed for space weather hazards. In recent years, machine

learning has demonstrated considerable success in solar flare forecasting. Accurate SEP

forecasting remains challenging in space weather monitoring due to the complexity of SEP event

origins and propagation. We introduce SEPNET, an innovative multi-task neural network that

integrates forecasting of solar flares and CME summary statistics into the SEP prediction model,

leveraging their shared dependence on space-weather HMI active region patches (SHARP)

magnetic field parameters. SEPNET incorporates long short-term memory and transformer

architectures to capture contextual dependencies. The performance of SEPNET is evaluated on the

state-of-the-art SEPVAL SEP dataset and compared with classical machine learning methods and

current state-of-the-art pre-eruptive SEP prediction models. The results show that SEPNET

achieves higher detection rates and skill scores while being suitable for real-time space weather

alert operations.
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