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Adfinitas and Aurora: Simulating Light Curves of
Multi-Planet Systems Using Ray Vector Tracing

JIN Luoxi'?, GE Jian!

(1. Shanghai Astronomical Observatory, Chinese Academy of Sciences, Shanghai 200030, China; 2. School of Astronomy and Space Science,
University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: As the transit method becomes one of the most efficient techniques for exoplanet detection,
a key current challenge is how to model more precisely the complex orbital perturbations in multi-
planet systems and how these perturbations manifest in light curves. This paper presents an end-to-end
framework that goes from dynamical simulation to transit light-curve synthesis. It combines high-
precision N-body gravitational dynamics with a ray-tracing algorithm to accurately describe the pho-
tometric variations when multiple bodies in a multi-planet system simultaneously occult their host
star. The method employs symplectic integrators, such as the velocity Verlet integrator, to ensure
conservation of the Hamiltonian over long-term integrations, and uses geometric ray tracing to sim-
ulate light curves under complex configurations. It is implemented as an open-source Julia package
with strong support for parallel and distributed computing. This method can simulate realistic multi-
body transit phenomena and provide simulated data for under-observed regimes—such as exomoon
searches. Experiments demonstrate advantages in temporal coverage, simulation accuracy, and scal-
ability, making this a valuable tool for identifying non-periodic perturbation signals in transit data
and for modeling and testing secondary effects such as TTV (Transit Timing Variations) and TDV

(Transit Duration Variations).

Key words: exoplanets; exomoon; transit; numerical simulation
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