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Astronomical observations lie on the past light cone (LC), a null three-dimensional hypersurface £C in
spacetime M, while theoretical predictions are defined throughout four-dimensional spacetime. To compare
with data, these predictions must be restricted to £C. Therefore, modeling and computing the geometrical
features of LC is a key task to describe the data we have. In this work, we present a novel general-relativistic,
metric-agnostic framework that samples the LC by integrating null geodesics in Hamiltonian form. This yields
a decomposition of £C into a family of two-dimensional cross-sections {Sy} obtained by slicing the LC with
the geodesic parameter A. Simultaneously, along the geodesic curves, by parallel transport and projection, we
compute a tetrad that retains tangent-space information. That, for ¢ € Sy, allows us to decompose vectors
in T,M into components along the null geodesic generator and its orthogonal space. With this structure
and an intrinsic LC parameterization, we can compute the first and second fundamental forms for each S
surface. We validate our approach and implementation applying it to spatially maximally symmetric spacetimes
both in spherical and Cartesian coordinates, where the integration of the geodesics and the evaluation of the
geometrical properties are non-trivial. Additionally, we present convergence rates for geodesic trajectories and
cross-section geometry, and constraint-violation metrics. Finally, as a step towards observables, we discuss a
tangent-space—aware interpolation that assembles discrete ray samples into a continuous LC approximation,
designed to preserve and approximate LC geometry, aiming to facilitate light-cone-restricted comparisons of
theory to data.
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