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Symmetry and shadow of the near-extremal Kerr black hole
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We study spherical photon orbits, which are directly related to a bright
ring at the edge of a shadow (i.e., a dark spot) in spinning black hole spacetimes. Considering the
extremal spinning limit of the black hole, we show that several spherical photon orbital radii
approach the horizon radius. Furthermore, in the extremal limit, the spacetime curvature that
generates the expansion and shear of the light bundle of this class is sufficiently small,
suppressing the photon decay rate on the spherical photon orbits near the horizon. We also evaluate
the escape probability of isotropically emitted photons from a source in circular orbits and show
that the photon escape probability exceeds 50% regardless of the possible radii of the circular
orbits.
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