Planet Shadows in Disks as Signatures of Core Formation
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A long standing debate in planet formation theory is whether giant planets form by core accretion or gravitational instability.  Core accretion involves the coagulation of small particles into larger and larger bodies, whereas gravitational instability is the fragmentation of a protoplanetary disk into planet-sized gravitationally-bound clumps.  If giant planet formation occurs via core accretion, it must happen while a substantial amount of hydrogen gas still exists around a young star.  In this paper, I propose that a sub-Jovian mass protoplanet can create shadows on the surface of quiescent gaseous circumstellar disks that could be detectable with infrared interferometry.  The planet makes the shadow by gravitationally compressing the disk in the vertical direction, creating a dimple at the disk's surface.  When this dimple is illuminated by stellar irradiation, the far side of the dimple is illuminated, while the near side is shadowed.  The cooled side contracts while the heated side expands, causing further distortion of the disk surface.  This feedback loop enlarges the perturbation so that it could potentially be observable, given a telescope with sufficient angular resolution.  Detection of this phenomenon in a protoplanetary disk would indicate the presence of a growing planet core embedded in the disk and vindicate the core accretion model as the paradigm for giant planet formation.  

