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            Abstract
Three exoplanets around the star HRâ€‰8799 have recently been discovered by means of differential imaging with large telescopes1. Bright scattered starlight limits high-contrast imaging to large angular offsets, currently of the order of ten diffraction beamwidths, 10Î»/D, of the star (where Î» is the wavelength and D is the aperture diameter1,2,3,4,5). Imaging faint planets at smaller angles calls for reducing the starlight and associated photon and speckle noise before detection, while efficiently transmitting nearby planet light. To carry out initial demonstrations of reduced-angle high-contrast coronagraphy, we installed a vortex coronagraph6,7,8,9 capable of reaching small angles behind a small, well-corrected telescope subaperture that provides low levels of scattered starlight10,11. Here we report the detection of all three HRâ€‰8799 planets with the resultant small-aperture (1.5â€‰m) system, for which only 2Î»/D separate the innermost planet from the star, with a final noise level within a factor of two of that given by photon statistics. Similar well-corrected small-angle coronagraphs should thus be able to detect exoplanets located even closer to their host stars with larger ground-based telescopes12,13,14,15, and also allow a reduction in the size of potential space telescopes aimed at the imaging of very faint terrestrial planets.
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                    Figure 1: 
                        Pre- and post-vortex stellar point spread functions.
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Figure 2: 
                        Final image of HRâ€‰8799 and concomitant stellar point spread function profiles and limiting contrast curves.
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Figure 3: 
                        Keck K
                        
                        s
                        -band image of HRâ€‰8799.
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        Editorial Summary
Exoplanets in the frame
Imaging surveys of nearby stars with large telescopes recently revealed three exoplanets around the star HR 8799, using angular differential imaging. If planets any closer to a star than these three are to be imaged, it will require a coronagraphic system able to reject starlight yet transmit the much fainter light from the nearby planet â€” and a nearly perfect wavefront to limit scatter. Using the HR 8799 planets as a test target, a team from the Jet Propulsion Laboratory at Caltech has now demonstrated such a system in action. It makes use of a vector vortex coronagraph on a small-aperture (1.5 m) system installed on the 200-inch Hale reflector on Mount Palomar. All three HR 8799 planets were detected, and the final noise is close to the photon noise of the attenuated starlight. This technique implemented on large ground-based telescopes â€” or on smaller space telescopes â€” should make it possible to obtain images of very faint exoplanets even closer to stars than the HR 8799 trio.
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