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            Abstract
Hitherto, rings have been found exclusively around the four giant planets in the Solar System1. Rings are natural laboratories in which to study dynamical processes analogous to those that take place during the formation of planetary systems and galaxies. Their presence also tells us about the origin and evolution of the body they encircle. Here we report observations of a multichord stellar occultation that revealed the presence of a ring system around (10199) Chariklo, which is a Centaur—that is, one of a class of small objects orbiting primarily between Jupiter and Neptune—with an equivalent radius of 124 [image: ] 9 kilometres (ref. 2). There are two dense rings, with respective widths of about 7 and 3 kilometres, optical depths of 0.4 and 0.06, and orbital radii of 391 and 405 kilometres. The present orientation of the ring is consistent with an edge-on geometry in 2008, which provides a simple explanation for the dimming3 of the Chariklo system between 1997 and 2008, and for the gradual disappearance of ice and other absorption features in its spectrum over the same period4,5. This implies that the rings are partly composed of water ice. They may be the remnants of a debris disk, possibly confined by embedded, kilometre-sized satellites.
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                    Figure 1: Light curve of the occultation by the Chariklo system.[image: ]


Figure 2: Chariklo ring system.[image: ]


Figure 3: Fits to the Danish ring events.[image: ]
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Extended data figures and tables

Extended Data Figure 1 The Chariklo 3 June 2013 occultation campaign.
The continuous straight lines indicate Chariklo’s shadow track on Earth, and the dotted lines correspond to the ring shadow, as reconstructed from our post-occultation analysis. The shadows move from right to left, as indicated. The red stars indicate the centre of Chariklo’s shadow at various times (utc). The green dots are the sites where the occultation was detected. The blue dots are the sites that had obtained data but did not detect the event, and the white ones are the sites that were clouded out (Extended Data Table 1).


Extended Data Figure 2 The occulted star spectrum and model.
The star spectrum obtained at Pico dos Dias Observatory, Brazil, with the 1.6-m telescope and a Cassegrain spectrograph. Observations were made with the spectrograph configuration, using a grating with 600 lines per millimetre, which gave a resolution of 2.3 Å per pixel covering 3,700–7,700 Å. We obtained three 300-s exposures with a 2-arcsec slit. The calibration was done with the usual procedures and one flux standard star (LTT6248). The thick blue curve represents the observed spectrum. The red, orange and blue thin curves represent ATLAS9 stellar atmosphere models35 used for comparison (see text).


Extended Data Figure 3 The fits to all the ring and Chariklo events.
The black dots are the data points and the horizontal bars indicate the corresponding intervals of acquisition. The light curves are normalized between zero and unity (the latter corresponding to the full flux from the star plus Chariklo), and are shifted vertically for better viewing. They are also displaced in time by the indicated amount Δt, to align the middles of the ring events. The blue curves represent the ring model used to generate the synthetic profiles, which are plotted in red. The ring widths and optical depths for La Silla (Danish and TRAPPIST telescopes) are taken from Extended Data Table 3. For all the other fits, we have used a unique ring model defined by the ring geometry described in Extended Data Table 4, and by the following widths and optical depths: WC1R = 6.6 km, τN,C1R = 0.38, WC2R = 3.4 km and τN,C2R = 0.06 (Extended Data Table 2). An expanded view of the fits to the Danish data is provided in Fig. 3.


Extended Data Table 1 Circumstances of observationsFull size table


Extended Data Table 2 Timings of the ring events apart from those from the Danish telescopeFull size table


Extended Data Table 3 Physical parameters of rings C1R and C2RFull size table


Extended Data Table 4 Ring geometryFull size table


Extended Data Table 5 Timings of the Chariklo eventFull size table


Extended Data Table 6 Chariklo physical propertiesFull size table
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        Editorial Summary
Tiny Chariklo has its own ring system
Observations of a stellar occultation by (10199) Chariklo, a Centaur-class outer-system asteroid orbiting between Saturn and Uranus, reveal that it has a ring system, a feature previously observed only for the four giant planets. Chariklo, with a diameter of about 250 km, has two narrow and dense rings separated by a small gap, probably due to the presence of a (yet-to-be-found) kilometre-sized satellite. The discovery of these rings raises questions about the formation and dynamical evolution of planetary rings. For one thing, it seems likely that planetary rings are much more common than previously thought.
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