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            Abstract
The observable Solar System can be divided into three distinct regions: the rocky terrestrial planets including the asteroids at 0.39 to 4.2 astronomical units (au) from the Sun (where 1â€‰au is the mean distance between Earth and the Sun), the gas giant planets at 5 to 30â€‰au from the Sun, and the icy Kuiper belt objects at 30 to 50â€‰au from the Sun. The 1,000-kilometre-diameter dwarf planet Sedna was discovered ten years ago and was unique in that its closest approach to the Sun (perihelion) is 76â€‰au, far greater than that of any other Solar System body1. Formation models indicate that Sedna could be a link between the Kuiper belt objects and the hypothesized outer Oort cloud at around 10,000â€‰au from the Sun2,3,4,5,6. Here we report the presence of a second Sedna-like object, 2012â€‰VP113, whose perihelion is 80â€‰au. The detection of 2012â€‰VP113 confirms that Sedna is not an isolated object; instead, both bodies may be members of the inner Oort cloud, whose objects could outnumber all other dynamically stable populations in the Solar System.
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                    Figure 1: Sedna and 2012â€‰VP113 are clear dynamical outliers in the Solar System.[image: ]


Figure 2: Results from the observational bias simulation.[image: ]


Figure 3: The argument of perihelion for distant objects clusters about 0Â°.[image: ]
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Extended data figures and tables

Extended Data Figure 1 Histogram of Ï‰ for minor planets with qâ€‰>â€‰30â€‰au.
This is similar to Fig. 3 but in histogram form. The bodies with aâ€‰>â€‰150â€‰au are shown as a black line (multiplied by a factor of ten for clarity) and bodies with aâ€‰<â€‰150â€‰au are shown as a dotted line. The two distributions differ according to Kuiperâ€™s test with a significance of 99.9%.


Extended Data Figure 2 The Ï‰ cycling of 2012â€‰VP113 in the current Solar System.
We note that over the course of 500â€‰Myr, the argument of perihelion Ï‰ moves uniformly across all values. All inner Oort cloud Objects (Table 1) and other distant objects (Extended Data Table 2) are expected to exhibit this behaviour on differing timescales, so the observation that all are restricted to Ï‰ near 0Â° is inconsistent with the current dynamical environment in the Solar System. Because these are simulated plots, there are no error bars associated with data points.


Extended Data Figure 3 The libration of Ï‰ for 2012â€‰VP113 with an assumed object five times the mass of Earth at 210â€‰au.
2012â€‰VP113 librates about Ï‰ = 0Â° for most of the duration of the Solar System. This behaviour could explain why the two inner Oort cloud Objects (Table 1) and all objects with semi-major axes greater than 150â€‰au and perihelia greater than Neptuneâ€™s (Extended Data Table 2) have Ï‰â€‰â‰ˆâ€‰0Â°. The choice of mass and orbit of the perturber is not unique. Many possible distant planetary bodies can produce the pictured Kozai resonance behaviour, but the currently known Solar System bodies cannot. These are simulated plots, so there are no error bars associated with data points.


Extended Data Table 1 Model parameters for the qâ€² = 5 inner Oort Cloud observational bias and population studyFull size table


Extended Data Table 2 Orbital elements of extreme Solar System bodiesFull size table


Extended Data Table 3 Colours of 2012â€‰VP113Full size table
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Dwarf-planet Sedna is not alone
Solar System formation models indicate that the remote 1,000-km-diameter dwarf planet Sedna â€” 76 astronomical units (AU) from the Sun at its closest (perihelion) point â€” could be a link between the Kuiper belt objects orbiting at 30 to 50 AU and the as-yet unseen outer Oort cloud, some 10,000 AU from the Sun. Chadwick Trujillo and Scott Sheppard now report the presence of a second Sedna-like object, 2012 VP113, with a perihelion of 80 AU. This discovery confirms that Sedna is not an isolated object. Both bodies may be members of a population of inner Oort cloud objects that could outnumber all other dynamically stable populations in the Solar System.
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