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Some three dozen objects have now been discovered'® beyond the
orbit of Neptune and classified as members of the Kuiper belt—a
remnant population of icy planetesimals that failed to be incor-
porated into planets. At still greater distances is believed to lie the
Oort cloud—a massive population of cometary objects distrib-
uted approximately in a sphere of characteristic dimension
50,000 au (ref. 6). Here we report the discovery of an object,
1996TL¢s, that appears to be representative of a population of
scattered bodies located between the Kuiper belt and the Oort
cloud. 1996 TL4 has an orbital semimajor axis of 84 Au, and is in an
extremely eccentric and highly inclined orbit (e = 0.58, i = 24°).
With a red magnitude ~20.9, it is the brightest trans-neptunian
object yet found since Pluto and Charon. Its discovery suggests
that the Kuiper belt extends substantially beyond the 30-50 au
region sampled by previous surveys, and may contain much more
mass than previously suspected.

The object 1996TL¢s was found in the course of a large-area,
medium-depth survey of the outer Solar System. Most of the
Kuiper-belt objects (KBOs) found to date are near the brightness
limit of ground-based telescopes (red magnitude my > 22), severely
restricting opportunities for physical study. One of the goals of the
large-area survey is to remedy this situation by searching for larger
(brighter) trans-neptunian objects. This search makes use of a
unique large-format charge-coupled device (CCD) mounted on
the University of Hawaii 2.2-m telescope. The 8K CCD is an array of
eight CCDs, each 2,048 X 4,096 pixels. The detector was used in
3 X 3 binning mode, resulting in a scale 0.41 arcsec per binned pixel
and a total field of view of 18.4 X 18.4arcmin, or 0.09 square
degrees. Moving objects are detected in near-real time using a
computer algorithm developed specifically for this purpose’.
Sample images of 1996TL¢, are shown in Fig. 1.

On attempting orbital representations from the initial data in
October 1996, it was apparent that the orbit of 1996TL4s was quite
highly inclined, and it seemed plausible that the object was of the
‘Plutino’ type”. Plutinos resemble Pluto in that they are librators in
the 2:3 mean-motion resonance with Neptune (semimajor axis
a = 39av), which protects them from close encounters with the
planet®. The Plutinos make up 30-40% of the known Kuiper-belt
population, the other members of which are mostly confined to
low-eccentricity, low-inclination orbits with 42 < a < 46u (refs
8,9). Follow-up observations in December 1996 revealed discrepan-
cies between the recorded positions and the Plutino-type predic-
tions that were too large to be absorbed into a 2 : 3-resonant orbit
solution. It was clear that the object had to be close to the perihelion
of a much more eccentric orbit'’. The orbital elements of the best-fit
orbit" are listed in Table 1, along with their estimated uncertainty
ranges. Evidently, 1996TL¢ exhibits a new type of trans-neptunian
dynamics. The distinction between 1996TLgs and known KBOs is
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clear in Fig. 2. Previously discovered KBOs have orbits clustered
inside ~50Au. In contrast, the large, eccentric orbit of 1996TLgs
carries it to more than 130au at aphelion, and to ~35aAu at
perihelion. 1996TLgs provides the first direct evidence that the
trans-neptunian population extends much further than the 30—
50 Au region sampled by our previous surveys.

1996TL¢s was found after examining only 25 square degrees. The
discovery of this object in such a small fraction of the sky suggests
that, unless we are improbably lucky, it is merely the first detected of
a larger population of similar bodies. If objects in the TLgs-class are
members of a flat belt with inclinations i up to 30° (as was found for
the Kuiper belt inside 50 au; ref. 5), they would occupy a projected
area of ~2 X 10* square degrees. The discovery statistics then imply
that ~800 objects of this type would be detected if we extended our
8K CCD survey to the entire ecliptic band. With an assumed red
geometric albedo of 4%, and heliocentric and geocentric distances
of 35.2 and 34.2 Au, respectively, we estimate that 1996TL4 has a
diameter of 490 km. With bulk density 1,000 kgm ~°, its mass is
6 X 10” kg (10> MEaym; 1 Mpy = 1 Earth mass). The combined
mass of 800 such objectsis 5 X 102 kg (8 X 10> My,,). This mass
can be scaled to other adopted albedos, p, by the ratio (0.04/p)**

There is good reason to believe that this represents an extreme
lower limit to the population of similar bodies, as a result of the
effects of observational selection™”. Ours is a flux-limited survey,
which preferentially samples the brightest (that is, the largest and
closest) objects, and those with low-inclination orbits. For example,

573




letters to nature

Nature © Macmillan Publishers Ltd 1997




letters to nature

Experimental evidence for
non-exponential decay in
quantum tunnelling

Nature © Macmillan Publishers Ltd 1997




