Exploring Small
Distant Bodies
in the Solar System
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The International Astronomical Union’s (IAU) decision in 2005 to demote Pluto from a full-fledged planet to a dwarf
planet was based on discoveries about the outer solar system that would also have a profound impact on the scientific
legacy of the Gemini Observatory (not to mention what it would do to elementary school mnemonics). Although the
decision about the definition of a “planet” was not limited to the outer reaches of the Solar System (the main-belt asteroid
Ceres was also promoted to a dwarf planet), much interest and effort have been directed toward the understanding of
trans-Neptunian worlds. Potentially, the non-cometary bodies of the outer solar system could be more plentiful than ever
imagined and, over the past decade, Gemini has played a significant role in the early characterization of these icy worlds
locked in a deep freeze far from the warmth of the Sun.
Gemini’s entrance into the realm of outer solar system studies began in 2001 with Hokupa‘a adaptive optics imaging of
Pluto and its moon Charon. However, the real science began in 2004 shortly after a research team (including Gemini
astronomer Chadwick Trujillo, California Institute of Technology (Caltech) astronomer Michael Brown, and David Rabinowitz of Yale University) discovered a small new planet-like body some 12.9 billion kilometers (8 billion miles) from the
Sun. As the most distant planet-like object ever observed in the solar system, this world hinted at the need to establish a
new class of smaller solar-system bodies. Otherwise, the class of planets might grow too unwieldy. Observations of this
extremely distant icy dwarf planet (later dubbed Sedna, after the Inuit goddess of arctic sea life) would require the world’s
Figure 1: Artist’s conception of what Eris
(2003 UB 313) might look like from its
distant post in the Solar System.
Gemini artwork by Jon Lomberg
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Figure 2: Artist’s conception of Pluto and

largest telescopes to begin characterizing its surface. Of course Gemini was uniquely suited to play a central role in the

Charon, showing Charon’s possible plume

analysis of this new world (and others soon to be discovered) due to its infrared sensitivity.

activity. Gemini artwork by
Mark C. Petersen, Carolyn Collins

The Gemini Near-Infrared Imager (NIRI) on Gemini North, in its spectroscopic mode, obtained the first near-infrared

Petersen (Loch Ness Productions) and

spectra of Sedna in December 2003. Largely featureless, the K-band spectra suggested that Sedna’s surface was highly

Richard Wright (SoftwareBisque)

processed by cosmic rays, having been isolated in a deep freeze for eons. Sedna’s bland spectroscopic profile and deep
red, dark albedo stand in stark contrast when compared to Pluto’s spectrum (which shows deep methane absorption),
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Figure 3 (above left): Reflectance near-

and that of its moon Charon (with deep water-ice absorption). Sedna’s spectrum is also very unlike those of other distant

infrared spectra of 2003 UB313 (Eris)

worlds that have since been revealed when a spate of discoveries in the mid-2000s significantly expanded the number and

from Gemini North. Pluto and Eris show

diversity of known outer solar system bodies.

very similar properties at this scale.

For instance, the Gemini infrared K-band spectrum of another dwarf planet (that would ultimately become known as
Figure 4 (above center): Composite

Orcus) was paired with that from Sedna in a 2005 paper by C. Trujillo et al. Where Sedna’s spectrum was featureless,

spectrum of 2003 EL61 (Haumea)

Orcus’ displayed strong water absorption features. These hinted that Orcus’ orbit, which brings it much closer to the Sun

showing that a predominantly crystalline

than Sedna, making its surface more dynamic, promotes surface renewal. Such resurfacing is also thought to be respon-

water-ice model fits the major features of

sible for features on Pluto and Charon (Figure 2, previous page). A paper by Jason Cook et al. explains how his team

the spectrum.

used NIRI adaptive optics (AO) spectroscopy to study Pluto’s moon Charon and found evidence for significant surface
renewal and freshly crystallized water ice with ammonia hydrates on its surface. All of this points to the possible existence

Figure 5 (above right): Gemini North
(GMOS) image of Asteroid 118401. This

of very dynamic internal processes that impact surface characteristics, as well as the spectra, of these frozen worlds beyond
Neptune.

new comet is centered in the frame with
the tail of the comet clearly seen as the

The conclusion that these cold, isolated worlds are more dynamic than first expected is further supported in rather dra-

v-shaped fan of emission extending from

matic fashion by Gemini observations of Eris (the largest dwarf planet known, and the object that ultimately “dethroned”

the object to the left.

Pluto) and the extreme dwarf planet, Haumea (which, like Eris has its own moon, but is elongated, and has an exceptionally rapid rotational period). Both of these extremely compelling bodies came under the scrutiny of the Near-Infrared
Imager and Spectrometer (NIRI) on Gemini North (Trujillo et al. and Brown et al.). These data reveal strong evidence for
pure methane ice on Eris (see Figure 3) and crystalline water ice on Haumea (see Figure 4). Understanding these frozen
worlds, which may bridge the Oort Cloud and Kuiper Belt, brings us to another well-known class of icy solar system
objects: comets.
Comets have long been suspected of supplying the early Earth with a source of water and other compounds (that might
even include organic molecules). But the evidence linking comets to the origin of water in Earth’s ancient history has
been, in many cases, circumstantial. The comet/water connection got a boost by Gemini observations in 2005, when
University of Hawai‘i astronomers Henry Hsieh and David Jewitt discovered a new class of comets originating from
within the asteroid belt. High spatial resolution optical images with the Gemini Multi-Object Spectrograph (GMOS)
of Asteroid 118401 verified that it was ejecting dust like a comet (see Figure 5). This led to the conclusion that Asteroid
118401 and several other similar bodies also studied by the team represent a new class of comets; these bodies, they argue,
could have delivered a significant amount of water to the young Earth, which is thought to have originally formed hot
and dry.
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Figure 7 (above): Artist’s rendering of
irregular satellites around Jupiter after a
collision. Jupiter’s four large moons are
shown for orbital scale. Gemini artwork
by Jon Lomberg

Likely related to the asteroids is a class of irregular satellites: outer planet moons with odd orbits. These maverick bodies
often display highly elliptical orbits —and can travel in any direction, at odd inclinations. It is thought that these oddball
moons (see Figure 7) were captured by the gas giant planets from parent bodies in the asteroid belt. These asteroidal
bodies broke up and formed families of objects that have similar spectral characteristics. In February 2003, a team led
by Tommy Grav (Harvard) used NIRI to obtain near-infrared photometry to characterize the infrared colors of many irregular satellites around Jupiter and Saturn. What they found confirmed that these objects were indeed identical in color
to asteroids in the outer part of the main asteroid belt. This result continues to demonstrate how the minor bodies of our
solar system are more dynamic, diverse, and in some cases even more deviant than anyone had ever imagined.
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