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New Horizons
SWINgs past

Ultima Thule

The historic encounter gave us our first
close-up look at a Kuiper Belt object, the o
most distant body we have ever explored. - W

by David J. Eicher

An artist’s impression shows
NASA’s New Horizons spacecraft
approaching Ultima Thule,

a Kuiper Belt object 4.1 billion
miles from the Sun, on January 1,
2079. NASA/OHNS HOPKINS UNIVERSITY APPLIED
PHYSICS LABORATORY/SOUTHWEST RESEARCH
INSTITUTE/STEVE GRIBBEN
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could not have been set up any better. And its master architect,
planetary scientist Alan Stern, had that in mind all along. On

New Year’s Eve and New Year’s Day 2019, the famed New Horizons
spacecraft had a date. In 2015, this intrepid explorer swung past the
dwarf planet Pluto, giving us our first close-up view of that world

and its system of moons. Now, New Horizons would take on a second target
much farther out than Pluto, a distant Kuiper Belt object (KBO).

The New Horizons science team named this
strange object Ultima Thule (pronounced TOO-
lee), Latin for “beyond the known world.”

The flyby of Ultima Thule would mark a
hugely significant event: the most distant human
exploration of a body in world history. And the
timing, coinciding with New Year’s Eve parties
from Times Square and elsewhere, would capital-
ize on amazing publicity that would catapult
planetary exploration into hundreds of millions
of living rooms across the globe. The whole

What Can We Expect
for the Surface of Ultima Thule?
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extravaganza was marked by several hundred
scientists and journalists converging on the
campus of the Johns Hopkins Applied Physics
Laboratory in Baltimore, the mission’s
headquarters.

I was invited to this unique New Year’s party
by the lead architect and party master, Stern
himself. He serves as the mission’s principal
investigator, and he will contribute a story in
an upcoming issue of Astronomy that will sum-
marize the depth of the scientific findings about




Ultima Thule. For now, my mission was
to soak in the historic moment and to
highlight the first results, the first images.
Accompanying me was Senior Editor
Rich Talcott, who was also busy with
coverage. And the party would have a
unique contribution from a friend: Brian
May, a New Horizons team member and
guitarist of the legendary band Queen,
was on hand to debut his new song, dedi-
cated to New Horizons.

The planning for this first-ever
encounter with a KBO extended back to
days after the Pluto flyby in 2015. With
New Horizons showing us that dynamic
little world, with its light-colored, heart-
shaped Tombaugh Regio, we were all
stunned by the close-up imagery of what
had been the last unexplored major body
of the solar system. (Yes, Pluto was

CLOCKWISE FROM TOP RIGHT: New Horizons
team members (from left) Alan Stern,

Helene Winters, Frederic Pelletier, and

John Spencer brief the media on initial findings

as the spacecraft approaches its target.
ALL PHOTOS BY DAVID J. EICHER UNLESS NOTED

Near the moment of closest encounter, Stern,
the mission’s principal investigator, marks the
occasion with a group of science-interested kids.

As the spacecraft passes close by Ultima Thule,
Stern and his family celebrate success.

On New Year’s Eve, New Horizons team member
and Queen guitarist Brian May unveils his

first solo song in 20 years, honoring the New
Horizons mission.

The media auditorium at Johns Hopkins
begins to fill with several hundred curious
journalists.

The auditorium at Johns Hopkins Applied
Physics Laboratory fires up for a busy few
days to come, on December 30, 2018. The
flyby of New Horizons past Ultima Thule
would occur on New Year’s Eve and New
Year’s Day.

NASA Science Missions Associate
Administrator Thomas Zurbuchen (far
left) leads a science panel discussion
about exploring other small bodies with
(from left) Olivier Barnouin, Hal Levison,
Lindy Elkins-Tanton, and Stern.
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demoted to dwarf planet status in 2006,
but the plans had long been underway to
visit this world, viewed as being on the
virtual edge of our solar system.)

Between Pluto’s discovery in 1930 and the
spacecraft’s arrival in 2015, our knowl-
edge of the framework of the solar system
changed, regardless of whether you think
of Pluto as a planet or something less. In
1992, astronomers David Jewitt and Jane
Luu discovered the first KBO — 1992
QB,, nicknamed Albion — and we now
know that a vast population of icy bod-
ies exists beyond the orbit of Neptune, of
which Pluto appears to be the largest.
We’d also since learned about three
distinct populations of bodies in the solar
system: the terrestrial planets, the gas and
ice giants, and the Kuiper Belt. The latter
probably holds tens or hundreds of thou-
sands of small, icy bodies beyond
Neptune. That’s roughly 40 astronomical
units (AU) away from the Sun, or 40
times the Sun-Earth distance — a long
way out. And yet the outer edge of the
Oort Cloud, comprising some 2 trillion
cometary nuclei, stretches some 50,000
AU away from the Sun. Exploration by
spacecraft of the outermost reaches of the
solar system still has a long way to go.
What makes exploring the Kuiper Belt
particularly exciting for planetary scien-
tists is plain old chemistry. Bodies in the

Homing 1

Two become one

Ultima Thule formed as numerous planetesimals in the infant solar system gently stuck
together (left). The smaller materials were eventually cast off (center), and the two principal
spheres gently merged by gravity (right), leaving the contact binary we see today. 4srronomy: ROEN KELLY

A rotating cloud of small, icy
bodies starts to coalesce.

inner solar system — be they planets,
moons, asteroids, or infalling comets —
are all subject to major chemical changes
as they evolve because the Sun warms
them and makes those reactions possible.
The Kuiper Belt, however, is in a deep
freeze. The temperatures of the icy bodies
there — many of which have been there
since they formed, planetary scientists
believe — make ordinary chemical
reactions impossible. So these objects,
including Ultima Thule, offer a way for
scientists to look back in time to the pris-
tine conditions of the early solar system.
Maybe we can even better understand its
very formation.

The Kuiper Belt stretches from about

n on a distant rock
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Finding Ultima Thule in the New Horizons camera’s field of view was not easy, particularly with
a spacecraft whizzing by at 32,000 mph (51,000 km/h). These images depict a raw and processed
field of view, showing Ultima Thule in the center. nasasHuapL/swrI
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Eventually, two larger bodies remain:
Ultima and Thule.

Ultima and Thule slowly
spiral closer until they touch,
forming the bi-lobed object
we see today.

30 AU to its outer edge at some 55 AU
from the Sun. Sometimes it is called the
Edgeworth-Kuiper Belt, as the great
Dutch-American astronomer Gerard
Kuiper hypothesized it, and the
independent Irish astronomer Kenneth
Edgeworth helped to confirm it. The
name is a bit of a misnomer: The Kuiper
Belt is more of a doughnut, or torus, than
a belt. It is somewhat thick, with many
objects extending 10° outside its plane,
and it is inclined relative to the ecliptic,
the plane made by Earth’s orbit around
the Sun, by about 2°.

KBOs, perhaps vast in number, are
leftover debris and icy chunks from the
solar system’s early days. Their heritage is
made more complicated by the existence
of Neptune, whose presence throws the
orbits of many of the objects out of
whack, making them unstable. Within a
zone of about 42 to 48 AU from the Sun,
most of the objects can remain stable for a
long time. The planet does establish reso-
nances, at 2:3, or 1:2. That is, an object in
2:3 resonance with Neptune completes
two orbits around the Sun for every three
Neptunian orbits. An object in 1:2 reso-
nance completes an orbit once every two
Neptunian orbits. Objects in these
resonances can remain stable, without
Neptune kicking them outward into
unstable orbits.

The first known KBO was not actu-
ally 1992 QB,, but Pluto. Discovered in



A closer look at Ultima Thule

2018 . 2019 3
Thule
21 miles 21 miles
i (33 km) (33 km)
? Ultima
:
{ \/ v
}. 3 miles
% WHAT MAKES A DIFFERENCE: On New Year’s TWO SPHERES: Ultima Thule was named after OCCULATION PROFILE: When Ultima Thule
: Day 2019, scientists received the first close-up a Latin phrase meaning “beyond the known passed in front of various stars, momentarily
] images of Ultima Thule — larger than a small world.” On January 1, New Horizons scientists blocking their light, astronomers believed the
i number of pixels — and believed, for a time, that  attached the name Ultima to the larger sphere object may be binary in nature. The profile based
'* the Kuiper Belt object was shaped like a bowling and Thule to the smaller sphere. nasasHuarL/suri on the occultation observations turned out to be
PiN. NASA/JHUAPL/SWRI amazingly accurate. NASA/JJHUAPL/SwRI

Think of New Horizons as a time machine that has brought us back

to the very beginning of the solar system, to a place where we can
observe the most primordial building blocks of the planets.
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CLOSE APPROACH IMAGE (ORIGINAL): COLOR VARIATION: Overall, Ultima Thule appears dark and reddish because its
To appreciate the targeting challenge to image icy surface, which contains organic molecules, has been exposed to radiation for
Ultima Thule, this image shows the original billions of years. The surface does show variations in color, however. nasasmuarLswr

snapshot of the Kuiper Belt object as seen from
New Horizons at closest approach. nasa/HuarLsur
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0.12 SURFACE VARIATIONS:
The geology of Ultima
0.1 . Thule is not yet well
— Brighter  known. The object’s
0.08 FégIonNs  ynusual features include
an overall mottled
0.06 appearance, brighter
Remarkable and darker regions,
0.04 N the strange neck, no
i obvious impact craters,
- 0.02 and possible hills and
= ridges. NASA/HUAPL/swRI
R G i Darker
regions

REFLECTIVITY VARIATIONS: Variations in reflectivity on the surfaces
of Ultima Thule suggest a range of ices, particle sizes, and brightnesses

on the Kuiper Belt object’s surface. The “neck” connecting the two spheres
is particularly bright, and scientists believe it holds highly reflective, fine-
grained particles that have slumped downward by gravity. nasasuspy/se
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Ultima Thule’s color
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e Ultima Thule (2014 MU_)

Flyby January 1, 2019

Ultima Thule, which isn’t the only notable Kuiper Belt object, has a
moderately high degree of redness that fits in well with the other so-called
cold classical KBOs in relatively normal, low-tilt orbits. nasaiHuarL/swr:

Sharp curves

The surfaces of Ultima Thule show some

fairly extraordinary slopes, especially in areas
near the neck, the joint between the two
bodies. Here, scientists believe, fine-grained
material has slumped down to fill the neck, -
and it is more reflective. nasaiHuAPL/SwRI

1930 and labeled a planet, Pluto was

the result of the long search at Lowell
Observatory for an outer planet. Believed
to be both more massive and more distant
than Pluto turned out to be, the hypothet-
ical planet ultimately didn't exist — but
the search did uncover Pluto.

By the 1990s, it was becoming clear
that a large population of icy objects
existed in the realm beyond Neptune.
Scientists call these bodies trans-
Neptunian objects (TNOs), and many of
them, they came to find out, exist in the
Kuiper Belt.

Beyond the Kuiper Belt lies another,

34 ASTRONOMY « JUNE 2019

Rotation period = 15 hours
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sparser population of icy asteroid-like
bodies, in the so-called Scattered Disk.
These objects have been disrupted by
Neptune or other bodies, and they have
high inclinations and eccentricities —
weird orbits that have them careening up
and down at odd angles relative to the
plane of the major solar system planets.

Within the last generation, whether or
not you consider it a planet, Pluto has

come to be recognized as the largest KBO.

With a diameter of 1,477 miles

(2,370 kilometers), Pluto is the largest
body in the Kuiper Belt, and it has five
satellites, one of which, Charon, is quite

¢

Orbital tilt

large. But it’s not the only significant
KBO known. Dwarf planet Haumea
spans 1,000 miles (1,600 km), dwarf
planet Makemake measures 890 miles
(1,430 km) across, and 50000 Quaoar is
more than 750 miles (1,200 km) across.

The Kuiper Belt also has several popu-
lations. The main one, the so-called clas-
sical population, holds about two-thirds
of the objects. It contains both cold and
hot objects, referring not to temperatures
— they’re all cold — but to orbits. The
cold classicals have nearly circular orbits
with small eccentricities. The hot popula-
tion is characterized by much more
inclined orbits.

Resonances also play a role in defining
the objects. The 2:3 resonant group con-
sists of at least 200 objects, including
Pluto. This gives the group the nickname
“Plutinos.” The 1:2 resonant group is
more sparsely populated and is nick-
named “twotinos.”
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We arrived in Baltimore to celebrate a
suddenly famous member of the cold
classical Kuiper Belt family, Ultima
Thule. Originally designated 2014

MU, the object being approached by
New Horizons remained mysterious until



the final days and hours of the encoun-
ter. Near year’s end, the New Horizons
team believed Ultima Thule to be about
20 miles (30 km) across and quite elon-
gated. Months earlier, Earth-based
observations of Ultima Thule occulting
(passing in front of) stars led the team
to suspect a binary shape.

The prediction turned out to be right:
On the first data release, we got an image
of an object that resembled a bowling
pin, but with few pixels to support the
certainty. The next day, when the
highest-resolution images were released
in early January, the object clearly
appeared to be a binary, giving rise to
the name “Cosmic Snowman.” In fact,
the team determined Ultima Thule to
be a contact binary, two objects that
gravitationally migrated inward and
stuck together. Thus, we had the first
close-up observations of a contact binary
in history. The team, in a tribute to sim-
plicity, named the larger sphere Ultima
and the smaller one Thule.

The atmosphere in the press audito-
rium at Johns Hopkins was electric, as it
has been for many other key moments in
space exploration. Perhaps 200 people or
so — media, scientists, family, and friends
— packed the room, and at important
announcements of success, applause and
sometimes screams of joy erupted. Many
press conferences and talks entertained
the attendees, and Stern took center stage
much of the time, communicating the
Jatest news and explaining a vast amount
of knowledge for the media. Others
featured prominently, too — and far

In stereo

too many to mention — but they
included major mission participants like
Cathy Olkin, John Spencer, Hal Weaver,
Joel Parker, Alice Bowman, Frederic
Pelletier, Marc Buie, Will Grundy, Jeff
Moore, Leslie Young, Kelsi Singer, Kirby
Runyon, Bill McKinnon, Alex Parker, and
Andy Cheng.

When it came time for the New Year’s
Eve celebration itself, we moved to a
large, open area with a beautiful stage.
Champagne in hand, we counted down to
the closest approach of the spacecraft to

Ultima Thule
appearsasa
floating cosmic
snowman in this
stereo image
created by Paul
Schenck and the
New Horizons

Imaging Team.
Relaxing one’s
eyes allows

the images to
merge, revealing
a 3D picture.

ABOVE: When New Horizons swung past
Ultima Thule on New Year’s Eve, it explored
the most distant object ever visited by
human technology. astronomy: ROEN KeLLY

LEFT: Graduate student and New Horizons
team member Mallory Kinczyk holds a
model of Ultima Thule she created with
Styrofoam, a wooden dowel, and clay.
She displayed it at a press conference just
a few hours after the release of detailed
data on the object’s shape.

Ultima Thule, knowing that history was
about to be made, although we wouldn't
have the imagery and other data in hand
until the next morning. (The telemetry
time from the Kuiper Belt back to Earth
was about six hours.)

To celebrate, May took to the stage and
introduced the video he created, his first
solo release song in two decades, “New
Horizons (Ultima Thule Mix).” The
crowd, stunned and amazed, loved it,
and we had one tremendous party going.
Then Stern mounted the stage and,
accompanied by a large group of
schoolkids, celebrated the spirit of
discovery at this critical time.

And then we crashed, getting up early
for exciting and important press confer-
ences — and those magical pictures of the
Cosmic Snowman. The early data releases
tell the tale of an alien world — the most
distant object ever visited by human tech-
nology. We will see this story repeated,
even likely by this spacecraft, as it ven-
tures deeper into the abyss. »

David J. Eicher is the editor of Astronomy
and a longtime fan of Pluto and other KBOs,
having enjoyed knowing Clyde Tombaugh
in his later life.
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