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sion of energy in those midlatitudes and
decreasing storm formation. This could trigger
a positive feedback loop between stormless
high-pressure systems and colder tempera-
tures over Eurasia. The link between sea ice
retreat and decreased storm activity in Asia is
noticeable, but researchers haven’t discovered
much of a link to North America or Europe yet,
and the connection between Arctic sea ice and
midlatitude storm activity remains under
debate.

“This study deserves a lot
of credit for bringing a
new approach to the
evaluation of Arctic
precipitation.”

A Way Around Challenges

Kopec’s study provides quantitative data on
Arctic moisture source waters, and even
though it provides only indirect support for
subsequent predictions of increasing precipi-
tation, the conclusion is still valid, said John
Walsh, an Arctic researcher from the Univer-
sity of Alaska Fairbanks, who was not involved
in the study. The atmosphere can only hold so
much water before it falls as precipitation, and
it is entirely logical that this increase in
Arctic-sourced water will cause an increase in
snow or rain, said Walsh. Not only are the pre-
dictions logical, said Walsh, but they match up
with how climate models say Arctic precipita-
tion will change.

The method Kopec and his colleagues
used—evaluating moisture contributions
using isotopes to predict precipitation—is
extremely valuable, said Walsh. “This study
deserves a lot of credit for bringing a new
approach to the evaluation of Arctic precipita-
tion.” Arctic precipitation measurements are
notoriously difficult because of cold tempera-
tures and windy conditions blowing precipita-
tion around.

Walsh currently works on climate and
meteorological assessment studies in the Arc-
tic and how the environment is changing. He
said that this study is important for his own
work because it provides a way around the
challenges of directly measuring Arctic pre-
cipitation. “It is saying there may be more to
the story than what the actual gauge measure-
ments are telling us about precipitation,” he
said, adding that the new study is “a prototype
that really does deserve to be extended.”

By Cody Sullivan, Writer Intern
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Next Stop Past Pluto:
A World Without Time

New Year 2016 with an evening of quiet

conversation and board games among
family and close friends. However, if all goes
according to schedule, Buie and some of those
same friends will be ringing in the year 2019 by
cheering a cosmic milestone: the first close-up
portrait of a denizen of the outer solar system
that has likely remained undisturbed and
unexplored since the birth of the planets some
4.5 billion years ago.

On 1January 2019, pending funding
approval by NASA, the space agency’s New
Horizons spacecraft is poised to buzz this fro-
zen, presumably pristine relic, known as 2014
MUG69, at a distance of about 6000 kilometers.
That’s half the distance from which the craft
took its historic
close-ups of Pluto
and its family of
moons on 14 July 2015
(see http://bit.ly/
Pluto-Up-Close).

When that
encounter happens,
scientists expect to
find a tiny, frozen
world locked in time
and space in the
shrouded and myste-
rious era and place of
its birth. Circum-
stantial evidence
suggests that since it
formed, 2014 MU69
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has a moon, and how common moons are for
objects of its type, New Horizons’s mission
scientists said.

Other residents of the outer solar system
seen up close have been battered about so
much since their formation that they cannot
take investigators directly back, like 2014
MUG9 presumably can, to that early era, in

which small bits of gas, dust, and ice coalesced
within a swirling disk encircling the young Sun

to build the solar system’s orbs.

Although both Pluto and 2014 MUG9 are
members of the Kuiper Belt, a doughnut-
shaped reservoir of comets and other icy bod-
ies in the outer solar system, 2014 MU69 occu-
pies a section of the belt that appears to have
suffered few disturbances during the billions

In an artist’s illustration, the New Horizons spacecraft visits a small ancient world in the
Kuiper Belt region of the solar system well beyond the last gas giant planet Neptune.
From 6.5 billion kilometers away, the Sun illuminates the scene.

has not changed in
orbit, composition, or
temperature, researchers said. For some

4.5 billion years, it has simply floated, unper-
turbed, like a perfectly preserved mummy
from a creation event that is both chillingly
alien and comfortingly personal: the event
from which our planet and most everything
else that circles our Sun today arose.

Because 2014 MUG69 is so faint, the craft will
rely on the powerful lenses of the Hubble
Space Telescope to help it find its way. Only
during the last 7% or so of its more than
3.5-year journey from Pluto will the New Hori-
zons probe be able to even catch a glimpse of
its remote target. On the way or when it gets
there, researchers plan a range of investiga-
tions, including determining whether volatile
substances such as nitrogen and methane are
leaking out of the object’s interior, whether it

of years since it arose. Also, unlike Pluto, resi-
dents of this region, known as the cold classi-
cal belt, have orbits that are nearly circular
rather than eccentric and hew close to the
plane in which the planets orbit the Sun.
These properties suggest that 2014 MU69 and
its neighbors have not been stirred up by colli-
sions or gravitational interactions with other
bodies, and look pretty much the same as they
did when they formed, astronomers say. On
the other hand, Pluto and its moons appear to
be debris left over when two icy bodies crashed
into each other.

Kuiper Belt object 2014 MU69 “harkens back
to the building blocks of the solar system,”
noted Buie, who conducts his research at the
Southwest Research Institute (SWRI) in Boul-
der, Colo. It “may have been modified the least
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of anything that has been identified out there.
And the less modified it is, the more it retains
its primordial fingerprints of the early days of
the solar system.”

Finding a Keeper

Although scientists had been searching with
ground-based telescopes since 2011 for an
object that New Horizons could visit in the
cold classical belt, they had come up empty-
handed and by 2014 were beginning to get
anxious. Then, in the early summer of that
year, New Horizons scientists got their first
survey images from the Hubble Space Tele-
scope, which can see much fainter members of
the Kuiper Belt.

Scrutinizing the Hubble data, Buie immedi-
ately identified a Kuiper Belt object that might
be a candidate for New Horizons.

“Hope you’re sitting down,” began an email
that his New Horizons colleague Alex Parker
sent to the rest of the SWRI team on 22 August
2014. Simulations showed that the object, 2014
MUG69, had passed every test.

Taking Aim

NASA won’t decide until the fall of 2016 if it
will fund the 2019 flyby, but scientists
couldn’t wait for the funding to come through
to begin preparing to seize the opportunity;
they needed to fire New Horizons’s thrusters
in the fall of 2015 to nudge the spacecraft
onto a path that will place it near 2014 MU69
on New Year’s Day 2019. The last of four igni-
tions was completed on 4 November 2015.
Because the cameras on New Horizons won’t
be able to see the faint object until a few
months before the flyby, the mission will rely
on additional observations with Hubble to
home in on the target.

To learn as much as possible from 2014
MUG69, scientists are devising a strategy for
the eventual flyby. How close should the craft
venture to the object? The farther away the
spacecraft lies at closest approach, the easier
the encounter is to accomplish, but the
images won’t be as sharp. Get too close, and
the speed of the craft as it flies past could
smear the images.

“It’s risk versus reward,” said Buie. Scien-
tists are still debating encounter plans, but
it’s likely that the craft will pass within 6000
kilometers of 2014 MU69. Observations with
Hubble every year until the encounter will be
crucial in pinpointing the location and orbit
of the Kuiper Belt object, he added.

With only one chance at reaching the
remote object, “you have to take an
extremely conservative approach to the nav-
igation process,” said Buie. “You can’t say
‘oops, we missed, well, let’s do that all over
again.””
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Day or Night?

Researchers are also deciding whether to
observe 2014 MU69 on the day (sunlit) side or
the night side of the object. For scrutinizing
Pluto, New Horizons scientists opted to have
the craft pass on the night side, even though
dayside illumination would have yielded more
spectacular images of the surface. The night-
side observations enabled the craft to view
Pluto during a solar occultation, with the Sun
backlighting the dwarf planet as the craft
passed through Pluto’s shadow. This configu-
ration yielded breathtaking views of the halo
of gases in Pluto’s atmosphere (see http://bit
1y/Pluto-Atmos).

Following the trajectory shown in red, the New Horizons
spacecraft made a close flyby of Pluto last July and,

almost 3 years from now, on New Year’s Day 2019, is
expected to rendezvous with the small Kuiper Belt object
2014 MU69.

However, 2014 MUG69 is a much smaller
object and isn’t likely to have enough gravity
to hold an atmosphere. Scientists therefore
plan to observe the object on its day side, with
the faraway Sun’s feeble light illuminating the
icy body.

Although 2014 MU69 may be too small to
retain an atmosphere, its size offers its own
fascination to scientists. The object spans
about one hundredth the diameter of Pluto,
while looming some 10 times larger than the
Kuiper Belt comets that visit the inner solar
system. Because of its midrange girth, 2014
MUG69 is “the critical connecting dot between
the two types of objects,” said Alan Stern of
SwRI, who is New Horizons’s lead scientist.
Observing an intermediate-size object will
provide new information on how vastly larger
planets assemble from chunks of rock and ice,
Stern predicted.
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Moon Hunt

Buie and his colleagues look forward to dis-
covering if 2014 MU69 has a moon. Research-
ers estimate that satellite companions orbit at
least 30 percent of Kuiper Belt objects, a num-
ber that New Horizons researchers said they
hope to refine as the craft observes from afar
some 10 to 20 denizens of the belt before and
after it homes in on 2014 MU69.

Because the body is so faint, scientists won’t
be able to discern whether it has a satellite until
October 2018, when New Horizons’s cameras
will first be able to image the body. Finding a
moon would force mission scientists to reas-
sess just how pristine 2014 MUG69 really is. A
moon could signify a collision or 2014 MU69’s
capture of a passing object, suggesting a busier
past for 2014 MU69 than currently suspected.

The gravity of an orbiting moon would
enable the team to measure the mass of 2014
MU69. Combined with New Horizons’s high-
resolution observations of the body’s size, the
mass measurement would yield the density of
2014 MUG69, and therefore its bulk composi-
tion—its ratio of ice to rock.

If the density is low—meaning that 2014
MUG69 is porous—it could indicate that the Kui-
per Belt object was built by an unusually gentle
accretion of smaller icy bodies. In that case, the
agglomeration would be so loose that it would
have left empty spaces between the coalescing
fragments. Determining whether the process
that built 2014 MUG9 was relatively mild or
crushingly violent would provide new informa-
tion on conditions, such as temperature and
turbulence, in the outer reaches of the young
Sun’s primordial, planet-forming disk.

More to Explore

Images and spectra recorded by New Horizons
should reveal whether the surface has an
ancient crust of water ice or if substances such
as nitrogen, carbon dioxide, and methane,
which easily evaporate and escape into space,
reside on the surface. The presence of these
substances would imply that they are continu-
ally replenished from the object’s interior,
propelled outward by some unknown energy
source.

“We don’t know exactly what this Kuiper
Belt object is going to tell us,” says Buie, “but
we know it’s got to be fundamentally import-
ant for constraining the early history of the
solar system.”

After years of planning and searching for an
object like 2014 MU69, added Buie’s colleague,
Parker, New Year’s Day 2019 doesn’t seem
long to wait.

By Ron Cowen, Freelance Science Journalist,
email: roncowen@msn.com
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