SEARCH & DISCOVERY

Craters on Pluto and Charon show that Kulper

helt collisions
are rare

There are far fewer small
bodies in the solar system'’s
outer reaches than there
would be if collisions were
common.

solar system’s asteroid belt, between

the orbits of Mars and Jupiter, has ex-
ploded in recent years. In 2000 just a few
thousand asteroids had been numbered,
meaning that they’d been observed pre-
cisely enough to determine their orbits.
Since then, the catalog has grown to more
than half a million, with tens of thou-
sands of additions each year.

The increase is easily explained. Newer
telescopes can detect smaller asteroids—
with diameters as small as hundreds of
meters—and there are vastly more small
asteroids than large ones. The size distri-
bution reflects the asteroid belt’s colli-
sional equilibrium. For billions of years,
asteroids have crashed into each other,
sometimes sticking together and some-
times breaking into pieces, and the bal-
ance of those processes has reached a
rough steady state.

Something fundamentally different
seems to be going on in the Kuiper belt,
the torus-shaped zone of dwarf planets
and smaller objects beyond the orbit of
Neptune. In 2015 NASA’s New Horizons
probe transmitted the first close-up im-
ages of Pluto—the best known resident
of the Kuiper belt—and its largest moon
Charon (shown in figure 1). The images
showed hundreds of craters on both bod-
ies, formed by the impacts of Kuiper belt
objects (KBOs) of various sizes.

Now Kelsi Singer (Southwest Research
Institute in Boulder, Colorado) and her
colleagues on the New Horizons team have
analyzed the crater size distributions.! The
smallest craters they observed still out-
number the larger ones, but by more than
an order of magnitude less than colli-

The number of known objects in the
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sional equilibrium would predict. The
result, which implies that KBO collisions
are not frequent enough for the Kuiper
belt to have reached collisional equilib-
rium, provides an important new con-
straint on models of how the solar system
formed 4.5 billion years ago.

Far out

In the wake of the 1930 discovery of Pluto,
several astronomers, including Gerard
Kuiper, speculated that more small bod-
ies might occupy the same general re-
gion at the outer edge of the known solar
system. But it wasn’t until 1992 that
David Jewitt and Jane Luu made the first
observation of a KBO other than Pluto or
Charon (the latter discovered in 1978).
More KBO discoveries followed, and
their number grew to hundreds and then
thousands. (See the article by Mike Brown,
PHYSICS TODAY, April 2004, page 49.) The
2005 discovery of Eris, a KBO more mas-
sive than Pluto and almost as large, made
clear that not only was Pluto not alone in
the Kuiper belt, it wasn’t uniquely out-

FIGURE 1. IMAGES OF CHARON, captured
in July 2015 by NASA's New Horizons probe,
show parts of the moon’s surface to be
peppered with craters, a record of 4 billion
years of impacts by Kuiper belt objects.

standing among KBOs. The realization
prompted the International Astronomi-
cal Union to issue a new formal defini-
tion of “planet,” and Pluto famously —or
infamously —no longer qualified.

Pluto and Eris are both more than
2000 km in diameter, and Charon is about
half that. All three can be seen by Earth-
based telescopes, even at their great dis-
tance. But it’s much harder to observe
smaller KBOs, especially those with di-
ameters less than tens of kilometers, so
the overall KBO size distribution has been
shrouded in mystery.

There have been a few clues. Occasion-
ally KBOs get kicked out of their orbits
and launched toward the inner solar sys-
tem. Some leave craters on the icy moons
of the gas-giant planets that were imaged
by probes such as Galileo and Cassini, and
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some enter eccentric orbits around the
Sun and are visible from Earth as comets
(see the article by Don Brownlee, PHYSICS
ToDpAY, June 2008, page 30). Neither the
icy-moon craters nor the comets show
any sign of the vast numbers of small
KBOs one would expect if the Kuiper
belt were like the asteroid belt. But nei-
ther population is a smoking gun, be-
cause some unknown mechanism might
destroy or disrupt small KBOs on their
journey inward.

Old and cold

Launched in 2006, New Horizons had
among its goals the determination of the
KBO size distribution. The distribution
would have to be inferred from craters:
New Horizons was designed to study the
surfaces and atmospheres of Pluto and
its moons, not to survey large portions of
the sky to look for KBOs themselves.

But nobody knew if there would be
any craters. Pluto and Charon’s geology
was as yet unknown, and maybe some
process was at work to renew the sur-
faces and erase the craters. Indeed, some
regions—such as the Tombaugh Regio,
the bright heart-shaped feature on Pluto—
had been renewed recently and were
crater-free. But others appeared much
older and had many craters.

Before the probe’s arrival at Pluto,
Sarah Greenstreet, Brett Gladman, and
William McKinnon (all of them also au-
thors on reference 1) worked out a model
of the cratering physics on Pluto and
Charon to help interpret the observa-
tions.? Based on what was known from
Earth-based observations of the KBO
size distribution, they predicted the num-
ber of craters formed per size bin per unit
time. Prediction in hand, they could im-
mediately estimate the surface ages when
the images came in.

Figure 2 shows a log-log plot of the
results, scaled by the inverse cube of the
crater diameter D. “The D power law
is about what you’d expect in collisional
equilibrium,” explains Singer, “so we
normalize by that slope to see differences
from it more easily.”

The blue curve is what Greenstreet
and colleagues’ model predicts for a sur-
face age of 4 billion years; the gray, pur-
ple, yellow, and red data points are crater
counts from regions of Charon. The
agreement for craters between 20 km and
100 km in diameter (formed by KBOs
roughly 2-15 km in diameter) shows that
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FIGURE 2. CRATER FREQUENCY as a function of crater diameter D and scaled by D=3.
Collisional equilibrium predicts a power-law dependence of between D= and D, but
below D = 15 km, Charon crater distribution (shown by the gray, purple, yellow, and red
data) abruptly switches to D'”. Craters on Pluto, not shown here, exhibit a similar shift.
The slope change, or elbow, is not reproduced by any model of collisional dynamics, but
a similar frequency distribution (shown in green) is predicted by the craters observed on
Jupiter’s moons Europa and Ganymede. (Adapted from ref. 1.)

the surfaces are probably almost as old
as the solar system itself.

Disjointed
The smaller craters revealed a more strik-
ing result: Around D = 15 km, the power-
law slope abruptly shifts from -3 to -1.7.
All cratered regions on both Pluto and
Charon show the same shift, and at ap-
proximately the same size scale. Singer
was surprised. “I was expecting a more
subtle result,” she says. “But the strong
change is more interesting.” She’s dubbed
the bend in the curve the “elbow,” because
the KBO size distribution already has a
“knee” at an object diameter of 100 km.
Singer and colleagues considered the
possibility that the craters they saw
weren't reflective of all the KBOs that
have struck Pluto and Charon. Perhaps
geological processes were erasing some
craters but not others. But they could
identify no process that would erase
more than 90% of the small craters, leave
all the large ones untouched, and work

in exactly the same way on Pluto and
Charon despite their geological differ-
ences. Pluto’s thin atmosphere, for exam-
ple, could produce a snow of frozen ni-
trogen that might obscure some craters.
But Charon lacks an atmosphere.

Models inspired by the asteroid belt’s
dynamics can reproduce something like
the elbow, as shown by the black dotted
and dashed curves in figure 2. But they
always show an upswing in slope at still
smaller diameters, and there’s no sign
of that in the data. On the other hand, a
model based on the craters on the Jovian
moons Europa and Ganymede, shown
in green, matches the data well. The
agreement suggests that the KBOs that
reach the inner solar system are a reason-
able representation of the Kuiper belt as
a whole.

The researchers had another chance to
test their interpretation a few months ago
when New Horizons flew by 2014 MU69,
a KBO nicknamed Ultima Thule. At just
32 kmlong, it doesn’t have room for many
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craters, but it does have some. Before the
flyby, Greenstreet and colleagues worked
out how many there should be based on
their analysis of Pluto and Charon.’
When they compared their model to the
images, says Gladman, “It appears to be
bang on. It was incredible.”

No chip off the old block

The dearth of small KBOs suggests not
only that the Kuiper belt is not in colli-
sional equilibrium, but that it’s barely
collisionally evolved at all. Even a small
number of destructive collisions between
large KBOs would produce many more
small KBOs than the researchers see, so
the logical conclusion is that those colli-
sions haven't happened. “These objects
condensed out of the solar nebula,” ex-
plains Gladman, “and they’ve been sit-

ting there, just like that, ever since.” In
the much denser asteroid belt, in contrast,
virtually every small object seen today is
either a fragment broken off a larger one
or a collection of such fragments.

If KBOs are representative of the orig-
inal planetesimals that populated the
infant solar system, then their size distri-
bution is an important benchmark for
researchers seeking to understand how
the solar system formed in the first place.
The mechanism by which dust grains
combined to form pebbles, boulders,
and eventually planets is a major un-
solved problem in planetary science,
because pebbles and boulders are too
small to stick together under their own
gravity.

Modelers have some ideas of mecha-
nisms that might work, but testing them

is another story. Lab experiments can’t
mimic the formation of the solar system
in detail, so researchers are left to test
their computer simulations against rough
measures, such as whether they produce
the right number of planets. (See PHYSICS
TopAy, November 2015, page 16.) The
Kuiper belt, as a surviving remnant of
the early solar system, could provide an-
other test: Somewhere along the way, a
successful model will now have to repro-
duce the KBO size distribution.
Johanna Miller
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Wireless sensors for the tlmest patients

Paper-thin electronics
measure heart rate, blood
flow, and more—and could
save children’s lives.

f you've ever been a hospital patient,
Iyou’re likely familiar with the experi-

ence of being hooked up to a tangle
of wires and sensors. Despite advances
in technology, the basic setup hasn't
changed much in 50 years: Rigid sensors
are held against the body with mechani-
cal clamps or strong adhesives, and
they’re connected by wires to an external
box of electronics that processes the sig-
nals. The sensors are necessary to moni-
tor your vital signs. But they restrict
movement—you can't get up from your
bed without assistance —and they’re un-
comfortable.
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FIGURE 1. JUST TWO WIRELESS SENSORS, one on the foot and one on the chest, suffice
to monitor all of an infant’s vital signs. But until the wireless devices are approved for use on
their own, test patients need to wear the standard wired sensors too.

The problems are compounded for
hospitalized newborns, especially those
born prematurely. The skin of infants
born at less than 32 weeks’ gestation can
easily be traumatized by the harsh adhe-
sives. More than 90% of children born

prematurely bear scars later in life from
their early hospitalization. Not all of
those are from the sensors, but many are.

Wired sensors also get in the way of
bedside care such as feeding, bathing,
and diaper changing. And they inhibit



