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Hollywood loves its comets, but many of those
g in the planetary defense field are more focused
on the threat of an asteroid strike, given the long
odds of a comet smashing into Earth. Who is
right? Here’s what found out.
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In 2013, a previously undetected asteroid the size of a house
entered Earth’s atmosphere over Chelyabinsk, Russia. NASA
said the asteroid, estimated to be between 17 and 20 meters
in diameter, was too small and dark for its telescopes to detect
beforehand.

Alex Alishevskikh
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stronomers who specialize in spot-
ting dangerous objects headed our
way are not above conjuring their
ownscenarios like those in the 2021

dark comedy “Don’t Look Up.”
Here’s one of them: It’s April 4,
2024, and astronomers looking through a ground-
based optical survey telescope have just discovered
anew comet, its icy nucleus steaming in the sunlight
to produce a characteristic tail as it passes inside the
orbit of Saturn. The roughly 1-kilometer-wide dirty
snowball will cross Earth’s orbit in just 22 months.
Astronomers cannot be certain yet, but the odds are
much higher than anyone is comfortable with that
the comet could crash into us in late February 2026.

Ifyouwere in charge of NASA’s Planetary Defense
Coordination Office, as Lindley Johnson is, you could
take some comfort in the success of a mission con-
ducted twoyears earlier with a different class of objects.
The agency’s Double Asteroid Redirection Test, or
DART, mission showed that a kinetic impactor could
nudge an asteroid and alter its orbit.

“This demonstrates we are no longer powerless to
prevent thistype of natural disaster,” Johnson said in
a statement following DART’s impact on the asteroid
moonlet Dimorphos. Combined with a comprehensive
catalog of all the hazardous asteroids, “a DART suc-
cessor could provide what we need to save the day.”

But DART targeted an asteroid, and comets are
notasteroids. Comets fallinginto our solar system are
more difficult to detect, their paths are tougher to
predict because they off gas sublimating volatiles like
water and carbon dioxide ice, and they’re harder to
deflect because, on average, they are much larger.
Discover a potentially hazardous asteroid, and you
can predict its potential close passes with Earth for
years or decades, but comets don’t often work that
way.

All of which s to say that when it comes to comets,
“twoyears’ warningisreally, really shortunless you've
prepared a lot on the ground,” says Paul Chodas, di-
rector of the Center for Near Earth Object Studies at
the NASA-funded Jet Propulsion Laboratory in Cali-
fornia. He designed the above scenario, with different
dates, for the fourth annual Planetary Defense Con-
ferencein 2019 to get people thinking about the threat
from comets. Because even though the odds of a
comet strike are astronomically low — in fact, much
lower than an asteroid strike — “the consequences
would be devastation, global devastation, for even a

relatively small, long-period comet.”

Johnson tells me that the efforts his office contin-
ues to make to detect hazardous asteroids will inev-
itably help discover more comets. Other groups at
NASA have contemplated cometinterceptor spacecraft,
while some researchers in California even envision
directed energy tools, giant lasers, to help redirect

aerospaceamerica.aiaa.org | FEBRUARY 2023 | 27




This photograph taken by the Light

Italian CubeSat for Imaging of
Asteroids shows the plume created
when NASA's Double Asteroid
Redirection Test spacecraft, DART,
slammed into the asteroid Dimorphos
in September (bottom right). The

cubesat separated from DART ahead
of time to photograph the collision.

ASI/NASA

Dimorphos
HST WFC3/UVIS
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comets in dangerous orbits.

The ideas range from potentially feasible to fan-
tastic in terms of their practicality, which may be
exactlywhere the thinking needs to be at the moment.
DART was animpossible dream for the whole history
of life on Earth until less than a year ago, and with
millions of years expected between significant com-

etstrikes, there’s potentially plenty of time — so long

asyou don't wait till the last minute.

aerospaceamerica.aiaa.org

NASA’s Hubble and Webb telescopes
took photographs of the results of
NASA's Double Asteroid Redirection
Test last September. This Hubble
image taken 285 hours after the DART
spacecraft crashed into the asteroid
Dimorphos shows the fragments
dislodged by the collision and trailing
after the asteroid.

NASA/ESA/STScl/Hubble

Comets are different

In the original script for “Don’t Look Up,” director
Adam McKay used a 100-kilometer-wide asteroid,
knocked mysteriously off course, to drive his climate
change allegory, an exploration of society dealing
with an impending global disaster. But wanting a
degree of realism rather than pure deus exmachina,
McKay consulted with Chodas and his center about
this massive plot device.




Comet Hale-Bopp flew by Earth in
1997, two years after its discovery.
One of the brightest comets to reach
the inner solar system, its white and
blue tail was visible to the naked

eye for nearly 18 months starting

in May 1996. A camera aboard the
space shuttle Columbia took the
above photo of the comet, and the
photo at left is a 10-second exposure
taken by Austrian astronomers.

Erich Kolmhofer and Herbert Raab, Johannes-

* OSIRIS-REXx is short for “Origins, Spectral Interpretation,
Resource ldentification, Security-Regolith Explorer

“I'read the early version of his script, and I indi-
cated that what he had proposed was so far-fetched
thathe should consider somethingelse,” Chodas says.
“If he wanted to consider a plausible major impact
event with global effects, extinction level, if you will,
that what was plausible was a long-period comet
impact.”

Long-period comets are different from Jupiter-fam-
ily comets, which typically traverse their elliptic orbits
in 20 years or less. Long-period comets can take
thousands or tens of thousands of years to orbit the
sun, such that the few that fall into the solar system
each year may never have been seen before. Falling
in from the icy Oort Cloud anywhere from 10,000 to
100,000 astronomical units out from the sun, they are
almostinvisible until they get close enough to the sun
to begin thawing and leaving trails of dust and gas

— the comet coma — somewhere between the orbits
of Saturn and Jupiter.

That doesn’t leave long between sighting and
warning, about the 22 months that Chodas builtinto
his scenario. To take a real-world example, Comet
Siding Spring (C/2013 A1) was discovered on Jan. 3,
2013, inside the distance of Saturn’s orbit, about 7 AU,
and made a close pass of Mars on Oct. 19, 2014.

“It took them about six months to figure out that
itwasn’tgoing to actually hit Mars,” says Joseph Nuth,
a chemist at NASA’s Goddard Space Flight Center in
Maryland and member of the OSIRIS-REx* asteroid
sample return mission science team, as well as a
member of a Goddard group studying hazardous
impactthreats. “Out of those 22 months, basically, six
arealready gone to try to figure out whether or notit’s
going to hit Earth.”
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311 lmpact by cﬂmet 1s less than .
l% ofan lmpact by an astermd 2

— Llndley Johnson, NASA
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That’s already bad enough, butlong-period com-
ets also “have weird orbits with respect to Earth’s
orbit,” says Derek Richardson, a University of Maryland
professor of astronomy and DART team member.
While asteroids tend to orbitin the plane of the eclip-
tic — the plane of Earth’s orbit around the sun —
long-period comets can come from any direction,
which means the relative speed between the comet
and Earth is higher, he says, “and of course, the ener-
gy oftheimpactis proportional to the mass, butto the
square of the relative speed.”

Long-period comets typically travel ataround 65
kilometers per second in the inner solar system, so in
Richardson’s judgment, “they are bad news.”

And the mass of long-period comets is nothing to
sneeze ateither. “Theydon’t come intinysizes,” Chodas
says. “They usually are roughly a kilometer, not much
smaller than halfakilometerin size, because the small-
er ones have just simply fallen apart over the eons.”

Comet Hale-Bopp, which passed through the
solar system in 1997 and won't return until 4385, was
about 40 kilometers in size, he adds.

It’s not entirely clear which impacts in Earth’s
history may have been comets. The Tunguska event

| aerospaceamerica.aiaa.org

of 1908 saw some kind of object bursting in the air
over Siberia with the force of 12 megatons, flattening
2,000 kilometers of trees. Arguments have been made
for the object being a meteorite or a comet fragment.
Some evidence suggests a large comet fragment
bursting in the air over North America just shy of
13,000 years ago may have kicked off a millennia-long
cooling period in the region despite Earth’s climate
swinging outofanice age at the time. The Chicxulub
impactin the Yucatdn Peninsula 65 million years ago
thatgenerated a 100 million-megaton blastand wiped
outthe dinosaursis believed to have been an asteroid
but gives a flavor of what a comparable comet could
do to Earth. It would be worse.

Planning for unlikely calamity
The good news is that the risk of a long-period comet

threatening Earth is extremely unlikely: “We say that
the probability of an impact by comet is less than 1%
of an impact by an asteroid,” NASA’s Johnson says.
Still, it’s possible, and one would like to know
there’s something that could be done if a 1-kilome-
ter-diameter comet were discovered tomorrow with
Earthinits crosshairs. Thankfully, the DART mission




does provide a potential template for a response.

“If we were faced with a comet and all we had was
a kinetic impactor, well, that’s probably the technol-
ogy that we would use to try to change its orbit,”
Johnson says. “Remember that you don’t need to send
justone kineticimpactor to the target. We could send
aseries of kinetic impactors and then slowly punch it
into a new orbit, so to speak.”

Targeting a comet would be more difficult than
an asteroid because cometsin the inner solar system
constantly emit jets of sublimating gas and dust, the
source of their comas, which perturb their orbits. But
this could be used to our advantage, according to
Johnson, so that an impactor could create a bigger
effect on the comet’s orbit than that created just by
transferring its energy into the object.

“An impactor would expose more material, vola-

tile material in the comet,” he says, “creating an even

bigger, natural jet of gasses from the comet within
and then change its orbit even more.”
And akineticimpactor might need that extra help.
The target of the OSIRIS-REx mission, the half-ki-
lometer-wide asteroid Bennu, makes an excellent
stand-in for a comet’s nucleus, according to Nuth. He

speculates that Bennu might be a dead comet, stripped
over eons of its volatile icy shell. In a computer mod-
el simulating what would happen if Bennu were on a
collision course with Earth, it took 87 kinetic impac-
tors roughly six times more massive than DART to
alter the asteroid’s orbit enough so thatit missed Earth.

“Launching 87 would be almostimpossible,” Nuth
says. “We don’t have enough launch sites.”

Nuth’s preferred solution would greatly reduce
the number of launches necessary to redirect a com-
et: “You really need a spacecraft that will be able to
carry a reasonably sized nuclear weapon,” he says.
Take a 1-megaton nuclear explosive device and det-
onate it at about 100 meters from the comet’s surface,
and the X-rays and gamma rays penetrate 10 to 20
meters deep at the speed of light. That heats the entire
hemisphere of the comet facing the explosions, and
“it all turns into a plasma at that point,” Nuth says,
“which means that you get one hell of a kick on the
rest of the body.”

When he used a nuclear device in his Bennu de-
flection model, Nuth found it took one explosion to
deflect the asteroid, compared to the 87 kinetic im-
pactors.
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Goingnuclear carries its own problems, of course,
notleast of which would be the large amount of legal
infrastructure necessary to even begin seriously
thinking about putting a nuke on an outbound rock-
et. Butit also shares a major problem faced by kinet-
ic impactors, namely that “it takes about 36 to 48
months to put a spacecraft together once you've done
all the reviews and all the testing,” Nuth says. “You
just don’t necessarily have the time for that.”

So Nuth proposes some preparation. NASA could
build two spacecraft — areconnaissance craft, which
would be launched to intercept and study a threaten-
ing comet, and a mitigation craft, which would be
launched carrying the nuke, if deemed necessary.
Both spacecraft would be stored in a warehouse until
needed, ready to be launched with a short warning.
To help make more palatable the idea of spending
billions on spacecraft that might never be used for
their primary purpose, Nuth also suggests replacing
the craft every 20 years or so with new models using
the latest technology, and then releasing the old craft
for science missions.

“The reconnaissance satellites, for instance, can
certainly go onaplanetarymission,” he says. “They’'ve
been built to do that.”

But even with Nuth’s twin spacecraft or a fleet of
DART-like impactors ready to fly, long-period comets
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This is one of the sites

where fragments of Comet

Shoemaker-Levy 9 crashed
into Jupiter over a period

of six days in July 1994.
Photographed by NASA's
Hubble Space Telescope
and Galileo orbiter, they
were the first observed
impacts between two objects
in the solar system.

NASA and H. Hammel, MIT

could be difficult to deflect if their orbits are strange
enough. A comet coming in orthogonal to the plane
of the ecliptic would present a huge challenge, ac-
cording to Chodas.

“It’s very difficult to get a spacecraft out of the
plane of the ecliptic without a gravity assist,” he says.
“And on short warning, you wouldn’t really have an
opportunity for a gravity assist.”

One team of researchers has a radical idea for
getting around that problem too, ditching the need
for a spacecraft altogether. In a 2019 paper, Gary
Hughes of Cal Poly, Philip Lubin of the University of
California at Santa Barbara and Caltech graduate
student Qicheng Zhang envisioned a massive orbital
laser array that could heat a comet’s surface at a dis-
tance, generate targeted off gassing and change its
orbit.

“A 10 gigawatt, 500-meter laser array operating
for 1% of the time over 1 year can deflect a 500-meter
comet,” Zhang wrote in an email.

But Zhang readily admits that constructing and
maintaininga 10-gigawatt power source, not to men-
tion a half-kilometer or larger laser array, is a daunt-
ing and expensive task unlikely to be undertaken
merely as a hedge against an astronomically unlike-
ly disaster. So like Nuth and his spacecraft, Zhang
envisions a dual purpose: Perhaps implementing a



comet deflection program through a laser array con-
structed for propulsion purposes, such as the Starshot
Breakthrough Initiative that aims to projectlaser light
ontoalightsail attached to a nanospacecraftto propel
it to the nearby star Proxima Centauri.

More eyes on the sky

Other techniques for mitigation have been contem-
plated, including some of those also being explored
at NASA for diverting hazardous asteroids, according
to Johnson. He would like to test the gravity tractor
technique on an asteroid at some point, which iswhen
a spacecraft keeps pace with the object over a long
period, using their mutual gravitational attraction to
change the object’s orbit.

All approaches to comet strike mitigation, from
impactors to lasers, are challenged by the reality of
responding to a hazard on short notice and the un-
likelihood of winning funding for expensive mitigation
projects before knowing a threat is actually on the
horizon.

This is why the best strategy for dealing with
dangerous comets may be the same as dealing with
hazardous asteroids — trying to find more of them,
and find them earlier.

“If you're going to invest in technology, we need
better ways of finding dark comets farther away from

the sun,” Chodas says, because cold and distant com-

ets are difficult to see until they warm up as they get
closer to the sun. “Detection is your bestinvestment.”

The Vera Rubin Observatory, set to begin operations
in Chile in 2024, could be a boon for the detection of
long-period comets, for instance. Also, “Our new
project, the Near-Earth Object Surveyor, will be a
space-based telescope operating in the infrared part
ofthe spectrum,” Johnson says. “It will be a very good
comet finder as well.”

Still, neither NEO Surveyor — which is scheduled
for launch in 2028 — nor the Rubin observatory will
be capable of detecting long-period comets with much
more warning than is possible today, according to
Chodas, who says such capability is another genera-
tion of technology away.

Butodds are thatwill be OK. Asteroids are amore
likely, if still ultimately unlikely, threat, and one we
can do something about, even if more work remains.
Soinsome sense, cometary planetary defense isright
where it needs to be, Chodas says: a conceptual add-
on to efforts to mitigate asteroids today that may
become the cutting edge in the field in another 100
years, once all potentially hazardous asteroids are
accounted for.

“Nonetheless,” he says, “it’s certainly interesting
to think about what we would do.” *
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A When NASA's OSIRIS-
REx spacecraft touched its
sampling arm to the surface
of the asteroid Bennu in
2020, researchers were
surprised to discover large
amounts of loose particles
instead of densely packed
rocks and dirt. NASA chose
the 500-meter-wide asteroid
for the sampling attempt
because there is a 1-in-1,750
chance that it could hit Earth
in the next 300 years.

NASA/Goddard/University of Arizona
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