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Scientists are 
racing to design 
spacecraft 
to reach the 
enigmatic 
‘Oumuamua — 
or be ready for 
the next one.
BY DAVID L. CHANDLER
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Now far from the Sun in the outer solar 
system, the strange interstellar object 
known as ‘Oumuamua is depicted here 
as it’s approached by a questing 
spacecraft. Project Lyra is hoping to 
launch such a craft to explore our first 
known visitor from another solar 
system and provide the detailed study 
scientists desperately seek. MACIEJ REBISZ
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 The only way to gather 
more data and uncover its 
true nature would be to send 
a spacecraft to study it up 
close. But uncertainties in 
‘Oumuamua’s exact trajectory, 
the difficulty of detecting its 
ever-dimming light, and its 
rapid retreat make the idea 
of designing, building, and 
launching a mission in time 
to catch up to it seem utterly 
impossible.

Or is it?
Several groups of research-

ers have been working to find 
ways of reaching this increas-
ingly distant object. They 
have come up with a variety 
of proposals that could lead 
to a close-up encounter with 
‘Oumuamua within decades. 
And if that doesn’t work out, 
others are working on a mis-
sion to rendezvous with the 

next interstellar object that 
comes wandering by.

Strange visitor
Why bother with such a mis-
sion? Because ‘Oumuamua — 
named after a Hawaiian word 
for “visitor” and designated 1I 
as the first interstellar object 
found — is unique and tanta-
lizing for many reasons.

As astronomers observed 
it, its brightness cyclically 
rose and fell. Analysis of this 
pattern indicated the object 
was not only tumbling, but it 
had a shape unlike anything 
seen before in space. Either a 
long, thin cylindrical object 
or a large, flat, disklike shape 
could account for these varia-
tions in brightness, but no 
known asteroids have a shape 
that extreme.

More significantly, as 

‘Oumuamua left the Sun 
behind, it sped up in a way 
that could not be explained 
by gravity alone. Sometimes 
comets speed up on their out-
bound journeys as a result of 
outgassing, as the Sun’s heat 
boils off volatile materials 
like water ice and frozen car-
bon dioxide. But that process 

leaves a clearly visible trail of 
gas and dust — the comet’s 
tail. ‘Oumuamua emitted no 
such visible trail, so its move-
ment could not be explained 
by such emissions either.

Some astronomers have 
proposed that ‘Oumuamua is 
a chunk of frozen hydrogen 
or a hydrogen-helium mix, 
like an iceberg, whose evapo-
ration might account for the 
object’s acceleration without 
leaving a detectable trail. 
Alternatively, it could be a 

One possible explanation for 
‘Oumuamua’s shape is that it is not a 
natural object, as depicted at right, 
but an artificially created solar sail 
or alien probe, such as the device 
imagined at center. MARK GARLICK/SCIENCE 

PHOTO LIBRARY/ALAMY STOCK PHOTO

‘OUMUAMUA’S LIGHT CURVE

1I/2017 U1 (‘Oumuamua) was 
discovered in October 2017; shortly after, it was 
determined to be the first object ever seen inside 
the solar system that had come from beyond it. 
But by the time its origins had been discerned, the 
interstellar interloper had already rounded the 
Sun and was speeding away at some 85,700 mph 
(138,000 km/h). Just an estimated 1,300 feet 
(400 meters) across, it faded from view of even 
the most powerful telescopes within weeks.
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kind of loose agglomeration 
of particles or filaments, so 
lightweight that the pressure 
of the solar wind alone could 
rapidly push it outward with-
out the need for outgassing to 
propel it.

Or perhaps there’s another 
explanation: Astrophysicist 
Avi Loeb, former chair of the 
astronomy department at 
Harvard University, finds 
‘Oumuamua’s behavior so 
strange that he has argued 
in a series of peer-reviewed 

papers and a popular science 
book that the object is most 
likely a relic of alien 
technology.

Loeb says that natural 
explanations for ‘Oumuamua 
all invoke “rocks of a type 
we’ve never seen before” and 
lack a plausible explanation 
for how they might have 
formed. He argues that an 
artificial origin can better 
explain its anomalous fea-
tures. In addition to its 
strange shape, if the object 
is made of thin, flat, light-
weight material, it could be 
acting as a solar sail, pro-
pelled outward by the force 
of sunlight. No such object 

could arise naturally, he says. 
It would have to be some 
structure built by a sophisti-
cated alien civilization — 
if not a dedicated solar- 
propelled craft, then perhaps 
a piece of an alien Dyson 
sphere, a device to collect the 
energy from a star.

Many astronomers are 
skeptical of Loeb’s case, and 
contend that ‘Oumuamua is 
an ordinary asteroid, albeit 
one on an unusual trajectory. 
Karen Meech, an astrobiolo-
gist at the University of 
Hawai‘i who led the charac-
terization of the object after 
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 A light curve records 
brightness over time. It can reveal 
details about the size, shape, and 
rotation of an object. This light curve 
shows ‘Oumuamua’s brightness over 
three days in October 2017; each 
color depicts measurements taken 
in a different filter. The large 
changes in brightness indicate that 
‘Oumuamua is long but skinny, like a 
cylinder. The dotted line represents 
the light curve of a model object that 
is 10 times longer than it is wide. 
ASTRONOMY: ROEN KELLY, AFTER OLIVIER HAINAUT 

(ESO)/K. MEECH ET AL. 

WHAT INTERSTELLAR 

OBJECTS CAN TEACH US
In our own solar system, asteroids and comets comprise some 
of the earliest building blocks of the planets. Particularly in the 
case of asteroids, their composition represents the pristine, 
unprocessed materials that formed first in the solar nebula 
surrounding our young Sun. Studying their chemistry therefore 
lets us rewind the clock to take a peek at the conditions in our 
forming solar system, building a better picture of what it looked 
like in the beginning and how it has changed over time.

Interstellar objects represent similar pieces of the past, only 
not from our solar system, but others. Their size and chemical 
makeup carry firsthand accounts of the conditions around 
other suns — a treasure-trove of information for scientists 
studying how stars and planets form and evolve.

The fact that interstellar objects are traveling between the 
stars at all also contains valuable information. The number of 
objects we find, as well as their speed and path — if we can 
trace it back — can tell us about the dynamics of the systems 
from which they were ejected, such as whether they originated 
in multiple-star systems or might have had a giant planet like 
Jupiter, whose gravity could have knocked the object from its 
home system, sending it out into space. — Alison Klesman

Project Lyra has determined 
several possible orbital paths to 
reach ‘Oumuamua. Some options 
use the Sun’s gravity to provide 
a boost, called a solar Oberth 
maneuver. To swing so close to the 
Sun, a potential spacecraft such 
as the design shown here would 
require an additional heatshield 
(large white panel) for protection. 
MACIEJ REBISZ, SPACECRAFT DESIGN: MALAVIKA PATEL
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its discovery, says “its charac-
teristics were consistent with 
a planetesimal with cometary 
activity.” Pointing out that we 
only have about a week’s 
worth of data from its pas-
sage, she stresses, “expecting 
to have a complete under-
standing of anything with 
so little data is unrealistic.”

She adds that “the lack of 
detection of gas was not a 
mystery. By the time we 
could get on the object it was 
faint for doing high-quality 
spectroscopy, where one can 
detect gas.” And follow-up 
observations using the 
Spitzer space telescope were 
“not completely inconsistent” 
with limits predicted for the 
amount of outgassing needed 

to explain its motion, 
she says.

Nevertheless, Meech 
agrees that close-up observa-
tions of ‘Oumuamua or any 
similar object would be use-
ful. “If we had been able to 
have a close-up image of it, 
that would have been fabu-
lous!” she says. “I think 
an in situ mission would 
be spectacular. Then we 
could get a good chemical 

characterization of any gases 
coming off — perhaps even 
isotopic ratios” to better 
understand its formation 
and origin.

And if Loeb is right, “if 
you can tell the composition, 
you can say that the composi-
tion is such that nature never 
produces such things,” he 
says. “Or you can tell the 
structure, the shape of it. 
… If it looks like a spacecraft, 

it’s definitely different from 
a rock. So, what you need is 
detailed enough information 
— especially if it has signa-
tures of technology.”

Catching up
Loeb himself is convinced 
that a mission to catch up 
with ‘Oumuamua is impos-
sible, both because of the 
enormous speed required 
and the difficulty of finding 
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 The Vera C. Rubin Observatory 
nears completion in Chile in this 
December 2023 photo. Once 
operational, the observatory’s 
8.4-meter telescope will image the 
entire southern sky every few nights, 
picking up numerous transient 
objects — including, astronomers 
believe, more interstellar interlopers 
like ‘Oumuamua and Borisov. RUBINOBS/

NSF/AURA/H. STOCKEBRAND

 ‘Oumuamua dove into the 
inner solar system from above the 
plane in which the planets orbit. 
Visible only for a brief time, the 
strange object sped up as it 
retreated from the Sun. Based on 
the observed acceleration, 
astronomers calculated that by 
the time it reached the distance 
of Jupiter’s orbit in May 2018, 
‘Oumuamua was some 62,000 miles 
(100,000 km) beyond where it 
should be if only gravity dictated its 
motion. The planets are shown here 
as they appeared Oct. 19, 2017. 
ASTRONOMY: ROEN KELLY 
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the small object in the vast-
ness of space. But others 
have published a number of 
plausible mission designs to 

reach ‘Oumuamua within a 
reasonable timeframe of a 
few decades.

The key to catching up to 
‘Oumuamua is building up 
enough speed to overtake the 
object, which is zooming 
away at some 16 miles per 
second (26 km/s). Existing 
chemical rockets are not 
capable of reaching such 
speeds on their own. But 
they could by using slingshot 

flyby maneuvers — dipping 
close to the Sun, Jupiter, or 
other planets — to gain speed 
and adjust trajectory. This is 
a variation of the technique 
used to get interplanetary 
probes like the Voyagers to 
the outer planets. Called a 
gravity assist or Oberth 
maneuver, it involves passing 
close to a large mass, such as 
a planet or the Sun, and add-
ing a rocket boost just as the 

spacecraft reaches its closest 
point, providing significant 
acceleration.

Adam Hibberd, an inde-
pendent software engineer 
based in the U.K. who has 
worked on the trajectory 
optimization software for the 
European Space Agency’s 
(ESA) Ariane 4 rocket, was 
already developing software 
of his own for designing 
interplanetary trajectories 
when he learned of 
‘Oumuamua’s discovery. He 
was testing the software by 
recreating historical mis-
sions, he says, “when this 
strange object appeared in 
our heavens that was the first 
interstellar object to be dis-
covered. … I decided to solve 
missions to this object with 
my software, which seemed 
like an obvious thing to do.” 
He soon found some work-
able trajectories.

Shortly after, he joined a 
group called Project Lyra, 
which had formed within 
months of ‘Oumuamua’s dis-
covery. The team has devised 

HOW RUBIN WILL CHANGE OUR VIEW
The nearly completed Vera C. Rubin Observatory houses the 8.4-meter Simonyi Survey Telescope, 

equipped with a 3,200-megapixel CCD camera — the largest ever built. Once operational, it will 

continuously survey the entire Southern Hemisphere sky every three to four days for 10 years. This 

immense effort is called the Legacy Survey of Space and Time (LSST).

In 2017, ‘Oumuamua was spotted by the 1.8-meter PanSTARRS1 telescope on Maui. The object was 

discovered less than a week after making its closest approach to Earth and more than a month after its 

closest pass of the Sun (called perihelion). In a 2019 interview, astrobiologist Karen Meech told Astronomy 

that the Vera C. Rubin Observatory, had it been operating at the time, should have spotted ‘Oumuamua 

some three months before PanSTARRS1, before the object had passed perihelion.

The immense database LSST will create — logging some 20 terabytes of data per night for a total of 

2 million images over the course of a decade — will be ideal for spotting changes in the sky, including the 

motions of asteroids and comets. This includes some 6 million moving objects in our solar system, some 

of which will be only visitors, passing through from other star systems. In a 2023 paper available on the 

arXiv preprint server and accepted for publication in the Planetary Science Journal, researchers estimated 

LSST could find as many as 70 ‘Oumuamua-like interstellar objects each year, with sizes averaging 160 to 

1,970 feet (50 to 600 m), though the number heavily depends on how common such travelers are through 

space, how fast they are moving, and how frequently they visit our solar system. — A.K.

Rather than sending a single 
spacecraft to seek out ‘Oumuamua, 
researchers could plan two missions: 
an initial scout mission followed by a 
dedicated spacecraft once the space 
rock’s position has been found. The 
scout mission would comprise a 
swarm of tiny, laser-propelled craft, 
such as those seen approaching 
‘Oumuamua in this artist’s depiction. 
MACIEJ REBISZ



and published a variety of 
flight plans that could make 
the rendezvous possible. One 
such scenario, using a launch 
date in 2030, would be able 
to reach ‘Oumuamua within 
about 22 years, he says.

past the inner planets. Both 
options, he says, would get a 
spacecraft to Jupiter with 
plenty of fuel left to carry out 
the gravity-assist maneuver 
there, which would 
fling the craft 
onward toward 
‘Oumuamua. 
The trip would 
take about 31 
years — about 
nine years lon-
ger than trajecto-
ries that involve a 
risky close approach 
to the Sun.

Marshall Eubanks, chief 
scientist at Space Initiatives 
Inc. and one of Project Lyra’s 

mission designers, says 

that he feels it is inevitable 
that a mission will be sent 
to ‘Oumuamua, one way or 
another. Already, he points 

out, people are coming up 
with proposals to 

send missions to 
the planets of 
nearby stars, 
yet even a cen-
tury from now 
‘Oumuamua 

will still be 
vastly closer than 

such destinations.
“In a hundred years, it’ll 

only be about 150 AU away,” 
he says. (One AU, or astro-
nomical unit, is the average 
distance from Earth to the 
Sun.) “That’s a huge distance, 
but it’s a lot closer than 
Proxima Centauri, so why 
not go there too?” he asks. 

At about 4.24 light-years 

Initial ideas involved close 
passes to the Sun, which 
would require extensive 
shielding to protect the craft 
from the heat, imposing a 
severe penalty on payload 
mass. So Hibberd and others 
began working on similar 
maneuvers that avoided the 
Sun and used Jupiter’s mass 
instead.

The tricky part is “you 
have to generate enough 
speed to get to Jupiter from 
Earth,” Hibberd says. He and 
the Project Lyra team found 
two possible ways to do this 

with a series of slingshots 

 Comet Interceptor will stay 
“parked” at the L2 Lagrange point of 
the Earth-Sun system (depicted as 
the bright spot just beyond Earth in 
this mission concept art) until a 
suitable target — the comet at center 
— is found. Then, the spacecraft will 
leave L2 to rendezvous for scientific 
study. Note that this graphic is not to 
scale. ESA

A
N

D

R
E
A

S
M

. HEIN/PROJECT LYRA



WWW.ASTRONOMY.COM 19
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One possible trajectory could 
deliver a spacecraft to ‘Oumuamua 
in just over two decades, though the 
researchers suggest a longer flight 
time is more realistic. Following a 
February 2028 launch, the craft would 
perform a flyby of Venus in June, return 
to Earth for a flyby in 2029, make a 
deep-space burn of its engines in 
2030, fly by Earth a second time in 
2031, then use Jupiter for a final gravity 
boost in 2032. The mission could catch 
‘Oumuamua by 2050 (or later with a 
more relaxed timeline). ASTRONOMY: ROEN 

KELLY, AFTER HIBBERD ET AL., ACTA ASTRONAUTICA, 2022

POSSIBLE PATH TO ‘OUMUAMUA
— more than 268,000 AU 
— Proxima Centauri is the 
closest star to the Sun.

It’s “certainly not physi-
cally impossible” to catch up 
to ‘Oumuamua, Eubanks says. 
“It’s certainly not beyond our 
technical expertise.” Such 
a slingshot-based mission 
could be carried out with 
existing rockets such as the 
Falcon Heavy from SpaceX, 
he says.

Some researchers argue 
that we should just wait for 
the next such object, Eubanks 
says, since new telescopes like 
that of the Vera C. Rubin 
Observatory — scheduled to 
begin operations next year 
— will potentially discover 
many such objects. But with 
only two interstellar objects 
found so far, we really don’t 
know how scarce such objects 
may be. We also don’t know 
whether any others we find 
will be highly unusual like 
‘Oumuamua. The only other 
interstellar object we’ve found 
is Comet 2I/Borisov — and 
that was a fairly humdrum, 
typical-looking comet.

“If you really think 
[‘Oumuamua] is an object 

that’s a real outlier, 
you should want 

to go and 
investigate it,” 

Eubanks 
says. 

“You’ll never solve it 
otherwise.”

Locking on target
Getting a rocket moving 
fast enough is only half the 
problem. You also have to 
know where you’re going — 
and in this case, that’s not 
trivial. Because of the small 
number of observations and 
their limited precision, the 
uncertainty in ‘Oumuamua’s 
present position is on the 
order of the distance between 
Earth and the Moon. “You’ll 

have a hard time finding 
it out there in the dark. 
It’s not a big object,” 

Eubanks says.
One option is to 

send a scout mission 
to pinpoint the 
location before 
launching a larger 
spacecraft to get 

close for measurements and 
observations. This precursor 
could take two forms, 
Eubanks says. It could be one 
spacecraft with a large tele-
scope, perhaps half the size of 
Hubble, to scan the sky for 
the object. Or we could send 
a swarm of hundreds or thou-
sands of tiny spacecraft to fan 
out and blanket the survey 
area. The Breakthrough 
Starshot project is currently 
working on developing this 
technology (and has substan-
tial financial backing), with 
the aim of sending such probe 
swarms to the planets of 
nearby stars.

The tiny spacecraft would 
be thin disks, perhaps the 
size of frisbees, propelled by 
laser beams aimed at them 
from somewhere on Earth, 
the Moon, or in space. But 
even once this technology is 

developed, reaching anything 
in the solar system is still 
going to be much easier than 
trying to reach even the near-
est star, Eubanks says. “And 
1I is still in the solar system, 
even though it’s not of the 
solar system,” he stresses. 
Such laser-propelled craft 
could theoretically make it 
to ‘Oumuamua in just a cou-
ple of years.

Even these scout probes 
would provide significant 
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return, he says: If one finds 
‘Oumuamua and reports 
back its position, even with 
no further data, that would 
reveal whether the object had 
continued to experience non-
gravitational acceleration 
after it was last seen and if 
so, how much.

Any follow-up mission 
would have to be much larger, 
at least equivalent to NASA’s 
New Horizons spacecraft that 
studied Pluto up close and is 
still exploring the Kuiper 
Belt. Such missions cost on 
the order of $1 billion. It’s 

quite possible that no govern-
ment, or even individual bil-
lionaire, would be willing to 
put up the money for such a 
mission, which could end up 
either failing to find its target 
or getting there and finding a 
relatively ordinary rock.

The next time

Regardless of whether 
‘Oumuamua ever gets vis-
ited by a spacecraft, there’s 
always next time. And there 
is one mission already fully 
approved and funded that 
may be ready when the next 

interstellar object comes 
along.

ESA’s Comet Interceptor is 
scheduled to launch in 2029 
with one large spacecraft and 
two smaller probes attached. 
The craft will travel to the 
L2 Lagrange point of the 
Earth-Sun system, about 
932,100 miles (1.5 million km) 
beyond Earth, and wait there 
for either a newly found 
interstellar object or a never-
before-seen pristine comet 
from the outer solar system. 
It will then fly by the target 
and take images, spectra, and 
other measurements. About 
200 people are currently 
working on the mission. “It’s 
the first implementation of a 
so-called rapid-response mis-
sion,” says Comet Interceptor 
Project Scientist Michael 
Kueppers.

“We have a range of 
instruments,” says the proj-
ect’s interdisciplinary scien-
tist, Geraint Jones. Comet 
Interceptor carries three 
different cameras, he says — 
one on the main craft and 
one each on the two smaller 
probes — to provide three-
dimensional views as they zip 
past. The mission will also 
take infrared images and 
carry a mass spectrometer to 
measure the composition of 
gases that may be emanating 
from a comet.

The main craft is designed 
to pass within about 620 miles 
(1,000 km) of the comet. At 
that distance, its main camera 
will have a resolution of about 
26 feet (8 m) per pixel, 
Kueppers says — enough to 
get plenty of detail on an 
object like ‘Oumuamua. The 
smaller probes would get even 
closer, with one approaching 

 The most recent mission to visit 
a comet was ESA’s Rosetta, which 
gathered close-up images of Comet 
67P/Churyumov–Gerasimenko. Comet 
Interceptor won’t stay in orbit around 
its target like Rosetta, but instead fly 
past it to create 3D images and take 
other measurements in conjunction 
with its two smaller probes. ESA/ROSETTA/

NAVCAM – CC BY-SA IGO 3.0

In December 2022, ESA and 
European space system provider 
OHB signed the contract allowing 
design and construction of Comet 
Interceptor to begin. ESA, CC BY-SA 3.0 IGO
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to 530 miles (850 km) and the 
other to 250 miles (400 km).

The craft will have about a 
five-year window to find and 
decide on its target. And if it 
does succeed in finding a 
suitable interstellar object 
within that time, “that’s very 
tantalizing,” Jones says. “The 
two confirmed interstellar 
objects we’ve seen so far were 

very different from each 
other. Comet Borisov was 
remarkably similar to solar 
system objects — if it wasn’t 
on such an unusual trajec-
tory, it probably wouldn’t 
stand out as a particularly 
unusual comet. And then at 
the other extreme you have 
‘Oumuamua, where there was 
a very low activity level [no 

tail], and we know very little 
about that body other than 
hints of a very unusual shape 
and color. And yes, it would 
be fantastic to be able to see 
one of these objects from 
another star system and com-
pare and contrast it with 
what we know about comets 
in our solar system.”

Would Comet Interceptor 
be able to detect whether an 
object had an artificial rather 
than a natural origin? “I don’t 
know what an interstellar 
spacecraft would look like,” 
Kueppers says. But a highly 
unusual shape might make it 
clear. For example, “I guess it 
would be quite obvious,” he 
says, if the target is a long, 
thin, cylindrical object, as 
some have invoked to explain 
‘Oumuamua’s variations in 
brightness.

Whatever Comet 
Interceptor’s future target 

might be, getting up close and 
personal with an object from 
the depths of interstellar 
space is bound to teach us 
new things about stars, plan-
ets, and the processes that 
form them. And if one day 
we end up with a close look 
at something that was built 
by intelligent beings from 
another world, it would rank 
as one of the most epochal 
discoveries in history, and 
a major turning point in 
humanity’s view of itself in 
the cosmos. 

FAST FACTS

COMET INTERCEPTOR
AGENCIES: European Space Agency (ESA), 

Japan Aerospace Exploration Agency (JAXA)

MISSION CLASS: Fast (F) class

NUMBER OF SPACECRAFT: 3 (1 primary and 2 probes)

TOTAL MASS: 1,500 pounds (700 kg), including 

77 pounds (35 kg) for each probe

TOTAL DIMENSIONS (STOWED): 6.6 feet by 6.6 feet by 8.2 feet 

(2 m by 2 m by 2.5 m)

TOTAL NUMBER OF INSTRUMENTS: 11 

PLANNED LAUNCH: 2029

LAUNCH VEHICLE: Ariane 62, shared with ESA’s ARIEL mission

MISSION DURATION: 6 years

David L. Chandler is a long-

time science writer whose work 

has also been published in 

Nature and The Atlantic.

This artist’s concept shows the 
three spacecraft of the Comet 
Interceptor mission — the larger, main 
craft in the foreground at left and the 
smaller probes in the distance at right 
— approaching their as-yet-unknown 
target for study. GERAINT JONES, UCL MULLARD 

SPACE SCIENCE LABORATORY




