In 2002 NASA suffered
a setback with the
Comet Nucleus Tour
(CONTOUR) spacecraft.

CONTOUR launched into orbit,
but was never heard from again.

In 2003, JAXA launched the
Hayabusa mission to the near-
Earth asteroid 25143 Itokawa

It was the first mission to land on an
asteroid and collect samples to bring back
to Earth. Hayabusa also set the stage for
more missions to come (more on that later).

NASA had success with the launch of Deep Impact in
2005. Deep Impact was unique in that it was the first

experiment to probe beneath the surface of a comet. (24)

"T'm trying to
solve the mystery of
what conditions were like
in the early Solar System,
how things got
made..."

"...My tools
are comets and
asteroids.” (25)

Principal Investigator,
Michael F. A'Hearn
(1940-2017)

Deep Impact was composed of two
spacecraft, one of which was an
'impactor’ roughly the size of a
washing machine, made of 49%
copper, and weighing 770 pounds. (24)
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On the 4th of July, 2005, the
two spacecraft separated.

As the impactor approached Tempel 1,
onboard cameras captured images of
the comet nucleus.




Twenty-four hours after separation,
travelling at 23,000 miles per hour, the
impactor slammed into comet Tempel 1.

Tt was an unprecedented coordination
campaign to gather as much data as
possible from the impact event.

The story of Tempel
1 wasn't over.

After Stardust returned its
samples of Wild 2, the spacecraft
cruised past the Earth and was
redirected foward Tempel 1.

In a stunning extended mission (dubbed
'Stardust-NEXT') the spacecraft showed
scientists how the Deep Impact experiment
had altered the comet's surface. (29)

From 300 miles away, Deep Impact's
second 'flyby’ spacecraft observed

g the collision and studied the ejected

# material that blasted from the crater.

Deep Impact yielded the first definitive
evidence of water ice on a comet's surface.

The mission increased our understanding
of comets, from their compositions to
their geological properties.

The collision provided clues about how we
might be able fo 'deflect' dangerous, Earth-
bound comets and asteroids in the future.

Stardust then performed a final
engine burn in 2011. (29)




Deep Impact also continued
to provide scientific data
well beyond its primary
mission timeline.

Until completing the extended mission
in 2013, EPOXT used its cameras to
hunt for extrasolar planets and to
make scientific observations of objects
in our solar system...

With the early success of missions like Giotto,
Europe continued to develop dedicated mis-
sions to these unique celestial bodies.

ESA's Rosetta mission
launched in 2004.
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Rosetta had one of the most complicated
trajectories of any mission o date, and
includeed three gravity assists from
Earth and one from Mars. (33)

Rosetta entered into orbit around the comet
67P/ Churyumov-Gerasimenko in 2014.

After successfully observing
the collision with comet Tempel
1, Deep Impact was 'reborn’ as
the EPOXT mission.

En route, Rosetta practiced its
science observations by performing
flybys of two asteroids in the Main
Asteroid Belt, Steins and Lutetia.

Rosetta even used one of its cameras
to solve a mystery surrounding the
object P/2010 A2. Scientists once
thought this object was a comet...

..but viewing from its unique vantage
point, Rosetta identified the object as the
debris from a pair of colliding asteroids.




When Rosetta arrived at 67P/ Rosetta also delivered the Philae
Churyumov-Gerasimenko, the lander, which made the first-ever,

spacecraft mapped the surface ‘ albeit difficult, controlled landing
of the comet from orbit. on a comet. (35)

NASA's Dawn mission
launched in 2007.

The primary goal of Dawn was to orbit
Vesta, an asteroid in the Main Asteroid
Belt, and then travel to a second, Ceres.

In the early days of the Solar System,
these asteroids were building them-
selves from the same material as
planets like Mars and Earth.

- However, they didn't get
| quite big enough to become
full-fledged planets.

| Studying these large bodies helps
astrobiologists understand how rocky
planets like Earth came into existence.




In August of 2011, Dawn became
the first spacecraft to orbit an
object in the main asteroid belt
(Vesta). The mission returned
surprising images of Vesta's
bizarre surface features.

04 Suprisingly, Dawn found minerals that were
| hydrated, or have water incorporated into
4 their crystaline structure. (38)

We think the
materials were
delivered from

space.

Back when the
Solar System was . .
rich in fine dust. Over time, the tiny,
water-containing dust
built up.

Maria Cristina De Sanctis,
Italian National Institute
for Astrophysics

Unlike the Moon,
areas with hydrated
minerals on Vesta
are not tied to
sunlight!

It'sa
different process
entirely, and might

provide clues about the
) formation of planets
like Earth. :
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Cornelia crater had 'pitted terrain’
inside of it. Heat from big impacts
could have released the water
from hydrated minerals.
e

fE| Vesta also showed signs of geological
i processes that we thought only happened
8 on larger objects, like planets.

= | The water would have explosively gassed into

space, leaving pot-hole-like structures. (40)
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Curved gullies and fan-
shaped deposits in Cornelia
might also be evidence of
liquid water! (41)

Just small
amounts of water
could mobilize sand
and rocks!

And water
could come from sub-
surface ice heated
during impacts.

After Vesta, Dawn flew on to Ceres.
The spacecraft entered orbit of its
second target on March 16, 2015.

We can't definitively
prove that they formed this
way yet. Dry materials can also
create similar shapes. But it
goes to show...

...Vesta has features
we never thought we'd
see oh such a small

body!

'uy {

Ceres brought surprises as well. Even
from far away, bright white spots were
seen dotting the dwarf planet's surface.




The spots might be salt

there is unclear. (43, 44)

deposits, but how they got

An impact could have dredged
up a briny mixture of salt and
water ice from the subsurface.

When the ice quickly sub-
] limated away, salt deposits
3| would have been left behind.

In 2016, JAXA launched
the Hayabusa2 mission,
which rendezvoused with
the near-Earth asteroid
162173 Ryugu.

After surveying the asteroid for a year
and a half, the spaceship approached
the surface to collect samples.

When Hayabusa2 touched
the surface, a small pro-
jectile was fired, causing
materials to be ejected
for collection.

,

Using an impactor, the
spacecraft also created
a small crater in order
to collect material from
beneath the surface.

On Dec 5, 2020, the -
samples were successfully
delievered to Earth. 2
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Hayabusa?2 then left Earth
on an extended mission to
explore additional asteroids.

Up next for NASA was
fll the Origins-Spectral

Identification-Security-Rego-
jl lith-Explorer (OSIRIS-REX),
8 which launched in 2016. (46)

In a death-defying maneuver,
a robotic arm scooped up
regolith from the surface.

It was NASA's first
attempt to collect

and return samples
from an asteroid.

OSIRIS-REX collected between 400-1000
grams of material. Even before returning
home, the mission completely changed our
understanding of Bennu's structure.

NASA's OSIRIS-REx
spacecraft traveled to the
asteroid Bennu and mapped
its surface from orbit.

4 It turns out that the
particles that make
B up Bennu's exterior
are loosely packed

and lightly bound to
each other. (47, 48) [

OSIRIS-REx delivered its
cache of material o Earth
on September 24, 2023.

Mar 10

26



Back on Earth, samples of Bennu were
sent to research teams worldwide and
incredible results quickly poured in.

Y

In-depth analyses of the minerals and molecules p
in Bennu samples showed many compounds used ‘
as building blocks for life as we know it. (50)

T - & | ..and dll five nucleobases used to store
This included 14 of the 2 #% | and transmit genetic information in
20 amino acids that j - 914 molecules like RNA and DNA! (51 -53)
proteins are made of... ' = % ]

1 Data also shows that Bennu had saltwater in
1 places in its past, which could have been a 'broth’ |
for those molecules to interact and combine. (54)

Bennu, and asteroids like it, could have
been ancient environments well-suited
to kickstart the chemistry of life.

This is further evidence that these objects may
have played a key role in delivering life's ingredients
to the early Earth, and throughout our solar system.

Finding all these ingredients for life ina . ‘ofm -~ | These missions are helping

pristine sample from space wouldn't be 1 A scientists determine the

possible without sample return missions. | ey - 7 role of asteroids in life's
= e origins on our planet.

Studying numerous comets and asteroids has
helped astrobiologists understand the incredible
diversity of these small celestial bodies.




Earth is the only planet known to support

life—but questions still remain about
whether or not rocky planets like Mars
could have been habitable in the past.

Gathering data on the rocky
planets has allowed astro-
biologists to compare their
environments to Earth,
providing clues about what
makes our planet capable of
supporting life.

The smaller bodies—dwarf
planets, asteroids, and

8 comets—have shed light on
4 the early Solar System, the

formation of the planets,
and the molecules that

d could have seeded life's

Beyond the Main Asteroid Belt lie
planets that are vastly different
from the rocky bodies that orbit
8 closer to the Sun. The outer Solar
@ System is a realm of gas giants and
Bl frozen balls of ice and rock

origins on the early Earth.

Pioneer 10, launched in 1972, was
the the first spacecraft to punch
through the asteroid belt, and

| ushered in the exploration of our
solar system's furthest and
darkest corners...




Astrobiology

A History of Exobiology and Astrobiology at NASA
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Astrobiology Coloring Page: OSIRIS-REXx

NASA'’s Origins, Spectral Interpretation, Resource Identification, Security, Regolith Explorer
(OSIRIS-REX) returns to Earth on Sept. 24, 2023. Here, the sample capsule descends to Utah
desert with its precious cargo. Scientists on Earth will study the material in order to learn
about the formation of the Sun and planets about 4.5 billion years ago.



Astrobiology Coloring Page: OSIRIS-REx

The Origins, Spectral Interpretation, Resource Identification, Security, Regolith Explorer (OSIRIS-REx) was the first
NASA mission to collect samples from an asteroid. The spacecraft gathered pieces of the asteroid Bennu in October
of 2020, and then began its journey back home to deliver the samples to scientists on Earth.

Visit science.nasa.gov/astrobiology/ to learn all about Astrobiology at NASA!
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