








An example is what
JWST has taught us about
a group of rocky planets
only 40 light years away.

Back in 2017, planets were found
orbiting the nearby star TRAPPIST-1
using data from Spitzer and ground-
based telescopes. (55)

This star is ultra-
cool and only slightly
larger than the planet
Jupiter.

Scott Gaudi, Ohio
State University

Because TRAPPIST-1 is so small Three of the seven Earth-sized planets
and cool, the system's habitable orbit well within this habitable zone.
zone is very close to the star.

By studying the interactions of
the planets, scientists were able
to determine their masses. It was the first time that
scientists were able to infer
masses for planets this small.

Three planets in the
habitable zone, with sizes
AND masses similar to
Earth's...

...all orbiting close to
their star, where it is
easier for us to see
them....

We were anxious to
get a better look at
these worlds...

And JWST
gave us that
chance in
2023 (56).
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The mission was
able to measure the
temperature of the planet
Trappist-1b based on its
thermal emission. (57)

Aki Roberge,
NASA GSFC

To study a
small planet, the
telescope will have to
observe the planet
transiting its star
many, many times,

Dawn Gelino,
NASA's Jet
Propulsion
Laboratory (JPL)

We'll only be
able to study a
handful of planets
out of thousands of
possibilities.

Some scientists had
speculated that the planet
Trappist-1c might have a thick
€Oz atmosphere, but data
showed that this wasn't
the case. (58)

But other studies
still leave hope for
water vapor or
oxygen. (59)

Michaél Gillon,
Université de Liege

And getting data
from a single planet in
this way is going to take
a HUGE amount of
observation time.

Still, TWST is a

huge advancement in
our capabilities. After all,
it's 100 times more powerful

|
than Hubble! Mary Voytek, NASA
Astrobiology Program

This is why
we'll only be able to
study a few planets
during the mission’s

lifetime.

Many people
need to use the
telescope, and it's not
just exoplanets that
JWST is studying.
(60, 61)

So we
have to carefully
choose the best
planets to look at.

Even some of
the first images that
the mission sent back
highlighted this
advance...




Hubble Image.

This is the edge of a nearby,
young, star-forming region
in the Carina Nebula.

These are two images of the towering tendrils
of of cosmic dust and gas in the Eagle Nebula.

| Called the Cosmic Cliffs, the region is actually
| the rim of a gigantic, gaseous cavity within
| The nebula, roughly 7,600 light-years away.

Hubble made these features famous with the
‘Pillars of Creation’ image in 2018 (left). Then




And even

JWSTisa more powerful In order to better

major stepping J telescopes are on characterize habitable )
ey the horizon. planets... ..we want
a mission that
can take direct
images of them.

stone.

Doug Hudgins, Program = Karl Stapelfeldt, Exoplanet
Scientist, NASA Exoplanet > Exploration Program Office
Exploration Program Chief Scientist at JPL

g T We get Starshades are
To take a picture \ ! '
of a planet, we have to \i &

10,000,000,000 separate structures
block the hu mount
v o fre ONE photon from

photons from a that can block
star for every light.

of light coming from /. .

the star it orbits. / sma\ an Earth-like

Coronagraphs
are built into a
telescope.

Technology
like starshades
and coronagraphs
could help.

Currently, a coronograph is
being built into the planned Nancy
6race Roman Space Telescope™.

* See page 7.

Roman's coronagraph is only a . )
demonstration of the tech, but would Over time, we'll
still allow us to see planets that are ‘ perfect the technique
almost a billion times fainter than i and study smaller and
their host star. (66) g smaller planets.

And Roman's ‘ It might allow
powerful main camera could scientists to use new
also take images 100 times planet-hunting techniques,

larger than Hubble. like gravitational
microlensing.




Gravitational
microlensing is a
phenomenon caused
by the bending of
light in space.

It's a bit like
.| having a magnifying
\ glass in the sky.

When we observe light from
a distant star, and another
star passes in front...

If the fore-
ground star has
planets, they can
also act as smaller
lenses. (67)

It's explained by my
General Theory of
Relativity!

Johann Georg von » E
Soldner (1776-1833)

Albert Einstein
(1879-1955)

...gravity from the foreground
star can actually bend the
light from the star behind it.

Microlensing has
been used to study black
holes, and it could be good
for studying planets that
orbit far from their star.

Maybe with a
mission like Roman, we can
use this technique to learn

even more about
exoplanets.




The next step
after Roman is to build
a telescope specifically

designed to detect
signs of life.

There are
a few things
to think about

For instance, what
standards do we set when
we search for life?

In 2023, the National Academies of Sciences Engineering
and Medicine (NASEM) in the United States recommended
that NASA prioritize the search for life in the universe
and begin work on the next flagship astrophysics mission
after Roman. (68)

i

We've been thinking
about this for decades, and many
mission concepts have been

put forward.
- - ~—

We're now
taking what we learned
from all of those studies to build
what we're calling the Habitable
Worlds Observatory,

HWO will be the

first mission to directly
image Earth-sized planets in
the habitable zones of
nearby stars.

And, of course,
HWO's next-generation
capabilities will also provide
incredible data about objects
in our own solar system
and throughout the
Universe.

Can everyone
agree onh what makes a

strong biosignature?
And what do we

do if we think we've
found something?

Because finding
extraterrestrial life
would be such a huge

discovery, we need
intfense scrutiny of
our work.

Linda Billings
(NASA HQ)
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- — _
ommunicating There can often be

discoveries about signs ..especially when ! }
of life beyond Earth is an the signature relies on our multiple ways to interpret

extremely important part interpretation of spectral signals | \ °1¢.5¢t of data, both among
P P 7 scientists and with public

of astrobiology... in the atmospheres of worlds
light years away.

audiences.

/

, A
3".‘, In recent years,

N
| ",.1/ NASA has recieved _ - In response,
’ recommendations from the astrobiology
4 decadal surveys, community KX community started to
@ workshops, and community ‘ develop a framework
a) s‘rra’regé/ddocuminfs 0 X '@ to help communicate
Daniella Scalice, | 10 49dress These (N progress in life
NASA Astrobiology concerns. > detection
fiicsgsh X . research.

The community
began holding dedicated
workshops and meetings to build
tools that astrobiologists can
use when designing missions
to search for life. (69) ‘

In 2021, for instance, \ife Detection i
scientists gathered to begin .
work on a confidence scale
for standards of evidence in
biosignature detection.
(70)

These are
continuing efforts
that will help us search
for signs of life using
data from HWO... _and will also
make sure that
Astrobiologists we are confident
have also joined with —7 s in the results.
science communicators
and journalists to workshop
ideas for how we communicate
claims of extraterrestrial
habitability and
life detection.




HWO will be NASA's first telescope specifically
designed to search for signs of life on potentially
habitable planets around other stars.

to identify and directly image at
least 25 potentially habitable worlds.

—

The telescope will directly image a planet's
reflected starlight at different wavelengths to
create a reflectance spectrum, which we can use
| to look for chemical fingerprints of potential life
|| on the planet, similar to a transmission spectrum.

But reflectance spectroscopy
is different from ftransmission
spectroscopy because it does
not require a chance alignment
| of a planet’s orbit to transit its
| host star from Earth's point
of view, which could allow us to
search for life in many more
nearby planetary systems.

Directly imaging Earth-sized planets in the
habitable zone will be very challenging because
it requires blocking out the light from the host
star, which can be 10 billion times brighter
than the planet for stars like our Sun.




Cancelling starlight "\
will make it possible to
directly characterize
exoplanets.

Bertrand
Mennesson,
NASA JPL

We could be so
close to characterizing
some fruly habitable
planets...

The tricky part is
that we're just looking at
tiny dots of light in the
ky.

finished designing
HWO yet, but it will
be the most powerful
astrophysics telescope
NASA has ever
launched.

After decades
of planning, it's time
to get it donel

... or mayb
even finding an
_inhabited one.

LS

But we may soon be
able to tell if there are any
pale blue (or orange) dots
like Earth out amongst
the stars.




The Earth through
time provides many examples Although, life could
of different biospheres and exist in forms we don't
habitable planets that we know or understand.
can look for.

But right now,
we have only a handful
of chances to spot an
exoplanet with life.

Biospheres, much We should start our
like planets, might be search by looking for life
more diverse than we as we know it.

ever imagined.

If we want to think
about life as we don't know it...
we need to understand life at
its most basic level...

...and at a scale
much smaller than
entire planets.

To do that,
we have to trade our
telescopes for powerful
microscopes, and fturn our
eyes back to life's very
beginnings.

rebiotic Chemistry
and the
Origins of Life
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