Exoplanet Weather Forecast:
How do we study the climate and
habitability of other worlds?
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The Pillars of Exoplanet Research
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Image Credit: NASA/JPL-Caltech



What is an Exoplanet?

NEPTUNE

S S SATURN \ a "

T PLUTO
MOON I . .
. JUPITER =
EARTH / N o
URANUS |~ .
/ MARS . :




What is an Exoplanet?

\ NEPTUNE
5 .
JRN| . a

s PLUTO




What is an Exoplanet?

NEPTUNE

RN

!q'

MARS

SUN




What is an Exoplanet?

McDonald Observatory | S
in West Texas! 1

il




What is an Exoplanet?

-
L

N W Y YT B
Yo, A ittt
9 g e:8::0_ "




What is an Exoplanet?

Kepler-1647b

total radius 75,600 km
mean density 159 gjcc

MOLECULAR Hz

METALLIC H

HD 1490=26b

total radius 52,800 km
mean density 117 g/cc

km 107)

GJ1214b

total radius 6,600 km
mean density 1.49 g/cc

MOLECULAR
Ha + He

ol e - WATER-RICH
INTERIOR

ROCKY CORE

s0

a0

ROCK-ICE MIX

ROCKY CORE

km [107)
s CORE

MANTLE

\
\
1 waTER

HIGH-PRESSURE
Ice

TRAPPIST-If

total radius 18,200 km
mean density 3.33 gjcc

Image Credit:
Akeson et al., 2013




What is an Exoplanet?

Kepler-1647b

total radius 75,600 km
mean density 159 gjcc

MOLECULAR Hz

METALLIC H

HD 149026b

total radius 52,800 km
mean density 117 g/cc

km (107

GJi1214ab

total radius 6,600 km
mean density 1.49 g/cc

. MOLECULAR
Ha + He

WATER-RICH

INTERIOR

~ ROCKY CORE

ROCK-ICE MIX

ROCKY CORE

CORe

MANTLE

HIGH-PRESSURE
Ice

TRAPPIST-If

total radius 18,200 km

mean density 3.33 gjcc

Image Credit Left: Akeson et al., 2013
Jupiter: NASA/STSCI || Hot Jupiter: ESA



What is an Exoplanet?

Kepler-1647b

total radius 75,600 km
mean density 159 gjcc

MOLECULAF Ha

METALLIC H

HD 149026b

total radius 52,800 km
mean density 117 g/cc

km (107)

GJi1214ab

total radius 6,600 km
mean density 1.49 g/cc

__ MOLECULAR
Ha + He

WATER-RICH

INTERIOR

ROCK-ICE MIX

ROCKY CORE

— ROCKY CORE

CORe

MANTLE

HIGH-PRESSURE
Ice

TRAPPIST-If

total radius 18,200 km

mean density 3.33 gjcc

Image Credit Left: Akeson et al., 2013
Saturn & Neptune: NASA/JPL || Exo-Saturn: NASA



What is an Exoplanet?

Kepler-1647b

total radius 75,600 km
mean density 159 gjcc

MOLECULAR Hz

METALLIC H

HD 149026b

total radius 52,800 km
mean density 117 g/cc

ROCK-ICE MIX

km (107)

GJi1214ab

total radius 6,600 km
mean density 1.49 g/cc

. MOLECULAR
Ha + He

WATER-RICH

INTERIOR

ROCKY CORE

~ ROCKY CORE

CORe

MANTLE

HIGH-PRESSURE
Ice

TRAPPIST-If

total radius 18,200 km
mean density 3.33 gjcc

@

Earth

(Rocky)

Radius: 6,370 kilometers

(3,960 miles)

Mass: 6 x 10 kilograms
Density: 5.5 x water

TOIl-421 b

(Hot Sub-Neptune)
Radius: 2.68 x Earth
Mass: 7.2 x Earth

Density: 2.05 x water

GJ1214b

(Warm Sub-Neptune)

Radius: 2.74 x Earth

Mass: 8.2 x Earth
Density: 2.2 x water

Neptune

(Ice Giant)

Radius: 3.88 x Earth

Mass: 17 x Earth
Density: 1.6 x water

Image Credit Left: Akeson et al., 2013
Subneptune: NASA



What is an Exoplanet?

Kepler-1647b

total radius 75,600 km
mean density 159 gjcc

MOLECULAR Hz

METALLIC H

HD 149026b

total radius 52,800 km
mean density 117 g/cc

km (107)

Y B Z o Hz + He

GJi1214ab

total radius 6,600 km
mean density 1.49 g/cc

_ MOLECULAR

WATER-RICH

INTERIOR

— ROCKY CORE

ROCK-ICE MIX

ROCKY CORE

CORe

—— MANTLE

HIGH-PRESSURE
Ice

TRAPPIST-If

total radius 18,200 km

mean density 3.33 gjcc

F R

Image Credit Left: Akeson et al., 2013

Earth: Apollo 17 || Mercury: NASA || Europa: ESA || Trappist 1: NASA



What is an Exoplanet?

Kepler-1647b

total radius 75,600 km
mean density 159 gjcc

MOLECULAR Hz

METALLIC H

HD 149026b

total radius 52,800 km
mean density 117 g/cc

km (107)

GJi1214ab

total radius 6,600 km
mean density 1.49 g/cc

_ MOLECULAR
Ha + He

WATER-RICH

INTERIOR

ROCK-ICE MIX

ROCKY CORE

— ROCKY CORE

CORe

—— MANTLE

HIGH-PRESSURE
Ice

TRAPPIST-If

total radius 18,200 km
mean density 3.33 gjcc

TRAPPIST-1

Une avancée majeure dans la quéte de vie ailleurs dans I'Univers

fal (S} =] a “:
51 o 5 a7 L
= = [ =
n n n n e
o o a o
a o o o &
< < < < e
@ o [ =3 =
= e = [

e

TRAPPIST-1(

TRAPPIST-1 h

Credit: NASAVIPLCaltechy'R. HULT. Pyle

Image Credit Left: Akeson et al., 2013
Earth: Apollo 17 || Mercury: NASA || Europa: ESA || Trappist 1: NASA



How do we discover new exoplanets?

Image Credit: NASA/Tim Pyle



How do we Discover Exoplanets?

Brightness

Time

Image Credit: NASA/Tim Pyle



How do we Discover Exoplanets?

Relative Brightness

100%

99.95% ~

99.90% ~

99.85%

Starlight

Data

- Best-fit Model

Starlight blocked
by the planet

: T
3:00 PM

T
4:00 PM

Time in Baltimore, Maryland

August 31, 2022

5:00 PM

Image Credit: NASA/JWST



How do we Discover Exoplanets?

dason Wang /

2016-07-21 Christian Marois

Image Credit: NASA/Tim Pyle



How do we Discover Exoplanets?

‘ 2
3
.~ |
1/ 650, 3
.““: . 2
E
S Jason Wang /

2016-07-21 Christian Marois

Image Credit: NASA/Tim Pyle



How do we Discover Exoplanets?

2
I
i1/ )
* 4
“
E
S Jason Wang /

2016-07-21 Christian Marois

Image Credit: NASA/Tim Pyle



How do we Discover Exoplanets?

2016-07-21

L

87/

S Jason Wang /
Christian Marois

Image Credit: NASA/Tim Pyle



How do we Discover Exoplanets?

2009-08-01 20 au

Image Credit: NASA/Tim Pyle



ve kKnow about the
- L"*"x

el

\ \ Image Credit: ESO/M. Kornmesser
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Image Credit: Global Warming Art
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Image Credit: Braam et al. 2025
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HD 209458 b
— First Transit measurement
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Are we alone?
— We don't know yet!

Image Credit: Mohaimen Wareth/EyeEm/Getty
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WAVELENGTH (MICRONS)

Image Credit: MuonRay // JWST
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Search for biomarkers Search for intelligence

Image Credit cell: NewScientist (DOI: 10.1101/2021.02.26.433123)
Image Credit SETI: 3D lllustration Getty Images/NASA
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