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Transits, Eclipses Direct Imaging
and Phase Curves Spatially Resolving Exoplanets

Temporally Resolving Exoplanets

20 au

2009-07-31

Jason Wang

6 190th NASEM SSB Meeting | Joshua D. Lothringer






Giant Planets with JWST

Direct Imaging and Spectroscopy
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The First Sub-Jovian Directly Giant Planet
Imaged Exoplanet? TWA-7b

TWA-/b
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Fig. 1: JWST/MIRI image in the F1140C filter of TWA 7. North is up, and East is left. The

status of three identified sources are indicated. Note that the faint signal north of the
background galaxy is an artefact. Lag ra ng e et al .
2025 submitted
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Giant Planets with JWST

Transit, Eclipses, and Phase Curves
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HOT GAS GIANT EXOPLANET WASP-39 b

ATMOSPHERE COMPOSITION
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JWST offers unprecedented
insights into exoplanets l

11 Articles in Nature special
collection from the JWST Transiting
Exoplanet Community Early

Release Science Program
(ERS 1366; Pls: Batalha, Bean, Stevenson)

Fightingback Smartdecision

Ukraine’s scientists Why the world must ,
defytheoddstokeep  banautonomous ighthel
doing research lethal weapons the Hittiteempire
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(sub-)Neptunes with JWST

Transits, Eclipses, and Phase Curves
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JWST's Exploration of sub-Neptune Exoplanet Atmospheres
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Sub-Neptune and super-Earth exoplanets may
be very unlike anything in our Solar System

H,/He - dominated H,/He - dominated
Miscible
Liquid H,O Miscible supercritical

supercritical H, + H,O

. H, +H,0
H,0 condensation

Cold trapping

“Vodka Planets”

Hycean World Stratified Mini-Neptune Miscible-Envelope Sub-Neptune
(coldest) (cool) (warm/hot)
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Rocky Exoplanets with JWST

Transits, Eclipses, and Phase Curves
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The Rocky Worlds DDT Program

A direct recommendation from the...

Report of the Working Group on
Strategic Exoplanet Initiatives with HST
and JWST

Seth Redfield, Wesleyan University (Chair)
Natasha Batalha, NASA Ames
Bjorn Benneke, University of Montréal
Beth Biller, University of Edinburgh (STUC Chair)

Nestor Espinoza, Space Telescope Science Institute

Kevin France, University of Colorado
Quinn Konopacky, University of California, San Diego
Laura Kreidberg, Max Planck Institute for Astronomy

Emily Rauscher, University of Michigan

David Sing, Johns Hopkins University

Neill Reid, Space Telescope Science Institute (ex officio)
Elena Sabbi, Space Telescope Science Institute (ex officio)

Redfield+2024

x3 Town Halls , -
L> x42 White Papers Led by Néstor Espinoza and
Hannah Diamond-Lowe
X715 Survey Responses



https://arxiv.org/abs/2404.02932

The Rocky Worlds DDT Program

o Main aim: look for evidence of atmospheres
in rocky exoplanets orbiting M-dwarf stars.

o With what? 500 hours of JWST for

planet/atmospheric characterization + 250
HST/UV orbits for stellar characterization.

o How? Core Implementation Team (CIT) deals

with data + community (at STSCI); Secience
Advisory CGouncil (SAC) advises the CIT.




The Cosmic Shoreline Concept

Zahnle & Catling (2017)




The Cosmic Shoreline Concept

Zahnle & Catling (2017) -
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The Cosmic Shoreline Concept

Zahnle & Catling (2017)
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The Cosmic Shoreline Concept
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The Cosmic Shoreline Concept

Zahnle & Catling (2017) Solar  System’s
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Secondary eclipses

Exoplanet’s

Adapted from Greene et al. (2023) BIG DEPTH

Likely a rock S
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Secondary eclipses

More ener gy recirculation! EXOpIanet’s
O { O 0-
¢ .
o . ® B .
""" | R S—— S
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Adapted from Greene et al. (2023)
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Secondary eclipses

Case 2: low dayside flux

Dayside Flux

O,

Adapted from Greene et al. (2023)
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To answer: is it an atmosphere/rock?
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Secondary eclipses

Hubble will get stellar
UV irradiation

Case 2: low dayside flux

Dayside Flux

O,

Adapted from Greene et al. (2023)
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To answer: whyis it an atmosphere/rock?

Webb will get eclipses
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To answer: is it an atmosphere/rock?
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NASA's newest flagship has kicked-off
a Golden Age for exoplanet science

« JWST's exoplanet program is broad and bustling.
* Over 4,000 hours of observations of 148+ different planets

* We are placing the Solar System in its cosmic context, while
revealing the diversity of worlds that defy comparison to our
own.

Dr. Joshua D. Lothringer
Jlothringer@stsci.edu
Jlothringer.github.io

190th NASEM SSB Meeting | Joshua D. Lothringer 30
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JWST Exoplanet Observations
2022-05-02 05:46:15

CHAT-P=14 b

1 Jupiter Mass

1 Neptune Mass

1 Earth Mass

All Exoplanets

Transiting Planets Observed with JWST
Imaged Planets Observed with JWST
Planned with JWST

10° 10* 102 10° 10* 10° 106
Orbital Period (days)

Credit: Josh Lothringer
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Statistics

Total hours observed Planets observed Additional planets planned

4282.0 148 28

Hours on transiting exoplanets Hours on directly imaged exoplanets Hours on the TRAPPIST-1 system

3599 683 376

Rocky planets observed (incl. planned) Neptune-like planets observed (incl. planned) Gas giant planets observed (incl. planned)

44 4.4, 81

999.2 hours of observation 865.7 hours of observation 1663.2 hours of observation

https://jlothringer.github.io/Dashboard.html
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JWST Time Allocated to Exoplanet Science
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JWST Cycle 4 TAC Results

High-Redshift Galaxies and the Distant Universe
m Approved | m Submitted
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JWST Exploration of Rocky exoplanets orbiting M-dwarfs
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X 74

LHS 475 b, a warm (586 K),
0.99 Earth-radius exoplanet

Titan (haze top’F

o
A

Venus (cloud top)

d/lars

=
N

Ty
@
2
]
Pl
o=
(2}
(%2}
()
—
(o}
Q
O
©
“—
—
-
w
4
o=
o
el
©
Q
Q
<

(garth (clear)
Titan (clear)

Venus (clear)
- T
10 20 30 40

Atmospheric MMW (g mol™) Scale height (km)

Darker colour shading indicates higher relative posterior probability density as a function of the apparent surface pressure (Py), molecular weight (u) of the
bulk atmospheric composition (left) and isothermal scale height (H; right). Dashed contours denote the 1o (white), 20 (grey) and 3¢ (black) Bayesian
credible regions. Various Solar System planetary conditions are marked with coloured circles for reference. For the subset of model atmospheres with at
least 1 ppm CO, or CH4—the major expected absorbing species in the observed wavelength range—these models favour high-MMW, compact atmospheres
(1>20 g mol™ at 1.20; H < 25 km at 1.20) with low apparent surface pressures (Po < 0.01 bar at 1.30; Po < 1bar at 20). These scenarios correspond to either a

tenuous or cloudy secondary atmosphere. See Extended Data Fig. 6 for a corner plot with the full posterior distribution.
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The Cosmic Shoreline Concept

Lahnle & Catling (2017) JE—
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The Cosmic Shoreline Concept

Zahnle & Catling (2017)
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Expected data products

Examples of expected data products for JWST
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Image credit: Zieba+2023 (Nature, 620, 146)

We expect to release lightcurves
from each 15-um observation. This
will include time-series photometry,
models and a small report.

We also expect to report eclipse
depths and absolute fluxes from
the star. Those will be released per
observation as well.
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