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Transiting exoplanets are laboratories for studying
pDlanetary processes across diverse environments.

@ JWST will make pioneering observations of three
transiting hot Jupiters tfor Early Release Science.

@ T'he community will use these observations to
porepare for awesome exoplanet science with JWST.




Transiting exoplanets are laboratories for studying
pDlanetary processes across diverse environments.






Let's meet the
planets.

< @ Uranus

9 @ Neptune

Pluto

Images: PHYSICS by Physical Science Study Committee; NASA
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Planet Radius (Earth radii)

We know thousands of transiting exoplanets, spanning diverse environments.
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Planet Radius (Earth radii)

The transiting exoplanets within 30pc Iinclude easy-to-study small planets.
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Transiting
Exoplanet
Survey
Satellite

the JWST
finder scope

will find 1000 new
nearby transiting
exoplanets.




Transiting
Exoplanet
Survey

Satellite
launched in April!




Transiting exoplanets
are useful laboratories.

P

For a transiting exoplanet, we can directly observe
planet size + orbit + mass + atmosphere.

painted by Zach Berta-Thompson, adapted from original by Tim Brown, circa 2000



How do we observe transiting
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How do we observe transiting exoplanet atmospheres?

at secondary

_¢—————— ECLIPSE,

infer light emitted
by planet’s day side

Hubble WFC3/G141
WASP 43b emission spectrum
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How do we observe transiting exoplanet atmospheres?

throughout the orbit, see
emission from different

longitudes as the
W PHASE CURVE

Spitzer/IRAC-4.5um
'HD189733b thermal emission phase curve
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Relative Flux

Exoplanet atmosphere observations require extreme precision.

Spitzer/IRAC-4.5um

- HD189733b thermal emission phase curve
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observations and analysis of HD189733b from Knutson et al. (2012)



Relative Flux

Exoplanet atmosphere observations require extreme precision,
and careful understanding of instrumental noise sources.
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@ JWST will make pioneering observations of three
transiting hot Jupiters tfor Early Release Science.



The Transiting Exoplanet Community
Early Release Science Program for JWST

e | et's understand what spectrophotometric
orecision we can achieve with JWST.

e |et’'s develop the best practices for
transiting exoplanet studies with each
JWST instrument.

e |et’s provide the community with really cool
observations of really neat planets!



We began a transparent and inclusive process for designing this
orogram at a STScl workshop in November 2015.

With 22 months of work by O(100) exoplanet and instrument experts,
we identified a consensus set of high-priority observations that

o exercises all four JWST instruments

* Includes three characterization geometries

e focuses only on previously vetted, easy-to-observe planets



(1) Pan-chromatic transmission spectrum of a hot Jupiter

WASP-79b (J=9.3)
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What is the chemical composition of a hot Jupiter atmosphere?

Transmission Working Group Leads: Hannah Wakeford, David Sing, Kevin Stevenson



(2) Mid-infrared thermal emission phase curve of a hot Jupiter

WASP-43b (J=10.0)
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(3) Thermal emission eclipse for a hot Jupiter transiting a very bright star

WASP 18b (J 8.4)
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Bright Star Eclipse Curve Working Group Leads: Bjorn Benneke, Jacob Bean, Eliza Kempton



JWST has many spectroscopic modes for transiting exoplanets.
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instrument response schematics from ExoCTK and PandExo (Batalha et al. 2017)



JWST has many spectroscopic modes for transiting exoplanets.
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instrument response schematics from ExoCTK and PandExo (Batalha et al. 2017)
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@ T'he community will use these observations to
porepare for awesome exoplanet science with JWST.




The scientific utility of JWST for transiting exoplanets will be determined by:

* the hardware that will be collecting and recording photons
e the software with which we will analyze those data
e the community of people making and using these tools



We want to engage a large swath of the transiting exoplanet community:.

We currently have 112 team members:
58% observers, 33% theorists

54% US, 46% EU + Canada
23% women, 44% women at leadership levels

Pl: Natalie Batalha
Co-Pls: Kevin Stevenson, Jacob Bean

Transmission Working Group Leads: Hannah Wakeford, David Sing, Kevin Stevenson

MIRI Phase Curve Working Group Leads: Laura Kreidberg, Nicolas Crouzet, Julie Moses

Bright Star Eclipse Curve Working Group Leads: Bjorn Benneke, Jacob Bean, Eliza Kempton

Data Challenge Working Group Leads: Zach Berta-Thompson, Mike Line, Mercedes Lopez-Morales

Science Council: David Sing, Mike Line, Heather Knutson, lan Crossfield, Laura Kreidberg, Jean-
Michel Desert, Zach Berta-Thompson

We welcome new members!




We will host a JWST Exoplanet Data Challenge, including two workshops.

 Before observations — we will focus on simulated
data, where we know the exact answers. We wil|
meet to learn and develop analysis tools, and test
the assumptions of different theoretical models anad
retrieval methods.

* After observations — we will focus on the real
data, where we need cross-validation for robust
results. We will meet to compare analyses and
theoretical modeling frameworks, write papers, and
produce science-enabling products.




Table 3. Core Ingredients for Data Analysis Toolkits

1 | Visualize the time-series cube of 2D images, with static
pixel-by-pixel mean and variance images and movies.

2 | Extract 1D spectra and their predicted uncertainties,
using both fixed apertures and optimal extractions.

SCIGHCG—Eﬂab\Ing PrOdUCtS Measure time-series diagnostics that may inform in-
. . strumental models below.
(1) Data Analysis Tutorials: 3

Separate the instrumental and astrophysical signals,
using physically-motivated causal models, as well as

MASTERING === independent, statistical approaches such as (Gaussian
THE ART OF ® . . Process models and Principal/Independent Compo-
French We will pUb“Sh a worked nent Analysis techniques. Establish priors from our

Cooking exa"ﬂpl e an alySi S Of eaCh JWST physical knowledge of the instrument.
i . - . 4 | Create a parameterized model of the planet feature
dataset (J Upyte r PO.ebOOk), that was observed (transit, eclipse, phase curve), in-
goir g from p| xels to |g Nt curves cluding free parameters for stellar limb-darkening and
N stellar variability. Establish priors from our knowledge

and plaﬂetary speclra. These of the exoplanet system.

B i are reCipeS for future ana YSES. 5 | Fit this joint model to data, using MCMC or nested

SIMONE BECK sampling to estimate the parameters’ posterior proba-

bility distribution.

6 | Extract the planetary spectra that are embedded
within those fits, after marginalizing over all other
parameters and possible instrumental models. These
spectra constitute the core scientific measurements of
the program, to be archived on MAST.

Drawings by Sidonie Coryn

Data Challenge Working Group Leads: Zach Berta-Thompson, Mike Line, Mercedes Lopez-Morales



Science-Enabling Products

(2) Instrument Performance Reports:

We will publish a report

(Jupyter no

SyS’

documenting
'ematics seen

JWS

CInstrument. T

ebook)
the
IN each

NeSe dre

field guides for what future
observers should know.

MACKRUENEAN WARNLIR

Data Challenge Working Group Leads: Zach Berta-Thompson, Mike Line, Mercedes Lopez-Morales

Table 4. Basic Outline of Instrument Performance Reports

The field guides will measure diagnostics...

...to help answer basic questions about the
instrument.

e the number of photons detected per wavelength

Are PandExo/Pandeia’s core throughput estimates
and instrument models accurate?

e the measured variance of the flux residuals compared to
photon noise predictions e tests for non-Gaussianity of the
flux residuals

Is the spectrophotometry photon-limited, or are there
other significant time-series noise sources?

e the measured variance of time-binned flux residuals vs. tem-
poral bin size e the power spectrum and autocorrelation func-
tion of the flux residuals

Is the noise correlated in time? How will this limit
JWGST’s precision for exoplanet observables?”

e the position/width/shape of the spectral trace vs. time e
the background level and reference pixel values vs. time

How stable are the telescope/instrument optics and
detectors over hours-to-days timescales?

e the strength and form of correlations between the residuals
and other available time series (the above image diagnostics,
temperature sensors, telescope pointing, antenna movements)

What physically-motivated models might explain sys-
tematic noise in time-series measurements?

e the measured variance of wavelength-binned residuals vs.
wavelength bin size e a matrix of correlation strength between
all possible wavelength bins

What instrumental systematics are “common-mode”?
How well can we separate overlapping wavelengths?

e the descriptive morphology of any other time-dependent
trends in the measured spectrophotometry

What is the timescale of detector persistence/charge-
trapping? How long does JWST need to settle at the
start of an observation?




We need an eftective and inclusive collaboration
to meet a tight schedule.

spring 2019
likely due dat for

Cycle 1 GO
proposals

L+2 months L+3

18t Data Readiness
Challenge: Review,
simulated community
datasets briefing
2020

= L+0 months
JWST launch
and start of
commissioning

L+10

2nd Data
Challenge:
actual
datasets

L+11
Results Review,
science-enabling
products delivered,
community briefing

L+16

special journal issue
publishing results
and lessons learned

L+6
ERS/Cycle 1
observing
begins

L+11
Cycle 2
call for
proposals

L+14
Cycle 2

1 year after launch

proposals

due
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Want to learn more?

' W oty Rewase Scence Program - ' MAST Pontad X O 4 W & . -

ors-lratmtl othuD O

TRANSITING EXOPLANETS WITH JWST

A COMMUNITY-LED EARLY RELEASE SCIENCE PROGRAM

ers-transit.github.io — future site for info, meetings, code, and more!



http://ers-transit.github.io

Transiting exoplanets are laboratories for studying
pDlanetary processes across diverse environments.

@ JWST will make pioneering observations of three
transiting hot Jupiters tfor Early Release Science.

@ T'he community will use these observations to
porepare for awesome exoplanet science with JWST.

If you want to play with early JWST transiting
exoplanet data, please join the team!

(contact me, Natalie Batalha, Jacob Bean, or Kevin Stevenson)
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Panchromatic Transmission

WASP-79
WASP-43
WASP-62

MIRI| Phase Curve

WASP-43
WASP-103 p— p—<«
KELT-16 —

Bright Star Test

WASP-18
WASP-38
KELT-7

0 30 60 90 120150180210240270300330360
JWST Visibility Window (Day of Year)



Panchromatic Transmission
* nominal target: WASP-79b

* transits with NIRISS/SOSS, NIRSpec/G235H &
G395H, and NIRCam/F322W?2 (four total)

NIRSpec

MIRI Phase Curve
* nominal target: WASP-43b 0.6 um 1 pum 2.5 um S um 12 ym

* one continuous, full-orbit observation N —— —— . _gm— N — —

covering two secondary eclipses and
one transit with MIRI/LRS SOSS F322W?2
, .. R~700 R~1770 R 100

Bright Star’s Planet Emission
e nominal target: WASP-18b NIRISS NIRCam MIRI

* one secondary eclipse using NIRISS/SOSS




