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The ‘Landscape for’ CASE ~ ’,
. Partner mission contrlbutlon to ARIEL (ESA M4)

.....

- Conditionally selected July 2017 :
- Selected for implementation November 2019 .
» Studies atmospheres of planets found by Kepler and TES

=" o "Addresses NASA Science Plan (2014) objective: “Dl \;"»‘fft.‘f ?
. around other stars, and explore whether they could ..\ life.”
- . ~ "“i
 Outline i € : —
. CASE SC|ence requirements
. CASE hardware delivery

. %+ ARIEL science scope
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oo What are planets made of’?

How do pIane‘ts_ﬁform’? :

How deIanets and their '
P atmospheres evoIve’? | ;
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Probing Atmospheres on Kepler and TESS Planets

¢
CASE Sgcience Objectives 146 R ARIEL Sbect X
pectrograp
- Determine the occurrence rate _“ :
o° ® Clear
of aerosols (clouds and hazes) T " | e Hazes m
: ; 2 1.40 Clouds : ‘ t!"
* Measure the geometric albedo a " ’q
of exoplanet atmospheres to i 1 Y8 : S |
o R ~
constrain aerosol composition = e / \j 1
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CASE provides aerosol and albedo data products
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Margin:
505 Planets
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Precision Requirement:
Precision Requirement: 0.1

Margin:
117 Tier 2 Planets
40 Tier 3 Planets
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Requirement:
10 Tier 3
Planets

40 60 80 100 » 2 v ;' 0.01 0.02 0.03 0.06 0.1 0.18 0.32 0.56
Slope Uncertainty [ppm/pm] 5 Geometric Albedo Uncertainty
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CASE and the ARIEL Payload

o Off-axis 1.1 m x 0. 7 m eII|pt|caI telescope,

. ARIELInfrared Spectrometer (AIRS). %
Resolutlort NAA=30-200), 1.95 — 7.8 ym

’. F|ne Gwdance System (FGS) »

. VIS Phot 0. 50pm -0 55um -
- » FGS1:0.8um — 1.0um

- FGS2:fipm=1.2ym * .
+ * NIR- Spec 1?5pm—1 95 um ()\/A)\ 10) .
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‘CASEis a subsyétem of the ARIEL FGS
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CASE Approa'ch Ehsurés S'uccé_ssful Implementation
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CASE reuses Euclid hardware designs

:

& Y, -. from Euclid . Euclid
- .Cables ' _

FRE: ke it i
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- The CASE team is well-integrated with the ARIEL payload team
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. \ " SWIR Detector - . SIDECAR SCE electronics from'
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o »Tler # suNey sample prowdes
excellent constraints on the mass-
metallicity. relation

ARIEL Targets: 1000 Transiting Exoplanets
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Planet Radius [R ]

Gas Giants
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~ ARIEL: provides _ac;c.ess.to ,
‘new science opp_ortunities 2

Primordial T2
Current T2
Primordial SN

Current SN
n, N

N
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== Sotin et al. (2007) - p = 5.5(R/R..)"%
1.75R; <R, < 3.5R,
R, <1.75R;;S/S, > 10
R, <1.75;5/5, <10

Solar System Objects
(400km < R < R,)
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“Radius [Re] ’ ' | === Primordial

Actual
Swain et al. 2019

10° 10!
M(Mg)
:

Atmospheric evolution: close orbiting sub-Neptunes
h < 3.5 Rearth havelost ~70% of their primordial H/He -
‘%envelope. Estrela et al. 2020 submitted. ° 12
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CASE/ARIEL. Beneflt to NASA T

- CASE/ARIEL data will be used for de@ades to > n »
.. come, providing a context for future dlscoverles o
s -
.« CASE/ARIEL results will'be the foundation of the ;‘&
emerging field of exoplanet atmospheres, the field
in which the discavery of life outside of our solar

system‘will be made ‘i o
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R A legacy that goes beyond tm sciefee and shows
. for the first time, how our solar system fits into the
extended planet family
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Flux

CASE records spectra (flux vs wavelength) of the light emitted by the
star-planet system as the planet passes in front of the star.-

t1 =star

=8

tzisut-planet

t2 = star - planet
/\/\t:ﬁ/ﬂar\__—\/\

A

The measurements of the passage of the planet in front of the starare
recorded at different wavelengths. We can view the star spectrum by taking
data from a time either before or after the planet passes in front of the star.
The data are calibrated which reduces the scatter around the astrophysical
model. But there is still residual measurement scatter even after qalbraﬁon.

Time @ = Uncalibrated
/\/\/\__\/\ @ =Calibrated
5 Star — = Astooinetel
- Spectrum Mmphysn
A

3 Further improvement in the measurement quality is possible by creating an
instrument model and applying it to the data. The key science observable
is how the spectrum changes during the measurement interval.

° Legend
| ® = Unmodeled
@ = Instrument Model

— = Astrophysical Model

4

Flux (I

Flux (1=1.0 mm)

0.5 mm)

Alight curve fit is performed at each spectral channel to determine the
transit depth "d". The transit depth is a measure of the opacity in each

spectral channel.

ooy

Time

Legend
@ = Calibration & Inst.
Model Applied
= = Fit Orbit Light Curve

Fractional Stellar Light Blocked

A planet without an atmosphere would have a uniform response. Ina*
channel where the atmosphere has strong absorption, the exoplanet
appears larger (more light blocked). Thus, change in fractional light in a
spectral channel corresponds to a particular chemical constituent.*

5.0 pm

0.5 um 1.0 pm

Legend
— = Uncertainties

6 Aretrieval algorithm is used to determine atmospheric composition.
Exoplanet model parameters are varied, opacity is predicted and
compared to measured and iterated to arrive at a best-fit of exoplanet
atmospheric model.

Fractional Stellar Light Blocked

0.5pum A 5pum

Legend
@ = Measurements with uncertainties
— = Thermo Chemical Equiibrium Model
— = Non-Thermo Chemical Equilibrium Model
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CASE Science Team
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Team Member Role

Mark Swain (JPL)' Principal Investigator

“#

,
MF dward Wright (UCLA)' Statistical processing expertise 4 ?
. Science Team Lead, calibration ;
David Ciardi (PAC)'2
Jonathan Forney JCSC)'  [Theoylead S
3
Michael Line (ASU)' Spectral retrieval

(

)1
3 3

:
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fAndrew Hovard (Catecr) __ |Exoplenetdemogrptics

Transit spectroscopy calibration

S Evgenya Shkolnik (ASU)? Stellar UV flux and star spots

“Kevin Stevenson (STScIf HST/JWST coordination

Ki
Yuk Yung (Caltech)? Atmospheric chemistry

Key

[ ] Mission Development
and Operations Co-Is

[ ] Science Team Co-Is

[ ] Science Team

Collaborators

-



CASE Partners | |
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'~ TECHNOLOGIES

Everywhereyoulook

- Detectors and
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ARIEL will Detect Large Numbers of Atnioépheri'c Gases

" b

. ¢ BARIEL/AIRS spectral range (1,95-7.8

- um;-R=30 -100) covers all major
- : atmOSphe’[ic gases.as well as exotic  ~
- metallic compounds and condensed

species. g
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