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SAG15 Charge

In SAG1T5 we will identify the key questions in exoplanet characterization and
determine what observational data obtainable from direct imaging missions is
necessary and sufficient to answer these.

1) What are the most important science questions in exoplanet
characterization apart from biosignature searches”

2] What type of data [spectra, polarization, photometry] with what quality

(resolution, signal-to-noise, cadence] is required to answer these science
guestions?

The report developed by this SAG will explore high-level science questions on
exoplanets ranging from gas giant planets through ice giants to rocky and sub-
earth planets, and — in temperatures — from cold (200 K] to hot (2,000 K]. For

each question we will study and describe the type and quality of the data required
to answer It.
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SAG15 Charge

VWhat is not included:
1) Biosignatures (but habitable planets are!]
2] Evaluation of instrument capabilities or advocacy for mission architectures
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Uses of the Report

1) Future STD teams will be able to easily connect
observational requirements to missions to fundamental

science goals;

2] By providing an overview of the key science questions on
exoplanets and how they could be answered, it may motivate

new, dedicated mission proposals;

3] By providing a single, unified source of requirements on

exoplanet data in advance of the

ecadal Survey, the

science yield of various missions designs can be evaluated
realistically, with the same set of assumptions.
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1. The SAG15 Team and Contributors

Chair: Daniel Apai, University of Arizona (apai@arizona.edu)

Members:

Travis Barman, University of Arizona
Alan Boss, Carnegie DTM

James Breckenridge, Caltech

David Ciardi, IPAC/Caltech

Ian Crossfield, UC Santa Cruz

Nicolas Cowan, McGill University
William Danchi, NASA GSFC

Eric Ford, Pennsylvania State University
Anthony del Genio, NASA GISS, NExSS

Patrick Lowrence, IPAC/Caltech

Nikku Madhusudhan, Cambridge University
Eric Mamajek, JPL, NExSS

Avi Mandell, NASA GSFC

Mark Marley, NASA Ames, NExSS

Michael McElwain, NASA GSFC

Caroline Morley, Harvard University
William Moore, Hampton University, NExSS
Charley Noecker, JPL

Shawn Domagal-Goldman, NASA GFSC, NExSS Ilaria Pascucci, University of Arizona, NExSS

Yuka Fujii, NASA GISS, NExSS

Nicolas Iro, University of Hamburg

Stephen Kane, San Francisco State University
Theodora Karalidi, University of Arizona
Markus Kasper, ESO

James Kasting, Penn State University
Thaddeus Komacek, University of Arizona

Ravikumar Kopparapu, NASA GSFC, NExSS

Peter Plavchan, Missouri State University
Aki Roberge, NASA GSFC, NExSS

Leslie Rogers, University of Chicago, NExSS
Glenn Schneider, University of Arizona

Adam Showman, University of Arizona
Philip Stahl, NASA MSFC
Karl Stapelfeldt, JPL

Mark Swain, JPL
Margaret Turnbull, SETT Institute
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Status and Milestones

Approved in October 2015
Initial SAG 15 Team Assembled Dec 2015
Process, timeline, and publications identified

Status:
Collaborated on 24 incremental drafts, 11 telecons

"Advanced draft” was circulated Oct 2015

Scope slightly extended

Publication-quality report about 93% ready, 80 pages long
Work still ongoing on two incomplete topics

gsr 8=

2017
Feb 15: Final draft version of the report circulated

April 1: Short review summarizing report
April 15: Submission of the report to EXOPAG and APS
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Community Involvement

Open Working
Drafts for Report

LUVOIR/HabEx STDTs

WFIRST PS EXOPAG

AAS Presentations
Email Updates/Inviations
Open Doc. Drafts
Updates to Exec. Cmtt.

Shared Members 1

Report Draft + slides
\ Sag & Team

shared

International
Exoplanet Community Monthly Telecons

NEXSS

General and Targeted
Email invitations
Session at NExSS F2F

Open Doc. Drafts
Biosigs Workshop

Targeted Invitations and Inquiries
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Community Involvement

Throughout the project the SAG15 team has provided up-to-date information on the report's status and next steps to different
constituents (EXOPAG, EXOPAG EC, NExSS, exoplanet

community, STDTs) via the following channels:

- SAG15 website always containing the up-to-date report draft and links to all relevant documents

- Monthly telecons open to anyone in the exoplanet community

- Minutes of most telecons were circulated on the SAG15 mailing list to keep all members abreast of the progess

- Emails sent to the NExSS group and EXOPAG groups

Status updates provided to the EXOPAG community at every AAS meeting during the project:
- Presentation/hackathlon session during the NExSS Face-to-Face meeting in May 2016

- Representatives of the LUVOIR and HabEx STDTs on the SAG15 team and attended telecons
- The up-to-date version of the SAG15 report was shared with the LUVOIR STDT

Soliciting Input:

- Presentations at the EXOPAG/AAS meetings

- Presentations to the NExSS community

- Emails sent to the NExSS group and EXOPAG groups

- Targeted emails soliciting input from scientists with required expertise

- Input collected from the NExSS Biosignatures and SAG16 workshop

- Input collected from hackathlon session at NExSS Face-to-Face meeting (25 participants)

- Representatives of the LUVOIR and HabEx STDTs on the SAG15 team, attended telecons, and provided updates on progress
- ESA/Gaia Mission

- ESO/ELT Project

The advanced draft of the report was circulated in Oct 2016 in the EXOPAG, NExSS communities and sent to topical experts

SAG15 Website: The SAG15 website (http://eos-nexus.org/sag15/) was established right after the approval of SAG15 by the
Astrophysics Subcommittee. The website contains

links to the SAG15 report draft, providing step-by-step overview on the evolution of the report as well as a copy of the up-to-date
report.
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Content and Organization of the Report

Igh-level Science Questions
(Qverview, State-of-the-Art,
Constraint Types, Next Decades]

v

Observables

’

Required Data Type/
Quality




9 EXOPAG SAG15

Daniel Apai

A

L P I TYTE S
[IETH SRS PR3

Astrononmy
& Stevard Observamry

Frejec: EOS

naging ission

P ol

“ha S5AG15 study is led by

y
can be arswered by

STUCY

SAG15 Report Drafts:

Website: eos-nexus.org/sag195

y particular :

HIN O

Team

vidae status reports ang dc

SISTRLR IR B L LRI | ol

.,
-
.

___.

clescope ar

ST
P SAGTR S

CEjectives »

¢

NErSITy CF A

direct maging studias of excrlane

AW O

mentsin sJ

Fosults »

et AT AN —]

‘_[]Ikl =

5dnc

cntelor

.
Ner s

rizora). The SAGH

dentih

2 or chscrvazcnal n

s Al e

1y A il sl=

cLeshins

Everts »

elan

L ~ ~W
- Tealr IS C

cO5BcCg

mnerto”in2

ar T
argec

g the tvpe and gqua

SALTS S

e Al

yad,

PERIH

a7 N

e

-7 study

' J

Lnl=ry ard cpen

| ~.'r"

SAG15

,-6;-

gzamrese s

Hr=

na high-ley

MNews v

redles

y [ 34rn=] Ay

1Al

Centact Us

2l science guestions that

-~

reqJlire. The SAZ15

but 21 the furdamen:al science quastions.

nermb=iselibe



http://eos-nexus.org/sag15

Science Questions and Data Lszfsqmcr@m"f nts r_fif“»*r* Lt

o - . o
Science Questions

A1 Planetary System Diversity
Wehar (s the Diversite €1 Exoplovierary Archtecty .,Statisticaj

Studies of

-

ect Imaging Exoplanet Missions

Data Type and Quality

1) Multi-epoch Imaging: Planetary Orbits
2) Phot/Spec/RV/Astrom: Planet Masses

A2 Planetsimal Belts and Exo-Zadi Disks Planetary
Wihar are the properti2s of plonetesimal balts and S’yst"emsrz
axgrznchiaonn disks aned haw do thoy prabo the jforimation RIS
and chynatnico! evolution ol planeiony systeimns?

B1 Rotation and Obliquitiy
Hevy 0 otahonal parions and odlann g vant it
aebter! sdaments ang plonel fass1vpe?

1) O/IR Imaging: Locations of Dust Belts
2) Planet masses and orbits (RV, Astrom.)

1) Time-Resolved Phot/Spec
2) High-Res Spec. for Rotational Period
3) Light curves at Multiple Orb. Phases: Obliquity

B2 Rocky Planets with Liquid Water

Whirh iacky migosts Sove i vorer oo fe seefaces? 4
W

1) Time-Resolved Obs: Ocean Glint
2) Rotational Mapping: Oceans
3) Water Line Spectroscopy

Aeorols and ition in Giant Pl i
r nd Co t gi aigamen
_8‘3 €0 o-s a- mﬂpos .on n-G ant P ?nets Individual
wWhat are the ongins and composition of cloud: and o e
nazes inice/ges qiants and how da these vacy wish P|an.e,-.t_$
welem oaramelars?

.
E

1) Low-res., broad range spectroscopy
2) Time-resolved Photometry for Cloud Mapping
3) Optical/Near-IR Colors

B4 Terrestrial Planets Atmospheric Composition
Howe de photechamisiry transport chiemistiy, surface

chemistry, and mantle cutgassing affect the composition

and chervical pracesses (1 terrastrial planet atntospleres?

Pla

C1 Atmospheric Clrculatlon

What processas/moperties sst the modes of atmaospheric
circulation ancl heat transport in exoplanats and have clo
thase vary With system parameters?

Statusth:al

1) Low-res., broad range spectroscopy
2) Optical/Near-IR colors
3) Planet masses and orbits

C2 Rocky Planet Evolution Studles\of
What are the key evolutionary pathiveays for racky planets? Groupsbf

C3 Geological Activity Pla“ets
What typas/which planets are geological active,

have intarior jprocesses, and/or continent-farming

of resurfacing processes?

1) Atmospheric Characterization (B4) AND
2) Surface mapping (B2)
3) Planet Mass {(RV ar astrom,)
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Join us!

\WWe need further help with completing our answer to:
1) What quality data are needed for the science questions?
2] How large samples are needed for the science questions?
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Summary

® SAG15 on track, close to completion in Spring 201 7

* A refereed version and/or a shorter overview version planned
* \\Would like to contribute? Please contact me: apai@arizona.edu
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