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SIG 3 ExoSS Synergies

Victoria Meadows (UW/NEXSS/ExoPAG), Kathy Mandt (JHU/APL/OPAG)
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e Chairs:
* Victoria Meadows (UW/NEXSS/ExoPAG)
« Kathy Mandt (JHU/APL/OPAG)

* Founding Members:

Giada Arey (GSFCNVEXAG EC, ExoPAG) Tiffany Kataria (JPL/Caltech, ExoPAG EC)
Chuanfei Dong (Princeton) Mark Marley (Ames)

Tony Del Genio (GISS/retired) Niki Parenteau (Ames)

Shawn Domagal-Goldman (GSFC) Abi Rymer (JHUAPL, OPAG EC)

Noam Izenberg (JHUAPL, VEXAG Deputy Chair) Karl Stapelfeldt (JPL)

Stephen Kane (UCR, VEXAG, ExoPAG)
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* Goal: To provide a forum for interaction between the Solar System and
exoplanet communities on topics of mutual interest, and to work to
identify ways in which NASA and the scientific community could
enhance these interactions.

* SIG3 is a mechanism to continue the community dialog started with the
cross-P/AG organized Exoplanets in our Backyard Conference (Feb 5-7,
2020, Houston).

* Findings:
« SIG3 approved on March 26, 2020. Held its inaugural meeting on July 14.

« SIG3 is now open to all interested scientific community members (please
contact meadows®@uw.edu or Kathleen.Mandt@jhuapl.edu to join)


https://www.hou.usra.edu/meetings/exoplanets2020/EioB-Findings.pdf
mailto:Kathleen.Mandt@jhuapl.edu
mailto:meadows@uw.edu

=9 SIG 3 ExoSS Activities

* ExoSS Slack Channel

* news updates, paper-sharing, collaborations, all are welcome!
* 193 members (If you would like to join: or slack link at the end)

Active members
In the last 30 days

Views in public channels: 88% Views in private channels: 0% Views in DMs: 12%



mailto:meadows@uw.edu
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* Gathering community input on key ExoSS synergies:
https://tinyurl.com/yxbnyfwu

« This document started as notes from the unconference session at EioB
and is now being used as a resource for new initiatives.
* Promoted community-led Planetary Decadal activities:
o List of lists - https://bit.ly/3fubang



https://tinyurl.com/yxbnyfwu
https://bit.ly/3fu6ang
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Exoplanets in our Backyard

Exoplanets in Our Backyard

Solar System and Exoplanet Synergies on
Planetary Formation, Evolution, and Habitability

Feb 5-7
2020 Houston, Texas

A joint Assessment Group meeting by VEXAG, OPAG, and ExoPAG
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 EioB 1.5 organized and held at 2020
Winter AGU.

 This session focused on lab/field/Solar
System observations and what they
could bring to exoplanetary science
(and vice versal)

* 40 participants

\‘ﬁ%
‘é’@g Exoplanets in our Backyard 1.5

A #~1 | FALL
M\I P MEETING

Online Everywhere | 1-17 December 2020

INV14 Exoplanets in Our Backyard 1.5

Exoplanets in Our Backyard (EioB) was a workshop hosted by the Venus Exploration Analysis Group (VEXAG), the Outer
Planets Assessment Group (OPAG), and the Exoplanet Exploration Program Analysis Group (ExoPAG) to examine and
discuss exoplanet-solar system synergies on planetary properties, formation, evolution, and habitability. The workshop
aimed to foster and build new collaborations among scientists in the solar system and exoplanet communities and to help
guide the direction of future exploration and observations of worlds in the solar system and beyond. The EioB workshop
held February 5-7, 2020 at LPI in Houston was small (110 participant) two-and-a-half day meeting. The meeting was
extremely successful and we are looking to carry forward the momentum we created. While we are planning for an "EioB
11" workshop for 2022 we wanted to bring the concepts and interactions of our meeting to the even more diverse and
multidisciplinary environment of AGU. “Exoplanets In Our Backyard 1.5" is intended to increase both reach and
collaboration across communities. This half-day Innovative Session will use the successful and well-received format we

used in the original workshop.
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Exoplanets in Our Backyard 2

Nov 2-4
2022 Pasadeng, California/Virtual
A joint Assessment Group meeting by VEXAG, OPAG, ExoPAG, MEPAG, and MExAG

Conveners: Ravi Kopparapu and Stephen Kane
Abstracts: August 19, 2022


https://www.hou.usra.edu/meetings/exoplanets2022/
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 Input to ExoPAG Science Gap List (also input to VEXAG GOI by
SIG3 members)

* Helped coordinate speakers for the ExoPAG23 ExoSS Science
Symposium
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EXOSS Synergy : : , 3 e 20 AHo.m'e >Exo$SSynergy

e |nitiated monthly SIG3
Tutorial/Journal Club to
Exoplanet Solar System Synergies eXpla] n key Concepts
within our different
S scientific communities

* All talks recorded and
available here:

erest Group 3

 Organized by: Laura
Schaefer, Vikki Meadows,

Kathy Mandt, and Mark
Marley



https://nexss.info/exoss-synergy/
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Astrophysics Planetary

o Natrwal A drmus of - - e The National Acadensies of
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CONSENSUS !YUDV.RI'ORI CONSENSUS STUDY REPORT

Pathways to Discovery in

Astronomy and Astrophysucs
for the 2020s

ORIGINS,
WORLDS

- “‘& ; » A Decadal Strategy
: ,‘ L g = for Planetary Science & Astrobiology
= 5 2023-2032
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CONSENSUS STUDY REPORT
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Pathways to Dlscovery in

Astronomy and Astrophysics =~ - %
for the 2020s '
Steering Committee “friends of exoplanets™ -

Jonathan Fortney, Bruce Macintosh, Keivan

Stassun, Rachel Osten : You can learn more about the
~ opportunities for comparative planetology
: at the Planetary Decadal Town Hall
' [he Panel on Exoplanets, Astrobiology, and the Solar System will ddentify and articulate the . .
- ientific themes that will define the frontier i research of exoplanets, astrobiology, and the solar system - tOﬂlght at 7pm|

m the 2022-2032 decade. Its scope will mnclude the detection, demographics, and physical charactenstics
of exoplanets, solar system observations relevant to Astro2020, astrobiology, stellar phenomena and
activity that unpact detectability and charactenzation of exoplanets, and effects of stellar activity on the
evolution and habitability of pl anets. The |um| will consider as wputs the congressionally mandated
reports Evoplanet Science Strategy and An Astrobiology Strategy for the Search for Life in the Universe

Question 12: Exoplanets

Panel on Exoplanets, Astrobiology, and the Solar System

Srateght Research far Q1246

phetes of wibd body eroplonens |
wy and thenmal phase curve obuer
y

EASS Panel Members; Victoria Meadows, David Brain, lan ~ -* - " e e e e e
Crossfield,;Courtne ssing, Jonathan Fortney, Tiffany - L I Al
Kataria, Kathy Man , Mark Marley, Britney Schmidt, Chris Bl e ol vind i s sl s <o

s rk . tor e the conmect * ® rroplanet o ables and stmopheric pr wv thes and
ta TEa e heoretical » viudies 1o lnclode D sed 31
X aresy and clond sdaatn cotrmx . wal fee A afrie tra ¢r betw cocn sinosplxre
1 o 4 ] [ [ 0 1 tw faehd

And THIS panel was informed by white papers, and the 2018 BE ';?f;if.f;‘.f;i;i‘;":f'.?'.“.',1‘.’L‘.“.'.i";.‘:.‘,.'?.‘.‘]',fi."._';:;..".".'.'..;‘.‘.'.'1".?.‘,.'.‘.'1.'7'.1'.'f"_."
Exoplanet (Charbonneau, Gaudi) and Astrobiology T e—————
(Sherwood-Lollar) Strategies.... v
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Decadal Process

* > 500 white papers received (summer 2020)

. 153 Panel and 23 steering group meetings (fall 2020 to fall 2021)
— > 300 presentations by external speakers in open sessions

. Key Milestones:
- Review of white papers and Planetary Mission Concept Study reports (Fall 2020)
- Identification of priority science questions (Fall 2020)
- Definition of 9 additional mission concepts & new study completion (Fall 2020 — Winter 2021)
- Prioritization of mission concepts for TRACE (Spring 2021)
—  Prioritizations and high-level recommendations (Summer - Fall 2021)
—  Draft report to Academies and external review (November — December 2021)
— Response to 23 external reviews and final report approval (January — March 2022)



Themes  Priority Science Question Topic and Scope

Q1 Evolutlon of the protoplanetary disk w re the initial conditions

rocesses led to the production of p ary d blocks, and what was the nMure and evo

Q2 Accretlon in the outer solar system How and when did the gia

nginate, and did their orbits migrate early in their history? How and when did dwar

re they af Ffected oy the early evolution of the solar system?

Q3 Orlgm of Earth and inner solar system bodles How and when did t

s, and the asteronds accrete, and what processes determined th mlUal propertes

System matenals i rporated?

Qd Impacts and dynamlcs How has the population of
bombardment varied across the Solar System? How have collisions affected
QS SO|Id body interiors and surfaces How do the interior
recorged in a body s physical and chemical progerties? How are sobd surfaces shaped by subsurface, surface, and external
B) Worlds & Q6 Solld body atmospheres exospheres magnetospheres, and cllmate evolutlon What

".:'l<r*:'."»c"o' ties and dynamics of solid body atmospheres and exospheres, and what governs material loss to space

PrOCCSSCS Elfll':l' har » between the atmosphere and the surface and interior 7 Why did planetary climates evolve to thew current
raried sta \7
Q7. Giant planet structure and evolution what processes influence the structure, evolution, and dynamics
o1 .;'a‘*'. planet interiors, atmospheres, and magnetospheres?
Q8. Circumplanetary systems What processes and interactior

ring systems, and how do these systems interact with the host planet and

Q9. Insights from Terrestnal Llfe. fhat conditions and processes led to the emergence and evolution of life or
Earth, what is the range o sible metabolisms in the surface, subsurface and/or atmosphere, and how can this inform our

C) L'fe & understanding of the likebhoo (
Habitability Q10. Dynamic Habitability w

ed to their formation, and how do planetary env

Q11. Search for life elsewhere

w do we detect it?

All Themes Q12 Exoplanets What doe




TABLE 1.2 A Guide to Reading This Report

Primary Discussion
I

1. Overview of planetary science, Chapter 1
astrobiolog; lanetary defense

Chapter 2

= , goals and hapters 3 to 11
science
‘ Chapters 3 and
Chapter 18 Chapter 22
4a. Recommended research traceable | Chapters 4 to 15 Chapter 22
J to objectives and goals

4b. Recommended missions traceable | Chapter 22 Appendix C
a n e a ry e‘ a a to objectives and goals

Chapter 22

» Long (781 pages)

Sb. Timing, cost, risk, and technical Chapter 22 Appendi>
readin commended missi
° d bl ; ion rul Chapter 22
HOW to rea ta e 7a. Human Exploration Chapter 19
7b. International Cooperation Chapter 1
8. Intra- and inter-agency Chapters 1 and 19-21 Chapter 22
collaboration
9. State of the Profes Chapter 16
Other Topics Discussed in the Report
Chapter 18 n/a
Chapter 18 Chapter 22
Chapter 19 Chapter 22 Chapters 19 and 22
Budgetary proj Chapter 22 i
S Chapter 19
Chapter 22 n/a
Chapter 22 n/a
Chapter 20 Chapter 18 and Appendix E
Chapter 22 Chapter 19
Chapter 20 Chapter 22
Lunar Exploration and Discovery Chapter 22 Chapter 19
Program
Chapter 22
Chapter 22 a
Appendix C Appendix D
Chapter 23 Chapter
Appendix C Appendices D and E
Chapter 22 n/a
Chapter 20 Chapter 1
Chapter 17 n/a
Chapter 18 Chapter 2
Chapter 20 Chapter
Chapter 17 Chapter Chapters and 22
Chapter 20 Chapter

Chapter 22 n/a

Chapter 21 Chapter 22
Technical risk and cost evaluation Appendix C Chapter 22
White papers received Appendix B n/a
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* In situ probe & multi-year orbital tour: atmosphere,

* First dedicated study of class of planets that may be most

* Technically ready to start now

* Launch on Falcon Heavy Expendable

» Strong international interest & potential for partnership

L.

|ghest priority new flagship: Uranus Orbiter and Probe

interiors, magnetosphere, rings, and satellites

common in the universe

-> Optimal launch in 2031-2032 with Jupiter gravity assist to
shorten cruise to 12 to 13 yrs

* Flexible launch opportunities through 2038 with increased
~ 15 yr cruise and inner solar system gravity assists

(e.g., 2021 report of ESA’s Voyage 2050 Senior
Committee)
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Q2: Accretion in the Outer Solar System < Priority Science Question Topic

Q2.1 How did the giant planets form? < Most important sub-questions

Q2.1a. What is the formation mechanism of gas giant planets? What were the accretion rates of solids
(planetesimals/pebbles) and gas during the formation process? How long did it take?

Q2.1b. How did Uranus and Neptune form and what prevented them from becoming gas giants?
Q2.1c. What were the primordial internal structures of giant planets?

Strategic Research Q2.1: € Strategic research needed to address each main sub-question

e Determine the atmospheric composition of Saturn, Uranus, and Neptune via in situ sampling of noble gas, elemental,
and isotopic abundances, and remote sensing by spacecraft and ground/space-based telescopes.

e Determine the bulk composition and internal structure of Uranus and Neptune via gravity, magnetic field, and
atmospheric profile measurements by spacecraft, as well as Doppler seismology.

e Constrain physical properties and boundary conditions (i.e., tropospheric temperatures, shapes, rotation rates) for
structure models of Uranus and Neptune via gravity, magnetic field, and atmospheric profile measurements by
spacecraft, remote sensing by spacecraft and ground/space-based telescopes.



15 QUESTION 12: EXOPLANETS
Q12.1 Evolution of the Protoplanetary Disk, 15-3
Q12.2 Accretion in the Outer Solar System, 15-5
Q12.3 Origin of Earth and Inner Solar System Bodies, 15-6
Q12.4 Impacts and Dynamics, 15-8
Q12.5 Solid Body Interiors and Surfaces, 15-9
Q12.6 Atmosphere and Climate Evolution on Solid Bodies, 15-11
Q12.7 Giant Planet Structure and Evolution, 15-14
Q12.8 Circumplanetary Systems, 15-15
Q12.9 Insights from Terrestrial Life, 15-16
Q12.10 Dynamic Habitability, 15-19
Q12.11 Search for Life Elsewhere, 15-21
Supportive Activities for Question 12, 15-22
References, 15-23
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» Observations of solar system planets and moons through transit spectroscopy and direct-imaging as analogs to
exoplanet observations, including hemispherically averaged fluxes as a function of orbital phase and time;
observations of particle and gas opacity in the giant planets and Venus as a function of phase angle to help determine
the dependence of reflectivity and scattering on particles and clouds in exoplanet atmospheres; and ultraviolet-near-
infrared-scattered light observations from the poles of the giant planets for comparison with future direct imaging of
giant exoplanets.

» A census of protoplanetary disks, young planets, and mature planetary systems across a wide range of planet-star
separations to determine how the initial composition and conditions in a protoplanetary disk influence the diversity
of resulting planets.

* Improved spatial resolution of telescopic techniques to determine variations in the structure and composition of
circumstellar disks, as well as the next-generation telescopes recommended by NASEM (2021) that will allow for
observations of circumplanetary disks, detection of exomoons and ring systems, and characterization of exoplanets
around sun-like stars.

» Laboratory studies to understand the relationship between the bulk composition of a planet and its atmosphere, and
to determine the optical properties of clouds and hazes relevant to exoplanet atmospheres.

* Increased interactions between the astronomy and planetary science and astrobiolo%y communities (supported under,
e.g., NASA’s Planetary Science and Astrophysics divisions) are needed to maximize advances in exoplanetary science
and to address the questions identified in this chapter. This point was emphasized in multiple white papers received
by the committee.



2022 Planetary Mission Senior Review (PMSR22)

Missions reviewed: InSight, LRO, Mars Odyssey, MAVEN, MRO, MSL, New Horizons, and
OSIRIS-REX (APEX).



https://science.nasa.gov/solar-system/documents/senior-review
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@ » OSIRIS-APEX - Excellent/Very Good

* OSIRIS-APEX (APophis EXplorer) is arguably the most
imaginative extended mission proposal of recent PMSRs, and
the Review Chairs agree with the Panel scores. After the OREX
Sample Return Capsule is released to Earth’s surface in 2023,

the spacecraft will divert into an orbit around the Sun with

remaining potential to observe other Near-Earth Objects
(NEOs).

- Earth observations may even provide an opportunity for the
Exoplanet community to collect data to improve their
habitable world search models, however critical details of
imaging “Earth as-an-analog” requires greater engagement
with the exoplanet community to confirm viability.




OSIRIS-APEX - Excellent/Very Good

* OSIRIS-APEX (APophis EXplorer) is arguably the most
imaginative extended mission proposal of recent PMSRs, and

Sample Return Capsu

the Review Chairs agree with the Panel scores. After the OREX

e is released to Earth’s surface in 2023,

the spacecraft will divert into an orbit around the Sun with

remaining potential to observe other Near-Earth Objects

(NEO:s).
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To observe Earth as an exoplanet analog
during cruise. This goal involves repeated
imaging of Earth at various wavelengths
and phase angles, to expand
understanding of observable discriminants
for habitable environments.

Science Goals:

* Measure Earth's reflectivity throughout
a continuous 24-h period over phase
angles between 30 and 90°.

Repeat the measurements during
multiple Earth seasons.

Instruments:
 OCAMS
* OVIRS
 OTES

Earth Size: e5pix @8 pix @ piX ‘14 piX
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Figure D-7 Earth phase angles observed by APEX.
During the cruise to Apophis, three EGA flybys pre-
sent opportunities to image Earth in reflected light as
an exoplanet analog and assess Earth’s rotational
and seasonal variability. The points are colored-
coded by EGA (2025:blue, 2027:green, and
2029:red) and sized by the apparent pixel size of
Earth in MapCam images.
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* Get on the mailing list (email meadows®@uw.edu)

* SIG3 tutorial recordings are here:
 https://nexss.info/exoss-synergy/

« Exoplanets in our Backyard 2.0!

e Join the slack!

 https://join.slack.com/t/exoss2/shared invite/zt-1aa91dkp3-
tlkfPRgF8K xjRxlrGmB9A

* (link good for 30 days)



https://nexss.info/exoss-synergy/
https://join.slack.com/t/exoss2/shared_invite/zt-1aa91dkp3-tlkfPRqF8K_xjRxIrGmB9A
mailto:meadows@uw.edu



