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A. Background

The National Academies recently published the Exoplanet Science Strategy! (ESS) report
which documented findings and recommendations regarding the importance of exoplanet
mass measurements. Knowledge of a planet’s mass (along with a knowledge of its radius) is
essential to understand its bulk composition and to interpret spectroscopic features in its
atmosphere. The study of Earth-like planets orbiting Sun-like stars will require mass
measurements to the sensitivity required for such worlds. Two report findings are:

1. The radial velocity method will continue to provide essential mass, orbit, and census
information to support both transiting and directly imaged exoplanet science for the
foreseeable future.

2. Radial velocity measurements are currently limited by variations in the stellar
photosphere, instrumental stability and calibration, and spectral contamination from
telluric lines. Progress will require new instruments installed on large telescopes,
substantial allocations of observing time, advanced statistical methods for data
analysis informed by theoretical modeling, and collaboration between observers,
instrument builders, stellar astrophysicists, heliophysicists, and statisticians.

The ESS report recommends that “NASA and NSF should establish a strategic initiative in
extremely precise radial velocities (EPRVs) to develop methods and facilities for measuring
the masses of temperate terrestrial planets orbiting Sun-like stars”. In response to this
recommendation, NASA is commissioning the Extreme Precision Radial Velocity (EPRV)
Working Group to recommend a ground-based program architecture and implementation plan
to achieve the goal intended by the ESS report findings. This document establishes the plan
for the EPRV Working Group deliverables, work flow and membership.

B. Deliverables

The EPRV Working Group is established to deliver to the NASA Astrophysics Division
(APD) and the NSF Division of Astronomical Sciences (AST) a report, as a first step, that
includes a recommendation for the best ground-based program architecture and
implementation to achieve the goal of measuring the masses of temperate terrestrial planets
orbiting Sun-like stars. In the Working Group deliverable recommendation and at decision
points of the subsequent Initiative (if implemented) possible ground-based solutions will be
identified. If ground-based solutions are not found then another study may be considered for
a space-based solution. The recommendation will define a roadmap that NASA/APD and

! http://sites.nationalacademies.org/ssh/currentprojects/ssb_180659



NSF/AST can carry out jointly or separately to achieve the necessary breakthrough in extreme
precision radial velocity measurement.

The report will be delivered by March 2020, after which the EPRV Working Group will be
disbanded. The report will include scope, schedule, and planning-level funding requirements.
The report may include both directed and competed scope. No selection criteria for specific
competed scope will be developed, and all products and deliberations of the EPRV Working
Group will be conducted and documented in an open forum.

NASA/APD and NSF/AST will discuss the report’s findings within the context of the existing
NASA-NSF Exoplanet Observational Research (NN-EXPLORE)? partnership agreement.
NASA and NSF will consider the recommendations for implementation through their own
processes.

C. Participation
NASA/APD and the NSF/AST are best served by a process that ensures transparency,

inclusiveness, and consensus by the scientific and technical community. International
participation is planned. The EPRV Working Group structure is illustrated in Figure 1.
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Figure 1. Context for Extreme Precision Radial VVelocity Working Group.
The following groups will participate in the EPRV Working Group:

2 https://exoplanets.nasa.gov/exep/NNEXxplore/



1. A Steering Group is a subset of the Members and is responsible for approving
membership of subgroups termed Analysis Groups. Steering Group members may be
part of, and participate in, the Analysis Groups. The Steering Group assists the Chairs
in setting agendas. The Steering Group will provide periodic briefings to the NASA
and NSF stakeholders. The Steering Group is formed by the Chairs with the
concurrence of the stakeholders.

2. Members of the Working Group represent the breadth of science, technology,
engineering, and programmatic (schedule, cost) expertise necessary to deliver the
report recommendations. Members are identified with inputs from the Steering Group
and invited by the Chairs with the concurrence of the stakeholders. Members are
tasked to develop the EPRV Working Group report and support the formulation of
recommendations. The Chairs intend for the recommendation to be reached by
consensus of all Members. Members will provide analysis and recommendations
through Analysis Group participation; individuals may serve on more than one group
as expertise and time permits, including:

a. Analysis Groups: as many as needed to define, analyze and develop options
and program architectures. Teams are drawn from the Membership and
Participants.

b. Evaluation Team: one of the Analysis Groups will perform initial evaluations
of the science, technical, and programmatic merit of architecture options and
bring these to the full Working Group for consideration.

c. At-Large Members

3. Participants: Other Participants consist of consultants, guests, and observers and are
invited by the Steering Group to contribute as needed. Participants include subject-
matter experts necessary to inform the recommendations. Expectations on the
frequency and degree of participation are lower than for the Members. These
Participants are welcome to participate in the full EPRV Working Group deliberations.

4. Chairs (of the collective Steering Group, Membership and Working Group) will
facilitate the Working Group, are accountable to the Stakeholders, are responsible for
bringing the Members and ideally the full Working Group to a consensus
recommendation by the required date, and will support briefings of the final
recommendation to stakeholders and the community.

The following groups are welcome to participate in the EPRV Working Group deliberations:

5. Stakeholders are representatives of NASA/APD and the NSF/AST. The stakeholders
establish this Working Group through these Terms of Reference. The formal
recommendation from the EPRV Working Group may be addressed solely to
NASAJ/APD, solely to NSF/AST, or jointly to both Agencies at the discretion of the
stakeholders.



6. The ExoTAC? (Exoplanet Technical Assessment Committee) members perform an
independent assessment of the process and results of the Working Group and deliver
that assessment to NASA/APD concurrently with the EPRV Working Group report.
The EXoTAC are invited to observe all Working Group deliberations. The ExoTAC
delivers its assessment directly to the Stakeholders.

7. A Red Team is accountable to the Steering Group will be convened to improve the
quality of the final report.

8. Others may be added to the Working Group email list at the discretion of the Chairs.

C. Work Flow

The intended work flow is illustrated in Figure 2.
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Figure 2. Work Flow of the EPRV Working Group

=

Coordination meetings/teleconferences with NASA and NSF.

2. Form a Steering Group and invite community experts to participate in the Working
Group including an open call for nominations.

3. Kickoff telecon with Steering Group.

4. Kickoff telecon with EPRV Working Group.

1% Workshop:
5. Establish Success Criteria (requirements, figures of merit), confirm with stakeholders.

6. Review the current status and limitations of precision radial velocity measurements.
7. Define targets for near-term and long-term radial velocity precision.
8. Form Analysis Groups and appoint leads for specific areas of development.

Multi-Month Activity:
9. Formulation and analysis by the Analysis Groups.
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2" Workshop:

10. Analyze and prioritize options within each Analysis Group, weighted in terms of
benefit (impact), urgency, likelihood, feasibility.

11. Roadmaps: Define comprehensive multi-element roadmaps based on strongest options
from each Analysis Group.

3rd Workshop (if necessary):

12. Evaluate these Roadmaps versus the Success Criteria for the recommendation.
Balance these Roadmaps against existing programs and priorities at NASA and NSF.

13. Reach consensus on a recommendation.

14. Present recommendation jointly to NASA/APD and NSF/AST, along with a parallel
independent assessment performed by the Exoplanet Technical Assessment
Committee.

The EPRV Working Group is expected to hold approximately 2-3 in-person meetings of 1 to
3 days duration in addition to regular telecons. Periodic briefings are provided by the
Steering Group to the NASA/APD and NSF/AST stakeholders.

e Workshop #1 (late Spring 2019) will identify subgroup focus, define objectives,
establish membership and leadership for each Analysis Group.

e Workshop #2 (Autumn 2019) will review subgroup products, organize the top
priorities, and begin formulation of Roadmaps.

e Workshop #3 (January 2020, if necessary) will confirm the evaluation of Roadmaps
and reach consensus on recommendations, as needed.

Between workshops the Analysis Groups will formulate plans (via teleconferences) to make
progress in each area.



D. Schedule

Extreme Precision Radial Velocity Working Group (EPRV-WG)
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