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FOREWORD

The National Aeronautics and Space Administration (NASA) Science Mission Directorate
(SMD) is releasing this Announcement of Opportunity (AO) to solicit Principal Investigator (PI)-
led space science investigations for the Solar Terrestrial Probes Program.

The AO Cost Cap for the Solar Terrestrial Probes #5 (STP-5) mission, hereafter Interstellar
Mapping and Acceleration Probe (IMAP) mission, is $492M in NASA Fiscal Year (FY) 2017
dollars, not including the cost of the Expendable Launch Vehicle (ELV) standard services or any
contributions. Application of AO-specified incentives will result in a proposal-specific Enhanced
AO Cost Cap. The sum of contributions of any kind to the entirety of the investigation is not to
exceed one-third (1/3) of the proposed PI-Managed Mission Cost. Proposed investigations are
intended to be evaluated and selected through a two-step competitive process. However, if
warranted by the evaluation process, NASA reserves the right to select through a single step.
NASA intends to select approximately two Step-1 proposals for the conduct of Phase A concept
studies and submission of concept study reports to NASA. NASA expects to select a single
IMAP mission to proceed into Phase B and subsequent mission phases. The selected mission
must be ready for launch no later than December 2024.

NASA is strongly committed to offering hardware experience to early-career scientists. NASA
requires proposals to include a Student Collaboration. A Student Collaboration incentive will be
provided.

NASA also strongly supports development of new technologies. The goal of a Technology
Demonstration is to provide a pathway for new or enhanced capabilities to be introduced such
that future investigations with enhanced scientific return may be realized. An incentive for
Technology Demonstration is being offered through this AO.

NASA recognizes that the routine provision of space weather data from Heliophysics science
missions is invaluable to the research and operational communities. NASA successfully
provided, at marginal cost, a subset of observations in real time from a number of past and
current operating missions, including ISEE-3, ACE, STEREO, SDO, and Van Allen Probes.
NASA offers — independent from the proposed mission architecture — an incentive for Pls to
enable continuous downlink to Earth of near real time relevant observational IMAP data that can
be utilized to forecast or nowcast space weather phenomena.

Taking advantage of the expected launch vehicle capability, the Heliophysics Division plans on
providing an Evolved Expendable Launch Vehicle Secondary Payload Adapter (ESPA) ring as a
ride-along with the IMAP launch that will aid addressing Heliophysics science objectives and
will serve the needs of SMD-wide technology demonstration. However, usage of the ESPA ring
is not solicited through this AO, but through a Technology Demonstration Mission of



Opportunity that will be released by the end of calendar year 2017. IMAP proposals submitted
through this AO must not depend on use of the ESPA ring.

Proposers should be aware of the following major changes in this AO from previous
Heliophysics AOs.

e A Notification Proposal, replacing the Notice of Intent, is required.

e All Missions of Opportunity will be solicited through the Third Stand Alone Mission of
Opportunity Notice (SALMON-3) AO.

This AO is based on SMD’s Standard Pl-led Mission AO that was modified to support the goals
of the IMAP opportunity. Proposers should read the AO document and the Appendices carefully.
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1. Description of Opportunity
1.1 Introduction

The National Aeronautics and Space Administration (NASA) issues this Announcement of
Opportunity (AO) for the purpose of soliciting proposals for investigations to be implemented
through its Solar Terrestrial Probes (STP) Program. All investigations proposed in response to
this solicitation must support the goals and objectives of the Solar Terrestrial Probes Program
(Section 2), must be implemented by Principal Investigator (PI) led investigation teams (Section
5.3.1), and must be implemented through the provision of complete spaceflight missions (Section
5.2.1).

NASA intends for proposed investigations to be evaluated and selected through a two-step
competitive process (Section 7). Step 1 is the solicitation, submission, evaluation, and selection
of proposals prepared in response to this AO. As the outcome of Step 1, NASA intends to select
approximately two Step-1 proposals and issue awards (provide funding to NASA Centers and/or
the Jet Propulsion Laboratory (JPL), award contracts to non-NASA institutions, or utilize other
funding vehicles as applicable) to the selected proposers to conduct Phase A concept studies and
submit concept study reports to NASA. Step 2 is the preparation, submission and evaluation of
the concept study reports. As the outcome of Step 2, NASA intends to continue up to one
investigation into the subsequent phases of mission development for flight and operations.

Pending the Step-1 evaluation outcome, NASA reserves the right to select through a single step
(Section 7). In this case, NASA would select one investigation and issue an award (provide
funding to NASA Centers and/or the Jet Propulsion Laboratory (JPL), award contracts to non-
NASA institutions, or utilize other funding vehicles as applicable) for all Phases (A-F) of
mission development for flight and operations.

This AO, particularly Section 5, presents the requirements and constraints that apply to proposals
that are to be submitted in response to this AO. Appendix B, Section A.3 contains requirements
on team members applicable to a Notification Proposal and a Step-1 Proposal. Moreover,
Appendix B provides guidance and additional requirements on the format and content of the
Step-1 proposal. Appendix D lists the contents of the Program Library.

Appendix E.1 lists the Program Library documents that specify requirements for Phase A
concept studies and Appendix E.2 lists the Program Library documents that specify requirements
that will apply to subsequent phases of the selected investigation. These Program Library
documents are intended to provide guidance for investigations selected in Step 1 and (if
applicable) subsequently selected in Step 2, respectively; they are specifically not intended to
impose requirements on Step-1 proposals.

NASA recognizes and supports the benefits of having diverse and inclusive scientific,
engineering, and technology communities and fully expects that such values will be reflected in
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the composition of all proposal teams as well as peer review panels (science, engineering, and
technology), science definition teams, and mission and instrument teams.

NASA recognizes that technology and technological progress is critical for the future of the
science program and its missions. As part of our goals of scientific discovery, we are identifying
and enabling technologies with high impact. Often the breakthrough science required to answer
the most pressing science questions requires significant technological innovation—e.g.,
instruments or platforms with capabilities beyond the current state of the art. NASA’s Science
Mission Directorate’s (SMD’s) targeted technology investments fill technology gaps, enabling
NASA to build the challenging and complex missions that accomplish groundbreaking science.
The directorate works to ensure that NASA actively identifies and invests in the right
technologies at the right time to enable the Agency’s science program. SMD technology
development is part of a comprehensive Agency-wide strategy that involves important
partnerships with the Space Technology Mission Directorate and leveraging technologies, when
appropriate, with the Human Exploration Mission Directorate.

1.2 NASA Safety Priorities

Safety is the freedom from those conditions that can cause death, injury, occupational illness,
damage to or loss of equipment or property, or damage to the environment. NASA’s safety
priority is to protect: (1) the public, (2) astronauts and pilots, (3) the NASA workforce (including
NASA employees working under NASA funding instruments), and (4) high-value equipment and

property.
2. AO Objectives
2.1 NASA Strategic Goals

One of NASA'’s strategic goals is to “[e]xpand the frontiers of knowledge, capability, and
opportunity in space.” Further information on NASA’s strategic goals may be found in NASA
Policy Directive (NPD) 1001.0B, The 2014 NASA Strategic Plan, available through the Program
Library (Appendix D).

The NASA Science Mission Directorate (SMD) is addressing this strategic goal through
Strategic Objective 1.4: “Understand the Sun and its interactions with Earth and the solar system,
including space weather” — and, as a secondary strategic goal, through Strategic Objective 1.7:
“Transform NASA missions and advance the Nation’s capabilities by maturing crosscutting and
innovative technologies.”

With this AO, SMD is addressing the following three research objectives, as outlined in Chapter
4 of the 2014 Science Mission Directorate (SMD) Science Plan, available through the Program
Library:
e Explore the physical processes in the space environment from the Sun to the Earth and
throughout the solar system
e Advance our understanding of the connections that link the Sun, the Earth, planetary
space environments, and the outer reaches of our solar system



e Develop the knowledge and capability to detect and predict extreme conditions in space
to protect life and society and to safeguard human and robotic explorers beyond Earth

Further information on the goals and objectives of NASA’s Heliophysics program may be found
in the recommendations to NASA in the 2013 National Research Council Decadal Strategy for
Solar and Space Physics report, Solar and Space Physics: A Science for a Technological Society
(available through the Program Library).

2.2 Solar Terrestrial Probes Program Goals and Objectives

The goal of the STP program is to understand the physical processes that determine the mass,
momentum and energy flow in the solar system from the Sun to planetary bodies including
Earth, and to understand the interstellar boundary and its interaction with the local interstellar
medium. Successive STP missions will focus on critical science targets that systematically
advance understanding of the coupled solar-heliosphere-magnetosphere-ionosphere-upper
atmosphere system.

The STP program develops missions and technology to address fundamental science questions
about the physics of space plasmas and the flow of mass and energy through the solar system.
STP program objectives are:

e To describe the system behavior of the variable magnetic variable star, our sun, and its
interaction with the entire solar system;

e To understand the critical physics that link the sun, Earth, heliosphere, and the interstellar
medium;

e To understand the processes and dynamics of the magnetosphere-ionosphere-upper
atmosphere system, the near space electromagnetic plasma environment surrounding the
Earth; and

e To develop and mature instrumentation and mission technologies with the potential of
advancing STP science.

2.3 Solar Terrestrial Probes Program Background

The establishment of the Solar Terrestrial Probes program follows the success of international
collaboration in the 1980s and early 1990s between NASA, the European Space Agency (ESA),
and the Institute of Space and Astronautical Science (ISAS) of Japan that formed the
International Solar-Terrestrial Physics (ISTP) program. ISTP was instrumental in conducting the
closely coordinated missions Geotail, Wind, Polar, SOHO and Cluster. Coordination with other
Federal Agencies (NOAA, DOE/LANL) led to the use of additional observational platforms such
as GOES and LANL Geosynchronous Satellites to address open science questions in the solar-
terrestrial physics realm. ISTP also supported ground-based observations and development of the
theoretical basis for understanding the system as a whole.



In 1998, the NASA Solar Terrestrial Probes program arose as a critical element of the
implementation of the 1998 Strategic Plan for the Office of Space Science (OSS). The STP
program office is located at the Goddard Space Flight Center and provides oversight over the
implementation of missions selected by SMD. All four currently operating STP missions were
already foreseen to be implemented, or in the implementation phase, at that time when the STP
program was established:

STP-1: TIMED, launched in 2001.

STP-2: JAXA/NASA Hinode/Solar-B, launched in 2006.
STP-3: NASA/ESA STEREQ, also launched in 2006.
STP-4: MMS, launched in 2015.

TIMED and STEREO are operated by the Johns Hopkins University/Applied Physics Laboratory
(JHU/APL), Hinode is operated by the Japanese Aerospace Exploration Agency (JAXA), and
MMS is operated by the NASA Goddard Space Flight Center. TIMED, Hinode/Solar-B, and
STEREO have already successfully completed their prime missions.

The STP program and its missions were supported by the two consecutive NRC Decadal Surveys
conducted since implementation: The Sun to the Earth - and Beyond: A Decadal Research
Strategy in Solar and Space Physics (2003) and Solar and Space Physics: A Science for a
Technological Society (2013). The 2013 Decadal Survey provided prioritized new science
targets, STP-5, 6 and 7, for the program and included a scientific rationale for the ordering.

The Interstellar Mapping and Acceleration Probe (IMAP) was recommended to be implemented
first, to be followed by Dynamical Neutral Atmosphere-lonosphere Coupling (DYNAMIC), and
by Magnetosphere Energetics, Dynamics, and lonospheric Coupling Investigation (MEDICI).

2.4 Interstellar Mapping and Acceleration Probe Objectives
Proposals prepared in response to this AO must describe an investigation that addresses a
preponderance (defined below) of the IMAP science objectives. These objectives, listed without

priority order, are:

e Provide observations that guide understanding of the temporal and spatial evolution of
the boundary region in which the solar wind and the interstellar medium interact.

e Provide observations of processes related to the interactions of the magnetic field of the
Sun and the local interstellar medium.

e Measure and constrain the composition and properties of the local interstellar medium.

e Provide observations that guide understanding of particle injection and acceleration
processes near the Sun, in the heliosphere and heliosheath.

Those responding to this opportunity must define clear traceability from their science objectives
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to those listed above. Responders must also demonstrate linkages from their science objectives
and associated investigations to the crosscutting themes and science goals in Chapter 1 of Solar
and Space Physics: A Science for a Technological Society, the most recent Decadal Survey.
These Decadal Survey Key Science Goals are:

1. Determine the origins of the Sun’s activity and predict the variations in the space
environment.

2. Determine the dynamics and coupling of Earth’s magnetosphere, ionosphere, and
atmosphere and their response to solar and terrestrial inputs.

3. Determine the interaction of the Sun with the solar system and the interstellar medium.

4. Discover and characterize fundamental processes that occur both within the heliosphere
and throughout the universe.

NASA recognizes that the IMAP science objectives may include more scope than can be
accomplished in the IMAP cost cap. Those responding to this opportunity should choose among
the IMAP science objectives and defend those choices.

NASA does not prescribe how any missions or investigations responsive to the science
objectives should be accomplished. However, NASA requires that any mission architecture
achieve a preponderance of the IMAP science objectives. For the purpose of this AO,
preponderance is defined to be superiority in influence or number. The requirement to address a
preponderance of the IMAP science objectives (rather than a majority) recognizes that science
objectives are not necessarily equally important. The proposal should include a justification of
the choice of science objectives that makes clear why the set of selected science objectives
addresses a preponderance of the IMAP science objectives.

Requirement 1.  Proposals shall describe a science investigation that addresses a
preponderance of the IMAP science objectives listed in Section 2.4, stating the science
objectives for the proposed investigation and clearly justifying the choice of those science
objectives.

Requirement 2.  Proposals shall describe the traceability between the science objectives of the
investigation to a) the IMAP science objectives stated above; and b) at least one of the Decadal
Survey Science Goals.




3. Proposal Opportunity Period and Schedule

This solicitation has two submission deadlines. The following schedule describes the planned
major milestones for this AO:

Final AO Release Date...........ccoueeeviieeiiiecieeeieeeee e June 2017 (target)

Pre-proposal Conference............ccecveeevveeecieenciieenieeeiee e, AO Release + ~3 weeks

Electronic Notification Proposal Deadline .............c.c.ccuue.... AO Release + ~4-6 weeks

Electronic Full Proposal Submittal Deadline

at 11:59 p.m. Eastern Time........cccceevvieviiiiiienieeiieieeieeene September XX, 2017 (AO
Release + 3 months

Letters of Commitment Due (with Proposal)...........cccc..c...... AO Release + 3 months

Deadline for Receipt of Proposal on CD-ROMs

at 5:00 p.m. Eastern Time..........ccccveevuienieiiiienieeieeeeeieeiene Electronic Proposal deadline +4

days

Step-1 Selection(s) Announced (target)..........ccoeeveerveerveennnne AO Release + 10 months

Initiate Phase A Concept Studies (target) .......cccceeevveeeveeennnen. April 2018

Phase A Concept Study Reports Due* (target)............c......... April 2019

Down-selection of Investigation(s) for Flight* (target)......... October 2019

Launch Readiness Date..........ccccceevviieiieniienienieeiecieeeeee, NLT December 2024

*Applicable in the two-step selection scenario

All proposals, U.S. and non-U.S., must be received before the proposal submittal deadlines.
Those received after the deadlines will be treated in accordance with Appendix A, Section VII.

Requirement 3.  Proposals submitted in response to this solicitation shall be submitted
electronically no later than the Electronic Proposal Submittal Deadlines.

Requirement 4.  In addition to electronic submission, CD-ROMs containing the proposal and
relevant files described in Section 6.2.3 shall be submitted. Proposals on CD-ROMs submitted in
response to this solicitation shall be delivered no later than the Deadline for Receipt of Proposal
on CD-ROMs. Proposals shall be delivered to the Address for Submittal of Proposals given in
Section 6.2.3.

4. Policies Applicable to this AO
4.1 NASA Management Policies

The following policies will impose requirements on selected missions, for which planning may
need to be considered and described as part of the proposal development process. These
requirements are not levied on Step-1 proposals.

4.1.1 NASA Flight Program and Project Requirements

Proposals selected in response to this AO will be implemented in accordance with NASA
mission management processes. NASA mission management processes, as defined by NASA
Procedural Requirements (NPR) 7120.5E, NASA Space Flight Program and Project
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Management Requirements, are Formulation, Approval, Implementation, and Evaluation. The
NASA mission management processes are subdivided as follows:

Formulation is divided into:
e Phase A — Mission Concept and Requirements Definition and Technology Development;
and
e Phase B — Preliminary Design and Technology Completion.

Approval is the Confirmation process for transitioning into Implementation.

Implementation is divided into:
e Phase C — Final Design and Fabrication;
e Phase D — System Assembly, Integration and Test, and Launch (extending through in-
space checkout);
e Phase E — Operations and Sustainment; and
e Phase F — Closeout.

Evaluation is the ongoing independent review and assessment of the project’s status during both
Formulation and Implementation as described in NPR 7120.5E, which may be found in the
Program Library.

A Key Decision Point (KDP) occurs before the project is approved to begin the next phase of
development; KDPs are defined in NPR 7120.5E. For missions selected as a result of this AO,
KDP A is the selection of a Step-1 proposal for a concept development. In a one-step AO
process, projects enter Phase A after selection and the process becomes conventional, with KDP
B representing the culmination of Concept and Technology Development. In a two-step AO
process, projects are down-selected following evaluation of concept study reports and the down-
selection serves as KDP B. KDP C is the culmination of the Confirmation process. KDP D is a
transition that occurs after the Systems Integration Review. KDP E is the handoff from
development to operations. KDP F is the decision to terminate operations after completion of the
mission. Scientific and other analyses, including data analysis and preliminary analysis of
returned samples, may continue under project funding in Phase F. If the decision at
downselection is to maintain the selected investigation in an extended Phase A, then a separate
KDP B will be required.

4.1.2 NASA Program Management

Owing to the significant expenditure of Government funds on these space flight investigations,
as well as to their expected complexity, NASA intends to maintain an essential degree of insight
into mission development; NASA will exercise essential oversight to ensure that the
implementation is responsive to NASA requirements and constraints. NASA requirements and
constraints are spelled out in NPR 7120.5E, NPR 8705.4, NPR 7123.1B, and in other NASA
requirements documents available in the Program Library and/or in the NASA Online Directives
Information System (NODIS, http://nodis3.gsfc.nasa.gov/). The Associate Administrator for
SMD has established a Solar Terrestrial Probes Program Office at the NASA Goddard Space
Flight Center to be responsible for project oversight. The Solar Terrestrial Probes Program
Manager at the NASA Goddard Space Flight Center reports to the Heliophysics Division
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Director at NASA Headquarters. Additional details about the program office staffing, structure,
and goals can be found in the Solar Terrestrial Probes Program Plan, available through the
Program Library.

NPR 7120.5E defines project management responsibilities, and it presumes that project
management is assigned to a NASA Center or JPL. If an organization other than a NASA Center
or JPL is proposed and selected to provide project management for an investigation, then the
NASA Center’s project management responsibilities under NPR 7120.5E will be assigned to the
implementing project management organization. That organization must be prepared to carry out
these responsibilities. In such cases, the Solar Terrestrial Probes Program Office at the NASA
Goddard Space Flight Center will retain the Technical Authority (TA), as described in

NPR 7120.5E, which would otherwise be invested in an implementing Center or JPL.

The Explorers & Heliophysics Projects Division Mission Assurance Requirements document,
available through the Program Library, will apply to investigations that are selected for Phase A
concept studies. Selected investigations that reside at institutions that have NASA-approved
safety and mission assurance (S&MA) programs may use their own appropriate institutional
practices in lieu of the guidelines and requirements in this document. Although this document
may impose requirements on selected investigations, it does not impose requirements, either
implicitly or explicitly, on Step-1 proposals.

In addition to its role as the site of the Solar Terrestrial Probes Program Office, the NASA
Goddard Space Flight Center (GSFC) is eligible to submit and participate in proposals in
response to this AO. The Solar Terrestrial Probes Program Office will have access to the AO
before it is released; this is necessary so that the Solar Terrestrial Probes Program Office can
review the AO and ensure that it correctly describes the post-selection project management
processes. Other than that, the Solar Terrestrial Probes Program Office plays no role in the AO
process; specifically, they play no role in defining the scientific scope of the AO, writing the AO,
evaluating proposals, or selecting proposals. The Science Mission Directorate at NASA
Headquarters will manage the evaluation and selection process. In order to manage GSFC’s two
roles, SMD has established functional and organizational firewalls between the Solar Terrestrial
Probes Program Office and those parts of GSFC that might participate in proposals. These
firewalls ensure that personnel identified as supporting the Solar Terrestrial Probes Program
Office and the AO process will protect all nonpublic information from all proposers, including
those at GSFC, and will be free of financial and other conflicts of interest with proposers.

4.1.3 Roles and Responsibilities in Communications and Outreach

NASA is required to communicate the discoveries and results of its investigations to the
American public. These efforts are intended to promote interest and foster participation in
NASA’s endeavors and to develop exposure to — and appreciations for — Science, Technology,
Engineering, and Mathematics (STEM). Therefore, the Pls of selected investigations are required
to work in conjunction with a NASA Center or JPL, and with NASA Headquarters to
communicate mission updates, science, and new discoveries.



4.1.3.1 NASA Centers or Jet Propulsion Laboratory (JPL)

Each flight mission manages the communications plan and activities utilizing the
communications office of a NASA Center or JPL. Missions managed by a NASA Center or JPL
will request support of that Center’s communications office. For missions not managed by a
NASA Center or JPL, the Goddard Space Flight Center, where the Solar Terrestrial Probes
Program Office resides, will fulfill the communications management role.

The communications offices will be responsible for coordinating and executing mission
communications activities — along with the mission’s Principal Investigator (PI) and Project
Office for PI-led missions — and with the approval of Headquarters SMD and Office of
Communications.

4.1.3.2 Principal Investigators

For PI-led missions, the PI fills a challenging, multidisciplinary role, which demands excellent
communication, team building, and management skills. The PI is responsible for all aspects of
the successful implementation of the mission. The PI is a key spokesperson for the mission —
along with NASA officials — and is integral in communicating mission updates, science, and new
discoveries.

The PI provides content, analysis, and context for communication campaigns and news stories.
In keeping with NASA’s communications goals, content should convey an understanding of the
mission and its objectives, and the benefits to target audiences, the public, and other
stakeholders.

As part of NASA’s review and approval process, the PI, or his or her designee, 1) coordinates, 2)
reviews, and 3) approves, with the designated NASA Center communications office, all mission-
related communications activities. In case of incompatible views, NASA will have the final
decision on release of public products, while ensuring that scientific and technical information
remains accurate and unfiltered.

Selected Pls also must work with NASA to ensure their mission website follows NASA
requirements for providing content on the agency's primary public website

at http://www.nasa.gov/. NASA, and through NASA the selected investigation, is required under
the Information Quality Act (44 U.S.C. 3504(d)(1) and 3516) and associated guidelines to
maximize the quality, objectivity, utility, and integrity of information and services provided to
the public.

4.1.3.3 NASA Headquarters

NASA Headquarters and the program office personnel provide the necessary oversight and
funding for communications in accordance with NASA and SMD policies for PI-led missions.

4.1.4 Remediation, Termination, or Cancellation

Any alteration of a mission that renders it unable to accomplish one or more of its baseline
science objectives will be regarded as a descope of the investigation. NASA will review any such
descoped sets of achievable science objectives to ensure that the investigation remains at or
above the Threshold Science Mission (see Section 5.1.4 of this AO). A descope made necessary
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by the PI's inability to remain within budget or schedule, or failure at any time during
formulation and implementation to maintain a level of science return at or above the Threshold
Science Mission, can result in mission cancellation accompanied by appropriate contract action,
which may involve termination.

Proposals submitted to this AO must include a commitment by the PI for the PI-Managed
Mission Cost, schedule, and scientific performance of the investigation. In the event that NASA
chooses a mission through a one-step process and if, at any time, the cost, schedule, or scientific
performance commitments made in the proposal appear to be in peril, the investigation will be
subject to termination or cancellation.

However, if NASA chooses a two-step selection process, during Phase A, each selected PI will
conduct a concept study. The Phase A Concept Study Report must include an updated
commitment by the PI for the PI-Managed Mission Cost, schedule, and scientific performance of
the investigation. If, at any time, the cost, schedule, or scientific performance commitments made
in the Phase A Concept Study Report appear to be in peril, the investigation will be subject to
termination or cancellation.

During Phase B, the selected PI will work with NASA to develop top-level science and technical
performance requirements. The PI will also work with NASA to establish a set of performance
metrics for project evaluation by NASA. These will include cost, schedule, and others, as
appropriate.

Once an investigation has been confirmed for implementation, failure of the PI to maintain
reasonable progress within committed schedule and cost, and/or failure to operate within other
applicable constraints, may be cause for NASA to convene a termination review. The Associate
Administrator (AA) for the Science Mission Directorate may also call for a termination review
any time an excursion above the agreed upon mission cost in Phase C through Phase E occurs, or
is projected to occur, by the PI, the implementing organization, or NASA. The objective of such
a review is to determine whether remedial actions, including changes in management structure
and/or Key Management Team members, would better enable the project to operate within
established cost, schedule, and/or technical constraints. If a termination review determines that
no remedy is likely to improve matters, NASA may consider mission cancellation and/or
contract termination. NASA may cancel a mission and/or terminate a contract notwithstanding
any international or domestic partnerships established to enable the mission.

4.2 Participation Policies

4.2.1 Eligibility to Participate in this AO

Prospective investigators from any category of organizations or institutions, U.S or non-U.S.
with some restrictions (see Section 4.2.2), are welcome to respond to this solicitation. Specific
categories of organizations and institutions that are welcome to respond include, but are not
limited to, educational, industrial, and not-for-profit organizations, Federally Funded Research
and Development Centers (FFRDCs), University Affiliated Research Centers (UARCs), NASA
Centers, the Jet Propulsion Laboratory (JPL), and other Government agencies.
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There is no restriction on the number of proposals that an organization may submit to this
solicitation or on the teaming arrangements for any one proposal, including teaming with NASA
Centers and JPL. However, each proposal must be a separate, stand-alone, complete document
for evaluation purposes.

NASA contracts for the services of outside, non-Governmental organizations for support in
evaluating proposals (see Section 7.1.1). Organizational conflicts of interest between proposing,
evaluating, and executing organizations must be avoided. The approach to avoiding organizational
conflicts of interest depends on the unique characteristics and roles of each evaluating organization.
For non-Governmental organizations, this requires limiting the extent to which the outside
evaluating organizations can participate in proposal development and/or execution of the work
proposed.

The NASA Evaluations, Assessments, Studies, Services, and Support (EASSS) contract with
Cornell Technical Services (CTS) for evaluation support under this AO creates an immitigable
organizational conflict of interest for CTS in the event that any business unit of CTS has a proposed
role as prime contractor, subcontractor, or participating organization. Because of this organizational
conflict of interest, CTS is precluded from participating in any capacity in support of a respondent
under this AO.

There are no plans to use The Aerospace Corporation for evaluation support. There is no
limitation on the participation of The Aerospace Corporation in any capacity under this AO.

4.2.2 Restrictions Involving China

Proposals must not include bilateral participation, collaboration, or coordination with China or
any Chinese-owned company or entity, whether funded or performed under a no-exchange-of-
funds arrangement.

In accordance with existing laws and regulations, NASA is restricted from funding any NASA
contract, grant, or cooperative agreement action that involves bilateral participation,
collaboration, or coordination with China or any Chinese-owned company or entity, whether
funded or performed under a no-exchange-of-funds arrangement.

Requirement 5.  Proposals shall not include bilateral participation, collaboration, or
coordination with China or any Chinese-owned company or entity, whether funded or performed
under a no-exchange-of-funds arrangement.

4.2.3 Constraints on Investigations that are Candidates for Selection

Only those investigations that propose to meet cost, schedule, and launch vehicle requirements

that do not exceed the constraints identified in this AO and that demonstrate sufficient margins,
reserves, and resiliency to ensure mission success within committed cost and schedule, will be

considered for selection.
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4.2.4 Responsibility of Principal Investigator for Implementation

The primary responsibility for implementing and executing selected investigations rests with the
PI, who will have latitude to accomplish the proposed objectives within committed schedule and
financial constraints. However, this responsibility will be exercised with essential NASA
oversight to ensure that the implementation is responsive to the requirements and constraints of
the IMAP Project.

4.2.5 NASA Concurrence for Replacement(s) of Key Management Team Members

Any replacement of Key Management Team members (including, but not limited to, the PI, the
Project Manager (PM) and Project Systems Engineer (PSE)) requires concurrence by NASA.

4.3 Cost Policies

4.3.1 PI-Managed Mission Cost

PI-Managed Mission Cost is defined as the cost proposed by the PI’s implementation team to be
funded by the Solar Terrestrial Probes Program for the development and execution of the
proposed project, Phases A through F. It includes any reserves applied to the development and
operation of the mission as well. It also includes any costs that are required to be counted against
the PI-Managed Mission Cost, even though the PI is not directly responsible for those costs. The
term does not imply that a contractual relationship between the PI’s institution and other
proposal team members is required. The PI-Managed Mission Cost is capped at the AO Cost Cap
(see Section 5.6.1).

Examples of costs to be included in the PI-Managed Mission Cost, as applicable, unless
contributed, are: development activities (e.g., instrument development, spacecraft development,
management, software, testing); launch services outside of the standard services provided by
NASA; Student Collaborations in excess of the student collaboration incentive (see Section
5.5.3); subcontracting costs, including fees; science Co-Is and all other personnel required to
conduct the investigation, analyze data and publish results, and deliver data in an acceptable
format to an approved archive; insurance; NASA-provided telecommunications, tracking, and/or
navigation support; any program/project-specific costs (e.g., curation of returned samples); and
all labor, including contractor and Civil Servant (NASA and non-NASA).

4.3.2 Total Mission Cost

Total Mission Cost is defined as the PI-Managed Mission Cost (see Section 4.3.1), plus the
Student Collaboration costs up to the student collaboration incentive (see Section 5.5.3), plus any
additional costs that are contributed or provided in any way other than through the Solar
Terrestrial Probes Program (see Section 5.6.7). The Total Mission Cost will define the total value
of the baseline investigation, not including the cost of standard launch vehicle and launch
services.

4.3.3 Enhanced PI1-Managed Mission Cost

The Enhanced PI-Managed Mission Cost is defined as the PI-Managed Mission Cost (see
Section 4.3.1), plus the Student Collaboration costs up to the student collaboration incentive (see
Section 5.5.3), plus the cost for the IMAP Active Link Incentive for Real Time (I-ALIRT) up to
the I-ALIRT incentive (Section 5.9.4), plus any Technology Demonstration Opportunity (TDO)
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up to the TDO incentive (see Section 5.9.5), plus any Science Enhancement Options (see Section
5.1.6).

4.3.4 Mission Funding Profile

The Solar Terrestrial Probes Program's planning budget can accommodate a selection at the AO
Cost Cap with a typical funding profile over a nominal six-year development period. Proposers
should propose a funding profile that is appropriate for their investigation and is consistent with
the selection and launch readiness dates in Section 3 of this AO. Proposers must not assume that
NASA can or will accommodate proposals whose requested funding profile differs significantly
from the Solar Terrestrial Probes Program's planning budget for this AO. While NASA will
consider whether a different funding profile can be accommodated, NASA cannot guarantee that
the proposed funding profile will be acceptable. The inability of NASA to accommodate the
requested funding profile may be a reason for nonselection of a proposal. A final funding profile
for the selected mission will be negotiated.

4.3.5 Availability of Appropriated Funds

Prospective proposers to this AO are advised that funds are not available for awards at the time
of its release. The Government’s obligation to make awards is contingent upon the availability of
sufficient appropriated funds from which payment can be made and the receipt of proposals that
NASA determines are acceptable for award under this AO.

4.4 Data Policies and Intellectual Property

4.4.1 Increasing Access to the Results of Federally Funded Research

As a Federal Agency, NASA requires prompt public disclosure of the results of its sponsored
research to generate knowledge that benefits the Nation. Thus, it is NASA’s intent that all
knowledge developed under awards resulting from this solicitation be shared broadly. In keeping
with the NASA Plan: Increasing Access to the Results of Scientific Research
(http://www.nasa.gov/sites/default/files/filessNASA Data Plan.pdf) new terms and conditions
about making manuscripts and data publically accessible may be attached to awards that derive
from this AO. Proposals are required to include a data management plan (DMP) in accordance
with terms and conditions stated in the NASA Plan: Increasing Access to the Results of Scientific
Research or to justify that one is not necessary given the nature of the work proposed (see
Requirement 9). The kind of data that requires a DMP is described in the NASA Plan: Increasing
Access to the Results of Scientific Research.

SMD anticipates that awards deriving from this AO will include terms and conditions requiring
that as accepted manuscript versions of peer-reviewed publications (hereinafter "manuscripts")
resulting from AO awards be uploaded into NASA’s part of the PubMed Central (PMC)
repository called NASA PubSpace at https://www.ncbi.nlm.nih.gov/pmec/funder/nasa/. This
applies only to peer reviewed publications. Patents, publications that contain material governed
by personal privacy, export control, proprietary restrictions, or national security law or
regulations will not be covered by this requirement. The manuscript will appear in PMC for free
public access following a maximum 12-month embargo period after the publication date. PMC
will release the manuscript when the embargo has ended. For more details on public access to
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scientific publications and digital scientific data resulting from NASA-funded research, please
see: https://www.nasa.gov/open/researchaccess.

4.4.2 Data Analysis

The PI will be responsible for analysis of the mission data (including returned samples)
necessary to complete the proposed science objectives and for timely publication of initial
scientific results in refereed scientific journals, as part of their mission operations (Phase E) or
post-mission (Phase F) activities. Data analysis may be continued during Phase F.

4.4.3 Delivery of Data to Archive

The investigation team will make mission data fully available to the public through a NASA-
approved data archive (e.g., the Solar Data Analysis Center, and the Space Physics Data Facility,
etc.), in readily usable form, in the minimum time necessary but, barring exceptional
circumstances, within six months following its collection. The PI will be responsible for
collecting the scientific, engineering, and ancillary information necessary to validate and
calibrate the data prior to delivery to the archive.

Archival data products will include low-level (raw) data, key parameter (survey) data, high-level
(scientific) data, and derived data products such as maps, ancillary data (including valid SPICE
(spacecraft, planet, instrument, C-matrix, events) kernels related to spacecraft, instrument, and
body information), calibration data (ground and in flight), documentation, related software,
and/or other tools or parameters that are necessary to interpret the data. The PI will be
responsible for generating data products that are documented, validated, and calibrated in
physical units that are usable by the scientific community at large.

NASA data archives have budgets to support core activities, including the basic ingestion and
review of new data. Proposed mission data archiving plans and budgets must be consistent with
the policies and practices of the appropriate NASA data archive. Proposers should contact the
archive directly to obtain information regarding the appropriate policies and practices. Proposals
may include funding for up to one year after end-of-operations for the generation and archiving
of derived data products. This funding will be included in the PI-Managed Mission Cost.

4.4.4 Intellectual Property

4.4.4.1 Invention Rights

Recipients that are small businesses or nonprofit organizations may elect to retain title to any
inventions made under a funding agreement pursuant to the Bayh-Dole Act (35 U.S.C. § 202).
Large business recipients are subject to section 20135 of the National Aeronautics and Space Act
(51 U.S.C. § 20135) relating to property rights in inventions. Title to inventions made under an
agreement by a large business recipient initially vests with NASA. However, these recipients
may request a waiver to obtain title to inventions made under the agreement. Such a request may
be made in advance of the agreement or within 30 days thereafter. Even if a waiver request is not
made, or denied, a large business recipient may request a waiver on individual inventions made
during the course of the agreement.
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4.4.4.2 Data Rights

All science data returned from investigations led by NASA-funded PIs will be made available to
the public as rapidly as possible (see Section 4.4.1). Following a short latency period, all data
will be made available to the user community, to the extent consistent with the approved data
management plan and the data rights clause incorporated into the award instrument. No period of
exclusive access is permitted. The Principal Investigator proposes and justifies any data product
latency period for standard data products listed in the proposal, based primarily on the time
required to produce, quality check, and validate the products. Barring exceptional circumstances,
data product latency may not exceed six months.

4.5 Project Management Policies

4.5.1 Independent Verification and Validation of Software

The NASA Chief of Safety and Mission Assurance (CSMA) has the authority to select software
projects to which Independent Verification and Validation (IV&V) shall be applied, as defined in
NASA-STD-8739.8, Standard for Software Assurance, and NPR 7150.2B, NASA Software
Engineering Requirements. All Category 1 and those Category 2 missions with a payload risk
classification A or B will require IV&V to be performed. It is expected that the NASA IV&V
Center will provide this function at no cost to the PI team. If the PI team proposes a Category 2,
Class C mission, IV&V should still be performed, but may be provided externally. If the PI team
uses the NASA IV&YV Center in the Risk Class C case, it is expected to be paid for out of the PI-
managed mission cost. Therefore, PI teams that propose Category 2, Class C missions must
budget for IV&V service as part of the PI-managed mission cost. PI teams will be required to
contact the Office of the Director at the NASA IV&V Program to gain a preliminary
understanding of the potential level of safety and software risks. The Office of the Director can
be contacted at (304) 367-8248. When a project is required to obtain [IV&V, exemption will
require an assessment of the software project by the NASA Office of Safety and Mission
Assurance (OSMA) and approval by the CSMA.

4.5.2 Earned Value Management Plan

For government entities, the earned value management (EVM) requirements are listed in
NPR 7120.5E. For entities receiving contracts, the EVM requirements are listed in
NFS 1852.234-2.

4.5.3 Cost Analysis Data Requirement (CADRe)

NASA has established a Cost Analysis Data Requirement (CADRe) in NPR 7120.5E, Table I-4,
which will apply to investigations selected through this AO. Support contractors funded directly
by NASA Headquarters will perform the actual development of the CADRe; the costs for these
services need not be included in the proposed PI-Managed Mission Cost. Selected investigations
will have to spend project funds only to collect existing documentation and transmit it to the
CADRe support contractor at selected major milestones and then to review the completed
CADRe for completeness and accuracy.

4.5.4 Conjunction Assessment Risk Analysis

NASA has established conjunction assessment risk analysis requirements in NPR 8715.6B,
Chapter 3 that will apply to investigations selected through this AO. Two organizations — the

-15 -



Conjunction Assessment Risk Analysis (CARA) team at NASA Goddard Space Flight Center for
Earth-orbiting missions and the MArs (and Moon) Deepspace Collision Avoidance Process
(MADCAP) team at the Jet Propulsion Laboratory for Moon and Mars missions — are funded
directly by NASA Headquarters and the Multi-Mission Ground Systems and Services (MGSS),
respectively, to perform the actual analysis and risk assessment; the costs for these services need
not be included in the mission PI-Managed Mission Cost. An investigation to which NPR
8715.6B, Section 3 is applicable will have to budget costs in their proposal PI-Managed Mission
Cost to establish a working interface between the Flight Operations Team and the CARA or
MADCAP team. This interface will be used to routinely share orbital ephemerides data and
covariance data, any maneuvering plans, and to perform any maneuver planning activities
required for collision avoidance once on orbit. Additionally, estimates of how many maneuver
planning events may be required in a particular Earth orbit regime are available from the CARA
team. The interface between the mission and CARA or MADCAP team should be agreed-to and
documented one year prior to launch.

For additional information regarding CARA, proposers may contact Ms. Lauri Newman
(Telephone: 301-286-3155; e-mail: lauri.k.newman(@nasa.gov. For information regarding
MADCAP, please contact Mr. Roby Wilson (Telephone: 818-393-5301; e-

mail: roby.s.wilson@jpl.nasa.gov.

4.5.5 End-of-Mission Plan and End-of-Prime-Mission Review

The End-of-Mission Plan requirements may be found in NPR 7120.5E. This document is
accessible from the Program Library.

A NASA Heliophysics End-of-Prime Mission (EOPM) review is a technical and scientific
assessment by an independent panel of how well the mission met its Baseline Science
Requirements or Threshold Science Requirements. The product of the review is documentation
of actual mission performance, a formal assessment of mission success with respect to the
science products available to the community, and a baseline for lessons-learned and predictions
of future performance. The approach is to perform a systematic review of performance vs.
specifications at the spacecraft and Mission Operations Center subsystem level for the technical
engineering assessment, and at the data product level for the scientific assessment. A summary
page/chart should be prepared for each subsystem/sensor that includes on-orbit performance over
time (e.g. trending data). For data products, assessments of data maturity should include version
history, release dates, accessibility, calibration and error estimates, in addition to estimates of
community use and publication history. These subsystem and product assessments should be
summarized and related to its Baseline Science Requirements or Threshold Science
Requirements.

If the End-of-Prime-Mission Review is successful, the mission may propose to the NASA
Heliophysics Division Senior Review for approval to enter into an extended mission phase.
Information on the NASA Heliophysics Division Senior Review can be found in the 2017 Call
for Heliophysics Senior Review Proposals. This document is accessible from the Program
Library.
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5. Requirements and Constraints

This section provides general requirements on Step-1 proposals. Supplemental requirements on
standard proposal content and format are provided in Appendix B.

5.1 Science Requirements

5.1.1 Scope of Proposed Investigation

A goal is understood to have a broad scope (e.9., discover whether life exists elsewhere in the
Universe), while an objective is understood as a more narrowly focused part of a strategy to
achieve a goal (e.g., identify specific chemical, mineralogical, or morphological features on Mars
that provide evidence of past or present life there). Proposed investigations must achieve their
proposed objectives; however, the investigation might only make progress toward a goal without
fully achieving it.

Requirement 6.  Proposals shall describe a science investigation with goals and objectives. The
objectives of the science investigation shall address a preponderance of the IMAP science
objectives described in Section 2.4.

Requirement 7.  Proposals shall demonstrate how the proposed investigation will fully achieve
the proposed science objectives.

5.1.2 Traceability of Proposed Investigation

The Solar Terrestrial Probes Program is intended to perform focused science investigations that
advance knowledge and conclude with papers published in peer-reviewed archival journals, as
well as deposition of appropriately reduced and calibrated data and derived products in
designated data archives (see Section 4.4.3).

Requirement 8.  Proposals shall clearly state the relationship between the proposed science
objectives, the data to be returned, and the instrument complement to be used in obtaining the
required data (see Appendix B, Section D, for additional detail).

Requirement 9.  Proposals shall include a plan to calibrate (both preflight and inflight),
analyze, publish, and archive the data returned, and shall demonstrate, analytically or otherwise,
that sufficient resources have been allocated to carry out that plan within the proposed mission
cost. The data plan shall discuss and justify any data latency period (see Appendix B, Section E,
for additional detail). The data plan shall be in compliance with terms and conditions stated in
the NASA Plan: Increasing Access to the Results of Scientific Research or a justification shall be
provided that this is not necessary given the nature of the work proposed (see Section 4.4.1).

5.1.3 Mission Science Objectives and Requirements

The ability to determine whether a proposed mission can successfully carry out the proposed
science investigation depends on a well-formulated articulation of the proposed science
objectives, the information and steps needed to bring closure to the objectives, and the
measurements that must be obtained while conducting the mission. The proposed mission is
evaluated against the standard of successfully delivering the required measurements.
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Requirement 10. Proposals shall state the proposed science objectives and their required
measurements at a level of detail sufficient to allow an assessment of the capability of the
proposed mission to make those specific measurements and whether the resulting data is
necessary and sufficient to achieve these objectives (see Appendix B, Sections D and E, for
additional detail).

Requirement 11. Proposals shall describe the proposed instrumentation, including a discussion
of each instrument and the rationale for its inclusion in the proposed investigation.

5.1.4 Baseline and Threshold Science Missions

The Baseline Science Mission and the Threshold Science Mission are defined to be consistent
with NPR 7120.5E as follows:

The “Baseline Science Mission” is the mission that, if fully implemented, would fulfill
the Baseline Science Requirements, which are the performance requirements necessary to
achieve the full science objectives of the proposed mission.

The “Threshold Science Mission” is a descoped Baseline Science Mission that would
fulfill the Threshold Science Requirements, which are the performance requirements
necessary to achieve the minimum science acceptable for the investment.

The differences between the Baseline Science Mission and the Threshold Science Mission
provide resiliency to potential cost and schedule growth in the proposed formulation and
implementation plan. Any alteration of a mission that renders it unable to accomplish one or
more of the Baseline Science Mission science objectives, but allows accomplishment of all
Threshold Science Mission science objectives may be an acceptable descope.

NASA recognizes that, in some circumstances, the Threshold Science Mission may be identical
to the Baseline Science Mission.

Requirement 12. Proposals shall specify only one Baseline Science Mission and only one
Threshold Science Mission.

Requirement 13. Proposals shall not identify any descopes or other risk mitigation actions that
result in the mission being unable to achieve the Threshold Science Mission objectives.

5.1.5 Planetary Protection and Sample Return Policies

Planetary Protection

Investigations are subject to the established NASA policies and procedures that address forward
contamination (transmittal from Earth to a targeted solar system body) and backward
contamination (transmittal to Earth from the targeted body) with respect to other solar system
bodies (see NPD 8020.7G, Biological Contamination Control for Outbound and Inbound
Planetary Spacecraft; NID 8020.109, Planetary Protection Provisions for Robotic
Extraterrestrial Missions; and NASA-HDBK-6022, NASA Handbook for the Microbiological
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Examination of Space Hardware, in the Program Library). Note that forward contamination is of
particular concern for Mars and for possible liquid water bodies within icy satellites.

Return of samples from certain target bodies may be subjected to rigorous containment and
biohazard testing protocols in accordance with NASA planetary protection policy (see NID
8020.109, Planetary Protection Provisions for Robotic Extraterrestrial Missions and NASA/CP-
2002-211842, A Draft Test Protocol for Detecting Possible Biohazards in Martian Samples
Returned to Earth, in the Program Library).

Although not formally a part of planetary protection requirements, it is suggested that proposers
request a preliminary planetary protection categorization of their mission from the Planetary
Protection Officer (PPO) during the early stages of planning — even before proposal submission.
Prior to a written request, the project is encouraged to communicate informally with the PPO.

For additional information, proposers may contact the NASA Planetary Protection Officer, Dr.
Catharine A. Conley (Telephone: 202-358-3912; e-mail: cassie.conley(@nasa.gov).

Requirement 14. Proposals that include an encounter with another solar system body, via flyby,
orbiter, lander, or end of mission impact shall address plans in draft form for contamination
control, as required by NPD 8020.7G and NID 8020.109; such investigations shall bear all
additional costs generated by any special planetary protection requirements.

Requirement 15. Proposals that include the return of extraterrestrial samples shall address plans
to comply with planetary protection requirements as required by NPD 8020.7G and NID
8020.109; such investigations shall bear all additional costs generated by any special planetary
protection requirements.

See Appendix B, Section J.6, for additional detail.

Curation of Returned Samples

All samples of extraterrestrial materials returned by NASA missions are NASA property (see
NPD 7100.10F, Curation of Institutional Scientific Collections, in the Program Library). They
must be delivered to, and processed by, the NASA Astromaterials Acquisition and Curation
Office located at NASA's Johnson Space Center (JSC); contact Dr. Francis McCubbin,
Astromaterials Curator (Telephone: 281-483-5126; e-mail: jsc-astromaterials-
curator@mail.nasa.gov; http://curator.jsc.nasa.gov/). The Curator will assist proposers in
designing a curation plan that meets their mission’s requirements for sample preservation and
use as well as providing cost estimates for sample curation. The actual costs for all aspects of
curation, from planning through distribution and storage, including all required laboratory
construction or modification, must be borne by the mission from inception to two years
following sample return.

Requirement 16. Proposals that include the return of extraterrestrial samples shall provide a
draft Sample Curation Plan. See Appendix B, Section J.7, for details. Note that a final and
complete Sample Curation Plan — including (i.) the methods used to prevent sample
contamination or degradation during collection and return to Earth and (ii.) the general
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procedures for storage, subsampling, documentation, distribution, and security — will be required
in the Phase A concept study.

Requirement 17. Proposals that include the return of extraterrestrial samples shall allocate
funding for use of the JSC Curatorial Facility, including all aspects of curation.

Allocation of Returned Samples to Non-U.S. Partners

As a proportionate return for investment by non-U.S. partners in a mission that returns
extraterrestrial materials, a fraction of the total returned sample may be forwarded to the national
curatorial facility of the contributing country within six months after delivery to the NASA
Astromaterials Acquisition and Curation Office. The amount of samples so transferred must be
no more than 25% of the total. Any material allocated to non-U.S. partners during the
preliminary examination period must be included in this 25% limitation.

Requirement 18. Proposals that include the return of extraterrestrial samples shall specify the
terms and conditions of selection of a sample fraction no greater than 25% for transmission to the
contributing country, if appropriate.

In the event that the investigation is selected, the final arrangements for the transfer of a fraction
of the sample to the contributing country must be established through an international agreement
between NASA (with the approval of the Astromaterials Curator) and the contributing non-U.S.

partner. NASA will negotiate the terms and conditions of the agreement.

Curation of Space-Exposed Hardware

It is NASA policy that any space-exposed hardware returned to Earth will be made available to
the science and engineering community for study. Such hardware must be delivered to and
processed by the NASA Astromaterials Acquisition and Curation Office located at the NASA
Johnson Space Center (JSC). The Astromaterials Curator at the Johnson Space Center is
responsible for the physical security, documentation, inventory accountability, environmental
preservation, and distribution of any space-exposed hardware delivered to the NASA
Astromaterials Acquisition and Curation Office. The Curator will assist proposers in designing a
curation plan for returned space-exposed hardware. The actual costs for all aspects of curation,
from planning through distribution and storage, including all required laboratory construction or
modification, must be borne by the mission from inception to two years following sample return.

Requirement 19. Proposals that include the return of space-exposed hardware shall include the
curation of this hardware in their draft Sample Curation Plan. See Appendix B, Section J.7, for
details. Note that a final and complete Sample Curation Plan — including (i.) the methods used to
prevent hardware contamination or degradation during return to Earth and (ii.) the general
procedures for storage, sampling, documentation, distribution, and security — will be required in
the Phase A concept study.

Requirement 20. Proposals that include the return of space-exposed hardware shall allocate
funding for use of the NASA Astromaterials Acquisition and Curation Office to document, store
and distribute hardware samples, including all aspects of curation.
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5.1.6 Science Enhancement Option

Activities such as extended missions, guest investigator programs, participating scientist
programs, interdisciplinary scientist programs, and/or archival data analysis programs, where
appropriate, have the potential to broaden the scientific impact of investigations. These and other
optional activities may be proposed as Science Enhancement Options (SEOs). Flight hardware
may not be proposed as SEOs, but may be proposed as a Technology Demonstration Opportunity
(TDO) (see Section 5.9.5) and/or Student Collaboration (see Section 5.5.3).

NASA considers any proposed SEO activities as optional. Inclusion of SEO activities in a
proposal and a concept study report does not imply a commitment from NASA to fund them,
even if the baseline investigation is selected. SEO activities need only to be described in
proposals if they are atypical (e.g., a guest investigator program that is envisioned to be
significantly larger than the historical norm). NASA reserves the right to accept or decline
proposed SEO activities at any time during the mission; in particular, the decision may not be
made at the time the baseline investigation is selected for flight. The process for deciding on
SEO activities may involve further reviews (e.g., a “Senior Review” for extended missions).
NASA reserves the right to solicit and select all participants (€.9., guest investigators, archival
data analysts, and participating scientists) in such programs.

Costs for proposed SEO activities must be defined in Step-1 proposals, but will not count against
the PI-Managed Mission Cost. Funding requested for SEO activities prior to Phase E should be
minimized. As these proposed activities are optional and are not included within the baseline
investigation, the science enabled by SEO activities is not considered as part of the scientific
merit of the proposed investigation.

Requirement 21. If SEO activities are proposed, the proposal shall define and describe the
proposed activities and their costs.

Requirement 22. If SEO activities are proposed, they shall be clearly separable from the
Baseline Science Mission and Threshold Science Mission investigations.

Requirement 23. If an extended mission SEO is proposed, it shall conform to the guidelines
provided in the SMD Mission Extension Paradigm document found in the Program Library.

See Appendix B, Section E, for additional detail.
5.2 Technical Requirements

5.2.1 Complete Spaceflight Missions

The term “complete” encompasses all appropriate mission phases (see Section 4.1.1) from
project initiation (Phase A) through mission operations (Phase E), which must include analysis
and publication of data in the peer reviewed scientific literature, delivery of the data to an
appropriate NASA data archive, and, if applicable, extended mission operations or other science
enhancements (see Section 5.1.6), and closeout (Phase F). The term “spaceflight missions” is
defined as Earth orbital and deep-space missions; it specifically excludes suborbital missions
(e.g., via sounding rockets, balloons, and aircraft).
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Requirement 24. Proposals submitted in response to this AO shall be for complete science
investigations requiring a spaceflight mission.

Requirement 25. Proposals shall describe the proposed mission architecture and the rationale
for each mission element.

Requirement 26. Proposals shall describe the proposed mission design and mission operations
concept.

Requirement 27. Proposals shall describe the proposed flight system concept, including the
spacecraft bus and its major subsystems.

Requirement 28. Proposals shall describe the development approach for implementing the
proposed mission within schedule and cost constraints, including a project schedule covering
Phases A-F.

See Appendix B, Section F, for additional detail.
Proposals traditionally considered as “data buys” are not permitted in response to this AO.

Most NASA observations from space require stringent and well-defined calibration and
validation plans. NASA expects each proposal to fully describe the requirements for calibration
and validation. If some required validation data are not to be funded directly by the selected PI-
led investigation, the proposal should provide information about the commitment to funding for
those data in the time frame of five to ten years after selection of the investigation and describe
the implications to meeting the requirements if such data do not become available.

Requirement 29. Each proposal shall fully describe the requirements for calibration and
validation. If some required validation data are not to be funded directly by the selected PI-led
investigation, the proposal shall provide information about the expectations for available
calibration and validation instruments and/or data in the time frame of five to ten years after
selection of the investigation and describe the implications to meeting the requirements if such
activities do not become available.

5.2.2 Accepted Management Processes and Practices

The document NPR 7120.5E, NASA Space Flight Program and Project Management Processes
and Requirements, delineates activities, milestones, and products typically associated with
Formulation and Implementation of projects; it should be used as a reference in defining an
investigation team’s management approach. The implementing organizations are free to propose
their own processes, procedures, and methods for managing their missions; however, they must
be consistent with the principles of NPR 7120.5E. Any deviations from NPR 7120.5E will
require a waiver during formulation.

Requirement 30. Proposals shall describe the investigation's proposed management approach,
including the management organization and decision-making process, the teaming arrangement,
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the responsibilities of the PI and other team members, and the risk management and risk
mitigation plans (see Appendix B, Section G, for additional detail).

The document NPR 7123.1B, NASA Systems Engineering Processes and Requirements, clearly
articulates and establishes the requirements on the implementing organization for performing,
supporting, and evaluating systems engineering. This systems approach is applied to all elements
of a system and all hierarchical levels of a system over the complete project life cycle.

NPR 7123.1B should be used in defining the Investigation Team’s systems engineering
approach. The implementing organizations are free to propose their own processes, procedures,
and methods for systems engineering; however, they must be consistent with NPR 7123.1B.

Requirement 31. Proposals shall describe the investigation's proposed systems engineering
approach, including plans, tools, and processes for requirements, interfaces, and configuration
management. (See Appendix B, Section F, for additional detail).

Requirement 32. Proposals shall describe any deviations from NPR 7120.5E, NPR 7123.1B, or
other NASA procedural requirements that will require a waiver during formulation.

5.2.3 New Technologies/Advanced Engineering Developments

This AO solicits flight missions, not technology or advanced engineering development projects.
Investigations are generally expected to have mature technologies, with systems at a Technology
Readiness Level (TRL) of 6 or higher when proposed. For the purpose of TRL assessment,
systems are defined as level 3 WBS payload developments (i.e., individual instruments) and
level 3 WBS spacecraft elements (e.g., electrical power system); see Figure 3-7 of the NASA
WBS Handbook, NASA/SP-2010-3404, which can be found in the Program Library. TRLs are
defined in NPR 7123.1B NASA Systems Engineering Processes and Requirements, Appendix E,
which can be found in the Program Library as well.

Proposals with a limited number of less mature technologies and/or advanced engineering
developments are permitted as long as they contain a plan for maturing these systems to TRL 6
(see NASA/SP-2007-6105 Rev 1, NASA Systems Engineering Handbook) by no later than PDR
and adequate backup plans that will provide mitigation in the event that the systems cannot be
matured as planned. An independent team will validate the technological maturity of these
systems at PDR.

NASA Technology Infusion: Technology infusion is not offered as an opportunity through this
AO.

Technology Demonstration Opportunities (TDOs): Section 5.9.5 of this AO provides guidelines
for demonstration of technologies. TDOs are not a critical element that mission objectives
depend on, and they shall not pose any risk to achieving IMAP baseline or threshold mission
success. If the proposal includes a TDO, it is required that the proposal includes a maturation
plan, and a plan for the demonstration of these technologies.

Requirement 33. Proposals that use systems currently at less than TRL 6 shall include a plan for
system maturation to TRL 6 by no later than PDR and a backup plan in the event that the
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proposed systems cannot be matured as planned (see Appendix B, Section F, for additional
detail). TDOs (see Section 5.9.5) are exempt from the requirement to mature systems to TRL 6
by PDR.

5.2.4 Environmental Compliance

The National Environmental Policy Act (NEPA) of 1969, as amended (42 USC 4321 et seq.), is
the nation's policy for the protection, maintenance and enhancement of the environment. It
requires NASA to integrate environmental considerations into agency decisions before taking
action. NASA actions include all programs or projects that are financed (even partially), assisted,
conducted, regulated, approved or permitted by NASA.

NASA complies with the NEPA by following Council on Environmental Quality (CEQ) and
internal agency regulations. NASA policy requires the preparation of an Environmental
Management Plan to ensure the NEPA process is completed during the preliminary design and
technology development phase of a mission. When responding to an announcement, proposers
must include NEPA cost and schedule needs into their estimates. Please also note that proposers
of missions conducted outside the U.S. must comply with Executive Order 12114
(Environmental Effects Abroad of Major Federal Actions).

Depending on the complexity of a proposal, the NEPA process will require preparation of one of
three levels of NEPA documentation:

(1) Record of Environmental Consideration (REC) Routine Payloads;

(2) Environmental Assessment (EA); or

(3) Environmental Impact Statement (EIS).

As of 2011, NASA updated the NASA Routine Payloads EA that provides NEPA coverage for
commonly used launch locations and expendable launch vehicles. The EA provides a checklist
(available at www.nasa.gov/agency/nepa/NRPchecklist) that enables NASA to determine if a
proposed mission can be considered “routine" based on the planned launch location, launch
vehicle and envelope payload characteristics. If so, then a REC is prepared that describes the
planned mission and includes the completed checklist to provide NEPA compliance. If the
checklist reveals that the planned mission does not constitute a “routine” payload, then a
mission-specific EA or EIS will be required. An EIS is typically required for payloads that use
radioisotope power systems (RPS) and may be required for payloads that use radioisotope heater
units (RHUSs).

Depending upon the complexity of analysis required, NEPA documentation requiring an EA or
EIS can be resource intensive. Contractor costs for an EA are often in the $150-200k range and
can require one year to complete. Typical cost estimates to prepare an EIS involving a RPS or
RHUs can reach $1M+ and can take more than one year to complete. NEPA compliance costs
must be reflected as reductions to the AO Cost Cap and major NEPA milestones must be
included in the proposed schedule.

This AO allows for investigations to baseline use of radiological sources for science
instrumentation. No radioactive material may be used for supplemental power or heating.
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The proposed use of radioactive materials of any quantity and any isotope, including radioactive
sources for science instruments, will require review for environmental impact and Nuclear
Launch Safety Approval (NLSA). The environmental review requirements flow from NEPA and
are specified in NPR 8580.1, Implementing the National Environmental Policy Act and Executive
Order 12114. The NLSA requirements are specified in NPR 8715.3C, NASA General Safety
Program Requirements, Chapter 6: “Nuclear Safety for Launching of Radioactive Materials.”
The effort required for NLSA consists of concurrence from the NASA Office of Safety and
Mission Assurance for low-level radioactive sources (i.e., with an A2 mission multiple less than
10, as defined in NPR 8715.3C, Chapter 6 and Appendix D).

Please contact the NASA NEPA Manager, by phone or e-mail if you have questions concerning
NASA environmental compliance requirements. The NASA NEPA Manager phone or e-mail
may be found at http://www.nasa.gov/agency/nepa/NEPATeam.html.

Requirement 34. If use of radioactive materials is proposed (e.g., for radiological sources or
other operational purposes), the proposal shall include a listing of the estimated radioactive
materials to be used (isotope, form, quantity). The proposal shall provide a rationale for the use
of radioactive materials and reasonable, nonradioactive alternatives if possible. The costs of
environmental review and launch approval shall be reflected as reductions to the AO Cost Cap.
The key milestones for environmental review and launch approval shall be accounted for in the
proposed schedule.

5.2.5 Telecommunications, Tracking, and Navigation

Use of NASA’s Near-Earth Network, Space Network, or Deep Space Network (DSN) may be
proposed, as appropriate. Points of contact and cost information for these services may be found
in the NASA’s Mission Operations and Communications Services document in the Program
Library.

A cost estimation algorithm for the DSN and persons to contact to obtain costs for other
networks and various Government operated facilities are contained in the NASA’s Mission
Operations and Communications Services document or at the DSN Future Missions Planning
Office website at http://deepspace.jpl.nasa.gov/advmiss/. For assistance with the cost calculation,
contact the persons named on the website. Proposers to this AO should compute the estimated
DSN Aperture Fees and report this in their proposal as a means of assessing the reasonableness
of the proposed DSN use. DSN Aperture Fees should not be included in the PI-Managed Mission
Cost nor should they appear in any cost table.

When the use of non-NASA communication services is proposed, NASA reserves the option of
contracting for those services directly through its Space Communication and Navigation (SCaN)
office. Further information may be obtained from the point of contact in the NASA’s Mission
Operations and Communications Services document. NASA funds may not be used for the
construction of new facilities for non-NASA communications services.

Requirement 35. Proposals shall include mission requirements for telecommunications,
tracking, and navigation; proposals shall also include a plan for meeting those requirements. If
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non-NASA networks are used, a cost plan for the use of services must also be included in the PI-
Managed Mission Cost.

Where the use of NASA's network services is clearly within the capabilities and capacities
described in the NASA’s Mission Operations and Communications Services document, no Letter
of Commitment is required from the NASA network provider.

Where the use of NASA's network services may not be within the capabilities and capacities
described in the NASA’s Mission Operations and Communications Services document,
discussions should be initiated with the Point of Contact (POC) named in that document. In this
case, a Letter of Commitment is required from the NASA network provider describing the
network’s ability to deliver the required capabilities and capacities and the cost for doing so.

It is SMD policy that only one DSN 34-meter antenna will be scheduled at the same time during
normal operations of the selected IMAP mission. It is SMD policy that none of the DSN 70
meter antennas may be proposed to support normal operations of the selected IMAP mission.
These restrictions do not apply to station hand-offs, critical event coverage, emergency services,
radio science measurements, or navigation observations (e.g., delta differential one-way ranging
or delta-DOR).

NASA intends to transition all space missions to the use of Ka-band for science data return
(telemetry, tracking, and commanding (TT&C) data may still be transmitted using X-band or S-
Band). In order to better manage the Agency’s transition to Ka-band service, proposed
investigations are required to baseline the use of Ka-band for science data return, unless it is
inappropriate.

Radio frequency spectrum for telecommunications is allocated by service (e.g., Earth
Exploration-Satellite, Space Research, and Space Research (Deep Space)) and may be further
constrained by maximum channel bandwidth limits (see the Available Spectrum and Channel
Limits By Allocated Service document in the Program Library). Proposals are required to address
conformance to applicable maximum channel bandwidth limit(s).

Requirement 36. If use of NASA's network services is proposed, costs for services, as
described in the NASA’s Mission Operations and Communications Services document, including
the cost of any development but excluding DSN Aperture Fees, must be included in the PI-
Managed Mission Cost and the proposal’s cost plan. Cost estimates for DSN Aperture Fees shall
be included in the proposal, but not in any cost table.

Requirement 37. If use of NASA's network services beyond the capabilities and capacities
described in the NASA’s Mission Operations and Communications Services document is
proposed, the proposal shall include a Letter of Commitment from the NASA network provider;
the Letter should confirm the ability of the network to provide the required capabilities and
capacities and shall include an estimate of the additional costs for these capabilities and
capacities.
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Requirement 38. Proposals shall baseline the use of Ka-band for science data return, unless it is
inappropriate for the proposed investigation; proposal of an alternative communications
approach shall be justified.

Requirement 39. Proposals shall address conformance to applicable maximum channel
bandwidth limit(s).

Requirement 40. Proposals that propose the use of the DSN shall baseline the use of only one
DSN 34 meter at any time for normal operations (not including periods of station hand-off
emergencies, Delta-Differential One-Way Ranging measurements, etc.).

5.2.6 Critical Event Coverage

Critical events in the operation of a spacecraft are defined as those that must be executed
successfully, usually in a single opportunity, as failure could lead to early loss or significant
degradation of the mission if not executed successfully or recovered from quickly in the event of
a problem.

NPR 8705.4, Risk Classification for NASA Payloads, requires that critical event telemetry be
recovered for reconstruction of an anomaly, should one occur. Telemetry coverage is required
during all mission critical events to assure data is available for critical anomaly investigations to
prevent future recurrence. NPR 8705.4 provides examples of critical events. Critical event
coverage may be provided in any fashion that is deemed appropriate for the proposed
investigation.

Requirement 41. Proposals shall specify all critical events for the proposed mission and shall
discuss the technical approach, required resources, and implementation concepts for providing
critical event telemetry.

5.2.7 Orbital Debris Assessment and End-of-Mission Spacecraft Disposal Requirement

NPR 8715.6B, NASA Procedural Requirements for Limiting Orbital Debris, specifies that
spacecraft are to limit the generation of orbital debris during operations and spacecraft disposal
requirements for all Earth- and Moon-orbiting spacecraft. Earth-orbiting spacecraft must be
passivated at the end of the mission prior to disposal and be deorbited within 25 years of end-of-
mission (or 30 years after launch, whichever comes first), or be placed in a disposal orbit above
2000 km but not within 300 km of geosynchronous orbit (GEO). Lunar missions must address
disposal to avoid increasing the hazard to other spacecraft.

Requirement 42. As applicable for Earth and Moon orbiters, proposals shall demonstrate
satisfaction of requirements to limit the generation of orbital debris during mission operations
and the disposal per NPR 8715.6B and NASA-STD-8719.14A (see Appendix B, Section J.8, for
additional detail).

5.2.8 Mission Category and Payload Risk Classification

NPR 7120.5E, NASA Space Flight Program and Project Management Requirements, establishes
guidelines for categorizing NASA missions based on the estimated total mission cost and
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mission priority level. The mission categorization guidelines are given in Section 2.1.4 and
Table 2-1 of NPR 7120.5E.

NPR 8705.4, Risk Classification for NASA Payloads, establishes baseline criteria that enable a
definition of the risk classification level for NASA payloads. It defines four payload risk levels
or classes, A through D, and provides guidance for programmatic options during development
based on this class. The requirements for each class are specified in Appendix B of NPR 8705.4.

Historically, Heliophysics missions of a class and complexity of this AO have been determined
to be Category 2 missions (per NPR 7120.5E) with Class B or Class C payloads (per
NPR 8705.4).

Requirement 43. Based on the criteria for mission categorization in NPR 7120.5E and risk
classification in NPR 8705.4, proposers shall propose a mission categorization and risk
classification for their proposed mission. Proposers shall incorporate appropriate work effort and
support in their proposals accordingly.

Proposed categorization and risk classification will be confirmed or modified by the NASA
Decision Authority at selection points KDP A and KDP B.

5.2.9 Deviations from Recommended Payload Requirements

Solar Terrestrial Probes missions are required to meet the requirements for safety, reliability, and
mission assurance in the Explorers & Heliophysics Projects Division Mission Assurance
Requirements document (see Program Library).

Requirement 44. Proposals shall indicate any expected deviations from the recommended
requirements in the Explorers & Heliophysics Projects Division Mission Assurance
Requirements document and in Appendix C of NPR 8705.4 for the proposed payload class.

5.2.10 Mission Operations Tools and Services

NASA's Advanced Multi-Mission Operating System (AMMOS) comprises a set of tools and
services that support the operations of robotic flight missions (see the AMMOS catalog

at http://ammos.jpl.nasa.gov/). AMMOS may be proposed, as appropriate. AMMOS tools and
services and their long-term sustaining engineering are fully funded by NASA, and are provided
by NASA free of charge to all missions. Only mission-unique adaptations to the AMMOS must
be funded by missions. Use of applicable AMMOS tools is expected, although not required.
Points of contact and cost information for these services may be found on the AMMOS website
specified above.

It is expected that any mission operations tools or services to be developed by the investigation,
and their sustaining engineering, will be described and budgeted in the proposal.

Requirement 45. If a ground/operations system solution other than the AMMOS or mission-
unique adaptations to the AMMOS is proposed, it shall be described and budgeted for in the
proposal.
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5.3 Management Requirements
See Appendix B, Section G, for additional detail.

5.3.1 Principal Investigator

The Principal Investigator (PI) is accountable to NASA for the success of the investigation, with
full responsibility for its scientific integrity and for its execution within committed cost and
schedule. Designation of a deputy PI is recommended, however is not required.

The PI must be prepared to recommend project termination when, in her/his judgment, the
minimum subset of science objectives identified in the proposal as the Threshold Science
Mission (Section 5.1.4) is not likely to be achieved within the committed cost and schedule.

Requirement 46. A proposal shall identify and designate one, and only one, PI as the individual
in charge of the proposed investigation.

5.3.2 Project Manager

The Project Manager (PM) oversees the technical and programmatic implementation of the
project. The PM works closely with the PI in order to ensure that the mission meets its objectives
within the resources outlined in the proposal.

Proposals may designate a Project Manager Alternate. At selection and subject to approval of
NASA, the Alternate may be named as the PM. The qualifications of both the PM and the PM
Alternate will be evaluated.

NASA will approve the PM at each transition to the next Phase of implementation as part of the
KDP approval process.

Requirement 47. A proposal shall identify and designate one, and only one, PM as the
individual charged with the responsibility for overseeing the technical and programmatic
implementation of the proposed project. Proposals may optionally name a single Project
Manager Alternate.

5.3.3 Project Systems Engineer

The Project Systems Engineer (PSE) is responsible for the systems engineering management of
the project.

Requirement 48. A proposal shall identify and designate, one and only one, PSE as the
individual responsible for the systems engineering process implementation of the proposed
project.

5.3.4 Pl and PM and PSE Roles

Requirement 49. Proposals shall clearly define the respective roles of the PI, PM, and PSE.
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5.3.5 Management and Organization Experience and Expertise

The qualifications and experience of the PI, PM, PSE, Project Scientist (PS) (if named), Project
Manager Alternate (if named), and other key members of the PI-led investigation team must be
commensurate with the technical and managerial needs of the proposed investigation.

The implementing institutions, selected and overseen by the PI, have the responsibility to ensure
that the mission meets schedule and cost constraints. It is the PM’s and the implementing
institutions’ responsibility to provide the quality personnel and resources necessary to meet the
technical and managerial needs of the mission. The commitment, spaceflight experience, prior
experience, and time commitment of the key members of the PI-led investigation team and of the
implementing institutions will be assessed against the needs of the investigation.

Requirement 50. Proposals shall identify the management positions that will be filled by key
management members. These positions shall include, as a minimum, the PI, PM, PSE, Project
Manager Alternate (if named), and, where appropriate, the PS and partner leads for substantial
efforts. For management positions for which Key Management Team members are named
(including the PI, PM, AND PSE per Requirement 46, Requirement 47, and Requirement 48),
proposals shall describe the qualifications and experience of those team members who occupy
those positions. For key management positions for which Key Management Team members are
not named, proposals shall describe the qualifications and experience required of any candidate
to occupy those positions. For all positions that will be filled by Key Management Team
members, proposals shall demonstrate that the described qualifications and experience are
commensurate with the technical and managerial needs of the proposed investigation. The time
commitment of each Key Management Team member shall be provided by mission phase.

Requirement 51. Proposals shall describe the qualifications and experience of the primary
implementing institutions and demonstrate that they are commensurate with the technical and
managerial needs of the proposed investigation.

5.3.6 Risk Management

Proposers must demonstrate clear understanding of specific risks inherent in the formulation and
implementation of their proposed investigation and must discuss their approaches to mitigating
these risks. Examples of such risks that must be discussed in the proposal are: any new
technologies/advanced engineering developments; any nontrivial modifications or upgrades of
existing technologies; any validation of heritage technology for the mission context; any
manufacturing, test, or other facilities needed to ensure successful completion of the proposed
investigation; any need for long-lead items that must be placed on contract before the beginning
of Phase C to ensure timely delivery; and any contributions that are critical to the success of the
mission.

Requirement 52. Proposals shall define and discuss the major risks to the formulation and
implementation of the proposed investigation.

Requirement 53. Proposals shall discuss management approaches to mitigate risks to ensure
successful achievement of the investigation objectives within the committed cost and schedule.
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The differences between the Baseline Science Mission and the Threshold Science Mission (see
Section 5.1.4) may provide some resiliency to potential cost and/or schedule growth in the
proposed formulation and implementation of the investigation. One method of responding to
such growth is to descope the mission. Any set of de-scopes, which still allows the investigation
to satisfy the objectives of the Threshold Science Mission, may be proposed.

Requirement 54. If the proposed risk management approach includes potential de-scoping of
mission capabilities, the proposal shall include a discussion of the approach to such descopes,
including savings of resources (mass, power, dollars, schedule, etc.) by implementing descopes,
the decision milestone(s) for implementing descopes, and the scientific impact of individual, as
well as combined, de-scopes.

Requirement 55. Proposals that include international participation shall address the risk
resulting from any international contributions to the proposed mission (see Section 5.6.7 and
Section 5.7).

5.3.7 Compliance with Procurement Regulations by NASA Pl Proposals

Proposals submitted by NASA Centers are required to comply with regulations governing proposals
submitted by NASA PIs (NASA FAR Supplement (NFS) 1872.308).

Requirement 56. Proposals submitted by NASA Centers shall contain any descriptions,
justifications, representations, indications, statements, and/or explanations that are required by
the regulations in NFS 1872.308 (see Appendix B, Section J.10, for additional detail).

5.4 Science Team, Co-Investigators, and Collaborators

5.4.1 Science Team

Requirement 57. Proposals shall clearly define the science team necessary to successfully
conduct the science investigation.

5.4.2 Co-Investigators

A Co-Investigator (Co-I) is defined as an investigator who plays a necessary role in the proposed
investigation and whose services are either funded by NASA or are contributed by his/her
employer.

Every Co-I must have a role that is required for the successful implementation of the mission,
and the necessity of that role must be justified. The identification of any unjustified Co-Is may
result in the downgrading of an investigation and/or the offer of only a partial selection by
NASA.

Requirement 58. Proposals shall designate all Co-Is, describe the role of each Co-I in the
development of the mission, and justify the necessary nature of the role.

Requirement 59. Proposals shall identify the funding source for each Co-I. If funded by the
Solar Terrestrial Probes Program, costs shall be included in the PI-Managed Mission Cost. If
contributed, the costs shall be included in the Total Mission Cost.
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5.4.3 Collaborators

A collaborator is an individual who is less critical to the successful development of the mission
than a Co-I. A collaborator must not be funded through the proposal. A collaborator may be
committed to provide a focused contribution to the project for a specific task, such as data
analysis. If funding support is requested in the proposal for an individual, that individual must
not be identified as a collaborator, but must be identified as a Co-Investigator or another category
of team member.

Requirement 60. Proposals shall identify and designate all collaborators, and describe the role
of each collaborator in the development of the mission.

Requirement 61. Proposals shall identify the funding source for each collaborator; the costs
shall be included in the Total Mission Cost.

5.5 Small Business Participation and Education Program Plan

5.5.1 Small Business Participation

It is the policy of the Government when contracts are issued to emphasize subcontracting
opportunities for small businesses. Offerors are advised that NASA is subject to statutory goals
to allocate a fair portion of its contract dollars to small businesses, small disadvantaged business
(SDB) concerns, Historically Black Colleges and Universities (HBCUs), and Other Minority
Institutions (OMIs), as these entities are defined in Federal Acquisition Regulations (FAR)
52.219-8 and 52.226-2. Offerors are encouraged to assist NASA in achieving these goals by
using best efforts to involve these entities as subcontractors to the fullest extent consistent with
efficient performance of their investigations.

Offerors are advised that, by law, for NASA prime contracts resulting from this solicitation
which offer subcontracting possibilities, exceed $700k, and are with organizations other than
small business concerns, the clause at FAR 52.219-9 will apply. Offerors other than small
businesses submitting a proposal are advised that a small business subcontracting plan is
required with goals for subcontracting with small business (SB), small disadvantaged business
(SDB), veteran-owned small business (VOSB), service-disabled veteran-owned small business
(SDVOSB), Historically Underutilized Business Zone (HUBZone) small business (HBZ),
women-owned small business (WOSB), HBCU, and OMI entities to the maximum practicable
extent. Failure to submit a required subcontracting plan will make the offeror ineligible for
selection. The subcontracting plans will be evaluated on the participation goals and quality and
level of work performed by small business concerns overall, as well as that performed by the
various categories of small business concerns listed in FAR 52.219-9.

Proposals are not required to include small business subcontracting plans, however selected
investigations will be required to provide them prior to negotiation and award (see

Section 7.4.3). Failure to submit a subcontracting plan after selection will make the offeror
ineligible for award of a contract. The subcontracting plans will be evaluated on the participation
goals and quality and level of work performed by small business concerns overall, as well as that
performed by the various categories of small business concerns listed in FAR 52.219-9.
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In case NASA chooses the two-step process, at the time the Phase A concept study report is
delivered, regardless of whether subcontracting plans are submitted with the Step-1 proposal,
offerors other than small business concerns are required to submit small business subcontracting
plans, covering Phases B/C/D/E/F. Failure to submit a subcontracting plan will make the offeror
ineligible for subsequent implementation and operation phases. As part of the Step-2
continuation (down-select) decision process, these subcontracting plans will be evaluated on the
participation goals and quality and level of work performed by small business concerns overall,
as well as that performed by the various categories of small business concerns listed in FAR
52.219-9, except for SDBs. Offerors will separately identify and will be evaluated on
participation targets of SDBs in North American Industry Classification System (NAICS) codes
determined by the Department of Commerce to be underrepresented industry sectors.

5.5.2 Education Program Plan and Communications and Outreach Program

Among NASA’s strategic goals is to communicate the results of its efforts to the American
public and to enhance the science and technical education of the next generation of Americans.
However, Education Program plans are not needed at this time. NASA may impose Education
Program requirements during or subsequent to the Phase A concept study phase, and will
negotiate any additional funding necessary to meet these requirements.

A Communications and Outreach Program (previously referred as Public Outreach program), is
required. Mission-related communications will be negotiated and funded directly through a
NASA Center. The communications plan must be developed during Phase B of the mission. The
plan must include topline messaging, target audiences, and media processes linked to reaching
target audiences and associated detailed budgets, milestones, metrics and timelines, and reporting
requirements.

5.5.3 Student Collaborations

Proposals are required to define a Student Collaboration (SC) that is a separate part of the
proposed investigation.

PI-led missions potentially provide active research opportunities for aspiring undergraduate (as
well as advanced high school and, on an exceptional basis graduate) students. SCs may involve
students in multiple phases of a mission spanning scientific formulation; mission planning;
systems engineering; design and development of flight hardware; qualification, test and
integration; and mission operations and data analysis.

An ideal SC provides a hands-on experience for students that focuses on the unique demands of
instrument development, flight systems, environments, and operations, and on the opportunity to
acquire early knowledge of systems engineering techniques. SC provides the opportunity for
authentic, real-world experiences that span development through the operational phases of a
mission. Undergraduate SC is a priority because it is at this critical junction that individuals,
including from groups traditionally underrepresented or underserved in STEM, make decisions
to pursue and persist in degrees that will provide the skills required by the future space science
workforce.
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SC funds may be requested to purchase special equipment, modify equipment, or provide
services required specifically for the work to be undertaken. For example, funds may be
requested to provide prosthetic devices to manipulate a particular apparatus; equipment to
convert sound to visual signals, or vice versa, for a particular experiment; access to a special site
or to a mode of transportation (rental services only — no vehicle purchases permitted); a reader or
interpreter with special technical competence related to the project; or other special-purpose
equipment or assistance needed to conduct a particular project.

SC enhances, but does not reform or redesign individual undergraduate or graduate courses or
degree requirements. SC is not a form of teaching or research assistantship. SC must not be
proposed to provide whole year or multi-year tuition and stipends normally provided by
scholarships or fellowships. SC may be proposed to include the cost of incentives, stipends,
travel, equipment or services, etc. designed to enable a student to successfully participate in
Research and Development (R&D). Students supported on SC are not interns, they are
associates who work jointly on the proposed real R&D while receiving appropriate mentoring
and other support.

If a proposed investigation is selected, NASA retains the option to fund or not to fund any
proposed SC in full or in part. There is no minimum and no maximum allowable cost for a SC.
NASA is providing a student collaboration incentive that is defined to be 1% of the PI-Managed
Mission Cost. Contributions to the SC are permitted. The proposed NASA cost of the SC, up to
the SC incentive, will be outside of the PI-Managed Mission Cost. If the SC costs NASA more
than the SC incentive, then the rest of the NASA cost of the SC must be within the PI-Managed
Mission Cost. SC resources, as an addition to a mission’s implementation, are not available to
solve mission cost overrun issues. SC provides no cost-savings to a NASA mission.

In the Step-1 evaluation, a proposed SC will be evaluated only for its impact on mission
feasibility. The merit of the proposed SC will not be evaluated in the Step-1 evaluation; the merit
of the proposed SC will be evaluated as part of the evaluation of the Step-2 Concept Study
Report, or at the end of Phase A in case NASA chooses a one-step selection; see SMD Student
Collaboration document in the Program Library. The three SC review criteria are:

* Quality, Scope, Realism, and Appropriateness. Student level and the project’s SC
research objectives are both clearly defined. SC mentors and supervisors are identified
and have clear lines of responsibilities. A description of what constitutes, to the proposer,
a successful SC effort.

« Diversity. SC participant recruitment and retention (R&R) practices or proposed
inclusion strategies are described. Proposed R&R likely to reach disadvantaged
individuals and/or those from groups underrepresented in STEM.

» Evaluation. The SC has proposed evaluation methodology based on techniques
appropriate to the SC activities proposed. The evaluative processes will document outputs
and intended outcomes and use metrics to demonstrate progress or explain the lack of
achievement by the SC component.

To address the merit evaluation, SC proposals will be required to include appropriate plans and

budgets for evaluation, participant recruitment and retention, mentoring and oversight of students
to maximize their learning and describe R&D conduct, particularly design and development of
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flight systems; assembly, integration and test; and mission operations and data analysis that
enhances without interference the mission’s success.

Requirement 62. The proposal shall include a student collaboration and demonstrate that the
proposed SC is clearly separable from the proposed Baseline and Threshold Science Mission
investigations, to the extent that the SC will not increase the mission development risk; impact
the science investigation in the event that the SC is not funded; that the SC fails during flight
operations; or that the SC encounters technical, schedule, or cost problems during development
(see Appendix B, Section I, for additional detail).

Requirement 63. The proposal shall identify the funding set aside for the SC; this funding may
be outside the PI-Managed Mission Cost up to the student collaboration incentive, and any SC
costs beyond the student collaboration incentive shall be within the PI-Managed Mission Cost.

5.6 Cost Requirements

5.6.1 PI-Managed Mission Cost and Total Mission Cost

The PI-Managed Mission Cost, including all mission phases, excluding the cost of standard
launch services (Section 5.9.3), is capped at the AO Cost Cap of $492M FY 17 dollars.

Requirement 64. Proposals shall include the proposed PI-Managed Mission Cost and the
proposed Total Mission Cost in all required AO cost tables (see Appendix B, Section H).

Requirement 65. The proposed costs shall comply with and specify the AO Cost Cap.

Requirement 66. No more than 25% of the PI-Managed Mission Cost shall be incurred prior to
KDP C (Confirmation).

5.6.2 Cost of the Phase A Concept Study

If proposers are selected through a two-step process, they will be awarded a contract to conduct a
Phase A concept study with a duration of approximately 12 months following the establishment
of initial contracts. The cost of the Phase A concept study is capped at $2.5M in FY'17 dollars.
See Sections 7.4.3 and 7.4.4 for additional information on the Phase A concept study.

Requirement 67. Proposals shall include the cost of the Phase A concept study; the cost shall be
included within the PI-Managed Mission Cost, and shall not exceed $2.5M in FY 17 dollars.

The unique mission management approaches and organizational arrangements in the selected
proposals may require the Program Office to implement diverse contract administration and
funding arrangements.

Requirement 68. Proposals shall specify the proposed teaming arrangements for the Phase A
concept study, including any special contracting mechanisms that are advantageous for specific
partners in the team. If more than one contractual arrangement between NASA and the proposing
team is required, proposals shall identify how funds are to be allocated among the partnering
organizations.
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5.6.3 Cost Estimating Methodologies and Cost Reserve Management

As the provision of cost details is not anticipated until the conclusion of concept studies,
proposals may use estimates derived from models or cost estimating relationships from
analogous missions (see Appendix B, Section H, for additional detail). However, the credibility
of proposed costs is likely to be enhanced by the application of methodologies that are typically
employed for mature projects.

Requirement 69. Proposals shall identify the methodologies (cost models, cost estimating
relationships of analogous missions, etc.) and rationale used to develop the proposed cost.

Requirement 70. Proposals shall include a discussion of sources of estimate error and
uncertainty in the proposed cost and management approaches for controlling cost growth.

Proposals that are unable to show adequate unencumbered cost reserves are likely to be judged a
high risk and not selected. For the purpose of this AO, the unencumbered cost reserves on the PI-
Managed Mission Cost are measured as a percentage against the cost to complete through Phases
A/B/C/D. The numerator is the amount of unencumbered cost reserves for Phases A/B/C/D, not
including funded schedule reserve. The denominator is the PI-Managed Mission Cost to
complete Phases A/B/C/D, including the cost of technical design margin, including funded
schedule reserve, and encumbered cost reserve, but not including unencumbered cost reserve.
The calculation for Phases E/F is separate but uses the same methodology.

Adequate unencumbered cost reserves must be demonstrated at each of the following milestones:
KDP A (demonstrated in the proposal), KDP B (if applicable, demonstrated in the Phase A
Concept Study Report), KDP C (the independent cost estimate for Confirmation), KDP D (at the
end of Phase C), KDP E (generally 30 days before launch), and KDP F (at the end of Phase E).

Requirement 71. Proposals shall identify and justify the adequacy of the proposed cost reserves.
Proposals shall include a minimum of 25% of unencumbered cost reserves against the cost to
complete Phases A/B/C/D and shall demonstrate an approach to maintaining required
unencumbered cost reserves through subsequent development phases.

Requirement 72. Although minimum unencumbered cost reserves are not specified in this AO
for Phases E or F, proposals shall establish, identify and justify adequate reserves for these
phases of the mission.

5.6.4 Work Breakdown Structure

Requirement 73. Proposals shall provide a Work Breakdown Structure (WBS) that conforms to
the standard prescribed in Appendix G of NPR 7120.5E. Costs for most elements shall be
specified to WBS Level 2. Exceptions are the costs of elements that explicitly appear only at a
level below WBS Level 2; these exceptions include individual instruments, unique flight system
elements, the use of NASA or NASA-procured tracking and communications, and data
analysis/archiving (see Appendix B, Section H, for additional detail).
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5.6.5 Master Equipment List

Requirement 74. Proposals shall include a Master Equipment List (MEL) summarizing all
spacecraft system element components and individual instrument element components to support
validation of proposed mass estimates, power estimates, contingencies, design heritage, and cost
(see Appendix B, Section J.11, for additional detail).

5.6.6 Full Cost Accounting for NASA Facilities and Personnel

For the purpose of calculating the full cost of NASA provided services, proposal budgets from
NASA Centers, whether as the proposing organization or as a supporting organization, are to
include within the PI-Managed Mission Cost all costs normally funded by an SMD Project under
NASA’s full cost accounting practices, including civil servant labor (salaries and benefits), civil
service travel, and procurements. All of these costs must be clearly identified by year within the
budget justification section of the proposal.

Estimated NASA Center Management and Operations (CM&O) overhead costs must also be
included within the PI-Managed Mission Cost, to enable a level playing field for all proposers.
Per HQ policy guidance signed in June 2010 by the Associate Administrator, Mission Support
Directorate and by the Agency Chief Financial Officer, all NASA Centers are to use an identical
CM&O burden rate of $45K (Fiscal Year 2017) per “equivalent head.” As per Agency policy,
this rate must be applied as a “cost per equivalent head” to all Civil Servant Full-Time
Equivalents (FTEs) plus on or near-site contractor Work-Year Equivalents (WYEs) associated
with the proposal. The estimated FTEs and WYEs per Fiscal Year, and the resulting CM&O
burden, must be identified in a separate table within the budget justification section of the
proposal. The CM&O rate will not change from year to year in Fiscal Year 2017 dollars, though
in Real Year terms, it will inflate.

The CM&O burden costs must be clearly denoted in all budget tables. These costs may not be
included or rolled into any other budget lines in such a way that they become unidentifiable.

Do not include within the cost proposal, or within the PI-Managed Mission Cost, any estimate
for Agency Management and Operations (AM&O, a.k.a. NASA Headquarters overhead).

Cost Elements for NASA Center Budget Proposals in response to SMD AOs

Identif Include in
. y PI-Managed | Funding
n .. Comments
roposal? Mission source
P " | Cost?
.. . SMD .
Civil Service Labor | Yes Yes Includes salaries and benefits
Program
Civil Service Travel | Yes Yes SMD
Program
Includes procurements as
Other Yes Yes SMD typically identified by flight
Direct/Procurements Program | projects in the NASA N2
budget database
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Applied to NASA provided
CM&O Yes Yes CASP labor, including Center civil
servants and on-site contractors
AM&O No No CASP
I(\JI?s?sA Contributed Yes No Identify | Must be non-SMD
ggsjjnﬁiﬁfederal SMD If NASA funding is requested
. Yes Yes for the non-NASA Federal
(funding requested Program Government asenc
from NASA) v gency
Contributions Yes No Identify Includes all non-NASA
contributions

Requirement 75. Proposals including costs for NASA Centers shall conform to the full cost
policy stated in this section. Each of the elements of the NASA Center costs (direct labor, travel,
procurements) shall be separately identified by year.

If any NASA funded item(s) or services are to be considered as contributed costs, then the
contributed item(s) must be separately funded by a non-SMD effort complementary to the
proposed investigation, the value of the