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The PI Launchpad attempts to provide an entry level explanation of the process of space mission development for new Principal Investigators (PIs). In particular, PI launchpad has a focus on building teams, making partnerships, and science concept maturity for a space mission concept, not necessarily technical or engineering practices. Here we briefly summarize the goals of the PI Launchpad workshops and present some results from the workshops held in 2019 and 2021. The workshop attempts to describe the current process of space mission development (i.e. space-based telescopes and instrument platforms, planetary missions of all types, etc.), covering a wide range of topics that a new PI may need to successfully develop a team and write a proposal. It is not designed to replace real experience but to provide an easily accessible resource for potential PIs who seek to learn more about what it takes to submit a space mission proposal, and what the first steps to take can be. The PI Launchpad was created in response to the high barrier to entry for early career or any scientist who is unfamiliar with mission design. These barriers have been outlined in several recent papers and reports, and are called out in recent space science Decadal reports.
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1 INTRODUCTION
The process of successful space mission development is long, iterative, and challenging. It can also be extremely rewarding, inspiring, and even fun! Due in large part to the competitive nature of the proposal process, the behind the scenes work of developing a new mission and writing the resulting proposal can be relatively opaque. It is often a challenge for new PIs to break into this space, finding themselves behind the ball from the start, uncertain of next steps, and without adequate support and resources to move forward. These obstacles are borne out by the demographics both of PIs and Science team members for selected and proposed space missions, which tend to be both very male and very white (Centrella et al., 2019). A recent report by the National Academies of Science, Engineering, and Medicine has detailed both the problem in PI demographics and made recommendations which cover, among other things, de-mystifying and simplifying the proposal process, supporting potential PIs with training, building PI training into existing missions, and supporting underrepresented groups (National Academies of Sciences and Medicine, 2022a).
Here we present the PI Launchpad, a workshop which seeks to address some of the challenges a new PI will inevitably run into when developing a mission concept for the first time and give them tools and contacts to address these challenges with an eye towards mission success. The workshop is jointly funded by the Heising-Simons Foundation and NASA. The first workshop was held in November 2019 in Tucson, Arizona, over 3 days. A second workshop was held virtually in June 2021 and took place over 2 weeks. A third workshop is in development for July 2023 in Ann Arbor, Michigan. Additional workshops will be held every 2 years.
For more detail on the proposal process itself, including NASA’s review and evaluation process, please see NASA’s webpage for new PIs (New PI Resources) and a colloquium by Dr. Thomas Zurbuchen which describes the evaluation process (Link to Youtube). In addition, a presentation from the 2019 PI Launchpad provides an outline for the NASA evaluation process (Proposal Process), with a graphic from this presentation shown in Figure 1. For more detail on best practices for proposal development, with a focus on how to create compelling science-driven mission concepts, see Wessen et al. (2022).
[image: Figure 1]FIGURE 1 | A flowchart of the NASA evaluation process for PI lead missions. Slide taken from 2019 PI Launchpad.
2 THE 2019 AND 2021 LAUNCHPAD WORKSHOPS
The PI Launchpad workshop addresses the challenges a new PI might face by providing information at a high level about the typical mission development process and conveying to interested scientists the recommended timelines and steps for proposing a mission.
The inaugural PI Launchpad was held in November of 2019, at the University of Arizona. It was a 2.5 days workshop and was jointly funded by NASA and through a grant from the Heising-Simons Foundation, which paid for 40 in-person attendees, supporting travel, housing, food, and transportation. The workshop was widely regarded as a success, and the participants expressed their overall enjoyment of the program captured in a report prepared by a STEM-equity consultant, Movement Consulting. Of particular note was the importance of the networking opportunities (both informal and formal) that the workshop provided. To increase outreach and accessibility, we recorded all talks and panels during the workshop, and posted closed captioned videos and materials online on a NASA-hosted website (PI Launchpad). The experience attending this workshop was described by one participant as “transformational” for them.
A second workshop was held in July 2021, in an all-virtual format of two 90 min sessions per day, spread out over 2 weeks, with a mix of panels, small group activities, lectures, and discussions. The switch to a virtual format was necessitated by the COVID-19 pandemic. There were again 40 participants. Two highlights were a panel which included all NASA Science Division Directors moderated by Prof. Erika Hamden (University of Arizona), to discuss what they were looking for in PI-led missions. This demonstrated both the buy-in from NASA decision makers for improving PI demographics, and their commitment to transparency by answering questions frankly and clearly. A second highlight was a “fireside chat” with NASA Science Associate Administrator Dr. Thomas Zurbuchen, who spoke at length with Ellen Gertsen about NASA’s overall objectives with PI-led missions. For both of these events, participants could ask questions freely of the NASA administration. In the 2021 workshop, small groups of participants were paired with a mentor virtually and there were virtual networking sessions. The virtual nature of the workshop was a hindrance in creating organic networking opportunities. As with the 2019 workshop, all content was posted online after the workshop for anyone to freely access. In addition, a report was generated by our STEM-equity consultant with suggestions for improvements and analysis of the impact of the workshop on participants.
For both workshops, the number of applications we received far exceeded the number of participants we could support. This indicates that there is still a large population of potential NASA mission PIs who want to learn the basics of building a successful proposal and team. For both workshops, we worked with a STEM Equity Consultant, Dra. Nicole Cabrera Salazar of Movement Consulting, Inc, who conducted pre- and post-workshop surveys and assessments, interviews with participants, and compiled reports which analyzed strengths and areas for improvement. Based on these reports, we know that most participants found the workshop to be incredibly valuable to them. Prior to the 2019 workshop, only 13% of participants reported knowing what the next steps were for their mission, after the workshop, that number jumped to 90%. For the 2021 workshop, those numbers went from 13% who knew next steps prior to the workshop to 82%. Anecdotally, the team has heard from numerous people, participants and non-participants, who felt that the PI Launchpad and the online content was instrumental in them developing their own mission concept. One participant e-mailed the following:
Being a part of the PI Launchpad gave me the confidence to take the reins of a project that was wildly beyond my skill set, while also giving me the tools to figure out the best way forward for my team and for my science. I’m not sure I would have agreed to be PI … without the PI Launchpad.
3 BRIEF OVERVIEW OF THE PI LAUNCHPAD CONTENT
The PI Launchpad works to cover a wide range of topics that are relevant to a new PI or mission team member. There, of course, are a nearly infinite number of topics which could be included and thus, the challenge for organizing it is to ensure that the most important topics are highlighted and given time to be explored, while also providing resources for a potential PI to continue to learn and explore the process of mission development on their own. Briefly, these topics fall into a few categories: Timelines; Mission and Science Team Roles; Developing a Science Case; Networking and Building Partnerships; Accessing Resources and Support. Both previously held workshops provided an overview of these topics, to varying levels of detail.
3.1 Timelines
The time required to develop a mission concept to a level of maturity for a successful proposal varies depending roughly on the cost of the mission. An Explorer class mission (150–300 M$) will typically take 2 years of development prior to submission. A concept that has already been proposed may not need as much time, since it is relying on work done previously by the mission team. A smaller mission, such as a Mission of Opportunity (MoO) or Pioneers-class mission (20–70 M$) may only take a year of development, while larger missions such as Probes or Discovery Class missions ([image: image]500 M$ to 1 B$) may take even longer. Flagships ([image: image] 1 B$, which don’t have PIs) are in process for over a decade. An example timeline is shown in Figure 2, adapted from a presentation by JPL for the 2019 Launchpad. These are rules of thumb, and each particular experience will be slightly different. But the primary takeaway is that the earlier a PI starts their mission concept, the better positioned they will be when the Announcement of Opportunity (AO) is released and the proposal deadline is set. NASA SMD provides a projection for when they anticipate various calls for proposals coming out via the Science Office for Mission Assessments (SOMA) website (SOMA Planning Website). At least one session per workshop is devoted to discussing timelines and how early to start.
[image: Figure 2]FIGURE 2 | A mock timeline for a Discovery-class mission development from a NASA center, with an expected Final AO release in Q3 of 2025. Proposal development at the center can start as early as 3 years before the expected AO. Successful missions will be in development for 2 years prior to the submission. This graphic was adapted from a graphic presented by JPL at the 2019 PI Launchpad (Timeline presentation).
3.2 Mission and science team roles
The role of the PI is just one of many critical roles in mission development. Other roles include a Deputy PI, Project Scientist, Instrument Scientist, Project Manager, Leads for various science objectives, and others. In addition, a PI will need to build a science team made up of many scientists with complimentary roles and specialities in order to ensure that the science can be achieved. Building these teams can take some time and should be approached with care. A PI needs to build a supportive team, identify key team members early, and provide team members with an understanding of the expectations for each role and the timelines involved. Team dynamics, leadership skills, and excellent communication are necessary skills for building a successful science team. Several sessions for each workshop cover topics related to this, including diversity in science teams, how to build a science team, and non-PI roles in the mission.
3.3 Developing a science case
Developing a science case is the most important aspect of building a successful mission and proposal, but it can also be one of the most challenging. A new PI may be uncertain of the maturity of their concept, uncertain if it is actually a good or a bad idea. It is a long process to turn an initial idea into mature “Science Objectives” that can motivate a mission. The only way to address these concerns, mature the mission, and determine if the concept will work is to start engaging with other scientists and get additional input on possible instrument implementations. This process of development is iterative and will take time. Early on, it may feel like the science concept is too amorphous to list into objectives, or that it is difficult to achieve the level of specificity that a science objective requires. By discussing the concept with more people, and asking them to join a science team with regular meetings, a new PI can begin to hammer out what will work and what doesn’t. In particular, focusing on developing a story about the science concept and building a Science Traceability Matrix (STM) can help to refine the science case. A large fraction of the PI Launchpad focuses on this, with sessions focusing on science storytelling, developing a pitch, refining science objectives, and how to use graphics to tell a story.
3.4 Networking and building partnerships
Similar to the process highlighted in Section 3.2, a PI will also need to build partnerships with managing centers, industrial partners, and science team members. These partnerships take time to solidify and many potential partners will begin their process of mission development as early as 2 years before an AO will be released. This means a future PI will need to start developing a science case and then approaching possible partners between two and 1.5 years before the AO is released. The science case does not need to be finalized. In fact, it must be an iterative process that the PI conducts along with their partners. But a new PI should have an idea of what they want to explore as they begin to approach potential partners. This step can be challenging if, with new PIs frequently unsure of who to contact at a possible industrial partner. Many aerospace companies and NASA Centers have “New Business” leads who are a good first point of contact. If they are not the right person, they can direct a new PI to the right person. The most important step is to make an initial contact. The PI Launchpad typically has two “Speed Networking” sessions so participants can make contacts at a range of industrial partners and NASA Centers.
3.5 Accessing resources and support
Finally, developing missions and writing proposals costs money. Many universities and institutions have funding available for a new PI, if one knows who to ask. This funding can provide partial salary support for the PI or team members, pay for engineers to create optical or mechanical designs, pay for graphics support, and additional support. In addition, institutions that have proposed missions in the past may have example proposals that can be shared with a new PI. Each institution is different, and determining what support is available is critical to secure the seed money needed for a proposal to be successful. Each workshop has at least one panel focused on what types of institutional support are available and how to access them.
4 WILL YOUR MISSION BE SELECTED?
It is important to provide realistic expectations early on the chances of selection. Most submitted proposals are not selected. Most selected missions have been proposed multiple times. NASA’s Transiting Exoplanet Survey Satellite (TESS) provides a good illustration of how long the process can be, even after a proposal is first submitted (Ricker, 2021). The idea for TESS came out of the team that worked on the High Energy Transient Explorer-2 (HETE-2). A group out of MIT realized that HETE-2, a UV/high-energy transient mission, could be repurposed to look for exo-planet transits, and suggested this to NASA in 2005. NASA declined, citing the upcoming launch of the Kepler mission, which was better suited to this type of work. The team then formulated the TESS concept and proposed it as a Small Explorer in 2008. It was selected for a Phase A study, but ultimately not selected for flight. The team re-proposed in 2011 as a Medium Explorer, and again was selected for a Phase A study. In this instance, it was selected for development and was launched in 2018. Thus, from first conception in 2005, TESS went through several iterations, two explorer proposal rounds, two Step 2 rounds, and 13 years of development before launch. Kepler itself was proposed 5 times before being selected in 2000 for launch in 2009. A new PI should anticipate that their experience may be similar and be prepared for multiple rounds of proposing to see an idea through.
5 WHERE ELSE TO LOOK FOR INFORMATION
NASA maintains a website for the PI Launchpad workshop (PI Launchpad Website), which has pdfs of presentations and recordings of many of the workshop sessions from 2019 to 2021. In addition, the PI Launchpad Workbook and additional resources are also available at the same website. The National Academies report on diversity in PI-led missions (National Academies of Sciences and Medicine, 2022a) provides a comprehensive overview of the NASA side of the proposal evaluation process.
6 DISCUSSION
The PI Launchpad, after only two workshops, has already had a national impact. It has been directly called out in the Astro 2020 Decadal Survey (National Academies of Sciences and Medicine, 2021), and the Planetary Science and Astrobiology Decadal Survey (National Academies of Sciences and Medicine, 2022b), as the type of program that NASA should support and expand. The immediate impact on the 80 participants has been captured in their survey responses, but it remains to be seen what the long term impact will be. Anecdotally, many PI Launchpad participants have joined or lead science teams for proposals at all scales of mission sizes. In the long run, the impact will depend on NASA’s willingness to fund and support new PIs and to require diversity in science and mission team membership. In the current status quo, compelling and groundbreaking science ideas may never see the light of day because of the challenges of being a first-time PI. We are all the poorer for it.
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