Research and Analysis
Achieving NASA’s objectives requires a strong scientific and technical community to envision, develop and deploy space missions, and to apply results from these missions for the benefit of society.  Such a community currently exists within the United States.  It  is a world leader in space physics research and exhibits a diverse spectrum of sizes and specialties, based at universities, government facilities, and industrial labs. 

The continued health of our research community, and thereby the support for NASA objectives, is dependent on many factors.  These factors include a robust infrastructure of funding opportunities and resources to enable and maintain research initiatives; low-cost access to space for science, prototype development, and training; and a strong education and public outreach program to inspire and recruit new scientists and engineers.

The term infrastructure often refers to tangible assets, such as launch facilities or communications enabled by the Deep Space Network (DSN).  These assets are a critical element of mission conception and execution.  For example, long before major strategic missions are selected an extensive development program begins with first generation ‘brass board’ instrument concepts; this is followed by near-Earth testing exploiting Low Cost Access to Space (LCAS) opportunities.  More mature concepts can be tested in Explorer-class missions.  The IMAGE and STEREO mission concepts provide two excellent, current examples of this process.
However, in addition to investing in hard assets and flight missions, NASA must invest heavily in intellectual infrastructures through its programs of research grants: SSSC Supporting Research and Technology (SR&T), LWS Targeted Research and Technology (TR&T), SSSC Theory Program, Applied Information Systems Research (AISR),  Guest Investigator (GI), etc.  
NASA must also invest in analysis infrastructures that support computing and data analysis efforts.  This is a critical element in the symbiotic advance of scientific understanding through mission design: scientists use data from existing missions to improve theories and models, which then suggest measurements for the next mission. Large-scale numerical calculations, such as the temporal evolution of fundamental equations in three dimensions, require massive supercomputers.  Without a cutting edge computing infrastructure such computations are not possible.  A strong computing structure is also needed to support data analysis, especially for increasingly large and complex data structures.
Fortunately, much of this supporting infrastructure is in place, as evidenced by examples ranging from computing architectures such as the Columbia supercomputing project, the Community Coordinated Modeling Center (CCMC), and NASA’s Applied Information Systems Research Program, to strong EPO efforts and innovative programs such as NASA’s Summer Faculty Fellowship program.

Nonetheless, our research community faces significant challenges in the immediate future, challenges that directly affect our ability to meet NASA’s goals and support national objectives.  The most significant challenges are those of training new researchers while maintaining the corporate memory of an experienced work force.  By way of illustration, NASA and its supporting contractors will soon have large portions of its work force eligible for retirement.  By some estimates the services of as much as two-thirds of the most experienced scientists, technicians, and managers could be lost in the near future.

The maintenance of existing research teams and investigators is of paramount importance to a healthy and robust scientific community.  There is a real danger that the loss of ‘critical mass’ of research teams will begin to impinge on NASA’s science and exploration goals.  This is especially important for hardware development teams which have a high startup investment and have difficulty in keeping technical expertise in uncertain funding cycles.  NASA support for low-level hardware development is generally deemed insufficient to support truly innovative instrument development.  Only the largest teams are perceived as capable of competition for hardware development  Paradoxically, the opposite can be said about modeling support, in that large-scale modeling are not sufficiently funded for the tasks they face.  In all cases, there must be a balance between large and small research efforts, as well as between pure and applied science.
Training opportunities at the graduate and undergraduate levels provide an introduction to all aspects of space missions, including instrument development, mission operations, data analysis, and theory and modeling.  These are often the first opportunities for students to experience the excitement of working in space physics and provide the primary means of recruiting these students into the space physics community.  NASA programs that provide low-cost access to space such as rocket, balloon, and airplane missions, are especially useful for training in that students can contribute to mission design and operations while obtaining data in a timely fashion for analysis.  This is particularly important in light of the long development times for complex missions that can exceed the normal tenure of graduate education.

Universities have traditionally provided the bulk of the training function, through innovative co-operative programs provide additional training opportunities in non-University settings.  The needs for a robust training program are thus necessarily tightly linked to education and public outreach goals and deserve high priority. 

The challenges discussed above are not new.  The community has previously considered these problems and voiced concerns and suggested mitigation efforts through community efforts such as the recent NRC Decadal Survey, which offered specific recommendations to improve education and public outreach efforts as well as strengthening the solar and space physics enterprise.  These recommendations are still relevant and endorsed by this Roadmap.

NASA’s SR&T, TR&T, and GI programs are the traditional underpinning of most research teams and individual investigators and have been repeatedly recognized as such in community strategy documents.  They have provided a significant contribution to the vast body of knowledge needed for direction and implementation of NASA’s initiatives.  Unfortunately, recent budget pressures have forced delays in some of these programs and the potential impact of these delays must be acknowledged.

NASA SSSC also benefits from research funded by other agencies, such as NSF’s CEDAR, GEM, and SHINE research programs and the Center for Integrated Space-Weather Modeling (CISM), an NSF Science and Technology Center.  In light of the importance of non-NASA research to NASA’s research infrastructure, inter-agency cooperative programs must be supported.

In summary, this Roadmap recommends that NASA pursue programs across a broad spectrum of size and duration and that a portion of the budget be reserved for small levels that might otherwise be overlooked.  NASA should also seek to expand current partnerships with Industry, Universities, and other agencies.  For example, current successful EPO efforts tend to focus on K-12 levels without adequate resources for the critical later years when college students are making career decisions and may need additional inspiration to continue toward a career in space physics.
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