The SSSC Great Observatory

Evolving to Meet the Needs of the Vision for Exploration

The strategic objective addressed in this roadmap is intrinsically one of connections, of influences extending over vast distances to produce dramatic effects throughout the solar system.  Because these connections are mediated locally by largely invisible agents -- plasmas and magnetic fields -- the science of Sun-Solar System Connections must be based on multi-point in situ measurements from platforms distributed throughout the solar system, supplemented with remote-sensing measurements wherever possible.  

In recent years the power of simultaneous observations at multiple vantage points has been clearly demonstrated by what has come to be known as the Sun-Solar System Connection "Great Observatory." Our Great Observatory is a fleet of solar, heliospheric, geospace, and planetary spacecraft working together to help understand solar activity and its interaction with geospace and other planetary systems throughout the solar system. Like NOAA’s system for observing and predicting terrestrial weather, this observatory utilizes remote sensing, in situ measurements, data analysis and models to provide physical understanding and predictive capability for space weather.  The diverse measurements across distributed spatial scales are linked by a variety of models that serve to fill in the gaps in the observations and help predict tomorrow’s space weather. The measurement capabilities include imaging the Sun; sensing in situ and remotely the disturbances in interplanetary space; and measuring particles, fields, and radiation in geospace, remotely and in situ.  Continuing and evolving this distributed observatory to meet the needs of the Vision for Space Exploration is one of the community’s highest priorities.

The very large “Halloween Solar Superstorms” described in Story F show an example of the unique and powerful capability of the Great Observatory to view a system of systems (see Figure below and Story F on page X). The effects of the solar storms from the Sun to the Earth and beyond were observed simultaneously in key regions and from specific vantages. It would not have been possible to link the consequences of these superstorms at Earth and Mars to the solar drivers without this collection of satellites and the human and computational resources to interpret the data. The power of the Great Observatory comes from the combination of multiple operational assets, focused and large-scale models, and associated data analysis. Many of the spacecraft are SSSC missions, but additional “observation posts” are provided by spacecraft such as Mars Global Surveyor (MGS), Cassini and the Hubble Space Telescope. For example, from MGS, we learned that the fluxes of solar energetic particle radiation caused by the superstorms were quite different at Mars than at Earth. Our Great Observatory will need to evolve and expand to fully understand why these responses were different in order to meet the needs of the Vision for Space Exploration. 

The Great Observatory is vital to explain fundamental physical processes at work throughout the complex, coupled system that is the Sun-Solar System.  For example, magnetic reconnection between the interplanetary and Earth magnetic fields is the critical physical process determining the size of a geomagnetic storm. We have greatly increased our understanding of the role of this process by relating upstream solar wind measurements to both data near the small dayside reconnection site and to satellite-based images of the corresponding ionospheric airglow emissions. Similarly, using assets spread throughout the solar system, we have significantly improved our understanding of how solar activity modulates galactic cosmic ray radiation. These discoveries about the foundational physics of our solar system were made possible by the combined resources of our Great Observatory: the coupled observations, the detailed data analysis, the extensive modeling efforts, and the knowledge of the underpinning theory. The resultant increase in knowledge improves our capability to predict the space environment that human and robotic explorers will experience and provides the foundation for future operational systems.

[FIGURE Illustrating the GO]

The Great Observatory will continue to evolve as new spacecraft join and old ones retire or change their operating modes.  Missions both in their prime phase and in extended phases (supported by MO&DA) provide the variety of observation posts needed to study the Sun-Solar System Connections, as demonstrated by the 2003 Halloween Storms.  A great strength of the Great Observatory fleet is that it is regularly evaluated and reviewed by the community to maximize the return on the agency investments. The Senior Review process determines which spacecraft are most necessary to meet the needs of the Sun-Solar System Connection program as defined by the community-developed Roadmap document.  The criteria for retention include relevance to the goals of the SSSC; impact of scientific results as evidenced by citations, press releases, etc.; spacecraft and instrument health; productivity and vitality of the science team (e.g., publishable research, training younger scientists, education and public outreach); promise of future impact and productivity (due to uniqueness of orbit and location, solar cycle phase, etc.); and accessibility and usability of the data. 

New missions are selected for inclusion in the Great Observatory on the basis of their demonstrated ability to satisfy the same criteria discussed above for successful operating missions. The most important of these, from the perspective of strategic planning, is relevance. To meet the new needs of the Vision for Space Exploration, new missions will be needed in order to characterize, understand and predict the dynamic environmental conditions in space to maximize the safety and productivity of both human and robotic space explorers. At the same time, some existing missions are demonstrably vital and irreplaceable and will need to be maintained in order to meet the agency objectives.

