Geospace Electrodynamic Connections (GEC)


GEC will determine the fundamental processes of how the ionosphere and magnetosphere are coupled. The upper atmosphere is the final destination of the chains of fields, particles and energy that start at the Sun, transit the heliosphere, and are modified by the magnetosphere and upper atmosphere. We understand little about how these chains affect and in turn are dependent upon the upper atmosphere due to several  factors: first, the energy inputs vary rapidly in space and time; second, we have only sparse measurements of the low altitude atmospheric transition region where the energy dissipation is greatest; and third, the altitude transition from collision-dominated to collision-free phenomena is complex. To transform and inform our understanding of this fundamental question a formation of 3-4 spacecraft must be sent to resolve the spatial structures and time variations, repeatedly and systematically, into the depths of the atmosphere to this transition region: 130 to 180 km.  The spacecraft must have complete instrument packages that measure both the magnetosphere energy/momentum inputs at high latitudes and the atmosphere-ionosphere responses. GEC will transform our understanding of the chain of events from the sun to the atmosphere by providing for the first time, comprehensive, collocated, simultaneous atmospheric measurements, the models with which to interpret them, and context setting measurements of the Sun, heliosphere, and magnetosphere. These questions cannot be addressed without actually making the in situ observations. GEC does this using proven technologies, such as formation flying, to unravel the spatial and temporal coupling of the transition region phenomena in a reconfigurable observatory. 

GEC will transform our understanding of fundamental processes in the upper atmosphere. It will also enable practical applications relevant to Protecting our Home in Space, and the Outward Journey. During magnetic storms, energy and momentum are transferred from the magnetosphere to the upper atmosphere, resulting in dramatic global changes of temperature, neutral density, composition, winds, and electron density. At the Earth, these changes affect satellite orbits, spacecraft maneuvers (such as docking), and degrade predictions of orbital debris impacts on manned spacecraft such as the Shuttle, Space-Station, and the future Crew Exploration Vehicle. The ionospheric changes can lead to outages for radio-based systems, so that communications with satellites, astronauts and spacecraft within and outside Geospace can be completely disrupted for many hours. Dipping the spacecraft from the collisionless to the collisional regime provides an analog for aerobraking and aerocapture operations at Mars. 

The GEC mission is the highest priority for the Solar Terrestrial Probe line because the fundamental science questions it will address are compelling and urgent. Under current NASA funding guidelines, it is planned for launch in 2017, with a two -year prime mission lifetime. It is possible that GEC will overlap with the ITSP mission, with corresponding synergies that are discussed under the ITSP description. However, each mission provides unique measurements and insights, and neither one should be delayed for the sake of overlap.

