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NASA Strategic Recommendation: The Importance of Greater Understanding of the MEO Radiation Environment for Scientific and Technical Progress

Strategic Focus Area: No. 9  Exploration of the Sun-Earth System
Someday, cargo and astronauts will routinely pass through the inner magnetosphere on their way to lunar and interplanetary destinations; and communications and navigation systems will continue to operate there. Just as it is unwise to launch a rocket through a thunderhead for fear of lightning or to stand in an accelerator beam, it is unwise to send a spacecraft through or reside unaware in enhanced radiation belts. The presence of humans on a vehicle traversing the radiation belts substantially increases the reliability requirements of the vehicle and the orbital infrastructure on which it depends. The radiation environment in the Earth’s inner magnetosphere is among the harshest of the inner solar system, second only to the immediate vicinity of the Sun. Radiation effects include damage to vehicles, malfunction of electronics, and extremely adverse health effects on humans. To a large degree, the radiation climate in this region has been characterized by low earth orbit (LEO) and geosynchronous (GEO) spacecraft operated by NOAA, the DoD and the DoE, with a few exceptional NASA, ESA, and other explorers. Since these latter explorers have been funded entirely as science missions, they have tended to be small in number and short in duration. Thus, to a large degree the region between low earth orbit and geosynchronous orbit remains underexplored. The Medium Earth Orbit (MEO) region contains the most physically interesting and hostile radiation environments in the Earth’s magnetosphere: the inner zone, the slot, and the heart of the outer zone. A successful strategy for understanding this nearby hazard almost certainly requires one or more missions with highly capable science payloads and as long duration as affordable.

Owing largely to the paucity of observations, important scientific questions remain regarding the short term and long-term dynamics of the inner zone, slot, and outer zone. For example, some interplanetary shocks that pass by the Earth result in intense new radiation belts in the inner zone and slot regions. The physical processes that produce these new belts can only be speculated without better observations. In another example, some magnetic storms result in elevated relativistic electron fluxes in the outer zone. As recently as July 2004 a new worst case was observed at geosynchronous orbit by the NOAA GOES constellation. This worst case exceeded the previously estimated worst case by more than 100%! Our limited observations interior to geosynchronous orbit indicate that storms that produce the worst conditions in MEO orbits may not produce extreme conditions at GEO or LEO. We have strong evidence that indicates observations at LEO and GEO are limited to the comparatively minor effects at the low and high-altitude boundaries of the radiation belts. That is to say, as harsh and dynamic as the environment may seem at LEO or GEO, it is far more extreme in MEO.

NASA should consider a dedicated mission to the MEO region with instruments specially designed to make uncontaminated, scientifically usable measurements in the harsh environment of the inner and outer radiation belts. The essential science measurements would include energy- and pitch-angle-resolved particle fluxes for electrons from keV to MeV and for protons from 1 keV to nearly 1 GeV. Other valuable measurements would include the thermal plasma spectrum for electrons, protons, and possibly ionized oxygen, and electromagnetic waves. This suite of measurements would help us understand the physical processes, such as wave-particle interactions and radial transport, that govern the dynamics of the radiation belts. Adding a ring current ion measurement would help us understand the flow of energy from the solar wind into the inner magnetosphere and the magnetic topology of the inner magnetosphere during storms.

While a dedicated NASA mission in MEO is highly desirable, other alternatives may prove more effective in the short term. NASA has an ongoing program to exploit missions of opportunity, where another agency, such as the DoD, provides the launch and platform, and NASA provides a science payload. This approach will likely continue to be a fruitful avenue for NASA exploration of the inner magnetosphere. However, a more robust approach has also succeeded for NASA in the past: joint missions with other agencies. Two prominent examples of this kind of cooperative effort with the DoD are the CRRES and SCATHA missions, which explored GTO and circum-GEO regions respectively. Currently Cluster and Cassini are prime examples of successful cooperation between NASA and the ESA. Other international partners, such as JAXA and CSA have promising missions in the planning stages (e.g. CSA’s ORBITALS), which could significantly benefit from NASA participation and return substantial new science results for NASA.

Unfortunately, the only current assets available for real-time assessment (nowcast) and forecast of the radiation belts are in low earth orbit and at geosynchronous altitude, leaving the vast and hazardous MEO region largely unknown. Some DoD and DoE, commercial assets in this region (e.g., in GPS and Molniya orbits) might be co-opted to provide near-real-time data on the MEO environment. However, such a piggy-back strategy would not provide the complete phase-space coverage needed for a robust monitoring or science program. Therefore either NOAA (or NASA with a revised mandate) will need to accept responsibility for monitoring the radiation environment in the MEO region on a regular basis to support MEO missions and MEO transits. One concept for an inner magnetosphere monitor and science program would be to deposit a dedicated subsatellite in GTO (Geosynchronous Transfer Orbit) on each GOES or other appropriate launch. For monitoring purposes, a subsatellite in GTO should include a space environment monitor package similar to what is included on the GOES and POES constellations, with appropriate design changes to operate in the high background MEO environment. Providing particle fluxes mapped to inclined orbits requires pitch-angle sampling, so the spacecraft would probably be spinning and include a magnetometer. NASA should encourage the development of a GTO monitoring system, and should actively seek to provide a science package on all or a subset of the GTO monitors. This science package would augment the more operationally-focused measurements of typical NOAA missions, and it would aim for a payload similar to that outlined above for a dedicated MEO mission or subsets of the payloads outlined for the LWS Geospace Radiation Belt Storm Probes. Such a science package would enable NASA to obtain long-term science measurements not typically possible on explorer missions.

A science mission capable of making high-quality, uncontaminated measurements of the energetic particle fluxes trapped in the Earth’s inner magnetosphere would pave the way for greater scientific understanding and superior technical mitigation of one of the harshest space environments in the inner solar system. Understanding and someday monitoring and forecasting that environment should be high priorities for a successful strategy to “Explore the Sun-Earth system to understand the Sun and its effects on Earth, the solar system, and the space environmental conditions that will be experienced by human explorers.”
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