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The generation of penetrating charged particle radiation in the solar system is of central interest to NASA’s Sun-Earth System science activities and also to the Vision for Space Exploration.  Space radiation generated near the Earth (e. g. Van Allen radiation belts) and generated near the Sun and in the interplanetary medium, represents a fundamental hazard to society’s increasing dependence on space-based technologies.  It also poses critical risks to astronauts and supporting systems as future exploration missions are developed and staged near Earth, and as manned vehicles travel to such extraterrestrial environments as the moon and Mars.  The mechanisms of charged particle acceleration have long been central to studies of the Sun-Earth system and are fundamental and fascinating aspects of space environments throughout the Universe. Finally, particle radiation represents a key environmental factor that must be considered when contemplating the formation of life both at Earth and at, or within, extraterrestrial bodies.  A sample question related to this latter issue might be: what are the implications of Jupiter’s mighty radiation belts on the possible formation of life at Europa and on the possible detection of life-related molecular tracers on Europa’s surface? 

We propose that the acceleration of very energetic charged particles be considered a unifying research focus area within the Exploration of the Sun-Earth System Roadmap.   The characteristics of accelerating charged particles to very high energies appears to be fundamental to complex magnetized plasma systems throughout the solar system and the Universe.  Mega-electron volt particle bursts in the Earth’s magnetic tail, transient solar proton and electron events, shock acceleration at the outer edge of our solar environment, electron acceleration and consequential synchrotron radio emissions from astrophysical jets, and extrasolar cosmic ray acceleration all provide dramatic testaments to the universality of this phenomenon. We have learned two important lessons from studying particle acceleration in the regions of space close the Earth: 1) dramatic particle acceleration from the thermal populations invariably involves multiple processes acting in concert with each other, and 2) such dramatic particle acceleration is not a “localized” phenomenon but typically involves the 3-dimensional (3D) structure of the plasma system that engenders it.  These two lessons are important because they guide the development of missions needed to achieve understanding.  One must understand the 3D structure of the system of interest, and one must understand how critical parameters vary and evolve across the breadth of that 3D structure.

The “Energetic Particle Radiation in the Sun-Earth System” focus area would address the fundamental processes that accelerate charged particles to penetrating energies within space environments.  With this focus area, the Sun-Earth environment would represent an accessible laboratory where these fundamental processes can be targeted for understanding and where modeling capabilities can be developed and validated for 1) forecasting particle acceleration of concern to space-based technologies and astronauts, 2) predicting and understanding the environments of other objects in the solar system, and 3) understanding the habitability of environments within which life has, and may have, formed during early phases of the formation of our solar system and other planetary systems.  

Science questions appropriate for this research focus area are:

1) What universal processes cause dramatic charged particle acceleration within different settings throughout the Sun-Earth System?

2) What combinations of processes, and/or what interaction between different processes, are needed to accelerate charged particles to the higher energies observed within the solar system?

3) What region-wide characteristics of a system in space are needed to generate the higher energy penetrating particles, and can such characteristics be incorporated into first-principle predictive models of particle acceleration from thermal populations?

Examples of presently contemplated missions that would fit comfortably under the umbrella of the “Energetic Particle Radiation in the Sun-Earth System” focus area are the Living with at Star Geospace Radiation Belt Storm Probes, the Magnetospheric Multiscale Mission, and the Living with a Star Sentinels Mission.  


The radiation environment near Earth has always been of central interest to the Sun-Earth System exploration community.  The radiation environment of solar-system objects is central to understanding the habitability of those objects both in the present and during the history of our solar system.  Therefore, the “Energetic Particle Radiation in the Sun-Earth System” focus area represents a very natural and valuable bridge between the traditional interests of the Sun-Earth Connections community and the more interdisciplinary communities concerned with NASA’s Vision for Space Exploration.  

