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Connection to the NASA Vision

Two of NASA’s major new aspirations are to understand the history of our solar system and to search for habitable environments. To satisfy these aspirations and determine which planetary environments have been, are, or will be habitable, we must understand the complex web of interactions linking the Sun and its emissions with the planets. Major considerations in the generation and habitability of solar system objects and planets are the character of the variable, interplanetary solar system environment driven by the sun, and the nature of the complex interactions that take place between that environment and planetary objects. With the LWS/Geospace Program, Earth is used as a testbed for understanding the responses of all objects in the solar system to solar variability.


The platforms from which missions to the Moon and other planets are launched will be developed and reside in low-Earth orbit within Geospace. Astronauts, spacecraft, and instrumentation in these orbits must meet the challenge of the terrestrial radiation belts and South Atlantic anomaly. LWS/Radiation Belt spacecraft will provide the observations needed to characterize this radiation environment. Research results will be used to predict intervals of high flux and define requirements for radiation hardening, benefiting not only the space exploration initiative but also our national security and commercial interests. Astronauts and instruments on the lunar surface or in interplanetary space will be exposed to Solar Energetic Particles (SEPs). LWS/Radiation Belt spacecraft will provide unique multipoint in situ observations that can be used to perform fundamental science needed to discriminate between proposed SEP mechanisms and forecast space weather events. By using the Earth’s radiation belts as a laboratory, we will obtain the knowledge needed to understand the environments of other planets and interplanetary space. The results will be used to develop an operational space weather system that safeguards astronauts engaged in space exploration.


Forthcoming exploration missions to Mars will employ atmospheric aero-capture and aero-breaking. Observations within the Earth’s ionosphere and thermosphere offer an opportunity to understand and model the atmospheres of Mars and the other planets in our solar system. Because conditions within the Martian atmosphere resemble those within the Earth’s thermosphere, LWS/Ionosphere-Thermosphere observations of the terrestrial thermospheric density, winds, and composition will be used to generate models for application to the Martian atmosphere.

The LWS/Geospace Program is endorsed by the National Academies of Science Decadal Study, CSSP Report, NASA SEC Roadmap 2002

Science Background

A complex web of phenomena links space weather effects at the planets to their solar origins. Unraveling these interrelationships requires comprehensive simultaneous observations by an array of spacecraft in both interplanetary and geospace. It is in geospace where the physics controlled by solar activity interacts with the space-based technologies of humans. The same statement holds true for any human presence on other bodies of the solar system.

Geospace is neither tranquil nor hospitable. It is populated by intense fluxes of electrically charged particles trapped in the Earth’s magnetic field whose energies and intensities are driven by energy extracted from the solar wind. Like the more familiar weather on Earth, space weather within planetary geospaces can be mild, moderate, or severe. And like severe weather on Earth the severe weather in Earth’s geospace can adversely affect human activities. 

The two geospace regions of particular importance for our efforts to understand space weather are the radiation belts and the ionosphere. The most significant geospace activity, geomagnetic storms, accelerates some of the already trapped charged particles to near relativistic energies that are dangerous to technological systems and humans. They drive powerful electric currents into the Earth’s ionosphere to heat and expand the upper atmosphere, and greatly disturb ionospheric plasmas and thermospheric densities and winds. These disturbances can interfere with the functioning of important military and commercial communications and navigation technologies, cause range errors of tens of meters in the Global Positioning system (GPS), disrupt high-frequency radio communications and military radar systems and reduce the lifetimes of low-altitude orbiting spacecraft. The processes that cause these dramatic consequences occur in varying manifestations at planets and bodies throughout the solar system. But it is only at Earth that they can be probed and measured in detail so that the physics is understood.

The LWS/Geospace Program is a key and timely element of the overall LWS Program, connecting solar activity with the variations of space weather that interact with space-based technologies of humans. But the challenge of “living with a star” is not applicable to the Earth alone. The knowledge we will gain in understanding fundamental processes shaping the space environment around Earth will help us understand the impact of space weather around other objects in the solar system. Reliable space weather forecasts for the other planets will reduce the dangers of radiation exposure and aid in spacecraft operations.

Key Science Objectives

· Understand the acceleration, global distribution, and variability of energetic electrons and ions in the inner magnetosphere.

· Which physical processes produce radiation enhancement event?

· What processes are responsible for radial transport and acceleration?

· Do localized acceleration processes contribute significantly to radiation belt acceleration?

· How do we distinguish among competing or simultaneous acceleration and transport events?

· How do we predict and model the spatial, spectral, and temporal characteristics of radiation belt enhancements?

· Determine the effects of long and short term variability of the Sun on the global-scale behavior of the ionospheric electron density.
· How does the I-T system vary in response to changing flux of solar EUV radiation?

· How does the mid and low-latitude I-T system respond to geomagnetic storms?

· How do negative-phase ionospheric storms develop, evolve, and recover?

· Determine the solar and geospace causes of small scale ionospheric density irregularities in the 100 to 1000 km altitude range.
· What are the sources and characteristics of ionospheric irregularities at mid-latitudes?

· What are the space weather effects of ionospheric variability at mid-latitudes?

Summary

The President’s new Vision for Space Exploration has focused NASA’s efforts on human and robotic investigations to understand the history of our solar system and its planets and the search for past, present, and future habitable environments.  NASA’s LWS Program was designed to respond to these objectives.  From its inception, the program adopted the goal of “extending the knowledge and understanding gained to explore extreme solar-terrestrial environments and implications for life and habitability beyond Earth”.

Reaching our neighbors in the solar system will require many months of travel through interplanetary space, and may also require staging and technology development activities within near-planetary environments. During these periods, spacecraft and astronauts will be subjected to harmful effects of penetrating radiation. Geospace is the one region in space where we can make the extensive multipoint observations needed to test our understanding of the fundamental processes that generate such radiation.

Explorers reaching the other planets will encounter ionospheric and thermospheric environments where fundamental physical processes analogous to those at Earth operate. Models developed to understand aerobreaking, ionospheric communication, and atmospheric loss within Geospace will be suitably modified and applied to describe and predict corresponding phenomena occurring at the other planets.

LWS Geospace missions will also provide the observations needed to characterize and predict space weather within the region where it has its greatest effects on human endeavors – Geospace.  The LWS Geospace Radiation Belt and Ionosphere-Thermosphere missions will return comprehensive measurements defining the Earth’s radiations belts, ionosphere, and thermosphere.  The models developed to describe these regions of space will be used to enhance national security and commercial interests.  Consequently, the program will work in close partnership with other federal agencies to ensure the smooth transition of these models and the knowledge gained to application communities.






















