
Objective F - Opening the Frontier to Space Environment Prediction

Understand the fundamental physical processes of the space environment – from the Sun to Earth, to other planets, and beyond to the interstellar medium.
The sun, our solar system and the universe consist primarily of plasma, resulting in a rich, complex and interacting set of key fundamental physical processes, including intricate exchanges with the neutral gas in planetary atmospheres. To predict the behavior of the complex systems that control the environments we will encounter on our return to the moon and journeys to Mars necessitates the development of a complete understanding of these processes. These key processes occur in many locations often with very different ranges of parameters and boundary conditions. As a result, both in situ and remote sensing observations are utilized, often providing a three dimensional large-scale perspective, as well as a detailed small-scale microphysics view. Our ability to quantitatively examine the same process in different regimes with a variety of measurements both tests our developing knowledge and enhances our understanding. The research focus areas of Objective F identify critical steps to provide the detailed knowledge required to enable the safe and productive exploration via development of accurate forecasting of the space environment. These areas are magnetic reconnection, particle acceleration, the physics of plasma and neutral interactions, and the generation and variability of magnetic fields with their coupling to structures throughout the heliosphere. These research focus areas all share the universal themes of energy conversion and transport, cross-scale coupling, turbulence and nonlinear physics – themes which are fundamental to the understanding of space and planetary systems. In addition they all include processes that can be influenced by large-scale boundaries or by coupling between regions with very different parameters (for example, cold, dense neutral atmospheres with energetic particles). With our increasingly sophisticated understanding of these fundamental physics process, we will reach the frontier developing predictive models. Objective F is, therefore, designed to provide the fundamental physics underpinnings that will enable predictive capability for Objectives J and H.

The fundamental importance of magnetic reconnection, the rapid conversion of magnetic energy to particle energy, in solar flares, CMEs and geospace storms is well recognized is the focus of RFA F1. This explosive release of enormous amounts of energy can be potentially devastating to space assets and voyaging humans, and have serious effects on worldwide communications. Although we have developed an initial picture of where reconnection occurs and the observable results, the detailed physical mechanisms, in particular, the microphysics and the role of large-scale topology, is not understood. This focus area will deliver the fundamental understanding of this universal process in the very different regimes where it occurs.

Within the solar system many other mechanisms, including small-scale waves, shocks and quasi-static electric fields, energize particles. Because these energetic particles have the most direct impact on human and robotic space explorers, a detailed understanding of these acceleration processes, the regions in which they operate and the boundary conditions that control them is crucial to the exploration of space. Providing this understanding is one goal of RFA F2. In addition, the origin and acceleration of the solar wind is a mystery. The bulk of solar wind particles are not energetic enough to damage spacecraft systems, but much of the interaction between the sun and planets is mediated by the solar wind, making the understanding of its acceleration a fundamental component of the Sun-Earth system science.

RFA F3 is designed to explore the fundamental physics of plasma and neutral coupling.   This coupling encompasses a variety of mechanisms and regions from turbulence and change exchange in the solar wind to gravity waves and chemical/collisional interactions in in planetary atmospheres and This RFA has a goal comprehensive understanding of the nonlinear processes and inter-related roles of these processes to enable the quantitative predictions of plasma neutral neutral interactions from atmospheric scales to heliospheric scales. This RFA has specific applicability to the operation of satellites in the Martian atmosphere and mitigation of the effects of global change, as well as habitability of planets. 

The existence of the magnetic fields of the Sun and planets is a key element of the Sun-Solar System connection and is the focus of RFA F4.  The creation these fields – the dynamo problem – remains one of the outstanding problems in physics. How dynamos operate in such widely different systems from stellar interiors to planetary cores is poorly understood. Because the solar magnetic field controls the structure of the heliosphere and, thus, the entry of galactic cosmic rays into the solar system, it is imperative that we understand the origin and variability of the solar magnetic field. The Earth’s interior dynamo sustains the geomagnetic field, providing the shield that enables life to flourish in the harsh radiation environment of space. Solving the dynamo problem will provide the key understanding to allow us to better predict and anticipate changes in the magnetic fields from the Sun to the Earth and beyond.
RFA F1  Understand magnetic reconnection as revealed in solar flares, coronal mass ejections, and geospace storms.
Reconnection is the rapid conversion of magnetic energy into particle energy. It is an important, cross-scale coupling process in a variety of space plasmas ranging from the magnetotail of the Earth to solar flares on the Sun. Solar flares, coronal mass ejections, and geospace storms are all initiated and energized by reconnection -- often with potentially devastating effects to space systems. The explosive conversion of magnetic energy originates in a volume of space known as the diffusion region. This region is very small when compared to the large scales in space.  For example, reconnection at the Earth’s magnetopause surface (the boundary separating the solar wind and terrestrial magnetic fields) occurs in a region with an area of the order of hundreds of square kilometers compared to a total surface area of approximately 60 billion square kilometers. Properly instrumented spacecraft have not sampled the diffusion regions in situ in the near-Earth environment and imaging of the Sun does not currently have the ability to resolve the diffusion region associated with solar flares. Thus, the physical processes that initiate and control reconnection have eluded our understanding.
The two investigations under for this RFA are:
Investigation F1.1. What are the fundamental physical processes of reconnection on the small-scales where particles decouple from the magnetic field? Relevant missions: 
Investigation F1.2.  What is the magnetic field topology for reconnection and at what size scales does magnetic reconnection occur on the Sun? Relevant missions:

RFA F2  Understand the plasma processes that accelerate and transport particles   

One of the most dramatic hallmarks of magnetized plasmas is their tendency to convert energy from one form to another, leading to fast bulk flows and to the selective energization of small subsets of particles to surprisingly high energies.  A variety of such acceleration and energization processes operate within our solar system, with consequences that are both fascinating and threatening.  Very high-energy particles accelerated at the sun and within interplanetary space present a serious hazard to human and robotic exploration of the solar system, while energetic particles produced within planetary magnetospheres can have deleterious effects on important technological assets.  Predicting these effects requires a fundamental understanding of where and how particles are accelerated and how they are transported from the acceleration sites to other regions.  More than one mechanism can operate to produce a given energetic particle population and the nature of the seed population from which the accelerated particles are drawn is a crucial part of the puzzle. 
The four associated investigations for this RFA are:
Investigation F2.1. How are charged particles accelerated to high energies? Relevant missions: 
Investigation F2.2. How are energized particles transported?  
Relevant missions:
Investigation F2.3. How is the solar wind accelerated and how does it evolve? 
Relevant missions:
Investigation F2.4. How are planetary thermal plasmas accelerated and transported? Relevant missions:

RFA F3  Understand the role of plasma and neutral interactions in nonlinear coupling of regions throughout the solar system

This RFA focuses on those energy and momentum transfer processes that are characterized by nonlinear interactions and by coupling between plasmas and neutral particles. Turbulence is example of a very important multi-scale, nonlinear process that transports particles and fields effectively, but is not well understood. Numerical simulations and laboratory experiments demonstrate that, in the presence of rotation or magnetic fields, turbulent motions create small-scale and large-scale dissipative structures.  Another example are the many pathways by which energy is transformed and redistributed throughout the upper atmospheres of planets. The Earth’s atmosphere is periodically pumped and heated over a range of spatial and temporal scales, giving rise to the excitation of a spectrum of small-scale gravity waves, tides, and longer-period oscillations. Connected with these processes is the inherent variability of the atmosphere over daily to millennial time scales.  In addition, electrodynamic and mass coupling along magnetic fields are fundamental physical processes that cut across many disciplines of space science.  The interface between the heliosphere and the interstellar medium is a coupling region about which we are just beginning to learn.  Finally, mass loading through ionization and charge exchange is a phenomenon of broad interest from planetary and cometary atmospheric erosion to energetic particle creation and loss. 
There are five investigations for this RFA:
Investigation F3.1 What governs the coupling of neutral and ionized species at various spatial and temporal scales? Relevant missions:  
Investigation F3.2 How do energetic particles chemically modify planetary environments?
Relevant missions:
Investigation F3.3 How do the magnetosphere and the ionosphere-thermosphere (IT) systems interact with each other? Relevant missions: 
Investigation F3.4.  How do the heliosphere and the interstellar medium interact? Relevant missions: 
Investigation F3.5.  How do the neutral environment in planetary and cometary systems affect the global morphology through charge exchange and mass loading processes? Relevant missions:

RFA F4  Understand the creation and variability of magnetic dynamos and how they drive the dynamics of solar, planetary and stellar environments.

The Sun’s variable magnetic field is the ultimate energy source for solar particle acceleration and its structure controls the entry of galactic cosmic rays into the solar system.  Closer to home, the reversals of Earth’s magnetic field can lead to periods of reduced protection from the harsh radiation environment of space. The process responsible for the existence and behavior of these magnetic fields – the dynamo – involves the twisting and folding of weak fields so as to change and amplify them. Solving the problem of just how dynamos operate in such widely different environments from planets to stars will allow better predictions of the magnetic field changes at both the Earth and the Sun. This understanding is essential to describing the coupled Sun-Solar System Connection and has important implications for the exploration of our solar system. There are four investigations which address these issues. 
There are four investigations associated with this RFA:
Investigation F4.1. How do subsurface flows drive the solar dynamo and produce the solar cycle? How do solar and stellar dynamos evolve on both short and long-term time scales?  Relevant missions: 
Investigation F4.2. How are open flux regions produced on the Sun, and how do variations in open flux topology and magnitude affect heliospheric structure?  Relevant missions:
Investigation F4.3. How do planetary dynamos function and why do they vary so widely across the solar system? Relevant missions: 
Investigation F4.4: Understand the ionosphere-thermosphere dynamo interaction, and its variability. Relevant missions:

