Instrument Measurement Objectives and Science Issues

EUV/FUV Spectrometer and L1 in situ solar wind instruments

I.
A Unique (First-Ever) Capability of this Mission: Global Space Weather in Four Dimensions (Latitude, Longitude, Time, and Wavelength)


This mission builds upon the 35-year history of ultraviolet remote sensing of the upper atmosphere (thermosphere and ionosphere), of the solar EUV flux which drives the upper atmosphere time scales of days and longer, and of solar events which perturb the upper atmosphere on time scales of hours to a day.  The upper atmospheric database (including the ionosphere) is sparse and non-contiguous in composition, temperature, and total mass density. Information on the solar EUV/XUV driver, while improving, is even more sparse. Two ongoing missions (IMAGE and TIMED) measure key aspects of the upper atmosphere, with coverage of a portion of the globe, and TIMED/SEE measures the solar EUV spectrum. However, these data do not satisfy the following requirements for a full, quantitative characterization of the complex cause-effect relationship between solar and upper atmospheric evolution:

1. A near-simultaneous full-disk view of continuous thermospheric and ionospheric evolution over a long period of time – true space weather coverage;

2. Accompanying coincident measurement of solar drivers of upper atmospheric evolution and events

3. Coincident measurement of solar wind parameters that forecast and characterize geomagnetic perturbations of the upper atmosphere. 

The present proposal builds upon past missions and databases to satisfy the requirements enumerated above.

Thermospheric-Ionospheric-Electrodynamics General Circulation Models (e.g., the TIME-GCM of Roble et al.) embody our physical understanding of the Earth's upper atmosphere. Present models are sufficiently faithful to the near-Earth environment to permit the study of possible mechanisms for (generally) local and regional observations of the thermosphere. Global ionospheric models provide a similar level of detail and fidelity regarding the co-resident plasma component. Coincident, long-term, global, high resolution measurements are necessary to test and evaluate the fidelity of current models and ultimately to elevate these models from the realm of demonstrations/mechanisms to that of faithful, quantitative simulations of upper atmospheric evolution over the time period being modeled. Only then can the underlying physical bases for upper atmospheric phenomena and observations be uncovered and will predictions be viable. 

II.
Primary Measurement Objectives – First-Ever Continuous, Spatially Resolved Measurements of Global, Spectral Space Weather Observables:

· Global Dayside Airglow Features: He I 58.4 nm, O II 83.4 nm, O I 98.9 nm, N II 108.5 nm, O I 135.6 nm, N2 LBH

· Detailed Global Morphology of the Dayside Thermosphere (He, O, N2)

· Detailed Global Morphology of the Dayside F-Region Ionosphere (O+)

The thermosphere (neutral upper atmosphere) contains sub-regions that are dominated by individual species: lower thermosphere – N2, upper thermosphere – O, and exobase – He. The column abundances of these species thus provide altitude-dependent tracers of thermospheric phenomena. Similarly, O+ is the dominant ion of the F-region ionosphere, co-resident and coupled to the upper thermosphere.  The EUV and FUV measurements proposed here give us of column abundances of these tracers over the disk of the Earth, allowing us to see the pattern of spatial and temporal variations of the upper atmosphere in response to the sun. 

III.
Science – First-Ever Determination of Cause and Effect Relationships of Global Space Weather

The following are key categories of scientific study that are accessible for the first time under this proposal:

· How does the global dayside thermosphere respond spatially and temporally to the evolving solar EUV flux and to energetic solar events (flares, CMEs)?

· How does the global dayside F-region ionosphere respond spatially and temporally to the evolving solar EUV flux and to energetic solar events (flares, CMEs)?

· How does the Earth's global EUV/FUV airglow spectrum respond spatially and temporally to the solar EUV flux and to energetic solar events (flares, CMEs).

· What are the respective detailed relationships of the evolving solar wind to the evolving dayside thermosphere and ionosphere and to the solar drivers of upper atmospheric structure and evolution?

· In what ways are the signatures of solar evolution and events within the coupled ionosphere- thermosphere environment correlated or unique?

With the proposed full-disk coverage of the Earth's disk and minimum spectral (0.1 nm), temporal (10 min), and spatial (30 km) resolutions, a contiguous series of images of evolving upper atmospheric morphology and composition will be available for the first time.  From statistical analysis of the continuous image database, empirical cause and effect relationships between solar forcings and patterns of composition and characteristic behaviors will emerge.  The multi-year coverage of the sun-Earth system will facilitate comprehensive data mining studies of time periods covered by the mission and of preceding or subsequent time periods with similar characteristics.  Extensive comparisons of the database with general circulation models will reveal mechanisms underlying the observed structure and dynamics and identify significant improvements for achieving new, higher-fidelity models.

The detailed global thermospheric and ionospheric database will provide an essential context for interpreting coincident local measurements by ground- and space-based sensors. We also anticipate significant input, if not outright answers regarding longstanding issues, for example,

1. Detailed spatial and temporal patterns of and correlations among ionospheric and thermospheric responses to energetic solar events and the physical mechanisms underlying these patterns and correlations.

2. The physical basis, structural characteristics, and inter-annual variability of the semi-annual oscillation (SAO) of the thermosphere as well as shorter sub-annual time scales (e.g., ter-annual) of thermospheric variability.  

3. Identification and physical bases of dominant time scales of local and global ionospheric variability.

4. The existence, characteristics, and physical mechanisms underlying the quasi-biennial oscillation (QBO) in the thermosphere and the ionosphere;

5. Persistence of spatial structures within the upper atmosphere on sub-diurnal time scales and longer.

6. Signatures of the solar influence within upper atmospheric evolution and composition.

7. Key solar wind (L1) parameters for the prediction of thermospheric and ionospheric structure, behavior, and characteristics and the correlation of these parameters with solar EUV evolution and solar events.

