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NASA’s Roadmap activity provides an opportunity to examine how a narrow band imaging system (called IMAGER, for Ionospheric Mapping and Geocoronal Experiment) now being developed to study earth’s ionosphere could be replicated and adapted for use to study Martian airglow.  IMAGER represents a substantial advance over the present state of the art for monitoring the earth’s ionosphere, but the design is general enough that it can be adapted to serve the goals of Martian aeronomy with at worst a redesign of its filters.

Monitoring earth airglow in UV both for scientific understanding of ionospheric storm activity and for the development of practical mitigation strategies is a mature subject, being based mainly on spectroscopic data obtained in LEO.  Some development has gone on in the Department of Defense (DoD) and in NASA-DoD collaborations, motivated by needs to mitigate ionospheric storm effects in areas such as communication or measurements made using signals passing through the ionosphere.  

For terrestrial applications, there is clear need to monitor features as they evolve, and this proves to be a great limitation for LEO-based UV imagers and spectrometers.   The IMAGER payload addresses this with a high-performance telescope on a GEO platform, designed to deliver imagery in four narrow bands centered on lines at 83.4, 130.4. 135.6 and 143.0 nm, in a 1000 x 1000 km field of view with 10 km resolution.  These numbers are well matched to ionospheric storms.  The instrument is provided with a two-axis gimbal that permits it to center its FOV at any desired point on the earth.  It can observe near nadir, extracting maps of column density and other parameters (such as HMF2, the height of the F2 region) as maps, or it can image near the limb to derive vertical profiles.  A system of filters and neutral-density attenuators combined with a Gregorian telescope design (due to Dr. J. Wiilczynski) provides capability to work on the day side or the night side.  This combination provides a powerful suite of deliverables (diagnostics) on electrons, ionospheric structure, and vertical profiles of nitrogen and oxygen, with most of this being available in a movie-like format (100s integration) that will enable storms to be tracked with spatial and temporal resolution for the first time.  The IMAGER design is depicted in Figures 1 and 2 below, showing the external view (with gimbal) and the internal view, with filters and detectors.


This powerful diagnostic combination is the result of many iterations of measurement and modeling leading to contemporary understanding of what airglow emissions provide the best diagnostics, what fluxes will be seen, and what spatial and temporal scales of variation are expected to be present, all of it emphasizing the spectral lines that are important to scientific modeling and to mitigation strategies.  A comparably detailed level of understanding of the Martian airglow is not available, so it is premature to identify the precise complement of lines, although it would probably include at least 83.4 nm.  It is important to realize the following general features of the IMAGER approach: (1) it uses FUV and EUV lines, where there is no flux contribution from the surface to contaminate the measurements, and this same useful principle could be exploited on Mars; (2) there are two detector designs, for  EUV and FUV respectively, in series with filters for the specific suite of lines selected, so that the  detector design and the optics will support imaging in this mode for any line between about 70  and 160  nm is merely by change of filter specification; (3) the GEO platform offset pointer concept generalizes to a Martian application, with siting at the analogous synchronous rotation altitude, and the optics would not require re-design.  

Although it would be desirable to have a small study to deal with technical choices and options it seems clear that a single design is likely to serve for both the terrestrial and Martian applications with at worst a redesign of the filters, for optical performance parameters.  Operational aspects do introduce one further consideration.   The terrestrial design supports having a human in the loop to watch images and joystick the pointer to follow storms.  In a Martian design it would be better to use the available raster scan mode to survey the planet, then have features of greatest interest identified by onboard computation and robotic steering of the telescope to track those features.  Such EUV-FUV monitoring of the Martian atmosphere from mars-synchronous orbit may well be the best way to study the Martian atmosphere, which lacks the cloud features and weather of the terrestrial atmosphere but which is known to be subject to major shifts and changes in density that are not yet well understood.

The envisioned instrumentation strategy would be to develop two copies of the IMAGER instrument, one for each planet, and with launches at the same time.  In this way the same solar events could be observed as they interact with either planet’s magnetosphere and atmosphere.    The Martian telescope could be either steered by command from earth or set in a mode of robotic operation to track features of interest on its own.  


The IMAGER design was developed in connection with a potential flight opportunity that once existed on a NASA mission that was undertaken jointly with the Navy and NOAA.  That mission lost its funding (through no fault of the IMAGER team) but during the programmatic life we were able to develop the instrument to a point well past Preliminary Design Review.   NRL is now constructing a “proto-flight” instrument, much of it being flight hardware. In designing IMAGER as a piggyback instrument, the weight and power requirements were already scrubbed down to minimal levels and the gimbal was designed for minimal interference with a high-sensitivity high-resolution optical/IR payload; hence there is a highly mature design concept that can be placed on the table at the outset of any feasibility study.  The IMAGER approach is going to provide a great wealth of information on the Martian atmosphere by utilizing optics and sensor engineering in combination with robotics, and without actually landing on the planet.
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Figure 1: IMAGER, external layout

Figure 2: IMAGER, internal layout
