Science drivers for an L1 observatory

1. Instruments impacted:

a. Solar Soft Xray Irradiance measurement


b. Earth FUV/MUV Spectrometer 

2. Instrumental parameters impacted: spectral resolution, spectral range

3. Science Goal:

Overall goal is to understand the production and transport of nitric oxide (NO). Nitric oxide is unique in that it is highly sensitive to solar and geomagnetic energy inputs into the atmosphere and also can be transported to lower altitudes, deep within the middle atmosphere where solar and auroral effects are typically much smaller. Any mission which studies sun-earth coupling must include the quantitative study of NO. Within this overall goal, we can define 3 specific objectives:


1. Understand the production of nitric oxide in the lower thermosphere. Is the energy output from the sun sufficient to produce the NO we see?


2. Understand how perturbations, caused by solar and auroral variability, to the lower thermosphere are propagated in latitude. Is it due to heating effects which drive exothermic chemistry or is the physical transport of trace constituents (such as NO) by the mean wind field?


3. Understand the vertical coupling between atmospheric layers and the propagation of solar and auroral effects to lower altitudes in the atmosphere. What is the seasonal cycle of thermospheric NO transport to the lower atmosphere?

4. Justification

a. Solar Soft Xray Irradiance measurement

Only a small fraction of the sun’s ionizing radiation can penetrate down to the lower thermosphere (z < 120 km), the spectral region that is longward of the N2 ionization threshold (around 80 nm) and the very shortest wavelengths (< 10 nm, the soft X rays). Since odd nitrogen chemistry is initiated by the ionization of N2, it is clear the soft X rays play a pivotal role. Siskind et al [1995] discuss the desirability of knowing the spectrum down to wavelengths as short as 1 nm. Previous measurements of soft X rays (SNOE, SEE) have been limited by the lack of knowledge of the spectrum at high resolution. Thus, contradictory results have been obtained and we still do not know if the solar output matches the terrestrial chemical requirements. This drives the requirement for the measurement to separate individual spectral features (< 0.2 nm resolution)


b. Earth FUV Spectrometer

The measurement of the dayside earth in the UV contains the signature of numerous NO fluorescent bands. Examples of previous nadir measurements using SBUV-like instruments include Stevens et al [1995] and McPeters [1989]. Stevens et al [1995] were able to document geomagnetic variations in the NO while McPeters documented geomagnetic and solar variations. The spectral resolution of the above data was 1 nm. A key limitation of previous measurements is the lack of altitude resolution (as well as the generally poor spatial sampling which will certainly be vastly improved upon by JANUS). It was thus hard to localize the enhanced NO to a particular altitude level and thus quantify whether vertical coupling between atmosphere layers was occurring. With the JANUS concept we can resolve that limitation by two ways. First, measurement of NO in different bands which are subject to different atmospheric opacities should allow better localization of the emitters. Second, measurement of the NO rotational temperature could localize the emission to either the lower thermosphere (which is warm: 300-400K) or the middle atmosphere which is cooler (< 300 K). To deduce NO rotational band temperatures with sufficient precision against the bright UV disk, a spectral resolution on the order of 0.1 nm or better needs to be accomplished. Furthermore, quantification of the NO rotational temperature and its response due to solar and/or geomagnetic activity could be a unique probe of global atmospheric response at altitudes (95-120 km) where synoptic temperature measurements remain nonexistent.
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