Soft X-ray and Extreme UltraViolet Irradiance Instrument (XVI)

The solar soft X-ray and EUV radiation below 100 nm is the primary source of energy for the thermosphere and creates the Earth’s embedded ionosphere.  Variability in solar photons at these wavelengths drive  physical processes in these layers of the atmosphere.  Neutral and ion densities increase an order of magnitude or two during the solar activity cycle (see Fig), and as much as 40-70% during eruptive events, such as the Bastille day flare (Meier et al. 2003).  Enhanced atmospheric densities increase the drag in on satellites in low-earth-orbit, including the Internatial Space Station (at 400 km).  Changes in electron density in these layers of the atmosphere directly impact various forms of communication and navigation systems critical to operational systems.  Thus for specifying and understanding variability in the Earth’s atmosphere above 100 km, knowledge of solar X-ray and EUV radiation is crucial. The temporal variations are significant (e.g., Lean et al. 2003; Woods et al., 2004), being a factor of two to one hundred during the solar activity cycle. Over shorter time periods (10s of seconds), solar flares generate enormous variations in the XUV flux, which exceed the solar cycle changes, whereas in the EUV spectrum flare increase are thought to be comparable to the solar cycle change. As well, the periods of intense solar activity that typically produce flares can also produce strong irradiance modulation  with the 27 day solar rotation period.  

Historically, measurements of X-ray and EUV fluxes have been intermittent, and oftern severely compromised by instrumental effects. The exception is the GOES operational series of X-ray detectors that has observed two bands of X-ray fluxes (at 0.1 to 0.8 nm and 0.05 to 0.4 nm) since the 1970s, with high time resolution but no spectral resolution. More recently, the SEM and EIT instruments on SOHO and the SNOE X-ray diodes have provided information in a few important broad EUV bandpasses. Since 2002 TIMED has been measuring the entire EUV spectrum, with moderate resolution (0.4 nm) at wavelengths above 27 nm, and in a few broad bands at shorter wavelengths. Filtered grazing incidence telescopes have provided high spatial resolution, modest spectral resolution observations of the responsible solar structures. The EVE instrument planned for flight on the Solar Dynamics Observatory will provide the most comprehensive EUV irradiance data set to date. Unfortunately, the EVE high spectral resolution measurements do not extend below 5 nm, and thus do not cover crucial soft x-ray emission lines such as C VI at 3.3nm.  

Even less well observed than the input solar EUV spectrum are the terrestrial responses to these inputs. Only with the recent systematic dayglow observations of GUVI on TIMED (commencing in early 2002) has the synergistic relationship of the FUV dayglow with solar EUV photons begun to be recognized (Strickland et al., 2004). Solar EUV photons at wavelengths below 45 nm have sufficient energy (> 27 eV) to photoionize thermospheric gases, producting electrons with sufficient energy for subsequent excitation. Thus, there is a direct radiative mapping of solar photons at wavelengths below 45 nm (XUV) to the terrestrial FUV dayglow. But as the SEE and GUVI instruments on TIMED are beginning to elucidate this coupling, so too are inadequacies in understanding and in the observations themselves becoming increasingly apparent. This is especially true during flares (which occur much more frequently than previously realized) when there are factors of two differences between the reported solar XUV increases and that expected from the independently observed dayglow increases. In addition to the significant uncertainties associated with the SEE use of broad bands to infer XUV irradiacce increases, the limited viewing cadence of once per orbit severely undersamples the XUV flare irradiance. TIMED’s earth orbiting precludes a global view of the terrestrial dayglow responses – the GUVI FUV radiance image in Fig x is a composite of observations made every orbit for a full day – thus at different times and geographical locations. Dayglow increases during some flares are missed entirely, and simultaneity with SEE relies on fortuitous conjunctions of the two measurements.  For this reasons, the GUVI dayglow observations in Fig x are compared with the SEM and GOES observations which have much higher time cadence.

The XVI instrument on JANUS will provide information about the solar XUV irradiance (X-rays and EUV irradiance below 45 nm), which directly drives the thermosphere and ionosphere, by measuring the solar spectral irradiance from 1 to 63 nm. This wavelength coverage is motivated by the following rationale. Firstly, and of crucial importance for the lower thermosphere, the wavelength coverage extends the EVE high resolution spectral coverage down to 1nm; solar radiation between 1-5nm is absorbed relatively deep in the atmosphere down to altitudes of ~100km, but no measurements of this radiation are planned elsewhere. Secondly, the wavelength region from 46 to 63 nm overlaps the spatially resolved observations by NEXUS, thus allowing critical cross-calibration and validation, and quantification of the sources and the observed irradiance fluctuations. Thirdly, within the spectral region are two of the strongest optically thick EUV emission lines, at 30.4 and 58.4 nm, which XVI will measure directly. Fourthly, within this spectral region are a range of optically thin emission lines emitted from a wide range of temperatures in the solar atmosphere, from which can be constructed differential emission measure models of the entire EUV spectrum with high spectral resolution. Fifthly, the wavelength region below 45 nm maps directly to the terrestrial UV dayglow, which fluctuates simultaneously with the solar inputs.

Combining the XVI irradiance measurements with NEXUS spatial information about solar sources and with global spectral imaging of the ionosphere and thermosphere, JANUS directly measures, interprets and forecasts the energy driver for these layers of the atmosphere and directly observes the atmospheric response to this radiation. 

The XVI performance requirements are shown in Table 1.   These requirements are readily achievable with proven current technology using a combination of grazing incidence and transmission grating optics, filters and detectors.  The approach followed would be similar to that implemented for EVE/SDO ?? (what does this mean? What approach? There must be a different approach to measure below 5 nm, which EVE doesn’t measure?)

Table 1:  XVI instrument requirements tables.

	Instrument characteristic
	Requirement

	Mass
	<11kg

	Limiting Envelope
	130x30x8cm

	Spectral range
	1-63nm

	Spectral resolution
	<0.1nm

	Absolute accuracy
	<10%

	Precision
	<5% for bright spectral features

	Coalignment to sun center
	<3 arcminutes

	Observation cadence
	<10s for bright spectral features
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