
[NOTE : 16March JBishop corrections/modifications given in red]
EUV/FUV terrestrial Spectrograph (EUVS)
Science justification

The primary energy source for heating the upper terrestrial atmosphere is deposition of solar EUV radiation. The EUV-FUV airglow, comprising numerous atomic and molecular electronic transitions and amounting to ~5% of the power received, is the ONLY direct signature of solar EUV irradiance (disk-integrated) deposition in the terrestrial atmosphere.  The primary excitation mechanisms are direct photoexcitation of thermospheric species and electron impact, the latter resulting from photoionization.  Except for resonant transition contributions (e.g., H Lyman α 121.6, O+ 83.4, O 130.4 nm), the solar EUV emission at wavelengths < 60 nm is the primary driver of the dayside airglow.
JANUS/EUVS will obtain complete dayside spectrally resolved images of the EUV/FUV airglow at 30-minute intervals. Table 1 and Figure 1 present estimated measurement counts (described below) showing that a number of key thermospheric and ionospheric emissions (observables) are available for imaging (a few at even shorter intervals).  These global images at ~300 × 300 km2 spatial resolution will provide the distribution of the major thermospheric species (N2, O, O+, He) along with opportunity to investigate distributions of minor species (N, H).  N2 LBH and atomic oxygen 135.6 nm emissions are currently measured by TIMED/GUVI to build up partial dayside images over the course of a day;  JANUS/EUVS full-dayside images acquired repeatedly every 30 minutes  will give unprecedented observation of thermospheric disturbances associated with geomagnetic storms and substorms in tandem with direct observation of the solar events driving these disturbances.  Further, related EUV features not routinely observed in past missions (e.g., e─ + N2→ 108.5 nm) will provide alternate N2 and O distribution images subject to fewer retrieval complications (discussed briefly below).
 In addition to quantitative viewing of O and N2 distributions, direct EUV observations of OII 83.4 nm in conjunction with the atomic oxygen abundance retrievals will give complete maps of the O+ abundance distribution, allowing for the very first time global viewing of the earth’s dayside ionosphere.  Another feature of genuine interest is the He 58.4 nm resonance line.  Since helium is chemically inert, the abundance distributions derived from the He 584 nm images will capture purely dynamical upper atmospheric responses to space weather events, enabling identification and investigation of O/N2  distribution variations resulting from local processes (energy deposition, chemistry).
The global FUV viewing of the dayside disk from the L1 point at the proposed spatial and temporal resolutions represents a major step forward in investigation of atmospheric disturbances.  The EUV observations are fundamentally new.  For example, the nitrogen ion N+ 108.5 nm emission, primarily generated by molecular nitrogen photodissociative ionization excitation hν + N2 → e─ + N + N+* → 108.5 nm, stands as a preferable alternative to N2 LBH as a thermospheric observable.  Spectral advantages are obvious:  bright isolated multiplet vs summation over a spectrally distributed band set and direct photoexcitation vs photoelectron impact excitation make this emission much easier to observe and relate to coincident solar EUV spectral flux measurements.  As indicated in the table and figure, this emission is suitable for a 10-min rastering scheme.  Similarly, the hν + O → 98.9 nm multiplet can serve as an alternative or supplement to OI 135.6 nm free from O2 Schumann-Runge photoabsorption.

The EUVS will directly observe F-region ionospheric responses collocated with the thermospheric disturbances via the O+ 83.4 nm emission.  The main mechanisms for generating this emission are photoexcitation and electron impact of atomic oxygen, hence the initial excitation does not relate directly to the O+ density distribution.  However,as the main ion in the F-region, O+ densities are large enough that the 83.4 nm multiplet emission undergoes multiple scattering; in addition, there is direct solar resonant scattering.  Knowing the excitation rates of other atomic oxygen observables like OI 98.9 nm or 135.6 nm (from the measured solar EUV irradiance spectra) and the associated atomic oxygen density distribution (from the measured airglow EUV-FUV spectra), the initial component of the observed 83.4 nm intensities can be readily estimated and subtracted, yielding “pure” O+ 83.4 nm intensities and associated densities in the ionosphere.   

Instrumentation and observations
 The EUV/FUV terrestrial spectrograph (EUVS) has a dedicated optical channel and will use 654cm2 area of the main telescope in the Global Atmospheric imaging SpEctrograph (GASE).  The FUV channel will have a wide slit (300km at the earth), followed by a grating and photocounting, CsI coated, microchannel plate detector.  The sector of the telescope used by the EUV/FUV channel and the associated grating are coated with Ir/B4C (same coating developed at GSFC for NEXUS).  The spectral coverage ranges from 58.4 to 172nm.  The spectrograph components (slit, FUV grating, detector) are standard components with extensive heritage.  The GASE telescope continuously rasters the globe every ten minutes.  The EUVS channel is continuously integrating as the telescope is scanning and taking spectra from at other wavelengths.   The EUV/FUV lines are relatively dim and count rates for the instrumentation were calculated and presented in Table 1.  Figure 1 shows identifies the count rates for individual spectral features.  Brighter features are accessible in a single ten minute globe raster; dimmer features require either further spatial summing or summing multiple rasters. 

Table 1: ESTIMATED AIRGLOW COUNT RATES[1] 
	Feature (Å)
	Counts: 14 sec[2]
	100-Count Intervals[3]

	He 584[4]
	46
	2.2

	O+ 834
	145
	0.7

	O 989
	127
	0.8

	O 1026 + H Ly-
	~17
	7.7

	N+ 1085
	37
	2.7

	N 1134
	50
	2

	O 1152
	6
	17

	O 1173
	10
	11

	N 1200
	186
	0.54

	H 1216 (Ly-)
	2662
	0.04

	O 1304
	2240
	0.05

	O 1356
	145
	0.7

	N 1493
	33
	3

	N2 LBH 1370-1420
	67
	1.5

	N2 LBH 1650-1720
	31
	3.2


[1] from fit to HUT nadir data (solar maximum conditions) [Bishop and Feldman, 2003]

[2] from 10-minute rastoring over dayside disk;  30-minute rastering will cover solar minimum period of weaker emission

[3] number of 14-sec intervals required to attain 10% uncertainty (Poisson statistics)

[4] estimated average intensity based on past measurements [Meier, 1991]

Figure 1 :  EUV/FUV Terrestrial Spectrograph count rates.  This figure presents expected count rates for the EUVS, calculated for near-solar maximum airglow based on Astro-1 Hopkins Ultraviolet Telescope (HUT) dayglow measurements made 7 December 1990 close to the subsolar point [Bishop and Feldman, 2003].  The fitted radiance spectrum (R/Ǻ) on 1-Ǻ wavelength grid has been converted in this example to counts acquired over a 14-second integration period viewing a 300 × 300 km2  area on the earth disk with the optical system described in the text (three Ir/B4C coated optics, a grating and CsI photocathode, with a collecting area of 654cm2).   Good counting statistics (counts greater than ~100) are acquired for a number of airglow features in a 10-minute disk-raster sequence (see Table 1);  summing multiple rasters (~30 minute) will retrieve high-quality disk images of a number of other relevant features.
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