Normal Incidence Extreme Ultraviolet Spectrograph (NEXUS)

NEXUS (Foldout 2) obtains imaged spectra with high spectral, spatial, and temporal resolution over a solar radius long spatial instantaneous field of view in a wavelength range, which contains emission lines formed at temperatures

from 0.2-15° MK. The slit is pointed
to provide a two-dimensional rastered field of view, which is selected to optimize science return from the instrument. Intensity (i.e., image) data, Doppler shift, and line width data are available, providing measurements of temperature, density,

emission measure, flow velocity, and unresolved turbulence at a wide range of heights within the transition region and corona. Because of the large (140 mm2) effective area of NEXUS, these observations are obtained with scientifically

interesting time resolution, to study transient events, and heating in the solar atmosphere.

The NEXUS instrument (Figure 1) consists of an aluminum Optics Box, containing the primary mirror assembly, the slit assembly, a heat rejection mirror, the grating assembly, light baffles, and two detector head assemblies. The entrance aperture is opened after launch with a one-shot paraffin actuated door. The Primary Mirror Assembly is mounted at the rear of the box near the two detector head assemblies. Each of these elements is coupled to a radiator, pointing anti-Sunward, which views deep space. The Slit Assembly, heat rejection mirror, the grating assembly and the light baffles are mounted internally in the Optics Box.

The Primary Mirror Assembly consists of the primary mirror and the Scanning Mechanism which is used to compensate for residual image motion, and to provide instrument pointing. The slit assembly consists of 4 slits and a slot mounted on a translation stage mechanism. This mechanism is used to select the slit width for a given observing program. The grating assembly consists

of the TVLS grating mounted to a focus mechanism developed for the Solar-B/EIS instrument.  The detectors are enclosed in a vacuum tight housing with a reclosable door to allow EUV light to focus on the active area of the detector.

The instrument assembly also includes individual electronic boxes: the high voltage power supplies and Camera Electronics (CE) associated with the detectors; the Mechanism Drive Electronics (MDE) which controls the Scan Mechanism, the grating focus, the slit exchange mechanism, and operates the aperture and detector doors. These electronic boxes are mounted on the spacecraft bulkhead adjacent to the rear of the instrument.

The Janus team has extensive experience in the successful design and operation of solar ultraviolet (UV) spectrometers in space.  NEXUS performance improvements are the result of a remarkable breakthrough in spectrograph design, which incorporates a TVLS grating to perform the necessary measurements on the critical spatial and temporal scales. The TVLS grating allows NEXUS to be only 1/3 to 1/5 the size of a conventional spectrometer with

similar spatial resolution. NEXUS prototype gratings have been obtained from two to demonstrate the manufacturing process and to verify grating performance. 
The NEXUS optical design is the latest in a series of toroidal grating spectrographs, including SOHO/CDS, Solar-B/EIS, and the sounding rockets

SERTS and EUNIS. The NEXUS spectrograph design performs high-resolution

spectroscopy over a large field of view. The use of only two optical surfaces minimizes the requirements on instrument mass, volume and cost, while at the same time maximizing instrument throughput and cadence. State-of-the-art EUV reflective coatings further optimize the instrument throughput, cadence and temperature coverage.

The optical design consists of an off-axis paraboloid telescope followed by a TVLS single grating spectrograph. An optical layout of the instrument is presented in Foldout 2H and the nominal instrument characteristics are given in

Foldout 3. The off-axis paraboloid telescope projects the solar image onto a slit assembly containing 4 interchangeable slits and a slot. The slit selects a portion of the solar image and passes it onto a concave diffraction grating. The slit is

re-imaged by the aberration corrected grating onto two detectors simultaneously in each of the dispersed wavelength ranges. The two detectors are solar blind, ICCD detectors, and require no visible light rejection filters. The stigmatic spectra produced have high spectral resolution in one dimension while maintaining high spatial resolution in the other

Telescope and Slit : The telescope is a single off-axis parabolic mirror that acts as the aperturestop of the system. The primary mirror was sized to provide 20 [240]% more effective area than the Baseline [Minimum] Mission requires to provide margin for manufacturing variations, and to accommodate an achievable contamination budget. The surface quality characteristics (Foldout 3F) of the primary mirror are defined to assure that scattered light requirements for the

off-limb observations are met. Surface quality requirements are very similar to the mirrors procured for Solar-B, FUSE, and recently for EUNIS. The baseline material for the substrate is low coefficient of thermal expansion Zerodur.  The mirror's surface is coated with an EUV multi-layer broadband coating tuned to the

observed spectral bandpass for enhanced throughput and is discussed in more detail below. The mirror is held by a tip/tilt scan mechanism to permit active image-motion compensation and offset solar pointing.

Four slits, 0.5, 1.0, 2.0, 4.0 arcsec wide x 16 arcmin long and a slot 1 arcmin wide x 16 arcmin long, are available in the slit assembly.  The narrowest slit is 3.0 m wide and is used for the highest spatial and spectral resolutions.  The 1 arcmin wide slot allows a rapid mosaic of the full solar disk to be made with NEXUS in many EUV lines covering a broad temperature range. These slits are fabricated from single crystal Silicon wafers using precision lithography techniques developed at GSFC and flown on three successful GSFC SERTS

flights.  The slits are bonded onto INVAR frames using procedures developed for the Solar-B/EIS and SERTS programs. The uniformity of slit width produced with this technique is unsurpassed because the slit edges follow the structure of the silicon crystal lattice. The slit width is determined by the duration of the etching process. In the instrument, the slits are mounted on a translation stage allowing the use of any of the five slits/slot. Imaging windows (1 arcmin wide and 1.3 arcmin long) have been added to the ends of the narrow slits to facilitate coalignment of spectra on the ground. The slit layout is shown in Foldout 3A.

Spectrograph: The grating (Foldout 3H) is ruled onto a toroidal surface like that used in many prior solar EUV spectrographs including SOHO/CDS, and the sounding rockets SERTS and EUNIS. However, instead of the classical

toroidal uniform line-spaced grating, NEXUS uses rulings with variable line-spacing of a form recently developed by Kita, Harada, and collaborators. Such spectrographs, using SVLS gratings (Figure 7), have now been successfully

flown on several astronomical satellite missions (e.g., EUVE and  ORFEUS).

An aberration corrected variable line-space grating was recently fabricated and tested for the Hubble Space Telescope, Cosmic Origins Spectrograph. The NEXUS design combines these previous concepts, by using a toroidal substrate with variable line-space grooves (TVLS grating). This design provides high-quality performance within a remarkably compact instrument package. Despite its

unique design, the TVLS grating for NEXUS is fabricated using existing holographic techniques. The NEXUS design takes full advantage of the

available instrument length, since the grating-detector leg closely matches the telescope-grating leg (Foldout 2E and 2H). The optical TVLS grating aberrations are modest even under such extreme values of magnification (5.6), so that the achievable spatial and spectral resolutions are spectacular. With all of the instrument's magnification built into the spectrograph, the entire optical train is accomplished with only two reflecting surfaces, giving the highest possible

EUV throughput. In addition, the NEXUS grating supports a very fast incoming optical beam, so that the telescope is extremely large for such a compact spectrometer, still further increasing the instrument's sensitivity. The grating is mounted to a focus mechanism to ensure the proper EUV focus on-orbit.

Four vendors (Diffraction Products, Hitachi, Jobin-Yvon, and Zeiss) have indicated that they can provide the TVLS grating for NEXUS by responding with offers to our Request for Bids for the fabrication of this design.  Prototype TVLS gratings from two vendors, Jobin-Yvon and Zeiss, are in hand. The expected delivery time of these gratings is Fall 2004. The gratings are thoroughly tested in the EUV prior to the start of Phase B to verify groove efficiency and imaging performance. 

Coatings: The coatings developed for NEXUS consist of 60 A of B4C deposited onto a 100 A coating of Ir. The measured coating performance compared to SiC is plotted in Foldout 3E, showing its enhanced response at the shortest wavelengths observed. The principal advantage of this coating lies in providing an enhanced short wavelength response that achieves the temperature coverage required by the NEXUS science objectives. In terms of chemical resistance and hardness, B4C has properties similar to diamond. B4C coatings have shown good aging properties, better than SiC and B4C, and have proven to be a robust material that withstands exposure to atomic oxygen in low-earth orbit. B4C coatings are deposited on both the primary mirror and on the diffraction grating.
[image: image1.jpg]100Q aumady

\oa snaoy Bugesn

L=

wsiueyIAN HS 400Q J030a390 40392320 @231

L)






































