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ABSTRACT


The Solar X-ray Imager (SXI) is being built to provide continuous full-disk x-ray images of the sun. These images will be used by solar forecasters and researchers to monitor and predict solar changes that affect the terrestrial environment.  SXI will provide full-disk solar images with 5 arcsec pixels in several wavelength bands from 6 to 60 Å (0.6-6 nm).  A regular sequence of exposures at one-minute intervals will be used to cover the full dynamic range required to monitor solar activity.  The only loss of coverage occur during eclipses and spacecraft housekeeping.  SXI will be integrated onto the GOES-M spacecraft, and launch is currently scheduled for August 1999.  Future Geosynchronous Operational Environmental Satellite (GOES) spacecraft (beyond M) will fly additional SXI instruments.


1. 	oVERVIEW and OPerational GOALS


SXI is being built by the Nataional Aeronautics and Space Administration (NASA) Marshall Space Flight Center (MSFC) for the National Oceanic and Space Administration (NOAA) under a contract through the NASA/Goddard Space Flight Center (GSFC).  Funding for this first SXI was provided by the United States Air Force (USAF) to support their forecasting operation, and funding is expected from NOAA and the USAF to continue the SXI program on the next block of GOES spacecraft.


SXI was designed to support real-time solar forecasting and monitoring operations of the NOAA/Space Environment Center and the USAF/50th Weather Squadron (formerly Space Forecasting Center).  In rough order of importance, SXI is expected to support the following operational goals:


SXI should provide clear evidence of coronal holes.  These coronal holes, which are visible in x-rays as dark regions of low emission are sources of high-speed solar wind streams associated with recurrent geomagnetic disturbances.  Changes in coronal holes may also be associated with terrestrial disturbances.  Currently we rely on daily He 1083 nm images from the Kitt Peak Solar Observatory and daily x-ray images from Yohkoh/SXT for coronal hole information. x-ray images clearly show coronal holes, and SXI is designed to provide continuous monitoring of these features, which is not currently available.  


SXI will continuously monitor the Sun to determine flare locations.  These locations are used to predict proton events, because the flare’s longitude is correlated with the magnitude, arrival time, and spectrum of particle events.  Particles can reach Earth from flares that are located beyond the west limb.  These flares will be visible with SXI, thereby providing a major improvement in our current capabilities that use ground-based observations from the USAF’s Solar Optical Observing Network (SOON) of ground-based optical observatories, which experience weather outages roughly 20% of the time.


SXI may provide a significant improvement in forecasting geomagnetic disturbances if the signatures of Earth-ward directed Coronal Mass Ejections (CMEs) are observable.  Images from the Soft X-ray Telescope on Yohkoh show several examples of bright filament arcades shortly after CME initiation.  At present we rely on humans to recognize the disappearance of filaments observed in Ha images and to identify long duration x-ray events (LDEs) observed in the disk-integrating GOES X-Ray Sensor (XRS).  Many of these events are missed with the currently available systems, in part because the total emission from these filament arcades is below the sensitivity of the XRS; SXI should be able to observe these events if they are a typical occurrence.


SXI will be used to observe active regions that are rotating over the east limb onto the visible solar disk.  This will give forecasters information not currently available about regions that will be rotating onto the disk and may cause flares during the next several days.


SXI will observe the intensity and complexity of coronal magnetic structures above solar active regions, seen as convoluted sets of coronal loops above the active region.  The brightness and complexity will be used to estimate the rate and degree of development of the active regions and thereby assess their flare potential. We currently rely on chromospheric H( images to establish complexity, and SXI will provide a complementary data set.


2. 	Spacecraft considerations


The GOES spacecraft fly in geosynchronous orbits that allow continuous viewing of the Sun.  These orbits do not have regular day and night cycle, which are experienced in many low Earth orbits.  The only interruptions to the regular observing sequences will be outages for calibrations (lasting less than 10 minutes per week), station-keeping maneuvers (less than an hour every two months), and eclipses (daily outages of less than 2 hours that occur during the 45-day eclipse seansons that occur twice each year).  When there are two SXIs operating simultaneously we will have complete coverage.


SXI will be mounted on the yoke that connects the solar array to the earth-pointing body of the spacecraft.  The Solar Array Drive Assembly (SADA) updates the yoke pointing every 3.36 sec.  During intervals between SADA steps, the sun drifts across the detector at 15 arcsec per sec.  This drift will be removed by shifting the charges within the CCD, so the maximum exposure time is limited by the SADA step interval.  The GOES Spacecraft Operations and Control Center (SOCC) is expected to drop a SADA step at least four times per day to permit long 6-sec exposures for coronal hole observations, and we expect to add shorter exposures to augment these longer exposures.


The solar array oscillates after each SADA step, and these oscillations will affect the quality of the SXI images.  To minimize the oscillations, double steps will be used to cancel much of the primary oscillation frequency of the array.  By adjusting the delay time between steps during post-launch testing, we hope to minimize the spacecraft-induced smear so that 80% of the energy of a point source falls within a single 5 arcsec pixel and 98% is within two pixels.


The actual pointing of the SXI is controlled by the spacecraft.  A closed-loop control maintains the north/south pointing within 0.005( (18 arcsec) of sun center, and the pointing may remain offset by this amount for extended periods of time.  The east/west pointing is a function of the SADA stepping rate and the spacecraft orbit.  Without SOCC intervention to modify the yoke pointing, the image will drift across the detector each day due to various orbital effects.  We expect to update the east/west pointing at least four times per day to maintain pointing to within 0.005(.  Pointing knowledge will be available from two sensors: the High Accuracy Sun Sensor (HASS) on SXI will provide pointing knowledge to 5 arcsec, and the spacecraft’s Sun Analog Sensor (SAS) provides coarser pointing knowledge to 29 arcsec.


3. 	Telescope Highlights


SXI is a Wolter type I grazing incidence X-ray telescope with a single-piece paraboloid-hyperboloid Nickel-coated Zerodur mirror (Davis et al. 1994).  Early measurements indicate that the mirror’s scattered light will be comparable to Yohkoh/SXT, which is significantly better than Skylab’s.  The photon-detecting system consists of a stack of components that ultimately collect optical photons at the CCD.  The x-ray photons first enter the microchannel plate (MCP) where they release electrons that cascade to form a cloud of electrons that are accelerated across a voltage gap and excite Gd2O2S:Tb Phosphor grains.  These phosphor grains emit optical photons that are collected by the fiber optic taper (FOT) and guided to the optical CCD.  The 1:1.2 taper in the fiber optic is used to the compress the image to give 5 arcsec square pixels at the CCD.  This stack configuration was chosen to meet the 3-sec exposure limit imposed by the spacecraft, the concerns about x-ray CCDs at the time the design was formalized, and the requirement for high sensitivity at the longer wavelengths where active regions and coronal holes are most easily observed.


SXI’s wavelength response is determined by the wavelength response of the prefilters at the telescope’s front aperture, the reflection properties of the mirror, and the filters in the filter wheel. The 12-position filter wheel includes redundant filters to cover the four wavelength ranges: 0.6-6 nm, 0.6-2 nm, 0.6-1.6 nm, and 0.6-1.2 nm (0.2-2 KeV, 0.6-2 KeV, 0.75-2 KeV, and 1-2 KeV, respectively).  There is also a solid shield to protect against excessive radiation damage to the detector and a UV filter to transmit light from an internal UV lamp used for aliveness testing and limited inflight calibrations.


The resolution of the images will be somewhat less than the 5 arcsec pixels, due to limitations of the mirror, the detector stack, and the spacecraft stability.  Estimates from early mirror metrology reports suggest that the mirror resolution will be about 4.4 arcsec, and tests of the engineering model detector have given detector resolutions of 7.5 arcsec.  The oscillations from the spacecraft are expected to contribute 2.0 arcsec to the reduced system resolution.  Taken together, these three sources indicate that the resolution of the SXI images will be about 9 arcsec.


4. 	Observing Plans


SXI is controlled by pre-loaded and editable tables that specify the exposure sequences and observing parameters such as exposure time and MCP voltages.  Because the edited tables will be lost during eclipses, due to insufficient electrical power to maintain the Random Access Memory (RAM), we are preparing to use only the (Read Only Memory) ROM tables for observations immediately after eclipses. These tables are currently being developed; our goal is to meet the observing cadences listed in Table 1. Standardized images will be taken at regular intervals so that forecasters can immediately interpret the images and the rate of development of the solar features.  The actual observing sequences cover the full dynamic range of the solar features by taking images with different exposure times. (SXI’s detector has a range is 210 = 1024 counts per image.)   Data will be made available to forecasters and researchers around the world, and we encourage studies that lead to improvements in predicting and interpreting solar changes that affect the solar-terrestrial environment.


Table 1. Desired Cadences to Observe Solar Features


Solar Feature�
Property�
Required Cadence�
Goal�
�
Flares�
location�
 2 min�
 1 min�
�
�
statistics *�
as possible�
as possible�
�
Active Regions�
images�
10 min�
10 min�
�
�
statistics*�
 1 hour�
10 min�
�
CMEs�
filament arcade images�
10 min�
 5 min�
�
Coronal Holes�
images (incl. transient holes)�
30 min�
10 min�
�
�
deep exposures�
 6 hour�
 1 hour�
�
* statistics include temperature and emission measure, which require images using different filter combinations 


5. 	Conclusions


The GOES Solar X-ray Imager is a major new instrument that will be used for operational, real-time solar forecasting and monitoring.  It builds on the experiences acquired from previous research instruments and extends them to provide continuous full-disk images at one-minute intervals never previously available.  The quality, consistency, and availability of the data should also influence the research community to use these data in ways that will lead to new discoveries that can be used for real-time solar-terrestrial forecasting and monitoring.
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