HelioSynopTek

Goal: 

We plan to build and deploy a global network of near-robotic, synoptic telescopes that will provide a thorough spectrum of real-time, full-disk images of the Sun, which are essential in studies of space weather.  In baseline operation, one-arcsecond pixel resolution images will be in Hevery minute.  Cadences would automatically increase in the event of a flare or filament eruption.    Further, the SAM (Solar Activity Monitor) telescopes would provide vector magnetograms every few minutes.  The magnetograph provides white light images with the same cadence.  As well, full disk CaK images will be available with the same cadence.  Each kind of measurement provides unique and essential information on solar events that drive space weather.  H is essential in tracking of filaments and flares, while the vector magnetograms elucidate the structure of active regions.  All of these data will be made easily available in near real-time.

Big Bear Solar Observatory (BBSO) is the ideal site for the SAM prototype.  In a National Solar Observatory (NSO) site survey for the ATST,  the seeing (r0, a measure of the largest aperture telescope that would be diffraction limited) vs. time of day is shown in the figure below.
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The black line is BBSO and the red and blue are for the Halekala (red) and LaPalma (blue), as measured by NSO’s dual image motion monitor.  BBSO is characterized by steady good seeing over the two years of data.  This makes BBSO the ideal U.S. site for collecting space weather, synoptic data.  The data also justify a high resolution solar telescope in BBSO.  

In an era when high resolution telescopes, like BBSO’s 1.6 m off-axis telescope (the NST), are coming to fruition, it is critical to have high quality full-disk synoptic data to provide context for the high resolution data, especially in predicting space weather and probing its origin.  The SAM system is made necessary at BBSO because the NST will supplant all of the current telescopes, and new and upgraded synoptic system will enable the NST to reach its potential.  

BBSO has been operating a global H network for several years.  This includes developing all the image processing and filament eruption detecting software.  In addition, we have built a semi-robotic synoptic telescope for observing earthshine to measure the Earth’s albedo; a clone of the prototype about to be deployed in the Canaries.  Semi-robotic means manual operation to open and close, but all other aspects are robotic.  We have found that this type of semi-robotic telescope minimizes complications in design and problems of cost.  Finally, hardware choices were made based on our experience in designing and building Htelescopes and digital vector magnetographs.  We need and can build requisite sub-arcsecond resolution with inexpensive, reliable and automated hardware.  The SAM will be constructed with all off-the-shelf items, as were the semi-robotic earthshine telescopes.
BBSO has long experience in providing synoptic data products to the solar community and beyond.  These data are used by us, and others to provide near realtime space weather forecasts.  As well, BBSO synoptic data have been used by many in basic research projects around the world, such as many Ph.D. theses. 

The prototype SAM will be based on our long experience in building synoptic telescopes and semi-robotic telescopes (only needs intervention to open and close) for our global networks.  All components of the each SAM are commercially available and will utiltize control and analysis software that we developed and is fully operational in our existing systems.  The prototype would be fed by light from an evacuated turret system (see figure) elevated 5 m above the ground to ensure the highest quality light signal.  The commercially available turret is based on the successful Swedish Vacuum Telescope.  The evacuated turret would reach vertically above the ground layer seeing.  A system of flip mirrors, based on currently operating ones at BBSO, would alternatively direct the light to full-disk H, Vector Magnetograph and CaK systems.  This prototype would provide state of the art measures of the fundamental indicators of space weather changes.
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Phase I:

Goal: Design, build and test a bare-bones version of the Solar Activity Monitor (SAM) prototype to demonstrate the feasibility of the full prototype.  This includes a full-disk Hin a simplified light feed into a cargo carrier modified observatory.  All of the hardware is commercially available or already in BBSO.  The light feed is done by a small turret with an aperture about 5cm. 

	Budget
	

	Insulated Shipping Container (SAM Shelter)
	$ 8 K

	Support Structure (Concrete Foundation, Reinforcements, etc)
	$25 K

	Feasibility Turret 
	$30 K

	Base Tracking System 
	$10 K

	Design Full SAM and Supervise H Prototype
	$25 K

	
	

	
	

	Total Phase I Budget
	$98 K


BBSO will provide all the required filters for the prototype, including the H Lyot filter, which the observatory has on-hand.  Further, BBSO will provide the control computer and all our fully operational analysis software to provide one (processed) H image every minute with automatic flare/filament eruption detection software that can automatically make cadence five times faster.  The images from this nearly robotic system will be provided to customers in real-time.

Phase II:

Goal: Implement a full, semi-robotic SAM prototype, which only requires personnel to open and close.  The full prototype would be fed by light from a commercially available evacuated turret system to ensure the highest quality light signal.  The turret would replace the prototype turret of Phase I.  The turret would reach above much of the boundary layer and be further improved by a commercially available tip/tilt system.

	Budget
	

	25 cm TelescopeTurret System
	$150 K

	Optics and Flip Mirrors
	$40 K

	Large Format (2K by 2K) Fast Camera
	$50 K

	Magnetograph Optical Components
	$20 K

	Tip/tilt System
	$20 K

	Optical Support Components
	$20 K

	Data Archive System Updated in Near-Real Time
	$20 K

	Three Person Years of Labor (Loaded Salaries)
	$400 K

	
	

	Total Phase II Budget
	$690


A tip/tilt system is sufficient to sharpen the images without adaptive optics because the Fried parameter, r0,  in BBSO is sufficiently close to the aperture of the SAM, since tip/tilt is the largest and first order adaptive correction.
Phase III:

In Phase III, HelioSynopTek, as a spin-off of BBSO, would manufacture multiple versions of the turret system, and then deploy and install them around the world.   The Canaries and Learmonth would be initial targets so as to give uniform global coverage at excellent sites with extended periods of clear skies and experienced observing teams.  HelioSynopTek would also provide the optical feed to on-site Lyot  filters and camera systems.  HelioSynopTek would also maintain the SAM’s, and work to ensure that the information is supplied to Offut AFB and other customers in a useful format in near real-time.  Further, HelioSynopTek would collaborate with customers in the interpretation of the data.

Appendix:

Budget Details:

