Innovative Space Weather Research

   4

Next Generation Hα Full-Disk Telescope for Innovative Space Weather Research

Philip R. Goode (PI, pgoode@bbso.njit.edu), Carsten Denker and Haimin Wang

1. New Jersey Institute of Technology, Center for Solar-Terrestrial Research,  323 Martin Luther King Blvd, Newark, NJ 07102

2. Big Bear Solar Observatory, 40386 North Shore Lane, Big Bear City, CA 92314

Summary: BBSO is the only site that provides consistent and extended periods of good seeing from sunrise to sunset, which are required for combined high-resolution and synoptic observations to monitor solar activity and its effects on the Sun-Earth system. We propose to build a Hα full-disk telescope, which is based on the design of the Swedish Solar Telescope (SST) – the World’s most capable telescope for high-resolution studies of the Sun. Stockholms Digitalmekanik, the manufacturer of the SST, is marketing a miniature, cost-efficient version of the SST with an aperture of 25 cm, which is ideally suited for a synoptic full-disk telescope. We will use this instrument for our synoptic Hα full-disk observations. The new telescope will replace and extend the capabilities of the current Singer full-disk telescope, which can no longer be operated with the advent of the New Solar Telescope (NST) at BBSO in mid-2006. The NST is a 1.6 meter aperture telescope for high-resolution studies of the Sun (Goode et al. 2003). These instrumentation efforts – in the high-resolution as well as in synoptic studies – will ensure and enhance BBSO’s scientific productivity and help to maintain its leadership position in ground-based solar physics and space weather science.  Most importantly, BBSO can continue to provide the community the most useful of space weather forecasting, while beginning to provide the tools for the next generation of space weather forecasting.

1. Introduction

Great strides have been made in space weather forecasting in recent years, but much larger strides are within our grasp.  We propose to employ high resolution telescope technologies in combination with the latest image processing techniques.   High resolution telescopes are capable of providing much better/sharper images, which can detect precursors of flares and filament eruptions, yield surface flow maps, and the like, to be used to greatly improve our understanding of the origin of space weather.  It is the surface flows that induce the changes that lead to eruptive phenomena on the solar surface.  Thus, we can continue the current generation of space weather forecasting, while providing forecasters the next generation of tools.

The scientific productivity of BBSO has its foundation in a combination of high-spatial resolution and synoptic observations. The Hα full-disk telescope will complement BBSO’s efforts in high-resolution studies of the Sun. BBSO is the only site that provides consistent seeing conditions with extended periods of good seeing from sunrise to sunset, which are required for combined high-resolution and synoptic observations to monitor solar activity and its effects on the Sun-Earth system.  

Chromospheric full-disk data are the basis for many studies of solar irradiance variation, solar differential rotation, flux emergence, flares, filament eruptions, and signatures of coronal mass ejections (CMEs), which are of particular interest for the space weather community. In addition, full-disk data provide context information for high-resolution observations of solar fine-structure. The Hα full-disk telescope will leverage the investments in high-resolution observations and enable new scientific discoveries while ensuring the continuation of on-going synoptic research programs. The new full-disk telescope offers a variety of features exceeding the capabilities of the existing synoptic telescopes such as higher temporal and spatial resolution, spectral line scans, Hdopplergrams, frame selection to achieve higher and consistent image quality, automated operation, increased duty cycle, and a streamlined data pipeline providing well-defined data products for space weather forecast and solar activity research (Denker et al. 1998).
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Site Considerations
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BBSO exploits the excellent climatic conditions of Big Bear Lake in California to study the Sun. The observatory is located in the middle of Big Bear Lake to reduce the image distortion, which usually occurs when the Sun heats the ground and produces convection in the air just above the ground. Turbulent motions in the air near the observatory are also reduced by the smooth flow of the wind across the lake instead of the turbulent flow that occurs over mountain peaks and forests. These conditions, combined with the usually cloudless skies over Big Bear Lake and the clarity of the air at 2,000 meters (6,750 feet) elevation, make the observatory a premier site for solar observations. The Advanced Technology Solar Telescope (ATST) site survey has identified at the end of a four-year survey three excellent sites for solar observing: Big Bear Solar Observatory, California – Mees Solar Observatory, Haleakala, Maui, Hawaii – Observatorio Roque de los Muchachos, La Palma, Canary Islands, Spain (Hill et al. 2004). All three sites are suitable for high-spatial resolution observations. However, only BBSO – the mountain-lake site – provides consistent and  extended periods of excellent seeing from sunrise to sunset. Periods of excellent seeing are limited to one or two hours in the early morning for the pacific/atlantic mountain-island sites Haleakala/La Palma, where the seeing deteriorates once the ground heats up and a turbulent boundary layer has been established. The island/mountain sites have the advantage of coronal skies, but the lake at BBSO effectively suppresses this boundary layer and makes the observatory ideally suited for high-resolution and synoptic observing programs.

3. Scientific Objectives

The scientific objectives of the Hfull-disk observations 

include, among others, flare patrol, active region evolution,

 chromospheric differential rotation and space weather forecasting and predictions (Gallagher et al. 2001). In combination with space and ground-based observations, Hfull-disk observations of high temporal and spatial resolution have been proven to be a key diagnostic to determine the magnetic field topology between the photosphere, chromosphere, transition region, and corona. Hfull-disk observations provide a unique tool for studying the structure of the chromosphere. Round-the-clock high-resolution full-disk Hdata are extremely important for studying the correlation between filament disappearances/eruptions and Coronal Mass Ejections (CMEs) and for understanding the possible driving mechanisms. The Hfull-disk data products will enhance our understanding of the Sun-Earth system and assist in forecasting space weather. Solar storms can affect millions of people and endanger technological assets both in space and on the ground. Examples include the computer and memory upsets on satellites, threats to the safety of astronauts, increased exposure to radiation of airline passengers and crew members, disturbance of radio waves and telecommunications, and disruptions of the electricity grid.

The Synoptic Optical Long-Term Investigations of the Sun (SOLIS, Keller et al. 2003) and the Improved Solar Observing Optical Network (ISOON, Neidig et al. 2003) have similar capabilities but they are not typically used in high-cadence mode and the seeing and local weather conditions favor BBSO. The proposed Hfull-disk telescope has a larger aperture and twice the spatial resolution compared to those of ISOON or SOLIS. Further, BBSO has a well established data pipeline and scientific support for feature recognition, the derivation of flow maps, and space weather forecasting capabilities. The telescope is also an integral part of BBSO’s 6-station Global HNetwork (GHN). The GHN would experience an 8–10 hour data gap in its duty cycle without BBSO. Space weather studies and forecasting would severely be impacted. 

4. Mechanical and Optical Design

The Hα full-disk telescope is a 25 cm effective aperture refractive telescope. An f / 12.5 beam is required to match the size of the CCD detector and the 30 mm aperture of the Lyot filter. The objective lens also serves as the entrance window of the telescope. The objective lens material blocks ultra-violet (UV) light and a special coating blocks infra-red (IR) radiation above 700 nm. The coating also protects the first surface of the objective lens, which is exposed to the elements. During rain or snow, the telescope control software will move the entrance window into a secure position. During extreme weather conditions, the whole turret will be enclosed in additional weatherproof material. The telescope is using a miniature version of the SST turret system, which allows a very compact instrument envelope. Turret telescopes are very cost-effective systems with a small instrument footprint. They have been used in a variety of high-resolution and synoptic telescopes including the Dunn Solar Telescope (DST), ISOON, and the Global Oscillation Network Group (GONG).

Simplicity is one of our design goals. Many of the optical and mechanical components are readily available. Stockholms Digitalmekanik (www.digitalmekanik.se) provides the complete telescope assembly including the telescope control systems, thus, minimizing risk and redundant design efforts. Since the responsibilities of the BBSO observing staff will increase with the advent of the NST, care has to be taken in the design of the synoptic telescope to keep the operational efforts and maintenance costs low. Much of the hardware and software is based on industry standards, which makes system migration simple, adds reliability, and provides future upgrade paths to stay in sync with technological advances. The telescope control software includes provisions for event-triggered operation, remote-control, and autonomous operation, which will enhance our capabilities in campaign-style observations with multiple ground- and space-based observatories.

The new H full-disk telescope is based on the experience of the very successful Singer full-disk telescope (Denker et al. 1998). The HLyot filter that is currently being used will be replaced with a Zeiss Lyot filter that has been thus far reserved for high-spatial resolution observations on the 65 cm vacuum reflector. This Zeiss filter is computer controlled and enables automated spectral line scans. A bandpass of 0.05 nm or 0.025 nm can be selected depending on the research program. This leads to a moderate spectral resolution of about /  =  25,000. The transmission Zeiss Lyot filter is about 30% higher compared to the old system. The transmission is further improved by about 40% using a narrow band (0.3 nm) ion-assisted deposition interference filter manufactured by Barr Associates as the prefilter for the birefringent filter. The bandpass of the prefilter is sufficiently narrow to suppress false light but wide enough to permit line wing measurements. The improved transmission characteristics of the filter system and the larger aperture of the telescope will make shorter exposure times possible. The existing 2k ( 2k pixel CCD camera system will be upgraded with a USB2.0 interface allowing frame selection. These improvements will lead the way to a better and more consistent image quality. The ultimate goal is to integrate a 4k ( 4k pixel CCD camera with higher quantum efficiency to double the spatial resolution.

5. Prospects

· Large-format, 4k ( 4k pixel CCD camera with higher quantum efficiency

· Ca II K, G-band and continuum full-disk observations

· Observations with a smaller field-of-view but higher spatial resolution

· Phase-diversity or Multi-Frame Blind Deconvolution image restoration to achieve the highest spatial resolution possible

6. Budget

The overall project responsibility rests with PI Goode who benefits from advice from Co-PIs Denker and Wang. We have assembled an experienced team of researchers, computer experts, and mechanical and optical engineers who have been intimately involved with various instrumentation projects over the years. The Hα full-disk telescope project is well defined, low-risk, competitive with similar projects, and has a realistic time-horizon. All project activities are carefully coordinated with Roy Coulter, the NST project director at BBSO, to avoid scheduling conflicts or over-lapping work schedules of staff members.

The telescope costs $110 K with an additional $25 K for optical and mechanical components.  We estimate the cost of installation to be $70 K.  The system will use filters, cameras, software, etc. that we have in hand, which would highly leverage the AFOSR investment in this project.
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