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The Japan/US/UK Yohkoh mission was launched on 29 August 1991 and ceased acquiring solar observations on 14 December 2001.  Over the decade the mission returned an uninterrupted record of energetic solar coronal and activity phenomena of high quality and enduring value.  It is the purpose of this document to describe our plan for terminating the Japan-based operations and creating an enduring and user-friendly Yohkoh data archive.  Sections 1 and 2 describe the tasks required achieve these goals.  In section 3 these tasks are summarized and estimates are provided of the calendar time needed for each.

1. The Yohkoh Galileo archive project

In order to assure the usability of Yohkoh data for generations of future scientists it is incumbent upon us to create a durable and readily accessible archive of Yohkoh data products and descriptive and explanatory documentation.  We call the effort to preserve and document the Yohkoh data archive the Yohkoh Galileo Project in honor of Galileo Galilei -- specifically for his diligence in recording and preserving his 17th-century sunspot observations.  Their scientific usefulness and importance in understanding the long-term variability of the Sun have never faded.  The ten years of observations by Yohkoh provide a unique, high-quality, record of high-energy solar phenomena over an entire sunspot cycle.  These data will be mined for decades, perhaps for centuries, for studies of solar activity, its control of space weather and the sun-earth connection, and properties of magnetically active astrophysical objects.

The Galileo Project is being undertaken by the same team of U.S., Japanese, and U.K. scientists who cooperated in conducting the observational phase of the mission along with the GSFC Solar Data Analysis Center where the primary public archive of Yohkoh data is located.  It is a two-year effort starting in CY2002 and ending in 2003.  The three main tasks are calibration, data preparation and archiving and documentation. 

In what follows we refer to level 0, level 1 and level 2 data products.  Broadly speaking, level 0 are reformatted raw Yohkoh data, level 1 products are in instrumental or (for BCS) photon units but have had all data corrections and calibrations applied.  They are in FITS format and the headers include all pointing, date, exposure, etc., information required for further scientific use.  No ancillary databases are required to exploit these products.  Level 2 products have been further processed to provide, e.g., composite SXT images combining short and long exposures, full-sun spectral x-ray irradiance, synoptic maps, etc.

1.1 Calibration and data correction

Throughout the course of the Yohkoh mission the response characteristics of the SXT instrument evolved due to the build up of radiation damage in the CCD, periodic failures of the thin-film entrance filters, and degradation of the aspect sensor optics.  Final, definitive, algorithms for correction these observational artifacts must be updated and improved for the final data product -- as described in the following sections.

1.1.1 Yohkoh pointing

In order to properly analyze Yohkoh observations the exact pointing on the sun must be precisely (to within one arcsec) known for every datum.  Techniques to achieve this requirement (time dependent because of sensor aging) have been developed and used to create the ATT database.  Occasional ATT errors exist, especially late in the mission, that must be found and corrected before level 1 and 2 data products can be produced. 

1.1.2 CCD calibration

In order to convert SXT data numbers (DN) to energy flux the conversion gain of the CCD electronics must be known.  The nominal pre-launch value of this parameter was set to 100 electrons per DN.  We will conduct a final evaluation of on-orbit SXT calibration data to ascertain the value and stability of CCD gain throughout the mission.

Regular weekly SXT dark and visible-light images were collected throughout the mission for the purpose of correcting for the effects of detector aging.  The programs and techniques utilizing these measurements in the production of corrected solar x-ray images are largely in place but need to be verified prior to the production of the final level 1 and level 2 data products.

1.1.3 Visible stray light and changes in SXT spectral sensitivity

Beginning in October 1992 the thin-film entrance filters of SXT began to fail, section by section.  With each failure the pattern and intensity of visible stray light entering the instrument changed and the sensitivity of SXT to low-energy x-rays increased.  These step-wise changes have been tracked throughout the mission and (imperfect) procedures and algorithms developed for their correction in SXT images and photometric results.  Now that observations are complete and the data set is stable a substantial research effort is required to utilize in-orbit data to develop best and final corrections for these observational artifacts.

1.1.4 Scattered x-rays and vignetting

Knowledge of the point-spread function (PSF) of the SXT, including the far wings from x-rays scattered off the surface of the glancing incidence mirror, is currently based upon pre-launch calibration, augmented with some in-orbit measurements.  It is vital that corrections for the PSF be as good as possible because much of the detected signal in faint coronal regions, at times of moderate to high solar activity, is actually due to x-rays scattered from nearby bright x-ray sources.  Research has been underway for some time, through techniques such as blind iterative deconvolution and analysis of eclipse observations and behind-the-limb flares, to improve SXT spectral PSF algorithms.  This work needs to be completed under the Galileo Project and the results applied to level 2 data products.

Likewise, but of lower priority, the spectral dependence of the SXT vignetting function needs to be improved for the benefit of better temperature analysis of off-axis solar x-ray features.

1.2 Data Preparation and Products

At present, the bulk of Yohkoh observational data are archived, along with the ancillary files required for analysis, in Yohkoh-format level 0 data files.  This approach is an efficient use of storage space and has served us well throughout the mission.  It will be retained for the foreseeable future as the basic digital raw-data archive for Yohkoh.  However, it would be imprudent for the permanent scientific archive of Yohkoh data to be totally dependent upon availability and functionality of the extensive suite of specialized software and a proprietary programming language (IDL) in order to create fully corrected data products from the raw data.  Thus, a major thrust of the Galileo Project will be to produce fully annotated and calibrated level 1 and level 2 data products, including experimental uncertainties, in universal FITS format, for appropriate parts of all of the Yohkoh experiments (SXT, Hard X-ray Telescope (HXT), Bragg-Crystal Spectrometer (BCS), and Wide-Band Spectrometer (WBS)).  Although all level 0 data and software will be preserved, the new level 1 and level 2 data products will free scientific and public users of Yohkoh data from the need to access the level 0 data.

We will coordinate with the Solar Data Analysis Center (SDAC) of Goddard Space Flight Center to assure that all higher-level data products generated as part of the Galileo Project conform to current standards.  These include SolarSoft (SSW) descriptions of observing times and targets, which will facilitate continued integrated analysis and coordinated comparisons with SoHO, TRACE, ground based observatory and other integrated SSW solar data sets.  Sam Freeland of the Galileo Project team will serve as the SDAC and SSW liaison to monitor the progress in the definition of the Virtual Solar Observatory (VSO) and the European Grid of Solar Observatories (EGSO) to assure that applicable standards are reflected in the data products created under the Galileo Project.

For the SXT, the principal level 1 data product will comprise one image file for every image in the level 0 database – fully corrected and annotated in the FITS header.  HXT level 1 data will be hard x-ray light curves and quantitative flare images in each energy channel in FITS format, with time resolution set by counting statistics.  An HXT flare catalog will provide summary data (e.g., position, time of maximum, peak count rate, duration, etc.) in tabular form.  The MSU team will assist our Japanese colleagues in entering these HXT data products into the archive.  For the BCS, level 1 data will comprise spectra (counts/wavelength) for all four channels, again in FITS format.  Two additional data products will be produced - the first is a spectrogram of each day in the Sulphur and Calcium channels in web accessible format such as jpg or png. The second BCS data product will be a flare catalogue.  We attempt to combine all of the Yohkoh flare catalogs into an interactive HTML-based data browsing and selection tool.

Much of the software necessary to produce the aforementioned level 1 and level 2 products either exists or is a modest modification of existing, tested, software.  The data processing and formatting task will utilize existing equipment, to be augmented as necessary with increased storage disk capacity.

1.3 Documentation

The guiding principle of the Galileo Project documentation shall be to completely elucidate how a Yohkoh digital signal is related to incoming photons, as well as what corrections have been applied to these signals in the production of Yohkoh data products.  Details of hardware and software design and pre-launch calibration must be provided sufficient for a full understanding of the Yohkoh database.  Over the decade of Yohkoh operations a great variety of observing modes and operational changes has occurred.  Much has been learned about aspects of how the operating environment and operating practices affect the data.  All of this important information will be reviewed, edited, and put into digital and hard copy forms appropriate for permanent archive.

The original Yohkoh Analysis Guide and defining documents such as the Experiment Interface Agreement will be left largely intact for the historical record.  A new Yohkoh Archive User’s Guide will be prepared that applies primarily to the use of level 1 and 2 data products.  HTML-based tools for selection, browsing and review and acquiring Yohkoh data products will be prepared – building upon existing SXT movie-making routines but adding facilities for display and acquisition of related partial-frame image (PFI) observations and data from other Yohkoh (and occasionally non-Yohkoh) experiments.

In order to bring together, in one place, an accessible permanent record of all aspects of the Yohkoh mission it is our intention to publish The Yohkoh Legacy – a Manual to Enable the Scientific Exploitation of the Yohkoh Mission Data which will include full descriptions of all of the Yohkoh experiments, the Yohkoh spacecraft, and typical mission operations.  There will be chapters briefly describing scientific advances from Yohkoh and a bibliography of Yohkoh scientific publications.  Tables listing significant mission events such as eclipses, CCD bake outs, entrance filter failures, periods of off-points, etc., will be provided.  Flare tables will direct users to especially productive times of flare observation and lists of cooperative observing campaigns will record the collection of important joint data sets with other observatories.  A “how to” chapter on the use of data from the Yohkoh archive will reproduce an edited version of the Yohkoh Archive User’s Guide.  The book will include a DVD with the mission-long SXT movie and other easily accessible results.  The Yohkoh Legacy will be published in electronic form as well as in hardcopy format.  We believe The Yohkoh Legacy is the best way to achieve our goal of a permanent and durable documentation of the mission, it’s results to date, and the information needed to make the archive useful in perpetuity.  

1.4 Responsibilities

The archival effort described above is a major effort demanding significant resources.  Nevertheless, we strongly believe that the ongoing value of the Yohkoh database demands nothing less.  We are, as a team, committed to put our energies and time into the Yohkoh Galileo Project as we have heretofore devoted our attention to the Yohkoh mission and its scientific and technical operations.

The U.S. SXT Principal Investigator, Prof. Loren W. Acton, will lead the Galileo Project for NASA.  Prof. Acton believes in the importance of this project to the extent that he has come out of semi-retirement to work full time on the project.  The solar groups of the Lockheed Martin Solar and Astrophysics Laboratory (under Dr. James Lemen) and at Montana State University will work in close cooperation on all aspects of the Yohkoh/SXT archive program, as has been the case during Yohkoh operations.  The BCS aspects of the Galileo Project will be carried out at the Mullard Space Science Laboratory under BCS Principal Investigator, Prof. J. Leonard Culhane.  Our Japanese colleagues have committed to contribute to data archiving and documentation for the WBS and HXT instruments and to the creation of The Yohkoh Legacy.

2. Other Yohkoh mission completion activities

In addition to the Galileo Project as outlined above, four other activities will be accomplished under the existing contract.  

2.1 Support of external science investigators

Analysis of Yohkoh data continues to be an important, and often central, component of on-going solar research projects.  The NASA-funded Yohkoh/SXT team frequently assists scientific investigators from the US and abroad as they access and analyze Yohkoh data.  Similar efforts for the international solar physics community are undertaken in the UK.  Quite often these efforts evolve into scientific collaborations resulting in peer-reviewed publications.  In the closing months of the NASA-funded Yohkoh activities we plan to continue to serve the scientific community as we have done for the past decade.  With the production of the above described Galileo Project data archive and documentation, we anticipate that support to the external science community will become greatly simplified, and that such efforts can be phased out as we approach the end of our contract.

2.2 Closure of the ISAS operations

The NASA-funded Yohkoh SXT team has maintained a permanent presence at ISAS for the past ten and a half years.  Our team has maintained several NASA-funded workstations and servers that are used for data reduction (reformatting), data archiving, operations planning, and science activities.  Some NASA-tagged hardware is now considered obsolete and will be disposed of in place.  We propose that the existing servers at ISAS will be retained at and maintained by ISAS so that the archive data may continue to be accessible to Japanese scientists.  The plan to transition maintenance of this equipment to ISAS will be developed as part of this effort.  In addition, hard-copy operational records will be reviewed and delivered to ISAS.  Finally, we will terminate the leases of three apartments and dispose of furnishings.

2.3 Education and Public Outreach (EPO)

The Yohkoh mission has left a rich legacy of EPO materials and events, e.g., the Yohkoh Public Outreach Project (YPOP) web site(s), Solar Week, solar nuggets, videos, posters, etc.  It is our intention to stabilize and retain the YPOP website in a low-maintenance mode because of its familiarity to the public and high hit rate.  Worthwhile ongoing activities like Solar Week and the nuggets series may be transitioned to other active programs such as, e.g., MaxMillenium.

2.4 Cross Calibration with GOES 12 SXI

The Yohkoh SXT observations provide a unique record of quantitative soft X-ray imagery for most of a solar cycle.  The National Oceanic and Atmospheric Administration (NOAA) intends to add soft X-ray telescopes to future weather satellites for the purpose of forecasting solar weather.  The GOES 12 spacecraft that was launched in July 2001 has the first Solar X-ray Imager (SXI).  This SXI has a comparable pixel size and response function to the Yohkoh SXT.  The GOES 12 SXI telescope was operated during the early on-orbit test and checkout period throughout part of September, October, November, and part of December 2001, providing an overlap period of almost three months.  A cross-calibration of the SXT data with the GOES SXI data is planned.  Since the GOES 12 SXI was calibrated at the Marshall Space Flight Center’s X-ray Calibration Facility prior to launch, the cross calibration will provide a useful means to check the SXT end-of-life characteristics and to compare with the pre-launch calibration.  Furthermore, the cross calibration of these telescopes will enhance the value of the SXI data and effectively extend the period of time over which the soft X-ray Sun is monitored -- once the operational phase of GOES 12 begins.  

3.  Summary

The Yohkoh team is committed to bringing the program to a close in such a way as to leave the data and the documentation in a condition appropriate to the quality of the observations and the resources invested in their acquisition.  This document and the following table elucidate our proposed plan to achieve this objective.  

[image: image1.wmf] 

Tasks and Schedule for

 Yohkoh

 Mission Completion

 Fraction complete

50%

100%

(months)

(months)

1. The 

Yohkoh

 Galileo archive project

1.1 Calibration and data correction

1.1.1 

Yohkoh

 pointing

4

6

  Find and correct errors in 

Yohkoh

 ATT database.

1.1.2 CCD calibration

6

9

  Review and verify corrections for CCD detector performance and aging.

1.1.3 Visible stray light and changes in SXT spectral sensitivity

9

12

  Develop final corrections for time and pointing dependent observational artifacts.

1.1.4 Scattered x-rays and vignetting

9

12

  Determine SXT instrument functions from on-orbit data for level 2 data products..

1.2 Data Preparation and Products

  Produce on-line archives of all Yohkoh level 0 data and analysis software.

6

8

  Create fully corrected, calibrated and annotated Yohkoh data products in FITS format.

8

14

1.3 Documentation

  Create a new 

Yohkoh

 Archive User’s Guide

 for the use of level 1 and 2 data products.

14

18

  Create interactive HTML-based flare catalogs and data browsing and selection tools.

14

20

  Publish 

The 

Yohkoh

 Legacy

14

20

2. Other 

Yohkoh

 mission completion activities

2.1 Support of external science investigators

14

20

2.2 Closure of the ISAS operations

3

6

2.3 Education and Public Outreach (EPO)

4

12

2.4 Cross Calibration with GOES 12 SXI

6

12
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