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In spite of the good intentions of Newsletter #1 — ‘‘A much shorter issue should be out
around 1 June.’’ — here is the second issue. The size arises from Rob Hubbard’s considerable,
and successful, efforts to capture the spirit, and sometimes the fire, of the April workshop as
well Jack Harvey’s description of the GONG instrument. We hope that you will find both contributions interesting and worthwhile. The next issue will include material submitted before the
first of September.

Site Survey:
As promised in the previous Newsletter, the instruments at the Cerro Tololo
Inter–American Observatory and the Las Campanas Observatory, both near La Serena in Chile,
are up and running; this thanks in very large part to the tremendous welcome and support
extended by two Oscars — Saá at CTIO and Duhalde at LCO. At the LCO we enjoyed the hospitality of Wojtek Krezemenski and Bill Kunkel who continue to oversee the operation there.
Daniel Maturana and Ricardo Venegas were patient and philosophic hosts at CTIO who, in
addition to diagnosing a troublesome wiring problem, helped the installer over the horror of discovering what a fork–lift truck somewhere along the line could do to the ammo cans used in
shipping.
We have received permission from the Government of India to install our tenth and last
site monitor at Udaipur. We expect to ship this instrument at the end of June, with installation
occurring in August. This will complete the siting of the instruments.
In the last edition of the Newsletter, we published some plots of site survey data obtained
at Mt. Wilson that showed attenuation of the signal in the afternoon. We speculated that the
attenuation was caused by smog over the Los Angeles basin. Since then, we have received convincing evidence from Mr. Larry Webster that the attenuation was not caused by smog, but
rather more probably by misalignment of the instrument. We apologize for the unjustified
disparagement cast upon the Mt. Wilson site.
Ken Libbrecht has moved the Big Bear instrument out onto the causeway to get away
from interference from trees, and the data now demonstrate that it has good visibility down to
the horizon.
A paper describing the site survey instrument has recently been published in Solar Physics
103, 33.
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Upcoming Meetings:
The International Astronomical Union will sponsor a Symposium ( #123 ) entitled
Advances in Helio– and Asteroseismology to be held in Aarhus, Denmark July 7 to 11, 1986.
For further information, please contact Dr. S. Frandsen, Astronomisk Institut, Aarhus Universitet, DK-8000 Aarhus C, Denmark.
A meeting in memory of John P. Cox, entitled Stellar Pulsation will be held at the Los
Alamos National Laboratory, August 11 to 15, 1986. For further information, please contact A.
N. Cox, Los Alamos National Laboratory, Mail Stop B288, Los Alamos, New Mexico 87545,
USA.
This Summer’s NSO/Sacramento Peak Conference will be On the Inner Solar Angular
Velocity: Theory and Observations, and will be held August 11 to 14, 1986. For further information, please contact Bernard Durney, National Solar Observatory, Sunspot, New Mexico
88349.

Opacity Codes:
Considerable renewed interest has developed recently in the opacities and the equation of
state used in stellar interior and envelope calculations, in large measure because of discrepancies
between observed and calculated eigenfrequencies. As a result of discussions at the GONG
Workshop ( see below ) the following three summaries of work in progress are included. We
apologize in advance to other workers in the field, and invite them to send along similar brief
statements about their work. This is probably an appropriate point to insist that the intent of
these Newsletters is to provide convenient, informal, and unfettered information about the
GONG project as well as communication within the helioseismic community, and we insist that
the information contained here is 222
not to be referenced in any other publication.
Roger Ulrich sends along the following:
Opacities for Astrophysical Mixtures
F. J. Rogers and C. A. Iglesias
Lawrence Livermore National Laboratory
Livermore, California 95066
and
R. K. Ulrich
University of California, Los Angeles
Los Angeles, California 90024
A variety of astrophysical problems including the calculation of solar and stellar interior
structure are sensitive to the opacity and equation of state functions. The complex character of
the atomic and statistical mechanical theory necessary to permit the calculation of these functions has led to the pervasive acknowledgment that the available data are of uncertain reliability.
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physics.
An equation of state code, based on a manybody activity expansion of the grand canonical
1,2
This theory also provides a consistent method for
partition function, is already developed.
calculating the opacity of dense plasmas which does not require the introduction of ad–hoc procedures. The opacity code uses ‘‘detailed configuration accounting’’, DCA. An extension of
earlier work on parametric potentials3 is used to rapidly calculate configurational averaged
energy levels, wavefunctions and oscillator strengths for dense plasmas. Term splitting in L–S
coupling is obtained by standard perturbative techniques. Current opacity codes use very
simplified line broadening procedures which do not properly account for the line wings — an
important source of opacity. We plan to introduce improved methods for multi–electron line
broadening in the current code. We also plan to study the effect on opacity of atomic physics
phenomena such as Fano profiles.
The first extensive applications of these methods to astrophysical problems will be in the
area of solar structure where the adiabatic sound speed and the opacity function are required to
calculate solar frequencies of oscillation and the flux of solar neutrinos.
References
1. Rogers, F. J., Ap. J. in press (November 1986)
2. Rogers, F. J., 1981, Phys. Rev. A 24, 1531.
3. Rogers, F. J., 1981, Phys, Rev. A 23, 1008.
Werner Däppen sent along the following description of the plans of another new group:
The London–Belfast–Boulder–Illinois Opacity Collaboration
The opacity plays a crucial role in stellar energy transport, and therefore in stellar structure, evolution and pulsation. Because the task of calculating opacities is extremely difficult, it
has so far been attempted only a few times. The results obtained in the last 20 years by the Los
Alamos group have become essentially the accepted standard. In the middle of the 70s the
independent calculations by Carson showed a quite significant disagreement with the Los
Alamos results; however, this disagreement was largely removed with the discovery of an error
in Carson’s equation of state.
Nevertheless, the ensuing agreement shows only an internal consistency of two similar calculations based on similar physical assumptions. Given the importance of the opacity, a group
involving over 25 scientists (among others: M. J. Seaton, University College London; P. G.
Burke, Queen’s University Belfast; D. G. Hummer, JILA Boulder; D. M. Mihalas, University of
Illinois) began in 1983 a 5–year project to recompute opacities for stellar envelopes, using
state–of–the–art atomic cross–sections and oscillator strength data and also an improved equation of state.
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Los Alamos Astrophysical Opacity Program
J. Abdallah, W.F. Huebner, J.J. Keady, N.H. Magee, A.L. Merts, and C.M. Sharp
As the temperature varies from very high to very low, astrophysical material goes through
various phases: ions, atoms, molecules, and condensates. The equation of state and opacity
vary accordingly. In our long-term plans we will take these changes into account while simultaneously improving existing programs.
The Light Element Detailed Configuration Opacity (LEDCOP) code is being revised to
include a complete set of accurate and internally consistent LS term energies and oscillator
strengths in the EOS and the opacities. Selected oscillator strengths are calculated from the
Hartree–Fock codes and are then fitted by a quantum defect method. The hydrogenic photoelectric cross sections of excited states are now also being replaced by nonhydrogenic cross sections. Plasma effects are taken into account separately. Extinction coefficients for individual
elements calculated on a standard temperature — degeneracy parameter grid can then be mixed
to produce opacities for astrophysical mixtures.
In a separate code for low temperatures (T < 20000 K), we calculate the molecular equation of state including condensation into grains and droplets (T < 3000 K). This code will be
coupled to an existing molecular opacity program that calculates extinction coefficients for diatomic and some triatomic and polyatomic species. The results from this code can be combined
with the results from the LEDCOP code to give internally consistent EOS and opacities for the
entire region from stellar interiors to stellar atmospheres. Eventually we also plan to incorporate Mie scattering from the condensates. The results should also be useful for some planetary atmospheres.
We also have a NLTE EOS and opacity program under development.

Instrument Definition:
A series of internal, working documents has developed within the instrument develop
team, and because of its broad interest and significance we are including the following ‘‘Terse
Description of Instrument Concept D’’ prepared by Jack Harvey
Abstract. A brief description of GONG instrument concept D is given. This concept is
an evolution of concept C which was presented to the GONG workshop in April, 1986.
The present discussion incorporates ideas suggested during the workshop and subsequent
design activities by R. Dunn and G. Streander.
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The instrument will provide Doppler shift measurements of a single spectrum line as the primary signal but will also produce continuum intensity and spectrum line strength oscillation
measurements. Two-beam interferometry is the basic method selected for producing the signals.
A spectrum line will be used that is formed at a height in the solar atmosphere where noise
from granulation and chromospheric velocities is minimized. The spectrum line must be free
from blending with telluric or other solar lines and should remain relatively unchanged in shape
o
across the disk or in active regions. The provisional line selected is Ni I 6767 A. The number
of angular resolution elements (pixels) across a solar diameter will be ∼240 or ∼8 arc sec per
pixel. This will allow clear resolution of oscillation modes across 90% of the disk radius up to
∼160 and across 25% to ∼350. Apodization will be used to cut off spatial frequencies in the
image above 1 cycle per 2 pixels so that aliased noise will not be a problem. The signal will be
integrated for one minute to reduce aliasing of high frequencies and to provide measurements of
frequencies as high as 8 1/3 mHz.
2. Basic Elements. The instrument may be considered as composed of several elements: telescope, prefilter, tunable interferometer, detector, calibration, mounting, instrument control, data
processing and recording, power system and shelter. It is intended that the instrument be
automatic, with on-site attention required for only a few minutes per day.
3. Basic Operating Principle. This instrument concept is based on the Beckers-Brown-Evans
o
Fourier Tachometer. The selected spectrum line is isolated with a fixed prefilter of nominal 1A
FWHM passband. A channel spectrum produced by a Michelson interferometer of path
difference ∼1.5 cm is scanned uniformly across the passband containing the solar spectrum line.
With such uniform scanning, the intensity as a function of time may be shown to be
I (t) = Io [1 + Mcos(4ωt − φ)]
where ω is the angular frequency of rotation of a half-wave plate following the interferometer,
M is the modulation produced by the presence of the solar spectrum line (∼5% for the selected
line) and φ is the phase of the modulation. The phase is to a high degree linearly related to the
Doppler shift of the spectrum line.
As indicated by the equation, three samples suffice to determine the continuum intensity
Io , the spectrum line strength M and the Doppler shift (from the phase). For example the phase
may be found from
I2 − I3
tan φ = √73 33333333333
I2 + I3 − I1
if three samples are integrated over 120˚ intervals of 4ωt. These long integrations reduce the
effective modulation to 83% of the value obtained with instantaneous sampling. Instead of the
sequential sampling implicit in this discussion, one could imagine a system of three or four
detector arrays that would provide simultaneous sampling. However, because intensity
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same detector for these measurements. This strategy is then vulnerable to intensity changes at a
given pixel that are not associated with the controlled modulation. The major problem is
expected to be image motion. To reduce this problem it is necessary to sample the images
rapidly (> 50 Hz), and to provide rapid image motion stabilization.
4. Telescope. It is planned to use a sealed optical system filled with dry nitrogen. The main
optical path is vertical (unlike concept C) and is fed at one end by a pair of 10-cm mirrors
mounted in a turret driven by torque motors and a third mirror used to direct the beam downward and to effect rapid image motion compensation. The mirrors and turret mechanism are
rigidly mounted on the roof of the shelter. Sunlight enters through a pair of filter glass wedges
arranged to deviate unwanted reflected images away from the main transmitted beam. The outer
surface of this window will be coated with a scratch resistant material that will facilitate cleaning. The other surfaces will be antireflection coated except that one surface will contain an
interference filter coating to reject unwanted light. The telescope is a 6-cm aperture refractor
which provides enough light for each pixel with a comfortable margin for varying extinction
and haze. The singlet lens is made of an athermal glass and is figured so that a suitable amount
of defocus combined with the properties of the lens figure will cut off spatial frequencies above
1 cycle per two pixels. High frequency image motion is detected by an image motion detector
that uses light rejected from the prefilter. Image motion will be compensated by direct driving
of the turret torque motors or by moving the third mirror.
5. Prefilter. The function of the prefilter is to isolate the solar spectrum line within a clean,
o
stable ∼1A passband. It is planned to do this in two steps. First, a two-cavity, thin film
o
interference filter with a nominal 5A FWHM passband will reject most of the unwanted light.
This filter will be mounted in a temperature-controlled chamber with the control signal being
derived from light rejected by the next element of the prefilter. The second part of the prefilter
o
o
is a three-element birefringent filter having a FWHM of ∼1A and a free spectral range of ∼8A.
The birefringent filter will be made from calcite arranged in Lyot’s Type I wide-field
configuration. Passive temperature compensation will be provided by ADP plates of appropriate
thickness. MacNeille polarizers will be used so that the rejected polarization is not absorbed to
produce undesirable heating of the elements. This will also allow the rejected light to be used
for image motion detection, servo control of the interference filter and a laser calibration system
described below. The birefringent elements will operate in an f/26 (air) beam and will be
placed in a nested pair of thermally stabilized enclosures. The tunable interferometer is also
located in the same enclosure.
6. Tunable Interferometer. A solid, wide-field, polarizing, Michelson interferometer, after the
design of Title and Ramsey, is the basic design chosen for this critical element. A few design
enhancements are used. To reduce the length of the arms and sensitivity to temperature gradients, one arm is air with the mirror supported by a spacer material chosen to athermalize the
entire interferometer. The rest of the interferometer is constructed of a single material, nominally Schott F2 glass. Quarter wave retardations are required in each arm of the interferometer.
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sheets, a special beam splitter coating or crystal sheets in the arms. Testing will decide which is
best. Tuning is done by rotating a half-wave plate at a speed of about 300 rpm. The speed and
phase of the rotation will be controlled by a laser beam transmitted through the Michelson interferometer to a detector. The detected signal will be compared with a signal synthesized by a
master system clock and errors will be used to correct the speed and phase of the rotating plate.
In this manner, a global temperature drift of the interferometer will be compensated. The goal
of an active temperature control servo is to keep the temperature of the interferometer (and gradients of temperature) constant. Rotation must have very low phase jitter. While it appears that
precision ball bearings will do the job, air and hydrostatic bearings are also being considered.
The half-wave plate is of an achromatic design, consisting of appropriate thicknesses of crystal
quartz and either MgF2 or sapphire. To insure that the optical path through the interferometer is
stable, the aperture stop of the optical system will be the mirror in one arm of the interferometer. This will apply to both the solar and laser beams.
7. Detector. The main requirements for the detector array are rapid, high signal-to-noise ratio
readout of approximately 256 by 256 pixels. Two detectors appear to meet these needs: the
Reticon RA256 and the GE CID33. These can be operated at frame rates greater than 70 per
second, and signal-to-noise ratios in excess of 1000:1. The detector should be sufficiently thick
so that internal interference fringes are negligible. A modest amount of cooling (thermoelectric)
will be used to reduce dark current and to stabilize readout noise. The image presented to the
array will rotate roughly once per day so the array will be mounted on a turntable. The position
will be sensed by an encoder and compared with ephemeris calculations. The position error signal will be used to control a simple servo loop.
8. Calibration. The relative phase (velocity) associated with each pixel will be determined by
simultaneously illuminating all pixels with integrated sunlight. This will be done by optically
interchanging the solar image with an image of the telescope objective as needed (perhaps once
per hour). An absolute velocity reference will be provided by a Zeeman stabilized laser. The
laser has a stability in the cm/s range for short periods of time and a long-term linear drift
expected to be about 1.5 m/s/year. This system will operate continuously in a servo loop controlling the phase of the rotation of the half-wave plate. It should be noted that the laser system
stabilizes the entire interferometer field at only one specific angle corresponding to a single
point on the sun.
9. Mounting. The optical system is erected vertically from an isolated concrete pier located
within a concrete-block shelter. The optical system will be constructed in modules that will
stack upon each other. Metering will be maintained by invar rods. A flexible coupling will join
the stacked optical system to the three-mirror turret assembly mounted on the roof of the shelter.
The optical system will be sealed in a package filled with dry nitrogen. A bellows will allow
for pressure changes without mechanical distortion of the enclosure. The internal temperature
will be controlled to ∼±1 K. Thermal insulation will surround the primary enclosure.
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functions. The telescope computer will maintain an ephemeris for pointing the telescope and
controlling the rotation angle of the detector taking into account the actual angles at which the
instrument is mounted compared with nominal values. When the sun is acquired, pointing of
the mirrors will be controlled by the fast image motion sensor together with image position
information from the final detector array. A few weather sensors will serve to detect bad conditions and will cause the instrument to stow. An intensity servo is provided to maintain an
optimum exposure in spite of changing atmospheric extinction. Basic timing will be referenced
to WWV or other suitable national time signals. A precision crystal clock will be used to control the sampling of the detector and to synthesize the laser signal measured after transmission
through the interferometer. In case of laser failure, the clock will be used to control the frequency and phase of the rotation of the half-wave plate by means of an encoder mounted on the
turntable.
11. Data Processing and Recording. Three frames will integrated each minute corresponding
to samples integrated over 120˚ intervals of the modulation cycle. Each frame lasts approximately 10 ms and consists of ∼65K pixels digitized at 12 bits accuracy. The integrated frames
will be at least 24 bits deep. At the end of one minute, three alternate buffers will be selected to
receive the incoming data. During this period the data acquired during the preceding minute
will be processed and recorded. Processing will consist primarily of first-order data compression. A reduction from 9 to 4 bytes per pixel is a reasonable goal considering the large steady
signal present in each pixel. A few pixels away from the disk will be kept to monitor sky
brightness and scattered light and the rest will be rejected. The result will be a peak data
volume of ≤160 MB/day. The present plan is to record these data on high-density magnetic
tape cartridges at a consumption rate of no more than one per day. Two recorders will be used
sequentially. When one cartridge is full, recording will commence using the other recorder.
Once a day, the operator will check for a full tape and replace it if necessary. This strategy
allows for efficient use of tape, reduces demands for on-site visits during bad weather and
allows the on-site visit to take place any time during the day during good weather. The
recorded cartridges would be collected and shipped to Tucson say once per week.
Other recording possibilities are possible. For example, a laser disk could hold nearly an
entire week of data. A large magnetic disk could hold a couple of days of data so that only one
magnetic recorder would be required. The data might be transmitted directly to Tucson by
satellite link. In locations with phone service, it is planned to interrogate the instrument once
per day to determine its health and possibly to transmit one or two images if not prohibitively
expensive.
12. Power System. An uninterruptible power supply and an autostarting generator will provide
insurance against local power irregularities. Protection against lightning and other power transients will be required.
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the electronic equipment and some on-site storage. The exposed part of the optical system will
either have to be extremely robust or will have to be protected by an automatic cover of some
sort. The major problems are expected to be snow, ice and possibly sand. The entrance window will have to be cleaned frequently and it will be designed for easy field replacement. At
present, the baseline shelter is a concrete block structure.

Workshop Summary:
For readers who are wondering how a quarterly newsletter about the GONG project could
be so large, the answer is at hand. What follows is a summary of the April ’86 GONG
workshop. We will be anxious to hear if newsletter subscribers find such a synopsis useful.

1986 GONG Workshop
April 21–23, 1986
Tucson, Arizona
MONDAY MORNING, April 21.
Overview. John Leibacher greeted the participants and set out the goals of the meeting
(included in viewgraph section). He explained that a "team" approach to community involvement would be introduced and experimented with during the course of the meeting. John also
reported briefly on the project status, noting that the proposal has been well received in Washington. The President’s proposed 1987 budget includes $1M for GONG. (Related viewgraphs:
1–4.)
The Instrument. Jack Harvey gave a summary of the work to date on the instrument design and
also described Dick Dunn’s current telescope concept. He emphasized that these designs are by
no means final and that this session should be viewed as an opportunity to critique the current
plan. [A more recent and detailed description of the instrument and the telescope is included in
the Instrument Definition section of this newsletter.]
The design to date has proceeded from a decision made last summer in conjunction with
the internal NSO Instrument Advisory Committee (J. Brault, R. Dunn, W. Livingston and R.
Smartt) and a group of experts (J. Hall, W. Fastie, A. Title and proponents: T. Brown, L.
November, E. Rhodes, and D. Rust). At that time the two–beam interferometric Doppler
analyzer was selected as the most appropriate concept for meeting the goals of the GONG project. Parts have been and are being ordered for a breadboard prototype. This fall, integrated
sun testing will begin, with image testing commencing in the Spring of ’87. It is planned that a
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Rob Hubbard reported on progress toward the selection of a suitable solar line for the
o
analysis. He has evaluated 24 candidate lines between 5300 and 8800 Angstroms, attempting to
identify a line which is not subject to telluric contamination, and which shows a minimum of
profile variation due to disk position and magnetic field strength. Rob also reported briefly on
the optimization of several design parameters of the wide field Michelson component of the
Doppler analyzer and commented on the linearity of the resulting design. (Related viewgraphs:
7–10.)
The participants made a number of comments and suggestions relating to the instrument
design and these issues, along with Jack’s responses, are also summarized in the section of this
newsletter dedicated to the current instrument design concept.
Data Reduction and Analysis. Tom Duvall reported on the current developments relating to
data reduction and analysis. Tom noted that the old emphasis on megaflops has recently been
replaced by concerns over data flow. This is due in large part to a recent development in computing which suggests that the spherical harmonic decomposition can be performed by doing a
2–D FFT and forming the a as a linear combination of coefficients ( see Dilts, Journal of Comm
putational Physics 57, 439, 1985 ). It is hoped that an NSO summer student can be assigned
the task of checking this out.
On the subject of data flow, Tom displayed diagrams depicting the flow of data from the
sites through compression stages and eventually into a data archive. The primary data compression proposed is the reduction of the raw data down to a relative velocity signal. The current
plan does not include provisions for archiving any intensity images. (This limitation was discussed at some length at this time and throughout the meeting. Members of specific development teams will be considering the advantages of maintaining intensity information and perhaps
equivalent width information as well. More on this later.)
Next, Tom proposed a specific method of performing the transposition or reordering of
spherical harmonic coefficients. The problem involves dealing with 35 Gbytes/6 mo. of
coefficients that come in 140 KB/image. It is desirable to have each coefficient easily accessible
as a time series. Tom’s proposal involved judicious use of computer disk and memory space
and optical disk technology, resulting eventually in storage of the ordered coefficients on a set
of optical disks. The cost of such a system would be about $30K for optical disk drives,
$56K/yr. in optical disks, and about 5 hours per week of someone’s time to mount the disks.
Alan Title and others suggested variations on this scheme, which will be examined.
The basic hardware configuration under consideration for data reduction and analysis is a
supermini with an array processor or a minisuper, at least 5 GB of magnetic disk, at least 2 GB
of optical disk, tapes, and image display systems. The total budget allotted for reduction and
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Duvall proposed six methods by which the community can obtain access to the database:
1)

Request a tape, receive data via mail.

2)

Send a standard software system along with the tape in mode 1.

3)

Remote login to central computing facility.

4)

Travel to central computing facility.

5)

Utilize limited archives at San Diego supercomputer center (SDSC).

6)

Submit a proposal to add to the normal data processing pipeline.

A discussion followed about the relative advantages of a GONG project maintained dedicated central facility, versus adding storage to an existing large computing center such as SDSC
or NCAR. Duvall argued that the large quantities of data involved would appear to make a
dedicated facility more practical. (Related viewgraphs: 16–20)

MONDAY AFTERNOON, April 21.
Dave Fulker started off the afternoon session with a description of UCAR’s UNIDATA
system. Dave is at NCAR in software applications and has become heavily involved in data
communications. Dave was asked to describe the UNIDATA system as a prototype user access
network. UNIDATA was developed by NCAR to provide community access to weather data
bases and software tools. The emphasis is on small local facilities. The system is currently
available on UNIX or VMS DEC MicroVAX systems, other 32–bit UNIX work stations, and
IBM PC/AT class work stations operating under MSDOS. Communications is via local area
network technology (e.g. Ethernet) or via satellite broadcast. (Related viewgraph: 21)
Steve Ridgway, NOAO’s manager of Central Computer Services, then gave a brief
description and progress report on NOAO’s Image Reduction Analysis Facility (IRAF). The
IRAF system is one possible option for a standardized GONG data analysis package. Ridgway
explained that to date, IRAF is more of a reduction system and not so much a set of applications packages. The emphasis is on the IRAF package as a highly portable operating system
which is non–proprietary and readily vectorizable. It is currently in use at the three NOAO sites
and approximately 40 other institutions. (Related viewgraph: 22)
Dave DeYoung of the National Optical Astronomy Observatories followed with a discussion of the San Diego Supercomputer Center (SDSC) and the NOAO’s anticipated access to it.
Dave also chairs the steering committee of the consortium of institutions of which the NOAO is
a member. Other member institutions include the California Institute of Technology, the
University of California system, Stanford, the University of Hawaii and the University of Maryland. SDSC’s principal machine is a Cray X–MP/48 with a central memory capacity of 8 million 64 bit words. Approximately 4,000 hours per year will be allocated as a block to the
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hours per year will be allocated directly by the NSF. The GONG project could expect to gain
access either through the NOAO’s individual allocation within the consortium or through the
block allocated by the consortium. Eventually access to the SDSC system should be available
via NSFNET. (Related viewgraphs: 23,24)
The Site Survey. Frank Hill reported on the status of the GONG site survey network. The site
survey monitors are now up and running at nine sites. The data coming in from the sites are
being plotted and archived. In addition to these direct measurements of the sites’ current performance, a two parameter model of various sites has been developed which will allow evaluation
of various network configurations. Each site is characterized by the percentage of clear weather
and the average clear interval which can be expected at that location.
Some concern over the lack of seeing information was registered by some of the workshop
participants. Frank explained that because we plan to work with 10 arcsecond pixels blurred to
20 arcsecond resolution, seeing was not considered to be a critical aspect at any of the proposed
sites. Tim Brown volunteered that seeing has net yet been a problem at the Tucson site of
HAO’s Fourier Tachometer in spite of 5 arcsecond pixels. (Related viewgraphs: 25–26)
Project Schedule. The last formal report of the day was given by Bill McCurnin, the GONG
project manager. Bill explained that an interim proposal was submitted for FY86 GONG
including funded for the operation of the site survey and development of the Doppler analyzer at
a funding level (including salaries) of $0.3M. The anticipated funding level for FY87 is $1.0M.
A list of key dates was also presented, leading to an operational GONG network by October,
1990. (Related viewgraphs: 27–28)
Discussion of Teams. After a short break, John Leibacher began introducing the details of a
plan to divide the participants up into teams. He noted that we have proposed for funding to
build and operate the network of instruments but not to analyze data. The analysis of the results
will be performed by community participants. An organizational means of dealing with this
aspect of the project must be developed and put in motion. The proposed solution involves
dividing the participants into development, analysis and interpretation teams. Access to preliminary data would be through membership and team participation in the beginning. A draft Invitation to Participate was distributed and comments solicited.
A free discussion followed, centered primarily on the implications of this team concept
including its impact on the individual participants and the NSF’s grants program. John
Leibacher reiterated that the GONG project will not be administering funds for analysis and
interpretation; these funds must be obtained by the individual participants through the NSF proposal process. The role of the GONG project and its associated organizational structure would
be to serve as a focus of activities and to attempt to coordinate community efforts. (Related
viewgraphs: 29, 30)
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participants describing some oscillations work in progress:
Ellen Zweibel–"Frequency Perturbations due to Magnetic Effects"
Ken Libbrecht–"Analysis of Oscillation Amplitudes"
Martin Woodard–"Secular Variation of Frequencies"

TUESDAY, April 22.
Continued Discussion of Teams. The second day of the workshop began with further discussions of the community teams proposed on Monday. It soon became clear that the proposal as
stated was bringing the workshop participants into contact with complex and critical issues
relating to "group science" and its implications in the GONG context. The discussion of these
topics eventually consumed the entire morning session. At issue was the basic structure of the
proposed teams which were organized from a "top–down" perspective. We should begin, it was
suggested, by identifying the ultimate scientific goals of the project. Then each participant
should identify him/herself with one aspect or subset of these goals as part of an "interpretation"
team. Out of such a structure, the first scientific papers would eventually emerge. For the time
being, the function of the interpretation teams would be to define the methods and tools necessary to meet the scientific goals of that team. This would lead to the definition of "analysis"
and "development" teams. Ideally each participant would be a member of one team in each
category.
Although the general team concept as a means of defining participation seems to have met
with general approval, some participants were uncomfortable with the implication that it was
necessary to immediately identify themselves with a particular analysis group in order to
proceed further. Many members of the group agreed that such a step may be necessary before
the first interpretive papers can be written. An alternative approach was suggested which would
have the first papers published in the form of proceedings of a GONG workshop to appear for
example as a special issue of Solar Physics. This option would permit varying approaches and
interpretations to be independently developed, pursued and published under a common banner.
In the interest of getting on with the tasks at hand all questions relating to interpretation teams
were put off to some future time.
There was a consensus that this workshop should attempt to define specific GONG–related
needs which the community participants can help to satisfy. Ideally these should be problems
critical to a participant’s individual research efforts which can be developed in a timely fashion
to benefit GONG. A participant’s contributions might, for example, be in the form of software
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The group then began work toward the somewhat narrower goal of defining specific
analysis tasks associated with GONG data. Toward this end the scientific goals of the GONG
project were organized into four broad areas:
1)

Internal Structure and Rotation

2)

Physics of the oscillation modes

3)

Dynamics and time variability

4)

Magnetic and solar cycle effects

Each member of the workshop then selected one of these four areas (only for the purposes of
the process of pursuing the team concept within this workshop) and small group meetings were
held to assemble lists of analysis tasks associated with these subfields. A recorder from each
group then summarized his team’s discussions in the plenary session which followed. This
resulted in a job list which is reproduced on viewgraphs 31 and 32.
Internal Structure and Rotation (Dappen, Duvall, Jeffrey, November, Noyes, Roxburgh, Ulrich).
Duvall reporting.
In addition to contributing to the job list, this group also compiled a list of concerns about
the current instrument concept. Their concerns included:

d

Ability to detect p–modes with 30 to 40 minutes periods

d

Knowledge of image geometry. Good enough?

d

Latitude stratification investigations will require higher –values.

d

Reservations about sequential vs. simultaneous sampling.

d

Perhaps all raw information from sites should be recorded.

d

Choice of Michelson filter considering temperature differences over the field

d

Choice of Rochon prisms for the linearly polarizing elements

d

The overall complexity of the instrument

Mode Physics. (Cacciani, Cram, Leibacher, Libbrecht, Smith). Cram reporting.
The Mode Physics team was able to outline this area in terms of the science program, its
observational needs, and finally specific software tools. The results were as follows:
A.

Science Program
1.

Excitation and damping of modes
a.

overstability
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2.

3.

4.

5.
B.

turbulence

c.

non–linear effects limiting amplitudes

d.

magnetic fields

e.

extreme states (large, low , etc.)

f.

mode amplitude as a function of time

Interaction between modes
a.

3–wave mixing

b.

effect on background state (overshooting)

c.

phase coherency in (k,ω)–plane

d.

rugosity (granules, magnetic, etc.)

Atmospheric effects
a.

eigenfunctions

b.

reflection mechanisms

c.

non–linear wave generation

d.

line formation calculations

g–modes
a.

discovery?

b.

properties, etc (damping, Q’s)

non–oscillatory use of data ("steady flows")

Data needs
1.

2.

C.

b.

GONG–data
a.

long time series to get line shape ( Hilbert transform? to get A(t),φ(t) )

b.

"SNIPPETS"–data compression by rejecting interpeak power

c.

wavelength and sensitivity stability especially for g–modes

d.

short time sequences in relation to impulsive excitations

e.

state of network, forecast state

Non–GONG data
a.

daily magnetograms

b.

center–to–limb; active region etc. effects on line

c.

co–observations and campaigns

Software
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2.

Data reduction
a.

Good mode identifications

b.

ability to look at phase, amplitude, etc.

c.

preserve phase information; not just power spectrum

Models
a.

GONG standard models
i.

solar model

ii.

eigenfunction

b.

contribution functions

c.

physical models of noise

Dynamics and Time Varying Effects. (Brown, Harvey, Hathaway, Hill, LaBonte, Lites, Rhodes,
Toomre). LaBonte reporting.
This team listed among its interests such phenomena as giant cells, time variation of large
scale flows, surface flows, active region structures and supergranules. They noted that for their
purposes,

d

spatial resolution is valuable

d

velocity stability is critical

d

changing spectral lines to investigate height variations might be valuable

d

magnetograms on a timely basis are a requirement

It was noted that in general this group needs non–standard analysis tools such as, hourly
averages, decomposition algorithms centering on a spot, spatial filters to look for flows, etc. In
addition to software tools specific to these investigations, the group also identified several
experiments which should be initiated with existing oscillations instrumentation. These
included:

d

Data merging from two sites

d

Investigate value of intensity and equivalent width information

d

Investigate sensitivity to supergranulation

Magnetic Effects (Gilman, Haber, Howard, Jones, Scherrer, Streander, Woodard, Zweibel). Gilman reporting.
The emphasis within this class of problems is on shallow modes ( ∼ 600–800) in order to
detect the structure of active regions. A better definition of the observational signature of magnetic fields is needed. Does the structure of the mode frequency profile change? Again, some
means of tracking a local area is required. It was also emphasised that a regular, stable observ-
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Because the GONG instrument as currently envisioned is limited to relatively low –values,
it was suggested that the proposed network of observing sites could later be divided into two
nested networks. This would permit one complete network (three sites) for global observations,
and another for higher spatial resolution observations.

The complete task lists which resulted from this exercise were compiled and later organized into
the "Draft GONG Analysis Tasks" document (See viewgraphs 31 and 32). It was agreed that
the next step in the process would be to assign names to these tasks, define development teams,
and meet to discuss strategies. This work was deferred to the next session (Wednesday morning).
The balance of the second day of the workshop was spent on additional "science show and
tell":
Tim Brown–"Recent Results from the Fourier–Tachometer"
Werner Däppen–"Partition Functions"
Dave Hathaway–"Spherical Harmonic Decomposition of Steady Photospheric Velocity Fields"
Bill Jeffrey–"Neural Networks"
Ed Rhodes–"Recent p–mode Results from Mt. Wilson"
Phil Scherrer–"Giant Cells – Never mind"
Roger Ulrich–"Analysis of Recent Doppler Measurements at Mt. Wilson"

WEDNESDAY MORNING, April 22.
Polling Interests. The final day of the workshop began with an effort to associate participants
with specific tasks. The group was polled as to their interests and teams were defined. The
tasks were organized into four broad categories patterned after the "Draft Analysis Tasks" document:
1)

Data Analysis

2)

Inversions and Internal Models

3)

Models of Observations

4)

Communications

The first three teams then met, charged with defining the specific activities of the group during
the coming year including plans for obtaining outside support. (The "Communications" group

- 18 met later over lunch.)
During the plenary session which followed, a reporter from each team again summarized
the results of the team discussions. The highlights of these reports are summarized below:
Data Analysis. (T. Brown, T. Duvall, D. Haber, E. Rhodes, P. Scherrer, M. Woodard). Tom
Duvall reporting.
The "Data Analysis" team spent the time going through the list of tasks in detail. Some
of the topics discussed and points made were:

d

A new "Image interpolation" task should be added to the list.

d

A subgroup of the team (Rhodes, Brown, and hopefully Libbrecht) will investigate the
merging of data from existing instruments.

d

The advantages and disadvantages of working under IRAF were discussed.

d

Timescales for hardware decisions were discussed.

d

A "Data analysis" page in future newsletters reporting the efforts and needs of this team
was identified as valuable.

Inversions and Internal Models (W. Däppen, P. Gilman, F. Hill, W. Jeffrey, R. Noyes, I. Roxburgh, J. Toomre, R. Ulrich.) Werner Däppen reporting.
The "Inversions and Internal Models" team spent their time and effort on the question of
how to test and evaluate alternative codes, particularly for internal solar models. Eventually a
workshop was proposed (with emphasis on work) to be held (perhaps) at UCLA. At this meeting codes would be compared directly, first with common physical assumptions to sort out
numerical discrepancies, and then with different physical assumptions to investigate consequences. A second workshop was proposed to deal with inversions. This workshop could
perhaps be held in Boston and would be more tutorial in nature. Both workshops would be held
in about a year. In the mean time, Ulrich and Däppen agreed to work independently on the
equation of state and compare results. This will be expanded on in a future newsletter.
Models of Observations (A. Cacciani, L. Cram, D. Hathaway, J. Harvey, H. Jones, B. LaBonte,
E. Smith.) Barry LaBonte reporting.
The "Models of Observations" team also spent time discussing the specific tasks listed
under this heading. It was soon clear that many of the tasks before this team are critical in the
short term and some method of prioritizing them must be adopted. It was proposed that the
GONG staff take responsibility for keeping the teams informed of critical needs in the context
of the project’s schedules. "Drop–dead–dates" should be established where necessary. Some
examples of tasks which are currently pressing would include the question of supergranulation
as it relates to the GONG instrument’s spatial resolution, or the utility of equivalent width and
intensity information which must be quickly investigated in order for the project to proceed with
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John Leibacher agreed that the project would accept the responsibility for prioritizing the
task list and keeping the teams informed about project’s needs. John also asked the participants
to please formalize their commitments by writing a brief letter reiterating their intentions. This
opportunity will be extended to other potential members of the GONG community at large via
the invitation to participate.

The next order of business was to establish what software already exists and could be
made available to the GONG project. Individual workshop participants offered codes relating to
gap filling, image interpolation, ephemeris calculations, mode analysis, limb fitting, spherical
harmonic decomposition, spherical harmonic generation and eigen–function/eigen–vector generation. [The GONG staff will act as a clearing house for these codes, collecting and distributing them as a service.]
Then followed a brief discussion of methods to coordinate GONG related NSF proposals
and a quick poll of the participants regarding their proposal intentions during the next year. It
was noted that proposals to NASA should also be considered for some aspects of the work.

Closing Comments. In closing, Leibacher again reminded the participants that a written statement of intent from each participant who had offered specific development help would be appreciated at their earliest convenience. Such a letter might also include possible dates for next
year’s GONG workshop and an opinion on the feasibility of holding a one–day session prior to
the January AAS meeting. [ Note added in proof: The response has been good, but we are still
lacking a few — you know who you are. In addition, we would like to encourage those of you
who were not able to attend to 1) plan to attend next year, and 2) share your thoughts on the
material covered at the Workshop with us. ]

