





SOLIS/VSM Development Update continued

Figure 2: Comparison of the 6302 A line data taken one year apart. Note the increased number of small solar features detected with the Samoff cameras, image 9 January 2010 (left).

(Image credit: The Solis Team.)

see the Zeeman splitting of the 6302.5 A line in
sunspot umbrae directly (i.e., the sigma com-
ponents are separated). This suggests a new
algorithm that will allow the field strength to be
determined in umbrae as Bill Livingston does
with the 15648 A line and the McMath-Pierce
spectrograph.

The VSM is currently operational; however, full
resumption of data processing has been delayed
due to differences between the Rockwell and
Sarnoff camera formats. All data products are
expected to be back on the Web prior to the
launch of the Solar Dynamics Observatory.

Synoptic Charts

A useful way to display solar magnetic field ob-
servations is with a “synoptic chart,” a term bor-
rowed from meteorology. Synchronic charts
attempt to show the entire solar surface at a
given instant of time. Diachronic charts show
the entire surface built from pole-to-pole strips
along the central meridian as a function of time,
usually one Carrington solar rotation of about
27.3 days; Figure 3 is an example. This chart
was constructed from observations made in late
2003 using the SOLIS VSM at a time when there
was a lot more solar activity than at present.

Synoptic charts are not new. But this one (and
a nearly full set covering 2003 to the present) is

different and unique because it shows measure-
ments of the magnetic field in the solar chro-
mosphere rather than the much more common
photospheric magnetic field measurements.
The SOLIS VSM is the only facility producing
such chromospheric charts. Synoptic measure-
ments are used as the boundary conditions for
estimates of the magnetic field above the sur-
face of the sun. These estimates are the basis
for predicting space weather near earth several
days in advance. Improving predictions is an

important goal of solar research. The advan-
tage of using chromospheric measurements is
that the magnetic field is less likely to depart
from the physical assumptions used to ex-
trapolate the magnetic field outward from the
sun. These newly-constructed charts offer a
new tool to help understand and predict space
weather. They are available from the “Latest
Synoptic Maps” link on the SOLIS Web site
(solis.nso.edu/). @

Figure 3: Chromospheric Magnetic Field Synoptic Chart from the SOLIS/VSM. (Image credit: John Britanik, NSO)
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The Global Oscillation Network Group (GONG++)

AFWA Ha Project

he ten production filters from Day-
T star were delivered to us in Novem-

ber for the Air Force Weather Agency
(AFWA)/GONG project to develop a full-time
Hydrogen alpha (Ha) system as part of GONG,
and it has been determined that they all have
excellent wavelength bandpass characteristics.
However, the image quality of the filters is not
as good as our sample filter from last spring.
Daystar has identified an internal waveplate
as the component that is degrading the image
quality of our filters, and they are working on
improving the flatness of the waveplate with
thermal and vacuum methods. If this solu-
tion is inadequate, we will obtain custom op-
tical corrector plates from Light Machinery,
the company that manufactured the original
GONG interferometers. In the meantime, we
have identified the best three filters in terms
of their image quality, and we have completed
the assembly of three production units incor-
porating these components and the recently
completed mechanical assemblies. The com-
pleted sets will soon be installed in our Tucson
engineering site for burn-in and certification.

Since Daystar cannot provide a schedule for
the return of the filters yet, we may need to
revise our schedule for the deployment of the
systems to the GONG sites. One strategy is
to initially deploy the three systems contain-
ing the best filters and to set up a three-site
network to begin supplying data to AFWA in
the May-June 2010 time frame. In that sce-
nario, the remaining three instruments will be
deployed as soon as possible after either Day-
star provides three more acceptable filters or
we acquire corrector plates.

The initial three sites remain to be chosen.
Our practice has been to deploy new devel-
opment hardware to the closest and most
accessible site at Big Bear Solar Observatory,
California. In that case, in order to provide
coverage that is evenly distributed throughout
24 hours, we would next deploy to Teide, Spain
and Learmonth, Australia. However, band-
width issues still prevent us from acquiring
real-time data from Learmonth. In place of
Learmonth, we would most likely install one
of the initial systems at Mauna Loa, Hawaf’i,
which would not result in an optimal network,
leaving an uncovered gap of about two hours
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around 4-6 Universal Time (UT) in the spring
and fall. However, the continued operation of
the AFWA/Solar Electro-Optical Network site
at Learmonth would help fill in the gap until
the GONG deployment can be completed.

All of the computer systems for the project
have been delivered and are undergoing initial
burn-in acceptance tests. A set of new block-
ing filters for the camera has been procured
to eliminate an unwanted reflection that was
recently noticed.

Work on the transfer of the data to AFWA has
begun. John Bolding, our lead in this area, has
been conferring with staff at both Offutt and
Kirtland Air Force Bases to set up the transfer
systems. We continue to routinely transfer the
data from the GONG engineering site to the
headquarters, where it is processed and stored.
The image geometry correction appears to be
doing a good job with the current images. A
movie of the flare of 2 January 2010 can be
downloaded from the GONG Web page at
gong.nso.edu.

Magnetic Field Data

The set of four near-real-time images
(ten-minute average and standard deviation of
the magnetic field, average intensity and syn-
optic map weights) developed at the request
of the Air Force Research Laboratory (AFRL)
is now in routine production. Work continues
on the development of a new pole-filling algo-
rithm to improve the field extrapolation such
that small coronal holes are correctly modeled.
Near-real-time magnetograms are available
at gong2.nso.edu/dailyimages/ and synoptic
maps and field extrapolations can be found at
gong.nso.edu/data/magmap/.

Solar Oscillation Data

The p-mode pipeline processing software wrap-
pers have been overhauled to incorporate a
higher level of automation. The latest frequen-
cies and time series for GONG month 143
(centered on 9 June 2009) are now available.
Ring-diagram processing is complete through
23 June 2009. The GONG data archives may be
accessed at: gong.nso.edu/data/.
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Figure 1: Temporal evolution of GONG frequency shifts
(circles) calculated from 72-day time series during the (a)
previous (cycle 22-23) and (b) current (cycle 23—24) minima
of the solar cycle. The diamonds represent the linearly scaled
10.7-cm radio flux (F, ). The symbols have been joined by
a line to visualize the solar cycle. The dash-dot and dash-
dot-dot-dot lines in both panels of the figure display the
minimum value in activity and frequency shifts between the
cycle 22--23, respectively. Both F, _and frequency are lower
this minimum relative to the last; the decrease in mean fre-
quencies and activity are of the order of 11% and 4%. Thus,
during the extended minimum phase, the changes in oscilla-
tion frequencies are greater as compared to the solar surface
activity. This implies that the magnetic variations that cause
the frequencies to change are yet to reach the solar surface.
(Image credit: Sushant Tripathy.)

Science Highlight

Sushant Tripathy, Kiran Jain, and John Lei-
bacher have been studying the temporal evo-
lution of the intermediate-degree frequencies
during the current peculiar minimum of solar
activity. This has been motivated by the recent
announcement that the minimum occurred
in late 2007 as reported from the analysis of
low-degree frequencies from the Global Oscil-
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GONG++ continued

lations at Low Frequencies instrument on the
Solar and Heliospheric Observatory. Using
GONG and Michelson Doppler Imager (MDI)
intermediate-degree data, Tripathy et al. find
a seismic minimum in MDI data in July-
August 2008, but no seismic minimum as of
March 2009 in GONG data. In fact, both the
GONG and MDI frequencies show a surpris-
ing anti-correlation between frequencies and
the 10.7-cm radio flux during this minimum,
in contrast to the behavior during the previous
minimum in 1996-1997. The GONG case is
shown in Figure 1. This is another indication
that the current minimum is unusual.

Operations

We are finding anomalous features in the
p-mode spectra from several of the sites in
the form of high temporal frequency streaks
at many spatial frequencies. The artifact was
first discovered at Mauna Loa, where some of
the magnetograms contained artifacts and one
of the camera power supply voltages appeared
to be unusually noisy. When a spare power
supply was installed, the voltage in question
was less noisy, and the anomalous features dis-
appeared. Thinking that the solution was at
hand, a comparably low-noise power supply
was sent from Tucson and installed at Mauna
Loa, where the voltage again appeared noisy
and the features reappeared. To add a further
complication, the original high-noise supply
was returned from Mauna Loa and found to
have no problems at Tucson. Currently, the
low-noise supply is in use at Mauna Loa, and
verification that the features are gone is in
progress. Big Bear is the only other site with
a low-noise supply, and its acoustic spectrum
also looks good. The remaining network sites
all have anomalous features and higher levels
of noise on the supply voltage. So far, swap-
ping the supplies at these sites has not reduced
the power supply noise. We have produced
spectra from Cerro Tololo since the swaps,
and the features are still present there. Several
ideas about how to address this problem are
being pursued.

Program News
The first Vector Magnetogram Comparisons

Group meeting was held in Tucson, October
27-29. There were 22 participants, includ-

ing 10 from outside NSO. Comparisons were
made among data sets from Hinode, Synop-
tic Optical Long-term Investigations of the
Sun, Facility Infrared Spectropolarimeter, and
MDI. The major conclusion was that the in-
version software used to derive the magnetic
field parameters from the data needs substan-
tial improvement.

GONG is participating in a proposed Euro-
pean effort to develop a training program for
helio- and asteroseismology known as He-
lio- and Asteroseismology Training Network
(HASTRAN), led by Thierry Appourchaux
(Institut d’Astrophysique Spatiale, Orsay).
This proposal would provide a number of ear-
ly-career researchers an opportunity to visit
Tucson to learn about the methods of helio-
seismology.

[
Figure 2: Pat Eliason (right) passes on the “glue of man-

agement” to her successor, George Luis. (Image credit:
Olga Burtseva.)

Members of GONG could be involved in the
Stellar Observations Network Group (SONG)
project, which will build eight telescopes to
monitor stellar oscillations and carry out re-
search in asteroseismology. We expect to re-
ceive notification soon of the decision on a US
SONG proposal that was submitted to the NSF
in response to the Major Research Instrumen-
tation-R2 opportunity.

The Solar Dynamics Observatory (SDO) was
launched February 1. This is very exciting, as
many of the next big advances in helioseismol-
ogy will come from this mission. We hosted a

Local Helioseismology Comparison (LoHCo)
group meeting in Tucson in February.

An unfortunate encounter with an automo-
bile while riding his bicycle home from work
on November 24 has left Alan Brockman, our
main contact at Learmonth, Australia, in a
hospital in Perth. Al was struck by a car driv-
en by a co-worker at Learmonth and suffered
substantial injuries. We wish him a speedy re-
covery and hope that he will return to the job
soon. For now, John Kennewell has graciously
agreed to return to Learmonth to fill in for Al

After 12 years, Pat Eliason left the position of
GONG Program Manager to undertake the
supervision of the Advanced Technology So-
lar Telescope support building and telescope
pier construction. Pat has been a key person
in the success of GONG. Her management
skills in an ever-changing environment have
resulted in the smooth operation of the com-
plex GONG system. She successfully man-
aged the development and deployment of the
higher-resolution GONG cameras in 2001
and the upgraded polarization modulators in
2006. More recently, she guided the Ha in-
strument development through to a success-
ful Prototype Design Review. In addition to
these major accomplishments, she shepherded
GONG from a developmental to an opera-
tional structure, oversaw the migration of the
data processing system from the Sun/Solaris
architecture to a Linux-based environment,
participated in every major decision affecting
GONG, and smoothly managed the day-to-
day functions of the system. She has been very
important to the program, and we will greatly
miss her advice and counsel.

George Luis stepped into the role of GONG
Program Manager on November 1. George
had been the senior engineer for GONG for
several years, and has intimate knowledge of
the instrument and operations of the network.
George will be an excellent Program Manager,
and he will continue the tradition of excel-
lence in GONG. In turn, Dave Dryden was
appointed as the leader of the GONG engi-
neering team.

We had a celebration on November 4 to honor

Pat’s contributions and to wish her all of the best
(Figure2). @
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NSO Happenings @

>>>

Old Wisdom and New Insight

Kevin Reardon, Alexandra Tritschler & Han Uitenbroek

r I Nhe solar chromosphere has been an

important area of study at Sacramento

Peak since the founding of the observa-
tory. In the 1960s and 1970s, key research in the
field was carried out using the Evans Solar Fa-
cility and later the Dunn Solar Telescope (DST).
Important discoveries such as the three-minute
oscillations of the chromosphere, umbral flash-
es above sunspots, and the characteristics of so-
lar spicules were made there.

So, it was especially appropriate that a meet-
ing dedicated to this topic was held in Sunspot,
New Mexico 1-4 September 2009. The meet-
ing, the 25" in the Sac Peak Summer Workshop
series, was entitled “Chromospheric Structure
and Dynamics: Old Wisdom and New Insight”
With more than 70 attendees from 15 countries,
this was one of the larger workshops ever host-
ed by NSO at Sunspot. Drawing these attend-
ees were talks and discussions about an area in
solar physics rapidly attracting renewed inter-
est. The chromosphere of the solar atmosphere
plays a key role as the interface between the
photosphere and corona, essentially controlling
the propagation of matter and energy upward
to form the corona and solar wind.

The focus of the meeting was on the physical
processes that govern the formation and behav-
ior of the chromosphere on small scales. Ses-
sions covered the chromosphere above both
quiet and active regions, prominences, and
the measurement of chromospheric magnetic
fields. A final session covered the connection
between the chromosphere and corona. No-
table in all of these was the strong connection
between observational advances and the devel-
opment of increasingly realistic numerical sim-
ulations. Combined, these two approaches hold
much promise for untangling the physics in
this highly structured region of the atmosphere.

During the meeting, review talks were given
by Phil Judge, Tom Ayres, Rob Rutten, Judy
Karpen, Javier Trujillo Bueno, Hardi Peter,
and Franz Kneer. Ample time was left follow-
ing these speakers, as well as the other 35 talks,
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Attendees of the 25" NSO/Sac Peak Summer Workshop “Chromospheric Structure and Dynamics: 0ld Wisdom and New Insight.”
(Image credit: David Dooling, NSO.)

to allow for lively discussion. Jacques Beckers,
one of the NSO scientists involved in much of
the groundbreaking research in the field in the
1960s and 1970s, gave a wrap-up talk at the con-
clusion of the workshop.

As studies of the solar chromosphere enter an
exciting new period of discovery, NSO looks
to continuing to play a key role in the field.
“What’s interesting,” says Dr. Stephen Keil, NSO
director, “is that, while we are using the same
telescopes as before, we are still able to perform
cutting-edge science in this field because of the
upgraded suite of modern instruments” The
DST, outfitted with a high-order adaptive optics
(AO) system, has a cutting-edge suite of instru-
ments for chromospheric studies, including
the Interferometric Bidimensional Spectrum
(IBIS), the Spectropolarimeter for Infrared and
Optical Regions (SPINOR), the Facility Infra-
red Spectropolarimeter (FIRS), and the Rapid
Oscillations in the Solar Atmosphere (ROSA),

while the Evans coronagraph hosts the ProMag
spectropolarimeter. All of these instruments
now provide information on the fine details
of the solar atmosphere with high spectral and
temporal resolution, essential for understand-
ing the complex dynamics of the chromo-
sphere. The workshop organizers were Alexan-
dra Tritschler (NSO), Kevin Reardon (Istituto
Nazionale di Astrofisica), and Han Uitenbroek
(NSO). The local NSO staff, including Donell
Long, Rebecca Coleman, Jackie Diehl, Ramona
Elrod, and Lou Ann Gregory, among many oth-
ers, all contributed to making everything run
smoothly. Financial support for the meeting
was provided by NSO, the NSF Division of As-
tronomical Sciences, the NASA Heliospheric
Physics Division, and the European Space
Agency. With a portion of this funding, travel
support was provided for 15 doctoral students
or postdocs to attend the meeting.



