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Proposal Summary

I HAVE CUT DOWN IT A LOT, STILL TOO
LONG, 300 WORDS IS THE LIMIT

In the last 2 years since the start of our prior SRT
grant, Big Bear Solar Observatory (BBSO) has re-
mained highly productive — both scientifically and in
the development of requisite instrumentation. This
productivity includes graduating 8 Ph.D.s and produc-
ing over 60 publications. BBSO has reached the fi-
nal stage in building its 1.6 meter clear aperture, off-
axis New Solar Telescope (NST). First-light of this
telescope is expected in Spring 2008. All of these
efforts are well-time and focussed to support impor-
tant current and near future NASA missions including
RHESSI, Hinode, STEREO and SDO.

Under the support of this new grant, we will be inte-
grating visible and near infrared vector magnetograph
systems with the NST, and will carry out advanced
commissioning of the NST bringing it up to its full
scientific capability.

Our primary targets of our scientific research are:

1. High-cadence and high-resolution studies of so-
lar flare emissions. These observations will provide
unique details of flare energy precipitation on 0.2”
spatial scales and 0.1 sec temporal scales. These stud-
ies bear on, and will enhance RHESSI and Hinode re-
search.

2. Sustained sub-arc second resolution studies of
the quiet solar atmosphere. (a) We will observe and
directly probe the newly discovered transverse mag-
netic component, which is weaker than intranetwork
fields. (b) We will address the energy source of coro-
nal heating, from high-resolution observations of foot-
point motiona of flux ropes. NST is complementary to
Hinode and SDO in this study.

3. Comprehensive studies of vector magnetic fields
associated with flares, to understand the triggering
mechanism of the eruptions and atmospheric restruc-
turing after the eruptions. NST is complementary to
Hinode, STEREO and SDO in this study.

4. Study of flow fields in flare productive active
regions using near-continuous high-resolution, high-
cadence observations. NST is complementary to Hin-
ode and SDO here.

The proposed research is clearly related to the
NASA’s strategic goal 3B: to understand the sun and
its effects on Earth.

A. Project Description

A.1 Results from Prior NASA-SR&T Sup-
port (Feb. 2006 to Jan. 2008)

New Jersey Institute of Technology (NJIT) took over
operation of Big Bear Solar Observatory (BBSO) on
July 1, 1997. On Feb. 1, 2006, our current three-
year SR&T grant started. This grant is one of two
backbone grants supporting BBSO. BBSO has been
one of two solar observatories in the US with a tele-
scope, instrumentation and a site that enables diffrac-
tion limited studies of the Sun with a half-meter class
telescope. The other is the National Solar Observa-
tory (NSO) with its somewhat larger aperture Dunn
Solar Telescope. This upper limit on aperture for
high-resolution solar observations is about to radically
change. BBSO will soon be observing with its 1.6
m clear aperture New Solar Telescope (NST) with
adaptive optics (AO) and state-of-the-art polarimeters
in the visible and near-infrared (NIR). Further, over
the next decade, NSO will be building the Advanced
Technology Solar Telescope (ATST) in Hawaii. The
4 m off-axis, ATST will benefit from its NST prede-
cessor, which is also off-axis. The NST will dom-
inate U.S. ground-based observations until the mid-
dle of the next decade. After the ATST is online, the
NST will still have an essential role for the commu-
nity because the NST will be the large aperture so-
lar telescope working in sustained campaigns — es-
sential for the broadly-based, high-resolution obser-
vations needed to gather unique data to understand the
fundamental nature of solar magnetism and its evolu-
tion. Our capability of running sustained campaigns
has been at the core of our ability to provide unique
support to the community’s efforts to study and un-
derstand the Sun, especially providing data that will
be complementary to those from RHESSI, STEREO,
Hinode and SDO. Observing campaigns are essen-
tial to determine the origin of “space weather”, which
arises from solar magnetic storms and can impact
Earth. Since 1997, we have made systematic, funda-
mental changes in the observatory’s instrumentation
to ensure a unique and significant scientific role for
BBSO. The advances in instrumentation were critical
for improving the quality of our observations. We de-
voted considerable effort to instrument development



up to, and including the NST, and the resulting im-
provements in data quality helped our research group
to be even more productive, as evidenced by over 60
publications in the two years since Feb. 2006.

NJIT continues to strongly support our efforts, and
would match this grant with $300 K for new equip-
ment for the observatory. It is also fully funding
two lead staff positions for the NST and beyond - the
Project Director (Roy Coulter) and the Optical Engi-
neer (Nicolas Gorceix).

BBSO highly prizes its special role in the educa-
tion of the next generation of scientists who build
instruments. We graduated 8 Ph.D.’s from 2006 to
2007. We currently have 6 Ph.D. students (5 men
and 1 woman). Most of our recent Ph.D.s are very
active in solar physics research. Since the beginning
of our current SR&T support, three of our post-docs
have advanced to tenure-track faculty positions in the
U.S.. Wenda Cao is now an assistant professor at
NIJIT. Jiong Qiu is an assistant professor at Montana
State University. Deqing Ren is an assistant professor
at California State University, Northridge. Over the
last decade, six other former BBSO/NJIT post-docs
have earned professorships outside of the US.

BBSO has an unpaid, outside Advisory Board,
which meets bi-annually to critique our efforts. The
Board’s report is made to BBSO management and
passed on to the upper management of NJIT. The cur-
rent members of the board are Len Fisk (University of
Michigan, Chair), Ken Libbrecht (Caltech), Jeff Kuhn
(University of Hawaii), and Spiro Antiochos (Naval
Research Lab). We respect their advice and use it to
improve the observatory.

Since NJIT began operating BBSO, its telescope
time and data have been open to the community. Many
scientists have had observing time. Students from
around the world are using BBSO data as a central
part of the work on their theses. Data requests come
to BBSO on a daily basis from around the world.
Since the summer of 2002, a substantial part of our
data has been available in near real-time on the web
http://www.bbso.njit.edu. We also have implemented
an internal fiber optic link and a RAID array for our
FTP archive. For users of our telescopes and data, we
only ask that they acknowledge BBSO in their result-
ing publications. Many observers use our data to help
plan their observing campaigns.

BBSO achievements in instrumentation will be in-

cluded in the on-going instrumentation section, while
for the remainder of this section, we focus on the high-
lights of some of our scientific achievements under
current SR&T support. Our publications, in the form
of BBSO Bluebooks, are also available on our web-
site.

A.1.1 High Cadence Flare Observations

In 2004, Ji et al. (2004a) discovered that flare rib-
bons may first contract before their normal expansion.
Ji et al. (2006) obtained more comprehensive results
from a high-cadence (40 ms) Ho blue-wing obser-
vation of an MI1.1-class solar flare, which occurred
in NOAA AR 10687 on November 1, 2004. Such
studies also agree with recent RHESSI results; e.g.,
the ones presented by Veronig et al. (2006), Sui and
Holman (2003), Sui et al. (2004), all showing some
sort of loop contraction before the main phases of the
eruptions. These phenomena are not well-understood
within existing flare models. However, these obser-
vations motivate theorists to revisit the various flare
models with new and powerful constraints.

A.1.2 Rapid Evolution of Magnetic Fields Asso-
ciated with Flares

In recent years, we presented a series of new observa-
tional result showing rapid changes in sunspot struc-
ture associated with a substantial fraction of flares
(Wang et al. 2004a; Deng et al. 2005; Liu et al. 2005,
Chen et al., 2007). In particular, Liu et al. (2005)
studied the relationship between the changes in -
spot structures and associated major flares for seven
events. The results were quite consistent for all the
events: part of the penumbral segments in the outer
0-spot structure decayed rapidly after a major flare;
meanwhile, the neighboring umbral cores and/or inner
penumbral regions became darker. The rapid changes,
which can be identified in the time profiles of white-
light (WL) mean intensity, are permanent, not tran-
sient, and thus are not due to flare emission. In the two
events for which vector magnetograms were available,
we found a decrease in the transverse field in areas of
penumbral decay, while the field and area increased in
the central darkened regions. Both events also show
an increase in the magnetic shear after the flares. To
explain these observations, we proposed a reconnec-
tion picture in which the two components of a J-
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Figure 1: TRACE WL images revealing the rapid
change of & sunspot structure associated with four
major flares. The top, middle, and bottom rows show
the pre-flare images, post-flare images, and the differ-
ence images between them, respectively. The white
feature in the difference images indicates the region
of penumbral decay, while the dark feature indicates
the region of central umbral/penumbral enhancement
(Adapted from Liu et al. 2005).

spot become strongly connected after the flare. The
penumbral fields change from a highly inclined to a
more vertical configuration, which implies penumbral
decay. The umbral core and inner penumbral region
become darker as a result of increasing longitudinal
and transverse magnetic field components. Figure 1
shows examples of the rapid changes in sunspot struc-
ture described above; the difference between pre- and
post-flare images is that the flaring neutral line is dark-
ened, while a bright ring appears corresponding to the
penumbral decay in the peripheral penumbrae.

Wang (2006) found that obvious changes in the
magnetic gradient occurred, immediately and rapidly,
following the onset of each flare. In addition, we
evaluated the mean relative motion between the two
magnetic polarities in these O regions, in the direc-
tions parallel to, and perpendicular to the flaring neu-
tral lines, respectively. Using a method of Center of
Mass (CoM) calculation, we found that: (1) Converg-
ing motion corresponds to a gradient increase, while
diverging motion corresponds to a decrease. (2) For
all events, there appeared a sudden release of mag-
netic shear associated with each flare, signified by a
decrease in the CoM separation of between 500 and

1,200 km in the direction parallel to the neutral lines.
Combining the findings as presented in several papers,
we proposed that these are evidence of magnetic re-
connection at, or close to the photosphere.
Furthermore, we presented results of a statistical
study of rapid penumbral decay associated with over
400 flares (Chen et al. 2007). We found that the rapid
structural change in sunspots is more likely to be de-
tected when associated with large solar flares - the
larger the flare magnitude, the larger the change. For
X-class flares, 45% of events show distinct change.
But for M- and C-class flares, this percentage drops
to 16% and 10%, respectively. We suspect that the
decrease of percentage arises from limitations in data
precision from currently available instrumentation.

A.1.3 Relationship between Flares and Magnetic
Reconnection

Jing et al. (2007) investigated the spatial distribution
of the hard X-ray intensity along flare ribbons and
compared it with the local magnetic reconnection rate
and energy release rate predicted by the standard mag-
netic reconnection model for two ribbon flares. In the
early phase of the flare, the hard X-ray sources ap-
pear to be concentrated in strong field regions within
the Ha ribbons, which is explicable by the model.
At, and after the maximum phase of a flare, the hard
X-ray sources become spatially extended to resemble
Ho ribbons in morphology, during which the spatial
distribution of hard X-ray intensity lacks a correla-
tion with that of the local magnetic reconnection rate
and the energy release rate predicted by the model.
We argue that the magnetic reconnection during this
event may involve the rearrangement of magnetic field
along the magnetic arcade axis, which is inevitably
overlooked in the two-dimensional model and sug-
gests that this type of three-dimensional reconnec-
tion will be best seen in so-called “sigmoid-to-arcade
transformations”.

Liu et al. (2007) found that the flare brightening
starts in the core of the active region earlier than the
rising motion of the flux rope. This timing clearly ad-
dresses one of the main issues in the magnetic erup-
tion onset of sigmoid, namely, whether the eruption is
initiated by an internal tether cutting that allows the
flux rope to rise upward, or a flux rope rises due to a
loss of equilibrium to later induce tether cutting below
it. Our high time cadence SXI and Ho data show that



the first scenario is relevant to such eruptions. As in
other major findings, we have the RHESSI HXR im-
ages showing a change of the HXR source from a con-
fined footpoint structure to an elongated ribbon-like
structure after the flare maximum, which we relate to
the sigmoid-to-arcade evolution. These various ob-
served properties seem best interpreted with the run-
away tether-cutting model proposed by Moore et al.
in 2001.

A.14 Selected BBSO Publications from Febru-
ary 2006 to January 2008

The discussion above sketches some highlights of our
scientific accomplishments over the past two years.
Beyond those, and due to limited space, we list only
selected publications (25 of 60) from the period of
our present SR&T support. Please check the home
page (solar.njit.edu/preprints) for a complete
list with downloadable copies.

BBSO 1270: High Resolution  Observations of Multi-
Wavelength Emissions during Two X-Class White-Light
Flares, Yan Xu, Wenda Cao, Chang Liu, Guo Yang, Ju
Jing, Carsten Denker, Haimin Wang, Gordon Emslie,
2006, Ap.J., 641, 1210

BBSO 1273: Relationship Between Magnetic Gradient and
Magnetic Shear in Five Super Active Regions Producing
Great Flares, Haimin Wang, Hui Song, Ju Jing, Vasyl
Yurchyshyn, Yuan-Yong Deng, Hong-Qi Zhang, David Fal-
coner, Jing Li, 2006, ChJAA 6, 477

BBSO 1281: Large-Scale Activities Associated with the 2003
October 28 X10 Flare, Chang Liu, Jeongwoo Lee, Na
Deng, Dale E. Gary, Haimin Wang, 2006, Ap.J., 642, 1205

BBSO 1286: Multiwavelength Study of Flow Fields in Flaring
Super Active Region NOAA 10486, Na Deng, Yan Xu,
Guo Yang, Wenda Cao, Chang Liu, Thomas R. Rimmele,
Haimin Wang, Carsten Denker, 2006, Ap.J. 644, 1287

BBSO 1290: Evidence for a Quadrupole Magnetic Configura-
tion in the April 9 2001 M7.9 Flare as Inferred from Multi
Wavelength Observations, V. Yurchyshyn, M. Karlicky, Q.
Hu, H. Wang, 2006, Solar Physics, 235, 147

BBSO 1294: The Statistical Relationship Between the Photo-
spheric Magnetic Parameters and the Flare Productivity of
Active Regions, Ju Jing, Hui Song, Valentyna Abramenko,
Changyi Tan, Haimin Wang, 2006, Ap.J., 644, 1273

BBSO 1295: The Automatic Predictability of Super Geomag-
netic Storm from Halo CMEs Associated with Large Scale
Solar Flares, Hui Song, Vasyl Yurchyshyn, Guo Yang,
Changyi Tan, Weizhong Chen, Haimin Wang, 2006, So-
lar Physics, 238, 141

BBSO 1299: The Rate of Emergence of Magnetic Dipoles in
Coronal Holes and Adjacent Quiet-Sun Regions, V.I1. Abra-
menko, L.A. Fisk, V.B. Yurchyshyn, 2006, Ap.J. Letters,
641, 65

BBSO 1309: Coronal Heating and Photospheric Turbulence Pa-
rameters: Observational Aspects, V.I. Abramenko, Alexei
P. Pevtsov, R. Romano, 2006, Ap.J Letters., 646, L81

BBSO 1310: Rapid Changes of Photospheric Magnetic Fields
around Flaring Magnetic Neutral Lines, Haimin Wang,
2006, Ap.J., 649, 490

BBSO 1311: Adaptive Optics at the Big Bear Solar Obser-
vatory: Instrument Description and First Observations,
Carsten Denker, Alexandra Tritschler, Thomas R. Rim-
mele, Kit Richards, Steve L. Hegwer, Friedrich Woger,
2006, PASP, 119, 170

BBSO 1318: Automatic Detection of Prominence Eruption Us-
ing Consecutive Solar Images, Gang Fu, Frank Y. Shih,
Haimin Wang, 2007, IEEE Trans. on Circuits and Systems
for Video Technology, 17, 79-85

BBSO 1319: Field Dependent Adaptive Optics Correction De-
rived with the Spectral Ratio Technique, C. Denker, N.
Deng, T.R. Rimmele, A. Tritschler, A. Verdoni, 2007, So-
lar Physics, 241, 411-426

BBSO 1321: Diffraction-limited Polarimetry from the Infrared
Imaging Magnetograph at Big Bear Solar Observatory,
Wenda Cao, Ju Jing, Jun Ma, Yan Xu, Haimin Wang,
Philip R. Goode, 2006, PASP, 118, 838

BBSO 1322: First Light of the Near-Infrared Narrow-Band Tun-
able Birefringent Filter at Big Bear Solar Observatory,
Wenda Cao, Klaus Hartkorn, Jun Ma, Yan Xu, Tom
Spirock, Haimin Wang, Philip R. Goode, Solar Physics,
2006, 238, 207

BBSO 1325: The Ribbon-Like Hard X-Ray Emission in a Sig-
moidal Solar Active Region, Chang Liu, Jeongwoo Lee,
Dale E. Gary, Haimin Wang, 2007, Ap.J., 658, L127

BBSO 1331: The Relaxation of Sheared Magnetic Fields - A
Contracting Process, Haisheng Ji, Guangli Huang, Haimin
Wang, 2007, Ap.J., 660, 893

BBSO 1332: Filament Eruption after the Onset of the X1.5 Flare
on 2005 September 13, Haimin Wang, Chang Liu, Ju Jing,
Vasyl Yurchyshyn, 2007, Ap.J., 671, 973-977

BBSO 1340: Statistical Correlations between Parameters of
Photospheric Magnetic Fields and Coronal Soft X-ray
Brightness, Changyi Tan, Ju Jing, V.I. Abramenko, A.A.
Pevtsov, Hui Song, Sung-Hong Park, Haimin Wang, 2007,
Ap.J. 660, 1460-1468

BBSO 1342: Hard X-Ray Intensity Distribution Along Ho. Rib-
bons, Ju Jing, Jeongwoo Lee, Chang Liu, Dale E. Gary and
Haimin Wang, 2007, Ap.J. Letters, 664, L127-130

BBSO 1343: The Eruption from a Sigmoidal Solar Active Re-
gion on 2005 May 13, Chang Liu, Jeongwoo Lee, Vasyl
Yurchyshyn, Na Deng, Kyung-Suk Cho, Marian Karlicky
and Haimin Wang, 2007, Ap.J., 669, 1372-1381

BBSO 1348: Flow Field Evolution of a Decaying Sunspot,
Na Deng, Debi Prasad Choudhary, Alexandra Tritschler,
Carsten Denker, Chang Liu and Haimin Wang, 2007, Ap.J.,
671, 1013-1021

BBSO 1350: Relationship between EIT Post Eruption Arcades,
Coronal Mass Ejections, Coronal Neutral Line and Mag-
netic Clouds, Vasyl Yurchyshyn, 2007, GRL, submitted

BBSO 1352: Spatial Distribution of Magnetic Reconnection in
the 2006 December 13 Solar Flare as Observed by Hinode,
Ju Jing, Jongchul Chae and Haimin Wang, 2008, Ap.J. Let-
ters, 672, L73



BBSO 1353: The Spatial Distribution of Hard X-Ray Spectral
Index and Local Magnetic Reconnection Rate, Chang Liu,
Jeongwoo Lee, Ju Jing, Dale E. Gary and Haimin Wang,
2008, Ap.J. Letters, 672, L77-80

B. Proposed Research

The research we propose here is built on our long ex-
perience, but with the excitement and anticipation of
a new solar telescope with three times the aperture of
the old solar telescope. The NST is the culmination
of a decade of re-instrumentation at BBSO. The NST
will enable us to probe, spatially and temporally, phe-
nomena that have been tantalizingly just beyond our
grasp. Before proposing the first science that will take
advantage of the NST, we give a brief overview of the
instruments that will make the science possible.

B.1 Current Instrumentation Projects

B.1.1 New Solar Telescope (NST) with Adaptive
Optics (AO)

The 1.6 m off-axis NST is the central instrumenta-
tion project at BBSO at this time. The telescope is
nearing completion with system integration to begin
in Big Bear in the Spring of 2008, and engineering
first light in the Summer of 2008. We anticipate a
year long “commissioning” phase during which we
will be able to make evermore sophisticated observa-
tions with the NST. A key reason that we expect the
NST commissioning to be shorter than one might first
guess is that the essential downstream hardware has
already been used to make successful scientific obser-
vations. The first light scientific observations will oc-
cur in the NIR early in the commissioning phase at the
Nasmyth bench, which is affixed to the outside of the
primary mirror cell. The NST should be operational,
in a basic mode, by the beginning of funding from this
proposal.

The new, larger dome, required to house the NST, is
fully operational and all construction under the dome
(such as the extension of the support pier) has been
completed and awaits the telescope. The off-axis,
1.7 m primary mirror (PM), which will yield a 1.6 m
clear aperture telescope, is undergoing final touch-ups
at Steward Observatory Mirror Lab, while the ellip-
tical secondary mirror (SM) is finished and silvered.
The PM is active, and its shape will be controlled by

an off-the-shelf wavefront sensing system, which will
reside after the SM. The heat stop is completed. The
opening in the heat stop defines the 150" x 150" field
of view of the NST. The Optical Support Structure
(OSS) is being built by DFM Engineering, Inc. of
Longmont, CO and will be installed in Big Bear dur-
ing March 2008. The first draft of the BBSO telescope
headquarters control system software has been written
and is undergoing testing in Big Bear and Longmont.
This software is not required for early, first light scien-
tific observations because we can use the mature con-
trol software from DFM.

In parallel with the NST development, we modi-
fied the AO system (primarily a newly designed op-
tical feed) to operate with the NST, which feeds cor-
rected light to our visible light (VIM) and NIR (IRIM)
Fabry-Pérot based polarimeters. The light for the AO,
VIM and IRIM is fed through the telescope’s polar
axis to the temperature controlled Coudé Laboratory
on the floor beneath, where all of this hardware has
been successfully used with light from the old 0.6 m
telescope. Parts of the VIM and IRIM hardware can
also function at the Nasmyth bench (mounted on the
outside of the mirror cell of the primary), but with
tip/tilt rather than full AO corrections. This bench will
ultimately be very useful in far IR studies of the so-
lar atmosphere. Infrared spectroscopy and spectropo-
larimetry at wavelengths longer than 2.5 yum remain
largely unexplored, especially at the high spatial res-
olution, which will be afforded by the NST. Imaging
and spectroscopy of the CO molecular line profiles at
high resolution will constrain current models (Wede-
meyer et al., 2005) of the coolest gas in the quiet Sun.
Spectroscopy and polarimetry of the 2.2 um Ti I lines
currently provide the most sensitive magnetic probe in
sunspot umbrae, but Si I lines at 4 tm may be twice as
sensitive (the exact transition and thus magnetic sensi-
tivity still remains unknown). Finally, chromospheric
lines from Ca I near 4 um (where the BBSO mean
Fried parameter should be about 0.6 m) have very
high magnetic sensitivity and may revolutionize our
understanding of the chromospheric magnetic field;
this will be very important for magnetic extrapolation
models of the photospheric vector fields.

We had successfully operated our AO system on
BBSO’s old 0.6 m telescope. The AO system is
characterized by a 97 element deformable mirror and
Shack-Hartmann sensor, which samples the telescope



Figure 2: A diffraction-limited image obtained at
BBSO on April 29, 2005 with the AO-76 system and
speckle reconstruction.

entrance aperture with 76 lenslet elements. Hence,
its name “AO-76”. A number of papers have been
published to describe this AO system (and its twin
at NSO), as well as the scientific results (Ren et al.,
2003; Didkovsky et al., 2003; Denker et al., 2005;
Rimmele, 2004; Yang et al., 2004; Denker et al., 2007;
Xu et al., 2004, 2006). Figure 2 shows a sample im-
age obtained on April 29, 2005 with the BBSO AO
system.

The practical experience from the DST, BBSO
and other adaptive optics solar telescopes shows that
Strehl ratios of S > 0.3 are required in the detector
plane to obtain reliable quantitative results from spec-
troscopic and polarimetric AO corrected observations.
Forward modeling using MHD simulations combined
with radiative transfer and modeled AO Point-Spread-
Functions provide simulated observations that can be
used to determine the “ground truth” of the MHD sim-
ulations. Such comparison indicate that, in particular
because of the extended nature of the observed ob-
ject, high Strehl ratios (S > 0.3) are required to obtain
reliable quantitative measurements of the solar struc-
ture. In particular, polarimetric observations with low
Strehl range from difficult to impossible to interpret.
The problem here is that the requisite opposite polar-
ity measurements are often closely (tenths of arcsecs)

spaced together.

AO-76 used in the NST will be able to provide
diffraction limited sustained images in the NIR, but
only rarely in the visible. The ATST site survey report
showed BBSO has a median Fried parameter (mea-
sure of largest diffraction limited aperture without cor-
rection being needed) of about 6 cm at 0.5 tm, which
translates to about 24 cm in the NIR at 1.6 um. For-
ward modeling (Rimmele, 2008, private communica-
tion) using MHD simulations combined with radiative
transfer and modeled AO Point-Spread-Functions pro-
vide simulated observations that can be used to deter-
mine that under nominal BBSO seeing conditions the
Strehl ratio would be about 0.8 at 1 ym in the detec-
tor plane. the “ground truth” of the MHD simulations.
Such modeling also indicates, in general, that because
of the extended nature of the Sun, high Strehl ratios (S
> 0.3) are required to obtain reliable quantitative mea-
surements of the solar structure. In particular, polari-
metric observations with low Strehl range from diffi-
cult to impossible to interpret. The problem here is
that the requisite opposite polarity measurements are
often closely (tenths of arcsecs) spaced together. To
achieve the full science capability of the NST in vis-
ible light observations, we are seeking separate fund-
ing (from NSF) to build an AO system around a com-
mercially available 349 element DM (“AO-308"). Our
calculations show that this DM will deliver the requi-
site mean Strehl of 0.3 in the detector plane. Thus, for
our purposes here, we will concentrate on the NIR.

B.1.2 Focal Plane Instrumentation

The IRIM system developed by BBSO is in opera-
tion (Cao et al., 2006). It is one of the first imag-
ing spectropolarimeters working at 1565 nm, and is
used for observations of the Sun at its opacity min-
imum, exposing the deepest photospheric layers that
can be seen. IRIM is a tandem system, which includes
a 4.2 nm interference filter, a unique 0.25 nm birefrin-
gent Lyot filter, and a Fabry-Pérot etalon. IRIM is
capable of providing a bandpass as low as 0.01 nm
in a telecentric configuration. Benefiting from our
correlation tracking system and our AO-76 system
that have been adapted to the NST for first light ob-
servations. Implementing AO-76 on the NST is a
more straightforward proposition than it was on the
old telescope that was never meant for an adaptive op-
tics system. The first imaging polarimetric observa-
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Figure 3: Sample result of IRIM observations with
AO-76 at BBSO. It includes (a) true-field strength,
(b) magnetic flux, and (c) filling factor maps of
NOAA Active Region 10781 (Cao et al., 2006). The
bottom plot is an example of Stokes-V fitting using
the two prominent 1.6 um NIR lines simultaneously.

tions at 1565 nm were made at the diffraction limit
on July 1, 2005 using BBSO’s old 0.6 m telescope.
Stokes-V profiles were obtained from the Fabry-Pérot
etalon scan, and the data provide access to both the
true magnetic field strength and the filling factor of the
small-scale magnetic flux elements. Figure 3 shows
sample images obtained by IRIM and an example of
the Stokes-V profile from the two adjacent NIR lines.
The strength of the IRIM is its extreme sensitivity
and high spatial resolution, which allows us to study
weak and small-scale magnetic fields in the quiet Sun.
In active regions, it enables accurate measurements
avoiding Zeeman saturation of the traditional filter-
based magnetograph systems. Both magnetic field
strength and the filling factor were derived from fit-
ting the Stokes V profiles (Cao et al., 2006). In par-
allel to the IRIM development, we have built a sep-
arate Visible Imaging Magnetograph (VIM) that has
attained first light observations (Denker et al., 2007),
which includes photometric and magnetogram data.
Both magnetograph systems are prepared for integra-
tion into the NST.

We have programmed a 32-node parallel comput-
ing cluster, so that we can perform real-time speckle
reconstruction with a cadence of about 1 minute (for
a 1 Kx1 K camera). Diffraction limited images
will be achieved all the time during the entire ob-
serving period. An upgrade of the system to carry
out Blind Multi-Frame De-convolution and Phase-
Diversity processing is underway. Before this instru-
ment, speckle reconstruction of images would take
hours of post facto processing to construct a single
diffraction limited image (as in Denker and Wang,
1998). This effectively limited us to a short observ-
ing day (~ 2 hours) because the control computer’s
disk would be filled by storing all the raw data, so the
chances were slim of obtaining a sequence containing
the long term evolution of an active region, and catch-
ing flares during the observations. Even with a larger
disk, we would still be left with an unwieldy process-
ing problem.

B.1.3 Milestones in the Commissioning of the
NST

We recognize that the integration of NST, AO and fo-
cal plane instruments is a laborious task, and that this
is the first phase in the commissioning of the NST.
However, we are confident that most of the system
integration needed for what we propose will be ac-
complished before the start date of the proposal, for
the following reasons: (1) Telescope alignment will
be done in collaboration with a team of contracted,
outside experts, which includes the UA Steward Ob-
servatory Mirror Lab with whom we are already work-
ing on this part of the project. (2) AO, IRIM, VIM
and the real-time image reconstruction system are all
operating hardware that have been tested and proven
with the old 0.6 m telescope. To maximize the scien-
tific return, we will adopt the concept of an on-going
commissioning; i.e., ever-broadening scientific obser-
vations as the commissioning evolves. Table 1 lists the
milestones of NST commissioning, and correspond-
ing scientific observations. Please note that initial sci-
entific operation will not be done with active mirror
control, which is the most complicated component in
the commissioning process. The effect of delayed ac-
tive mirror control will put an additional burden on the
AO.



Date NST Milestone Scientific Mtgeimath@sdetector plane in visible light. REeuitlan the
Spring 2008 Telescope Installation NST is a 2 m* “light-bucket” that will accumulate suf-
Summer 2008  Nasmyth First Light Sunspot dikignighataasmfomveR high temporal cadgsite obser-
Fall 2008 Light to Coudé Feed Flare emixafednmainiapid (RhesloRgnNIR 0.5"

Fall 2008 AO-76 Implemented High resolution of atmosphere and magnetic fields ~ 0.3"”

Spring 2009 Active Mirror Control Higher reBopytion Shbegypesesond, Sub-second Strdéture of
After 2009 Begin AO-308 Project Highest resolutiorfphgesvations in visible light 0.05”

After 2009 Nasmyth Far IR Spectrograph  Probe chromosphere with good resolution (@4um)  0.5”

Table 1: Milestones in NST Commissioning

B.2 Proposed Scientific Research

Each proposed scientific research task takes advan-
tage of one or more of the NST’s unique attributes,
which include high spatial and temporal resolution,
precise measurements of vector magnetic fields and
observations of faint features. We will probe what
has been just beyond our grasp, but build on our
earlier research. The proposed research is also very
timely, as NASA missions Hinode, STEREO were
launched in 2006, and SDO will be launched in the
latter part of 2008. Joint observations between NST
and these satellites will produce unprecedented scien-
tific returns.

At 1.6 um, where the IRIM is designed to utilize
the two strong magnetic lines, the NST will have a
spatial resolution of about 0.2”. One might ask what
advantages are expected over data from the old 0.6 m
aperture BBSO telescope, which also had a spatial res-
olution of 0.2”, but at 0.5 um. First, the Zeeman split-
ting increases quadratically with wavelength, so the
IRIM can more precisely detect magnetic flux. Sec-
ond, we will now be able to separate out the true mag-
netic field strength and the filling factor for the small-
scale magnetic flux elements, as shown in Figure 3.
Third, the terrestrial atmosphere is more benign in the
NIR with the mean Fried parameter at BBSO being
about 25 cm (under the assumption of Komolgorov
turbulence), which is four times that at 0.5 um. This
improvement is essential in the observations of faint
features, which drift in and out of sharpness. The focal
plane Strehl is sufficient to enable sustained diffrac-
tion limited images with AO-76 under typical BBSO
observing conditions, but images at 0.5 um would
only be diffraction limited under extraordinary seeing
conditions at BBSO. For this reason, we are planning
AO-308, which will enable diffraction limited imag-

Tay
and microwave observations that flare bursts consist
of fine structures changing on timescales from tens of
milli-seconds to a few seconds (van Beek, de Feiter,
& de Jager 1974, 1976; Hoyng, van Beek, & Brown
1976; Kiplinger et al. 1983, 1988; Kaufmann et al.
1980, 1984, 2001; Aschwanden, Benz & Schwartz,
1993; Aschwanden, Schwartz, & Alt, 1995; As-
chwanden et al. 1995, 1998). These are the so-called
“elementary bursts” (de Jager & de Jonge 1978). In
recent years, efforts to search for small-scale struc-
tures have also been made in optical wavelengths, typ-
ically using Hor observations (Wang et al. 2000; Trot-
tet et al. 2000; Kurt et al. 2000).

The discovery of temporal fine structures in flares
has led scientists to consider that magnetic energy
release occurs primarily on small-scales; e.g., Lu
& Hamilton (1991) proposed the possibility that the
coronal magnetic fields are in a self-organized crit-
ical state, and solar flares are avalanches of many
small-scale events. In terms of a physical mechanism,
the most popular belief is that solar flares comprise
many small-scale reconnections (Sturrock et al. 1984;
Parker 1989; Bastian & Valhos 1997). Formation
of magnetic islands by tearing-instabilities and sub-
sequent interactions between these magnetic islands,
namely dynamic magnetic reconnection (Kliem et al.
2000 and references therein), are generally regards as
accounting for the fast variations in non-thermal emis-
sions on “elementary burst” timescales (Aschwanden
2002 and references therein).

Since 1999, we have carried out on-going, high-
cadence flare-watch campaigns. We have looked in
the far blue wing of the Ho line in an attempt to locate
sites of non-thermal beam precipitation in the impul-
sive phase of solar flares. The campaigns have yielded
fruitful results in high-resolution studies of flares and
related phenomena (Wang et al. 2000; Qiu et al. 2000,
2001, 2002; Qiu & Wang, 2006; Ding et al. 2001;
Wang & Qiu 2002; Ji et al., 2003, 2004a,b, 2006).
However, these previous BBSO observations could
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Figure 4: NIR time sequence (AO corrected) of the
X10 flare from 20:40 UT to 20:47 UT on Octo-
ber 29, 2003. RHESSI HXR contours (blue) corre-
spond to the 50 - 100 keV channel with 60 integra-
tions. The local NIR intensity maxima are shown in
red. Two flare ribbons are correlated with strong HXR
kernels. HXR contour levels are drawn at 0.17, 0.25,
0.60, and 0.80 of the maximum intensity, except for
the first two frames, where they correspond to 0.7 and
0.8 for the first frame and 0.4, 0.6, and 0.8 for the sec-
ond, when the HXR kernels were weaker (Xu et al.
(2004).

not resolve the spatial structure of flare emissions be-
cause the spatial resolution has a lower limit of about
1”. The NST will provide an unprecedented mapping
of flaring with high temporal cadence, first with 0.2"
resolution in the NIR, then downstream, with AO-308,
below 0.1" in visible. These scales are anticipated to
be the sizes of individual flux tubes.

The observing lines/bands will be: 1.6 um, He
D3, Ha and He 10830. Each wavelength has its
own merit in the diagnosis of flare electron precip-
itation. Most of our prior observations were in Ho
off-band observations. However, we found that high-
resolution/cadence observations at 1.6 yum can pin
down the site(s) of electron precipitation, and many
such events will be observed with high spatial resolu-
tion. Xu et al. (2004, 2006) discussed high-resolution
observations of two white-light flares in solar active
region NOAA 10486 obtained with the Dunn So-
lar Telescope (DST) at the National Solar Observa-
tory/Sacramento Peak (NSO/SP) at the end of Octo-
ber 2003 when BBSO hardware was ‘evacuated’ to
NSO/SP for several days due to a large forest fire

he spatial resolution was close to the diffrac-
t of the 76 cm aperture DST. The data ben-
om the newly developed AO system and the
. NIR camera. Figure 4 compares the NIR flare
ions with the hard X-ray data of RHESSI for one

80 100 120 140

Ewdrggfrtfredevents.

NST observations combined with HXR data from
RHESSI and high resolution magnetograms from
Hinode, we expect to find: (1) the characteristic
timescale of elementary bursts, (2) simultaneity of
the elementary bursts at the magnetically conju-
gate footpoints, (3) spatial scale of the elementary
bursts. The NST with IRIM will make these observa-
tions possible because tracking these rapidly chang-
ing small features typically requires high spatial res-
olution with a high Strehl. This is at the heart of the
technical reasons why there have been so few high-
cadence flare observations. Joint observations with
RHESSI HXR and OVRO microwave will also reveal
the electron distribution in these elementary bursts.
Broadband NIR observations can be achieved imme-
diately at the Nasmyth station. Polarimetric and spec-
troscopic properties of flare emission can be obtained
when AO-76 correction is implemented in the Coudé
Lab. Of course, other shorter wavelength observa-
tions mentioned above will further enhance the power
of this study in the future, when the higher-order AO
(DM with 349 actuators) is built.

As an added feature to the high-cadence, high-
resolution flare studies, we will investigate the motion
of flare footpoints. It is well-accepted that solar flares
are due to the sudden release of magnetic energy in
a magnetic reconnection (Forbes & Priest 1995). In
the classical two-dimensional “CSHKP” reconnection
model of a two-ribbon flare (Carmichael 1964; Stur-
rock 1966; Hirayama 1974; Kopp & Pneuman 1976),
oppositely directed magnetic field lines are stretched
by eruption to form a vertical current sheet where re-
connection occurs. According to this model, the two
footpoints (FPs) of a flare, residing in areas of oppo-
site magnetic polarities, are expanding outward and
away from each other as the flare proceeds (Svestka &



Cliver 1992). Furthermore, it is well-recognized that
flare ribbon expansion is the chromospheric signature
of progressive magnetic reconnection in the corona, in
which new field lines reconnect at higher and higher
altitudes. Recent ground-based observations, along
with RHESSI observations, raise a challenging ques-
tion to this classical physical picture: two flare ribbons
seem to first come closer together, and then separate.
The second part is predicted by the CSHKP model,
while the first part is not even thought of in the model.
Ji et al. (2004b) showed such inward motion was evi-
dent even for the individual flare peaks in a multi-peak
event.

The explanation for the contracting motion of foot-
points and loop-tops is in its preliminary stages. Ji et
al. (2004b) proposed that they are caused by a pinch-
ing motion of the current sheet within the framework
of the CSHKP model, in which the vertical current
sheet is enhanced in the reconnecting region. Then
in turn, the energy release rate is enhanced to pro-
duce HXR spikes, and the footpoints are pushed to-
gether; however, this picture cannot explain the drop
in the altitude of the HXR loop-top source. On the
other hand, Veronig et al. (2006) modelled a collaps-
ing magnetic trap embedded in a standard 2D mag-
netic reconnection model. They can reproduce the
altitude decrease of the flare X-ray loop-top and the
observed RHESSI spectra. However, the inward mo-
tion of the footpoints is not predicted in this explana-
tion. We also note the “implosion” picture proposed
by Hudson (2000) may predict contracting loop-tops
along with the inward motion of the footpoints. As
pointed out by Hudson, the detection of such an im-
plosion requires high-cadence, high-resolution obser-
vations of flare footpoints during the impulsive phase.
Our observations are therefore uniquely suited to the
purpose of understanding the basic physics by exploit-
ing the NST’s new generation observations of flares
with high-cadence and high-resolution, which will be
aided by RHESSI HXR imaging. In addition, quanti-
tative analyses will provide important information for
in-depth modelling.

Prior high-resolution observations of flares hardly
exist at all. With a minimum of 0.2” spatial resolu-
tion and 100 ms cadence NST observations, we ex-
pect to answer the basic questions that have eluded
us: (1) The detailed trajectory of footpoint motion
corresponding to individual flux tubes. (2) The

relationship between the speed and magnitude of
the inward motion and the energy release of the
flares. (3) For each of the sub-peaks in a multi-
peak flare, do we see the contracting motion that
Ji et al. (2004b) found? With beamsplitters, the
observations will be done simultaneously in at least
two wavelengths among Ha, He D3, 1.56 um, and
Hel 10830 with AO, so that we can achieve suffi-
ciently high signal-to-noise to track footpoint motion.

B.2.2 High Resolution NIR Observations of the
Non-Flaring Solar Atmosphere

Although our proposed research focuses on high-
resolution observations of solar activity, the NST will
certainly provide unprecedented data to elucidate the
dynamics of magnetic structures in the quiet atmo-
sphere. In the initial phase of NST operation, the AO-
76 system can routinely provide full correction in NIR
only; therefore, our scientific initial objectives will be
tied to this instrumental capability.

In addition to the advantages of observing in the
near IR listed at the beginning of C.2., the Sun has an
opacity minimum in the NIR (at about 1.6 gm). Thus,
one can see deeper into the Sun at those wavelengths.
For all these reasons, observations in the NIR would
then result in significant steps forward in our under-
standing of the Sun, such as being able to make much
more precise measurements of the magnetic field and
its evolution. We will focus on the following two top-
ics based on the recent scientific advances in these ar-
eas. The NST is coming at the right time to push these
studies further.

C.2.2.1. Quiet Sun Magnetic Fields That Are
Weaker than Intranetwork Fields

This specific scientific objective is motivated by a
recent discovery by Harvey et al. (2007). They
found that the photospheric magnetic field, outside
of active regions and the network, has a ubiquitous
and dynamic line-of-sight component that strength-
ens from disk center to limb as expected for a field
of nearly horizontal orientation. A similar claim has
been made with the initial Hinode results (Lites et al.,
2008, Suarez et al., 2007). According to Harvey et
al. (2007), this newly discovered magnetic compo-
nent is not present in the chromosphere. Therefore,
it is natural to search for its signature sampling the
deepest photosphere. In the NIR the terrestrial at-
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mosphere is more benign and IRIM samples down to
about 50 km beneath the visible photosphere; theré—zo
fore, it is highly likely that we will be able to obser‘ie

and characterize this new magnetic component in th:e 7

quiet Sun. Throughout the proposal, almost all tlgq,6
scientific goals will be achieved with our baseline pé—
larization precision of 10~2. However, because of t]ie“
extremely weak signal of this magnetic componerﬂ
we Wlll push our polarization precision to be below

6.5 7.0
10~% with TRIM. This accuracy is essential for €T -Aeage Poging i LOG(EVL1B. 1) g7 )

suring magnetic fields on the order of a few gauss.
We will try several ways to achieve this, such as using
a beam splitter to obtain the two polarizations simul-
taneously, and coupled with long integration. Such an
observing mode will be used mainly for this topic.

C.2.2.2. Contribution of Footpoint Motion to Coro-
nal Loop Heating

Aschwanden et al. (2000) argued that for coronal
loops, the heating is concentrated in the footpoints
(at altitudes of 50 to 300 Mm). Although a heat-
ing function was given, the detailed heating mecha-
nism was not described. Contrarywise, Priest et al.
(2000) argued that coronal loops have uniform heat-
ing. We can address the controversy by focusing on a
search for possible heating mechanisms near the foot-
points. For the uniform loop heating model, Parker
(1988) proposed that the X-ray corona is due to a con-
tinuous nanoflaring process. The energy source for
these nanoflares is the random motion of footpoints.
Furthermore, nanoflares, microflares, and even reg-
ular solar flares may be somehow associated (Hud-
son, 1991), so observations of footpoint motions as-
sociated with all the above types of events are essen-
tial. We know from experience that such footpoint
motion is hard to observe and characterize in lower
resolution (1”) magnetograph and filtergraph obser-
vations. In a recent study (Tan et al., 2007), we
found that the energy of a proxy for Poynting flux
(E = ;- |V4|-|B.*) ranges from 105”7 to 10 ergcm >
s~ ! for the majority of ARs, which is sufficient to heat
the corona due to random motion of magnetic flux
tubes footpoints in the photosphere. This Poynting
flux has a good correlation with the coronal bright-
ness as shown in Figure 5. Our previous efforts had
two limitations: (1) the velocity observations were
based on tracking of MDI magnetograms, and the re-
sulting errors are high. (2) The transverse magnetic
field measurements were not available, so the proxy
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Figure 5: (a) Area-averaged and (b) area-integrated
scatter plots showing the log-log correlation between
Poynting flux and coronal X-ray brightness. Solid
lines show first-degree polynomial fits to the data.
Vertical dashed lines outline the data used to calcu-
late the linear fits and correlation coefficients (Tan et
al., 2007).

(line-of-sight field) that we used may not have been
valid. Obviously, NST observations will overcome
both limitations. With those barriers overcome, we
can accurately derive the dynamic properties of small-
scale magnetic fields and their contribution to coro-
nal heating. In particular, local correlation tracking
requires stable, high-resolution sequences of images,
which is possible with AO corrected NST NIR obser-
vations. The results from our NIR observations will
be compared with visible observations from Hinode
and SDO.

B.2.3 Quantitative and Systematic Studies of the
Evolution of Magnetic Fields Associated
with Flares and CMEs

As we have discussed in §B.1, we have begun to un-
derstand the consistent pattern of changes in the mag-
netic fields in the core regions of flares and CME:s.
The most outstanding changes are the detected de-
cay of the penumbral structure on the outer part of -
spots, and the enhancement of umbral sunspot struc-
ture near the flaring neutral lines (Liu et al. 2005).
These results were statistically confirmed and charac-
terized in an investigation of over 400 events (Chen
et al., 2007). These consistent, rapid changes in mag-
netic fields associated with flares have also been ob-
served by Sudol and Harvey (2005). We anticipate
that the NST will advance us to an ultimate physi-



cal understanding of these phenomena because of the
higher magnetic sensitivity in the NIR.

For the limited number of events studied, we also
found that the magnetic shear near the flaring neutral
lines may increase after the flares (Wang 1992; Wang
& Tang 1993; Wang et al. 1994, 2002, 2004b; Liu
et al. 2005). The shear angle is defined as the an-
gular difference between the observed azimuthal an-
gle of the transverse fields and that of the extrapo-
lated potential fields (Hagyard et al. 1990). Most of
the events studied so far were observed from BBSO.
However, a shear angle increase was also reported us-
ing the HSO (China) vector magnetogram data of AR
6659 on June 6, 1991 during the X12 flare (Schmieder
et al. 1994), and the Marshall Space Flight Center
(MSFC) vector magnetogram data of the famous AR
10486 on October 29, 2003 during an X10 flare (Liu
et al. 2005). Figure 6 shows another recent example
of transverse field enhancement along the flaring neu-
tral line (from September 13, 2005 data, Wang et al.,
2007).

As the observational evidence is solid, the scien-
tific objective of this part of the proposed research is
straightforward: to understand the physics of the ob-
served magnetic field changes. For this, one requires
high-cadence, high-resolution and highly stable vec-
tor magnetograms. Obviously, due to the stability of
the terrestrial atmosphere and line formation height in
the lower photosphere at wavelengths near the opac-
ity minimum at 1.6 um, IRIM on the AO-76 equipped
NST will be ideally suited for the purpose of probing
the underlying physics of magnetic field changes aris-
ing from impulsive events. Depending on the num-
ber of spectral positions chosen for the line scans in
IRIM operations, we will have a few minute cadence
for vector magnetograms. The expected polarization
accuracy will be our nominal 1073, The spatial reso-
lution will be around 0.2” for direct imaging, and 0.4”
for magnetograms. Using the well-calibrated IRIM
data, we will target the following two topics that we
couldn’t address before: (1) the structure of full vec-
tor fields after correction for geometric projection;
(2) the spectroscopic properties of the areas under-
going rapid structural changes to reveal the tem-
perature and density changes.

We recognize that accumulating data on flare events
will take some time. Therefore, we will initially use
the rich archive of BBSO vector magnetograms that
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Figure 6: Top: A BBSO vector magnetogram of
September 13, 2005. Bottom: The time profile of
the mean transverse field strength in the section of the
neutral line close to the initial flare core. The timing of
the flare is indicated by the 10 GHz OVSA microwave
light curve (solid line Wang et al. 2007).

covers almost 10 years of observations. With new and
old data, we will fully develop data analysis tools,
while gaining physical insight through analyzing the
data, even if the 50 to 100 archived events would rep-
resent inferior data to those which will come from the
NST. Obviously, this work on archived data would be
further motivated in case of any delay in the NST.

In parallel, vector magnetograph data should be ob-
tained by the recently launched Hinode. Joint Hin-
0ode/NST observations will be complementary: NST
observes magnetic fields in the NIR, while Hinode
operates mainly in the visible; the NST has a much
larger aperture, while Hinode has continuous seeing-
free coverage. The high-cadence observations from
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Figure 7: Left: TRACE WL image at 0201 UT be-
fore the onset of the X3.4 flare on December 13, 2006.
Middle: WL image after the flare at 0508 UT. Right:
the difference between post- and preflare WL inten-
sity. The peripheral penumbral decay is evident from
the bright ring in the difference image, while the en-

hancement of sunspot structure at the flaring neutral
line is seen as a dark band.

the Hinode filtergraph observations are essential to
detect and characterize the rapid structural changes
in sunspots. However, Hinode has some technical
difficulties that preclude vector magnetograph obser-
vations at this writing. On the other hand, analyz-
ing lower-cadence Hinode spectro-polarimeter obser-
vations will enable us to study spectral line profiles in
the areas that sustain structural changes. Therefore,
we can come to understand more detailed physical
characteristics (e.g., temperature, density and more
accurate polarimetry) of the rapid changes in active
region structure associated with flares.

In December 2006, Hinode obtained excellent cov-
erage of AR 10930 that produced 3 X-class flares.
Figure 8 shows the before and after TRACE WL im-
ages and their difference image around the X3.4 flare.
It is obvious that this region shows similar properties
to other events studied by us before: enhancement of
sunspot structure at the flaring neutral line, and pe-
ripheral penumbral decay. From two vector magne-
tograms covering the X3.4 flare, we can see that the
decrease in, and increase in transverse fields after the
flare are quite obviously associated with the periph-
eral penumbra decay and central feature enhancement
regions, respectively. Again, analysis of Hinode data
will help us to develop data analysis tools that will be
applied to NST high-resolution data.

After analyzing a large number of events, we will
determine the physical differences between the re-
gions with and without rapid changes in magnetic
fields. The essential factors could include impulsive

- .
.0

V88 long-duration events, sigmoidal or non-sigmoidal
figurations, 0 or non-& configurations, and fila-
t eruption association or not. Preliminary results
icate that the field changes are more detectable in
sunspots, and when associated with sigmoidal con-
figlhration and long-duration flares. Even more impor-
ly, the observations will be used to test a variety of
flare models. For example, Wang et al. (2006) have
demonstrated that the observed change of magnetic
structure can be well-explained by the tether cutting
model (Moore et al., 2001).

Furthermore, we are collaborating with a few
groups to carry out non-linear force-free extrapola-
tions in order to understand the evolution of the three-
dimensional structure of magnetic fields associated
with flares. The most notable work is our collabo-
ration with Thomas Wiegelmann (Jing et al., 2008).
Schrijver et al. (2006) compared the results of a num-
ber of leading NLFF extrapolation codes, and con-
cluded that the optimization algorithm implemented
by Wiegelmann is the fastest-converging and best-
performing model. Recently, substantial progress has
been made by the community in handling a diffi-
cult problems in analyzing vector magnetograms: to
resolve the 180 degree ambiguity in the transverse
fields (Metcalf et al. 2006). Therefore, NLFF ex-
trapolation as formulated above will be extremely use-
ful to study 3-D magnetic fields from photosphere to
corona. Figure 8 shows NLFF extrapolation results
for the two Hinode vector magnetograms covering the
flare on December 13, 2006. Changes in magnetic
field structure are quite obvious. In a more careful
study using these extrapolations, Jing et al. (2008)
found that magnetic shear increases in the lower at-
mosphere, while decreasing substantially in the higher
atmosphere.

-
B

B.2.4 Surface Flows of Flare Producing Active
Regions

In addition to finding permanent changes in mag-
netic fields associated with flares, we recently found
another important and related phenomenon: rapid
changes in flow patterns associated with flares. Fig-
ure 9 shows the very first clear demonstration of the
shear flow of an active region before flaring, in par-
ticular before the X10 flare on October 29, 2003.
We note that these observations were taken using the
BBSO visible and NIR imaging systems. With the aid
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we developed over the last few years to study the flow
fields will be readily applied to the NST data when
available.

To observe these flows and magnetic field structures
in detail and to understand their basic nature, we need
high-resolution and high-cadence observations. Obvi-
ously, the AO equipped NST will attain the required
higher resolution by finally advancing us beneath the
0.1” resolution limit in visible light. In our planned
studies, we expect to answer the following questions:
(1) Do active regions always show changes in flows
associated with flaring as discussed above? What
are the spatial distributions of the flow evolution?
(2) Are shear flows unusually strong before a ma-
jor flare, and spatially located close to the flaring
neutral line? (3) What are the physical implica-
tions of shear relaxation on large-scales and shear
increase in a small area near the flaring neutral
line (Wang, 2006)? Again, observational results will
be compared with flare/CME models that require for-
mation of sheared magnetic fields by shear motion,
such as the break-out model (Antiochos 1998; An-
tiochos et al. 1999). Complementary to NST data,
Hinode data will provide high polarization accuracy,
while SDO will provide full disk coverage of vector
magnetograms.

C. Personnel and Management

Figure 8: Comparison of NLFF extrapolation for two

Hinod ( ‘ ¢ 20:30 UT D Name Role Tasks
inode vector magnetograms, a : on De- -
Goode PI Overall Supervis
cember 12 and 04:30 UT on December 13, 2006, re- . .p
) Wang Co-1 Coordination of
spectively. One was observed before and one after Cao Coll Focal Plane Inst
the X3.4 flare occurred at 02:40 UT on December 13 . .
( . Dr. Th Wieeel ) Liu Post-doc Evolution of Ma
courtesy Lr. Thomas Wicgeimann) - Valentina Abramenko Researcher Active Region F
Fear Senior Observer NST Observatios
Graduate Student Flare Studies
of the AO system on the Dunn Telescope, diffraction-  varsik, Shumko, Abramenko ~ Staff Instrumentation

limited images were obtained with high-cadence, and
they were analyzed carefully. The shear flows are very
obviously associated with flaring neutral lines (Yang
et al. 2004; Deng et al. 2006). Deng et al. (2006)
also found that the shear flow increased after the on-

Table 2: Role and Tasks of Team Members

To develop state-of-the-art instrumentation and
carry out the frontier research with our precious re-

set of a flare. This is the only sub-arcsec, X-class,
WL flare observation in existence, and it was covered
completely with 0.2” resolution in WL. In the NST
era with all the advantages of the NIR, this precision
of flare observation will not be unusual. The tools that

sources, we must have a balanced, first-class instru-
mentation and science teams. Three regular profes-
sors will have their own distinct but linked responsi-
bilities (see Table 2). The research and instrumenta-
tion teams are also identified in the table. What we
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propose is very cautious because if the NST’s scien-
tific operation has unforeseen delays, BBSO can still
deliver scientific results: (1) Our IRIM and VIM sys-
tem can be used at NSO/SP as we have done in the last
few years. (2) Our global Ho. network has 6 stations
for full disk observations, plus one station in China for
high-cadence flare observations. (3) Many data anal-
ysis tools developed can be applied to NASA mission
data easily. (4) BBSO has a rich data archive.

For the early part of the first year when we finish
integrating the NST, more resources will be devoted
to instrumentation. Starting in the middle of the first
year, scientific research using the NST will become
the dominant effort.
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Figure 9: Photospheric flows and magnetic field con-
figuration of NOAA 10486 on October 29, 2003. To
illustrate the results of high spatial resolution local
correlation tracking analysis of WL data observed by
the BBSO team at NSO/SP, we show different views
of (a) flow vectors, (b) azimuthal angle of the velocity
vectors, (¢) magnitude of the velocity vectors, and (d)
MDI magnetogram with superimposed magnetic neu-
tral lines. I/l in (a) is the normalized intensity rela-
tive to quiet photosphere (Yang et al. 2004). Strong
shear flows are found along flaring neutral line, de-
noted by S1 through S4; while K1 through K3 mark
flare kernels.



