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Proposal Summary

A. Overview nature of the Sun’s magnetic field and the short-
and long-term changes in the Sun that impact
The Sun is our star and the source of life dite on Earth. Students will be deeply involved
earth. Studies of our star address both funda-our work and will greatly benefit from the ex-
mental scientific issues and the most pragmatieange of resources among the center members,
concerns of our life on Earth. It is the Sun'@nd others. Those educated through the center
magnetic field that make it such a dynamic stavill have a broader and deeper experience that
The Sun and its extended magnetic field reyill benefit them and our society. Ground-based
resent the largest scale field that we can @dservational solar astronomy also presents a
solve. Measuring this field has become an evépecial situation for scientists who build instru-
more sophisticated venture requiring more corments — the required instrumentation represents
plex instrumentation reflecting new technol@ sufficiently small project that a well-advised
gies. Such instrumentation has allowed us e@aduate student can handle all aspects of bring-
deeper insight into the the fundamental natuii®g to fruition a new instrument to measure
of our star. This knowledge advances our uproperties of the Sun. Scientists with such train-
derstanding of how stars live their lives, and dng have special skills that are applicable across
a larger-scale, the solar magnetic field holdsaawide range of fields. The experience of the
key to understanding the role of magnetic fiel¢ggudents may be further broadened by extending
in the evolution of galaxies and the universe it into internships with our industrial partners
self. On a more pragmatic level, slight, buand involvement in incubation centers for the
poorly understood gradual changes in the stoxmation of small companies. The center will
may well alter the climate of the Earth. For inbe deeply connected to the education of mem-
stance, about three hundred years ago the $ens of underserved groups.
was essentially unspotted for several decadeghese are laudable goals, but why is a center
and this corresponded to a time on Earth calladeded? Why can’t our goals be accomplished
“The Little Ice Age”. Over the recent decadesn a traditional manner in which students take
ever-increasing numbers of space assets hakgses at some university, and are perhaps in-
been flown, and these assets are vulneraigived in the educational process for under-
to the effects of abrupt, and hard to predigierved groups, then builds some instrument for
magnetic storms originating on the Sun. SugRientific measurement in pursuit of a Ph.D.,
storms, broadly called “space weather” can dgnd ultimately the graduate pursues a career at
stroy satellites and impact life on Earth by dana- university, national center or industry? The
aging the power grid and disrupting telecommueasons that the traditional approach is not op-
nications and more. timal in studies of the Sun by groups that build
To address these scientific and practical isnd use instruments has been carefully devel-
sues, we propose to establish an NSF Sciemged in several recent National Research Coun-
and Technology Center (STC) to team univeril (NRC) studies. These NRC studies have rec-
sities, national centers and industrial partnesgnized the importance of ground-based obser-
with a common goal. This center will be builvational solar astronomy and have strongly rec-
on both an expansion and tightening of existimmmmended an expansion of the field to include
interwoven connections. The center will focus new generation of solar telescopes — both op-
on building and utilizing ground-based instruical and radio. The field also requires an infu-
mentation needed to determine the fundamendain of scientists who are trained to build instru-



ments. To achieve these, we propose to form @H), Stanford University, University of Mary-
NSF center that combines the universities tHand, UC Berkeley, and Prairie View A&M
operate solar observatories and build the sci€RVAM); national centers in ground-based so-
tific hardware to enable frontier observations.lar astronomy: the National Solar Observatory
In the 1998 NRC report entitled “Ground{NSO), National Radio Astronomical Observa-
Based Solar Research: An Assessment dages (NRAO) and High Altitude Observatory
Strategy for the Future” developed a series @flAO); and interested third parties: Rockwell,
strategies to ensure a bright future for the fieldpogee, Lucent Technologies, Edmund Scien-
There the report argued for a strong future féific and the NJIT Enterprise Development Cen-
the study of the Sun, but expressed concdaf, Inc. Of course, the center will encom-
about “the current state of university-based ipass more members, but for our purposes here
strumentation programs, which are widely seéme initial partners illustrate how the center will
as essential to future instrument developmentork. The center will be built around a pro-
as well as the reduced access of new researcliewd strengthening of initial, natural connec-
to hands-on observing experience. Existing itions that have evolved over time.
strumentation and training programs are few
in number and rely on precarious grant-bas@di 1 The University Connections
funding.” That NRC report also argued that
“centers and/or institutional consortia can play natural connection has evolved between New
an important role in facilitating the creatiodersey Institute of Technology (NJIT)/Big Bear
of ‘critical-mass’-size programs of research3olar Observatory (BBSO) and the University
In the 2001 NRC report entitled “Astronomyf Hawaii (UH) because the two are the US
and Astrophysics in the New Millennium” aniversities operating solar optical observato-
“systems approach to solar physics” is recorﬁes that build the Pl-class instrumentation re-
mended to understanding the nature of the Sufigred to keep the US at the leading edge in
magnetism, which requires a close collaborfitound-based optical solar astronomy. Both
tion among those tied to observations of tHgams train PhD students who build the instru-
Sun. The 2002 NRC study entitled “The Sumentation required to keep the small US uni-
to the Earth — and Beyond: A Decadal Re&ersity community at the leading edge of ob-
search Strategy in Solar and Space Physics” 8@rvational solar astronomy. The connection
gues that the Community should come up Wiﬂﬁtween NJIT and UH is reflected in the sev-
innovative ways to ensure that there are a “si@tal joint scientific projects like DoD funded in-
ficient number of future scientists in solar aniared instrumentation (DURIP), space weather
space physics” and there should be a strong fudies (MURI) and most recently the team-

fort in distance learning to optimize communitind of our expertises for the NST project to
resources. build a 1.6 m open aperture solar telescope at

BBSO. As well, the BBSO/Caltech group is
using a UH infrared spectrograph in climate
A.1 The Genesis of the Center studies focussed on the greenhouse gas spec-
trum of the Earth. Codifying the NJIT/UH re-
At the outset, the center will arise from #&ation within the framework of an NSF Cen-
teaming of universities active in observation&r would bind and strengthen the eastern
ground-based solar astronomy and developiagd western-most frontiers of solar astronomy.
requisite instrumentation: New Jersey Institutcientifically, combining joint instrumentation
of Technology (NJIT), University of Hawaiiinterests with overlapping regions of obser-
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vation (BBSO/photosphere&chromosphere atitk instrumentation necessary to do the science.
UH/chromosphere&corona) has great synerdie view this connection to be one that can help
Both NJIT and UH are co-I's on the upcomseed other university programs and further ex-
ing NASA Solar Dynamics Observatory (SDOpand the center. BBSO already has a further
mission on which Stanford is a PI institutionclose tie to NSO with a joint NSF funded pro-
The SDO will be significant in the aforemengram to implement adaptive optics at both ob-
tioned studies. Through the NST, NJIT hasservatories and two NJIT PhD students doing
working relation with PVAM, which built its thesis work at NSO. Further, the FASR project
own ground-based solar observatory. These saliso binds together NJIT, NRAO and NSO.
entific synergies are further advanced by theAdditionally, NJIT and UH serve on the
ground-based radio observatory that NJIT opIST Advisory Committee. Another level of
erates — Owens Valley Solar Array (OVSA). the connection would be an expanded REU pro-
OVSA is the only solar-dedicated radio arragram. Right now, both NJIT and UH have
in the world that combines a broad spectral coREU students, but there is no linkage to each
erage with spatial resolution to allow the use other, or to NSO, HAO or NRAO. This would
microwave imaging spectroscopy. The power ohange. As well, NJIT is located in inner
such an approach is widely recognized, and haty Newark and has significant educational
led several NRC committees and internationabnnections with the community, including to
gatherings of experts in solar radio physics the Newark Planetarium. The center will be
recommend the construction of a much largdeeply involved in minority/underrepresented
array (the Frequency Agile Solar Radiotelegoup education. We have a summer program
scope, or FASR) based on the principles usignolving the usage of our small, on-campus by
at OVSA. The main driver is the developmersgtudents in the these programs, but the center
of the FASR by a consortium of institutions inwould greatly expand this effort.
cluding universities NJIT, University of Mary-
land (UMd), and UC Berkeley (UCB), nationa/la\_ll3
observatories (NRAO, NSO), industrial partners

(Lucent, PSI). B. The Science

Industrial Affliates

A.1.2 The National Centers What is broadly called solar physics includes

Both NJIT and UH are co-Pls on the NSE'® study of the Sun from its center out to the

funded 4 m class Advanced Technology S arth, including climate and space weather, and
%eyond to the edge of the solar system. Our cen-

lar _Telescqpe (ATST) De5|gn&De\_/t_anpmer}er is focussed on the ground-based observato-
project, which connects the universities to the

National Solar Observatory (NSO) —the lead irrllr-]e.S — optical and radio — that are so essential in
stitution on the ATST. The ATST project, comJE IS enterprise.
mon interests in the infrared and the corona

connect the High Altitude Observatory (HAO)B.1 Solar Magnetism from Optical
This center would. be a resource for ATST in- Observatories

strumentation, while training the students who

would be the true beneficiaries of the ATST he observed magnetic field of the sun is gen-
Both NJIT and UH team members have prerally regarded as being composed of conglom-
duced a significant number of PhD students wioations of individual fibers (or “fluxtubes”, as

are well-grounded both in science and makinigey are also known), and establishing the na-
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ture of the individual fibers, and hence the fu3.1.2 Structure and Evolution of Magnetic
damental nature of the field, depends on crit- Fields in Flaring Active Regions

ical magnetic observations with higher spatial _ _ ) )
The new telescopes with their leading edge in-

resolution. Many believe that individual flux- _
tubes have cross sections of order 100 km. Fumentation would enable us to address ques-

advance, the field requires higher resolutid{P"s likeé: (2) What is the role of the evolution

telescopes to explore spatial scales as smalPhdhe photospheric magnetic field in trigger-

50 km and test flux models of fibers and tubed§9 Solar flares, and what is the relationship be-
Understanding this small-scale solar activity &/é€n the magnetic configuration and the prop-
at the heart of understanding large-scale sofffi€s of flares? (b) How do electric currents
activity and the origins of space weather. FufY0lve, and whatis their relationship to particle
ther, we need to resolve the field in three dirécipitation?

mensions — measuring it from the solar surface |t IS generally accepted that the energy re-

through the photosphere through the chrom§ased in solar flares is stored in stressed mag-
sphere and into the fiery hot corona. netic fields. So, the study of magnetic fields is a

very important component of flare science. This

In the near _future, there_ ground-based SO!@(Sncept of energy release has motivated many
observatorle_s inthe U.S. will have apertures thﬂtempts to detect flare-induced changes in the
are several times larger than curren'F SUb'mefﬁégnetic fields of active regions. So far, no one
C'a$5 telespopgs. These 90up_|ed V,V'th adaP‘sz% detected, in any consistent way, the changes
optics, Wh_'Ch IS how coming into _|ts own 1, magnetic fields associated with solar flares.
solar physics, much higher resolution observiing jnconsistency of the results is due to obser-

tions are possible. Further, new technologigsyiona| limitations. We cannot get high tempo-

in filters and cameras make revolutionary agél and spatial resolution and high polarization

vances in our understanding of the Sun pOSSibé%curacy at the same time, with existing tele-

In the remamdgr o_f _thls subsectlor], we b”efg/copes/instruments.
discuss some significant, outstanding problems
that the center will be able to address with the

aforementioned new instrumentation. B.1.3 Dynamics of Kilogauss Flux Tubes

One of the major breakthroughs in solar physics
during the last 40 years has been the discov-
ery that most photospheric magnetic flux that is
B.1.1 High Resolution, High Cadence Stud- measurable in visible light, via Zeeman polar-
ies of Solar Flares ization, appears outside of sunspots in the form
of small scale flux concentrations with field
With solar telescopes in the 1.5 m class, tls#rengths of typically 1 to 2 kG. Evolving from
improved resolution would allow flare imageryhis discovery is the picture of small fluxtubes
and spectroscopy that would otherwise be baith typical sizes of a few tens to a few 100
yond our reach. High cadence X-ray and mkilometers, as building blocks of plage and net-
crowave observations have revealed a temponalrk magnetic fields. Sophisticated Magneto-
(sub-second) fine structure in solar flares, calletydroDynamic (MHD) models now offer a va-
elementary flare bursts. These may be attributeety of predictions that need to be tested. Also,
to the fine structure in coronal magnetic fieldprecise measurements are necessary in order to
which are related to the aggregation of photdefine boundary conditions for these models.
spheric magnetic fields into “magnetic knots”. The main questions about the dynamic be-
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havior and structure of small scale kilo-Gausgith 0.1” spatial resolution, using real-time re-
fluxtubes, which need to be addressed witlonstructed images.

larger aperture solar telescopes, concern the

formation of photospheric flux concentrations

with field strength above the equipartition fiell3.2 Solar Magnetism from Radio
strength, and the dynamic interaction with the Observatories

turbulent photospheric atmosphere. How are

fluxtubes formed and how do they evolve®VSA is a unique facility for radio observa-
What is the lifetime of a fluxtube? How ddions of the Sun. OVSA continues to be im-
the fluxtubes interact with turbulent flows iroved. The latest improvement is an upgrade
the photosphere? The observational verificatiehthe feeds and front-end system to provide full
of the process(es) that leads to kilo-Gauss flgkcular polarization measurements. At present
concentration in the solar photosphere, wheféch measurements are only possible on some
the equipartition field strength is only abougombinations of antennas, and then with rather
500 G, is a fundamental problem in solar ar@rge uncertainties. The new improvements,
stellar physics that needs to be solved, and bwith funding from NASA, will be completed by

ter than 100 km resolution is critical to resolvé005 and will allow for full circular polarization
this problem. with significantly better calibration and preci-

Understanding the dynamic interaction (ﬁion. FASR is the future for radio observations
photospheric flux concentrations with turbule®f the Sun, and is based on the principles used
granulation is essential in order to estimate tidé OVSA. The power of solar-dedicated opera-
total energy flux that is transmitted/channellipn is that (1) solar radio bursts can be observed

by small-scale fluxtubes into the higher atmd? sufficiently large numbers to allow mean-
sphere. ingful statistical studies of the general proper-

ties of such bursts and (2) joint observations of
bursts with space-based and ground-based in-
struments can be made with regularity, yielding
Recently, there have been some significant adany well-observed events for detailed individ-
vances in the research on the origin of coronaal study.

heating. New, larger aperture solar telescopesrhe solar radio spectrum is due to several
will enable us to make breakthroughs on thesnission mechanisms at different frequency
sixty year old problem because we will provideanges, and although there is tremendous diag-
direct measurements of magnetic reconnectioastic power in the radio spectrum, sufficient
rates in the quiet sun with magnetograms thatectral resolution is needed to distinguish the
are an order of magnitude more precise. Somferent spectral components. The brightness
years ago, Parker (1988) proposed that the of-the emission is key to the diagnostic power,
ray corona is due to a continuous nanoflarityit to determine brightness requires that the
process. The energy source of these nanoflasesrces be spatially resolved. So the combina-
is from the random motion of footpoints. Sdéion of imaging and spectroscopy is essential,
the observations of footpoint motions asso@nd this is what OVSA uniquely provides. The
ated with all the above events is essential. Weain contribution to the radio spectrum in the
know that such footpoint motion is hard to obrange 1-18 GHz is due to gyroresonance emis-
serve and characterize in lower resolution obion, which has the nice property of being both
servations with the current system. We plan gptically thick at high frequencies and optically
detect and characterize such footpoint motiotisn at low frequencies. Since the radio opac-

B.1.4 Heating of the Upper Atmosphere

5



ity and emissivity of electrons accelerated in sgey are classified under the categories of
lar flares depends differently on the plasma and
particle parameters, having both thin and thick® The National Space Weather Program
emission yields powerful diagnostics. From
the dynamic changes in the radio spectrum one®
can deduce the changing electron energy distri-
bution and constrain the plasma parameters of' Transition from research to operation
density and magnetic field strength in the flar-
ing region. Comparison with hard X-ray and o pata acquisition and availability
other data in other wavelength ranges allows es-
pecially tight constraints on the environment of ¢ Public and private sectors in space weather
solar flares. applications

In addition to flares, one can deduce the struc-
ture of the corona above active regions’ i@tUdieS of the Sun USing state of the art instru-
cluding temperature, density, and magnetic figientation and data handling are critical aspects
strength. OVSA has made some of the best céii-the research in each of these “challenge” ar-
strained characterizations of the fall-off of ma¢as.
netic field above sunspots, helping to establishThe Sun is the driving source for all of the

the structure of strong-field regions as a funéisturbances of the near-Earth space environ-
tion of height. ment that can affect many modern technologies,

both those on Earth’s surface and those that fly

in space. However, each technology that might
B.3 Space Weather — Effects of thepotentially be affected by a disturbance from the

Sun on Technology and Society Sun has to be individually examined to ascertain

the specific disturbances in the solar-terrestrial
It has been recognized since the developmensgktem that can cause the vulnerability to a spe-
the electromagnetic telegraph in the first half effic technical system. Most of the current re-
the 19th century that the Sun can be a sous®arch - both modeling and data-taking - that is
of severe disruptions to critical technical syshrected towards the practical uses of solar and
tems on Earth. The recently completed Decadgdace physics research involves the study of the
Survey of solar and space physics (The Sunttansition of solar disturbances from their solar
the Earth - and Beyond, National Academidaunching to their propagation through the in-
Press, 2003) prominently discussed - and ierplanetary medium to their impacts on Earth’s
cluded in the prioritization process for definingpace environment - the magnetosphere and the
and rank-ordering new initiatives for the fieldonosphere. Indeed, most of the studies of the
for the next decade - the many practical applbun, and especially the Sun’s magnetic fields,
cations of the research (this research area has directed toward the configurations that can
come to be identified as “space weather”). ltaunch disturbances into the heliosphere. Few,
deed, an entire chapter (Chapter 5, Effects of tih@ny, of the present forefront research efforts
Solar and Space Environment on Technologgxcellent as they are) in space weather - espe-
and Society) was devoted to the numerous arially the several very large modeling activities
gineering, science, and public policy challengesaddress the physics of the magnetic fields on
that the research field faces currently, and wile Sun that give rise to solar disturbances that
face in the future. The five Challenges for spabg themselves can produce effects on technolo-
weather research that are identified in the Sgjies at Earth.

Monitoring the solar-terrestrial environ-
ment
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Solar x-rays and ultraviolet emissions hayd.4 Climate
long been known to produce changes in Earth’s
ionosphere, changes that can seriously effect fais important to know whether there is an
dio transmissions that use the ionosphere fi-going global change in the earth’s cli-
signal reflection and propagation. Solar radidate. To answer this, one needs precise,
noise across a wide frequency band (indudi,%oballintegrated measures of relevant quanti-
into the GHz range) have long been know to dfes. The earth’s climate is driven by the net sun-
fect the reception of radar signals in antenna tHight deposited in the terrestrial atmosphere, and
may be directed toward the Sun at the time o0& is critically sensitive to the solar irradiance
burst. With the increasing importance of wireand the earth’s albedo. Precise measurements
less communications in the civil sector over tHf the solar irradiance have been made by var-
last decade, it has become recognized that sdf4fs satellites and using ground-based proxies

radio noise bursts can also affect the quality §Pr a review, see [hlich, 2000, and references
this technology as well. therein). The spectrum of efforts to determine

the earth’s global albedo is not so rich. There

Such solar emissions (x-rays to radio) afg, e peen efforts using systems of satellites
sometimes, but not always, associated Wil rati et al., 1997, and references therein), but
solar disturbances that eventually will reack rtually no efforts from the ground. Nonethe-
Earth’s environment after propagating througfss the earth’s energy balance is determined
the interplanetary m_edlum. But these distuty large part by its global albedo — the frac-
bances (x-rays to radio) reach Earth at the speggl, of the incident sunlight that is directly re-
of light, and so systems operators do not haygqteq pack into space without altering the in-
the relative luxury of up to a day in delay fOtgrna| energy budget of the atmosphere. The
a solar-produced effect to propagate to Earitl ihs surface, aerosols in the atmosphere, and
Such radar and radio systems operators must{fy,qs all reflect some of the incoming solar

spond immediately to potential threats to thelf, ot wavelength radiation, preventing that en-
systems. ergy from warming the planet.

These two examples demonstrate that specifidt has been known for some time that the so-
studies of the Sun that are directed to reseaxdiled solar constant varies by about 0.1% over
that can potentially predict, hours or a day itne solar cycle. It is conventional wisdom that a
advance, solar conditions that will lead to a .1% change is about several times too small to
ray or radio outburst could be critically valuablee climatologically significant over a solar cy-
for technical systems operators in both the ciwdle (Lean, 1997). Sitill, there is strong terres-
and the public (largely military) sectors of sotrial evidence of a solar cycle going back more
ciety. Research on the fine-scale (temporal atiéin 100,000 years (Ram and Stoltz, 1999). If
spatial) structure of Sun’s magnetic fields in sthe 0.1% increase in the mean solar irradiance
lar active regions, or potentially active regiongetween the mid-1980s and 1990 were typical,
can provide the essential tools that are needédn one is led to consider more carefully the
for such predictive capability. The organizedossibility of a variation in the earth’s albedo
research that will be conducted in this Cemising from, perhaps, an indirect effect of the
ter, coordinating the research efforts of key seelar cycle associated with the solar wind. The
lar research establishments in the U.S., as wielirth’s reflectance is not so well-studied and
as several principal international organizationsgems to show considerable variation, Goode et
will significantly facilitate the development ofal. (2001). From BBSO, the Earth’s reflectance
new predictive tools for practical use. has have been precisely measured, in collabo-



ration with Caltech, over the last several yeadgents at NJIT, BBSO, UH, HAO, etc. Such edu-
by observing the earthshine, but to best studgtional opportunities will be at the heart of this
the changes in the large-scale reflectance of fireposal. As, well the center broadens the pos-
Earth we need a network of robot telescopessibilities for REU students, as well.
measure the earthshine to provide an absolutely
calibrated measure of the Earth’s climate. Itis often argued that the early teen age years
The same group has been measuring the spf& the best time to interest people in becom-
trum of the earthshine from Mt. Palomar udnd scientists and that the scientific enterprise
ing the 60 telescope, and its Echelle spectré{‘-’omd be strengthened by a better represen'Fa-
graph. These observations give the only largien of members of underserved groups. This
scale measure of the spectrum of the other sif@Plém also presents us an opportunity. Stan-
of the Earth, and its variation. These data hol@fd: UH (?), PVAM(?) and NJIT all run Up-
the promise of enabling us to determine tH¥ard Bound programs, and each has some in-
large-scale variation of the structure of the teYolvement of the local Sun-Earth team. These
restrial atmosphere as well as the evolution 8ff0rts have a natural appeal to the students. But
its content of greenhouse gasses. However, f@gine aclass prepared for Stanford that s also
spectral signatures of the greenhouse gassesSAVn live at NJIT, PVAM and UH. This we
concentrated in the near infrared, and we halEPPOSe as part of center function.
been using the AEOS telescope in Hawaii em-
ploying the University of Hawaii infrared spec-
trograph.

C. Education _
C.1 Education at NJIT

The education of the next generation of scien-

tists who build instrumentation is an essential

part of the scientific enterprise. There are ch&BSO graduated 4 Ph. D. students from 2001
lenges and opportunities for those who obseri@2003. We currently have 11 Ph. D. students
the Sun-Earth system from the ground. THancluding 3 women), and 3 of the 11 will grad-
challenge is that there are small groups of stuate in 2003. Generally, each student builds the
dents at several universities, which has maddditional instrumentation necessary for his/her
it difficult to ensure a thorough education foPh. D. work. This broadens the education of
the students. This problem is made more dilhe student, while strengthening the observa-
ficult because the students from one institutiaary. The typical new instrument needed by
can be spread among several locations. For énsolar observatory constitutes a small enough
stance, NJIT has Ph.D. students located on cgmeject that one graduate student can handle all
pus, at BBSO and at NSO. The opportunity aspects of its development. Our typical student
that video-conferencing technologies make disill receive a Ph. D. in Applied Physics, Elec-
tance learning comparable to the classroom éxeal and Computer Engineering or Computer
perience. Further, NSO and HAO have expe3tience. Such training prepares our students for
scientific staff who could teach to students dia-scientific career, while ensuring broader career
persed over several locations. It easy to imagpportunities. Our most recent graduate, Jing-
an NSO course on radiative transport theory treltan Wang, is now leading an IR optics group
is take simultaneously by local students, stira New Jersey company.
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C.2 Education at ... E.2 Adaptive Optics

NJIT is midway through a three year grant
D. The Center from NSF-MRI to build two high order adap-
tive optics (AO) systems (76 element AO sys-
) ) tems), one for BBSO'’s 65 cm telescope and
D.1 Center Advisory Committee  he other for the 76 cm Dunn Solar Telescope
at NSO/SP. Dr. Thomas Rimmele of NSO,
The Center will have an external advisory conas a research professor at NJIT, is the PI for
mittee. We anticipate that function like that akhe project. The high order AO system is
ready in operation for BBSO/OVSA, which habased on the lessons learned from the success-
an unpaid, outside Advisory Board meeting biul low order one developed and made opera-
annually to critique observatory efforts. Thg@onal under the leadership of Rimmele. The
current members of the board are Len Fisk (UMNISO/SP system has already enjoyed a highly
versity of Michigan, Chair), Steve Koonin (Calsuccessful engineering first light. The BBSO
tech), Jeff Kuhn (University of Hawaii), anchigh order AO system will be in regular oper-
Carl Shrijver (Lockheed/Martin). ation in the middle of 2004, and it will greatly
aid BBSO's high resolution observations, and
BBSO’s ability to complement/supplement sci-
entific data from other ground-based solar ob-

E Instrumentation Projects servatories and from NASA missions.

E.3 Visible Light Vector Magne-

E.1 New Telescope at BBSO
tographs

BBSO/NJIT, in collaboration with the Univer-BBSO is now building the Visible light Imag-
sity of Hawaii (UH), is upgrading BBSO by re-ding vector Magnetograph (VIM) — which will
placing its principal 65 cm aperture telescopese the Fabry-€rot — will utilize the DVMG
with a modern, off-axis 1.6 m clear aperturexperience. The DVMG is part of the Ph. D.
instrument. The new telescope offers a sithesis work of Tom Spirock. With the VIM,
nificant improvement in ground-based infraredBBSO will be able to make much more accu-
and high angular resolution capabilities, and erate and higher resolution measurements of the
hances our continuing program to understardolving magnetic fields in flare-producing ac-
photospheric magneto-convection and chrontose regions. The VIM will reside on the 65 cm
spheric dynamics. These are the drivers of spaekescope (and later, the 1.6m new telescope),
weather. This New Solar Telescope (NST) wiWith its Fabry-Rerot filter providing the spec-
use the existing BBSO equatorial mount and otval line profile and the full Stokes vector when
servatory building, which will be modified (in-observing photospheric magnetic fields. This
cluding a new dome to support the open designprovement will preclude Zeeman saturation
to accept the larger open telescope structur@here the fields are strong (in sunspots), and
The NST optical and software control desigih will also provide filling factors for weaker
will be similar to the existing SOLARC (UH)fields. The VIM is designed to operate at the
and the planned Advanced Technology Soldiffraction limit of the 65 cm telescope cover-
Telescope (ATST) facility led by the NSO — aling a substantial field of view (FOV) of about
three are off-axis designs. 180'x 180" (and 180 x 180" for the NST, as



well). In addition, by selecting an appropriateices) offers high quantum efficiency, so that we
interference filter, any spectral line in the rangmn take individual exposures well within the
from 5500A to 7000 A can be studied. Thecorrelation time in the near IR(100 ms). We
high transmission of the system (no Lyot filte@re presently obtaining a large format IR CMOS
will also allow real-time image reconstructiomamera £1Kx 1K, 30 fps from Rockwell Sci-
of narrow band 100 m&) filtergrams so that entific Imaging. The strength of the IRIM is its
we can study, e.g., thedfine structure with extreme sensitivity and high spatial resolution,
high spectral, temporal and spatial resolution.which allows us to study weak and small-scale
magnetic fields in the quiet sun.

E.4 Infrared Vector Magnetograph g 41 Global Ha Network

One anticipates the greatest benefit of IR pBBSO has successfully established a five station
larimetry to come in the measurement of magta observing network at BBSO, Kanzélhe
netic fields because the atomic Zeeman splBelar Observatory in Austria, Catania Astro-
ting is considerably larger in the near IR (Zesomical Observatory in Italy and the Yunnan
man splitting increases quadratically with waveand Huairou Observatories in China. All five
length), so that one can make much more piations use the same kind of 2RK cameras,
cise measurements of the field and its evolutiagach with a pixel resolution of 1 arcsec and tem-
BBSO has developed a narrow bandpass fileral resolution of 1 minute. The data are pro-
ter system, which combines a Lyot filter and atessed with the software that we developed over
IR Fabry-Ferot filter — the IR Imaging vectorthe last two years. This allows us to monitor so-
Magnetograph (IRIM). A recent Ph. D. graduar activity round-the-clock, including real-time
ate, Jingshan Wang completed the design of tiggorts of all flux emergences, filament disap-
Lyot filter. This one-of-a-kind Lyot filter will pearances and flares — facilitating our predic-
have a bandpass of 286at 1.56um, giving us a tions of flaring for each active region.
2.5A wide prefilter (narrower than the A free
spectral range of th(_e IR Fabngept). This wiII_ E.5 Real-Time Speckle Imaging
solve the longstanding problem of constructing
a filter-based IR magnetograph, while avoidin@ne of the difficulties in our high resolution
the complications of using a double etalon. Atbservations is that each set of images takes
this time, regularly operating, stable dual etaldrours of processing to construct a single diffrac-
IR systems do not exist. The new and unigtien limited image, using speckle imaging tech-
Lyot prefilter would be used in conjunction witmiques. This effectively limits us to a short ob-
our IR Fabry-Rrot filter. Then, polarimetry inserving day £2 hour) because the controlling
the near IR will have the same reliability andomputer’s disk is filled by storing all the raw
stability as it now has for visible light. Note thatlata, so the chances are slim of obtaining a se-
the IR Lyot filter system will have about 20%guence containing the long term evolution of
transmission. IRIM’s total transmission is abown active region and catching flares during the
a factor of two less than that of a dual Fabrgbservations. BBSO has established a 32-node
Pérot instrument. However, unlike a dual Fabryparallel computing cluster, so that one can do
Pérot system, with its quite restricted FOV, oueal-time speckle reconstruction with a cadence
system can utilize almost the entire FOV of thaf about 1 minute, and diffraction limited im-
65 cm or 1.6 m telescopes (180180"). Fi- ages will be achieved all the time during the en-
nally, a new detector technology (CMOS ddhe observing period. This work is the thesis
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project of an NJIT Ph. D. student. The real-timeach active region.

data will allow us to measure flow fields, which The scientific objectives of IR polarimetry are

will complement vector magnetograms. Amonggraightforward: in the active regions, it allows

other uses, it will advance efforts to forecast sas to measure the magnetic fields accurately,

lar storms. so that the 3-D structure can be extrapolated

based on these measurements. Processes, such

] ] as magnetic reconnection, can be studied in de-

E.6 Synoptic Observations and il by following the evolution of the 3-D mag-

Space Weather Forecasting netic structure.

Synoptic observations and research will con-
tinue to be one of the primary scientific objed= FASR
tives of BBSO. Accumulated synoptic data sets
provide important archives from which one cagolar radio physics in the U.S. was once pur-
determine the long-term variation of the solaued at a number of universities, and included
radiation field and magnetic field. The data sedpectroscopic, radiometric, and interferometric
also provide important information elucidatinghstrumentation. However, since the 1980's the
the physics of the solar cycle. For our puinvolvement of universities in solar radio instru-
poses, we need synoptic observations that afentation has declined steadily, with the clo-
contemporaneous with our high resolution oBure of the Fort Davis spectrometers, the Clark
servations. We require both because the salaike radioheliograph, and numerous other fa-
phenomena that we propose to study may weilities. As a result, the Owens Valley Solar Ar-
have a small-scale origin, but also have a largey is virtually the only remaining solar radio
scale manifestation. instrument in the U.S., and the technology on
Accurate predictions of solar activity arevhich it is based is now 20 years old. However,
most important for the safety of satellites anthere are encouraging signs that this decline is
the protection of power grids and communic@eginning to be reversed due to new initiatives
tions systems. led by the universities. The main driver is the
At least once a day, BBSO now provides Salevelopment of the Frequency Agile Solar Ra-
lar Activity Reports, which are a visible lightdiotelescope (FASR) by a consortium of insti-
survey of active regions. When warrantetijtions including universities (NJIT, University
BBSO also issues a BBSO Solar Warning foref Maryland, and UC Berkeley), national ob-
casting rapid development and/or energetic servatories (NRAO, NSO), industrial partners
lar flares in individual sunspot groups. WhefLucent, PSI), and international partners (Obs.
a flare is predicted, the forecast is right beRaris, ETH/Zurich). The FASR facility will use
ter than 90% of the time, and flares are raredyate-of-the-art technology, yet is a sufficiently
missed. BBSO also provides daily activity resmall in scope that universities can play a ma-
ports to the operation centers of solar missiojts role in its design and construction. FASR
to optimize their solar targeting. In addition tevill be the World’s premiere solar radio facil-
posting the reports and warnings on the BBS@ for at least two decades after completion.
web site, the warnings are sent via electroricis designed to exploit the power of radio di-
mail to about 400 people who have requestadgnostics for the quantitative measurement of
them. BBSO has also developed the Active Rilve 3D structure of the extended solar atmo-
gion Monitor (ARM) and Flare Prediction Syssphere, including coronal magnetic fields, the
tem (FPS). They describe the real-time statussttidy of particle acceleration and transport in
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solar flares, and the detection and measuremsumpport the current and future needs of the solar
of Coronal Mass Ejections (CMES). physics discipline.

In addition, our partners at NRAO and Uni-
versity of Maryland plan to design and build
a spectrograph system based on an updated
Phoenix Il spectrometer (0.1-4 GHz) and a
clone of the Bruny Island system (3-90 MHz),
to provide a modern radio spectrograph for the
U.S. that will give much needed context mea-
surements to aid in the interpretation of FASR
imaging data.

A third solar radio project is the Solar Ra-
dio Spectropolarimeter (SRSP) based originally
on the Solar Radio Burst Locator (SRBL) in-
strument prototyped by Caltech for the U.S. Air
Force. The SRSP, built at NJIT for (and located
at) Bell Laboratories (Lucent Technologies) is
a frequency-agile system that monitors the Sun
from 1-18 GHz, and is used also for environ-
mental studies as input to wireless communica-
tion technologies. It is now planned to build
a version of this system for use in Antarctica,
and similar systems are being discussed for sites
elsewhere in the world (Canada and South Ko-
rea).

All of these projects have their genesis in
U.S. universities, but they are being pursued in
separate, small pieces and are potentially more
costly and less effective due to lack of dedicated
infrastructure. Just as important is the neces-
sarily low involvement of students due to the
uncertainty of the funding and the lack of an
integrated training program. We note that the
technologies themselves, although focused on
a seemingly restricted target of solar research,
encompass a wide range of the most rapidly
advancing areas of technology, including high-
speed digital circuitry, analog and digital signal
processing, broadband optical/electronic signal
transmission, and massive computing, storage
and database management.

We propose to invest in the infrastructure and
create an integrated undergraduate and gradu-
ate training program in needed technologies to
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