HXR imaging, together with radio and in situ electron
observations from the Wind spacecraft, allow unam-
biguous tracing of the magnetic connection of the IPM
back to the Sun, and also allow the physics of the es-
cape, propagation, and radio emission processes to be
studied in detail.

SH42E-05 1700h INVITED

Type III Radio Bursts and the
Structure of the Inner Heliosphere

Michael J Reiner (301-286-2595;
reiner@urap.gsfc.nasa.gov)

Catholic Univ. and NASA/GSFC, NASA/GSFC Code
690.2, Greenbelt, MD 20771, United States

Type III solar radio bursts provide important in-
formation on the origin, acceleration, and propagation
of particles associated with solar flares and coronal
shocks. Since these radio emissions are generated by
the plasma emission mechanism, observations of these
solar radio transients also provide remote sensing of the
plasma conditions in the corona and of the magnetic
and plasma structure of the inner heliosphere. In this
talk I will review the progress of type III research from
their discovery in the late 40s to the most recent ad-
vances from low-frequency spacecraft observations, pri-
marily from ISEE-3, Wind and Ulysses.

SH42E-06 1715h INVITED

Scientific Goals of the Solar Imaging
Radio Array

Robert J MacDowall (301-286-2608;
robert.macdowall@nasa.gov)

NASA/Goddard SFC, Code
20771, United States

695, Greenbelt, MD

The Solar Imaging Radio Array (SIRA) will be a
constellation of about 16 microsatellites designed to im-
age radio sources in the solar corona and heliosphere
using aperture synthesis techniques. These images will
permit the mapping and tracking of CME-driven shocks
(type II radio bursts) and solar flare electrons (type
III radio bursts) as a function of time from near the
sun to 1 AU. Two dimensional imaging of the CME-
driven shock front is important for determination of
space weather effects of CMEs. Imaging of the more
frequent type IIT bursts will permit the derivation of
density maps in the outer corona and solar wind. Cer-
tain intense type III bursts provide valuable informa-
tion about particle acceleration and SEP events. SIRA
will be the first mission to image the heliosphere (and
the celestial sphere) with good angular resolution at
frequencies below the ionospheric cutoff ( 10 MHz).
The radio images are intrinsically complementary to
white-light coronagraph data, such as those of SDO,
and can play a valuable role in the NASA Living with
a Star program. In this presentation, I will present the
scientific goals of SIRA with attention to the new re-
sults that will be possible.

SH42E-07 1730h INVITED

Density Structure of the Solar Corona
From Radio Occultation
Measurements

Richard Woo (1-818-354-3945;
richard.woo@jpl.nasa.gov)

Jet Propulsion Laboratory, 4800 Oak Grove Drive MS
238-725, Pasadena, CA 91109, United States

Starting with angular broadening measurements five
decades ago, a wide variety of radio propagation and
scattering phenomena have been observed when natu-
ral radio sources or spacecraft radio signals happened
to pass behind or were occulted by the solar corona.
While yielding information on density, velocity and
magnetic fields, these unique measurements probe den-
sity most directly, and with unprecedented sensitivity,
spatial and temporal resolution. Coronal density takes
on added importance because it provides insight into
magnetic field topology at a time when few measure-
ments of the coronal magnetic field are available. While
complexity of the corona and paucity of measurements
have certainly contributed, lack of understanding of the
nature of the inferred density variations is the main rea-
son why it has taken so long for radio occultation mea-
surements of density to finally realize their perennial
potential. The purpose of this paper is to summarize
the salient features and highlights of radio occultation
measurements of density that include: propagation of
shock waves driven by coronal mass ejections, origin
and evolution of the solar wind, coronal magnetic field
topology, and fine-scale filamentary structures that are
more than two orders of magnitude smaller than those
observed in highest spatial resolution images of the so-
lar corona.
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SH42E-08 1745h INVITED

Radio Astronomy and the Structure of
the Interplanetary Medium

Steven R Spangler (319-335-1948;
steven-spangler@uiowa.edu)

Dept. of Physics and Astronomy, University of Towa,
Towa City, IA 52242, United States

Radioastronomical remote sensing measurements
provide one of the few ways of diagnosing the coro-
nal and solar wind plasma from the inner corona to
the limit of in-situ measurements (0.28 a.u.). This
talk concentrates on results from observations of ex-
tragalactic radio sources (radio galaxies and quasars)
viewed through the corona and solar wind. Measure-
ments have been made of the fluctuations in bright-
ness of these sources (intensity scintillations), blurring
due to plasma turbulence (angular broadening), and
turbulence-induced fluctuations in the phase of an in-
terferometer. Depending on the instrument used and
the frequency of observation, the heliosphere can be
probed from heliocentric distances of about 2 solar radii
to greater than 0.5 a.u. Results of such observations
have been determination of the flow speed of the solar
wind for both fast and slow streams in regions of the
heliosphere not accessible to direct measurement, the
evolution of the intensity of the turbulence with helio-
centric distance, limits on the speed with which the tur-
bulence propagates with respect to the solar wind fluid,
enhancements of turbulence in the vicinity of coronal
mass ejections, the magnitude of plasma velocity fluc-
tuations (and therefore magnetic field fluctuations) as
a function of heliocentric distance, the magnitude of
the large scale coronal magnetic field, and properties
of irregularities in that field. In my opinion, the most
important future contribution of this type of measure-
ment will be to determine the level and spectral char-
acteristics of magnetic field and velocity fluctuations
in the inner heliosphere (within a heliocentric distance
of 0.3 astronomical units) and the relationship of those
fluctuations to the large scale solar wind stream struc-
ture.

SH51A MCC: 2008 Friday 0800h

Space Science Research With Societal
Consequences II (joint with SA, SM,
AE)

Presiding: D F Webb, Boston College;
V Pizzo, NOAA

SH51A-01 0800h INVITED

The Solar MURI Project:
Understanding Magnetic Eruptions on
the Sun and their Interplanetary
Consequences

George H. Fisher (510-642-8896;
fisher@ssl.berkeley.edu)

University of California, Space Sciences Laboratory
#7450, Berkeley, CA 94720-7450, United States

The MURI-funded project, “Understanding Mag-
netic Eruptions on the Sun and their Interplantary
Consequences”, is a program of basic research into how
the Sun’s magnetic field can evolve in such a way as
to result in coronal mass ejections and eruptive solar
flares. The project involves roughly 25 scientists at
9 Universities. Activities funded through our MURI
effort include: bhasic theoretical research on eruption
mechanisms, the development of numerical MHD mod-
els, data analysis, the incorporation of real vector mag-
netic field measurements into solar MHD models, and
the development of new instrumentation to measure
magnetic fields in the solar corona. I will describe these
activities in more detail, and show how efforts such as
this MURI can be used to conduct focused, basic re-
search in Solar Physics in such a way that the research
is made clearly relevant to societal needs.

URL: http://solarmuri.ssl.berkeley.edu

SH51A-02 0820h

Measuring Magnetic Helicity Transport
in Solar Active Regions: a Practical
Implementation

David M Rust! (240-228-5414;

dave.rust@jhuapl.edu)

Barry J LaBontel (240-228-3840;
barry.labonte@jhuapl.edu)

1johns Hopkins Univ. Applied Physics Laboratory,
11100 Johns Hopkins Road, Laurel, MD 20723,
United States
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The causes of solar eruptions are not well under-
stood, but it is clear that the emergence of magnetic
flux and the accumulation of twisted (helical) mag-
netic fields in the solar atmosphere are preconditions
for eruption. It has been very difficult to study these
indicators because the magnetic data were unreliable
due to varying seeing’ conditions. However, SOHO pro-
duces reliable magnetograms every 95 minutes. Chae
(Astrophys. J. 560, L95, 2001) showed how SOHO (So-
lar and Heliospheric Observatory) data can yield re-
liable estimates of magnetic flux and magnetic helic-
ity accumulation in the solar atmosphere. Chae’s re-
sults suggest that regular time-series analyses of mag-
netograms could provide a useful early indicator of the
build up of energy in the solar corona. Our objective
has been to develop simple quantitative indicators of
pre-eruption build-up and thereby warn of potential
space weather related disturbances in space systems.
We use the SOHO data, but in the near future the Solar
B and SDO missions will provide much better magne-
tograms. So far, we have used Chae’s method to map
helicity transport in several regions with solar flares.
We will show how advective helicity transport influ-
ences flare rate. We will also compare our results with
analyses of vector magnetograms, which show both ad-
vective and convective helicity transport.

SH51A-03 0835h

Calculation of a Minimum Total
Magnetic Helicity in Solar Active
Regions

Manolis K Georgoulis! ((240)-228-5508;
manolis. georgoulis@jhuapl.edu)

Barry J LaBontel ((240)-228-3840;
barry.labonte@jhuapl.edu)

1The Johns Hopkins University Applied Physics Labo-
ratory, 11100 Johns Hopkins Rd., Laurel, MD 20723
Despite its extreme importance, the calculation of
the total magnetic helicity in solar active regions re-
mains an unresolved problem in solar physics. On
the other hand, the helicity variations in an active re-
gion can be calculated partially, for longitudinal mag-
netograms, or in full, for vector magnetograms, but
only by using coarse, uncertain velocity field maps, cal-
culated by means of correlation tracking techniques.
Whether one should apply correlation tracking to mag-
netograms or white-light continuum images is also un-
clear, as the two inputs do not yield identical outputs.
We present a technique that provides a lower limit of
the total magnetic helicity in active regions, without
using any velocity fields. The temporal variation of the
total helicity can also be calculated in full if a series of
vector magnetograms is available. The method relies on
a comparison between the best linear force-free approx-
imation and the potential approximation for a given
photospheric boundary and begins by demonstrating
that a commonly used formula for the magnetic helic-
ity density in the linear force-free approximation is, in
fact, erroneous. We have tested our method on vector
magnetograms acquired by the Imaging Vector Magne-
tograph (IVM) of the University of Hawaii. We discuss
the pros and cons of our approach and we compare our
results for the magnetic helicity variations with results
obtained when classical methods are employed.

SH51A-04 0850h

An observation-based, hybrid 3D-MHD
solar wind modeling system, H3DM

Craig D Fryl (256-971-4080; gfry@expi.com);
Chin-Chun Wu?2'3 (301-286-6659;
cewu@lepcewu. gsfe.nasa.gov); Thomas R Detman®
(303-497-5349; thomas.detman@noaa.gov); Zdenka
Smith? (303-497-3473; zdenka.smith@noaa.gov);
Murray Dryer2'4 (303-497-3978;
murray.dryer@noaa.gov); Wei Sun® (907-474-7367;
sun@jupiter.gi.alaska.edu); Charles S Deehr®
(907-474-7473; cdeehr@gi.alaska.edu); Syun-Ichi
Akasofu® (907-474-6016; sakasofu@iarc.uaf.edu)

1Exploration Physics International, Inc., Suite 37-105
6275 University Drive NW, Huntsville, AL 35806-
1776, United States

2 Center for Space Plasmas and Aeronomic Research,
University of Alabama in Huntsville, Huntsville, AL
35899, United States

3 Goddard Space Flight Center, National Aeronautics
and Space Administration, Greenbelt, MD 20771,
United States

4Space Environment Center, National Oceanic and
Atmospheric Administration, Boulder, CO 80305

5Geophysical Institute, University of Alaska Fair-
banks, Fairbanks, AK 99775, United States

6 International Arctic Research Center, University of
Alaska Fairbanks, Fairbanks, AK 99775, United
States
A major space weather challenge is to characterize

and predict solar wind conditions, and in particular the
evolution of the interplanetary magnetic field (IMF)
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near Earth. This requires modeling the non-uniform,
ambient solar wind and tracking the propagation of in-
terplanetary shocks and coronal mass ejections through
the heliosphere. The mapping the IMF lines connect-
ing the traveling shock region to the Barth is also re-
quired for predictions of solar energetic particles (SEP)
and predictions based upon SEPs. Our group is de-
veloping an observation-driven, hybrid, kinematic/3D-
MHD solar wind modeling system (H3DM) in order
to simulate realistic solar wind conditions, including
the time-dependent IMF vector (including Bz) direc-
tion and magnitude at Earth. This system couples
two mature solar wind codes: the Hakamada-Akasofu-
Fry (HAF) model and the Interplanetary Global Model,
Vectorized (IGMV). Scientifically, this effort seeks to
improve the understanding of the role various drivers
of interplanetary disturbances play throughout the so-
lar cycle. Operationally, we are working toward pro-
viding a capability to predict, shortly after the launch
of large-scale structures at the Sun, their evolution and
propagation to Earth. We will describe the H3DM mod-
eling system and provide a project status report.

SH51A-05 0905h INVITED

Cosmic Rays, Solar Energetic Particles,
and Climate: Where are the Links?

Joachim Raeder! (603-862-3412; J.Raeder@unh.edu)
Richard Turco?
James Weygand3

Raffaella D’Auria?

1Space Science Center, University of New Hampshire,
39 College Road, Durham, NH 03824, United States

2Department of Atmospheric Sciences UCLA, 405 Hil-
gard Ave, Los Angeles, CA 90095, United States

3nstitute of Geophysics and Planetary Physics,

UCLA, 405 Hilgard Ave, Los Angeles, CA 90095,

United States

The correlation of Earth’s climate with the 11 year
solar sunspot cycle is difficult to explain with varia-
tions of the solar radiative output alone. Recently it
has been argued that such climate variations may be
due to a modulation of the galactic cosmic ray flux im-
pinging on Earth or due to a modulation of the less
energetic solar energetic particles. Such mechanisms
are suggested by the surprisingly strong correlation be-
tween sunspot numbers and climatic parameters, such
as cloudiness. Correlations are of course no proof of
causality as long as the detailed mechanisms are not
understood. Several mechanisms have been proposed,
for example the modulation of the global electric cir-
cuit and the modulation of the generation of cloud
condensation nuclei (CCNs). Such mechanisms require
a sequence of processes to occur, from the modula-
tion of the cosmic ray flux, through the air showers of
the atmospheric interaction, the formation of ion pairs,
the formation of CCNs, and to the formation of cloud
droplets. We are far from understanding these pro-
cesses, let alone how they interact with each other. In
this talk we will outline the beginnings of a interdisci-
plinary research program that addresses these processes
and some initial results.

SH51A-06 0925h

Ion Mediated Nucleation: how is it
Influenced by Changes in the Solar
Activity?

Raffaella D’Aurial (310-825-9230;
dauria@atmos.ucla.edu)

Richard P. Turcol (310- 825-6936)

lDepartment of Atmospheric, Oceanic and Environ-
mental Sciences, University of California, Los An-
geles, Box 951565 7127 Math Sciences Bldg., Los
Angeles, CA 90095-1565, United States

Recently it has been pointed out that tropospheric
cloudiness can be correlated with the galactic cosmic
rays (GCRs) intensity [Svensmark and Friis-Christensen,
1997]. A possible explanation for such a correlation
relies on the fact that GCRs are the main ionization
source in the upper troposphere, hence, throughout
ionic mediated nucleation, they could possibly influ-
ence the global cloud condensation nuclei (CCN) for-
mation [e.g., Yu, 2001; Dickinson, 1975]. Because the
GCRs are modulated by the interaction between the
solar wind and the Earth’s magnetosphere and their in-
tensity generally decreases with increasing solar activ-
ity, subtle changes in the solar activity could indirectly
affect the Earth’s climate. We have been studying
the very first steps of ionic nucleation considering the
molecular species of atmospheric interest (e.g.,water,
nitric acid, sulfuric acid, ammonia etc.). In our ap-
proach the formation and evolution of ionic clusters is
followed by resolving the time dependent kinetic ag-
gregation process and considering the ions sources (ul-
timately the atmospheric ionization of neutral species)
and sinks. We show how in typical atmospheric condi-
tions stable populations of molecular ions forms. The

Cite abstracts as:

novelty of our work consists in the determination of
the kinetic parameters that govern the molecular ions
growth (i.e., the forward and reverse clustering reac-
tion constants for each cluster type and size) at a mi-
croscopic level. In fact a thermochemistry data base is
built for the species of interest by integrating labora-
tory measurements, quantum mechanical calculations
and, when appropriate, results from the macroscopic
liquid droplet model [Thomson, 1928]. Such database
is than used to retrieve the reverse clustering reaction
coefficients for the molecular ion type and size and for
the environmental conditions (pressure and tempera-
ture) of interest. The forward reaction is instead deter-
mined by calculating the ionic-neutral collisional rate
or is assumed from laboratory determinations. Here
we discuss the methodology and some of the results
from sensitivity tests in which the ionization rate is
changed so to reflect natural variation of the GCRs
as modulated by the Sun. References: Dickinson, R.
E., Solar variability and the lower atmosphere, Bull.
Am. Meterol. Soc., 56, 1240-1248, 1975. Svensmark,
H., and E. Friis-Christensen, Variation of cosmic ray
flux and global cloud coverage A missing link in solar-
climate relationships, J. Atmos. Sol. Terr. Phys., 59,
1225-1232, 1997. Thomson, J. J and G. P. Thomson,
Conduction of electricity through gases, Cambridge Uni-
versity Press, 1928. Yu, F., Altitude variations of cos-
mic ray induced production of aerosols: Implications
for global cloudiness and climate, J. Geophys. Res., 107,
10.1029/2001JA 000248, 2001.

SH51A-07 0940h

Simulated Radial and Azimuthal
Structure of Proton Ring-Current
Field

Margaret W. Chenl (310-336-8565;
mchen@aero.org); Michael Schulz? (650-424-2659;
mike.schulz@lmco.com); Gang Lu3
(303-497-1554); Larry R. Lyons? (310-206-7876;
larry@atmos.ucla.edu); Mostafa Bl-Alaoui®
(310-206-4175; mostafa!@igpp.ucla.edu); Michelle
Thomsen® (1-505-667-1210; mthomsen@lanl.gov)

1Space Science Applications Laboratory, The
Aerospace Corporation, P. O. Box 92957, M2-260,
Los Angeles, CA 90009-2957, United States

2Lockheed Martin Advanced Technology Center,
O/L9-42, B/255 3251 Hanover Street, Palo Alto, CA
94304, United States

3High Altitude Observatory, NCAR, Boulder, CO
80307

4Department of Atmospheric Sciences, UCLA 405 Hil-
gard Avenue, Los Angeles, CA 90095-1567, United
States

5IGPP, UCLA 405 Hilgard Avenue, Los Angeles, CA
90096-1567, United States

6Los Alamos National Laboratory,

Alamos, NM 87545, United States

We simulate the radial and azimuthal structure of
the proton ring-current magnetic field by tracing the
guiding centers of representative ions from the plasma
sheet as they drift within a model magnetosphere. The
ambient magnetic field model we use for this study is
the Dungey model, which consists of a dipole field plus
a uniform southward “tail” field. We map a spatially

MS-D466, Los

analytical expansion of the AMIE ionospheric electric
potential, expressed as a function of magnetic latitude
and magnetic local time, along magnetic field lines
(for L > 2) throughout this model magnetosphere.
We trace the bounce-averaged drift for ions conserv-
ing the first two adiabatic invariants p and J (with
values that correspond to energies of ~ 10 — 300 keV
at L = 3). Using these simulation results, we map
proton phase space densities according to Liouville’s
theorem but taking into account losses due to charge
exchange. We specify an “initial” proton ring current
distribution by solving the steady-state transport equa-
tion that balances quiescent radial diffusion against
To obtain MLT-dependent and UT-
dependent boundary values for our phase space density
distribution, we map geosynchronous LANL ion data to
the boundary of our model magnetosphere as boundary
conditions. From the simulated phase-space density, we
calculate the proton pressure and energy density distri-
butions. From the pressure distributions, we compute
the separate contributions of the magnetic field pertur-
bation from the gradient-curvature drift currents, mag-

charge exchange.

netization currents, and field-aligned currents needed
We add these contributions
together to obtain the total ring current magnetic field.

to satisfy Ampere’s law.

‘We perform simulations for a few storm events includ-
ing the 19 October 1998 storm. We find that during the
19 October 1998 storm the large AMIE electric field in
the evening sector would have led to rapid (~ 20 min-
utes) inward transport of ions from the plasma sheet
to the dusk meridian at L ~ 3. We can thus account
for the observed rapid formation of the partial ring cur-
rent there and its subsequent symmetrization to a wider
range of MLT. In regions where the ring current is espe-
cially intense, the ring current magnetic field can be a
significant fraction of the Earth’s magnetic field. This
suggests a need for eventually calculating the particle
transport in a magnetically self-consistent model in the
future.

Fos.

SH51B MCC: 2008 Friday 1020h

Space Science Research With Societal
Consequences III (joint with SA, SM,
AE)

Prestding: V Papitashvili, Space
Physics Research Laboratory, University
of Michigan; J Foster, Millstone Hill
Observatory

SH51B-01 1020h

Space as Humanosphere: Role of space
physics for human activities in the
near-Earth Space

Hiroshi Matsumoto (+81-774-38-3805;
matsumot@kurasc.kyoto-u.ac.jp)

Radio Science Center for Space and Atmosphere,
Kyoto University, Gokasho, Uji, Kyoto 611-0011,
Japan

‘We are entering a new era of utilization of space as
Human territory (Humanosphere) for sustainable hu-
man society. From this point of view, a comprehensive
academic study of the space environment could provide
fundamental knowledge for developing space infrastruc-
ture such as huge power station ( Solar Power Satel-
lite :SPS). Such study should cover not only the solar
terrestrial relations but also possible nonlinear effects
of space plasma onto large space structures. Since we
have reached a state of understanding the framework
of solar-terrestrial relations, we need to proceed our
research for more practical objectives, which are di-
rectly related to the human activity in space. In the
preset paper, we review the state of art of our knowl-
edge of the space as Humanosphere from a view point
of space plasma physics. I will then discuss the trend
and perspectives of the role of space plasma physics,
especially space plasma simulations in the coming new
era of space civilization (utilization and beyond). The
International Space Station is one of the human space
activities at the ionospheric altitude level in the very
near future. However, beyond the ISS era, much higher
space activities will follow towards higher space civi-
lization based on a very large structure such as Solar
Power Station (SPS). I will discuss first the need of
large scale space development such as the SPS to avoid
a possible catastrophe of human life on Earth by the
end of this century. Then I will touch upon possible
plasma physics problems emerging from such large scale
space development. The huge structure and the high
voltage power supply for the microwave power trans-
mission from the SPS definitely electromagnetically in-
teract with space plasmas. Also much higher level arti-
ficial ion injection from the electric propulsion engine
to carry such large structure into the GEO will create a
large modification of the natural magnetosphere. These
issues will demand the contribution by space physicists
and simulationists.

SH51B-02 1035h

The Three Modes of Magnetospheric
Behavior Observed During Magnetic
Storms

C. Robert Clauer! (734-763-6248;
rclauer@umich.edu); Janet U. Kozyral
(jukozyra@umich.edu); Anna DeJong1
(dejonga@umich.edu); Xia Cail
(xcai@umich.edu); Daniel Welling!
(dwelling@umich.edu); Michael W. Liemohn?

(liemohn@umich.edu); Joseph E. Borovsky?2
(borovsky@nisdp0.lanl.gov)

1Universi':y of Michigan, Center for Space Environ-
ment Modeling, 2455 Hayward, Ann Arbor, MI
48109-2143, United States

2Los Alamos National Laboratory, Space & Atmo-
spheric Science Group,, Los Alamos, NM 87545,
United States

Understanding geomagnetic storms is a paramount
space weather problem as well as a fundamental sci-
entific challenge. The processes that operate during
magnetic storms have been areas of active investiga-
tion and significant discussion for many years. We
believe that it is possible now to identify three dis-
tinct modes of magnetospheric operation during vari-
ous geomagnetic storms. One mode consists of periods
of enhanced steady magnetospheric convection (SMC)
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