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The space-based SIRA (Solar Imaging Radio Array)
will provide a powerful capability to track high energy
particles from solar flare and CME sites through in-
terplanetary/heliospheric space all the way to Earth.
Together with two other overlapping planned radio in-
terferometers, i.e., FASR (Frequency-Agile Solar Ra-
diotelescope) and LOFAR (Low-Frequency Array) the
entire plasma frequency range from 30 GHz all the way
down to the plasma frequency cutoff of 30 kHz at 1 AU
will be covered. These instruments will track the mag-
netic trajectory of high energy particles, beam-driven
radio emission, and localize the acceleration sites in
the corona or interplanetary shocks. We simulate some
CME and type III events, as they will be mapped with
these instruments, using realistic scattering functions
of radio waves on coronal and heliospheric density in-
homogeneities.
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Type II radio bursts at decameter-hectometric (DH)
and kilometric wavelengths are indicative of CME-
driven shocks in the interplanetary medium. Only
a subset of these type II bursts continue from the
DH to the km regimes. We report on a study of
these long-lasting type II bursts using data from the
Wind/WAVES experiment in conjunction with white-
light coronal mass ejection (CME) data from SOHO.
We find the majority of these events (80 percent) are
also associated with metric Type II bursts. We also
studied the properties of the associated CMEs and
found them to be the most energetic when compared to
CMEs associated with bursts in any single wavelength
regime.
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A linearly polarized radio wave propagating along
a magnetic field line may be represented as a combi-
nation of two components with right and left-hand cir-
cular polarizations. In a magnetized plasma such as
the heliosphere these two circular polarizations experi-
ence different indices of refraction, leading to a phase
lag between the two components. This phase lag re-
sults in Faraday Rotation - an overall rotation of the
angle of the original linearly polarized wave. The ex-
tent of Faraday Rotation is proportional to the compo-
nent of the magnetic field along the direction of prop-
agation, the electron number density, and the square
of the wavelength of the radiation. Faraday Rotation
may be used to probe the three-dimensional electron
number density and magnetic field topology of both
the background heliosphere and of transients such as

coronal mass ejections (CMEs). It is particularly inter-
esting to note that the rotation is proportional to the
total electron number density, in contrast to the sig-
nals from Interplanetary Scintillation (IPS), which are
only a function of density fluctuations. Prior work in
this topic typically involves monitoring variation in the
polarization of either extragalactic sources or of trans-
mitted telemetry from spacecraft such as Helios. These
observations have been successfully used to study tur-
bulence and propagating transients in the inner helio-
sphere. We have begun a study of the potential for the
Low Frequency Array (LOFAR) to characterize both
the background heliosphere and transients. LOFAR is a
possible aperture synthesis radio interferometer for the
10-240 MHz range consisting of hundreds of thousands
of individual receivers. The array will operate as a fully
digitally steered instrument, in which the signals from
the antennae may be combined to simultaneously image
multiple regions in the sky. Among the factors which
make LOFAR appealing to Faraday Rotation studies
are the large wavelengths of the observations, the high
sensitivity of the instrument, and the ability to track
multiple objects. We will present our initial work on
simulations of the ability of LOFAR to observe both the
background heliosphere and simple transient structures
such as flux ropes. For the background heliosphere we
will demonstrate how various models for extrapolating
photospheric magnetic fields produce different signa-
tures. In the case of transients we examine how clearly
we can extract fundamental properties such as helic-
ity and field strength. This work is sponsored by NSF
grant ATM-0317957
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While imaging and spectral radio observations in
the decimetric-dekametric domain provide signatures of
non-thermal electrons in the middle and upper corona
, hard X-rays as well as microwaves trace flare accel-
erated electrons in the low corona and the chromo-
sphere. Radio observations combined with hard X-ray
observations thus allow to analyse the signature of en-
ergetic electrons in a whole range of coronal heights.
We shall present here the results of multiwavelength
studies primarily based on the analysis of HXR and
decimetric/metric spatially resolved observations from
RHESSI and the Nançay Radioheliograph. We shall
outline how these combined observations provide infor-
mation on the magnetic structures at different spatial
scales in which energetic electrons are accelerated and
injected as well as on the link between the production
of energetic electrons interacting at the Sun and the
injection of escaping electrons giving rise to the radio
emissions at the lowest frequencies.
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An investigation of 210 interplanetary type II ra-
dio bursts and the associated white-light coronal mass
ejections (CMEs) is presented. The radio bursts were
detected by the Wind/WAVES experiment in the 1-
14 MHz (decameter-hectometric, DH) range, while the
CMEs were observed by the Solar and Heliospheric Ob-
servatory (SOHO). The study period, 1997-2002, en-
compasses the current solar cycle (23) between mini-
mum and beyond maximum. We could only find 108
solar flares associated with DH type IIs. We obtained
the difference onset times (solar flare - DH type II) and
found that DH type IIs start at the same time as the
flares. On the other hand the difference between CME
and DH type II onset times is indicates that the type
II bursts occur well after the CME onset. The present
study suggests that the CMEs are more likely to be the
source of the shocks responsible for the type II bursts.
We extend the study to metric type II bursts and ob-
tained similar results.

SH42D MCC: 2010 Thursday
1340h

Coronal Magnetic Fields: Models to
Measurements III

Presiding: T H Zurbuchen, University
of Michigan; G Fisher, University of
California, Berkeley
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The solar corona is today a subject of intense sci-
entific scrutiny as the birthplace of space weather and
the location of the largest explosions in the solar sys-
tem. The dynamics and structure of the lower solar
corona are controlled by its magnetic field. Diagnosing
the magnetic field is a difficult task of astrophysics that
has been pursued for 125 years. This brief review will
examine optical and radio methods used to study the
inner coronal magnetic field. The National Solar Obser-
vatory is operated by AURA, Inc. under a cooperative
agreement with the National Science Foundation.
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Magnetic field is the dominating field in the solar
corona, responsible for the majestic coronal structures
and dynamic events. However, no direct measurements
of the coronal magnetic fields are routinely available
and we can only infer the coronal magnetic field struc-
tures from observed intensity images. Although several
methods for the diagnostics of coronal magnetic fields
have been demonstrated, measurement of the coronal
magnetic fields remains a very challenging observa-
tional task. This paper reports on a concerted effort at
the Institute for Astronomy (IfA) to establish routine
vector coronal magnetic field measurement capabilities
using spectropolarimetric observation of the near in-
frared Fe XIII 1074.7 nm coronal emission line. The
IfA effort includes observations of two-dimensional cir-
cular polarization maps of the emission line which carry
information about the coronal magnetic field strength.
High resolution observation of the linear polarization
maps which yield the projected direction of the coronal
magnetic field in the plane of the sky will also be ob-
tained. The latest results from these experiments will
be presented.
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We are currently building a filter-based polarime-
ter optimized for the measurement of magnetic fileds
in the solar corona through observations of the coronal
emission lines of Fe XIII at 1074.7 and 1079.8 nm. The
instrument consists of a polarimeter allowing complete
Stokes I,Q,U,V measurement followed by a Lyot bire-
fringent filter with dual passbands of 0.14 nm width.
Both the polarimeter and filter employ liquid crystals
for rapid electro-optical tuning. This instrument will
be deployed at the One Shot coronagraph at NSO Sac
Peak. Measurement of the longitudinal Zeeman effect
will yield information on the strength of the line-of-
sight component of the magnetic field while the obser-
vation of resonance scattering will constrain the plane-
of-sky field direction. Precise measurement of plasma
velocity will also be possible. Such measurements are
critical for addressing many outstanding problems in
coronal physics. The operation and performance of the
instrument will be described. We will also describe the
methodology for the coronal magnetic field measure-
ment. Preliminary measurements with the instrument
at the One Shot coronagraph will be presented.
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Coronal magnetography is one of the main scien-
tific drivers for the proposed Frequency Agile Solar
Radiotelescope (FASR). Radio emission is particularly
valuable as a diagnostic of coronal magnetic fields be-
cause (a) the emission mechanisms all depend on mag-
netic field, and (b) typical values of the electron gy-
roresonance frequency f B for coronal field strengths
lie in the radio domain. The microwave emission from
active regions is dominated by thermal gyroresonance
emission at low harmonics of f B and this provides a
well-understood diagnostic. Since f B is proportional
to magnetic field strength, there is a simple mapping
between frequency and magnetic field. A wide range
of coronal magnetic field strengths can be sampled by
observing across a wide range of radio frequencies si-
multaneously, and FASR is designed to do this quickly
enough to follow changes in coronal fields. We demon-
strate the ability to measure coronal fields with this
technique by simulating a FASR observation of a re-
alistic three-dimensional model of an active region and
then determining the coronal magnetic field at the base
of the corona from the simulated images. Comparison
with radio images of gyroresonance emission from ac-
tive regions is also a valuable tool for assessing extrapo-
lations of surface magnetic field measurements into the
corona, and we discuss several applications of this com-
parison. Gyrosynchrotron radio emission from nonther-
mal electrons accelerated by solar flares also can reveal
the magnetic topology of the flare source and we dis-
cuss this briefly.
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We present the first magnetic maps of a prominence
obtained by applying our PCA inversion approach to
prominence spectropolarimetric data in the He I D3
line. Our results indicate the presence of organized
structures in the prominence plasma embedded in mag-
netic field that are significantly larger than average (50
G and higher). We reaffirm the need for a Hanle-based
diagnostics of prominence magnetism using full Stokes
spectropolarimetry, and the importance of improved,
multi-line observations, ideally involving both He I D3
and 10830.
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The problem of finding the physical mechanism that
heats the solar corona is still unsolved. Many theoreti-
cal and observational models have been proposed in the
literature. In order to understand which model better
reproduces the observations, we present a quantitative
comparison between the emission calculated from dif-
ferent heating models and the observed images of an
active region. This investigation uses our 3D MHD
model in Cartesian coordinates, which calculates the

magnetic configuration of Active Region 7986 (August,
1996) starting from a photospheric magnetogram, and
another algorithm that solves the 3D fluid equations
along magnetic field lines, and that includes thermal
conduction, radiation losses, and the heating mecha-
nism under investigation. Once the plasma properties
are found, the emission in different wavelengths can be
calculated using the Solarsoft package and can be com-
pared with the photon counts recorded by the EIT in-
strument aboard the SOHO spacecraft, and the SXT
instrument aboard the Yohkoh satellite.
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We are developing a 2D MHD self-consistent empir-
ical model of the solar corona and solar wind. We con-
strain the solution using empirically determined esti-
mates of the effective pressure for the momentum equa-
tion and effective heat flux for the energy equation pro-
vided from coronagraph data and Ulysses plasma and
magnetic field data. Our solutions are steady state and
do not use a polytrope which we know is not valid in
the solar corona. We have been able to achieve pre-
liminary convergence. We will present the results of
an error analysis. Our results are presently only valid
during solar minimum, but are generalizing so it can be
used during the transition toward solar maximum (i.e.,
three current sheets). We will also present some prelim-
inary results which will allow us to apply our solutions
to solar maximum conditions.
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We review recent observations of the thermal and
non-thermal radio radiation in the inner heliosphere.
The thermal radiation can yield information on both
quiescent and transient structures, while non-thermal
radiation traces populations of energetic electrons as-
sociated with high energy phenomena, such as beams
of energetic electrons and shock waves. Results very
much depend on the type of instrument which is used:
spectrograph or imager, ground-based or space-borne.
The frequency range of radio sources in the inner he-
liosphere corresponds to the metric, decametric, hec-
tometric, and kilometric bands. Only the metric and a
small part of the decametric range can be accessed from
the ground. The longer wavelengths are blocked by the
terrestrial ionosphere and observations from space are
required. Long wavelength require extremely long base-
line interferometers in order to produce images. This
has never been done from space as yet. There are some
techniques, however, to determine the direction of the
source centroid. We will try to provide an integrated
view of the different approaches, focusing on the phys-
ical nature of the phenomena which are observed. Fi-
nally we will mention future programs in this field:
Stereo, FASR, LOFAR, SIRA, LWS/Sentinels among
others.
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Radio emission is uniquely sensitive to a number
of key plasma parameters (magnetic field, tempera-
ture, density, high-energy electrons, and various plasma
waves) over heights ranging without gaps from the chro-
mosphere, throughout the corona and heliosphere, to
the Earth. Two ground-based radio arrays, the Fre-
quency Agile Solar Radiotelescope (FASR) and the Low
Frequency Array (LOFAR), together with the space-
based Solar Imaging Radio Array (SIRA) are planned
that will for the first time provide direct imaging of
disturbances over this vast height range through inter-
ferometric imaging over their equally impressive fre-
quency range of 24 GHz to 30 kHz. We describe the
science goals of these instruments, focusing especially
on the science addressed jointly by all three instru-
ments. Among the examples are (1) simultaneous imag-
ing of CMEs, flaring loops, and shock-associated (type
II) emission and (2) imaging the propagation of elec-
trons on open field lines (type III), from their acceler-
ation point through the corona and heliosphere to the
point where they are measured in situ by near-Earth
spacecraft. In addition to spatially relating the dif-
ferent phenomena, the spectral information is rich in
quantitative diagnostics. We give some examples of the
revolutionary results we can expect from the combined
instruments.

URL: http://www.ovsa.njit.edu/fasr

SH42E-03 1630h INVITED

Origins of Coronal Shock Waves
Revisited

Edward W. Cliver (781-377-3975;
edward.cliver@hanscom.af.mil)

AFRL/Space Vehicles Directorate, 29 Randolph Rd.,
Hanscom AFB, MA 01731-3010, United States

The origins of coronal shock waves manifested by
metric type II radio bursts has been, and remains,
a controversial topic. Type II shocks have been at-
tributed to flare blast waves or identified as waves
driven by flare ejecta or coronal mass ejections (lead-
ing edge or flanks). It has also been suggested that a
type II shock occurs when a blast wave moves through
a preceding coronal mass ejection. I focus on a few key
events to highlight points of contention in the debate
such as the association of metric IIs with flares and
CMEs, timing relationships between the various phe-
nomena, and the connectivity of metric and decametric-
hectometric type II bursts.
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Observations of solar type III radio bursts provided
the first evidence for accelerated electrons of a few to
a few tens of keV energy escaping the Sun. These es-
caping electrons have been detected in situ by space-
craft in the interplanetary medium (IPM) near 1 AU.
Near the Sun, the electrons must produce hard X-rays
(HXRs) through bremsstrahlung collisions with the rel-
atively dense corona. In the past, HXR bursts (usually
associated with a solar flare) were sometimes detected
in close temporal coincidence with type III radio burst,
but most type III bursts were unaccompanied by HXR
bursts and vice versa. The Ramaty High Energy Solar
Spectroscopic Imager (RHESSI) mission launched Feb.
2002 provides uniquely high sensitivity imaging and
spectroscopy of HXRs down to 3 keV. RHESSI obser-
vations suggest that type III bursts are a phenomenon
separate from flares, although often closely associated.
The HXR emission from type III bursts alone has been
detected for the first time, providing quantitative num-
bers and spectra for the radio-emitting electrons. The


