
F1206

Cite abstracts as: Eos. Trans. AGU, 84(46), Fall Meet. Suppl., Abstract #####-##, 2003.

2003 Fall Meeting

As a result, we have found that the value B/f shows a
higher correlation with u than the value B (deduced by
Fisk et. al. model, 1999) and the value f (deduced by
Wang and Sheeley model, 1991). We propose that the
parameter, B/f, is an important indicator of the solar
wind velocity originating from various kinds of coronal
holes.

URL: http://stesun5.stelab.nagoya-u.ac.jp/
index-e.html
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A correlation analysis between the interplanetary
electric field and the magnetograms recorded at God-
havn (Qeqertarsuaq), a polar cap geomagnetic observa-
tory, is performed. A direction, along which the lati-
tudinal dependence of the geomagnetic perturbation is
minimum, is found, and allows us to apply the corre-
lation results to pre-satelitte data, back to 1926. The
findings indicate no secular trend in the cross-polar cap
electric field, in the interplanetary electric field, and by
inference in the sun’s open magnetic flux, since 1926.
The result is independent of the aa geomagnetic index.
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In this investigation we examine the leading edge
orientation and morphology of ICMEs observed by in-
terplanetary spacecraft. In particular we compare and
contrast three independent techniques for determining
this leading edge orientation. First, if a magnetic cloud
is associated with an ICME then it is possible to fit a
constant alpha, force-free magnetic flux rope model to
the data. This allows the determination of axis orienta-
tions and chiralities. If planar magnetic structures are
present in the sheath region, general ahead of faster
ICMEs, then the orientations of these planes give in-
sights into the axis orientation and the shape of the
leading edge of the ICME. Finally, examining plasma
flow deflections, again in the sheath region, will also
give clues to the cross-sectional morphology as the de-
flections are linked to the leading edge morphology of
the ICME and its axis orientation.
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The Reuven Ramaty High Energy Solar Spectro-
scopic Imager (RHESSI) provides unique sensitivity in
the 3-15 keV energy range with an effective area ∼100
times larger then similar past instruments. Microflares
have been observed with little emission above 15 keV
due to extremely steep spectra (spectral index of 8
with a low energy cutoff near 8 keV). Since the energy

in non-thermal electrons is very sensitive to the value of
the power law and the low energy cutoff, observations
by RHESSI will give a better estimate of the total en-
ergy input into the corona. We present the first statis-
tical analysis of RHESSI microflares during times with
activity below GOES C Class and without solar type III
radio storms. Currently, we have analyzed June 2002
and May 2003. Microflares are found through search-
ing for peaks 3σ above background in the 6-12 keV data
range. The fluxes in the 3-6 keV 12-25 keV, and 50-100
keV bands are also recorded. Statistics on the following
flare characteristics are presented; max counts, total
counts, duration, GOES level. We have also analyzed
the equivalent WIND data set in search of correlated
solar type III radio bursts. Initial results show that
only a small number of RHESSI microflares are associ-
ated with interstellar type III radio bursts. This work
was supported by NASA contract NAS5-98033.
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Vector magnetograph observations of active regions
prior to large flares often show strongly sheared mag-
netic fields, and the associated Hα filaments show long
threads parallel to the neutral line. This suggests that
the filament is embedded in a horizontal flux tube that
is basically untwisted. In contrast, eruptive promi-
nences often show helical structures, suggesting a flux
rope with multiple twists. To reconcile these observa-
tions, we propose a model of the pre-eruptive state in
which an untwisted horizontal flux tube is held down
by an overlying magnetic arcade. Unlike in previous
models, electric currents flow mainly at the interface
between the two flux systems. The two ends of the
flux tube are anchored in the photosphere. We use
3D MHD modeling based on NSO/KP magnetograph
data to demonstrate that such a system can be in sta-
ble force-free equilibrium, provided the arcade field is
sufficiently strong to restrain the flux tube. A weak-
ening of the arcade or interaction with a neighboring
filament can cause loss of magnetostatic equilibrium,
resulting in the eruption of part of the flux tube (Stur-
rock et al. 2001, ApJ 548, 492). Magnetic reconnection
during the early phase of the eruption causes the arcade
field to be wrapped around the filament flux, creating
the unstable flux rope seen in erupting prominences.
The model is applied to Hα observations of a filament
obtained at the Swedish Vacuum Solar Telescope (La
Palma) and TRACE observation of its eruption on June
21-22, 1998.
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A brief review will be given of our current knowledge
of those eruptive solar events that involve both a flare
and a coronal mass ejection. The early initiation and
acceleration phases of the CME will be discussed to-
gether with the manifestations of the associated flare.
Emphasis will be placed on obervations of the erup-
tive event on 21 April 2002 observed in X-rays with the
Reuven Ramaty High Energy Solar Spectroscopic Im-
ager (RHESSI) and in the 195-Å EUV band with the
Transition Region and Coronal Explorer (TRACE). In
particular, the altitudes of the coronal X-ray and EUV
sources and their variations with time and energy will
be presented. Also discussed will be the relative tim-
ing and spatial locations of the coronal and footpoint
emissions, and the detailed relation between the flare
and CME time lines. Possible interpretations of these
observations will be presented in terms of various mag-
netic reconnection models.
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In many of flares occurring near the solar limb, a
hot-plasma ejection is observed in soft X-rays during
the impulsive phase. This is a piece of evidence to
support flare models which are based on the cusp-type
magnetic reconnection in the corona. Sometimes a com-
pact hard X-ray source is observed above the soft X-ray
flaring loop at the same time. This clearly indicates
that the flare-energy release, probably magnetic recon-
nection, occurs above the soft X-ray loop. Fast recon-
nection downward flow impinges on the closed magnetic
loops and high-energy electrons are produced there. In
this scenario, the above-the-looptop hard X-ray source
is closely related to the reconnection downward flow.
How is the reconnection upward flow observed? Re-
cently it is found in the impulsive phase of an M-class
flare that a hard X-ray (above 20 keV) source exists
slightly below a soft X-ray ejected feature which is lo-
cated far above the soft X-ray flaring loop. This hard
X-ray source might be a counterpart of the hard X-
ray source mentioned above. This is caused by inter-
action between the reconnection upward flow and the
hot-plasma ejection. We discuss how such high-energy
electrons are produced there.
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On 2003 February 18, a polar crown filament dra-
matically erupted, becoming the core of a classic three
part Coronal Mass Ejection (CME). The event was well
observed from the disk to 30 solar radii in multiple
bands, some of which were at high cadence. Phenom-
ena observed include: high-latitude filament eruption,
the formation of two bright ribbons, soft X-ray coronal
dimmings, post-eruption arcade evolution, and a classi-
cal three-part CME. Specifically, the filament eruption
was seen on the disk and out to 1.3 solar radii in soft X-
rays, extreme ultraviolet, H-alpha, and He I 1083 nm.
The CME was visible in white light coronagraph im-
ages from 1.08 to 30 solar radii. Though post CME re-
connection arcades reached only the B5 level in GOES
XRS measurements, they were observed in hard X-rays
(at energies less than 12 keV), soft X-rays, extreme ul-
traviolet, and a two-ribbon flare structure was seen in
H-alpha and in He I 1083 nm. The observations were
conducted using GOES SXI, SOHO EIT and LASCO,
RHESSI, and the MLSO ACOS suite. We present the
results of our initial timing, height vs. time, and light
curve analyses of this event. The timing results address
issues of the simultaneity and sequence of filament mo-
tion, coronal dimming, CME ’launch’, and arcade for-
mation. The height versus time results are presented
for both the filament/CME core and the CME front to
provide observational constraints for CME acceleration
models. Finally, the arcade light curve results support
estimation of the magnetic reconnection rate for further
discrimination between model predictions.
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We present X-ray evidence for the formation of
large-scale current sheets in three flares observed by
the Ramaty High Energy Solar Spectroscopic Imager
(RHESSI) on 2002 April 14, 15 and 16 in NOAA re-
gion 9901 at the northwest limb. RHESSI images show
clear flare loops and a separate coronal source above
these loops in all three flares. The height of the loops
decreased in the first few minutes during the impul-
sive rise in hard X-ray (> 25 keV), then increased with
time. We will focus on the event on April 15. The
RHESSI images show a cusp-shaped flare loop in the
rise phase. When the impulsive rise in hard X-rays
began, the cusp part of the coronal source separated
from the underlying flare loop and remained station-
ary for about 2 minutes. During this time the under-
lying flare loops shrank at ∼ 9 km s−1. The temper-
ature of the underlying loops increased towards higher
altitudes, while the temperature of the coronal source
increased towards lower altitudes. These results sug-
gest that a current sheet formed between the top of
the flare loops and the coronal source during the early
impulsive phase. After the hard X-ray peak, the loop
source moved outward at ∼ 8 km s−1, and the coronal
source moved outward at ∼ 300 km s−1, suggesting an
upward motion and an elongation of the current sheet.
About 30 minutes later, post-flare loops seen with the
SOHO Extreme Ultraviolet Imaging Telescope 195 Å
passband rose at ∼ 10 km s−1. A large coronal loop-
like structure, observed by the SOHO Large Angle and
Spectrometric Coronagraph C2 and C3 detectors, also
propagated outward at ∼ 300 km s−1. These observa-
tions are all consistent with the continued elongation
of the current sheet.
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The Ramaty High Energy Solar Spectroscopic Im-
ager (RHESSI) observations of the 2002 April 15 so-
lar flare and related flares provide compelling evidence
for the formation of a large-scale, reconnecting current
sheet in at least some flares. We describe the observed
evolution of the April 15 flare in terms of magnetic re-
connection models. We argue that the flare most likely
evolved through magnetic geometries associated with
super-slow reconnection (early rise phase), fast recon-
nection (impulsive phase), and slow reconnection (grad-
ual phase). We also provide evidence for X-ray bright-
enings within the evolving current sheet, possibly in-
duced by the tearing mode instability. This work was
supported in part by the RHESSI Program and NASA’s
Sun-Earth Connection Program. This work would not
have been possible without the dedicated efforts of the
entire RHESSI team.
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The fastest coronal mass ejection observed to date
by the LASCO coronagrph onboard SOHO was also
the best observed thanks to the Max Millenium co-
ordinated observation campaign running at the time.
Data from RHESSI, TRACE and SOHO from April 21
2002 are presented which yield a clear timeline of the
physical processes involved and their relationships to
each other. The causality of the solar flare-CME sys-
tem is discussed and implications for theory and mod-
elling are presented. Other large flare/very fast CME
events are analysed and agreement with the paradigm
is studied. Particular attention is paid to the accelera-
tion of such very fast CMEs and the nature, magnitude
and timing of the acceleration process is characterised
within the limits of the observations.
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As of 2003 September 4, RHESSI (the Reuven Ra-
maty High-Energy Spectroscopic Imager) had obtained
coverage for the entire GOES duration (>95%) for 98
M- and 6 X-class flares, and for each of these we es-
timate the ratio of the 2.223 MeV line fluence to the
GOES soft X-ray fluence. All are upper limits ex-
cept for one M-class event and one X-class event. The
GOES fluence is known to scale well with total flare
energy. The statistics of these observations, consider-
ing as well the solar gamma-ray line observations from
other spacecraft plus the statistics of proton events in
the heliosphere, are not consistent with the hypothesis
that ion acceleration scales proportionally with total
flare energy.
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Although the general level of solar activity was rel-
atively low during August 2003, several active regions
produced a large number of small (GOES class C or
smaller) solar flares during this period. The high en-
ergy spectroscopic imager aboard the RHESSI space-
craft imaged many of these flares at X-ray energies
greater than 10 keV. A preliminary analysis of these
observations has revealed the presence of coronal hard
X-ray sources in flares which occurred behind the solar
limb as well as in those flares which were apparently
located on the visible disk of the Sun. X-ray images
and spectra of these coronal hard X-ray sources will
be presented and their implications with respect to the
models of solar flares will be briefly discussed. This re-
search at the University of California, Berkeley is sup-
ported by NASA under Contract NAS 5-98033.
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Solar flare plasmas are multi-thermal, and in partic-
ular may contain high-temperature components above
∼20 MK. While other solar instruments (e.g. TRACE,
GOES SXI) are sensitive to low-temperature plasmas
below ∼20 MK, the Reuven Ramaty High Energy Solar Spec-
troscopic Imager (RHESSI) observes photons with en-
ergies above 3 keV, and thus is especially sensitive
to high-temperature plasmas above ∼10 MK. High-
temperature plasma emission includes the Fe/Ni line
complexes at ∼6.7 and ∼8 keV, and both the equiv-
alent widths and the fluxes of these line complexes
are strongly temperature-dependent. In many flares,
RHESSI detects emission in both of these line com-
plexes, as well as emission in the thermal continuum,
with spectral resolution of ∼1 keV FWHM. Through
imaging and spectroscopy with RHESSI, and by com-
parison with other solar instruments, we can thus con-
strain the temperatures and emission measures over the
entire range of thermal plasmas. We present a spectro-
scopic analysis of a variety of flares, including the X1.5
event on 21 April 2002, to determine the time-varying
characteristics of the thermal electron populations. We
estimate the energy contained in thermal electrons and
compare with the energy contained in the time-varying
non-thermal electron population. Finally, we discuss
the implications for heating and energy transport in
flares with high-temperature components.

URL: http://sprg.ssl.berkeley.edu/˜cepheid/agu2003
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An M3 Class flare was observed in x-rays with
RHESSI and in H-alpha with the Kanzelhohe Solar
Observatory. The event was observed to several hun-
dreds of keV in X-rays and was marked by an unusu-
ally flat spectrum observed from 20-70 keV. The mea-
sured power-law exponent of this component was about
1.7, very close to the theoretical limit for a thick-target
injection of energetic electrons implying a near cutoff
below 80 keV. We will bound any systematic effects
that may be contributing to this result by analyzing
the spectrum using multiple techniques. We will also
forward model the spatial/spectral x-ray sources to fur-
ther validate these observations.
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We will present an analysis of RHESSI hard X-ray
imaging and spectroscopy of a GOES M1.5 class flare
which occurred on 1 June 2003 0210-0700 UT in NOAA
active region 0375 and was located 9 degrees behind
the east limb of the Sun. Flare footpoints were thus
occulted from view by 9000 km, allowing for a rela-
tively unobstructed detection of emission from the as-
sociated coronal sources. Throughout the duration of
the flare, a thermal hard X-ray source can be seen rising
with a velocity of 7 km/s above GOES SXI soft X-ray
and EIT ultraviolet (304A) loops. During the impulsive
phase of the flare (0237-0310 UT), a non-thermal source
is additionally seen above 15 keV with a relatively soft
power law spectrum with an index around -5. This non-
thermal source is displaced from the thermal source by
up to 10,000 km and shows greater variations on a time
scale of tens of seconds. We will present total energy
estimates and a detailed analysis of the source motions
during the flare. We will also discuss implications for
models that postulate above-the-loop-top sources.


