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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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Gamma-ray flare occurrence patterns

Hugh S. S. Hudson1 (hhudson@ssl.berkeley.edu)

Robert P. Lin1 (boblin@ssl.berkeley.edu)

David M. Smith1 (dsmith@ssl.berkeley.edu)
1SSL, 7 Gauss Way UCB, Berkeley, CA 94720-7450,

United States

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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RHESSI Observations of Coronal Hard
X-Ray Sources in August 2003 Solar
Flares

Sharad R Kane (925-648-7317;
sharadkane12@msn.com)

Space Sciences Laboratory, University of Califor-
nia, Centennial Drive, Berkeley, CA 94720, United
States

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.
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Multifractality of Solar Magnetic Fields

Valentyna Abramenko (avi@bbso.njit.edu)

Big Bear Solar Observatory, 40386 North Shore Lane,
Big Bear City, CA 92314, United States

Eruptive phenomena in the solar atmosphere are
thought to be caused by reconnection processes in com-
plex magnetic structures. Therefore, the complexity of
the magnetic field is closely related to the eruption ac-
tivity. We propose to determine the measure of the
magnetic complexity in terms of multifractality (inter-
mittency) of a given magnetic structure. Our choice of
a mathematical approach was stimulated by the fact
that a multifractal, in time and in space domains,
structure displays a burst-like (catastrophic) behavior
which is consistent with catastrophe-like eruptions in
the solar atmosphere. We propose a new multifrac-
tal method for quantitative estimation of the degree of
complexity of solar magnetic fields. We discuss results
of the application of the method to SOHO/MDI and
ground-based measurements of solar magnetic fields.
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The Active Region 8210: Observations,
Coronal Magnetic Fields and
Energetics

Stephane Regnier1 ((406) 994 4470;
regnier@mithra.physics.montana.edu)

Richard C Canfield1 ((406) 994 5581;
canfield@solar.physics.montana.edu)

1Montana State University , Physics Department 264
EPS Building POB 173840, Bozeman, MT 59717,
United States

The active region 8210 observed on May 1, 1998 is
the site of several flares (3 C-class flares from 17:00
UT to 22:00 UT and one M-class flare at 22:40 UT).
In this study, we analyse the causes and consequences
of these flares inside the coronal magnetic configura-
tions: sunspot rotation, moving features, cancellation
of flux. The time evolution of AR 8210 from observa-
tions (magnetograms, Hα, EUV, Soft X-rays) and the
nonlinear force-free reconstructed magnetic fields re-
veals that the sites of activity are related to the topo-
logical skeleton (null points, separatrix surfaces, sepa-
rators): field lines crossing a separatrix surface recon-
nect in an other connectivity domain and produce an
Hα brightening at the footpoints. We also determine
the free magnetic energy budget (difference between
nonlinear and potential field magnetic energy) and the
relative magnetic helicity. The photospheric increase
(or decrease) of magnetic flux is related to the evolu-
tion of the magnetic energy in the corona above the
active region as well as to the occurence of flares. The
main photospheric changes occur between the times of
flaring activity. AR 8210 is a case study for the Solar
MURI project.
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We report on theoretical radiative hydrodynamic
simulations of solar white light flares. The solar atmo-
sphere is modeled in detail from the transition region
to the photosphere. The coronal pressure and X-ray
backheating are included self-consistently. Flare heat-
ing is assumed to be from an electron beam which is
modeled for several white light flares using data from
RHESSI, TRACE and Yohkoh. We also investigate the
possibility that the 511 keV line width is produced from
a significant column depth of atmosphere at transition
region temperatures. We compare our new solar flare
models to previous results, and to models of M dwarf
stellar flares.
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on a Continuously Emerging Active
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Satoshi Morita (1-301-286-3163;
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This is a preliminary report of a possible model
of an energy build-up process of flares for the case
where flares occur on continuously emerging and de-
veloping active region. In March 2003, about 40 flares
occurred in the same active region NOAA10314 within
6 days (March 15 – March 20). These flares include
two X-class flares, six M-class flares, and some sub-
M-class flares. Many of them had some common char-
acteristic features. This particular active region has
a dual bipolar magnetic configuration that emerged on
March 13, and was continually growing through this pe-
riod. We report the characteristics of these flares using
SoHO/EIT images, and pay attention to the evolution
of the active region NOAA10314 since its emergence
using SoHO/MDI magnetograms. We found: (1) Sepa-
rating motions between positive and negative polarities
of both the dipoles of this active region are seen in a
time series of MDI magnetograms. This suggests that
these dipole areas are currently emerging flux regions.
(2) The photospheric magnetic neutral line (“main neu-
tral line”) between both expanding eastern and west-
ern dipoles is rotating but stable. This line is the con-
tact line between both expanding dipoles, thus mag-
netic intensities on the photosphere in this active re-
gion were strongest on both sides of the “main neutral
line”, and the line was stable throughout this period.
(3) At least 26 events occurred along the “main neu-
tral line”. Another 11 events also showed correspon-
dence to this “main neutral line”. (4) We see struc-
tures resembling dual separatrix surfaces on both sides
of the flaring structures in EIT images before March 17.
(5) In TRACE images, we frequently see a lot of tiny
brightenings and mass motions near the photosphere in
the area outside of the flaring region. This area corre-
sponds to the eastern dipole area in item (1). Based on
these observations, we present a possible model of an
energy build-up process in flares. We also find similar
properties in other flares, which occurred on another
growing active region. Acknowledgment: This research
is supported by the National Research Council.
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Coronal mass ejections (CME’s) are magnetically-
driven reconfigurations of plasma in the low-β solar
corona; they are the primary drivers of space weather.
One way to investigate coronal field evolution before
and during such events involves driving MHD simula-
tions of the coronal magnetic field using data from time
series of vector magnetograms. Doing so requires spec-
ification of a three-component velocity field at the sim-
ulated photosphere, consistent with the observed mag-
netic field evolution in that layer. Unfortunately, such
velocity data are not generally available. We have de-
veloped a method that finds photospheric plasma ve-
locities consistent with both the flows derived by the
familiar techinique of local correlation tracking (LCT),
and the field evolution described by z-component of
the induction equation. We present results obtained
by applying this “I + LCT” technique to vector mag-
netograms, and to “false” magnetograms obtained from
MHD simulations of photospheric field evolution.
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We present a three-dimensional numerical ideal
magnetohydrodynamic simulation designed to model
the emergence of magnetic flux passing from below the
photosphere into the corona. For the initial state, we
prescribe a plane parallel atmosphere that comprises
the convection zone, isothermal photosphere and chro-
mosphere, and isothermal corona. Embedded in this
system is a isolated horizontal magnetic flux rope lo-
cated 10 photospheric pressure scale heights below the
photosphere. The flux rope is uniformly twisted with
plasma temperature inside the tube reduced to com-
pensate for the magnetic pressure. Density is reduced
in the middle of the rope so that this section buoy-
antly rises. The early evolution of precedes with the
middle of the rope rising to the photosphere and ex-
panding into the corona. Just as it seems the system
might approach equilibrium, the upper part of the flux
rope begins to separate from the lower, mass ladened
part. The separation occurs by stretching of the field
to form a current sheet where reconnection severs the
field lines to form a new system of closed flux. This
flux then erupts into the corona. Essential to the erup-
tion process are shearing motions driven by the Lorentz
force which naturally occurs as the rope expands in the
pressure stratified atmosphere. The shearing motions
transport axial flux and energy to the expanding por-
tion of the magnetic field which contributes to the erup-
tion. Once the axial flux is largely transported from the
submerged field, the expansion of the magnetic field in
the corona begins to decelerate.

SH22A-0179 1330h POSTER

Density Structure in a Pre-Eruption
Coronal Flux Loop
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A density model is developed for a coronal loop, ex-
tending from the collisionless corona (νi � Ωi) down
to foot points in the highly-collisional chromosphere
(νi � Ωi), under the approximation that neighbor-
ing flux surfaces within the flux loop are “non inter-
acting”. This model, valid if the characteristic fluid-
element speed is large enough (v > vc), results in a
density enhancement at the edge of the loop which is
a function of its specified magnetic field. Here, vc is
the critical fluid-element speed: for v < vc, the num-
ber of collisions occurring during a single transit of
the loop is large enough to diffuse away the density
enhancement that exists in the limit of zero collisions
in coronal segment of the loop. For solar parameters,
vc � 1 km/s. It is shown that this model can explain
the post-eruption density enhancement (the bright rim)
observed in coronal mass ejections. This result is dis-
tinct from coronal loop models in which the fluid ele-
ments making up the plasma are assumed to be static
and collisionally-coupled (such models have been used
to address thermal properties, rather than the three-
dimensional density structure, of coronal loops). Work
supported by ONR and NASA.
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eruptive events of November 24-26,
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1IZMIRAN, Troitsk, Moscow 142190, Russian Feder-

ation
2ISTP SD RAS, Irkutsk, Irkutsk 664033, Russian Fed-

eration
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4LMSAL, 3251 Hanover St., Palo Alto, CA 94304,
United States
We study large-scale activity on the solar disk as-

sociated with a November 24-26, 2000 series of six
recurrent major flares and “halo” coronal mass ejec-
tions (CMEs). The analysis is based mainly on the
SOHO/EIT data, particularly by using properly ro-
tated difference full-disk images with 12-min intervals
at 195Å as well as with 6-hour intervals at 171, 195,
284, and 304Å. We demonstrate that these eruptive
events were homologous not only by their flare and
CME characteristics, as Nitta and Hudson [2001] showed,
but also in terms of their large-scale CME-associated
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manifestations in the EUV corona. These include long
and narrow channeled dimmings, some transequatorial;
anisotropic coronal waves, propagating in a restricted
angular sector; and additional quasi-stationary emit-
ting fronts. As a whole, in all of these six events,
the homologous CME-associated disturbances covered
a considerable portion of the solar disk. The homology
tendency appears to be due to significant disturbance,
partial eruption and relatively fast restoration of the
same large-scale structures involved in the repeating
CME events. We briefly discuss the implications of the
analysis in connection with the coronal equilibrium as
indicated by recent TRACE observations of oscillating
loop systems.

URL: http://helios.izmiran.troitsk.ru/lars/Chertok/
001124 26/index.html

SH22A-0181 1330h POSTER

Acceleration of Prominences in the Low
Corona
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We show examples of prominence eruptions as ob-
served in the low corona and present preliminary results
of an observational study aimed to investigate the re-
lationship between the acceleration of eruptive promi-
nences and the speed of their associated CMEs. For this
study, we have selected events near the limb when we
can identify eruptive prominences in Mauna Loa ground
based observations that show a clear association with
CMEs during the period 1998-present. MLSO/CHIP
images in the HeI 1083nm line and the MLSO/PICS
images in the Halpha 656.3nm line are used to iden-
tify the eruptive prominences and to determine its pro-
jected radial velocity and acceleration. SOHO/LASCO
and MLSO/MK4 observations are used to determine the
trajectory of the corresponding CME.
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Tether-Cutting Energetics of a Solar
Quiet Region Prominence Eruption

Alphonse C Sterling1 (+81-(0)42-759-8466;
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Ronald L Moore2 (256-961-7613;
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1NASA/MSFC/NSSTC/UAT/ISAS, Institute of
Space and Astronautical Science Yoshinodai 3-1-1,
Sagamihara, Kanagawa 229-8510, Japan

2NASA/MSFC/NSSTC, NASA/MSFC SD50/Space
Science Dept., Huntsville, AL 35812, United States

We study the morphology and energetics of a slowly-
evolving quiet region solar prominence eruption occur-
ring on 1999 February 8—9 in the solar north polar
crown region, using Fe xv EUV 284 Å data from the
EUV Imaging Telescope (EIT) on SOHO and soft X-ray
data from the soft X-ray telescope (SXT) on Yohkoh. Af-
ter rising at ≈ 1 km s−1 for about six hours, the promi-
nence accelerates to a velocity of ≈ 10 km s−1, leav-
ing behind EUV and soft X-ray loop arcades of a weak
flare in its source region. Intensity dimmings occur in
the eruption region cospatially in EUV and soft X-rays,
indicating that the dimmings result from a depletion of
material. Over the first two hours of the prominence’s
rapid rise, flare-like brightenings occur beneath the ris-
ing prominence which may correspond to “tether cut-
ting” magnetic reconnection. These brightenings have
heating requirements of up to ∼ 1028—1029 ergs, and
this is comparable to the mechanical energy required
for the rising prominence over the same time period.
If the ratio of mechanical energy to heating energy re-
mains constant through the early phase of the eruption,
then we infer that coronal signatures for the tether cut-
ting may not be apparent at or shortly after the start
of the faster-rise phase of the prominence in this or
similar low-energy eruptions, since the plasma-heating
energy levels would not exceed that of the background
corona. Our findings have strong implications for the
correct use of observations in testing theoretical ideas
for the onset of solar eruptions.
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Flares, CMEs and solar energetic
particles
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2School of Physics and Astronomy, University of St.
Andrews,, St Andrews,, Fif KY16 9SS, United King-
dom
The relationship between coronal mass ejecta and

solar flares has been debated for a long time. While
ealier studies (e.g., Munro et al., 1979) found most
CMEs are not associated with solar flares, recent stud-
ies have revealed that CMEs are usually accompanied
by solar flares (e.g. Harrison (1995) found a 48% asso-
ciation rate). The sequence of the onset of CME and
accompanying flare is, however still unclear. Evidence,
(e.g. Khan & Hudson (2000)) exists that flare may be
the drivers for CMEs. However, Zhang et. al. (2001)
using C1 of LASCO, performed a study of four CME
events, and found in all four cases that CMEs precede
the accompaning flares. Furthermore, a recent study
of soft X-ray characteristics of solar flares, both with
and without associated CMEs (Kay et. al. 2003) veri-
fied that flares that occur alone are distinct from those
with associated CMEs. The former appear to exhibit
a clear relationship between peak intensity and dura-
tion while the latter does not. Whether CMEs occur
with an associated flare and whether the CMEs occur
before or after associated flares is important for obser-
vations of SEP events. Cane et. al. (2003) show the
existence of a clear signature of flare material at the
early phase of those SEP events which have associated
flares originating from the Sun’s western hemisphere.
The composition and abundance of SEP events is likely
to be influenced by the nature of the association be-
tween flares and CMEs since the injection or seed par-
ticle population that a CME driven shock accelerates
may well be determined by the flare. We present a
series of simulations with different onset time differ-
ences between CMEs and flares and explore possible
distinguishing feature in the particle intensity profile
and spectra that may result from different configura-
tions.
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Speeds of observed flows in quiescent solar filaments

are typically much less than the local Alfvén speed.
This is why the flows in filament barbs can be modeled
by perturbing a local magnetostatic solution describ-
ing the balance between the Lorentz force, gravity, and
gas pressure in a barb. Similarly, large-scale filament
flows can be treated as adiabatically slow deformations
of a force-free magnetic equilibrium that describes the
global structure of a filament. This approach recon-
ciles current theoretical models with the puzzling ob-
servational result that some of the flows appear to be
neither aligned with the magnetic field nor controlled
by gravity.
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Reconnection in the solar corona is believed to be

important for a series of processes from flares and
CMEs to coronal heating. However, theoretical under-
standing of the reconnection process still remains elu-
sive. The reconnection rate predicted by the Sweet-
Parker model is determined by resistivity and is very
many orders of magnitude too small to explain the ob-
servations. A possible mechanism that can provide fast
reconnection rate is driven reconnection, When flows
drive field lines together, the rate of reconnection is
determined by the driving mechanism and is indepen-
dent of resistivity. In the present work we consider
two possibilities: converging flows created by the long
term evolution of coronal structures and converging
flows due to flow instabilities. While the first mech-
anism has been invoked in the flux rope model of coro-
nal mass ejections (CME) [1], the second mechanism
has been proposed recently in studies of the evolution
of helmet streamer configurations in presence of veloc-
ity shears [2]. Velocity shear induces the onset of the
Kelvin Helmhotlz instability that leads to the compres-
sion of field lines in localized zones. Localized compres-
sion, in turn, leads to reconnection driven by the flow.
The presence of the Kelvin-Helmholtz instability can be
due to superAlfvenic field aligned flows or even to sub-
Alfvenic flows across the field lines. [1] T.G. Forbes, J.
Geophys. Res. 95, 11919 (1990). [2] G. Lapenta, D.A.
Knoll, Solar Phys., 214, 107 (2003)
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Using data from SOHO and TRACE, we investi-
gate the emergence, evolution and dissipation of mag-
netic active regions in the solar interior and atmo-
sphere by comparing 3D maps of subsurface struc-
tures and plasma flows, obtained by acoustic tomog-
raphy, with the corresponding photospheric magne-
tograms and coronal EUV images. We find that the
growth of active regions is characterized by multiple
emergence of magnetic flux structures propagating very
rapidly in the upper convection zone and by the forma-
tion of large-scale converging flows. During the decay,
we have observed mostly diverging flows, and have at-
tempted to detect submergence of magnetic flux. We
look at some details of the dynamics of active regions,
and discuss initial results of a search for the rela-
tionship between subphotospheric shearing flows, and
changes in magnetic topology and flaring activity in
the corona.

URL: http://sun.stanford.edu
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The polar jets are dynamic coronal eruptions origi-
nating in the low solar atmosphere, in flaring UV bright
points within polar coronal holes. They were first ob-
served by SOHO instruments (EIT, LASCO) during last
solar minimum in 1996 when the polar holes were dom-
inating coronal structures. UVCS/SOHO obtained ul-
traviolet spectroscopy of the jet providing us with es-
timates of the jet plasma conditions, evolution of the
electron temperature and heating rate required to re-
produce the observed ionization state. As the Sun is
currently at the declining phase of its activity, the polar
holes again became permanent structures. The SOHO
Joint Observing Program (JOP 155) was designed to
identify and study the jet phenomena that would be
counterparts of the solar minimum polar jets. The
jets are believed to be triggered by field line reconnec-
tion between emerging magnetic dipole and pre-existing
unipolar field. Existing models predict that the hot
jet is ejected together with another jet of a cool mate-
rial. The particular goal of the coordinated SOHO and
TRACE observations was to look for possible associa-
tion of the hot and cool plasma ejections. We present
first results of the campaign and discuss their implica-
tions.
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Coordinated UVCS/SOHO and VLA coronal obser-
vations took place during August 16–19, 2003. The
radio source 3C 228 passed behind a streamer in the
northeast at a heliocentric distance of about 7 solar
radii, and behind the north coronal hole at about 4 so-
lar radii in the latter part of the radio observation. The
goal of this campaign is to combine the analysis of radio
polarimetric sounding measurements of the corona with
ultraviolet spectroscopy of the same regions, in order to
obtain qualitatively new information about the proper-
ties of the solar coronal plasma. The Ultraviolet Coro-
nagraph Spectrometer (UVCS) aboard SOHO observed
O VI (103.2 and 103.7 nm) and H I Lyman alpha (121.6
nm) emission lines to determine kinetic temperatures,
average densities and outflow speeds in the corona.
UVCS observations provide unique information on the
heating and acceleration processes in the corona. The
Very Large Array (VLA) observations reveal the Fara-
day rotation of polarized radio waves due to passage
through the magnetized plasma of the corona. These
measurements provide limits on the coronal magnetic
field strength and constrain the properties of magneto-
hydrodynamic (MHD) waves. Radio propagation tech-
niques are a useful complementary tool to ultraviolet
coronagraphic spectroscopy in determining the physi-
cal processes that are responsible for the heating of the
extended corona and the acceleration of the solar wind.
This work is supported by NASA under Grant NAG5-
12865 to the Smithsonian Astrophysical Observatory,
by the Italian Space Agency and by PRODEX (Swiss
contribution).
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Statistical Study of Hard X-ray
Footpoint Region
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We show statistical characteristics of hard X-ray
footpoint sources derived from THE YOHKOH FLARE
IMAGE CATALOGUE. We use many hard X-ray im-
ages over the whole YOHKOH mission period (1991/08
- 2001/12) and the study is concentrated on follow-
ing two points. 1) Average height of hard X-ray foot-
point sources in the four HXT(Hard X-ray Telescope)
energy bands (14-23, 23-33, 33-53, 53-93 keV). 2) Spec-
tral characteristics of hard X-ray footpoint sources. We
mainly revealed that A) the hard X-ray emission comes
from just above the Hα emitting region and the acceler-
ated electrons loose their energy within 1000 km length
leading to the high density around footpoints, and that
B) Many hard X-ray footpoint sources show a broken
power-law spectrum with very hard spectrum in the low
energy range (20-30 keV), suggesting a cut off energy
of accelerated electrons is around 20 keV - 30 keV at
least.
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EUV/X-ray Bright Points indicate permanent heat-
ing processes in the solar atmosphere. We used the
information of observed magnetic fields and photo-
spheric motion to simulate numerically by a global
MHD approach, coupled to an appropriate kinetic
model desrcibing dissipation, the physical processes be-
hind the heating of the solar atmosphere. It appears
that shear flow reconnection near the transition region
is the main candidate to understand the localized heat-
ing behind Bright Points.
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Recent studies (Hu et al., 2003a,b) have shown that
multiple flux-rope configuration of magnetic ejecta in
the solar wind at 1 AU is not rare. Those authors ex-
amined ACE magnetic and plasma data for the years
1998-2000. They found about 4 double flux-rope ejecta
events and 1 triplet among 31 events which were iden-
tified by primarily looking at magnetic field measure-
ment for flux rope signatures. The data analysis tech-
nique employed is capable of generating a two and
a half dimensional cross-section of the structure con-
vecting past the spacecraft by solving the plane Grad-
Shafranov equation directly utilizing spacecraft data
as spatial initial input. The results showed multiple
non-axisymmetric cylindrical flux ropes nested within
a boundary surface. They were assumed to have exactly
the same axis orientation. Further analysis will be car-
ried out by examining the individual flux rope in a mul-
tiple rope system separately. The individual field line
twist and relative orientation between flux-rope axes
will be reported. Implications of X-point formation in
a presumably twisted multiple flux-rope system will be
discussed. Multi-spacecraft validation of these results
will be presented. Possible solar connections of these
systems, such as the comparison of the signs of mag-
netic helicity, will be explored.
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We present the results of a comprehensive catalog
of EIT wave transients and coronal dimmings. We
will compiled a set of more than 170 events, and we
present strong evidence for the association of the co-
development of coronal dimmings and EIT waves. Both
limb and disk events are included in this study. We also
include the speeds, locations, and associated flare tim-
ing in this study.
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Outward motions are frequently observed in the low
corona, especially in the early phase of solar flares.
Some of these motions, observed in X-ray, EUV, and
radio wavelengths, appear to be intimately linked to
coronal mass ejections (CMEs) as observed by white-
light coronagraphs, typically above 2 Rsun. In prin-
ciple, a combination of X-ray/EUV/radio and corona-
graph data should give many constraints on models of
CME initiation and early propagation. However, such
attempts are not straightforward because of the diver-
sity of low coronal motions, which often have unclear
relationships, if any, to the CME. In this presentation,
we compare many examples of low coronal motions ob-
served by TRACE and Yohkoh with CMEs observed by
LASCO, and discuss what we can objectively conclude
from the data. Errors resulting from the inclusion of
different and possibly incompatible data in a single so-
called height-time plot are discussed. We also study
the reality of the flare association of CMEs, which, ac-
cording to the height-time plots, precede the flare and
hence the low coronal motions by more than an hour.
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Solar filament disappearance (Disparition Brusque:
DB) is often accompanied by a great magnetic activ-
ities such as flares and transient shock waves on and
near the solar surface as well as enormous disturbances
in interplanetary space due to the associated coronal
mass ejection (CMEs). Thus, DBs are of great inter-
est not only to solar physics research, but also to space
science, and solar-terrestrial study. Since it is impos-
sible to measure the velocity field of DBs with ordinal
observations in the Hα line center alone, most previous
studies have focused on the morphological signatures
of DBs. In order to obtain the physical characteris-
tics of DBs and relate them to other active phenomena,
much effort is put into the calculation of their three-
dimensional (3-D) velocity fields. Using the Hα line
center, blue and red wing (Hα±0.8 Å) images obtained
by the Flare Monitoring Telescope (FMT) at Hida Ob-
servatory, Kyoto University, and based on the Beckers’
cloud model, we developed a new method to obtain the
line-of-sight velocity of disappearing solar filaments.
The line-of-sight velocity is obtained (i) by calculating
the Hα line profile of the filament, and (ii) by mea-
suring the Doppler shift which best fits the observed
temporal variations of contrasts of the filament. The
tangential velocity is obtained by tracing the motions
of internal structures on successive images, and both
line-of-sight and tangential velocities are combined to
yield the 3-D velcoty field of DBs. In this method, cor-
rections for the effective filter bandwidths of the in-
strument, stray light and Doppler brightening effect,
are performed. Using the 3-D velocity field of DBs,
we also developed a method to judge whether the DB
was ejected into interplanetary space (eruptive) or re-
mained in the corona (quasi-eruptive). The type of DBs
are compared with the type of the associated coronal
activites such as arcade formations observed in soft X-
rays and EUV, CMEs and we conclude that the cal-
culation of the three dimensional vector trajectories of
disappearing filaments with our method can enhance
the quality of space weather forecast and improve its
accuracy.
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We investigate the evolution of morphological fea-
tures during a coronal mass ejection (CME) occur-
ring in a specific magnetic configuration in the present
work. The results indicate that part of the magnetic
flux and plasma ejected into the heliosphere by a CME
exist in the flux rope or prominence prior to the erup-
tion. For the parameters we chose for the present work,
our calculations show that more than one third of the
ejected plasma is continuously brought by magnetic re-
connection from the corona during the eruption, and
around a half amount of the poloidal flux, together with
the plasma, is collected by reconnection from the coro-
nal magnetic field and then is sent into interplanetary
space via the upper tip of the current sheet. The re-
connected magnetic flux is able to account for the fast
expansion of the ejecta. The temperature of the re-
connected plasma is fairly high (up to ∼ 107 K), and
blending of this hot plasma with cold prominence mate-
rial may drive the prominence from absorption to emis-
sion in the EUV. This process constitutes a natural and
straightforward mechanism for prominence heating dur-
ing the eruption.


