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Fine structures and dynamics of prominences and
filaments

Berger Thomas 1

1: National Solar Observatory (NSO)
950 North Cherry Avenue, Tucson, AZ 85719

We review recent observations of prominence and filament fine structure and dynamics made
with the Hinode/Solar Optical Telescope (SOT), the Solar Dynamics Observatory/Atmospheric
Imaging Assembly (AlA), and ground-based telescopes. The 2006 launch of the Hinode/SOT
revitalized the study of prominence dynamics by showing that even the most quiescent
prominences are in constant motion with filamentary downflows, large-scale vortex motions,
fine-scale oscillations, and occasiona Rayleigh-Taylor buoyancy instabilities triggering
turbulent upflows. The (re)discovery of the prominence Rayleigh-Taylor instabiltiy in particular
has |ed to vigorous debate on the nature of flows in prominences, the role of the magnetic field
in structuring those flows, and the origin of the buoyancy in the generating "bubbles’. We focus
on the nature of these prominence bubbles, using AIA observations to explore the hypothesis
that they are due to emerging magnetic flux that undergoes rapid heating to create a " magneto-
thermal™ buoyancy instabilty (Berger et al. 2011 Nature). Together with the observations of
apparent runaway radiative cooling leading to prominence condensation from the corona (Liu
et al. 2012, Berger et a. 2012 ApJL) and new theoretical developments on spontaneous current
sheet formation leading to prominence downflows (Low et a. 2012a,b ApJ), these observations
imply the possibility of anovel form of convection that transports hot plasma and magnetic flux
upwards into the coronawhile the cool prominence plasma downflows represent the return flow
of the system.
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Theoretical M odels of the Origin of Prominence M ass

Karpen Judy **, Luna Manuel

1: NASA Goddard Space Flight Center (GSFC)
Code 674 8800 Greenbelt Rd. Greenbelt, MD 20771

www.gsfc.nasa.gov
* : Corresponding author

Prominences are spectacular manifestations of both quiescent and eruptive solar activity. The
largest examples can be seen with the naked eye during eclipses, making prominences among
the first solar features to be described and catalogued. Steady improvements in temporal and
spatial resolution from both ground- and space-based instruments have led us to recognize how
complex and dynamic these majestic structuresreally are. Their distinguishing characteristics ?
cool knots and threads suspended in the hot corona, alignment along inversion lines in the
photospheric magnetic field within highly sheared filament channel s, and atendency to disappear
through eruption ? offer vital clues asto their origin and dynamic evolution. Interpreting these
clues has proven to be contentious, however, leading to fundamentally different models that
address the basic questions:What is the magnetic structure supporting prominences, and how
does so much cool, dense plasma appear in the corona?Iin this talk | will address the second
question, although significant insight into the magnetic structure can also be gained from the
plasma distribution and dynamics.

Despite centuries of increasingly detailed observations, the process responsible for prominence
mass has been difficult to establish, although we have long known that the chromosphere is the
only plausible source. A combination of observations, theory, and numerical modeling must be
used to determine whether any of the competing theories accurately represents the physics of
prominence mass formation and evolution. | will discussthe criteriafor asuccessful prominence
model, comparetheleading models, and present in detail one promising, comprehensive scenario
for prominence mass formation and evolution: the thermal nonequilibrium model.
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Prominence Seismology

Ballester José 1

1: Universitat Illes Balears (UIB)
Departament de Fisica. Edifici Mateu Orfila. C. Valldemossa, km 7,5. E-07122 Palma de Mallorca

Prominence Seismology

J. L. Ballester

Departament de Fisica

Universitat Illes Balears

E-07122 Palmade Mallorca (Spain)
joseluis.ballester@uib.es

Magnetohydrodynamic (MHD) wave activity is ubiquitous in the solar atmosphere. MHD
seismology aims to determine difficult to measure physical parameters in solar magnetic and
plasmastructures combining observed and theoretical propertiesof MHD wavesand oscillations.
Here, we will present an overview of recent results obtained by applying this technique to large
and small amplitude oscillations observed in prominences. Furthermore, we will consider how
thestudy of MHD instabilitiesin prominencescould also hel pto determineitsphysical properties.
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Formation and evolution of an activeregion filament

Kuckein Christoph 1*, Martinez Pillet Valentin 2, Centeno Rebeca 3, Yelles Lotfi 2, Moreno-
Insertis Fernando 2

1: Leibniz Ingtitute for Astrophysics Potsdam (AlP)
An der Sternwarte 16 14482 Potsdam
www.aip.de

2 : Ingtituto de Astrofisicade Canarias (IAC)
C/ VialLactea, §n 38200 La Laguna
WWWw.iac.es

3: High Altitude Observatory (HAO)
3080 Center Green Dr., Boulder, CO 80301
http://www.hao.ucar.edu/

* : Corresponding author

Several scenarios explaining how filaments are formed can be found in the literature. In our
study, we studied an active region filament and critically evaluated the observed properties in
the context of current filament formation models. This study is based on multi-height
spectropolarimetric observations. The inferred vector magnetic field has been extrapolated
starting from the photosphere and the chromosphere. The line-of-sight motions of the filament,
which was located near disk center, have been analyzed inferring the Doppler velocities. We
conclude that part of the magnetic structure emerges from below the photosphere.
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The Evolution of Barbs of a Polar Crown Filament
Observed by SDO

Li Leping ¥*, Zhang Jun 1

1: National Astronomical Observatories, Chinese Academy of Sciences
20A Datun Road, Chaoyang District, Beijing, China
* : Corresponding author

From 16 to 21 August 2010, a northern (?N60) polar crown filament was observed bySolar
Dynamics Observatory(SDO). Employing the six-day SDO/AIA data, weidentify 69 barbs, and
select 58 of them, which appeared away from the western solar limb (AW60), as our sample. We
systematically investigate the evolution of filament barbs. Three different types of apparent
formation of barbs are detected, including i) the convergence of surrounding moving plasma
condensations, comprised 55.2 % of our sample, ii) the flows of plasma condensations from the
filament, comprised 37.9 %, and iii) the plasma injections from the neighboring brightening
regions, comprised 6.9 %. We also find three different ways that barb disappear, involving: i) bi-
lateral movements (44.8 %), and ii) outflowing of barb plasma (27.6 %) results in the
disappearance of abarb, aswell asiii) disappearance of abarb is associated with a neighboring
brightening (27.6 %). The evolution of the magnetic fields,e.g.emergence and cancellation of
magnetic flux, may cause the formation or disappearance of the barb magnetic structures. Barbs
exchange plasma condensations with the surrounding atmosphere, filament, and nearby
brightenings, leading to the increase or drainage of barb material. Furthermore, we find that all
the barbs undergo oscillations. The average oscillation period, amplitude, and velocity are 30
min, 2.4 Mm, and 5.7 km s?1, respectively. Besides the oscillations, 21 (36 %) barbs manifested
sideward motions having an average speed of 0.45 km s?1. Small-scale wave-like propagating
disturbances caused by small-scal e brightenings are detected, and the barb oscillations associated
with these disturbances are aso found. We propose that the kinematics of barbs are influenced
or even caused by the evolution of the neighboring photospheric magnetic fields.
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The damping of transver se oscillations of prominence
threads. a compar ative study

Soler Roberto ¥, Oliver Ramon 1, Ballester José Luis?

1: Universitat llles Balears (UIB)
Departament de Fisica. Edifici Mateu Orfila. C. Valdemossa, km 7,5. E-07122 Palma de Mallorca
* : Corresponding author

Transverse oscillations of thin threads in solar prominences are frequently reported in high-
resolution observations. Thetypical periods of the oscillations arein the range of 3 - 5 minutes.
A peculiar feature of the oscillationsis that they are damped in time, with short damping times
on the order of few periods of the oscillation. Theoretically, the oscillations are interpreted as
kink magnetohydrodynamic waves. However, the mechanism responsible for the damping isnot
well known and several causes have been suggested. Here we perform a comparative study
between different physical mechanisms that may damp kink waves in prominence threads. The
considered processes are thermal conduction, cooling by radiation, resonant absorption, and ion-
neutral collisions. Our results indicate that thermal conduction and cooling are very inefficient
for the damping of kink waves and, therefore, these mechanisms can be discarded. on-neutral
collisions are important for short-period waves but their effect is minor for waves with periods
usually observed. Resonant absorption is the only process that produces an efficient damping.
The damping times theoretically predicted by resonant absorption are compatible with those
reported in the observations. Based on this conclusion and in the context of prominence
seismol ogy, we show that it ispossibleto apply the existing seismological schemesfor resonantly
damped kink waves to the case of prominence thread transverse oscillations.
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Non-LTE Modeling and Observations of Oscillating
Prominences

Zapior Macig ¥, Heinzel Petr 2, Ballester José Luis?, Oliver Ramon 1, Kotr? Pavel 2

1: Universitat delesllles Balears (UIB)
Crta Valldemossa, km 7,5 Palma de Mallorca llles Balears
www.uib.es

2 : Astronomical Institute, Academy of Sciences of the Czech Republic
Fricova 298 251 65 Ondrejov

http://asu.cas.cz
* . Corresponding author

We model H-alpha and H-beta spectral lines in the presence of prominence oscillations. Since
MHD waves cause oscillatory fluctuations of the plasma parameters (velocity, temperature,
pressure, density), which are different at different depths, the resulting line profiles consist of
particular contributionsfrom arange of optical depths. We analyze temporal behavior of theline
profiles, namely the Doppler shift, maximum intensity, and FWHM. Our simulations were
performed for the fundamental and first harmonic slow and fast modes. The synthetic spectra
can be compared with the observed ones collected during the joint Polish-Czech observational
campaign devoted to a simultaneous detection of prominence oscillations from two distant sites.
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Quiescent prominence fine structure modelling

Gunar Stanidav *, Heinzel Petr 2

1: Astronomical Institute of the Academy of Sciences of Czech Republic (AIAS)
Fri?ova 298 251 65 Ond?ejov

2. Astronomical Institute, Academy of Sciences of the Czech Republic
Fricova 298 251 65 Ondrejov

http://asu.cas.cz
* 1 Corresponding author

Unprecedented amount of detailed, high-resolution observations of the prominence fine
structures provided by present space-borne and ground-based observatories represents a
significant challenge for the prominence modelling. Today's models have to cope with the
increasingly finer dimensions and ever better resolved dynamics of the observed fine structures.
However, the increasing complexity of the prominence fine structure models opens new
opportunities for the deepening of our understanding of these spectacular solar features.
Currently, prominence fine structure modelling stands on three main pillars. simulations of
prominence magnetic field configurations, modelling of radiative transfer in the prominence
plasma, and modelling of prominence fine structure dynamics. We will review the state-of-the-
art and achievements of the present models and we will try to illuminate the future directionsin
which these efforts will need to go in order to provide better answers to many questions posed
by observations.
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On the nature of the prominence corona transition region

Parenti Susanna?!

1: Royal Observatory of Belgium - STCE
Brussels
http://sidc.oma.be/

The Prominence-Corona-Transition-Region (PCTR) interfaces the cool and dense prominence
with the hot and lessdense corona. The PCTR, as observed for aprominenceat thelimb, isbright
in the UV band and shows a fine scale dynamics. Having thisinterface role it contributes to the
stability of the whole structure.

Inthistalk | will review the main observational properties of the PCTR. | will highlight the new
advances as derived from recent data and point out the observational limitations still to be
overcome.
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Plasma propertiesin eruptive prominences

Labrosse Nicolas *

1: University of Glasgow (Glasgow Univ.)
Glasgow G12 8QQ Scotland
http://www.gla.ac.uk/

* : Corresponding author

Prominence eruptions are one of the most spectacular manifestations of our Sun's activity. Yet
there is still some mystery around their relevant physical conditions. What are their plasma
parameters? How different are they from those of quiescent prominences? How do they relate
to those within coronal mass € ections?

I will briefly review some recent results which contribute to our knowledge of the plasma
properties in eruptive prominences, with a slight emphasis towards advances in modelling. In
particular | will discuss how non-LTE radiativetransfer modelling, combined with observational
data analysis, can help us achieving this goal. Open issues will be discussed.

10/75



Deter mination of Temperaturein Solar Prominences/
Filaments Using FI SS Observations

Chae Jongchul **, Park Hyungmin 2, Song Donguk 2

: Seoul National University
1 Gwanak-ro, Gwanak-gu, Seoul 151-747
: Seoul National University
1 Gwanak-ro, Gwanak-gu, Seoul 151-747 Department of Physics and astronomy
. Seoul National University
1 Gwanak-ro, Gwanak-gu, Seoul 151-747 Dept of Physics and Astronomy
* . Corresponding author

w N

Determining the distribution and variation of temperature inside a prominence is fundamental
to understanding its thermal structure and the revevant heating/cooling processes. The spectral
analysis of the H apha line and the Ca Il 854.2 nm line that sense the same volume of the
prominence may |lead to the determination of Doppler widthswhich in turn resultsin the separate
determination of temperature and non-thermal speed of the volume. Using the Fast Imaging Solar
Spectrograph of the New Solar Telescope at Big Bear, we simultaneously recorded the two lines
at prominences observed outside the solar limb and filamentson the disk. We applied the Becker's
cloud model fit to the data, with zero background intensity profile in prominences and with
carefully constructed background intensity profileinfilaments. These observationswith different
perspectives and different analyses produce consistent results. temperature inside prominences/
filaments ranges from 4500 to 14500 K (2 sigmarange) with a mean of 9500 K. In addtion, we
find that the varation of temperature occur spatialy and temporarily in each prominence. We
expect that this kind of observationa and analysis with higher spatial resolution and higher
temporal resolution will provide uswith agood chancefor the detailed study of plasma processes
in prominences.
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Rayleigh?Taylor instability in prominences from
numerical ssimulationsincluding partial ionization effects

Khomenko Elena, Diaz Antonio 1, De Vicente Angel, Luna Manuel 2, Collados Manuel

1: Instituto de Astrofisicade Canarias (IAC)
ViaLactea, sn LaLaguna, Tenerife
WWW.iac.es

2 : Ingtituto de Astrofi?sica de Cana?rias
Canary Islands

Solar prominences consist in cool, dense, and partially ionized chromospheric plasmaremaining
stablefor daysinthe solar corona. They should be a subject to Rayleigh?Taylor instability (RTI),
when a cooler material forms turbulent drops, mixing with a hotter underlying material. High-
resolution observations indeed reveal turbulent up- and down-flows from the visible base of
prominences. We study the physics of Rayleigh?Taylor instability by means of 2.5D numerical
simulations in a single-fluid MHD approach including a generalized Ohm's law. Our am isto
understand the influence of alarge fraction of neutral atomsinto the the stability of prominences
and the development of RTI. The initial configuration includes a homogeneous magnetic field
forming an angle with the direction in which the plasma is perturbed. We study the instability
onset time, the growth rate, and the vel ocity of the downflowing turbulent drop as a function of
the orientation of the magnetic field and the fraction of neutrals in the prominence material. We
compare the numerical results with the analytical linear calculations in the initial stage of the
instability.

12/75



Deter mination of Prominence Plasma ? from the
Dynamics of Rising Plumes

Hillier Andrew 1, Hillier Richard 2, Tripathi Durgesh 3

1 : Kwasan Observatory, Kyoto University (Kwasan Obs.)
17-1 Kitakazan-ohmine-cho, Yamashina-ku, Kyoto, 607-8471
2 : Department of Aeronautics, Imperial College
Department of Aeronautics, Imperial College, London
3: Inter-University Centre for Astronomy and Astrophysics (IUCAA)
Inter-University Centre for Astronomy and Astrophysics, Post Bag 4, Ganeshkhind, Pune 411 007

The launch of Hinode satellite gave high resolution observations of rising plumes, dark in
chromospheric lines, in quiescent prominences that propagate from large bubbles that form at
the base the prominences. These plumes present a very interesting opportunity to study
Magnetohydrodynamic (MHD) phenomenon in quiescent prominences, but obstacles still
remain. One of the biggest issues is that of the magnetic field strength, which is not easily
observable in prominences.

Inthispaper we present amethod that may be used to determinethe plasma?(ratio of gaspressure
to magnetic pressure) when rising plumes are observed. Using the classic fluid dynamic solution
for flow around acircular cylinder, the compression of the prominence material can be estimated.
Thishas been successfully confirmed through simulations, and application to aprominence gave
an estimate of the plasma ? as 7=0.47 - 1.13 for aratio of specific heatsof 1.4 - 1.7.

Using this method it may be possible to estimate the magnetic field of observed prominences,
therefore hel ping our understanding of a prominence'sdynamicsin termsof MHD phenomenon.
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| nference of the Magnetic Field Vector in Prominences

Lites Bruce?

1: National Center for Atmospheric Research (NCAR)
Bulder, USA

Prominences owe their existence to the presence of magnetic fields in the solar corona. The
magnetic field determines their geometry and are crucia to their stability, energetics, and
dynamics. This review summarizes techniques for measurement of the magnetic field vector in
prominences. New techniques for inversions of full Stokes spectro-polarimetry, incorporating
the the Zeeman and Hanle mechanisms for generation and modification of polarization, are now
at the forefront of field measurements in prominences. Instrumental requirements for effective
measurement of prominences are also reviewed, as are measurements of the magnetic fieldsin
the photosphere below prominences, and how they may be used to infer the field geometry in
and surrounding the prominence itself.
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On the magnetic topology of quiescent prominence
bubbles

Dudik Jaroslav 1=, Aulanier Guillaume 3, Schmieder Brigitte 3, Zapior Macig 4, Heinzel Petr
5
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Dudik, J., Aulanier, G., Schmieder, B., Zapior, M., Heinzel, P,

We report on observations and modeling of cusp-shaped polar-crown prominence with alarge
bubble observed by the SDO/AIA imager and H a pha M SDP spectrograph (Bialkow). Intensity
cuts in the SDO/AIA corona images show that the emission of the bubble viewed face-on is
equivalent or less than the typical coronal emission away from the prominence. We built linear
force-free models of the observed prominences. These models contain aflux rope perturbed by
inclusion of one or two parasitic bipoles. Shearing these bipole lead to formation of cusp-shaped
with bubbles similar to the observed ones. Projection effectscreateillusion of vertical structures,
which arein fact composed of magnetic dips viewed nearly along the magnetic field. While the
prominence body contains magnetic dips, the field geometry in the bubble is that of an arcade.
These different flux systems are separated by fan surfaces of two magnetic null-points. The fan
surfacesintersect at a separator located at the boundary between the bubble and the prominence
body. We conjecture that the formation of plumes involves reconnection at the separator.
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A first look into the magnetic field configuration of
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We show first results of an ongoing investigation aimed at determining the configuration of the
magnetic field vector in the threads of a quiescent hedgerow solar prominence using high-spatial
resolution spectropolarimetric observations taken in the He | 1083.0 nm multiplet. The data
consist of atwo-dimensional map of a quiescent prominence and a dlit time series showing the
evolution of prominence threads. The time series samples the rise of a prominence bubble. The
observations were obtained with the Tenerife Infrared Polarimeter (TIP) attached to the German
Vacuum Tower Telescope at the Observatorio del Teide (Spain). We a so use datafrom the Solar
Dynamic Observatory and the STEREO satellitesto put the TIP observations in context. The He
| 1083.0 nm Stokes signals are interpreted with the HAZEL inversion code, which takes into
account the key physical processes that generate and/or modify circular and linear polarization
signalsin the He | 1083.0nm triplet: the Zeeman effect, anisotropic radiation pumping, and the
Hanleeffect. Weinvestigatethe polarization signal sand show mapsof the strength and orientation
of themagnetic field vector in the prominencethreadsand in areas surrounding of the prominence
bubble. We also investigate the variations of the magnetic field vector during the rising of the
prominence bubble.
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Observation of the magnetic field in solar tornadoes
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We present high sensitivity (10"-4) spectropol arimetric observations, with high spatial resolution
(~0.6"), and temporal evolution (up to four hours) of the recently discovered "solar tornadoes’.
The spectropolarimetry was performed at the He | line at 108.3 nm with the TIP instrument
attached at the VTT (Observatorio del Teide). Simultaneousdly, at the sametel escope, werecorded
high cadence (~ 2sec) movies at the core of the Halpha line and the Call K line, which have
been treated with blind deconvolution techniques to reach the diffraction limit of the telescope.
Context EUV images from the SDO satellite have also been included in our analysis.

From inversion of the spectropolarimetric data and the simultaneous multiwavelength
observations we recover the full magnetic field topology and strength, evolving intime. Thisis
the first empirical reconstruction of the magnetic field in a solar tornado, which have been
associated with the barbs of filaments. Finally, 1 will also discuss important issues on the
observations and data analysis, as well as on the weaknesses of previous inversion approaches,
and how to overcome them.
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Chromospheric magnetic field of an active region
filament usingtheHel triplet and the primary
observation of filaments (prominences) using New
Vacuum Solar Tower of China
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There aretwo partsin my presentation. In thefirst part | present the magnetic field measurement
of an active region filament using the full Stokes profiles of He | 10830 and Si | 10827 band
whenthefilament initsstable phase. Thisobservation wasfulfilled using German Vacuum Tower
Telescope (VTT). The vector magnetic field and Doppler velocity map both in the photosphere
and chromosphere were observed and analyzed co-temporally and co-spatially. The observation
findingsreveal that we were observing the emergence of aflux rope with asubsequent formation
of afilament.

In the second part, | would like to exhibit another ground-based observation facility, 1m New
Vacuum Solar Telescope (NVST) located in Fu-Xian Lake Solar Observatory of China. After
the basic introduction including the location and instrumentations, | give some high lights
including granulation, faculae, micro-flares, jets, and filaments or prominence since the first
running in 2010, showing our potential ability to do high-resolution solar observation from the
ground. Observation proposals from the international solar community are well appreciated in
future.
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The magnetic configuration hosting prominences and their surrounding coronal
structure is a key research topic in solar physics. Recent theoretical and
observational studies strongly suggest that a helical magnetic flux ropeisa
key ingredient to fulfill most of the theoretical and observational requirements
for hosting prominences. The formation of aflux rope has to date been studied
by models based on force-free extrapolations or zero-beta magnetohydrodynamic
simulations. The key process, involving magnetic reconnection of sheared
magnetic arcades at polarity inversion lines, has not fully been demonstrated.
To understand flux rope formation details and obtain magnetic configurations
suitable for future prominence formation studies, we here report on
three-dimensional isothermal magnetohydrodynamic simulations including finite
gas pressure and gravity. Starting from a magnetohydrostatic coronawith a
linear force-free bipolar magnetic field, we follow its evolution when
introducing vortex flows around the main polarities and converging flows
towards the polarity inversion near the bottom of the corona. The converging
flows bring feet of different |oops together above the polarity inversion line
and magnetic reconnection happens. Outflow signatures of the reconnection
process are identified, and the thereby newly formed helical loops wind around
pre-existing ones so that a complete flux rope grows and ascends. When a
macroscopic flux rope is formed, we switch off the driving flows and find that
the system relaxes to a stable state containing a helical magnetic flux rope
embedded in an overlying arcade structure. Thisis the first numerical
demonstration of large-scale stable helical flux rope formation which includes
plasma and gravitational stratification effects. This paves the way to true
ab-initio ssimulations for prominence-hosting magnetic configurations.
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Structure and topology of magnetic fieldsin solar
prominences and their local environments
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Magnetic fields are believed to play an important role in the support of filament/prominence
plasmas against gravity. | review recent observations of prominence fine structure and dynamics,
as well as measurements of prominence magnetic fields using the Hanle effect. Observations
indicate that on large scales (~ 100 Mm) prominences are located in coronal magnetic flux ropes
or sheared arcades that lie horizontally above polarity inversion lines in the photosphere. For
activeregion filamentsthefield is highy sheared but weakly twisted; for quiescent filamentsthe
degree of twist in the flux ropesis still unknown. The plasma may be supported by dipsin the
field lines. The long lifetime of prominences implies that the flux ropes or sheared arcades are
in magnetostatic balance with their surroundings, i.e., they are held down by less-sheared
overlying arcades. Models for the 3D magnetic fields in and around prominences, based on
photospheric magnetograms, have been devel oped using varioustechniques. Thesemodelsallow
detailed investigation of the magnetic topology and the role of the magnetic field in solar
eruptions. On smaller spatial scales (A related question is how mass is injected into the these
vertical threads. Different models for prominence formation and support are discussed.
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Hemispheric Patternsin Filament Chirality and Sigmoid
Mor phology over the Solar Cycle
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We have used two automated feature finding modules devel oped by the SDO Feature Finding
Team (FFT), namely the "Sigmoid Sniffer” and the "Advanced Automated Solar Filament
Detection and Characterization Code", to study the statistics and correlations of these two
phenomena from AIA and ground-based H-alpha observations. We find some familiar, some
new, and some startling results.

New, as far as we know, but expected, is the strong correlation between filament chirality and
sigmoid handedness. Surprising isadouble-humped distribution of the anglethat filaments make
with respect to the equator. Startling is that we have found no confirmation of the chirality
hemispheric rule so far for the current cycle. Looking at the filament chirality data since 2000
we find earlier published results on the hemispheric chirality rule at the beginning of cycle 23
confirmed, and we also find that this rule sometimes applies while at other times there is no
hemisphericrule. Wewill offer suggestions, but have no definitive answer asto why thishappens.
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Magnetism and the Invisible Man: The Mysteries of
Coronal Cavities
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M agneti sm definesthe complex and dynamic solar corona. Twistsand tanglesin coronal magnetic
fields build up energy and ultimately erupt, hurling plasma into interplanetary space. These
coronal mass gections (CMESs) are transient riders on the ever-outflowing solar wind, which
itself possesses a three-dimensional morphology shaped by the global coronal magnetic field.
Coronal magnetism is thus at the heart of any understanding of the origins of space weather at
the Earth. However, we have historically been limited by the difficulty of directly measuring the
magnetic fields of the corona, and have turned to observations of corona plasma to trace out
magnetic structure. This approach is complicated by the fact that plasma temperatures and
densities vary among coronal magnetic structures, so that |ooking at any one wavelength of light
only shows part of the picture. Infact, in someregimesitisthelack of plasmathat isasignificant
indicator of themagnetic field. Such acaseisthe coronal cavity: adark, elliptical regioninwhich
strong and twisted magnetism dwells. | will elucidate these enigmatic features by presenting
observations of coronal cavities in multiple wavelengths and from a variety of observing
vantages, including unprecedented coronal magnetic field measurements now being obtained by
the Coronal Multichannel Polarimeter (CoM P). These observations demonstrate the presence of
twisted magnetic fieldswithin cavities, and al so provide cluesto how and why cavitiesultimately
erupt as CMEs.
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Diagnosing the Prominence-Cavity Connection
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The leading paradigm to describe the formation of cavities suggests that cavities are rarified
because they supply mass to the prominence through a condensing process. In this study, we use
time-dependent EUV emission and a hydrodynamic model for catastrophic cooling to test this
hypothesis. Observationally, the cavity and the prominence exhibit strongly correlated dynamic
emission structuresthat werefer to ashorns. We conduct astatistical study of thespatial, temporal,
and spectral characteristicsof hornsinthe SDO/AIA dataset. We find thereisastrong correlation
between the 304A and 171A data but a very weak correlation between the 171A and 193A data.
This suggests that horns may be a signature of the cooling process. We extend this analysis by
comparing the light curves observed in horns to synthetic light curves based on 1D simulations
of the thermal non-equilibrium (TNE) model, which produces a prominence through heating.
While the TNE model shows a correlation between 171A emission and the formation of a
condensation, the model predicts that the coronal segment of a post-condensation loop will be
density-enhanced relative to an identical non-condensed loop. Based on the TNE model, we
suggest that the cavity cannot bethe mass source of the prominence, asthe cooling processwould
produce density-enhanced cavities as opposed to the rarified cavities we observe in the corona.
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During the total solar eclipse of 11 July 2010, dlitless flash spectra were obtained
simultaneously with SWAP/Proba2 174 and AIA/SDO 171, 193, 304 and 131 images.

The optically thin neutral Helium at 4713 A and singly ionized Helium 4686 A Paschen alpha
lines are identified on eclipse (15 frames/seconde cadence) spectra where regions of limb
prominences are obtained with space-borne imagers.

We summed 80 individual spectrato perform a 2D mapping of theratio | (Hel 4713) /| (Hell
4686) and demonstrate a rising of the average temperature at the edge of the prominence. We
also evaluate for the first time the continuum modulations in spectrawith photometric accuracy.
Intensity deficits are observed near the prominence boundaries in both eclipse spectra and in
EUV images, confirming that the prominence cavity regions are characterized by some relative
depression of plasma density in the surrounding corona.

The enhanced heating occurring in these regions is also discussed.
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Large amplitude longitudinal (LAL) prominence oscillations consist of periodic mass motions
along a filament axis. The oscillations appear to be triggered by an energetic event, such as a
microflare, subflare, or small C-class flare, close to one end of afilament. Observations reveal
speeds of severa tensto 100 km/s, periods of order 1 hr, damping times of a few periods, and
displacements equal to a significant fraction of the prominence Iength. We have developed a
theoretical model to explain the restoring force and the damping mechanism. Our analytic model
for the LAL oscillations demonstrates that the main restoring forceisthe projected gravity in the
flux tube dips where the threads oscillate. Although the period isindependent of the tube length
and the constantly growing mass, the motions are strongly damped by the steady accretion of
mass onto the threads. We conclude that the LAL movements represent a collective oscillation
of alarge number of cool, dense threads moving along dipped flux tubes, triggered by a small,
nearby energetic event. Our model yields a powerful seismological method for constraining the
coronal magnetic field strength and radius of curvature at the thread locations.
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Observations and simulations of longitudinal oscillations
of an active region prominence
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Context. Filament longitudinal oscillations have been observed in H? observations of the solar
disk.

Aims. We intend to find an example of the longitudinal oscillations of a prominence, where the
magnetic dip can be seen directly, and examine the restoring force of this type of oscillations.
Methods. We carry out a multiwavelength data analysis of the active region prominence
oscillations above the western limb on 2007 February 8. In addition, we perform a one-
dimensional hydrodynamic simulation of the longitudinal oscillations.

Results: Our analysis of high-resolution observations performed by Hinode/SOT indicate that
the prominence, seen as a concave-inward shape in lower-resolution extreme ultraviolet (EUV)
images, consists of many concave-outward threads, which is indicative of magnetic dips. After
being injected into the dip region, a bulk of prominence material started to oscillate for more
than 3.5 h, with the period of 52 min. The oscillation decayed with time, on the decay timescale
133 min. Our hydrodynamic simulation can reproduce the oscillation period, but the damping
timescale in the simulation is 1.5 times as long as the observations.

Conclusions. The results clearly show the prominence longitudinal oscillations around the dip
of the prominence and our study suggests that the restoring force of the longitudinal oscillations
might be the gravity. Radiation and heat conduction are insufficient to explain the decay of the
oscillations. Other mechanisms, such aswave leakage and mass accretion, haveto be considered.
The possiblerelation between the longitudinal oscillationsand thelater eruption of aprominence
thread, as well as a coronal mass gjection (CME), is also discussed.
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Unusual migration of the prominence activitiesin recent
solar cycles
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The solar activity in recent solar cycles shows some anomalies. One of the significant anomalies
is that few sunspots appeared in this solar minimum. The number of the spotless days from the
late phase of Cycle 23 to the early phase of Cycle 24 islargest in the past 100 years. The other
significant anomaly is that the period of Cycle 23 was over 12 years. In order to understand the
anomalies, it isessential to know the variation of magnetic field distribution at the solar surface.
It iswell known that a prominence always lies on the boundariy between the opposite magnetic
polaritiesand aprominencesbecomesagood indicator of the global magnetic distribution. Hence
we investigated the global magnetic variation of the Sun based on the prominence activities.
Nobeyama Radioheliograph (NoRH) is an interferometer dedicated for solar observations in
microwave. NoRH started the observation in July 1992 and is continuing to take the microwave
images of the Sun. We developed the semi-automatic detection system of prominence activities
and applied it to over 20 years data of NORH. As a result, 1059 prominence activities were
detected. From the detected events, we made the butterfly diagram of the prominence
activities, and investigated the migrations of the producing region of prominence activities. The
plot shows that the magnetic variation in the southern hemisphere strayed from a usua solar-
cycle variation after the solar maximum of Cycle 23, despite the fact that the magnetic variation
in the northern hemisphere is usual. The hemispheric asymmetry may help to explain the
anomalies of recent cycles.
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eruptions
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It hasbeen shownthat theevol ution of thesolar global magneticfieldischaracterized by relatively
sudden rearrangements of the structure. It has also been found that the coronal magnetic field
strength follows the global magnetic field structure evolution and undergoes abrupt changes,
reflecting changes in activity within the large-scale magnetic patterns. The field strength
decreases during the times of the reorganizations of the global magnetic field. The prominence
eruptions can be the result of the removal of the restraining coronal magnetic field. When the
coronal magnetic structure is destroyed and the field diminishes, the force, which prevent a
filament from eruption, decreases and a prominence can erupt. This explains destabilization and
eruption of prominences not associated with flares, and processes in active regions, or with a
new magnetic flux emergence. Furthermore, during such a global magnetic field structure
reorganization, the number of prominence associated coronal mass gjections increases. The
properties of prominences and coronal mass g ections associated with the global magnetic field
structure reorganization are analyzed and an eruption scenario is proposed.
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Solar filaments are known to exhibit a hemispheric pattern in their chirality where
dextral/sinistral filaments dominate in the northern/southern hemisphere. This
pattern which has only been quantified in detail for the rising phase of the solar
cycle, illustrates a global pattern of magnetic helicity and free magnetic energy
that is critical for filament eruptions and CMEs. We show that this pattern can be
explained through data driven 3D globa magnetic field ssmulations of the Sun's
large-scale magnetic field (Yeates at al 2008). Through a detailed comparison with
109 filaments over a 6 month period, the model correctly reproduces the filament
chirality and helicity with a 96% agreement for 109 filaments. Following the models
success, the data driven simulation is extended to run over afull solar cycle
(Yeates and Mackay 2012) where predictions are made for the spatial and temporal
dependence of the hemispheric pattern in the declining phase of the solar cycle.
This prediction may be tested through new observing programs designed for

the declining phase of the present cycle.

Yeates, Mackay and van Ballegooijen, A, 2008, Solar Physics, 247, 103

Yeates and Mackay, 2012, ApJ, 753, L34
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Data from two ground-based instruments operating continuously in Argentina since 1999 are
analyzed in combination with satellite images to shed some light into the kinematical properties
of erupting prominences during their early stages. In particular, images from MICA (Mirror
Coronagraph for Argentina) in the green line (530.3 nm) allow usto study the accel eration phase
of the events exceptionally close to the solar limb (1.05 to 2.0 solar radii), with a high temporal
cadence (1 min in average) and also arelatively high spatial resolution of ~3.6 arcsec/pixel. On
the other hand, HASTA (H-alpha Solar Telescope for Argentina) provides daily full Sun disk
images in the hydrogen H? emission line at 656.27 nm with an spatial resolution of ~2 arcsec/
pixel and a cadence of 1.5 min when running in patrol mode. Thus, both telescopes make an
excellent complement to existent space instrumentation. We make use of white-light data from
the SOHO/LASCO C2 and C3 coronagraphs in order to track the evolution of the erupting
prominences at larger distancesfrom the Sun and analyze modern datafrom SDO/AI A tel escope
when available. We present some case studies from a selection of events occurring at different
phases of the solar cycle.
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Observation with the Atmospheric Imaging Assembly (AlA) on the Solar Dynamics Explorer
(SDO) together with data from the Extreme Ultraviolet Imager (EUV1) on STEREO and and the
Large Angle Spectrometric Coronagraph (LA SCO) on Solar Heliospheric Observatory (SOHO)
have provided evidence for flux ropes that lie immediately above filaments seen in Helium 11
30.4 nm. The flux ropes become detectable when the the filaments begin to rise. The rope
structures can be later recognized when they appear in LASCO C2 and C3. Movies of these
events will be shown.
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Prominence eruption is a key physical processin eruptive flares (i.e.,, CME related flares), and
thusimportant for spaceweather research. Sinceerupting prominenceoftenhasahelical structure,
it can be said that the erupting prominence isakind of plasmoid (or flux ropein 3D space). We
will discuss the prominence eruption as a prototype of the plasmoid gection in reconnection
dynamics, and will argue basic physics of reconnection (i.e., flares): why and how rapid energy
release become possible via reconnection associated with plasmoid gection (i.e., prominence
eruption). In this sense, the prominence eruption isimportant not only in solar flares, but alsoin
magnetospheric substormsand magnetically confined fusion plasmas. Inthistalk, wewill discuss
physicsof prominenceformation, itsstability, and triggering mechanism of prominence eruption,
and review recent studies of prominence eruption from both theoretical and observational points
of view.
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Prominence eruptions are due to a violent destabilization of previously energized force-free
coronal magnetic fields. But the detailed mechanisms which can [i] bring the coronatowards an
eruptive stage, then [ii] trigger and [iii] drive the eruption, and finally [iv] makeit explosive, are
not fully understood. A large variety of storage-and-release models have been developped and
opposed to each other since the last decades. For example, photospheric flux emergence vs. flux
cancellation, localized corona reconnection vs. large-scale ideal instabilities and loss of
equilibria, tether-cutting vs. beakout reconnection, local vs. inter active region couplings, and
so on. The competition between all these approacheshasled to atremendousdrivein devel opping
and testing all these concepts, by coupling state-of-the-art models and instruments. Thanks to
these developments, it now becomes possible to take all these models together, so asto identify
and quantify the processes that contribute to [i-iv] respectively. | will show where we stand, and
discusswhich questionsarestill open. Thehopeisto moveontothedevel opment of yet-inexistant
data-driven and physically-sound models, to catch-up with new observational puzzlesand space
weather forecasting.

33/75



M agnetohydrodynamic study on the effect of the gravity
stratification on flux rope g ections

Pagano Paolo 1, Mackay Duncan 2, Poedts Stefaan 2

1: University of St Andrews
University of St Andrews St Andrews KY 16 9AJ Fife Scotland, UK
http://www.st-andrews.ac.uk/

2 : University of St Andrews (St Andrews)
School of Mathematics and Statistics, University of St Andrews North Haugh St Andrews Fife
http://www-sol ar.mcs.st-and.ac.uk/~duncan/

3: KU Leuven
Celestijnenlaan 200B, bus 2400 B-3001 L euven Belgium

Corona Mass Ejections (CMES) are one of the most violent phenomena found on the Sun. One
model to explain their occurrence is the flux rope gjection model. In this model, magnetic flux
ropes form slowly over time periods of days to weeks. They then loose equilibrium and are
subsequently ejected from the solar corona over a few hours. The contrasting time-scales of
formation and gjection pose a serious problem for a consistent modelling of the whole life-span
of aflux rope.

In order to investigate if magnetic flux ropes formed during a quasi-static evolution can erupt to
produce a CME, we run simulations of the full life-span of magnetic flux ropes coupling two
models. The Global Non-Linear Force-Free Field (GNLFFF) evolution model of Mackay and
van Ballegooijen (2006) is used to follow the quasi-static formation of a flux rope; the MHD
code ARMVAC isused to simulate the production of a CME through the loss of equilibrium and
gjection of thisflux rope in presence of solar gravity and density stratification.

Our redlistic multi-beta simulations describe the CME following the flux rope gjection and
highlight the decisive role played by the gravity stratification on the CME propagation speed.
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In this study we presupposed the existence of aline-tied flux ropein the corona and impose that
1. its footpoints remain fixed to the solar surface, and 2. that the vertical magnetic field at the
photosphere remain constant during an eruption. We adopt the magnetic configuration of Titov
& Démoulin 1999 to model the flux rope. To satisfy the line-tying condition, an image current
loop is specified that mirrors the evolution of the flux rope, as was done by Isenberg & Forbes
2007. Three forces are identified in this configuration: 1. the repulsive current force attributed
to the image current loop, 2. the outward Lorentz self-force due to the curvature, and 3. the
restoring external Lorentz force of the ambient magnetic fields. In this work, for the first time,
all threeforces are analyzed together. We use an ellipse current loop to model the flux rope plus
image loop system. This model has the property that it can smoothly reproduce the force of the
infinitestraight current channel model andthecircular loop model. Our analysisfindsthat stability
ismost dependent on how theambient fieldsdecay, in agreement with thetorusinstability. Finally,
our study reveals that the imposed line-tying condition gives stability to shallow flux ropes,
which are stable for all decay index values. These results are in contradiction to the conclusions
of Démoulin & Aulanier 2010 and not in agreement with the law of instability of low lying loops.
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| nitiation of Coronal Mass Ejections by Sunspot Rotation
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We study a filament eruption, two-ribbon flare, and coronal mass gjection (CME) that occurred
inactiveregion NOAA 10898 on 6 July 2006. Thefilament was|ocated south of astrong sunspot
that dominated the region. In the evolution leading up to the eruption, and for some time after
it, acounter-clockwise rotation of the sunspot of about 30 degrees was observed. We suggest that
the rotation triggered the eruption by progressively expanding the magnetic field overlying the
filament and test this scenario with three-dimensional zero-beta MHD simulations. To this end,
we study the effect of twisting the potential field overlying apre-existing flux rope by imposing
appropriate vortex flows at the bottom boundary of the simulation box. We first consider a
relatively simpleand symmetric system, and then study amorecompl ex and asymmetric magnetic
configuration, whose photospheric flux distribution and coronal structure is guided by the
observations and a potential field extrapolation. In both cases, we find that the twisting leads to
the expansion of the overlying field. As a consequence of the progressively reduced magnetic
tension, the flux rope quasi-statically adapts to the changed environmental field, rising slowly.
Once the tension is sufficiently reduced, a distinct second phase of evolution occurs where the
flux rope enters an unstable regime characterized by a strong acceleration.

36/75



Flux rope formation prior to filament eruption

Green Lucie?

1: Lucie Green
UCL - MSSL

Thistalk will review the current understanding of the magnetic configuration of filaments at the
onset of their eruption as a coronal mass gection, including both active region and quiet sun
prominences. The evolution of the magnetic field will be discussed as inferred from
multiwavelength observations that indicate the formation of a magnetic flux to be occurring in
the days before the CM E associated with active region filaments. In addition, spectroscopic data
will be discussed in the context of learning more about the 3D magnetic structure that cannot be
deduced from imagers alone.
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Three-dimensional Reconstruction of Eruptive
Prominences

Li Ting?
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On 2009 September 26, a dramatic and large filament (LF) eruption and a small filament (SF)
eruption were

observed in the He ii 304A line by the two EUVI telescopes aboard the STEREO A and B
spacecraft. The LF

heads out into space and becomes the bright core of a gradual coronal mass gection (CME),
while the eruption

of the SF is characterized by motions of the filament materials. Using stereoscopic anaysis of
EUVI data, we

reconstruct the three-dimensional shape and evolution of two eruptive filaments. For the first
time, we investigate

thetruevel ocitiesand accel erationsof 12 pointsalong the axisof the LF, and find that thevel ocity
and acceleration

vary with the measured location. The highest points among the 12 points are the fastest in the
first half hour, and

then the points at the low-latitudeleg of the LF becomethefastest. For the SF, itisan asymmetric
whip-like

filament eruption, and the downward motions of the material lead to the disappearance of the
former high-latitude

endpoint and the formation of a new low-latitude endpoint. Based on the temporal evolution of
the two filaments,

weinfer that thetwo filamentsliein the samefilament channel. By combining the EUVI, COR1,
and COR2 data

of STEREO A together, we find that there is no impulsive or fast acceleration in this event. It
displays aweak

and persistent acceleration for more than 17 hr. The average velocity and acceleration of the LF
are 101.8 km s?1

and 2.9 m s?2, respectively. The filament eruptions are associated with a slow CME with an
average velocity of

177.4kms?1. Thevelocity of theCME isnearly 1.6 timesaslargeasthat of thefilament material.
Thiseventis

one example of a gradual filament eruption associated with a gradual CME. In addition, the
moving direction of

the LF changesfrom anon-radial to anearly radial direction with avariation of inclination angle
of nearly 38.2 degree.
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Hinode/EIS - SDO/AIA study of a filament eruption
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On 5 January 2012 Hinode/EIS observed in scanning mode during a filament eruption which
took place closeto disk center. The filament was located along the NE external boundary of AR
11389, where it interfaced with a coronal hole. We combine the EIS observations with high
temporal resolution observations from SDO/AIA to show details of the filament eruption. We
present a detailed spectroscopic study (Doppler velocity, including its non-therma component,
temperature, density, FIPbias) from pre- to post-eruption evol ution of the active region-filament-
coronal hole complex, including that of a small anemone active region in the coronal hole as a
potential trigger of the filament eruption. Hinode/EI S rasters capture the highly dynamic nature
of the evolution including multiple jets, coronal hole boundary shift and depletion of high FIP
bias plasma from the source region of the filament eruption.
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Filaments Evolution and Flarein NOAA AR 11589
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Here, we present thedynamicsof thefilamentsinNOAA AR 11589 and of theflareon 16 October,
2012. For this study, we used the multi-wavel ength high resolution datafrom the Solar Dynamic
Observatory (SDO) aswell asTHEMIS and ARIES, Nainital, Indiaground based observations.
In the active region (AR), we follow the evolution of two filaments and observe the northern
footpoint of both filaments coming closer to each other as time progresses but without merging.
Wederivethechirality of thefilamentsand find that both filaments have opposite chirality which,
in this configuration, may have prevented them from merging. On 16 October 2012, we aso
observe aC3.3 classflarein the AR. At the flare location we notice the motion and cancellation
of magnetic polarities. The flare occurred without eruption of the filaments present in the AR.
According to the standard solar flare model, after the reconnection, the post flare loops form
below thefilaments. However, in our observations, we seetheformation of post flareloopsabove
the filaments, which is not consistent with the standard flare model. We perform linear force-
free extrapolation and compute the quasi-separatrix layers (QSLs). The results show that the
photospheric QSL s footprints matches the flare ribbons locations. We discuss how slipping or
slip-running reconnection at the QSLs may explain the observed dynamics.
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Transient Brightenings Associated with Flux Cancellation
Along a Filament Channel
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Filament channels coincide with large-scale polarity inversion lines of the
photospheric magnetic field, where flux cancellation continually takes place.
High-cadence Solar Dynamics Observatory (SDO) images recorded in He 1l
30.4 nmand Fe X 17.1 nmin August 2010 reveal numerous transient
brightenings occurring along the edge of afilament channel within a decaying
active region, where SDO line-of-sight magnetograms show strong
opposite-polarity flux in close contact. The brightenings are elongated

along the direction of the filament channel, with linear extents of several
arcseconds, and typically last afew minutes; they sometimes have the form
of multiple two-sided g ections with speeds on the order of 100 km/s.
Remarkably, some of the brightenings rapidly develop into larger scale
events, forming sheetlike structures that are eventually torn apart by

the diverging flows in the filament channel and gjected in opposite
directions. We interpret the brightenings as resulting from reconnections
among filament-channel field lines having one footpoint located in the
region of canceling flux. In some cases, the flow patterns that develop

in the channel may bring successive horizontal |oops together and cause

a cascade to larger scales.
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Fractal Reconnection and Stochastic Particle
Acceleration induced by a Prominence Eruption
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* 1 Corresponding author

Prominence eruptions in Solar flares are observed in association with intermittent high energy
particle generation which is observed as footpoint hard X-ray brightening and super energetic
particle (SEP) events in the interplanetary space. High energy particle generation is thought to
be by acceleration inside or at around the reconnection current sheet below the flux rope and by
shock accel eration near the propagation front of aprominence eruption or acoronal mass gjection
(CME). These are strongly related to prominence eruption dynamics.

Here we performed 2D/3D MHD simulations and test particle simulation and revealed the
following aspects. First, a current sheet isformed just below the flux rope and becomes thinner
and thinner during theeruption. The current sheet with guidefiled formssmall multiple plasmoids
inside and becomes turbulent. Locally enhanced €electric field and trapping of particles inside
the turbulent magnetic field are favorable for the stochastic particle acceleration. Second, a
prominence eruption forms a current sheet at the propagation front to reconnect with the
surrounding coronal fields. This connects a closed flare arcade and coronal open field lines,
enabling accelerated particles to escape into the interplanetary space. Furthermore, multiple
shocks are intermittently generated at around the reconnection point, propagating through the
flux rope to the interplanetary space. At that time, escaping particles pass through the multiple
shocks and accelerated intermittently. In this presentation, we will show our simulation results
and compare them with recent observations such as SDO and Hinode.
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L ow polarised emission from the core of coronal mass
g ections
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In white-light coronagraph images, the core of coronal mass gections (CMES) is sometimes
identified with the cool prominence material. If, as generally assumed, this emission is caused
by Thomson-scattered light from the solar surface, it should be strongly polarised tangentially
to the solar limb. However, the observations of a CME made with the SECCHI/STEREO
coronagraphs on 31 August 2007 show that the emission from the CME core is exceptionally
low polarised.

We demonstrated for the first time that the bright core material is located close to the centre of
the CME cloud. We show that the major part of the CME core emission, more than 85% in our
case, isH alpharadiation and only a small fraction is Thomson-scattered light.
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The 3-D NL FFF reconstruction of Active Region NOAA
11158
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A 3-D corona magnetic fleld is reconstructed in NOAA 11158 on 2011 February 14 by a GPU-
accelerated direct boundary integral equation method (GPU-DBIE), which is about 1000 times
faster than the original DBIE for solar nonlinear force-free fleld modelling, with the SDO/HMI
vector magnetogram as the bottom boundary condition. The reconstructed magnetic fleld lines
arecomparedwiththeprojected EUV loop structuresasobserved by SDO/AI A at line-of -sight and
the STEREO A/B spacecraft at side views. They show very good agreement three-dimensionally
so that the topology congurations of the magnetic fleld can be analyzed, and therolein the flare/
CME process of the active region can be better understood. It is found that the observed
coronal loop structures can be grouped into anumber closed and open fleld structures with some
central bright loop features across the polarity inversion line which may have played akey role.
A group of electric current lines co-aligned with the central bright loops along the polarity
inversion line has been obtained, which conrms its important role in the flare/ CME process.

44175



Sympathetic Partial and Full Filament Eruptions
Observed in One Solar Breakout Event
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We report two sympathetic solar eruptions including a partial and afull flux rope eruptionin a
quadrupolar magnetic region where a large and a small filament resided above the middle and
the east neutral lines, respectively. Thelarge filament first rose slowly at a speed of 8 km s?1 for
23 minutes; it then accelerated to 102 km s?1 . Finally, this filament erupted successfully and
caused acorona mass g ection. During the slow rising phase, various evidence for breakout-like
external reconnection has been identified at high and low temperature lines. The eruption of the
small filament started around the end of the large filament's slow rising. This filament erupted
partially, and no associated coronal mass g ection could be detected. Based on a potential field
extrapolation, we find that the topology of the three-dimensional coronal field above the source
region is composed of three low-lying lobes and alarge overlying flux system, and a null point
located between the middlelobe and the overlying antiparallel flux system.We proposeapossible
mechanism within the framework of the magnetic breakout model to interpret the sympathetic
filament eruptions, in which the magnetic implosion mechanism is thought to be apossible link
between the sympathetic eruptions, and the external reconnection at the null point transfersfield
lines from the middle lobe to the lateral lobes and thereby leads to the full (partial) eruption of
the observed large (small) filament. Other possible mechanisms are also discussed briefly. We
conclude that the structural properties of coronal fields areimportant for producing sympathetic
eruptions.
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An enormous solar tornado was observed by SDO/AIA on 25 September 2011. It was associated
with a quiescent prominence with an overlying coronal cavity. The tornado appeared near to the
active region NOAA 11303 on the south west limb of the Sun. We investigate the triggering
mechanism of the solar tornado by using thedatafrom two instruments. SDO/AIA and STEREO-
A/EUVI, observing the Sun from two directions. There were three flares from the active region
which directly influenced the nearby prominence-cavity system. We propose that the rel ease of
free magnetic energy from the active region during the flares resulted in alower pressurein the
active region corona and a contraction of the active region field. The neighboring cavity then
expanded to fill the vacated space in the corona which triggered the tornado at the top of the

A solar tornado caused by flares

Panesar Navdeep 1, Innes Davina 2, Tiwari Sanjiv 3, Low Boon Chye #4
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prominence due to the expansion of the prominence-cavity system.
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Dynamo driven coronal gections
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Observations show that the Sun sheds mass through twisted magnetic flux configurations, like
Corona Mass Ejections (CMEs). Conventionally, CMEs are modeled by adopting a given
distribution of magnetic flux at the solar surface and letting it evolve by shearing and twisting
themagneticfield at itsfootpointsat the surface. Of course, ultimately such vel ocity and magnetic
field

patterns must come from arealistic simulation of the Sun's convection zone, where the field is
generated by dynamo action. Therefore a unified treatment of convection zone and CMEs is
needed. We combine a convectively driven dynamo with a polytropic layer that extendsto 1.6
solar radii. The temperature increases in this region to about 8 times the value at the surface,
corresponding to about 1.2 times the value at the bottom of the spherical shell. We associate this
region with the solar corona. Magnetic fields are found to emerge at the surface and are g ected
to the coronal part of the domain. These gjections occur in irregular intervals and are weaker
than in earlier work. We tentatively associate these events with coronal mass gjections on the
Sun. We find a solar-like differential rotation with radial contours of constant rotation rate,
together with a solar-like meridional circulation and a near-surface shear layer. This spoke-like
rotation profile is caused by a non-zero latitudinal entropy gradient which violates the Taylor-
Proudman balance via the baroclinic term. The lower density stratification compared with the
Sun leads to an equatorward return flow above the surface. The mean magnetic field isin most
of the cases oscillatory with equatorward migration in one case. In other cases the equatorward
migration is overlaid by stationary or even poleward migrating mean fields.

47175



An estimate of the contribution of blowout jetsto the
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Blowout jets constitute about 50% of the total number of X-ray jets observed in corona holes.
In these events, the base magnetic loop is supposed to blow open in what is a scaled-down
representation of two-ribbonflaresthat accompany major coronal massejections(CMES): indeed,
miniature CMEs resulting from blowout jets have been observed. This raises the question of the
possible contribution of this class of events to the solar wind mass and energy flux.

Here we make afirst crude evaluation of the mass contributed to the wind and of the energy
budget of thejet and related miniature CM E, under the assumption that small-scal e eventsbehave
as their large-scale analogs. This hypothesis alow us to adopt the same relationship between
flare and CME parameters that have been shown to hold in regular events, thus inferring the
values of the mass and kinetic energy of the miniature CMESs, currently not available from
observations.

We conclude our work estimating the mass flux from the jets and miniature CMEs, as well as
the energy budget of the blowout jet and CME, and giving acrude evaluation of therole possibly
played by these events in supplying the mass and energy that feeds the solar wind.
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Evolution of ICM Es and magnetic cloudsin the
heliosphere
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Significant quantities of magnetized plasma are transported from the Sun to the interstellar
medium via interplanetary coronal mass gjections (ICMES). Magnetic clouds are a particular
subset of ICMES, forming large-scale magnetic flux ropes. Their evolution in the solar wind is
mainly determined by their own magnetic forces and the interaction with the surrounding solar
wind. Thisinteraction is complex since, for example, astheir 3D magnetic structure expandsin
al directions while traveling away from the Sun, a sheath of plasma and magnetic field
accumulatesin front, which partially reconnects with the ICME magnetic field.

This talk will provide a summary of present knowledge and perspectives on the ICMEs
propagation and interactions.
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Coronal mass g ections from the upper coronato Earth's
bow shock
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In the past six years, the two STEREO spacecraft have remotely observed hundreds of coronal
mass gjections (CMEs), shedding light on their heliospheric evolution. Combined with global
numerical simulations and multi-point in situ measurements, these observations can revea
intricate physical phenomena occurring during the propagation of CMEs between the Sun and
the Earth. | will present recent simulations and observational results that give new insight on
CME-CME interaction, but also raise new questions about CME heliospheric deflection and
rotation as well as the nature of CMEs itself. | will also discuss some recent efforts in
understanding the Sun-to-Earth evolution of complex series of eruptions as well as their geo-
effectiveness and their effectiveness in accelerating particles, focusing on events from 2008 to
2011.

50/75



Characterization of global geometrical properties of
magnetic clouds deduced from in-situ data
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Magnetic clouds (MCs) are sub-classes of interplanetary coronal mass g ections. One of their
main characteristics is the strong rotation of the magnetic field that indicates the existence of a
twisted magnetic flux tube, commonly called aflux rope. 1D in-situ data from probes crossing
magnetic clouds only give local information on the magnetic field. Fitting these data with
analytical models provide the magnetic field distribution within a cross section and can locally
determine the flux rope axis orientation.

Wefirst investigate the non-flat probability distribution of theimpact parameter, asdeduced from
WIND data by Lepping & Wu (Annales Geophysicae, 2010). We compare this distribution with
similar ones obtained with synthetic data simulating M Cs crossing. We find that the probability
distribution of detected MCs in WIND data can be understood as a natural consequence of
flattened flux rope cross sections. Especially, we find that the velocity of the propagating MCs
can |lead to two categories of cross section shapes: circular for the faster ones, and elongated for
the slower ones.

We further investigate the typical flux rope global shapes by studying the distribution of local
axisorientation. We propose anew statistical method that allows deriving the mean global shape
axisfrom a statistical study of the 107 MCs observed by WIND. This shape isalso found in 3D
structures deduced from heliospheric imagers of propagating MCs.

Such awork gives an important understanding on the global shape of flux ropes. These new
methods can be applied to any other flux rope models fitted to the in situ data.
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Coronal Mass Ejections (CMEs) are explosive events that originate, propagate away from the
Sun, and carry along solar material with embedded solar magnetic field. Some are accompanied
by prominence eruptions. The entire process can be observed by multiple instrumentations on-
board several on-going spacecraft missions. The interplanetary counterparts of CMEs (ICMES)
are often detected in-situ by spacecraft ACE and Wind, which provide both magnetic field and
plasma measurements sampled along the spacecraft path across the ICME structure. All these
remote-sensing and in-situ measurements make it possible to perform the intercomparison
between the (1)CMEs and their source regions at the Sun. In particular, a subset of ICMES, so-
called Magnetic Clouds (MCs) can be characterized by magnetic flux-rope structures. We will
apply the Grad-Shafranov reconstruction technique to examine the configuration of MCs and to
deriverelevant physical quantities, such asmagnetic flux content, thefield-linetwist, andrelative
magnetic helicity. Wewill select recent events during the rising phase of enhanced solar activity,
and utilize additional observationsfromthemost recent spacecraft missions, such asthe STEREO
and SDO spacecraft. Both observational analyses of solar sourceregion characteristicsincluding
flaring and dimming, and the corresponding MC structures will be presented. We will perform
both statistical and detailed case studies to examine the properties of different events with and
without associated prominence eruptions. We will try to discern the role of prominence in the
formation of flux ropes and its relations to MC properties derived from in-situ measurements.
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Properties and processesthat influence CM E geo-
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This presentation will provide areview of CMEs:. (1) intrinsic properties set at the Sun (e.g.,
orientation, trajectory, acceleration, etc.), (2) processes that may occur during propagation (e.g.,
shocks, compressions, magnetic erosion, etc.), and (3) in the specific interaction with Earth's
magnetosphere (e.g., preconditioning mechanisms) that can have asignificant influence on their
geo-effectiveness. Their relative importance will be discussed.
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The geoeffectiveness of ICMEs
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Itiswell established that the origin of geomagnetic stormsarerelated to interplanetary structures
possessing southward interplanetary magnetic field component (Gonzalez et a ., 1994). Coronal
mass g ection counterparts observed in the interplanetary medium, called ICMEs, are found to
be some of the most frequent sources of such southward fields. ICME internal fields and sheath
fields associated with their interplanetary shocks are both the dominant origins of intense
geomagnetic storms (Dst
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Theprobability for ahal o coronal mass gjection (CME) to be geoeffectiveisassumed to be higher
the closer the CME launch siteislocated to the solar central meridian. However, eventsfar from
the central meridian may produce severe geomagnetic storms, like the casein April 2000. Inthis
presentation, we show a study about the possible geoeffectiveness of full halo CMEs with the
source region situated at solar limb. For thistask, we select al limb full halo (LFH) CMEs that
occurred during solar cycle 23, and we search for signatures of geoeffectiveness between 1 and
5 days after the first appearance of each CME inthe LASCO C2 field of view. When signatures
of geomagneticactivity areobservedinthesel ected timewindow, interplanetary dataarecarefully
analyzed in order to look for the cause of the geomagnetic disturbance. Finally, a possible
association between geoeffective interplanetary signatures and every LFH CME in solar cycle
23ischeckedin order to decide on the CM E's geoeffectiveness. After adetailed analysisof solar,
interplanetary, and geomagnetic data, we conclude that of the 25 investigated events, there are
only four geoeffective LFH CMES, all coming from the west limb. The geoeffectiveness of these
events seems to be moderate, turning to intense in two of them as aresult of cumulative effects
from previous mass gjections. We conclude that ejections from solar locations close to the west
limb should be considered in space weather, at least as sources of moderate disturbances.
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Magnetic clouds (MCs), described as large-scale toroidal magnetic structures, interact with the
surrounding interplanetary medium during propagation. It has been suggested in particular that
magnetic reconnection may peel off their outer magnetic structure. Recently, Ruffenach et al.
(2012) confirmed the occurrence of M C erosion thanks to a multi-spacecraft study combining a
set of key signaturesexpected fromthisprocess. Theaim of the present study isto extend previous
works on the topic to all MCs of solar cycle 23 in order to quantify this phenomenon. This
statistical analysis, primarily carried out with WIND and complemented with recent STEREO
data, focuses on three signatures. First, based on careful determination of the MCs main axes,
we estimate the amount of magnetic flux eroded for each event by analysing the azimuthal flux
imbalance during the spacecraft sampling of the flux rope. We also search for magnetic
reconnection signatures at the front boundary of the MCs. Finally, we investigate the
characteristics of suprathermal electrons in the back region of the MCs. Those electrons are
considered to signal potential large-scal etopological changes expected from the erosion process.
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Coronal Mass Ejections and associated shocks: Build-up
and propagation in a complex environment
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Inrecent years, new insight on theformation of CMEsand of their early expansion inthe ambient
magnetic field arisen from the high cadence observations obtai ned simultaneously with the SDO/
Al A telescope and with the two-sided view of the STEREO spacecraft. We report on a series of
CMEs events which occurred during two consecutive days in which EUV eruptive filament
activity was quasi-continuously observed. The large set of imaging observations obtained in
EUV, whitelight and radio joined to radio spectral data, provides an opportunity to tracein detail
their evolution from the origin in the low coronato afew solar radii. We focus more particularly
on i) the build-up of the erupting flux-rope and of the shock; ii) the interaction of the CME and
of the associated driven shock with the complex environment which can strongly affect the
physical parameters of the shock and the CME latitudinal migration.
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Thein-situ manifestation of solar prominence material
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Coronal mass gjections observed in the corona exhibit a «three-part structure», with a leading
bright front indicating dense plasma, a low density cavity thought to be a signature of the
embedded magnetic flux rope, and the high density core likely containing cold, prominence
material When observed in-situ, as Interplanetary CMEs (or ICMES), the presence of all three
of these signatures remain elusive, with the prominence material rarely observed. We report on
a comprehensive and long-term search for prominence material inside ICMES as observed by
the Solar Wind Ion Composition Spectrometer on the Advanced Composition Explorer. Using a
novel data analysis process, we are able to identify traces of low charge state plasma created
during prominence eruptions associated with ICMEs. We find that the likelihood of occurrence
of cold material in the heliosphere is vastly lower than that observed in the corona but that
conditions during the eruption do allow low chargeionsto makeit into the solar wind, preserving
their expansion history. We discuss the implications of these findings.
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| nter planetary Distur bances Affecting Space Weather
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The Sun somehow accel eratesthe solar wind, anincessant stream of plasmaoriginating in coronal
holes and some, as yet unidentified, regions. Occasionaly, coronal, and possibly sub-
photospheric structures, conspire to energize a spectacular eruption from the Sun which we call
acorona mass gjection (CME). These can leave the Sun at very high speeds and travel through
the interplanetary medium, resulting in a large-scale disturbance of the ambient background
plasma. Theseinterplanetary CMEs (ICMEs) can drive shockswhich in turn accel erate particles,
but also have a distinct intrinsic magnetic structure which is capable of disturbing the Earth's
magnetic field and causing significant geomagnetic effects. They also affect other planets; in
essence, they can and do contribute to space weather throughout the heliosphere.

This talk will present a review of these disturbances and attempt to discuss their global
heliospheric effects.
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Filament Eruptions, Jets, and Space Weather
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Previously, from chromospheric Ha and coronal X-ray movies of the Sun's polar coronal holes,
it was found that nearly all coronal jets (>90%) are one or the other of two roughly equaly
common different kinds, different in how they erupt: standard jets and blowout jets (Yamauchi
et al 2004, ApJ, 605, 511; Moore et al 2010, ApJ, 720, 757). Here, from inspection of SDO/AIA
Hell 304 A moviesof 54 polar X-ray jets observed in Hinode/X RT movies, we report, as Moore
et a (2010) anticipated, that (1) most standard X-ray jets (>80%) show no g ected plasma that
is cool enough (T ~ 105 K) to be seen in the He 11 304 A movies; (2) nearly al blowout X-ray
jets (>90%) show obvious g ection of such cool plasma; (3) whereaswhen cool plasmaisejected
in standard X-ray jets, it shows no lateral expansion, the cool plasma gjected in blowout X-ray
jetsshowsstrong lateral expansion; and (4) in many blowout X-ray jets, the cool-plasmaegjection
displays the erupting-magnetic-rope form of classic filament eruptions and is thereby seen to be
aminiaturefilament eruption. The XRT moviesal so showed most blowout X-ray jetsto belarger
and brighter, and hence to apparently have more energy, than most standard X-ray jets.

These observations (1) confirm the dichotomy of coronal jets, (2) agree with the Shibata model
for standard jets, and (3) support the conclusion of Moore et a (2010) that in blowout jets the
magnetic-arch base of the jet eruptsin the manner of the much larger magnetic arcadesin which
the core field, the field rooted along the arcade's polarity inversion line, is sheared and twisted
(sigmoid), often carries a cool-plasma filament, and erupts to blowout the arcade, producing a
CME. From Hinode/SOT Ca Il movies of the polar limb, Sterling et a (2010, ApJ, 714, L1)
found that chromospheric Type-Il spicules show a dichotomy of eruption dynamics similar to
that found here for the cool-plasma component of coronal X-ray jets. This favors the idea that
Type-I1 spiculesare miniature counterparts of coronal X-ray jets. InMooreet al (2011, ApJ, 731,
L 18), we pointed out that if Type-Il spicules are magnetic eruptions that work like coronal X-
ray jets, they carry an area-averaged mechanical energy flux of~7x105 erg cm-2 s-1 into the
coronain the form of MHD waves and jet outflow, enough to power the heating of the global
coronaand solar wind. Onthisbasi s, from our observationsof mini-filament eruptionsin blowout
X-ray jets, we infer that magnetic explosions of the type that have erupting filaments in them
are the main engines of both (1) the steady solar wind and (2) the CMESs that produce the most
severe space weather by blasting out through the corona and solar wind, making solar energetic
particle storms, and bashing the Earth's magnetosphere. We conclude that in focusing on
prominences and filament eruptions, Einar had his eye on the main bet for understanding what
powers al space weather, both the extreme and the normal.

This work was funded by NASA's Science Mission Directorate through the Living With a Star
Targeted Research and Technology Program and the Hinode Project, and by NSF through its
Research Experience for Undergraduates Program.
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Observations of coronae and prominencesin active cool
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X-ray and EUV observations of young cool stars have shown that their coronae are extremely
pressured environments with temperatures and densities that are up to two orders of magnitudes
larger than those observed in the solar corona. At the same time rapidly transiting absorption
featuresin optical and UV spectrareveal the presence of large cool, prominence-type complexes
that can extend severa stellar radii. | will give an overview of our current understanding of
coronal structures in cool stars from multi-wavelength observations, detailing their properties
and apparent dependence on spectral type. | will also outline future prospects in this field,
particularly from observationsof stellar coronal environmentsat radio and sub-mm wavel engths.
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Coronal mass g ections and angular momentum lossin
young stars
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In our own solar system, the necessity of understanding space weather is readily evident.
Fortunately for Earth, our nearest stellar neighbor is relatively quiet, exhibiting activity levels
several orders of magnitudelower than young, solar-type stars. In protoplanetary systems, stellar
magnetic phenomena observed are anal ogous to the solar case, but dramatically enhanced on all
physical scales. bigger, more energetic, more frequent. While coronal mass gjections (CMES)
could play asignificant rolein the evolution of protoplanets, they could also affect the evolution
of the central star itself. To assess the consequences of prominence eruption/CMEs, we have
invoked the solar-stellar connectionto estimate, for young, solar-typestars, how frequently stellar
CMEsmay occur and their attendant massand angular momentum | ossrates. Wewill demonstrate
the necessary conditions under which CMEs could slow stellar rotation. Finally, we will discuss
the potential for observing stellar CMEs on stars of avariety of masses.
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Magnetised stellar winds and their impact on exoplanets
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Inthistalk, | will review the latest progress made in data-driven modelling of magnetised stellar
winds. The proper characterisation of the background wind is crucial to constrain interactions
between exoplanets and their host-star's winds and al so essential for the study of propagation of
CMEs and space weather events on exoplanets. Although the great majority of exoplanets
discovered so far are orbiting cool, low-mass stars with properties (mass, radius and effective
temperatures) similar to solar, the stellar magnetism can be significantly different from the solar
one, bothintopol ogy andintensity. Inaddition, dueto the current technol ogy usedin exoplanetary
searches, most of the currently known exoplanets are found orbiting at extremely close distances
to their host stars (

63/75



Solar wind properties and coronal rotation during the
activity cycle

Pinto Rui 1 -

1: Laboratoire d'études spatiales et d'instrumentation en astrophysique (LESIA)
Université Pierre et Marie Curie - Paris VIObservatoire de ParissNSUCNRS : UMR8109Université Paris Diderot - Paris 7
5, place Jules Janssen 92190 MEUDON
http://lesia.obspm.fr/
2. AIM/SAP - CEA Saclay (AIM/SAP - CEA Saclay)
CEA
91191 Gif-sur-Yvette
* 1 Corresponding author

The properties of the solar wind flow are strongly affected by the time-varying strength and
geometry of the global background magnetic field.

Thewind velocity and mass flux depend directly on the size and position of the wind sources at
the surface.

The angular momentum (torque) balance depends on how the differential surface rotation is
transmitted upwards acrossthe highly stratified chromospheric layers, and up to the coronaalong
the magnetic field.

We address these problems by performing numerical simulations coupling a kinematic dynamo
code (STELEM) evolve in a 2.5D axisymmetric coronal MHD code (DIP) covering an 11 yr
activity cycle.

We defined and tested a simple approximation allowing the study of coronal phenomena while
taking into account a parametrised effective chromospheric reflectivity (which accounts for the
effects of the chromospheric stratification on rotation).

We found that the global Sun's mass loss rate, angular momentum flux and magnetic braking
torque vary considerably throughout the cycle.

Also, a high (yet partial) effective reflectivity is required for sustaining the coronal rotation
against the solar wind magnetic breaking torque, while till allowing for the necessary amount
of footpoint |eakage (coronal stress release).

Finally, we point out directions to assess the effects of more transient phenomena on the global
properties of the wind.
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Modeling magnetized star-planet interactions
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The diversity of discovered exoplanets in terms of mass, orbit and distance to their host stars
promoted a renewed effort of the scientific community on better understanding star-planet
interactions (SPI). Close- in planets provide a very interesting natural case of SPI in that their
close orbit makesthem more exposed to stellar gjecta. Also, they arein some caseslikely to orbit
inside the stellar wind Alfven radius and thus be able to impact their host star global properties
(e.g., stellar rotational and/or magnetism evolution history). Among the numerous SPI models
which have been developed over the past years, specific magnetohydrodynamic (MHD)
simulations have been performed by afew different research groupsin order to combine «state
of the art» stellar wind numerical models with simplified models of planetary magnetospheres.
Because those models are global, they are able to assess both the planetary evolution trends as
well as the potential influence of close planets on their host stars self-consistently.

We present hereaparametric study of global magnetic SPI usingthe PLUTO code. Wedistinguish
the cases of magnetized and unmagneti zed planets, which produce significantly different results,
as expected. We characterize the potential influence of close-in planets on their host star
properties, depending on their orbital position in the stellar wind. Thanksto the versatility of the
PLUTO code, we put a particular emphasis on the influence of various numerical parameters
(ideal vsdiffusive MHD approaches, boundary conditions choices, numerical methods, magnetic
toplogies) on the numerical simulations predictions. Finally, we discuss how to use such global
models for studying short time-scale phenomena, such as coronal mass gjections (CME)-planet
interactions and planetary magnetospheric response.
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CMEs are large-scale magnetized plasma structures carrying billions of tons of material that
erupt from a star and propagate in the stellar heliosphere, interacting in multiple ways with the
stellar wind. As one of the most important factors of the stellar activity, they are believed to be
a critical element in the stellar dynamo which removes the dynamo-generated magnetic flux
from the star and connects the internal stellar dynamo processes to the external stellar
environment. Due to the high speed, intrinsic magnetic field and the increased plasma density
compared to the stellar wind background, CMEs can produce strong effects on planetary
environments when they collide with a planet. The main planetary impact factors of CMEs, are
associated interplanetary shocks, energetic particles accelerated in the shock regions, and the
magnetic field disturbances which create magnetic storms. All these factors should be considered
during the study of the CMES role in creation of particular planetary conditions. Important
parameters for characterization of the 'stellar CMEs - planetary atmosphere and surface
interaction’ are the density and vel ocity of the CMEs plasma. These may be highly variable with
stellar age, as well as dependent on the stellar spectral type and the orbital distance of a planet.
Because of relatively short range of propagation of majority of CMEs, they impact most strongly
the magnetospheres and atmospheres of close orbit (0.1 AU) planets.

We have currently a good knowledge of CME parameters on the Sun, whereas the amount of
corresponding datarelated to other starsis much more limited. On the Sun, CMEs are associated
with flares and prominence eruptions and their sources are usually located in active regions and
prominence sites. Thelikelihood of CM E-eventsincreases with the size and power of therelated
flare event. Therefore, the existing correlation between strong flares and CMESs on the Sun is
often used, assuming a solar-stellar analogy, for judging about CME activity on active flaring
stars. It is expected that the frequent and powerful flares on magnetically active flaring stars
should be accompanied by an increased rate of CME production.

The plasmaof stellar CMEs colliding with a planet, interacts with the planetary magnetosphere,
and inthe case of aweak magnetospheric protection (i.e., weak or nointrinsic planetary magnetic
dipole), the magnetosphere is compressed down to the planetary surface, resulting in strong
erosion of the planetary atmosphere. Sufficiently large magnetospheres are known to protect the
underlying planetary environments, e.g. ionosphere, atmosphere, and surface against of stellar
XUV/EUV and stellar wind factors. These usually require strong enough intrinsic planetary
magnetic fields and/or extended magnetospheric current systems such as magnetodisks.

In the present talk we discuss the role of such factors like activity of a host star and intrinsic
magnetic field of a planet and show how the account of these factors may influence the erosion
of planetary upper atmospheres and their mass loss throughout the lifetime of a planet.
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Soon after the first detection of an exoplanetary atmosphere in 2002, ultraviolet observations
with Hubblereveal ed that the upper atmospheric layersof transiting hot Jupiterscan be extremely
extended, escaping the gravitational potential of the planets, and eventually forming hydrogen
clouds occulting a large fraction of the star during planetary transits. Such atmospheric
"evaporation” is surmised to impact the fate of low-mass exoplanet and to be triggered by the
absorption of anintensestellar X and extreme UV irradiationinthe upper atimospheresof planets.
In September 2011, we started the first campaign of simultaneous UV and X space observations
of transiting exoplanets, from giant planets down to super-Earths. | will present the first results
of these combined observations, which hint at star-planet i nteraction and suggest that atmospheric
evaporation is also possible for "warm" Jupiters, cooler than those previously studied, thus
bridging the gap with our even cooler Solar System planets.
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Despite important advances from recent space missions such as Hinode and SDO, questions
concerning the formation and stability of prominences are still open. Thisis due in part to the
limitations of the observations. The fine scale structure and dynamics are still poorly resolved
in some temperature regimes, and magnetic field measurements remain very difficult. We will
discusswhat type of observationsare needed to make progresses on these aspects. Wewill review
the capabilities of the future planned space instrumentation and highlight what is missing.
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The Interface Regiion Imaging Spectrograph (IRIS) is a NASA Small explorer satellite to be
launched May 18 2013. The satellite is taylored to study the solar chromosphere and transition
region with high spatial (0.3"), spectral (28-55 mA) and temporal (10s) resolution in three
wavelength bands (1332-1358, 1381-1407, 2783-2834 A). These bandsinclude the Mg Il h and
k linesand C Il linesformed in the chromosphere, Si IV and O 1V linesformed in the transition
region and hotter lines visible only in flares. In this talk focus will be on the instrument
characteristics and the initial observing plan and the prospects for prominence and filament
science.
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The Interhelioprobe (IHP) is a perspective space solar mission devel oped by the Russian Space
Agency together with the Russian Academy of Sciences. The mission aimsto provide long-term
remote observations of the Sun and in-situ measurements of the heliospheric magnetic fieldsand
plasmafrom the out-of-ecliptic heliocentric orbit with the perihelion of about 60 solar radii. The
Interhelioprobe spacecraft is equipped with an ensemble of imaging instruments at |east two of
which are specially dedicated for observations of solar eruptive phenomenaand CME. Thefirst
one is awhite-field coronagraph named "Oka" which will observe the outer solar corona from
the distance of 2?7 to 10? from the Sun's center. The second one is a white-field heliospheric
imager "Heliosphera" with the field of view of 10?7 ? 30?. We describe in detail both these
instruments and present our scientific program for observation of CM E and eruptive phenomena
during the IHP mission.
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In order to detect the fine structures of solar magnetic field and dynamic field, an 8 meter solar
tel escope has been proposed by Chinese solar community. Dueto the advantages of ring structure
in polarization detection and thermal control, the current design of CGST (Chinese Giant Solar
Telescope) isan 8 meter ring solar telescope. The spatial resolution of CGST isequivalent to an
8 meter diameter telescope, and the light-gathering power equivalent to a5 meter full aperture
telescope. The results of simulation and analysis showed that the current design could meet the
demand of most science cases not only in infrared band but also in near infrared band and even
in visible band. The observations of the prominence and the filament are also very important
science cases of CGST. CGST was proposed by al solar observatories in Chinese Academy of
Sciences and several overseas scientists. It is supported by CAS and NSFC (National Natural
Science Foundation of China) as along term astronomical project.
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India's National Large Solar Telescope (NLST) is a state-of-the-art 2-m class telescope for
carrying out high-resolution studies of the solar atmosphere. Its geographical location in the
Ladakh region of Jammu & Kashmir (India) will fill the longitudinal gap between Japan and
Europe and is expected to be the largest solar telescope till ATST and EST come into operation.
NLST is an on-axis at-azimuth Gregorian multi-purpose open telescope with the provision of
carrying out night time stellar observations using a spectrograph at the Nasmyth focus. The
telescope utilizes an innovative design with low number of reflections to achieve a high
throughput and low polarization. High order adaptive optics is integrated into the design that
workswith amodest Frieds parameter of 7-cm to give diffraction limited performance. The post-
focusinstrumentsinclude broad band and tunabl e Fabry-Perot narrow band imaging i nstruments,
a high resolution spectropolarimeter and an echelle spectrograph for night time astronomy.
NLST will address a large number of scientific questions with a focus on high resolution
observations. The direct measurements of magnetic fields in prominences have so far been
obtained mainly in H-alpha, He | multiples at the visible and IR wavelength regions. However,
they achieve a spatial resolution of few arc sec. With NL ST, high spatial resolution observations
of prominences are possible in these spectral lines using multi-line spectropolarimetry. Studies
of filament eruptionsasawhol e, and thedynamicsof filamentson finescal esusing high resol ution
observationswill be undertaken. An important issue isto examine he role of barbs that undergo
appearance and disappearance in the activated phase of an eruptive filament.

NLST will carry out observations to examine the following aspects related to prominences:

(1) Morphology of different prominences and their association to the magentic

field structure;

(2) Magnetic field structure of different barbs and how they are connected to the

underlying photospheric magnetic field;

(3) Magnetic helicity in the solar prominences and filaments;

(4) Formation of prominence/filament plasma and how does it evolve along with

its magnetic field configuration;

(5) Prominence/filament oscillation and its relation to the MHD waves and

possible heating mechanisms;

(6) Magnetic structure of polar crown prominences.
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Atacama Large Millimeter/submillimeter Array (ALMA) is aso intended to be used for solar
research, with the European solar ALMA nodelocated in Ondrejov. Thegreat potential of ALMA
lies

in rather straightforward temperature diagnostics of chromospheric-type plasmas, and in
particular

of the coolest prominence structures. We briefly review the ALMA capabilities and then
demonstrate

how aquiescent prominencewoul d appear indifferent ALMA wavel ength channel s. We show that
the prominence fine-structures are well detectable. Using an unprecedented spatial resol ution of
ALMA, together with aforward modeling technigques, we will be able to map the temperatures
of cool prominence condensations and study their structure and dynamics.
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The 4m Advance Technology Solar Telescope (ATST) is under construction on Maui, HI. With
its unprecedented resolution and photon collecting power ATST will be an ideal tool studying
prominencesand filamentsand their rolein producing Coronal MassEjections. TheATST facility
will provide aset of first light instruments that enable imaging and spectroscopy of the dynamic
filament and prominence structure at eight times the resolution of Hinode. Polarimeters allow
high precision chromospheric and coronal magnetometry of prominence structure at visible and
infrared (IR) wavelengths. The infrared is particularly attractive for coronal spectroscopy and
magnetometry dueto low sky and instrumental background and relatively bright mid-IR coronal
emission lines. We will review the design and capabilities of the ATST first light instruments
when operated individually or as a system. Current concepts for data products from the
instruments and community access to data products will be discussed.
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Present trends in the observation of the Sun with ground-based solar tel escopes converge into a
desire of simultaneously measuring spatial, spectral and polarimetric information. Spectro-
imagers with polarimetric capabilities of different kinds are seeing first light or being tested in
most of the present ground-based solar tel escopes. The observation of prominencesisnot strange
tothesetrends. | will review present instrumentation in ground tel escopesfor prominences. from
instruments measuring prominence magnetic fields (THEMIS, TIP and DST-Spinor) to those
measuring the spatio-temporal evolution of the prominence plasma (like ROSA). The future
instruments should maintain and combine the capabilities of present ones: what should those
instruments look-like? Thistalk will try to answer this question in the advent of 4-m class solar
telescopes as EST and ATST.
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