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Buoyant Rise of Active Region Flux Tubesin a Solar-like
Convective Envelope

Fan Yuhong *

1: National Center for Atmospheric Research (NCAR)
3080 Center Green Drive Boulder, CO 80301

Using a Finite-difference Spherica Anelastic MHD (FSAM) code, we carry out 3D MHD
simulations of the rise of active region flux tubes in arotating, turbulent convective envelope
with a solar-like differential rotation. We find that for buoyant flux tubes with an initial field
strength of 100 kG inserted near the bottom of the convection zone, the magnetic buoyancy
largely determines the rise of the Omega-shaped tubes although strong down flows produce
significant undulation and distortion to the shape of the emerging Omega-shaped tubes. The
convective flows significantly reduce the rise time for an apex to reach the top. For the weakly
twisted and untwisted cases we simulated, the tube apex first reaching the top shows an overall
tilt angle consistent with the active region tilts, although the emergence pattern is more complex
compared to the case without convection. Near the top boundary at a depth of about 25 Mm, the
emerging region shows a retrograde zonal flow of about 200 m/s in the midst of the prograde
flow of the bananacells.
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Global dynamics of subsurface active regions

Jouve Lauréne 1, Brun Sacha 2, Guillaume Aulanier 2

1:IRAP
Université de Toulouse Paul Sabatier
14 Avenue Edouard Belin 31400 Toulouse
2 : DSM/IRFU/SEDI - CEA Saclay (DSM)
CEA
91191 Gif-sur-Yvette
3: 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/

Wewill present three-dimensional numerical simulationsof amagneticloop evolvinginarotating
convectiveshell. Duetotheaction of magneticbuoyancy, thelooprisesand devel opsasymmetries
between itsleading and following legs, creating emerging bipolar regions whose characteristics
are similar to those of observed spots at the solar surface. In particular, we self-consistently
reproducethe creation of elongated structures called « tongues » around the spot pol arities, which
can be strongly affected by convection. We want to emphasize the presence of ring-shaped
magnetic structures around our simulated emerging regions, which we call «magnetic necklaces
» and which were seen in a number of observations before. We show that those necklaces are
markersof vorticity generation at the periphery and below the rising magnetic loop. We also find
that the typical asymmetry between the two legs of theloop is crucially dependent on theinitial
magnetic field strength. We will finally show that the tilt angle of the emerging regions seems
to be affected both by the convective motions and the presence of a differential rotation. Those
results represent another step toward understanding the full process of magnetic field generation
and evolution in the solar interior and emergence of large-scale active regions at the surface.
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Multi-parametric study of rising 3D buoyant flux tubesin
an adiabatic stratification ussing AMR

Martinez-Sykora Juan !

1: Lockheed Martin Solar and Astrophysics Lab

Over the past 30 years a large body of work studying the bouyant rise of magnetic flux tubes
through an adiabatic stratification has sheed light on many of the MHD processes depending on
the properties of the bouyant flux tubes. We expand the study of the buoyant rise of magnetic
flux tubes embedded in an adiabatic stratification in 2D and 3D numerical smulations. We
analyze the dependence of flux loss from the main body of the tube and of the tube evolution on
the effective Reynolds number and on the magnetic twist and curvature of the tube. This multi
parametric study provides great knowledge of the different structures, velocity fields, amount of
flux retained within the tube as a function of the different parameters. It gives us alarge picture
of theimpact of the various studied parameters on the flux emergence and let us also to compare
theresultswith theliterature. A series of fully compressi ble magnetohydrodynamics simulations
were carried out using FLASH code. The Adaptive Mesh Refinement (AMR) capability
implemented in FLASH facilitated 3D simulations at Reynolds numbers comparable to those
previously achievedin 2D simulations. Inthelow magnetic Reynoldsnumber regime, theamount
of longitudinal magnetic flux retained inside the tube increases with the curvature of the tube
axis. However, this dependence on tube curvature diminishes for sufficiently high magnetic
Reynoldsnumber. Inaddition, theflux retainedinthetubeincreaseswithtwist. DuetothelL orentz
force, thetwo legs of the Omega-1oop on either side of the apex gainsvorticity of opposite signs.
The shedding of vortex tubes with opposite senses from the two legs of the Omega-1oop leads
to an aerodynamic lift which swings the legs of tube in an antisymmetric fashion.
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Flux emergencein the solar global convection calculation
with the reduced speed of sound technique.

Hotta Hideyuki ¥*, Rempel Matthias 2, Yokoyama Takaaki 3

. University of Tokyo
http://www.u-tokyo.ac.jp/

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

. University of Tokyo

: Corresponding author

*w N =

We haveachieved high resol ution cal cul ation of the solar global convectionin spherical geometry
with higher top boundary. The reduced speed of sound (RSST) isadopted in thisstudy. Compared
with the anelastic approximation, the RSST has two major advantages: One is the good scaling
in parallel computing. Second is the accessibility to the real solar surface. These enable us to
achieve the grid point of 720x1280x3072 and the location of the top boundary is at 0.99Rsun.
Sincethedensity ratio exceeds600 and the pressure scale height variesdrastically, our calculation
includes multi-scale thermal convection, i.e., 100 Mm scale at the base and 10 Mm scale near
the top boundary. This type of the small convection pattern is achieved for the first time in the
global convection. In our current calculation, the rotation is not included in order to investigate
the local dynamo effect in the global scale. We find that the small scale convection near the
surface influences the local dynamo effect in the convection zone. The generated magnetic field
in the convection zone rises to the surface. We frequently observe supergranulation scale flux
emergence event in our calculation. Its magnetic energy significantly exceeds the local kinetic
energy. Thisresults showsthat |ocal-dynamo-generated magnetic field contribute the occurrence
of the flux emergence to some extent. The detailed process of this type of the flux emergence
will be discussed in the presentation.
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Probing Emerging Magnetic Flux and the Nature of
Detected Pre-emergence Signatures

llonidis Stathis **, Zhao Junwei, Hartlep Thomas

1: Stanford University
* 1 Corresponding author

It was shown that strong emerging-flux events can be detected by helioseismology in

the deep convection zone before they become visible in the photosphere. The detection
method is based on computations of cross-covariances between oscillation signals
observed at pairs of locations on the solar surface. We present in thistalk the results

of ahelioseismic investigation of emerging magnetic flux in the deep convection zone.
First, we present heliosel smic measurements which show that the magnetic flux emerged
from a depth of 70 Mm to 50 Mm in about 5 hours with an emergence speed of about 1 km/s.
The detection of the rising motion of magnetic flux supports our previous studies. We also
investigate the physical origin of the detected perturbation signatures. Our results show
evidences that these signatures are not associated with flows or wave-speed perturbations
but with power variations in the emerging-flux region which change the frequency of the
cross-covariance function and cause large phase travel-time shifts at specific peaks.
Therefore, the large amplitude of the detected signatures does not contradict theoretical
estimates based on the effects of flows and wave-speed perturbations. Last, we analyze
numerical simulation data with subsurface static sound-speed perturbations. The results
show that although our method is capable of detecting these subsurface perturbations, the
static sound-speed perturbation model cannot reproduce all the helioseismically observed
properties of emerging-flux regions.
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Observations of the Magnetic Flux Approaching the
Visible Surface

Toriumi_Shin 1, Hayashi Keiji 2, llonidis Stathis 2, Sekii Takashi 3, Yokoyama Takaaki 1

1: University of Tokyo
2. Stanford University
3: National Astronomical Observatory of Japan

We present two characteristic observations of the emerging flux before it appears at the visible
surface. According to our previous simulations of the flux emergence from -20 Mm, the rising
tube pushes up the plasma ahead of the tube and decel erates in the uppermost convection zone.
Such accumulated plasma escapes horizontally around the surface layer before the flux reaches
the surface (horizontal divergent flow: HDF). First we report the HDF detection prior to the flux
emergence of NOAA AR 11081, which is located away from the disk center. We used HMI
Doppergrams to investigate the temporal changes of the flow pattern from the reference quiet
Sun. It isfound that the HDF of 0.6-1.5 km/s, up to 2.3 km/s, appears before the flux emergence
by about 100 minutes. In the second half we present the helioseismic detection of the emerging
flux in the uppermost convection zone. We apply six Fourier filtersto the MDI Doppler data of
NOAA AR 10488 to detect the reduction of acoustic powers at six different depths from -15 to
-2 Mm. Up to 2 hours before the magnetic flux first appears at the visible surface, the start times
of the power reduction show arising trend of ~1 km/s with a gradual deceleration. These two
observations are well in accordance with the simulation results.
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Active Region Emergence, a New Paradigm

Stein Robert 1, Georgobiani Dali, Nordlund Ake

1: Michigan State University (MSU)
East Lansing, M| 48824-2320
steinr.pa.msu.edu/~bob/research.html

Theaccepted paradigmisthat activeregionsemergeasaresult of aglobal scaleflux tubeemerging
from the tachocline and rising through the convective zone. To maintain its coherence and to
emerge

with the proper orientation and at the correct latitudes such coherent flux tubes must have afield
strength of 40-50 kG at the base of the convection zone (Weber 2011). How they are formed with
greater than equipartition field strength, stored in and rel eased from the tachocline haslong been
amystery. Recent simulations show that another scenario is possible. Global scale magnetic
wreathsareproduced by dynamo actioninsidetheconvection zonewhichreversepolarity (Nelson
2013). Both these global and also local surface simulations have shown that convective motions
produce magneticloopsfromtheselarge scalewreathswhichrisetothesurfaceand produceactive
regions. The local simulations of magnetic flux emergence show that the field initially emerges
over a confined areawith horizontal fields emerging over granules with mixed polarity vertical
legs

at their endsin the intergranular lanes. The fields are quickly swept into the intergranular lanes
and then collect into separate, opposite polarity concentrations producing pores and spots as a
result of the underlying large loop structures. Movies show how this evolution occurs. A
tachoclineistherefore not needed to explain the origin of activeregionsand their propertiessuch
asthe

Halepolarity law. The subsurface structure of magnetic flux concentrationsin poresand spotsthat
haveformed from the action of magneto-convectionwithout beingimposed asaninitial condition
will

also be presented.
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Modeling the Origin of Tilt, Twist, Active Longitudes, and
More: Buoyant Loopsin Global Convective Dynamos

Nelson Nicholas ¥*, Brown Benjamin 2, Brun Sacha 3, Miesch Mark 4, Toomre Juri 1

. University of Colorado

: University of Wisconsin

: DSM/IRFU/SEDI - CEA Saclay (DSM)
CEA
91191 Gif-sur-Yvette

: High Altitude Observatory (HAO)

. Corresponding author

WN -

* N

Global 3D simulationsof convective dynamo action in Sun like starsusing avariety of numerical
codes have shown that strong, coherent «wreaths» of toroidal magnetic field can be created in
the bulk of the convection zone and that these wreaths can undergo cycles of magnetic activity
and reversals in global magnetic polarity. Using improved subgrid-scale treatments, we have
achieved a cyclic wreath building dynamo simulation in which effective diffusion has been
reduced by a factor of 30 compared to previous models. These low levels of diffusion lead to
increased turbulent intermittency, which can created strong, coherent magnetic flux ropesin the
cores of the wreaths which become buoyant and coherently rise through the simulated domain,
forming buoyant magnetic loops. Using automated pattern-recognition algorithms, we have
identified and analyzed large numbers of these loops and can measure statistical descriptions of
their properties such as latitudina tilt, twist, correlation with mean fields, and longitudinal
concentration. We find that our simulated |oops mimic the statistical properties of latitudinal tilt
and twist observed in sunspots. Loops preferentialy arise in longitudinal patches which are
somewhat broad in extend, perhaps providing cluesto the origin of active longitudesin the Sun.
The strength of the axisymmetric toroidal field is not agood predictor of the production rate for
buoyant loops or the amount of magnetic flux in the loops that are produced.
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Flux emergence in a magnetized convection zone

Pinto Rui 1=, BrunA. S. 2

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
* . Corresponding author

We study the influence of adynamo magnetic field on the buoyant rise and emergence of twisted
magnetic flux-ropes, and their influence on the global external magnetic field. We ran three-
dimensional MHD numerical ssimulations using the ASH code and analysed the dynamical
evolution of such buoyant flux-ropes from the bottom of the convection zone until the post-
emergence phases. The actual flux-emergence episode is preceded by a localised increase of
radial velocity, density and current density at the top of the convection zone. During the buoyant
rise, the flux-rope's magnetic field strength and density scale as $B\propto\rho™{\a pha} $, with
$\alphallesssim 13$. The propertiesof initial phases of the buoyant rise are determined essentially
by theflux-rope'spropertiesand the convectiveflowsand are, in consequence, in good agreement
with previous studies. However, the effects of the interaction of the background dynamo field
become increasingly stronger as the flux-ropes evolve. The threshold for the initial magnetic
field amplitude is dlightly increased by the presence of the background dynamo field, even if it
is on average much weaker than the flux-rope's field. The geometry and relative orientation of
the magnetic field in the flux-ropes with respect to that in the background magnetic field
influencestheresulting rise speeds, zonal flowsamplitudes (which devel op withintheflux-ropes)
and surface signatures of magnetic flux emergence. This strongly influences the morphology,
duration and amplitude of the surface shearing and Poynting flux associated with magnetic flux-
rope emergence, which are key ingredients to the current coronal eruption triggering scenarios.
The actual magnetic flux emergence is consistently preceded by strong and localised radia
velocity enhancements at the place where the flux rope will emerge. The emerged magnetic flux
isin most of the cases studied enough to influence the global surface magnetic field. In some
cases, the emergence reinforces the system's global polarity reversal while in some others it
inhibits the background dynamo from doing so. The fraction of magnetic flux which remains
attached to the flux-rope is slowly spread out in latitude, diffused and assimilated by the
background dynamo field.
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Magnetic helicity properties of emerging active regions
determined from longitudinal photospheric
magnetograms.

Poisson Mariano ! », LOpez Fuentes Marcelo 12, Mandrini Cristinat -, Démoulin Pascal 3

1: Instituto de Astronomiay Fisica del Espacio (IAFE-CONICET-UBA)
http://www.iafe.uba.ar/

2 : Facultad de Ciencas Exactasy Naturales (FCEN-UBA)

3: Laboratoire d'éudes spatiales et d'instrumentation en astrophysique (LESIA)
Observatoire de Paris
5, place Jules Janssen 92190 MEUDON
http://lesia.obspm.fr/

* : Corresponding author

We study the emergence of solar active regions (ARS) to determine how their magnetic helicity
properties affect the evolution of the photospheric flux observed in SOHO/M DI magnetograms.
We characterize the so called magnetic tongues (Luoni et al. 2011, Solar Phys. 270, 45), which
are produced by the line of sight projection of the azimuthal component of the magnetic field in
ARsformed by twisted emerging flux-tubes. We analyze a set of 25 ARs observed between 2004
and 2010. We only select regions for which the full emergence processis observed on the solar
disk. Inorder to minimizethe background magneticfield contribution, we sel ect casesthat emerge
inareasdevoid of remnant flux from older ARs. From the magnetograms we determine and study
the evolution of relevant parameters, in particular the tilt angle, the relative direction of the
polarity inversion line (defined as the PIL angle), and the magnetic flux of the ARs. Modeling
the emergence of twisted magnetic flux-tubes, we demonstrate that the PIL angleisadirect proxy
for the evolution of the tongues. To further characterize this evolution we compute and analyze
weighted averages of the PIL angle and the magnetic flux. We find that in 22 ARs from our set
the presence of magnetic tongues has a direct effect on the evolution of the PIL angle. For these
cases, we are able to infer the magnetic helicity sign from the obtained measurements and their
computed averages. Since ARs with high contents of magnetic helicity are, in general, the most
productive in term of flares and CMEs, the possible determination of their magnetic helicity
properties from the very beginning of the emergence can be a powerful forecast tool for solar
activity.
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Photospheric injection of magnetic helicity during AR
11158 emergence

Damasse Kévin,*, Pariat Etienne 1, Valori Gherardo 2, Démoulin Pascal 3

1: Laboratoire d'études spatiales et d'instrumentation en astrophysique (LESIA)
Observatoire de ParisCNRS : UMR8109Université Paris Diderot - Paris 7Université Pierre et Marie Curie - Paris VI
5, place Jules Janssen 92190 MEUDON
http://lesia.obspm.fr/
2 . 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/
3: Laboratoire d'études spatiales et d'instrumentation en astrophysique (LESIA)
Observatoire de Paris
5, place Jules Janssen 92190 MEUDON
http://lesia.obspm.fr/
* . Corresponding author

M agnetic helicity quantifieshow globally twisted and/or shearedisthemagneticfieldinavolume.
Previous studies have shown that, magnetic helicity can play a key role in the dynamics and
evolution of magnetic flux tubes. To better understand and quantify its role in magnetic flux
emergence and evolution, the photospheric distribution of magnetic helicity flux during the
lifetimeof activeregions(ARS) needsto be studied. M ost recent analyses of photospheric helicity
flux derive a helicity flux density proxy based on the relative rotation rate of photospheric
magnetic footpoints. However, such a proxy is not atrue helicity flux density because it does
not take into account the magnetic field lines connectivity, and hence, is not free from spurious
signals. We recently developed a method to compute the distribution of helicity flux by taking
into account such connectivity which allows to correct these spurious signals. After introducing
this method, we present the results of its application to the NOAA AR 11158. We show that, the
distribution of helicity flux iscomplex, with patterns of real mixed signal of helicity flux related
to the specific topology of the AR's magnetic field. Finally, we discuss the implications of our
results on the evolution and dynamics of thisAR.
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Collective Solar Behavior

TitleAlan?®

1: LM SpaceAstrophysics Laboratory (LMSAL)
aialmsal.com

The Atmospheric Imaging Assembly (AlA) on the Solar Dynamic Observatory (SDO) together
with the Helioseismic and Magnetic Imager (HMI) and the Extreme Ultraviolet Variability
Experiment (EVE) allow observations of the entire Sun from 6000 K to 20,000,000 K with
arcsecond resolution and a 12 second cadence (AlA), obtain doppler and continuum images at
a45 second cadence and Line of Sight and vector magnetograms (HM1) every few minutes, and
integrated solar spectra from 1 to 100 nm on a 2 second cadence (EVE) 24/7. Because of the
enhanced thermal and temporal coverage and the high dynamic range available with AlA, it has
been able to discovery collective behavior associated with a range of solar events from large
flaresto quiet sun filament g ections associated with very small GOES flares. Nearly half of the
M and X classflares seen with AIA have impact over a solar hemisphere and sometimes nearly
the entire sphere. The extent of the events are recognized by using co-temporal STEREO data.
The rapidly expanding magnetic structures, speeds between 500 and 2000 km/s, may trigger
filament eruptions, CME's, and other flares. The global nature of these events makes flare
prediction based upon ONLY local energy build up models less valuable, but suggests that with
proper coverage prediction of solar events with potential for Earth impact can be made more
reliable. Movies of sample events discovered in AlA together with STEREO and EVE datawill
be shown.
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Therole of preexisting magnetic environment with newly
emerging flux in flares

Schmieder Brigitte !, Mandrini Cristina 2+, Démoulin Pascal 4, Guo Yang 5+«

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 : Ingtituto de Astronomiay Fisicadel Espacio (IAFE-CONICET-UBA)
http://www.iafe.uba.ar/
3: Facultad de Ciencas Exactasy Naturales (FCEN-UBA)
4. Laboratoire d'études spatiales et d'instrumentation en astrophysique (LESIA)
Observatoire de Paris
5, place Jules Janssen 92190 MEUDON
http://lesia.obspm.fr/
5: School of Astronomy and Space Science, Nanjing University, Nanjing 210093, China
6 : Key Laboratory of Modern Astronomy and Astrophysics (Nanjing University), Ministry of Education,
Nanjing 210093, China

The AR was formed in 24 hours in the trailing polarity of the AR 11121 on November 10-11
2010 observed by SDO/HMI and THEMIS vector magnetographs. AR 11123 is formed by
successive emerging bipoles. SDO/AIA (304 A and 171 A) allows usto follow the development
of five flares during this one day time involving the eruption of two active region filaments.
The topology analysis shows the existence of 3 null points. Oneislocal and two involved the
preceeding active region. Reconnections occur abovethefilament favouring itseruption. Round-
shape ribbons overlay the separatrices and QSL s between the two regions.
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Condition for arcade field eruption triggered by a flux
emer gence event

Yokoyama Takaaki 1

1: University of Tokyo

An eruption of a plasma associated with a magnetic flux is a dramatic phenomenon
leading to flares and CMES. It is sometimes conjectured that its onset is triggered

by aflux emergence event in an active region. We studied such mechanisms by using
two-dimensional magnetohydrodynamic simulations to investigate the detailed processes
and the criteria of the onset. The initial force-free arcade is

deformed by a flux emergence event leading to the magnetic reconnection to detach
amagnetic flux rope. The studied criteriais for the magnetic

strength and the location of appearance of the emerging event.

Our results may contribute to the prediction of an eruption occurrence

by measurements of the amount and the location of emerging flux events.
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Structures of Emerging Flux Triggering Solar Eruptions

Kusano Kanya?

1: Solar-Terrestrial Environment Laboratory, Nagoya University
Furo-Cho, Chiku-saku, Nagoya, Aichi, 464-8601
http://www.stel ab.nagoya-u.ac.jp/

Though solar flares and coronal mass gjections are the most catastrophic eruptions in our solar
system, their triggering mechanismisstill not sufficiently understood, and our capacity to predict
the occurrence of them is substantially hindered. In this paper, we tried to solve this problem by
systematically surveying the nonlinear dynamics caused by awide variety of magnetic structures
in terms of three-dimensional magnetohydrodynamic simulations. As a result, we determined
that two different types of small magnetic structures favor the onset of solar eruptions. These
structures, which should emerge near the magnetic polarity inversion line (PIL), include
magnetic fluxes reversed to the potential component or the nonpotential component of major
field on the PIL. These types of emerging fluxes can trigger solar flares through the eruption-
induced reconnection and the reconnection-induce eruption, respectively. In addition,
we anayzed severa large flares, using imaging data provided by the Hinode satellite, and we
demonstrated that they conform to the simulation predictions. These results suggest that
forecasting of solar eruptionsis possiblewith sophisticated observation of asolar magneticfield.
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Flux emergence and solar eruptive events

Archontis Vasilis *

1: University of St Andrews (USTAN)
School of Mathematics and Statistics Mathematical Institute North Haugh St Andrews, Fife KY 16 9SS SCOTLAND
http://www-maths.mcs.st-andrews.ac.uk/index.shtml

* : Corresponding author

We study the emergence of magnetic flux from the solar interior into the outer solar atmosphere.
It is shown that the emergence is followed by (recurrent) eruptions of plasma, mainly driven by
reconnection. The condition under which these eruptions may develop into large-scale eruptive
phenomenaisdiscussed. Theeffect of the physical propertiesof the emerging field onthefollow-
up dynamic events is also presented.
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General Discussion
Brun Sacha

1: DSM/IRFU/SEDI - CEA Saclay (DSM)
CEA
91191 Gif-sur-Yvette

* : Corresponding author

General Discussion
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The Emergence of an Untwisted Flux Rope

Fang Fang *

1: High Altitude Observatory, National Center for Atmospheric Research (HAO/NCAR)
Boulder, Colorado

Itisof great interest to study therel ation between the emergence of acoherent magnetic structure
and the amount of twist in the initial flux rope. Here we experiment in our MHD simulations
with two types of flux ropes: one initially twisted, and the other one untwisted. In both cases,
the flux ropes are placed in the convection zone and fixed horizontally at the lower boundary.
By comparison, we examine the role of the twist of the initial flux rope in the convection zone
in formation of a coherent emerged magnetic structure at the photosphere and in the corona.
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MHD waves generated by flux emergence

Hood Alan 1

1: University of St Andrews
School of Mathematics and Statistics University of St Andrews St Andrews KY 16 9SS

The emergence of aweakly twisted flux tube results in the formation of two bi-polar magnetic
regions. The central two bipoles migrate towards the main spots and, in the process, generate

MHD waves. These are not gravity waves but appear related to the interaction of the migrating
bipoles and the main spots.
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Simulation of a full activeregion life cycle

Rempel Matthias 1, Cheung Mark

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

We present a numerical simulation of an active region scale flux emergence

event covering atotal time span of 6 days. We emerge a semi-torus of

untwisted magnetic field with $1.7\cdot10"{ 22} $~Mx flux into our domain at

adepth of about $15.5$~Mm beneath the solar photosphere. We added within

the semi-torus afield aligned flow of $5008~ms$Y{ -1} $ directed from the

leading toward the trailing spot, which is expected to occur as consequence

of angular momentum conservation during the rise of flux through the solar

convection zone. We find the formation of a sunspot pair having about

$10{ 22} $~Mx flux each. The leader spot is more coherent than the trailing

spot as consequence of the field aligned flow we imposed. The sunspot formation

phase directly transitions into the decay phase, which is driven by

convective motions near the bottom of our domain. In the decay phase, fragmentation of the
sunspotsisaconsequence of subsurface convective upflows carving their way through the spots.
When such upflows reach photospheric layers of umbral field strengthes, they manifest aslight
bridges. Persistent upflows that expand laterally leads to the widening of such light bridges and
totheeventual fragmentation of the spot into smaller pores. Thetimescalefor decay from sunspot
to plageis set by the motions of subsurface flows.
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Chromospheric Canopy Fields over a Flux Emerging
Region asa Key Condition for Formation of the Sunspot
Penumbra

Lim Eunkyung !

1: KoreaAstronomy and Space Science Institute (KASI)

A presence of a penumbrais one of the main properties of a mature sunspot, and
its formation mechanism has been elusive due to alack of observations that

fully cover the formation process. Utilizing the New Solar Telescope at the Big
Bear Solar Observatory, we observed the formation of a partial penumbrafor
about 7 hours simultaneously at the photospheric (TiO; 7057 A) and

the chromospheric (H? -1A) spectral lines with high spatial and temporal
resolution. From this uninterrupted, long observational sequence, we found that
flux emergence under the stable chromospheric canopy fields resulted in
penumbra formation, while emerging flux under the expanding chromospheric
fields appeared as transient elongated granules. Based on these findings, we suggest
a possible scenario for penumbra formation in which a penumbra forms when the
emerging flux is constrained from continuing to emerge, but rather is trapped

at the photospheric level by the overlying chromospheric canopy fields.
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High resolution spectro-polarimetric observations of the
formation of a penumbra

Romano Paolo ¥, Frasca Daniela 2, Guglielmino Salvatore 1, Zuccarello Francesca 2

1: INAF - CataniaAstrophysical Observatory
2 : University of Catania
* : Corresponding author

We present the results obtained analysing high spatial and spectral resolution data acquired at
the Dunn Solar Telescope with the Interferometric Bidimensional Spectrometer during the
formation of apenumbrain the Active Region NOAA 11490. We used full Stokes profilesin the
Fel 617.3 nm and Fel 630.25 nm lines and spectral imagesin Call 854.2 nm taken on May 28,
2012, from 13:39 UT and 14:38 UT. The dataset is complemented by white light (WL) and G-
band images that were taken simultaneously to the spectral data by approximately imaging the
same field of view. Our analysisis based on a SIR inversion of the Stokes profiles and on the
estimation of the line of sight plasma velocity from the spectral data.
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The Magnetic Flux History of a Quiet-Sun Super granular
Cedl

Gosic Milan 1, Bellot Rubio Luis?

1: Instituto de Astrofisica de Andalucia-CSIC

In an attempt to understand the origin of internetwork fields, we have observed the quiet Sun at
disk center for nearly 25 hours with unprecedented sensitivity (6 G), spatia resolution (0.3
arcsec), and cadence (1.5 minutes). Thedataweretaken by the Narrowband Filter Imager onboard
Hinode and consist of longitudinal magnetograms, Dopplergrams, and intensity images. Thisis
the longest uninterrupted sequence of quiet Sun magnetograms ever obtained at such
sensitivity, providing the first opportunity to follow the evolution of supergranular cells, from
birth to death, at their intrinsic spatial and temporal scales. With the help of anew featuretracking
code, we use these measurements to study the magnetic flux budget of a supergranule. In
particular, we determine the rates of flux emergence and disappearance as afunction of timeand
radial distancefromthesupergranular center. Weal soinvestigatethe processeswhereby magnetic
flux elementsappear and disappear inthesupergranul e. Our results, someof which arecompletely
unexpected, shed new light on the properties of internetwork fields and how they interact
with supergranular convective flows.

23/37



High resolution analysis of a magnetic bubble emerging
through the solar atmosphere

Ortiz Carbonell Ada ", Bellot Rubio Luis Ramon 2, De La Cruz Rodriguez Jaime 3, Hansteen
Viggo 1, Rouppe Van Der Voort Luc !

. Institute of Theoretical Astrophysics (ITA)

. Instituto de Astrofisicade Andalucia (I1AA)

: Department of Physics and Astronomy, Uppsala University
. Corresponding author
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We study an intermediate-scal e flux emergence event that occurredin NOAA 11024 in July 2009.
We observed this event

at the highest achievable spatial resolution (O\farcs14) with the CRISP spectropolarimeter at the
Swedish 1 m Solar

Telescope. Simultaneous full Stokes observations of the photospheric\ion{ Fe}{ 1} 630 nm lines
and the chromospheric

\ion{ Ca}{ 2} 854.2nmline, aswell as\ion{ Ca}{ 2} H linewingandlinecoreintensity filtergrams,
allow usto

describe in detail the emergence process across the solar atmosphere. We report on 3D semi-
spherical bubble events,

where instead of a simple magnetic loop with two footpoints, we find a structure with complex
semi-circular feet.

Several phenomena occur simultaneously during the emergence process, namely, abnormal
granulation, opposite-polarity

leg separation and brightenings in the upper layers, as revealed by both the \ion{ Ca} {2} 854.2
nm and \ion{ Ca}{2} H

measurements. A unique characteristic of this event is the appearance of a"dark" bubble in the
intensity maps

constructed from the wings of the \ion{ Ca}{2} 854.2 nm line. There is a clear coincidence
between the rise of

horizontal magnetic field patches and the formation of the dark bubble in thelow chromosphere.
Astime progresses,

we observe the bubble at different positions of the ion{ Ca}{2} 854.2 nm line, from the wings
to the core, which we

interpret asitsascensionthroughtheatmosphere. Itsaveragerising speed through the photosphere
is2

km\,s${ -1} $. To aid the analysis, we use the Bifrost codeto carry out 3D numerical simulations
of the evolution of

ahorizontal magnetic flux tube injected in the convection zone, 2.5 Mm below the photosphere.
The computational

domain spans from the upper layers of the convection zone to the lower corona. In the modeled
chromosphere the

rising flux tube produces alarge, cool and magnetized bubble. We compare our observed bubble
with that given by

the numerical simulations.
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Signatures of small-scale magnetic field emergence as
seen from the New Solar Telescopein Big Bear

Yurchyshyn Vasyl *

1: Big Bear Solar Observatory

Increased resol ution of solar telescopesallow usto study of emerging small-scalemagneticfields
in unprecedented detail. First light Hinode magnetograms showed evidence of both horizontal
and line-of-sight field being constantly brought to the solar surface by solar convection motion.
What are the signatures of these fields in the photosphere, if any?We examine NST granulation
and Halpha images co-temporal with SDO, Hinode and BBSO/IRIM vector magnetograms to
study the effect that the new small-scale emerging flux induces on solar granulation. We find
that emerging flux appears to leave different types of footprint on solar granulation: i) diffuse
irregular patches of increased brightness, ii) well defined filament-like structures and
accompanied bright points, and iii) bright point-like features that appear inside granules. We
suggest that the type of the footprint depends on the intensity of emerging fields. Stronger fields,
emerging as a part of large magnetic structure, create on the solar surface a well defined
filamentary pattern with bright points at the ends of the filaments, while weak turbulent fields
are associated with bright patches inside the host granule. Moreover, the granulation responds
to the emerging flux much earlier that it appearsin magnetograms. NST granulation images also
reveal that various bright points as well as bright granular 1anes may form and evolve within a
granule.
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Small-scale flux emer gence from the photosphereto the
corona

M oreno-Insertis Fernando 1, Martinez Sykora Juan 2, Hansteen Viggo 2

1: Instituto de Astrofisicade Canarias (IAC)
2 : Lockheed Martin Solar and Astrophysical Laboratory (LMSAL)
3: Ingtitute of Theoretical Astronomy, University of Oslo (ITA)

We have carried out 3D numerical experimentsof the emergence of magnetic flux on small scales
through the photosphere, chromosphere and into the corona. We have used the BIFROST code
which permits detailed consideration of an important range of radiative and thermal effects. We
focus on the emergence of small magnetic tubes at a granular scale, their rise to higher
photospheric levels and their interaction with the magnetic field in the corona.
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A Detailed Comparison Between The Observed and
Synthesized Properties of a Simulated Type |l Spicule.

Martinez-Sykora Juan 1, Hansteen Viggo 2

1: Lockheed Martin Solar and Astrophysics Lab
2 : Ingtitute of Theoretical Astronomy, University of Oslo (ITA)

We have performed a 3D radiative MHD simulation of the solar atmosphere. The simulation
shows a jet-like feature that shows similarities to the type Il spicules observed with Hinode the
Swedish 1-meter Solar Telescope (SST) and other tel escopes. Rapid Blueshifted Events (RBE'S)
on the solar disk are the disk counterparts of type Il spicules. Observational results suggest that
these jets may contribute significantly in supplying the coronawith hot plasma. In the smulated
spicule, thechromospheric plasmais e ected asaresult of being squeezed by the magnetic tension
force as a result of flux emergence. The jet shows evidence of both high velocities in the
chromosphere and heating of plasmato coronal temperatures. We perform adetailed comparison
of the properties of the simulated jet with those of type Il spiculesand RBES. We analyze awide
variety of synthetic emission and absorption lines from the simulations, including lines formed
in the chromosphere, transition region, and corona. We compare their synthetic intensities, line
profiles, Doppler shifts, line widths and asymmetries with observations from Hinode/SOT and
ElS, SOHO/SUMER, the SST, and SDO/AIA. Detailed analysis of the synthetic observables
provides insight into how observations should be analyzed in order to derive information about
physical variables. | will show that many properties of the synthetic observables resemble the
observations. On the other hand, other properties differ from the observations, especialy in
chromospheric lines. These and other discrepancies gives us suggestive ideas of which
mechanisms and physical processes may need to be included in the MHD simulations to mimic
the thermodynamic processes of the chromosphere and corona, in particular to reproduce type
Il spicules.
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Recurrent Coronal Jets|nduced by Magnetic Emer gence

Guo Yang -, Démoulin Pascal =", Schmieder Brigitte 4, Ding Mingde 1 -, Vargas Dominguez
Santiago 5, Liu Yang 6
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Three EUV |ets recurred in about one hour on 2010 September 17 in the following magnetic
polarity of AR 11106. We derive that the jets are above a small emerging magnetic bipolewithin
thefollowing polarity of thedecaying AR. Theinteraction drovethebuild up of elongated electric
currents patterns which disappear later on as observed at the photospheric level with SDO/HMI
and THEMIS. For thefirst time, the high temporal cadence of HMI allowsto follow the evolution
of such small currents. In the jet region, we found that the integrated absolute current peaks
repetitively in phase with the EUV flux evolution observed by SDO/AIA. The photospheric
current pattern of the jets is found associated to the quasi-separatrix layers deduced from the
magnetic extrapolation. From previous theoretical results, the observed diverging flows are
expected to build continuously such currents. We conclude that magnetic reconnection occurs
periodically, in the current layer created between the emerging bipole and the large scale AR
field. It induced the observed recurrent coronal jets and the decrease of the electric current
magnitude.
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Jets and eruptions following magnetic flux emer gence
into the corona

Moreno-Insertis Fernando 1, Galsgaard Klaus 2

1: Instituto de Astrofisicade Canarias (IAC)
2 : Niels Bohr Ingtitute & University of Copenhagen

We analyze in detail the eruptive phenomena following the emergence of magnetic flux from
the top of the convection zone into a uniformly-magnetized corona using 3D numerical
experimentswith alarge spatial domain and moderately high numerical resolution. We study the
formation of current sheets, reconnection sitesand thetopol ogy of thefieldintheir neighborhood.
The primary reconnection phenomenon leads to the launching of athin jet of hot plasma, whose
internal structure can be disclosed with some detail. We pursue the formation of dense and
comparatively cool structuresin the early phases, the advanced stages following the emission of
the jet, and a number of global quantities characterizing the evolution of the system.
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Energy Buildup in Active Regions: A Comparison of
AR11158 with a Simulation of M agnetic Flux Emergence

Manchester Ward *, Fang Fang 2, Burns Christine 3, Kosovichev Alexander 4, Xudong Sun 4,
Cheung Mark 5

: Center for Space Environment Modeling, University of Michigan (CSEM)
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Stanford, California

: Lockheed Martin Solar and Astrophysics Laboratory (LMSAL)
Palo Alto, Cdlifornia

: Corresponding author
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We present a detailed comparison of an MHD simulation of magnetic flux emergence with
observations of a large-scale active region. The simulation (Fang et al. 2012) addresses the
buoyant rise of aflux rope through the convection zone into the corona, which spontaneously
reproduces several featuresfound in AR11158. Wefocusour study onthe central part of AR11158
from which an energetic CM E was observed on 2011 February 15. We examine Al A loops, HMI
vector magnetograms, photospheric flow patterns, and convection zone flow patterns to fully
characterize the active region and relate its dynamics to basic features found in the MHD
simulation. Salient features are the convergence of flux concentrations of opposite polarity and
strong shear flows along the polarity inversion line observed prior to and during the CME. We
will show that such shear flows are readily explained as aresponse to the Lorentz force, and the
convergence are associated with convective downdrafts that form over the polarity inversion
line. We also compare the brightening of coronal loops observed with AIA to tether-cutting
reconnection observed in or simulation. Together, these mechanisms explain the buildup,
concentration and release of energy necessary for eruptive events.
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Evolution of electric currentsduring activeregion
formation

Torok Tibor ®

1: Predictive Science Inc. (PSl)
Predictive Science, Inc., 9990 Mesa Rim Rd., Suite 170, San
Diego, CA 92121, USA

It isnow well accepted that the energy required to power coronal mass gections

(CMEs) is stored in the corona by current-carrying magnetic fields. Active regions,

the main sources of CMES, carry electric currents of ~ 1 TA. There has been a
long-lasting debate whether or not these currents are neutralized, meaning that the
"main" or "direct" current flowing in the coronafrom one active region polarity to

the other is surrounded by a"return” current of equal strength and opposite direction.
This question isimportant, for example, for CME models, since the presence of a

return current may, in principle, inhibit the eruption of the direct current (i.e.,

aflux rope or sheared arcade). Both theory and observations are not yet fully

conclusive regarding the existence (and strength) of return currentsin CME-producing
active regions, and numerical simulations of active region formation have so far

widely neglected this question.

Here we present our recent study of the evolution of photospheric and coronal electric
currents during the formation of active regions. We consider two numerical active

region models that describe the two basic mechanisms of current formation in the corona.
These are the emergence of a sub-photospheric magnetic flux rope and the twisting/shearing
of the active region field by photospheric flows. In both cases, we find a clear
dominance of the direct current above the return current given that sufficient shear
develops along the polarity inversion line of the model active region. We discuss the
implications of this result for theoretical and numerical models of CMEs.
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General Discussion
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General Discussion
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M agnetic topology, the key to under standing the jetsand
eruptions following magnetic flux emergenceinto the
corona!?

Galsgaard Klaus *, Moreno-Insertis Fernando 2

1: Niels Bohr Institute & University of Copenhagen
2 : Instituto de Astrofisica de Canarias (IAC)
* . Corresponding author

We have preformed a3D numerical MHD experiment showing how new emerging flux interacts
withauniform slanted coronal background magneticfield. Thegeneral evolution, that isdiscussed
by Moreno-insertis & Galsgaard, shows a number of characteristic evolution stages, where first
an Eiffel-tower like jet gects plasma with high velocity into the corona. As the jet decays, due
to lack of continued flux emergence, the magnetic field structure constituting the remaining non
reconnected magnetic field provides the basis for a series of "catastrophic" eruptions.
Understanding the reasons for this complex behaviour is not easy to obtain from simple data
analysis. Therefore, in an attempt to advance out understanding of the reason consequences of
the complex evolution phases we have worked on build up amore clear picture of the magnetic
field topology and its influence on the evolution. For this we try to determine the magnetic
skeleton evolution, by determining the location and type of existing magnetic null points and
their associated separator lines.
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Time-Dependence of Topological Features of PFSS
Models of the Solar Corona

DerosaMarc 1, Schrijver Karel 1, Barnes Graham 2, Parnell Clare 3

1: Lockheed Martin Solar and Astrophysics Laboratory (LM SAL)
2 : Northwest Research Associates (NWRA)
3: Univ. St. Andrews

The topology of the solar coronal magnetic field has engendered much
recent interest, due to its importance in determining (for example)

the sector structure of the solar wind, the evolution of coronal hole
boundaries, and whether the configurations of coronae overlying active
regions are unstable and thus possibly eruption-prone. We choose
several casesinvolving eruptive events, and analyze these from a
topological perspective, aiming to identify robust topological

features in the PFSS model s that might represent reality.
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Nonlinear force-free extrapolation of emerging flux
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We study the flux emergence process in NOAA active region 11024, between 29 June and 7
July 2009, by means of multi-wavelength observations and nonlinear force-free extrapolation.
The combination of these techniques alows us to follow the whole process, from the first
appearance of the bipolar axial field on the east limb, until the buoyancy instability could set in
and raise the main body of the twisted flux tube through the photosphere, forming magnetic
tongues and signatures of serpentine field, until the simplification of the magnetic structure into
amain bipole by the time the active region reaches the west limb. At the crucial time of themain
emergence phase (taking place on 4 July 2009), spectropolarimetric measurements of the
photospheric field are employed to reconstruct the three-dimensional structure of the nonlinear
coronal field, which is then used to validate the current understanding of flux emergence
processes. In particular, the

knowledge of the corona connectivity confirms the identity of the magnetic tongues as seen
in their photospheric signatures, and exemplifies how the twisted flux, that is emerging on
small scalesin the form of a sea-serpent, is subsequently rearranged by reconnection into the
large-scalefield of the active region. In thisway, a coherent picture of the emergence processis
gained, both initsglobal properties (helicity, energy, topology), asin some of its observed local
reconnection

events.
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Estimating flare's free energy using Poloidal-Toroidal
Decomposition method.

Kazachenko Maria !, Fisher George 1, Welsch Brian 1

1 : Space Sciences Laboratory (SSL, UC Berkeley)

The existence of systematic measurements of vector magnetic fields and Doppler shifts allows
usto estimateel ectricfieldinthe photosphere, by solving Faraday'slaw, using aPol oidal-Toroidal
Decomposition (PTD) of themagneticfieldanditspartial timederivative, aswell asincorporating
information from Doppler shifts (Fisher et a. 2012). The method is based on solving a set of
two-dimensional Poisson equations. We have recently modified the method in the following two
ways. First, we improved the speed and accuracy of the Poisson equation solver using the
FISHPACK dlliptic partial differential equation software developed at NCAR, employing
Neumann boundary conditions appropriate for zero electric fields on the vector-magnetogram
boundary. Second, we devel oped amore general procedure which allows usto calculate electric
fields from magnetic fields observed at non-zero viewing angles. We apply the improved
technigue to ANMHD-simulation test case with a known electric field and find that it yields
more accurate values of Electric field, Poynting and helicity fluxes than before. We then apply
our method to three-days-long HMI data-set centered on AR 11158, which produced an X2.2
flare. We find electric field, helicity and free energy evolutionsin AR 11158. We further discuss
theerrorsof themethod and itsfutureasapotential tool to estimateflare'sfreeenergy and helicity.
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A Magnetofrictional Method for Data-driven Simulations
of Evolving Solar Coronal Fields

Cheung Mark **, Marc Derosa 2

1: Lockheed Martin Solar and Astrophysics Laboratory (LM SAL)
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2 : Lockheed Martin Solar & Astrophysics Laboratory (LMSAL)
www.lmsal.com

* 1 Corresponding author

We present a method for performing data-driven simulations of solar coronal field evolution.
The approach is based on magnetofriction, which evolves the induction equation assuming the
plasma velocity to be proportional to the Lorentz force. We show that thisterm in the induction
equation hasthe sameform asambipolar diffusion, whichisan agent for current sheet formation.
The simulations are driven by temporal sequences of photospheric magnetograms (e.g. from
SDO/HMI). In the case of some active region models (e.g. for AR 11158), the data-driven
simulations produce flux ropesthat are gjected from the evolving AR. One observational feature
that isreproduced in such models is the enhancement of the horizontal photospheric field at the
polarity inversion line following flux rope gjection. The sequence of time-depedent 3D models
of the corona field allows us to not only study topological changes (e.g. relative helicity
evolution), but also the mechanism(s) by which such changes occur. We also present a method
for visualizing the model coronal field based on the current density distribution in the
computational domain. This method produces mock images that are somewhat reminiscent of
EUV images taken by instruments such as SDO/AIA.
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