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Sigmoidal active regions

d sheared magnetic field structures
1g magnetic free energy

Canfield et al. 99, ‘07; 68-74% of
uptions in s1gmo

al ARs
modeled by a flux rope in a potential arcade
Titov ¢ flux rope model
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_ 'model produc
Study erupting sigmoids as laboratory - high probability for eruption

Schematic of Standard
flare/CME model with

Observed (post)-flare and
CME features




sOIme questions about sigmoidal ARs
oids form? - How is the flux rope

onetic field structure?
content and how is it

ed? |
is the topology of the field?

t instabilities play a role in the eruptions?
“Is reconnection important?

Locating probable sites for reconnection and

- 1instabilities?

= Eruption mechanisms
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i1c field modeling

lel of the 3D magnetic field when region is

itions for kink and torus instabilities

formation, evolution, and eruption of region
-constrained and data-driven MHD and
magnetofrictional (MF) simulations



e Free Ficld (LFFF)

1 a=const everywhere, unphysical

inear Force-Free Field (NLFFF)

= When a=£(r), but constant along given field line

= Most realistic, represents core of AR, and more
potential arcade/restraining field



NLFFF modeling
jhie flux rope insertion method

van Ballegooijen ‘04, Savches - the Coronal Modeling System (CMS)
rapolation from SOLIS/HMI synoptic (full sun)

(D

rom partial LoS MDI/HMI magnetogram
ong observed filament path - grid of models
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Aanetic Flux Cancellation Model for

ation in decaying active regions
picture for building magnetic flux
ropes and storage of free magnetic energy

Magnetic Flux
Cancellation
Schematic from

= Shear flow + converging motions — short submerging loops +
long helical field lines (FL)

= Build-up of free energy - Potential field converts to field with
magnetic free energy, i.e FR



3asIcs of Magnetic Field Topology

persists under smooth deformations
leld into connectivity or quasi-connectivity domains

g appmg of a set of neighboring footpoints from one

i-Separatrix Layers (QSLs) - where field-line linkage drastically
ges, large but finite Q
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drop shape - MHD NLFFF
| simulation model

07 appears ]
under the FR before flares/ CMEs Side

iound at location of flares in vView m

- < 20 events with NLFFF

top view

QSL
Side
view

QSL
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ake unstable FR models

ith the FR insertion method,
evolution

iz. and vertical QSL maps
ferent iteration

A 171A movie of erupting
oid of 10/08/07

171 A 2010—08-07
17:36:00 UT

Relation between CME topologies
and observed flare features

Best-fit NLFFF model for 3 erupting ARs

SOL2010-04-08 SOL2010-08-07 SOL2012-05-12
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Side view of QSLs of a MF simulation
of an eruption FR for 10/04 /08
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Flare rilbbons and (post)-flare loops
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Field lines at the HFT

ines meet at HFT - reconnect

d strengthens the flux rope
x rope is elevated
hie 1st time we show theole of the HFT and the 2 J FLs in eruption
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Inoue MHD simulation of
/02/13 Sigmoid series of CMEs

gized best-fit magnetic field model for the pre-eruption configuration of

=B simulation - study FL evolution, currents, topology, and twist

bons and coronal dimmings from observations
| Observed and simulated STEREO 195A images
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Current cross-section  FL evolution during eruption  TW - twist evolution -
evolution colored by current ribbons and dimmings



Double-decker Eruption on
12/707/1Z2 modeled KT MHD code

ot
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m Tried different I.C.s

= With single FR - explored
stability and eruptuion

= Double-decker FR with 2

distinct FR paths
= Changed FR paths and
Combinations Of axial and —-0.4 —0.2 0.0 0.2 0.4 —-04 —0.2 0.0 0.2 0.4
poloidal flux ) )
A model27BK_005: alpha(t=0) & U in plane model86BK_005: alpha(t=0) & U in plane
IE' Kllem-TorOk O"B MHD ‘ (x,y) pos. of cut =(-0.025,-0.010) Angle=120 deg . (x,y) pos. of cut =(-0.025,-0.011) Angle=120 deg

simulation to explore
currents, FL eruption, and
complex topology, overlay
with flare ribbons



'12/07/12 Event with
thermodynamic MAS simulation

dy stability state
ize by multiplying the

Calculation performed in
vector potential

@ Study eruption morphology
in simulated images, ribbons

and topology

>UHE Cam»» b o



FL evolution during eruption

K VIHD Simulation of 10/04/08

First data-constraint simulation
Studied stability of NLFFF in MHD

Energized IC of Full wedge B model made Cartesian by
shrinking to center of Sun

Good match to observations of early CME velocity

Current sheet and recconection

0.000 0.005 0.010 0015 0.020 0.025 0.00 0.01 002 0.03 0.04

Fignz. econnection flows of the models with (a) Py = 5 x % 10% Mx and (b) @ = 6 x 10% Mx in the vertical cut plane shown in Figure 3 at
peak plnc»loclle:zmﬂW n (a) and 0.034 in (b).

.u nsity at x(141)- 3
is in gray, and the peak value (white) is max(a) = 483 at (s, )(09009).

Match to
observe CME

velocities

1 2 3 4 5
s since 2010-04-08 02:00 UT)



SWMFE global thermodynamic
VIH D ’imulation of 10/04/08 event

lodeling Framework (SWMF):
physics
NLFFF-CMS potential field in B form

ind solution with SWMEF global potential
g by dissipation and reflection of

ld: includes coronal he
en waves |
SWMEF potential field to the Force-free part of the inserted 3D
of B

nch CME to 1AU

different multiplicative factors to energize the field to achieve a
d fit to observations - CME deflections, shocks, velocities,

kaking

panch
= Can interact with magnetosphere/ionosphere of Earth and other
planets

= Can be used in Exoplanetary systems by substituting the Sun with the
parent star and interact the scaled eruptions with exoplanets



Resu ts from SWMF simulation
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ary and conclusions

werful tool for analyzing

performed the first data-constrained
lata-driven partial-sun 0-f Cartesian and
lobal full-physics MHD simulations



