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regions and sigmoids
5 to be answered

1 Some questions of common interest






1N overview




Some questions
moids form? - How is the flux rope

18 ignetic field structure?
at is the free energv contect and how is it

tis the topology of the field?
t instabilities play a role in the eruptions?

0 Locatmg probable sites for reconnection and
instabilities?



Viodels for formation and
. evolution

e through the photosphere of already
& Gibson ‘04, ‘06, ‘07, Archontis et al. ‘09)
B~1) flux rope is destroyed by the plasma

1D simulations canno ilize the flux rope before eruption
rupts almost instantaneously

ations of transient sigmoids in emerging flux regions

e ng footpoint motions inject twist and shear in an
3 initially ¢ ential field (Aulanier et al. “10, Amari et al. ‘00)

= Requires large scale rotation or relative motion of polarities

= Not always observed




Models for formation and
evolution

3. Flux cancellation in decaying active region

= Van Ballegooijen & Martens (1989) picture for building flux ropes and
storage of energy

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

= Build of free energy (definition) - Potential field to field with free
energy



rexample of flux cancelation

for building flux ropes

HINODE XRT 5—Dec—2007 00:36:35.832 UT
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Fruption models



Wnk-and torus instability




Viggnetic field modeling - Motivation

the magnetic field when region is on disk
aitic from observed B field, extrapolates

match to observe
of the field structure
pology, current bulld—up, energy storage

ops and associate loops with

| mate flux and energy budgets

.+ Stu ux build-up prior to eruptions

& - Condlt ons for instability

, Study region formation, evolution, eruption
o Comparison with dynamical MHD models



Magnetic Models

or equation for motion in the corona

orona in equilibrium - force-free, J | | B INARaS s IAAR0S i

otential field when torsion parameter a=0
Linear force free field (LFF) when a=const everywhere
NLFFF - a=const along field lines, but different for different FLs

NLFFF models most accurately describe the sheared and twisted core
AND the potential arcade

Schriver et al. (2006, 2008) — review of NLFFF models
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Magnetofriction

=z EquationsWe iterate the induction equation

'here the electric field is expressed by the the resistive MHD condition:

E=—-—~vxB+nj

= With frictioanl coefficients and current terms
OB

E:VX(UXB_nz’

= Casted in vector potentioanl to preserve the
divergence of B |3

— =uvx B -y,

ot



Sigmoid from Feb 200’

07 Feb 07 12:20

- Feb 07,12

Types of field lines:
J - shaped

S- shaped

Sheared arcade

&

09 Feb 07 11:22

Potential arcade
Post-flare-like loops

11 Feb 07 06:11 ||

12 Feb 07 05:32 |




Viagnetic field Topologies

lomains - topology under smooth deformations

, e mapping from one set of neighboring footpoints

1 -bt < other Priest & Demoulin ‘95, Demoulin et al. ‘96, '97

rcle generally maps onto ellipse - squashing factor (Q) - Titov '99, ‘07
aratrices - discontinuous mapping, infinite Q

asi-Separatrix Layers (QSLs) - where FL linkage drastically

anges but is still continuous, large but finite Q,

generalization of topology  add contours by hand

T mm-T




Squashing factor

= The gradient of the field line mapping is given
by the Jacobian magtrix (Demoulin 7’95, 99)

The covariant form of (), applicable to any system of coordinates and shapes of the

boundaries, was derived by Titov (2007). The squashing factor, ), quantifies the

strength of a QSL and is given by Q = N?/|Al, where N? = a? + b? + ¢ + d* and

the Jacobian A = ad — be. Assuming flux conservation, the Jacobian is also the ratio



d current sheets

| OSLs + footpoint motions —
up of sharp/dense current sheets,
ection
FLs slip through plasma

ble sites fo (s
unning reconne

ically Q is inversely proportional to

ckness of current sheet

. Sharp current sheets — explosive release of energy
~ in reconnection

o Not so sharp — store free energy



#eneral properties of QSLs

Large complexity in
B flux

Large complexity
in low-res QSL map

Prominent QSLs are
aligned with B-field

Correspond to large
current concentrations

JQ plots - product of
J and Q plots - to pick
out prominent QSLs




dealized MHD simulations

HD code (Aulanier et al. 2005, 2010)

ntial field from two smooth asymmetric polarities
aﬁng motions at the PIL

Diffusion of B - flux cancellation at PIL

uild flux rope

‘he flux rope (FR) develops BPSS but does not erupt

Later develops an inverted tear drop shape

he elevated flux rope enters into the torus instability domain

lifts off




Ihe 3D magnetic field

=@  All 4 types of field lines exist in
both models
= S-shaped (green) - from
the inside of the flux
rope
s J-shaped (yellow) -
connect under the FR

m Short red field lines
under the HFT

= Overlaying arcade

(blue)

@ The FR in the MHD simulation
is much thinner w.r.t. length




Horizontal QSL maps
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to incomplete FR

= Recovers TD topology for a
HEFT configuration FR

-50 -250 -200 -150 -100

= Label columns
= Add arrows for guidence

-250 -200 =150 -100




Bt 2

Current distributions

ith ridges in the

oth QSLs and current
ncentrations outline the FR

ity

rent is more diffuse in NLFFE
odel due to relaxation process

D simulation has footpoint
ns - hence sharp currents at

m Same




'rha‘_j_-jé verbolic Flux tube

J[G/Mm]
J [G/MmL

-0.5 o

netric expansion and c
Hons in both cases

', guration in both models
alue of Q

- NLFFF model

HD simulation

econnection can take place |-
emoulin et al. 96)

HFT appears at the location of the
- eruption in both cases




Ihe torus instability

Increase thickness lines

Not enough twist for Kink instability ~ 1-
1.5 turns, need at least 3.5x

Tether-cutting reconnection at the HFT
elevates the FR more and it enters the
torus instability regime in the MHD
simulation (Aulanier et al. 2010)

Torus instability when the potential
arcade falls off with heights as
n=dIlnB/dlnz=1.5, depends on aspect
ratio

Evidence for possible torus instability in
the modeled 3D magnetic field

n=1.5 at the edge of the FR, continued
expansion will lead to torus instability




‘Discussion

formation mechanism of sigmoids - flux
tion, footpoint motions

he eruption mechanism?
and what are the conditions?

are the relevant stabi nits? What are the effects of the
ic field configuration? (i.e., the ratio of toroidal to poloidal
he flux rope)

operties define marginally stable configurations? What
bserved?

, instabilities have not been fully explored

How do kink and torus play together to produce an eruption



questions

onnection and how does play with the
ot of reconnection - on small and

es of the field and where

econnection occur?

0es reconnection occur in partially ionized
? - relevant to chromospheric reconnection



