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Introduction

Theglobal structureof t he Sunds magnetic fi e
extrapolation of measured photospheric fields:

Field lines in MHD and potentidield sourcesurface (PFSS) models (Riley 2006)
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Introduction

The magnetic fielévolvesdue to the birth and decay adtive regions

Magnetogram
SOHO/MDI
Apr 8, 2000
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Introduction

Evolution of an active region (AR 10797)
over a 3month period:

-
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Introduction

Yohkoh/SXT and Hinode/XRT observations show the corona contains
S-shaped structures (sigmoids), indicating coronal magnetic fields are
sheared and/or twisted:

Two sigmoids,
May 15, 1998

Sigmoid before and
after eruption,
June 89, 1998.

Dec 8, 2008 Solar Cycle 24 5



Part 1- Modeling Active Regions

Active regions are thought to ¥shaped loopsmerging from a
toroidal fieldlocated near the base of the convection zone:

solar surface

base of convection zone
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Modeling Active Regions

Fan (2008) simulated the buoyant riseefoops in the convection zone
(view along rotation axis):

Note the modeled -loops have large azimuthal extent (~ 90 degrees),

much larger than observed active regions.
This suggests thal/clonic convective motiomdgay an important role in

the birth of active regions.
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Modeling Active Regions

Fan, Abbett & Fisher (2003)
considered the interaction of
a flux rope with convection,
leading to the formation of
anq-loop:
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Modeling Active Regions

Magara (2006) simulated the emergence of a twiténbp into the corona:
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Modeling Active Regions

Coupled evolutiomf anqg -loop in the corona and convection zone (CZ)
(vanBallegooijen & Mackay 2007

Ag -loop assumed to emerge from a-edtical flux rope in N hemisphere.
ASimulateafter q -loop has fully emerged into corona.
AAt the photosphere the field changes fremmall filling factorin CZ to
spacefilling in the corona, and horizontal magnetic stress is balanced.
Aln the CZ the field is subject to
- solar differential rotation
- turbulent diffusion g, = 500 kn% s?)
- downwardconvective pumpingy, a -20 m/s).
AMagnetic diffusion in CZ is modified to conserve magnetic helicity:
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Dec 8, 2008 Solar Cycle 24 10



Modeling Active Regions

Magnetic field spreads out as a result of diffusion in CZ, andasly radial
In the upper CZ. Active region decayssiybmergencef magnetic flux.
However, sheared fields cannot submerge through upper @Zagoetic
helicity remains trapped in the corona:

solar surface
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Modeling Active Regions

The buildup of magnetic helicity in the corona eventually leads$e of
equilibriumand eruption of sheared helical field:
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Modeling Active Regions

We also simulated the interactions betweendwoops on twaifferent
toroidal flux ropes in the same hemisphere:
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Modeling Active Regions

Spreading of active regions leads to reconnectidi-lmfops in corona

view from the top
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