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Summary

In the past we used our 3D MHD model to study the
response of the global corona to differential rotation.

We found that magnetic reconnection occurs only at
the boundary of coronal holes.

Closed loops open up into the solar wind or reconnect
with open eld lines (interchange reconnection).

Open magnetic ux Is con ned to coronal holes: no
transient open ux in otherwise closed eld regions
was found.

However, the model included only the large scale
magnetic eld and not “salt and pepper” structures.

What happens when we introduce “active regions” into
a more realistic background ux distributions?
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Wang & Sheeley vs. Fisk

If the Fisk model is correct, mixed polarities will alter
the global pattern of reconnection. As mixed polarity
regions are advected across coronal hole boundaries,
ux should open in previously closed eld regions, with
reconnection occurring nearly continuously.

If the Wang & Sheeley model is correct, adding mixed
polarities will not change the global pattern of
reconnection. Recon guration of the coronal magnetic
eld will primarily occur because of reconnection at the
boundaries of coronal holes.
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The Polytropic MHD Model

We prescribe a magnetic ux distribution on the solar
surface and calculate the corresponding potential
magnetic eld extrapolation.

A Parker's solar wind solution is used to determine the
Initial velocity, density, and temperature in the corona.

Radial velocity on the solar surface is calculated
solving the characteristics equation.

The ow at the outer boundary Is super-sonic and
super-Alfvenic.

We advance the MHD equations until a steady state
with a solar wind and a heliospheric current sheet is
reached.

Differential rotation is then applied to the system.
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The Polytropic MHD Model I
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Dipole plus Bipole Con guration
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Signatures of |.R.

We can look for folded-back open eld
lines (i.e. presenting a eld polarity in-
version) as signatures of interchange re-
connection (thanks to Marco Velli for the
tip). In our simulations folded-back open
eld lines appear to be connected to the
boundaries of coronal holes. Some eld
lines that have been opened through in-
terchange reconnection have their foot-
points at the edge of the active region.
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B,, Coronal Holes, Folded Lines

B, + Coronal holes
Maps combine two of

B, map.
Coronal hole map.

Map of folded-back
eld-lines.

Coronal holes+ Folded back B, + Folded back
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Multiple Active Regions

B, + Coronal holes

Increasing complexity: a
calculation having a
dipole and three bipolar
“active regions” at
different latitudes.

Coronal holes+ Folded back B, + Folded back
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More Realism: CR1913+Bipoles
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We have added two bipolar active regions to a magnetic
ux distribution obtain from a smoothed magnetogram for
Carrington Rotation 1913 (Whole Sun Month, late August
1996).
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Maps of CR1913+Bipoles

B, + Coronal holes

We apply differential
rotation to the
CR1913+Bipoles

con guration and
examine the combined
maps.
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Zoom Views of CR1913+Bipoles
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Open Flux
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Total open flux for the three
runs. We plot also the open

flux coming from regions where
|B,| is larger than 25%, %50, and
75% of its maximum value. As
the realism of the simulations
increases, open flux appears to
originate less from regions of

with strong magnetic field.

Center for Enel gy
dSp oy E
San Diego, CA C

SHINE 2007 Worshop, Whistler, BC, Canada — p



Conclusions

Coronal holes are associated with active regions.

Differential rotation drives magnetic reconnection at
the boundaries of coronal holes.

At the boundaries of CH, footpoints of folded-back
magnetic eld lines are evidence of interchange
reconnection.

The fraction of open ux coming from strong magnetic
eld regions decreases as we increase the realism of
the simulation.

We did not see intermittent open ux outside coronal
holes, even in our most realistic case.

Longer high-resolution simulations are necessary to
con rm these results.
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