Magnetic Fields in

the Quiet Sun

Magnetic Carpets,
Flux Tubes, Canopies,
and Scale Mixing




What is the impact of the Quiet
Sun Flux?

® How much energy is transmitted from small
scales to larger scale fields?

® How much of the energy for heating of the
Chromosphere, Transition Region, and
Corona comes from the interactions of the
small scale fields?

® How does presence of the mixed polarity
fields effect the connectivity of the active
region fields?



What are the Major Questions?

® How much Quiet Sun flux is there and what is
its strength?

® What are the distributions functions of the field strength
and how do the distributions change as a function of the
field strength?

® Where does the Quiet Flux come from?

® Local Dynamo Action?

@ Distributed Dynamo Action?

® Reprocessing of the Active Region flux?
® Some combination of the above?

® Can we estimate the amount of mixed flux in
our resolution elements?



[he mixed polarity magnetic fields in
sence of convection implies.the fielg
atinuously replaced on the:scale gf
ective turnover time ~ 10 to 248
110bv-3 008 g2 ranulation and 10 to
10:00:00 UT for granulation










The Quiet-Sun network
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From: Schrijver et al. (1997) ApJ 487, 424
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Convection and Large Scale Flows in
the Solar Surface Determine the
Conditions in the Outer Atmosphere

® Supergranulation with a spatial scale of ~ 20,000 km and
a lifetime ~ 24 hours acts to diffuse the magnetic field
over the solar surface.

® The large scale meridional flow with a velocity ~ 10 m/s
carries flux toward the poles.

® The turbulent convection cells that cover the surface,
solar granulation, have a spatial scale of ~1000 km and a
lifetime ~ 10 minutes.

® Granules move and maintain the local surface fields in
their downflow boundaries. The constant motion
merges, fragments, cancels, and braids the field forcing
continuous restructuring above the surface.
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Quiet-Sun Corona Connection

Patterns




Quiet-Sun Corona Connection
Patterns

http://www.lmsal.com/~schryver/Public/TRACE/fieldgeometry



Photosphere-Corona
Magnetic Connection
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Photosphere-Corona
Magnetic Connection

Potential field above unipolar network and mixed-

polarity intranetwork; side and top view. These
plots show field lines starting well above the
surface.
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Observational Consequences
Ca Il K-line




Observational Consequences
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Our Changing View




Old View of the Surface-Corona
Connection




New View of the Surface-Corona |
Connection
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& The constant emergence of flux and the displacement of
magnetic fields transports energy into the corona even in
the quietest solar locales.
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New flux emerging under the expanding fan of field from a sunspot
~ reconnects to the fan and heats and ejects material along the fan.



Conclusions

® Flux concentrations live for minutes, hours to days, then
cancel, fragment, or coalesce. Their apparent lifetime is a
strong function of resolution.

® Flux concentrations contain a mixture of field strengths
and the distribution in any concentration continuously
evolves.

® Scales couple efficiently,but probably not immediately.

® “Loops” are ill-defined objects; perhaps bundles of flux
domains.

® The magnetic canopy needs re-conceptualization.

® The quiet Sun is remarkably complex. A consistent picture
of the quiet Sun is a work in progress.



