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Abstract
Sunspots provide the best test of magnetohydrodynamic theory under astrophysical conditions,
for nowhere else in astrophysics is the theory confronted with such a wealth of detailed
observations. Recent advances in high-resolution observations provide us with information that
has allowed us to begin to assemble a coherent theoretical picture of the formation and
maintenance of a sunspot, its complex thermal and magnetic structure, and flows and oscillations
within the spot. A new picture of the structure of the outer part of a sunspot (the filamentary
"penumbra") has emerged, involving two components, with different magnetic field inclinations,
that remain essentially distinct over the lifetime of the spot. The darker component, with a more
nearly horizontal magnetic field, contains "returning” magnetic flux tubes that dive back down
below the solar surface near the outer edge of the penumbra and carry most of the Evershed
outflow. The submergence of these flux tubes, in spite of their inherent magnetic buoyancy, can
be understood to be a consequence of downward pumping of the magnetic flux by turbulent
granular convection in the "moat" surrounding the sunspot. This flux-pumping process is
demonstrated in three-dimensional numerical simulations of fully compressible thermal
convection. The flux-pumping mechanism turns out to be an important key to understanding the
formation and maintenance of the penumbra and the behavior of moving magnetic features in the
moat.
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