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For over half a century, solar dynamo models have focused on the evo-
lution of the axisymmetric poloidal and toroidal magnetic field components.
Such models have produced deep insights into how the solar activity cycle
may arise but a thorough understanding of the origins of solar magnetism
must eventually take into account the complex hierarchy of 3D magnetic
structures evident in solar observations. Now is the time to face this com-
plexity, with the help of a new generation of observing missions and 3D nu-
merical models. In this talk I will focus in particular on how multi-vantage
point observations of the solar surface could impact solar dynamo theory.
Promising areas of discovery include: elucidating the structure of meridional
and zonal flows in the polar regions and their coupling to surface magnetism,
investigating the global 3D magnetic topology of the photospheric and coro-
nal field and linkages between large and small scales, quantifying the energy
and flux budgets of the dynamo, and assessing the role of flux emergence and
magnetic helicity in establishing the solar activity cycle.
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