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ABSTRACT

The emergence of tilted bipolar active regions (ARs) and the dispersal of their flux, mediated via processes such
as diffusion, differential rotation, and meridional circulation, is believed to be responsible for the reversal of the
Sun’s polar field. This process (commonly known as the Babcock—Leighton mechanism) is usually modeled as
a near-surface, spatially distributed -effect in kinema2@Oihean-field dynamo models. However, this formulation
Mufioz-Jaramillo et al. 2009, MNMO09 from here on; for more
information about kinematic dynamo models see the review by
Charbonneau 2005). On the other hand, surface flux-transport
simulations study the evolution of the photospheric magnetic
field by integrating the induction equation using a prescribed
meridional flow, differential rotation, and turbulent diffusivity.
There are two main differences between surface flux-transport
simulations and kinematic dynamo models: in the former the
computational domain is restricted to the surface (without im-
posing axisymmetry) and they are not self-excited, but driven
by the deposition of active region (AR) bipolar pairs. This type
of models has proved a successful tool for understanding sur-
face dynamics on long timescales (see, for example, Mackay
et al. 200200 this work, we improve upon the idea proposed by
Durney (1997) and further elucidated by Nandy & Choudhuri
(2001) of using axisymmetric ring doublets to model individual
ARs. We show that this captures the surface dynamics better
than the

-effect formulation and resolves the discrepancy be-
tween dynamo models and surface flux-transport simulations
regarding the relationship between meridional flow speed and
polar field strength.

2. EVOLUTION OF THE AXISYMMETRIC COMPONENT
OF THE MAGNETIC FIELD ON TIMESCALES
COMPARABLE TO THE SOLAR CYCLE

As mentioned before, kinematic dynamo models are usually
based on an axisymmetric formulation and our model is not
an exception. Given that here we introduce an improved ax-
isymmetric double-ring algorithm for modeling AR eruptions
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