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Extended abstract
Recent numerical simulations lead to the result that turbulence is much more magnetically driven than believed. In particular the role of magnetic buoyancy appears
quite important for the generation of α-effect and angular momentum transport
(Brandenburg & Schmitt 1998). We present results obtained for a turbulence field
driven by a (given) Lorentz force in a non-stratified but rotating convection zone. The
main result confirms the numerical findings of Brandenburg & Schmitt that in the
northern hemisphere the α-effect and the kinetic helicity
are
positive (and negative in the northern hemisphere), this being just opposite to what
occurs for the current helicity
which is negative in the northern
hemisphere (and positive in the southern hemisphere). There has been an increasing
number of papers presenting observations of current helicity at the solar surface, all
showing that it is negative in the northern hemisphere and positive in the southern
hemisphere (see Rüdiger et al. 2000, also for a review).
Mass conservation requires that
Notice, that density has been
assumed as homogeneous and density fluctuations vary in time. We do not adopt the
inelastic approximation. For the turbulent energy equation we simply adopt a
polytropic relation. In the sense of the ‘ Ƭ-approximation’, the spectrum of the given
magnetic fluctuations field has been approximated by
with
The turbulence may develop under the influence of a large-scale
magnetic field B and the gravity g. For the current helicity we find
(1)
The current helicity is thus negative in. the northern hemisphere.
The next step is the α-effect. Only the most important component, αφφ
discussed. We obtain
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The α-effect proves thus to be positive in the northern hemisphere and negative in the
southern hemisphere. Current helicity and α-effect have opposite signs, their ratio
being
(3)
The observed negative sign of the current helicity is reproduced, as well as the
positive sign of the α-effect (in the northern hemisphere).
Our model yields for the kinetic helicity
(4)
which is positive in the northern hemisphere and negative in the southern hemisphere. If a rising eddy can expand in a density-reduced surrounding, then a negative
value of the kinetic helicity is expected. The magnetic-buoyancy model, however,
leads to another result. There is no minus sign between α-effect and kinetic helicity,
but nevertheless the minus sign is present in the relation between α-effect and current
helicity, and the α-effect is positive.
Thus, for the solar dynamo, there is no indication, at least in the bulk of the convection zone, for a negative α-effect, which, in current dynamo theory, is necessary to
account for the butterfly diagram of solar activity in the light of helioseismology. Of
course, this does not exclude the location of the dynamo action deeply in the convection zone, or in the boundary layer (Belvedere et al. 1991), where a negative α is
expected. Otherwise, we should abandon traditional dynamo theory and investigate a
possible dynamo action strongly modified by meridional circulation, that is usually
neglected in conventional dynamo.
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