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Global convective dynamo simulations
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• high-order finite-difference code
• scales up efficiently to over 60.000 cores
• compressible MHD
http://pencil-code.google.com/
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parameterized. This is a more self-consistent approach and will reveal in particular non-linear effects influencing
the magnetic field generation.

Wedge geometry
Global convective
dynamo simulations

Task A: Velocity scales and magnetic field generation
Mitra et al. (2009), Astrophys. J., 697, 923
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Figure 2: Global convection simulations in a spherical shell
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B: Turbulent transport coefficients
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coefficients. These transport coefficients belong to a successful theory to describe the magnetic field generation

Dynamo cycles from simulations VI
Equatorward
Migration
I
lti-cell circulation, cycles appear in the nonlinear regime, magnetic fields

pear to be generated in the whole convection zone.

Käpylä, Mantere &
Brandenburg 2012
(ApJL 755, L22)
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Equatorward Migration II

Pr=0.5
Pr=ν/χ=2.5
F IG . 2.— Time evolution of the mean toroidal magnetic field B φ in the convection zone for R
Pm=0.5
is shownPm=ν/η=1
at r = 0.98 R and in the bottom row the latitudinal
cut at 90 − θ = 25◦ . Dark blue

values. The dashed horizontal lines show the location of the equator at θ = π/2 (top) and the r
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Figure 3. Top row: color coded
during the saturated stage for Runs I–IV (left to
7
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ee Equation (3). The black solid lines indicate isocontours of B φ at 2.5 kG. Bottom
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Warnecke et al. 2014
(ApJL 796, L12)
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Propagation direction of
mean toroidal magnetic field
can be entirely explain by the
Parker—Yoshimura—Rule
(Warnecke et al. 2014, 2015a)
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Test-field method
Determine the turbulent transport coefficients from
global convective simulations
Schrinner et al. 2005, 2007

E = u0 ⇥ b0 = ↵B + ⇥ B + r ⇥ B + ⇥ (r ⇥ B) + rB

Solving 27 equations for b',
with 27 independent test-fields
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et al.: Turbulent transport coe
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Test-field method
vs. Singular value decomposition (SVD)
E = u0 ⇥ b0 = ↵B + ⇥ B + r ⇥ B + ⇥ (r ⇥ B) + rB
A&A proofs:Augustson et al. 2014)
(Racine et al. 2011,
manuscript no. paper
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rface, as well as their similar amplitudes, Käpylä et al.
) suggested such an α2 dynamo as a possible underlying
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Yet
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second term in the estimate for α (Pouquet et al. 1976),
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Parker Wave ?

A&A proofs: manuscript no.

mes dominant near the surface, where the mean density
omes small. Here, ω = ∇ × u is the vorticity, u is the
scale velocity, j = ∇ × b is the current density, b is the
scale magnetic field, µ0 is the vacuum permeability, τc
correlation time of the turbulence, and overbars denote
le averaging. However, an earlier examination by Waret al. (2013a) showed that the data do not support this
.e., the contribution from the second term is not large
h. This was surprising, because it was always clear that
M in their models occurred only later in the nonlinear
e when the magnetic field had reached saturation.
MHD
other potentially important difference between the modKäpylä et al. (2012, 2013) and those of other
HDgroups
aru et al. 2010; Racine et al. 2011; Brown et al. 2011;
stson et al. 2012, 2013; Nelson et al. 2013) is the use
lack-body condition for the entropy and a radial magfield at the outer radial boundary. The latter seems to be
ic compared to the solar surface (ref:Robert).
hould be noted that the near-surface negative shear layer
Sun was eitherFig.
not resolved
in the simulations
of Käpylä
13. Comparison
of αφφ (solid)
line), αK (dashed) and αK +α M (dash2012, 2013), or,
in the for
casethe
of Warnecke
et al. (2013b),
dotted)
MHD (black)
and hydro (red) case for 25◦ latitude. The
layer did
coincide
with the location Stellar
of EM.
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Conclusions

• Equatorward propagation in simulation are related to
the negative shear.

• Migration of

mean magnetic field can be entirely

explained by an alpha-omega-dynamo wave

• Parker-Yoshimura-Rule works!
• Test-field results for solar dynamo simulations.
• Fluctuations correlate with the magnetic cycle.
• SVD does not agree with test-field results.
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