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Solar Cycle
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Global convective dynamo ssmulations
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 high-order finite-difference code
e scales up ethiciently to over 60.000 cores

i} e compressible MHD
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http:/ /pencil-code.google.com/
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Global convective dynamo ssmulations

Mitra et al, (2009), Astrophys. J., 697, 923

0./ R<r<R 01 <0<6b, 0<op<Ag ki = 21/AR

We model a spherical sector (‘wedge’) where only parts of the latitudinal
and longitudinal extents are taken into account.

Normal field condition for B at the outer radial boundary and perfect
conductor at all other boundaries. Impenetrable stress-free boundaries on

all boundaries.
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Equatorward Migration I
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Equatorward Migration 11
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Differential rotation
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Parker
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Yoshimura—Rule
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Smig(r,0) = —aey x VQ,

Parker 1955

- Yoshimura 1975
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Pouquet et al. 1976

Strong toroidal
field

Warn;:ke et al. 2014

(ApJL 796, L.12)
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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 coethcients from
olobal convective simulations

Schrinner et al. 2005, 2007

E=uxb=aB+yxB+BVxB+6x(VxB)+xrVB

Solving 27 equations for b',
with 27 independent test-fields
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Test-field method

vs. Singular value decomposition (SVD)

E=u xb=aB+vyx B+ BV XB=S BT T VD
(Racine et al. 2011, Augustson et al. 2014
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Parker Wave ?
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Conclusions

* E.quatorward 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!

* lest-field results for solar dynamo simulations.

* Fluctuations correlate with the magnetic cycle.

* SVD does not agree with test-field results.
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