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Cyclic Properties of Dynamo Generated Field in the Sun

Butterfly diagram

: Time-evolution of latitudes of sunspots over several solar cycles.
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STBEERE © Local Cartesian Box
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By changing the direction of the rotation axis, we can change and
control the latitudinal location of the simulation box.

burnmg core

This model can simulate the spherical solar dynamo site by changing the rotation axis.
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SELRTE © Local Cartesian Box

» Horizontal B.C.: Periodic B.C.

= Vertical B.C.:
- stress free B.C. for V at zg and z3
- open field B.C. for B @ z
perfect conductor B.C. for B @z;

- T = const. @z
0T/0z = const. @z3

® Numerical Scheme : Godunov CMoC-CT

(c.f., Sano et al. 1998)

= Resolution : NyxNyxN, = 256x256%128
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= Kapyla, Korpi & Brandenburg 2009 = Kapyla, Mantere & Brandenburg 2011
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Convective Dynamo Simulation (Polar region model with 6=90°)

(By field at the saturated state is visualized by 3D volume rendering)

Generation of LMFs in the bottom of C.Z. and

their reversals can be observed in this movie.
We fix control parameters

in the following:

Pr=1.4

Pm = 4.0

Ra = 3.9x10°
2=04

| \ 4
-------------------------------------------------- Re =100

. R e o T Rm ~ 400

overshoo Ro =~ 0.025

(similar

parameters with

Kapyla’s model)

: positive By components| (Ly,Ly ,Lconv) = (4,4,1)

By changing the co-latitude 0, we study the generation and
cyclic variation mechanisms of LMFs in the following.



ik b i D L (O)MRATE:
Generation of Large-scale Magnetic Fields (LMFs)

= Time-evolution of horizontally averaged By field as a function of z (height).
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m Clear evidence of cyclic variations of Bx and By fields.
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%There is a phase difference of 45° between (Bx) and (By).
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A Test Model with the same control parameters, but without overshoot zone.

2 1.0x102
(a) Model with OSZ
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A Test Model with the same control parameters, but without overshoot zone.

2 1.0x102
(a) Model with OSZ
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No coherent LMFs, and
No vortex sheets for the
model without OSZ.
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Summary:

This work adopts control parameters Pr = 1.4, Pm = 4.0, Ra = 3.9x10%, 2—=0.4

= Local Convective Dynamo Simulation with Ro = 0.025

= Coherent LMFs is generated except the model at 60=0° [equator]

= Common generation site of LMFs is the ‘boftom “of C.Z.

i
| '|
= Vortex sheets with alternating Vortlces Would induce cycllc variations of L'MFS

= Overshoot zone seems to play an 1mp0rtant role in sustalnlng

- coherent vortex sheets with alternatmg Vorpces,
- and thus LMFs in the bottom of C.Z..

i
A part of our Future works: :,["f i £ =N N

= We should reveal the formatlon meehamsm of vortex sheets RN |
= Long-term evolution of themodels%oea’tee}ag;t e di

= Jarge Ro (Rossby number) model SImilar to tha't'u"‘. ,».

What is the most important factor for the “Solar Dynamo” ??

= Global simulation of solar-type conveel;wedynamg with Yin-Yang Grid |
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Global Solar Dynamo Simulation
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» Effect of aspect ratio of domain: Case Ly/ Ly =0.5 (&35 L)
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= Effect of aspect ratio of domain:
Case Ly/Ly=2.0 (I#5HEL )




